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Preface

In the half century since station KDKA in Pittsburgh first took to the
air, commercial broadcasting has mushroomed at a phenomenal rate.
Today that one lonely voice has been joined by almost 7000 a-m, fm,
and television stations.

The maintenance and operation of all such stations, by law, must be
done under the supervision of a first-class radiotelephone licensee. In
tﬁe larger stations, he must be on duty whenever the transmitter is on
the air.

First-Class Radiotelephone License Handbook has two major ob-
jectives: (1) to help you acquire your license and (2) to prepare you for
the responsibility of operating and maintaining broadcast equipment
on the job. Transmitter equipment is stressed because it will be your
prime responsibility to supervise, maintain, and perhaps operate the
transmitter. Studio, master control, and remote equipment are also
covered, even though a license is not needed to operate them. How-
ever, you will be required to supervise their operation and, in a pinch,
may even be called on to operate them.

This third edition has been completely revised to contain all the
new material included in the recently revised FCC Study Guide. The
first thirteen chapters contain study material related to all the various
phases of broadcasting and are arranged according to subject matter.
The next five chapters contain all the questions—and the answers—in-
cluded in the newly revised FCC Study Guide. The questions and an-
swers are also arranged in a logical manner according to subject.

Three simulated examinations are included in Chapter 19. They are
in the multiple-choice form of the FCC tests. Answers are included
along with an evaluation of your grade that will help you find your
weak subjects.

Important broadcast extracts, taken from the FCC Rules and Regula-
tions, are included in the Appendices. Study this material carefully; in
fact, read it over several times to fix it in your memory. This will also
take care of additional questions that might be inserted into the FCC
examination at a later date.

Since you will be responsible for making sure your station operates
within the law, it is suggested you buy a copy of the complete broad-
casting rules and regulations. Write the U.S. Government Printing
Office, Washington, D.C. 20402, and ask for Volume III of the FCC
Rules and Regulations, currently $4.50.

Epwaro M. NoLL
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CHAPTER 1

Introduction

Anyone wishing to progress in the technical phase of broadcasting
should have a first-class radiotelephone operator license. In fact, some
stations do not employ technical personnel unless they have such a
license. Other stations will hire licensees of a lower grade, but usually
with the understanding that he or she will obtain a first-class license
in the near future. In short, if you do not have a first-class license, you
will be hampered with respect to the responsibilities which the chief
engineer of the station can assign you.

This text will serve as a study guide for the material covered in the
FCC examination for Element IV. The study material in this book is
arranged according to subject matter. Fundamentals, audio, a-m, fm,
and television broadcasting are covered separately. The questions and
answers in the later chapters are also broken down into similar
categories.

Throughout this book, it is assumed that the reader is the holder of
a second-class radiotelephone license. Holders of second-class licenses
are required to pass only Element IV of the examination in order to
obtain their first-class license. However, holding a second-class license
is not a requirement for obtaining a first-class license. You may obtain
this license by passing Elements I through IV of the license exam. For
readers desiring to try this approach, a companion volume, Second-
Class Radiotelephone License Handbook, also published by Howard
W. Sams & Co., Inc., is recommended. This book contains coverage
similar to that in this volume, but for Elements I, II, and IIIL.

Element IV of the FCC exam is titled, “Advanced Radiotelephone.”
It covers technical, legal, and other matters applicable to the operation
of the various broadcast stations. In addition to the study material in
the first chapters, this book contains all the questions listed under Ele-
ment IV of the FCC Supplement to Study Guide and Reference Ma-
terial for Commercial Operator Examinations, dated November 1965,
and the answers to these questions.

The test for Element IV consists of fifty multiple-choice questions
based on broadcast equipment and broadcast rules and regulations.
Some simple mathematical problems, completion of incomplete dia-
grams, and correction of incorrect ones are included. Two percent
credit is allowed for each correct answer and 75% is passing.

Study the material in this book very carefully. In fact, read and re-
read it several times to fix it in your memory and to prepare you for

9
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any additional questions that may be added to the examination at a
later date. When you are satisfied that you are ready to take the license
exam, send FCC Form 756 and the current examination fee to the
Engineer in Charge, at the FCC field office serving your area. (A list
of FCC field offices is included in Table 1-1.)

Table 1-1. Mailing Address for License Applications

600 South Street
Phone: Area Code 504 527-2094

Dist. Dist.

Ne Office Location No. Office Location
BOSTON, MASSACHUSETTS 02109 MOBILE, ALABAMA 36602
1600 Custom House M 439 U.S. Court House
India & State Streets 113 St. Joseph Street
Phone: Area Code 617 223-6608 Phone: Area Code 205 433-3581
NEW YORK, NEW YORK 10014 HOUSTON, TEXAS 77002

2 748 Federal Building 9 | 3636 Federal Building
641 Washington Street 515 Rusk Avenue
Phone: Area Code 212 620-5745 Phone: Area Code 713 226-0611
PHILADELPHIA, PENNSYLVANIA BEAUMONT, TEXAS 77701
19106 239 Federal Building
3| 1005 U. S. Customhouse 98 | 300 Willow Street
Second & Chestnut Streets Phone: Area Code 713 835-3911
Phone: Area Code 215 597-4412
BALTIMORE, MARYLAND 21201 DALLAS, TEXAS 75202
4 819 Federal Building 10 707 Thomas Building
31 Hopkins Plaza 1314 Wood Street
Phone: Area Code 301 962-2727 Phone: Area Code 214 749-3243
NORFOLK, VIRGINIA 23510 LOS ANGELES, CALIFORNIA 90012
5 Granby & York Streets " U. S. Courthouse, Room 1758
400 Federal Building 312 N. Spring Street
Phone: Area Code 703 627-7471 Phone: Area Code 213 688-3276
ATLANTA, GEORGIA 30303 SAN DIEGO, CALIFORNIA 92101
6 1602 Gas light Tower 115D Fox Theatre Building
235 Peachtree Street N. E. 1245 Seventh Avenye
Phone: Area Code 404 562-6381 Phone: Area Code 714 234-6211
SAVANNAH, GEORGIA 31402 SAN PEDRO, CALIFORNIA 90731
s 238 Post Office Building 11sp 300 South Ferry Street
York & Bull Streets Terminal Island
Phone: Area Code 912 232.7602 Phone: Area Code 213 831.9281
MIAMI, FLORIDA 33130 SAN FRANCISCO, CALIFORNIA
7 919 Federal Building 12 24111
51 S. W. First Avenue 323A Custom House
Phone: Area Code 305 350-5541 555 Battery Street
Phone: Area Code 415 556-7700
TAMPA, FLORIDA 33602 PORTLAND, OREGON 97204
71 738 Federal Building 13 314 Multnomah Building
500 Zack Street 319 S.W. Pine Street
Phone: Area Code 813 228.7711 Phone: Area Code 503 226-3361
NEW ORLEANS, LOUISIANA 70130 SEATTLE, WASHINGTON 98104
8 829 Federal Building South 14 | 8012 Federal Office Building

909 First Avenue
Phone: Area Code 206 583.7653
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Table 1-1. Mailing Address for License Applications—Cont'd

121 Ellicott Street
Phone: Area Code 716 842-3216

Dist. Dist.
No. Office Location No. Office Location
DENVER, COLORADO 80202 HONOLULU, HAWAII 96808
504 New Customhouse 2 502 Federal Building
15 | 19th St. between California & P.O. Box 1021
Stout Streets Phone: 546-5640

Phone: Area Code 303 297-4054

ST. PAUL, MINNESOTA 55101 SAN JUAN, PUERTO RICO 00903
16 691 Federal Building 22 322 Federal Building

Fourth and Robert Streets P.O. Box 2987

Phone: Area Code 612 725-7819 Phone: 722.4562

KANSAS CITY, MISSOURI 64106 ANCHORAGE, ALASKA 99501
7 1703 Federal Building 23 54 U.S. Post Office Building

601 East 12th Street 4th Avenue between F & G Streets

Phone: Area Code 816 374.5526 Phone: Area Code 907 272-1822

CHICAGO, ILLINOIS 60604 WASHINGTON, D. C. 20554
18 1872 U. S. Courthouse 24 Room 216

219 South Dearborn Street 1919 M Street, NW,

Phone: Area Code 312 353-5386 Phone: Area Code 202 632-7000

DETROIT, MICHIGAN 48226 GETTYSBURG, PENNSYLVANIA
19 1029 Federal Building _ 17325

Washington Blvd. & LaFayette Street P. O. Box 441

Phone: Area Code 313 226-6077 Phone: Area Code 717 334-3109

BUFFALO, NEW YORK 14203
20 328 Federal Office Building




CHAPTER 2

Station Frequency Assignments
and Power-Output Ratings

There are a variety of broadcast stations including a-m, fm, tele-
vision, auxiliary, and international broadcast services. Each of these
stations is assigned a specific carrier frequency on specific broadcast
bands by the FCC. The stations so licensed are legally obligated to
operate on their assigned frequency (within a rather cf;se tolerance)
and in accordance with the FCC technical standards for the particular
type of broadcast service.

Frequency assignments are made in a manner that precludes as
much as possible interference among stations operating on the same
channel. In general, the same channel or an adjacent channel is not
allocated to more than one broadcast station within the same general
listening area. However, even careful allocation does not preclude in-
terference; it is not unusual, at times, for two or even more stations to
be received at certain settings on the receiver dial. '

2-1. A-M BROADCAST

The a-m broadcast band lies between 535 and 1605 kilohertz. Each
a-m channel is 10 kHz wide. (Refer to the carrier-frequency assign-
ments in Table 2-1.) There are 107 a-m channels available, and a-m
stations are authorized for powers from 250 watts to 50 kilowatts. The
three classes of standard broadcast channels are clear (C), regional
(R) and local (Lg as indicated by Table 2-1.

A clear channel is one on which the dominant station, or stations,
renders service over wide areas and cleared of objectionable interfer-
ence within its primary service area and overall for a substantial por-
tion of its secondary service area. As will be detailed later, Class I
and II, A, B, and D stations operate on clear channels and have a
maximum power of 50 kilowatts. A regional channel is one on which
several Class III-A or III-B stations may operate with power not in
excess of 5 kilowatts. The primary service area of a station operat-
ing in any such channel is protected from interference out to a given
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Table 2-1. A-M Channels and Assigned Carrier Frequencies

Freq (kHz) Class Channel Freq (kHz) Class Channel
540 Cc 1 1080 C 55
550 R 2 1090 56
560 R 3 1100 C 57
570 R 4 110 C 58
580 R 5 1120 C 59
590 R 6 1130 Cc o0
600 R 7 1140 C ol
610 R 8 1150 R 62
620 R 9 1160 C 63
630 R 10 1170 C 64
640 C n 1180 C 45
650 C 12 1190 C 66
660 C 13 1200 C 57
670 C 14 1210 C 68
680 C 15 1220 C 59
690 C 16 1230 L 70
700 C 7 1240 L 7
710 C 18 1250 R 72
720 C 19 1260 R 73
730 C 20 1270 R 74
740 C 21 1280 R 75
750 C 22 1290 R 76
760 C 23 1300 R 77
770 C 24 1310 R 78
780 C 25 1320 R 79
790 R 26 1330 R 80
800 C 27 1340 L 81
810 C 28 1350 R 82
820 C 29 1360 R 83
830 C 30 1370 R 84
840 C 31 1380 R 85
850 C 32 1390 R 86
860 C 33 1400 L 87
870 C 34 1410 R 88
880 C 35 1420 R 89
890 C 36 1430 R 90
900 C 37 1440 R 91
910 R 38 1450 L 92
920 R 39 1460 R 93
930 R 40 1470 R 94
940 C 41 1480 R 95
950 R 42 1490 L 96
960 R 43 1500 C 97
970 R 44 1510 C 98
980 R 45 1520 C 99
990 C 46 1530 C 100

1000 C 47 1540 C 101
1010 G 48 1550 C 102
1020 G 49 1560 C 103
1030 S 50 1570 C 104
1040 S 51 1580 C 105
1050 C 52 1590 R 106
1060 C 53 1600 R 107
1070 C 54
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field-intensity contour. A local channel is one on which several Class IV
stations operate. The primary service area of a station operating on
any such channel may be limited to a given field-intensity contour to
reduce interference among stations. Daytime power may be no greater
than 1 kilowatt while the nighttime power is limited to no greater than
250 watts.

A Class I station is a dominant station operating on a clear channel
and rendering primary and secondary service over an extended area
and at relatively long distance. Its primary service area is free from
objectionable interference from the other stations on the same and
adjacent channcls. Its secondary area is free from interference except
from stations on adjacent channels and from stations on the same
channel in accordance with the engineering standards of allocation.
The operating power of a Class I station cannot be less than 10 kilo-
watts nor can it be more than 50 kilowatts. The term dominant station
is applied to any Class I station that is operating on a clear channel.

A Class II station also operates on a clear channel. It renders service
over a primary service area which is limited by and subject to inter-
ference from Class I stations. It is known as a secondary station, which
is any station except Class I operating on a clear channel. A Class I1I-A
(an unlimited time) station must operate with a power no less than
10 kilowatts nighttime nor more than 50 kilowatts at anytime. Class
II-B (unlimited time) and Class II-D (daytime or limited time ) must
operate with a power no less than 250 watts or more than 50 kilowatts.

enever necessary, a Class II station must employ a directional an-
tenna to prevent intereference between it and Class I and other Class
II stations.

A Class 1II station operates on a regional channel and renders serv-
ice primarily to a metropolitan district and to the surrounding rural
area. There are two types of Class III stations: A Class III-A station
must operate with a power of not less than 1 kilowatt nor more than 5
kilowatts. A Class III-B station must have a power of not less than 500
watts nor more than 5 kilowatts, and not more than 1 kilowatt during
nighttime operation.

A Class IV station operates on a local channel and renders service
primarily to a city or town and the neighboring rural area. Power must
not be less than 250 watts and not more than 1 kilowatt (250 watts
nighttime ). Its service area is subject to interference in accordance
with standards of allocation.

Standard broadcast stations are licensed to operate only within cer-
tain time schedules, unless licensed for unlimited time. If a station has
a daytime assignment, it can operate only during the hours between
the average monthly sunrise and sunset. Some stations are required
to share their time with one or more stations using the same channel.
Other stations can go on the air during certain hours only, as specified
in the license. Some stations operate on a limited-time basis. This is
applicable to a Class II secondary station operating on a clear channel.
Tie time of operation assigned depends on the geographical location
of the secondary station relative to the geographical location of the
dominant station.
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2-2. INTERNATIONAL A-M BROADCAST

The transmissions of an international a-m broadcast station are
intended for reception by the general public in foreign countries. Such
stations are assigned frequencies between 5.95 MHz and 26.1 MHz,
within the following bands:

Band Frequency (MHz)
A 5.95-6.2
B 9.5-9.775
C 11.7-11.975
D 15.1-15.450
E 17.7-17.9
F 21.450—21.750
G 25.6—26.1

International a-m broadcast stations will not be authorized for a
power less than 50 kW. Carrier frequency must be held with 0.003 per-
cent of the assigned value. Their frequencies and directional-antenna
sKstems are determined by the countries to be covered, and also by
the propagation characteristics of the ionosphere. In short-wave trans-
mission the most effective frequency, in terms of coverage, depends on
the time of day and year in addition to the ionospheric variables. For
this reason, international a-m broadcast stations are assigned a num-
ber of frequencies on the various short-wave bands so they can use the
frequency giving the desired coverage at the time.

2-3. FM BROADCAST

The fm broadcast band lies between 88 MHz and 108 MHz. Each fm
channel is 200 kHz wide, making a total of 100 available channels.
(See Table 2-2.) Fm power assignments are made on the basis of both
the effective radiated power and the transmitter power output. The
effective radiated power (ERP? is equal to the transmitter power
delivered to the antenna, multiplied by the antenna power gain:

ERP = Antenna Input Power X Antenna Power Gain

There are two general classifications of fm broadcast stations, com-
mercial and noncommercial. In the commercial broadcast classifica-
tion, there are Class A, B, and C stations. In the noncommercial there
are Class A, B, C, and D stations. The first fm channels shown in
Table 2-2 are the noncommercial education stations. The commercial
and noncommercial Class A, B, and C stations are assigned to the re-
maining 80 channels. The same FCC regulations cover both the com-
mercial and noncommercial Class A, B, and C stations.

A Class A fm station renders service primarily to a community ard
the surrounding rural area. It is limited to three kilowatts of effective
radiated power, and its antenna height cannot exceed 300 feet above
the average terrain.
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A Class B station renders service primarily to a metropolitan district
rincipal city and the surrounding rural area.
Class B stations cover the heavily populated northeastern part of the
United States (Zone 1) and Southern California below the 40th paral-
lel, Puerto Rico and the Virgin Islands in Zone 1-A. A Class B station is

or urbanized area of a

Table 2-2. FM Channels and Assigned Carrier Frequencies

Freq (MHz) Class Channel Freq (MHz) Class Channel
88.1 A-B-C-D 200 98.1 B-C 251
88.3 A-B-C-D 202 98.3 A 252
88.5 A-B-C-D 203 98.5 B-C 253
88.7 A-B-C-D 204 98.7 B-C 254
88.9 A-B-C-D 205 98.9 B-C 255
89.1 A-B-C-D 206 99.1 B-C 256
89.3 A-8-C-D 207 99.3 A 257
89.5 A-B-C-D 208 99.5 B-C 258
89.7 A-B-C.D 209 99.7 B-C 259
89.9 A-B-C-D 210 99.9 B-C 260
90.1 A-B-C-D n 100.1 A 261
90.3 A-B-C-D 212 100.3 B-C 262
90.5 A-B-C-D 213 100.5 B-C 263
90.7 A-B-C-D 214 100.7 B-C 264
90.9 A-B-C-D 215 100.9 A 265
2.1 A-B-C-D 216 1011 B-C 266
91.3 A-B-C-D 217 101.3 B-C 267
91.5 A-B-C-D 218 101.5 B-C 268
91.7 A-B-C-D 219 101.7 A 269
91.9 A-B-C.D 220 101.9 B-C 270
92.1 A 221 1021 B-C 271
923 B-C 222 1023 A 272
92.5 B-C 223 102.5 B-C 273
92.7 A 224 102.7 B-C 274
929 B-C 225 102.9 B-C 275
93.1 B-C 226 103.1 A 276
93.3 B-C 227 103.3 B-C 277
93.5 A 228 103.5 B-C 278
93.7 B-C 229 103.7 B-C 279
93.9 B-C 230 103.9 A 280
94.1 B-C 231 1041 B-C 281
94.3 A 232 104.3 B-C 282
94.5 B-C 233 104.5 B-C 283
94.7 B-C 234 104.7 B-C 284
94.9 B-C 235 104.9 A 285
95.1 B-C 236 105.1 B-C 286
95.3 A 237 105.3 B-C 287
95.5 B-C 238 105.5 A 288
95.7 B-C 239 105.7 B-C 289
95.9 A 240 105.9 B-C 290
96.1 B-C 241 106.1 B-C N
96.3 B-C 242 106.3 A 292
96.5 B-C 243 106.5 B-C 293
96.7 A 244 106.7 B-C 294
96.7 B-C 245 106.9 B-C 295
97.1 B-C 246 1071 A 296
97.3 B-C 247 107.3 B-C 297
97.5 B-C 248 107.5 B-C 298
97.7 A 249 107.7 B-C 299
97.9 B-C 250 107.9 B-C 300
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restricted to 50 kilowatts of ERP and an antenna height of not more
than 500 feet above the terrain. Minimum ERP is 5 kilowatts

A Class C station renders service to a community and a large sur-
rounding Area in Zone II. Zone II covers the less populated arcas con-
sisting of Alaska, Hawaii and the area of the United States not included
in Zone 1. A Class C station is limited to a maximum ERP of 100 kW
at an antenna height of 2000 feet above average terrain. Minimum
ERP is 25 kW.

Class D stations are noncommercial educational fm stations. The
maximum power output allowed is 10 watts. Class D stations may
be assigned to any of the first 20 channels listed in Table 2-2 ( Chanaels
201 through 220).

2-4. TELEVISION BROADCAST

Television broadcast assignments are made on three bands—54-88
MHz (low-band vhf), 174-216 MHz (high-band vhf), and 470-890
MHz (uhf). As shown in Table 2-3, there arc 82 television channels,
12 for vhf and 70 for uhf. Each channel is 6 MHz wide. To provide a
more uniform signal level for all channels in a given area, their maxi-
mum power output is restricted as follows:

Channels Effective Radiated Power
2-6 100 kW (20 dBk)
7-13 316 kW (25 kBk)

14-83 5000 kW (37dBk)

The abbreviation dBk refers to the power output related to an out-
put of 1000 watts. For example, an output of 100 kW is 20-dBk greater
(power-ratio gain of 100) than an output of 1 kW (0 dBk).

Any one of the twelve vhf channels (2-13 inclusive) may be assigned
to vhf translator usc in the condition that no interference is caused *o
the direct reception of any television broadcast station. Vhf translator
stations for any one of the twelve channels can be allocated for trans-
mitting signal into an area where direct reception of the television-
broadcast station is unsatisfactory due to distance or terrain barriers.
VIf translator power is limited in general to a peak-visual power that
shall not exceed one watt east of the Mississippi, and 10 watts west of
the Mississippi. Power level is 10 watts when the transmission is on the
same frequency as that of the primary station. There are various re-
strictions as to their use. For example, they can only be assigned if no
interference is caused to the direct reception of any television broad-
cast station operating on the same or an adjacent channel. They will
not be authorized to serve an area which is receiving satisfactory serv-
ice from one or more uhf television stations or uhf translators.

The upper 14 uhf Channels, 70-83 inclusive, were formerly assigned
to television translator stations. The FCC has now reallocated these
channels to land mobile service. This move leaves dangling the fate of
over 800 uhf television translators operating on Channels 70-83. At the
present time, the license of these translators is to be renewed only on
a “secondary” basis. On this basis the translators are required to accept
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any interference from land mobile operation and are not permitted to
cause any interference to land mobile operation.

Television translator stations are operated solely for the purpose of
retransmitting the signals from a television broadcast or another trans-
lator station into an isolated or remote area. This is done by direct fre-
quency conversion and amplification of the incoming signal, without
significantly altcring any of its characteristics other than frequency
and amplitude. Uht translator stations are restricted to a peak visual
power output of 100 watts.

Table 2-3. Television Channels and Frequency Bands

Freq (MHz) Channel Freq (MHz) Channel
LOW-BAND VHF UHF BAND (Cont.)
54-60 2 638-644 42
60-66 3 644-650 43
66-72 4 650-656 44
76-82 5 656-662 45
82-88 6 662-668 46

HIGH-BAND VHF 668-674 47
174-180 7 674-680 48
180-186 8 680-686 49
186-192 9 686-692 50
192-198 10 692-698 51
198-204 IR 698-704 52
204-210 12 704-710 53
210-216 13 710-716 54

UHF BAND 716-722 55
470-476 14 722-728 56
476-482 15 728-734 57
482-488 16 734-740 58
488-494 17 740-746 59
494-500 18 746752 60
500-506 19 752-758 61
506-512 20 758-764 62
512-518 2 764770 63
518-524 22 770-776 64
524-530 23 776-782 65
530-536 24 782-788 66
536-542 25 788-794 67
542-548 26 794-800 68
548-554 27 800-806 69
554-560 28 806-812 70
560-566 29 812-818 7
566-572 30 818-824 72
572-578 3 824-830 73
578-584 32 830-836 74
584-590 33 836-842 75
590-596 34 842-848 76
596-602 35 848-854 77
602-608 36 854-860 78
608-614 37 860-866 79
614-620 38 866-872 80
620-626 39 872-878 81
626-632 40 878-884 82
632-638 41 884-890 83
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Uhf translator signal boosters can be used for retransmitting of uhf
translator signals on any channel (70 thru 83) to provide reception to
small-shadowed areas within the alloted primary-station service area.
The maximum power output cannot exceed five watts.

Vhf and uhf translators and uhf translator boosters cannot be op-
erated in a manner that will cause harmful interference to the recep-
tion of other primary commerzial or noncommercial stations and the
translators of these stations.

In the 6-MHz television channel it is necessary to allocate space for
both the picture and the sound signal components. As shown in Fig.
2-1, the picture carrier is positioned 1.25 MHz from the low-frequency
end of the assigned television channel, and the sound carrier is 0.25
MHz below the high-frequency end. Note that the upper sideband of
the video channel is substantially broader than the lower sideband.
This technique, called vestigial-sideband transmission, permits the
sending of a high-definition picture in a 6-MHz channel. Thus, video-
frequency components of up to 4 MHz and even higher can be trans-
mitted in a channel only 6 MHz wide.

In the transmission of a color picture, a subcarrier is employed to
convey the color hue and saturation information. Its position in the
bandpass spectrum is also shown in Fig. 2-1. Brightness detail and
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Fig. 2-1. FCC idealized picture transmission amplitude characteristic.
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picture definition of the televised scene are conveyed by the picture
carrier.

2.5. COMMUNITY ANTENNA RELAY STATIONS

A community antenna relay (CAR) station is a station used for the
amplification and reradiation of television signals and related audio
signals, and signals of a-m and fm broadcast stations on another fre-
quency to a terminal point. Here the signals are converted for cable
distribution to subscribers. There are three types of stations in opera-
tion: attended, unattended, and remote control. The power output
cannot exceed five watts. Frequencies between 12,700 MHz and
12,950 MHz are assigned to this service.

2-6. COMMUNITY ANTENNA TELEVISION SYSTEM

The term “community antenna television system (CATV system)
means any facility which, in whole or in part, receives directly or in-
directly over the air and amplifies or otherwise modifies the signals
broadcast by one or more television stations and distributes such sig-
nals by wire or cable to subscribing members of the public who pay
for such service. Such term shall not include (1) any such facility
which serves fewer than 50 subscribers, or (2) any such facility which
serves only the residents of one or more apartment dwellings under
common ownership, control, or management, and commercial establish-
ments located on the premises of such an apartment house.

2.7. AUXILIARY BROADCAST SERVICES

There are several additional broadcast services useful in the pickup
and relay of audio and visual programming signals.

Remote-pickup (a-m) broadcast stations are used for relaying re-
mote program material. The station (fixed base or mobile) license will
specify the maximum authorized power. The allotted power will be no
more than required for satisfactory service in the specified frequency
band. For the frequency allocations of this service see Table 2-4.

Aural (a-m) broadcast stl station (studio-to-transmitter link) is a
fixed-base station for aural transmission between the studio and a re-
mote primary transmitter (other than the transmitter of an interna-
tional broadcast station). The power limitations are the same as for
the remote-pickup (a-m) station. For frequency allocations, see Table
2-4.

Aural (a-m) broadcast intercity relay stations retransmit an aural
program between two broadcast stations. The same limitations apply
to this station as for the aural (a-m) stl station.

Television remote-pickup stations transmit program material and
related communications from a remote to the primary television broad-
cast station. A television stl station transmit program and related com-
munication from a fixed-base remote station to the primary television
broadcast transmitter. A television intercity relay station retransmits
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Table 2-4. Auxiliary Broadcast Allocations

Frequencies
Service Group (MHz unless otherwise specified)

1606kHz, 1622 kHz, 1646kHz
25.87, 26.15, 26.25, 26.35
25.91, 26,17, 26.27, 26.37
25.95, 26.19, 26.29, 26.39
25.99, 26.21, 26.31, 26.41
26.03, 26.23, 26.33, 26.43
26.07, 26.11, 26.45
26.09, 26.13, 26.47
152.87, 152.93, 152.99, 153.05, 153.11, 153.17,
153.23, 153.29, 153.35, 161.64, 161.67, 161.70,
161.73, 161.76

166.25

M 170.15

N 450.05, 450.15, 450.25, 250.35, 450.45, 450.55,
450.65, 450.75, 450.85, 450.95, 455.05, 455.15,
455.25, 455.35, 455.45, 455.55, 455.65, 455.75,
455.85, 455.95

Remote
Broadcast
Pickup

Rl“-|T(Q|m|m|O|>

-

Aural Broadcast 942.5, 943.0, 943.5, 944.0, 944.5, 945.0 945.5,
Studio Transmitter 946.0, 946.5, 947.0, 947.5, 948.0, 948.5 949.0,
Link (st)) 949.5, 950.0, 950.5, 951.0, 951.5

Band 1990-2008, 2008-2025, 2025-2042, 2042-2059,

A 2059-2076, 2076-2093, 2093-2110, 2450-2467,
2467-2484, 2484-2500
B 6875-6900, 6900-6925, 6925-6950, 6950-6975,
6975-7000, 7000-7025, 7025-7050, 7050-7075,
Television Remote Pickup, 7075-7100, 7100-7125
Television stl, D 12700-12725, 12725-12750, 12750-12775,
Television Intercity Relay 12775-12800, 12800-12825, 12825-12859,
12850-12875, 12875-12900, 12900-12925,
12925-12950, 12950-12975, 12975-13000.
13000-13025, 13025-13050, 13050-13075,
13075-13100, 13100-13125, 13125-13150,
13150-13175, 13175-13200, 13200-13225,
13225-13250

the program and related communications between two television sta-
ions. These three categories of stations use the frequencies tabulated in
Table 2-4. The license for any one of three types will specify a maxi-
mum authorized power that is sufficient for satisfactory service in the
alloted frequency band. Power cannot exceed 10 percent of the maxi-
mum power specified in the station license.

A television broadcast translator station is a fixed station that re-
transmits the initial television program on a different carrier frequency
and has been described previously in this chapter under television
broadcast stations. A television broadcast booster station retransmits
the signal of a primary television broadcast station by amplifying and
reradiating the incoming signal on the same carrier frequency.



CHAPTER 3

Broadcast Duties and Facilities

This handbook will stress the small a-m, fm, or am/fm stations be-
cause they outnumber the large ones, and your chances initially of
being employed in a small station are therefore much greater. How-
ever, the difference between a large and a small station is a matter of
degree; in terms of employment, the technical res onsibilities initially
are not likely to differ to any great extent. So, a_thorough knowledge
of small-station operation will be of benefit, whether you are employed
by a small or a large station.

3-1. LICENSE REQUIREMENTS

At any a-m, fm commercial, or television broadcast station one or
more operators having a first-class radiotelephone operators_license
shall be in actual charge of the transmitting apparatus and shall be on
duty either at the transmitter or a remote control point. Exceptions to
these regulations are the following: a commercial and noncommercial
fm station with a power of 25 kW or less, and an a-m station that is
authorized for nondirectional operation with a power of 10 kW or less.
The routine operation of such a transmitter may be performed by an
operator holding a valid first-class or second-c{ass radiotelephone or
radiotelegraph operator license or a third-class radiotelephone opera-
tor permit that has been endorsed for broadcast station operation.
Except at times when the operation of the station is under the imme-
diate supervision of a first-class radiotelephone operator, adjustments
of the transmitting equipment shall be limited to the following:

1. Those necessary to turn the transmitter on and off.

2. Adjustments of external controls as may be required to compen-
sate for voltage fluctuations in the power supply.

3. Adjustments of external controls to maintain modulation of the
transmitter within the prescribed limits.

4. Adjustments of external controls necessary to affect routine

changes in operating power as required by the station instrument
of authorization.
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5. Adjustments of external controls necessary to effect operation in
accordance with a National Defense Emergency Authorization
during an emergency action condition.

The licensee of a station which is operated by one or more operators
holding other than a first-class operator license shall have one or more
OFerators having a first-class radiotelephone operator license in reg-
ular full-time employment at the station, or contract for services on a
“part-time” and “on-call” basis with one or more such operators. The
})rimary duty of the first-class operator shall be to ensure the proper
unctioning of the transmitting equipment.

If the transmitter power in noncommercial fm stations is not more
than 1 kW, a radiotelephone second-class operator can perform the
functions required of a first-class operator, but he must be a full-time
employee of the station. The radiotelephone second-class operator may
be under contract on a part-time basis.

In a noncommercial fm broadcast station of 10 watts or less, proper
functioning of the transmitter can be the responsibility of either a full-
time or part-time employed station employee who has a first- or second-
class radiotelephone or radiotelegraph license.

An international broadcast station must have at least one first-class
radiotelephone licensee on duty at each transmitter, and he is in charge
whenever it is being operated. The same applies to all television broad-
cast stations.

A remote-pickup mobile or portable station, or a remote base sta-
tion, can be operated by persons holding any class of commercial radio-
operator license or permit. This is true of studio-transmitter link (stl)
or intercity relay stations.

Auxiliary broadcast services can be operated by other than a first-
class operator, although maintenance must be done by, or under the
supervision of, a first-class radiotelephone operator.

Television broadcast translator stations can be operated by anyone
holding any class of commercial radio-operator license, although™ any
repairs and adjustments must be done by, or under the actual direct
supervision of, a duly licensed first- or second-class radiotelephone
operator.

3-2. STATION LOGS

Each broadcast station must maintain program, operating, and main-
tenance logs. Logs must be kept by persons competent to do so, having
actual knowledge of the facts required. The person keepirig them must
sign the log when going on duty and again when going oﬂg duty. They
must be kept in an orderly and legible manner in accordance with es-
tablished procedure and must be made available on request of an au-
thorized representative of the Federal Communications Commission.
No portion of the log shall be erased or otherwise obliterated, nor shall
the log be destroyed for u two-year period. When the log contains
information concerning a disaster or a complaint, it is retained until
notified by the FCC. Only the person making the original entry in the
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log can correct that entry; he does this by crossing out the error, initial-
ing the correction, and indicating the date of the correction.

The operating log is almost a%ways maintained by the operator on
duty at the transmitter; sometimes the operator on duty also keeps the
program log as well. In other stations the program log is kept by studio
and program personnel. Operating log samples are shown in Fig. 3-1.
The operating log must contain the following entries:

1. The starting and stopping times at which power was supplied to
the antenna.

2. Each interruption of the carrier wave, including its cause and
duration.

3. An entry at the beginning of an operation and at intervals not
exceeding one-half hour of the operating constants of the final
radio stage (total plate current and total plate voltage), an-
tenna current, and frequency monitor readings.

4. Entries appropriate to the operation of remote antenna meters
and directional antenna systems. (The latter requirement does
not apply to fm and television stations.)

5. Any other entry required by the instrument of authorization.

The maintenance log is kept by the firstclass radiotelephone oper-
ator who is in charge of the transmitter. A second-class operator is
permitted to perform this function only in a 1-kW noncommercial fm
station. A-m broadcast station maintenance logs must contain the fol-
lowing entries:

1. An entry each week of the following:

(a) Tower base-antenna and remote-antenna current meter read-
ings. Calibration of remote meter with tower meter.

}b) Time and results of tests of the auxiliary transmitter.

c¢) A notation of all frequency checks and measurements made
independently of the frequency monitor, and of the correla-
tion of these measurements with frequency monitor indica-
tions.

(d) 13 notation of the calibration checks of automatic recording

evices.

2. An entrfy of the date and time of removal and restoration of any
of the following equipment in the event it becomes defective:

fa) Modulation monitor.

b) Frequency monitor.

(c) Final-stage plate voltmeter.

(d) Final-stage plate ammeter.

(e) Base-current ammeter.

(f) Common-point ammeter.

3. A record of tower light inspections where required.

4. Entries made so as to describe fully any experimental operation
during the experimental period.
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5. Complete daily inspection information by a qualified first-class
lradiotelephone operator as required by the FCC Rules and Regu-
ations.

6. Any entries required by the instrument of authorization.

Some of the main parts of a program log are:

1. The time of each station-identification announcement ( call-letters
and location).

2. A brief description of each program broadcast—such as music,
drama, speech, etc.; name or title; sponsor’s name; the time the
program began and ended. If a mec%anical recording is played,
the entry must show whether it was a record, transcription, etc.,
and the time it was announced as a_mechanical recording. If a
s%?ech is made by a political candidate, his name and political
affiliation must also be entered.

3. A notation that an announcement has been made for each spon-
sored program as “sponsored by,” “paid for,” or “furnished by” the
sponsor.

4. For all programs originated by a network, the name of the net-
work must be logged. Similar logs must be kept by standard a-m,
fm, and television broadcast stations.

3-3. BROADCAST STATION LAYOUT

There are three small broadcast station arrangements. In one ar-
rangement the studio and transmitter can share a common site. In an-
other arrangement the transmitter is separated from the studio. An
interconnecting telephone program line links the two. There is an op-
erator on duty at the transmitter site. A third possible arrangement con-
sists of a separate studio and transmitter, with the transmitter being
controlled remotely from the studio. In this case the transmitter is un-
attended and is operated from a studio position.

Three small-station plans as suggested by RCA are given in Figs. 3-2,
3-3 and 3-4. In the plans of Figs. 3-2 and 3-3, the transmitter is part of
the studio and control-room facilities. In Fig. 3-4 the transmitter has a
different location.

The arrangement of Fig. 3-2 is very compact, with all essential oper-
ating equipment located in the control room. The control-room per-
sonnel operate the transmitter, make announcements, spin records,
play tapes, etc. The equipment rack to the left of the consolette con-
tains the transmitter monitoring equipment. The transmitter itself can
be viewed from the control room and its meters are read through a
glass pane.

If a directional antenna system is used and/or if the transmitter out-
put exceeds 10 kilowatts, the control room operator must have a first-
class radiotelephone license. Otherwise, an operator having a lower
grade license can take over. However, the station must employ at least
one first-class radiotelephone licensce, or must contract with such a
license holder who is responsible for keeping the equipment in proper
operating condition.
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Fig. 3-2. Small broadcast station layout.

Most small radio broadcast stations do employ a chief engineer who
has a first-class radiotelephone license. Except in a very limited opera-
tion, he is excused from spinning records, playing tapes and making
announcements. Nevertheless he probably had to do so at one time, so
it would not hurt your chances of breaking into broadcasting if you
know how to operate various audio devices and do some limited
announcing,.
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Larger stations have a more decided break between program and
technical personnel. In such stations the license holder is assigned tech-
nical and operating assignments only, but this is no guarantee that he
will not be called on, in an emergency, to sub for an ailing “disc
jockey,” “tape-jockey,” or announcer.

In addition to the audio control console or consolette there are turn-
tables and various reel and cartridge tape players and recorders. There
is a single studio that can be viewed through a window from the con-
solette operating position. Some live programming is possible, such as
interviews and small orchestras.

The control-room operator switches and otherwise controls the studio
microphones, regulating the absolute and relative amplitudes of the
various signals arriving at the console (called “riding the gain”). He is
able to observe all studio activities through a soundproof monitoring
window.

All station switching operations—changeovers from local announce-
ments, network programs, taped or recorded material, local studio pro-
grams, etc.—are made from the console in accordance with the program
schedulc of the station. If the control-room operator is the only tech-
nica{ person on duty, he is also responsible for the program and operat-
ing logs.

One-man operation of this type, although not uncommon, especially
in smaller stations, usually occurs during the late evening and other
less active hours when more or less continuous records or tape pro-
grams are broadcast. Many modern stations are equipped with auto-
matic record and tape players, and even spot announcements are pre-
taped or prerecorded and cut in automatically or by push-button
operation.

A more elaborate studio plan is given in Fig. 3-3. The studio is larger,
and there is a separate record room and library containing an audition
turntable for previewing records and setting up the program con-
tinuity. There is also a separate announce studio.

There is a main control room and a production control room. The
main control room contains the consolette, turntables, and tape equip-
ment, plus an equipment rack which is used for the transmitter moni-
toring gear.

The production control room is used to preview recorded tapes,
news, spot announcements, special promotions, commercials, etc., for
future broadcast. Inasmuch as the audio equipment in the production
control room is identical to that of the main control room, it can serve
as an alternate on-the-air control room.

The station plan of Fig. 3-4 is appropriate for a small a-m/fm facility.
There are separate control rooms for a-m and fm programming, The
equipment lineup is similar, including racks for mounting separate
transmitter monitoring equipment or other audio and studio test equip-
ment. Transmitter monitoring equipment is necessary if the station
employs unattended remote-control operation.

There are separate announce booths and production control rooms
and other facilities that can be accommodated by a much larger floor
area.
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When the studio and transmitter plant are separated from each other
and there is a licensed operator on duty at the transmitter, it is not
compulsory for the technical personnel of the studio to be licensed.
However, the maintenance of tﬁe studio equipment and other technical
facilities is usually the responsibility of the licensed technical personnel
of the station, and in many cases, t%e control room operator has a first-
class license. Often the technical personnel are rotated between studio
and transmitter to give each person an overall background of station
operation and equipment.

The transmitter is located at the antenna site. If the antenna is
mounted atop a tall building, the transmitter is often located on one
of the upper floors. More often the transmitter is located near or out-
side the city limits. A high location is usually chosen to obtain the best
coverage. Where feasible, fm antennas and the transmitter building are
located on a mountain top, again from the standpoint of securing addi-
tional coverage. The audio signals are normally conveyed over com-
mon carrier wires between the studio and transmitter. In some installa-
tions, especially when the transmitter is on a mountain top or other
remote location, a studio-transmitter radio-link operating in the uhf or
microwave portion of the radio spectrum is employed.

A suggested transmitter floor plan appears in Fig. 3-5. The trans-
mitter building need not be very large, since it houses only the trans-
mitter and associated equipment, along with the operating personnel.
In a separate transmitter building, a first-class operator is usually on
duty during air time, and must always be on duty if the transmitter
power exceeds 10 kilowatts and/or a directional-antenna system is
used. Sometimes an operator with a lower-grade license is employed
on an interim basis, with the understanding that he will acquire a
first-class license within a reasonable length of time.

||

PHAS ING 1-KW A-M
CABINET TRANSM ITTER

Fig. 3-5. Transmitter floor plan and equipment arrang t.
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The phasing cabinet in the transmitter floor plan of Fig. 3-5 is not
required when the antenna is not directional. The cabinet houses the
circuitry that supplies current of the proper amplitude and phase to
the various transmitting towers of a directional-antenna system.

The transmitter can %e an a-m or fm type, or a combination of both
as in Fig. 3-5. Only a single operator must be on duty.

3-4. REMOTE TRANSMITTER CONTROL

When the transmitter and studio are not under the same roof, it is
permissible to operate the transmitter by remote control. However,
the following FCC stipulations must be met when remote transmitter
equipment is attended:

1. The equipment at the operating (studio) and transmitting loca-
tions must be so installed and confined that it is accessible only
to authorized personnel.

- The control circuits from the operating to the transmitting loca-
tion must provide positive on-and-off control. That is, open or
short circuits, grounds, or other line faults must not actuate the
transmitter. Moreover, any defect causing such loss of control
must automatically “kill” the transmitter.

3. If any part of the remote-control equipment or associated line
circuits results in improper control or an inaccurate meter read-
ing, the remote-control transmitter operation must cease.

4. All control and monitoring equipment must be so installed that
the licensed operator at the remote-control point can perform his
functions in an FCC-approved manner.

5. The indications at the remote-control point of the antenna current
meter, or for directional antenna the common-point current meter
and remote base current meters, shall be read and entered in the
operating log each half-hour.

6. The indications at the transmitter, if a directional antenna station,
of the common-point current, base currents, phase monitor sample
loop currents and phase indications shall be read and entered in
the operating log once each day for each pattern. These readings
must be made within two hours after the commencement of oper-
ation for each station.

1o

The broadcast transmitter carrier may be amplitude modulated with
a tone for the purpose of transmitting to the remote control point es-
sential meter indications and other data on the operational condition
of the broadcast transmitter and associated devices, subject to the
following conditions:

1. The tone shall have a frequency no higher than 30 hertz.

2. The amplitude of modulation of the carrier by the tone shall not
be higher than necessary to effect reliable and accurate data
transmission, and shall not, in any case, exceed 6 percent.
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3. The tone shall be transmitted only at such times and during such
intervals that the transmitted information is actually being ob-
served or logged. :

4. Measures shall be employed to insure that during the periods the
tone is being transmitted the total modulation of the carrier does
not exceed 100 percent on negative pcaks.

5. Such tone transmissions shall not significantly degrade the quality
of program transmission or produce audible efﬁects resulting in
public annoyance.

6. Such tone transmissions shall not result in emissions of such a
nature as to result in greater interference to other stations than is
produced by normal program modulation.

All stations, whether operating by remote control or direct control,
shall be equipped so as to be able to follow the procedures of an emer-
gency action notification (FCC Secs. 73.932 and 73.67).

A remote-control panel is shown in Fig. 3-6. This is the studio or
control-room unit; a second unit is installed at thc transmitter and
makes the necessary interconnections that permit the transmitter to be
controlled remotely and metered using two telephone lines that link
the studio with the transmitter. The three meters permit a measure-
ment of plate voltage, plate current, and antenna current. The trans-
mitter remote-control facility gathers the information from the appro-
Friate transmitter circuits and places a calibrated low voltage on the
ine to the studio. Proper calibration insures that an accurate reading
of the three parameters can be obtained using the three meters of the
studio remote-control unit.

The three meters do not record simultaneously but are switched into
the circuit by the 11-position switch on the panel (Fig. 3-6). Positions

Courtesy Gates Radio Co.

Fig. 3-6. Remote control panel with meters.
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2 (P.A. volts), 3 (P.A. amps), and 4 (Ant. amp) are used for making
these important transmitter readings from the remote-control point.
Another switch position gives an indication of tower light-circuit cp-
eration. Various other positions are available for use in a variety of
remote-control, monitoring, and metering applications.

The OFF position of the selector switch also switches in a calibrating
battery voltage. This position can be used to check calibration of the
three meters and the proper functioning of the telephone lines that are
used to interconnect the transmitter unit and the studio remote-control
units.

Three control switches are located at the lower left of the remote-
control panel. The first switch (Fil. on-off ) is used to turn on the trans-
mitter filaments, while the second one (Pl. on-off) controls the plate
supply. The third toggle (Raise-off-lower) is an operational control
that can be used to remotely turn on motors and associated controls at
the transmitter which provide a means of correcting any fluctuations
in certain key transmitter voltages or currents. Thus transmitter opera-
tion can be normalized as indicated by proper meter readings on tke
remote meters. A remote-control installation contains various fail-safe
circuits that will shut down the transmitter when any defect results
in a loss of control.

3-5. AUTOMATIC LOGGING

Automatic transmitter and program logging has become increasingly
popular. Program logging can be handled with tapes and other means
acceptable to the FCC. Some highly automated systems include auto-
matic program switching and automatic control of program continuity
along with automatic program logging. _

An automatic operating-log recorder must record the transmitter
meter readings specified by the license. Accurately calibrated auto-
matic recorders with appropriate time, date, and circuit functions may
be utilized to record the entries in the operating log, provided:

1. They do not affect the circuit operation or the indicating instruc-
ment accuracy of the equipment being recorded.

2. The recording devices have an accuracy equivalent to the accu-
racy of the indicating instruments,

3. The calibration is checked against the original indicators at least
once a week, and the results obtained from these checks are noted
in the maintenance log.

4. Provision is made to actuate automatically an aural alarm circuit
located near the operator on duty if any of the automatic log read-
ings are not within the tolerance or other requirements specified
in the rules or the instrument of authorization.

5. Unless the alarm circuit operates continuously, devices which
record each parameter in sequence must read each parameter at
least once during each 10-minute period and clearly indicate the
parameter being recorded.
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8. The automatic logging equipment is located at the remote control
point if the transmitter is remotely controlled, or at the trans-
mitter location if the transmitter is directly controlled.

7. The automatic logging equipment is located in the near vicinity
of the operator on duty and is inspected by him periodically dur-
ing the broadcast day.

8. The indicating equipment conforms with the FCC specifications
for indicating instruments, except that the scale need not exceed
two inches in length and arbitrary scales may not be used. (Ref.
FCC Sec. 73.39.)

A typical automatic operating log facility is shown in Fig. 3-7. Two
identical units are used by television station WT'TG, Washington, D.C,,
for automatic logging of their sound and picture transmitters. Trans-
mitter readings of antenna current, plate current, and frequency devia-
tion are recorded on graph paper as shown in Fig. 3-7.

The log-alarm unit also includes a frequency meter and a power
meter. In the case of the frequency meter, two limit positions are set
up on each side of the zero center. Whenever the carrier frequency
drifts beyond these limits a warning light is turned on, and an alarm is
sounded. The power alarm can also be set for prescribed power limits,

Courtesy WTTG Washington, D. C.
Fig. 3-7. Automatic logging installation.
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say 90% and 105% of allocated power. If these limits are exceeded,
the alarm circuits will also be energized.

Three switches are located at the lower left of the log-alarm unit.
One turns the power on; the second switch (from left side of the panel)
marked “auto” selects the automatic-switching process that samples and
records the meter readin[f,s on the logging paper. The “Reset” switch
is used to reset for normal operation of the unit after the log alarm has
Fiven an alarm of improper operation of the transmitter. Indicator
i

ghts at the bottom center show the particular parameter being moni-
tored at that instant.



CHAPTER 4

Broadcast Microphones

Dynamic and ribbon microphones are the two types of microphones
emp{oyed most often in modern broadcast stations, although a Emited
number of condenser microphones are also in use. In recent years the
dynamic microphone has risen in popularity because of its improved
design and performance, light weight, small size, ruggedness, and
adaptability to modern broadcast techniques.

4-1. TYPES

The three basic microphone movements are shown in Fig. 4-1. The
dynamic microphone (Fig. 4-1A) employs the moving-coif; principle.
A wire coil attached to a diaphragm is positioned in a strong magnetic
field. Whenever sound waves strike the diaphragm and cause it to
move, the coil also moves, and its turns cut the lines of force of the
magnetic field. This motion induces a voltage in the coil, the ends of
which are connected to a transformer in the microphone.

These coil movements can be made very rugged and can deliver a
high output signal level. The output voltage varies with, and depends
on, the sound pressure changes on the diaphragm. Microphones in
which the output voltage varies with the sound intensity and pressure
are referred to as pressure types.

The condenser microphone (Fig. 4-1B) is also a pressure type. It
consists of an aluminum alloy diaphragm and a back plate, with a
narrow air space in between. The aluminum diaphragm functions like
the movable element of a variable capacitor. A polarizing voltage is
applied between the diaphragm and back plate. Any movement of the
diaphragm will cause a change in capacitance between the two plates.
In turn, a proportional change will occur in the output voltage. Because
a condenser microphone has a very low capacitance, the output im-
pedance of its element is very high. In fact, the output voltage is so
low and the output impedance so high that the element must be con-
nected directly to the high-impedance input circuit of a vacuum-tube
or transistor audio am li%er, which is often built into the microphone.

The ribbon microphone (Fig. 4-1C) movement consists of a thin
corrugated aluminum ribbon in a strong magnetic field. Any vibration,

36
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(B) Condenser. (C) Ribbon.
Fig. 4-1. The basic microphone movements.

as a result of sound waves, causes the ribbon to cut the lines of mag-
netic force. A corresponding voltage is induced into the ribbon, and
a current flows through it and into the primary of an associated trans-
former that raises the extremely low impedance of the ribbon to that
of the audio lines and facilities of the broadcast audio equipment. The
transformer also steps up the weak ribbon voltage in the primary to
provide a usable output across the secondary.

The ribbon itself must be elastic, even though under tension. A
ribbon microphone must never be jarred or subjected to intense sounds
such as blasting and gunshots, or the ribbon may break. If stretched
too tightly, the ribbon may loose its elasticity and shape. As a conse-

uence, the microphone characteristics will be altered. Despite these

isadvantages, ribbon microphones are used because of their excellent
frequency response and hence quality of performance.

It is interesting to consider the motion of the ribbon when excited
by a sound. The ribbon can move backward or forward from its resting
position, its motion being a function of the differential sound pressure
that exists between its back and front. It will always move in the direc-
tion of diminishing sound pressure. Thus, a ribbon microphone is re-
ferred to as a pressure-gradient type. Its movement responds to sound
waves from the front or back—whereas dynamic and condenser move-
ments are strictly pressure types because, regardless of the direction of
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sound arrival, the diaphragm moves in the same direction. Except for
the ribbon types, all other microphones are pressure types.

4-2. MICROPHONE POLAR PATTERNS

Inasmuch as a pressure-type microphone responds to sounds arriv-
ing from any direction, it is basically nondirectional. However, it can
be made directional through the use of specially constructed baffles and
resonant chambers. The pressure-gradient ribf‘;on microphone is basi-
cally a directional type. Recall that it responds to the difference in
sound pressure between its front and back. However, sound waves
arriving from the sides exert the same pressure on the front and back
of the ribbon. Consequently, there is no ribbon motion and hence no
output. It follows that the polar pattern of the pressure-gradient micro-
phone is a figure-8 (bidirectional). By special construction it is pos-
sible to change this polar pattern, or to develop a variety of patterns
by using more than one type of microphone movement.

UNIDIRECTIONAL
FRONT

\/ CARDI0ID
/

FRONT
FRONT /
S1D€ @ S IDE 8 oDt
BACK
BACK

,

BACK

(A) Nondirectional. (B) Bidirectional (C) Cardioid-unidirectional.
Courtesy RCA Corp.
Fig. 4-2. Basic microphone polar patterns.

There are three common polar patterns, as shown in Fig. 4-2. Some
microphones have only one; others include facilities for changing the
pattern to suit the broadcast needs. Although a microphone is a three-
dimensional device, normally we are concerned only with its front,
back, and side pickup (horizontal directivity).

It is apparent that a microphone with a nondirectional pattern (Fig.
4-2A) is preferred when the sound arrives from several directions. For
best pickup, such a microphone should be placed at the approximate
center of the sound. A microphone with a bidirectional pattern (Fig.
4-1B) is ideal where there are two opposite sound sources (for ex-
ample, two people seated across from each other at an interview
table). It has the added advantage of displaying minimum sensitivity
to undesired sounds from the other two sides.

Microphones with unidirectional or cardioid patterns (Fig. 4-2C)
are useful when the sound arrives from the same general direction.
The cardioid pattern, for instance, can pick up sounds from the wide
expanse of a large studio or stage. Its wide angle of pickup improves
the balance of an orchestra or choir. At the same time, minimum noise
is picked up from the rear (e.g., from the audience) because of the
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weak pressure from the rear. For more concentrated sources of sound,
a microphone having a sharper unidirectional pattern can be used.

In summary, it is apparent that the choice of microphone and pattern
hinges on the type of program material. However, the size of the room
and the reverberations in it also influence the selection. A general rule
is to use a directional microphone wherever there is high reverbera-
tion (“live” room) and/or high background noise, and to use a non-
directional microphone for all other programs. In fact, in a highly
absorbent surrounding (“dead” room), a nondirectional microphone
will provide greater program realism.

4-3. OUTPUT LEVEL AND FREQUENCY RESPONSE

The output level of broadcast microphones usually is rated in dBm,
which corresponds to the output in decibels related to 1 milliwatt at a
standard sound pressure of 10 dynes/cm?®. The latter figure is the ap-
proximate sound pressure impressed on the microphone by normal
conversation when the speaker’s mouth is one foot from the micro-
phone. In other specifications the output is often given as so many
microvolts/dyne/cm?, or in output voltage in dB related to a standard
of 1 volt/10 dynes/cm?.

Of course, microphone outputs are much weaker than 1 milliwatt or
1 volt. In fact, they are so low that the output level is rated in minus
dB—the higher the minus-dB figure, the lower the output level. For
example, at a given sound level a microphone rated at —56 dBm has
half the output voltage of a microphone rated at —50 dBm.

Frequency response is also an important characteristic. In modern
broadcast microphones it cxtends from approximately 40 Hz to above
12 kHz. Very little program material extends below 40 Hz, and the
high-frequency response depends largely on the broadcast service
being rendered. High-fidelity fm programs are able to handle the
higher-frequency components, whereas many of the highs (as a func-
tion of the audio facilities, network lines, and receiver response) are
lost in standard a-m broadcasting. However, even in a-m broadcasting
the high-frequency response may reach as high as 8 to 12 kHz.

The frequency response of a microphone is usually specified between
the 6-dB-down points on the low- and high-frequency ends of the fre-
quency curve. Some microphones and their preamplifiers include facil-
ities for setting the frequency response according to the acoustical
conditions and audio-line lengths.

Many microphones can also be switched to match one of the three
standard impedances of 50, 150, or 250 ohms; lines and facilities are
usually terminated in one or more of these three values.

4-4. HUM-PICKUP LEVEL

Another important microphone specification is its hum-pickup level,
usually given as a minus-dB quantity. The 0-dB reference level is the
hum output related to 1 milliwatt when a standard 60-hertz hum field
of 0.001 gauss is used. In a microphone with a hum-pickup level of
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—30 dBm, the amplitude of the hum voltage is twice that of a micro-
phone with a —36-dBm hum level.

A high hum level can reduce the dynamic range of a broadcast. The
lowest-amplitude passage (lowest level signal in dB) that can be con-
veyed satisfactorily depends on how well the signal resulting from this
low passage is held above the hum (and noise) levels present in the
system.

4-5. TYPICAL BROADCAST MICROPHONES

One widely used broadcast microphone is the RCA modcl shown in
Fig. 4-3. It is a ribbon type and has an adjustable acoustical shutter
which gives a choice of nondirectional, bidirectional, or unidirectional

Fig. 4-3. RCA ribbon microphone.

pattern (Fig. 4-4). Such a microphone can be used for general pro-
%ramming and announcements, or it can be mounted on a television
oom. Its characteristics are as follow:

Frequency Response: 50-15,000 Hz

Pattern: 3 choices

Output Level: Nondirectional, —56 dBm
Bidirectional, —50 dBm
Unidirectional, —53 dBm

Output Impedance: 250 ohms

Hum-Pickup Level: —128 dBm
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Another popular microphone is the Electro-Voice dynamic type
(Fig. 4-5). It can be mounted on a stand for general programming and
television staging, or carried around during audience-participation
shows and interviews. It has a nondirectional pattern and a choice of
one of the three standard impedance outputs of 50, 150, and 250 ohms.
The impedance can be changed by moving a lead inside the micro-
phone, as shown by the transformer arrangement in Fig. 4-6. Its char-
acteristics are as follows:

Frequency Response: 40-20,000 Hz
Pattern: Nondirectional

Output Level: —55 dBm

Output Impedance: 50, 150, or 250 ohms

(A) Unidirectional,

(C) Nondirectional.

Fig. 4-4. Pattern characteristics of microphone shown in Fig. 4-3.

A good-quality broadcast microphone is a complex instrument. A
dynamic microphone is more than a magnet and a moving coil attached
to a diaphragm. Actually, a resonant circuit is formed by the mass of
the diaphragm (which is equivalent to an inductance because it op-
poses a change in velocity), the compliance of the diaphragm (which
can be compared to a capacitance because it opposes any change in
the applied force), and the volume of air to the rear of the diaphragm
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Courtesy Electro-Voice, Inc.
Fig. 4-5. An Electro-Voice dynamic microphone.

(also a capacitance for the same reason), as shown in Fig. 4-7A. This
mechanical resonant effect peaks the response of the microphone at
some low frequency. As in any electrical circuit, the Q of a resonant
circuit can be lowered and the response flattened by insertion of a
resistance (Fig. 4-7B). In a microphone a sound-absorbing felt is
employed as a resistance to remove violent peaks in the frequency
response.

Still another consideration in microphone design is proper low-fre-

uency response. In a microphone it can be extended by admitting

e outside air, through a tube, into the back case of the microphone.
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Fig. 4-6. Transformer arrangement for the
Electro-Voice microphone.
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In effect, more inductance is added across the resonant circuit of the
microphone, as shown in Fig. 4-7C. The combination of this bass-reflex
principle and the acoustic resistance of the felt material provides the
proper low-frequency response.

The high-frequency response of our hypothetical microphone can be
made more desirable by Eeeping its diameter small and increasing its
length (Fig. 4-7D). The long, slim case of the Electro-Voice micro-
phone is a good example. The high-frequency response can be further
extended by using a frontal resonant cavity between the diaphragm
and grille. The cavity and its associated tube are concealed in the grille
and form inductive and capacitive elements that extend the frequency
response to 15 kHz and up.

An RCA uniaxial ribbon microphone is shown in Figs. 4-8 and 4-9.
The patterns of Fig. 4-8 are particularly helpful in showing its three-
dimensional pickup characteristics (unrike most ribbon microphones,
which are bidirectional). Around its vertical and horizontal axes the
microphone has a cardioid pattern. Its longitudinal pattern is nondirec-
tional and becomes compressed at the higher frequencies. The com-
bined three-dimensional characteristics produce a good uniaxial pickup
pattern.

The microphone is made to have directional characteristics and to
operate as a pressure type by placing an acoustical labyrinth behind
the ribbon. The labyrinth is a folded pipe approximately 31 inches
long which is damped by acoustical material along its entire length to
eliminate resonant conditions. An acoustical connector links the pipe
to the air gap at the back of the ribbon. Two phase-shifting ports estab-
lish proper impedance relationships and maintain a uniform frequency
response. (See Fig. 4-9.)

The remaindcr of the circuit consists of a line-matching transformer
and an adjustable response compensator. The latter permits additional
attenuation of the low frequencies in noisy locations or when the micro-
phone is close-talked (which tends to emphasize the lows). Full-fre-
quency pickup can be used for musical programs.
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(A) Equivalent circuit. (B) Introduction of acoustic resistance.
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—rv—— T
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T lc, )
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(C) Addition of air mass. (D) Microphone shaping

Fig. 4-7. The factors which influence the overall response of the Electro-Voice
dynamic microphone.
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Courtesy RCA Corp.
Fig. 4-8. An RCA uniaxisl microphone.
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Fig. 4-9. Basic construction of the RCA uniaxisl microphone.
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This style of microphone is particularly adaptable to boom and
stand mounting, and for other applications where the microphone must
be tilted in the direction of the sound without picking up noises from
other directions.

Fig. 4-10 shows a very popular style of broadcast microphone whose
characteristic pickup pattern is directional and uniaxial. This small
dynamic type can be held in the hand or worn around the neck on a
lanyard. When worn around the neck, such a microphone is often
planned to emphasize the high frequencies because of the high-fre-
quency shadow beneath the user’s chin. Also, radiation from the user’s
chest tends to emphasize the lower frequencies.

Fig. 4-10. RCA miniature dynamic microphone.

Courtesy RCA Corp.

The characteristics of the personal dynamic microphone are as fol-
lows:

Frequency Response: 80-12,000 Hz
Pattern: Semidirectional

Output Level: —67 dBm

Output Impedance: 250 ohms
Hum-Pickup Level: —112 dBm.

Modern broadcasting trends emphasize remote pickups in the out-
doors and in large amphitheaters. One example would be a small in-
strumental group riding on a float in a parade. In such applications
the microphone must be able to reach out and pick up sounds from a
rather concentrated area without picking up surrounding noises.

A parabolic reflector can be used to further concentrate the direc-
tivity of a microphone, as shown in Fig. 4-11A, but it of course has
size limitations. The “machine-gun” or “line” type of microphone in
Fig. 4-11B is composed of many small tubes varying in length from
about two inches to five feet. The open ends act as pickup points, and
their opposite ends terminate at the diaphragm of a microphone. All
sounds coming directly toward the open ends will travel the same dis-
tance to the diaphragm—whether the sounds enter a tube and pass
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(A) Parabolic reflector. (B) Tube line.
Fig. 4-11. Methods of increasing microphone directivity.

through it, or continue through the air until entering a shorter tube.
Since all sounds reaching the diaphragm have traveled the same dis-
tance from the source, they arrive at the same time and the diaphragm
is actuated in phase.

Now let us see why background noises from the sides are not picked
up. These side sounds will still enter all tubes at approximately the
same time. But the sound entering the five-foot tube must travel al-
most five feet farther, to reach the diaphragm, than the same sound
entering the two-inch tube. For example, a sound 10 feet to the right
or left must travel anywhere from 10 feet 2 inches to 15 feet before

Courtesy Electro-Voice, Inc.
Fig. 4-12. An Electro-Voice cardiline microphone.
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striking the diaphragm. The sounds arrive at the diaphragm at different
times and, being out of phase, the sound waves have a canceling effect
and do not cause the diaphragm to vibrate. An even greater phase dif-
ference will exist for sounds which originate at points behind the
microphone.

The Electro-Voice microphone of Fig. 4-12 has high sensitivity, plus
a sharp directivity obtained from the combination of line- and cardi-
oid-microphone principles. A cardioid dynamic movement and a single-
line tube approximately one foot long are used. A Y%-inch covered
slot in the tube, over its entire length from A to B in Fig. 4-13, displays
a linear-taper acoustic resistance. All positions along the slot displa
equal sensitivity; therefore, equal sound pressures along the line wifl,
result in equal voltages being produced by the microphone element.
Just as in the “machine-gun” arrangement, signals arriving from the
si}clles and back will be canceled out at the cavity in front of the micro-
phone.

A

B
Fig. 4-13. Basic construction of an Electro-Voice CARDIOID / ,/

cardiline microphone. MICROPHONE X

SLoT

One of the most distracting disturbances in the audio signal in out-
door broadcasting :s wind blast and noise. Also the operational-environ-
mental conditions can cause microphone performance to deteriorate
prematurely. For instance, in television broadcasting, boom micro-
phones take a considerable beating; they are moved at fast speed from
one position to arother and are subject to wind-noise pickup. The
simultaneous deterioration of the audio signal due to environmental
conditions and the impaired quality of microphones has created a
demand for an improved microphone:

Recently considerable effort has been directed to providing adequate
shielding and protection for the boom microphone without disturbing
its response. A foam jacket with good acoustical performance serves
as an effective windscreen. It also protects the microphone from dust
and magnetic particles and minimizes possible damage from bein
dropped or struck. Such protection is sllm)own for the boom-mounte
microphone of Fig 4-14.

The internal make-up of a North American Philips condenser micro-
phone is shown in Fig. 4-15. The condenser element is mounted in the
head at the extreme left. A transistor amplifier of high input impedance
builds up the amplitude level of the audio signal. The amplifier is fol-
lowed by an audio output transformer that permits a selection of out-
put impedances.

The high impedance input of the amplifier is established by the field-
effect transistor which is connected in a source-follower configuration.
This stage is followed by a bipolar emitter-follower circuit which
drives the primary of the output transformer (Fig. 4-16).
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Courtesy Electro-Voice, Inc.
Fig. 4-14. A boom-mounted microphone with a
protective windscreen.

The supply voltage for the two-stage amplifier and the polarizing
voltage for the condenser microphone element is developed by an oscil-
lating high-frequency generator. Transistor Q3 oscillates at approxi-
mately 1 MHz. The high-frequency voltage across the primary is recti-
fied and filtered to supply a dc operating voltage of about 7.5 volts for
the amplifier. The higher voltage output across the secondary is recti-
fied by diode CR1. The filtered output of about 60 volts is used as the
polarizing voltage across the condenser microphone element.

Courtesy North American Philips Corporation
Fig. 4-15. Phifips condenser microphone.
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4-6. MICROPHONE APPLICATION AND PLACEMENT

It is important that first-class radiotelephone license holders have an
understanding of proper microphone placement and use. More often
than not in a small broadcast station, the program originates from a
small enclosure. This can be the control room itself, an announcing
booth, or a mobile sound truck. For these applications the cardioid or
unidirectional pattern is preferred. In such small enclosures, reverbera-
tions are numerous and strong; and acoustical treatment seldom sup-
plies the most desirable correction.

OVERHEAD
M ICROPHONE

[

Fig. 4-17. Placement of an overhead microphone.

It is characteristic of most announcers to “mug” the microphone. If
the announcer will keep at least two feet away from it, better voice
quality will result. TeE:vision broadcasting, where the microphone
must be out of the camera’s range, has proved that close-talking is not
necessary. This problem can often be avoided by mounting the micro-
phone overhead, as in Fig. 4-17. The table can be sound-treated to
minimize reflections.

1n a small studio, meeting room, or hall that is highly reflective (high
reverberation, or liveness), a directional microphone is usually manda-
tory—particularly if proper emphasis is to be obtained despite a noisy
background.

The nondirectional microphone should be used in highly sound-
absorbent broadcast locations, or where liveness and presence are to
be added for the listener’s benefit. Several factors contribute to this
effect of “liveness” in broadcasting. The reverberation time, distance
from sound to microphone, and total volume of the studio or broadcast
location must be considered. The formula is
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1000 T2D?

Liveness =
GyV

where,

T is the reverberation time in seconds,

D is the distance from sound to microphone in feet,
Gy is the directivity of the pickup microphone,

V is the volume of the room in cubic feet.

Of course, the directivity of the microphone (Gp) influences the
degree with which the three other factors (T, D, and V) affect the
liveness. In general, a nondirectional microphone enhances the live-
ness, and a directional type reduces it. If the liveness and background
noise of the area are so great that they interfere with the part of the
program to be emphasized, a directional microphone should be used
or a special accenting microphone in conjunction with a general micro-
phone. In highly absorbent, “dead” locations where liveness must be
added to better satisfy the radio listeners, the nondirectional micro-
phone is more useful.

In recent years the small dynamic interview microphone has become
increasingly popular. It adds versatility to the usual microphone setup
because it can be carried around and thus taken directly to the source
of sound. In conjunction with a general-purpose microphone the inter-
view type can be used to sustain interest during many types of gather-
ings. For example, the general microphone can be placed on stage to
pick up the music from an orchestra or band, and the interview micro-
Ehone taken directly into the gathering—instead of the confusion of

aving people come up to the microphone on stage. A much more en-
joyable program continuity can be maintained with this arrangement.

4-7. MUSICAL PICKUP

To obtain the most pleasurable brilliance and balance between
audio-frcquency ranges, it is important to avoid placing the micro-
phone too close to the vocalist or solo instrument. In recent years the
use of overhead microphones has become increasingly popular. Such
a microphone can be positioned above the participant, out of reach,
where it is safe from handling, jars, and direct pickup of vibrations.

Sucgessful musical programming is dependent to a great extent on
experience gained at rehearsals and during previous pickups from the
same location. Adequate rehearsal time permits you to experiment with
the microphone positions until the most pleasing and balanced result
is obtained. For example, the recommended spacing between micro-
Ehone and piano is eight feet or more; less spacing upsets the tonal

alance. Of coursc, if the pianist is also a soloist and only one micro-
phone is available, it must be moved closer for the vocal part of the
Frogram. But if facilities are available, a separate microphone is pre-
erred for the singing. For a program consisting of a vocalist and a
pianist, the microphone should be correctly positioned relative to the
piano. Then the vocalist can be placed in accordance with his or her
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volume and dynamic range. Optimum spacing between pianist and
vocalist may be as much as ten feet.

To establish the proper level between a vocalist and a piano, it is
sometimes necessary to use a unidirectional microphone to favor the
vocalist, and have its minimum-pickup direction toward the piano. A
vocalist accompanied by an orchestra must usually be positioned much
closer to a single microphone. Rehearsal time is again important in
learning beforehand the proper balance between vocalist and musical
accompaniment.

A common technique, during musical programs consisting of an
orchestra and soloists (instrumentals or vocals), involves the use of one
general microphone plus one or several accent microphones which are
used only during solo segments of the program. The general micro-
phone is set up to obtain an overall balanced result from the orchestra.
Often this microphone is placed overhead and with some sensitivity
toward the audience to add liveness to the program. The amount of
separation from the orchestra is a function of thc liveness factors of
reverberation time and volume. Again this is best determined by re-
hearsal and from experience. If the general microphone is a substantial
distance from the orchestra, one must be certain the inherent noise
levels around it are not so strong that they are distracting.

c— | —|
DRUMS DRUMS
— —3
PIANO PIANO
| — — c—/—
BRASS BASS STRINGS STRINGS
BRASS A
WOODWINDS =
— cC— — 3
STRINGS STRINGS WOODWINDS ANNOUNCER
o VOCALIST
=4
MICROPHONE
(A) Dance band. (B) Small group.

Fig. 4-18. Basic microphone placement for dance band and
small groups.

Accent microphones are then positioned in the orchestra to pick up
the soloist or a small group. If the general microphone is not able to
bring out a particular orchestra section adequately, an accent micro-
phone may be employed, even during orchestral selections.

The use of a general microphone some distance away from an or-
chestra has become increasingly popular in high-fidelity broadcasting.
Of course, accent microphones must be available for the solo, an-
nounce, and close-emphasis portions of the program.

Several typical microphone arrangements are shown in Figs. 4-18
and 4-19. With a single microphone, the various segments of the or-
chestra must be positioned in accordance with each one’s amplitude
and dynamic range. Usually the small strings are the closest, followed
by the woodwings, bass strings, brass (trombones, trumpets), piano,
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Fig. 4-19. Pickup of a large orchestra.

STRINGS
~
SOLo
ANNOUNCE
<
MAIN MICROPHONE

and drum in that order. If several microphones are available, they can
be used to accent individual segments. It is also possible to use the
mixer controls of the control amplifier to obtain the most desirable
balance among the instrument groups.

In summary, effective placement and use of microphones require a
knowledge of microphone characteristics, how the program site acts
acoustically, how people respond to a microphone, plus a good listen-
ing ear and an ungerstanding of what to emphasize and what is to be
background.



CHAPTER 5

Record and Tape Machines

Recorded and taped shows occupy a large percentage of a radio sta-
tion’s total broadcast hours, especially if the station is small or does not
have strong network ties. “Disc jockey” shows are at the peak of their
popularity. In most stations the D] is a combination announcer and
control-console operator, but not a technical man. He spins records from
the studio, a mobile broadcast truck, or remote location set up in de-
partment stores, shopping centers, and other locations. Sometimes he
may have one of the ii)ower-grade operator licenses, a necessity when
the transmitter is part of the control-room facilities. The technical staff
is responsible for maintaining the record and tape-playing equipment
and for setting up remote facilities.

5-1. TRANSCRIPTION DESK AND CONTROL CONSOLE

A Gates transcription desk and control-console combination is shown
in Fig. 5-1. From this center the operator can spin records and at the
same time control other signal sources such as studio, network, or re-
mote sources. The switches permit the operator to establish program
continuity by turning the various signal sources on and off at the proper
times, and the knobs allow him to control the amplitudes of the various
signals. By watching the needle of the sound-level (volume-unit)
meter, the operator can make sure that the signal being supplied to the
transmitter is of the proper magnitude.

When a record show is in progress, the operator can place a record
on one of the turntables, reagy or use, while the second turntable is
in operation. In fact, with headphones or a monitoring speaker, he can
even listen to the record that he is setting up and position the tone arm
to provide a smooth continuity in changing over between turntables.
This is referred to as “cuing” the recorc%. A typical sequence follows:

1. While a selection is playing on the left turntable, the operator
places another record on the right turntable.

2. Through the monitoring headphones or speaker he plays the
record on the right turntable, listening until he finds the exact
spot where the record is to begin, and at the same instant stops

e rotation of the record.
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3. With turntable motor still running, he then backs off the record a
fraction of a turn and holds it stationary.

4. As soon as the selection is completed on the left turntable, he
switches over to the right turntable and releases his hold on the
record. With the right turntable now supplying signal to the trans-
mitter, he is free to cue a different record, or to play another selec-
tion from the original record, on the left tumtabf,e.

In cuing a record, some operators permit the turntable to rotate and
hold the record stationary with their fingers until ready to release it.
Others, after finding the desired cue spot, turn off the turntable motor
and back the record up a fraction of a turn. At the proper moment,
they then switch on the turntable motor. This mode of operation is
possible because turntables used in broadcasting are able to reach their
normal operating speeds in a fraction of a revolution. If the turntable
were slow in buil£ng up to maximum speed, the initial part of the
selection would be distorted.

- o wmeswmmg ee

AN 3 3 - Shy Ay

¥
S

Courtesy Gates Radio Co.
Fig. 5-1. Gates turntables and control room console.

The two most popular records are the 16-inch, 331-rpm transcrip-
tions and the smaller, 45-rpm records. Approximately ﬁgeen minutes
of program time, or a complete quarter-hour program, is available on
a single transcription. Usually a number of selections, with suitable
separations, are recorded on one transcription to permit spot announce-
ments between selections. These transcriptions are sold to radio broad-
cast stations by numerous transcription services.

Most turntables have two, and sometimes three or four speeds, to
handle the large variety of commercial records now available. Like-
wise, two sizes of stylii are incorporated to accommodate the different
record grooves.
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5-2. TURNTABLES AND PREAMPLIFIERS

The Gates tumntable in Fig. 5-1 has three speeds. Unlike most rim-
driven turntables used in the home (Fig. 5-2A), it is rotated by the
power transferred from the idler to a solid inner hub, as shown in Fig.
5-2B. This lower and more centralized drive minimizes turntable rum-
ble. At 33% rpm the tumtable will attain proper speed in one-eighth

VIBRATION RUMBLE TRAVEL \i

ﬁumm HIVRAHTR

(A) Rim drive,

VIBRATION OR
(RUMBLE TRAVED
MMAMJ.

- 600 RPM
MOTOR

(B) Inner rim drive.

Fig. 5-2. Types of turntable devices.

of a turn, and in one-sixth of a turn at 45 rpm. The turntable provides
three methods of starting: (1) a rocker-arm switch; (2) the index lever,
which must be depressed into the proper slot before the motor will
start; and (3) “slip cuing” (holding tEe record while the turntable
spins beneath it). For faster cuing, the rocker-arm switch is located
close to the turntable so that the operator can flip it with his thumb
while keeping one finger on the record.
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Fig. 5-3. Equalization curves for preamplifiers.

The tone-arm cartridge is equipped with a 0.00l-inch stylus for
microgroove recordings, and a 0.003- or 0.0025-inch stylus for tran-
scriptions and 78-rpm records.

One function of a record preamplifier is to increase the level of the
phonocartridge output before it is applied to the control-console input.
A second function is to provide proper equalization according to the
RIAA (Recording Industry Association of America) recording curve
(Fig. 5-3). This is the recording industry’s standard curve, and it pro-
vides a close match for the AES (Audio Engineering Society), RCA
orthophonic, and NARTB (National Association of Radio and Televi-
sion Broadcasters) curves.

A solic-state phono preamplifier is shown in Fig. 5-4. It is a two-
stage amplifier consisting of an input voltage amplifier connected in
a common-emitter configuration followed by a common-emitter power
amplifier stage. Either a 150-ohm or 600-chm output is made available.

The input impedance is 47,000 ohms and the input connections are

lanned for operation with variable-reluctance cartridges. Additional
Eigh-frequency rolloff for noisy records or special effects can be ob-
tained by jumping a connection between tﬁe filter terminal of the
terminal strip TB1 and ground.

Normally the amplifier is designed for the standard RIAA/NAB
equalization curve. Response shaping is handled by the compensated
negative-feedback network connected between the collector of output
transistor Q2 and the emitter of the input transistor Q1. For standard
RIAA equalization there must be no shunt between the filter terminal
and ground.
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Fig. 5-4. Gates solid-state phono preamplifier.

5-3. AUTOMATIC PLAYERS

The trend toward automation, coupled with the popularity of “disc
jockey” programs resulted in the automatic record player for broad-
cast stations, especially smaller stations. The Gates record player in
Fig. 5-5 consists of a Seeburg 200 mechanism, the necessary relay con-

L
-

s

‘{
oy -‘.

Courtesy Gates Radio Co.
Fig. 5-5. Gates automatic record player.
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trols, a preamplifier, and a remote-control unit. The automatic mecha-
nism permits selective playing of either side of the 100 fine-groove,
45-rpm, 7-inch records that are stored vertically in magazines as shown.
The operations occur in the following sequence: the “start” button is
depressed, and the record turns instantly; the record plays; it returns
to its magazine; a new record is withdrawn, set down on the pickup
arm, and the mechanism is stopped.

When the control-room operator again depresses the “start” button,
the second record will begin to play instantaneously. This split-second
starting maintains the continuity required in broac{casting.

5-4. TAPED PROGRAM MATERIAL

Magnetic tape recording is an important phase of radio broadcasting.
Because of their light weight, tape recorders can be carried around to
record interviews, news events, and other programs originating away
from the studio. This material can then be played back during a broad-
cast.

Tape recording systems can also be used to establish fast-moving and
interesting program continuity, because it is a simple matter to edit-
out the lengthy, uninteresting material. Many stations tape an incoming
network program when, for example, a popular local show is on at the
same time, and then broadcast the network program at a more con-
venient time. Complete shows, including music and spot announce-
ments, can be recorded on tape and the entire program then broadcast
at the most appropriate time or in accordance with the sponsor’s wishes.
Automatic spot-tape machines even make it possible to insert taped
commercials or other announcements into the program continuity at
the proper times.

5-5. BROADCAST TAPE RECORDER

A compact solid-state broadcast quality tape recorder is the Ampex
model shown in Figs. 5-6 and 5-7. There are one- and two-channel
models. A single channel model is shown in Fig. 5-6. In the two-channel
version there is another section identical to the thin, light metal seg-
ment at the bottom. The case is slightly larger to accommodate this
second module. The latter arrangement can be used for stereo record-
ing and reproduction with appropriate record/reproduce heads.

The record section is shown at the top of the functional block dia-
gram in Fig. 5-7. There is a dual input with separate gain controls.
Tape equalization for both speeds is handled between the two emitter
followers, Q9 and Q10. Additional amplification follows before the
signal is applied to the record head. A 100-kHz bias signal for the erase
and record heads is generated by the solid-state erase oscillator.

The reproduce section is shown at the bottom of Fig. 5-7 and con-
sists of an input voltage amplifier and feedback equalization networks.
Through an output-selector switching arrangement, the reproduced
signal is passed on to a pair of amplifier stages and an emitter-follower
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The output selector switch also permits the channeling of the incom-
ing record signals to the input of the reproduce amplifier. The path is
by way of resistor R51 ahead of the equalization network, and the
record calibration potentiometer R50. From there the signal is passed
to a group of amplifiers, and eventually to output transformer T2. The
VU meter across the secondary can be used to check the level of the
record signals. As a result the amplifier gain controls can be preset
before the actual program material is tapedg. The same (})ath is also open
during the actuaf)recording of the program and audio level can be
monitored continuously on the VU meter.

In the reproduce mode the record section becomes inoperative. The
signal taken off the reproduce head is increased in level by a two-stage
common-emitter preamplifier, transistors Q1 and Q2. The audio signal
output circuit. This output circuit and an appropriate transformer make
a match into 600-ohm audio line.

A schematic diagram is given in Fig. 5-8. The two inputs are shown
left center. The preamplifier is a direct-coupled common-emitter am-
plifier and emitter-follower output stage. Note that the second transis-
tor serves as the collector load for the input transistor. The equalization
and switching facility follow. After equalization the signal is passed
to the input of the emitter-follower transistor Q10. It is followed by a
high-gain, constant-current amplifier. The collector output is trans-
ferred through capacitor C15, inductor L1, and capacitor C16 to the
record head by way of jack J8. The parallel combination of L1 and
C15 blocks the bias oscillator 100-kHz component from the amplifier.

The 100-kHz bias component is generated by a multivibrator consist-
ing of transistors Q13 and Q14. The bias signal is applied to the erase
head, through the resonant output transformer, and to the record head
through the bias-adjustment capacitor C27.

: _
Courtesy Ampex Corp.
Fig. 5-6. Broadcast tape recorder.
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is transferred to the second amplifier group from the emitter-follower
output transistor Q3 to the gain control and switching section at the
input of emitter-follower Q14. The two equalization networks for both
low-speed and high-speed operation are connected in the feedback
path between the output of transistor Q3 and the emitter circuit of
transistor Q1.

The actual record and reproduce responses are given in Fig. 5-9.
They are based on the standard NAB (National Association of Broad-
casters) responses. In the record mode high-frequency preemphasis is
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used in maintaining a good signal-to-noisc ratio. Proper compensation
or de-emphasis is then made in the reproduce curve so as to obtain a
linear overall response.

The reproduce signal is built up in level by the second group of
amplifiers which drive the output transformer and supply signal to the
600-ohm audio line. A VU meter is connected across the secondary.
Headphones can be inserted into the primary circuit of the output
transtormer. The unit is designed to supply the usual +4 dBm signal to
the phone line.
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Fig. 5-10. A SPOT TAPE recorder.

mercial or other program material. Any track can be erased and new
information put on without disturbing any of the other tracks.

A Gates cartridge tape player is shown in Fig. 5-11. Cartridge tapes
are available with various amounts of recorded time betwcen 11 and
45 minutes. Commercials, special announcements, background and
other program material can be stored on the various tapes. When the
material is to be used it is a simple matter to insert the prerecorded
cartridge into the slot.

Recorded information can be subdivided into a number of segments
on a single tape as long as the total time is not exceeded. A 1000-hertz

Courtesy Gates Radio Co.
Fig. 5-11. Gates tape cartridge system.
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cue tone is included. Such a tone can be inserted at predetermined
spots to stop the tape automatically. This is an aid in maintaining
program continuity.

Playback only or record/playback models are available. The latter
units would be employed in the production-control room where pro-
gram material is taped for later broadcast.

An all-transistor broadcast tape recorder and reproducer is shown
in Figs 5-12 and 5-13. The unit has a versatile-input arrangement that
accommodates balanced or unbalanced line signals. The balanced input
is also used for microphone input. The input selector switch (S1) can
be used to choose the desired input signa%)source(s). A selected input
level control (R1) is included at the out‘Fut of the micrcphone pre-
amplifier as well as an auxiliary-input level control (R2) and a master-
level control (R3). Thus two-program signals can be mixed prior to
their application to the record amplifier. The output of the record
amplifier supplies signal to the record head. The ultrasonic-bias and
erase oscillator supp%ies bias to record and erase heads. An equalizer
selector switch (S3) permits the setting of the proper amount of equal-
ization for the slow (Pos. 1) and the fast (Pos. 2) tape speeds in both
record and reproduce modes.

In the record mode an output from the record amplifier can be sup-
plied through the second position of the meter and output switch (S2)
to the input of the line amplifier. The output of the line amplifier is set
by monitor level R7 and supplies signal to the monitor amplifier and
the output monitoring phones or speaker. Thus, as the recording is
being made the program material can be monitored. The VU meter
can be used to check the level of the record signal as it is developed at

-

v E gt

Courtesy Midwestern Instruments, Ine.
Fig. 5-13. Magnecord Model 1021 all-transistor recorder-reproducer,
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the output of the line amplifier. The line amplifier also provides unbal-
anced and balanced outputs for simultaneous application of recorded
program material to a telephone line or other audio equipment.

In the reproduce mode (Pos. 1) of S2, the reproduced signal level
is set by the reproduce level control (R6) and applied to the input of
the line amplifier. In turn, the line amplifier output supplies signal to
the monitor and the balanced and unbalanced outputs of the unit. The
VU meter records the level that is set by the reproduce level control
(R8) of the reproduced play-back signal.

When the meter and output switch (S2) is set to position 3 (bias)
the playback mode is the same as for position 1 except that now the
meter has been switched into the biasing circuit. In this position the
}YU meter checks out the operation of the biasing circuit o?(:he record

ead.



CHAPTER 6

Studio and Control-Room
Facilities

The essential features of an a-m broadcast station are best described
by referring to the functional diagram and floor plan of a typical small
station. Such a plan is given in Fig. 6-1.

6-1. SMALL STATIONS

The larger dashed-line block at the center of the diagram outlines
the console-component functions. At the left of diagram, you will note
the various control-room and studio accessories that include an an-
nounce microphone, two turntables, a tape recorder, and three studio
microphones. Remote input and network lines are shown on the left
side and legend of diagram symbols is shown on the right.

Facilities are provided for three studio microphones. The top three
input switches of the console select either the control-room accessories
or the studio microphone, and a fourth switch permits a choice between
remote and network lines. A jack is provided ror inserting a phone into
the network line to monitor its signal. Remote input lines are shown
at the bottom left.

Preamplifier and mixer gain controls are associated with each of the
four console inputs. The two-channel amplifier system includes an
audition booster and monitor amplifier plus a program booster and
line amplifier. A switching arrangement between the preamplifier sys-
tem and the dual-channel amplifiers permits either single or mixed
incoming signals to be fed to one or the other of the two channels.

An example of possible switching is in relation to the control-room
equipment. At the conclusion of a record on turntable No. 1, a change-
over from this turntable to the control-room announce microphone may
be desired. To do so, the switch of turntable No. 1 is set to the neutral
position, and the control-room Announce switch is set to position P to
supply voice signal into the program amplifier. At the conclusion of the
announcement, the control-room Announce switch is set to its neutral
position. Turntable No. 2 may then be switched to the P position,
supplying a record signal to the program amplifier.

69
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While the transcription on turntable No. 2 is being played, it is pos-
sible to prepare turntable No. 1 for the next selection—perhaps for a
recorded spot announcement. The announcement is made ready by
using the cue- or audition-booster amplifier. The second channel
switch, associated with turntable No. 1, is set to position A. The signal
from turntable No. 1 is now being supplied to the audition-booster
amplifier, and will reach the control-room speaker when the audition-
amplifier input switch is set to the AUD position. In other words, the
transcription on turntable No. 2 is supplying signal to the program line
and transmitter while the control-room operator is setting up the re-
corded commercial to be played next on turntable No. 1. When the
selection on turntable No. 2 is completed, it is switched off and No. 1
is switched to position P, supplying the commercial announcement to
the program-amplifier input.

Also, remote or network signals coming into the console can be
switched either into the program line when the signals are to be trans-
mitted, or into the audition channel when they are to be checked or
cued. The two switches associated with the remote lines have four

ositions. The remote-line inputs can be switched for communications
thog% ), for cuing, to supply signal to the program channel, and also
to OFF.

The four preamplifier-mixer controls make it possible to establish the
proper relative levels for signals that may be supplied at the same time
to either the program and/or the audition channels. For example, it
may be necessary to use microphones 1 and 2 in the studio simulta-
neously during a live program. The input switches to the preamplifiers
are set to the microphone No. 1 and No. 2 positions. Liﬁewise, both
preamplifier output switches are set to their P positions. Both micro-
phone signals are now being supplied to the input of the program am-
plifier and have the correct relative signal levelI.)

A monitor speaker in the studio carries the program material except
when it is originating “live” from the studio itself. The control-room
speaker also carries the program material except when the control room
is used for auditions. The studio ON THE AIR light goes on whenever
a program is being broadcast from the studio. Likewise, the control-
room ON THE AIR light goes on whenever the control-room announce
microphone is being used.

The output of the program amplifier supplies signal to a VU meter
mounted on the control console. Tﬁe control-room operator watches the
meter to make certain the signal supplied to the line is at the proper
level. The operation of the VU meter will be discussed in the follow-
ing section.

The agc (automatic gain control) amplifier not only relieves the con-
trol-console operator from the tedious job of “riding the gain,” but also
provides a more constant-amplitude signal to the transmitter. As a
result, a higher average modulation percentage can be sustained and
hence a higher average power output from the transmitter. This is
important in obtaining the most reliable coverage over the widest area.

The limiter amplifier prevents the transmitter from being overmodu-
lated by modulation peaks. By so doing, this amplifier also helps main-
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tain a higher-average modulation percentage and thus a wider and
more reliable coverage.

As shown in Fig. 6-2, the aic amplifier and modulation limiter are
mounted in the equipment rack at small stations. When the studio and
transmitter are separated, the limiter amplifier is generally part of the
transmitter, and the agc amplifier is mounted in the control room. The
agc amplifier is discussed later in this chapter, and the limiter amplifier
is explained in the chapter on transmitters. A transmitter instal?ation
must, by FCC regulations, include a modulation monitor and a fre-
quency monitor. In the small stations these two monitors are mounted
in the equipment rack or at the transmitter if it is separate from the
studio. These two monitors are discussed in the chapter on monitor
equipment.

Notice the jack panel (Fig. 6-2) associated with the equipment rack.
Some of the jacks are “normaled through.” For example, note that con-
nections have been established between the remote lines No. 1 and
No. 2 and their amplifier inputs. The jack (not normaled through) uses
open-circuit phone jacks. Patch cords can be used to switch between
the various terminations and inputs brought to the jack panel. Let us
take two examples of the use of the jack-panel and patch-cord arrange-
ment. Notice tﬁat REM 1 and REM 1 IN as well as REM 2 and REM
2 IN are “normaled through,” so that connections have already been
established between remote lines 1 and 2 and their inputs. Therefore,
no patch cord is needed in establishing the connections betwcen these
points.

Notice, however, that there is no normaled-through connection be-
tween REM 3 and REM 4—the incoming lines terminate at these two
jacks. Suppose that REM line 3 must be connected to REM 1 IN of
the console. To do so, one end of a patch cord is inserted into REM
1 IN, breaking the connection with REM line 1, and the other end of
the patch cord is plugged into REM 3. Incoming REM line 3 is now
connected to REM 1 IN of the control console.

A jack-panel and patch-cord arrangement gives added versatility to
a station and permits “patch-around” operation in case some unit of the
station breaks down. For example, if the agc amplifier failed, it would
be possible to bypass it by inserting one end of the patch cord into the
40—gB PAD OUT jack and the other end into the LIMITER IN jack.

6-2. VU METER

The VU meter, which is standard equipment for broadcast use, is
designed to follow average speech levels realistically with relation to
human hearing. It is underdamped so that the pointer will pause
momentarily in its upward swing. It then starts downward more slowly.
Erratic vibrations and jumps are thus eliminated, making it possible for
the operator to obtain a better “picture” of the audio waves at all times.

The meter is calibrated in volume units (VU), corresponding to the
number of decibels above a standard reference level of 1 milliwatt
across 600 ohms. The 600-ohm value was chosen because it is the stan-
dard impedance of remote and network lines. Likewise, 600-ohm lines
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are generally used for feeding between the various sections of the sta-
tion—for example, from the output of the program amplifier to the in-
put of the agc amplifier, to the input of the limiter amplifiers, and to
the input of the transmitter. Notice, too, that the signal to the VU meter
at the program-amplifier output is supplied from a 600-ohm audio line.

The VU meter employs a dc movement and a full-wave copper-oxide
rectifier. The meter reads the approximate rms value of an applied
waveform. Usually an isolation pad and attenuator are inserted be-
tween the line and meter for proper calibration and to prevent the
meter from overloading the line. The plan given in Fig. 6-3 is standard.
The meter is across a 600-ohm signal source in paraﬁel with the 600-
ohm load rcpresenting the termination of the line. The combination of
the series resistor and attenuator provides a parallel impedance of
7500 ohms. The function of the attenuator is to calibrate the meter to
read zero when the correct-amplitude signal level is present on the
line. For example, with the component values shown, it is possible to
calibrate the VU meter so that its zero reading corresponds to the stan-
dard signal level of +4 dBm on a phone line. With suitable resistor
pads and attenuators, it is possible to calibrate the meter to read zero
VU on other standard signal levels as well. A calibrated meter allows
the radio operator to maintain a more constant signal level with only
an occasional peak swinging over the zero reading. At the same time,
the operator can equalize the levels of the various signal sources so that
the average sound levels supplied to the line will be adequate and
balanced.

The “zero VU” level is normally set so that a zero VU reading corre-
sponds to 1 milliwatt across 600 ohms, and the plus and minus VU
calibrations correspond to the dB levels above and below this standard.

SERIES RESISTOR 0 VU LEVEL

ATTENUATOR
AAA AN A
6000 RECTIFIER
0 e METER
SOURCE
3900Q
ATTENUATOR
(A) Circuit.

(B) Scale.
Fig. 6-3. VU metering circuit and scale,
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6-3. ISOLATION PADS AND ATTENUATORS

Television and radio-broadcast signals must be maintained high
enough to exceed the background noise level. However, too high a
signal level will introduce cross modulation into other lines and into
weak-signal circuits. Since most broadcast-amplifier outputs exceed
these safe levels, attenuator pads must be used to reduce the signal
strength. By maintaining a high degree of isolation between units and
by providing good matching characteristics, these pads prevent fre-
quency-response deterioration and cross talk.

INPUT s® ouTPUT
VALUES TO MATCH
60002 TO 6000
ATIENUATION Rl ) Fig. 6-4. H-pad and sample chart.
de OHMS OHMS
1 17.3 5200
3 51 1700
6 100 803
10 156 (24
12 180 n
20 245 121
k) 282 33
&0 294 12

A common form of fixed attenuator is the H-pad in Fig. 6-4. The re-
sistor values given in the sample chart are for H-pads that match a 600-
ohm input impedance to the same output impedance and provide the
dB attenuation indicated on the chart of Fig. 6-4.

Variable attenuators are also used in the broadcast service. A typical
example of a variable-T attenuator is shown in Fig. 6-5. As the arm on
R1 moves to the right, the arm on R2 moves to the left, and the one on
R3 moves toward ground. In the extreme right-hand position of R1,
maximum resistance is inserted in series with the line and minimum
resistance in shunt. This setting provides maximum attenuation. At the
other extreme setting of Rl, the series resistance is minimum, and the

o 2
ef

Fig. 6-5. Variable-T attenvator.
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shunt resistance is maximum. However, at any attenuator setting the
impedances inserted across the input and output to the attenuator re-
main the same. Hence, the proper impedance match is maintained at
all times.

6-4. LINE EQUALIZER

In the broadcast services the better-grade lines rented from tele-
hone companies are already equalized up to specific high-frequency
imits. Occasionally it is necessary to use an inferior line, and some
form of equalizer will be needed to provide a more uniform frequency
response up to the desired high-frequency limit. An adjustable line
equalizer like the one in Fig. 6-6 can be used. It consists of a parallel-
resonant circuit and a series resistance. The lower the resistance, the
greater is the compensation. A high resistance lowers the Q of the reso-
nant circuit, reducing the high-frequency emphasis. Switch resistors,
instead of the variable resistors R, are often employed which increase
the emphasis in 3-dB steps, as shown in the chart.

: i |

HSWITCH AT 01232, 500)
I 1 7 A2 )) It
2181.5Q1 11 T T+
== 3148.50) t

4132 %) = Sl
5121, 50! — I
= 6 (13.30) —
718,2) 1 "
4 %11 H
- - - 4+ 047
- 912:2) -

uF R 6002
Dol S 00 4 LINE
[T

1l AT
2 100 500 1000 5000 10000 15000
FREQUENCY IN HERTZ

Fig. 6-6. Circuits and characteristics of a line equalizer.
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6-5. MICROPHONE PREAMPLIFIER

When extra long microphone cables are employed or special fre-
quency-response characteristics must be established, it is advisable to
use a microphone preamplifier. The prcamplifier is also useful when
the microphone is weak or its line picks up excessive noise. The pre-
amplifier in Fig. 6-7 consists of a two-stage transistor amplifier with
frequency-compensating networks inserted between the last transistor
stage and the audio-output transformer. The amplifier has a_uniform
frequency response between 20 and 40,000 hertz. The overall gain is
adjustable in steps. The input impedance matches a 50-ohm dynamic
microphone, and the output impedances are the standard values. The
bass and treble switches permit selection of various degrees of emphasis
or attenuation at the low- and high-frequency ends as in Fig. 6-8.
Typical rolloff values are +6 dB +2 dB, flat, =5 dB and —9 dB at
100 hertz; and +9 dB, +6 dB, +3 dB, flat, and —6 dB at 10,000 hertz.
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Courtesy Electro-Voice, Inc.
Fig. 6-7. Electro-Voice transistor microphone preamplifier.

When such a preamplifier is used for a remote pickup, it is also
possible to compensate for high-frequency deficiencies in the remote
phone line to the studio.

+15
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—_— -
L T~ +5 B Pt o
1 -5 ™~
el -10 SN
al 15
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Fig. 6-8. Variable response characteristics of a preamplifier.

6-6. AGC PROGRAM AMPLIFIER

An agc program amplifier, Fig. 6-9, builds up the level of the pro-
gram signal, processing it for application to the audio lines that deliver
the information to the transmitter. The agc action maintains the aver-
age output of the program signal at a nearly constant level despite

ssible wide variations in input levels. It provides expansion of low-
Eglel signals and compression of high-level signals. This is an aid when
switching among various sound sources of a broadcast station.

The unit is a solid-state model with a three-stage negative feedback
preamplifier, followed by a variable gain-control circuit. The output
amplifier is a five-transistor affair whic%l drives a multi-impedance out-
put transformer. This outFut is supplied to the automatic gain-control
amplifier which is in the form of a solid-state module that plugs in on
the right (Fig. 6-9).
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Courtesy RCA Corp.
Fig. 6-9. Program amplifler and agc module.

The agc circuit, when operating under compression, has a fast attack
and slow recovery characteristic, permitting it to compress fast, high-
amplitude audio peaks. It does so without making gain regulation
(gain pumping) and background swishing sounds audible.

The input/output agc characteristic is shown in Fig. 6-10. Note that
for the first two curves from the left the compression begins when the
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Fig. 6-10. Agc characteristics.
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output level reaches 0 dBm. This is called the “threshold level.” Up to
this level the amplifier output increases linearly as the input increases.

Above the threshold level, however, the output can no longer keep
up with the input. This ratio at which the two increase nonlinearly is
called the “compression ratio.” The two curves show the above condi-
tions with the amplifier gain control set to maximum and also with the
amplifier gain control set for —16 dB attenuation.

In the first two cases the output-level control, shown below the
compression meter, was set at maximum. The third curve shows the
characteristic when the output-level control is set to its minimum posi-
tion of —30 dB. Compression now begins when the output level reaches
—30 dBm and the input signal level is —70 dBm.

6-7. LARGER STATION FACILITIES

In general the larger station employs the same pieces of equipment
as a smaller one, only more of them. Switching facilities are more
elaborate at the control consoles because of the increased number of
signal sources. There may be various types of automatic players, addi-
tional recording facilities, and sound-effects gear.

In the plans of Fig. 6-11 and Fig. 3-4 tﬁere are separate control
rooms for the a-m and fm programming. There is a third production
control room that can be used for prerecording and taping. This con-
trol room may also double as an auxiliary control point for either a-m
or fm programming.

Each consolette has a variety of controllable input facilities for mi-
crophones, tape players, turntables, network and remote lines, plus
spare inputs. Voice signals from the announce booth also terminate at
the a-m and fm control consolettes.

The fm control consolette is designed for stereo transmission and has
the required separate left and right channels. The switching facility
permits either stereo or monaural operation. The a-m facility is strictly
monaural. Additional outputs are provided for audition or other ex-
ternal monitoring. Each consolette supplies audio to individual control-
room, studio, and announce-booth loudspeakers.

Consolette program signals are supplied to an agc/limiter amplifier.
The RCA program amplifier can be operated with either an agc output
module, limiter module (Fig. 6-12), or a combination of both. The
plan of Fig. 6-11 uses three separate program amplifiers with both agc
and limiter modules. One of these is used in the path between the a-m
control consolette and the a-m transmitter. The other two are in the
paths of the left and right stereo signals supplied to the fm transmitter.

The functions of a limiter amplifier are to provide abrupt limiting
action in the program channels of broadcast transmitters. Such limiters
provide an automatic means of holding audio signal peaks at a certain
preset level. In so doing overmodulation and overloading of the trans-
mitter are avoided. This process reduces distortion and prevents adja-
cent channel interference.

In addition, by raising the average modulation percentage several
decibels, the transmitter power can be used more effectively. As a re-
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Courtesy RCA Corp.
Fig. 6-12. Program amplifier with limiter.

sult overmodulation is avoided on heavy passages of speech or music;
at the same time, there is an improvement in signal-to-noise ratio for
medium- and low-level audio signals.

Fig. 6-11 also shows the place of the transmitter in the overall broad-
cast plant. As mentioned previously the transmitters can be located
at the same site as the stugio or signals can be carried over common
carrier lines to a remote transmitter site. Associated with the a-m trans-
mitter are the FCC required modulation and frequency monitors.
Similar monitors are required for the fm transmitter. If the station
transmits stereo programs or SCA signals the fm transmitter requires
a multiplex generator. Transmitters and their associated test equip-
ments are discussed in succeeding chapters.



CHAPTER 7

Remote Facilities

In order to originate programs at locations other than the studio,
a-m, fm, and television broadcast stations must have remote facilities.
In such a broadcast, the terminal facilities are provided by the station
and the transmission facilities may be provided by the station or the
telephone company.

7-1. THE REMOTE BROADCAST

The most commor: method of handling a remote is to transmit the
program over a pair of rented telephone lines. One line carries the pro-
gram, and the second line is used for cuing and for communicating
back to the studio. In case of trouble on the program line, the spare
line could carry the program sound. If only a single line were used,
there would be no direct link between remote and studio once the pro-
gram is on the air. Also, if something happened to the line, the program
would go off the air.

The telephone company must, of course, be notified as to when the
program is to be aired and also when to install the lines in time for
tests or rehearsals. It is advisable to begin setting up the equipment
and checking the lines as early as possible. On occasion it may even
be a problem to find the lines, although the telephone company tries
to bring them as near the source of the program as possible. Many re-
motes are strictly “ore-shot” affairs, and the lines are installed in a
manner that will permit quick removal. When remotes are held at the
same location and a‘ regular intervals, more permanent lines are
usually installed.

Many radio stations have remote broadcast trucks equipped with an
amplifier, turntables, tape recorders, and other facilities. These trucks
often broadcast from local athletic events, parades, or shopping centers.
Usually the program :s conveyed to the studio over telephone lines.

For some on-the-spct remote broadcasts such as on-the-street inter-
views or at political conventions, small pack-transmitters are often used.
The program material is sent to a remote broadcast center a short dis-
tance away. From there it is relayed over telephone lines to the studio.
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A third type of remote is the prerecorded pickup, usually taped. Be-
cause of its versatility it has become more and more popular, especially
with small broadcast stations. Moving around is no problem, since
there are no trailing wires or cumbersome equipment to handle. All
the interviewer carries is a microphone and a good-quality tape re-
corder. Another advantage is that the tape can be edited to provide
continuity to the recorded program. For example, in covering a parade
there often are delays between marching units, and it is difficult to keep
up an interesting running commentary.

7-2. CHECKING OUT THE REMOTE

As mentioned previously, it is advisable to set up remote equipment
early and to check it thoroughly. As you learned, the studio control-
room console has the necessary equipment for auditioning the remote
lines. In this way, the microphones and other sound sources at the re-
1mottla can be checked to make certain their signals are at the proper
evel.

When a musical program is to be broadcast from a remote, it is
always helpful to set up the line and equipment in time to rehearse
the entire program, or at least its musical segments.

If the noise level on the line is high while the microphones are open,
their cable connections and routing should be checked. Occasionally,
fluorescent-lighting fixtures will introduce an arcing noise into the line.
Also, electrical equipment which radiates strong gelds can feed hum
into microphone cabYes. This trouble is no longer as prevalent as it was
in the early days of broadcasting, when unbalanceg lines and equip-
ment were more common.

Noise on the line while the microphone circuits are closed can mean
trouble in the remote amplifier or a high noise level on the phone line.
If tlhe latter happens, the phone company should be notified immedi-
ately.

Just prior to broadcasting time, the system should be checked once
more and communications established with the studio control-room,
at which time all watches are synchronized and the cue signals re-
affirmed.

Microphone placement is often a problem during remotes. Because
of the higher background noise, microphones must be placed as near
the sound source as possible, and a unidirectional microphone is almost
a necessity. Two microphones can be used—one for announcements and
solos, and the other for general pickup—provided the second micro-
phone does not pick up too much background noise to interfere with
the first microphone.

7-3. REMOTE AMPLIFIER

Many broadcast components are now transistorized. The remote
amplifier of Figs. 7-1 and 7-2 is an example. This unit weighs ten
pounds, includin%l the battery pack. Three microphone channels as well
as inputs for a high-level tape reproducer and a phono player are
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Courtesy Gates Radio Co.
Fig. 7-1. Remote amplifier.

available. It also includes a tone oscillator that is useful in setting levels
and checking out the remote lines to the studio.

The three preamplifiers and their individual gain controls are fol-
lowed by an audio amplifier and an audio power amplifier. A master-
gain control is associated with the audio amplifier. The power ampli-

er supplies signal to the audio line and a monitoring headset. A VU
meter is associated with the power amplifier. Audio for a public address

CH1

| MASTER
MIC MICROPHONE
PREAMPLIFIER

AUDIO
AMPUIFIER
CH2
HIGH-LEVEL l MON
JAPEINPUT 1 picROPHONE PHONES
PREAMPLIF IER
AND
M osciTor
AUDIO | o AUDIO
CH3 POWER LINE
NTW AMPLIFIER
e ] MicropHone °
AND PHONO
PHONO | PREAMPLIFIER w oUTPUT

Fig. 7-2, Fyunctional plan of » remote amplifier,
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system can also be made available via an individual gain control and
output terminals.

The three preamplifiers are quite similar. Each preamplifier consists
of two common-emitter stages (Fig. 7-3). Referring to the Channel 1
preamplifier (which is the basic circuit used in all stages except the
power amplifier stage) resistors R1 and R2 provide base-divider bias.
Resistors R4 and R5 plus capacitor C3 provide emitter stabilization.
Thus the operating-point bias is held essentially constant with circuit
and temperature variations. Both dc and ac stabilization is used. Notice
that the emitter resistors R4 and R9 are not bypassed. Consequently,
there is a limited amount of ac degeneration and an improvement in
the ac stability and linearity.

The two stages are direct coupled, and there is no need for an inter-
stage RC coupling combination, which could introduce low-frequency
degeneration and other disturbances. Overall negative feedback for the
input amplifier is provided by capacitor C4 and resistor R7 connected
between the collector of the second stage and the emitter of the first
stage. The generous use of feedback provides a high order of gain
stability ang permits linear operation with large input signal levels.
Thus transistor-parameter variations have a minimum influence on the
operation of the preamplifier. The preamplifier is thoroughly decou-
pled by the RC ﬁlrt)ers (82, R6, C5, R11).

The Channel 1 preamplifier output is removed at the Channel 1
gain control and is supplied, via the isolation resistor R30, to the input
of the audio amplifier. This audio amplifier is identical in basic design
to the preampliger. The same feedback arrangements are used to in-
sure high operating stability. The audio-amplifier output is removed at
the master-gain control and supplied to the audio-power amplifier.

The other two preamplifiers are modified versions of the first-channel
preamplifier. The Channel 2 preamplifier includes a high-level input.
Resistors R13, R14, and R15 provide the necessary attenuation of the
high-level signal and an appropriate match into the input of the pre-
amplier. With the microphone-oscillator switch in tEe microphone
position, negative feedback exists between the collector of the second
stage and the emitter of the first stage, just as in the basic Channel
1 preamplifier. However, when this switch is set to the oscillator posi-
tion, there is feedback between the collector of the second stage and
the base of the first stage. Rather, there is positive feedback to the input
base, and the two stages go into oscillation at approximately 400 hertz.
A square wave is generated, and therefore the oscillator signal output
is rich in harmonics, providing a good distinctive test signal for trans-
mission over the remote line to the main studio.

The third preamplifier channel is identical to Channel 1 with the
exception that proper RIAA compensation is provided for a phono
signal. A component (R17) is added to the input of the amplifier to

rovide the correct termination for a magnetic phono cartridge and
the necessary high-frequency RIAA equalization. The low-frequency
end of the RIAA curve is handled by the feedback network. Notice
that the components of the feedback network change when the switch
is thrown from the MIC to the MAG PHONO position. The network
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of capacitors C4 and C5 plus resistors R7 and R9 provide low-fre-
quency boost for RIAA equalization,

The power amplifier is a three-stage, direct-coupled circuit, two
voltage amplifiers (Q7, Q8) and a push-pull complementary output
stage (Q9, Q10). The last stage operates as single-ended emitter-fol-
lower in class-B. Therefore, maximum-power output can be obtained
with a minimum battery drain because the output-stage currents vary
with the strength of t{ne audio signals. When no signal is passing
through the amplifier, the stages draw very little current, and the bat-
tery drain is reduced. Likewise, for lower amplitude passages, they
draw less current than for the strong peaks of the program signal.

The bases of the push-pull stage (Q9, Q10) are supplied with an in-
phase signal from Q8. Since Q10 is a pnp transistor while Q9 is an npn
transistor, the output current of one transistor rises while the output
current of the other falls during each half-cycle of signal. However,
since the emitter currents are in opposite directions, an effective push-
Full output signal is developed across the primary of the output trans-
ormer (T1) which supplies the signal to the telephone lines. Signal is
also supplied to the phone jack J6 through isolation resistors R65 and
R66. Likewise, an output is derived for operation of the VU meter.
Resistors R67, R68, and R69 have values that calibrate the VU meter
for a standard signal level and impedance. The values shown are for
a zero VU reading that corresponds to +8 dBm across 600 ohms, a
standard level of signal for application to a remote telephone line.
A 6-dB isolation pad is provided on the primary side of transformer T1
by resistors R62, R63, and R64.

The three-stage power amplifier also includes negative feedback
from the emitter of the output stage to the emitter of the input stage
via capacitor C29 and resistors R56 and R61. In fact, the dc operating-
point stability of the entire amplifier is aided by this feedback pat%.
Note that the emitter current for the push-pull output stage is also

resent in the emitter resistor (R56) of the input stage. The input-stage
FQ7) dc operating bias and, in turn, the dc bias of the following dc
coupled stages is held constant with the use of a thermistor (R52) in
its gase circuit. This thermistor compensates automatically for any
change in the conductance of the Q7 base-emitter junction. This activ-
ity is also linked to changes in the two succeeding stages because the
current through R56 is, in part, contributed by tl%e latter two stages.

To improve the linearity of the amplifier in the handling of a very
strong signal, some positive feedback is employed from the emitters of
Q9 and Q19 through capacitor C28 to the collector of Q8. This is often
referred to as a positive-feedback bootstrap connection. What it does
is increase the effective collector voltage of Q8 in accordance with the
amplified signal. Thus, as the amplifier signal voltage rises, the posi-
tive feedback to the collector of Q8 aids the linear rise of its collector-
output voltage. As a result, adequate linear drive to the output stage
is maintained when a high-amplitude signal passes through the remote
amplifier,

A 1.5-volt battery and connector (J7) for an external 18-volt (dc)
power supply is shown at the top right. It is to be noted that the com-
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mon return (+18v) for all the stages of the remote amplifier is via the
Ehone jack (]6). Power is supplied to the various stages only when a

eadset or dummy jack is plugged into ]J6. As soon as such a plug is
removed, the power is disconnected from the unit. The lamp (XAl)
will light only when the power-supply mating connector is plugged into
the remote amplifier. The mating connector (P7) has a jumper between
pins 1 and 3.



CHAPTER 8

A-M Broadcast Transmitters

8-1. MAJOR UNITS

The modern low-power a-m transmitter is a compact and integrated
unit with a high order of stability and reliability. In many small sta-
tions, the transmitter receives a minimum of attention because it is
just another unit in a busy control room. Where it is to be remote-
controlled, the stability requirements are even more exacting,.

Basic designs do not differ greatly among manufacturers. The RCA
transmitter in Fig. 8-1 is a good example. No more than 10 to 14 tubes,
all air-cooled, are used throughout. Modern broadcast transmitters
exceed the FCC requirements for frequency response, frequency sta-
bility, carrier shift, distortion, and noise level.

Fig. 8-2A shows the interconnection plan for the major units of a
typical transmitter installation with a remote studio.

In almost all a-m broadcasting, the program signals from the studio
are sent over telephone lines to the transmitter. A minimum of two
proiram lines should be installed, to allow a spare in case of trouble
in the other line.

The incoming signal is normally supplied to a booster or line am-
plifier first, instead of directly to the limiter amplifier. It is advisable
to use a booster amplifier, because it can provide additional amplifi-
cation in an emergency or if the incoming program signal is weak.
In the patch panel of Fig. 8-2B, the booster amplifier is normaled-
through to the input of the limiter amplifier.

The major function of the limiter amplifier is the compression of the
modulation peaks so they will not overmodulate the transmitter. The
output of the limiter amplifier feeds the audio-input stage of the trans-
mitter.

According to FCC regulation, the frequency stability and modula-
tion percentage of a transmitter must be monitored. Two monitoring
i;nitssv&;l;\ich are used for this purpose are shown at the bottom right of

ig. 8-2A.

A monitoring amplifier and speaker plus a versatile switching ar-
rangement are part of most transmitters. These facilities permit the

90
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transmitter operator to check the program signal at various key loca-
tions throughout the transmitter equipment. In the example of Fig.
8-2A, it is possible for the operator to monitor the incoming program
line from tﬁe phone company, the output of the limiter amplifier, the
audio component derived from the modulation monitor, and an auxil-
iary monitoring input. Some stations use a remote demodulator, locared
in the antenna field or other point, to pick up some of the radiated rf
energy. This rf signal is then demodulated to supply an audio com-
ponent to the auxiliary-monitor input.

Fig. 8-1. A 1kilowatt a-m transmitter.

™

Courtesy RCA Corp.

Most stations include a VU meter panel in the equipment rack. The
meter input is terminated at the patch panel, and a patch cord is used
to bridge the meter across key points in the program line. Hence, the
monitoring facilities include provisions to listen to the program at key
points, and a means of measuring the actual sound level as well.

It is very important that the transmitter operator know the general
arrangement of his equipment. Once he does, the monitoring facilities
will permit him to isolate a point of signal loss more rapidly. Thus, he
can quickly find out whether the program signal is missing from the
incoming line, or whether the booster or limiter amplifier is out of
order. In many instances he could even “patch around” faulty equip-
ment without having to take the station off the air. For example, it
would be no problem to bypass the limiter amplifier by connecting a
patch cord between the booster-amplifier output and transmitter input.

Usually the accessory equipment at the transmitter is conveniently
mounted in an equipment rack beside the transmitter. A typical equip-
ment rack is shown to the left of the transmitter in Fig. 8-3. From to
to bottom are mounted the modulation monitor, limiter amplifier, an
frequency monitor.
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- EQUIPMENT RACK

Fig. 8-3. A tr itter and iated equipment rack.

8-2. FUNCTIONAL PLAN OF TRANSMITTER

The functional diagram of an RCA transmitter is given in Fig. 8-4.
The radio-frequency section starts with a highly stable crystal oscil-
lator. Because of the high stability achieved by modern crystals and
their mounts (seldom drifting more than a few cycles), many broad-
cast transmitters no longer include a crystal oven. However, in those
that do (usually the old ones), it is customary to record the oven tem-
perature when the half-hour log readings are taken.

The rf signal is built up by a following buffer and intermediate
power amplifier. A single power-amplifier stage develops enough rf
energy to drive the antenna system at the rated-power output. Most
transmitters use a single-ended rf stage with one or more tubes in
parallel as is done in Fig. 8-4, the number depending on the power
outgut desired. A push-pull rf power-output stage is rarely used in
modern a-m broadcast transmitters.

Plate modulation is almost universal for the small-station broadcast
transmitter. It is even the dominant form of modulation for most
higher-powered transmitters. The modulator stage is usually a push-
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MODULATION
REACTOR

POWER AMPLIFIER AND MODULATOR SUBASSEMBLY

1PA
6146
DRIVER
2€26
DRIVER
226

EXC ITER SUBASSEMBLY
BUFFER
5763

0sC
6AKS

Fig. 8-4. Functional diagram of a typical a-m transmitter.
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pull class-B or -AB stage. In the RCA transmitter the modulation re-
actor is separate from the output transformer. This makes it possible
to design two small and highly efficient units capable of linear and full
modulation of the final rf stage. In some transmitters a small amount
of modulation is also supplied to an intermediate power-amplifier stage
to improve both the linearity of the transmitter and its ability to handgle
the modulation peaks. Inverse feedback is used to extend the frequency
response of the transmitter, to stabilize the characteristics of the audio
amplifier and modulator, and to provide a well-regulated output.

8-3. MAJOR UNITS OF ANTENNA SYSTEMS

A variety of units are associated with the antenna system of the a-m
broadcast station, as shown in Figs. 8-5 and 8-8. The modulated rf
signal is usually conveyed over a coaxial transmission line to an an-
tenna tuning box, the function of which is to tune the antenna to
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Courtesy RCA Corp.
Fig. 8-5. The major units of antenna systems.

proper resonance and match the transmission line to the antenna (see
Fig. 8-5). Often a remote antenna-current meter is associated with the
antenna tuning arrangement. Although the pickup device is part of
the antenna-tuning unit, the recording meter is often mounted at the
transmitter. This reading gives an excellent indication of the operating
conditions of the transmission line and antenna system; it soon indi-
cates any line and antenna-system defect or a decrease in the power
output of the transmitter.

The antenna must have suitable lightning protection. Usually it is
in the form of a spark gap and a retarding inductor. Also, the power
line to the obstruction and beacon lights must be isolated properly in
order not to disturb the radio-frequency characteristics of the antenna.
These accessories must be protected from lightning damage as much
as possible.
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Additional units are required for a directional-antenna system. The
arrangement in Fig. 8-6 is typical. The directional-antenna pattern is
obtained by proper spacing of the antenna towers and by correct
phasing between the existing radio-frequency currents. Correct radio-
frequency current relationships are established by a phasing unit gen-
erally mounted near the transmitter. These phased currents are con-
veyed on separate coaxial lines to the respective antenna towers and
their associated tuning boxes.

A sampling loop, mounted on each radiator, picks up a small amount
of rf current and, through its own line, supplics signal to a phase moni-
tor in the transmitter building. The function of the phase monitor is
to evaluate the incoming current components from the sampling loops,
and to indicate whether correct relationships have been established
at the antennas. The antenna boxes in Fig. 8-6 also show the chokes
which isolate the lighting system from the radio-frequency energy,
and also the unit that flashes the beacon light on and off in accordance
with FCC requirements.

8-4. DUTIES OF TRANSMITTER OPERATORS

The primary responsibility of the transmitter operator is to monitor
the transmitter and its associated cquipment continuously. He should
respond quickly to any indication that there might be loss of air time.
If a specific failure takes the station off the air, he should restore
service as soon as possible, even if he must do so at reduced power.

The operator must keep the transmitter log, making the necessary
notations each half hour according to FCC regulations and station
practice.

This logging procedure should guide the operator in anticipating
possible sources of trouble. Significant drift or erratic meter readings
should alert him to possible trouble and/or the need for immediate
inspection and maintenance of a particular segment of the transmitter.
If the inspection suggests that the station be taken off the air, he should
try to keep the station operating until sign-off, or at least wait until a
sustaining (noncommercial) program is being broadcast. However,
any trouble serious enough to damage expensive components or violate
FCC technical regulations must be corrected as soon as possible, even
if it means taking the station off the air. Many stations, particularly
the larger, higher-powered ones, have emergency transmitters and/or
power supplies that can be pressed into operation in case of trouble
in the main transmitter.

A good transmitter operator knows the transmitter and associated
equipment down to the smallest detail. He knows the exact location of
all stages of the transmitter and its key component parts, or studies
instruction manuals and schematics thoroughly until he does. He also
knows the wiring plans of the equipment so he can track down power-
failure troubles quickly, and learns the switching and patch-panel ar-
rangements so he can “patch-around” a faulty unit of broadcast equip-
ment.
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It is a good idca for the neophyte engineer to mentally visualize a
course of action to follow in certain emergencies. The chief engincer
or a capable, experienced operator can give excellent guidance on
emergency procedures. It is customary in some stations to call confer-
ences in order to keep all operators informed of possible malfunctions
and the repair procedure. Such meetings can do much to build up the
confidence of the inexperienced pcrsonnel by teaching them how to
keep lost air time at a minimum.

In addition to log keeping, the transmitter operator must keep an
eye on sound levels and “ride the gain.” Modern broadcast equipment,
with its age amplifiers and modulation limiters, has made this task
easier; and if the operator at the control console does a reasonably
good job of riding the gain at his end, the transmitter operator may
not even have to readjust the gain from sign-on to sign-off of the
station.

The limiter and audio gain should both be adjusted to prevent sus-
tained negative peaks that overmodulate the transmitter. For interview
programs, “disc jockey” shows, and small musical groups, the average
modulation percentage can be kept high to improve coverage. How-
ever, for high-fidelity programs such as concert bands and symphonic
orchestras, the modulation should not be nearly as compressed. If low-
amplitude passages are overamplified, and high-magnitude passages
are compressed too extensively, the program will lose its dynamic
range (amplitude scparation between loudest and softest sounds)
and hence much of its realism.

It is important to realize that the sound-level indication will differ
at the transmitter and at the control room. The usual VU meter re-
sponds to the average level of sound, following peaks less readily,
wherecas the volume indicators in the limiter and other scctions of the
transmitter are usually more responsive. This is important because
overmodulation is to be avoided at the transmitter. Sometimes it is a
bone of contention between the operator at the transmitter and the
studio personnel. Occasionally the transmitter operator thinks he is
obtaining an inadequate level from the studio; and at other times,
when strong peaks come through, he thinks he is getting too much.
This differential in meter performance is largely a function of the
complex make-up of sound. Some program material has strong peaks
and a low average; others are just the opposite. Complex sounds in
general have a significantly higher ratio between peak and average
than a sine wave has. For a sine wave the ratio between peak and
average is always a constant of 1 + 0.636, or 1.57-to-1. The ratio for
speech or music is generally 10 to 15 dB greater than that of the sine-
wave constant, speech usually having the higher ratio.

In summary, the operator must keep a vigil on the sounc level to
make surc it is not overmodulating the transmitter. At the same time,
he must be quite tolerant with the input levels because of the complex
make-up of program material.

It is the responsibility of the operator to place the transmitter on
the air in the morning, following certain established routines. Usually
the operator goes on duty approximately a half hour before air time.
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Before warming up the transmitter and putting it on the air, he should
make certain the program line is not feeding signal to the transmitter.
Similar “get ready” procedures are probably taking place at the studio,
and signal may inadvertently be fed over the line and be transmitted.
Prior to turning the filaments on, many operators thoroughly inspect
the transmitter and associated equipment, including the antenna tun-
ing box, to make certain that some obvious defects have not occurred
overnight.

Filaments are then turned on, and in some stations the higher-
Fowered filaments are operated at a slightly lower-than-normal voltage
or several minutes. After normal filament voltage has been established,
plate voltage can be supplied to the lower-powered stages of the trans-
mitter. After a short interval the higher-powered stages are usually
turned on, at a reduced power. Any necessary resonance tuning and
voltage adjustments are then made for normal low-power conditions.
Finally, full power is turned on and fine adjustments made on the
transmitter to establish normal operation.

The engineer at the transmitter is now ready to ask the control-room
operator for a test signal, usually a tone or music, so he can check
the levels of the signals at the phone-line output and through the
amplifier chain preceding the transmitter. (Of course he must make
certain this test signal is not being applied to the transmitter.) Finally,
both operators synchronize their watches and await the sign-on.

Many transmitter operators are also assigned maintenance duty.
Often the workbench is located at the transmitter so that the station
equipment can be tested and repaired during the day. A good trans-
mitter operator will familiarize himself with the station equipment so
he can lend a hand in solving the inevitable operating and mainte-
nance problems that arise from time to time.

Definite maintenance schedules are followed for the transmitter and
its associated equipment. The procedure usually involves a continual
round of inspection, cleaning, and tightening. Vacuum-cleaner suction
units (or, sometimes, air compressors) help to overcome the ever-
present dust menace. Tubes in the transmitter must be checked and
spare ones given some operating time occasionally, to keep them from
deteriorating on the shelf. Relays and circuit breakers should be
watched carefully for signs of sluggishness due to dirt or corrosion.
At prescribed intervals, proof-of-performance tests must be made on
the station equipment; these various tests will be covered in detail in
a later chapter.

8-5. SOLID-STATE BROADCAST TRANSMITTER

The 1-kW broadcast transmitter of Fig. 8-7 is entirely solid-state
except for the final rff power amplifier. This single-tube transmitter is
rateé) at 1000 watts ang has change-over facilities for reducing power
to 500 watts for those stations that require daytime to nighttime power
reduction. The frequency response is =1 dB between 20 to 16,000
hertz; distortion is less than 1.5% at 95% modulation. Frequency sta-
bility is at least =2 hertz with a rated carrier shift of 3% or less.
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Transistors are used in each stage of the transmitter up to the final
rf power amplifier. There are five separate silicon-diode solid-state
power supplies. Two are used by the transistor rf exciter, and there
are separate bias, screen-grid voltage and plate-voltage supplies for
the vacuum-tube rf power amplifier. The general arrangement of the
transmitter including some individual circuit schematics is given in
Fig. 8-8.
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Courtesy Gates Radio Co.
Fig. 8-7. Vanguard |l transmitter.

The three major divisions of the transmitter can be better seen in
Fig. 8-7B. The power transformers, chokes, capacitors, relays, con-
trol components, and the blowcer for air-cooling the power tube are
mounted at the bottom of the transmitter. At the center is the trans-
mitter exciter which has been made readily accessible for maintenance
and, if necessary, for complete removal. The top part of the transmitter
houses the rf power amplifier stage; the anode connection to the power
tube can be seen at the left. The row of meters along the top from
left to right are multimeter, PA plate current, and PA plate voltage
respectively. Below the top row of meters is the rf line current meter.
The two controls are PA Load and PA Tune.

At the top right center are the filament and plate power switches.
Below are the filament and hum-balance controls for the power sup-
plies. The transistor exciter panel includes two controls. One regulates
the rf drive to the vacuum-tube rf power amplifier, which determines
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the power output of the transmitter, and a switch that permits the
selection of one of two crystal oscillators.

The transistor crystal oscillator is shown at the upper-left corner of
Fig. 8-8. There are two such oscillators and associated amplifier
mounted in a thermostatically controlled oven. A Pierce-type crystal
oscillator is used. This stage is followed by a common-emitter buffer
amplifier. Capacitor Cl1 is used to precisely set the crystal frequency.
There are no tuned circuits associated with the crystal oscillator (Q1)
and its buffer stage (Q2). In fact, the first resonant circuit cncountersd
in the transmitter is in the modulated stage. A second identical oscil-
lator is shown as a block in Fig. 8-8, the oscillator units are selected
by completing their respective circuits to ground through switch SI.

For transmitter operation between 1000 to 1600 kHz, the output of
the crystal circuit is supplied directly to a two-stage resistance-coupled
amplifier. If operation is in the frequency range of 540-990 kHz, the
output of the crystal circuit is supplied to a transistorized binary di-
vider that reduces the frequency by a factor of 2. An output from the
oscillator buffer stage is also supplied to a frequency monitor amplifier.
This transistor amplifier builds up the level of the signal required to
drive the station frequency meter.

The two-stage resistance-coupled amplifier employs no resonant cir-
cuits. It operates as a straight-through amplifier taiing advantage of
the high-frequency capabilities of a transistor when used in a resist-
ance-coupled circuit. It is apparent that solid-state circuitry has made
a revolutionary impact on the design of broadcast transmitters and
broadcast equipment. Certainly this transmitter represents a substan-
tial departure from the basic concepts of broadcast-transmitter design.
Another example is the diode in the transmitter modulator.

A two-stage transistorized audio amplifier (bottom left of schematic
Fig. 8-8) builds up the program signal to the level required by the
diode modulator for linear modulation of the carrier. The input stage
of the audio amplifier is a common-emitter circuit that uses base-
divider bias (resistors R7 and R8) and emitter operating-point stabili-
zation (resistors R10 and R11 and capacitor C14). Degenerative ac
stabilization is provided by the unbypassed resistor R10. The second
stage (Q4) of the audio amplifier is an emitter-follower circuit. It pro-
vides a high input impedance, and, therefore, maximum voltage gain
can be derived from the first stage. At the same time, Q4 has a very
low impedance output and acts as a low-impedance source for the
modulating wave applied to the crystal modulator (D1).

A diode modulator operates as a linear modulating circuit when
the applied signals are of adequate level and of the proper ratio. In
the diode modulator (D1) of Fig. 8-8 the ratio is approximately 3 to 1,
or 30 volts of rf carrier input and 10 volts of modulating signal input.
A mixing process produces the modulation envelope. If only the rf
signal were applie(s) to the diode modulator, the diode current would
follow the positive anode alternations. This pulsating current would
be filtered out by the output resonant circuit to reconstruct the original
rf sine wave. However, when an audio sine wave is applied to the
input of the modulator along with the rf wave, a combining action
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takes place and the peak amplitudes of the peak diode current pulsa-
tions depend on the net diode anode voltage at the crest of each radio-
frequency cycle. This diode voltage varies up and down with the
modulating wave. As a result, the peak diode current varies corre-
spondingly as in Fig. 8-9. The resonant circuit (L1, C9, and C10) be-
causc of its energy storing ability reconstructs the opposite alternation
of the output voltage variation, forming the familiar a-m modulation
envelope.

The input is the simple combining of two separate signals. However,
the output wave results from nonlinear mixing or heterodyning and is
composed of three radio-frequency components—the carrier frequency
plus two side frequencies.

It is significant that the modulation of the transmitter has occurred
at a very low power level. If the modulation envelope is not to be dis-
torted, all following rf amplifiers must be opcrated as linear class-AB
or class-B rf amplifiers.

The two final stages of the exciter are the linear rf amplifiers in the
lower right side of schematic (Fig. 8-8). The input stage (Q5 and Q6)
consists of two transistors in parallel. Base-divider bias is augmented
with a thermistor (R17) that compensates for changes in the conduct-
ance of the emitter junctions of Q5 and Q6 with temperature. A pi-
network resonant circuit (C18, L2, C19) is employed, providing im-
pedance match between the Q3-Q6 output and the input of the final
transistor rf amplifier. The final rf stage (Q7) is operated ncar class-B.

NO MODULAT ION AUDIO PROGRAM SIGNAL

RF
CARRIER
INPUT TO

DIODE

DI0DE
CURRENT
OUTPUT

MODULAT ION
SIGNAL OUTPUT
OF L1, €9, C10,
TANK CIRCUIT

Fig. 8.9. Diode and diode-output tank circuit waveforms.
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However, an adjustable emitter resistor (R24) is used to adjust the
power output of the exciter and the drive to the vacuum-tube power
amplifier. This control (R24) can be adjusted from the front panel of
the transistor exciter. A pi-network (C23, L5, and C24) is used to
match the output of transistor Q7 to the input of the vacuum-tube
power amplifier.

In the transmitter, feedback is used to stabilize the operating pa-
rameters of the transmitter and hold the distortion at a low level.
There is a feedback path between the vacuum-tube rf amplifier (VI)
and the input to the audio amplifier (Q3) of the exciter. An associated
cogtrol (R26) is used to set the level of the feedback, which is usually
8 dB.

The output of the transistor exciter is supplied through a parasitic
choke (L6) and capacitor (C26) to the control grid of the rt power
amplifier (Fig. 8-10). Inasmuch as the rf input signal has an a-m mod-
ulated envelope, stage VI must be operated as a lincar amplifier.
External bias is supplied by a separate power supply and is applied
to the control grid via the rf choke (LS).

The positions of the three key meters of the transmitter, antenna
current (M3), plate voltage (M2) and plate current (M1) are shown
on the schematic (Fig. 8-10). Potentiometer R29 is used for hum bal-
ancing in the filament circuit to prevent 60-hertz modulation of the
carrier. The multimeter (M4) can be used to measure the following
parameters: collector current of the final transistor stage (Q7) of the
exciter, grid bias, (—E.), filament voltage (Fil), screen-grid voltage
(E.), and screen-grid current (1) of the power-amplifier stage (V1).

A pi-T network (LI11, C35, C36, L12, C37, L13, and C38) is used
to match and transfer power to the antenna system. Inductors L.11
(PA tuning) and L13 (PA loading) are continuously variable, and the
input-loading coil (L12) uses a shorting tap. Inductor L11 is used to
bring the tuned circuit into resonance, while inductor L13 controls the
antenna loading and the dc plate current at resonance. If it is not pos-
sible to establish the required plate current at resonance, correction
can be made by moving the tap on inductor L12.

Capacitor C29 and inductor L9 provide a form of bridge neutraliza-
tion. Energy for feedback is obtained by mounting a small fixed plate
near the air chimney that surrounds the tube in its mounted position.
The capacitance removes energy from the anode of the tube and it
feeds it back as a neutralization component to the control grid.

A similar takeoff arrangement is used to derive the audio feedback
for the transmitter. In this case the energy picked up by the fixed plate
near the air chimney is supplied to a diode detector (D2). The audio
output is coupled back to the secondary of the audio input trans-
former (T1) of the exciter.

8-6. HIGH-EFFICIENCY MODULATED POWER AMPLIFIER

A power amplifier which attains an average efficiency of 90%, as
opposed to the 70% of the average class-C amplifier under a-m modu-
lation, will be analyzed. This superior efficiency is obtained by con-
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trolling the plate-current and plate-voltage waveforms to minimize the
plate dissipation.

The circuit and its operating constants are similar to those of a
conventional plate-modulated class-C amplifier, except that third-
harmonic tank circuits have been added in the plate (LI-C1) and
cathode circuits (L2-C2), as shown in Fig. 8-11. These two resonant
circuits produce a third harmonic in both the plate and the grid-to-
cathode voltages, as can be seen in the waveform of Fig,. 8-12.

In a class-C amplifier the angle of tube-current conduction is re-
stricted to that portion of the cycle where the instantaneous plate
current is high and the instantaneous plate voltage is low. By control-
ling the time of this plate current, it is possible to obtain a relatively
high output and a reasonably low anode dissipation. However, if a
strong, uniform current could be established during this interval, the
amplifier would operate at an even higher efficiency. Unfortunately, in
normal class-C operation the waveform is sinusoidal and rounds off;
thus, a large portion of the power is lost at the anode.

The function of the third-harmonic components, introduced into the
plate and cathode circuits, is to square the plate-voltage waveform
(Fig. 8-12A) and thus raise the average plate voltage during the con-
ducting interval. The cathode-tank circuit (L2-C2), by contributing
a third-harmonic component to the grid-to-cathode potential, modifies
the cathode emission to approximately the rectangular wave shown
in Fig. 8-12B. In effect, the cncrgy stored in the plate and cathode tank
circuits reduces the amplitude and broadens the top of the class-C
waveform during conduction. Consequently, there is less plate dissi-
pation for a given power output.

3RD HARMONIC
3RD HARMONIC
+ EB‘
' GRID
PLATE VOLTAGE ep VOLTAGE eqg
! l :GR|D CURRENT

RESULTANT €p
(A) Plate. (B) Cathode.

Fig. 8-12. Influence of third-harmonic components on plate voltage and cathode emission.

8-7. LIMITING AMPLIFIER

As its name implies, the limiting amplifier keeps the audio output
below a predetermined value so that program peaks do not overmod-
ulate the signal. The transmitter can therefore be operated at a higher
average-modulation percentage, the limiter acting as a safety valve
against overmodulation with its consequent distortion and splatter
(generation of spurious signals). The limiter amplifier must exhibit
minimum distortion so that the quality of the program is not impaired,
regardless of the amount of limiting (up to the overload point of the
limiter amplifier).
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If the limiter amplifier is adjusted to introduce substantial suppres-
sion, the dynamic range of the broadcast will be limited. Therefore, in
the reproduction of concert music and similar program material where
considerable dynamic range is desired, the amount of compression
should be kept to a minimum.

A Gates modulation limiter is shown in Fig. 8-13. This limiter pro-
vides as much as 30 dB of compression. Usually the amount of limiting
employed falls between 5 and 10 dB; sometimes between 15 to 20 dB.
Negative and positive modulation peaks can be controlled separately
with asymmetrical limiting. Negative overmodulation is to be avoided
in a-m broadcast practice. With a 30-to-1 compression ratio the peak
negative modulation can be set at 99.5 percent without any danger of
overmodulation. At the same time the positive peak modulation can be
permitted to rise to 110 or 120 percent without distortion.

If the limiter is to be used with an fm transmitter, symmetrical lim-
iting is used because plus or minus peak excursions beyond the maxi-
mum permissible fm geviation must be avoided.

The modulation limiter is said to have a fast attack time. This means
that when a modulation peak comes along, the limiting action occurs
very quickly and distortion or so-called thumping do not occur.

A functional block diagram is given in Fig. 8-14. The incoming
signal is first passed through a variable loss circuit. Signal attenuation
in this circuit depends upon the magnitude of the recurrent modulation
peaks. It is here that the control action is exerted. An amplifier scction
follows which builds up the magnitude of the limited modulating
signal prior to its application to the output circuit and on to the
transmitter.

A portion of the output signal is applied to the control circuit. The
control signal circuit respongs to signal peaks and develops a dc con-

Courtesy Gates Radio Co.

Fig. 8-13. A modulation fimiter.
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trol bias that is applied to the variable loss circuit, thus controlling the
extent of the signal attenuation.

Positive and negative recurrent peaks are also applied to a com-
parator circuit. This circuit develops a control voltage that is deter-
mined by the relative magnitudes of the positive and negative peaks.
Through an automatic peak-phasing circuit the limiter is able to exert
an automatic control over the peak polarization that needs the greatest
amount of compression.

A schematic diagram is given in Fig. 8-15. The variable loss circuit
consists of transistors Q1 and Q2. These two transistors are connected
across the secondary of input transformer T1, and the primary of out-
put transformer T2. Their resistances from collectors to emitters are
controlled by the dc bias currents applied to their bases. The source
of the control bias is the emitter of transistor Q14, center right of the
schematic diagram.

The voltage across the Y-WH secondary of limiter transformer T3
is applied through capacitors C14 and C17 to the peak rectifying di-
odes, CR14 and CR15. Filtering and recovery time is handled by the
resistor-capacitor network shown below input transformer T1, at upper
left. This same control voltage can also be applied to a second modula-
tion limiter in the case of fm stereo operation.

The control signal is also applied to metering transistor Q13 which,
through the front panel meter, indicates the amount of limiting in
decibels.

The control signal is amplified by transistors Q14 and Q15, with the
emitter circuit of Q14 supplying the control bias current to the bases
of variable loss transistors Q1 and Q2.

The relative level of negative and positive peak limiting is a func-
tion of the relative biasing of rectifier diodes CR14 and CR15. Equal
biasing provides symmetrical limiting; unequal biasing produces asym-
metrical limiting. Asymmetrical limiting occurs when S3 is switched
to either the 110-percent or 120-percent positions. With program input
having a natural imbalance in positive and negative peaks, the unit
limits negative peaks to 100 percent, while allowing the positive peaks
to reach either 110 percent or 120 percent before limiting occurs.

The limiter includes an automatic peak-phasingf, circuit. It makes
certain with asymmetrical limiting that the modulating peaks of the
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Fig. 8-14. Block diagram of a medulation limiter.
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greater magnitude cause positive modulation of the a-m transmitter.
This is done with the relay terminals that are connected in the primary
of input transformer T1. Relay coil K1 is connected in the collector
circuit of a flip-flop multivibrator, transistors Q9 and Q10. Whether
Q9 conducts or is nonconducting depends upon whether the positive
or negative peaks have the greater magnitude across the Y-WH sec-
ondary winding of output transformer T3. The negative and positive
peak-comparator diodes are CR6 and CR7. Control voltage is applied
to the gate of field-effect transistor Q12. It develops the flip-flop trig-
gering voltage for the multivibrator.



CHAPTER 9

A-M Broadcast Antennas
and Lines

The antenna system of a modern broadcast station consists of the
antenna proper, the transmission line, and the associated components
needed for tuning and proper lighting of the antenna structure.

9-1. ESSENTIALS OF A-M BROADCAST ANTENNAS

The vertical antenna is the type most usually employed in a-m
broadcasting. In addition to being an cconomical antenna, its hori-
zontal- and vertical-radiation patterns are favorable to broadcast re-
quirements. The horizontally radiated pattern is omnidirectional; that
is, the signal is of equal magnitude in all directions of the compass.
Thus, the coverage is essentially uniform over the station’s service area,
as shown in Fig. 9-1.

On the other hand, the low-angle vertical pattern of the antenna
concentrates the energy into a ground wave which is the primary
medium for supplying signal to the service area. Such a pattern mini-
mizes sky-wave propagation and thus cuts down fading in the scc-
ondary service area, where there is the possibility of interaction be-
tween sky- and ground-wave components.

An integral part of any antenna system is the tower, since its height
is one of the determinants of the range of the system. The two most
common tower structures are shown in Fig. 9-2. The self-supporting
tower is more costly. For maximum support, the spacing between its
base legs should be approximately one-eighth of the tower height.

Broadcast antennas either are grounded or are mounted on insula-
tors. The grounded version is subject to more variables and hence more
matching and pattern problems. The most common broadcast antenna
for small a-m stations is the guyed vertical type. It is usually mounted
on an insulator and is somewhat taller than a quarter of a wavelength.
The guy-wire system must be broken up with insulators to avoid any
length that may become resonant and adversely affect the character-
istics of the radiating element.

113
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(A) Vertical pattern. (B) Horizontal pattern.

Fig. 9-1. Basic quarter-wave vertical antenna and patterns.

To eliminate variables and thereby establish the most favorable oper-
ating conditions, a good ground system is essential for a vertical an-
tenna. This is the reason for the system of wires extending like the
spokes of a wheel from the base of the tower. The ground must be
tied in properly to the tuning system of the antenna.

A combination of vertical racﬁators is the ideal method of obtaining
any reasonable horizontal-radiation pattern. Two or more vertical an-
tennas can be made to concentrate the rf energy in specific areas.
At the same time, deep nulls can be inserted into the horizontal-radia-
tion pattern to prevent interference between stations operating on the
same or adjacent channels. The major units of a typical directional-
antenna system were introduced in conjunction with Fig. 8-6.
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(A) Self-supporting. (B) Guyed.

Fig. 9-2. Basic tower constructions.

9-2. VERTICAL-ANTENNA CHARACTERISTICS

The quarter-wavelength vertical can be considered the basic an-
tenna. Fundamentally it is a half-wavelength antenna, the ground act-
ing as an image quarter-wavelength section, as shown in Fig. 9-3. At
an electrical quarter-wavelength, the antenna resistance is theoreti-
cally 36 ohms. This “radiation” resistance is not a resistance that can
be measured with an ohmmeter; rather, it is the equivalent resistance
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required to dissipate the same power as the antenna. Whether or not
it is exactly 36 ohms is a function of the ground system and the condi-
tions below the antenna. The absolute value is important only in that
it must be correctly matched to the transmission-line system from the
transmitter.

The theoretical voltage and current distribution is shown in Fig. 9-3.
At the top of the antenna, the current is zero and the voltage is maxi-
mum. The current becomes maximum exactly 90 degrees down (or at
the feed point for a quarter-wavelength vertical). Theoretically, the
impedance at the feed point should be entirely resistive. In practice,
reactive components are often also present and must be balanced out
by the antenna matching system.

The current and voltage distribution along a very thin vertical radi-
ator is essentially sinusoidal. Some departure from this sinusoidal rela-
tionship will occur, particularly in self-supported towers having a
gradually increasing cross-sectional area toward the base. But for most
small stations with their single, uncomplicated verticals, it is safe to
assume an essentially sinusoidal relationship in making performance
calculations.

The broadcast vertical need not be (and usually is not) an exact
electrical quarter-wavelength. The minimum antenna height permitted
a Class IV broadcast station (local) is substantially less than a quarter-
wavelength, as shown in Fig. 9-4. Notice that over the entire Class IV
curve (A), the dimensions are shorter than the quarter-wavelength
curve (D). The lower the frequency is, the greater is the height re-
quired to obtain a specific minimum field intensity. For Class 1I and
Class III stations, curve B, the minimum height must be more than a
quarter-wavelength above 1150 kHz. All Class I antennas, curve C,
must be greater than a quarter-wavelength, approaching the half-
wavelength electrical dimension of curve E.

When a vertical antenna is less than a quarter-wavelength, it dis-
plays both resistive- and capacitive-reactance components, as illus-
trated in Fig. 9-3C. The antenna tuning unit must, therefore, introduce
an equal and opposite inductive reactance to balance out the capacitive
component. As before, the tuning unit must match the transmission line
to the resistive component of the antenna.
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wave. wave (capacitive). wave (inductive).

Fig. 9-3. Characteristics of quarter-wave and near quarter-wave antennas.
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The impedance of a vertical antenna is usually expressed in terms
of the “j-operator.” For an antenna of less than a quarter-wavelength
the impedance can be written as follows:

Z - R - jX(‘
which can be written:

2= VETXE

After the antenna and ground system have been installed, this im-
pedance is usually mecasured carefully with an impedance bridge. A
suitable antenna tuning unit is then designed to permit an ideal match
between the transmission-line system and antenna, plus a sufficient
tuning range to accommodate any variables.

When a vertical radiator is longer than a quarter-wavelength and
less than a half-wavelength it displays inductive reactunce, as shown
in Fig. 9-3D. This component must be balanced out capacitively by
the antenna tuning system. The impedance of such an antenna is
usually indicated as follows:

Z:R"']XL

Theoretically, an antenna exactly a half-wavelength has resistance
but no reactance. Above one-half of a wavelength the antenna again
exhibits capacitive reactance, and above three-quarters of a wavelength
an inductive component is present.

The antenna height influences the vertical-radiation pattern and,
hence, the efficiency of the antenna system. For a small local station,
an antenna higher than a quarter-wavelength will provide greater
concentration of the radiated energy at low vertical angles. However,
the loss in efficiency of a shorter antenna can sometimes be compen-
sated for by boosting the transmitter power, as long as FCC field-
strength requirements are met. A shorter antenna redguces the cost of
installation—a significant item if the antenna is to be mounted on an
existing structure like a downtown building. Antenna height might also
be a problem if an airport is nearby.

The antenna resistive component also decreases significantly as the
height is made less than a quarter-wavelength. Under these conditions
the resistive losses associated with the antenna system, although small,
become more significant and absorb a greater percentage of the total
transmitter output power. Thus, the efficiency of the antenna system
is reduced.

9-3. LONG VERTICALS

Up to now we have discussed the advantages of short antennas. But
long verticals have some important advantages, too. In addition to
their more efficient radiation of available power, their vertical-radia-
tion pattern concentrates the rf energy at a much lower angle. Typical
long-vertical antennas and their radiation patterns are given in Fig.
9-5. Notice how the radiation is concentrated at a lower and lower
angle (Fig. 9-5C) between 0.25 and 0.625 wavelength. At 0.625 wave-
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length a secondary lobe is introduced that begins to direct additional
ener%y skyward. Hence it is advisable to keep antenna heights below
this limit.

Most Class I and other clear-channel stations have tall vertical an-
tennas. These stations serve not only an extensive area via ground
waves, but also a wider area made possible through the use of sky
waves. One might assume that a high-angle sky-wave radiation 0.25-
wavelength antenna is preferable to low vertical-angle signals in ob-
taining an extended coverage. However, the apparent advantage
gained by the extended coverage is nullified when the reflected sky
waves return to earth near the antenna and cause fading due to inter-
ference between the ground waves and sky waves. In fact, long (0.625
wavelength or greater) vertical antennas are often referred to as anti-
fade antennas because they concentrate the radiation at low angles to
prevent the sky waves from returning too near the station.

Figs. 9-5D and 9-5E show two common methods used by many
clear-channel stations to gain the benefit of greater electrical length
from a physically shorter antenna. One is to add an umbrella-like struc-
ture at the top of the mast (Fig. 9-5D). Referred to as a top-loaded
antenna (or “top hat” for short%, it includes sufficient radiating area
to increase the effective electrical length of the antenna without having
to extend its physical height. Suitably dimensioned, such an antenna
will display many of the favorable characteristics of a much taller
structure, such as more favorable impedance and matching relation-
ships at the feed point, plus better current distribution (which en-

0,625

(A) One-half wavelength. (B) 0.625 wavelength.

(C) Radiation patterns.
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(D) Top-loaded. (E) Collinear vertical.

Fig. 9-5. Long vertical antennas and their radiation patterns.
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courages low-angle radiation). A second plan uses a sectionalized
tower, usually with one or more insulators to break up the vertical
structure into individual radiating elements. Such an antenna is called
a collinear vertical (Fig. 9-5E ), and it is superior to any other antenna
if proper impedance and current relationships have been established
for the location and coverage desired. In many areas, fading can be
reduced substantially with a collinear vertical.

Nevertheless, the short, self-supported vertical is by far the most
common for small stations. Also, two or more vertical antennas are
employed in directional antenna systems.

9-4. ANTENNA-FEED METHODS

The three most popular feed methods for vertical antennas are given
in Fig. 9-6. In many small stations the antenna is just outside the trans-
mitter building (Fig. 9-6A), and only a short transmission line (usu-
ally copper tubing) is needed between the transmitter and antenna.
The transmission ine connects to the antenna at a point which provides
an approximate impedance match, and fine tuning of the antenna is
accomplished in the output-coupling network of the transmitter.

In the shunt-fed (grounded) tower of Fig. 9-6B, the transmitter and
antenna are a substantial distance apart; consequently, an impedance-
matching antenna tuning unit is associated with the antenna. The
slant-wire feed arrangement is connected to the vertical radiator at a
point which will provide an approximate impedance match. The fine
tuning of the antenna system is then accomplished with the antenna-
tuning network.

Fig. 9-6C shows the most popular system of the three antenna-feed
systems. The antenna is fed between the base of the antenna and
ground. The antenna tuning unit matches the impedance of the trans-
mission line to the radiation resistance of the antenna, and also tunes
out any reactive components displayed by the latter. For lightning
protection, the antenna feed line is looped twice, just ahead of the
antenna. The loops act as a choke, presenting a high impedance to a

LIGHTN ING
LOQP LIGHTNING
GAP

NO
TRANSMITTER INSULATOR \
BUILDING [ ] LINE / u%(:
TUNING TUNING 1
- Do NG |
INSULATOR
(A) Short transmission line. (B) Shynt fed. (C) Between base and
ground.

Fig. 9-6. Antenna-feed methods.
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lightning discharge. A second safeguard is the lightning gap, located
between the base of the antenna and ground. The gap spacing must
be such that a surge of lightning will arc across it but there will be no
discharge during modulation peaks in the program.

9-5. TRANSMISSION LINES

The four important operating characteristics of transmission lines
are impedance, attenuation, power-handling capability, and ability to
withstand weather extremes.

A transmission-line impedance of 50 ohms is almost universal for
broadcast transmitters. The power-handling and attenuation charac-
teristics of various lines are given in Table 9-1. Attenuation, a function
of the frequency and the distance between transmitter and antenna,
is much more important in television and fm broadcasting because of
the much higher frequencies, although it also becomes significant in
a-m broadcasting when the use of extremely long transmission lines is
necessary.

The five basic transmission lines are shown in Fig. 9-7. The RG/U
flexible coaxial lines (Fig. 9-7A), using a solid dielectric of polyeth-
ylene, are found in nondirectional a-m broadcast stations with trans-
mitters rated up to 1 kilowatt. RG17/U and RG19/U are the two most
frequently used coaxial cables. The RG19/U has a higher power-
handling capability, as indicated in Table 9-1, and in a well-matched
system it can be used for powers of up to 5 kilowatts.

The power-rating figures take into consideration the fact that 100-
percent amplitude modulation is used. At 100-percent modulation the
power peaks of the modulated carrier signal have four times the aver-
age power output (Pu_, =2E, X 2I, =4E,I,) of the transmitter.
The power rating is also given with relation to the standing-wave ratio
on the line. Of course, the higher this ratio is, the greater is the voltage
stress between outer and inner conductors. An average standing-wave
ratio (VSWR) of 2 to 1 is indicated in Table 9-1.

- mnf———

(A) RG/U (B) Semiflexible.
/ / 2' I e . e
(C) STYROFLEX. (D) SPIRAFIL.
ESE“—J@—'
(E) Rigid.

Fig. 9-7. Broadcast transmission lines.
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The semiflexible air-dielectric cable of Fig. 9-7B is widely used in
directional a-m broadcast arrays and by many medium-powered a-m
stations. It consists of outer and inner conductors made of soft-tem-
pered copper and separated by insulators. The %-inch outside-diameter
semiflexible cable is the most used size of coaxial cable and can be
used to make reasonable bends in the transmission line path provided
it is carefully manipulated to avoid kinks which might disrupt the
impedance.

Table 9-1. Broadcast Transmission Lines

Type Ohms VSWR 2/1
RG

RG/17U 52 2.9 kw

RG/19U 52 4.25 kW
STYROFLEX

3 50 0.56 kw

Va2 50 1.12 kW

Ya 50 2.52 kW

78 50 3.64 kW

1Y 50 5.99 kW
RIGID COAX

8 50 3.64 kW

1% 50 16.25 kW

3% 50 52.64 kW

68 50 2128 kw

The continuous air-diclectric flexible cable in Fig. 9-7C is a recent
entry into the transmission-cable field. It consists of a solid or tubular
copper center conductor and a tubular aluminum outer conductor.
A Styroflex laminated helix and an outer belt of Styroflex tape maintain
the proper spacing and thus provide a high percentage of air dielectric
along the entire line at all times. The helical construction also keeps
the spacing uniform, even when the line is bent. As shown in Table 9-1,
Styroflex lines are available for transmission lines up to 6 kW, with
diameter of only 1% inch. The Spirafil cable (Fig. 9-7D) has a solid
copper center, a tubular outer aluminum conductor, and a solid poly-
cthylene helix.

The rigid coaxial line (Fig. 9-7E) is used mainly by high-powered
stations. Tubular inner and outer conductors are employed, along with
Teflon-disc or Teflon-peg spacers. These rigid air-dielectric coax lines
are as much as six or seven inches in diameter and are capable of
handling several hundred kilowatts or more. They are used for high-
powered fm, television, and uhf transmitters because of this power
capability and low attenuation. Waveguides are used for high powered
uhf stations because of their lower attenuation.

To prevent condensation and the resultant interior arcing, Styroflex
and rigid coaxial lines are often equipped with dehydrator units. An
alternate arrangement is to use oil-pumped nitrogen in pressurized
lines. If the flanges and coupling connections are airtight, additional
nitrogen is rarely needed after the initial filling. To protect transmis-
sion lines from the weather, they are often mounted in troughs.
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9-6. GROUND SYSTEM

As you learned earlier, power to the antenna system of most small
a-m stations is fed across the base insulator, the antenna serving as
one terminal and the ground system as the other. Theoretically, the
ground system should be a perfect conductor in order to establish the
most favorable mirror effect for the antenna system. How close this
ideal is approached is a function of the length and number of ground
radials, along with the size of the ground screen (ground mat) under-
neath the tower. A typical ground system, shown in Fig. 9-8, consists
of 120 radials spaced 3° apart and extending outward the equivalent
of at least one-quarter of a wavelength at the operating frequency.
Usually the radial system is buried four to twelve inches underground,
and a ground screen or additional short radials are used underneath
the tower.

The entire system is bonded to a copper bus or strap around the
perimeter of the tower foundation. A permanent grouncf in the form
of a heavy copper plate or strap, must be attached to the bottom of
the base insulator and connected (through a heavy copper cable or
strap) to a copper-bus ground at the tower base. A similar plan is re-
quired for each tower of a directional-antenna system, with copper
bus lines or straps forming the junctions between the radial systems.
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Courtesy RCA Corp.
Fig. 9-8. A typical broadcast-antenna ground system.
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The radial wires, copper screen, base straps, etc., must all be carefully
soldered together in order to provide a good, continuous electrical
connection.

9-7. TOWER LIGHTING

In most areas all towers over 200 feet must be lighted, and in some
locations this ruling applies to even lower towers. For the usual small
a-m station, a beacon light is required at the top and obstruction lights

r— FLASH[R M
0 AC
POWER SOURCE E'&Hcorrs?fc LIGHTING
S UWE RESUURS |
CONTROL CHOKE
1 T0 OBSTRUCT ION LIGHTS

Fig. 9-9. A tower lighting plan.

below it, the number depending on the tower height. A photoelectric
device (Fig. 9-9) can be used to turn on the lights automatically before
sunset or during dark days.

It is necessary to block the rf potential of the tower from the power
line. This is accomplished with a multisection choke similar to the

Courtesy Collins Radio Co.

Fig. 9-10. A Collins lighting choke.

Collins lighting choke (Fig. 9-10) or an isolation transformer like the
Austin ring type (Fig. 9-11). The transformer permits coupling of the
low-frequency lighting power, but acts as an isolator to rf potentials
because of the wide spacing between its coils.
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Fig. 9-11. An Austin ring transformer.

9-8. ANTENNA-TUNING UNIT

A typical antenna-tuning system is the Gates unit in Figs. 9-12 and
9-13. It has a frequency range of 550-1600 kHz and a maximum modu-
lated carrier power of 1000 watts. The network provides correct match-
ing between the transmission line and a vertical antenna, and it also
filters out rf harmonics.

The line from the transmitter is connected to the network by way of
a feedthrough insulator at the bottom of the tuning unit (Fig. 9-12);
the antenna connects to the insulator at the top right. A heavy copper-
strap should be connected from a grounding stud (located at the bot-
tom of the unit) to the antenna ground system. The outer conductor of
the coaxial line coming from the transmitter must also be grounded to
this stud.

The basic part of the tuning unit (Fig. 9-13) is a T-section low-pass
filter; key components are the variable inductor L1, C1, C2, and C3.
The component values are selected in accordance with the line im-
pedance, the type of vertical antenna and its feed method, and the
operating frequency. The function of Cl is to block antenna-static
discharge, which is bypassed to ground via L4. The value of Cl is
determined by the antenna reactance; if the antenna reactance is in-
ductive, the reactance of C1 must match. If the antenna is short and
displays capacitive reactance, the reactance of Cl is made small
enough to be negligible.

The values of C2 and C3 are determined by the transmission-line
impedance and the antenna-radiation resistance to be matched. For a
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Courtesy Gates Radio Co.

Fig. 9:12. A Gates antenna-tuning unit.

90° matching section (comparable to a quarter-wave matching seg-
ment ), the capacitive reactance must be:

Xe=V7ZRs

where,

Z,, is the line impedance,
R, is the antenna resistance,
X is the total reactance of C2 and C3 in parallel.

Here is the recommended procedure for adjusting an antenna-cou-
pling network:

1. With a bridge, measure the base impedance of the antenna. The
coupling unit must match this value to the transmission line. (It
is designed with the proper range of adjustments to permit an
exact match.)

2. After installing the antenna-tuning unit, connect an impedance
bridge across its input. Adjust the tuning unit until the input im-
pedance has a zero reactive component and a resistance equal to
the characteristic impedance of the transmission line.

3. Adjust the coil tap at the antenna end of inductor L1 until the
resistance at the input to the coupling network equals the char-
acteristic impedance of the line. Next, move the coil tap at the
other end of inductor L1 until the input reactance is zero. The
transmission line can now be attached to the input of the tuning
unit.
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A thermocouple meter system or a diode-rectifier meter system can
be used to indicate antenna current. In Fig. 9-12 a thermocouple unit
can be seen at the right center. In the schematic of this circuit in
Fig. 9-13, inductors L2 and L3 and capacitors C4 and C5 act as rf
filters. A lead-covered two-pair cable transfers the thermocouple out-
put to the remote meter which is located in the transmitter housing.
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Fig. 9-13. Schematic diagram of an antenna-tuning unit.

In a second arrangement a diode-rectifier meter is connected across
meter-switch assembly S1 (Fig. 9-13). The remote meter M3 or meter
M2 at the antenna tuning unit can be switched in or out of the trans-
mission system by S1. L5 and L6 in Fig. 9-13 couple energy from the
antenna line. L5 is several turns of tubing at one end of the trans-
mission line. The small field built up around these turns is enough to
couple energy into the input circuit of the metering unit.
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9-9. DIRECTIONAL-ANTENNA SYSTEMS

A directional broadcast-antenna system is used where the rf energy
must be concentrated into the service area to be covered. The hori-
zontal radiation pattern is so planned that there is minimum radiation
toward the station(s) with which it must not interfere. As mentioned
previously, the directional pattern is a function of the number and
spacing of the vertical radiators, plus the relative phase and magni-
tude of their currents. The directivity and general shape of the pattern
are determined by the spacing of the vertical antennas and the relative
phasing of their currents. The deepness of the nulls is influenced
greatly by the relative magnitudes of the radiator currents.

Many stations requiring directional patterns employ oniy two ver-
tical towers. The technique of obtaining the desired directional pat-
tern from two towers is demonstrated in Fig. 9-14. Let us consider Fig.
9-14A, showing two vertical antennas 180° (one-half of a wavelength)
apart and fed by in-phase currents. The towers in Fig. 9-24A are lo-
cated in a north and south direction, but they could be located in any
direction required by the station location and its service area. The
radiation from tower No. 2, in traveling toward tower No. 1, goes
through a 180° phase reversal and arrives out of phase with the radi-
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lag to No. 2. lead to No. 2.

Fig. 9-14. Basic two-tower spacing and phasing techniques.
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ation from tower No. 1. Consequently, the two fields oppose each
other, and there is little or no radiation toward the north. The same
condition exists toward the south because the radiation from tower
No. 2 likewise goes through a 180° phase shift prior to its arrival at
tower No. 1.

If the receiver is due east or west from the towers, both signals
must travel the same distance to the receiver. Inasmuch as the radia-
tion is in phase, the two components arrive in phase and are additive.
Consequently, maximnm signal is radiated east and west. This type of
horizontal-radiation pattern is indicated by the figure-8 polar drawing.
Two antennas spaced 180° apart and fed in phase are often referred
to as a broadside array because maximum radiation is perpendicular
to the plane of the two antenna towers.

Fig. 9-14B demonstrates how the figure-8 pattern can be shifted 90°,
just by feeding the two vertical radiators out of phase. With the two
towers located the same as before, the radiation from tower No. 2 will
arrive in phase with the radiation from tower No. 1 because, in travel-
ing one-half of a wavelength, it has been restored to the same phase
as the radiation from tower No. 1. Consequently, the two components
will be additive, and maximum signal will be radiated northward.
Likewise, there will be maximum radiation in the southerly direction
with the arrival of tower No. 1 signal at tower No. 2.

Because the two signals leave the vertical-antenna elements out of
phase, any receiver to the east or west of the elements will be the same
distance from both towers. Since the two signal components will have
traveled the same distance, they will remain out of phase upon arrival.
Consequently there will be minimum radiation toward the east and
west. The radiation pattern is again a figure-8, but its maximum direc-
tion is now north and south.

Figs. 9-14C and D demonstrate how a unidirectional pattern can be
established. The two towers are now separated by only 90°. In Fig.
9-14C, the current supplied to tower No. 2 lags the current of No. 1
by 90°. The energy leaving tower No. 1 and moving toward No. 2 now
encounters an additional 90° delay and arrives in phase with the
radiation from tower No. 2. Therefore the two signals are in phase,
and maximum signal is directed southward.

The radiation from tower No. 2, on moving toward No. 1, also in-
curs a 90° delay and arrives exactly 180° out of phase with the radia-
tion from tower No. 1. Thus, there is a canceling field and minimum
radiation northward. With this method of spacing and phasing, most
of the energy is radiated south of the east-west line, with little or none
to the north.

In Fig. 9-14D, tower No. 2 is fed a 90° leading current, and so the
pattern is shifted through 180°. Now the radiation leaving tower No. 1
will again encounter a 90° delay, but will arrive out of phase with
the radiation from tower No. 2. Consequently, there will be mini-
mum radiation toward the south. Tower No. 2 radiation also en-
counters a 90° delay, but arrives in phase with the radiation from
tower No. 1. Hence there will be maximum radiation northward. Now
it becomes apparent that most of the energy is forced north of the
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east-west line, and only a limited amount of energy is radiated south
of it.

A wide variety of possible patterns, covering many directional-
antenna problems, can be obtained from only two towers, provided they
are positioned, spaced, and correctly phased. A typical example ap-
pears in Fig. 9-15. The directional pattern shown has been established
by spacing two towers 100° apart and by feeding tower No. 2 a lag-
ging 100° current. With this combination most of the radiated encrgy
will be concentrated in the southwest quadrant. The transmitter has
been located northeast of the primary area to be covered. The pattern
protects other broadcast station service areas approximately north-
northeast and another area slightly south and to the east of the trans-
mitter. The depth of these two nulls is a function of the magnitude of
the currents. Notice that tower No. 2 is being supplied a lower current
(0.8) than the unity current of tower No. 1.
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Fig. 9-15. Typical two-tower directional pattern.
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The angle of the minima (Fig. 9-15) can be finely regulated by a
phasing adjustment. As the phase difference is increased, the two
minima will separate further, as per the small arrows. Conversely, the
angle can be reduced by decreasing the phase difference. By reposi-
tioning the towers, it is possible to rotate the pattern without changing
its shape—to meet a particular geographical situation.

Effective reliable performance cannot be derived from a directional-
antenna system unless each tower is properly grounded. Fig. 9-16
shows a typical ground system for a two-tower installation. The same
grounding plan of a single tower in Fig. 9-16 is also used for each
tower when more than two towers are used for a directional system.
Each tower must have its own ground screen and radials. In addition,
a_copper strap, ribbon, or bundle of wires must link the bases and
also the junctions of the radials of adjacent towers.

9-10. POWER-DIVIDING AND PHASING ARRANGEMENT

A two-step process is involved in preparing the excitation for the
two or more towers of a directional system. A power divider is nceded
in each line to establish the proper magnitudes between antenna cur-
rents, and a phase-shift network must be included in each line to estab-
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Fig. 9-16. A two-tower ground system.

lish the correct phase relationship between antenna currents. In some
two-tower directional systems, the phase-shift network is included in
only one of the transmission lines to the towers. The most common
arrangement is shown in the block diagram of Fig. 9-17.

One factor in establishing the required phase relationship between
currents is the difference in electrical length of the lines feeding the
antenna towers. For example, if the current from the first tower travels
through an additional 75° of transmission line before reaching the
second tower, this 75° must be considered in establishing the overall
phase differential required between the currents of the two towers.

In determining the electrical length of a transmission line, its velocity
factor (ratio of the speed at which the signal travels along the line, to
the speed at which it travels in frec space) must be taken into account.
The velocity factor of RG17/U is 0.66; in other words, an electrical
half wavelength of such a cable is 0.66 times the free-space half wave-
length. This means that a radio-frequency current traveling along a
transmission line which has a physical length of one-half wavelength
goes through a phase shift substantially greater than 180°.

If the antennas of a two-tower installation are fed over the same
length and type of cable, a phasing network must develop the required
phase shift. Usually the transmission lines are of different lengths, and

ANTENNA
/ R LNE _ 1 TUNING | TOWER
UNIT 1
TRANSMITTER B _j
Y ANTENNA
PHASE | UNE | “rivineG TOWER
T swiEr voall e

Fig. 9-17. A functional plan of a directional-antenna feed system.
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the resultant phase difference between the two lines must be con-
sidered in the design of the phasing network. Several power-divider
arrangements are shown in Fig. 9-18. In Fig. 9-18A, two in-phase
signals must be supplied to lines 1 and 2.

From the block diagram in Fig. 9-17 you will notice that the phase-
shifting network comes after the divider point and is usually designed
on the basis that the two signals will be exactly in phase or exactly
out of phase at the divider output. This arrangement permits in-phase
signals to be put on the two lines. Their relative magnitudes can be
established with the taps A and B on the output inductors ( Fig. 9-18A).

TNl - ot
'[= HASE [

7 A OUT-OF-PHASE
INPUT 2 ! 1
: L.

| S NO.2

(A) Two-tapped coils, (B) Single-tapped coil.

£ -
INPUT
"E= l (C) L-C sections.

L0 NO. 2
™
4

Fig. 9-18. Basic power dividers.

The arrangement in Fig. 9-18B demonstrates how two signals ex-
actly 180° out of phase can be placed on the two lines. Here the rela-
tive magnitudes are determined by the position of a single tap on the
inductor. This division can also be accomplished with LC sections, as
shown in Fig. 9-18C. The constants are selected to establish the proper
current division.

Most power dividers are also designed to maintain an impedance
match between the transmitter, phasing networks, and/or transmission
lines. In more complex arrangements, however, impedance-matching
networks must be placed ahead of the power divider. Often the output
tuning system of the transmitter can be adjusted to match the input
of the power divider.

The phase-shift network follows the power divider as shown in
Fig. 9-17. Several typical phase-shift networks are shown in F ig. 9-19.
Although the examples show T networks, pi networks can be used for
phasing adjustment as well as impedance matching. At the same time,
the proper current lag or lead is established by placing inductors or
capacitors in the series path to retard or advance the current flow.
With inductors, a large-angle lagging network is established; and with
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capacitors, a large-angle lead network. A combination of the two in
the series path permits a small-angle lead or lag, as desired.

In a directional-antenna system the correct phase relationship is
established by proper use of both the phasing networks and the re-
quired transmission-line lengths. Usually some means of controlling
the phase shift over a limited number of dcgrees must be incorporated
so that variables and other day-to-day fluctuations can be tuned out.
A basic 90° phase-shift network, such as that shown in Fig. 9-19E, is
usually used. A change of several degrees can be accomplished with-
out an adverse influence on impedance matching.

ki e ] e
R R I

(A) Large angle lead. (B) Large angle lag. (C) Small lag.

Ty =

(D) Small lead. (€) 90° = Af°.
Fig. 9-19. Basic phasing networks.

The phase monitor of a directional-antenna installation allows the
operator to constantly keep an eye on the magnitude and phase of the
currents. Samples of the current are taken from the vertical antenna,
as demonstrated in Fig. 9-5, and supplied to the monitor. The readings
are recorded periodically in the transmitter log. When suitably cali-
brated, the phase monitor is useful in tuning and in indicating early
trouble in the directional performance of the antenna system.

9-11. MULTIPLE-TOWER SYSTEMS

Three or more directional elements are usually employed by high-
powered stations to obtain a particularly complex pattern. Sometimes
such highly directional patterns are used in order to concentrate the
rf energy and thus provide blanket coverage of the area, even though
a less-directional pattern would satisfy the FCC ruling about inter-
ference.

A highly concentrated pattern that prevents interference with the
radiation of four other stations (A, B, C, and D) is illustrated in
Fig. 9-20. It can be obtained with three towers, using the spacing,
phasing, and magnitudes indicated. The towers are mounted in a
straight line running east and west (90° -270° in Fig. 9-20). The wave-
length in degrees between each tower, the current of each tower and
their phase angles in relation to tower No. 1 (polar coordinates), and
the geographic location of the station towers are given in the lower
right corner of Fig. 9-20. Fig. 9-21 is a functional diagram of the phas-
ing equipment required to obtain such a pattcrn.
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Courtesy Collins Radio Co.
Fig. 9-20. A typical three-tower directional pattern.
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Courtesy Collins Radio Co.
Fig. 9-21. Circuit of a three-tower phasing system.
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Many stations operate directionally during nighttime only, because
of the wider coverage at nighttime and hence the greater risk of inter-
ference. For nondirectional operation using tower No. 1, switches S1
and S2 must be in the positions shown. The transmitter output will
now be supplied directly to tower No. 1.

For directional operation the transmitter output is supplicd, through
a matching network, to a power divider consisting of L4, L5, and 1.6
across matching network coil L2. The taps (on L4, L5, and 1.6) are
made in accordance with the currents supplied to the three towers.
Tower No. 2 receives the highest current (1.294 amp/135.5°) and No. 1
the lowest (0.382 amp /0°), with tower No. 3 falling in between
(0.735 amp /—93.6°), as shown in Fig. 9-20. The angles indicated at
each tower are the phase angles of each tower in relation to tower
No. L. The input phase-shift networks (1 and 3) are adjustable to
permit a fine setting of the phase to towers 1 and 3. These networks
also contribute a certain amount of absolute phase shift and provide
an impedance match to the individual transmission lines. Additional
phase shifts are contributed by the transmission lines (the line to tower
No. 3 supplying the most). However, 90° shifts are also contributed by
the matching networks between towers No. 1 and No. 2 and their
lines. A zero phase-shift network is in the path between tower No. 3
and its line.

The power divider and the adjustable segments of the phase-shift
networks are usually mounted near the transmitter. Meter M1, at the
top of the phasing-unit cabinet, is associated with the input to the
phase-shift networi and measures the joint current. M2, M3, and M4
in Fig. 9-21 are located in the respective tuning units of the three
towers.

The sensors for remote meters can be installed at the antenna and
read at the transmitter-building phase monitor. In addition to a re-
mote phase-monitor, individual current meters for each line are used
in tuning the antenna-coupling networks. During normal operation the
antenna-current meters arc switched out of the circuit to protect them
from being damaged by lightning.



CHAPTER 1 O

FM Transmitters

10-1. DIRECT FM TRANSMITTERS

The direct fm transmitter (Fig. 10-1) uses a self-excited oscillator
stage (tube or solid state) that is frequency deviated by a reactance
device. The electronic reactance is connected so that its output dis-
plays a capacitive or an inductive reactance across the oscillator. When
an audio signal is supplied to its input, the output reactance follows
the audio variations. In other words, the reactance circuit functions as
either a variable capacitor or variable inductor across the frequency-
determining circuit of the oscillator. Hence, the oscillator frequency
varies with the applied audio signal.

The limits of frequency change (deviation or modulation) depend
on the amplitude of the applied audio signal—the greater the ampli-
tude, the greater the frequency change. The rate of frequency devia-
tion depends on the frequency of the applied audio—the higher the
audio frequency, the faster the deviation rate of the oscillator fre-
quency.

In fm broadcasting, carrier frequencies are assigned in the 88-108-
MHz band. The maximum permissible fm deviation is =75 kHz; this
constitutes 100-percent modulation. The FCC requires that an fm
transmitter must deviate linearly over a 100 kHz range. In so doing,
a very linear deviation over the 75 kHz range is ensured despite drift
or other variables.

The extent that an oscillator can be deviated linearly is limited,
particularly when a high order of center-frequency stability is to be
maintained. Consequently, the frequency-modulated oscillator usually
operates on a frequency substantially lower than the final carrier fre-
quency of the transmitter. A group of multiplier stages follows the os-
cillator, multiplying both the center frequency and the deviation. In
the example shown in Fig. 10-1, the total multiplication is 18. To oper-
ate on a frequency of 90.1 MHz would require that the center fre-
quency of the oscillator be 90.1 + 18, or 5.505 + MHz. For 100-percent
modulation the maximum deviation must be =75 kHz ~+ 18, or approxi-
mately =4.16 kHz.

136
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After the fm signal passes through the multipliers and is made equal
to the assigned carrier frequency, it is amplified by the intermediate
and final power amplifiers. It is then conveyed through a transmission-
line system, to the fm antenna.

The power output of an fm broadcast station is based on its effective
radiated power (ERP). This value is the product of the power deliv-
ered to the antenna and the antenna power gain or:

ERP = P,,, X antenna power gain
ERP = (PTrnnsmltter — Puine LOSS) X power gainAm
ERP = PAul X (ﬁeld gain,\m )2

The FCC requires that the center frequency of each fm broadcast
station be maintained within 2000 hertz of the assigned frequency.
Therefore, some means of precise frequency control must be used.

In the direct fm plan shown in Fig. 10-1, a portion of the modulated-
oscillator output is supplied to the frequency divider of an automatic
frequency-control (afc) section. The output of the frequency divider
is compared in the phase detector with one-fifth of the output fre-
quency of the reference crystal oscillator. If the center frequency drifts,
a dc error voltage is developed by a phase detector and supplied to
the reactance device. This dc bias component determines the exact
center frequency of the oscillator. This operation in no way influences
the normal deviation of the oscillator. In most transmitter designs, the
frequency stability is much better than the 2000-hertz FCC limit.

ANTENNA
PROGRAM PA
18X
SELF- MULTIPLIER
AUDI0 AMP EXC ITED ! ' - IPA
0SCILLATOR X | oo
10 AFC
PRE-EMPHASIS || REACTANCE p OIDER
R DEVICE V3 otva v ous
1 H H
! DC ERROR VOLTAGE
REFERENCE
PHASE
CRgSS(l:'AL s DIVIDER I/5 -— DETLCTOR

Fig. 10-1. Block diagram of a direct fm transmitter.
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In some fm transmitters, the comparison circuits in the afc system
control a motor that is linked mechanically to a variable capacitor in
the oscillator tank circuit. Any drift in the oscillator center frequency
causes the motor to rotate the variable capacitor the amount required
to restore the proper center frequency.

In the plan shown in Fig. 10-1, the center frequency is supplied to a
240-to-1 frequency divider (5 X 4 X 4 X 3). The frequency output of
the last divider would be 5.005 MHz = 240, or 20.8+ kHz.

The maximum deviation would also be divided down by a like
amount: *4.16+ =+ 240, or =17+ hertz.

This value of deviation is now so slight (%17 hertz) that it cannot
adversely influence the operation of the afc circuit. The comparison
signal for the afc activity is developed by a stable crystal oscillator
which supplies signal to a 5-to-1 divider. The crystal oscillator operates
at approximately 140 kHz, developing a 20.8-kHz reference signal at
the divider output. The phase detector develops a dc error voltage that
is a function of the extent and the direction of the center-frequency
drift with respect to the crystal-controlled component. This dc error
voltage, as mentioned, corrects the oscillator frequency by way of the
reactance tube.

10-2. INDIRECT FM TRANSMITTERS

The indirect fm transmitter shown in Fig. 10-2 uses phase modula-
tion (pm) to generate an fm wave indirectly. A crystal oscillator can
be employed in the phase-modulation process. Thus, the center-fre-
quency stability is controlled without an afc system.

CRYSTAL SHAP ING PHASE
0sC SYSTEM MODULATOR
\
PRE- AUDIO PRE-
PROGRAM —s- EMPHASIS AMP DISTORTER
ANTENNA
MULTIPLIER
T N AU E R RO IPA - PA
zxizxizxizxizxizx:zx:zx
A L 1 1 A o 'l

Fig. 10-2. Block diagram of an indirect fm transmitter.

A phase-modulation system does have limitation with regard to devi-
ation. If a linear deviation is to be established using the pm process,
there is a limit to which the center frequency may %e phase-shifted—
perhaps several hertz at a center frequency of several hundred kilo-
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hertz, using some of the older methods. In fact, it was necessary to
multiply the deviation to a greater extent than the center frequency
in order to obtain the +75 kHz desired. The development of special
tubes for phase modulation, plus new circuit techniques, have elimi-
nated this additional complexity. However, even in the modern phase-
modulated transmitters the modulation process begins at a center
frequency in the 100-kHz range.

As in the case of the direct fm transmitter, a series of multiplier
stages follows the modulated stage. Several additional multiplier stages
are required by the phase-modu%ated transmitter because of the lower
frequency at which modulation has taken place. However, the phase-
modulated transmitter requires no afc system. In a typical phase-
modulated transmitter, the total multiplication of the stages might be
around 850.

10-3. DEVIATION AND BANDWIDTH

In the fm process a number of sideband pairs are generated accord-
ing to modulating frequency and deviation. This is un%ike the a-m proc-
ess, which generates only one pair of sidebands. The number of signifi-
cant sideband pairs generatecF is a function of the modulation index,
which has the following relation:

Deviation (kHz)

Modulation Index = Modulating Freq. (kHz)

The higher the modulation index is, the more sideband pairs there
are. As shown in Fig. 10-3, the sidebands are displaced from the center
frequency by multiples of the modulating frequency. In comparing
Figs. 10-3A and 10-3B, notice that the greater the deviation (increase in
the audio amplitude), the more sideband pairs are generated and the
ﬁreater is the bandwidth occupied by the transmitted fm signal. The

igher the audio frequency, the greater is the separation between side-
band pairs and the greater is the bandwidth of the transmitted signal
(compare Figs. 10-3A and 10-3C).

The maximum bandwidth of a transmitted fm signal is a function of
the modulation index at maximum permissible deviation (100-percent
modulation) and highest audio frequency. The sideband distribution
for a deviation of +75 kHz and an audio frequency of 15,000 hertz is
shown in Fig. 10-3D. For a modulation index of 5, the number of sig-
nificant sideband pairs is 7. These would occupy a span of frequencies
some 210 kHz wige.

The FCC channel assignments are only 200 kHz wide. However, we
have considered the bandwidth extreme in the example. Seldom is a
maximum-amf)litude high-frequency note transmitted in the usual pro-
gram material. High-frequency components are low in amplitude and
cause a correspondingly lower deviation, Furthermore, the very high-
frequency notes occur quite infrequently for most high-fidelity pro-
grams. Consequently the assigned 200-kHz bandwidth is adequate for
high-fidelity broadcasting.
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SIDEBAND DISTRIBUTION
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Fig. 10-3. Frequency and energy distribution for four values of
modulation index of an fm signal.

10-4. PRE-EMPHASIS AND DE-EMPHASIS

A major advantage of an fm transmission system is that it can be
designed to reject amplitude noise components. Inasmuch as most
interference is of the amplitude-varying type, an fm system has a more
favorable signal-to-noise ratio. However, noise and interference can
also produce fm components, and so the system is not completely noise-
free. Usually the deviations of the fm signal, caused by the desired
modulating wave, are much greater than deviations caused by inter-
ference.
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NOISE AREA

NOISE VOLTAGE

: o e Iy
3 3 cop i o cad B
“ISkHz -10kHz -SkHz  CF  Skkz  10kHz 15kHz
NOISEAREA  CAB NO PRE-EMPHASIS

C A'B WITH PRE-EMPHASIS

Fig. 10-4. Noise with and without pre-emphasis as related
to center frequency.

In an fm system, according to Fig. 10-4, the noise interference has
less effect when it exists at low augio-sideband frequencies near the
center frequency. If the interference beat occurs at a higher frequency,
a greater unwanted deviation of the fm signal occurs. Thus the noise-
rejection characteristics of the fm system decreases in the direction of
a higher interference frequency.

The noise-rejection characteristic of an fm system can be improved
by pre-emphasis of high-frequency audio components. The pre-em-
p%asis circuit, as shown in Figs. 10-1 and 10-2, is inserted in the audio-
amplifier section of the transmitter. The pre-emphasis network displays
a decreasing attenuation as the audio frequency increases, as in Fig.
10-5. Consequently, higher-frequency components produce a greater
deviation of the broadcast signal than lower-frequency components
of the same amplitude. By so modulating, the system is made less sub-
ject to high-frequency interference because the desired high-frequency
modulation now causes a greater deviation of the fm signal. This re-
duction in high-frequency noise susceptibility produces a flatter over-
all signal-to-noise relation, as indicated in Fig. 10-4.

The overall frequency response of the fm system is restored to a
linear relation by the use of a de-emphasis network in the receiver
(Fig. 10-5). This network has an attenuation characteristic equal but
opposite to that of the transmitter pre-emphasis circuit. Although the
de-emphasis network in the receiver reduces the amplitude of the high-
frequency audio components, the noise components are reduced by the
same amount.

The pre-emphasis network at the fm broadcast transmitter has been
standardized as one having a time constant of 75 microseconds. If a
simple RC combination is used as a pre-emphasis network it must have
a value of 75 microseconds as obtained from the following formula:

TC=RxC
where,
TC is the time constant in microseconds,
R is the resistance in ohms,
C is the capacitance in microfarads.
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The de-emphasis network must have the same time constant, but an
opposite attenuation characteristic, in order that the exact correction
of the frequency response can be obtained when the network is in-
serted in the circuit.

OVERALL LINEAR

RESPONSE

—_—
SkHz 10kHz 15'kHz
AUDIO FREQUENCY
Fig. 10-5. Pre-emphasis at tr itter, de-emphasis at receiver,

and overall frequency response.

10-5. FM MULTIPLEX

In a multiplex system, the fm carrier can be modulated by more than
one sound signal simultaneously. Multiplex operation has become in-
creasingly popular among fm broadcasters, especially for supplying
background music to markets, department stores, industrial plants,
etc. Stereophone broadcasting also involves the transmission of a sep-
arate but related audio signal on the same fm carrier.

REGULAR AUDIO REACTANCE

™M
——T0
PROGRAM SYSTEM Tuse OSCILATOR 1y T1PLIERS

REACTANCE
TUBE

6TKHZ + 7. SkHZ ~—l

SUPERSONIC
BACKGROUND AUDIO REACTANCE
MUSIC T sysTeEm TUBE osc6 IUATOR

Fig. 10-6. Block diagram of a multiplex transmitter.

In the multiplex system one program will frequency-modulate the
fm carrier in the conventional manner. This is the main program chan-
nel used for broadcasting to the general public. As shown in Fig. 10-6,
a second sound signal can be used to modulate a supersonic carrier.
This frequency-modulated subcarrier is then used to frequency modu-
late the main carrier. The subcarrier is supersonic so that it does not
interfere with the main program channel.
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A multiplex process must in no way degrade the regular program
matcrial, or adverscly affect the operation of standard fm receivers
when receiving regular fm broadcasts. The FCC technical standards
for multiplex operation are:

1. Frequency modulation of the subcarrier must be used.

2. The  instantaneous subcarrier frequency must at all times lie
within the 20-kHz to 75-kHz range.

3. Modulation of the main carrier by the subcarrier must not exceed
30 percent. This means the maximum permissible deviation of the
main carricr by the subcarrier can be only =22.5 kHz (0.3 times
+75 kHz).

4. The total modulation of the main carrier, including the subcarrier,
must be maintained as high as possible consistent with good trans-
mission quality and good broadcast practice, but never less than
85 percent nor more than 100 percent on peaks.

5. Frequency modulation of the main carrier caused by the sub-
carrier operation must be at least 60 dB below 100-percent mod-
ulation in the frequency range between 50 and 15,000 hertz.

In the example of Fig. 10-6, a 67-kHz subcarrier has been selected.
This subcarrier is frequency-modulated with perhaps a 100-percent
modulation limit of 7.5 kHz. The frequency-modulated 67-kHz sub-
carrier is used to frequency modulate the main carrier. At no time may
the subcarrier frequency modulation of the main carrier exceed +22.5
kHz.

Insofar as a standard fm receiver is concerned, it operates normally
in receiving regular program material. Such a receiver does not respond
to the subcarrier frequency because of the latter’s supersonic range.

A multiplex receiver includes the necessary channel for removing
and amplifying the 67-kHz subcarrier. It will then be supplied to a
separate fm demodulator and recovered for distribution over an associ-
ated music system.

10-6. DIRECT FM EXCITER

A functional tlock diagram of a Gates 10-watt direct FM exciter is
given in Fig. 10-7. The frequency-modulated oscillator is shown at the
top center, and consists of the modulated oscillator and a succeeding
buffer plus a dc voltage regulator. The 15-25 milliwatt oscillator output
is stepped up tc the 10-watt level by a succeeding 4-stage amplifier
shown at the top right. The oscillator operates on the FCC-assigned
frequency.

The automatic frequency control at right center is also supplied with
a signal from the buffer output of the modulated oscillator. Its fre-
quency is dropped down to approximately 6000 Hz and applied to a
frequency-comparing phase detector. A reference oscillator which is
crystal-controlled, operates on an approximate frequency of 1.5 MHz.
Crystal oscillator frequency is also divided down to the 6000 Hz range.
The divided-down frequency from the modulated oscillator and the
divided-down frequency of the reference oscillator are compared in



144 FIRST-CLASS RADIOTELEPHONE LICENSE HANDBOOK

Courtesy Gates Radio Co.
Fig. 10-7. Functional block diagram of Gates fm exciter.
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the phase detector. The output of the phase detector corresponds to
any phase displacement (frequency difference) between the two com-
ponents. This reference develops a dc error voltage which is supplied
to the modulated oscillator to keep it on the proper center frequency.
By FCC regulation, the center frequency may not drift more than
2000 Hz in the fm broadcast service. The automatic frequency control
system also includes alarm circuits which indicate functional failures.

The audio module at the center of the diagram contains the pre-
emphasis networks and additional circuits needed for processing audio
signals for use in stereo broadcasts or SCA transmissions. SCA and
stereo generator functional blocks at the left will be described later.

The modulated oscillator (Fig. 10-8) consists of a stable frequency-
modulated oscillator, an isolating buffer amplifier, and a power supg{y
regulator. The oscillator, transistor Ql, in a common-emitter config-
uration is connected as a Clapp circuit. Three pairs of stabilizing
capacitors are employed according to the frequency of operation. These
capacitors are highly stable, reducing the in%uence of external capaci-
tance and compensating for any frequency drift resulting from tem-
perature variations. Voltage-variable capacitor diodes, CR1, CR2 and
CR3, permit controlled changes in the frequency of operation of the
oscillator.

Such diodes have a capacitance that is a function of the dc voltage
present across their elements. The capacitance change of diode CR3
is in response to the dc error voltage contributed by the afc unit. Its
function is to maintain the oscillator on a correct center frequency.
Recall that the dc error voltage is a result of the comparison between
the divided frequencies of the modulated oscillator, and the reference
frequency of the crystal oscillator in the afc unit. The actual oscillator
comparison voltage is removed at the collector of buffer transistor Q2,
and is supplied through capacitor C18 to the afc unit.

Diodes CR1 and CR2 produce the actual frequency modulation of
the oscillator, deviating the oscillator frequency on each side of center
frequency in accordance with the variations of the modulating wave,

The various signal inputs are shown at the left. The two inputs at
the top are for the SCA signals (two blocks at the top left of the func-
tional diagram in Fig. 10-7). The fm program signal is supplied to the
third terminal. This can be a monophonic or stereophonic signal.

Program signals are applied to the junction of the two voltage-vari-
able capacitor diodes and cause their capacitances to change in a bal-
anced manner with the program signal variations. Since these capaci-
tances are a part of the resonant circuit of the oscillator there is a
linear deviation of the oscillator frequency in accordance with the
voltage variations of the program signal.

The frequency of the resonant circuit is also determined by induc-
tor L3 which is used as a coarse frequency adjustment. Two potenti-
ometers, R6 and R29, also have an influence on the modulated oscillator
performance. Potentiometer R29 is, in effect, a fine frequency control
which sets the dc voltage felt across the voltage-variable capacitor
CR3. This provides a fine adjustment of the center frequency of the fm
transmitter. Potentiometer R6 applies the proper dc bias to the voltage-
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variable capacitors to which the program material is applied. Balance
is set in such a manner that the diodes respond in a linear manner to
the audio variations, thus producing a linear deviation of the oscillator

frequency.

'?‘he collector output of the modulated oscillator is applied to the
base of the buffer through an isolation network. The modulated oscil-
lator supplies a moderately strong output and it can be attenuated and
still provide enough drive for the buffer. The attenuator provides good
isolation between the buffer and the oscillator, and prevents changes
in circuit operations from influencing the frequency of the modulated
oscillator.

The collector output of the buffer is supplied through a low-pass
filter (inductor L8 and capacitors C23 and C24) to an output attenu-
ator. From here the frequency-modulated signal is supplied to the in-
put of the succeeding 10-watt amplifier.

The afc output was mentioned previously. Also, diode CR8 rectifies
a portion of the output of the buffer. The resultant dc component is
applied to the monitor output of the modulated oscillator. It provides
a check of the rf output of the modulated oscillator.

Zener diodes CR4 and CR6 provide regulation in the dc bias circuit
of the voltage-variable capacitors and in the base of the voltage regu-
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lator Q3. The use of the transistor regulator permits the regulation of
the higher currents drawn by the collectors of transistors Q1 and Q2.

The 10-watt amplifier (Fig. 10-9) is a four-stage affair. The output
stage uses two transistors connccted in parallel to provide a 10-watt
output when the input signal power to the amplifier is only several
hundred milliwatts. Input signal is applied through an rf drive potenti-
ometer, R11; the setting of R11 determines the rf power output of the
amplifier.

The first two stages are reasonably the same and use interstage
transformers T1 and T2 which match low-impedance base circuits to
the higher-impedance collector circuits. Resonance and impedance-
matching adjustments are made with capacitors C4 and C7.

The driver transistor Q3 and the parallel-connected output transis-
tors Q4 and Q5 are vhf types with balanced-emitter configurations.
Low capacitances result and permit good stage efficiency despite the
high operating frequency. Resonance and impedance matching are
handled by inductors L1 and L2, along with capacitors C14 and C15.
The output circuit is a modified pi network using inductors L5 and L6,
plus capacitors C19 and C20.

Rf samples for monitoring and adjustment are removed by way of
capacitor C22. A small rf component is rectified and filtered by diode
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CR1 and a resistor-capacitor output combination, forming a de moni-
toring component that is a function of the rf output level of the
amplifier.

The Gates afc unit is shown in Fig. 10-10. The output of the buffer
stage of the modulated oscillator is supplied to input receptacle J1 at
the top left. A series of seven integrated-circuit flip-flop multivibrators
follow. The first four provide an overall countdown of 16; the latter
three provide counts of 16, 16 and 4 respectively. Therefore the total
countdown is 16,384 (16 X 16 X 16 x4). The output, in the 6-kilohertz
range, is supplied to an integrated-circuit phase detector, Z10.

The reference crystal-controlled oscillator uses an integrated circuit,
Z12. The first two transistors are connected in multivibrator fashion
with common-emitter coupling. The crystal itself is a high-stability
unit enclosed in a temperature-controlled oven. Coarse frequency is
set with capacitor C27, while a fine frequency adjustment is accom-
plished with potentiometer R48 which sets the bias for the voltage-
variable capacitor CR10.

The oven itself is in the form of a solid-state circuit that maintains
the oven temperature at exactly 60°C. The arrangement consists of an
integrated circuit dc differential amplifier Z13 which responds to
changes in the resistance of thermistor RT1. Its dc output, through
transistor Q5, determines the current drawn through oven heater re-
sistor R38.

The third transistor of integrated circuit Z12 serves as a buffer, de-
veloping the necessary drive for the two counters Z8 and Z9. These
counters provide a total countdown of 256 (16 each). The output of
the second counter is applied to the phase detector integrated circuit
Z10.

If the two signals at the inputs of the phase detector (divided-down
center frequency from fm exciter and divided-down frequency from
reference oscillator) are the same, the output of the detector is a
square wave with equal positive and negative segments (50-percent
duty cycle). This output provides a reference component for applica-
tion to the amplifier and detector transistor Q2. Output is filtered to
obtain a reference dc voltage.

The duty cycle of the squared wave at the output of the detector is
proportional to the difference in the two input frequencies. The dc
component of current drawn by transistor Q2 responds to this change
in duty cycle, and the dc output voltage shifts above or below the ref-
ference value in accordance with any tendency of phase shift between
the two incoming frequencies. This dc error voltage is applied back to
the modulated oscillator to keep the center frequency of the fm broad-
cast transmitter on its FCC-assigned frequency.

The factors monitored by the alarm system are the outputs of the
reference and modulator-oscillator frequency dividers and the so-called
out-of-lock condition. Output from the reference divider is rectified
by diodes CR1 and CR2. The dc component is amplified by integrated-
circuit Z11 and applied to the alarm circuit. A similar arrangement
exists for monitoring the output of the modulated-oscillator divider
chain. Either dc component operates integrated circuit Z14 and turns
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on transistor Q3 which will draw current through the alarm light and
relay coil K1.

Ify the modulated oscillator should drift out of the frequency control
range of the afc circuit there is a large ac component developed at the
collector of transistor Q2. This large ac component applied to section A
of integrated circuit Z14 is detected by diodes CR12 and CRI11. The
resultant dc voltage turns on section B of integrated circuit Z14 and
transistor Q3, thus setting off the alarm system.

10-7. SCA SUBCARRIER GENERATOR

An SCA generator permits an fm broadcast station to transmit spe-
cial background music and other subscription program material in
addition to the regular fm program. The SCA generator is a part of the
fm exciter, as shown in Fig. 10-7. The most common SCA subcarrier
frequency is 67 kHz. Although the fm station is transmitting stereo
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programs, an SCA signal can be conveyed simultaneously. Another
SCA subcarrier frequency is 41 kHz, which can be used when the sta-
tion does not transmit a stereophonic fm signal and wishes to transmit
two SCA signals

An SCA generator is shown in Fig. 10-11. This generator permits the
selection of either of the SCA subcarrier frequencies of 41 kHz or
67 kHz. The Co.pitts oscillator circuit associated with transistor Q1
operates on 900 kHz, while the circuit of transistor Q2 can be operated
on either 941 or 967 kHz. The actual subcarrier frequency is then the
difference between the two oscillator frequencies. Note that the two
outputs are mixed in the CR1 and CR2 diode mixer circuit. The output
filter network selects the difference frequency and attenuates har-
monics of the subcarrier frequency and the two oscillator frequencies
as well. After amplification by transistor Q3 the signal mects a very
elaborate tunable low-pass filter which removes all harmonics of the
subcarrier frequencies.
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N Courtesy Gates Radio Co.
Fig. 10-11. An SCA generator.
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The subcarrier is frequency-modulated by applying the audio varia-
tions to the bases of the two oscillators. Such voltage variations at the
bases cause corresponding changes in the effective base-emitter capaci-
tance of each of the oscillators. In turn, the capacitance variations de-
viates the frequency of each of the Colpitts oscillators.

The audio modulation is applied by way of transformer T1. Since
the modulating information is fed out of phase to the bases of the two
oscillators and the outputs of the two oscillators are in parallel, there
is a two-fold increase in the net deviation as compared to the frequency
modulation of just one of the oscillators. An audio shaping circuit is
present in the primary circuit of the transformer. It controls audio
response to obtain a linear deviation and a rolloff of the frequency
response above 5 kHz.

The four transistors at the lower right are part of a so-called muting
circuit. When audio is applied to the input of the generator, the muting
control transistor Q7 is nonconducting. The modulated subcarrier sig-
nal can be removed at the SCA output. However, when there is no
modulating information applied, the control transistor Q7 conducts
and places a low resistance shunt to common from the junction of
capacitors C17 and C18. This reduces the magnitude of the unmodu-
lated subcarrier signal some 50 to 60 dB.

The arrival of modulating information at the base of transistor Q4
initiates formation of a squared wave. This wave applied to transistor
Q6 establishes a nonconducting state for transistors Q6 and Q7. As a
result there is no muting of the output circuit. The removal of the

program material removes the squared waves and transistors Q6 and
Q7 conduct.

10-8. FM ANTENNA SYSTEMS

The horizontally polarized antenna is universal in fm broadcasting,
whereas most a-m broadcast stations use a vertically polarized antenna.
Although an fm broadcast antenna includes a tower, it is only a sup-
port for the radiating elements of the antenna; but in a-m broadcast-
ing, the tower is actually the radiator. In many fm/a-m stations, the
tower serves as both the vertical radiator for a-m operation and the
support for the radiating clements of the fm antenna system. Currently
a number of fm stations transmit both horizontally and vertically polar-
ized components. The vertical components improve reception on fm
car radios and small fm radios using whip and line-cord antennas.

The radiating elements of an fm antenna are usually modified di-
poles, spaced one above the other to provide the desired antenna
power gain. Typical gains for the vertically spaced horizontal dipoles
used in fm broadcasting are given in Table 10-1. It is these power gains
times the antenna input power that determines the effective radiated
power (ERP) of a given fm station.

In fm broadcasting it is advisable to concentrate the vertical radia-
tion at very low angles, to provide the best coverage of the service area.
Any vhf energy radiated at high vertical angles represents wasted
power because it does not return to earth. The stacking of horizontal
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Table 10-1. Typical Antenna Power Gains

Power Gain

- J
]
~
"

0.9
1.6-2
3
3.7—-4.
5.1
6—6.3
7-73
7.3-8.3
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dipole elements concentrates the radiated power into low vertical
angles. The horizontal- and vertical-radiation patterns of a simple half-
wavelength horizontal dipole are given in Fig. 10-12A. The vertical
radiation pattern looking into the end of a single dipole is circular.
However, by stacking dipoles in bays it can be elongated at low angles
(Fig. 10-12B).

The doughnut-shaped radiation pattern of a dipole is a figurc 8 in
the horizontal plane. This is not desirable for unig)(;m coverage at all

VERTICAL

END OF DIPOLE YL

HOR IZONTAL
/ PATTERN

DIPOLE
(A) Half-wave horizontal dipole.
. VERTICAL
PATTERN

ENDS OF DIPOLES
(B) Stacked dipoles.

o \/

(C) Dipole folded in circle. (D) V dipole.
Fig. 10-12, Basic fm (dipole) antenna types and modulation pattern.
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compass angles. Two steps can be taken to make the horizontal-radia-
tion pattern more circular. The dipole can be folded around in a circle,
as shown in Fig. 10-12C, to make its horizontal-radiation pattern more
omnidirectiona% In the arrangement of Fig. 10-12D, the dipole is cut
for several megahertz higher than its operating frequency. This tends
to broaden the lobes of a basic figure-8 pattern, making the antenna
more omnidirectional. Forming the dipole into a V-configuration per-
mits additional improvement of the omnidirectional characteristics.
The use of stacked dipoles of circular or V shape permits an fm an-
tenna system to have an essentially omnidirectional horizontal pattern
and a low-angle vertical pattern.

It is common practice in fm antenna systems to space the dipoles at
agproximately one wavelen%th along the vertical axis. They are fed in
phase by making certain the transmission-line section between each
dipole is exactly one electrical wavelength. Because of the velocity
factors of the cable, the dipoles are usually not spaced a full wave-
length physically.

The impedance of each dipole is made greater than the transmission-
line impedance by the number of bays. For example, if a 50-ohm trans-
mission-line system were being used to feed four bays, the radiation re-
sistance of each dipole would be approximately 200 ohms. Since the
four bays are connected in parallel, their total impedance is 50 ohms.

The high velocity factors of the most common forms of fm trans-
mission lines (air-dielectric, rigid, and semiflexible types) permit the
bays to be spaced by almost a full wavelength.

10-9. FM ANTENNA TYPES

Three popular fm broadcast antennas are the stacked ringed dipole,
curved dipole, and V dipole. Fundamentally, the Collins (Fig. 10-13A)

/ LOAEg[I)NG

(A) Collins circular dipole.

(C) A shunt-fed dipole. (B) RCA dipole rings.
Fig. 10-13. Shunt.fed dipcle and two popular antenna types.
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Courtesy Collins Radio Corp.
Fig. 10-14. Collins fm transmitting antenna.

Courtesy RCA Corp.
Fig. 10-15. An fm antenna with circular polarization.
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and RCA (Fig. 10-13B) antennas are shunt-fed dipoles as shown by
the basic dipole (Fig. 10-13C). The inner conductor of the coaxial
cable is attached to a point on one of the quarter-wave sides of the an-
tenna to provide the proper impedance match. Most fm broadcast an-
tennas are pretuned to a specific frequency. The necessary bandwidth
is obtained by lowering the Q of the dipole with either a large-diameter
circular element (Fig. 10-14) or a multiple-ring arrangement (Fig. 10-
13B). These types of construction permit the antenna elements to be

Courtesy Gates Radio Co.

Fig. 10-16. A 20-kilowatt fm transmitter.
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supported by the rigid coaxial transmission line that feeds the indi-
vidual dipoles.

To obtain the necessary omnidirectional pattern, the Collins dipole
is folded around and end-loaded. The capacitance across the ends pro-
vides a more uniform current along the antenna length, the physical
length of the antenna being shortened considerably with relation to a
free-space half-wavelength %)ecause of the presence of the end-loading.
Thus there is more uniform horizontal radiation. The capacitive plates
at the ends of the Collins circular dipole in Fig. 10-14 are adjustable
for critical resonance.

The circularly polarized antenna of Fig. 10-15 avoids the need for
separate vertically and horizontally polarized antennas. A simpler
transmission-line teeding system ancf' mounting arrangement are possi-
ble. Equal power is radiated in the horizontal and vertical polarization
planes. In effect, the transmitter power can be doubled without ex-
ceeding the licensed horizontal plane effective radiated power. The
power delivered by the transmitter and transmission-line system is in
effect split equally between the two planes of polarization.

Additional effective radiated power can be obtained by increasing
the number of bays. Each antenna is shunt-fed through an insulator
mounted on a short horizontal section of transmission line. The main
vertical transmission line then continues on up to the next bay where
there is a similar feed arrangement. The power gain of two bays in
both the horizontal and vertical planes is twice the power gain of a
single bay; a three bay antenna has approximately three times the
power of a single bay, etc.

10-10. A 20-KILOWATT FM TRANSMITTER

The transmitter of Fig. 10-16 is a three-tube affair capable of sup-
plying a 20-kilowatt power output. It can be driven directly by the

RF

ouTPUT
RF V2, V3, IPA RE V1, PA
FM EXCITER X208 ACXI5000A
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STEREO GENERATOR | 4125 T0 -850V
____________ LOPTIONALS 44 500
SCA GENERATOR 0 T0 e al 10
10,1 v 1500V 1 g sk
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Fig. 10-17. Block diagram of fm transmitter.
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10-watt amplifier of the fm exciter (Fig. 10-9). The fm exciter, stereo,
and SCA generators mount directly in the transmitter case, with the
fm exciter supplying fm modulated drive- signal to the first vacuun-
tube stage (Fig. 10-17).

The rF signal level is increased in magnitude by the two paralleled
tubes of the input stage which develops the input power required b
the final power amplifier. Three separate power supplies are included.
There are separate plate supplies for the intermediate power amplifier
and final power amplifier. These are three-phase supplies using silicon
rectifiers. A third silicon-rectifier supply develops the grid %)ias for
both stages.

Four meters at the top of the transmitter monitor filament voltage
(both PA and IPA), PA plate current, PA plate voltage and a combi-
nation VSWR (voltage standing-wave ratio) and power output. A
multimeter arrangement inside the doors permits monitoring of the
PA grid current and the IPA grid, cathode, and screen-grid currents.

A schematic diagram of the rf stages is given in Fig. 10-18. The two
stages are mounted within a shielded rf enclosure. The input stage
employs grid neutralization. There are a number of resistors shunted
across the input resonant coil which establish the proper bandwidth
for the input circuit. A pi-network links the plate signal to the grid of
the power amplifier.

The plate circuit of the power amplifier is a half-wave resonant line.
The length of the inner conductor is adjustable and is set for that in-
ductance which, along with the output capacitance of the tube, reso-
nates at the desired transmit frequency. TEere is both a coarse and a
fine frequency adjustment of the resonant line. A capacitive coaxial
coupler transfers signal from the resonant circuit to the transmission-
line system. Coupling is adjustable and acts as the power-amplifier
loading control.

Two filters are included in the output system. Filter FL1 is a coaxial
low-pass filter which reduces transmitter harmonic input. There is
also a more selective filter FL2 which provides additional attenuation
of the exact second harmonic of the transmitter output. It is referred
to as a second harmonic notch filter. These filters are useful in mini-
mizing interference to television and other radiocommunication
services.



CHAPTER 1 1

Stereophonic FM Broadcasting

Hundreds of fm broadcast stations are now equipped to broadcast
stereo programs. Such facilities are a part of a high percentage of the
small independent fm stations. Consequently the beginning broadcast
technician should know something about stereo broadcast principles
because it is quite likely that stereo broadcast gear will be in operation
at his first place of employment.

11-1. STEREO BASICS

Stereo broadcast stations use a form of subcarrier multiplex fre-
quency modulation. One audio signal frequency-modulates the fm
carrier; the second audio signal amplitude-modulates a subcarrier. The
subcarrier, in turn, frequency-modulates the fm carrier, as in the block
diagram of Fig. 11-1.

At the receiver, the regular fm detector demodulates one audio sig-
nal and the subcarrier fm signal. The subcarrier signal is supplied to
an a-m detector (called a subcarrier detector). The output of the sub-
carrier detector is the second audio signal.

A more detailed functional diagram is shown in Fig. 11-2. In a stereo
broadcast system, as in sterco systems in general, there are two funda-
mental audio signals which correspond to the audio variations picked
up from the le%t and right sides of the program source. These two
audio components are commonly referred to as the left-channel and
right-channel signals. In stereo reproduction the left and right signals
power the left-hand and right-hand speakers, respectively. Thus, the
directional sound output is comparable to that which is present at the
pickup location.

In a stereo broadcast system the left-channel and right-channel audio
signals, L and R, are applied to a transmit matrix circuit. Here the two
signals are united in a manner that will produce both sum (L + R) and
difference (L — R) components of the audio signals. In the transmitter
section of Fig. 11-2, three basic circuits comprise the matrix section.
These are called an adder No. 1 (L + R), a phase inverter, and an
adder No. 2 (L — R). In the No. 1 adder the L and R signals are com-
bined in phase. The output of this adder is L + R component, one of
the basic audio signals.

161
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In the phase inverter the polarity of the R signal is reversed. When
it is combined with the L signal a difference component will be present
at the output of the L — R adder. It is this L — R signal that forms the
second basic audio signal.

The L + R signal is used to frequency-modulate the fm transmitter
in a conventional manner. It should be understood that the L + R sig-
nal is comparable to the audio variations picked up by two micro-
phones, one on each side of the studio. It is basicaﬁ)y a monophonic
signal of the type formed in conventional broadcasting by using two
microphones and combining their outputs in phase in the mixer.

This L + R signal can be handled by a standard monaural fm re-
ceiver. It will reproduce as a good monaural program, comparable to
that transmitted by any monaural fm broadcast station. This is the
important compatibility feature of the FCC-approved method of stereo-
phonic broadcasting. Inasmuch as the L + R signal frequency mod-
ulates the fm carrier directly, a standard monaural fm receiver, as
shown in Fig. 11-2, demoduf;tes this signal in conventional manner.
The monaural L + R signal drives its speaker. The L + R signal is
handled in exactly the same manner by a sterco fm receiver, except
that the L + R signal at the output of the fm detector is applied to a
receive matrix section.

T

1

AUDIO M FM TUNER AUDIO
CHANNEL ) EMIBXCIER TRANSMITTER AND 1-F Amp [*] FM DETECTOR CHANNEL 1
T T

AUDIO SUBCARRIER 1
CHANNEL 2 MODULATOR SUBCARRIER AUDIO
¥ DETECTOR CHANNEL 2
1
SUBCARRIER
0SC ILLATOR

Fig. 11-1. The basic sterec system.

Just how is the L — R signal conveyed from the fm station to the
stereo broadcast receiver? The L. — R signal at the output of the trans-
mitter matrix is applied to a subcarrier a-m modulator. In fact, it is
applied to a so-called “balanced modulator.” The function of the bal-
anced modulator is to cancel out the carrier. The subcarrier is initiated
by an accurate 19-kHz oscillator. A follow-up doubler forms the 38-kHz
subcarrier si%nal. The 19-kHz oscillator is not only the source of the
carrier but also forms a so-called “pilot frequency” which will be dis-
cussed later.

In the balanced modulator, the L — R component and the 38-kHz
component produce a-m side frequencies on each side of 38-kHz. Since
the 38-kHz carrier is cancelled out only the a-m sidebands are con-
veyed between the output of the balanced modulator and the f-m
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transmitter. Therefore, the L — R information is in the form of a dou-
ble-sideband signal (DSB) which, in turn, frequency-modulates the
fm transmitter. Its sideband components span outward from the 38-
kHz frequency but do not extend into the sideband spectrum of the
L + R signal. The spectrum distribution is given in Fig. 11-3.

Why is the subcarrier frequency removed? All of the information
conveyed by an a-m system is contained in the sidebands. Hence the
carrier is not needed and the carrier removal means that the substantial
amount of power usually contained in the carrier is not required.
Furthermore, when there are two carriers present in a common circuit
there is a definite trend to heterodyning and the formation of undesired
signal components. Since more power can be concentrated in the side-
bands by the removal of the subcarrier, there is an overall improve-
ment in the signal-to-noise ratio.

What receiving problem arises with the removal of the subcarrier?
To properly demodulate the subcarrier sidebands of their L — R in-
formation at the receiver, it is necessary to reinsert a carrier. The sta-
bility of the inserted carrier must be high for true demodulation. This
imposes a receiver problem. However, the problem is greatly reduced
with the transmission of the 19-kHz pilot carrier.

The 19-kHz pilot carrier is generated at the transmitter and is trans-
mitted at low amplitude between the transmitter and each receiver. At
the fm stereo receiver, the 19-kHz pilot signal is used to synchronize a

(15kHz)

100%

90%-- -

0% --

45%---

10%---
5 2 5% £ ]
®r a e & R

SUBCARRIER

Fig. 11-3. The modulating frequencies and maximum deviations for fm stereo broadcasting.
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19-kHz oscillator. The output of this oscillator in turn drives a fre-
quency doubler which generates the 38-kHz component used for car-
rier reinsertion. This component is thus controlled in both frequency
and phase by the transmitted pilot signal. Therefore, it forms a stable
carrier for the balanced demodulator of the recciver. In the balanced
demodulator there is mixing of the L — R subcarrier sidebands and
the locally generated 38-kHz carrier; the original audio No. 2 (L — R)
is extracted at its output.

11-2. RECEIVER ACTIVITY

Three types of information (Fig. 11-3) are conveyed between the
stereo broadcast station and each stereo receiver. These are the L + R
signal, the pilot frequency, and the L — R subcarrier sidebands. How
are these three components deployed at the receiver? All three com-
ponents, as shown in Fig. 11-2 appear at the output of the fm detector
of the receiver. The L + R signal can be applied directly to the receiver
matrix. However, it is first passed through a low-pass filter. The re-
sponsibility of this filter is to block the 19-kHz pilot frequency and the
L — R subcarrier sideband from the L + R channel matrix. The L + R
channel also includes a delay circuit that holds up the L + R signal an
amount that matches the delay encountered by tﬁe I. — R information
in its more elaborate demodulation process. Thus, the L + R and
L — R signals arrive in the same time relationship at the input of the
receive matrix as they did at the input of the transmit matrix.

The 19-kHz pilot frequency is applied through a very narrow band-
pass filter to a 19-kHz amplifier. As mentioned previously, the 19-kHz
output of this amplifier is used to lock in the frequency and phase of
the 19-kHz oscillator. The L — R information is applied through a
bandpass filter that passes the subcarrier sideband spectrum, but re-
jects frequency components above and below its range. Hence, only
the subcarrier sidebands reach the balanced demodulator.

In the receiver matrix there are two adders and a phase inverter.
When the L + R and L — R signals are combined in phase (adder No.
1), the resultant output is the original L signal, since (L + R) +
(L —R) =2L. When the L + R and L — R signals are combined out
of phase in the second adder, the resultant output signal is the original
R signal, since (L + R) — (L — R) =2R.

The individual L and R signals are now amplified in the L and R
channels of a sterec audio amplifier as per conventional stereo high-
fidelity practice. The two signals drive the separate left- and right-
channel reproducers.

11-3. SIGNAL ACTIVITIES

The operation of the sterco broadcast system can be understood in
greater depth by considering some typical input and output signals
that might be preser.t at the transmit and receive matrices. Let us first
assume that a signal is present at the left channel, but none is present
at the right.
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Assume that a unit of L audio signal is being applied to the input
of the transmit matrix as in Fig. 11-4A. Under these conditions, what
is the output of the transmit matrix? Without an R signal present there
will be half-unit L signals at the L + R and L — R outputs of the trans-
mit matrix. These two half-units of L signal will be transmitted be-
tween the transmitter and the receiver. Half-unit L signals will appear
at the input of the receiver matrix. Since the output o% the left channel
of the receive matrix has a value of 2L, its signal level will be unit L
(2 x 1/2L). Since the output of the right channel of the receive matrix
is 2R, there will be zero R signal output (2 X 0) because zero R signal
has been transmitted.

Let us consider what happens when there is a unit of R signal, with-
out an L signal, at the input of the transmit matrix, as in Fig. 11-4B.
Under this condition the outputs of the transmit matrix will be half-
units of R with opposite polarity. This will also be their relationship as
they are applied to the input of the receive matrix. In the adder (L +
R) of the receive matrix the two components will be of equal amplitude
and opposite polarity; L output will be zero. In the adder (L —R),
however, the R signal will have been shifted in polarity. Therefore, it
will add in phase to produce a unit R output (2 x 1/2R).

TRANSMIT MATRIX RECEIVE MATRIX
‘DU_—L rFDg— DR L
—r RFO— —Og—{ur R

(A) A unit of L.

L wRE-Og—=  —Og—={ur t
R R—PA— —A—{ir R

(B) A unit of R.

g
—D—L L+R-DU - ‘%*HL*R L
——%——-—
—A—
Rt

R AT

R (RF——+  ——R R

(C) A unit of L and a unit of R in phase.

L O L+R (Ag—

R L-R ~BU—> —BU——-L-R R—VC\-——

(D) A unit of L and a unit of R out of phase.

Fig. 11-4. The audio signal possibilities at the receiver-matrix input and their
transmitter-matrix outputs.
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Let us next consider two input signal possibilities that may occur on
occasion. In Fig. 11-4C, the left- and right-input signals arce of equal
half-unit amplitude. When combined in-phase assume they produce an
L + R output of unit amplitude. When combined out-of-phase (in the
L — R adder), they will cancel and there will be no L — R output. The
input to the receiver matrix will be a unit-level L + R signal; there
will be no L — R signal. The output of the receive matrix, therefore,
will be two signal components of half-unit amplitude for both the right
and left channels. The relationships are as follows:

(L+R)=(L—R)=(L+R)+0
L AND R DIVIDE EQUALLY IN-PHASE
OUTPUT IS 1/2 ON L SIDE AND 1/2 ON R SIDE

Hence, the reconstructed voltages at the inputs of the left and right
channels correspond to the original signals at the transmit matrix.

The other extreme would be to transmit signals of opposite polarity
as in Fig. 11-4D. In this case, there would be no output from the L + R
side and a unit output from the L — R side. A t the receive matrix only
an L — R signal is being applied to the input. As a result, there will be
signals of opposite polarity developed at the L and R outputs of the
receive matrix. Relations are as follows:

(L+R)=(L-R)=0= (L-R)
L AND R DIVIDE EQUALLY OUT-OF-PHASE
OUTPUT IS 1/2 L AND —1/2 R

Again the left and right audio channels are driven by reconstructed
signals of opposite polarity comparable to those at the input of the
transmit matrix.

Of course, actual program material will vary continuously and will
seldom match the extremes demonstrated in Fig. 11-4. In actual stereo-
phonic broadcasting it is improbable that one channel will be alive
and the other completely dead. Nor is it likely that each channel will
carry identical information, either in phase or out of phase. Neverthe-
less, the consideration of these signal extremes gives you an under-
standing of the activities for the more practica% intermediate-signal
conditions.

11-4. SCA BROADCASTING

Many fm stations also transmit SCA (Subsidiary Communications
Authorizations) broadcasts in‘the form of storecast (store background
music) or other special music services. These are also transmitted on a
subcarrier. In fact, it is possible to combine the SCA service with stereo-
phonic broadcasting, as shown in Fig. 11-5. The SCA assignment is
made in a frequency spectrum higher than the L — R sideband fre-
quencies. The SCA channel uses frequency modulation with a total
permissible deviation of +7.5 kHz about the subcarrier frequency of
67 kHz. The highest audio frequency for frequency modulation of a
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67-kHz subcarrier is 8 kHz. Since the modulation index is so low at
these limits (7.5 kHz + 8 kHz) the resultant sidebands are confined
between 59.5 and 74.5 kHz. Consequently there is no overlap into the
sideband spectrum of the L — R (double-sideband) signal. Likewise,
sideband components will not exist outside of the 200-kHz bandwidth
limitation required by the FCC for an fm broadcast channel.

L+R M M
o I
l’ ™| CHANNEL LR EXC ITER TRANSMITTER
30- 15,000
| HERTZ } ¥
L — e [sca
MATRIX > SUBCARRIER |— |67kHz £7.5 kiz
R GENERATOR | L-R SSB 23-53 kHz
SCA AUDIO SCA
— — » > SUBCARRIER
GENERATOR

Fig. 11-5. Block diagram of an fm stereo SCA transmitter.

11-5. DEVIATION CONSIDERATIONS

In an fm system the total deviation of the carrier is considered as
the arithmetic sum of the deviations caused by the individual signals
and subcarriers that comprise the transmitted information. The maxi-
mum permissible deviation of a stereophonic and combined stereo-
SCA broadcast carrier is =75 kHz. The modulation-frequency spec-
trum chart (Fig. 11-3) shows the frequency distribution of the signals
that make up the transmitted data and the maximum deviation values
as well, without SCA. The modulating-frequency distribution is shown
on the horizontal axis; the maximum permissible deviation as a per-
centage is shown on the vertical axis. In the main channel (direct
modulation by the L + R signal) the maximum deviation may not
exceed 45 percent of the total permissible deviation for a stercophonic
broadcast station, assuming that only an L signal (or R signal) is
present. Likewise, the modulation of the L — R double sideband chan-
nel may not exceed 45%, assuming that only an L signal (or R signal)
is present. The L + R or L — R channels have a capability of 90-percent
modulation when both R and L signals are present. The pilot subcarrier
at 19 kHz (=2 Hz) deviates the main carrier to the limit of 8 to 10
percent. The arithmetic sum (10 percent + 45 percent + 45 percent)
of the three deviations approaches 100 percent or full 75-kHz devia-
tion.

In the case of combined stereo and SCA transmission (Fig. 11-6) it
is necessary to reduce the L + R or the L — R subcarrier deviations to
a maximum of 18 percent, while the pilot carrier is assigned a 9-percent
deviation. SCA subcarrier and sidebands are assigned a maximum 10
percent deviation so as not to cause a maximum deviation greater than
100 percent (10 percent + 9 percent +40.5 percent + 40.5 percent).
10 percent of 75 kHz is 7.5 kHz, the maximum permissible deviation
of the SCA 67-kHz subcarrier.



STEREOPHONIC FM BROADCASTING 169

In the transmission process, the standard 75-microsecond pre-em-
phasis and de-emphasis circuits are used. The compensation and cor-
rection must be made in both channels. In fact, to minimize cross mod-
ulation between channels the frequency response must be held within
3.5% of unity at all levels of signal and frequency between 50 and
15,000 hertz.” Furthermore, the phase difference between the main
channel signal and the stereophonic subcarrier sideband envelope shall

not exceed =3% for audio modulating frequencies hetween 50 and
15,000 hertz.

1o

81.0%

40.5%

DEVIATION

pnoT VI -

19KHZ

A
=
=
°

15kHz }=

23kHz
38kHz
53kHz

2
K

74, 5kHz B

Fig. 11-6. The modulating frequency spectrum of the combined stereo and SCA fm signals.

11-6. STEREO BROADCAST EQUIPMENT

The cost of new broadcast stereo equipment is not prohibitive. Fur-
thermore, an important advantage of the FCC stereo standards is that
existing fm stations can be converted readily to stereo operation. Many
of the fm exciters that are a part of fm transmitters have been planned
for SCA or fm multiplex operation. These transmitters may require
only the addition of a stereo gencrator. Often space is set aside for the
installation of such a generator.

The studio requires a number of stereo signal sources, such as a
stereo phono player and/or stereo tape player. A combined stereo re-
corder and player is shown in Fig. 11-7. Such a stereo tapc recorder
and associated stereo micropliones can be used to prerecord live stereo-
program material for later transmission by the station.

A very basic and compact solid-state stereo console is shown in Fig.
11-8A. The unit can be used for either monaural or stereo fm broag-
casting and includes individual left and right channel inputs, controls,
and VU meters as shown in Fig. 11-8B. In the functional block diagram
(Fig. 11-8B) there are dual inputs for stereo microphones, two stereo
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phono players, and an auxiliary dual input with multiple contacts for
a stereo tape player, remote lines, etc. Cuing switches “TT-1" and
“TT-2” permit cuing of the phono channel not in use. The two solid-
state amplifiers have individual program gain controls for setting of
proper relative levels of the left-channel and right-channel micro-
phones. Program monitoring and cue output terminals and separate
audio ampligers are included. Monitoring can be done in program line,
audition line, or off the air.

A dual-channel console of the master control type is shown in Fig,
11-9A. This Gates unit can handle almost any monaural or stereo pro-
gram situation with regard to program control and switching, as well
as versatile use of a number of stereo signal sources. Eight mixing
channels are provided for 22 audio inputs consisting of 13 monaural
sources, 6 stereo sources, plus inputs for automatic programming equip-
ment, and an SCA audio source. Included, and as shown in Fig. 11-9B,
there is a master-control switcher that can be used to channel program
information to a-m, fm and stereo-fm transmitters. The arrangement is
ideal when it is advantageous to control a-m, fm, stereo-fm and SCA
from one control point during part or all of the broadcast day. There
is separate metering for a-m and both fm channels.

Courtesy Midwestern Instruments, inc.
Fig. 11-7. A stereo tape recorder/player.
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Fm transmitters like a-m types employ modulation limiters. They
function as amplitude compressors and peak limiters. In the case of
fm broadcasting, only a limited amount or no compression is advisable
for high quality music reproduction. However, for speech and less
exacting musical programs for which full dynamic range is unimpor-
tant or not advisable, the fm modulation limiter can introduce a con-
trolled amount of compression so as to increase the average modulation
of the fm transmitter. Another function of the limiter in either a-m or
fm service is to limit voice and music peaks so as not to cause over-
modulation of the transmitter. This limiting of peaks in fm practice
prevents fm deviation in excess of =75 kHz.

An example of an fm limiter is the Gates model shown in Fig. 11-10.
Two such limiters are employed for stereo-FM broadcasting. In this
case, they can be synchronized together in their operation. Of course,
in stereo broadcasting there should be identical limiting of the left
and right program information.

The fm Emiter is a bit more complex than the a-m limiter because of
the use of pre-emphasis. Therefore, there must be suitable circuits in
the fm limiter that compensate for this manner of operation when the
program material is compressed and especially in setting the limit for
maximum deviation regardless of the audio f};equency.

Courtesy Sparta Electronics Corp.

Fig. 11-8A. A solid-state stereo console.
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(A) Console.

PROGRAM

r—_ OUTPUT SELECTOR ﬁ
' ,_ l‘lNl —l I LINE l ‘

STEREOQ R SCA
GEN ON ON
AM FM AUTO FM AM AUTO STER SCA

PGMS PGMS
l INPUTS l

(B) Program selector.
Courtesy Gates Radio Co.

Fig. 11-9. A master-control type duval-channe! console.

Courtesy Gates Radio Co.

Fig. 11-10. An fm limiter.
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11-8. FM STEREO GENERATOR

The Gates sterco generator (Fig. 11-11) is a solid-state model. Its
functional block diagram is shown at the lower left of Fig. 10-7. At
the center of the block diagram is the audio module and the separate
left and right channel inputs. The left and right program signal is ap-
plied to a 19-kHz notch filter and on to the 75 microsecond pre-em-
phasis network. The notch filter clears the 19-kHz spectrum because
the pilot frequency will eventually be inserted in this region.

Finally, the left and right program signals are applied to the matrix
network. Here the signal components are added and subtracted to
form the L + R and L — R modulating waves needed for the com-
patible multiplex system of transmission. Recall that the L + R signal
is really a two-channel monaural signal that can be demodulated by a
nonstereo fm receiver.

The L + R and L — R signals are applied to the stereo generator
through the isolation input stages of tﬁe stereo generator, transistors
Q15 and Q16 at the leg centers of Fig. 11-11. The L + R signal is
passed through a time-delay network. Intentional delay is necessary to
match the delay encountered by the L — R component in the subcar-
rier process. Individual gain-control facilities are included in the
emitter-follower output circuits of the isolation transistors.

The L + R signal is applied to the output level control, potentiom-
eter R53. A three-stage amplifier follows including an emitter-follower
isolation sta§e, transistor Q12; a voltage amplifier, transistor Q13; and
the emitter-follower output stage, transistor Q14.

The L — R signal from transistor Q16 is applied to a four-diode
ring-balanced modulator. The 38-kHz subcarrier frequency is applied
to the same diode modulator arriving at the network of resistors R46
and R47 plus potentiometer R48.

The 38-kHz subcarrier is applied in phase to the ring modulator
while audio components are 180° related. In operation the 38 kHz sub-
carrier will cancel out and be suppressed. This removal is accom-
plished efficiently when the ring modulator is balanced precisely.
Balance potentiometer R48 permits the minimization of the level of
the 38-kHz subcarrier in the output.

The operation of the ring modulator is unbalanced relative to the
changes in the L — R audio signal. Therefore sideband frequencies are
generated and do develop in the output. In effect the L — R signal has
amplitude-modulated the subcarrier frequency. However, the subcar-
carier signal itself has been removed. A double-sideband and sup-
pressed-carrier signal is developed.

Through the isolation transistor Q11 this double-sideband signal is
also applied to the output level control, R53. Here it combines with
the L + R signal.

Let us consider, next, the formation of the subcarrier signal and the
pilot frequency signal. The Geld-effect transistor Q1 at the top left of
Fig. 11-11 is connected in a crystal oscillator circuit. The frequency of
operation is 19 kHz. This component is applied to a buffer stage which
includes a pilot gain control in its emitter circuit. The output is ampli-
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fied by transistor Q3 and a 19-kHz sine wave is developed across the
primary of transformer T1. Transistors Q4 and Q5 are connected in a
push-push doubler circuit. Note that the 19-kHz sine wave is applied
in push-pull to the bases. However, the collectors are connected in
parallel, a favorable manner of connection for developing a strong
even harmonic of the 19-kHz signal—this, of course, is 38 kHz. A 38-
kHz sine wave develops across the primary of transformer T2. The
secondary winding supplies the 38-kHz subcarrier component to the
balanced ring modulator.

A 19-kHz sine-wave component is taken off the primary circuit of
transformer T1 and applied through capacitor C8 to the isolation tran-
sistor Q6. In the coupling system between transistors Q6 and Q7 the
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Fig. 11:11. Schematic of Gates
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phase of the pilot frequency can be adjusted. This is important because
there must be the proper phase relationship between pilot and sub-
carrier components at the receiver demodulator. The positive rise of
the pilot frequency away from the zero axis must match in time the
positive rise of the subcarrier component away from the zero axis for
alternate subcarrier cycles. This is important to the synchronization
of the demodulation process.

The pilot frequency component through the pilot gain control R27
is appliced to the emitter of the composite output transistor Q14 (lower
right of Fig. 11-11). Thus, at the output of transistor Q14 the com-
posite stereo-fm signal is present consisting of the L + R component,
L — R dsb component and the pilot frequency.
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Courtesy Gates Radio Co.
solid-state stereo generator.
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A special circuit is included to remove any 76-kHz second harmonic
of the 38-kHz subcarrier frequency. Note that a portion of the signal
present in the input of transistor Q12 is applied through capacitor C11
to transistor Q8. An out-of-phase component is present across the cross-
talk-null potentiometer R33 in the collector circuit of transistor Q9.
This out-of-phase component is applied to the junction of resistors
R57 and R58 in the base circuit OF transistor Q13 through emitter-
follower transistor Q10. The function here is to cancel out undesired
harmonics including the 76-kHz component. The removal of the second
harmonic is particularly important because it falls in the bandpass of
the 67-kHz SCA signal. This would cause crosstalk between the stereo
and SCA modulating information.



CHAPTER 1 2

Transmitter Monitor and
Test Equipment

A-m and fm broadcast stations are required by the FCC to monitor
their frequency and modulation continuously. Moreover, they must
stay within a specified number of hertz of their assigned frequency
(20 hertz for a-m, and 2000 for fm stations). The frequency monitors
must be indcpendent of the transmitter frequency control, and have a
high accuracy to measure well within the tolerance limits. Conse-
quently, the monitoring equipment used by broadcast stations must be
FCC-approved.

In a-m broadcasting, the modulation percentage must be maintained
as high as possible, consistent with good quality of transmission. It
should not be less than 85 percent on peaks nor more than 100 percent
on negative peaks of frequency recurrence during any selection which
is transmitted at the highest level of the program. It is the responsi-
bility of the a-m monitor to continuously indicate the modulation per-
centage and warn the operator of any sustained negative modulation
peaks over 100 percent.

The modulation percentage of fm broadcast stations must be main-
tained as high as possible, consistent with good quality of transmission
and good broadcast practice. It should not be less than 85 percent nor
more than 100 percent on peaks of frequent recurrence during any
selection which is normally transmitted at the highest level of the
program. An fm monitor must be provided to measure the frequency
deviation continuously. It must give the operator a suitable indication
so he will know if the deviation is in excess of the maximum =75 kHz.

12-1. A-M FREQUENCY MONITOR

An a-m frequency (deviation) monitor is shown in Figs. 12-1 and
12-2. The monitor can be located at the transmitter, or as far as several
miles away for remote control operation. When operated at the trans-
mitter it is supplied with signal from the frequency monitor output of
the transmitter. An infut signal range between 5 millivolts and 5 volts
is acceptable; with appropriate attenuator pads, even higher input
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Courtesy Gates Radio Co.
Fifg. 12-1. An a-m frequency monitor.

voltages can be handled. The carrier signal is amplified by an rf ampli-
fier and then fed to a mixer. The local injection signal for the mixer
is generated by a highly stable crystal oscillator, and a succeeding

amplifier. The

crystal oscillator is set on a precise frequency 990 Hz

below the transmitter frequency. The crystal and the plate tank circuit
are mounted in a temperature-controlled space.
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Fig. 12-3. Carrier frequency discriminator.

If the transmitter carrier is on frequency, a 990-Hz difference com-
ponent is developed at the mixer output. When the transmitter carrier
frequency drifts, the mixer output will be either more or less than 990
Hz, depending on the direction of frequency drift. The mixer signal
is supp}ied to an audio amplifier and limiter circuit. The function of the
limiter is to form the mixer signal into a square wave before it is ap-
plicd, via a cathode follower, to a discriminator and a succeeding cali-
brated metering circuit. The same meter in association with a vtvm
tube and sclector switch can be used to check key monitor circuits.

The discriminator (Fig. 12-3) contains two fixed-tuned circuits. One
circuit is tuned slightly above 990 Hz and the other slightly below.
At 990 Hz, the rectified outputs of the discriminator are equal and
opposite; the net output is zero, and the deviation meter reads zero.
When off frequency, the output across one tuned circuit increases while
that across the other decrcases; diode operation then develops a net
voltage other than zero across the output. The polarity of the voltage
is a function of the direction of frequency drift while the magnitude

Lese

Courtesy Gates Radio Co.

Fig. 12-4. An a-m modulation monitor.
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of the dc voltage is a function of the cxtent of the frequency drift. An
associated metering scale is calibrated in hertz deviation from the
assigned transmit frequency.

12-2. A-M MODULATION MONITOR

A solid-state a-m modulation monitor is shown in Fig. 12-4; the
schematic diagram is given in Fig. 12-5. The modulation monitor pro-
vides a continuous metering indication of positive or negative modu-
lation peaks which can be selected by a front panel switch. A visual
flasher indicates when negative peaks are in excess of a predetermined
level (as set by the percentage negative peaks control ).

A carrier-level meter indicates that the proper signal is being applied
to the monitor. Incoming signal level is aé)justed until the carrier meter
reads on the red line (100). This meter also indicates the average
carrier level and shows any change in the carrier level with modula-
tion. Hence it provides a relative reading of carrier strength, and will
indicate modulation defects that may cause a positive or negative
carrier shift.

Signal from the monitor-out terminal of the transmitter is connected
to the rf input of the a-m modulation monitor, top left of Fig. 12-5.
Potentiometer R2 is used to set the carrier level to the red line. Two
separate diode detectors, connccted with opposite polarity, are used
to evaluate the positive and negative modulation peaks. The diode at
the top responds to the positive audio variations on the upper half of
the modulation envelope. These variations correspond to positive mod-
ulation peaks.

Diode CR2 is so polarized that it responds to the positive variations
of the lower half of the modulation envelope. Since these variations
occur immediately below the zero axis of the modulation envelope
they correspond to the negative modulation peaks. Either the negative
or positive modulation peaks can be selected for evaluation with the
proper setting of the peak switch S2A at the output of the demodulator.
M1 is the carrier level meter.

It should be stressed that whether the negative or positive modula-
tion peaks are being observed, the peak information desired is to be
foung in the positive level of the audio signal that is transferred
through capacitor C5 to the two direct-coupled emitter-follower stages,
transistors Q1 and Q2. The output of transistor Q2 is a low impedancc
one and supplies the audio variations to peak rectifier diode CR6.

The charge placed on capacitor C10 is a measure of the peak ampli-
tude of the demodulated audio. Therefore, it corresponds to either the
positive or negative modulation peaks as determined by S2A position.
This reading is shown on meter M2 located in the emitter circuit of
transistor Q4. Peaks information is also supplied to the base of tran-
sistor Q5. Its emitter circuit can be connected to a remote modulation
meter.

Positive variations corresponding to the negative modulation peaks
are transferred through capacitor C6 to the direct-coupled emitter-
follower stages, transistors Q6 and Q7. These peaks are supplied to a
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peak-rectifier diode CR8 which is in the gate circuit of the modulation
flasher. When the modulation is high enough to overcome the diode
bias set by the negative peaks control, the bias developed across the
resistor-capacitor combination (R45 and C14) fires the silicon con-
trolled rectifier CR7. As a result current turns on flasher bulb Al
Facilities are included for attaching a remote flasher as well.

The audio variation developed across emitter-resistor R36 of tran-
sistor Q6 is applied to a second emitter-follower stage, transistor Q8.
This stage provides two outputs for monitoring and measurement.

12-3. FM DEVIATION AND MODULATION MONITORS

Frequency of operation and modulation level must also be moni-
tored continuously when operating an fm broadcast transmitter. The
modulation monitor { Fig. 12-6A ), like an a-m type, provides continuous
monitoring of modulation peaks. However, instead of amplitude peaks
these are frequency-deviation: peaks in excess of a modulation per-
centage set by the modulation peaks control. Recall that for the fm
broadcast service 100-percent modulation corresponds to a peak devia-
tion =75 kilocycles away from the assigned center frequency. A polar-
ity switch permits the evaluation of positive or negative deviation
peaks. A flasher indicates when the deviation in either direction ex-
ceeds the value that was preset with the modulation percentage control.

An fm frequency monitor is shown in Fig. 12-6B. In the fm service,
this type of meter is often referred to as a deviation meter rather than
a frequency monitor. Its function is to provide an indication of any
deviation of the center frequency of the fm signal away from the FCC
assigned carrier frequency. In the fm broadcast service this may not
be in excess of 2000 hertz. Note that the deviation or frequency meter
is calibrated in kilohertz (= kHz on each side of 0). If the reading is
—1 it indicates that the transmitted center or carrier frequency is 1000
Hz below the FCC-assigned value.

The functional plan of the fm modulation monitor is shown in Fig.
12-7. Basically an fm modulation monitor is a fixed-frequency, high-
quality recciver. A sample of the fm signal is applied through a vari-
able attenuator to a mixer. A crystal oscillator and multiplier develop
a local oscillator injection signal which is on a frequency 500 kHz
higher than the assigned frequency. A portion of the incoming signal
is also applied to a noisc detector and to an output which permits a
measurement of the a-m noise content of the fm signal.

The output of the i-f amplifier is applied to a wideband demodula-
tor mounted on a so-called puise-counting demodulator card. The vari-
ous functional systems of the fm modulation meter consist of solid-state
devices and integrated circuits mounted on individual printed circuit
boards, referred to as cards (Fig. 12-8). These cards are readily re-
placeable when faults develop.

The output of the pulse-counting demodulator is applied to a phase
splitter through a 25-51112 filter which removes any spurious harmonics
that are generated during the demodulation process. The phase-splitter
makes available positive or negative peaks to the metering circuit. It
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also sulg)]ies signal to the peak flasher. This flasher operates whenever
the modulation is greater than the value set by the modulation per-
centage switch.

(A) Fm modulation monitor,

(B) Fm frequency-deviation monitor.

Courtesy Gates Radio Co.
Fig. 12-6. Modulation monitor and frequency-deviation monitor.

Signal from the phase splitter is supplied to a preamplifier stage
through a 15-kHz low-pass filter which removes frequency components
above the desired audio bandpass. The output of the preamplifier is
increased by a succeeding audio amplifier, which includes a de-empha-
sis network that can be switched in and out of the circuit. Measurement
and monitoring outputs can be removed from this assembly.

Output of the preamplifier is also passed through a filter and a sensi-
tivity switching arrangement to a metering circuit amplifier. From here



187

TRANSMITTER MONITOR AND TEST EQUIPMENT

A-M
NOISE A-MTEST
DETECTOR our
PULSE-
RE_p | MIXER AND e 75-KHz PHASE
N i I-F AMP e e FILTER SPLITTER
0SC (LLATOR r_‘_’ 15-kHz
MULT IPLIER o LOW-PASS
FLASHER
L
0%
PREAMP
AMPLIFIER ;Mﬁg,ﬁ:g L~
AUDIO
DE-EMPHAS IS |  OUTPUT
AND
METER -
HELEE AUD 10 AMP

Fig. 12-7. Functional plan of an fm modulation monitor.

it goes to the meter driver which incorporates peak reading and aver-
age voltmeter circuits. A dc component that corresponds to the modu-

lation peaks is supplied to the modulation meter.
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Courtesy Gates Radio Co.

Fig. 12-8. Typical transistor and IC card.
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12-4. FM-MULTIPLEX MONITORING

Additional monitoring facilities are needed if the fm station transmits
SCA and/or stereo signals. Several typical instruments for multiuse
application are shown in Fig. 12-9. The monitor of Fig. 12-9A is a com-
bination frequency and mogulntion monitor. The meter at the left reg-
isters the center-frequency deviation away from the FCC-assigned car-
rier frequency. The second meter indicates the percentage of fm
modulation. To its right is the peak-flasher and the associated switch
that determines the percentage at which the flasher will operate.

In multiplex fm transmission recall that the total deviation caused by
the modulating signal may not excced =75 kHz. It is this combined
modulation that is indicated by this meter.

An SCA monitor is shown in Fig. 12-9B. This monitor is used in
addition to that in Fig. 12-9A. Its frequency meter records the devia-
tion of the SCA subcarrier frequency from the assigned value. A set of
push buttons located beneath the small panel at the bottom permits a
selection of four subcarrier channels that can be monitored. The second
meter records the extent of the modulation of the subcarrier in accord-
ance with the setting of the modulation switch on the far right. This
switch is used to establish 100-percent modulation in accordance with
the required maximum deviation of the subcarrier. A percent-modula-
tion switch and a modulation flasher are incorporateg.

The stereo fm broadcast monitor is shown in Fig. 12-9C. It also in-
cludes a frequency meter that monitors the 38-kHz subcarrier fre-
quency. This instrument includes versatile stereo monitoring and test
functions. Note from the function switch that it is possible to monitor
the subcarrier and pilot-frequency fm modulation, the individual left
and right channels, as well as L — R and L + R components. Various
a-m and fm noise measurements can also be made. This instrument also
operates in conjunction with the basic monitor shown in Fig. 12-9A.

12-5. AUDIO OSCILLATOR

The audio oscillator, an essential piece of test equipment for the
broadcast station, can be used as a signal source when measuring gain
or frequency response and when localizing audio or modulation de-
fects. If the audio oscillator meets FCC specifications for high stability
and is free from harmonics, noise, and hum, it can also be used in mak-
ing proof-of-performance checks.

A typical broadcast-quality audio oscillator is the Barker and Wil-
liamson -unit shown in Fig. 12-10. Its specifications are as follows:

Frequency Range: 10-100,000 Hz in three ranges.

Output: 10 volts into 600-ohm load.

Waveform: At full output, the harmonic distortion is less than 0.3
percent from 50 to 20,000 Hz. A reduction of the output voltage to
5 volts decreases the distortion to less than 0.2 percent from 50 to
20,000 Hz.

Noise Level: At a 5-volt output, the noise level is better than —70 dB.
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{A) Fm monitor.

(B) SCA monitor,

(C) Fm multiplex monitor, Courtesy RCA Corp.

Fig. 12-9. Several typical monitors.
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Output Impedance: 600 ohms balanced.

Calibration: *1 percent over entire range.

Frequency Characteristics: The output level is flat within *1 per-
cent over entire range when working into rated load.

FEEDBACK
TUBE

@ T ouTPUT

Fig. 12-11. Simplified schematic of a Wien-bridge oscillator.

The audio oscillator consists of a Wien-bridge feedback oscillator,
audio amplifier, and cathode-follower output stage. The Wien-bridge
network and tubes are capable of generating an essentially pure sine
wave of high stability. The bridge network, as shown in :he simplified
schematic of Fig. 12-11 consists of balanced series and shunt RC com-
binations. At one particular frequency, this series network presents a
minimum impedance to the feedback sifnal from the plate of the
phase-reversing triode to the oscillator grid. At this same frequency the
parallel network presents a high impedance from the grid of the oscil-
lator tube to ground. The feedback factor is highest for this single fre-
quency, establishing the exact oscillating frequency. Off the operating
frequency the series network presents a rising impedance, and the
shunt network a falling impedance. Oscillations can not be established
because of less favorable feedback.

The oscillator resonant frequency can be changed by switching the
value of the fixed resistor (for coarse frequency adjustment) and tun-
ing a variable ganged capacitor C4 (for fine-frequency adjustment).
To stabilize the oscillator insofar as operating constants and output
level are concerned, some negative feedback is used between the plate
of the triode and the cathode of the pentode section of :he oscillator.
Such feedback is also of considerable importance in generating a pure
sine wave with a very minimum of harmonic content. The small lamp
in the cathode circuit also helps to stabilize the output. Its resistance
varies with the current flow, exerting a self-regulating action in the
cathode-bias circuit.

A triode voltage amplifier builds up the signal amplitude to the level
needed to drive the pentode output stage. An output level control is
located in its grid circuit. The output is coupled through a capacitor
to the output transformer to remove any dc component from the trans-
former primary. In fact, two output transformers, designed for opti-
mum low- and high-frequency operation, are used. These are selected
by the range switch. Transformer T3 covers the frequency range be-



192 FIRST-CLASS RADIOTELEPHONE LICENSE HANDBOOK

tween 10 Hz and 10 kHz; transformer T2, between 10 kHz and
100 kHz.

Again, distortion is held to a minimum level with the use of some
negative feedback via capacitor C11 from the output circuit to the
cathode of the audio amplifier driver. Also, the cathode-bias circuits
are unbypassed to provide additional negative feedback. The audio
transformer provides a 600-ohm balanced output, center-tapped. The
center tap or either side of the 600-ohm output may be grounded. It
is also possible to match into a 150-ohm termination.
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The power supply uses a silicon rectifier connected into a full-wave
circuit. A hum-balancing control (R8) is located in the filament line.

12-6. DISTORTION METER

A distortion meter developed for broadcast use is the Barker and Wil-
liamson unit shown in Fig, 12-12. The instrument is used for measuring
distortion and noise in radio transmitters and audio systems, and as an
ac vacuum-tube voltmeter or dB meter. It consists of a variable-fre-
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quency Wien bridge connected in a negative-feedback amplifier, a
calibrated attenuator, and a high-gain vacuum-tube voltmeter. The
method of measuring distortion and noise involves suppression of the
fundamental and then reading the rms amplitude of all unwanted fre-
quencies (including noise ) as a percentage of the rms value of the ap-
plied fundamental.

The distortion meter is attached to the output of the particular audio
system under check. A tone signal of appropriate frequency is applied
to the audio-system input. The distortion-meter frequency control is
adjusted in such a manner that the fundamental at the amplifier output
is suppressed. The instrument passes all other frequency components
and then measures the combined rms amplitude. Such unwanted fre-
(uencies can consist of noise, hum, and harmonics of the fundamental
tone.

ouTPUT

INPUT

Fig. 12-13. Simplified schematic of the Wien-bridge network.

The signal to be measured is applied to the input terminals (Fi[i;
12-12). The output of voltage-amplifier stage V1A is coupled, throu
capacitor C2, to the grid of tube V2. VIB and V2 are part of the
Wien-bridge feedback amplifier. Opposite-polarity signal components
are supplied from the plate and cathode of V3 to the Wien-bridge net-
work. The network in turn drives the control grid of V1B.

In making a distortion measurement, the audio signal at the output
of the amplifier under test is supplied through section A of function
switch S1 and calibrate potentiometer Rl to the grid of the first audio
amplifier. The basic function of the succeeding phase inverter and
feedback amplifier is to reduce the fundamental frequency to zero.
Notice that the cathode output of the phase inverter is supplied to the
grid of the feedback amplifier via frequency controls R14 and R15, and
capacitor C28. The output of the feegback amplifier is fed back to the
grid circuit of the phase inverter via capacitor C6. It will appear as a
reference signal at the junction of resistors R5 and R6.

The Wien-bridge circuit displays a high impedance at the frequency
to which it is tuned. As shown in the simplified schematic of Fig. 12-13,
the path from the plate of V2 to the grid of VIB is by way of a series
RC combination, while a parallel RC combination links the cathode of
V2 and the grid of V1. At the operating frequency of the bridge, these
two paths contribute equal-value but opposite-polarity signal compo-
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nents, causing cancellation at the grid of tube V1B. Thus, at this point
the fundamental has been removed. What remains are the harmonics,
hum, and noise components which are supplied via section B of func-
tion switch S1 and range switch S2 to the cathode-follower input circuit
of the voltmeter section.

12-7. INTERMODULATION DISTORTION

The recent emphasis on high-fidelity and stereophone broadcasting
has made intermodulation distortion an important factor. Any ampli-
tude nonlinearity in an amplifier will cause interaction or infermodu-
lation between the various frequency components. As a result, new
frequency components not in the original signal are produced. For
example, interaction between a 5000-Hz and a 50-Hz note would pro-
duce intermodulation distortion components on frequencies of 5050
(500 plus 50) and 4950 (500 minus 50) Hz.

INTERMODULATION DISTORTION METER

50~
———{ AUDIO SYSTEM HIGH-PASS A-M LOW-PASS
—»——1 UNDER CHECK / { AMP DETECTOR | FILTER

PROPER
TERMINATION

.

Fig. 12-14. Block diagram of an intermodulation distortion analyzer.

Analyzers are available that permit the measurement of intermodula-
tion distortion. In a typical arrangement, as shown in F ig. 12-14, two
audio signals of rather widely separated frequencies are applied to the
input ofg the amplifier under test. The amplifier controls are set for
normal operation or to produce a standard reference output across a
proper termination. The intermodulation distortion analyzer removes
the measurement signal from across this termination.

Let us assume that a 50-Hz and a 5000-Hz audio tone are being
applied to the amplifier under test. It will be the responsibility of the
distortion analyzer to remove the two fundamental components and
make a measurement of the intermodulation components that remain.
First, the signal to be measured is applied to a high-pass amplifier.
Its responsibility is to remove, in our example, the 50-Hz or low-
frequency, fundamental component. However, the 5000-Hz component
will pass undisturbed to a detector. If there were intermodulation dis-
tortion in the amplifier, there would also be two intermodulation fre-
quency components at 5050 Hz and 4950 Hz. In effect, these would
be modulating the 5000-Hz note. The nonlinearity in the amplifier has
caused the 50-Hz note to modulate the 5000-Hz note, producing side-
bands at 4950 and 5050 Hz. These, too, would pass unattenuated
through the high-pass amplifier and on to the detector.
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The detector is an a-m type and treats the 5000-Hz components as a
carrier and will demodulate the signal and produce a 50-Hz output.
This 50-Hz component is not the original 50-Hz fundamental, but is
the result of intermodulation distortion in the amplifier.

This demodulated 50-Hz component is now applied to a low-pass
filter that ensures the complete removal of the original high-frequency
fundamental 500-Hz note. At the output of the low-pass filter the only
signal components that remain are those that result from intermodula-
tion distortion in the amplifier. This signal component is supplied to an
ac vacuum-tube voltmeter.

Intermodulation distortion is given as a percent of the high-fre-
quency test signal. Modern amplifiers are available with harmonic and
intermodulation distortion of several percent of high-frequency test
signal, and, in special amplifiers, the levels are down to only a fraction
of 1 percent of this test signal.

12-8. PROOF-OF-PERFORMANCE MEASUREMENTS

The FCC requires that the broadcast station equipment meet specific
requirements concerning frequency response, harmonic content, carrier
shift, carrier hum and noise level, and spurious radiation. It is also
necessary for each station to take yearly measurements that must be
made during the four month period preceding the date of filing for
license renewal. The measurements can be made by any qualified en-
gineer and, if suitable test equipment is available at the station, by the
engineering personnel of the station. It is advisable, however, to have
the measurements verified every few years by a consulting engineer.

Specific proof-of-performance data must be obtained and %ept on file
by the broadcast station. These records not only permit compliance
with FCC rules and regulations, but also serve as an indication of the
overall performance of the station. By making yearly or even more
frequent comparisons, it is possible to disclose any signs of deteriora-
tion of station equipment. If such conditions exist, remedial steps
should be taken, even though the performance still lies within FCC
tolerances. The actual regulations, as they appear in the FCC Rules
and Regulations, can be found in Appendix I, Sec. 73.47 and Sec.
73.254. Read over these requirements and specifications carefully.

Certain basic test equipment is required in making proof-of-perform-
ance measurements. An audio oscillator with a fundamental frequency
range between 30 Hz and 17-kHz is needed. The audio oscillator itself
must have a very low harmonic content and a high accuracy. An in-
strument similar to the Barker and Williamson oscillator described in
this chapter operates well within FCC specifications.

Attenuator pads or variable attenuators are helpful in establishing
correct sif;nal levels and accurate measurements. Calibrated attenua-
tors are often built into audio oscillators and distortion meters. Isolation
and matching transformers are necessary for these measurements. Usu-
ally unbalanced and balanced inputs and outputs are available on the
better-quality test equipment which is designed for making broadcast
measurements.
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(B) Functional diagram of gain set.
Courtesy Gates Radio Co.

Fig. 12-15. Proof-of-performance test arrangement.

A good distortion-and-noise meter is essential, and usually this same
instrument has an a-c vacuum-tube voltmeter which can be used for
frequency response measurements. A panel VU meter is usually an
essential unit of a broadcast station, and can be used as the volume and
output-level indicator for these tests. Although an oscilloscope is nct a
necessity for proof-of-performance measurements, it is useful in analyz-
ing signal waveforms and in adjusting the test equipment.

Since frequency and modulation meters are essential pieces of mcni-
toring equipment at all transmitters, these meters can be used in :he
proot-of-performance measurements. The modulation monitor (Fig.
12-4) provides low-distortion audio output jacks to supply a signal
to a distortion and noise meter. A field-strength meter and a gcod
quality communications receiver are useful in measuring transmitter
fundamental and harmonic outputs and other spurious radiations.

Proof-of-performance measurements are made with station equip-
ment adjusted for normal broadcast operation. All equipment between
the microphone and antenna output should be included in the measure-
ments procedures. Test equipment should be interconnected with bal-
anced 600-ohm circuits. The test equipment and broadcast units should
be matched correctly and precautions taken to minimize hum pickup
from test equipment. The chassis of the test instrument should Eavc a
good ground connection to the station ground system. Only short power
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Courtesy Gates Radio Co.
Fig. 12-16. A proof-of-performance gain set.
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Fig. 12-17. Arrangement of equipment for checking tape recorder/player.
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leads should be used to the test equipment, and these leads should have
a power-line filter. Short signal leads are required to supply signal to
input stages of the broadcast units that normally operatc at low signal
levels. At the transmitter, the test leads must ofen be isolated from the
rf energy by using chokes and rf filter capacitors. In some of the per-
formance measurements it is necessary to patch around the limiter and
compression amplifiers of the transmitter.

A typical proof-of-performance test setup is shown in Fig. 12-15;
the speech equipment and transmitter to be tested are shown in the
dashed-line blocks. In this arrangement a pickup coil is placed in the
vicinity of the transmitter output circuit. A linear detector recovers
the modulation and applies it to a distortion analyzer. Ir another test
setup arrangement it is possible to attach the distortion analyzer di-
rectly to the audio test output terminals of the modulation monitor. In
this case the modulation detector is a built-in part of the modulation
meter.

The signal source is a good-quality audio oscillator fcllowed by a
so-called gain set. Such a gain set is shown in Fig. 12-16; it is specifi-
cally designed for use in making proof-of-performance measurements.
It includes the proper impedance matching versatility, a VU meter,
and a range switch. Also a part of the gain set is a versatile arrange-
ment for making noise tests which require switching between a prop-
erly terminated source of signal and a like input termination of the
input without presence of signal.

Fig. 12-15B shows the functional plan of a gain set. Facilities are in-
cluded for additional switch pad arrangements or plug-in type short-
ing plugs and pads. Such facili‘ities permit a precise setting of applied
signa: level as well as precise changes in magnitude of the applicd
signal.

The same test equipment can be used to check out the performance
of various other broadcast amplifiers and program sources. Proper in-
terconncction of test equipment for testing a tape unit on its record and
reproduce functions is shown in Fig. 12-17.



CHAPTER 1 3

Television Broadcasting

Television broadcast stations are more complex than fm and a-m
broadcast stations because of the additional equipment required for
video broadcast service. The higher frequencies of the television signal,
particularly in the uhf television band, require advanced techniques
that also increase the complexity of the station facilities.

13-1. GENERAL

The television broadcast station is a two-channel facility—picture
and sound. Each television broadcast station is assigned a 6-MHz chan-
nel. The sound carrier is located at the high-frequency end of the spec-
trum and is separated from the picture carrier by 4.5 MHz. The sound
carrier is frequency-modulated; from microphone to atenna, the sound
equipment is almost identical to that of an fm broadcast station with
the exception that 100-percent modulation constitutes a maximum fre-
quency deviation of =25 kHz. Many of the broadcast microphones
associated with a television-studio facility are mounted on long booms
so that they can be suspended overhead, out of view of the cameras.
The same antenna is used to radiate both the picture and the sound
carricrs and sidebands; a “diplexer” provides the necessary isolation
between sound and picture signals at the antenna.

The source of the television picture (video signal) is the camera.
The camera contains a lens system and a camera tube that forms a
“video” signal which corresponds to the brightness detail of the image
focused on it. The camera contains other basic circuits which have to
do with amplification of the video signal released by the camera tube,
plus circuits which control the orderly release of this information.

A television studio is a maze of cameras, microphones, cables, lights,
and props, as shown in Fig. 13-1. The video signals from the cameras
and the audio signals from the microphones are supplied to a control
room such as the one shown in Fig. 13-2. Separate picture- and sound-
control consoles are part of the control rooms. Some of the operations
are so highly technical that licensed personnel are used. However, it
is not mandatory that the studio and control-room technicians be li-
censed. In addition to the video and audio operators in the control
room, there are positions for additional personnel such as program

200
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Courtesy RCA Corp., Broadcast Systems Division
Fig. 13-1. A two-camera pickup.

director and technical operations director. The technical director is
often a licensed operator.

On the studio floor there are cameramen, microphone boom opera-
tors, and lighting personnel. Many of these technicians are also li-
censed so they can perform a variety of duties around the television
station. Particularly in the smaller television station, a licensed techni-
cian is preferred because he can take on any of the station’s technical
assignments. Of course there are a variety of program personnel such
as production directors, floor managers, prop men, ctc. In the smaller
stations the technical personnel often contribute to the actual program-
ming activities as well.



202 FIRST-CLASS RADIOTELEPHONE LICENSE HANDBOOK

A very large percentage of the broadcast time of a small station is
filmed or taped (Fig. 13-3). The basic film-projection equipment con-
sists of a dual projector, a television film camera and control unit, and
one or more slide projectors. The various projectors are operated by a
motion picture projectionist; usually the television-film camera control
unit is in the control room and is operated by one of the video opera-
tors. Television tape facilities are part of practically every station.
Programs can be taped when convenient and then put on the air at the
most appropriate time.

Fig. 13-2. A modern television control room.

Lightweight portable television equipment consisting of cameras,
control units, and usually a microwave transmitter for on-the-spot
coverage, is available. The microwave transmitter sends the signal back
to the main studio or directly to the transmitter. At this location, a
microwave receiver picks up and demodulates the television signal and
then applies it to the regular video program line of the station. The
audio portion of the remote telecast can be multiplexed on the same
microwave carrier, or conveyed over telephone facilities to the studio
or transmitter.

The control room is an elaborate monitoring and switching center.
Here the various video- and sound-signal sources from projection room,
network, studio, tape machine, or remote are selected and placed on
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the program line. The control room contains numerous picture moni-
tors, operating panels, and racks of equipment. Here, the basic pulses
needed to synchronize a television system are formed and channeled
to the many pieces of equipment that use these pulses to time, or
synchronize, circuit activities. It is here that the complete television
signal is prepared for conveyance to the transmitter.

The very same control room must have facilities for handling all
the sound sources. Each type of video program has its accompanying
sound which must be handled concurrently. When a video changeover
between two program sources is made, there must be a coinciding
sound changeover as well. There must be a high order of coordination
between video and sound operations.

Courtesy Cohu Electronics
Fig. 13-3. A TV camera and film projector.

Usually the television program material is conveyed between studio
control and transmitter over the video-cable facilities of the telephone
company. If a transmitter is located on a mountain top or other iso-
lated site, a studio-transmitter link (stl) conveys the program material
over a microwave facility.

Most network programs are now carried over microwave links that
operate from coast to coast, although considerable program material
is still handled over long-distance coaxial-cable systems.

The transmitter room houses the two transmitters (picture and
sound) and their associated control and monitor equipment. A licensed
first-class operator must be on duty continuously whenever the tele-
vision transmitter is on the air. Because of the more complex and larger
amount of equipment needed at the television transmitter, many sta-
tions keep at least two operators on continuous duty.
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13-2. TELEVISION BROADCAST PRINCIPLES

A thorough discussion of television broadcast theory and equipment
is beyond the scope of this handbook. However, the fundamentals of
television transmission will be presented. This information does cover
television transmission principles in substantially greater detail than is
required for passing the first-class radiotelephone license examination.

A functional block diagram of a television transmission system is
given in Fig. 13-4. Also shown are the functional units of the accom-
panying sound. This segment of television broadcast equipment will
not be elaborated upon because of its similarity to fm broadeasting.

The very first step in gaining an understanging of television trans-
mission is to realize that individual television pictures are not sent as
an entirety. It is true, in modern television broadcasting, that thirty
complete pictures are sent each second. However, each of these pic-
tures is broken down into several hundred thousand elements which
are sent in a sequential order. The image of a television scene is broken
up by a cathode-ray electron scanning beam at the camera tube, and
then reassembled by another scanning beam at the receiver.

The scanning technique is demonstrated in Fig. 13-5A. The camera
tube contains a photosensitive arca, or target, composed of hundreds
of thousands of isolated and light-sensitive elements, on which an
optical-lens system focuscs the scene into an image. A camera-tube
scanning beam moves over this surface, in accordance with a standard-
ized motion, releasing a video signal corresponding to the brightness
detail of the image. This video signal is released element by element
and line by line as the beam moves across the image and down. It is
standard to transmit a picture four units wide by three units high—the
picture is said to have a 4:3 aspect ratio.

The picture-tube scanning beam in the receiver follows the same
motion over the fluorescent screen. As the beam moves across the
screen, its electron density is varied by the video signal supplied to
the control grid of the picture tube. The fluorescent screen oF the pic-
ture tube glows in accordance with the strength of the scanning beam
striking each individual element. Since the strength of the beam is
varied as it scans over the fluorescent surface, the original brightness
detail is recovered element by element. In this manner the original
transmitted image-brightness pattern is reproduced on the fluorescent
screen of the receiver.

It is apparent that if a scene is to be reconstructed cxactly, the mo-
tions of the picture- and camera-tube scanning beams must be identi-
cal—the beams must be synchronized. By so doing, the image will be
reconstructed at the picture tube, at the same rate and in the same
order that the video information was released from the image focused
on the camera tube.

In a television station a sync generator is used to form the pulses
that synchronize the motions of the camera- and picture-tube beams.
Insofar as the station equipment is concerned, the synchronizing infor-
mation is sent over a cable directly to the camera circuits that control
the motion of the camera-tube scanning beam. Similar pulses are in-
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serted into the television signal that is transmitted. It follows, then,
that it is necessary to send not only the video signal from the transmit-
ter to the receiver, but also a group of pulses to synchronizc operations
at the receiver.

13-3. THE SCANNING TECHNIQUE

It is standard in television broadcasting to transmit thirty complete
ictures per second, each picture made up of 525 lines. Thus 15,750
ines (525 X 30) are transmitted each second. This is referred to as

the “line rate” or “horizontal rate” of the television system. However,
the 525 lines are not scanned sequentially from the top of the image
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VIDEO VARIES
BEAM STRENGTH ;

VIDEQ _ITRANSMISS ION

N

SYSTEM
DEFLECTION DEFLECTION
COILS colLs
HORIZ HORIZ
veRt CONTROLS |
CAMERA PICTURE TUBE
AL SYNC BEAM MOTION | ¢\ kCTRON GUN SYNC
GEN SYSTEM
(A) Functional diagram of scanning.
b—— 4unts ——
1 2
e e e— T I S s
T e I I o~
T eee—— 10 % <~
P e ..
JUNITS | ec l S~
T~
< "
S~
~
(B) Odd-line scanning. (C) Even-line scanning. (D) Without blanking,

retrace path is visible.

Fig. 13-5. Television scanning at television camera and picture tube.

to the bottom. Rather, there are 2621 lines scanned from top to bot-
tom for a first vertical scan. The scanning action then returns quickly
to the top and covers the in-between lines down the screen, as shown
in Fig. 13-5. This method of first covering the odd-numbered lines and
then returning (retrace) to cover the even-numbered lines is referred
to Iz:s “interlace scanning.” The purpose of interlacing is to reduce
flicker.

A complete television picture is called a frame; it is composed of an
odd- and an even-line field. The screen is made to go black during all
retraces to prevent spurious bright lines from appearing in the picture.
This action is called “blanking.”
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In a motion-picture theatre, individual scenes are flashed on the
screen at the rate of 24 per second. Because of the retentivity of human
vision, it is possible to create the illusion of moving pictures. To pre-
vent the screen from flickering, however, each scene is cut on and off
twice by the film projector. The more frequent interruption of the
motion-picture frames (48 times per second) prevents human vision
from observing the light interruption as each new frame is moved
into position and the beam is shuttered off for a split second.

In a television system if the scanning activities were shut down to
only 30 times per second, there would be a noticeable flicker in the
reproduced picture. With the use of interlace and its two shorter
vertical-retrace (blanking) intervals for each frame, the brightness is
interrupted 60 times per second and flicker is not apparent. The 60-Hz
rate of interruption is known as the “field” or “vertical rate” of the
television system. It is important to realize, in summary, that 30 com-
plete pictures are sent each second, but that each picture is broken up
into two fields.

In the camera circuits a horizontal-deflection waveform causes the
electron scanning beam to move from left to right across the sensitive
surface, releasing the brightness information along that line. When the
scanning beam reaches the right side, it is shut off. The retrace period
of the horizontal-deflection waveform in the camera now quickly
reorients the deflection field from right to left. Hence when the camera-
tube beam is turned on again, it starts scanning at the left side of the
nnage.

There is also a vertical-deflection waveform which tends to pull the
scanning beam down the image. Consequently when the beam is
turned on again at the left side, it will be just sf; htly below its start-
ing position for the first line described above. Thus, as the scanning
activity continues from left to right and back to left at a fast rate, a
slower vertical motion of the scanning beam causes a series of lines to
be traced from the top of the image to the bottom. Hence the video
information is released element by element along each line, and then
line by line down the sensitive surface of the camera-tube target.

When the scanning beam reaches the bottom it is turned off. The
vertical-deflection field of the camera tube (vertical retrace) is then
reoriented as quickly as possible, so that when the scanning beam is
turned on again it will appear at the top left of the image, ready to
start a new scanning cycle.

The retracing of the field vertically requires a finite amount of time;
therefore, during this interval a number of horizontal scanning cycles
could take place as shown in Fig. 13-5D. However, the scanning beam
has been cut off during this time and no horizontal lines are evaluated.

During the motion of the scanning beam, line after line, from top
to bottom of the image, the video signal is released. These are referred
to as the active lines of the television picture. Inasmuch as the hori-
zontal motion duriug the vertical-retrace interval did not produce any
active lines of video, these are called inactive lines. In our modern tele-
casting system there are approximately 525 lines—500 active and ap-
proximately 25 inactive lines.
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In monochrome telecasting, four basic rectangular pulses are con-
veyed from the sync generator to each camera. There is the horizontal-
sync pulse (usually called a horizontal-drive pulse in relation to the
station equipmentgl, whose purpose is to synchronize the horizontal
motion of the scanning beam. A companion horizontal-blanking pulse
is needed to shut off the scanning beam during the horizontal-retrace
interval, to prevent the generation of spurious signals. A vertical-sync
pulse (vertical-drive pulse) synchronizes the vertical motion of the
scanning beam. A companion vertical-blanking pulse shuts off the
camera-tube beam during vertical-retrace intervals.

Six individual signal components (see Sec 73.699, Fig. 7 in appendix
I) are sent between the transmitter and each receiver. First there is
the video-signal, which conveys the brightness detail of the image.
A horizontal-sync pulse is sent out to the receiver to time the hori-
zontal motion of the picture-tube scanning beam, synchronizing it with
the horizontal motion of the camera-tube scanning beam. A horizontal-
blanking pulse also shuts off the picture-tube scanning beam during
horizontal-retrace intervals, to prevent retrace lines on the fluorescent
screen. Vertical-synchronizing pulses are sent to the receiver to syn-
chronize the vertical motion of the picture-tube scanning beam; a
corresEonding vertical-blanking pulse shuts off the beam for retrace.
A sixth signal conveyed between transmitter and receiver is a group
of equalizing pulses. Their function is to maintain a rigid interlace so
that the lines on the receiving picture-tube screen are equally spaced—
the even lines exactly midway between the odd lines from top to bot-
tom of the screen.

13-4. FORMING THE COMPOSITE SIGNAL

The sync generator is the timing center of the television system (Fig.
13-4). Notice the horizontal- and vertical-drive pulses that are sent to
the horizontal- and vertical-deflection systems ofp the camera. Blanking
pulses (mixed horizontal and vertical) are also sent to each camera
to shut off the scanning activities during horizontal- and vertical-
retrace intervals.

A video amplifier that increases the signal level follows the camera
tube. The video amplifier includes circuits for correcting the nonlinear
frequency characteristics of the camera tube. The output of the camera
supplies signal to a camera control unit.

The control unit, in association with picture monitors and wave-
form monitors (built-in oscilloscopes), permits the necessary adjust-
ments needed in obtaining a picture of the desired contrast and bright-
ness. In this section of the television equipment, combined vertical- and
horizontal-blanking pulses of the composite signal are inserted from
the sync generator.

At the output of the control amplifier, the television signal has the
appearance of the waveforms in Fig. 13-6. In Fig. 13-6A, a horizontal-
blanking pulse is inserted at the end of each video line. In the same
manner a longer vertical-blanking pulse is inserted at the conclusion of
each field (Fig. 13-6B).
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Fig. 13-6. Makeup of a composite television signal.

The combined video and blanking signals are then supplied to a
switcher unit. The responsibility of tﬁe switcher is to make the neces-
sary changeovers among the various cameras of the station and the
various signal sources such as film-projection room, remote, tape ma-
chine, or network programs. Picture monitors in the control room per-
mit the video operators to observe the video signal placed on the pro-
gram line, as well as the pictures derived from other cameras and siznal
sources. Thus pictures can be made ready for switching to the program
line.

The switcher output is supplied to a stabilization and line amplifier.
In this section the signal is further controlled and made ready for con-
veyance to the transmitter. Here the composite sync signal is added,
consisting of horizontal-sync, vertical-sync, and equalizing pulses. as
shown in Figs. 13-6C and D.

The wave?orms show two lines of video and a vertical-retrace in-
terval. Notice in Fig. 13-6D that a horizontal blanking pulse is inserted
at the conclusion of each line. The horizontal sync pulse is inserted on
top of this blanking pulse, which serves as its pedestal. The time re-
quired to convey a complete line of video (from the beginning of one
line to the beginning of the next) is 63.5 microseconds:

100 100
line rate = 15,750

The video portion of the line has a time slot of approximately 50
microseconds; the sync and blanking interval takes up the remaining
time of the line.

At the conclusion of each field a vertical-blanking pulse is inserted,
upon which are placed the vertical-synchronizing and vertical-equaliz-
ing pulses as shown in Fig. 13-6C. The time of each field is 1/60th of a
second. The vertical-blanking period, some 1000 to 1200 microseconds,
occupies just a small segment of this total field time.

The video operator must establish the proper relative amplitudes
among the various signals that make up the composite television signal.

= 63.5 microseconds

Line Time =
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In terms of transmitter modulation, the blanking level must occur at
75 percent of peak amplitude. In other words, if the sync tip causes
100 percent modulation, the blanking level must cause 75 percent
modulation. This blanking level is also the black level of the transmitted
scene. Ten percent of maximum amplitude represents the white level
of any transmitted scene.

13-5. TRANSMITTER AND RECEIVER

The composite television signal is now conveyed, by coaxial cable
or microwave relay link, to the transmitter. At the transmitter the sig-
nal is passed through additional video lines and stabilization amplifiers.
Additional corrections are made on the signal, and its amplitude is
increased to the proper level for application to the transmitter proper.
Picture and waveform monitors, associated with the transmitter, allow
a continuous watch to be kept on the picture as well as the electronic
makeup of the television signal.

The composite video signal amplitude-modulates the television trans-
mitter. The sync tip constitutes 100 percent (or nearly 100 percent)
peak modulation. When a very bright part of the scene is being trans-
mitted, the modulation is in the vicinity of the 10-percent level as
shown in Fig. 13-6D.

The output of the transmitter is fed, through a sideband filter and
diplexer, to the single antenna. The function of the diplexer unit, as
mentioned previously, is to permit using the same antenna for radiating
the picture and sound signals. The single-sideband filter removes that
portion of the lower sideband which is not to be transmitted in accord-
ance with the FCC transmission standard for a television station.

At the receiver, a multiplicity of functions is performed on the in-
coming picture and sound signals. A tuner amplifies and converts the
incoming picture and sound signals to an intermediate frequency in the
40-MHz region. Picture and sound signals are then separated, the
sound signal going to its own i-f amplifier, fm demodulator, audio
amplifier, and speaker. The picture carrier and its sidebands are am-
plified by an i-f system and supplied to an a-m video detector. Two
signals are taken off at the following vidco amplifier, as shown in Fig.
13-7; one goes to the video amplifier and picture tube, and the other
to the sync system.

A sync-separator circuit removes the combined synchronizing pulses
from the composite television signal and separates them into vertical-
and horizontal-sync pulses. These pulses are then supplied to the sep-
arate horizontal- deflection and vertical-deflection systems of the
receiver.

The incoming sync pulses time the horizontal- and vertical-deflec-
tion circuits. Consequently the waveforms present in the horizontal-
and vertical-deflection coils of thc picture tube cause the beam motion
to follow exactly the scanning activities at the camera tube. Simulta-
neously, the video signal derived at the camera tube is supplied to the
control grid of the picture tube. The deflected and modulated beam
then reconstructs the original image.
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Fig. 13-7. A block diagram of a television receiver.

13-6. CAMERA AND PICTURE TUBES

Two basic types of camera tubes are used in modern television
broadcasting—the image orthicon and the vidicon. The image orthicon
develops a very high-resolution picture and is used mainly for live-
television pickup (on-the-air or tape). Image orthicons are also
mounted in many of the remote television cameras, although vidicon
remote cameras are more popular. The vidicon camera tube, because
of its small size, can be used in the construction of very small and
lightweight cameras. It is used in most television film cameras.

13-6-1. Image Orthicon

The image orthicon (Fig. 13-8) consists of three major sections—
image, scanning, and multiplier. Light from the scene is picked up by
an optical lens system and focused on the photosensitive photocatgode
surface directly behind the face of the tuge. This surface emits elec-
trons in accordance with the strength of the light pattern. These elec-
trons are accelerated to the target surface.

The target contains hundreds of thousands of individual elements.
Secondary electrons are removed from these elements in accordance
with the strength of the arriving primary electrons. The displacement
of secondary electrons, according to light intensity, sets up on the
surface of the target a varying positive charge that corresponds to the
light pattern. The charge distribution on the target is now evaluated
by a scanning beam.
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The back of the target is scanned by an electron beam generated
by the electron gun at the tube base. This electron beam is moved over
the target surface by the horizontal- and vertical-deflection waveforms
supplied to the deflection coils. As you learned, this motion of the beam
is timed by the drive pulses supplied from the sync generator to the
horizontal- and vertical-deflection systems of the camera tube. Hence
the beam moves across the target surface in accordance with the stan-
dard interlaced scanning pattern.
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Fig. 13-8. The image orthicon tube.

The arrangement of the gun elements, and their relative voltages,
slow down the electrons to nearly zero just short of the target. The
electrons return to the base of the tube except when they approach an
element which has a positive charge. If an element has a positive
charge when the beam is over it, the beam deposits enough electrons
on the target to neutralize the positive charge. The remaining electrons
return toward the gun. It is important to realize that the beam return-
ing to the gun has l%een modulated because of the presence of the vary-
ing positive charges on the target. These charges have removed elec-
trons from the beam in accordance with their individual potentials.
Thus as the scanning beam moves across the target element by element,
the returning electron beam is modulated in a sequential manner by
the light pattern originally impressed on the photocathode.

The returning electron beam is attracted to the various multiplier
dynodes which surround the gun at the rear of the tube. The electron
multiplier dynodes, because of their secondary-emission characteristics
and rising potentials, amplify the applied video signal. Consequently
the video-signal variation at the multiplier output is substantially
greater than the minute variations present in the beam returning from
the target surface.

Some video amplification has occurred within the image-orthicon
tube. Therefore the signal at the output of the tube, with suitable cir-
cuit design, is able to dominate any noise components in the output
circuit of the tube and the input circuit of the first amplifier stage. Thus
iz Eicture with a high signal-to-noise (masking) ratio can be estab-
is

ed.
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13-6-2. Vidicon

The vidicon (Fig. 13-9) is a small camera tube (one inch in diameter
and six inches in length; some models are even smaller) capable of
generating a video signal of good resolution and stability at low am-
bient light levels. It is a very sensitive camera tube, consisting of an
electron gun, deflection and focusing system, and image section.

The image section contains a photoconductive layer and a signal
plate. The image of the scene is f%cused, through a lens system, onto
the photocathode surface. The presence of the light energy determines
the degree of conductivity through to the signal plate of the hundreds
of thousands of individual elements on its photocathode surface. A
bright spot establishes a higher conductivity than a dark spot. Thus
each signal-plate element is charged in proportion to its related light
intensity.

Again the scanning beam depusits electrons on the signal-plate sur-
face in accordance with the charge pattern. As each element is restored
to equilibrium during the scanning process, a sequential signal flows
from the signal plate, via the signal electrode, into the output circuit.

A bright element causes high conductivity. Hence, the presence of
the scanning beam over the element causes a great many electrons to
be deposited, and a strong output current flows. For darker spots there
is a lower conductivity and a lesser output current. As the scanning
beam moves across the elements, the changing signal produced in the
output represents the light pattern of the image.

13-6-3. Picture Tube

A television picture tube (Fig. 13-10A) consists of an electron gun
and a fluorescent screen that glows in accordance with the strength of
the electron in the scanning beam from the gun. A focusing system,
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Fig. 13-9. A vidicon camera tube.
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magnetic or electrostatic, focuses the beam into a very fine point at the
fluorescent screen. Two deflection systems, similar to those used by the
camera tube, move the scanning beam from left to right and down the
screen in accordance with a corresponding beam motion at the camera
tube. The motion of the beam horizontally and vertically is controlled
by the synchronizing pulses from the transmitter when applied to the
horizontal- and vertical-deflection systems associated with the picture
tube.
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Fig. 13-10. The television picture tube and beam-current curve.
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If the scanning beam is of constant strength as it strikes the fluores-
cent screen, the individual lines that make up the pattern (raster) will
be illuminated at uniform intensity by the g’nsity and momentum of
the electrons hitting the screen. If the scanning beam is modulated so
that its density varies, the number of arriving electrons a: the screen
will change as the beam travels over its established path. Thus the
illumination along each line will vary with the changing strength of
the beam. The average illumination of the individual lines from top to
bottom of the screen will also be a function of the average number of
ele(i‘trons that are contained in the beam throughout the scanning
cycle.

The clectron-beam current is varied by the video signal supplied to
its control grid, as shown in Fig. 13-10B. The signal is applied to the
electron gun as a grid-voltage variation. Just as the control-grid voltage
variations supplied to a conventional vacuum tube cause a change in
plate-current flow, so does the video signal on the grid of the electron
gun produce a corresponding change in the beam-current flow. As the
scanning beam moves across the fluorescent screen, the individual ele-
ments that make up that screen will glow in accordance with the
density of the scanning beam at a given instant. Thus the changing
video signal on the control grid of the picture tube causes the intensity
of the elements along each line to vary, reconstructing the light pat-
tern of the original image line. This restoration occurs for each active
line to reproduce the original image completely.

Notice that the blanking pulse (Fig. 13-10B) swings far enough neg-
ative on the control grid of the electron gun to reach beam cutoff. This
amount of voltage establishes the black, or darkest, spot in the repro-
duced scene. In fact, the function of the blanking pulses is to shut off
the scanning beam during retrace intervals. Likewise the black por-
tions of the scene swing negative to this level to reproduce the black
elements that are containe(i: in the scene being televised.

Greater amounts of beam current will low when the control-grid
voltage is made less negative. Consequently, a full range of brightness
level is recreated from black, through the gray scale (halftones), to the
brightest illumination possible. An cxtremely bright spot is reproduced
when the grid is made the least negative, as indicated by the white
spot in Fig. 13-10B. The range of brightness levels between the whitest
white and black determines the halftone contrast of the reproduced
picture. The average illumination of the screen surface is determined
by the dc component of grid bias supplied to the gun, which is ad-
justed by the Il))rightness control.

13-7. TELEVISION TRANSMITTERS

Television transmitters are available with power output levels rang-
ing from several kilowatts to 50 kilowatts or more. The three basic
arrangements are shown in the functional block diagrams of Fig. 13-11.
An example of high-level modulation is given in Fig. 3-11A. Modula-
tion occurs in a high-powered rf amplifier stage. In some case this
power stage is the final amplifier of the transmitter, while in other
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cases it may be followed by a high-powered linear amplifier. Usually
grid modulation is employed because of the difficultics of building
up the video signal to a high-power level and of matching the modula-
tor into the modulated amplifier. This can be done at substantially
lower power when grid modulation is employed.

The final amplifier is followed by a vestigial-sideband filter. The
filter consists of an appropriate arrangement of high- and low-pass
filters and special sharp attenuating notch filters. These are constructed
of appropriate sections of coaxial lines instead of lumped coils and
capacitors, as shown in Fig. 13-12. The sideband filter attenuates the
low-frequency sideband, as specified in the FCC standards, without
disturbing proper impedance match or cfficient transfer of rf encrgy
to the antenna system.

The sound transmitter is an integral part of the television trans-
mitter. Often there is a lock-in system between the sound and picture
sections of the transmitter. Its function is to keep the picture- and
sound-carrier frequencies exactly 4.5 MHz apart. By FCC regulations
the difference-frequency tolerance is =1000 11z

When low-level modulation is employed it occurs in an early stage
of the transmitter as shown in Fig. 13-11B. The rf power level may
only be several watts. Hence the video signal power level is very much
lower and some of the difficulties of power modulation are avoided.
However, this type of transmitter requires quite an array of succeeding
linear amplifiers. It is the responsibility of these amplifiers to build up
the weak videco-modulated TV signal to the assigned power.

Inasmuch as modulation has already occurred these stages must
have a wideband frequency response, and must also have the proper
phase response and delay characteristic that will not disturb the qual-

+ peme— RS —
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Fig. 13-12. A vestigial-sideband filter.

Courtesy Gates Radio Co.
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ity of the video-modulated signal they must amplify. After amplifica-
tion, the modulated signal is applied to the sideband filter and on the
diplexer. The diplexer unit is used at the output of the television trans-
mitter to feed both the picture and sound rf signals to a single antenna
system.

The third method is known as i-f modulation (Fig. 13-11C). In this
system the modulation occurs very early and at a power level sub-
stantially less than 1 watt. In fact, the power-output level of the visual
exciter is only 1 watt peak. The modulation occurs at a lower frequency
than the eventual transmit frequency of the transmitter. In the case of
the Gates i-f modulation transmitter of Fig. 13-13, this frequency is
37 MHz. After modulation the signal is passed through an appropriate
phase and delay equalizer and then to a vestigial-sideband filter. A
high-powered sideband filter and various equalization circuits are not
necessary at the output of the transmitter when using the i-f modula-
tion process. Also, the same visual exciter is used regardless of the
eventual transmit frequency of the transmitter.

The next step in processing the visual signal is to convert its output
frequency to the transmit frequency. This is done with a separate os-
cillator and multiplier which supplies a signal of the appropriate fre-
quency to the up converter. The video modulated signal is applied to
the same converter. The sum of the two components will be on the
assigned carrier frequency of the television station. The output of the
exciter is 1 watt visual.

One, two, or three linear amplifiers build up the signal to the as-
signed power. Final output is applied directly to the diplexer.

The same basic plan is used for the aural exciter, except that the
oscillator is frequency-modulated rather than amplitude-modulated.

Courtesy Gates Radio Co.

Fig. 13-13. Television transmitter.
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Modulation occurs on a frequency of 32.5 MHz, about 4.5 MHz lower
than the oscillator frequency of the visual exciter. The up-conversion
technique is used to raise the frequency of the sound signal to the
assigned value.

In television broadcasting most transmitters are designed with a
visual power output that is approximately five times greater than the
sound power output. This equalizes the coverage of the two transmit-
ters and, therefore, the sound signal is usually not sent out any further
than the distance over which an acceptable picture can be transmitted.
The video bandpass is many times wider than the sound emission
bandwidth.

The transmitter of Fig. 13-13 has a 35-kW visual power output and
7-kW sound. Both the visual and aural exciters are mounted in the first
rack along with a linear amplifier. The visual power output at this
point is 1.3 kW, and sound power output is 260 watts. The next rack
mounts an aural linear power amplifier. Only one is needed because
the sound signal is narrow band and is not built up to the same level
as the visual rf signal. The final three racks include visual driver and
two visual linear amplifiers which build up the picture signal to its
final power level of 35 kW.

13-8. TELEVISION ANTENNA

As in fm broadcasting, horizontal polarization is used in TV broad-
casting. The radiating elements are stacked on a tower. Usually the
horizontal-radiation pattern must be essentially omnidirectional)-: the
vertical radiation is concentrated at low vertical angles.

A television transmitting antenna must radiate a broadband signal.
Consequently the basic dipole is modified in a manner that will permit

A
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(A) Bat-wing dipole. (B) Turnstile arrangement of bat wing.

Fig. 13-14. Broadband vhf television antennas.
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wideband operation. A popular television transmitting antenna uses
the bat-wing shown in Fig. 13-14A. The quarter-wave sections, on
each side of the feed point, add parallel resonance to the basic series-
resonant characteristics of a dipole. This damping extends the band-
width, and the special taper of the element provides a uniform radiation
over the desired bandpass.

To obtain a more uniform horizontal-radiation pattern, television
broadband dipoles are usually mounted in a turnstile arrangement
(Fig. 13-14B), the two perpendicular dipoles being fed in quadrature
to obtain a good omnicﬁrectional pattern. The necessary power gain
is obtained by stacking the turnstiles in bays.

Several other types of broadband dipoles and antenna styles are used
in television broadcasting. The helical-antenna principle is used with
one type. Slot dipoles and traveling-wave construction can also be used
for vhf and uhf telecasting.

13-9. COLOR TELEVISION

An understanding of coloring transmission requires a knowledge of
some of the basic fundamentals of colorimetry. First of all, color is com-
posed of three basic attributes—brightness cf;tail, hue, and saturation.
Brightness detail, as its name implies, has to do with the relative
brightness among all the elements that make up a scene, regardless of
hue and saturation. It is this brightness detail, between white and black
over the gray scale, that makes it possible to transmit a black-and-
white picture. The black-and-white picture you observe on your mono-
chrome television screen or magazine page is nothing more than a
brightness pattern. The breaking up of a scene into many, many ele-
ments of differing brightnesses permits the reconstruction of a scene
in detail.

In a color television system it is necessary to convey this brightness
detail, just as it is in a monochrome television system. In fact, the
brightness detail is conveyed in exactly the same manner as in the
monochrome system. By suitable choice of transmission methods this
technique permits a color signal also to be reproduced in black and
white on the screen of a monochrome receiver.

In transmitting a picture in color, it is also necessary to convey hues
and saturation data. Hue is often referred to quite loosely as color,
because it represents red, green, yellow, etc. Saturation has to do with
how pure a given hue is, and how much it has been desaturated by
the presence of white. A pure green is a fully saturated hue, whereas
a desaturated green is a pale green because it contains a high per-
centage of white light. An absolutely pure green is one which contains
no white.

The scores of recognizable hues and saturations would at first sug-
gest that it is almost impossible to convey all possible combinations of
hue and saturation. If each color had to be transmitted as an entity,
color transmission would be extremely difficult—if not impossible.
However, human vision is able to interpret bands of colors, and the
proper levels of two or more basic colors (primary colors) can be dis-
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Fig. 13-15. Basic tristimulus color circles.

played in such a manner that a very useful range of other hues and
saturations (secondary colors) can be duplicated. The extremely sim-
plified circle chart of Fig. 13-15 demonstrates this characteristic. In
this chart there are the three basic primary colors—red, blue, and
green. By mixing equal-intensity levels of red and green, we obtain a
yellow; f‘;lue and red, a magenta; blue and green, a cyan. Yellow
magenta, and cyan are called secondary colors. The combination of
equal intensities of red, blue, and green reproduces white. The use of
three primary colors to reproduce an extensive range of hues and sat-
urations is referred to as a tristimulus color system or presentation.
This tristimulus method of conveying color is used in our color tele-
vision broadcast system.

A very basic color system, as shown in Fig. 13-16, would consist of
three camera tubes. A flter, associated with each camera, would make
certain the camera tube evaluates the color scene with relation to the
red, green, and blue ranges. Three signals are formed, one represent-
ing the brightness detail in red, the second in blue, and the third in
green. Each signal is then conveyed separately from the transmitter
to the receiver. At the receiver the three original color signals would
be recovered and superimposed on a screen. Inasmuch as all hues and
saturations of the original scene have been interpreted in terms of the
three primary colors, their superimposition would provide a faithful
reproduction of the original color scene.

As shown in Fig. 13-16, the three color images are not exactly super-
imposed. Rather, each signal excites the proper series of phosphor dots
on the picture-tube screen In this activity tEe incoming red signal ex-
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Fig. 13-16. A basic functional diagram of a color-television system.
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cites only the red dots, the blue signal the blue dots, and the green
signal the green dots. Nevertheless the screen is made up of so many
hundreds of thousands of dots that, insofar as human vision is con-
cerned, we see them superimposed. Hence we have tristimulus excita-
tion of the eye and are able to perceive a wide range of hues and satu-
rations.

Three separate camera tubes are mounted within a color television
camera (Fig. 13-17). The camera operates in the manner previously
discussed, producing three signals—red, green, and blue. These three
signals are processed and used to modulate the picture carrier. At the
receiver, the three primary color signals are recovered and presented
to their associated guns of the color picture tube (Fig. 13-18). The
focusing and deflection system of the color picture tube directs these
three beams to the appropriate color phosphor dots. In this manner
the three images are reproduced.

Courtesy RCA Corp.
Fig. 13-17. A color-television camera.
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Courtesy RCA Corp.
Fig. 13-18. A color picture tube.
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13-10. THE COLOR TRANSMISSION METHOD

If all three color signals had to be conveyed at full detail on separate
carriers, a wide band of frequencies would be needed to transmit a
high-resolution color picture. This use of a wide band of frequencies
is avoided in modern color telecasting by breaking up the three signals
into basic color attributes before transmission.

As shown in Fig. 13-19, a block diagram of the major units of a color
broadcast system, the three signals are broken up into brightness de-
tails, hue, and saturation. The one signal that conveys the brightness
detail is transmitted at full bandwidth. It is this signal component that
determines the resolution of the reproduced picture, because defini-
tion is related directly to brightness detail whether color or a mono-
chrome picture is being transmitted. In color television broadcasting
this is referred to as the luminance (Y) signal because it has to do
with brightness detail.

Hue and saturation are less directly related to detail; consequently,
they can be sent between transmitter and receiver with less brightness
detail. Therefore, not a wide a frequency response is needed. In fact,
the hue and saturation (I and Q signal components ) are combined into
one signal, called the chrominance signal, and used to modulate a sub-
carrier frequency much as a seconci; sound signal can be used in a
multiplex arrangement to modulate an fm broadcast carrier with two
separate audio signals. In television broadcasting the subcarrier fre-
quency of 3.58 MHz is modulated by the chrominance signal, and the
modulated subcarrier in turn amplitude-modulates the main video
carrier.
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COLOR SYNC
CONTROL AND
BRIGNT\N(,&_, L NANCE o] FORMATION -
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Fig. 13-19. A block diagram of a color-television system.
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The sync and blanking pulses, and the luminance video signal, mod-
ulate the video transmitter carrier in the same manner as in mono-
chrome television practice. Hence, in the color transmission a multi-
plex system is employed, with brightness detail and synchronizing
information being conveyed in the conventional manner, and hue and
saturation conveyed by way of subcarrier.

The modulation system is so designed that saturation is determined
by the amplitude of the resultant chrominance subcarrier, The hue is
present on the subcarrier as a phase-modulated resultant between the
I and Q components. In effect, there has been a dual modulation of
the subcarrier with saturation and hue data.

It is necessary to synchronize the receiver color circuits with the
color activity at the station. Consequently, one additional signal com-
ponent must be transmitted—a color sync burst at the 3.58-Mlz sub-
carrier frequency is placed on the back porch of the horizontal-blank-
ing pulse, as shown in Fig. 13-19. Except for a very slight departure
in horizontal and vertical frequencies, the same type of horizontal and
vertical sync and blanking and the same equalizing pulses are used
in color as in monochrome telecasting.

At the receiver, the color sync burst is removed and used to synchro-
nize the color demodulation activity. Here the hue and saturation
components are recovered and are then broken down into copics of the
original three primary color signals. The red signal is applied to the
red gun, the green signal is applied to the green gun, and the blue sig-
nal is applied to the blue gun. The color picture is then reproduced on
the screen.

13-11. VIDEO TAPE RECORDING

The video tape recorder has brought about great changes in tele-
casting. A high-quality video tape recording defies detection from the
live telecast. An understanding of the video tape recording process can
best be gained by first considering the limitations of the conventional
audio tape recorder. In an audio tape recorder, variations in the audio
signal at the tape head magnetize the coating on the tape as it is moved
past thc head gap.

The high-frequency response is limited by the speed of the tape and
the width of the head gap. The higher the frequency that must be re-
produced, the narrower the gap required and the faster the tape speed.
Tape speeds of 7% inches per second and higher are used in the re-
production of 15,000-Hz signals. To make a similar magnetic impres-
sion of a 4-MHz video component would require a tape speed of 2600
inches per second—or 113 miles per hour! It is apparent, therefore,
that the conventional method of tape recording used for audio is cer-
tainly not feasible for recording and reproducing high-frequency video
components.

The Ampex video tape recorder shown in Fig. 13-20 uses video tape
heads mounted on a rotating drum. These heads are moved across
the tape, rather than, as more conventionally moving only the tape
past the head. Hence the combination of moving head and moving tape
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Courtesy Ampex Corp.

Fig. 13-20. A video tape recorder for TV station.

provides a much higher head-to-tape velocity at a substantially lower
reel-to-reel tape speed.

In a typical video tape machine, there are four heads mounted at 90°
intervals on the periphery of a drum two inches in diameter. The drum
is rotated at 14,400 rpm, and a head-to-tape velocity of approximately
1500 inches per second across the two-inch magnetic tape is obtain-
able. This fast effective motion of head and tape permits tie recording
of high-frequency video components.

As each head moves across the tape it records a track 10 mils wide
as shown in Fig. 13-21. There is a separation of 5 mils between each
recorded track. In conjunction with the rotational speed of the head

SOUND TAPED ON

010—‘ ERASED ERASED AREA
DoRECTion Of DIRECT ION OF TAPE
HEAD MOTION o
151

VIDEO TRACKS CONTROL
Fig. 13-21. The video tracks on a video tape.
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drum, a reel-to-reel tape speed of 15 inches per second supplies proper
track separation as well as 64 minutes of playing time from a recel of
tape 12% inches in diameter.

It is important to recognize that, as each head rotates, it picks up
one track across the tape. The forward speed of the tape and the rota-
tion speed of the tape head are such that a tape head moves into posi-
tion just five mils away from the previous track. In fact, beforc onc
video head leaves the tape, the succeeding head has made contact on
the opposite side. Thus there will be some identical information re-
corded at the bottom of one track and the top of the next track.
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Fig. 13-22. A block diagram of a video tape recorder.

The subsequent magnetic recording of audio and control informat:on
on the same tape destroys some of tﬁis duplication. However, enough
is retained so that electronic switching from head to head must be
made in the associated circuitry of the tape recorder, to prevent signal
overlap in reproduction. The audio signal is recorded in the conven-
tional manner. Of course, there must also be associated control infor-
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mation, to make certain the video tape machine is synchronized cor-
rectly with respect to the television signal.

To counteract some of the problems of recording very-low frequen-
cies with such a very fast head-to-tape velocity, a frequency-modula-
tion process is employed as shown in Fig. 13-22. The modulator con-
verts the incoming frequency range of the video signal (10 Hz to 4
MHz) to a sideband spectrum that extends between 750 kHz and 7
MHz. This frequency-modulated signal is amplified and applied to the
record amplifiers, which supply drive signals to the video heads. Each
head is moved over the tape by the rotating drum and makes its con-
tribution on one track. It is then inactive for three tracks while the
three remaining heads are moved into position. Inasmuch as all four
heads are supplied with an identical signal, the information is placed
on the tape in the proper order.

In the reproduce position, the motion of the video tape beneath each
of the reproduce heads generates a signal that is applied to its associ-
ated reproduce preamplifier. One of the heads is always in position
over the tape; consequently, each track supplies a signal to the repro-
duce preamplifier section. The four separate signals are applied to a
switcher unit which has the responsibility of preventing any signal
overlap. As a result, the switcher output signal is the same continuous
signal that was supplied to the record-amplifier driver.

This signal component must be demodulated to recover the original
video signal for use in the processing amplifier. The video output then

Courtesy Ampex Corp.
Fig. 13-23. A portable broadcast video tape recorder.
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constitutes a reproduction of the original video signal with a frequency
range between 10 Hz and 4 MHz.

As the tape moves, audio and control signals are also recovered. By
so doing, the motion of the tape and tape heads are made to coincide
with their activities during the recording process. The video output
signal complies with the FCC standards for a television signal. In fact,
the reproduced composite television signal is a good replica of the
television signal as it would have appeared if it had been applied
directly to the video program line of the station instead of being used
in the intermediate taping step.

Smaller and lighter vidgeotape recorders are under development.
Remote video recorders (Fig. 13-23) are available and can be taken
on the spot to video-tape local events. The program can then be put
on the air at the most appropriate time.



CHAPTER 1 4

Fundamentals and Audio Circuits

This is the first of five chapters (14
through 18) covering the questions of
FCC Study Guide for Elcment IV.
Chapters 14 through 17 can be used to
evaluate your technical preparation for
the Element IV examination. Similarly,
your retention of the FCC rules and
regulations can be evaluated by Chapter
18.

14-1. FUNDAMENTALS

1. List the fundamental frequency and
the first ten harmonic frequencies of a
broadcast station licensed to operate at
790 kilohertz.—They are as follows:

790 kHz Fundamental

1580 kHz Second Harmonic
2370 kHz Third Harmonic
3160 kHz Fourth Harmonic
3950 kHz Fifth Harmonic
4740 kHz  Sixth Harmonic
5530 kHz Seventh Harmonic
6320 kHz Eight Harmonic
7110 kHz Nineth Harmonic
7900 kHz Tenth Harmonic

2. Show by a simple graph what is
meant when it is said that the current
in a circuit leads the voltage. What
would cause thisP—A current lead is
shown in a waveform drawing of Fig.
14-1. A current lead exists when the
impedance of a circuit is capacitive.
The higher is the capacitive reactance
in comparison with the resistive com-
ponent of a series circuit the greater
is the current lead (same as voltage lag)
up to a theoretical maximum of 90°,
where the circuit is entirely capacitive
and has no resistance.

3. What effect does mutual inductance
have on the total inductance of two
coils connected in series?—If two series

coils are not coupled mutually, the total
inductance is the sum of the two in-
ductance values. However, if they are
mutually coupled, the total inductance
is more or less than this amount, de-
Eending on whether their respective
elds are mutually aiding or mutually
opposing. Stated as an equation:

L=L+ L. =*x2M

In the equation M is the mutual in-
ductance; its sign is + for aiding fields
almdz— for opposing fields. Refer to Fig.
4-2.

4. Each coil of two series-connected in-
ductances has a value of 200 milli-
henrys. If the mutual inductance is 50
millihenrys with fields aiding, what is
the total inductance? —

L =200 + 200 4 (2 x 50)
= 500 millihenrys

5. In relation to ac circuits what is the
relationship between (1) rms values,
(2) maximum and minimum values,
(3) peak values, and (4) peak-to-peak
values?—The peak amplitude of a sine
wave of voltage or current is that volt-
age or current measured between the
zero axis and either the positive or nega-
tive crest of the sine waveform. (Refer
to Fig. 14-3.) This peak value of a
sine wave is referred to as the maximum
value, Epeax, Or E,.

Ecme = 0.707 Epeax
Iime = 0.707 Ieax

This is an important level of voltage
because it is related to ac power. The
product of the two rms values, voltage
and current, represents the power in the
circuit or:

230
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Fig. 14-1. Waveforms showing current leading the voltage.

P= Ermx X Irmn

The peak-to-peak amplitude corre-
sponds to the voltage or current differ-
ential between positive crest and nega-

tive crest. Therefore it has a value
which is twice the peak value, or:

—OF — g o Erme _
Epw=2E,=2X 0.707 = 2(1.414En.)

= 2.828E mx

In many transistor and vacuum-tube
circuits the ac sine-wave voltage is su-
perimposed on a dc voltage as shown
in Fig. 14-3B. In the example the abso-
lute maximum value of the voltage is
the dc value plus the peak value of
the sine-wave voltage:

|[Emex| = Ev + E,

The absolute minimum value corre-
sponds to a value that is the dc voltage
minus the peak value of the corre-
sponding voltage:

|[Emiu]l = Ev — E,

6. Show by diagrams the delta-method
and the wye-method of connecting
transformer secondaries in a power dis-

& {000
L NO MUTUAL
INDUCTANCE
LT L+l L
2
O

(A) No mutual inductance.

(C) Opposing fields.

Lyelp+Lp-2m

(oo

tribution system. Show also how various
output voltages might be obtained from
each.—In Fig. 14-4, the celta- and wye-
connected transformer secondaries are
used to obtain three-phase and/or sin-
gle phase power outputs. A three-wire,
common-ground, power distribution sys-
tem can be set up by using a grounded
winding junction in the wye-connected
secondary of the transformer.

A three-wire system is common in

transmitter plants or in other locations
in a broadcast plant that require a con-
siderable amount of power.
7. List some precautions to be observed
when soldering transistors and repairing
printed circuits.—In soldering transis-
tors, avoid applying excessive heat to
transistor leads. It is most important
that some form of heat-dissipating sur-
face (heat sink) be connected to the
transistor lead between the transistor
body and the solder joint. A pai- of
long-nose pliers or metal clamps, which
are designed for soldering transistors,
can be used as a heat sink. The mainte-
nance of transistor and printed circuits
should be based on twc main precau-
tions—minimum heat and maxiimum
care. Here is a list of precautions:

Lyslp+Lp+2M

e,

(B) Aiding fields.

Fig. 14-2. Series-connected coils and mutual inductance.
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(B) Sine wave superimposed on a dc voltage.

Fig. 14-3. Relationships among ac circuit values.

Do not overheat transistors or
printed-circuit wiring.

Use rosin-core solder with a low
melting point.

Use a low-wattage pencil-tip
soldering iron and a good spray-
on contact cleaner for cleaning
the repaired areas.

Avoid excessive solder and use a
wire brush or a soldering aid to
remove drippings.

Use a heat sink when soldering
transistors and other small criti-
cal components.

A thin coat of lacquer can be ap-
plied to printed circuits to pro-
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(A) Delta-connected secondary.

vide long-term protection of a
repaired area.

8. What is the gain factor of a transis-
tor?—The fundamental gain factor is a
term referred to as alpha. It is the ratio
(less than unity) of a small change in
collector current as caused by a small
change in emitter current in a common
base configuration:

Alpha (a) = 2—;"-(with Ve held constant)

Equally important and appropriate for
the common-emitter type of transistor

THREE
_ (000 PHASE
ouTPUT
THREE
SNCLE PASE PH?SE PHASE PHASE
OUTPUTS l

(B) Wye-connected secondary.

Fig. 14-4. Wye and delta secondary transformer connections.
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circuit is the factor of beta. This repre-
sents the current gain of a common-
emitter configuration and is the ratio of
a small change in collector current to
a small change in base current:

Beta (8) = i—i; (with V¢ held constant)

9. What are the main disadvantages of
using transistors in a circuit rather than
vacuum tubes, assuming the cost is the
same for both? —Transistor heating is a
significant factor. The operating charac-
teristics of a transistor change signifi-
cantly with any change in the collector-
junction temperature. This effect can be
minimized with appropriate circuit de-
sign. A transistor is fundamentally a
low-impedance device. Input and out-
put impedances, particularly input im-
pedance, are very much lower than
those for comparable vacuum tubes
used in the same service. There are
some power-handling limitations, but
this disadvantage in many services is
now unimportant because of the devel-
opment of solid-state devices with sub-
stanial power-handling capability.

10. What causes resistance noise in elec-
trical conductors and shot-effect noise
in diodes? —Noise in resistance is caused
by the random motion of free electrons
as a result of thermal agitation. Shot
effect is a noise component that results
from the random variations in the elec-
tron emission from the cathode surface

of the diode.

14-2. CALCULATIONS

11. A series-parallel circuit is composed
of a 5-ohm resistor in series with the
parallel combination of a capacitor hav-
ing a pure reactance of 20 ohms and an
inductance having a pure reactance of
8 ohms. What is the total impedance
of the circuit? Is the total reactance
capacitive or inductive?—In the parallel
circuit of inductor and capacitor the
lowest reactance sets the direction of
the net current. Inasmuch as this is the
inductive reactance, the net reactance is
inductive and has a value of:

Xy — —XcXi. _ —20x8
YT Xe+ X, —20+8
= 13‘/{; ohms

The total impedance of the circuit be-
comes:

Z=V R+ (Xy)?
= V(5)" + (13%4)* = 14.26 ohms
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12. A 10-amp alternating current is
flowing in a series circuit composed of
5-ohms resistance, 25-ohms capacitive
reactance, and 12-ohms inductive reac-
tance. What is the voltage across each
component? What is the total voltage?
Why is the total voltage not simplv the
sum of the individual voltages? —The
current magnitude is the same for each
component of a series circuit. There-
fore, the voltage drops across the ca-
pacitor, inductor, and resistor are as
follows:

Ex =1 X R= 10 X 5 = 50 volts
Ec =1 X Xc = 10 x 25 = 250 volts
E.=1Xx L. =10 x 12 = 120 volts

£ 12V
50V
Ec 250V

Fig. 14-5. Vector relations for questions.

The total voltage is the vector sum
of the individual voltages. This is not a
simple arithmetical addition, because
the voltages are not in phase. The volt-
age across the resistor is in phase with
the current, the voltage across the ca-
pacitor lags the current by 90°, anc the
voltage across the inductor leads the
current by 90°, as in the vector diagram
Fig. 14-5. Note that the inductor and
capacitor voltages are out of phase by
180°. They are opposite in polarity, and
therefore one subtracts from the other.
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Thus the net voltage across the capaci-
tor and inductor in series becomes:

Es = E¢c + Ev.= —250 + 120
= —130 volts

This net voltage lags the voltage across
the resistor by 90° and a simple right-
triangle solution can be used to de-
termine the total voltage:

Er = V(Er)*+ (Ex)*
= V(50)* + (—130)° = 139.3 volts

In summary the total voltage is not
the simple sum of the individual volt-
ages, because of the phase relationships
among the three voltages.

13. The 10-kilohm cathode resistor of a
certain amplifier is bypassed to ground
with a capacitor. If it is desired to op-
erate this amplifier at a minimum fre-
quency of 5 kilohertz, what size of ca-
pacitor should be used?—In the design
of an amplifier the minimum or low-
frequency limit is that value at which
the low-frequency response drops below
some standard level. This standard level
is by no means the same throughout
the industry. In some cases it repre-
sents the ?r,equency at which the re-
sponse is down 29.3 percent (70.7 per-
cent level or —3 db) relative to the
midfrequency gain. In other cases it
represents a frequency at which the
response is just slightly below its mid-
frequency value. For some component-
value charts for resistance-coupled am-
plifiers it represents an 80-percent level
relative to the midfrequency response.

Quite often it refers to a level at
which the low-frequency point is down
an insignificant amount. Usually this
means the frequency at which tﬂe ca-
pacitive reactance of the bypass capaci-
tors is 1/5 to 1/10 of the ohmic value
of the resistor. In the latter case, the
capacitor size would be

1
C= 2mfXe
) R
_— m (assumes X¢ = m)
[ l- C—
~ 6.28 X 5000 x 1000
= 0.0318 uF

14. Explain the operation of a resist-
ance bridge. If the known resistances in
such an instrument are 5 and 10 ohms,
and if adjusting the third resistance to
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50 ohms produces a perfect balance,
what is the unknown resistance?—In a
resistance bridge (Fig. 14-6) a source
of voltage is connected across two op-
posite terminals of the bridge while a
current meter is connected between the
second pair of terminals. Such a bridge
is balanced when the voltages at point
A and point B are the same. With no
difference of potential between points A
and B there will be no current in the
meter. To obtain the same voltage at
points A and B it is necessary that the
ratio of Ri//R. be the same as Ri/R..
When so balanced, the voltages across
resistor R, and Ry are the same, and so
are the voltages across R. and R..

CURRENT
GALVANOMETER

SOURCE
OF
VOLTAGE

]

Fig. 14-6. A basic resistance bridge.

Ry *Rk RZ
X~ Rk R

In the example of Fig. 14-6 the volt-
age across R: would be twice the volt-
age across R.. Therefore, the voltage
across R: must of necessity be two
times greater than the voltage across R
if the bridge is to be balanced. It fol-
lows then that resistance R« is 100 chms
(50 x 2).

The same result can be obtained by
rearranging the basic bridge equation
as follows:

R _ R
R: ™ R:

R.
R, = R.R—;

=50 x% = 100 ohms

15. Find the gain of a triode amplifier
with a plate resistance of 50,000 ohms
and a load resistance of 75,000 ohms.
The amplification factor is 25.—The
basic voltage gain equation of a triode
amplifier is

}LRI.

A = L R
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By substitution, the voltage gain be-
comes

25 X 75,000

Av = 55,000 + 75,000

=15

14-3. AUDIO COMPONENTS AND
AMPLIFIERS

16. What causes sound, and how is
sound transmitted in air?—Sound is a
vibration in an elastic medium. Air can
serve as such a medium. When a person
speaks, the mechanical vibration of the
vocal cords causes the air particles to
compress and rarify, the resultant vi-
brations expanding outward because of
the elasticity of air. When this air-par-
ticle motion reaches another person
within range it causes his eardrums to
vibrate. Here a conversion is made be-
tween vibration and nerve stimulation
of his sense of hearing.

Such air-particle vibrations of a fre-
quency between 20 Hz and 20,000 Hz
which can produce aural stimulation,
are known as sound waves, and their
frequencies are called audio frequencies.
17. What is an audio frequency? What
approximate band of frequencies is nor-
mally referred to as the audio frequency
range?—An audio frequency is a fre-
quency which can produce an audible
sound when it excites the human ear-
drum. The approximate band of audio
frequencies extends between 20-20,000
Hz. In broadcasting we are concerned
with the transmission of an acceptable
range of audio frequencies.

In a-m broadcasting the audio fre-
quency spectrum of concern falls be-
tween 50 and 7500 Hz; in fm broad-
casting, between 50 and 15,000 Hz.
18. What is a decibel?—~The decibel
unit is an expression of the magnitude
of a change in sound level. The human
ear responds logarithmically to an in-
crease in sound level; one decibel being
a change in sine-wave sound level that
is barely distinguishable by the ear.

The decibel unit is also used to ex-
press a change in signal level. In this
case it must be based on some reference
level. Quite often an audio signal power
of 1 milliwatt across a 600-oﬁm imped-
ance is a standard corresponding to zero
decibel (0 dB).

19. Sketch the physical construction of
the following types of microphones and
list their advantages and/or disadvant-
ages: (a) dynamic, (b) ceramic, (c)
crystal, (d) single-button, and (e) rib-
bon. Which types are normally used in
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the broadcast studio? Why? —Dynamic
and ribbon microphones are used as
studio mikes. Each can be designed
with a uniform and wideband audio
response, and of a low impedance which
is a favorable characteristic in terms of
long line lengths and minimum hum
pickup. They lend themselves tc the
design of microphones with adjustable
patterns.

Sketches of the various types of mi-
crophones are given in Fig. 14-7. The
single-button carbon microphone ! Fig.
14-7D) has a high output and a reason-
ably low impedance. It has a limited
low-frequency response, but its high
output and adequate voice response
make it an ideal microphone for two-
way radio application. 1t has a limited
frequency response, a tendency to car-
bon hiss, and requires a source of dc
current.

The ceramic (Fig. 14-7) and crystal
(Fig. 14-7C) microphones are also high-
output types. They have a high in:ped-
ance and therefore are limited as to the
length of line that can be used without
undue pickup of hum and noise and
sacrifice in gequency response, Audio
frequency response is better than that
of the carbon microphone, but it does
not come up to the uniformity and
quality of dynamic and ribbon tvpes.
The ceramic microphone is more rugged
than the crystal type and is able to
withstand environmental extremes more
readily. Its output is slightly less than
a crystal element of like size.

T?:e dynamic (Fig. 14-7A) and rib-
bon (Fig. 14-7E) microphones are used
widely in broadcast studios. The dy-
namic microphone is versatile because
of its light weight, good output, and the
ease with which it can be designed
with a given impedance and pattern,
in both fixed and adjustable types. The
ribbon mike is a more fragile type of
microphone, has a lower output, and
must be handled carefully. However,
the ribbon microphone is popular for
broadcasting service because of its good
frequency response.

20. What is the difference between
unidirectional, bidirectional, and omni-.
directional microphones? —The various
patterns are shown in Fig. 14-8. The
omnidirectional or nondirectional micro-
phones pattern is shown in Fig. 14-8A.
Thus the omnidirectional micropnone
can be positioned in the center of a
broadcast studio activity and will nave
uniform sensitivity to sound from all
angles. The bidirectional microphone is



236 FIRST-CLASS RADIOTELEPHONE LICENSE HANDBOOK

MAGNET
1 SOUND CELL
D IAPHRA GM HIGH-Z
- o m—
Low-z SOUND
MAGNET
coiL
SUSPENS ION
(A) Dynamic. (B) Ceramic.
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1APHRA GM
RAGM  grince
CRYSTAL
P IEZOELECTRIC
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—
SOUND
MECHAN ICAL |
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(C) Crystal.
m 1A STEP-UP
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(D) Single-button carbon.

MAGNET

’

(E) Ribbon.

e

RIBBON

TRANSFORMER

Fig. 14-7. Basic microphone types.
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FRONT

FRONT
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SIDE
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UNIDIRECTIONAL

CARDIOID

SIDE

BACK

BACK

(A) Nondirectional,

(B) Bidirectional.

(C) Cardioid—unidirectional

Fig. 14-8. Basic microphone patterns.

sensitive in two directions and has an
aporoximate figure-8 pattern as shown
in Fig. 14-8B. For example, the bidirec-
tional microphone would be good for
icking up two people sitting across
rom each other at an interview table.
The unidirectional microphone has a
single-direction pattern as shown in Fig.
14-8C. Such a pattern can be quite nar-
row for picking up one source of signal
or it can have a Eroad unidirection re-
sponse such as a cardioid pattern for
single-direction, large-area pickups.
21. What is meant by the phasing of
microphones? When is this necessary?
—Microphones must be phased properly
when two or more microphones are used
rather close together. The microphones
must respond to sound waves in a man-
ner so that they deliver similarly phased
audio signals to the input of the mixing
amplifier. If they are out of phase, there
will be a net decrease in signal level
and distortion. The microphone wiring
and patching arrangement should be
such that the microphone signals are
additive,
22. What is a preamplifier? Where are
they normally used in a broadcast sta-
tion? —Preamplifiers are often used in
association with a studio microphone,
f)articu]arl when there is a rather long
ength of line between microphone and
the sound console. The nreamplifier is
usually mounted right in the studio
with the microphone. Its function is to
provide the correct termination for the
microphone and to build up the level of
the microphone signal for application
to the long audio lines to tRe studio
console. The higher-level signal domi-
nates the hum and noise components
that may be induced into the long audio
line. Thus, higher signal-to-hum and
signal-to-noise ratios are obtained.
Recently  solid-state  preamplifiers
have been built directly into the micro-
phone case. This type of microphone is

also used quite frequently for remote
pickup and for applications other than
strictly studio work.

Preamplifiers also amplify the outputs
of phono cartridges, tape heads, and
other signal sources.

23. What type of playback stylus is
usually used in studio turntables? Why?
—The most widely used stylus today is
the small-diameter diamond stylus in
conjunction with a high-quality -art-
ridge (usually magnetic). A stereo
stylus and cartridge are necessary for
stereo fm broadcast application. The
thin-diameter stylus is needed for micro-
groove records and long-playing tran-
scriptions. The diamond stylus is long-
lasting and durable. Record wear is
reduced to a minimum because the
stylus and cartridge are designed to
apply only a light pressure on the
record.

24. HHow does dirt on the playback
head of a tape recorder affect the aadio
output? How are such heads cleaned?
—Dirt reduces output and increases the
noise level. Dirt will cause head wear
and consequent deterioration of the fre-
quency response and the output level,
which reduces the signal-to-noise ratio.
Dirt can be removed by cleaning with
a soft cloth or a cloth dampened with
ethyl alcohol. Various test tapes and
cleaner tapes are available too. They
can be used to clean and check out
tape-head performance.

25. Explain the use of a stroboscope
disc in checking turntable speed.—A
stroboscopic disc is imprinted with a
number of dots or lines the positioning
of which is so arranged that when the
disc is rotated on the turntable and
illuminated by a 60-Hz light source
the appropriate dots or lines will re-
main stationary when the turntable is
rotating at the proper speed. If taere
is a drift in the pattern in one direction
or the other, an appropriate adjustrent
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can be made to speed up or slow down
the turntable to obtain a stationary pat-
tern. Speed checks should be made with
a record on the turntable and stylus in
the record grooves.
26. What are wow and rumble as re-
ferred to turntables? How can they be
prevented?—Wow is a low-frequency
flutter that results from an eccentric
rotation of the turntable and/or record.
This results in the generation of a
spurious low-frequency signal which is
reproduced in the loudspeaker. Rumble
is a low-frequency vibration that is con-
veyed mechanically to a turntable and
introduces a signal that is reproduced
in the output. This can be the result of
any vibration coupled mechanically to
the motorboard. It can also be the re-
sult of an unbalanced drive system.
Wow and rumble reduction are to a
great extent, a matter of turntable de-
sign. In addition, the turntable must be
mounted level and all balancing adjust-
ments made carefully so as to result in
a smooth rotation and a reduction of
any tendency for uneven wear of me-
chanical components. Electronic filters
are available for insertion in the audio
system to attenuate the narrow rumble
frequency band.
27. What factors can cause a serious
loss in high frequencies in tape record-
ings?—A loss of highs can be the fault
of the following: improper azimuthal
mounting of the tape head, insufficient
gressure-pad tension (which does not
old tape in contact with heads), and
unclean heads. Improper bias current
or a malfunction in the equalization
circuits can also cause a loss of high
frequencies.
28. Show how the frequency response
of a pickup unit on either a tape re-
corder or turntable is tested.—There are
a variety of test tapes and records that
can be used to check out the frequency
response of tape playback or phono
playback units. Output is measured with
an ac voltmeter or a VU meter.

—’_’VV\P——VVY\ N————
osssusmznm
NETWORK

SIGNAL TO BE
MEASURED

BRIDGING
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If the pickup cartridge of the turn-
table can be assumed to be operating
correctly, a signal generator can be
used as a signal source for checking the
frequency response of a phono-pre-
amplifier unit. The input signal level
should be adjusted to the approximately
normal input level. The preamplifier
output can then be checked on an ac
voltmeter or VU meter.

The overall performance of a tape

recorder and pﬁlyback system can ge
checked with the test arrangement of
Fig. 12-17. In this arrangement, a cali-
brated audio oscillator is used as a sig-
nal source. The oscillator output is re-
corded on the tape and then played
back and measured at the output of the
amplifier with an ac voltmeter or VU
meter. When a response fault is located,
it is then possible to check the record
and playback channels separately to
further isolate the point at which the
response has bheen lost.
29. VU meters are normally placed
across transmission lines of what char-
acteristic impedance?—A 600-chm line.
30. Show by a circuit diagram a method
of desensitizing a VU meter to cause
it to read lower than normal.—Such an
arrangement is shown in Fig. 14-9. Its
added resistance sets a VU reference at
a higher level than the standard 1-milli-
watt level. For example, 0 VU can be
made to correspond to the standard
signal level of +4 dBm (4 dB above 1
milliwatt across 600 ohms) on an in-
coming phone line.

Adjustable and calibrated pads and
attenuators are available. These provide
proper matching and when placed ahead
of the VU meter they can be used to
establish a desired 0 VU reference level.
31. Why is it important to keep clean
the contact points on attenuator pads
used in a broadcast studio console?
How are they cleaned?—Attenuator
pads are often varied during the course
of a program. If they are dirty, they
can introduce scratch noise into the sig-

RESISTANCE

——

RECTIFIER
AND
VU METER

ATTENUATOR

Fig. 14-9. A method of desensitizing a VU meter.
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nal and/or cause erratic amplitude vari-
ations in the program signal. These pads
are kept clean with a soft cloth and a
suitable nonabrasive and noncorrosive
clcancr.

32. What is meant by the fidelity of an
audio amplifier? Why is good fidelity
an important consideration when re-
placing amplifiers in a broadcast sta-
tion?—The fidelity of an amplifier has
to do with the faithfulness with which
the output signal reproduces the pro-
gram characteristics of the input signal
with a very minimal introduction of
spurious components such as noise,
hum, harmonic distortion, and inter-
modulation distortion. For good fidelity,
the amplifier must have a uniform over-
all flat response over the required audio
range. Drop-offs at the ends of the
bandpass should be such that spurious
signal components are not introduced.
The amplitude response should be lin-
ear, so that the amplifier follows exactly
the amplitude variations of the program
material. Good fidelity is important in

+EpB

—m—t

VOLTAGE
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the faithful transmission of the program
material. It is particularly importart to-
day, with the emphasis on high-ficelity
reproduction.

33. What is the technical requirement
for negative feedback? Show by circuit
diagrams how this is achieved for
(1) negative voltage feedback and
(2) negative current feedback.—Feed-
back must be of opposite polarity (180°
phase shift). To obtain negative feed-
back the feedback component derived
from the output signal should have a
polarity opposite to that of the signal
present where the feedback signal is
reintroduced into the amplifier. The
higher the desired negative feedback,
the closer the feedback component must
approach the magnitude of the signal at
the feedback-injection point. Out-of-
phase voltage and current feedback ar-
rangements are shown in Fig. 14-10.
34. Given the gain of an amplifier
employing feedback and the overall
voltage gain of the circuit, how is it
possible to determine the amount of

+EgB

FEEDBACK

(A) Negative voltage feedback.

+EBB

LOAD

L

+Epp

CURRENT
FEEDBACK

A

FORM OF SINGLE STAGE CURRENT FEEDBACK
USING UNBYPASSED CATHODE RESISTOR

(B) Negative current feedback.
Fig. 14-10. Voltage and current feedback.
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feedback used? State the formula used,
and solve a sample problem.—The feed-
back is the fractional part (8) of the
output voltage fed back to the input
of the amplifier. The greater the nega-
tive feedback (—B) is, the greater is
the reduction in the amplifier gain. The
basic equation for a feedback amplifier
is:

_ A

=T—ag

This can be rearranged to solve for the
negative feedback (—B):
A—A
B = AN
In a typical example if the voltage
gain (A) without feedback is 100 and

A

FIRST-CLASS RADIOTELEPHONE LICENSE HANDBOOK

the voltage gain A’ with feedback is 10,
the feedback 8 is:

10010
T 100 x 10

35. What are line equalizers? Why are
they used? Where in the transmission
line are they normally placed?—A line
equalizer is a resistance-reactance net-
work that compensates for the loss of
high-frequency response on an audio
line. Such an equalizer can be placed
across a line without disturbing the
impedance match. It has a frequency
response which rises in a controllable
manner with frequency. Usually it is in-
serted in an incoming phone line (most
often from a remote pickup) ahead of
the input to the audio console.

=0.09 = 9%
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Transmitters and A-M Broadcasting

This chapter covers the FCC Study
Guide questions on transmitters, modu-
lators, antennas, transmission lines, and
subjects related to these components.

15-1. TRANSMITTERS

1. Explain in a general way how radio
signals are transmitted and received
through the use of amplitude modula-
tion.—A functional block diagram of an
a-m system is given in Fig. 15-1A. In
a-m broadcasting, the amplitude of the
transmitted rf wave is made to vary
with the voice and music components of
the modulating signal. The a-m trans-
mitter consists of a carrier generator, or
rf exciter, which, in a-m broadcasting,
is a crystal-controlled oscillator and a
series of succeeding rf amplifiers. The
rf amplifiers build up the amplitude of
the carrier wave. Prior to their applica-
tion to the final modulated rf amplifier
(Fig. 15-1A), the voice and/or music
frequencies (Fig. 15-1B) are increased
in level by a series of audio amplifiers.
The final i,)igh-power stage of the audio
chain is called the modulator. The audio
output of this final stage is used to
modulate the rf carrier.

In the modulated amplifier, the rf
and audio frequency components mix
to produce a resultant rf wave which
varies in amplitude in accordance with
the modulating wave (voice and/or
music). It is said that the amplitude of
the rf carrier is varied. Actually, in the
modulated amplifier the rf carrier wave
and the modulating wave conibine to
produce three individual rf output
waves. They are the carrier, the upper
sideband  (carrier 4+ modulating-wave
frequency) and the lower sideband
(carrier — modulating-wave frequency)

(Fig. 15-1C). The resultant amphtude-
modulated rf wave is the algebraic sum
of these three waves; it is this combin-
ing that produces the familiar a-m mod-
ulation envelope. (Refer to the wave-
forms of Fig. 15-1C). Note that the
variations in the modulation envelope
(loosely referred to as a modulated rf
carrierg correspond exactly to the varia-
tion of the modulating audio wave.

The strength of a modulated rf signal
decreases quickly as the signal travels
away from the radiating antenna. Thus
the receiving antenna picks up a signal
that is only a small percent of the signal
level at the transmitting antenna. The
amplitude-modulated rt signal at re-
ceiver antenna terminals is amplified by
a number of rf stages hefore it is ap-
plied to a demodulator (a-m detector).
The conversion of the rf modulation
envelope to the modulating wave (au-
dio) is the function of the a-m demodu-
lator. The conventional a-m demeodula-
tor is a combination rectifier and filter.
In the rectifier only the positive alter-
nation of each rf cycle causes a flow of
demodulator current. The positive al-
ternations at the demodulator output
api)ear as a series of. radio-frequency
pulses, as shown in Fig. 15-1D. How-
ever, the output circuit of the a-m de-
modulator is a filter network in which
the rf cycles are filtered to ground.
The reconstructed modulating wave
(Fig. 15-1E) is then applied to a fol-
lowing audio amplifier in which the
power level of the audio signal is built
up to provide adequate drive for the
speaker.

In general it can be stated that an
amplitude modulation system provides
a means of varying the magnitude of
the transmitted rf wave in accordance

241



242 FIRST-CLASS RADIOTELEPHONE LICENSE HANDBOOK

RE MODULATED
OSCILLATOR AMPLIFIER :

R
AMPLIF IER

AUDIO
micropHone [[)—-—f  AUDIO MODULATOR |

. RECEIVER
SPEAKER:D—~— Aubio LY RF
AMPLIFIER DEMODULATOR AMPLIE IER

(A) Block diagram of an a-m transmitter.

F 1 CYCLE él
MODULAT ING
SINE-WAVE
{ DISCARDED)

(B) An audio (program) signal.

CARRIER

THREE
UPPER '\ RF
SIDEBAND | WAVES

LOWER
SIDEBAND |

A-M WAVE
{ RESULTANT)

(C) An amplitude-modulated signal.

I DEMODULATOR
26 CURRENT
(D) A demodulated a-m signal.
RECONSTRUCTED

MODULATING WAVE

(E) The filtered output (audio) of an a-m demodulator.
Fig. 15-1. A basic a-m modvulation system.
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with the amplitude changes of the mod-
ulating signal. This rf wave provides a
means of carrying the desirecF modulat-
ing information between transmitter and
receiving sites. The function of the re-
ceiver is to first amplify this incoming
rf wave and then apply it to an a-m
demodulator. The demodulator makes
the conversion between the rf modula-
tion envelope and a replica of the origi-
nal modulating wave.

2. Draw a circuit diagram of a com-
plete radiotelephone transmitter com-
posed of the following stages: (a)
microphone input connection, (b) pre-
amplifier, (c) speech amplifier, (d)
class-B modulator, (e) crystal oscillator,
(f) buffer amplifier, (g) class-C mod-
ulated amplifier, and (h) antenna out-
put connection. Insert meters in the
circuit where necessary and explain
step-by-step how the transmitter is
tuned.—The transmitter schematic dia-
gram is given in Fig. 15-2. The essen-
tial meters would be located in the grid
circuit of the buffer amplifier, grid cir-
cuit of the class-C modulated amplifier,
plate circuit of the class-C modulated
amplifier, plate circuit of the class-B
modulator, and in the coupling system
to the transmission line of the antenna
system.

Often in a-m broadcast practice no
frequency control is associated with the
transmitter. The crystal is finely ground,
mounted in an oven and operates on the
precise frequency assigned to the a-m
broadcast station by the FCC. In other
cases, especially in services other than
a-m broadcasting, a fine-frequency ad-
justment is included. This permits the
crystal oscillator to be set to some pre-
cise frequency using an appropriate fre-
quency standard. In a-m Dbroadcast
practice an accurate frequency monitor
is mandatory and, therefore, the fre-

uency of the transmitter can be
checked on this meter.

STEP 1. When the crystal oscillator
(V1) is functioning and supplying sig-
nal to the buffer (V2) there will be a
buffer grid-current reading. The oscil-
lator tank (L1-Cl) can then be peaked
by adjusting the slug in L1 for a maxi-
mum buffer-stage grid current (1)
meter reading.

STEP 2. The adjustinents in Step 2
are made without applying dc plate
and screen-grid voltages to the final
amplifier (V3). However, the filament
of V3 is turned on so that grid current
can flow. The plate tank (L2-C2) of the
buffer amplifier (V2) can be adjusted
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by C2 for maximum grid-current (Ig)
meter reading at the grid circuit of the
class-C modulated amplifier (V3). The
grid current meter reading will be max-
imum when there is maximum rf excita-
tion from the buffer stage. In some cases
it is necessary that the rf drive to the
power amplifier be of some specific
value. Often a drive control (R1) in the
screen grid circuit of the buffer ampli-
fier permits a precise setting of the
ower output of this stage. It so, both
r)uffer controls (plate tuning and drive)
are adjusted so that the meter reading
at the grid of the class-C amplifier is
some specific value when the buffer
tank is resonated. Usuallv the tuned cir-
cuits are resonated, and then the drive
control (R1) is adjusted for a specific
grid current.

STEP 3. The adjustment of the mod-
ulated amplifier stage can be made with
a dummy antenna load connected to the
transmitter output instead of the broad-
casting antenna. This antenna load has
the same characteristics as the broad-
casting antenna but it does not radiate
any signal.

The initial adjustment of the power
amplifier stage is usually made at a low
transmitter power output by decreasing
the power-amplifier plate and screen
grid voltages and with a light load.
The plate tank circuit of the modulated
power amplifier (C3) can now be ad-
justed for a dip or minimum plate cur-
rent meter reading.

STEP 4. The loading on the trans-
mitter can now be increased with C4. In
so doing there will be a rise in the plate
current meter reading (dip will not be
as pronounced ). Usually it is necessary
to jockey the tank circuit tuning control
and the antenna loading control until
the plate current reads a specific value
when the plate tank circuit is set on
resonance. Occasionally a slight detun-
ing of the plate tank circuit is advisable
in the transfer of maximum power to
the antenna system. The maximum
transfer of power will be indicated b
a maximum antenna-current meter read-
ing. The two output controls (plate
tuning and loading ) are optimized when
the plate current and antenna-current
readings at resonance are in accordance
with the manufacturer’s recommenda-
tions or known desired operating set-
tings for the particular transmitter.

STEP 5. After the output circuit has
been tuned it is often advisable to reset
the buffer tank circuit and the rf drive
from the buffer so that the grid current
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meter reading is of a desired value. In
most transmitters there is some interac-
tion between control settings and it is
necessary to jockey back and forth until
optimum conditions are obtained. Plate
tuning and loading can now be re-
adjusted slightly for the nost favorable
plate current and antenna current read-
1ngs.

STEP 6. It is now permissible to ap-
ply maximum voltage to the modulated

power amplifier. Input drive and
tuning as well as output tuning and
loading can now be readjusted ever so
slightly for optimum operating condi-
tions. These optimum conditions will be
indicated by the three meter readings
—modulate((rf amplifier grid current,
modulated rf amplifier plate current,
and rf antenna current.

STEP 7. The performance of the
transmitter should be checked with
modulation applied. Quite often a tone
signal (usually 1000 Hz) of specific
amplitude is recommended by the man-
ufacturer for this purpose. The signal is
applied to the input of the transmitter.
At this level of audio input signal, the
transmitter carrier should be modulated
100 percent or some other specific level
of modulation in accordance with the
transmitter maintenance instructions,
and the class-B modulator stage (V6-V7)
should also be drawing some specific dc
plate current (Ison). If the modulator
stage (V3) does not draw the specified
Iuop, the bias voltage to modulator

MODULATED
AMPLIF IER OUTPUT

RFC g
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grids, and other possiktle adjustments
should be made in the speech amplifier
or modulator sections of the transmitter
to obtain the proper drive to the class-B
modulator.

In a-m broadcasting, a modulation
meter is required by the FCC; the
actual percentage of modulation can
be read on this meter. An oscilloscope
can also be used to check the percent-
age of modulation. The modulation
envelope of the a-m carrier voltage (as
displayed on the face of an oscilloscope
cathode-ray tube) taken across L3 via
a pickup coil gives a good indication
of the linearity of the modulation. (See
Fig. 15-3.) If it is nonlinear, certain
biasing adjustments are recommended
to obtain true linear modulation.

STEP 8. Inasmuch as a class-B modu-
lator is employed, the modulator plate-
current meter should drop to a very
low value when no modulating wave is
applied. In many cases the transmitter
maintenance manual indicates that a
sreciﬁc value of the plate current ¢I)
should be present without a modulating
signal on the grid of the modulator.
The bias of the modulator is adjusted
until this amount of plate current (Iwon)
flows in the plate circuts of V7-V8.

With a modulating signal, the plate
current (Iwon) meter reading of the
class-B modulator will rise. It should
kick up to a certain level when a sine
wave of specific amplitude is applied
to the input of the speech amplifier
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Fig. 15-3. A moduvlation linearity check.
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(V4). At the same time, the antenna
(I.) meter reading should rise. In fact,
there should be approximately a 22-per-
cent increase in the antenna current
readings from the unmodulated carrier
signal to the 100-percent modulated
carrier signal,

STEP 9. The application of modula-
tion should not have any adverse in-
fluence on the operation of the rf sec-
tion of the transmitter. Actually, with
linear modulation, the plate-current
reading (Is) of the modulated amplifier
(V3) should be unchanged. Thus if the
plate-current (I») meter reading is
steady and the antenna-current (I.)
meter reading rises the proper amount
with modulation, it is a good indication
that the transmitter rf output and the
modulation sections of the transmitter
are normal. A serious kick in the plate-
current (I.) meter reading of the rf
power amplifier with modulation is an
indication of a transmitter defect or of
an improper transmitter adjustment.

With the application of voice or
music frequencies there will be a con-
tinuous change in the plate-current
(Iuon) meter reading of the modulator.
The higher the amplitude of the modu-
lating wave, the higher is the Iuon.
Likewise the antenna-current (I.) me-
ter reading will swing upward with
modulation, The higher the amplitude
of the modulating wave, the higher is
the swing of the antenna-current meter.
The plate-current meter reading of V3
and the grid-current (I;:) meter read-
ing of the V3 should remain essentially
constant with modulation.

3. Draw the approximate equivalent
circuit of a quartz crystal.—Note the
equivalent circuit shown above the
crystal in Fig. 15-2. The inductor-ca-
pacitor equivalent circuit corresponds
to the mechanical resonant circuit of
the crystal and associated hardware,
Since the equivalent resonant circuit of
the crystal has a very high Q, an elec-
tronic oscillator circuit using a crystal
will have exceptional stability.

4. What factors affect the resonant fre-
quency of a crystal? Why are crystal
heaters often left on all night even
though the broadcast station is not on
the air?—The mechanical resonant fre-
quency of a crystal is determined by
its physical dimensions and its cut from
a block of crystal material. However,
the precise resonant frequency of the
crystal is also influenced to a limited
egree by temperature and the constants
of its associated oscillator circuit. In
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particular, the reactance (usually ca-
pacitive across the crystal) of an associ-
ated circuit can have some influence on
the oscillating frequency. The crystal
temperature also influences the oscillat-
ing frequency a small but important
amount when the transmitter is to be
held within the very tight FCC fre-
quency tolerance. For example, in the
a-m broadcast band the frequency tol-
erance is only +20 Hz relative to the
assigned carrier frequency. Therefore,
the crystal and often the complete os-
cillator circuit is mounted in a tempera-
ture-controlled oven. This oven holds
the crystal at an essentially constant
temperature in order to minimize the
frequency drift.

Crystal-oscillator  frequencies often

drift significantly while the crystal and/
or its associated circuit are coming up
to the normal operating temperature.
For this reason, a crystal oven usually
operates even when the transmitter is
not on the air so that the crystal tem-
perature can be maintained at a con-
stant value. In some transmitters, the
power is also applied continuousiy to
the crystal oscillator filaments for the
same reason.
5. Explain by the use of simple draw-
ings the principle construction and op-
eration of mercury-thermometer and
bimetallic thermal switch types of crys-
tal heater controls.—These two basic
methods are shown in Fig. 15-4. A bi-
metallic element acts as a temperature
switch that shuts the heater resistance
on and off, maintaining an essentially
constant oven temperature. The bime-
tallic element itself is composed of two
dissimilar metal strips. As the internal
temperature of the oven is brought up
to operating level, the heat causes one
of the strips to expand more than the
other. Eventually one element bends
upward and away from the second ele-
ment, opening two electrical contacts.
The open contacts then switch off the
heater until the oven temperature once
again falls to a level that will cause the
metallic strips to contract and re-estab-
lish electrical contact. This closes the
electrical circuit to the oven heater and
prevents the oven temperature from fall-
ing below a specific value. Switching on
the heater resistor also applies voltage
to a pilot lamp that glows whenever
the oven is heating. In normal operation
the oven heater switches on and off in
a manner that maintains the operating
temperature of the oven with reason-
able limits.
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In the mercury thermometer arrange-
ment (Fig. 15-4B) a contact is closed
whenever the mercury within the ther-
mometer rises to a specific level. The
closing of the contact causes a control
unit to shut off the oven heater. When
the mercury falls below a certain tem-

erature the mercury switch contact is
Eroken, and the associated circuit once
again turns on the oven heater. Again
the operation of the mercury tempera-
ture switch keeps the oven temperature
within narrow limits to maintain crystal
frequency stability.

6. Draw circuit diagrams of the follow-
ing rf amplifiers, and explain their op-
eration—(a) class-C rf power amplifier
with battery bias, (b) tetrode rf power
amplifier with grid-leak bias, (c¢) rf
power amplifier with two tetrode tubes
in parallel, (d) rf power amplifier with
two tetrode tubes in push-pull, (e)
plate-neutralized triode rf amplifier,
(f) grid-neutralized triode rf amplifier,
(g) triode frequency-doubler stage,
(h) push-push frequency-doubler stage
and (i) grounded-grid rf amplifier.—
(a) A class-C rf power amplifier with
battery bias is shown in Fig. 15-5. The
class-C stage is the basic rf power am-
plifier. It operates at a high efficiency
since it is biased beyond cutoff, and
plate current (i,) flows for considerably
less than half the period of the input
rf sine-wave voltage as shown in Fig.
15-5C. The plate current is not contin-
uous and is Xra\vn in bursts. Each burst
of plate current shock-excites the tank
circuit into oscillation, forming a com-
lete sine-wave cycle. If only a single
hurst of current were delivered to the
tank circuit, damped oscillations would
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247

occur in the plate tank, each succeed-
ing cycle being lower in amplitude than
the previous one, in accordance with
the losses in the tank circuit. However,
in a conventional class-C amplifier, a
burst of plate current occurs once dur-
ing each input cycle. Therefore the sine
waves developed across the tank circuit
are continuous and of constant ampli-
tude. If the tank circuit has an adequate
Q, the generated waves are of good
sine-wave form and contain a minimum
of harmonic components.

The rf power amplifier stage of Fig.
15-5A is biased class-C with a battery.
Refer to the transfer characteristic and
the waveforms of Fig. 15-5B. Let us
assume that the cutoff bias for the tube
is —30 volts and the battery bias is
—90 volts. Therefore it can be stated
that the tube is biased three times be-
yond cutoft.

Usually the peak amplitude of the in-
coming rf wave from the succeeding
driver stage is somewhat higher than
90 volts peak. For the efficient opera-
tion of most class-C stages, it is neces-
sary to apply enough drive signal to
drive the control grid positive, so as to
draw a high peak plate current. If the
amplitude of the rt drive signal is 100
volts peak, the control grid would be
driven to 10 volts positive.

From the transfer characteristic
shown in Fig. 15-5B, notice that plate
current occurs only dur:ng a portion of
the input sine wave (for the time inter-
val that the control grid swings from
—30 volts to 410 volts). During the
remainder of the input cycle there is no
plate current. Grid current (in Fig.
15-5C) occurs only during the short
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Fig. 15-4. Two methods of crystal heater control.
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interval of time that the input wave
swings the grid voltage Dhetween 0 and
+10 volts.

The peak plate current drawn by the
class-C ampfifier is a function of the
screen-grid voltage and how far the
control-grid voltage is made to swing
positive. The control-grid voltage must
not swing too far positive, because
many electrons will be attracted to the
control grid, resulting in excessive grid
current and no further increase in the
peak plate current.

The bursts of plate current deliver

ower to the output tank circuit. The

Eigher the peak plate current, the more
energy can be placed in the tank cir-
cuit. This energy causes the tank circuit
to oscillate and generate a high-ampli-
tude sine wave. The peak plate current,
the amplitude of the rf voltage devel-
oped across the plate tank, and, there-
fore, the rt power in the plate tank cir-
cuit are a function of the plate supply
voltage. In fact, over a very useful
range, the rf voltage developed across
the tank circuit increases linearily with
an increase in plate supply voltage. This
factor is taken advantage of in an am-
plitude-modulation system.

In summary, the class-C amplifier is
biased beyond the cutoff point. For
efficient operation the input wave (drive
signal) should have sufhicient peak am-
plitude to drive the grid positive. Al-
though the class-C amplifier conducts
plate current for a smalr portion of the
positive alternation of the input wave,
it draws a high peak plate current
which delivers an energy pulse tc an
output tank circuit. The energy-storing
ability of the tank circuit develops a
high-amplitude rf sine wave in the out-
put circuit. Each succeeding sine wave
is initiated by a new burst of plate cur-
rent during the peak of the positive
alternation of the input wave. There
are four tactors that have a very signifi-
cant influence on the amount of rf
power that can be developed in the
output circuit. The peak plate current
is influenced by the peak amplitude of
the grid drive voltage and the screen-
grid supply voltage. The rf voltage de-
velopecF across the tank circuit is in-
fluenced greatly by the dc plate supply
voltage and the Q of the resonant tank
circuit.

The power developed in the resonant
tank circuit can be transferred to a load
via a mutually coupled secondary coil.
If this coil has a few turns, the coil
functions as an impedance-matchking
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transformer to couple the tank circuit
to the low-impedance load presented hy
an antenna system.

(bl) A tetrode rf power amplifier with
grid-leak bias is shown in Fig. 15-6,
The fundamental operation of the am-
plifier is quite similar to the class-C
amplifier with battery hias, except for
the manner by which it develops the
class-C grid bias. The efficient operation
of a class-C amplifier requires that the
grid be driven positive at the peak of
the positive alternation of the input
grid voltage. During this short interval,
the control grid is positive relative to
the cathode, and grid current flows.
A grid-leak bias arrangement (C.-R)
takes advantage of this grid current to
develop the class-C bias. The direction
of grid current charges the grid capa-
citor (C,) to a potential which makes
the grid negative relative to the cath-
ode. Inasmuch as the peak grid current
is substantial, the actual negative charge
placed on the capacitor is higher than
the voltage required for cutofl bias.
The charge is held on the capacitor
(C¢) during the interval between grid
current pulses by the time constant
(Re C,) which is long in comparison to
the time spacing between positive peaks
of the rf input wave. During the inter-
val between grid-current pulses, capaci-
tor C; discharges through resistor Rg
(of the grid-leak combination), and a
steady class-C dc bias (—90 V) is de-
veloped across the grid resistor, R,. Be-
cause the time constant is so long, only
a small discharge of capacitor C, occurs,
and the grid hias is held essentially
constant between grid-current bursts.
Each time a burst of grid current flows,
it recharges grid capacitor C; to the
maximum negative value.

If the power amplifier stages of Fig.
15-5A and Fig. 15-6A have the same
operating conditions, the stage wave-
forms of the battery biased and self-
biased power amplifier wi!l be identical.

One significant and very important
difference between the battery biasing
arrangement and the grid-leak hias ar-
rangement is the fact that the grid-leak
self-bias circuit is self-adjusting to the
input signal level. In the circuit of Fig.
15-5A a decrease in the input rf drive
signal has no influence on the class-C
bias, and the peak plate current and rf
output voltage will decrease. However,
in the circuit of Fig. 15-6A a decrease or
an increase in the input signal level has
a significant influence on the developed
class-C  bias. In fact, the resultant
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change in bias would be such as to The influence of an input signal-level
maintain an acceptable operating effi- change is shown in the waveforms of
ciency over a significant range of input Fig. 15-6B. If the input signal level
signal levels. were lower than 100 volts peak, the

RF GRID
VOLTAGE

(A) Schematic

ﬁpp

— LESS GRID

i
. VOLTAGE

— : 5
C T {

E - >
C 1 T

et

'BIAS FALLS

WITH LESS DRIVE

(B) A class-C transfer curve.

Fig. 15-6. A tetrode rf power amplifier with grid-leak bias.
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grid would not be driven as far positive.
As a result the peak grid current would
be less, and therefore, the class-C bhias
would decrease. Consequently, the input
wave, despite its decrease in level, will
still swing into the positive grid region
and result in a high peak plate current.
Conversely, an increase in the rf drive
voltage would result in a higher peak
grid current and, therefore, a higher
class-C grid bias. The self-regulating
action helps to stabilize the operation
of the class-C rf power amplifier. It
must be pointed out that this self-regu-
lation exists only over a certain range
of input signal f;vels. Too little or too
much rf grid drive can still produce
improper operation of the stage, but
the effect is not quite as pronounced
as a similar change at the input of the
battery-biased power amplifier of Fig.
15-5A.

Because of the self-regulating action
of the grid-leak combination, grid-leak
bias is the most widely used method
of obtaining class-C bias for an rf
power amplifier.

A disadvantage of a grid-leak bias
combination is that when the incoming
rf drive signal is lost there is no gric
bias on the stage. Therefore, the tube
can draw high currents. Excessive cur-
rents can dainage or shorten the life of
the power amplifier tube and, depend-
ing on the circuit arrangement, can
damage other stage components. The
circuit of Fig. 15-5A is not troubled
with this con[éition because with a loss
of rf drive a high “limiting” class-C
bias is maintained by a battery.

The limiting bias problem is solved
in the grid-leak power amplifier of Fig.
15-6A f')y the use of a cathode resistor
(Ry). Insofar as the normal operation
ot the stage is concerned, the low ohmic
value of resistor Ry is such that it does
not influence efficiency and stage opera-
tion. However, if the rf drive voltage
is lost, there will be a tendency to in-
crease the steady-state tube current.
This current rise in the cathode resistor
will develop a higher negative bias and
will restrain a further increase in the
steady-state tube current to a safe value.
In effect, the cathode resistor develops
? safety bias when the rf drive signal is
ost.

Another technique often used is to
use a combination of grid-leak (self-
bias) and external bias. In this case the
class-C bias is a summation of that
developed in the grid-leak circuit and
the external bias supply. With a loss of
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the rf drive, the grid-leak bias fails.
However, the remaining external bias
prevents damaging tube current.

Although not asked for specifically in
the FCC study guide question, the
component functions of the preceding
power amplifier stages will be pre-
sented. This knowledge will improve
your comprehension of the operation of
a class-C amplifier and will be helpful
in seeking the answers to some of the
Study Guide questions in this chapter
and in the following chapters.

Capacitors

C.—Self-bias capacitor for the grid-
leak combination. A peak charge is
placed on this capacitor by the grid
current drawn at the peak of the posi-
tive alternation of the rf drive voltage.

C,—Supply-voltage filter capacitor. It
keeps the r{ energy out of the supply
voltage lines.

C.c—An r1f filter capacitor that keeps
the screen-grid voltage constant despite
any variation in the screen-grid current.

Cv—A blocking capacitor that keeps
the high dc ‘(()late voltage out of the

resonant tan circuit and antenna
system.
Resistors
R;,—The resistor of the grid-leak

combination. The discharge of the volt-
age on capacitor C; through resistor R,
maintains the class-C bias during the
interval between grid-current bursts.
The time constant of R.C, is long in
comparison with the period of the input
rf wave. Bias is a (Fc voltage and re-
quires the joint influence of capacitance
and resistance if a steady voltage is to
develop.

Ri—A cathode-bias resistor. With the
loss of rf excitation the attempted rise
in tube current develops a bias across
this cathode resistor. This is a safety
bias which prevents excessive tube
current,

R.,.—The screen-voltage dropping re-
sistor. It decreases the supply voltage to
the level of dc voltage needed at the
screen grid of the tube.

L.—This component is a resistor on
which has been wound several turns of
wire, It serves as a parasitic choke and
prevents the development of parasitic
oscillations. Such oscillations occur out-
side of the normal frequency range of
operation of the stage and cause insta-
bility and loss of efficiency.
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Pi-Network

Capacitors C3 and C4 plus inductor
L3 form the resonant tank circuit for
the output of the class-C power ampli-
fier. The pi-network is perhaps the most
popular type of resonant circuit because
it is capable of serving other functions
in addition to that of a resonant load for
the amplifier. In addition to providing
the proper “Q” and the correct fre-
quency of operation for the stage, the
pi-network is also an impedance-match-
ing circuit. It reflects an optimum high
impedance to the plate circuit of the
tube from the low impedance load to
which it delivers rf energy. Thus in
most cases the capacitance of C3 is sub-
stantially lower than the capacitance of
C4. Stated another way, it has a high
input impedance (plate side of the pi-
network) and a low output impedance
(load side.) Off the resonant frequency,
a pi-network operates as a low-pass
filter. In so doing harmonics of the out-
put wave are suppressed. The network
is designed to pass frequencies only up
to the fundamental operating frequen
of the stage. Higher frequencies, inc]u?:
ing the harmonic frequencies, are atten-
uated.

(c) An rf power amplifier with two
tetrode tubes in parallel is shown in
Fig. 15-7. For a given rf drive voltage
class-C grid bias, and plate and screen-
grid supply voltages, approximately
twice as much rf power output can be
developed with this circuit. Except for

the parallel connection, the stage oper-
ates in exactly the same manner as the
previous example. Separate parasitic
chokes are used for each tube. In sup-
pressing parasitics it is important that
the parasitic chokes be placed as near
as possible to the electrodes of the indi-
vidual tubes. This could not be done
as readily if only one set of parasitic
chokes were used for both tubes. The
parallel connection of tubes is quite
popular in rf power amplifiers—some
few transmitters use as many as five or
more tubes connected in parallel. How-
ever, such multiple-tube parallel con-
nections are not as common in modern
day transmitters as in older broadcast
and commercial two-way radio trans-
mitters. The extra rf output of Fig. 15-7
is the result of the approximate dou-
bling of the peak plate current to de-
velop more rf energy in the tank circuit.
Of course, the tank-circuit component
values of the parallel class-C rf ampli-
fier (Fig. 15-7) differ from the single
stage of Fig. 15-6A because of the re-
duction of the optimum impedance that
must be seen by the two parallel con-
nected tubes.

Grid rf driving power and dc plate
input power are approximately doubled.
The dc plate and screen-grid currents
are approximately doubled, control-grid
current is also ci,oul)]ed, and the R,C,
values must be changed to obtain the
necessary class-C bias. Likewise the
ohmic value of the safety bias resistor
R. must be changed since the current
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Fig. 15-7. An rf power amplifier with two tetrode tubes in parallel.
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Fig. 15-8. An of power amplifier with two tetrode tubes in push-pull.

which flows through the resistor has
been approximately doubled.

(d) An rf power amplifier with two
tetrode tubes in push-pull is shown in
Fig. 15-8. A push-pull amplifier using
two tubes is capable of developing an
rt power output that is two or more
times higher than that which can be
obtained from a single tube. Also, the
push-pull power amplifier has an ad-
vantage over the parallel connection
because it has a low even-harmonic
output. This means that the troublesome
second harmonic is less than that ob-
tained when the same two tubes are
connected in parallel. The grids of the
push-pull stage are connected to oppo-
site ends of the grid-tank circuit so that
rf drive voltages to the grids are of
equal amplitude and opposite polarity.
The push-pull stage can be self-biased
by connecting a grid-leak network be-
tween the center tap of the input coil
and ground. Resistor R] has a resistance
value which is one-half of the value for
a singlc tube for a given bias, because
the grid current from both tubes is pres-
ent. A push-pull amplifier can also be
supplied with external grid bias. The
cathode resistor is also one-half of the
value required for a single-tube since
both tube plate currents are present in
this resistor.

The plates are connected to opposite
ends of the output tank circuit, and the
plate supply voltage is applied at the
center tap of this tank coil. Both ends of
the input and output tank coils are at a
high rf potential (are said to be “hot”)
and the center taps of these coils are
at rf ground potential.

Efficient operation, minimum trouble
with self-oscillation, and good even
harmonic suppression are accomplished
with the use of balanced or split-stator
input and output tank-circuit capaci-
tors. Such capacitors have two sets of
stator plates (one set insulated from the
other) and a single rotor which is oper-
ated at ground potential.

The circuit of Fig. 15-8 shows that
the load (antenna) is supplied with sig-
nal via the low-impedance link coil. No-

. tice that the link is positioned near the

center or ground point of the tank coil.

The push-pull tubes of Fig. 15-8
conduct plate current on opposite alter-
nations of the input wave. Since each
alternation of the input wave results in
a burst of plate current, a burst of en-
ergy is delivered to the plate tank coil
for each alternation of the input signal
wave. For the same operating condi-
tions, this means that two or more times
the rf output voltage is developed across
the push-pull tanE, as compared with
the single-ended tank. In terms of the
fundamental frequency the top of the
output tank coil is swinging negative
when the bottom of the coil is swinging
positive, and vice versa. However, in
terms of any even harmonic components
the two ends vary in phase, and the net
even-harmonic r ouliput is zero.

(e) A plate-neutralized triode rf am-
plifier and its equivalent circuit are
shown in Fig. 15-9. Except for the neu-
tralization function, the operation of the
triode rf amplifier is similar to the
pentode rf power amplifier in Fig. 15-6.
The triode rf amplifier is self-biased
with grid-leak combination R.C; to
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operate as a class-C amplifier so that
its rf plate tank circuit is shock-excited
by bursts of plate current.

One of the problems of a triode rf
stage, when compared to multigrid
tubes, is the fact tﬁat a rather low-im-

edance positive-feedback path exists
yetween the plate and grid via the high
interelectrode capacitance (Cyu). A tri-
ode rf stage with input and output
resonant circuits will break into self-
oscillation in the mode of a tuned-grid,
tuned-plate, self-excited oscillator.

To avoid the possibility of oscillation,
a portion of the rf output in the plate
circuit is fed back to the input circuit.
This feedback has a polarity that is
180° out of phase with the rf compo-
nent fed back through the plate-to-grid
interelectrode capacitance of the tube.
The amplitude of this negative feed-
back is adjusted to obtain exact cancel-
lation of the positive feedback across
Cup. In other words, equal negative and
Eositive feedback produces a net feed-

ack of zero and thus removes the tend-
lency of the rf triode amplifier to oscil-
ate.

The negative feedback in a plate-
neutralized triode is obtained from the
lower end of the tank (opposite from
the plate end of the tank) as in Fig.
15-9. The rf ground for the plate tan
is a tap located above the bottom end
of L2. The phase of the ac voltage be-
tween the bottom of the tank coil and
ground is opposite to the ac voltage
between the plate side of the tank and
ground. The voltage at lower end of
tank is then fed back through a neu-
tralization capacitor to the grid of the
amplifier. The neutralization capacitor
can be adjusted to obtain the exact
amplitude of inverse or negative feed-

(A) Schematic. Ebb
Fig. 15-9. A plate-neutralized triode rf amplifier and equivalent feedback circuit.

FIRST-CLASS RADIOTELEPHONE LICENSE HANDBOOK

back needed to cancel the positive feed-
back at the grid from the plate-to-grid
interelectrode capacitance of the tube.

In effect, this operation is comparable
to that of a balanced bridge as shown
in Fig. 15-9. The plate is connected to
the grid via the grid-to-plate capaci-
tance of the tube—this forms leg 1 of
the bridge. The bottom of the output
tank coil is connected to the same grid
via capacitor Cx to form leg 2. The
upper half of L2 (above rf ground) is
leg 3, and the lower half of L2 is leg
4. When the voltage across Cx (leg 2
equals the voltage across Cip (leg 1),
the bridge voltages at grid junction of
legs 1-2 and at the junction of legs 3-4
are the same, the positive feedback (of
Cqp) is cancelled Ey the negative feed-
back.

(f) A grid-neutralized triode rf am-
plifier with its simplified bridge sche-
matic is shown in Fig. 15-10. Since
Study Guide questions (e) and (f)
only require the schematics of the
amplifiers, it is not necessary that you
learn the simplified bridge circuit. It
is offered here as an explanation of
the circuit. In the grid-neutralized sys-
tem the positive and negative feedback
voltages are developed at the grid tank
circuit rather than at the plate tank
circuit. Otherwise the operation of the
grid neutralized triode f amplifier is
similar to the plate-neutralized triode
with grid-leak bias.

The tap on coil L1 of the grid tank
(Fig. 15-10A) is at rf ground potential.
Positive-feedback voltage is developed
at the grid, by way of the interelectrode
plate-to-grid capacitance. An rf compo-
nent is also removed from the plate and
fed through neutralizing capacitor Cx to
the bottom of the grid tank circuit. With

TOP OF PLATE TANK (L2C2)

BOTTOM OF PLATE TANK (L2C2)

(B) Simplified feedback circuit.
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proper choice of Cx reactance, this neg-
ative feedback voltage can be made to
have the same amplitude as the positive
feedback voltage fed through C,,. The
net feedback voltage across the grid
tank coil will be zero, and the tendency
of self oscillation is removed.

The simplified bridge schematic
shows the two paths (legs 1-3 and legs
2-4) from the plate to the center tap
of the grid tank coil. With the voltages

(B) Simplified feedback circuit.
Fig. 15-10. A grid-nevtralized triode rf amplifier and equivalent feedback circuit.

balanced on the legs by the use of the
neutralizing capacitor Cy, the net feed-
back voltage between the top and :he
bottom of the grid-tank coil is zero.
(g) A triode frequency-doubler stage
(Fig. 15-11) has the appearance of a
conventional class-C rf amplifier. How-
ever, it differs in that the plate tank cir-
cuit is tuned to the second harmonic of
the input rf wave. The input tank cir-
cuit, if used, is tuned to the fundamen-
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(A) Schematic.
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(B) Waveforms.

Fig. 15-11. A triode fre

quency-doubler stage.
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tal frequency of the input wave. Inas-
much as input and output resonant tanks
are not tuned to the same frequency,
there is little danger of self-oscillation,
and neutralization is not required. A fre-
quency multiplier, even though it is a
triode, must not be neutralized.

A frequency-doubler stage is also op-
erated class-C. Quite often when there
is adequate rf drive available, the dou-
bler stage is operated even further be-
yond cutoff than is a conventional fun-
damental-frequency class-C amplifier,
and a more pulselike burst of plate cur-
rent, which is strong in harmonic com-
ponents, can be drawn. The operation
of the frequency doubler is optimized
for generating a second-harmonic out-
put component with the proper choice
of rf drive amplitude, the proper choice
of class-C bias, the angles of grid and
plate currents, and the characteristics
of the output tank circuit.

The peak of the positive alternation
of the input wave draws a burst of plate
current t[})nat shock-excites the plate tank
circuit. However, the resonant fre-
quency of the plate tank circuit is twice
tLe frequency of the input wave, and
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the rf voltage variation across the tank
circuit occurs at the second-harmonic
frequency. The constants of the tank
circnit are such that two complete
cycles are generated. With low tank-
circuit losses, the second cycle of oscil-
lation is essentially at the same ampli-
tude as the first cycle. At the conclusion
of the second cycle, the input wave will
have risen to the positive peak of its
next cycle. Therefore a new burst of
plate current will be drawn into the
tank circuit, and two more cycles will
be generated.

The waveforms that accompany Fig.
15-11 show the timing relationship be-
tween the burst of plate current and the
sccond-harmonic  output wave. Inas-
much as energy is delivered into the
plate tank circuit by every other cycle
of the output wave, the efficiency of a
doubler stage is less than that of a com-
parable stage being operated as a fun-
damental-frequency amlifier. However,
this is compensated for to a degree with
the choice of rf drive, bias, and angle
of plate current.

(h) A push-push frequency-doubler
stage is shown in Fig. 15-12. In the dis-

3

T,
1
I

] Esc Epp
(A) Schematic.
b
(B) Waveforms.
DOUBLER
p

Fig. 15-12. A push-push frequency-doubler stage.
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cussion on push-pull power amplifiers a
push-pull amplifier was shown to have
low even-harmonic output, and consc-
quently the push-pull stage is not a
good frequency doubler. However, two
tubes can be connected into a very
efficient frequency doubler by connect-
ing the grids in push-pull and the plates
in parallel. This is referred to as a
“push-push” circuit.

In the push-pull stage, the second-
harmonic components are in phase at
opposite ends of the output tank circuit,
and they cancel. However, in the push-
push connection, the two plates are
connected in parallel, and therefore the
second-harmonic components become
additive and appear in phase across the
output tank circuit.

In the discussion associated with Fig.
15-11, we covered the fact that with a
conventional single tube doubler there
was a burst of current only during alter-
nate sine waves—this lowers the effi-
ciency. However, in the push-push ar-
rangement (Fig. 15-12) this is not so.
During the peak of the positive alterna-
tion, tube 1 conducts and draws a burst
of current into the plate tank circuit.
During the negative alternation of the
input wave, tube 2 conducts because its
grid is made positive with respect to its
cathode. As a result another burst of the
plate current is drawn into the tank cir-
cuit. Thus, each alternation of the grid
signal (two per cycle) results in a plate
current burst. Inasmuch as the plate
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tank circuit is oscillating at twice the
frequency of the incoming signal, plate
current is drawn into the tank circuit
once during each harmonic cycle.
Therefore, in the push-push arrange-
ment, a plate-current burst coincides
with each negative peak of the rf out-
put, increasing the output and efficiency.
Waveforms again demonstrate the oper-
ation of the circuit,

(i) A grounded-grid rf amplifier is
shown in Fig. 15-13. In a grounded-
grid amplifier, the rf drive signal is
applied between cathode (which is the
filament in Fig. 15-13) and ground.
Suitable choke and Sfiltering arrange-
ments must be included to permit :he
application of filament power without
placing a short on the incoming rf drive
signal. The grid is maintained at rf
ground potential by C10. The amplified
rf output is developed in the plate cir-
cuit in conventional manner.

A grounded-grid rf amplifier operates
as a class-C amplifier, and the plate
current occurs in bursts that coincide
with the most negative portion of tne
input wave at the cathode. (This is the
same as applying a positive alternation
to the control grid.) A burst of plate
current shock-excites the plate tank cir-
cuit just as in the amplifiers described
previously. A grounded-grid stage re-
quires no neutralization because the
control grid is operated at rf ground
potential and acts as a shield between
input and output circuits. Consequently

FILAMENT
TRANSFORMER

Fig. 15-13. A grounded-grid rf amplifier.
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there is no positive feedback from the
plate circuit to the input circuit, and
there is no tendency to self-oscillation.

It should be noted that in a
grounded-grid stage both the input and
ontput rf energies are developed across
the plate-cathode circuit. Consequently
the total rf power output is the sum of
the rf energy developed by the
grounded-grid tube, plus the smaller
amount of rf energy supplied from the
preceding stage. The input impedance
to the grounded-grid stage is low, and
this fact must be considered in planning
the preceding stage or source of the rf
drive voltage.

7. Why are tubes used in linear rf am-
plifiers not normally biased class-A?—
Class-AB or class-B operation is pre-
ferred, as compared to class-A, because
such stages have a higher efficiency and
permit a greater rf power output for
given de input and rf driving powers.
Many linear rf amplifiers use two tubes
in push-pull in a manner similar to
class-AB and class-B audio power am-
plifiers except that resonant circuits are
employed instead of audio transformers.
However, the energy-storing ability of a
resonant tank permits single-tube class-
AB and class-B linear rf amplifier op-
eration. The single tube or “single-
ended” class-AB linear rf amplifier is
very common,

8. In relation to the safety of the radio
operator, explain the function of (a)
interlocks, (b) circuit brcakers, and
(c) bleeder resistors.

(a) Interlock safety switches are as-
sociated with transmitter doors, high-
voltage cages, and other hazardous loca-
tions. When the door is opened to gain
access to circuits that operate at high
voltage, the opening of the door turns
ofl the ac power to the high-voltage
supplies. Thus the radio operator cannot
come in contact with dangerous voltages
if he forgets to turn off the high-voltage
power supplies before he opens a door
or cage.

(b) Various circuit breakers are used
at strategic points in the power and op-
erating circuits of transmitters. When
excessive loads or short circuits are
placed on critical stages the excessive
current drawn causes the circuit breaker
to open the primary ac power lines or
high-voltage fi)nes in order to protect the
radio operator and/or costly broadcast
equipment. By using circuit breakers,
the radio operator can switch high volt-
ages on and off without having to come
in close proximity to the high-voltage
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and high-power circuits, Many circuit
breakers are designed to respond to a
light touch so that high-voltage circuits
can be opened quickly in an emergency.

(¢) Bleeder resistors are connected
across important high-voltage and high-
power dc supplies to drain off the
charge in their filter capacitors. Often
high-value filter capacitors are used in
the power supplies, and in normal op-
eration these capacitors are charged to
a high voltage. When power is removed,
the high-voltage charges would remain
on the capacitors for a long time and
present a shock hazard if they were not
drained off by bleeder resistors.,

9. Explain the operation of the follow-
ing relays: (a) overload, (b) time de-
lay, (c) recycle.

(a) The overload relay is usually a
protective device to prevent damage to
electronic equipment from excessive
load current. When critical circuits
draw a current in excess of an estab-
lished maximum safe current, the over-
load relay is energized and opens key
power circuits to prevent damage to
equipment. Overload relays can be de-
signed to respond quickly to an exces-
sive current deman(l, while other relays
will not respond to a brief transient
overload condition but will respond if
the overload condition persists for an
established interval of time.

(b) A time-delay relay is one that
does not function until a specific inter-
val of time has elapsed after the relay
has been activated. Some time-delay re-
lays will not energize until adequate
current has built up for the normal op-
eration of some other transmitter circuit.
For example, there is a time delay be-
tween the application of filament volt-
age to a mercury vapor rectifier and the
a?plication of high voltage to the plates
of the rectifier. This permits the rectifier
filament to come up to operating tem-
perature before the higﬁ voltage is
applied.

¢) A recycling relay is one that re-
sponds to a temporary overload. It shuts
J:)\vn critical stages for a short interval
of time and then turns them back on
automatically. If the overload persists it
will turn off the critical stages again for
a short interval and then recycle them
back on. However if the overload per-
sists such a recycling relav will even-
tually shut down the critical stages
permanently until the source of the
overload has been removed. Such re-
cycling devices protect the transmitter
from brief temporary overloads and
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quickly restore normal operating condi-
tions after a momentary overloaﬁ. How-
ever, if the overload is of a permanent
nature it will shut down key circuits
permanently.

10. Explain the method of cleaning re-
lay contacts. Why is it necessary that
the original contact shape be main-
tained?—Although contacts should be
kept clean, they should not be mis-
shaped by incorrect burnishing. If the
contacts are misshaped, they will not
make a firm full-area contact. This will
increase the resistance between the con-
tacts and limit its current-carrying ca-
pability. The resistance will also intro-
duce heating which will cause further
pitting and deterioration of the contacts.
A variety of good contact cleaners and
burnishing tools are available for clean-
ing rclay contacts in accordance with an
established maintenance schedule or
when the contacts are damaged by ex-
cessive current. Burnishing of contacts
should be done carefully and undue
pressures should not be applied so as
not to disturh the normal spacing and
pressures of the contacts. Abrasive
cleaners and tools should be avoided.

15-2, MODULATION AND MODULATORS

11. Draw circuit diagrams of (a) triode
class-C amplifier properly coupled to a
push-pull power amplifier (modulator)
and (b) a beam-power tube class-C
amplifier coupled to a push-pull class-B
power amplifier. For both cases show
the modulating signal input, the rf ex-
citing-voltage input, and the modulated
output. Include neutralization for the
triode case. Explain the operation of
both the above types of class-C plate-
modulated amplifiers.

(a) A triode class-C amplifier and
push-pull modulator is shown in Fig.
15-14. These are typical circuits for the
modulated amplifier and the modulator
in the block diagram of Fig. 15-1. Two
signals are applied to the modulated
amplifier—an unmodulated rf wave and
the modulating audio wave.

The modulated amplifier is basically
a class-C amplifier which, in the exam-
ple of Fig. 15-14, is signal-biased b
the incoming rf drive signal. InasmucK
as a triode is employed, the stage must
be neutralized. In this case the triode is
grid-neutralized. The operation of such
a circuit was discussed in question 6(b)
and 6(f). A conventional parallel-reso-
nant input tank circuit and a pi-network
plate output tank circuit are used.
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The modulated class-C amplifier dif-
fers from the regular class-C amplifier
(one that amplifies an unmodulated rf
wave) in that one of its electrode volt-
ages is varied at an audio rate. In Fig.
15-14 it is the plate supply voltage that
is varied by the modulating wave. Thus
the modulated amplifier is said to be
plate modulated or that plate modula-
tion is being used.

Notice that the dc supply voltage for
the modulated amplifier is supplied via
the secondary of the audio output trans-
former (usually referred to as a modu-
lation transformer). The modulator,
(Fig. 15-14) is fundamentally a push-
pull audio-output stage, operating as
either a class-A or class-AB, push-pull
audio amplifier. The preceding stages
would be audio voltage amplifiers that
build up the audio signal to the level
needed to drive the push-pull amplifier.

It is apparent that an ac voltage vari-
ation across the secondary of the modu-
lation transformer will cause a like
change in the supply voltage to the
modulated amplifier. The power output
and rf voltage developed across the
plate tank circuit of the modulated am-
plifier depends on the peak plate current
and, in turn, the peak plate current is
set hy the dc plate supply voltage. In
fact, over a substantial operating range
the rf voltage across the plate tank cir-
cuit increases linearity with the plate
supply voltage. Therefore the rf voltage
developed across the plate tank circuit
will increase or decrease linearly with
the modulating wave that is varying the
glate voltage of the modulated ampli-

er.

Let us assume that the dc supply
voltage for the modulated amplifier is
500 volts and that the peak amplitude
of the modulating sine wave developed
across the secon(f{ary of the modulation
transformer is also 500 volts peak. This
would mean that the actual supply volt-
age to the modulated amplifier would
vary between 0 and 1000 volts. In the
case of the sine-wave modulating wave
the average plate-supply voltage re-
mains fixed at 500 volts because there
are identical ac variations on cach side
of the 500-volt dc value (zero axis of ac
wave), in Fig., 15-15A.

What will be the influence of the
plate voltage change on the modulated
amplifier? As you learned in discussing
the operation of class-C amplifiers in
question 6, the plate voltage determines
the peak plate current. Thus as the plate
voltage changes so will the peak plate
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current. In fact the peak plate-current
variation will be a copy of the modu-
lating wave, as shown in Fig. 15-15B.
The peak plate current, in turn, deter-
mines the magnitude of the rf voltage
developed across the plate tank circuit.
The higher the peak current, the higher
the rf voltage. It follows then that the
rf plate-voltage variation will also be a
copy of the modulating wave.

Note in Fig. 15-15B that when the
plate voltage drops to its lowest value,
the peak plate current is minimum as is
the rf cycle across the plate tank coil
(Fig. 15-15C). During the crest of the
positive alternation of the modulating
wave, the plate supply voltage rises to
a maximum. Consequently, maximum
peak plate current is drawn and the
peak amplitude of the rf voltage across
the tank circuit is also maximum.

The so-called rf modulation envelope
is formed in the foregoing manner. Note
that the variations of the modulation
envelope on both sides of the zero axis
conform to the shape of the modulating

wave. Just how fully or deeply the en-
velope is modulate({ depends upon the
amplitude of the modulating wave. The
rate at which the envelope varies de-
ends upon the frequency of the modu-
ating wave.

(b) A beam-power pentode and ciass-
B modulator are shown schematically in
Fig. 15-16, The fundamental operation
of the modulated amplifier and modu-
lator are the same as given in part . a).
The audio voltage developed across the
secondary of the modulation transformer
varies the plate and screen-grid supply
voltage of the beam-power modulated
amplifier. In so doing there is a like
change in the peak rf plate current and
magnitude of the cycles of the rf volt-
age developed across the tank circuit of
the modulated amplifier. Once again an
rf modulation envelope is developed.
The variations in the amplitude of this
envelope correspond to the modulat:ng
wave.

In the case of the beam-power tube
there is no necessity for neutralization.
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Fig. 15-16. A beam tube class-C amplifier coupled to a class-B push-pull modulator.
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In this respect the modulated amplifier
differs from the previous triode stage.
Also the modulating wave is not only
applied to the plate but to the screen
grid as well. This is the preferred
method of modulating a beam-power
tube and it permits the attainment of a
more linear modulation characteristic.
By this is meant that the change in the
amplitude of the rf cycles developed
across the tank coil follows exactly the
variations of the modulating wave. Even
though there is some modulation of the
screen grid this type of modulation is
fundamentally plate modulation. There
is also a form of modulation called
screen-grid modulation. In this type of
modulation it is only the screen-grid
voltage that is modulated by the audio
wave; the plate voltage is not modulated
and remains constant during the modu-
lating cycle.

Many high-power transmitters use
beam-tube modulated amplifiers. They
require less rf driving power. The
higher the operating power of the mod-
ulated amplifier, of course, the higher
the required audio power from the od-
ulator. Thus in high-power transmitters
it is customary to use class-AB. or class-
B modulators. The schematic in Fig. 15-
16 does not differ greatly from the one
in Fig. 15-14. They are both push-pull
modulators. However, the modulator of
Fig. 15-14 can only be operated class-A
or class-AB. because of the RC coupled
input. A class-AB; or class-B modulator
draws some grid current. Therefore a
certain amount of audio power must be
supplied by the driver. Consequently,
in the circuit of Fig. 15-16, there is an
audio input transformer that provides
the optimum method of transferring a
certain amount of driving power from
the driver stage to the class-B modu-
lator. The bhias supplied to the grid
circuit must of course be the value re-
quired to establish class-B operation.
12. In amplitude modulation, what is
the relationship between sideband
power, output carrier power, and per-
cent modulation? Give an example of
a problem to determine sideband power
if other necessary information is given.
—In an amplitude-modulation system,
an increase in the percentage of modu-
lation of the carrier will increase the
total percentage of the rf power output
that is vested in the sidehands. Since
the actual rf carrier power is a constant
in an a-m modulation system, the pres-
ence of modulating power contributes
to the total rf power output by adding

sideband power. For 100-percent sine-
wave modulation, one-third of the total
power output is vested in the sidebands
(one-sixth of the total power in each
sideband ), while two-thirds of the total
power output is vested in the carrier.
With a lower percentage of modulation,
there is less power in the sidebands, less
total rf power output but the same car-
rier power output. The relationship is
given in the following simple equation:
M

l)sll =5 c

2
where,
P:x is the sideband power,
A is the modulation factor,
P. is the carrier power.

To determine the sideband power
when a transmitter with a carrier output
of 600 watts is modulated 50%, the
calculation is as follows:

(0.5)%
2

P = X 600 = 75 watts

13. Cathode-ray oscilloscopes are fre-
quently used to register percentage
modulation. Sketch the visual displays
ol (a) 0% modulation, (b) 50% mod-
ulation, (¢) 100% modulation and (d)
120% modulation.—Waveform and trap-
ezoidal patterns for the 0%, 50%, 100%
and 120% modulated rf carrier are
shown in Fig. 15-17

14. What is carrier shift? How is it
measured? Show by a simple diagram
one method of measuring carrier shift.
—When an a-m transmitter is properly
tuned and is modulated, the plate cur-
rent (In) of the modulated amplifier as
read on the dc plate-current meter
should remain constant and should not
change with modulation. If there is a
change in the plate current meter read-
ing with modulation, the plate-current
reading change is referred to as “carrier
shift.” An upward deflection of the me-
ter reading is called positive carrier
shift; a downward deflection, a negative
carrier shift.

Negative carrier shift causes a flatten-
ing of the positive crest of the modula-
tion envelope. Negative carrier shift can
be caused by a variety of faults such as
inadequate rf drive to the modulated
stage, improper transmitter tuning, poor
power-supply regulation, nonsymmetri-
cal modulating waveform, etc. Positive
carrier shift causes a flattening of the
trough of the modulation envelope. Pos-
itive carrier shift is most often caused
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by overmodulation or improper neutral-
ization.

Carrier shift can be measured in per-
cent change of the plate-current reading
with modulation. By FCC regulation, it
should be no wmore than 5 percent at
full modulation.

When carrier shift occurs, there is a
change in the magnitude of the carrier
components with modulation. Any such
change can be indicated by the simple
arrangement of Fig. 15-18. A portion of
the modulated rf carrier signal is ap-

de or average value of the current in
such a circuit is a measure of the carrier
amplitude. When the modulation is
symmetrical the carrier amplitude is
unchanged (assuming the transmitter
is tuned and adjusted properly) and no
carrier shift is indicated on the meter.
An upward meter deflection with modu-
lation indicates positive carrier shi(t and
a downward meter deflection indizates
negative carrier shift.

15. Why is plate modulation more
desirable than grid modulation for use

plied to the linear carrier detector. The in  standard broadcast transmitters?
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Fig. 15-17. Envelope and trapezoidal oscilloscope displays.
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Why is grid modulation desirable in
television video transmitters? — The
main function of a standard broadcast
transmitter is the linear modulation of
an rf carrier by an audio signal. Plate
modulation provides the most linear and
least troublesome form of modulation.
Inasmuch as the modulating waves are
of low frequency, audio transformers
can be used in the driver stages and for
the modulation transformer. Transform-
ers can be manufactured to handle con-
siderable audio power and serve as ideal
impedance-matching devices.

The composite television signal is a
nonsymmetrical waveforin anﬁ one is
concerned mostly with the linearity of
the modulation in the segment of the
total waveform that carries the video
information. In a grid-modulation sys-
tem this portion of the total waveform
can be confined to a region that provides
linear modulation. Blanking and sync
tips represent fixed voltage levels which
can be established at proper relative
levels with clamping circuits that oper-
ate in conjunction with the grid-modu-
lation process. The video signal also
contains very high frequency compo-
nents, and conventional iron-core trans-
formers can not be employed. The diffi-
culty of building up the voltage and
power level of a video signal and in pro-
viding a proper impedance match are
both difficult and costly. Better per-
formance and fewer troubles are en-
countered using the grid-modulation
process because considerably less modu-
lating power is needed.

16. What are limiting amplifiers? Why
are they used in broadcast stations?
Where are they normally placed in the
program circuit?—Limiting amplifiers
permit a broadcast station to use a
higher average level of modulation. In
so doing the reliable range of transmis-
sion can be extended and the perform-
ance of the system in the presence of
noise and interference can be improved
because of the higher level of demodu-
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Fig. 15-18. A carrier-shift indicator.
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lated signal recovered at the receiver. A
limiting amplifier does this by control-
ling the signal-level range between the
lowest-amplitude and the highest-ampli-
tude modulating components. In effect,
a limiting amplifier reSuces the dynamic
range of the transmission without intro-
ducing distortion. Therefore, the strong-
est audio passage does not overmodulate
the transmitter, while the weakest audio
passage does not reduce the average
modulation level to a point where it
would become ineffective.

Although the limiter amplifier is par-
ticularly advantageous in the transmis-
sion of speech, the limiter reduces the
dynamic range of high quality musical

rogram material. Most limiting ampli-
If;crs include facilities that permit an
increase in the dynamic range of trans-
mission when high quality music pro-
grams are to be broadcast. Such limit-
ing amplifiers are usually inserted in
the audio line ahead of the audio input
terminals of the a-m transmitter.

17. What are the uses of peak-limiting
amplifiers? —The peak-limiting amplifier,
which is similar to the conventional
limiting amplifier used in broadcasting,
is an amplifier that is most often em-
ployed to prevent high-amplitude audio
peaks from overmodulating the trans-
mitter. A peak limiter may be used to
prevent very high level, fast, transient
peaks, which may get by the conven-
tional limiting amplifier, from overmod-
ulating the transmitter.

Some less elaborate peak-limiting am-
plifiers clip off the very high amplitude
audio peaks. However, in the clipping
process, harmonic distortion components
are introduced. These can be removed
with a follow-up low-pass filter. This
technique is usetf widely for voice com-
munication systems which have a con-
fined audio frequency response and ap-
propriate low-pass filters that remove
the clipping distortion components. This
form ofp limiter also permits a higher
average level of modulation and trans-
mitted range and, at the same time, it
does not permit speech peaks to over-
modulate the transmitter. Peak limiters
of this type are not popular in broad-
casting Decause of the distortion they
can introduce.

18. Explain the operation of limiting
amplifiers.—A functional plan of a lim-
iting-amplifier is given in Fig. 15-19.
Basically it consists of a multiple-stage
audio amplifier through which the pro-
gram signal is conveyed. It includes
the necessary circuits for evaluating the
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level of the incoming audio signal; usu-
ally it can make a separate evaluation of
positive and negative amp]:tude levels
because speech and music waveforms
are fundamentally nonsymmetrical. Pos-
itive and negative audio signal compo-
nents from the output of the limiter are
g‘phed to separate detector circuits.

ese detector circuits develop a de
output voltage that is a function of the
strength of the audio signal passing
through the amplifier. This dc compo-
nent of voltage is then used to bias one
of the earlier stages of the limiter ampli-
fier. When a high amplitude passage is
going through the amplifier the biasing
will increase and the limiter amplifier
gain will be reduced just enough to pre-
vent the output signal from overmod-
ulating the transmitter. If the passage
through the amplifier is of low level,
there is less dc bias developed and the
amplifier operates at higher gain. The
biasing change that occurs between that
for a maximum amplitude signal and
that for a usable minimum amplitude
signal is such that the net signal output
of the amplifier is confined between an
established range needed for a reason-
ably high-average level of transmitter
modulation.

It is to be noted that the confining of
the dynamic range of the program ma-
terial is accomplished without peak clip-
ping or the introduction of distortion
components. Rather, it is a compression
process because it confines the voltage
range between signal levels represent-
ative of a loud passage and a soft
passage.

19. Explain the operation and uses of
compression amplifiers.—The fundamen-
tal operation of the compression ampli-
fier is the same as that of the limiter
amplifier explained in Question 18.
Usually the compression amplifier is
used in the processing of the program
material because the mode of trans-
mission is not able to handle the wide
dynamic range of the certain program
material. The compression amplifier is
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used to compress the range of audio
levels between the loudest passage and
the softest passage of program materials.
The weak passages (low-amplitude
audio signals) are amplified a certain
normal amount by the compression
amplifier. When the signal magnitude
increases beyond a certain level estab-
lished by the compression amplifier, the
magnitude of the signal is compressed
by the automatic decrease in the ampli-
fier gain. Above a certain level of input
audio signal (established when 100%
modulation of carrier is achieved), all
inatfiria] is reduced to the same output
evel,

The compression amplifier permits the
broadcast station to make more effective
use of program material that has a wide
dynamic range. A compressor permits
a signal to be placed on an audic line
(usually a phone line) without exceed-
ing the maximum safe permissible sig-
nal level. Too high a signal level on an
audio line will cause cross talk (induc-
tion of undesired signals into adjacent
audio lines).

The compression amplifier fulfills the

limited audio range and reliability ob-
jectives of a-m broadcasting. In fm
broadcasting, particularly in broadcasts
of high-fidelity musical programs, the
compression of the dynamic range is
kept to minimum.
20. What are agc amplifiers and why
are they used?—An agc amplifier is one
that employs an automatic gain control
(age) facility. These have a variety of
uses in a broadcast station. In an age
amplifier the gain of the amplifier is a
function of the magnitude of the signal
paesmg through the amplifier. In 1ost
app lications tﬁ agc system lowers the
gain of the amplifier in an increasing
manner as the strength of the signal
rises above a predetermined level It
does so by rectifying a bias component
that corresponds to the magnitude of
the signal. This dc bias component is
then used to control the gain of the am-
plifier.

AUDIO AUDIO AUDIO » AUDIO
AUDIO INPUT————  auip\ IFIER AMPLIFIER ouTPUT OUTPUT
PEAK —
BIAS CONTROL DETECTOR ———
CIRCUIT ANDFILTER [+

Fig. 15-19. A block diagram of a limiting amplifier.
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The various applications of the agc
function are in relation to limiter ampli-
fiers, compression amplifiers, constant
output amplifiers, and maximum level
clamp amplifiers. The fundamental op-
eration of several of these amplifiers was
discussed in previous questions. Briefly
it can be stated that the limiter ampli-
fier maintains a high average level of
modulation at the same time that the
very high level passages do not over-
modulate the transmitter. The maximum
level clamp amplifier is used as a safety
unit that can prevent momentary audio
peaks from overmodulating the trans-
mitter. This is sometimes a problem in
fm broadcasting because of the pre-em-
phasis given to high-frequency audio
peaks. The compression amplifier evalu-
ates the dynamic range of program
material and compresses it into a dy-
namic range that is suitable for broad-
cast transmission.

The constant-output level amplifier is

most often the one referred to as an agc
amplifier. Such a unit accepts varying
input signal levels and holds the output
essentially constant, Thus in changing
over from one type of program material
to another a more constant output level
can be maintained. This is important
when the program material is to be
placed on an audio line with a maximum
level restriction. At the same time too
low a signal level going into the line
makes it vulnerable to the effects of line
noises, crosstalk, and other interference.
21. If a standard broadcast station is
licensed to operate at a frequency of
1260 kHz, what are the minimum and
maximum frequencies at which it may
operate and still be within the proper
limits established by the Commission’s
Rules?-The operating frequency must
be held within 20 Hz of the assigned
1260-kHz value. Maximum frequency
would be 1260.020 kHz, minimum fre-
quency, 1259980 kHz.
22. Explain the direct and indirect
methods of calculating operating power
of broadcast station. Give an example
of each method.—In the direct method
of measuring operating power it is
necessary to know the effective antenna
resistance (for the operating frequency)
at the point where the current is mea-
sured. Stated in an equation, it is

P, = (1.)°R.
where,

R. is the effective antenna resistance,
I. is the antenna current,
P, is the operating power of station.
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Example—If the antenna resistance of
30 ohms and the antenna current is 6
amperes, what is the operating power?

P. = (6)* X 30 = 180 watts

In the indirect method of measure-
ment the operating power is determined
by using the plate input power of the
last radio stage and an FCC-assigned
factor, F (based on typical efliciences
for various modulation systems). The
equation is as follows:

P.=Pu input X F= Eo X In X F
where,
F is the FCC factor (see FCC Sec.
73.52),
E. is the maximum plate voltage,
I, is the operating current.

Example—A transmitter with an as-
signed factor of 0.7 is supplied with a
plate voltage of 2000 volts and operates
with a total plate current of 750 milli-
amperes at the last radio stage. Deter-
mine the operating power by using the
indirect method.

P, = 2000 x 0.750 x 0.7
= 1050 watts

23. What is a proof-of-performance?
How does a proof-of-performance differ
from annual equipment-performance
measurements required by the Com-
mission’s Rules? What must be included
in the annual equipment-performance
measurements? — Proof-of-performance
refers to the station's overall technical
performance as related to the technical
considerations in the instrument of
authorization and the FCC technical
standards for the particular class of
broadcast station. For example, such a
proof-of-performance  would include
measurements of the radiated field
strength and directional radiation pat-
tern of a given broadcast station.

Proof-of-performance tests of a com-
prehensive and precise nature are made
when the station equipment is being
installed and prepared for final licensing
to make certain it complies with FCC
technical standards and rules and reg-
ulations.

The annual equipment-performance
measurements are less comprehensive
than the proof-of-performance. They
are largely only the audio and modula-
tion portions of the overall proof-of-
performance considerations for a broad-
cast station.
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The annual equipment-performance
measurements include a check of fre-
quency response, harmonic content, car-
rier shift, carrier hum and extraneous
noise levels, and any other spurious
radiations.

15-3. ANTENNAS AND LINES

24, Show by a circuit diagram two
methods of coupling a standard broad-
cast transmitter output to an antenna.
Include a provision for impedance
matching, attenuating harmonics and
guarding against lightning damage.—
The general plan of a broadcast antenna
system is shown in Fig. 15-20. The
transmitter output must be matched to
the transmission line that feeds the sig-
nal to the broadcast antenna. The trans-
mitter output system must also include
a filter network that attenuates the
transmitter harmonics. In some cases
these two functions are combined in a
single output network. The transmission
line terminates in an antenna tuning
unit mounted near the base of the
antenna. This tuning unit provides op-
timum matching of the transmission line
to the antenna. It also provides a means
of tuning out the reactance of the an-
tenna and may also have harmonic sup-
pression capai;ility. It usually includes
a metering circuit and facilities for at-
taching an interconnecting line between
the antenna tuning unit and a remote
antenna current meter mounted at the
transmitter.

Lightning protection is provided by
a retarding inductor and a spark gap
mounted at the base of the antenna.

GUY INSULATORS -

REMOTE ANTENNA
CURRENT METER

TRANSMITTER
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Lightning sees a low resistance dis-
charge path to ground and a higher im-
pedance looking into the transmitter
through the retarding coil.

Two typical circuit arrangements are
shown in Fig. 15-21. The output circuit
of Fig. 15-21A uses a combination pi-
and L- output network. The pi-network
serves as the resonant tank circuit and
impedance-matching arrangement that
matches the transmitter to the trans-
mission line. The L-section aids in iin-
pedance matching, tuning out any re-
active antenna system component, and
provides high harmonic attenuation. It
functions as a low-pass filter in conjunc-
tion with the output capacitance of the
pi-network and the capacitance across
the input of the transmission line.

At the antenna end of the transmis-
sion line, a matching and tuning ar-
rangement is inserted. This usually is in
the form of a T-network. Its function is
to provide an impedance match between
the low impedance transmission line and
the usually higher impedance of the an-
tenna. Most broadcast antennas do not
reflect a purely resistive load. Therefore
the T-network must also resonate the
antenna (tune out its reactance). This
is followed by the lightning retard coil.

A push-puﬁ output systein is shown
in Fig. 15-21B. Energy is transferred to
the low-impedance secondary windin
of the ourﬂut tank. A Faraday shielﬁ
between the two windings provides
harmonic and spurious signal rejection.
Harmonics are further attenuated by the
pi-network positioned in the secondary
circuit. This pi-network also provides
impedance matching to the low-imped-
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Fig. 15-20. A basic plan for coupling an a-m transmitter to its antennas.
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ance transmission line that feeds signal
to the antenna tuner and antenna.
25. Explain the method of adjusting a
T-network of two tunable coils and a
fixed capacitor in order that a standard
broadcast station operating on 1340
kilohertz will be properly coupled to
its antenna.—Such a T-network is shown
in Fig. 15-22A. Proper nmtchlm, and
tuning of the antenna system is a func-
tion of the two taps on the inductor and
the value of the capacitor.

(a) The reactance of C5 at 1340 kHz
must be a specific value determined by
antenna impedance (measured with im-
pedance bridge) and line |mpedance
Precise tuning of the network is now
done with the inductors L5 and L6.

(b) The impedance bridge is con-
nected across tEe input of the antenna
tuning unit. The tuning procedure now
involves making the necessary adjust-
ments to make the input impedance of
the tuning unit have a zero reactive
component at 1340 kHz and a resistance
equal to the characteristic impedance
of the transmission line.

REMOTE METER

FIRST-CLASS RADIOTELEPHONE LICENSE HANDBOOK

(c¢) The foregoing is accomplished by

adjusting inductor L6 until the resist-
ance at the input of the coupling net-
work equals tEe characteristic imped-
ance of the line. Now adjust inductor
L5 until the input reactance at 1340
kHz falls to zero as recorded by the
bridge.
26. Describe how to tune a broadcast
antenna by (1) the rf bridge method
and (2) the substitution method. - The
rf bridge method was covered in the
previous question.

In the substitution method, a low-
power source of signal at the desired
transmit frequency must be made avail-
able (generally it can be derived from
a low-level rf stage of the transmitter)
plus a noninductive resistor with an
ohmic value equal to the characteristic
impedance of the transmission line. A
switching arrangement must be made to
chanp,e over the signal (1340 kHz in
previous example) between the input of
the T-network and the substitution re-
sistor. A meter is used to measure the rf
current. Proper matching and tuning of
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(B) Coupling a push-pull rf amplifier to an antenna.

Fig. 15:21. Two methods of coupling an a-m broadcast transmitter output to an antenna.
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TUNING UNIT
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(B) Substitution method of tuner adjustment.

Fig. 15-22. Two methods of adjusting the antenna tuner (T-network).

the antenna is indicated when it is pos-
sible to switch between the two without
causing any change in line current,

The capacitor of the coupling net-
work (Cl) is first adjusted for maxi-
mum meter reading with the substitu-
tion resistor in the circuit. This tunes
the output circuit to series resonance.
Now upon switching over to the input
of the T-network it is usually found
necessary to retune capacitor Cl to
obtain maximum meter reading. This
indicates that some reactance is being
reflected across the input of the T-net-
work. Suitable adjustment of L5 can
then be made until resonance is indi-
cated at the same setting of capacitor
Cl when switching between input of
the T-network an(f substitution resist-
ance.

If the resistive component at the in-
put of the network is the same as the
ohmic value of the substitution resistor,
the absolute value of the current read-
ing at resonance will be the same. If it
is not, inductor L6 is adjusted until the
meter reads the same current when
switching between the input to the T-
network and the substitution resistor.

Some jockeying of the adjustments is
usually necessary to obtain equal cur-
rents for the two positions with the
same resonant setting of capacitor Cl.
27. Define polarization as it refers to
broadcast antennas.—Polarization refers
to the direction of the electric vector of

the electromagnetic waves (signals) ra-
diated from a broadcast antenna. Hori-
zontally polarized signals have a hori-
zontal electric vector and a vertical
magnetic vector. Vertically polarized
signals, which are common in radio
broadcasting, have a vertical electric
vector and a horizontal magnetic vector.
The vertical broadcast tower radiates a
vertically polarized wave; the tower it-
self serving as the vertical radiator.
A horizontally polarized wave could
be radiated by stretching a length of
wire between two vertical towers spaced
at the required wave-length. The hori-
zontal wire would be supplied or excited
with a signal, producing electromag-
netic radiation with horizontal polariza-
tion, The supporting vertical towers
would not be supplied with f energy
and would be nonradiators.
28. What is the importance of the
ground radials associated with standard
broadcast antennas? What is likely to
be the result of a large number of such
radials becoming broken or seriously
corroded?—In most a-m broadcast an-
tenna installations, the antenna ground
system serves as a mirror reflector for
the vertical antenna. The transmission
line is connected between the antenna
tower base and the ground system. For
optimum antenna-radiation performance
the ground system should theoretically
be a perfect conductor in order to estab-
lish the most favorable and constant
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mirror effect. This ideal antenna system
is approached by using many long radi-
als that extend horizontally, like the
spokes of a wheel, beneath the tower.
Using this method, a more perfect
ground—and which is less affected by
terrain conditions and changes—is ob-
tained. As a result, the ground losses are
minimized, and the antenna character-
istics (especially the base impedance,
antenna tuning, and radiation pattern
characteristics) will remain more nearly
constant.

A substantial number of breaks and

corrosion in the ground system wiring
will influence the efficiency of the
ground system and will introduce loss
and variables. Consequently, the an-
tenna system characteristics will vary
with environmental changes.
29. How does a directional antenna
array at an a-m broadcast station re-
duce radiation in some directions and
increase it in other directions?—The di-
rectional pattern of a broadcast antenna
system is established by two or more
vertical radiators positioned so that
there is minimum radiation toward
the stations with which it must not in-
terfere, and so there is a concentration
of radiated energy into its allotted serv-
ice area. The actual directional pattern
is a function of the position, number,
and spacing of the vertical radiators of
the antenna system, plus the relative
phase and magnitude of their antenna
currents. The deepness of their nulls
(directions of minimum radiation) is
determined by the relative magnitudes
of the radiator currents.

By controlling the position, number,
and spacing of radiators and the rela-
tive phase and magnitude of their an-
tenna currents, the radiations from the
individual towers in a certain line of
direction (compass angle) will cancel to
produce minimum field strength. Along
another direction line from the antenna
system, the radiations from the various
towers are essentially additive and max-
imum signal is sent off in this direction.
30. What factors can cause the direc-
tional antenna pattern of an a-m sta-
tion to change?—The directional pattern
depends on the relative antenna cur-
rents and their phases. An elaborate di-
rectional feed system subdivides the rf
energy from the transmitter into the in-
dividual currents that feed the direc-
tional array. These currents must be of
the proper relative magnitude and
phase because any change in the ampli-
tude or phase adjustments will cause a
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change in the directional antenna pat-
tern. Although the spacings among the
towers which also influence the pattern
are fixed quantities, the presence of
other large-area metallic obstacles, de-
terioration of the ground system, and
other terrain variables can influence the
directional antenna pattern.

31. What adjustable controls are nor-
mally provided at an a-m broadcast sta-
tion to maintain the directional pattern?
—The controls are associated with the
two-step process of preparing the trans-
mitter output for proper feeding of the
individual towers of a directional an-
tenna system. Controls are included that
permit a precise setting of the power
division so as to establish precise rela-
tive currents. Individual phasing adjust-
ments are also included that establish
the precise phase relationships among
the individual antenna currents.

32. Define field intensity. Explain how
it is measured.—Field intensity refers to
the strength of an electromagnetic field
at a certain distance from the source of
radiation (antenna). It is generally ex-
pressed in volts, millivolts, or micro-
volts per meter. In general, this refers to
the voltage that would be induced into
an antenna which is one meter in
length; this establishes a standard of
field-intensity measurement that is in-
dependent of frequency. In free space
the theoretical field strength of the
wave decreases in inverse proportion to
the distance. In practice, this relation-
ship varies because of the influence of
ground, frequency, and reflections.

More specifically in a-m broadcast
practice the effective field intensity is
the root-mean-square (rms) value of the
inverse-distance (electromagnetic) field
at a distance of one mile from the an-
tenna in all directions in the horizontal
plane. Field strength is measured by a
field-intensity meter that is calibrated
to measure field strength in millivolts
per meter on the basis of the preceding
definition.

Basically, the field-intensity meter
consists ot a well-shielded receiver that
can be tuned precisely to the frequency
to be measured. The receiver output
supplies signal to an output meter which
is calibrated by using a self-contained
calibrator consisting of an oscillator with
precision output attenuators. By making
a comparison between the incoming sig-
nal to be measured and the calibration
signal of the ficld-intensity meter, the
actual field intensitr of the radiated sig-
nal can be precisely measured.
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33. What type of antenna site is tech-
nically best for an a-m broadcast sta-
tion? For an fm broadcast station? For
a vhf :elevision station? For a uhf tele-
vision station?—The selection of an an-
tenna site for any type of broadcast
station is an extremely important con-
sideration. For an a-m broadcast station
a site should he selected that is reason-
ably free of obstructions and will deliver
strong signal levels into the populated
areas to be served. Quite often a pre-
ferred location is a low, flat site in an
area of medium to high average terrain
height. There should be a minimum of
intervening hills between the site and
the center of the city or populated area
to be served. A site on top of a hill
for an a-m broadcast station is often
inferior; better ground conditions are
usually obtained at a lower site. Clay,
marsh, and bog sites usually provide
the most favorable ground conditions.
Of course the selection of a site also
depends on whether an omnidirectional
or directional pattern is to be employed.

Fm broadcast and television broad-
cast antennas provide the greatest cov-
erage when located in positions of high
average terrain and high absolute
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height. Hilltop sites or installations on
the top of high-rise buildings are pre-
terred. The site shonld be more or less
central relative to the area to be cov-
ered, if a choice of high sites is avail-
able. Of course, one should again avoid
any site where there are intervening
high ridges in the line-of-sight path be-
tween the antenna site and the princi-
pal high-population area to be served.

In general, the same conditions apply
to the uhf broadcast station, name\y a
very high, centrally located site. How-
ever, there is one exception with refer-
ence to a uhf transmitter site; one must
be careful just how far away the site is
located from the principal metropolitan
area to be served. The range of trans-
mission is, in general, less for uhf trans-
mission, and dead spots are more
prevalent and deep. As a result, better
metropolitan area coverage can often
be obtained at some sacrifice in low-
population fringe area coverage by
choosing a high antenna site nearby or
in the metropolitan area to be served,
rather than a substantially higher an-
tenna site that is some ({istance from
the main area to be served.



CHAPTER 1 6

FM Broadcasting

The material discussed in the follow-
ing questions from the FCC Study
Guide covers fm broadcasting and the
equipment used in conjunction with fm
broadcasting.

16-1. FM PRINCIPLES AND EQUIPMENT

1. Explain in a general way how radio
signals are transmitted and received
through the use of frequency modula-
tion.—A functional block diagram of an
fm system is given in Fig. 16-1. In fre-
quency modulation the frequency of the
transmitted rf wave is made to vary
with the voice and music frequencies.
The fm transmitter consists of a carrier
generator, or rf exciter, which has either
a crystal-controlled oscillator or a
highly stable (feedback-controlled),
self-excited oscillator and a series of
frequency multipliers and rf amplifiers.
The frequency of the carrier (center-
frequency) oscillator is usually, but not
always, lower than the transmitted car-
rier frequency. A relatively low oscil-
lator frequency helps to obtain good
center-frequency stability and to get
sufficient %eviation (£75 kHz) in the
final stages of the fm exciter. The func-
tion of the frequency multipliers is to
multiply this low oscillator frequenc
up to tf;e transmit frequency. The mul-
tipliers and the succeeding rf power
amplifier also aid in building up the
strength of the rf wave.

In an fm transmitter the actual mod-
ulation takes place in a low signal-level
section (exciter) of the transmitter. The
direct or indirect frequency-modulation
methods may be used in generating an
fm wave. In the direct method shown
in Fig. 16-1 a reactance modulator is
used to deviate the frequency of a sta-

bilized self-excited oscillator. This os-
cillator may operate on a frequency
that is 1/18th ot the transmit frequency.
For example, if the transmit frequency
is to be 90.1 MHz, thc center frequency
of the oscillator would be 5.005 MHz
(90.1 = 18). The oscillator may even
operate on the transmit frequency in
some transmitter designs.

The center frequency of this oscil-
lator is maintained with high stabili(?'
using a feedback system. In the feed-
back system the oscillator frequency is
divided down to a very low frequency
which is compared in a phase detector
circuit with a reference signal from a
highly stable crystal-controlled fre-
quency source. If the self-excited oscil-
lator frequency-drifts, a dc error volt-
aie is developed at the output of the
phase detector. This error voltage is
applied to the reactance modulator to
counteract any drift in the oscillator
center frequency. The function of the
feedback system (afc) is to maintain
the stability of the oscillator center fre-
quency, and is completely independent
of oscillator frequency deviations caused
by the audio signal applied to the re-
actance modulator.

The program signal is supplied
through an audio amplifier and pre-
emphasis network to tﬁe input of the
reactance modulator. The reactance
modulator circuit functions as a vari-
able capacitor, or as a variable induc-
tance across the resonant tank circuit
of the oscillator. If the reactance circuit
acts as a variable capacitor and the
program signal is applied to its input,
its effective capacitance will vary with
the program signal. This capacitance
change will cause a change in the fre-
quency of the self-excited oscillator. If
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Fig. 16-1. Block diagram of an fm broadcast system.

we assume that an audio sine wave is
being applied, the positive alternation
of tﬁe sine wave will cause the fre-
uency of the oscillator to change or
geviate in one direction away from the
center frequency of the oscillator. The
opposite alternation of the modulating
sine wave causes the oscillator to devi-
ate in frequency a like amount on the
other side of the center frequency. (See
Fig. 16-2A).

In the fm modulation process the
extent of the deviation of the oscillator
frequency is a function of the ampli-
tude of the modulating wave. The rute
at which the frequency deviates on
each side of the center frequency is a
function of the frequency of the mod-
ulating wave.

In the fm broadcast system the maxi-
mum permissible deviation is =75 kHz.
This figure of +75 kHz is referred to as
100-percent fm modulation. In other fm
systems the maximum permissible devi-
ation (100-percent modulation) is usu-
ally less than +75 kHz. For example
the fm sound transmitter associated
with a television broadcast station may
only be deviated a maximum of *+25
kHz. In the fm two-way radio services
maximum deviation is confined to +15
kHz or *+5 kHz.

The deviation of course refers to the
change in frequency relative to the car-
rier (center) frequency of the fm sta-
tion. For example, a 90.1-MHz fm sta-
tion may only deviatex75 kHz about
its assigned carrier frequency.

In a frequency multiplier the center
frequency and the deviation frequencies
are multiplied. Therefore, the maximum
permissible deviation of the 5.005-MHz
exciter oscillator may only be *4.16
kHz, (75 = 18).

The fm signal wave, like the a-m
signal wave, is a resultant rf wave. As
covered previously, the a-m signal wave
is the resultant of a carrier and two side-
bands. Similarly, in the fm system, the
resultant (or fm signal) consists of a
carrier plus one or morc pairs of sidc-
bands. The number, frequency position,
and relative amplitudes of the sidebands
are a function of the frequency and am-
plitude of the modulating wave. Specifi-
cally, the sidebands are a function of a
modulation index which is the quotient
of the frequency deviation and the
modulating frequency as follows:

Modulation Index =
Deviation (kHz)

Modulating Frequency (kHz)
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A typical carrier and sideband distribu-
tion is shown in Fig. 16-2B. The alge-
braic sum of the carrier and the side-
bands produces a resultant rf signal
that deviates =75 kHz at a rate of
15,000 deviations per second (15-kliz
modulating frequency). Note that the
frequency of the resultant signal devi-
ates, but the amplitude remains con-
stant.

Since the strength of the transmitted
fm signal decreases quickly as the dis-
tance from the radiating antenna in-
creases, the signal level at the receiving
antenna is only a very small percent of
the signal levef’at the radiating antenna.
The rt signal at the receiver antenna is
amplified by a number of rf stages be-
fore it is appled to an fm detector
(demodulator). Among these is an am-

FIRST-CLASS RADIOTELEPHONE LICENSE HANDBOOK

plitude limiter which removes ampli-
tude noise and interference components
without having any adverse effect on
the desired frequency modulation. The
fn detector is a circuit that produces an
output voltage that corresponds in am-
plitude to the frequency of the applied
input wave. When the incoming fm
wave deviates to one side of its center
frequency, the polarity of the detector
output is opposite to that obtained when
the deviation is to the other side of the
center frequency. The magnitude of the
output voltage depends on just how far
the fmn signal has deviated from the
center frequency. Thus, if the fm wave
has been modulated by a sine wave, a
frequency excursion to one side of the
center frequency will be recovered as
a positive alternation of the detector
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Fig. 16-2. Resultant fm wave and sideband distribution for = 75-kHz carrier deviation at a
15-kHz rate.
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output voltage. Similarly, a frequency
excursion to the other side of the center
frequency will be recovered as a neg-
ative alternation of the demodulator
output voltage. In operation, the fm
detector functions as a frequency-to-
amplitude converter. The recovered
modulating wave (voice and music
variations) is then applied to the fol-
lowing audio amplifier stages to pro-
vide adequate drive for a speaker.

In general it can be stated that a fre-
quency-modulation system provides a
means of varying the frequency of the
transmitted rf wave in accordance with
the amplitude and frequency changes of
the modulating signal. This resultant rf
wave provides a means of conveying in-
formation between transmitter and re-
ceivers. The function of the receiver is
to amplify this incoming fm wave and
then make a conversion between fre-
quency deviation and an amplitude-
changing replica of the original modu-
lating wave.

2. Draw a circuit diagram of a re-
actance-tube modulator, and explain its
operation.—Such a diagram is shown in
Fig. 16-3. A reactance tube can be

REACTANCE TuBE

®
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made to operate as either a vanable
inductance or a variable capacitance
across the frequency-controlling -eso-
nant circuit of an oscillator.

In Fig. 16-3, reactance tube V1 op-
erates as a variable inductor. As tge
inductance of V1 varies with the mod-
ulating wave the oscillator frequency
varies. In operation V1 causes an rf
current (ix) in the oscillator tank cir-
cuit. This current lags the oscillator rf
voltage (e,) developed across the tank
circuit by 90°. I, introduces an induc-
tive current component which is in

hase with the normal inductive current
{’il) circulating in the oscillator tank cir-
cuit. When i, is made to vary in magni-
tude, the effect is the same as changing
the reactance of the inductive leg ot the
tank circuit and, in turn, its resonant
frequency.

The lagging rf current (i.) of the re-
actance tube is formed by applying a
part (e;) of the rf tank voltage of the
oscillator to the control grid of the
reactance tube through a 90° phase-
shifting network R1-Cl. The resistance
ot Rl is many times greater than the
reactance of Cl at the oscillator fre-

RFC
e : it OSCILLATOR
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(B) Vector currents and voltages in the re-
actance tube and oscillator tank circuits. ;
x
eg
i
Fig. 16-3. A react -tube modulator circuit.
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quency. The rf series current (i.) is in
Fhase with the oscillator voltage (ep)
hecause the R1-C1 network appears as
a resistive impedance to the- oscillator
output. The series current (i.) flows
through Cl1, and consequently the volt-
age (eg) across the grid of reactance
tube (V1) lags the oscillator voltage (ee)
by 90°. This network thus provides the
phase shift that causes the rf plate cur-
rent (ix) of the reactance tube to lag
the rf voltage (e,) across the oscillator
tank by 90°.

The next step in understanding the
operation of a reactance modulator and
oscillator is to understand how the am-
plitude of the rf current is made to
vary. The amplitude of the rf current
(ix) at the output of the reactance tube
is a function ot the mutual conductance
(gm = Ai,/Aeg) of the reactance tube,.
The value of gm can be varied b
changing the reactance-tube control-
grid bias. Consequently, the amplitude
ot the rf current (ix) in the plate circuit
of the reactance tube varies with gm,
and in turn the gm can be varied with
a modulating wave applied to the grid
of the reactance tube.

Any change in the amplitude of the
rf current (ix) that is introduced into
the tank circuit by the reactance tube
causes a change in the inductive cur-
rent (i,) in the oscillator tank circuit.
This is the same as changing the in-
ductance of the resonant circuit and
thus the resonant frequency of the os-
cillator,

The higher the amplitude of the mod-
ulating wave at the input of the re-
actance tube the greater is the change
in amplitude of the rf current supplied
to the oscillator tank circuit by the
reactance tube. Since the increased rf
current will combine with the inductive
current in the oscillator tank to produce
a greater change (deviation) of the os-
cillator frequency, the louder program
components will cause a greater fre-
quency deviation than softer program
components. The higher the frequency
of the modulating wave, the faster the
rate of rf current change at the output
of the reactance tube. Therefore, there
will be a faster change in the magnitude
of the rf current introduced into the
tank circuit, and the rate ot change of
the oscillator frequency will be in-
creased. Thus, a high-frequency compo-
nent of the program material will cause
the frequency of the oscillator to change
al a faster rate than a low-frequency
component.
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3. What is the difference between fre-
quency- and phase-modulation?—In the
fm system of Fig. 16-1 a frequency-
modulated rf wave was obtained by
changing the effective resonant fre-
quency of an oscillator tank circuit
with a modulating wave. This is re-
ferred to as direct rf; that is, the fre-
quency deviation was obtained by di-
rectly changing the frequency of an
oscillator.

In an indirect (phase-modulated) fm
system, the phase of an rf wave devi-
ates about the reference zero phase of
the center frequency. When the phase
of an rf wave is changed, the period of
the resultant wave will lengthen or
shorten relative to the period of the
center-frequency reference wave. Inas-
much as tllle frequency of a wave varies
indirectly with its period, there is also
a change in frequency which is the re-
sult of the change in phase. Thus phase
modulation is referre(i) to as an indirect
means of generating a frequency-modu-
lated wave.

The waveforms of Fig. 16-4 demon-
strate the influence of phase lead or
lag on the resultant wave., A phase lead
is indicated in the period set off be-
tween the second ans fourth cycles. At
the third peak, the resultant wave (solid
curve) is leading the center-frequency
wave. The period of the modulated (re-
sultant) wave is now shorter than the
period of the center-frequency wave.
This means that the frequency of the
resultant wave is higher than the center
frequency.

The influence of a phase lag is shown
between peaks six and seven. At the
peak of tEe seventh wave the resultant
frequency wave lags the center-fre-
quency wave. Since there has been an
increase in the resultant wave period,
the resultant wave is at a lower
frequency. In the actual modulation
process the shift phase is designed to
gradually follow the excursions of the
modulating wave.

In summary, with a phase-modulation
process, the phase of the center fre-
quency is deviated and is made to lead
and lag its initial phase in accordance
with the modulating wave. Indirectly,
the frequency of the resultant wave also
changes because the phase lead and lag
increases and decreases the period of
the rf wave, which results in a fre-
quency deviation.

There is another difference too. In
the basic phase-modulation process the
deviation increases with the modulating
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MODULATING WAVE

VUV

MODULATED
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frequency assuming a constant audio
amplitude. (In direct fm the deviation
is the same regardless of the frequency
of the audio.) As a result an audio cor-
rection network, sometimes called a pre-
distorter, is included. Such a network
makes certain that in a phase-modula-
tion system the deviation is the same
for a fiven audio amplitude regardless
of audio frequency.

4. Describe briefly the operation of
the Armstrong and the phasitron meth-
ods of obtaining phase modulation.—
The fundamental Armstrong and phasi-
tron systems are shown in the functional
block diagrams of Fig. 16-5. In the
phase-modulation method of generating
an fm wave, the center-frequency os-
cillator can be crystal controlled. In
the Armstrong method, the crystal os-
cillator signal is applied to a center-
frequency amplifier and to a balanced
mo(éulator. The modulating wave is ap-
lied to the balanced modulator. The
ﬁmction of the balanced modulator is
to generate two sideband component
signals and remove the center-frequency
wave at the same time. The sigeband
components are then applied to a phase
shifter and once again recombined with

CENTER FREQUENCY
(CARRIER)

PM RESULTANT

UNMODULATED
RF

Fig. 16-4. A phase-modulated wave.

the center-frequency component at the
output of the center-frequency awmpli-
fier. However at this point the phases of
the sideband components have been
changed in a manner that will produce
a phase-modulated resultant.

At this stage, an fm wave has al-
ready been generated using the ind:rect-
fm (Armstrong) process. However, if
the distortion of the resultant wave is to
be minimized, the amount of phase de-
viation may not exceed a certain (imit.
Only a very small frequency deviation
is obtained when the phase deviation is
confined to a swing that will not result
in distortion. This very small pennissi-
ble deviation presents a problem in the
design of a phase-modulation system.

In the direct fm process, botk the
center frequency and the deviatior. fre-
quencies are multiplied an adequate
amount to produce a transmit output
frequency capable of the maximum per-
missible deviation. However, if the ini-
tial maximum permissible deviaticn at
the modulator is very low (as ir the
Armstrong circuit), the amount of mul-
tiplication required for the center fre-
quency will not be great enough to ob-
tain the required deviation multiplica-
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tion for the maximum required value of
+75 kHz. Therefore, to obtain the de-
sired transmit frequency as well as the
maximum permissible deviation it is
necessary to multiply the frequency de-
viation more than the center frequency.

In the Armstrong phase-modulation
process (Fig. 16-5A§, this unequal mul-
tiplication is handled by two separate
multipliers and an intervening mixer-
oscillator combination. In the fg.rst mul-
tiplier the frequency and deviation are
multiplied the same amount. The out-
put of the first multiplier is then ap-
plied to a mixer. The function of the
mixer-oscillator combination is to re-
duce the center frequency. In lowering
the center frequency by the mixin
process the deviation is unchanged.
Thus the fm wave applied to the sec-
ond multiplier is one of a very low cen-
ter frequency but the deviation fre-
quencies remain the same as at the
output of the first multiplier. The sec-
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ond multiplier then multiplies the cen-
ter frequency and the deviation the
same amount. Thus, at the second multi-
plier output, the required transmit fre-
quency and the capability for maximum
permissible deviation (+75 kHz) are
obtained.

In summary, in the Armstrong ar-
rangement, the deviation has been mul-
tiplied by a greater ratio than the center
frequency. This is done to overcome
the small deviation limit of the phase-
modulation process.

In the phasitron method (Fig. 16-5B)
of generating an fm wave by indirect
means, a special tube is used to obtain
the required phase deviation. This tube,
called a phasitron, produces an actual
phase-modulated wave within itself.
The tube develops substantial phase
deviation without the introduction of
distortion. This overcomes the phase
deviation limitation of the Armstrong
technique; in fact, the deviation is so
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CRYSTAL L 1 AMPLIFIER
OSCILLATOR
AUDIO BALANCED PHASE CRYSTAL MULTIPLIER
AMPLIFIER MODULATOR SHIFTER OSCILLATOR 2
PROGRAM
SIGNAL
(A) An Armstrong system,
ANTENNA
FREQUENCY PHASE PHASITRON POWER
CRYSTAL SHIFTER TusE =— MULTIPLIER AMPLIFIER
OSCILLATOR
AUDIO AUDIO
&g AMPLIFIER ouTPUT

(B) A phasitron system,

Fig. 16-5. The block diagram of two phase-modulated systems.
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high that a dual multiplier system is
not required. Notice that the output of
the phasitron tube is applied directly
to the multiplier. The ultiplier pro-
vides ‘or the same multiplication of
center and deviation frequencies, pro-
ducing the transmit frequency output
and the capability for maximum per-
missible deviation,

In the phasitron system, the output
of a crystal oscillator supplies signal to
a phase-shifting circuit which produces
three outputs at the same frequency
with their phases 120° related. These
three components are applied to the de-
flector-grid assembly of the phasitron
producing a rotating electron stream
within the tube. The rotation rate of
this electron stream is at the center
frequency. The phasitron also includes
an external modulating coil which gen-
erates a magnetic field that can speed
up or slow down the internal rotating
electron stream. When a modulating
signal s applied to the modulating
coil, the changing magnetic field accel-
erates and retards the center frequency
variation” within the phasitron. Thus,
the phase of the resultant rf wave at
the output of the phasitron has been
deviated over a substantial range. The
resultant fin deviation obtained is com-
parable to that of the direct fm process.

RESPONSE
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A distinct advantage of the indirect
fin system over the direct system is
that a stable crystal oscillator car. be
used for generating the initial carrier or
center-frequency wave. Consequently a
feedback system is not required to
maintain the center-frequency stability
as in the direct fm oscillator.

5. What is the purpose of pre-emphasis
in an fm transmitter? Of de-empkhasis
in an fm receiver? Draw a circuit dia-
gram of a method of obtaining pre-
emphasis.—A diagram and curves show-
ing the influence of pre-emphasis and
de-emphasis are given in Fig. 16-6A. A
major advantage of f-m transmission is
its ability to reject the amplitude-vary-
ing noise and interference components.
However an fin system is not com-
pletely noise-free hecause there are fin
noise components to contend with. The
fact that interference has less effect at
low modulating frequencies than at
higher frequencies is characteristic of
an fm system. An improved signal-to-
noise ratio is obtained when the fm
deviation is greater for a high-fre-
quency modulating wave (andio) as
compared with a low-frequency modu-
lating wave (audio) that has the same
initial amplitude. The application of
this principle is called pre-emphasis.
A simple series resistor-capacitor com-
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Fig. 16-6. Fm pre-emphasis and de-emphasis.
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bination can be used to obtain pre-
emphasis. As shown in Fig. 16-6B, the
gre-emphasis network can be inserted
etween the audio amplifier stages.
Since the capacitance of C1 is low, its
capacitive reactance is quite high at
low and midrange audio frequencies,
decreasing to a rather low value at high
modulating frequencies. Hence, for a
comparable input to the pre-emphasis
network, the higher-frequency compo-
nents will be present at the input of
the next stage with approximately the
same amplitude as existed at the input
to the pre-emphasis network. However,
with a decrease in frequency, the re-
actance of the capacitor increases, and,
as a result, the amplitude of the signal
delivered to the next stage is decreased.
The response of a typical pre-emphasis
combination is shown by the pre-em-
phasis curve (Fig. 16-6A).

Because pre-emphasis is used, the
high-frequency components of program
material at the receiver output will ap-
pear at a greater relative level than the
middle- and low-frequency components
(as compared to their initial relative
magnitudes at the audio input of the
transmitter). The audio-frequency com-
ponents are restored to their initial rel-
ative values with the use of a de-
emphasis network at the output of the
receiver fm detector. The frequency re-
sponse curve of the de-emphasis net-
work (Fig. 16-6C) is of opposite slope
to that of the pre-emphasis network
curve (Fig. 16-6A). In the de-emphasis
circuit, the high frequencies are attenu-
ated more than the low frequencies, but
in exactly the same proportion as the
high frequencies were initially pre-em-
phasized at the transmitter. As a result,
the overall frequency response is linear,
and the overall signal-to-noise and sig-
nal-to-interfercnce ratios of the fm sys-
ten have been substantially improved.
6. What is effective radiated power?
Given transmitter power output, an-
tenna resistance, antenna transmission-
line loss, transmitter efficiency, and
power gain, show how effective radi-
ated power is calculated.—By FCC defi-
nition, effective radiated power (ERP)
is the product of the antenna power
(transmitter output power less trans-
mission-line loss) times the antenna
power gain, or times the antenna field
gain squared. The antenna power gain
by definition is the square of the ratio
(in decibels) of the rms free-space field
strength (in millivolts per meter) pro-
duced at one mile in the horizontal
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plane to that of a standard antenna
(137.6MV/m). Therefore, to determine
the effective radiated power it is only
necessary that one know the transmitter
power output, the antcnna transmission-
line loss, and the antenna power gain.

An example will clarify the proce-
dure. What is the effective radiated
power of an fm station that employs a
transmitter with a 10-kW rf power out-
put and a transmitting antenna with a
gain of 6 dB? Assume that there is a
1000-watt loss in the transmission line.
The effective radiated power will be
36 kW. An antenna gain of 6 dB corre-
sponds to an antenna power gain of
four.

ERP = (10,000 — 1000) X 4 = 36kW

7. Explain why dry air or inert gases
are often used in rf transmission lines
which link broadcast transmitter and
antennas.—Mismatch, additional line
loss, and arcing are prevented. The
coaxial line is evacuated and filled with
inert gas or dry air under pressure and
sealed to prevent moisture from ac-
cumulating in the coaxial line. A dehy-
drator is also inserted in the dry-air
coaxial line.

If moisture should accumulate in the
coaxial line, the accumulated moisture
will increase the dielectric constant of
line and may cause arcing in the line,
The increased dielectric constant will
cause a mismatch resulting in additional
line losses.

8. Describe the procedure of installing
a transmission line between the broad-
cast transmitter and the antenna. In-
clude information as to characteristic
impedance, bends, kinks, cutting, and
connections. Discuss both the solid-
dielectric and the gas-filled line.—The
transmission line conveys the signal
from the transmitter to the antenna sys-
tem. The transporting of rf power is
not accomplished without some loss in
the transmission line. However, this loss
is minimized by routing the line in as
direct as possible a path between the
transmitter and the antenna. A low-loss
transmission line should be used, and
its dimensions should be sufficient to
handle the rf power to be conveyed
without causing arcing and excessive
heat loss. A transmission line operates
with minimum loss when its character-
istic impedance is matched at both
transmitter and antenna ends. Any im-
pedance discontinuity along the line
such as might occur at bends, kinks, or
connection points can result in addi-
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tional line loss and is the point where
high-voltage arcing can develop. When
connections or bends are required, the
fittings must be carefully selected, and
good workmanship must be employed.
Moisture condensation within the line
can also cause arcing and impedance
discontinuity. Moisture condensation
can be avoided by using a dehydrator
in the dry-air filled coaxial lines or by
using the inert-gas filled coaxial lines.
Lines are often laid in metal troughs
or under weather shields for protection
from the environmental weather condi-
tions.

Although inert-gas coaxial lines are
of a rigici~ or semirigid construction and
are more difficult to route and assemble,
they have low rf power loss and es-
sentially constant characteristics under
environmental extremes. The solid di-
electric lines do not require inert gas
systems or dehydrators and they are
more flexible. Therefore, they can be
ronted and fitted more conveniently.
However, the solid-dielectric lines have
limited power-handling capability, and
higher rF power losses are encountered,
particularly at vhf and uhf frequencies.

Quite often the installation of a line
is started at the antenna. If the line is
of a rigid type, a suitable mechanical
arrangement must be made to permit a
firm and rigid attachment to the an-
tenna; usually one or two 90° elbows
are used to align the transmission line
with the point of antenna attachment,
A flange-type of connection is often
made between the line and the antenna.
A rigid hanger supports the transmis-
sion line at the connection to prevent
expansion from influencing the connec-
tion.

The transmission line can now be run
down along the tower using spring-type
and sliding hangers. The hangers act as
guides for the vertical line and, at the
same time, allow for the difference in
expansion between the line and tower.
Another 90° elbow is required at the
base of the tower at the point where
the horizontal run to the transmitter
building is started. A brace is used to
support the line at the point where the
changeover from vertical to horizontal
is made. Very often the horizontal
length of line is placed in a protective
trough, or a triangle-type shicld s
placed over the line. The line must be
supported along its entire horizontal
length with flexible hangers or rollers
to allow for expansion and contraction.
A rigid anchor is connected around the
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line at the wall of the transmitter house.
Inside the house, suitable connections
must be made for connection of a gas
port or an automatic dehydrator.

The flexible and semiflexible trans-
mission lines are easier to install than
the rigid type, and their Hexibility min-
imizes the effects of expansion and con-
traction. Thus the rigid supports, sprin
hangers, elbows, etc., are not require«f
Generally the permissible bending of a
flexible or semiflexible line is limited to
a radius that is approximately ten times
the cable diameter. The outer conduc-
tor of such lines must be honded to the
metallic tower, at least at the top and
the bottom of the tower and also to a
ground point where the cable enters
the house. The cable must be supported
by a messenger wire or adjustable flange
in its horizontal run between the tower
and transmitter house.

Kinks in transmission lines may in-

troduce impedance discontinuities and
possible arcing; therefore, they should
be avoided. The flexible or semiflexible
lines should be run as a single length
from the output of the transmitter to
the point of connection at the antenna
tower, if at all possible. When lines
must be cut, the appropriate connectors
and hardware must be used. Even for
rigid line the number of connections
should be kept to a minimum.
9. What is an stl system?—Stl (studio-
transmitter-link) facilities are licensed
to broadcast stations and are used to re-
lay programs from the studio to the
transmitter. They may also be used for
communications between these two
points when no programs are being
transmitted. If a multiplex arrangement
is included, such communications ay
also be established during actual pro-
gram transmission. Stl facilities usually
operate in the uhf and microwave spec-
trum, and are licensed for unlinuted
time operation using directional an-
tennas. Remote control may be em-
ployed.

16-2. REVIEW OF A-M AND
FM BROADCASTING

The following FCC Study Guide
question touches on several phases of
broadcasting, which include the s:an-
dard a-m, fm, fm multiplex, television,
and color television broadcasting sta-
tions. The portion of this question dis-
cussed in this chapter is a review of
a-m, fm and fm multiplexer broadcast-
ing. The television part (d) and color
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television part (e) of this question will
be carrie(f) over into the next chapter
and serve as an introduction to the
questions on television broadcasting.
10. Draw block diagrams of the follow-
ing broadcast transmitter complete from
the microphone (and/or camera) in-
puts to the antenna output. State the
purpose of each stage, and explain
briefly the overall operation of the
transmitter for (a) standard (a-m)
broadcast, (b) fm broadcast, (¢) multi-
plex fm broadcast, (d) television broad-
cast, and (e) color television broad-
cast.

(a) A functional block diagram of an
a-m broadcast facility is given in Fig.
16-7. The five audio-signal or program
sources are the microphone, the tape
player, the phono player, the remote
telephone line, and the network tele-
phone line. All of these program sources
terminate in an audio console. The
console contains the switching, mixing,
and gain-control functions. If two or
more microphones are used on a given
program, their signals are combined
and mixed in the audio console. At the
audio console, an announcer can make
a spot announcement and then switch
from the announce microphone to a
record set up on the turntable. In fact
the main function of the console is to
control the program continuity of the
station.

The console includes a VU (volume
unit) meter that helps the console op-
erator maintain the program material at
the proper absolute and relative levels.
The console also includes a monitor so
that the operator can hear the program
material. Quite often audition monitor-
ing facilities are incorporated. The con-
sole permits the operator to check stu-
dio, remote, and other audio signal
sources for proper operation while other
program material passes simultaneously
through the amplifier.

The program material at the output
of the console is supplied to an audio
line that links the console with the
transmitter facility. Sometimes an auto-
matic gain control (agc) amplifier is in-
serted between the console output and
the audio line. This amplifier relieves
the console operator from some of the
tedious work of riding gain and pro-
vides a more constant amplitude signal
to the audio line from the various
program sources. Therefore the signal
applied to the line is held at the appro-
priate level for optimum signal-to-noise
ratio without causing crosstalk into
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other lines. Consequently a more con-
stant signal level is delivered to the
input of the transmitter.

Sometimes a compression amplifier,
which regulates the dynamic range of
the program material, is a part of the
studio equipment. This amplifier can he
switched into operation when compres-
sion control is required.

It may be necessary to employ a line
equalizer in the remote and network
lines. A line equalizer compensates for
the poor frequency response of certain
types of audio lines and facilities and
can be switched into the line when
necessary.

Some of the high-quality microphones
may employ preamplifiers. The pre-
amplifier is usually built into the micro-
phone housing or located at the end of
the cable where the connection is made
to the audio line that runs to the in-
put of the console.

The average broadcast station usually
has one or more remote amplifiers,
which are very small console units that
are used for remote broadcasts. The
unit permits the mixing of microphone
signals and other program sources and
builds them up to the level needed for
the remote telephone line that links the
source of the remote broadcast with the
console at the studio. The remote con-
sole usually includes a VU meter so
that the operator can observe the signal
level being applied to the remote tele-
phone line.

The program signal as it arrives at
the transmitter must be amplified (usu-
ally by a limiter amplifier to avoid over-
modufz,ztion) prior to its application to
the audio input of the transmitter.
Several additional audio amplification
stages are included in the transmitter
proper to build up the level of the pro-
gram material for driving the a-m mod-
ulator stage.

The rf carrier is generated by the
crystal-controlled oscillator and also in-
creased in level by succeeding amplifier
stages until the strength of the rf sig-
nal is sufficient to drive the modulated
amplifier. In the modulated amplifier the
program material and the rf carrier are
mixed to produce the rf a-m modula-
tion envelope. The modulated rf wave
is then applied through an output cir-
cuit (cou Eng system) to a transmission
line. At the other end of the transmis-
sion line an antenna-tuning unit applies
the rf signal to the antenna system.

A frequency monitor and a modula-
tion monitor are required by the FCC
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as accessory items for the transmitter.
If an a-m directional antenna is em-
gloyed, monitoring equipment must also
e included for the directional antenna
system.

A general discussion of the a-m sys-
tem was given in Question 1 of Chapter
15,

(b) A functional block diagram of an
fm broadcast transmitter is given in
Fig. 16-8. The major units of the studio
and control-room equipment are the
same as those of the a-m station in
Fig. 16-7. Somc additional considera-
tion must be given to the frequency re-
sponse and dynamic range of the pro-
ﬁram material because of the higher

delity inherent in an fm system. How-

ever, the high-fidelity performance of
most modern studio equipment permits
the equipment to be used in either a-m
or fm services. Many consoles include
dual facilities that permit simultaneous
handling of different audio signals so
that the a-m transmitter and the fm
transmitter can be supplied with sepa-
rate program materials. Of course, com-
pression amplifiers, equalizers, and age
systems are adjusted to operate in ac-
cordance with the capabilities of fm
broadcasting. The general operation of
an fim system was covered in Questions
1 and 2 of this chapter.

FIRST-CLASS RADIOTELEPHONE LICENSE HANDBOOK

Naturally the fm transmitter differs
substantiali,y from its a-m counterpart.
A limiter amplifier is used ahead of the
transmitter, and it establishes the aver-
age modulation level relative to a de-
sired dynamic range and, at the same-
time, prevents overmodulation (exces-
sive deviation of the transmitter). At
times a top-level limiter is used between
the limiting amplifier and the fin trans-
mitter to prevent transmitter overmod-
ulation at high modulating frequencies.
Because of the pre-emphasis employed
in fm broadcasting, the high-frequency
audio components often cause very
high instantaneous modulation peaks.
The top-level amplifier is especially
effective against these peaks.

A low-level speech amplifier build
up the program signal level for applica-
tion to the reactance (fm) modulator
(Fig. 16-8). It is here that the pre-
emphasis and the audio correction net-
works required for the particular type of
fm modulation (direct, phase, or serra-
soid) are obtained. Audio limiters and
filters are also included in this audio
amplifier to establish the proper audio
response and remove undesired har-
monic components.

The carrier is formed by a stable os-
cillator. In the example of Fig. 16-8, the
modulating signal from the audio am-

AUDIO INPUT
OF TRANSMITTER
STUDIO AND CONTROL
ROOM EQUIPMENT I 3 AUDIO
TRANSMITTER | OPTIONAL | AMPLIFIERS
SAME AS FIG. 16-7 LIMITER —— 0P LEVEL o AND
AMPLIFIER PoLmTR PRE-EMPHASIS
REACTANCE T niY FREQUENCY
MODULATOR OSCILLATOR MULITPLIERS
RF
PHASE FREQUENCY POWER
DETECTOR DIVIDER AMPLIFIERS
M
ANTENNA
FREQUENCY
BT AND OUTPUT
SOURCE DEVIATION SYSTEM
MONITOR

Fig. 16-8. A block diagram

of an fm broadcast station.
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plier is applied to a reactance mod-
ulator which frequency deviates the
carrier signal (refer to Question 2 of
Chapter 16). An automatic frequency-
control (afc) system maintains the
center-frequency stability of the os-
cillator. The gn modulation process
begins at a low frequency to establish
high center-frequency stability and the
required wide-band deviation at the fm
broadcast frequency. Therefore, the fm
modulated oscillator is followed by a
series of frequency multipliers which
multiply both the center and the devia-
tion frequencies. The output of the
multiplier or so-called rf exciter, is at
the transmit frequency (in the fre-
quency range of 88-108 MHz) with a
maximum possible deviation of *75
kHz. A series of following class-C am-
plifiers now build up the power level
of the signal, the final rf power ampli-
fier del.vering an rf output power ac-
cording to the capability of the fm
transmi‘ter. An output coupling system
then provides a proper match to the fm
antenna system. The frequency meter
and deviation (modulation) monitor
are instruments required by the FCC.

(¢) The functional block diagram of
a multiplex fm system is shown in Fig.
16-9. I a stereo broadcast system, two
separate but related audio signals must
be conveyed between transmitter and
receiver. Stereo broadcast stations use
a formn of subcarrier multiplex trans-
mission. One audio signal frequency-
modulates the carrier directly (audio
channel No. 1 in Fig. 16-9). The second
audio signal amplitude-modulates a
subcarrier, which in turn frequency-
modulates the carrier (audio channel
No. 2 in Fig. 16-9).

At the receiver, the regular fm de-
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tector demodulates both the channel-1
carrier signal and the channel-2 sub-
carrier signal. However, the subcarrier
signal is supplied to a subcarrier detec-
tor—in this case an a-m detector. The
output of the subcarrier detector serves
at the second audio signal. In this man-
ner, both audio signals have been re-
covered and applied to a dual-channel
audio amplifier.

As shown in the block diagram of
Fig. 16-10, the studio and console
cquipment of an fm multiplex station
have the same basic units except that
a completely dual arrangement is used
for the left (L) and right (R) audio
signals. Two completely separate micro-
phone channels are needed for a stereo
broadcast. A stereo tape player and
phono player supply the two separate
audio signals neeged for stereo broad-
casting. Likewise, two telephone lines
would be needed for remote stereo or
network stereo program transmission.
The audio console will have dual-chan-
nel facilities and a separate VU meter
for each channel. The dual-type agce
amplifier must be employed and, for
true fidelity, each channel must be
adjusted to have the same performance
characteristics. Likewise there should
be identical equalization of the two
audio channels.

A dual line arrangement carries the
two separate left (L) and right (R)
audio signals from the console or agc
amplifier to the dual limiter amplifier.
Both channels are limited a like amount
to ensure the proper dynamic range, a
high average level of modulation, and
no overmodulation.

The two program signals are applied
to a stereo generator. Within the stereo
generator the two signals are processed

-

AUDIO M FM TUNER AUDIO
CHANNEL] [*] FM BXCITER TRANSM ITTER AND 1-Famp [ FMOETECTOR =1yl )
AUDIO SUBCARR IER
CHANNEL 2 MODULATOR SUBCARRIER AUDIO
T DETECTOR CHANNEL 2
SUBCARR IER
0SC ILLATOR

Fig. 16-9. A block diagram of an fm multiplex system.
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in a manner that forms the two audio
signals that will modulate the transmit-
ter. These two signals are applied to the
fm modulator (a reactance type for the
example of Fig. 16-10). One of the
audio signals (called the L + R signal)
is applied directly as a modulating
wave to the reactance tube. The secon

signal (L — R signal) is applied to the
reactance tube as an a-m modulated
subcarrier. Its band of frequencies is
above that of the L + R signal that has
been applied as direct modulation. Both
signal components [(L 4+ R) and (L —
R) subcarrier] frequency-modulate the
rf carrier (center-frequency) signal
generated by the stabilized center-fre-
quency oscillator,

As in a conventional fm broadcast
transmitter, the center frequency of the
oscillator and its deviation are multi-
plied to obtain the transmit frequency
with its maximum =*=75 kHz deviation
capability.

The functional block diagram, Fig.
16-10 and the spectrum graph of Fig.
16-11 provide the basis for a more de-
tailed coverage of the fm stereo gen-
eration process. As in all stereo sys-
tems, the left channel (L) and right

__

. 7/// /’

_
7
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channel (R) audio signals are required
to produce the stereophonic effect at
the receiver. In fm broadcasting, the
two signals are first applied to a matrix
circuit for processing. The two signals
are united in the stereo generator to
produce sum (L + R) and difference
(L — R) components. This technique is
necessary in order to transmit a com-
patible fm signal; that is, one which
can be received on a monaural fm re-
ceiver and will reproduce as a good-
quality monaural signal. It is the L + R
signal that represents the monophonic
signal and is used by regular monaural
receivers. In the stereo process, the
L + R signal frequency-modulates the
transmitter in conventional manner.

In a stereo broadcast, the L — R sig-
nal must also be transmitted to the
stereo broadcast receiver. The (L — R)
signal at the output of the transmitter
matrix is applied to a subcarrier a-m
modulator. This is called a balanced
modulator because in the modulation
process the a-m sidebands are gen-
erated and the 38-kHz subcarrier is re-
moved. Note in the spectrum graph
that the L — R a-m sidebands (23 kHz
to 53 kHz) are separated from the

|
1
|
|
|
1
|
L]
]
|
|
1
]
|
]
|
|
|
|
|
1
1
|
I
ao=)

D i T PR

SUBCARRIER

Fig. 16-11. The modulating-frequencies distribution and maximum-deviation limits
for an fm system.
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L + R signal spectrum, between 50 Hz
and 15 kHz.

One other signal component is trans-
mitted as shown in Fig. 16-10; this is
the 19-kHz pilot signal developed in the
stereo generator. Note its position be-
tween the L + R and the L — R sub-
carrier signals on the spectrum chart of
Fig. 16-11. The 19-kHz pilot signal is
used to synchronize a 19-kHz oscillator
in the stereo receiver. The 19-kHz oscil-
lator signal is doubled in frequency in
the fm stereo generator to form the 38-
kHz subcarrier. Thus, the 19-kHz pilot-
signal oscillator is also the source for the
38-kHz a-m subcarrier. At the receiver
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the L + R signal is made available
directly from the output of the fm de-
modulator. However, the subcarrier
(L — R) signal must first be applied to
an a-m demodulator to obtain the re-
sultant signal (L — R). The L 4+ R and
L — R audio signals combine in the
receiver matrix as follows:

(L+R)=(L—R)
L+R+L—-—R=2L
L+R—L+R=2R

Thus the original right-channel (R)

and left-channel (L) signals are recon-
structed in the recciver.



CHAPTER

7

Television Broadcasting

This chapter covers the FCC Study
Guide Questions on monochrome and
color television transmitter circuits and
on equipment used in conjunction with
these transmitters.

17-1. BASIC PRINCIPLES

1. Draw block diagrams of the follow-
ing broadcast transmitters complete
from the microphone (and/or camera)
inputs to the antenna output. State the
purpose of each stage and explain
briefly the overall operation of the
transmitter . . . (d) television broad-
cast, and (e) color-television broadcast.
(Note: Parts a, b, and c of this ques-
tion were answered in Question 10 of
the previous chapter.)

(d) A functional block diagram of a
television broadcast transmitter is given
in Fig. 17-1. The television broadcast
station is a two-channel facility (picture
and sound). By FCC regulation the

icture carrier must be kept within =1
EHZ of assigned frequency. The sound
(aural) carrier is transmitted separately
from the picture (visual) carrier, on a
frequency 4.5 Mllz above the picture
carrier. The sound carrier is frequency-
modulated; from microphone to an-
tenna the sound system is quite similar
to that of an fin broadcast station, with
the exception that 100-percent modu-
lation constitutes a maximum frequency
deviation of =25 kllz. For this reason
this segment of television broadcasting
will not be elaborated upon. Many of
the television-broadcast microphones
are mounted on long booms so that
they can be suspended overhead out of
view of the camera. The sound system
must also include facilities for handling

the sound signal derived from motion-
picture film and video tape.

The same antenna is used to radiate
both the picture and sound carriers and
sidebands; a diplexer provides the nec-
essary isolation between sound and pic-
ture transmitters. A lock-in  system
keeps visual and aural carriers on
proper relative and absolute frequen-
cies.

In modern television broadcasting,

thirty complete pictures are sent out
each second. However, each of these
Eictures is broken down into several
undred thousand elements which are
sent in a sequential order. The orderly
breakdown of a television scene is ac-
complished with the cathode-ray elec-
tron scanning beam at the camera tube.
The scene is then reassembled at the
receiver by the scanning heam of a
picture tube which is directed onto a
fluorescent screen. This technique is
shown in Fig. 17-2.

The camera tube contains a photo-
sensitive area or target composec of
hundreds of thousands of isolated and
light-sensitive elements upon which an
optical lens system focuses the scene
as an image. A camera-tube scanning
heam moves over the surface, in ac-
cordance with a standardized motion,
releasing a video signal corresponding
to the brightness detail of the image.
This video signal is relcased clement-
by-element and line-by-line as the beam
moves across and down the image.

The picture-tube scanning bear: at
the receiver follows the same motion
over the fluorescent screen. As the
scanning beam moves across the screen,
its electron density is varied by the in-
coming video signal supplied to the
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LIGHT PATTERN
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(B) Odd-line scanning.

(C) Even-line scanning.

(D) No blanking, retrace
visible.

Fig. 17-2. Scanning at the television camera and picture tube.

control grid of the picture tube. The
fluorescent screen of the picture tube
glows in accordance with the strength
of the scanning beam striking each in-
dividual element. Since the strength of
the scanning beam is varied as it scans
the fluorescent surface, the original
brightness detail of the television scene
is recovered element-by-element and is
then reconstructed on the fluorescent
screen,

If a television scene is to be recon-
structed exactly, the motion of the pic-
ture tube and camera tube scanning
beams must be identical—that is, the
beams must be synchronized with each
other. This results in the image being
reconstructed at the picture tube at the
same rate and in the same order that
the video information was released from
the image which was focused on the
camera tube.

In a television station, a sync gen-
erator is used to form the pulses that
synchronize the motions of tﬁe camera-
tube and picture-tube beams. Insofar
as the station equipment is concerned,
the synchronizing information is sent
over cables directly to the camera cir-
cuits that control the motion of the

camera-tube scanning beam. Similar
synchronizing pulses are processed and
inserted into the television signal that is
transmitted.

In the functional block diagram (Fig.
17-1), the camera tube is shown at the
top left. Its output is amplified by a
video amplifier. Since the scanning
beam must be made to move left to
right and slowly down the screen, its
motion must be controlled in two di-
mensions. Therefore, the motion of the
scanning beam is controlled by two sep-
arate waveforms supplied by a horizon-
tal deflection generator and a vertical
deflection generator. In the scanning
process, the beam scans one line at a
time. After each line the beam must
quickly return to the other side of the
screen to begin a new line. During this
horizontal “retrace” interval, no video
signal must be released and the horizon-
tal blanking pulse prevents the release
of spurious retrace signals.

After the scanning beam has scanned
a complete set of lines it must be re-
turned to the top of the screen quickly
to begin a completely new set og lines.
Likewise, no video signal must be re-
leased during this “retrace” time; hence,
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it is necessary to generate both hori-
zontal- and vertical-blanking pulses.

The motion of the camera scanning
beam and the picture-tube scanning
beam must be synchronized. There-
fore when the scanning beam at the
camera tube is releasing the video in-
formation contained in, for example,
line No. 3 of the picture, the picture
tube scanning beam must be in posi-
tion and tracing out this information as
line No. 3 on the fluorescent screen.
The movements of the camera-tube and
picture-tube scanning beams are con-
trolled by horizontal- and vertical-sync
pulses developed in the sync generator.
At the transmitter, these sync pulses
synchronize the horizontal and vertical
eflection generators controlling the
timing of the movement of the camera-
tube beam. Similar pulses are trans-
mitted and, at the receiver, these pulses
control the operation of the horizontal
and vertical deflection generators. Thus,
the deflection waveforms that control
the movement of the picture tube scan-
ning beam are under control of the
pulses that originate at the television
broadcast station.

As mentioned, television pulses are
formed by a unit called a sync gen-
erator which is the master timing center
of a television broadcast system. The
sync generator develops the timing

rive pulses for the generation of hori-
zontal sync, horizontal blanking, ver-
tical sync, vertical blanking, and equal-
izing pulses. Equalizing pulses are im-
portant to establish the relative timing
of the horizontal and vertical activities;
they permit a system of beam motion
referred to as “interlaced scanning.”

A camera control unit is associated
with each camera. This unit permits
each individual studio camera to be
regulated from the control room. The
camera control unit also includes com-
pensating circuits, additional video am-
plifiers, and an insert stage to permit the
addition of blanking pulses to the sig-
nal. These horizontal and vertical blank-
ing pulses are used at the receiver to
blanE out the screen whenever the pic-
ture-tube scanning beam retraces hori-
zontally and vertically.

The camera control unit also contains
monitoring circuits and a picture tube
that permits the control-room operator
to observe the actual picture being
picked up by the camera. Waveform
cathode-ray tubes are also included
which permit the control-room operator
to view the actual video signal wave-
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form in the camera circuits. The out-
put of the camera control unit is sup-
plied to a switcher which is a control
center for the television system. Other
cameras and video-signal sources termi-
nate at the switcher. The switcher is
used by the control-room operator to
select the particular picture that is to
be transmitted. The output of the
switcher is supplied to still another
video amplifier and then to a sync in-
sert stage. Here, the synchronizing
pulses are added to the television sig-
nal. Since the blanking pulses were
added previously in the camera control
unit the composite television signal is
present at the output of the sync insert
stage.

The composite television signal is
now supp]ieg to a line, or stabilization,
amplifier which organizes the signal for
application to the video line that con-
nects the control room with the tele-
vision-transmitter proper.

At the transmitter proper, the com-
posite television signar is again passed
through another line amplifier and the
video amplifiers and modulator of the
transmitter. The carrier signal is gen-
erated at a low frequency using a crys-
tal oscillator. The crystal oscillator is
followed by a series of multipliers and
class-C power amplifiers that build up
the frequency and power of the f sig-
nal for proper drive of the modulated
power amplifier. The f wave is ampli-
tude-modulated by the video signal.
Usually a form of control-grid modula-
tion is employed. The output of the
modulated amplifier, in a low-power
television transmitter, is often applied
directly to the antenna systemn. In a
higher-power television transmitter there
are intermediate linear rf power ampli-
fiers between the modulated amplifier
and the antenna system.

Frequency and modulation monitors
are required for both the picture and
the sound transmitters. In addition, pic-
ture and waveform monitors are located
at the transmitter site.

A vestigial-sideband process is em-
ployed in the transmission of the pic-
ture. In this mode of transmission, a
complete spectrum of side frequencies
is transmitted on the upper side of the
carrier. However, on the lower side of
the carrier only the lower frequencies
are transmitted and the higher-fre-
quency components are suppressed.
Thus only a vestige, or part, of the fre-
quencies in the sideband below the
carrier are transmitted and the system
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is called vestigial-sideband transmis-
sion. This system permits a video signal
of a given resolution to be transmitted
with less bandwidth, Stated another
way, frequency components as high as
4.25 MHz can be transmitted even
though the assigned channel bandwidth
is only 6 MHz. Were conventional dou-
ble-side-band amplitude modulation
employed, it would normally require an
8.5-MHz bandwidth to transmit a 4.25-
MHz modulating wave.

The lower sideband is partly sup-
pressed by the sideband filter. TKe out-
put of the sideband filter is applied to
a diplexer unit. The function of the di-
glexer is to permit the simultaneous
eed of the sound and the picture rf
signals to the same antenna. The di-
plexer permits proper impedance match-
ing of the picture and sound transmit-
ters to the antenna and prevents inter-
action between the two transmitters.

(e) A functional block diagram of
the key circuits necessary for color-
picture transmission is given in Fig.
17-3. The sound transmitter is shown
as a single block because it is identical
to that shown for the television broad-
castu transmitter in Fig., 17-1 as dis-
cussed in ?luestion 10(1h). Likewise,
certain of the systems used in color
broadcasting are similar to those used in
monochrome television broadcasting.
Therefore a single block is used to rep-
resent basic functions that were shown
as a group of blocks in Fig. 17-1. The
camera control, switcher, stabilization
amplifier, and the transmitter proper
(including sideband filter, diplexer, and
antenna) are similar in function to those
employed in a strictly monochrome tele-
vision system. In fact these systems are
designed to handle either monochrome
or color program material. The camera
control and monitoring facilities are
more elaborate in order to monitor cer-
tain color characteristics of the tele-
vision signal. The sync generator is also
similar requiring only certain additional
stages for generating the color sync and
processing signals.

Color is composed of three basic at-
tributes—brightness detail, hue, and
saturation. Brightness detail is the rel-
ative brightness among all the elements
that make up a scene, regardless of its
hue and saturation. It is this brightness
detail, between black and white over
the gray scale, that makes it possible to
transmit a black and white picture.
The monochrome picture observed on
your television screen or on a magazine
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page is nothing more than a brightness
pattern. The breaking up of a scene
into many, many elements of differing
brightnesses permits the reconstruction
of a scene in detail.

In addition to the brightness detail,
the color television system transmits the
hue and saturation information. Hue is
often referred to loosely as color, be-
cause it represents green, yellow, blue,
red, etc. but does not include black,
white, and values of gray. Saturation
has to do with how pure a given hue is
and how much white light is present.
A pure green is a fully saturated hue
because no white light is present;
whereas a desaturated green would be
a paler green because it contained a
certain percentage of white light.

Scores of recognizable hues and sat-
urations are transmitted by using onl
three basic “tristimulus” co]ors—rec{,
blue, and green. By mixing these three
primary colors in proper proportions, an
extensive range of hues and saturations
is conveyed. This is the basis for our
three-color television system. There-
fore, in a basic color system ( Fig. 17-4),
three camera tubes interpret the scene
to be conveyed in terms of its blue, red,
and green color brightness content. The
three camera signals are then processed
and transmitted. At the receiver, the
three color signals are recovered and
supplied to a picture tube that has a
separate electron gun for each primary
color. The fluorescent screen of the pic-
ture tube contains three separate sets
of extremely closely spaced color phos-
phor dots—one set of dots for each pri-
mary color. Therefore, the fluorescent
screen of the color picture tube is cov-
ered by several hundred thousand color-
phosphor dots. Those dots are arranged
in trios of green, red, and blue are
shown in Fig. 17-5 and are individually
excited by their respective electron
guns. This results in three primary color
pictures which, in terms of visual obser-
vation, appear superimposed. Thus,
three basic primary color pictures are
combined by the eye to reconstruct the
original color scene.

The scanning activity is the same as
that used in monochrome television;
therefore, the functions of the horizon-
tal sync, horizontal blanking, vertical
blanking, and equalizing pulses are the
same. However, it is also necessary to
synchronize the color demodulating ac-
tivities at the receiver so that they take
place in step with similar activities
at the color television camera. For this
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Fig. 17-4. The basics of color television.

reason a color sync burst which is lo-
cated on the horizontal blanking pulse
is also conveyed between the transmit-
ter and the receivers. This color sync
pulse controls the operation of the color-
receiver circuits so that the individual
primary color signals are channeled to
their respective guns in the color picture
tube.

Refer again to the functional block
diagram in Fig. 17-3. To conserve
bandwidth and permit the transmission
of a high-quality color picture, the
three primary color signals are first
processed in a so-called matrix. This
matrix circuit forms three individual
signals—Y, I, and Q. These signals are
in the proper proportions to best con-
vey the three attributes of brightness
detail, hue, and saturation. The Y signal
is fundamentally a brightness detail
signal (luminance signal) and it is
channeled separately from the I and
Q signals. It is this Y signal that, when
supplied to a monochrome television
receiver, will reproduce a good black
and white replica of the color scene
being televised. It is passed through a
so-called luminance video amplifier and
on to control and processing circuits.

The 1 and Q signal components
(chrominance signal) convey the hue
and saturation information about the
color picture. The relative amplitude
of these two signals (I and Q) deter-
mines the saturation of the color signal.
Their relative phase determines the
hue of the transmitted color signal. The
combined I and Q signal is used to
modulate the color subcarrier. This sub-
carrier (which has a frequency of ap-

Fig. 17-5. A portion of the picture-tube
screen showing the arrangement of
dot trios.

proximately 3.58 MHz) frequency was
selected so that a minimum of crosstalk
is developed between the transmitted
sidebands that convey the hue and satu-
ration information and those that con-
vey the brightness deta:l.

The luminance (Y) signal and the
chrominance (I and Q) sideband sig-
nals join in the control and formation

circuits. Likewise, reg.lar sync and
I)lankir:f pulses and color sync are also
inserted in these stages to form a com-

posite color television signal. The unit
in which all of this color processing
takes place is often referred to as a
colorplgxer. Then the composite color
television signal is passed through the
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switcher and stabilization amplifier and
on to the transmitter proper, as is done

in a conventional monochrome tele-
vision system.
2. Describe the scanning technique

used in United States television trans-
mission. Why is interlacing used?—The
scanning process (Fig. 17-2) is known
technically as a 525-line, 2-to-1 inter-
lace system. The aspect ratio is 4:3
which means that the transmitted pic-
ture is four units wide to three units
high. In the scanning process, the scan-
ning beam scans the transmitted image
from left to right and top to bottom.
Thus in the scanning process, a se-
quence of lines is scanned beginning
with line 1 and covering every odd-
numbered line from the top of the scan
to the bottom. The beam then retraces
to the top and scans the even-numbered
lines from top to bottom. Then it re-
traces back to the top again to begin
line 1 of the next individual television
scene. It is important to recognize that
the scanning beam makes two vertical
trips (two fields) in conveying one com-
plete picture (frame). Thus each frame
consists of two individual fields com-
osed of odd-numbered and even-num-
ered lines. In one second, the tele-
vision system transmits 30 individual
pictures (frames). This corresponds to
60 (2 X 30) vertical fields. Hence, the
vertical scanning rate or frequency of
the television system is 60 Hz. By scan-
ning sixty fields, that is, producing sixty
interruptions per second, there is less
brightness flicker than there would be
with only thirty interruptions.

Each television picture (frame) is
composed of 525 lines (262% lines per
field). However, there actually are
fewer than 525 lines that carry picture
information. When the scanning activity
is returned from the bottom to the top
of the screen (raster), a certain retrace
time is required. This occupies a time
interval that approximates the time
needed to transmit 25 horizontal lines.
Since the screen is Dblacked out or
“blanked” during this interval, there
are approximately 25 lines lost (inactive
lines). Thus the picture information
must be carried by approximately 500
lines (active lines).

Inasmuch as each frame is composed
of 525 line periods and there are 30
frames transmitted per second, the ac-
tual line rate is 15,750 (525 X 30)
lines transmitted per second. This is
known as the “line rate” or “horizontal
frequency” of the television system.
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Interlacing is the process of breakin%
u;) the picture into two fields comgose(
of even-numbered and odd-numbered
lines. This technique reduces flicker
and permits the transmission of a pic-
ture of a higher resolution (more lines
of definition) for a given assigned band-
width. Good continuity of motion can
be obtained with thirty individual pic-
tures per second. However, to reduce
annoying brightness flicker, as a result
of the blacked out retrace times be-
tween the individual thirty pictures, it
is better to break up the scanning ac-
tivity into 60 vertical retrace periods
per second. The brightness flicker is re-
duced by the interlace scanning system
because with two fields for each picture
there are G0 brightness intermptions

er second. Instead of overlapping the
ines of the individual fields, the in-
between or interlace scanning of the
fields permits a total of 525 scanning
lines instead of approximately half this
number.

3. Show, by simple circuit diagrams, at
least two ways of obtaining a saw-
tooth wave. Explain how the wave
shape is formed. Where in television
transmitters are sawtooth waves em-
ployed? Why?—Two ways of forming a
sawtooth wave are shown in Fig. 17-6.
In the first example (Fig. 17-6A) a gas
discharge tube is used. The anode volt-
age for the gas-discharge tube is sup-
plied via a resistor-capacitor combina-
tion. When the gas tube is nonconduct-
ing, the capacitor charges toward the
supply voltage through the resistor.
The time constant of the combination
is such that a significant time is needed
to fully charge the capacitor. When
the capacitor voltage rises to a certain
voltage level, the anode-cathode po-
tential is such that the gas is fired and
the tube conducts. The resistance of
the conducting gas tube is very low
and, consequently, the capacitor dis-
charges through the tube very quickly.
With the capacitor discharged, the
anode-cathode potential is such that the
gas deionizes and the tube becomes
nonconducting. The capacitor again be-
gins to charge toward the supply volt-
age. Again the charge reaches the firing
potential of the gas tube, the tube be-
gins to conduct, and discharges the
capacitor. .

It is apparent that the capacitor
charges and discharges at a rate de-
termined by the RC time constant. The
discharge period is very short because
the RC time constant is made very low
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Fig. 17-6. Sawtooth-generating circuits.

by the low resistance of the conducting
gas tube. Notice that the charging time
constant of the RC combination is so
long that the capacitor never fully
charges. In fact, it charges only to a
small percentage of the total supply
voltage before the gas tube fires. T[i)is
assures that the capacitor charges only
over the most linear part of its charge
characteristic and a so-called linear
sawtooth wave is formed. The charge is
linear because the sawtooth voltage
rises in a straight line rather than in a
exponential (curved) manner. The gen-
erated sawtooth wave of course can be
amplified by succeeding stages, build-
ing it up to the level required in the
deflection systems of camera and pic-
ture tubes.

The sawtooth-generating circuit can
be synchronized (or triggered) by ap-
plying a positive pulse to the control
arid of the gas tube. This pulse arrives
at a critical time and by swinging the
grid in a positive direction causes the
gas in the tube to ionize. Therefore,
the incoming pulse controls the instant
at which the gas tube will fire and dis-

charge its associated sawtooth capaci-
tor. Consequently, the frequency and
phase of a sawtooth wave can be made
to correspond to the frequency and
timing of an incoming sync pulse.
The second sawtooth-forming circuit
(Fig. 17-6B) is a combination of a
vacuum-tube blocking oscillator and
discharge tube. In this circuit, a trans-
former feedback arrangement is used
and any small positive swing in the
grid voltage will cause an increase in
the plate current and drop in plate volt-
age which is coupled back through the
transformer to cause a further amplified
rise in grid voltage. Thus the grid is
rapidly driven positive until the tube
reaches saturation. The grid voltage
then begins to fall off and causes a
resultant rise in plate voltage which is
also coupled to tEe grid. This feedback
is amplified by the tube and transformer
activity and rapidly builds up to a level
which” will drive the control grid far
beyond cut off. In so doing, a high
negative charge is placed on grid ca-
pacitor C.. The blocking tube then re-
mains cut off until this charge has had
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time to discharge through the grid
resistor. Since the time constant of R.C.
is long, a significant length of time
transpires before the blocking tube will
once again go into conduction and initi-
ate a new feedback cycle. The fre-
quency of operation of the blocking
tube depends mainly on the time con-
stant of R.C,.

The tube conducts only during that
short interval existing between the time
when the grid is driven positive and
when it is driven back to cutoff. During
this time interval a positive pulse is
developed across the cathode resistor.
This positive pulse which coincides with
the conducting period of the blocking
tube is applied to the control grid of
the followup discharge tube. This pulse
causes the discharge tube to conduct
and discharge any voltage that is across
its plate sawtooth-forming capacitor.
During the long interval of time that
the blocking tube is nonconducting, the
discharge tube is also nonconducting.
During this relatively long period es-
tablished by the R.C. time constant,
plate capacitor C1 of the discharge tube
charges toward the supply voltage,
Euw. However, after the charge on the
grid of the Dblocking tube has dis-
charged to a certain level, the blocking-
tube conducts and the resulting positive
cathode pulse also causes the discharge
tube to conduct. The conducting dis-
charge tube has a low resistance and
the sawtooth forming capacitor Cl is
discharged through the tube. The block-
ing tube now goes into its nonconduct-
ing period and once again the discharge
tube is cut off and capacitor C1 begins
to charge for the next cycle. The next
conducting period of the blocking os-
cillator again causes a discharge of the
sawtooth-forming  capacitor. In this
manner a sawtooth wave is developed in
the output of the discharge tube.

The time constant of RIC1 is long in
comparison to that of R,C, which estab-
lishes the blocking-tube frequency;
thus, the capacitor again is permitted to
charge only over the linear portion of
the charging period. This produces the
necessary linear rise in the sawtooth
wave. The very short time constant that
occurs when the discharge tube is con-
ducting permits a very rapid discharge
of the output capacitor and, therefore.
a short-interval retrace period for the
generated sawtooth.

Sawtooth waves are employed in the
vertical and horizontal deflection sys-
tems of television camera tubes and
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monitor and receiver tubes. The linear
rise portion of the horizontal sweep-
generator sawtooth wave (having a
fundamental frequency of 15,750 Hz)
causes the camera tube scanning beam
to move at a constant velocity from left
to right across the image of the tele-
vised scene. When the beam reaches
the right side of the image, the very
fast retrace portion of the sawtooth in-
terval permits a very rapid changeover
in the deflection system so that very
quickly the television system is ready
to begin the trace of a new line of pic-
ture, Likewise, the linear rise portion
of the vertical sweep-generator saw-
tooth (at the 60-Hz Ee]d rate) causes
the beam to be moved down the image
very slowly as the individual lines are
being scanned. When the scanning
beam reaches the bottom of the screen,
the scanning activity must be returned
to the top. This is accomplished during
the fast retrace interval of the vertical
sawtooth wave,

Similar horizontal and vertical saw-

tooth waves control the motion of the
scanning beam of the television pic-
ture tube. The synchronizing pulses of
the television system make certain that
the frequency and phase of those saw-
tooth waves generated for the picture
tube are the same as those generated
to move the electron heam of the cam-
era tube,
4. Make a sketch showing equalizing,
blanking, and synchronizing pulses of a
standard U.S. television transmitter.—
Such a drawing is shown in Fig. 17-7.
The top drawing shows two lines ot
video information and three horizontal
sync-blanking intervals. Since the line
rate is 15,750 Hz, each line period
approximates 63.5 microseconds (1 —
15,750). Approximately 50 microsec-
onds of this period are allocated to the
transmission of the video information
for a single picture line. The remaining
time (approximately ten microseconds)
is allocated to the transmission of the
horizontal blanking and sync¢ pulses.
The horizontal blanking pulse duration
is longer than that of the sync pulse.
The blanking pulse assures that all
trace activities are stopped hefore the
sync pulse comes along. The blanking
pulse also permits a period of nonactiv-
ity after the sync pulse to make certain
that all circuits and the scanning activ-
ity are ready for the transmission of the
next line of video.

It is to be noted that the lower the
amplitude of the signal the brighter is
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MODULATION  SYNC

Fig. 17-7. Composite
television signal.

the video data it represents. In other
words a very bright spot occurs at ap-
proximately ten percent of maximum
amplitude.” The sync tip is referred at
100-percent amplitude. The blanking
pulse occurs at about 75 percent of
mmaximum. The blanking pulse coin-
cides as nearly as possible with the so-
called black f;ve] of the video signal.
Thus the video signal information itself
is confined between the 10-percent max-
imum brightness, or white level and the
75-percent black level. Notice that the
instantaneous power output of the tele-
vision transmitter is greater when trans-
mitting black than white—this is known
as negative transmission. Whenever a
blanking pulse arrives the screen swings
into darkness because the blanking
pulse level is nearly coincident with the
black level of the television transmis-
sion system.

The vertical blanking and sync pulses
are transmitted during the vertical re-
trace period of the television system.
This is, of course, much longer in dura-
tion and is between 1000 and 1200 mi-
croseconds. However, again before the
vertical sync pulses begin, the blanking
pulse has been active for an interval of
time. Likewise, to provide adequate re-
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trace time, the vertical blanking pulse
persists for a substantial period after
the vertical sync pulses end. A group
of six equalizing pulses occurs hefore
and immediately after the vertical sync
pulses. These equalizing pulses maintain
a rigid and good interlace, permitting
the even-numbered lines to fit exactly
between the odd-numbered lines in the
interlace scanning pattern. During the
vertical blanking and sync period, hori-
zontal sync pulses are also conveved.
Therefore, control of the much faster
horizontal timing is not lost during the
appreciable length of time whick is
needed for the completion of the verti-
cal retrace activity.

5. Make a sketch which shows the dif-
ference between blanking and synchro-
nizing pulses used for color and those
used for monochrome.—The make-up
of the sync and blanking pulses is the
same for color and monochrome tele-
vision systems except that an additional
synchronizing pulse is required for color
television. Tﬁis additional sync pulse is
called a color sync burst (Fig. 17-8),
and is added to the back porch which
is the portion of the blanking pulse that
follows the sync pulse. The color burst
consists of at least eight cycles of the

COLOR

I

© COLOR
SYNC
BURST

Fig. 17.8, Horizontal blanking and sync pulses for monochrome and color television.
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color subcarrier signal (3.58 MHz).
This color syne burst is used to synchro-
nize the color demodulation at the re-
ceiver,

6. Explain the operation of the image-
orthicon camera tube. Include in your
explanation a schematic diagram of the
tube which shows focusing and scan-
ning details.—The image-orthicon sche-
matic is given in Fig. 17-9. The image
orthicon consists of three major sections
—image, scanning, and multiplier. Light
from the scene is picked up by an
ogtical lens system and focused on the
photosensitive photocathode surface di-
rectly behind tL)e face of the tube. This
surface emits secondary electrons (e.)
in accordance with the strength of the
light pattern. These electrons are ac-
celerated to the target surface by the
accelerator grid.

The target contains hundreds of thou-
sands of individual elements. Secondary
electrons are removed from these ele-
ments in accordance with the strength
of the arriving primary electrons. The
displacement of secondary electrons, ac-
cording to light intensity, sets up over
the surface 0% the target a varying posi-
tive charge that corresponds to the light
pattern. The charge distribution on the
target is scanned by a scanning beam.

The back of the target is scanned by
an electron beam, generated by the
electron gun at the camera tube base.
This electron beam is moved over the
target surface by the horizontal and
vertical deflection signals supplied to
the respective deflection coils. This mo-
tion of the scanning beam is timed by
the drive (sync) pulses supplied from
the sync generator to the horizontal and
vertical sawtooth deflection generators
of the camera tube. Hence the scanning
beam moves across the target surface
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in accordance with the standard inter-
lace scanning pattern.

The arrangement of the gun elements
and their relative voltages slows down
the scanning-beam electrons to nearly
zero just short of the target. The elec-
trons return to the base of the tube
except when they approach an element
which has a positive charge. If an ele-
ment has a positive charge when the
beam is over it, the beam deposits
enough electrons on the target to neu-
tralize the positive charge. The remain-
ing electrons return toward the gun.
It is important to realize that the beam
returning to the gun has been modu-
lated because of the presence of the
varying positive charges on the target.
These charges have removed electrons
from the beam in accordance with their
individual potential. Thus as the scan-
ning beam moves across the target ele-
ment by element, the returning electron
beam is modulated in a sequential man-
ner by the light pattern impressed origi-
nally on the photo cathode.

The returning electron beam is at-
tracted to the multiplier dynodes which
surround the gun at the rear of the
tube. The electron multiplier dynodes,
because of their secondary emission
characteristics and rising potential, am-
plify the video signal. Consequently,
the video-signal variation at the multi-
plier output is substantially greater than
the minute variation in the beam re-
turning from the target surface.

The scanning beam is focused mag-
netically by an external focusing coil.
The magnetic field is such that the
scanning beam comes to a sharp focus
just at the target surface. The magnetic
field of the focusing coil also holds the
electrons coming off the photo cath-
ode in a straight-line path from the

PHOTOCATHODE TARGET i L
ACCELERATOR | DECELERATOR nEriECTING GRID No 3 ELECTRON
GRID No o6 GRID No5 COILS  GRID No. 4 ALIGNMENT -~ GUN
TELEV ISED | SO ewesace
SCENE e MULTIPLIER
CAMERA :
LENS GRID No. 2
AND
DYNODE No 1
IMAGE SCANNING MULTIPLIER
SECTION SECTION SECTION

Fig. 17-9. Image-orthicon camera tube.
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Fig. 17-10. Amplitude characteristics of ideal picture channel.

photocathode to the target surface. An
alignment coil helps to maintain uni-
formity of focus over the entire scan-
ning area.

7. What are the advantages and the
disadvantages of the vidicon TV cam-
era tube in comparison to the image-
orthicon tube?—The vidicon is a small
diameter and short length camera tube,
permitting the design of a less bulky
camera. In comparison to an image
orthicon it has a high sensitivity and,
depending upon vidicon type, no more
than several hundred volts are needed
for operation. Thus, the power source
requirements for a vidicon in compari-
son to an image orthicon are simplified.
The resolution capability is not as high
as an image orthicon and it has a
greater tendency to be sluggish when
a fast change is made from one scene
to another. This means that occasionally
parts of a previous scene will remain
on the tube photocathode surface for a
short time after the camera has been
focused on another scene. The associ-
ated circuits for vidicon are not as com-
plex as those for an image orthicon.
Although magnetic deflection and focus-
ing are most often employed more re-
cent vidicon types use electrostatic
deflection and/or focus.

8. Sketch the amplitude characteristics
of an idealized picture transmission of
a television sketch in the United States.
(See the Commission’s Rules.)—Such a
characteristic is shown in Fig. 17-10.
Note the vestigial sideband arrange-
ment. The picture carrier is 1.25 MHz
from band edge. At low frequencies
both upper and a vestige or part of the
lower sideband are transmitted. How-

ever, at higher frequencies only the up-
per sideband is transmitted. The upper
sideband spectrum must drop off very
quickly at 4 MHz above the picture
carrier; the sound carrier is located at
4.5 MHz above the picture carrier.

9. Explain the operation of a turnstile
TV antenna.—The turnstile is the most
common television broadcast antenna.
Fundamentally each bay (Fig. 17-11)
consists of two driven elements mounted
normal to each other and driven with
rf signals having a phase difference of
90°. This method permits the develop-
ment of an omnic!)irectional horizontal
radiation pattern, meaning that equal-
level signals are radiated in all direc-
tions (compass angles) away from the
antenna tower.

To obtain a good antenna power gain
and a low-angle vertical radiation pat-
tern a number of such bays are stacked
one above the other. The vertical ar-
rangement of bays causes the radiated
signal to be sent out in the direction of
the horizontal (low vertical angle)
rather than skyward and directly toward
the base of the tower. This means that
the radiated rf energy is concentrated
at an angle most suitable for tropo-
spheric propagation, skimming over the
surface of the earth where it can be
intercepted by television receiving an-
tennas.

Instead of a straight simple dipole,
the turnstile antenna must be a special
shape in order to provide impedance
match and uniformly radiate the en-
tire bandwidth of a television station.
The bat-wing shape and the slot-type
feed method of tﬁe bat-wing antenna
ensures the constant impedance char-
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Fig. 17-11. A turnstile television antenna.

acteristic and uniform radiation needed.
Each bat wing is approximately one-
half wavelength in height.

10. What type of polarization is gener-
ally used in the transmission of the
aural portion of television signals.—
Horizontal polarization is used just as
in the transmission of the video por-
tion of the television signal. The same
antenna is used to radiate both signals.
The bat-wing antenna elements (or
other type radiating elements) used for
television are positioned and fed to pro-
vide horizontal polarization. Likewise
the receiving antennas are positioned
horizontally to make the best use of the
incoming horizontally polarized tele-
vision signal.

11. Why is a diplexer a necessary stage
of most TV transmitters?—Both the
sound and picture transmitter outputs
are supplied to the diplexer. The out-
put of the diplexer, in turn, feeds a
single transmitting antenna. The di-
plexer unit provides the proper imped-
ance match between the aural and
visual transmitters and the antenna, so
that a single antenna can be used to
radiate both picture and sound signals.
The diplexer must be designed so that
there is no significant interaction and
cross modulation between the picture
and sound transmitters.

12. Draw a circuit diagram of a typical
bridge-type diplexer used in a television
transmitter for the purpose of trans-
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ELEMENTS
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ELEMENTS
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VISUAL
TRANSMITTER
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Fig. 17-12. A bridge-type diplexer feed to a television antenna.
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mitting both video and audio from a
turnstile antenna. — A bridge-diplexer
arrangement is shown in Fig. 17-12.
The impedances of turnstile elements of
the antenna actually become a part of
the bridge arrangement. The sound
transmitter is connected across the di-
agonally opposite points (one point is
ground ) of the bridge; the picture trans-
mitter, across the remaining diagonally
opposite points of the bridge.

13. For what purpose are reflectome-
ters or directional couplers used in tele-
vision transmission systems?—The re-
flectometer is used to measure direct
and reflected power on the transmission
line that links the transmitter to the
antenna. One reflectometer is positioned
near the picture transmitter and an-
other near the sound transmitter. The
reflectometer includes a directional cou-
pler which samples the rf energy pres-
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ent on a transmission line in accordance
with direction of travel cf the rf signal.

A dual-directional coupler or reflec-
tometer arrangement can take a sample
of the rf energy that is traveling be-
tween the transmitter and the antenna
and another sample of any energy that
might be reflected back to the trans-
mitter from the antenna. An appropriate
comparison between the two samples
can be used to determine the actual
standing-wave ratio on the transmission
line. With suitable calibratior, a reflec-
tometer can also be used as a monitor
of the rf power output cf the transmit-
ter. Reflectometers are sometimes used
between the rf stages of a transmitter
when there is any significant separation
between the site of one unit of a trans-
mitter and the site of a seeond unit,
such as a high-power linear rf amplifier.



CHAPTER 1 8

Rules and Regulations

This chapter answers the FCC Study
Guide Questions on the FCC Rules and
Regulations. These questions have been
grouped into a-m, fm, television,
emergency, special broadcasts, and an-
tenna categories.

18-1. LIST OF ESSENTIAL RULES

First-class radiotelephone operators at
broadcast stations should be familiar
with Part 73, Part 74, and Part 17 of
the Commission’s Rules and Regulations
—especially those sections of the Rules
listed below. If the same regulatory
rovision basically applies to standard
Fa-m) and fin and television broadcast
stations, only the a-m section will be
given,

Standard (A-M) Broadcast Stations

Sec.
73.1-73.15 Definitions

73.39 Indicating instruments; specifi-
cations.

73.40 Transmitter; design, construc-
tion, and safety-of-life require-
ments.

73.41 Maximum rated carrier power;
tolerances.

73.42 Maximum rated carrier power;
how determined.

73.43 Changes in equipment; author-
ity for.

73.44 Other changes in equipment.

73.45 Radiating system.

73.46 Transmitter.

73.47 Equipment performance mea-
surements,

73.51 Operating power; how deter-
mined.

73.52 Operating power; maintenance
of.

73.54 Antenna resistance and reac-

tance; how determined.

Sec.

73.55 Modulation.

73.56 Modulation monitors.

73.58 Indicating instruments,

73.59 Frequency tolerance.

73.60 Frequency monitor.

73.67 Remote-control operation.

73.72 Operation during experimental
period.

73.92 Station and operator licenses;
posting of.

73.93 Operator requirements.

73.95 Equipment tests.

73.96 Program tests.

73.97 Station license.

73.98 Operation during emergency.

73.111 ]Ceneral requirements relating to
ogs.

73.112 Program log.

73.113 Operating log.

73.114 Maintenance lag.

73.115 Retention of logs.

73.116 Availability of logs and records.

FM Broadcast Stations

73.254 Required transmitter perform-
ance.

73.257 Changes in equipment and an-
tenna system.

73.261 Time of operation.

73.262 Experimental operation.

73.263 Station inspection.

73.264 Station and operator licenses;
posting of.

73.265 Operator requirements,

73.267 Operating power; determina-
tion and maintenance of.

73.268 Modulation.

73.269 Frequency tolerance.

73.293 Subsidiary communications au-
thorizations.

73.295 Operation under subsidiary com-
munications authorizations.

73.297 Stereophonic broadcasting.

73.310 Definitions.
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Sec.

73.319 Subsidiary communications mul-
tiplex operations; engineering
standards.

73.322 Stereophonic transmission stan-
dards.

Television Broadcast S-ations

73.651 Time of operation.

73.661 Operator requirements.
73.668 Frequency tolerance.
73.671 Operating log.

73.672 Maintenance log.

73.676 Remote-control operation,

73.681 Definitions.

73.682 Transmission standards and
changes.

73.687 Transmitters and associated
equipment.

73.689 Operating power.
73.699 Engineering charts.

Emergency Broadcast System

73.901 Scope of subpart.

73.902 Object of subpart.

73.911 Basic Emergency Broadcast Sys-
tem (EBS) Plan.

73.913 National Defense Emergency
Authorization (NDEA).
73.931 Notification of Emergency Ac-

tion Conditior..

73.932 Emergency Action Notification
Procedures.

73.933 Radio Monitoring Requirement,

73.934 Emergency Broadcast System
(EBS) operation during an
Emergency Action Condition.

73.935 Emergency Broadcast System
(EBS) programming priorities.

73.940 Termination of Emergency Ac-
tion Condition

73.950 Participation in the Emergency
Broadcast System (EBS).

73.961 Tests of the Emergency Action
Notification System,

73.962 Tests of Approved Interconnect-
ing Systems and Facilities.

73.971 Day-to-day emergencies posing

a tﬁreat to the safety of lite and

pr(])peny; use of Attention Sig-

nal.

73.981 Participation by telephone com-
panies.

Experimental, Auxiliary, and Special
Broadcast Services

74.435 Power limitations.

74.481 Station records.

74.501 Classes of stations.

74.536 Directional antenna required.
74.561 Frequency tolerance.
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Construction, Marking and Lighting of
Antenna Structures

Sec.

17.21 Painting and lighting, when re-
quired.

17.23 Specifications for the painting of
antenna structures in accordance
with Sec. 17.21.

17.25 Specifications for the lighting
ot antenna structures over 150
feet up to and including 300
feet in height.

17.27 Specifications for the lighting of
antenna structures over 450 feet
up to and including 600 feet in
height.

17.38 Recording of tower light in-
spections in the station record.

17.39 Cleaning and repainting.

17.41 Spare lamps.

17.42 Lighting equipment.

17.44 Maintenance of light:ng equip-

ment.

18-2. STANDARD (A-M) BROADCASTING

1. Define the following terms as they
relate to standard broadcast stations—
(a) standard broadcast station, (b)
standard broadcast band. (c¢) standard
broadcast channel, (d) daytime, (e)
nighttime, (f) sunrise and sunset, (g)
broadcast day, (h) experimental period,
(i) operating power, (j) plate input
power, (k) antenna pcwer, (1) an-
tenna current, (m) antemna resistance,
(n) modulator stage, (2) modulated
stage, (p) last radio stage, (q) per-
centage modulation (amplitude), (r)
high-level modulation, ‘{s) low-level
modulation, (t) plate medulation, and
(u) grid modulation.—Refer to Appen-
dix I, Sec. 73.1 through Sec. 73.14.
2. What are the specifications of a
plate-current meter in the last radio
stage of a transmitter? —The meter spec-
ifications are as follows: scale length
of not less than 2344 inches, accuracy at
least 2 percent of full-scale reading, a
maximum rating such that it will not
read off-scale during modulation, a
scale of at least forty divisions, and a
full-scale reading shall not be greater
than five times the minimum normal
indication. Refer to Appendix I, Sec.
73.39.

3. Under what conditions may remote
reading ammeters be used to indicate
antenna current?—Remote-rcading an-
tenna ammeter indications may be log-
ged as the antenna current, or (in the
case of a directional antenna system)



306

the common-point current and base
currents. Certain specifications must be
followed in accorci)ance with the type
of remote meter used and for the point
of insertion of the remote meter into
the antenna circuit. A remote meter
must meet the same requirements as the
regular antenna ammeter with respect
to scale accuracy, ete. It must be in-
serted at the same location as the reg-
ular antenna ammeter but on the trans-
mitter side. Calibration must be checked
against the regular antenna current me-
ter at least once a week. The meter
system and associated line must be
shielded and filtered. Read Sec. 73.39,
Appendix I, carefully.

4. What is the maximum temperature
variation at the crystal from the normal
operating temperature when using X-
or Y-cut crystals? When using low
temperature-coefficient  crystals? — The
maximum permissible temperature vari-
ation is =0.1°C when an X- or Y-cut
crystal is employed and +=1.0°C for a
low temperature-coefficient crystal. Re-
fer to Appendix I, Sec. 73.40.

5. Who keeps the keys to the fence
which surrounds the antenna base at a
standard broadcast station? Where are
the keys usually kept?—The keys must
be in the possession of the operator on
duty at the transmitter. Refer to Ap-
pendix I, Sec. 73.40.

6. What general nature of changes to
the broadcast transmitter require Com-
mission approval? What type of changes
or alterations do not require approval?
—Changes that may not be made with-
out authority are the number of vacuum
tubes in the last radio stage, a change
to a vacuum-tube type of dillerent
power rating or class of operation, and
any change in the system of modnlation.
Other changes of a type that do not
affect the maximum power rating or
operating power of the transmitter or
precision of the frequency-control
equipment may be made without au-
thority. However, in the next application
for renewal of license such changes
which affect the information already on
file shall be shown in full. Refer to Ap-
pendix 1, Sec. 73.43 and Sec. 73.44.
7. What are the Commission’s require-
ments regarding maintenance of op-
erating power?—The operating power
must be maintained as near as prac-
ticable to the licensed power and shall
not exceed the limits of 5 percent above
and 10 percent helow. For a directional
system the ratio of the antenna currents
in the elements of the system must be
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kept within 5 percent of that specified
by the terms of the license. Refer to
Appendix I, Sec. 73.52.

8. What is the frequency tolerance at
standard broadcast stations?—The op-
crating frequency must be maintained
within 20 Hz of the assigned frequency.
Refer to Appendix I, Sec. 73.59.

9. What are the Commission’s require-
ments concerning stations that operate
their transmitters by remote controls?—
Equipment must be made inaccessible
to nonauthorized persons; circuits must
include positive on and off control and
be designed so that open circuits, short
circuits, grounds, and other line faults
will not actuate the transmitter; that is,
any fault causing loss of such control
should automatically place the trans-
mitter in an inoperative position. A
malfunction of any part of the remote-
control equipment and associated line
cireuits \\""li(:h causes improper control
or inaccurate meter rea(rings shall be
cause for the immediate discontinuance
of remote operation. Control and moni-
toring equipment shall permit the li-
censed operator at the remote-control
point to perform all the functions re-
quired by the Commission’s rules. The
indications of the antenna current meter
and the directional-antenna current
readings shall be read and entered in
the operating log each half hour. Di-
rectional-antenna  readings must  be
made at the transmitter at least once
each day, and such readings must be
made within two hours after the com-
mencement of operation for each direc-
tional pattern. Study Sec. 73.67, Ap-
pendix 1.

10. At what place must the station
license be posted? Where must the li-
censes of the station operators be
posted?—Such station license mmst be
posted in a conspicuous place at the
place the licensee considers to be the
principal control point of the transmit-
ter. The original license of each station
onerator or FCC form 759 shall be
posted at the place where he is on duty
as an operator. Refer to Appendix 1,
Sec. 73.92.

11. What are the operator’s require-
ments at a nondirectional 10-kW stan-
dard broadcast station? At a directional
10-kW standard broadcast station? At a
nondirectional 20-kW standard broad-
cast station?—For a directional 10-kW
and a nondirectional 20-kW standard
broadcast station, one or more radio op-
erators holding a valid first-class radio-
telephone operator’'s license shall he
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in actual charge of the transmitting ap-
paratus and shall be on duty either at
the transmitter location or remote-con-
trol point. For a nondirectional 10-kW
standard broadcast station, the routine
operation of the transmitter may be
performed by an operator holding a
valid first-class or second-class radio-
telephone or radiotelegraph operator’s
license or a third-class radiotelephone
operator’s permit which has been en-
dorsed for broadcast station operation.
Study Sec. 73.93 in Appendix I.

12. What specific equipment-perform-
ance measurements must be made on
an annual basis at all standard broad-
cast stations? During what period of
time preceding the date of filing for a
renewal of the station license should
such measurements bhe made?—These
measurements are overall audio-fre-
quency response, audio-frequency har-
monic content, percentage of carrier
shift, carrier hum and extraneous noises,
and measurement of spurious radiation,
including radio-frequency harmonics.
A set of measurements must be made
during a four-month period preceding
the date of filing an application for re-
newal of station license. Study Sec.
73.47, Appendix 1.

13. Explain how operating power is
computed using direct measurement.
Using indirect measurement. Under
what conditions at a standard broad-
cast station may the indirect method be
used?—In using the direct method, the
power at the operating frequency is
equal to the square of ti:ne antenna cur-
rent times the antenna resistance at the

point where the current is measured.
Thus,

P= 112R|

When an indirect measurement proce-
dure is permissible, the operating power
is equal to the plate input power of the
last radio stage times a proper efficiency
factor, F.

P=E xI.xF

The indirect method can be employed
in case of an emergency in which the
licensed antenna system has been dam-
aged, when authorized changes are be-
ing made in the antenna system, or
when any change which can affect the
antcnna system is being made. Study
Sections 73.51, 73.52, and 73.54 of
Appendix 1.

14. What are the Commission’s require-
ments as to maintenance of percentage
of modulation? —Percentage of modula-
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tion must be maintained as high as pos-
sible (consistent with good quality of
transmission) but not more than 100
percent on negative peaks of frequent
recurrence. Refer to Appendix I, Sec.
73.55. Usually, recurrent peaks should
not he less than 85 percent but may be
cut back to avoid objectionable loudness.
15. What should be done if the station
modulation monitor becomes defective?
If the frequency monitor becomes de-
fective?—The station may he operated
without the modulation monitor, pend-
ing repair for a period not in excess of
60 days provided the degree of modula-
tion of the station shall be monitored
with a cathode-ray oscilloscope or other
acceptable means. Appropriate entries
shall be made in the maintenance log
regarding time and date of removal and
restoration. The FCC engineer in charge
of the radio district in which the station
is located shall be notified both imme-
diately after the modulation monitor is
found to be defective and immediately
after it has been repaired and placed in
operation.

The same conditions apply to the
loss of the frequency monitor. As a
substitute for the frequency monitor,
the frequency of the station shall be
measured by an external source at least
once each seven days and the results
entered in the station’s log. Study Sec.
73.56 and Sec. 73.60 of Appendix I.
16. Under what conditions may a stan-
dard broadcast station use its facilities
for communication directly with indi-
viduals or other stations? What notice
shall be given when a station is operat-
ing during a local emergency?—Such a
station may communicate with individ-
uvals or other radio stations during a
local emergency or imminent emer-
gency. As soon as possible after the be-
ginninﬁz of such emergency use, notice
must be sent to the Commission at
Washington, D.C., and to the enginecer
in charge of the FCC district in which
the station is located. The Commission
and the FCC district office must be
notified immediately on cessation of
such emergency operation. Complete
emergency information and logs must
be kept and submitted to the Commis-
sion and the district office. Read Sec.
73.98 of Appendix I.

17. llow many times and when must
the station’s operating log be signed
by an operator who goes on duty at 10
am. and off duty at 6 p.m.?—It must
be signed twice; at 10 am. and at 6
p.m. Refer to Appendix I, Sec. 73.111.
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18. What entries shall be made in the
station’s operating log? In the station’s
maintenance log?—Entries must include
the time the station begins to supply
power to the antenna, of each inter-
ruption of the carrier where restoration
is not automatic, appropriate meter
readings each half hour (including op-
erating constants of the last radio stage
antenna current and frequency moni-
tor readings), and applicable entrics as
required for directional antenna sys-
tems, remote-control systems and auto-
matic logging devices, plus any other
entries required by the instruments of
authorization. Study Sec. 73.113 of Ap-
pendix I carefully.

Weekly entries must be made in the
maintenance log concerning inspection
by a first-class radiotelephone operator;
comparison of regular and remote-an-
tenna current metering; and test of aux-
iliary transmitter. Entries must be made
concerning frequency checks made in-
dependently ot the station frequency-
monitor, calibration check of automatic
recording devices, date and time of re-
moval and restoration of key equipment
(including modulation monitor, fre-
quency onitor, final-stage plate volt-
meter, final-stage plate ammneter, base-
current ammeters, and common-point
ammeters), power and light inspections,
and details on experimental operation,
plus any other entries required by the
instrument of authorization. Study Sec.
73.114 of Appendix I carefully.

19. How long must the station’s operat-
ing log be kept?—For a period of two
i’ears and perhaps longer when such
ogrs contain information concerning a
disaster, investigation by the commis-
sion, and are incident to or involved
in any claim or complaint. Refer to
Appendix I, Sec. 73.115.

20. What information (logs and rec-
ords) must be made available to an
authorized Commission employee?—
Program, operating and maintenance
logs, required equipment-performance
measurements, copy of most recent an-
tenna resistance or common point im-
pedance measurements, and copy of
most recent field-intensity measure-
ments to establish performance of a di-
rectional antenna. Refer to Appendix I,
Sec. 73.116.

18-3. FM BROADCASTING

21. What specific equipment-perform-
ance measurements must be made on
an annual basis at all fm broadcast sta-
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tions>—These are audio-frequency re-
sponse, audio-frequency harmmonic dis-
tortion, output noise level (fin) output
noise level (a-m), plus data concerning
the instruments and procedures fol-
lowed by the engineer making the mea-
surements. Refer to Appendix I, Sec.
73.254.

22. During what time periods may an
fm broadcast station transmit signals
for testing and maintenance purposes?—
Between midnight and 6:00 a.m. local
standard time. Refer to Appendix I, Sec.
73.262.

23. What are the operator license re-
quirements for fm broadcast stations?—
When a station is authorized to operate
with a transmitter power output in ex-
cess of 25 kW, one or more radio op-
erators holding a valid first-class op-
erator’s license shall be in actual charge
of the transmitting apparatus and shall
be on duty either at the transmitter lo-
cation or remote-control point. When
the station authorization is net in ex-
cess of 25 kW, the routine operation of
the transmitter may be performed by an
operator holding a vaﬁd first-class or
second-class radiotelephone or radio-
telegraph operator’s license or a third-
class radiotelephone operator's permit
which has been endorsed for broadcast
station operation. Only certain opera-
tions are permissible except when the
station is under the immediate super-
vision of a first-class radiotelephone
operator. Read Sec. 73.265 of Appendix
I

24. By what methods may operating
power at fm broadcast stations be com-
puted?—Direct and indirect methods
can be employed. In the direct method
the power output is that of the trans-
mitter while operating into a dunmuny
load of substantially zero reactance and
a resistance equal to the transmission-
line characteristic impedance. The trans-
mitter shall be unmodulated during this
method. Using the indirect method, the
operating power is the product of the
final radio-stage plate voltage and plate
current times an efficiency factor, F:

P=E,xI, XF

?tﬁdy Sec. 73.267 of Appendix II care-
ully.

25. y\’Vhat is the allowable frequency
tolerance at fm broadcast stations?-
The frequency shall be maintained
within 2000 Hz of the assigned center
frequency. Refer to Appendix I, Sec.
73.269.
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26. What is SCA? What are some pos-
sible uses of SCA?—SCA refers to Sub-
sidiary Communications Authorization.
Such a service provides a limited type
of subsidiary service on a multiplex
basis. Primarily the programs are of a
broadcast nature but of an interest to
limited portions of the public wishing
to subscribe. Examples are background
music, storecasting, detailed weather
forecasting, and special time signals,
plus material to special groups engaged
in any lawful activity such as educa-
tional, professional, religious, etc. Such
facilities may also be used in applica-
tions directly related to fm broadcast
stations such as for relaying of broad-
cast material to other stations, cuing
and order circuits, remote-control tele-
metering, and similar uses. Read Sec.
73.293 of Appendix I.
27. What items must be included in an
SCA operating log? —These items are on
and off times of subcarrier generator
and modulation of subcarrier. Refer to
Appendix 11, Sec. 73.295.
28. Define the following terms as they
apply to fm broadcast stations: (a)
antenna power gain, (b) center fre-
quency, (c) effective radiated power,
(d) fm broadcast band, (e¢) fm broad-
cast channel, (f) fm broadcast station,
(g) field strength, (h) frequency mod-
ulation, (i) frequency swing, (j) multi-
plex transmission, (k) percentage mod-
ulation, (1) crosstalk, (m) left signal,
(n) left stereophonic channel, (0) main
channel, (p) pilot subcarrier, (q)
stereophonic separation, (r) stereo-
phonic subcarrier, (s) sterephonic sub-
ghanne].—Study Sec. 73.310 of Appen-
ix L.
29. What are the transmission stan-
dards of subsidiary communications
multiplex operation?—These are that
the SCA subcarrier shall be frequency-
modulated. The instantaneous fre-
quency of the subcarrier shall he held
within the range of 20 to 75 kHz. The
algebraic sum of the modulation of the
main carrier by SCA subcarrier shall
not exceed 30 percent. The total mod-
ulation of the main carrier including
SCA carrier shall not exceed the limits
established for fm broadcasting (Sec.
73.268). Frequency modulation of the
main carrier caused by the SCA sub-
carrier operation in the range of 50 to
15,000 Hz shall be at least 60 dB helow
100 [;]ercent modulation.

When the station is also engaged in
stereophonic broadcasting, some of the
above limits are scaled downward.
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Study Secs. 73.319 and 73.268 of Ap-
pendix 1 carefully.

30. What are the stereophonic transmis-
sion standards provided by the Zom-
mission’s rules?—The modulating sig-
nal for the main channel shall be the
sum of the left and right signals. There
shall be a pilot subcarrier at 19 kHz that
shall frequency-modulate the main car-
rier between the limits of 8 percent and
10 percent. The stereophonic subcarrier
shaﬁ be the second harmonic of the silot
subcarrier and shall be amplitude-mod-
ulated. The stereophonic subcarrier it-
self shall be suppressed to a level less
than 1l-percent modulation of the main
carrier. The stereophonic subcarrier
shall be capable of accepting audio fre-
quencies from 50 to 15,000 Hz, anc its
modulating signal shall be equal to the
difference of its left and right signals.
Its preemphasis characteristics should
be the same as those of the main chan-
nel. Specific deviation, phase relations,
and crosstalk limits must be main-
tained. Total modulation of the main
carrier must be in compliance with Sec.
73.268. Study Sec. 73.322 of Appendix
I carefully.

18-4. TELEVISION BROADCASTING

31. What are the operator require-
ments for television stations?—One or
more operators holding a valid first-
class radiotelephone operator’s licerse
shall be on duty at the place where the
transmitting apparatus is located or at
a remote-control point. Refer to Ap-
pendix 1, Sec. 73.661.

32. What is the frequency tolerance
for television stations?—The carrier fre-
quency of the visual transmitter must
be within =1 kHz of the authorized fre-
quency; the center frequency of the
sound transmitter shall be maintained
4.5 Mlz =1 kHz above the picture
carrier frequency. Refer to Appendix I,
Sec. 73.668.

33. What items must be included in a
television station’s operating log? In its
maintenance log?—Entries must be
made at the time that the station begins
to supply power to the antenna and the
time it stops, plus an entry of each in-
terruption of the carrier where restora-
tion is not automatic. Appropriate meter
readings must be taken at the hegin-
ning of operation and at intervals no-
exceeding one-half hour; these include
the operating constant of the last radic
stage of the sound transmitter and the
transmission-line meter readings for both
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transmitters. Also necessary are any
other entries required by the instru-
ment of authorization with regard to in-
dicating equipment and automatic log-
ging equipment.

An entry must be made each week
in the maintenance log regarding the
frequency-measuring method (and its
results) and the calibration of the auto-
matic recording devices. Also, entries
are required concerning auxiliary trans-
mitter checks, experimental operation,
and tower-light inspection. Information
is required regarding the date and time
of removal and restoration of certain
key equipment including visual modu-
lation monitor, aural modulation moni-
tor, visual and aural frequency monitor,
final-stage plate voltmeters of sound
and picture transmitters, final plate
ammeters of sound and picture trans-
mitters, and picture and sound trans-
mission line rf voltage, current, or power
meter. Read Sec. 73.671 and Sec.
73.672 of Appendix I carefully.

34. Define the following terms as they
apply to television broadcast stations:
(a) aspect ratio (b) aural transmitter
(c) aural center-frequency, (d) blank-
ing level, (e) chrominance, (f) chromi-
nance subcarrier, (g) color transmis-
sion, (h) effective radiated power, (i)
field, (j) frame, (k) free-space field in-
tensity, (1) frequency swing, (m) in-
terlace scanning, (n) luminance, (o)
monochrome transmission, (p) negative
transmission, (q) peak power, (r) ref-
erence black level, (s) reference white
level, (t) scanning, (u) scanning line,
(v) standard television signal, (w)
synchronization, (x) television broad-
cast band, (y) television channel, (z)
television transmission standards, (aa)
vestigial sideband transmission, (bb)
visual transmitter power.—Study Sec.
73.681 of Appendix I.

35. How is operating power determined
for the visual transmitter at a television
broadcast station? For the aural trans-
mitter?—The visual transmitter power
is measured at the output terminals of
the transmitter (including any vestigial
sideband and harmonic filters which
may be used during normal operation).
The avcrage power ontput is measured
while operating into a dummy load of
substantially zero reactance and a re-
sistance equal to the transmission line
characteristic impedance. During the
measurement, the transmitter shall be
modulated by only a standard synchro-
nizing signal with blanking level set at
75 percent of peak amplitude as ob-
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served in an output monitor. The peak
power output shall be the power so
measured in the dummy load multiplied
by the factor of 1.68.

The aural transmitter power can be

measured by either the direct or the
indirect method. In the direct method
the power is measured at the output
terminal of an unmodulated transmit-
ter while operating into a dummy load
of substantially zero reactance and re-
sistance equal to the transmission line
characteristic impedance. For the in-
direct method the operating power is
the product of the final radio-stage
plate voltage and plate current times
an efficiency factor, F. Study Sec.
73.689 of Appendix I carefully.
36. Sketch the amplitude characteristics
of an idealized picture transmission.—
Refer to Fig. 5 of Sec. 73.399, Appendix
1

37. Draw the synchronizing waveform
for television transmissions (mono-
chrome). Be certain to show the white
level, black level, blanking level, and
line writing and vertical blanking in-
terval. Where on the synchronizing
waveform would the color bursts for
color transmission appear?—Refer to
Fig. 18-1. The color burst is mounted
on the back porch of the horizontal
blanking pulse as shown in Fig. 18-1.
Complete standards are given in Sec.
73.682, Appendix I and Figs. 6 and 7
of Sec. 73.699, Appendix I.

18-5. EMERGENCY BROADCAST SERVICE

38. Define the following terms, which
apply to the Emergency Broadcast Sys-
tem: (a) Emergency Broadcast System
(EBS), (b) National Defense Emer-
gency Authorization (NDEA), (c)
Emergency Action Notification, (d)
Emergency Action Termination, (e)
Emergency Action Condition, and (f)
Emergency Broadcast System Plan.—
Refer to Sections 73.906 through 73.911
of Appendix I.

39. Describe the Emergency Action
Notification  attention  signal. — The
Emergency Action signal consists of
cuttinéz the transmitter carrier for five
seconds, return carrier to the air for
five seconds, cut thc transmitter carrier
for five seconds, and return the carrier
to the air and broadcast a 1000-Hz
steady-state tone for 15 seconds. Re-
fer to Sec. 73.906 of Appendix I.

40. Under normal congih'ons all stan-
dard, fm, and television broadcast sta-
tions must make what provisions for
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Fig. 18-1. Television waveforms.

receiving Emergency Action Notifica-
tion and Terminations? — Receiving
equipment must be installed to permit
reception of radio broadcast messages.
This equipment must be maintained
in a state of readiness for reception, in-
cluding arrangement for a human listen-
ing-watch (an operator assigned to this
duty) or automatic alarm devices. Such
equipment shall have its termination
at the transmitter control point. Refer
to Appendix I, Sec. 73.933.

41. What type of station identification
shall be given during an emergency
condition? —No hroadcast of the call let-
ters of the station shall be made during
an emergency action condition. Area
identification shall be given. Refer to
Appendix I, Sec. 73.934.

42. Must stations operate in accordance
with Section 73.57 of the Commission’s
rules during an Emergency Action
Condition?—No, they are specifically
exempt from compliance. Refer to Ap-
pendix I, Sec. 73.942,

43. How often and at what times must
EBS tests be sent?—Tests are made ac-
cording to the method of notification.
Method 1 is twice a week; method 2 is
once a week; method 3 is once a week
on a random basis between 8:30 a.m.
and local sunset. Refer to 73.961.

18-6. SPECIAL BROADCAST SERVICES

44. What is the uppermost power lim-
itation imposed on remote-pickup broad-

cast stations? Stl stations? Intercity re-
lay broadcast stations? — A remote-
pickup broadcast station is licemsed
with a power output not in excess of
that necessary to render satisfactory
service. The license will specify this
power, and in no event may it rise more
than 5 percent above this specified
value. The same power limitations ap-
ply to aural broadcast stl and intercity
relay stations. Refer to Appendix 11,
Sec. 74.435 and Sec. 74.534.

45. What records of operation must be
maintained for each licensed remote-
pickup broadcast station? — These in-
clude hours of operation, program trans-
mitted, frequency check, pertinent re-
marks concerning transmission, point of
program origination, and receiver loca-
tion, plus, when required, antenna struc-
ture information and illumination. Rafer
to Appendix II, Sec. 74.481.

46. What is the basic difference be-
tween stl and intercity relay broadzast
stations?—An stl is a fixed station ut.liz-
ing telephony for the transmission of all
program material between a studio and
the transmitter of a broadcasting sta-
tion. An aural-broadcast intercity relay
station is a fixed station utilizing tele-
phony for the transmission of aural ma-
terial hetween broadeast stations. Refer
to Appendix II, Sec. 74.501.

47. What type of antenna must be
used with stl and intercity broadeast
stations?~Such stations must use di-
rectional antennas with a radiation pat-
tern that is in compliance with specided
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FCC limits. Refer to Appendix II, Sec.
74.536.

48. What is the frequency tolerance
provided by the Commission’s rules for
an intercity relay broadcast station?—
The frequency tolerance is +0.005 per-
cent of the assigned frequency. Refer to
Appendix II, Sec. 74.561.

18-7. ANTENNAS

49. Under what two general conditions
must antenna structures be painted and
lighted?—When they require special
aeronautical consideration or when they
exceed 200 feet in height above the
ground. Refer to Appendix III, Sec.
17.21.

50. What colors should antenna struc-
tures be painted? Where can paint
samples be obtained?—They shall be
painted with alternate bands of avia-
tion-service orange and white, termi-
nating with aviation-service orange
bands at both top and bottom. Infor-
mation and samples can be obtained
from the General Services Administra-
tion ( Washington, D.C.). Refer to Ap-
pendix III, Sec. 17.23.

51. If a tower is required to be lighted
and the lights are controlled by a light-
sensitive device, and the device mal-
functions, when should the power lights
be on?—They shall be left on continu-
ously. Refer to Appendix III, Sec. 17.25.
52. As a general rule, a light-sensitive
device used to control tower lights
should face which direction? — The
north sky. Refer to Appendix III, Sec.
17.25.

53. If the operation of a station’s
tower lights is not continuously mon-
itored by an alarm device, how often
should the lights be visually checked?—
At least once every 24 hours. Refer to
Appendix III, Sec. 17.47.

54. How often should automatic control
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devices and alarm circuits associated
with antenna tower lights be checked
for proper operation?—At least each
three months. Refer to Appendix III,
Sec. 17.47.

55. What items regarding the operation
of antenna-tower lighting should be
included in station maintenance logs?—
These items should be the times when
the tower lights are on and off each
day if they are manually controlled,
time of the daily check if an automatic
alarm system is not provided, informa-
tion about any observed or otherwise
known failure of a tower light, and the
date and condition of lights at the com-
pletion of each quarterly inspection.
Read Sec. 17.49 of Appendix III.

56. Generally speaking, how often
should the antenna tower be painted?—
It should be cleaned or repainted as
often as necessary to maintain good
visibility. Refer to Appendix III, Sec.
17.50.

57. Is it necessary to have available re-
placement lamps for the station’s an-
tenna-tower lights?—Yes. Refer to Ap-
pendix III, Sec. 17.52.

58. Generally speaking, how soon after
a defect in the antenna-tower lights is
noted should the defect be corrected?—
Replacement and repair shall be accom-
plished as soon as practicable. Refer to
Appendix III, Sec. 17.44.

59. What action should be taken if the
tower lights at a station malfunction
and cannot be immediately repaired?—
In case any observed or otherwise
known failure of a coded rotating bea-
con-light or top light is not corrected
within 30 minutes, it is necessary to
telephone or telegraph the nearest
Flight Service Station or office of the
Federal Aviation Agency. Further noti-
fication shall be given immediately on
resumption of the required illumination.
Refer to Appendix III, Sec. 17.48.



CHAPTER 19

Experience Tests

The FCC Study Guide questions are quite diversificd and many of
them are very general in nature. This should be anticipated because
they are planned in such a manner that they encourage the would-be
licensee to attain a broad undcrstanding of radio broadcasting. There
are other factors that he should know specifically and there are a nuin-
ber of very direct questions in the study guide too.

The FCC examination is a multiple-choice type with the questions
being very specific instead of general. Sample tests are a definite help
and the licensee can gain experience with this sort of examination. At
the same time they test his general knowledge and help him learn
what subjects require some additional study.

The three Experience Tests (50 questions each) have been designed
for this purpose. Answers are given at the end of each test. In some
cases additional explanations are included. By learning what subjects
give you the greatest difficulty you arc guided f;ack to review and stucy
certain sections of the license handbook.

Space is allocated for you to choose what you consider to be the cor-
rect answer to each question. However, it is advisable that for the first
or second time through each test you mark down your answers on a
separate sheet. Thus in going over the test again you will not be in-
ﬂuelr;ced by the previous markings you may have made in the book
itself.

If after the third time through the tests you can grade yourself better
than 90 percent for each test, you will have come a long way in prepar-
ing yourself for the FCC license examination. Do not be discouraged
if you have graded yourself very low the first time through the tests.
Consider it only as necessary experience in preparing for the cxamina
tion and in becoming a better-informed license holder.

19-1. EXPERIENCE TEST 1
1. What is the frequency tolerance of an fm broadcast station?

A. += 20 Hz. C. =100 Hz.
B. =1 kHz. D. += 2 kHz.
2. What is the frequency tolerance of an a-m broadcast station?
A. =20 Haz. C. =100 Hz.
B. =1 kHz. D. =2 kHz.

313
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3. What is the frequency tolerance of the picture carrier of a television broadcast

station?
A. =20 Hz, C. =100 Hz.
B. =1 klz. D. =2 kHaz.

4. The sound carrier of a television broadcast station must be kept within how
many hertz of the 4.5 MHz separation from the picture carrier?

A, =20 Hz. C. = 100 Hz.
B. =1 kHz. D. =2 kHz.
5. The frequency tolerance of an intercity relay broadcast station is
A. 0.01%. C. 0.005%.
B. 0.003%. D. 0.001%.

6. Nondirectional a-m stations above what minimum power level require that a
first-class radiotelephone licensee be on duty?

A, 5 kW, C. 25 kW,
B. 10 kW, D. 50 kW,
7. The full-scale accuracy and scale length of the final plate current meter must
be at least
A. 2% and 2%, inches. C. 1% and 214, inches.
B. 2.5% and 2 inches. D. 3% and 3% inches.

8. What is maximum permissible temperature variation at the crystal for a low
temperature coefficient crystal?
A, = 0.1°C. C. = 1.0°C.
B. = 0.2°C. D. =0.5°C.

9. An a-m station has an assigned power of 10 kW. 1t can be operating on one
of the following powers and not be in violation.

A. 8.8kW. C. 11kWw,
B. 10.2kW. D. 8.95kW.
10. SCA transmission may be used to transmit
A. political speeches to the public. C. network shows.
B. cue signals. D. video signals.
11. In soldering a transistor into a circuit use
A. a heat sink. C. acid-core solder.
B. a very hot iron. D. plenty of muscle to make a good
connection.

12. The current always leads in

A. a capacitive circuit. C. a resistive circuit.
B. an inductive circuit. D. a delta-wye circuit.
13. The peak value of a 20-volt rms sine wave is
A. 14.14 volts. C. 40 volts.
B. 34.64 volts. D. 28.28 volts.
14. Thermal agitation in conductors which increases with temperature produces
A. shot-effect noise. C. resistance noise.
B. alpha runaway. D. white noise.

15. The decibel is an expression of the magnitude of a change in sound level.
What is the zero dB reference standard often used in sound broadcasting?
A. 1 watt across 200 ohms. C. 1 watt across 600 ohms.
B. 1 milliwatt across 600 ohms. D. 10 milliwatts across 200 ohms.

16. A cardioid unidirectional microphone pattern is useful for
A. round-table interviews. C. sporting event commentary.
B. stage pick-up. D. taped show announcements.
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17.

18.

19.

20.

21.

22,

23.

24,

25.

26.

27.

28.

29.

In a three-microphone pick-up a factor of concern is

A. overmodulation. C. phasing.

B. ERP. D. dynamic range.
An improperly pesitioned and dirty tape head causes

A. poor high frequency response, C. improper limiting,
B. overmodulation. D. wow.

What causes noise when an attenuator is adjusted?

A. Too fast a change in setting,. C. Sound compression.

B. Agc action. D. Dirt.

Amplitude noises in an fm receiver are not suppressed by

A. an i-f limiter. C. Foster-Seeley discriminator.,
B. ratio detector. D. proper tuning.

What is the moduilation index when the carrier frequency is 89.1 MHz, the
audio frequency is 5000 Hz, and the deviation 25.5 kHz?

A. 3.5. C. +75,

B. 196. D. 5.1.

What factor does not influence the performance of a transmission line?
A. Condensation. C. Drop in deviation.

B. Dehydrator malfunction, D. Bad kink in line.

Determine the ERP of an fm station with a 12 kW power outpus, a transmis-
sion line efficiency of 90 percent and an antenna gain of 9 dB.

A. 97.2 kW, C. 9.6 kw.

B. 86.4 kW. D. 43.2 kW,

The modulation limiter of an fm transmitter does not cause

A. overmodulation. C. high average modulation.

B. peak suppressior. D. some compression Of dynamic
range,

The vertical sweep waveform

A, is applied to the camera sync cir- C. is transmitted for use at the re-
cuits. ceiver.

B. moves the beam from left to right D. has a 60-Hz repetition rate.
across the screen,

The color sync burst
A. locks in the horizontal deflection has a frequency of 67 kllz
circuits of a color receiver, . interferes with monochrome syn-
B. rides the back porch of the hori- chronization.
zontal blanking pulse,

co

Frequency separatiom between the transmitted picture and sound carriers is

A. 5.75 MHz. C. 3.58 MHz.

B. 4.5 MHz. D. 4.2 Mz,

The diplexer does no-

A. suppress unwanted sidebands. C. reduce cross modulation.

B. match sound transmutter to an- D. permit use of same antenna for
tenna system. sound and picture.

The transmitted picture signal is polarized horizontally; the sound signal is
polarized

A. horizontally. C. circularly.

B. vertically. D. for high-angle radiatior.
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30. What type of class-C amplifier trouble is indicated when grid current is zero
and plate current is high?
A. Open filament. C. Loss of screen grid voltage.
B. Plate tank out of resonance. D. Loss of excitation.

31. Even though a class-C amplifier is properly tuned and excitation is normal,
the plate current has been rising over a period of time. What is the possible

trouble?
A. Grid-bias increase. C. Loss of emission.
B. Rise in gas content. D. Screen-grid voltage falling off.

32. A pi network does not

A. match impedances. C. tune to resonance.
B. suppress harmonics. D. require that the stage be neutral-
ized.
33. A push-push doubler
A. requires plate neutralization. C. cannot be overmodulated.
B. has a strong third-harmonic out- D. has its outputs connected in par-
put. allel.
34. How would you service relay contacts?
A. File away. C. Use a burnishing tool.
B. Use an abrasive cleaner. D. Increase coil current of relay.

35. You are a first-class operator on duty and your frequency monitor suddenly
reads off scale. What do you do?
A. Shut down transmitter. C. Switch over to spare crystal oscil-
B. Repair frequency monitor. lator.
D. Notify FCC and let them know
you're operating off frequency.

36. What condition indicates a fault in the operation of a class-B modulator?
A. Modulator-plate meter reading  C. Modulator cathode-current me-

kicks up with modulation. ter reading is steady with modu-
B. Antenna meter reading kicks up lation.
with modulation. D. Modulated amplifier plate cur-

rent is steady with modulation.

37. Plate current meter of a-m modulated amplifier kicks downward with modu-
lation (negative carrier shift). What is most likely at fault?

A. Insufficient rf excitation. C. Crystal oscillator has drifted off
B. Decrease in amplitude of modu- frequency.
lating wave. D. Parasitic oscillation.
38. What is the most likely cause of positive carrier shift?
A. Insufficient rf drive. C. Overmodulation.
B. Weak modulator tube. D. Oscillator drift.
39. Sustained overmodulation of an a-m transmitter is avoided with a
A. modulation monitor. C. trapezoidal i)attern‘
B. frequency monitor. D. modulation limiter.

40. What is the sideband power with 80 percent a-m modulation if carrier power
is 10 kW?
A. 8 kw. C. 64 kW,
B. 3.2 kW, D. 5 kw.

41. A change occurs in your antenna system that alters antenna resistance. What
steps should be taken immediately with regard to operating power?
A.

Shut down station. C. Operate for 30 days to see how
B. Obtain FCC approval to use indi- things work out.
rect method of power measure- D. Notify nearest FAA office.

ment.
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42,

43.

44.

45.

46.

47,

48.

49,

50.

LN

YU 1o

B. 10. B.
. C. Answer is 0.005%. That of an 11. A.
international broadcast station is 12. A.
0.003%. 13. D.
B. 14, C.
B.

B.

What is most likely to happen to directional antenna performance when an-

tenna current ratio changes seriously?

A. Sky wave will depart at a higher It will cause more interference in a
angle. protected city.

B. Ground wave won’t travel as far. D. Antenna line will arc.

What is most likely to happen to directional antenna performance if antenna

current phasing changes seriously?

A. Signal will-decline in desired cov- C. Ground wave won’t travel as far.
erage area. D. Transmitter will overmodulate.

B. Antenna line will arc.

The coil on the antenna side of a T-network antenna tuner has a dominant
influence

A. in reflecting a correct matching C. on setting the null position of the

impedance to the input side. directional pattern.
B. tuning out the reactance of the D. on obtaining a proper reading on
antenna system. a remote antenna meter.

A broadcast station operates on 610 kHz and uses a low-pass filter in the an-
tenna line. On what frequency would this filter reduce possible interference
in the a-m broadcast service?

A. 600. C. 8610.

B. 620. D. 1220.

Two series-opposing coils have a total inductance of 10 mH. If their individual
inductances are 8 mH and 12 mH, what is the mutual inductance?

A. 3 mH. C. 30 mH.

B. 4 mH. D. 15 mH.

What is the gain of a feedback amplifier if its gain without feedback is 200
and the negative feedback factor is 10 percent?
A. —10.5. C. 20.
B. 9.52. D. 180.

An audio amplifier employs a 680-ohm cathode resistor. What is the typical
value of cathode capacitor needed to minimize attenuation down to 100 Hz?
A. 2.5 uF. C. 8 uF.

B. 25 uF. D. 300 uF.

A series-parallel circuit consists of a 5-ohm resistor in series with a parallel
combination of a capacitor having a pure reactance of 8 ohms and an induct-
ance with a pure reactance of 20 ohms. What is the impedance of the circuit?
A. 14.26 ohms capacitive. C. 13 ohms inductive.
B. 14.26 ohms inductive. D. 13 ohms capacitive.

A series circuit consists of a 20-ohm resistance and a 20-ohm capacitive re-
actance. What is total voltage if current is 1 ampere?

A. 40. C. Zero.

B. Infinite. D. 28.3.

19-2. ANSWERS, EXPERIENCE TEST 1

9. B. Output power may not be more
than 5 percent higher tnan the as-
signed power.

2>

A,
C. 16.
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17.
18.

OT»0

20. C.
21. D. 25.5/5. Carrier frequency does
not enter into the calculation.

C

23. B. The input to the antenna is 90
percent of the transmitter power
output, or 10.8 kW (12 x 0.9). An
antenna gain of 9 dB is equivalent
to an 8-fold power gain. Therefore
the effective radiated power (ERP)
is 86.4 kW (10.8 x 8).

24. A,

25. D.

26. B.

27. B.

28. A.

29, A,

30. D.

31. B.

32. D.

33. D.

34. C.

35. C. This is a good choice if the trans-
mitter has a spare crystal or crystal
oscillator. The sudden reading off-
scale might well be a frequency
monitor defect but one cannot be
absolutely certain. If the new read-
ing is the same with the new crystal
in operation the trouble lies in the
frequency monitor and one should
look for the defect there. If the
monitor must he taken out of serv-
ice for a period of time, it is neces-
sary that you notify the FCC field
office.

36. C.

37. A,

38. C.

39. D.

40. B. Using the sideband power equa-
tion:

Sideband Power = ﬁ};_)_

% Carrier Power

(0.8)*

Sideband Power = -

00|50

x 10 = 3.2 kW
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41,

42,

43,

44, A,

45. D. This is the second harmonic of
the assigned station frequency.

46. A. The coils are connected series

>0

opposing. As a result the bhasic
equation is:
L=L1+4+L2—2M
By substitution:
N — M -5
2
47. B. Use the feedback equation:
=N
Cain = 1= (—gA)
By substitution:
Cain = L) ~ = 9.52

1 + (0.1 X 200)

48. B. Assume that the capacitive react-
ance at the lower frequency must
be 44 of the ohmic value of the
cathode’s resistor. As a result:

1

C = 57(8/10)

—

—_— I [ pu—-1] "
C =528 x 100 x 680710 — 234 (39

49. A. The circuit is capacitive because
in a parallel combination of induct-
ance and capacitance the lowest re-
actance has the dominant influence
on the current. The net reactance
of the circuit is:

Ko —Xex Xy 820

T Xe 4+ X 8420

= —13%
The impedance becomes:
Z=V R+ (=X)*
= V'5 + (—13%)* = 11.26 ohms
50. D). The impedance of the circuit is:
Z = V(20)* + (20)* = 28.3 ohms
The equation for voltage is:
E=1Z=1 x 283 = 28.3 volts.

Expericnce Test 1 was a very general one and drew heavily from
the Study Guide Questions of a rather specific nature. If you had trou-
ble with the first ten questions, spend considerable time going over
Chapters 1 and 18 plus the Appendices. Questions 10 to 15 dealt with
fundamentals and are related closely to questions covered in the carly
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part of Chapter 14. Questions 16 to 20 dealt with audio circuits and
components as covered in Chapter 14.

Questions 20 to 24 related to frequency modulation. If you had trou-
ble concentrate on Chapters 10, 11 and 16. Television was the subject
matter of Questions 25 through 29. Work a bit more with Chapters 13
and 17. Questions 30 through 45 dealt with a-m broadcasting and basic
rf amplifier fundamentals. This subject matter is covered in the major
subdivisions of Chapter 15. Review also Chapters 8, 9, and 12. The final
group of questions are basically calculations. Comparable examples
can be found in the early portion of Chapter 14.

After you have reviewed the above material and improved some of
your weak subjects go on to Experience Test 2.

19-3. EXPERIENCE TEST 2

1. What amount of deviation corresponds to 100 percent modulation in the fm
broadcast service?
A, *25 kllz C. =5 kllz.
B. =15 kilz. D. *=75 kHz.

2. What amount of deviation corresponds to 100 percent modulation in the aural
transmission of a television broadcast station?

A, +25 kllz, C. =5 klz.
B. *=15 kllz. D. *+75 kHz.
3. What type of modulation of the subcarrier is required for SCA transmissions?
A. Regular a-m. C. Fm.
B. Ssh. D. Dsb.
4. What type of modulation of the subcarrier is required for stereo-fm broad-
casting?
A. Regular a-m. C. Fm.
B. Ssh. D. Dsh.
3. In the FCC-required vestigial sideband transmission for television broadcast
stations
A. The lower sideband is removed. C. A part of the lower sideband is
B. Sidebands are passed but the car- removed.
rier is removed. D. The sidebands are frequency-
modulated.

6. What is the time period of a broadcast day?

A. Local sunrise to 12 midnight C. Twelve hours.
local time. D. Sunrise to sunset hased on Green-
B. 7:00 am. to 5:00 p.m. wich Mean Time.
7. Which entry is not always made in the operating log?
A. Final plate current. C. Antenna current.
B. Final plate voltage. D. Every carrier interruption.

8. Which entry must not be made in the maintenance log when equipment is
removed from service?
A. Final plate current meter. C. Modulation limiter.
B. Base current ammeter. . D. Frequency monitor.

9. Tests must be made on the a-m broadcast transmitter. When can this be done?
A. Local sunset to sunrise. C. Midnight to local sunrise.
B. Local sunrise to 9:00 a.m. D. 4:00 a.m. to 6:00 a.m.
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10. Which of the following equipment performance measurements must not be
made on a yearly basis?
A. Audio frequency response. C. Percentage carrier shift.
B. Contour coverage. D. Audio harmonic content.

11. What is the lowest class of licensee who can make entries in the operating
log of an a-m station with a nondirectional antenna and an authorized power
of 5 kW?

A. First-class radiotelephone. C. Third-class radiotelephone.
B. Second-class radiotelephone. D. Third-class radiotelephone with
broadcast endorsement.

12. How does modulation affect the reading of the antenna ammeter in fm broad-

casting?
A. Swings upward. C. Swing downward.
B. Steady. D. Swings up and down.

13. Tones of equal amplitude but frequencies of 1000 and 5000 Hz are applied to
the input of an fm transmitter. If the deviation caused by the 1000-Hz tone
is +20 kHz, what will be the deviation caused by the 5000-Hz tone?

A. Same. C. Lower.
B. Higher. D. An illegal amount.

14. An fm transmitter has an output efficiency of 80 percent and operates with a
dc input to the final of 15 kW. What is the ERP if the antenna power gain is
8 and the transmission line loss is 3 dB?
A. 48 kW. C. 75 kW.
B. 60 kW. D. 30 kW,

15. What is the most the pilot frequency can deviate the output of a stereo-fm
broadcast station?
A. +75 kHz. C. +7.5 kHz.
B. +6 kHz. D. +25 kHz.

16. How many complete pictures or frames are transmitted by a television broad-
cast station?
A. 30. C. 24.
B. 60. D. 48.

17. What is the horizontal line rate for monochrome (black-white) television
broadcasting?

A. 30. C. 15,750.
B. 60. D. 31,500.
18. What is the line or field rate for monochrome (black-white) television broad-
casting?
A. 30. C. 15,750.
B. 60. D. 31,500.
19. What. happens during the linear rise of the television horizontal sweep saw-
tooth?
A. Scanning beam is retraced. C. A line of picture is scanned.
B. Horizontal blanking pulses are  D. Positive transmission occurs.
sent.

20. Give the number of scanning lines in the television broadcast system.
A, 262%. C. :
B. 525. D. 15,750.

21. What characteristic is not appropriate to a dynamic microphone?
A. High and low impedance. C. Good output.
B. Moving coil in magnetic field. D. Limited frequency response.
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22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

What is the gain of a triode amplifier stage when M, rp and Ry are 20, 75,000
and 50,000 ohms respectively?

A. 12, C. 37.5.

B. 8. D. 18.75.

Three cascade audio stages have voltage gains of 20, 10 and 5. What is the
overall gain in dB?

A. 1000. C. 60.

B. 10. D. 40.

Audio output stage has a power gain of 10 dB. What is required power input to
obtain 20 watts out?

A 1. C. 0.632.
B. 2. D. 1.55.
What is an advantage of degenerative feedback?
A. More gain. C. Better frequency response.

B. Higher output impedance. D. Creater stability.

The output voltage of an amplifier increases from 4 to 8 volts. What is the
dB rise?

A. 2. C. 6.

B. 3. D. 9.

The output power of an amplifier increases from 4 to 8 watts. What is the dB
rise?

A. 2, C. 6.

B. 3. D. 9.

Your VU meter is set for a 0 dB reference level (1 milliwatt across 600
ohms). What would be the most likely change required to set the level for a
+4 dBm zero reference?

A. Insert amplificr. C. Shunt resistor across the meter.

B. Use attenuator pad. D. Reset needle of meter.

The VU meter of Question 28 is now being used at the output of an amplifier
feeding the phone line. Audio signal is driving output up to +3 dB. What
defect could arise?

A. Amplifier burn-out. C. Distortion.

B. Crosstalk. D. Meter burn-out.

What would you do in the situation of Question 29?

A. Reset an earlier gain control. C. Patch around VU meter.

B. Readjust desensitizing pad of VU D. Use more amplifier compression.
meter.

What fault does a carrier-shift indicator disclose?

A. Shift in carrier frequency with C. Shift in power output with mod-
modulation. ulation.

B. Undermodulation. D. Asymmetrical modulation.

Your a-m transmitter develops negative carrier shift. Which of the following
should you be certain to check?

A. Grid current of modulated ampli- C. Crystal-oven temperature.

er. D. Frequency monitor.
B. Modulation limiter.

You are switching from daytime nondirectional pattern to nighttime direc-
tional pattern. One of the remote antenna tower current meters reads zero.
What should you do?
A. Opcrate nondirectional. C. Shut station down.
B. Wait for one-half hour to see what D. Check phase monitor.

develops.
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34. The normal without modulation dc plate current to the modulated amplifier
of an a-m transmitter is 420 milliamperes. What would be the reading with
modulation indicating maximum permissible positive carrier shift?

A. 441. C. 425.
B. 400. D. 415.
35. What does loop-current ratio reading of a phase monitor indicate?
A. SWR. C. Phase angle.
B. Ratio of tower current to refer- D. Total current to all towers.

ence tower current,

36. What does phase angle reading of phase monitor indicate?

A. Angle between tower current and C. Angle between tower current and
reference tower current. tower voltage.

B. Ratio of tower current to refer- D. Ratio of tower current to total
ence tower current. current.

37. The deviation reading on the monitor of your fm transmitter installation
climbs toward 1000 Hz. What would be a logical step to take?

A. Wait and see what develops. C. Check reference and modulator
B. Don’t be concerned because maxi- oscillator currents.

mum  permissible deviation is D. None, a normal condition.

+75 kHz.

38. The modulation reading on the monitor of your fm transmitter installation
begins to read considerably lower than normal. Transmitter operating con-
stants are normal. What would be a logical first step?

A. Check fm exciter constants. C. Check deviation meter.
B. Check audio level at convenient D. Check transmitter reflectometer.
point ahead of the transmitter.

39. The dc plate current of the a-m modulated amplifier has been falling off
slowly with grid current normal. With modulation there is a slight negative
carrier shift. What is the likely trouble?

A. Weak drive from exciter, C. Weak modulator tube.
B. Poor power supply regulation. D. Weak modulated amplifier tube.

40. The SWR on the reflectometer at the output of a TV transmitter suddenly
reads high. What is the first action that should be taken?

A. Shut down transmitter. C. Wait a half hour to see what de-
B. Run out and look for a line or velops.
antenna fault. D. None, a normal condition with
modulation.

41. The plate current of the final amplifier of an fm transmitter does not change
with modulation. What action should be taken?

A. None, a normal condition. C. Check modulation monitor.
B. Check for presence of modulating D. Check rf exciter operating con-
wave at inpnt of transmitter. stants.

42. The dc plate current of the modulated amplifier of a TV transmitter changes
with modulation. What is the possible fault?
A. No fault. C. Asymmetrical modulation.
B. Lack of rf excitation. D. Loss of dc level in modulator.

43. How does a decline in rf excitation affect the grid-current reading of the
usual tube class-C amplifier?
A. Stays same. C. Rises.
B. Drops. D. Fluctuates.
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44,

45.

46.

47,

48.

49,

50.

14,

NSO oo

How does a decline in rf excitation affect the base current of a common-
emitter class-C amplifier?

A. Stays same. C. Rises.

B. Drops. D. Fluctuates.

How does a decline in rf excitation affect the plate current reading of a class-C
amplifier?

A. Stays same. C. Rises.

B. Drops. D. Fluctuates.

How does a decline in rf excitation affect the collector current of a common.
emitter class-C amplifier?

A. Stays same. C. Rises.

B. Drops. D. Fluctuates.

How does an increase in modulation affect the resting dc plate or cathode cur-
rents of a class-B modulator?

A. Stays same. C. Increases.

B. Decreases. D. One up and the other down.
The rf power amplifiers of an fm transmitter are operated

A. Class-C. C. Class-AB.

B. Class-B. D. Class-A.

An alarm sounds telling you the lights have gone off on the station’s 300-foot
tower. What do you do?

A. Wait until daylight. C. Give yourself one-half hour to
B. Call nearest flight service office or find trouble and then call FAA.
FAA immediately. D. Turn on your building spot lights
and swing them up\\'ar(f.)
What would you use to check the frequency response of a tape player?
A. Stroboscopic disc. C. Test tape.
B. Audio oscillator. D. Bias oscillator and VU meter.

19-4. ANSWERS, EXPERIENCE TEST 2

D. halved). However, the antenna
A, power gain is 8 and, as a result, the
C. effective radiated power is stepped
D. Double-sideband transmission up to 48 kW (8 x 6 kW),
with carrier suppressed. ERP = (Transmitter Output Power
C. — Power Loss in Transmis-
A, sion Line System) x An-
D. At times the carrier may be in- tenna Power Gain
terrupted briefly because of an over- 15, C. The magnitude of the pilot fre-
load and the transmitter recycled quency must be such that it does
back on the air automatically. Such not result in more than a 10 percent
an interruption need not be entered, ;]eviation of the fm wave. There-
C. ore,

o (G Maximum Permissible Pilot Devia-

. B. tion = 0.1 X *75kHz = +7.5kHz

. D. 16. A.

A
. B. 17. C.
. B. Pre-emphasis is used in commer- 18, B.

C
B

cial fm broadcasting. As a result, a 19,

higher frequency audio component  20.

of the same magnitude produces a 21, D,

greater ((jleviation. - 22. B.

A. A 3-dB transmission line loss re-

duces the 12 kW output of the Caiﬂ:ﬂLmR":%(—SgTKK:
transmitter to 6 kW (the power is r+ R +
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23.

34.

35.
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C. The total voltage gain is 1000
(20 X 10 x 5). This corresponds to
a voltage gain of 60 dB.

It is important to memorize certain
dB, voltage, and power relation-
ships. The values given in the fol-
lowing chart are of help. The rela-
tionships can be memorized with
little difficulty. Any 10-dB rise
means a 100-fold increase in power.
A 20-dB rise means a 100-fold in-
crease in voltage.

Voltage
dB Cain Power Gain Gain
3 2 1.414
6 4 2
10 10 3.16
20 107 (100) 10
30 10* (1000) 31.6
40 10* (10000) 100
50 10 (100000) 316
60 10* ( 1000000) 1000

. B. A 10-dB gain means the power is

amplified by a factor of ten. Refer
to the preceding chart. If the output
watts is 20, the input required is 2
watts.

PTFEREOC

" D. Here is a problem of determin-

ing whether the trouble is really the
antenna or the remote metering in-
stallation. A quick check of the
reading of the phase monitor iso-
lates the problem. If the phase
monitor is normal, the defect is in
the metering system. If however,
the phase monitor shows a serious
fault the transmitter should be shut
down and the divider and feed sys-
tem to the particular tower investi-
gated.

A. The FCC tolerance for carrier
shift is 5 percent. A 5 percent
change in the plate current meter
reading would be 21 milliamperes
(420 x 0.05). Added to the normal
plate current of 420 milliamperes
this becomes 441 milliamperes (420
+ 21).

B. The modern phase monitor for a
directional antenna system indicates
the ratio of a particular tower cur-
rent to a reference tower current.

36.
37.

38.

39.

40.

For a station that operates omnidi-
rectional during daytime hours, the
reference tower is quite often the
daytime omni towecr.

The phase angle meter of the
modern phase monitor also indi-
cates relative phase angle of a given
tower current relative to the phase
of the reference tower current. 1f
more than two towers are em-
ployed, a switching arrangement
permits the same measurements to
be made for each of the directional
towers.

A,

C. The ternn deviation reading can
be confusing because one thinks of
modulation in terms of an fm trans-
mission system. However, the de-
viation as indicated by the fre-
quency and modulation monitor
represents the deviation of the cen-
ter frequency from the assigned
value. Thus our meter is indicating
that the center frequency of the fm
transmitter has risen 1000 Hz.
Therefore a sensible step to take is
to take a look at the reference oscil-
lator and modulated oscillator cur-
rents. Modern fm exciters permit
you to make this observation with
the meter switching arrangement.
Improper reading indicates a pos-
sible fault with the oscillators or the
automatic frequency control system.
B. This type of trouble is indicating
a drop in the amplitude of the
modulating wave applied to the in-
put of the transmitter. The logical
step to take is to find out just where
the signal level is declining or
whether the signal on the incoming
phone line has decreased. If the
latter is the case, check with the
studio to find out its output level.
If that is normal, the signal decline
has occurred somewhere in the
common carrier lines and you will
have to make a check with the
phone company facility.

. The nature of this fault seems to
indicate a loss of emission in the
tube of the modulated amplifier. A
reasonably normal grid current in-
dicates that there is proper drive to
the stage. The slight negative car-
vier shift also indicates that the
tube seems incapable of supplying
the necessary peak current at the
crest of a strong modulating wave.
A. Such a defect requires drastic
action and the transmitter should be
shut down. A very high SWR is
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»a

present on the line and there can be an increase in the dc component of
improper loading of the transmitter the plate current.

which could damage components. 46. B. In the case of a common-emitter
Also there is a possibility of damage class-C amplifier, the emitter junc-
to the transmission line system and tion must be forward biased to turn
associated tuners. on collector current. The higher the

41. A. In an fm system the various rf base current, the higher is thc col-
amplifiers that build up the fm sig- lector current. Inasmuch as the hase
nal can be operated class-C. Recall current depends upon the magni-
that the desired information is on tude of the rf exciting wave, any
the fm carrier in the form of a fre- such decline in rf excitation results
quency change and not an ampli- in a drop in the collector current.
tude change. As a result the plate 47. A. The resting dc plate and cathode
current readings will be steady current of a class-B modulator is a
whether modulation is present or dc component. The dc bias is set
not. A steady plate current reading slightly above cutoff to avoid cross-
with modulation is normal. over distortion. This dc resting cur-

42, A. There may not be a fault. The rent is drawn whether modulation
modulating wave of the television is present or not. It is also inde-
signal is an asymmetrical one, and pendent of the strength of the nor-
changes in dc current components mal modulating wave. During any
occur. Therefore it is normal to ob- interval of time when there is no
serve current changes with modu- modulation present the reading will
lation. fall back to this resting value.

43. B. The grid current drawn by the The peak plate and cathode cur-
class-C stage is a function of the rents are very much a function of
magnitude of the exciting rf wave. the magnitude of the modulating
If it declines, so will the grid cur- wave. They increase with the
rent meter reading. strength of the modulating wave.

44. B. It is also true in the operation of 48. A.
the common-emitter rf stage. Base 49. C. According to FCC regulations a

current is a function of the magni- time interval of 30 minutes is al-
tude of the incoming rf wave. loted for repairing a defective light-

45. C. The plate current rises because ing system or switching over to a
of the loss of the class-C bias. The spare facility. However, if the light-
exciting rf wave draws grid current ing is not restored in the half-hour
which in turn develops a de compo- interval it is necessary to inform the
nent of negative bias for the grid. FAA.

If this bias declines there will he 50. C.

Experience Test 2 included many questions related to FCC Rules
and Regulations and to some specific-answer questions of the Study
Guide. About half of the examination was very practical, concerned
with possible defects in circuits and systems of a broadcast station.
They have helped to orient your thinking with regard to procedures
that should be followed when faults arise. In most cases it is not a
matter of digging immediately into the equipment to find a bad part
but rather a logical procedure for operating the equipment when a
fault is indicated with a view of continuing station operation in a legal
manner while the actual fault is located and repaired or patched
around.

The first eleven questions had to do with rules and regulations. If
you had trouble, review Chapter 18 and the Appendices, as well as
Chapters 8 through 13 which cover the various types of broadcast
transmitter equipment. Questions 12 through 15 dealt mainly with fm
broadcasting. If you had problems refer to Chapters 10, 11, 16, and
18. Television questions are covered in questions 16 to 20. If you did
not do well, refer to Chapters 13 and 17. Questions 21 through 30 em-
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phasized audio systems. If they were troublesome for you, review
Chapters 4, 6, and 14.

The remaining questions of the test emphasized transmitters and the
practical aspects of operation and localizing faults. In responding to a
defect the operator must also consider legalities and they must guide
him in determination of his initial steps. If you had trouble with these
questions plan an extensive review of Chapters 15, 16, and 18. Do some
further studying of the material covered in Chapters 8,9,10,11, and 12.

19-5. EXPERIENCE TEST 3
1. What is the bandwidth separating a-m channels?

A. 5 kHz. C. 15 kHz.

B. 10 kHz. D. 20 kHz.
2. What is the bandwidth of an fm channel?

A. 75 kliz. C. 150 kHz.

B. 100 kHz. D. 200 kHz.
3. What is the bandwidth of a TV channel?

A. 4.2 MHz. C. 10 MHz.

B. 6 MHz. D. 12 MHz.
4. Give the designation for the type of emission used by a-m broadcast stations.

A. Al C. A3.

B. A2. D. F3.

5. Give the designation for the type of emission used by fm broadcast stations.
A. Al. C. F
B. A3. D. F5.

6. Give the designation for the type of emission used by the sound transmitter of
a TV station.
A. Al. C. Fa.
B. A3. D. F5.

7. Give the designation for the type of emission used by the picture transmitter
of a TV station.

A. Al C. F3.
B. AS. D. F5.
8. What is the emergency action condition?
A. Time between emergency notifi-  C. A grave national crisis.
cation and emergency termina- D. NDEA.

tion.
B. A special identification signal.

9. What is the purpose of the Emergency Broadcast System?
A. Pick up marine distress signals. C. Dissemination of emergency in-
B. Send out attention signals. formation.
D. Monitor emergency stations.

10. Wh;\eh fr:quency is not produced in the output when 1.53 MHz is mixed with
5.2 MHz?
A. 5.2 MHz. C. 6.73 MHz.
B. 2.67 MHz. D. 1.53 MHz.

11. What is the wavelength in meters of a 100-MHz frequency?
A. 3. C. 3.33.
B. 30. D. 0.333.
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12.

13.

14.

15.

16.

17.

18.

19.

20

21

22.

23

24.

=

A 500,000-0hm resistor combined with what size capacitor results in a 75 mi-
crosecond time constant?

A. 150 pF, C. 375 pF.

B. 1.5 uF. D. 3.75 uF.

What is the resonant frequency of a 100-pF capacitor and a 1.44-microhenry
inductor?

A. 13.2 MHz, C. 66 MHz.

B. 14.4 Mtz D. 1.33 MHz.

When two parallel resonant circuits such as that of Question 13 are con-
nected in parallel what happens to the resonant frequency?

A. Doubles. C. Stays same.

B. Halves. . Decreases by 50%.

What happens to the Q and impedance of a parallel resonant circuit when
the resistance across it is decreased?

A. Rises. C. Stays same.

B. Falls. D. One up and one down.

What happens to the Q and impedance of a series resonant circuit when the
series resistance is increased?

A. Rises. C. Stays same.

B. Fall D. One up and one down.
Give the rms value of a 10-volt peak sine wave.

A 7.07. C. 6.32.

B. 5. D. 144,

An a-m transmitter with a carrier power output of 10 kW is modulated 100
percent. What is the power in each sideband?

A. 1.25 kw. C. 5 kWw.

B. 2.5 kw. D. 75 kw.

State the advantage of a VTVM in measuring voltage in critical circuits.

A. Minimum loading. C. Low ohms loading.

B. Ac rectification. D. High input capacity.

What is the advantage of a bridge circuit in measuring electronic components.
A. High impedance. C. Large meter face.

B. High accuracy. D. Light loading.

What is the power supply regulation in percent when no-load voltage is 1000
and full-load voltage is 960?

A. 4.16. C. 4.

B. 9.6. D. 1.04.

Which statement applies to power supply ripple?

A. Increases with resistive loading. C. Decreases with current demand.
B. Is always a 60-Hz component. D. Increases with filter capacitance.

What is the coefficient of coupling when the mutual inductance between two
50 pH coils is 10 uH?

A. 60. C. 05.

B. 1. D. 0.2.

Which statement is not true of power factor?
A. True power/apparent power. C. Is not related to phase angle.
B. Resistance/impedance. D. Is not relative to a d¢ circuit.
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95. Determine transformer efficiency for primary voltage and current of 110 volts
and 2 amperes, and secondary voltage and current of 2200 volts and 120 mil-

liamperes.
A. 83%. C. Impossible situation.
B. 17%. D. 22%.
26. What ?is the percentage level of the blanking pulse of the composite television
signal
A. 100%. C. 75%.
B. 85%. D. 60%.
97. How many single-phase outputs can be derived from a three-phase wye
secondary?
A. None. C. 2.
B. 1. D. 3.

28. A form of single-stage negative-current feedback uses
A. an unbypassed cathode resistor. C. an unbypassed grid resistor.
B. a series resistor and capacitor D. Not possible.
connected from plate to grid.
29. Which oscilloscope pattern shows overmodulation?
A

B. D.

s, | >

A 8

> -

30. What type of circuit is shown in Fig. 19-1?
A. Cascade voltage amplifier. C. Multivibrator.
B. Sawtooth generator. D. Fm limiter.

Fig. 19-1.
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31.

32.

33.

34.

35.

36.

37.

38.

39.

Fig. 19-2.
What is the purpose of R2-C2 in the circuit of Fig. 19-2?
A. Raises Q of grid resonant circuit. C. Sets class-C bias.
B. Protects grid current meter. D. Ke(;]ps grid circuit impedance
high.
What is the purpose of inductor L3 in circuit of Fig. 19-2?
A. Neutralization. C. Radio-frequency choke.
B. Parasitic suppression. D. High-frequency peaking.
What is the purpose of inductor L4 in Fig. 19-2?
A. Coil of plate resonant circuit. C. Radio-frequency choke.
B. Parasitic suppression. D. Neutralization.
What is the C6, C7, and L5 combination in Fig. 19-2?
A. Modulation filter. C. Plate resonant circuit.
B. T-network. D. High-pass filter.
Capacitor C3 of Fig. 19-2 develops a short. What happens to I, reading?
A. Rises slightly. C. Does not change.
Falls. D. Goes off scale.
lWh'a;t happens to the I; and I, readings in Fig. 19-2 when the rf excitation is
ost?
A. Rise. C. I; up and I, down.
B. Fall. D. I, up and I; down.
What is lacking in the circuit of Fig. 19-3 for use as a fundamental class-C
amplifier?
A. Bias circuit. C. Radio-frequency choke.
B. Neutralization circuit. D. Screen-grid capacitor.
If the circui of Fig. 19-3 is normal it could be used as a
A. doubler. C. modulated amplifier.
B. linear amplifier. D. buffer.
What is the type of circuit shown in Fig. 19-4?

A. Common base. C. Transistor class-C amplifier.
B. Common-emitter amplifier. D. Emitter-follower.
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E Fig. 19-3.

40. What happens to collector current when resistor R2 in Fig. 19-4 opens?

A. Goes to zero. C. Rises.
B. Falls a bit. D. Does not change.
41. Which of the following statements is true about Fig. 19-4?
A. Input impedance is less than out- C No voltage gain is possible.
put impedance. D. Will not amplify audio frequen-
B. No current gain is possible. cies.

42, The circuit of Fig. 19-5 is

A. not used as a fundamental fre- C. a frequency tripler.
quency amplifier. D. class-B linear amplifier.

B. not practical.
43. What is the circuit of Fig. 19-6?

A. Cathode follower. C. Phase inverter.

B. Grounded-grid amplifier. D. Common-plate amplifier.
44. What fault can you find in the circuit arrangement of Fig. 19-6?

A. There is no fault. C. Forgot neutralization.

B. No grid bias circuit. D. Circuit has no gain.

—

Fig. 19-4.
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45.

46,

47,

48.

49.

3F

i B8
Fig. 19-5.

What type of circuit is shown in Fig. 19-7?

A. Class-B linear amplifier and class- C. Push-push rf amplifier and class-
B modulator. B modulator.

B. Push-pull rf amplifier and class-B D. Single sideband madulator.
modulator.

What is the purpose of capacitor C6 in Fig. 19-7?

A. Rf bypass. C. Neutralization.

B. Audio bypass. D. Negative feedback.

What happens to the modulated-amplifier plate voltage on a positive crest of
100% maximum modulating wave across the secondary of the meodulation
transformer?

A. Rises no more than 5%. C. Falls.
B. Rises near to twice the supply D. Holds steady.
voltage.

What resistive load in Fig. 9-17 must the secondary of the modulation trans-
former work into?

A. 300. C. 12,000.

B. 8314. D. 30.

If amplifier efficiency is 85 percent, what is the total sideband power for 100
percent modulation?

A. 750. C. 1275.

B. 1500. D. 2550.

FILTER

Hl o1

——{——  FHAMENT

VOLTAGE

=

Fig. 19-6.
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50. How much power is needed across the secondary of the modulation trans.
former to attain 100 percent modulation?
A. 1500. C. 3000.
B. 750. D. 1000.

19-6. ANSWERS, EXPERIENCE TEST 3

7. B.

8. A.

9. C.

10. B. The major frequencies produced
are the two fungamental frequen-
cies, a sum frequency and the dif-

DU Lo
NOOFow
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ference frequency. The difference
frequency is 3.67 Milz.

11. A
. 300 _ 300
S B S e e =
= 3 meters
12. A.

Time constant in microseconds =
R.\IHG X Cm-'

Time constant in microseconds

CI'F = R.\II'I(:
75
13. A.
fo—_ L
"Tor VLC
- 1
" T 628 V(144 X 10) (100 x 107)
— 132 Milz

14. C. When two parallel circuits of the
same frequency are placed in par-
allel, the resonant frequency rem-
mains the same because inductance
is halved and the capacitance is
doubled.

15. B.

16. D.

A.
18. B. With 100 percent modulation
one-fourth of the carrier power is
vested in each sideband. By classic

equation:
Sideband Power = (‘\‘qi
X Carrier Power
Sideband Power = (_12)'

x 10 = 5 kW (both sidebands)

Each sideband is one-half of the
value or 2.5 kW,

19. A.

20. B.

21. A. The equation is:

% Regulation — E\UJ,UAI: - EPI‘I.L._I_,(_-.AI
EFl'IJ. LOAD

_ 1000 — 960

=960 = 4.16%

22. A.

333

23. D. The equation is:

o M 10
T VLL V350x50

24, D.

25. C. An impossible situation because
you cannot derive more power out-
put from the secondary than you
apply to the primary.

C.

27. D.
28. A.
29. D.
30. C.

&
ok-IoTe

33. C.

34. C. Pi-network resonant circuit.

35. B. There will be no screen grid
voltage which in the case of a beam
tetrode or pentode controls the
plate current.

36. D.

37. B.

38. A.

39. B.

40. A. This removes the base current
bias and the collector current falls
to zero.

-
(%]
T

46. A. The capacitor must filter the
radio-frequency only. If it were too
high in value and filtered audio
frequencies, the audio variations
would be removed from the trans-
mitted wave.

47. B.

48. C. The transmitter is operating
with a supply voltage of 6000 volts
and a plate current of 500 milliam-
peres. The impedance is:

600

=05

= 12,000 ohms

49. C. The power input to the transmit-
ter is 3000 watts (6000 x 0.5). The
sideband input power would be
one-half of this value or 1.5 kW.
However, amplifier efficiency is only
85 percent and the actual trans-
mitted sideband power is 1275
watts (0.85 x 1500).

50. A. The sideband power must be
supplied by the modulator. This is
1500 watts. The required sideband
power for 100 percent modulation
is one-half of the carrier power.
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Subject matter of Experience Test 3 divides between fundamentals
and schematic diagrams. FCC tests include some schematics and as-
sociated questions. Pay particular attention to the schematic diagrams
of Chapter 15 in the Study Guide Questions. Some diagrams are also
found in Chapters 14 and 186.

The first ten questions have to do with rules and regulations. If you
had trouble refer again to Chapter 18 and also to the FCC Appendices.
Questions 11 through 25 are concerned mainly with electronic funda-
mentals. These are not all covered in Chapter 14 or the FCC Study
Guide Questions for Element 4. However the FCC in preparing their
tests may also draw from some of the subject matter that is a part of
Element 3. Therefore, it is useful to review Element 3 although at this
time you may already possess a second-class radiotelephone license.
Pay particular attention to fundamentals in this review. If you possess
a copy of the Second-Class Radiotelephone License Handbook review
Chapters 7 through 10 in particular.

The remaining questions had to do with schematics and other draw-
ings. Fundamental questions were asked with relation to these sche-
matics. If you had trouble, pay particular attention to Chapter 15. A
thorough review of class-C amplifier operation and the simple mathe-
matics associated with amplitude modulation are helpful.

After a review period, go through the three experience tests again in
exactly the same manner. As a last step of preparation sit down and
take all three examinations in sequence. Use no reference materials at
all. Consider yourself as being in the FCC office actually taking the
tests. Aspire to a 90 percent grade on each test.

The FCC Element IV examination will consist of 50 questions; to
pass you must have a grade of at least 75 percent.



APPENDIX I

Extracts From Part 73
FCC Rules and Regulations

STANDARD BROADCAST STATIONS

Definitions

Sec. 73.1 Standard broadcast station. The term “standard broadcast station”
means a broadcasting station licensed for the transmission of radiotelephone emis-
sions primarily intended to be received by the general public and operated on a
channel in the band 535-1605 kilohertz (kHz).

Sec. 73.2  Standard broadcast band. The termi “standard broadcast band”
mneans the band of frequencies extending from 535 to 1605 kHz.

Sec. 73.3  Standard broadcast channel. The term “standard broadcast chan-
nel” means the band of frequencies occupied by the carrier and two side bands of
a broadcast signal with the carrier frequency at the center. Channels shall be des-
ignated by their assigned carrier frequencies. The 107 carrier frequencies assigned
to s{undard broadeast stations shall begin at 540 kHz and be in successive steps of
10 kHz.

Sec. 73.4 Dominant station. The term “dominant station” means a Class I
station, as defined in Sec. 73.21, operating on a clear channel.

Sec. 73.5 Secondary station. The term “secondary station” means any station
except a Class 1 station operating on a clear channel.

Sec. 73.6 Daytime. The term “daytime” means that period of time between
local sunrise and local sunset.

Suc. 73.7 Nighttime. The term “nighttime” means that period of time be-
tween local sunset and local sunrise.

Sec. 73.8 Sunrise and sunset. The terms “‘sunrise and sunset” mean, for each
particular location and during any particular month, the time of sunrise and sunset
as specified in the instrument of authorization.

Sec. 739 Broadcast day. The term “broadcast day” means that period of
time between local sunrise and 12 midnight local time.

Sec. 73.10 Experimental period. The term “experimental period” means that
time between 12 midnight local time and local sunrise. This period may be used for
experimental purposes in testing and maintaining apparatus by the licensee of any
standard broadcast station on its assigned frequency and with its authorized power,
provided no interference is caused to other stations maintaining a regular operating
schedule within such period. No station licensed for “daytime™ or “specified hours”
of operation may broadcast any regular or scheduled program during this period.

Sec. 73.11 Service areas (a) The term “primary service area” of a broadcast
station means the area in which the groundwave is not subject to objectionable
interference or objectionable fading.

(b) The term “secondary service area” of a broadcast station means the area
served by the skywave and not subject to objectionable interference. The signal is
subject to intermittent variations in intensity.

335
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(c) The term “intermittent service area” of a broadcast station means the area
receiving service from the groundwave but beyond the primary service area and
subject to some interference and fading.

Sec. 73.12  Portable transmitter. The term “portable transmitter” means a
transmitter so constructed that it may he moved about conveniently from place to
place, and is in fact so moved about from time to time, but not ordinarily used
while in motion. In the standard broadcast band, such a transmitter is used in mak-
ing field intensity measurements for locating a transmitter site for a standard broad-
cast station. A portable broadcast station will not be licensed in the standard broad-
Casigl band for regular transmission of programs intended to be received by the
public.

Sec. 73.14 Technical definitions. (a) Combined audio harmonics. The term
“combined audio harmonics” means the arithmetical sum of the amplitudes of all
the separate harmonic components. Root sum square harmonic readings may be ac-
cepted under conditions prescribed by the Commission.

(b) Effective field. The term “effective field” or “effective field intensity” is
the root-mean-square (RMS) value of the inverse distance fields at a distance of
1 mile from the antenna in all directions in the horizontal plane.

(c) Operating power. “Operating power” is the power that is actually sup-
plied to the radio station antenna.

(d) Maximum rated carrier power. “Maximum rated carrier power” is the
maximum power at which the transmitter can he operated satisfactorily and is de-
termined by the design of the transmitter and the type and number of vacuum
tubes used in the last radio stage.

(e) Plate input power. “Plate input power” means the Eroduct of the direct
ﬁlate voltage applied to the tubes in tEe last radio stage and the total direct current

owing to the plates of these tubes, measured without modulation.

(f) Antenna power. “Antenna input power” or “antenna power” means the
product of the square of the antenna current and the antenna resistance at the
point where the current is measured.

(g) Antenna current. “Antenna current” means the radio-frequency current
in the antenna with no modulation.

(h) Antenna resistance. “Antenna resistance” means the total resistance of
the transmitting antenna system at the operating frequency and at the point at
which the antenna current is measured.

(i) Modulator stage. “Modulator stage” means the last amplifier stage of the
modulating wave which modulates a radio-frequency stage.

(i) Modulated stage. ‘“Modulated stage” means the radio-frequency stage to
which the modulator is coupled and in which the continuous wave (carrier wave)
is modulated in accordance with the system of modulation and the characteristics
of the modulating wave.

(k) Last radio stage. “Last radio stage” means the oscillator or radio-fre-
quency power-amplifier stage which supplies power to the antenna.

(1) Percentage modulation (amplitude). “Percentage modulation” with re-
spect to an amplitude modulated wave means the ratio of half the difference be-
tween the maximum and minimum amplitudes of the amplitude-modulated wave
to the average amplitude expressed in percentage.

(m) Maximum percentage of modulation. “Maximum ercentage of modula-
tion” means the greatest percentage of modulation that may ge obtained by a trans-
mitter without producing in its output harmonics of the modulating frequency in
excess of those permitted by these regulations.

(n) High level modulation. “High level modulation” is modulation produced
in the plate circuit of the last radio stage of the system.

(o) Low level modulation. “Low level modulation” is modulation produced
in an earlier stage than the final.

(p) Plate modulation. “Platc modulation” is modulation produced by intro-
duction of the modulating wave into the plate circuit of any tube in which the car-
rier frequency wave is present.

(a) Grid modulation. “Grid modulation” is modulation produced by introduc-
tion of the modulating wave into any of the grid circuits of any tube in which the
carrier frequency wave is present.

(r) Blanketing. Blanketing is that form of interference which is caused by the
presence of a broadcast signal of one volt per meter (v/m) or greater intensity in
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the area adjacent to the antenna of the transmitting station. The 1 v/m contour is
referred to as the blanket contour and the area within this contour is referred to as
the blanket area.

Sec. 73.15 NARBA and the U.S./Mexican Agreement. The term “NARBA”
where used in this part means the North American Regional Broadcasting Agree-
ment signed at Washington, D.C., November 15, 1950, which entered into force
April 19, 1960, and to which the signatory countries are the Bahama Islands and
Jamaica, Canada, Cuba, the Dominican Republic, and the United States of
America. The term “U.S./Mexican Agreement” where used in this part means the
Agreement between the United States of America and the United Mexican States
concerning Radio Broadcasting in the Standard Broadcast Band, signed at Mexico,
D.F., January 29, 1957, which entered into force June 9, 1961.

Equipment

Sec. 73.39 Indicating instruments—specifications. (a) Instruments indicating
the plate current or plate voltage of the last radio stage (linear scale instru-
ments) shall meet the following specifications:

(1) Length of scale shall be not less than 234, inches.

(2) Accuracy shall be at least 2 percent of the full scale reading.

(3) The maximum rating of the meter shall be such that it does not read off
scale during modulation.

(4) Scale shall have at least 40 divisions.

(5) Full scale reading shall not be greater than five times the minimum normal
indication.

(b) Instruments indicating antenna current, common point current, and base
currents shall meet the following specifications:

(1) Instruments having logarithmic or square law scales.

(i) Shall meet same requirements as paragraph (a) (1), (2), (3) of this sec-
tion for linear scale instruments.

(ii) Full scale reading shall not be greater than three times the minimum nor-
mal indication,

(iii) No scale division above one-third full scale reading (in amperes) sha!l be
greater than one-thirtieth of the full scale reading. (Example: An ammeter meeting
requirement (i) having full scale reading of 6 amperes is acceptable for reading
currents from 2 to 6 amperes, provided no scale division between 2 and 6 amperes
is greater than one-thirtieth of 6 amperes, 0.2 ampere.)

(2) Radio frequency instruments having expanded scales.

(i) These instruments shall meet same requirements as paragraph (a) (1), (2),
and (3) of this section for linear scale instruments.

(ii) Full scale reading shall not be greater than five times the minimum normal
indication.

(iii) No scale division above one-fifth full scale readini; (in amperes) shall be
greater than one-fiftieth of the full scale reading. (Examtp e: An ammeter meeting
the requirement (i is acceptable for indicating currents from 1 to 5 amperes, pro-
vided no division between 1 and 5 amperes is greater than one-fiftieth of 5 am-
peres, 0.1 ampere.)

(iv) Manufacturers of instruments of the expanded scale type must submit data
to the Commission showing that these instruments have acceptable expanded
scales, and the type number of these instruments must include suitable designation.

(¢) A thcrmocouple type ammeter meeting the requirements of paragraph (b)
of this section shall be permanently installed in the antenna circuit or a suitable
jack and plug arrangement may be made to permit removal of the meter from the
antenna circuit so as to protect it from damage by lighting. Where a jack and plug
arrangement is used, contacts shall be made of silver and capable of operatin
without arcing or heating, and shall be protected against corrosion. Insertion ang
removal of the meter shall not interrupt the transmissions of the station. Wher: re-
moved from the antenna circuit, the meter shall be stored in a suitable housing at
the base of the tower in which it is used. Care must be exercised in handling the
meter to prevent damage which would impair its accuracy. Where the meter is per-
manently connected in the antenna circuit, provision may be made to short or cpen
the meter circuit when it is not being used to measure antenna current. Such
switching shall be accomplished without interrupting the transmissions of the sta-
tion.
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(d) Remote reading antenna ammeter(s) may be employed and the indications
logged as the antenna current, or in the case o directiona{ antenna, the common
point current and base currents, in accordance with the following:

: (1) Remote reading antenna, common point or hase ammeters may be provided
w:
(i) Inserting second thermocouple directly in the antenna circuit with remote
leads to the indicating instrument.

(ii) Inductive coupling to thermocouple or other device for providing direct
current to indicating instrument,

(iii) Capacity coupling to thermocouple or other device for providing direct
current to indicating instrument.

(iv) Current transformer connected to second thermocouple or other device for
providing direct current to indicating instrument.

(v) Using transmission line current meter at transmitter as remote reading am-
meter. Sce subparagraph (7) of this paragraph.

(vi) Using indications of phase monitor for determining the antenna base cur-
rents or their ratio in the case of directional antennas, provided that the hase cur-
rent readings are read and logged in accordance with the provision of the station
license, and provided further that the indicating instruments in the unit are con-
nected directly in the current sampling circuits with no other shunt circuits of any
nature. The meters in the phase monitor may utilize arbitrary scale divisions pro-
vided a calibration curve showing the relationship between the arbitrary scale and
the scale of the hase meters is maintained at the transmitter location.

(vii) Using indications of remote control equipment provided that the indi-
cating instruments are capable of being connecte({ directly into the antenna circuit
at the same point at, but below (transmitter side) the antenna ammeter. The me-
ter(s) in the remote control equipment may utilize an arbitrary scale division pro-
vided a calibration curve showing the relationship between the arbitrary scale and
the scale of the antenna ammcter is maintained at the remote control point. The
meter(s) in the remote control equipment must be calibrated once a week against
the regular meter and the results thereof entered in the operating log.

(2) Remote ammeters shall be connected into the antenna circuit at the same
point as, but below (transmitter side) the antenna ammeter(s), and shall be cali-
Drated to indicate within 2 percent of the regular meter over the entire range above
one-third or one-fifth full scale. See paragraphs (b) (1), (i), (iii) and (b) (2)
(i), (iii) of this section.

(3) The regular antenna ammeter, common point ammeter, or base current am-
meters shall be above (antenna side) the coupling to the remote meters in the an-
ten(nu circuit so they do not read the current to ground through the remote me-
ter(s).

(4) All remote meters shall meet the same requirements as the regular antenna
ammeter with respect to scale accuracy, etc.

(5) Calibration shall be checked against the regular meter at lcast once a week.

(6) All remote meters shall be provided with shielding or filters as necessary to
prevent any feed-back from the antenna to the transmitter.

(7) In the case of shunt excited antennas, the transmission line current meter
at the transmitter may be considered as the remote antenna ammeter provided the
transmission line is terminated directly into the excitation circuit feed line, which
shall employ series tuning only (no shunt circuits of any type shall be employed )
and insofar as practicable the type and scale of the transmission line meter should
he the same as those of the excitation circuit feed line meter (meter in slant wire
feed line or equivalent).

(8) Remote reading antenna ammeters employing vacuum tube rectifiers or
semiconductor devices are acceptable, provided:

(i) The indicating instruments shall meet all the above requirements for linear
scale instruments.

(ii) Data are submitted under oath showing the unit has an overall accuracy
of at least 2 percent of the full scale reading.

(iii) The installation, calibration, and checking are in accordance with the re-
quirements of this paragraph.

(9) In the event there is any question as to the method of providing the remote
indication, or the accuracy of the remote meter, the burden of proof of satisfactory
performance shall he upon the licensee and the manufacturer of the equipment.
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(e) [Reserved]

(f) No instrument, the seal of which has heen broken, or the accuracy of which
is questionable, shall be employed. Any instrument which was not originally sealed
by the manufacturer that has f;een opened shall not be used until it has heen re-
calibrated and sealed in accordance with the following: Repairs and recalibration
of instruments shall he made by the manufacturer by an authorized instrument re-
pair service of the manufacturer or hy some other properly qualified and equipped
instrument repair service. In either case the instrument must be resealed with the
symbol or trade-mark of the repair service and a certificate of calibration supplied
therewith.

(g) Since it is usually impractizal to measure the actual antenra circuit of a
shunt excited antenna system, the current measured at the input of the excitation
circuit feed line is accepted as the antenna current.

(h) [Reserved]

(i) The function of each instrument shall be clearly and permanently shown
on the instrument itself or on the panel immediately adjacent thereto.

(j) Digital meters, printers, or cther numerical readout devices may be used in
addition to or in lieu of indicating instruments meeting the specifications of para-
graphs (a) and (b) of this section. If a single digital device is used at the trans-
mitter for reading and logging of operating paramcters, either (1) indicating in-
struments meeting the above-mentioned specifications shall he installed in the
transmitter and antenna circuit, or (2) a spare digital device shall he maintained
at the transmitter with provision for its rapid substitution for the main device
should that device malfunction. The readout of the device shall include at least
three digits and shall indicate the value or a decimal multiple of the value of the
parameter being read to an accuracy of at least 2 percent. The multiplier to be
applied to the reading of each parameter shall he indicated at the operating posi-
tion of a switch used to select the parameter for display, or on the face of an auto-
matically printed log at least once for each calendar day.

Sec. 73.40 Transmitter; design. construction, and safety of life requirements.
(a) Design. The general design of standard broadcast transmitting equipment
(main studio microphone [including telephone lines, if used, as to performance
only] to antenna output) shall be in accordance with the following specifications.
(In cases where telephone lines are not available to give the perfcnmance as re-
quired in these specifications a relay transmitter may be authorizec to supersede
the lines.) For the points not specifically covered in this paragraph, the principles
set out shall be followed. The equipment shall he so designed that:

(1) The maximum rated carrier power (determined by Sec. 73.42) is in accord-
ance with the requirements of Sec. 73.41.

(2) The equipment is capable cf satisfactory operation at the authorized oper-
ating power or the proposed operat:ng power with the modulation of at least 85 to
95 pﬁrcent with no more distortion than given in subparagraph (3) of this para-
graph.

(3) The total audio frequency distortion from microphone terminals, including
microphone amplifier, to antenna output does not exceed 5 percent harmonics
(voltage measurements of arithmetical sum or r. s. s.) when modulated from 0 to
84 percent, and not over 7.5 percent harmonics (voltage measurements of arith-
metical sum or r. s. s.) when modulating 85 percent to 95 percent (distortion shall
be measured with modulating frequencies of 50, 100, 400, 1000, 5000 and 7500
hertz up to tenth harmonic or 16,000 Hz or any intermediate frequency that read-
ings on these frequencies indicate as desirable).

(4) The audio frequency transmitting characteristics of the equipment from the
microphone terminals (including microphone amplifier unless microphone fre-
quency correction is included in which event proper allowance shall be made ac-
cordingly ) to the antenna output does not depart more than 2 decibels (dB) from
that at 1000 hertz hetween 100 anc¢ 5000 Hz,

(5) The carrier shift (current) at any percentage of modulation does not exceed
5 percent.

(6) The carrier hum and extraneous noise level, unweighted r. s s. (exclusive
of microphone and studio noises) over the frequency band 30 to 20,000 Hz is at
least 45 dB below the level of a sirusoidal tone of 400 Hz, producing 100 percent
modulation of the carrier.



340 FIRST-CLASS RADIOTELEPHONE LICENSE HANDBOOK

(7) The transmitter shall be equipped with suitable indicating instruments in
accordance with the requirements of Sec. 73.58 and any other instruments neces-
sary for the proper adjustment and operation of the equipment.

(8) Adequate provision is made for varying the transmitter power output be-
tween sufficient limits to compensate for excessive variations in line voltage, or
other factors which may affect the power output.

(9) The transmitter is equipped with automatic frequency control equipment
ggpaé)]e of maintaining the operating frequency within the limit specified by Sec.

.59.

(i) The maximum temperature variation at the crystal from the normal operat-
ing temperature shall not be greater than:

Plus or minus 0.1° C. when an X or Y cut crystal is employed, or

Plus or winus 1.0°C. whena low temperature coeflicient crystal is employed.

(ii) Unless otherwise authorized, a thermometer shall be installed in such man-
ner that the temperature at the crystal can be accurately measured within 0.05°
C. for X or Y cut crystal or 0.5° for low temperature coefficient crystal.

(iii) It is preferable that the tank circuit of the oscillator tube be installed in
the temperature controlled chamber.

Note: Explanations of excessive frequency deviations will not be accepted when tem-
perature variations are in excess of the values specified.

(10) Means are provided for connection and continuous operation of approved
modulation monitor and approved frequency monitor. The ragio frequency energy
for operation of the approved frequency monitor shall be obtained from a radio-
frequency stage prior to the modulated ‘stage unless the monitor is of such design
as to permit satisfactory operation when otherwise connected and the monitor cir-
cuits shall be such that the carrier is not heterodyned thereby.

(11) Adequate margin is provided in all component parts to avoid overheating
at the maximum rated power output.

(12) Any emission appearing on a frequency removed from the carrier by be-
tween 15 kilz and 30 klz, inclusive, shall be attenuated at least 25 kHz below the
level of the unmodulated carrier. Compliance with the specification will be deemed
to show the occupied bandwidth to be 30 kHz or less.

(13) Any emission appearing on a frequency removed from the carrier by more
than 30 klz and up to and including 75 kHz, inclusive, shall be attenuated at
least 35 dB below the level of the unmodulated carrier.

(14) Any emission appearing on a frequency removed from the carrier by more
than 75 kHz shall be attenuated at least 434+ 10 Log.. (Power, in watts) d)t’?cibe]s
below the level of the unmodulated carrier, or 80 decibels whichever is the lesser
attenuation.

(b) Construction. In general, the transmitter shall be constructed either on
racks and panels or in totally enclosed frames protected as required by the provi-
sions of the National Electrical Code concerning transmitting equipment at radio
and television stations.

Note: The final stages of high power transmitters may be assembied in open frames
provided the equipment is enclosed by a protective fence.

(1) Means shall be provided for making all tuning adjustments, requiring vol-
tages in excess of 350 volts to be applied to the circuit, from the front of the panels
with all access doors closed.

(2) Proper bleeder resistors or other automatic means shall be installed across
all the condenser banks to remove any charge which may remain after the high
voltage circuit is opened (in certain instances the plate circuit of the tubes may
provide such protection; however, individual approval of such shall be obtained by
the manufacturer in case of standard equipment, and the licensee in case of com-
posite equipment).

(3) All plate supply and other high voltage equipment, including transformers,
filters, rectifiers an({) motor generators, shall be protected so as to prevent injury to
operating personnel.

(i) Commutator guards shall be provided on all high voltage rotating machin-
ery (coupling guards on motor generators, although desirable, are not required).
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(ii) Power equipment and control panels of the transmitter shall mecct the above
requirements (exposed 220 volt ac switching equipment on the front of the power
control panels is not recommended; however, it is not prohibited).

(iii) Power equipment located at a broadcast station but not directly associated
with the transmitter (not purchased as part of same), such as power distribution
panels, control equipment on indoor or outdoor stations and the substations asso-
ciated therewith, are not under the jurisdiction of the Commission; therefore, Sec.
73.46 does not apply.

(iv) It is not necessary to protect the equipment in the antenna tuning house
and the base of the antenna \\'itﬁ screens and interlocks, provided the doors to the
tuning house and antenna base are fenced and locked at all times, with the keys
in the possession of the operator on duty at the transmitter. Ungrounded fencing
or wires should be effectively grounded, either directly or through proper static
leaks. Lighting protection for antenna system is not specifically required but should
be installed.

(v) The antenna, antenna lead-in, counterpoise (if used), etc., shall be installed
$0 as not to present a hazard. The antenna may be located close by or at a distance
from the transmitter building. A properly designed and terminated transmssion
line should be used between the transmitter and the antenna when located at a
distance.

(4) Metering equipment. (In addition to the following requirements, instru-
ments shall meet the requirements of sections 73.39 and 73.58.)

(i) All instruments having more than 1000 volts potential to ground on the
movement shall be protected by a cage or cover in addition to the regular case.
(Some instruments are designed by the manufacturer to operate safely with vol-
tages in excess of 1000 volts on the movement. If it can be shown by the manu-
facturer’s rating that the instrument will operate safely at the applied potential,
additional protection is not necessary.)

(ii) In case the plate voltmeter is located on the low potential side of the mul-
tiplier resistor with one terminal of the instrument at or less than 1000 volts above
ground, no protective case is required. However, it is good practice to protect vol-
meters subject to more than 5000 volts with suitable over-voltage protective devices
across the instrument terminals in case the winding opens.

(iii) The antenna ammeters (both regular and remote ) and any other radic fre-
quency instrument which it is necessary for the operator to read shall be so in-
stalled as to be easily and accurately read without the operator having to risk con-
tact with circuits carrying high potential radio frequency energy.

(c) Wiring and shielding. (1) The transmitter panels or units shall be wired
in accordance with standard switchboard practice, either with insulated leads prop-
erly cabled and supported or with rigid bus bar properly insulated and protected.

(2) Wiring between units of the transmitter, with the exception of circuits car-
rying radio frequency energy, shall be installed in conduits or approved fiber or
metal raceways to protect it from mechanical injury.

(3) Circuits carrying low level radio frequency energy between units shall he
either concentric tube, two wire balanced lines, or properly shielded to prevent
the pickup of modulated radio frequency energy from the output circuits.

(4) Each stage (including the oscillator) preceding the modulated stage shall
be properly shielded and filtered to prevent unintentional feedback from any cir-
cuit following the modulated stage (an exception to this requirement may be made
in the case of high level modulated transmitters of approved manufacture wnich
have been properly engineered to prevent reaction),

(5) The crystal chamber, together with the conductor or conductors to the os-
cillator circuit, shall be totally shielded.

(6) The monitors and the radio frequency lines to the transmitter shall be thor-
oughly shielded.

(d) Installation. (1) The installation shall be made in suitable quarters.

(2) Since an operator must be on duty at the transmitter control point during
operation, suitable facilities for his welfare and comfort shall be provided at the
control point. 8

(e)[ Reserved]

(f) Studio equipment. (1) The studio equipment shall be subject to all the
above requirementr where applicable except as éollows:
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(i) If it is properly covered by an underwriter’s certificate, it will be considered
as satisfying tEe safety requirements.

(ii) The pertinent provisions of the National Electrical Code concerning trans-
mitting equipment at radio and television stations shall apply for voltages only
when in excess of 500 volts.

(2) No specific requirements are made relative to the design and acoustical
treatment. However, the studios and particularly the main studio should be in ac-
cordance with the standard practice for the class of station concerned, keeping the
noise level as low as reasonably possible.

Sec. 73.41 Maximum rated carrier power; tolerances. The maximum rated
carrier power of a transmitter shall be an even power step as recognized by the
Commiission’s plan of allocation (250 watts, 500 watts, 1 EW, 5 kW, 10 kW, 25
25 kW, 50 kW) and shall not be less than the authorized power nor shall it be
greater than the value specified in the following table:

Maximum rated

carrier power

Class of Maximum power permitted to

station authorized to station be installed
Class IV 250, 500 or 1000 watts 1,000
Class 111 500 or 1000 watts 1,000
5000 watts 5,000
Class I} 250, 500 or 1000 watts 1,000
5000 or 10,000 watts 10,000
25,000 or 50,000 watts 50,000
Class | 10,000 watts 10,000
25,000 or 50,000 watts 50,000

SEC. 7342 Maximum rated carrier power, how determined. The maximum
rated carrier power of a standard broadcast transmitter shall be determined as the
sum of the applicable power ratings of the vacuum tubes employed in the last
radio stage.

SEC. 73.43 Changes in equipment, authority for. No licensee or permittee
shall change, in the last radio stage, the number of vacuum tubes, nor change to
vacuum tubes of different power rating or class of operation, nor shall it change
the system of modulation, without authority of the Commission.

SEC. 73.44 Other changes in equipment. Other changes except as provided
for in this subpart which do not affect the maximum power rating or operating
power of the transmitter or the operation or precision of the frequency control
equipment may be made at any time without authority of the Commission, but in
the next succeeding application for renewal of license such changes which affect
the information already on file shall be shown in full.

Sec. 73.45 Radiating system. (a) All applicants for new, additional, or dif-
ferent broadcast facilities and all licensees requesting authority to change the trans-
mitter site of an existing station shall specify a radiating system the efficiency of
which complies with the requirements of good engineering practice for the class
and power of the station. (See Sections 73.186 and 73.189.)

(b) No broadcast station licensee or permittee shall change the physical height
of the transmitting antenna or supporting structures, or make any changes in the
radiating system which will measurably alter the radiation patterns, except upon
application to and authority from the Commission.

(¢) Should any changes occur which would alter the resistance of the antenna
system, the licensee shall immediately make a new determination of the antenna
resistance (see Sec. 73.54) and shall submit application for authority to determine
power by the direct method on the basis of the new measurements. In this connec-
tion, see Sections 73.316(g) and 73.685(h).

(d) The antenna and/or supporting structure shall be painted and illuminated
in accordance with the specifications supplied by the Commission pursuant to sec-
tion 303 (q) of the Communications Act of 1934 as amended. (See Part 17 of this
chapter, Construction, Marking, and Lighting of Antenna Structures.)
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(¢) The simultancous usc of a common antenna or antenna structure by more
than one standard broadcast station, or by one or more standard broadcast stations
and one or more stations of any other class or service may be authorized provided:

(1) Complete verified engineering data are submitted showing that satisfactory
operation of each station will be obtained without adversely affecting the operation
of the other station.

(2) The minimum antenna height or field intensity for each standard broad-
cast station concerned complies with paragraph (a) of this section.

(f) If a common tower is used for antenna and/or antenna supporting purposes
by two or more licensees or permittees of standard broadcast stations or by one or
more such licensees or permittees and one or more licensees or permittees of any
other class or service, each permittee or licensee shall be responsible for painting
and illuminating the structure when obstruction marking and lighting are required
by the Commission.

Sec. 73.46  Transmitter. (a)The transmitter proper and associated trans-
mitting equipment of each broadcast station shall be designed, constructed, and
operated in accordance with good engineering practice in all phases not otherwise
specifically included in the regulations in this subpart.

(1) The transmitter shall be wired and shieldeg in accordance with good en-
gineering practice and shall be provided with safety features in accordance with
the specifications concerning transmitting equipment at radio and television sta-
tions contained in the current National Electrical Code as approved by the Ameri-
can Standards Association,

(¢) The station equipment shall be so operated, tuned, and adjusted that emis-
sions outside of the authorized channel do not cause harmful interference to the
reception of other radio stations. Standard broadcast stations employing radio
transmitter type accepted after January 1, 1960 shall maintain the bandwidth oc-
cupied by their emissions in accordance with the specifications set forth in Sec.
73.40(a). Stations employing transmitters installed or type accepted prior to Jan-
uary 1, 1960, shall achieve the highest degree of compliance practicable with their
existing equipment. In either case, should harmful interference to the reception of
other radio stations occur, the licensee may be required to take such further steps
as may be necessary to eliminate the interference.

(d) The audio distortion, audio frequency response, carrier hum, noise level,
and other essential phases of the operation which control the external effects shall
at all times conform to the requirements of good engineering practice.

Sec. 73.47 Equipment performance measurements (a) The licensee of each
standard broadcast station shall make equipment perforimmance measurements of
authorized main and alternate main transmitters at least once each calendar year:
Procided, howecer, That the dates of completion of successive sets of measure-
ments shall be no more than fourteen months apart. One set of equipment perform-
ance measurements shall be made during the four month period preceding the
filing date of the application for renewal of station license. If the same transmitter
is authorized for more than one mode of operation, equipment performance mea-
surements of this transmitter need be made only at the ﬁighest authorized power
level. Equipment performance measurements for auxiliary transmitters are not re-
quired. Equipment performance measurements shall be made with equipment ad-
justed for normal program operation, and shall include all circuits between the
main studio amplifier input and antenna output, including equalizer or correction
circuits normally employed, but without compression if such amplifier is employed.
The measurement program shall yield the following information:

(1) Data and curves showing overall audio frequency response from 50 to 7500
hertz (Hz) for approximately 25, 50, 85, and 100 (if ogtainahle) percent modula-
tion. Family of curves should be plotted (one for each percentage above) with dB
above and below a reference frequency of 1000 Hz as ordinate and audio frequency
as abscissa.

(2) Data and curves showing audio frequency hamionic content for 25, 50, 85,
and 100 (if obtainable) percent modulation for fundamental frequencies of 50,
100, 400, 1000. 5000, 7500 Hz (either arithmetical or root sum square values up
to the tenth harmonic or 16000 Hz). Plot family of curves (one for each percentage
above) with percent distortion as ordinate and audio frequency as a})scissa.

(3) Data sﬁowing percentage carrier shift for 25, 50, 85, 100 percent modula-
tion with 400 Hz tone.
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(4) The carrier hum and extraneous noise level generated within the equip-
ment, and measured throughout the audio spectrum, or by bands, referred to the
level for 100 percent modulation of the carrier by a sinusoidal tone with a fre-
quency of 400 Hz.

(5) Measurements or evidence showing that spurious radiations including radio
frequency harmonics are suppressed or are not present to a degree capable of
causing objectionable interference to other radio services. Field intensity measure-
ments are preferred but observations made with a communications type receiver
may be accepted. However, in particular cases involving interference or contro-
versy, the Commission may require actual measurements.

(b) The data required by paragraph (a) of this section, together with a de-
scription of instruments and procedure, signed by the engineer making the mea-
surements, shall be kept on file at the transmitter and retained for a period of two
years, and on request shall be made available during that time to any duly author-
ized representative of Federal Communications Commission.

Technical Operation

SEC. 73.51 Operating power, how determined. (a) Except as provided in
paragraph (b) of this section, the operating power shall be determineg by the di-
rect method, i.e., as the product ot the antenna resistance at the operating fre-
quency (see Sec. 73.54) and the square of the antenna current at this frequency,
measured at the point where the antenna resistance has heen determined.

(b) The operating power shall be determined on a temporary basis by the in-
direct method described in paragraphs (c) and (d) of this section, in the following
circumstances: (1) In an emergency, where the authorized antenna system has
been damaged by causes beyond the control of the licensee or permittee (see Sec.
73.45), or (2) pending completion of authorized changes in tYle antenna system,
or (3) if changes occur in the antenna system or its environment which aftect or
appear likely to affect the value of antenna resistance or (4) if the antenna current
meter becomes defective (see Sec. 73.58). Prior authorization for determination of
power by the indirect method is not required. However, an appropriate notation
shall be made in the operating log.

(c) (1) Operating power is determined by the indirect method of applying an
ap[iropriate factor to the plate input power, in accordance with the following for-
nuja:

Operating power=EpXIpXF
where,
Ep is the plate voltage of the final radio stage;
Ip is the total plate current of the final radio stage;
F is the efficiency factor.

(2) The value of F applicable to each mode of operation shall be entered in the
operating log for each day of operation, with a notation as to its derivation. This
factor shall be established by one of the methods described in paragraph (d) of
this section which are listed in order of preference. The product of the plate cur-
rent and plate voltage, or alternatively, the computed operating power, shall be
entered in the operating log under an appropriate heading for each log entry of
plate current ang platc voltage.

(d) él) If the transmitter and the power utilized during the period of indirect
power determination are the same as Ylave been authorized ancF utilized for any
period of regular operation, the factor F shall be the ratio of such authorized power
to the corresponding plate input power of the transmitter for regular conditions of
operation, computed with values of plate voltage and plate current obtained from
the operating logs of the station for the last week of regular operation. However,
if the station has been regularly authorized for operation with directional antenna,
and temporary authority has been granted for nondirectional operation with regu-
larly authorized power, during the period that power is being determined indi-
rectly, an adjusted factor F shall be employed, which is derived dividing the factor,
as determined above, by a constant (0.925 for authorized powers of 5%<W or less;
0.95 for powers above 5 kW ).

(2) I(P a station has not been previously in regular operation with the power
authorized for the period of indirect power determination, if a new transmitter has



EXTRACTS FROM PART 73 345

been installed, or if, for any other reason, the determination of the factor F by the
method described in paragraph (d) (1) of this section is impracticable:

(i) The factor F siall be obtained from the transmitter manufacturer’s letter
or test report retained in the station’s files, if such a letter or test report specifies a
unique value of F for the power level and frequency utilized; or

(ii) By reference to the lf)ollowing table:

Factor Method of Maximum rated Class of
(F) modulation carrier power amplifier
0.70 Plate 0.25—1.0 kW
.80 Plate 5 kW and over
35 Low level 0.25 kW and over B
.65 Low level 0.25 kW and over BC'
35 Grid 0.25 kW and over

1Al linear amplifier operation where efficiency approaches that of Class-C operation.

(3) When the factor F is obtained from the table, this value shall be used even
though the operating power may be less than the maximum rated carrier power of
the transmitter.

SEC. 73.52 Operating power; maintenance of. (a) The operating power of
each station shall be maintained as near as practicable to the licensed power and
shall not exceed the limits of 5 percent above and 10 percent below the licensed
f)ower, except that in an emergency when due to causes beyond the control of the
icensee it becomes impossible to operate with full licensed power, the station may
be operated with reduced power for a period not to exceed 10 days:
Provided, That the Commission and the Engineer in Charge of the radio district in
which the station is located shall be notified immediately after the emergency de-
velops and also upon resumption of licensed power.

(1) In addition to maintaining the operating power within the above limita-
tions, stations employing directional antenna systems shall maintain the ratio of
the antenna currents in the elements of the system within 5 percent of that speci-
fied by the terms of the license or other instrument of authorization.

SEC. 73.54 Antenna resistance and reactance; how determined. (a) The re-
sistance of an omnidirectional series fed antenna shall be measured at the base of
the antenna, without intervening coupling networks or components. For a shunt-
excited antenna, the antenna resistance shall be measured at the point when the
radio frequency energy is fed to the slant wire or other feed wire circuit without
intervening networks or components.

(h) The resistance and reactance of a directional antenna shall be measured at
the point of common radio frequency input to the directional antenna system. The
following conditions shall obtain:

(1) The antenna shall be finally adjusted for the required radiation pattern.

(2) The reactance at the operating frequency and at the point of measurement
shall be adjusted to zero, or as near thereto as practicable.

Sc) (1) The resistance of an antenna shall be determined by the following pro-
cedure: A series of discrete measurements shall be made over a band of frequen-
cies extending from approximately 25 kHz below the operating frequency to ap-
proximately 25 kHz a%ove that frequency, at intervals of approximately 5 kHz.
The measured values shall be plotted on a linear graph, with frequency as the ab-
scissa and resistance as the ordinate. A smooth curve shall be drawn through the
plotted values. The resistance value corresponding to the point of intersection of
the curve and the ordinate representing the operating frequency of the station shall
be the resistance of the antenna.

(2) For a directional antenna, the reactance of the antenna shall be determined
by a procedure similar to that described in subparagraph (1) of this paragraph.

(d) The license of a station with a directional antenna, and authorized power
of 5 kilowatts or less shall specify an antenna resistance 92.5 percent of that deter-
mined at the point of common input; for a station with directional antenna and
authorized power exceeding 5 kilowatts the license shall specify an antenna resist-
ance 95 percent of that determined at the point of common input.
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(e) Applications for authority to determine power by the direct method shall
specify the antenna or conmon point resistance, and shall include the following
supporting information.

(1) A full description of the method used to make measurements.

(2) A schematic diagram showing clearly all components of coupling circuits,
the point of resistance measurement, location of antenna ammeter, connections to
and characteristics of all tower lighting isolation cirenits, static drains, and any
other fixtures, samiple lines, etc., connected to or supported by the antenna, in-
cluding other antennas and associated circuits.

(3) Make and type of each calibrated instrument employed, manufacturer’s
rated accuracy, together with the date of last calibration of the instrument, the ac-
curacy of the calibration, and the identity of the person or firm making the calibra-
tion,

(4) A tabulation of all measured data.

(5) Graph(s) plotted from this data.

(6) The qualifications of the engineer(s) making the measurements.

Sec. 73.55 Modulation. The percentage of modulation shall be maintained
as high as possible consistent with good quality of transmission and good broadcast
practice. In no case is it to exceed 100 percent on negative peaks of frequent re-
currence. Generally, it should not be less than 85 percent on peaks of frequent re-
currence; but where necessary to avoid objectionable loudness modulation may be
reduced to whatever level is necessary, even if the resulting modulation is substan-
tially less than 85 percent on peaks of frequent recurrence.

SeEC. 73.56 Modulation monitors. (a) Each station shall have in operation,
either at the transmitter or at the place the transmitter is controlled, a modulation
monitor of a type approved by the Commission.

NoTte: Approved modulation monitors are included on the Commission’s “Radio Equip-
ment List.” Copies of this list are available for inspection at the Commission’s office in
Washington, D.C. and at each of its field offices.

(b) In the event that the modulation monitor hecomes defective the station may
be operated without the monitor pending its repair or replacement for a period not
in excess of 60 days without further authority of the Commission: Provi(i)ed, That:

(1) Appropriate entries shall be made in the maintenance log of the station
showing the date and time the monitor was removed from and restored to service.

(2) The Engineer in Charge of the radio district in which the station is located
shall be notified both immediately after the monitor is found to be defective and
immediately after the repaired or replacement monitor has been installed and is
functioning properly.

(3) The degree of modulation of the station shall be monitored with a cathode
ray oscilloscope or other acceptable means.

(c¢) If conditions beyond the control of the licensee prevent the restoration of
the monitor to service within the above allowed period, informal request in accord-
ance with Sec. 1.549 of this chapter may be filed with the Engineer in Charge of
the radio district in which the station is operating for such additional time as may
be required to complete repairs of the defective instrument.

(d) Each station operated by remote control shall continuously, except when
other readings are heing taken, monitor percent of modulation or shall be equipped
with an automatic device to limit percent of modulation on negative peaks to 100.

Sec. 73.58 Indicating instruments. (a) Each standard broadcast station shall
be equipped with indicating instruments which conform with the specifications set
forth in Sec. 73.39 for measuring the dc plate circuit current and voltage of the
last radio frequency amplified stage; the radio frequency base current of each an-
tenna element; and, for stations employing directional antenna systems, the radio
frequency current at the point of common input to the directional antenna.

(b) In the event that any one of these indicating instruments becomes defec-
tive when no substitute which conforms with the required specifications is avail-
able, the station may be operated without the defective instrument pending its re-
pair or replacement for a period not in excess of 60 days without further authority
of the Commission: Provided, That:

(1) Appropriate entries shall be made in the maintenance log of the station
showing the date and timne the meter was removed from and restored to service.
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(2) The Engineer in Charge of the radio district in which the station is located
shall be notified both immediately after the instrument is found to be defective
and immediately after the repaired or replacement instrument has been installed
and is functioning properly.

(3) If the defective instrument is the antenna current meter of a nondirec-
tional station which does not employ a remote antenna ammeter, or if the defective
instrument is the common point meter of a station which employs a directional an-
tenna, and does not employ a remote common point meter, the operating power
shall be determined by the indirect method in accordance with Sec. 73.51 (c¢) and
(d) during the entire time the station is operated without the antenna current
meter or common point meter. However, if a remote antenna ammeter or a remote
common point meter is em loyed and the antenna current meter or common point
meter becomes defective, tr\e remote meter may be used in determining operating
power by the direct method pending the return to service of the regular meter, pro-
vided other meters are maintained at the same value previously employed.

(¢) 1If conditions beyond the control of the licensee prevent the restoration of
the meter to service within the above allowed period, informal request in accord-
ance with Sec. 1.549 of this chapter may be filed with the Engineer in Charge of
the radio district in which the station is located for such additional time as may
he required to complete repairs of the defective instrument.

(d) Remote antenna ammeters and remote common point meters are not re-
quired; therefore, authority to operate without them is not necessary. Ilowever, if
a remote antenna ammeter or common point meter is employed and becomes de-
fective, the antenna base currents may be read and logged once daily for each
mode of operation, pending the return to service of the regular remote meter.

Skc. 73.59 Frequency tolerance. The operating frequency of each station
shall be maintained within 20 hertz of the assigned frequency.

SEc. 73.60 Frequency monitor. (a) The licensee of each station shall have
in operation, either at the transmitter or at the place where the transmitter is con-
trolled, a frequency monitor of a type approved by the Commission which shall be
independent of the frequency control of the transmitter,

(1) In the event that the frequency monitor becomes defective the station may
be operated without the monitor pending its repair or replacement for a period not
in excess of 60 days without further authority of the Commission: Provided, That:

(1) Appropriate entries shall be made in the maintenance log of the station
showing the date and time the monitor was removed from and restored to service,

(2) The Engineer in Charge of the radio district in which the station is located
shall he notified both immediately after the monitor is found to be defective and
immediately after the repaired or replacement monitor has been installed and is
functioning properly.

(3) The frequency of the station shall be measured by an external source at
least once each 7 days and the results entered in the station log.

(¢) If conditions beyond the control of the licensee prevent the restoration of
the monitor to service within the above allowed period, informal request in accord-
ance with Sec. 1.549 of this chapter may be filed with the Engineer in Charge of
the radio district in which the station is located for such additional time as may
be required to complete repairs of the defective instrument.

SEc. 73.63 Auxiliary transmitter. Upon showing that a need exists for the use
of an auxiliary transmitter in addition to the regular transmitter of a broadcast sta-
tion, a license therefor may be issued: Provided, That:

(a) An auxiliary transmitter may be installed either at the same location as the
main transmitter or at another location.

(b) A licensed operator shall be in control whenever an auxiliary transmitter is
placed in operation.

(¢) The auxiliary transmitter shall be maintained so that it may be placed in
operation at any time for any one of the following purposes:

(1) The transmission of the regular programs upon the failure of the main trans-
mitter.

(2) The transmission of the regular programs during maintenance or modifica-
tion work on the nain transmitter necessitating discontinuance of its operation.

(3) Emergency Broadcast System operation, provided the auxiliary transmitter
is used in connection with a National Defense Emergency Authorization,

(4) Upon request of a duly authorized representative of the Commission.
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(5) An auxiliary transmitter may be used for the regular transmission of pro-
%igisms) during periods of operation included in a Presunrise Service Authority

SA).

(d) The auxiliary transmitter shall be tested at least once each week to deter-
mine that it is in proper operating condition and that it is adjusted to the licensed
frequency: Proui(}Zd, however, That the test in any week may be omitted if the
auxiliary transmitter has been operated during the week pursuant to paragraph
(c) of this section and such operation was satisfactory. Tests while using the reg-
ular antenna shall be conducted only between 12 midnight and 9:00 a.n., local
time. Tests with a dummy load may i;e conducted at any time.

(e) The auxiliary transmitter shall be equipped with satisfactory control equip-
ment which will enable the maintenance of tgle frequency emitted by the station
within the limits prescribed by the regulations in this subpart.

(f) An auxiliary transmitter which is licensed at a geographical location differ-
ent from that of the main transmitter shall be e uipped with a frequency control
which will automatically hold the frequency wi(thlin the limits prescribed by the
regulations in this part without any manual adjustment during operation or when
it is being put into operation.

(g) The operating power of an auxiliary transmitter may be less than the au-
thorized power, but in no event shall it be greater than such power.

(h) All regulations as to safety requirements and spurious emissions applying
to broadcast transmitting equipment shall apply also to an auxiliary transmitter.

Sec. 73.64 Alternate main transmitters. The licensee of a standard broadcast
station may be licensed for alternate main transmitters provided that a technical
need for such alternate transmitters is shown (such as licensees maintaining 24-hour
schedules and needing alternate operations for maintenance, or where develop-
mental work requires alternate operation) and that the following conditions are
met:

(a) Both transmitters are located at the same place.

(b) The transmitters have the same power rating except at stations operating
with different daytime and nighttime power, when it shall be permissible to employ
transmitters of power ratings appropriate to either the licensed daytime or night-
time power.

(c) The external effects from both transmitters are substantially the same as to
frequency stability, reliability of operation, radio harmonics and other spurious
emissions, audio frequency range and audio harmonic generation in the trans-
mitter.

Sec. 73.65 Antenna structure, marking and lighting. The provisions of Part
17 of this chapter, “Construction, Marking, and Lighting of Antenna Structures,”
require that certain antenna structures be painted and/or lighted in accordance
with the provisions of that part. Where the antenna structure of a facility autho-
ized under this subject is required to be painted or lighted; see Secs. 17.47 through
17.53 of this chapter.

Remote Control

Sec. 73.67 Remote control operation. Operation by remote control shall be
subject to the following conditions:

(1) The equipment at the operating and transmitting positions shall be so in-
stalled and protected that it is not accessible to or capable of operation by persons
other than those duly authorized by the licensee.

(2) The control circuits from the operating positions to the transmitter shall
provide positive on and off control and shall be such that open circuits, short cir-
cuits, grounds or other line faults will not actuate the transmitter and any fault
causing loss of such control will automatically place the transmitter in an inopera-
tive position.

(3) A malfunction of any part of the remote control equipment and associated
line circuits resulting in improper control or inaccurate meter readings shall be
cause for the immediate cessation of operation by remote control.

(4) Control and monitoring equipment shall be installed so as to allow the li-
censed operator at the remote control point to perform all the functions in a man-
ner required by the Commission’s rules.

(5) The indications at the remote control point of the antenna current meter
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or, for directional antennas, the common point current meter and remote base cur-
rent meters, shall be read and entered in the operating log each half hour.

(6) The indications at the transmitter, if a directional antenna station, of the
common point current, base currents, phase monitor sample loop currents and

hase indications shall be read and entered in the operating log once each day
or each pattern. These readings must be made within two hours after the com-
mencement of operation for cach pattern.

(1) All stations, whether operating by remote control or direct control, shall
be equipped so as to be able to follow the Emergency Action Notification proce-
dures described in Sec. 73.932.

(¢) The broadcast transmitter carrier may be amplitude-modulated witk a
tone for the purpose of transmitting to the remote control point essential meter in-
dications and other data on the operational condition of the broadcast transmitter
and associated devices, subject to the following conditions:

(1) The tone shall have a frequency no higher than 30 hertz.

(2) The amplitude of modulation of the carrier by the tone shall not be higher
than necessary to effect reliable and accurate data transmission, and shall not, in
any case, exceed 6 percent.

(3) The tone shall be transmitted only at such times and during such intervals
that the transmitted information is actually being observed or logged.

(4) Measures shall be employed to insure that during the periods the tone is
being transmitted the total modulation of the carrier does not exceed 100 percent
on negative peaks.

(5) Such tone transmissions shall not significantly degrade the quality of pro-
gram transmission or produce audible effects resulting in public annoyance.

(6) Such tone transmissions shall not result in emissions of such a nature as to
result in greater interference to other stations than is produced by normal program
modulation.

Operation

SEc. 73.72 Operation during experimental period. The licensee of each
standard broadcast station shall operate or refrain from operating its station during
the experimental period as directed by the Commission in order to facilitate fre-
quency measurement or for the determination of interference.

SEc. 73.92 Station and operator licenses; posting of. (a) The station license
and any other instrument of station authorization shall be posted in a conspicuous
place and in such manner that all terms are visible, at the place the licensee con-
siders to be the principal control point of the transmitter. At all other control points
listed on the station authorization, a photocopy of the station license and other in-
struments of station authorization shall be posted.

(b) The original operator license, or FCC Form 759, of each station operator
shall be posted at the place where he is on duty as an operator.

Sec. 73.93 Operator requirements. (a) One or more radio operators h()ldinﬁ
a valid radiotelephone first-class operator license, except as provided in paragrap
(b) of this section, shall be in actual charge of the transmitting apparatus and
shall be on duty either at the transmitter location or remote control point. If op-
eration by remote control has not been authorized, the transmitter shall be readily
accessible and clearly visible to the operator at his normal operating position. If op-
eration by remote control is authorized, the control and monitoring equipment
shall be readily accessible and clearly visible to the operator at his normal oper-
ating position.

(b) In cases where a station is authorized for nondirectional operation with
Fower not in excess of 10 kilowatts, the routine operation of the transmitter may
he performed by an operator holding a valid first-class or second-class radiotele-
phone or radiotelegraph operator license or a radiotelephone third-class operator
Fermit which has been endorsed for broadcast station operation. The operator shall
he on duty at the transmitter or authorized remote control point and in actual
charge thereof. Except at times when the operation of the station is under the im-
mediate supervision of an operator holding a valid radiotelephone first-class oper-
iltor license, adjustments of the transmitting equipment shall be limited to the fol-
owing:

(1) Those necessary to turn the transmitter on and off.
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(2) Adjustments of external controls as may be required to compensate for volt-
age fluctuations in the power supply.

(3) Adjustinents of external controls to maintain modulation of the transmitter
within the prescribed limits.

(4) Adjustments of external controls necessary to effect routine changes in op-
erating power which are required by the station’s instrument of authorization.

(3) Adjustments of external controls necessary to offset operation in accordance
with a National Defense Emergencey Authorization during an Emergency Action
Condition.

It shall be the responsibility of the licensee to insure that the person who may
be required to perform these tasks as well as to perform other duties (such as read-
ing meters anCanking log entries) is properly instructed so as to be capable of
performing the duties required of him at times when not under the immediate su-

ervision of a radiotele i‘mne first-class operator. Where necessary, printed step-
wy-step instructions shall be posted for those transmitter adjustments which the
lesser grade operator is authorized to make. Should the transmitting apparatus be
observed to be operating in any manner inconsistent with this subpart or the cur-
rent instrument of authorization for the station at any time when an operator hold-
ing a valid radiotelephone first-class operator license is not immediately available,
and none of the above adjustments is effective in correcting the condition of im-
proper operation, the emissions of the station shall be immediately terminated.

(¢) If the routine operation of the transmitting apparatus at a standard broad-
cast station with power of 10 kW or less and nondirectional antenna is performed
by an operator other than a radiotelephone first-class operator pursnant to the pro-
visions of paragraph (D) of this section, the licensee shall either employ one or
more operators holding a valid radiotelephone first-class operator license as a full-
time member of the station staff or, in the alternative, contract in writing for the
services on a part-time basis of one or more such operators. The radiotelephone
first-class operator or operators shall perform transmitter maintenance and shall
be promptly available at all times to correct conditions of improper operation be-
yond the scope of authority of the lesser grade operator on duty. If such services
are on a contract part-time basis, a signed copy of the agreement shall be kept in
the files of the station and at the transmitter or control point and shall be made
available for inspection upon request by any authorized representative of the
Commission. A signed copy of the agreement shall also be forwarded to the Com-
mission and to the Engineer in Charge of the radio district in which the station is
located within 3 days after the agreement is signed.

(d) The licensed operator on duty and in charge of a standard broadcast trans-
mitter may, at the discretion of the licensee, be employed for other duties or for
the operation of another radio station or stations in accordance with the class of op-
crator’s license which he holds and the rules and regulations governing such other
stations: Provided, however, That such duties shall in no way interfere with the
proper operation of the standard broadcast transmitter.

(e) At all standard broadcast stations, a complete inspection of all transmitting
equipment in use shall be made by an operator halding a valid radiotelephone first-
class operator license at least once each day, 5 days each week, with an interval
of no less than 12 hours between successive inspections, This inspection shall in-
clude such tests, adjustments, and repairs as may be necessary to insure operation
in conformance with the provisions of this subpart and the current instrument of
authorization for the station.

Sec. 73.95 Equipment tests. (a) During the process of construction of a
standard broadcast station the permittee, after notifying the Commission and Engi-
necr in Charge of the radio district in which the station is located, may without
further authority of the Commission, conduct equipment tests during the experi-
mental period for the purpose of such adjustiments and measurements as may he
necessary to assure compliance with the terms of the construction permit, the tech-
nical provisions of the application thereof, the rules and regulations, and the appli-
cable engincering standards. In addition the Commission may authorize equipment
tests other than during the experimental period if such operation is shown to he
desirable to the proper completion of construction and adjustment of the transmit-
ting equipment and antenna system. An informal application for such authority,
giving full details regarding the need for such tests, shall be filed with the Com-
mission at least two (2) days (not including Sundays and Saturdays and legal holi-
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days when the offices of the Commission are not open) prior to the date on which
it is desired to begin such operation.

(h) The Commission may notify the permittee to conduct no tests or may can-
cel, suspend, or change the date for the beginning of equipment tests as and when
such action may appear to be in the public interest, convenience, and necessity.

(¢) Equipment tests may be continued so long as the construction permit shall
remain vuli({)und shall be conducted only during the experimental period (12 mid-
night to Jocal sunrise) unless otherwise specifically authorized.

{d) Inspection of a station will ordinarily be required during the cquipment
test period and before the commencement of program tests. After construction and
after adjustments and measurements have been completed to show compliance
with the termns of the construction permit, the technical provisions of the applica-
tion therefor, the rules and regulations and the applicable engineering standards,
the permittee should notify the Engineer in Charge of the radio district in which
the station is located that it is ready for inspection.

{e) The authorization for tests embodied in this section shall not be constructed
as constituting a license to operate but as a necessary part of construction.

Skc. 73.96 Program tests. (a) Upon completion of construction of a stan-
dard broadcast station in accordance with the terms of the construction pennit,
the technical provisions of the application therefor, and the rules and regulations
and applicable engineering stan(f)ards and when an application for station license
has been filed showing the station to be in satisfactory operating condition, the
permittec may request authority to conduct program tests: Provided, That such
request shall be filed with the Commission at least ten (10) days prior to the date
on which it is desired to hegin such operation and that the Engineer in Charge of
the radio district in which the station is located is notified. All data necessary to
show compliance with the terms and conditions of the construction permit must be
filed with the license application. If the station is using a directional antenna, a
proof of performance mnst also be filed as required by Sec. 73.33(b).

(b) Program tests shall not commence until specific Commission autharity is
received. The Commission reserves the right to change the date of the beginning
of such tests or to suspend or revoke the authority for program tests as and when
such action may appear to be in the public interest, convenience, and necessity.

(¢) Unless sooner suspended or revoked program test authority continues valid
during Commission consideration of the application for license and during this pe-
riod further extension of the construction permit is not required. Program test
authority shall be automatically terminated by final determination upon the applica-
tion for station license.

(d) All operation on program test authority shall be in strict compliance with
the rules governing standard broadcast stations and in strict accordance with re-
presentations made in the application for license pursuant to which the tests were
authorized.

(e) The granting of program test authority shall not be construed as approval
by the Commission of the application for station license.

Sec. 73.97 Station inspection. The license of any radio station shall make the
station available for inspection by representatives of the Commission at any reason-
able hour.

Sec. 73.98 Operation during emergency. (a) When necessary to the safety
of life and property and in response to dangerous conditions of a general nature,
standard broadcast stations may, at the discretion of the licensee and without fur-
ther Commission authority, transmit emergency weather warnings and other emer-
gency information. Examples of emergency situations which may warrant either an
immediate or delayed response by the licensee are: Tornadoes, hurricanes, floods,
tidal waves, earthquakes, icing conditions, heavy snows, widespread fires, dis-
charge of toxic gases, widespread power failures, industrial explosions, and civil
disorders. Transmission of information concerning school closings and changes in
schoolbus schedules resulting from any of these conditions, is appropriate. In addi-
tion, and if requested by responsible public officials, emergency point-to-point mes-
sages may be transmitted for the purpose of requesting or dispatching aid and as-
sisting in rescue operations.

(b) When emergency operation is conducted utilizing the facilities, systems,
and procedures of a Detailed State EBS Operational Plan as provided in Sec.
73.971, the attention signal described in Sec. 73.906 may be employed.
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(c) Except as provided in paragraph (d) of this section, emergency operation
shall be confined to_the hours, frequencies, powers, and modes of operation spec-
ified in the license documents of the stations concerned.

(d) When adequate advance warning cannot be given with the facilities or
hours authorized, stations may employ their full daytime facilities during night-
time hours to carry weather warnings and other types of emergency information
connected with the examples listed in paragraph (a) of this section. Because of
skywave interference impact on other stations assigned to the same channel, such
operation may be undertaken only if regular, unlimited-time service is nonexistent,
inadequate from the standpoint of coverage, or not serving public need. All opera-
tion under this paragraph must be conducted on a noncommercial basis. Recorded
music may be used to the extent necessary to provide program continuity.

(e) Any emergency operation undertaken in accordance with this section may
be terminated by the Commission, if required in the public interest.

(f) Immediately upon cessation of an emergency during which broadcast facil-
ities were used for the transmission of point-to-point messages under paragraph (a)
of this section, or when daytime facilities were used during nighttime hours in ac-
cordance with paragraph (d) of this section, a report in ?etter form shall be for-
warded to the Commission and the Engineer in Charge of the radio district in
which the station is located, setting forth the nature of the emergency, the dates
and hours of emergency operation, and a brief description of the material carried
during the emergency period. A certification of compliance with the noncommer-
cialization provision of paragraph (d) of this section must accompany the report
where daytime facilities are used during nighttime hours, together with a detailed
showing concerning the alternate service provisions of that paragraph.

() If an Emergency Action Condition is declared while emergency operation
under this section is in progress, the Emergency Action Notification shall take
precedence.

Other Operating Requirements

Sec. 73.111 General requirements relating to logs. (a) The licensee or per-
mittee of each standard broadcast station shall maintain program, operating, and
maintenance logs as set forth in Sections 73.112, 73.113, and 73.114. Each log shall
be kept by the station employee or employees (or contract operator) competent to
do so, having actual knowlecrge of the facts required, who in the case of program
and operating_logs shall sign the appropriate (]‘og when starting duty, and again
when going off duty.

(b) The logs shall be kept in an orderly and legible manner, in suitable form,
and in such detail that the data required for the particular class of station con-
cerned is readily available. Key letters or abbreviations may he used if proper
meaning or explanation is contained elsewhere in the log. Each sheet shall be num-
bered and dated. Time entries shall be made in local time. For the ﬁeriod from the
last Sunday in April until the last Sunday in October of each year, the program and
operating rog entries showing times of sign-on, sign-off, and change in the station’s
mode of operation shall specifically be indicated as advanced or nonadvanced time.

(c¢) No log or preprinted log or schedule which becomes a log, or portion there-
of, shall be erase(f obliterated, or willfully destroyed within the period of retention
provided by the provisions of this part. Any necessary correction shall hbe made
only pursuant to Sections 73.112, 73.113, and 73.114, and only by striking out the
erroneous portion, or by making a corrective explanation on tﬁe ])(,)g or attachment
to it as provided in those sections.

(d) Entries shall be made in the logs as required by Sections 73.112, 73.113,
and 73.114. Additional information such as that needed for billing purposes or for
the cuing of automatic equipment may be entered on the logs. Such a‘;rditional in-
formation, so entered, shall not be subject to the restrictions and limitations in
the Commission’s rules on the making of corrections and changes in logs.

Sec. 73.112  Program log. (a) The following entries shall be made in the
program log:

(1) For each program. (i) An entry identifying the program by name or title.

(ii) An entry of the time each program begins and en(ﬁs. If programs are broad-
cast during which separately identifiable program units of a different type or source
are presented, and if the licensee wishes to count such units separately, the begin-
ning and ending time for the longer program need be entered only once for the
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entire program. The program units which the licensee wishes to count separately
shall then be entered underneath the entry for a longer program, with the begin-
ning and ending time of each such unit, and with the entry indented or otherwise
distinguished so as to make it clear that the program unit referred to was broad-
cast within the longer program.

(iii) An entry classifying each program as to type, using the definitions set
forth in Note 1 at the end of this section.

(iv) An entry classifying each program as to source, using the definitions set
forth in Note 2 at the end of this section. (For network programs, also give name
or initials of network, e.¢g., ABC, CBS, NBC, Mutual.)

(v) An entry for each program presenting a political candidate, showing the
name and political affiliation of such candidate.

(2) For commercial matter. (i) An entry identifying (a) the sponsor(s) of
the program, (b) the person(s) who paid for the announcement, or (c) the per-
son(s) who furnished materials or services referred to in Sec 73.119(d). If the
title of a sponsored program includes the name of the sponsor, e.g., XYZ News, a
separate entry for the sponsor is not required.

(ii) An entry or entries showing the total duration of commercial matter in each
hourly time segment (beginning on the hour) or the duration of each commercial
message (commercial continuity in sponsored programs or commercial announce-
ments) in each hour. See Note 5 at the end of this section for statement as to com-
putation of commercial time.

(iii) An entry showing that the appropriate announcement(s) (sponsorship,
furnishing material or services, etc.) have been made as required by Section 317
of the Communications Act and Sec 73.119. A checkmark () will suffice but
shall be made in such a way as to indicate the matter to which it relates.

(3) For public service announcements. (i) An entry showing that a public
service announcement (PSA) has been broadcast together with the name of the or-
ganization or interest on whose behalf it is made. See Note 4 following this section
for definition of a public service announcement.

(4) For other announcements. (i) An entry of the time that each required
station identification announcement is made (call letters and licensed location;
see Sec. 73.117).

(ii) An entry for each announcement presenting a political candidate showing
the name and political affiliation of such candidate.

(iii) An entry for each announcement made pursuant to the local notice require-
ments of Sections 1.580 (pregrant) and 1.594 (designation for hearing) of this
chapter, showing the time it was broadcast.

(iv) An entry showing that a mechanical reproduction announcement has been
made in accordance with the provisions of Sec. 73.118.

(b) Program log entries may be made either at the time of or prior to broadcast.
A station broadcasting the programs of a national network which will supply it
with all information as to such programs, commercial matter and other announce-
ments for the composite week need not log such data but shall record in its log the
time when it joined the network, the name of each network program broadcast,
the time it leaves the network, and any nonnetwork matter broadcast required to
be logged. The information supplied by the network, for the composite week which
the station will use in its renewal application, shall be retained with the program
logs and associated with the log pages to which it relates.

(c) No provision of this section shall be construed as prohibiting the recording
or other automatic maintenance of data required for program logs. However, where
such automatic logging is used, the licensee must comply with the following re-
quirements:

(1) The licensee, whether employing manual or automatic logging or a com-
bination thereof, must be able accurately to furnish the Commission with all infor-
mation required to be logged;

(2) Each recording, tape, or other means employed shall be accompanied by
a certificate of the operator or other responsible person on duty at the time or other
duly authorized agent of the licensee, to the eftect that it accurately reflects what
was actually broadcast. Any information required to be logged which cannot be
incorporated in the automatic process shall be similarly authenticated;

(3) The licensee shall extract any required information from the recording for
the days specified by the Commission or its duly authorized representative and sub-
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mit it in written log form, together with the underlying recording, tape, or other
means employed.

(d) Program logs shall be changed or corrected only in the manner prescribed
in Sec. 73.111(c) and only in accordance with the following:

(1) Manually kept log. Where, in any program log, or preprinted program log,
or program schedule which upon completion is used as a program log, a correction
is made before the person keeping the log has signed the log upon going off duty,
such correction, no matter by whom made, shall be initialed by the person keeping
the log prior to his signing of the log when going off duty, as attesting to the fact
that the log as corrected is an accurate representation of what was broadcast. If
corrections or additions are made on the log after it has heen so signed, explanation
must be made on the log or on an attachment to it, dated and signed by either the
person who kept the log, the station program director or manager, or an officer of
the licensee.

NoTe 1. Program type definitions. The definitions of the first eight tvpes of programs
(a) through (h) are intended not to overlap each other and will nomally include all the
various programs broadcast. Definitions (i) through (k) are subcategories and the pro-
grams classified thereunder will also be classified under one of the appropriate first eight
tspes. There may be further duplication within types (i) through (k); e. g., a program
presenting a candidate for public office, prepared by an educational institution, would be
classified as Public Affairs (PA), Political (POL), and Educational Institutions (ED).

(a) Agricultural programs (A) include market reports, farming, or other information
specifically addressed, or primarily of interest, to the agricultural population.

(b) Entertainment programs (E) include all programs intended primarily as entertain-
ment, such as music, drama, variety, comedy, quiz, etc.

(¢) News programs (N) include reports dealing with current local, national, and inter-
national events, including weather and stock market reports and when an nitegral part of
a news program, commentary, analysis, and sports news.

(d) Public affairs programs (PA) include talks, commentaries, discussions, speeches,
editorials, political programs, documentaries, forums, panels, roundtables, and similar pro-
grams primarily concerning local, national and international public affairs.

(¢) Religious programs (R) including sermons or devotionals, religious news, and music,
drama, and other types of programs designed primarily for religious purposes.

(f) Instructional programs (1) include programs (other than those classified under
Agricultural, News, Public Affairs, Religious or Sports) involving the discussion of, or
primarily designed to further an appreciation or understanding of, literature, music, fine
arts, history, geography, and the natural and social sciences; and programs devoted to
occupational and vocational instruction, instruction with respect to hobbies, and similar
programs intended primarily to instruct.

(g) Sports programs (S) include play-by-play and pre- or post-game related activities
and separate programs of sports instruction, news or information (e.g., fishing opportunities,
golfing instruction, etc).

(h) Other programs (O) include all programs not falling within definitions (a)
through (g).

(i) Editorials (EDIT) include programs presented for the purpose of stating opinions
of the licensee.

(j) Political programs (POL) include those which present candidates for public office or
which give expressions (other than in station editorials) to views on such candidates or on
issues subject to public ballot.

(k) Educational Institution programs (ED) include any program prepared by, in
behalf of, or in cooperation with, educational institutions, educational organizations, libra-
ries, museums, PTAs, or similar organizations. Sports programs shall not be included.

NoTE 2. Program source definitions.—(a) A local program (L) is any program originated
or produced by the station, or for the production of which the station is primarily respon-
sible, employing live talent more than 50 percent of the time. Such a program, taped or
recorded for later broadcast, shall be classified as local. A local program fed to a network
shall be classified by the originating station as local. All non-network news programs may
be classified as local. Programs primarily featuring records or transcriptions shall be classi-
field as recorded (REC) even though a station announcer appears in connection with
such material. However, identifiable units of such programs which are live and separately
logged as such may be classified as local. (E.g., if during the course of a program featuring
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records or transcriptions a nonnetwork 2-minute news report is given and logged as a
news program, the report may be classified as local.)

(b) A network program (NET) is any program furnished to the station by a network
(national, regional or special). Delayed broadcasts of programs originated by networks are
classified as network.

(¢) A recorded program (REC) is any program not otherwise definded in this Note
including, without limitation, those using recordings, transcriptions or tapes.

Note 3. Definition of commercial matter (CM) includes commercial continuity (net-
work and nonnetwork) and cc cial annot ts (network and nonnetwork) as
follows: (Distinction between continuity and announcements is made only for definition
purposes. There is no need to distinguish between the two types of commercial matters
when logging.)

(a) Commercial continuity (CC) is the advertising message of a program sponsor.

(b) A commercial announcement (CA) is any other advertising message for which a
charge is made, or other consideration is received.

(1) Included are (i) *‘bonus spots”; (ii) trade-out spots, and (iii) promotional an-
nouncements of a future program where consideration is received for such an announce-
ment or where such announcement identifies the sponsor of a future program beyvond
mention of the sponsor’s name as an integral part of the title of the program. (E.g., where
the agreement for the sale of time provides that the sponsor will receive promotional an-
nouncements, or when the promotional announcements contain a statement such as “Listen
tomorrow for the—[name of program]—brought to you by—[sponsor’s name]-.")

(2) Other announcements, including but not limited to the following, are not commer-
cial announcements:

(i) Promotional announcements, except as heretofore defined in paragraph (b).

(ii) Station identification announcements for which no charge is made.

(iii) Mechanical reproductional announcements.

(iv) Public service announcements.

(v} Announcements made pursuant to Sec. 73.119(d) that materials or services have
been furished as an inducement to broadcast a political program or a program involving
the discussion of controversial public issues.

(vi) Announcements made pursuant to the local notice requirements of Sec. 1.580 (pre-
grant) and 1.594 (designation for hearing) of this chapter.

Note 4. Definition of a public service announcement. A public service announcement is
an announcement for which no charge is made and which promotes programs, activities, or
services of Federal, State, or local governments (e.g., recruiting, sales of bonds, etc.) or
the programs, activities or services of nonprofit organizations (e.g., UGF, Red Cross Blood
Donations, etc.). and other announcements regarded as serving community interests, ex-
cluding time signals, routine weather announcements, and promotional announcements.

Note 5. Computation of commercial time. Duration of commercial matter shall be as
close an approximation to the time consumed as possible. The amount of commercial time
scheduled will usually be sufficient. It is not necessary, for example, to correct an entry of
a l-minute commercial to accommodate varying reading speeds even though the actual time
consumed might be a few seconds more or less than the scheduled time. However, it is
incumbent upon the licensee to ensure that the entry represents as close an approximation
of the time actually consumed as possible.

Sec. 73.113  Operating log. (a) The following entries shall be made in the
operating log by the properly licensed operator in actual charge of the transmitting
apparatus only:

(1) An entry of the time the station begins to supply power to the antenna and
the time it stops.

(2) An entry of each interruption of the carrier wave, where restoration is not
automatic, its cause and duration, followed by the signature of the person restoring
operation (if licensed operator other than the licensed operator on duty).

(3) An entry, at the beginning of operation and at intervals not exceeding one-
half hour, of the following (actual readings observed prior to making any adjust-
ments to the equipment) and, when appropriate, an indication of corrections made
to restore parameters to normal operating values:

(i)) Operating constants of last radio stage (total plate voltage and plate cur-
rent).

(ii) Antenna current or common point current (if directional) without niod-
ulation if the meter reading is not agected by modulation.
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(iii) Frequency monitor reading.

(4) An entry each day of the following where applicable:

(i) Antenna base current(s) without modulation, or with modulation if the
meter reading is not affected by modulation, for each mode of operation:

(a) Where remote antenna meters or a remote common point meter are nor-
mally employed but are defective.

(h) Where required by the station license for directional antenna operation.

(ii) Where there is remote control operation of a directional antenna station,
readings for each pattern taken at the transmitter (within 2 hours of commence-
ment of operation with each pattern) of:

(a) Common point current without modulation, or with modulation if the meter
reading is not affected by modulation,

(bh) Base current(s) without modulation, or with modulation, if the meter
reading is not affected by modulation.

(¢) Phase monitor sample loop current(s) without modulation or with modula-
tion if the meter reading is not affected by modulation.

(d) Phase indications.

(5) Any other entries required by the instrument of authorization or the pro-
visions of this part. See particularly, the additional entries required by Sec.
73.51(c) (2) when power is being determined by the indirect method.

(6) The entries required by Sec. 17.49(a), (b), and (c) of this chapter con-
cerning daily observations of tower lights.

(h) Automatic devices accurately calibrated and with appropriate time, date
and circuit functions may be utilized to record the entries in the operating log: Pro-
vided, That:

(1) They do not affect the operation of circuits or accuracy of indicating instru-
ments of the equipment being recorded;

(2) The recorcﬁng devices have an accuracy equivalent to the accuracy of the
indicating instruments;

(3) The calibration is checked against the original indicators at least once a
week and the results noted in the maintenance log;

(4) Provision is made to actuate automatically an aural alarm circuit located
near the operator on duty if any of the automatic log readings are not within the
tolerances or other requirements specified in the rules or instrument of authoriza-
tion;

(5) Unless the alarm circuit operates continuously, devices which record each
parameter in sequence must read each parameter at least once during each 10-min-
ute period and clearly indicate the parameter being recorded;

(6) The automatic logging equipment is located at the remote control point if
the transmitter is remotely controlled, or at the transmitter location if the trans-
mitter is directly controlled;

(7) The automatic logging equipment is located in the near vicinity of the op-
erator on duty and is inspected by him periodically during the broadcast day;

(8) The indicating equipment conforms with the requirements of Sec 73.39
gxcept dthat the scales need not exceed 2 inches in length. Arbitrary scales may not

e used.

(c¢) In preparing the operating log, original data may be recorded in rough form
and later transcribed into the log, but in such a case all portions of the original
memoranda shall be preserved as a part of the complete log.

(d) Operating logs shall be changed or correcteci) only in the manner prescribed
in Sec. 73.111({c) and only in accordance with the following:

(1) Manually kept log. Any necessary corrections in a manually kept operat-
ing log shall be made only by the person making the original entré who shall make
and initial each correction prior to signing the Tog when going off duty in accord-
ance with Sec. 73.111(a). If corrections or additions are made on the log after it
has been so signed, explanation must be made on the log or on an attachment to it,
dated and signed by either the operator who kept the log, the station technical su-
pervisor or an officer of the licensee.

(2) Automatic logging. No automatically kept operating log shall be altered
in any way after entries have been recorded. Any errors or omissions found in an
automatically kept operating log shall be noted and explained in a memorandum
signed by the operator on guty (who, under the provisions of paragraph (b)(7)
of this section, is required to inspect the automatic equipment), or %)y the station
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technical supervisor or an officer of the licensee. Such memorandum shall be affixed
to the original log in question.

Sec. 73.114 Maintenance log. (a) The following entries shall be made in
the maintenance log:

(1) An entry each week of the following were applicable:

(i) A notation indicating the readings of the tower base current ammeter(s)
and the associated remote antenna ammeter(s) (actual readings observed prior to
remote antenna ammeter recalibration) and indicating calibration of the remote
ammeter(s) against the tower base ammeter(s).

(ii) Time and result of test of auxiliary transmitter.

(iii) A notation of all frequency checks and measurements made indepen-
dently of the frequency monitor and of the correlation of these measurements with
frequency monitor indications.

(iv) A notation of the calibration check of automatic recording devices as re-
quired by Sec. 73.113(b)(3).

(2) An entry of the data and time of removal from and restoration to service of
any of the following equipment in the event it becomes defective:

(i) Modulation monitor.

(ii) Frequency monitor,

(iii) Final stage plate voltmeter.

(iv) Final state plate ammeter.

(v) Base current ammeter(s).

(vi) Commmon point ammeter.

(3) The entries required by Sec. 17.49(d) of this chapter concerning quarterly
inspections of the condition of tower lights and associated control equipment and
an entry when towers are cleaned or repainted as required by Sec. 17.50 of this
chapter.

(4) Entries made so as to describe fully any experimental operation pursuant
to Sec. 73.10.

(5) Any other entries required by the current instrument of authorization of
the station and the provisions of this subpart.

(b) Upon completion of the inspection required by Sec. 73.93(e), the inspect-
ing operator shall enter a signed statement that the required inspection has heen
made, noting in detail the tests, adjustments and repairs which were accomplished
in order to insure operation in accordance with the provisions of this subpart and
the current instrument of authorization of the station.

The statement shall also specify the amount of time, exclusive of travel time to
and from the transmitter, which was devoted to such inspection duties. If com-
plete repair could not be effected, the statement shall set forth in detail the items
of equipment concerned, the manner and degree in which they are defective, and
the reason for failure to make satisfactory repairs.

(¢) The inspecting operator shall sign and date the maintenance log at the con-
clusion of each inspection. In preparing the maintenance log, original data may be
recorded in rough form and later transcribed into the log, but in such cases all por-
tions of the original memorandum shall be preserved as a part of the complete log.

(d) Any necessary corrections in the maintenance log shall be made by the in-
specting operator who shall initial and date all changes prior to signing the log.
If corrections or additions are made on the log after it has li)een so signed, explana-
tion must be made the subject of a separate memorandum, dated and signed by the
operator who made the entry in question, or the station’s technical supervisor or
by an officer of the licensee. Such memorandum shall explain fully the circum-
stances surrounding the errors or ambiguities, and shall be affixed to the original
log in question. If written and signed by other than the inspecting operator who
made the entry. the memorandum shall contain a satisfactory explanation of why
such signature is lacking.

Sec. 73.115 Retention of logs. Logs of standard broadcast stations shall be
retained by the licensee or permittee for a period of 2 years: Provided, however,
That logs involving communications incident to a disaster or which include com-
munications incident to or involved in an investigation by the Commission and con-
cerning which the licensee or permitee has been notified, shall be retained by the
licensee or permittee until he is specifically authorized in writing by the Commission
to destroy them: Provided, further, That logs incident to or involved in any claim
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or complaint of which the licensee or permittee has notice shall be retained by the
licensce or permittee until such claim or complaint has been fully satisfied or until
the same has been barred by statute limiting the time for the filing of suits upon
such claims.

Note: Application forms for licenses and other authorizations require that certain oper-
ating and program data be supplied. 1t is suggested that these application forms be kept
in mind in connection with maintenance of station program and operating records.

SEC. 73.116 Acailability of logs and records. The following shall be made
available upon request by an authorized representative of the Commission:

(a) Program, operating and maintenance logs.

(b) Equipment performance measurements required by Sec. 73.47.

(¢) Copy of the most recent antenna resistance or common-point impedance
measurements submitted to the Conmnission.

(d) Copy of the most recent field intensity measurements to establish perform-
ance of directional antennas required by Sec, 73.151.

FM BROADCAST STATIONS

Equipment

Sec. 73.254 Required transmitter performance. (a) The construction, in-
stallation, operation and performance of the broadcast transmitting system shall be
in accordance with Sec. 73.317.

(h) The licensee of each broadcast station shall make equipment performance
measurements at least once each calendar year: Procided, however, That the dates
of completion of successive sets of measurements shall be no more than fourteen
months apart. One set of measurements shall be made during the 4 month period
preceding the filing date of the application for renewal of station license. Equip-
ment performance measurements for auxiliary transmitters are not required. Equip-
ment performance measurements shall be made with equipment adjusted for nor-
mal program operation and shall include all circuits between the main studio mi-
crophone terminals and the antenna circuit, including telephone lines, preemphasis
circuits and any equalizers employed, except for microphones, and without com-
pression if a compression amplifier is installed. The measurement program shall
yield the following information:

(1) Audio frequency response from 50 to 15,000 hertz(Hz) for approximately
25. 50 and 100 percent modulation. Measurements shall be made on at least the
following audio frequencies: 50, 100, 400, 1000, 5000, 10,000 and 15,000 Hz. The
frequency response measurements should normally be made without deemphasis;
however, standard 75 microsecond deemphasis may be employed in the measuring
equipment or system provided the accuracy of the deemphasis circuit is sufficient
to insure that the measured response is within the prescribed limits.

(2) Audio trequency harmonic distortion for 25, 50 and 100 percent modulation
for the fundamental frequencies of 50, 100, 400, 1000, and 5000 Hz. Audio fre-
quency harmonics for 100 percent moduiation for fundamental frequencies of
10,000 and 15.000 [z Measurements shall normally include harmonics to 30,00
Hz. The distortion measurements shall be made employing 75 microsecond deem-
phasis in the measuring equipment or system.

(3) Output noise level (frequency modulation) in the band of 50 to 15,000 Hz
in decibels (dB) below the audio frequency level representing a frequency swing
of 75 kHz. The noise measurements shall be made employing 75 microsecond de-
emphasis in the measuring equipment or system.

(4) Ontput noise level (amplitude modulation) in the band of 50 to 15,000 Hz
in dB below the level representing 100 percent amplitude modulation. The noise
measurements shall be made employing 75 microsecond deemphasis in the mea-
suring equipment or system.

(c§ The data required by paragraph () of this scction together with a de-
scription of instruments and procedure signed by the engineer making the measure-
ments shall be kept on file at the transmitter and retained for a period of two years
and shall be made available during that time upon request to any duly authorized
representative of the Federal Communications Commission.



EXTRACTS FROM PART 73 359

Sec. 73.257 Changes in equipment and antenna system. Licensees of fm
broadcast stations shall observe the following provisions with regard to changes in
equipment and antenna system;

(a) No changes in equipment shall be made:

I( 1) That would result in the emission of signals outside of the authorized chan-
nel.

(2) That would result in the external performance of the transmitter being in
disagreement with that prescribed in Sec. 73.317.

(1) Specific authority, upon filing formal application (FCC Form 301) therefor,
is required for a change in service area or for any of the following changes:

(1) Changes involving an increase or decrease in the power rating of the trans-
mitter,

(2) A replacement of the transmitter as a whole, unless such transmitter is one
which may be installed and utilized in accordance with the provisions of Sec.
73.250(a)(5).

(3) Change in the location of the transmitting antenna.

(4) Change in antenna system, including transmission line.

(5) Change in location of main studio, if it is proposed to move the main studio
to a different city from that specified in the license.

(6) Change in power delivered to the antenna.

(7) Change in ?requency control and/or modulation system.

(8) Change in the authorized transmitter remote control point(s).

(c) Other changes, except as above provided for in this section or in the Techni-
cal Standards of this subpart, may be made at any time without the authority of the
Comnission: Provided, That the Commission shall be promptly notified thereof
and such changes shall be shown in the next application for renewal of license.

Technical Operation and Operators

Sec. 73.261 Time of operation. (a) All fm broadcast stations will be licensed
for unlimited time operation. A minimum of 36 hours per week during the hours
of 6:00 a.m. to midnight, consisting of not less than 5 hours in any one day, except
Sunday, must be devoted to the fm broadcast operation.

(b) In the event that causes beyond a licensee’s control make it impossibte to
adhere to the operating schedule in paragraph (a) of this section or to continue
operating, the station may limit or discontinue operation for a period of not more
than 10 days, without further authority of the Commission. However, the Com-
mission and the Engineer in Charge of the radio district in which the station is
located shal!l be immediately notified in writing if the station is unable to maiatain
the minimum operating schedule and shall he subsequently notified when the sta-
tion resumes regular operation.

Sec. 73.262 Experimental operation. (a) The period between midnight and
6:00 a.m., local standard time, may he used for experimental purposes in testing
and maintaining apparatus by the licensee of any fm broadcast station on it as-
signed frequency and not in excess of its authorized power, withont specific au-
thorization by the Commission.

(b) Fm Broadcast stations may (with prior notification to the Commission and
the Engineer in Charge of the radio district in which the station is located) test,
maintain, and adjust the apparatus at the station during other time periods; and
may (upon informal application) conduct technical experimentation directed tc the
improvement of technical phases of operation during other time periods, anc for
such purposes may utilize a signal other than the standard fm signal, subject tc the
following conditions:

(1) That the licensee complies with the provisions of Sec. 73.261 with regard
to thc minimum number of hours of operation.

(2) That emissions outside the authorized bandwidth shall comply with Sec.
73.317(a) and that no interference is caused to the transmissions of other fm
broadcast stations.

(3) No charges either direct or indirect shall be made by the licensee of an fm
broadcast station for the production or transmission of programs when conducting
technical experimentation.

Sec. 73.263 Station inspection. The licensee of any fm broadcast station _hall
make the station available for inspection by representatives of the Commission at
any reasonable hour.
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Sec. 73.264 Station and operator licenses; posting of. (a) The station li-
cense and any other instrument of station authorization shall be posted in a con-
spicuous place and in such manner that all terms are visible, at the place the li-
censee considers to be the principal control point of the transmitter. At all other
control points listed on the station authorization, a photocopy of the station license
and other instruments of station authorization shall be posted.

(1) The original operator license, or FCC Form 759, of each station operator
shall be posted at the place where he is on duty as an operator.

SEc. 73.265 Operator requirements. {a) One or more radio operators holdin
a valid radiotelephone first-class operator license, except as provided in paragrapﬁ
(1) of this section, shall be in actual charge of the transmitting apparatus and
shall be on duty either at the transmitter location or remote control point. If opera-
tion by remote control has not been authorized, the transmitter shall be readily ac-
cessible and clearly visible to the operator at his normal operating position. If op-
eration by remote control is authorized, the control and monitoring equipment shall
h’?' readily actessible and clearly visible to the operator at his normal operating po-
sition.

(b) In cases where a station is authorized to operate with a transmitter power
output not in excess of 25 kilowatts, the routine operation of the transmitter may
be performed by an operator holding a valid first-class or second-class radiotele-
phone or radiotelegraph operator license or a radiotelephone third-class operator
pennit which has been endorsed for hroadcast station operation. The operator shall
be on duty at the transmitter or authorized remote control point and in actual
charge thereof. Except at times when the operation of the station is under the im-
mediate supervision of an operator holding a valid radiotelephone first-class opera-
tor license, adjustments of the transmitter shall be limited to the following:

(1) Those necessary to turn the transmitter on and off.

(2) Adjustments of external controls as may be necessary to compensate for vol-
tage Huctuations in the power supply.

(3) Adjustments of external controls to maintain modulation of the transmitter
within prescribed limits. It shall be the responsibility of the licensee to insure that
the person who may be required to perform these tasks as well as to perform other
duties (such as reading meters and making log entries), is properly instructed so
as to be capable of performing the duties required of him at times when not under
the immediate supervision of a radiotelephone first-class operator. Where neces-
sary, printed step-by-step instructions shall be posted for those transmitter adjust-
ments which the lesser-grade operator is authorized to make. Should the transmit-
ting apparatus be observed to he operating in any manner inconsistent with this
subpart or the station’s instrument of authorization at any time when an operator
hol(?ing a valid radiotelephone first-class operator license is not immediately avail-
able, and none of the above adjustments is effective in correcting the condition of
improper operation, the emissions of the station shall be immediately terminated.

(c¢) If the routine operation of the transmitting apparatus at a fm Dbroadcast sta-
tion is performed by an operator other than a radiotelephone first-class operator pur-
suant to the provisions of paragraph (b) of this section, the licensee shall either
employ one or more operators holding a valid radiotelephone first-class operator
license as a full-time member of the station staff or, in the alternative, contract in
writing for the service on a part-time basis of one or more such operators. The
radiotelephone first-class operator or operators shall perform transmitter mainte-
nance and shall be promptly available at all times to correct conditions of improper
operation beyond t¥|e scope of authority of the lesser-grade operator on duty. If
such services are on a contract part-time basis, a signed copy of the agreement shall
De kept in the files of the station and at the transmitter or control point and shall
e made available for inspection upon request by any authorized representative of
the Commission. A signed copy of the agreement shall also be forwarded to the
Commission and to the Engineer in Charge of the radio district in which the station
is located within 3 days after the agreement is signed.

(d) The licensed operator on duty and in charge of a fm broadcast transmitter
may at the discretion of the licensee, be employed for other duties or for the opera-
tion of another radio station or stations in accordance with the class of operator’s li-
cense which he holds and the rules and regulations governing such other stations:
Provided, however, That such duties shall in nowise interfere with the proper op-
eration of the fm broadcast transmitter.
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(e) At all fm broadcast stations, a complete inspection of all transmitting equip-
ment in use shall be made by an operator holding a valid radiotelephone fg’rst-class
operator license at least once each day, 5 days each week, with an interval of no
less than 12 hours between successive inspections. This inspection shall include
such tests, adjustments, and repairs as may be necessary to insure operation in con-
formance with the provisions of this subpart and the current instrument of autho-
rization for the station.

Sec. 73.267 Operating power; determination and maintenance of. (a) De-
termination. The operating power of each station shall be determined by either
the direct or indirect method.

(1) Using the direct method, the power shall be measured at the ()urﬁ)ut ter-
minals of the transmitter while operating into a dummy load of substantially zero
reactance and a resistance equal to the transmission line characteristic impedance.
The transmitter shall be unmodulated during this measurement. If electrical de-
vices are used to determine the power output, such devices shall permit determina-
tion of this power to within an accuracy of +5 percent of the power indicated by
the full scale reading of the electrical indicating instrument of the device. If tem-
perature and coolant flow indicating devices are used to determine the power out-
put, such devices shall permit determination of this power to within an accuracy of
4 percent of measured average power output. During this measurement the direct
plate voltage and current of the last radio stage and the transmission line meter
shall be read and compared with similar readings taken with the dummy load re-
placed by the antenna. These readings shall be in substantial agreement.

(2) Using the indirect method, the operating power is the product of the plate
voltage (E,) and the plate current (I,) of the last radio stage, and an efficiency
factor, F, as follows:

Operating power = E, X I, XF

(3) The efficiency factor, F, shall be established by the transmitter manufac-
turer for each type of transmitter for which he submits data to the Commission,
over the entire operating range of powers for which the transmitter is designed,
and shall be shown in the instruction books supplied to the customer with each
transmitter. In the case of composite equipment, the factor F shall be furnished to
the Commission with a statement of the basis used in determining such factor.

(b) Maintenance. (1) The operating power shall be maintained as near as
practicable to the authorized power and shall not be less than 90 percent nor
greater than 105 percent of authorized power except as indicated paragraph (c)
of this section,

(2) When determined by the direct method, the operating power of the trans-
mitter shall be monitored by a transmission line meter which reads proportional to
the voltage, current, or power at the output terminals of the transmitter, the meter
to be calibrated at intervals not exceeding 6 months. The calibration shall cover,
as a minimum, the range from 90 to 105 percent of authorized power and the meter
shall provide clear indications which wiﬁ permit maintaining the operating power
within the prescribed tolerance or the meter shall be calibrated to read directly in
power units.

(¢) Reduced power. In the event it becomes technically impossible to operate
with authorized power, the station may be operated with reduced power for a pe-
riod of 10 days or less without further authority of the Commission: Provided, That
the Commission and the Engineer in Charge of the radio district in which the sta-
tion is located shall be immediately notified in writing if the station is unable to
maintain the minimum operating schedule (specified in Sec. 73.261) with autho-
rized power and shall be subsequently notiﬁeg upon resumption of operation with
authorized power.

Sec. 73.268 Modulation. The percentage of modulation shall be maintained
as high as possible consistent with good quality of transmission and good broad-
cast practice. In no case is it to exceed 100 percent on peaks of frequent recurrence
Generally, it should not be less than 85 percent on peaks of frequent recurrence;
but where necessary to avoid objectionable loudness modulation may be reduced
to whatever level is necessary, even if the resulting modulation is substantially less
than 85 percent on peaks of frequent recurrence.

SEC. 73.269 Frequency tolerance. The center frequency of each fm broadcast
station shall be maintained within 2000 cycles of the assigned center frequency.
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Other Operating Requirements

Sec. 73.293 Subsidiary Communications Authorizations. (a) An fm broad-
cast licensee or permittee may apply for a Subsidiary Communications Authoriza-
tion (SCA) to provide limited types of subsidiary services on a multiplex basis.
Permissible uses must fall within one or hoth of the following categories:

(1) Transmission of programs which are of a broadcast nature, but which are
of interest primarily to limited segments of the public wishing to subscribe thereto.
Ilustrative services include: background music; storecasting; detailed weather
forecasting; special time signals; and other materials of a broadcast nature ex-
pressly designed and intended for business, professional, educational, religious,
trade, labor, agricultural or other groups engaged in any lawful activity.

(2) Transmission of signals which are directly related to the operation of fm
broadcast stations; for example: relaying of broadcast material to other fin and
standard broadcast stations; remote cuing and order circuits; remote control tele-
metering functions associated with authorized STL operation, and similar uses.

(b) Applications for Subsidiary Communications Authorizations shall be sub-
mitted on FCC Form 318. An applicant for SCA shall specify the particular nature
or purpose of the proposed use.

(¢) SCA operations may be conducted without restriction as to time so long as
the main channel is programmed simultaneously.

SEC. 73.295 Operation under Subsidiary Conununications Authorizations.
(a) Operations conducted under a Subsidiary Communications Authorization
(SCA) shall conform to the uses and purposes authorized by the Commission in
granting the SCA application. Prior permission to engage in any new or additional
activity must be obtained from the Commission pursuant to application therefor.

(b) Superaudible and subaudible tones and pulses may, when authorized by
the Commission, be emploved by SCA holders to activate and deactivate sub-
scribers” multiplex receivers. The use of these or any other control techniques to
delete main channel material is specifically forbidden.

(c¢) In all arrangements entered into with outside parties affecting SCA opera-
tion, the licensee or permittee must retain control over all material transmitted over
the station’s facilities, with the right to reject any material which it deems inap-
propriate or undesirable. Subchannel leasing agreements shall be reduced to writ-
ing and filed with the Commission pursuant to Sec. 1.613(d) of this chapter.

(d) The logging, announcement, and other requirements imposed by Sections
73.282, 73.283, 73.284, 73.287, 73.288, and 73.289 are not applicable to material
transmitted on authorized subcarrier frequencies.

(e) To the extent that SCA circuits are used for transmission of program mate-
rial, each licensee or permittee shall maintain a daily program log in which a gen-
eral description of the material transmitted shall be entered once during each
broadcast gay: Provided. however, That in the event of a change in the general
description of the material transmitted, an entry shall be made in the SCA program
log indicating the time of each such change and a description thereof.

(f) Each licensee or permittee shall maintain a daily operating log of SCA op-
eration in which the following entries shall be made (excluding subcarrier interrup-
tions of five minutes or less):

(1) Time subcarrier generator is turned on.

(2) Time modulation is applied to subcarrier.

(3) Time modulation is removed from subcarrier.

(4) Time subcarrier generator is turned off.

(g) Program and operating logs for SCA operation may be kept on special col-
umns provided on the station’s regular program and operating log sheets.

(h) Technical standards governing SCA operation (Sec. 73.319) shall be ob-
served by all fm broadcast stations engaging in such operation.

(i) The subcarrier frequency of each SCA subcarrier shall be checked as often
as necessary to insure that it is kept at all times within 500 hertz of the authorized
frequency. At least one check shall be made each day. The choice of method of
pe:}orming the daily frequency check is left to the discretion of the licensee. How-
ever, whatever metﬁod is used shall be capable of sufficient accuracy to reveal de-
viations of the operating frequency in excess of the 500 hertz tolerance.

Sec. 73.297 Stercophonic broadcasting. (a) Fm broadcast stations may,
without further authority, transmit stereophonic programs in accordance with the
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technical standards set forth in Sec. 73.322: Provided, however, That the Commis-
sion and the Engineer in Charge of the radio district in which the statior is located
shall be notiﬁecf within 10 days of the installation of type-accepted stereophonic
transmission equipment ar any change therein, and of the commencemen: of stereo-
phonic programing.

(b) The pilot subcarrier frequency shall he checked as often as necessary to
insure that it is kept at all tiines within the prescribed tolerance. At least one check
shall be made each day. The choice of method of performing the daily frequency
check is left to the discretion of the licensee. However, whatever method is used
shall be capable of sufficient accuracy to reveal deviations of the pilot subcarrier
frequency in excess of the prescribed 2 hertz tolerance.

FM Technical Standards

Sec. 73.310 Definitions. (a) Frequency modulation. Antenna height above
average terrain. The average of the antenna heights above the terrain from 2
to 10 miles from the antenma for the eight directions spaced evenly for each 45
degrees of azimuth starting with True North. (In general, a different antenna
height will be determined in each direction from the antenna. The average of these
various heights is considered the antenna height above the average terrain. In some
cases less than eight directions may be used. See Sec. 73.313 (d). Where circular
or elliptical polarization is employed, the antenna height above average terrain
shall be based upon the height of the radiation center of the antenna which trans-
mits the horizontal component of radiation.

Antenna power gain. The square of the ratio of the root-mean-square free space
field strength produced at 1 mile in the horizontal plane, in millivolts per meter
for 1 kilowatt antenna input power to 137.6 mv/m. This ratio should be expressed
in decibels (dB). (If specified for a particular direction, antenna power gain is
based on the field strength in that direction only.)

Center frequency. The term “center frequency” means:

(1) The average frequency of the emitted wave when modulated by a sinusoi-
dal signal.

(2) The frequency of the emitted wave without modulation.

Effective radiated power. The term “effective radiated power” means the pro-
duct of the antenna power (transmitter output power less transmission line loss)
times (1) the antenna power gain, or (2) the antenna field gain squared. Where
circular or elliptical polarization is employed, the term effective radiated power is
applied separately to the horizontal and vertical components of radiation. For al-
location purposes, the eflective radiated power authorized is the horizontally po-
larized component of radiation only.

Fm broadcast band. The band of frequencies extending from 88 to 108 mega-
hertz, which includes those assigned to noncommercial educational broadcasting.

Fm broadcast channel. A band of frequencies 200 kHz wide and designated by
its center frequency. Channels for fin broadcast stations begin at 88.1 MHz and
continue in successive steps of 200 kHz to and including 107.9 MHz.

Fm broadcast station. A station employing frequency modulation in the fm
broadcast band and licensed primarily for the transmission of radiotelephone emis-
sions intended to be received by the general public.

Field strength. The electric field strength in the horizontal plane.

Free space field strength. The field strength that would exist at a point in the
absence of waves reflected from the earth or other reflecting objects.

Frequency modulation. A system of modulation where the instantaneous radio
frequency varies in proportion to the instantaneous amplitude of the modulating
signal (amplitude of modulating signal to be measured after pre-emphas:s, if used)
and the instantaneous radio frequency is independent of the frequency of the mod-
ulating signal.

Frequency swing. The instantaneous departure of the frequency of the emitted
wave from the center frequency resulting from modulation.

Multiplex transmission. The terin “multiplex transmission” means the simulta-
neous transmission of two or more signals within a single channel. Multiplex trans-
mission as applied to fm broadcast stations means the transmission of facsimile or
other signals in addition to the regular broadcast signals.
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Percentage modulation. The ratio of the actual frequency swing to the frequenc
swing defined as 100 percent modulation, expressed in percentage. For fm (i)roa -
cast stations, a frequency swing of =75 kHz is defined as 100 percent modulation.

(1) Stereophonic broadcasting.

Crosstalk. An undesired signal occurring in one channel caused by an electrical
signal in another channel.

Fm stereophonic broadcast. The transmission of a stereophonic program by a
sin‘gle fm Dbroadcast station utilizing the main channel and a stereophonic subchan-
nel.

Left (or right) signal. The electrical output of a microphone or combination of
microphones placed so as to convey the intensity, time, an(Flocation of sounds orig-
inating predominately to the listener’s left (or right) of the center of the perform-
ing arca.

Left (or right) stereophonic channel. The left (or right) signal as electrically
reproduced in reception of fm stereophonic broadcasts.

Main channel. The band of frequencies from 50 to 15,000 Hz which frequency-
modulate the main carrier.

Pilot subcarrier. A subcarrier serving as a control signal for use in the reception
of fm stereophonic broadcasts.

Stereophonic separation. The ratio of the electrical signal caused in the right
(or left) stereophonic channel to the electrical signal caused in the left (or right)
stereophonic channel by the transmission of only a right (or left) signal.

Stereophonic subcarrier. A subcarrier having a frequency which is the second
harmonic of the pilot subcarrier frequency and which is employed in fm stereo-
phonic broadcasting.

Stereophonic subchannel. The band of frequencies from 23 to 53 kHz containing
the stereophonic subcarrier and its associated sidebands.

(c) Facsimile.

Acailable line. The portion of the total length of scanning line that can be used
specifically for picture signals.

Index of cooperation. The product of the number of lines per inch, the avail-
gl/)l7e Ii3§4|§ength in inches, andpthe reciprocal of the line-use ratio (e.g., 105x8.2%

Line-use ratio. The ratio of the available line to the total length of scanning line.

Optical density. The logarithm (to the base 10) of the ratio of incident to trans-
mitted or reflected light.

Rectilinear scanning. The process of scanning an area in a predetermined se-
quence of narrow straight parallel strips.

Sec. 73.319 Subsidiary communications multiplex operations: engineering
standards. (a) Frequency modulation of SCA subcarriers shall be used.

(1) The instantaneous frequency of SCA subcarriers shall at all times be within
the range 20 to 75 kHz: Provided, however, That when the station is engaged in
stereophonic broadcasting pursuant to Sec. 73.297, the instantaneous frequency of
SCA subcarriers shall at all times be within the range 53 to 75 kHz.

(c¢) The arithmetic sum of the modulation of the main carrier by SCA subcar-
riers shall not exceed 30 percent: Provided, however, That when the station is
engaged in stereophonic broadcasting pursuant to Sec. 73.297, the arithmetic sum
of the modulation of the main carrier by the SCA subcarriers shall not exceed 10
percent.

(d) The total modulation of the main carrier, including SCA subcarriers, shall
meet the requirements of Sec. 73.268.

(e) Frequency modulation of the main carrier caused by the SCA subcarrier
operation shall, in the frequency range 50 to 15,000 Hz, be at least 60 dB below
100 percent modulation: Provided, however, That when the station is engaged in
stereophonic broadcasting pursuant to Sec. 73.297, frequency modulation of the
main carrier by the SCA subcarrier operation shall, in the frequency range 50 to
53,000 Hz, be at least 60 dB below 100 percent modulation.

SEC. 73.322 Stereophonic transmission standards. (a) The modulating signal
for the main channel shall consist of the sum of the left and right signals.

(b) A pilot subcarrier at 19,000 Hz plus or minus 2 Hz shall be transmitted that
shall frequency modulate the main carrier between the limits of 8 and 10 percent.
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(¢) The stereophonic subcarrier shall be the second harmonic of the pilot sub-
carrier and shall cross the time axis with a positive slope simultaneously with each
crossing of the time axis by the pilot subcarrier.

(d) Amplitude modulation of the stereophonic subcarrier shall be used.

(e) The stereophonic subcarrier shall be suppressed to a level less than one per-
cent modulation of the main carrier.

(f) The stereophonic subcarrier shall be capable of accepting audio frequencies
from 50 to 15,000 Hz.

(g) The modulating signal for the stereophonic subcarrier shall be equal to the
difference of the left and right signals.

(h) The pre-emphasis cﬁaracteristics of the stereophonic subchannel shall be
identical witE those of the main channel with respect to phase and amplitude at all
frequencies.

(i) The sum of the side bands resulting from amplitude modulation of the
stereophonic subcarrier shall not cause a peak deviation of the main carrier in ex-
cess of 45 percent of total modulating (excluding SCA subcarriers) when only a
left (or right) signal exists; simultaneously in the main channel, the deviation
when only a left (or right) signal exists shall not exceed 45 percent of total mod-
ulation (excluding SCA subcarriers).

(i) Total modulation of the main carrier including pilot subcarrier and SCA
subscribers shall meet the requirements of Sec. 73.268 with maximum modulation
of the main carrier by all SCA subcarriers limited to 10 percent.

(k) At the instant when only a positive left signal is applied, the main channel
modulation shall cause an upward deviation of the main carrier frequency; and the
stereophonic subcarrier and its sidebands signal shall cross the time axis simulta-
neously and in the same direction.

(1) The ratio of peak main channel deviation to peak stereophonic subchannel
deviation when only a steady state left (or right) signal exists shall be within lus
or minus 3.5 percent of unity for all levels of this signal and all frequencies from
50 to 15,000 Hz.

(m) The phase difference between the zero points of the main channel signal
and the stereophonic subcarrier sidebands envelope, when only a steady state left
(or right) signal exists, shall not exceed plus or minus 3 degrees for audio mod-
ulating frequencies from 50 to 15,000 Hz.

N°95: If the stercophonic separation between left and right stereophonic channels is
better than 29.7 decibels at audio modulating frequencies between 50 and 15000 Hz, it
will be assumed that paragraphs (1) and (m) of this section have been complied with.

{(n) Crosstalk into the main channel caused by a signal in the stere(g)honic sub-
channel shall be attenuated at least 40 decibels below 90 percent modulation.

(o) Crosstalk into the stereophonic subchannel caused by a signal in the main
channel shall be attenuated at least 40 decibels below 90 percent modulation.

(p) For required transmitter performance, all of the requirements of Sec.
73.254 shall apply with the exception that the maximum mo ulation to be em-
ployed if 90 percent (excluding pilot subcarrier) rather than 100 percent.

(q) For electrical performance standards of the transmitter and associated
equipment, the requirements of Sec. 73:317(a) (2), (3), (4), and (5) shall apply
to the main channel and stereophonic subchannel alike, except that where 100
percent modulation is referred to, this figure shall include the pilot subcarrier.

TELEVISION BROADCAST STATIONS

General Operating Requirements

SEC. 73.651 Time of operation. All television broadcast stations will be li-
censed for unlimited time operation. Each such station shall mainta:n a_regular
program operating schedule as follows: Not less than 2 hours daily in any 5 broad-
cast days per week and not less than a total of 12 hours per week durin the first
18 months of the station’s operation; not less than 2 hours daily in any 5 broadcast
days per week and not less than a total of 16 hours, 20 hours and 24 hours per week
for each successive 6-month period of operation, respectively; and not less than 2
hours in each of the 7 days of the week and not less than a total of 28 hours per
week thereafter.
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(2) “Operation” includes the period during which a station is operated pursuant
to temporary authorization or during program tests, as well as during the license
period. Time devoted to test patterns, or to aural presentations accompanied by the
incidental use of fixed visual images which have no substantial relationship to the
subject matter of such aural presentations, shall not be considered in computing
periods of program service.

(3) In the event that causes heyond a licensee’s control make it impossible to
adhere to the operating schedule in’subparagraph (1) of this paragraph or to con-
tinie operating, the station may limit or discontinue operation for a period of not
more than 10 days without further authority of the Commission. However, the
Commission and ti;e Engineer in Charge of the radio district in which the station is
located shall be immediately notified in writing if the station is unable to maintain
the minimum operating schedule and shall be subsequently notified when the station
resumes regular operation.

(b) Noncommercial educational television broadcast stations are not required
to operate on a regular schedule and no minimum number of hours of operation
is specified; but the hours of actual operation during a license period shall be taken
into consideration in considering the renewal of noncommercial educational tele-
vision broadcast licenses.

(c)(1) The aural transmitter of a television station shall not be operated sepa-
rately from the visual transmitter except for the following purposes:

(i) For actual tests of station equipment or actual experimentation in accord-
ance with Sec. 73.666; and

(ii) For emergency “fills” in case of visual equipment failure or unscheduled
and unavoidable delays in presenting visual programs. In such situations the aural
transmitter may be used to advise the audience of difficulties and to transmit for
a short period program material of such nature that the audience will be enabled
to remain tuned to the station; for example, music or news accompanying a test
pattern or other visual presentation.

(2) During periods of transmission of a test pattern on the visual transmitter of
a television station, aural transmission shall consist only of a single tone or series
of variable tones. During periods when still pictures or slides are employed to pro-
duce visual transmissions which are accompanied by aural transmissions, the aural
and visual transmissions shall be integral parts of a program or announcement and
shall have a substantial relationship to each other: Provided, That nothing herein
shall preclude the transmission of a test pattern, still pictures or slides for the fol-
lowing purposes and periods:

(i) To accompany aural announcements of the station’s program schedule and
aural news broadcasts or news commentaries, for a total period not to exceed one
hour in any broadcast day.

(ii) To accompany aural transmissions for a period of time not to exceed fifteen
minutes immediately prior to the commencement of a programming schedule.

Sec. 73.661 Operator requirements. One or more operators holding a valid
radiotelephone first-class operator license shall be on duty at the place where the
transmitting apparatus is located or at a remote control point established pursuant
to the provisions of Sec. 73.677, and in actual charge thereof whenever the trans-
mitter is delivering power to the transmitting antenna. The original license (or
FCC Form 759) of each station operator shalf be posted at the place where he is
on duty. The licensed operator on duty and in charge of the television broadcast
transmitter may, at the discretion of the licensee, be employed for other duties or for
the operation of another station or stations in accordance with the class of license
which he holds and the rules and regulations governing such other stations. How-
ever, such other duties shall in nowise impair or impeﬁe the required supervision
of the television broadcast transmitter. If operation by remote control has not been
authorized, the transmitter shall be readily accessible and clearly visible to the op-
erator at his normal operating position. If operation by remote control is autho-
rized, the control and monitoring equipment shall be readily accessible and clearly
visible to the operator at his normal operating position.

Skc. 73.668 Frequency tolerance. (a) The carrier frequency of the visual
transmitter shall be maintained within 1000 hertz (Hz) of the authorized carrier
frequency.

(b) Tge center frequency of the aural transmitter shall be maintained 4.5 mega-
hertz (MHz), 1000 Hz, above the visual carrier frequency.
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Sec. 73.671 Operating log. (a) The following entries shall be made in the
operating log by the properly licensed operator in actual charge of the transmitting
apparatus only.

(1) An entry of the time the station begins to supply power to the antenna and
the time it stops.

(2) An entry of each interruption of the carrier wave, where restoration is not
automatic, its cause and duration followed by the signature of the person restoring
operation (if licensed operator other than the licensed operator on duty).

(3) An entry, at the beginning of operation and at intervals not exceeding one-
half hour, of the following (actual readings observed prior to making any adust-
ments to the equipment) and, when appropriate, an indication of corrections made
to restore parameters to normal operating values:

(i) Operating constants of last radio stage of aural transmitter (total plate vol-
tage and plate current).

(ii) Transmission line meter readings for both transmitters.

(4) Any other entries required by the instrument of authorization or the provi-
sions of this part.

(5) The entries required by Sec. 17.49 (a), (b), and (c) of this chapter zon-
cerning daily observations of tower lights.

(b) Automatic devices accurately calibrated and with appropriate time, Jate
and circuit functions may be utilized to record the entries in the operating log:
Provided, That:

(1) They do not affect the operation of circuits or accuracy of indicating instru-
ments of the equipment being recorded;

(2) The recording devices have an accuracy equivalent to the accuracy of the
indicating instruments;

(3) The calibration is checked against the original indicators at least once a
week and the results noted in the maintenance log;

(4) Provision is made to actuate automatically an aural alarm circuit located
near the operator on duty if any of the automatic log readings are not within the
tolerances or other requirements specified in the rules or instrument of authoriza-
tion;

(5)Unless the alarm circuit operates continuously, devices which record each
parameter in sequence must read each parameter at least once during each 10-min-
ute period and clearly indicate the parameter being recorded;

(6) The automatic logging equipment is located in the near vicinity of the op-
erator on duty and is inspected by him periodically during the broadcast day;

(7) The indicating equipment conforms to the requirements of Sec. 73.68¢ ex-
lcept tl:iat the scales nee(i not exceed 2 inches in length. Arbitrary scales may not
be used.

(c) In preparing the operating log, original data may be recorded in rough ‘orm
and later transcribed into the log, but in such a case all portions of the original
memoranda shall be preserved as a part of the complete log.

(d) Operating logs shall be changed or corrected only in the manner prescribed
in Sec. 73.669(c) and only in accordance with the following:

(1) Manually kept log. Any necessary corrections in a manually kept operat-
ing log shall be made only by the person making the original entry who shall make
and initial each correction prior to signing the fog when going off duty in accord-
ance with Sec. 73.669(a). If corrections or additions are made in the operating log
after it has been so signed, explanation must be made on the log or on an attach-
ment to it, dated and signed by either the person who kept the log or the station
technical supervisor or an officer of the licensee.

(2) Automatic logging. No automatically kept operating log shall be altered
in any way after entries have been recorded. Any errors or omissions found in an
automatically kept operating log shall be noted and explained in a memorandum
si‘gzned by the operator on duty (who, under the provisions of paragraph (b (7)
of this section, is required to inspect the automatic equipment) or, by the station
technical supervisor or an officer of the licensee. Such memorandum shall be affixed
to the original log in question.

Sec. 73.672 Maintenance log. (a) The following entries shall be made in
the maintenance log:

(1) An entry each week of the time and result of test of auxiliary transmi:ters.
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(2) A notation each week of the calibration check of automatic recording de-
vices as required by Sec. 73.671(b)(3).

An entry describing the method used and the results obtained in deter-
mining the operating frequency of the transmitter:

(i) Whenever the frequency check required by Sec. 73.690(a) is made.

((;i) Whenever the frequency measurement required by Sec. 73690(c¢) is made.
made,.

(4)An en!'r?' of the date and time of removal from and restoration to service of
any of the following equipment in the event it becomes defective:

(i) Visual modulation monitoring equipment or aural modulation monitor.

(ii) Final stage plate voltmeters of aural and visual transmitters.

(iii) Final stage plate ammeters of aural and visual transmitters.

(iv) Visual and aural transmitter transmission line radio frequency voltage, cur-
rent, or power meter.

(5) The entries required by Sec. 17.49(d) of this chapter concerning quarterly
inspections of the condition of tower lights and associated control equipment and
ar}ll entry when towers are cleaned or repainted as required by Sec. 17.50 of this
chapter.

(6) Entries shall be made so as to describe fully any operation for testing and
maintenance purposes.

7) Whenever the calibration of the output power meter is made as required by
Sec. 73.689(b)(1) and (2) with a brief description of the method and results.

(8) Any other entries required by the instrument of authorization or the provi-
sions of this part.

(b) The inspecting operator shall sign and date the maintenance log at the con-
clusion of each inspection. In preparing the maintenance log, original data may be
recorded in rough form and later transcribed into the log, but in such cases all por-
tions of the original memorandum shall be preserved as a part of the complete log.

(c) Any necessary corrections in the maintenance log shall be made only by the
inspecting operator who shall initial and date all changes prior to signing the log.
If corrections or additions are made on the maintenance log after the log has been
so signed, explanation must be made the subject of a separate memorandum, dated
and signed by the operator who made the entry in question or the station technical
supervisor or by an officer of the licensee. Such memorandum shall explain fully
the circumstances surrounding the errors or ambiguities, and shall be affixed to the
original log in question, If written and signed by other than the inspecting operator
who made the entry the memorandum shall contain a satisfactory explanation of
why such signature is lacking.

Sec. 73.676 Remote control operation. (a) Television broadcast stations
operating on Channels 14-83 may be authorized to operate by remote control upon
a satisfactory showing as to the manner of compliance with the following require-
ments:

(1) Suitable control circuits shall be installed to:

(i) Turn the transmitter on and off at will.

(ii) Determine the power output of the visual and aural final radio frequency
amplifiers or the power delivered to the antenna.

(iii) Adjust the power output of the final radio frequency amplifier to compen-
sate for variations in line voltage.

(iv) Make such adjustments as may be necessary to insure that the characteris-
tics of the transmitted signal comply in all respects with the technical requirements
of the rules.

(2) The control point shall be equipped with apparatus suitable for observin
the waveform and other pertinent characteristics of the transmitted visual signa
and the percent of modulation of the transmitted aural signal.

(3) The control circuits from the control point to the transmitter shall be so de-
sigined and installed that open circuits, short circuits, accidental grounding, or
other line faults will not activate the transmitting apparatus and any fault which
results in loss of control of the transmitting apparatus will automatically remove
power from the transmitting antenna.

(4) The transmitting equipment and control equipment shall be adequately pro-
tected against tampering or activation by unauthorized persons.

(b) Where a transmitter is operated by remote control the transmitting appa-
ratus and associated controls shall be checked as often as is necessary to insure
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proper operation and confirm the accuracy of the transmitter data sent to the con-
trol point over the control circuits and in all cases at least once each week untl
it can be demonstrated to the Commission that checks at less frequent intervals
are satisfactory.

TV Technical Standards

Sec. 73.681 Defnitions.

Amplitude modulation (a-m). A system of modulation in which the envelope
of the transmitted wave contains a component similar to the wave form of the sig-
nal to be transmitted. '

Antenna electrical beam tilt. The shaping of the radiation pattern in the verti-
cal plane of a transmnitting antenna by electrical means so that maximum radiation
occurs at an angle below the horizontal plane.

Antenna height above average terrain. The average of the antenna heights
above the terrain from two to ten miles from the antenna for the eight directions
spaced evenly for each 45 degrees of azimuth starting with True North. (In gen-
eral, a different antenna height will be determined in each direction from the an-
tenna. The average of these various heights is considered the antenna height above
the average terrain. In some cases less than 8 directions may be used. See Sec.
73.684(d).)

Antenna mechanical beam tilt. The intentional installation of a transmitting an-
tenna so that its axis is not vertical, in order to change the normal angle of maxi-
mum radiation in the vertical plane.

Antenna power gain. The square of the ratio of the root-mean-square free space
field intensity produced at one mile in the horizontal plane, in millivolts per meter
for one kilowatt antenna input power to 137.6 mv/m. This ratio should be ex-
pressed in decibels (dB). (If specified for a particular direction, antenna power
gain is based on the field strength in that direction only.)

Aspect ratio. The ratio of picture width to picture height as transmitted.
iﬁural transmitter. The radio equipment for the transmission of the aural signal
only,

Aural center frequency. (1) The average frequency of the emitted wave when
modulated by a sinusoidal signal; (2) the frequency of the emitted wave without
modulation.

Blanking level. The level of the signal during the blanking interval, except the
interval during the scanning synchronizing pulse and the chrominance subcarrier
synchronizing burst.

Chrominance. The colorimetric difference between any color and a reference
color of equal luminance, the reference color having a specific chromaticity.

Chrominance subcarrier. The carrier which is modulated by the chrominance
information.

Color transmission. The transmission of color television signals which can be re-
produced with different values of hue, saturation, and luminance.

Effective radiated power, The product of the antenna input power and the an-

tenna power gain. This product should be expressed in kilowatts and in decibels
above 1 kilowatt (dBk). (If specified for a particular direction, effective radiated
?ower is based on the antenna power gain in that direction only. The licensed ef-
ective radiated power is based on the average antenna power gain for each hori-
zontal plane direction. When a station is authorized to use a directional antenna
or an antenna heam tilt, the direction and amount of maximum effective radiated
power will also be specified.)

Field. Scanning tlsrough the picture area once in the chosen scanning pattern.
In the line interlaced scanning pattern of two to one, the scanning of the alternate
lines of the picture area once.

Frame. Scanning all of the picture area once. In the line interlaced scanning pat-
tern of two to one, a frame consists of two fields.

Free space field intensity. The field intensity that would exist at a point in the
absence of waves reflected from the earth or other reflecting objects.

Frez‘(uency modulation (fm). A system of modulation where the instantaneous
radio frequency varies in proportion to the instantaneous amplitude of the modu-
lating signal (amplitude otp modulating signal to be measured after pre-empbhasis, if
used) and the instantaneous radio frequency is independent of the frequency of the
modulating signal.
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Interlaced scanning. A scanning process in which successively scanned lines are
spaced an integral number of line widths, and in which the adjacent lines are
scanned during successive cycles of the field frequency.

Luminance. Luminous flux emitted, reflected, or transmitted per unit solid angle
per unit projected area of the source.

Monochrome transmission. The transmission of television signals which can be
reproduced in gradations of a single color only.

Negative transmission. Where a decrease in initial light intensity causes an in-
crease in the transmitted power.

Peak power. The power over a radio frequency cycle corresponding in ampli-
tude to synchronizing peaks.

Percentage modulation. For the aural transmitter of television broadcast stations,
a frequency swing of +25 kHz is defined as 100 percent modulation.

Polarization. The direction of the electric field as radiated from the transmitting
antenna.

Reference black level. The level corresponding to the specified maximum excur-
sion of the luminance signal in the black direction.

Reference white level of the luminance signal. The level corresponding to the
specified maximum excursion of the luminance signal in the white direction.

Scanning. The process of analyzing successively, according to a predetermined
method, the light values of picture elements constituting the total picture area.

Scanning line. A single continuous narrow strip of the picture area containing
highlights, shadows, and half-tones, determined by the process of scanning.

Standard television signal. A signal which conforms to the television transmis-
sion standards.

Television broadcast band. The frequencies in the band extending from 54 to
890 MHz which are assignable to television broadcast stations. These frequencies
are 54 to 72 MHz (channels 2 through 4), 76 to 88 MHz ( channels 5 and 6), 174
;5‘235‘216 MHz (channels 7 through 13), and 470 to 890 MHz (channels 14 through

Television broadcast station. A station in the television broadcast band transmit-
tin r] simultaneous visual and aural signals intended to be received by the general
public.

Television channel. A band of frequencies 6 MHz wide in the television broad-
cast band and designated either by number or by the extreme lower and upper fre-
quencies.

Television transmission standards. The standards which determine the charac-
teristics of a television signal as radiated by a television broadcast station.

Television transmitter. The radio transmitter or transmitters for the transmis-
sion of both visual and aural signals.

Vestigial sideband transmission. A system of transmission wherein one of the
generated sidebands is partially attenuated at the transmitter and radiated only in
part.

Visual carrier frequency. The frequency of the carrier which is modulated by the
picture information.

Visual transmitter. The radio equipment for the transmission of the visual signal
only.

\)’,i.s-ual transmitter power. The peak power output when transmitting a standard
television signal.

Sec. 73.682 Transmission standards and changes. (a) Transmission stan-
dards. (1) The width of the television broadcast channel shall be 6 MHz.

(2) The visual carrier frequency shall be nominally 1.25 MHz above the lower
boundary of the channel.

; (3) The aural center frequency shall be 4.5 MHz higher than the visual carrier
requency.

((1 4) The visual transmission amplitude characteristic shall be in accordance with
the chart designated as Figure 5 of Sec 73.699: Provided, however, That for sta-
tions operating on Channel 15-83 and employing a transmitter with maximum peak
visual power output of 1 kilowatt or less the visual transmission amplitude char-
acteristic may be in accordance with the chart designated as Figure 5A of Sec.
73.699.

(5) The chrominance subcarrier frequency shall be 3,579545 MHz +10 Hz
with a maximum rate of change not to exceed one-tenth hertz per second.
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(6) For monochrome and color transmissions the number of scanning lines per
frame shall be 525, interlaced two to one in successive fields. The horizontal scan-
ning frequency shall be %:; times the chrominance subcarrier frequency; this
corresponds nominally to 15,750 Hz (with an actual value of 15,734.264 + 0.044
Hz). The vertical scanning frequency is .5 times the horizontal scanning fre-
quency; this corresponds nominally to 60 Hz (the actual value is 59.94 Hz). For
monochrome transmissions only, ti;e nominal values of line and field frequencies
may be used.

(7) The aspect ratio of the transmitted television picture shall be 4 units hori-
zontally to 3 units vertically.

(8) During active scanning intervals, the scene shall be scanned from left to
right horizontally and from top to bottom vertically, at uniform velocities.

(9) A carrier shall be modulated within a single television channel for both
picture and synchronizing signals. For monochrome transmission, the two signals
comprise different modulation ranges in amplitude, in accordance with the charts
designated as Figures 5 and 7 of Sec. 73.699 for stations operating on Channels
2—14 or Figures 5A and 7 for stations operating on Channels 15—83 and employ-
ing a transmitter with maximum peak visual power output of 1 kilowatt or less.
For color transmission, the two signals comprise different modulation ranges in
amplitude except where the chrominance penetrates the picture region, in accord-
ance with the charts designated as Figures 5 and 6 of Sec. 73.699 for stations oper-
ating on Channels 2-14 or Figures 5A and 6 for stations operating on Channels
15—-83 and employing a transmitter with maximum peak visual power output of
1 kilowatt or less.

(10) A decrease in initial light intensity shall cause an increase in radiated
power (negative transmission).

(11) The reference black level shall be represented by a definite carrier level,
independent of light and shade in the picture.

(12) The blanking level shall be transmitted at 75 * 2.5 percent of the peak
carrier level.

(13) The reference white level of the luminance signal shall be 12.5+2.5 per-
cent of the peak carrier level.

(14) The signals radiated shall have horizontal polarization.

(15) The effective radiated power of the aural transmitter shall not be less than

10 percent nor more than 20 percent of the peak radiated power of the visual trans-
mitter.

NoTe: Existing licensees presently authorized an aural effective radiated power greater
than 20 percent of the peak visual effective radiated power may continue to so operate
until March 1, 1966.

(16) The peak-to-peak variation of transmitter outFut within one frame of video
signal due to all causes, including hum, noise, and low-frequency response, mea-
sured at both scanning synchronizing peak and blanking level, shall not exceed 5
percent of the average scanning synchronizing peak signal amplitude. This provi-
sion is subject to change but is considered thegi)est practice under the present state
of the art. It will not iz)e enforced pending a further determination thereof.

(17) The reference black level shall be separated from the blankin{; level by the
setur interval, which shall be 7.5+2.5 percent of the video range from blanking
level to the reference white level.

(18) For monochrome transmission, the transmitter output shall vary in sub-
stantially inverse logarithmic relation to the brightness of the subject. No tolerances
are set at this time. This provision is subject to change but is considered the best
practice under the present state of the art. It will not be enforced pending a further

etertnination thereof.

(19) The color picture signal shall correspond to a luminance component trans-
mitted as amplitude modulation of the picture carrier and a simultaneous pair or
chrominance components transmitted as the amplitude modulation sidebands of a
pair of suppresse(P subcarriers in quadrature.

(20) Equation of complete color signal.

(i) The color picture signal has the tollowing composition:
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Ex = Ey’ + [Eq'sin (0t + 33°) + Er’ cos (wt + 33°)]
where,
Eq' is the 0.41(Es’ — Ev’) + 0.48(Er’ — Ev’).
Er is the —0.27(Ep’' — Ey’) + 0.74&15}2' —Ey’).
Ey’ is the 0.30Er’ 4+ 0.59E¢’ + 0.11Ex’.
For color-difference frequencies below 500 kHz (see (iii) below), the signal can be rep-
resented by:

Exy = Ey’' + {ﬁ[llw (En' — Ey') sinwt + (Er’ — E¥’) cos wt]}

(ii) The symbols in subdivision (i) of this subparagraph have the following
significance:

Ey is the total video voltage, corresponding to the scanning of a particular picture ele-
ment, applied to the modulator of the picture transmitter.

Ey’ is the gamma-corrected voltage of the monochrome ( black-and-white) portion of
the color picture signal, corresponding to the given picture element.

Note: Forming of the high frequency portion of the monochrome signal in a different
manner is permissible and may in fact be desirable in order to improve the sharpness on
saturated colors,

E¢' and E!’ are the amplitudes of two orthogonal components of the chrominance signal
corresponding respectively to narrow-band and wide-band axes.

Er’, E¢’, and Es’ are the gamma-corrected voltages corresponding to red, green, and
blue signals during the scanning of the given picture element.

w is the angular frequency and is 27 times the frequency of the chrominance subcarrier.

The portion of each expression between brackets in (i) represents the chrominance
subcarrier signal which carries the chrominance information.

The phase reference in the Ew equation in (i) is the phase of the burst +180°, as
shown in Figure 8 of Sec. 73.699. The burst corresponds to amplitude modulation of a
continuous sine wave.

(iii} The equivalent bandwidth assigned prior to modulation to the color dif-
ference signals E¢’ and E!’ are as follows:

Q-channel bandwidth:
At 400 kHz less than 2dB down.
At 500 kHz less than 6 dB down.
At 600 kHz at least 6 dB down.
I-channel bandwidth:
At 1.3 MHz less than 2 dB down.
At 3.6 MHz at least 20 dB down,

(iv) The gamma corrected voltages Ex’, E¢’, and Ey’ are suitable for a color pic-
ture tube having primary colors with the following chromaticities in the CIE sys-
tem of specification:

X Y
Red (R) oottt e it et e 0.67 0.33
Green (G) oottt e e e e 0.21 0.71
Blue (B) ittt e 0.14 0.08

and having a transfer gradient (gamma exponent) of 2.2 associated with each pri-
mary color. The voltages Ev', E¢’, and Ex’ may be respectively of the form Egr"7,
E«"7,, and Eu"" although other forms may be used with advances in the state of art.

NOTE: At the present state of the art it is considered inadvisable to set a tolerance on
the value of gamma and correspondingly this portion of the specification will not be en-
forced.

(v) The radiated chrominance subcarrier shall vanish on the reference white of
the scene.
Note: The numerical values of the signal specification assume that this condition will
be reproduced as CIE Illuminant C (x=0.310, y = 0.3186).

(vi) Ey', E¢, E, and the components of these signals shall match each other in
time to 0.05 usecs.
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(vii) The angle of the subcarrier measured with respect to the burst phase,
when reproducing saturated primaries and their complements at 75 percent of full
amplitude, shall be within =10° and their amplitudes shall be within =20 percent
of the values specified above. The ratios of the measured amplitudes of the subcar-
rier to the luminance signal for the same saturated primaries and their coniple-
ments shall fall between the limits of 0.8 and 1.2 of the values specified for cheir
reli]tios. Close tolerances may prove to be practicable and desirable with advances in
the art.

(21) The interval beginning with the last 12 microseconds of line 17 and con-
tinuing through line 20 of the vertical blanking interval of each field may be used
for the transmission of test signals subject to the conditions set forth below. Test
signals may be used to supply reference modulation levels so that varia-
tions in light intensity of the scene viewed by the camera will Dbe faithfully trans-
mitted; signals designed to check the performance of the overall transmission sys-
tem or its individual components; and cue and control signals related to the opera-
tion of the television broadcast station. Figures 6 and 7 of Sec. 73.699 identify the
numbered lines referred to in this subparagraph.

(i) Modulation of the television transmitter by such test signals shall be con-
fined to the area between the reference white level and the blanking level except
where such test signals are composed of chrominance subcarrier frequencies, in
which case their negative excursions may extend into the synchronizing peak am-
{;]itude. In no case may the modulation excursions producet{ by test signags extend
)eyond peak-of-sync-level.

(ii) The use of test signals shall not result in significant degradation of the pro-
gram transmissions of the television broadcast station nor create emission compo-
nents in excess of those permitted for normal program transmissions.

(iii} Test signals may not be transmitted during that portion of each line de-
voted to horizontal blanking.

(iv) A guard interval of no less than one-half line shall be maintained at all
}imes between the last test signal and the beginning of the first picture scanning
me.

22) The intervals within the first and last 10 microseconds of lines 21 through

23 and 260 through 262 (on a “field” basis) may contain coded patterns for the
purpose of electronic identification of television hroadcast programs and spot an-
nouncements. No single transmission of such coded patterns shall exceed one sec-
cond in duration. The transmission of these patterns shall not result in significant
degradation of broadcast transmission.

(b) Changes in transmission standards. The Commission will consider the cues-
tion whether a proposed change or modification of transmission standards adopted
for television wou](rbe in the public interest, convenience and necessity, upon peti-
tion being filed by the person proposing such change or modification, setting rorth
the following:

(1) The exact character of the change or modification proposed;

(2) The effect of the proposed change or modification upon all other transmis-
sion standards that have been adopted by the Commission for televisior broadcast
stations;

(3) The experimentation and field tests that have been made to show that the
ropﬁsed change or modification accomplishes an improvement and is technically
easible;

(4) The effect of the proposed change or modification in the adoptec standards

upon operation and obsolescence of receivers;

(5) The change in equipment required in existing television broadcast stations
for incorporating the proposed change or modification in the adopted standards;

(6) The facts and reasons upon which the petitioner bases his conclusion that
the proposed change or modification would be in the public interest, ccnvenience,

and necessity.

(c¢) Subscription television technical systems. The Commission may specify de-
viation from the transmission standards set forth in paragraph (a) of this section
to the extent it deems necessary to permit proper operation of an approved sub-
scription television technical system. Any decision to specify such deviation shall
be solely at the discretion of the Commission.

Sec. 73.687 Transmitters and associated equipment. (a) Visual transmutter.
(1) For monochrome transmission only, the overall attenuation characteristics of
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the transmitter, measured in the antenna transmission line after the vestigial side-
band filter (if used), shall not be greater than the following amounts below the
ideal demodulated curve. (See Figure 11 of Sec. 73.699.)

2 dB at 0.5MHz

2 dB at 1.25 MHz
3 dB at 2.0 MHz
6 dB at 3.0 MHz
12 dB at 3.5 MHz

‘The curve shall be substantially smooth between these specified points, exclusive
of the region from 0.75 to 1.25 MHz., Output measurement shall be made with the
transmitter operating into a dummy load of pure resistance and the demodulated
voltage measured across this load. The ideal demodulated curve is that shown in
Figure 11 of Sec. 73.699. Stations operating on Channels 15-83 and employing a
transmitter delivering maximum peak visual power output of 1 kilowatt or less will
not be required to comply with the provisions of this subparagraph.

(2) For color transmission, the standard given by subparagraph (1) of this par-
agraph applies except as modified by the following: A sine wave of 3.58 MHz in-
troduced at those terminals of the transmitter which are normally fed the com-
posite color picture signal, shall produce a radiated signal having an amplitude (as
measured with a diode on the rf transmission line supplying power to the an-
tenna) which is down 6 =2 dB with respect to a signal produced by a sine wave of
200 kHz, In addition, between the modulating frequencies of 2.1 and 4.1 MHz the
amplitude of the radiated signal shall not vary by more than =2 dB from its value
at 3.58 MHz. At the modulating frequency of 4.18 MHz, the amplitude of the radi-
ated signal shall not be down more than 4 dB below its value of 3.58 MHz. Stations
operating on Channels 15—83 and employing a transmitter delivering maximum
peak visual power output of 1 kilowatt or f;ss are not required to comply with the
provisions oF this subparagraph.

(3) The field strength or voltage of the lower sideband, as radiated or dissi-
gated and measured as described in subparagraph (4) of this paragraph, shall not

e greater than —20 dB for a modulating frequency of 1.25 MHz or greater and
in addition, for color, shall not be greater than —42 dB for a modulating frequency
of 3.579545 MHz (the color subcarrier frequency). For both monochrome and
color, the field strength or voltage of the upper sideband as radiated or dissipated
and measured as described in subparagraph (4) of this paragraph, shall not be
greater than —20 dB for a modulating frequency of 4.75 MHz or greater. For sta-
tions operating on Channels 15—83 and employing a transmitter delivering maxi-
mum peak visual power output of 1 kilowatt or less, the field strength or voltage
of the upper and lower sidebands, as radiated or dissipated and measured as de-
scribed in subparagraph (4) of this paragraph, shall depart from the visual am-
plitude characteristic (Figure 5A of Sec. 73.699) by no more than the following
amounts:

—2 dB at 0.5 MHz below visual carrier frequency;

—2 dB at 0.5 MHz above visual carrier frequency;

—2 dB at 1.25 MHz above visual carrier frequency;

—3 dB at 2.0 MHz above visual carrier frequency;

—6 dB at 3.0 MHz above visual carrier frequency;

—12 dB at 3.5 MHz above visual carrier frequency;

—8 dB at 3.58 MHz above visual carrier frequency (for color transmission only).

The field strength or voltage of the upper and lower sidebands, as radiated or dis-
sipated and measured as described in subparagraph (4) of this paragraph, shall
not exceed a level of —20 dB for a modulating frequency of 4.75 MHz or greater.
If interference to the reception of other stations is caused by out-of-channel lower
sideband emission, the technical requirements applicable to stations operating on
Channels 2—13 shall be met.

(4) The attenuation characteristics of a visual transmitter shall be measured by
application of a modulating signal to the transmitter input terminals in place of the
normal composite television video signal. The signal applied shall be a composite
signal composed of synchronizing signal to establish peak output voltage plus a
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variable frequency sine wave voltage occupying the interval between synchroniz-
ing pulses. (The “synchronizing signal” re erreﬁ to in this section means either a
standard synchronizing wave form or any pulse that will properly set the peak.)
The axis of the sine wave in the composite signal observecFin the output monitor
shall be maintained at an amplitude 0.5 of the voltage at synchronizing peaks. The
amplitude of the sine wave input shall be held at a constant value. This constant
value should be such that at no modulating frequency does the maximum excursion
of the sine wave, observed in the composite output signal monitor, exceed the value
0.75 of peak output voltage. The amplitude of the 200 klHz sideband shall be mea-
sured and designated zero dB as a basis for comparison. The modulation signal
frequency shall then be varied over the desired range and the field strength or
signal voltage of the corresponding sidebands measured. As an alternate method
of measuring, in those cases in which the automatic dc insertion can be replaced
by manual control, the above characteristic may be taken by the use of a video
sweep generator and without the use of pedestal synchronizing pulses. The dc level
shall be set for midcharacteristic operation.

(5) A sine wave, introduced at those terminals of the transmitter which are nor-
mally fed the composite color picture signal, shall produce a radiated signal having
an envelope delay, relative to the average envelope delay between 0.05 and 0.20
MHz, of zero microseconds up to a frequency of 3.0 MHz; and then linearly de-
creasing to 4.18 MHz so as toﬁ))e equal to —0.17 usecs at 3.58 MHz. The tolerance
on the envelope delay shall be +0.05 usecs at 3.58 MHz. The tolerance shall in-
crease linearly to =0.1 usec down to 2.1 MHz, and remain at +0.1 usec down to
0.2 MHz. (Tolerances for the interval of 0.0 to 0.2 MHz are not specified at the
present time.) The tolerance shall also increase linearly to +0.1 usec at 4.18 MUz,

(6) The radio frequency signal, as radiated, shall have an envelope as would
be produced by a modulating signal in conformity with Sec. 73.682 and Figure 6
or 7 of Sec. 73.699, as modified by vestigial sideband operation specified in Figure
5 of Sec. 73.699. For stations operating on Channels 15—83 the radio ‘requency
signal as radiated, shall have an envelope as would be produced by a modulating
signal in conformity with Sec. 73.682 and Figures 6 or 7 of Sec. 73.699.

(7) The time interval between the leading edges of successive horizontal pulses
shall vary less than one-half of one percent of the average interval. However, for
color transmissions, Sec. 73.682(a) (5) and (6) shall be controlling.

(8) The rate of change of the frequency of recurrence of the leading edges of
the horizontal synchronizing signals shall be not greater than 0.15 percen: per sec-
ond, the frequency to be determined by an averaging process carried out over a
period of not less than 20, nor more than 100 lines, such lines not to include any
portion of the blanking interval. However, for color transmissions, Sections 73.682
(a) (5) and (6) shall be controlling.

(9) For color transmission the transfer characteristic (that is, the reiationship
between the transmitter rf output and video signal input) shall be substantially
linear between the reference black and reference white levels.

(b) Aural transmitter. (1) The transmitter shall operate satisfactorily with a
frequency swing of 25 kHz, which is considered 100 percent modulation. It is rec-
ommended, however, that the transmitter be designed to operate satisfactorily with
a frequency swing of at least =40 kHz.

(2) The transmitting system (from input terminals of microphone pre-amplifier,
through audio facilities at the studio, through telephone lines or other circuits be-
tween studio and transmitter, through audio facilities at the transmitter, and
through the transmitter, but excluding equalizers for the correction of deficiencies
in microphone response) shall be capable of transmitting a band of frequencies
from 50 to 15,000 Hz. Pre-emphasis shall be employed in accordance with the
impedance-frequency characteristic of a series inductance-resistance network hav-
ing a time constant of 75 microseconds. (See Figure 12 of Sec. 73.699.) The devia-
tion of the system response from the standard pre-emphasis curve shall lie hetween
two limits as shown lr))y Figure 12 of Sec. 73.699. The upper of these limits shall
be uniform (no deviation) from 50 to 15,000 Hz. The lower limit shall be uniform
from 100 to 7500 Hz, and three dB below the upper limit; from 100 to 50 Hz the
lower limit shall fall from three dB limit at a uniform rate of one dB per octave
(4 dB at 50 Hz); from 7500 to 15,000 Hz the lower limit shall fall from three dB
limit at a uniform rate of two dB per octave (5 dB at 15,000 Hz).
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(3) At any modulating frequency between 50 and 15,000 Hz and at modula-
tion percentages of 25 percent, 50 percent, and 100 percent, the combined audio
frequency harmonics measured in the output of the system shall not exceed the
root-mean-square values given in the following table:

Distortion
Modulation frequency ( percent)
50 to 100 Hz .. ... . e s 3.5
100 to 7500 Hz ... .. .. . 285
7500 to 15,000 Hz .. ... .. ... it 3.0

(ii)Measurement shall be made employing 75 microsecond de-emphasis in the
measuring equipment and 75 microsecond pre-emphasis in the transmitting equip-
ment, and without compression if a compression amplifier is employed. Harmonics

shall be included to 30 kHz.

Note: Measurements of distortion using de-emphasis in the measuring equipment are
not practical at the present time for the range 7500 to 15,000 Hz for 25 and 50 percent
modulation. Therefore, measurements should be made at 100 percent modulation and on
at least the following modulating frequencies: 50, 100, 400, 1000, 5000, 10,000, and
15,000 Hz. At 25 and 50 percent modulation, measurements should be made on at least
the following modulating frequencies: 50, 100, 400, 1000 and 5000 liz.

(ii) It is recommended that none of the three main divisions of the system
(transmitter, studio to transmitter circuit, and audio facilities) contribute over one-
half of these percentages, since at some frequencies the total distortion may bhe-
come the arithmetic sum of the distortions og the divisions.

(4) The transmitting system output noise level (frequency modulation) in the
band of 50 to 15,000 Hz shall be at least 55 dB below the audio frequency level
representing a frequency swing of +25 kHz.

Note: For the purpose of these measurements, the visual transmitter should be inopera-
tive since the exact amount of noise permissible from that source is not known at this time.

(5) The transmitting system output noise level (amplitude modulation) in the
band of 50 to 15,000 Hz shall be at least 50 dB below the level representing 100
percent amplitude modulation.

Note: For the purpose of these measurements, the visual transmitter should be inopera-
tive since the exact amount of noise permissible from that source is not known at this time.

(6) If a limiting or compression amplifier is employed, precaution should be
maintained in its connection in the circuit due to the use of pre-emphasis in the
transmitting system.

(7) The percentage of modulation shall be maintained as high as possible con-
sistent with good quality of transmission and good broadcast practice. In no case
is it to exceeg 100 percent on peaks of frequent recurrence. Generally, it should not
be less than 85 percent on peaks of frequent recurrence; but where necessary to
avoid objectionable loudness modulation may be reduced to whatever level is nec-
essary, even if the resulting modulation is substantially less than 85 percent on
peaks of frequent recurrence.

(¢) Requirements applicable to both visual and aural transmitters. (1) Auto-
matic means shall be provided in the visual transmitter to maintain the carrier fre-
quency within +one ﬁi]ohertz of the authorized frequency; automatic means shall
be provided in the aural transmitter maintain the carrier frequency 4.5 MHz above
the actual visual carrier frequency within +one kilohertz.

(2) The transmitters shall be equipped with suitable indicating instruments for
the determination of operating power and with other instruments necessary for
proper adjustment, operation, and maintenance of the equipment.

(3) Adequate provision shall be made for varying the output power of the trans-
mitters to compensate for excessive variations in line voltage or for other factors
affecting the output power.

(4) Adequate provisions shall be provided in all component parts to avoid over-
heating at the rated maximum output powers.
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(d) Construction. In gencral, the transmitters shall be mounted either on racks
and panels or in totally enclosed frames protected as required by the provisions
of the National Electrical Code concerning transmitting equipment at radio and
television stations, and as set forth below:

(1) Means shall be provided for making all tuning adjustments, requiring volt-
ages in excess of 350 volts to be applied to the circuit, from the front of the panels
with all access doors closed.

(2) Proper bleeder resistors or other automatic means shall be installed across
all the capacitor banks to lower any voltage which may remain accessible with ac-
cess dgor open to less than 350 volts within two seconds after the access door is
opened.

(3) All plate supply and other high voltage equipment, including transformers,
filters, rectifiers an(f)motor generators, shall be protected so as to prevent injury to
operating personnel.

(i) Commutator guards shall be provided on all high voltage rotating machin-
ery. Coupling guards should be provided on motor generators.

(ii) Power equipment and control panels of the transmitters shall meet the
above requirements (exposed 220-volt ac switching equipment on the front of the
power control panels is not recommended but is not prohibited).

(iii) Power equipment located at a television broadcast station not directly as-
sociated with the transmitters (not purchased as part of same), such as power di-
tribution panels, are not subject to the provisions of this subpart.

(4) The following provisions shall be applicable to metering equipment:

(i) All instruments having more than 1000 volts potential to ground on the
movement shall be protected by a cage or cover in addition to the regular case.
(Some instruments are designed by the manufacturers to operate safely with volt-
ages in excess of 1000 volts on the movement. If it can be shown by the manutac-
turer’s rating that the instrument will operate safely at the applied potential, addi-
tional protection is not necessary.)

(ii) In case the plate voltmeters are located on the low potential side of the
multiplier resistors with the high potential terminal of the instruments at or tess
than 1000 volts above ground, no protective case is required. However, it is good
practice to protect voltmeters subject to more than 5000 volts with suitable over-
voltage protective devices across the instrument terminals in case the winding
opens.

(iii) Transmission line meters and any other radio frequency instrument which
may be necessary for the operator to read shall be so installed as to be read easily
and accurately without the operator having to risk contact with circuits carrying
high potential radio frequency energy.

(e) Wiring and shielding. (1) The transmitter panels or units shall be wirec in
accordance with standard practice, such as insulated leads properly cabled and
supported, coaxial cables, or rigid bus bar properly insu]atedpand protected.

(2) Wiring between units of the transmitters, with the exception of circuits
carrying radio frequency energy or video energy, shall be installed in conduits or
approved fiber or metal raceways to protect it from mechanical injury.

(3) Circuits carrying radio frequency or video energy between units shall be
coaxial cables, two wire balanced lines, or properly shielded lines.

(4) All stages or units shall be adequately shielded and filtered to prevent inter-
action and radiation.

(5) The frequency and modulation monitors and associated radio frequency
lines to the transmitter shall be thoroughly shielded.

(f) Auxiliary transmitters. Auxiliary transmitters may not exceed the power rat-
ing of the main transmitters. As a general guide, specifications for auxiliary trans-
mitters should conform as much as possible to those of the main transmitters. No
requirements are set forth at this time.

(%g) Installation. (1) The installation of transmitting equipment shall he made
in suitable quarters.

(2) Suitable facilities shall be provided for the welfare and comfort of the op-
erator.

(h) Other technical data. An accurate circuit diagram, as furnished by the man-
ufacturer of the equipment, shall be retained at the transmitter location.

(i) Operation, (1) Spurious emissions, including radio frequency harmonics, shall
be maintained at as low a level as the state of the art permits. As measured at the
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output terminals of the transmitter (including harmonic filters, if required) all
emissions removed in frequency in excess of 3 MHz above or below the respec-
tive channel edge shall be attenuated no less than 60 dB below the visual trans-
mitted power. (The 60 dB value for television transmitters specified in this rule
should be considered as a temporary requirement which may be increased at a
later date, especially when more higher-powered equipment is utilized. Stations
should, therefore, give consideration to the installation of equipment with greater
attenuation than 60 dB). In the event of interference caused to any service, greater
attenuation will be required.

(2) If a limiting or compression amplifier is used in conjunction with the aural
transmitter, due operating precautions sEouId be maintained because of pre-empha-
sis in the transmitting system.

(j) Studio equipment. Studio equipment shall be subject to all the above re-
quirements where applicable, except as follows:

(1) If properly covered by an underwriter’s certificate, it will be considered as
satisfying safety requirements,

(2) The pertinent provisions of the National Electrical Code concerning trans-
mitting equipment at radio and television stations shall apply for voltages only
when in excess of 500 volts.

(3) No specific requirements are made relative to the design and acoustical
treatment of studios. However, the design of studios, particularly the main studio,
shall be compatible with the required performance characteristics of television
broadcast stations.

(k) Subscription television technical systems. The Commission may specify de-
viation from the transmitter and associated equipment requirements set forth in
this section to the extent it deems necessary to permit proper operation of an ap-
proved subscription television technical system. Any decision to specify such de-
viation shall be solely at the discretion of the Commission.

SEc. 73.689 Operating power. (a) Determination—(1) Visual transmitter.
The operating power of the visual transmitter shall be deteninined at the output
terminals of the transmitter, which includes any vestigial sideband and harmonic
filters which may be used during normal operation. For this determination the aver-
age power output shall be measured while operating into a dummy load of substan-
tially zero reactance and a resistance equaF to the transmission Yine characteristic
impedance. During this measurement the transmitter shall he modulated only by
a standard synchronizing signal with blanking level set at 75 percent of peak am-
plitude as observed in an output monitor, and with this blanking level amplitude
maintained throughout the time interval between synchronizing pulses. If electrical
devices are used to determine the output power, such devices shall permit deter-
mination of this power to within an accuracy of 5 percent of the power indicated
by the full scale reading of the electrical indicating instrument o? the device. If
temperature and coolant flow indicating devices are used to determine the power
output, such devices shall permit determination of this power to within an accu-
racy of 4 percent of measured average power output. The peak power output shall
be the power so measured in the dummy load multiplied by the factor 1.68. During
this measurement the direct plate voltage and current of the last radio stage an
the transniission line meter shall be read and compared with similar readings taken
with the dummy load replaced by the antenna. Tgese readings shall be in substan-
tizl agreement.

(2) Aural transmitter. The operating power of the aural transmitter shall be
determined by either the direct or indirect method.

(i) Using the direct method, the power shall be measured at the output termi-
nals of the transmitter while operating into a dummy load of substantially zero
reactance and a resistance equal to the transmission line characteristic impedance.
The transmitter shall be unmodulated during this measurement. If electrical de-
vices are used to determine the output power, such devices shall permit determina-
tion of this power to within an accuracy of +5 percent of the power indicated by
the full scale reading of the electrical indicating instrument of the device. If tem-
perature and coolant flow indicating devices are used to determine the power out-
put, such devices shall permit determination of this power to within an accuracy
of 4 percent of measured average power output. During this measurement the di-
rect plate voltage and current of the last radio stage and the transmission line me-
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ter shall be read and compared with similar readings taken with the dummy load
replaced by the antenna. These readings shall be in substantial agreement.

(ii) Using the indirect method, the operating power is the product of the plate
voltage (E,) and the plate current (I,) of the radio stage, and an efficiency fac-
tor, F, as follows:

Operating power=E, x1,XF

(iii) The efficiency factor, F, shall originally be established by the transmitter
manufacturer for each type of transmitter for which he submits data to the Com-
mission, and shall be shown in the instruction books supplied to the customer with
each transmitter. In the case of composite cquipment, the factor F shall be fur-
nished to the Commission by the applicant along with a statement of the basis
used in determining such factor.

(b) Maintenance—(1) Visual transmitter. The operating power shall be main-
tained as near as is practicable to the authorized power and shall not be less than
80 percent nor more than 110 percent of the authorized power at any time, except
as provided in subparagraph (3) of this paragraph. The peak power sha!l be nion-
itored at the output terminals of the transmitter with a peak reading meter whose
indications are proportional to peak voltage, current or power. The range and elec-
trical accuracy of tie meter and the physical characteristics of the meter scale shall
be adequate to permit a determination that the power output does not exceed the
prescribed tolerance. The meter shall be calibrated with the transmitter operating
at 80, 100, and 110 percent of the authorized power as often as may be necessary
to insure compliance with the requirements of this paragraph and in any event at
intervals of no more than 6 months. In cases where the transmitter is incapable of
operating at 110 percent of the authorized power output, the calibraticn may be
made at a power output hetween 100 and 110 percent of the authorized power out-
put. However, where this is done, the output meter shall be marked at the point of
calibration of maximum power output, and the station will be deemed to be in vi-
olation of this rule if that power is exceeded. If any component in the power mea-
suring circuit is replaced, the meter shall be recalir)rated upon completion of such
repairs. The upper and lower limits of permissible power deviation as determined
by the prescribed calibration, shall be shown upon the meter either by means of
adjustable red markers incorporated in the meter or by red marks placed upon the
meter scale or glass face. These markings shall be checked and changed, if neces-
sary, each time the meter is calibrated.

(2) Aural transmitter. (i) The operating power shall be maintained as near as
practicable to the authorized power and shall not be less than 80 percent nor
greater than 110 percent of authorized power except as indicated in subparagraph
(3) of this paragraph.

(ii) When determined by the direct method, the operating power of the trans-
mitter shall be monitored at the output terminals of the transmitter with a trans-
mission line meter whose indications are proportional to voltage, current, or power.
The range and electrical accuracy of the meter and the physical characteristics of
the meter scale shall be adequate to permit a determination that the power output
does not exceed the prescribed tolerance. The meter shall be calibrated with the
transmitter operating at 80, 100, and 110 percent of the authorized power as often
as may be necessary to insure compliance with the requirements of this paragraph
and in all cases at intervals of no more than 6 months. In cases where the trans-
mitter is incapable of operating at 110 percent of the authorized power output,
the calibration may be made at a power output between 100 and 110 jercent of
the authorized power output. However, where this is done, the output meter shall
he marked at tﬁe point of calibration of maximum power output, and the station
will be deemed to be in violation of this rule if that power is exceeded. If any com-
ponent in the power measuring circuit is replaced, the meter shall be recalibrated
upon completion of such repairs. The upper and lower limits of permissible power
deviation as determined by the prescribed calibration, shall be shown upon the
meter either by means of adjustable red markers incorporated in the meter or by
red marks placed upon the meter scale or glass face. These markings shall be
checked ang changed, if necessary, each time the meter is calibrated,

(3) Reduced power. In the event it becomes technically impossible =0 operate
with the authorized power, the station may be operated with reduced power for a
period of 10 days or less without further authority of the Commission: Provided,
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That the Commission and the Engineer in Charge of the radio district in which the
station is located shall be immediately notified in writing if the station is unable to
maintain the minimum operating schedule (specified in Sec. 73.651) with autho-
rized power and shall be subsequently notified upon resumption of operation with
authorized power.

(¢) Subscription television technical systems. The Commission may specify de-
viation from the power determination and maintenance methods set forth in this
section to the extent it deems necessary to permit proper operation of an approved
subscription television technical system. Any decision to specify such deviation
shall be solely at the discretion of the Commission.

SEc. 73.699 Engineering Charts. (See pages 382 through 392.)

EMERGENCY ACTION NOTIFICATION SYSTEM
AND THE EMERGENCY BROADCAST SYSTEM

Scope and Objectives

SeEc. 73.901 Scope of subpart. This subpart provides for an Emergency
Action Notification System for all licensees and regulated services of the Federal
Communications Commission and the general public, and for an Emergency Broau
cast System (EBS). This subpart applies to all broadcast stations governed by
this part within any State, the District of Columbia, the Commonwealth of Puerto
Rico, and the possessions of the United States, but not those stations located in
the Canal Zone.

SECc. 73.902 Objectives of subpart. The objectives of this subpart are to pro-
vide an expeditious means for the dissemination of an Emergency Action Notifica-
tion (with or without an Attack Warning) to licensees and regulated services of
the Federal Communications Commission and to the general public during con-
ditions of a grave national crisis or war and to provide for an Emergency Broadcast
System (EBS), which would be activated upon release of an Emergency Action
Notification by direction of the President of the United States. The Emergency
Broadcast System provides for controlled operation of broadcast stations subject to
this part, on a voluntary organized basis, to provide the President and the Federal
Government, as well as State and local governments, with an expeditious means
of communicating with the general public during an Emergency Action Condition.

SEC. 73.906 Attention Signal. The signaling arrangement whereby standard,
fm, and television broadcast stations can actuate muted receivers for the receipt of
emergency cuing announcements and broadcasts, is as follows:

(a)) Cut the transmitter carrier for 5 seconds. (Sound carrier only for TV sta-
tions.

(b) Return carrier to the air for 5 seconds.

(c¢) Cut transmitter carrier for 5 seconds. (Sound carrier only for TV stations.)

éd) Return carrier to the air.

e) Broadcast 1000 Hz steady-state tone for 15 seconds.

NoTE: Steps (a) through (e) above, constitute the present Attention Signal. Revision of
the Attention Signal is under study by a Special National Industry Advisory Committee
Working Group.

Sec. 73.907 Emergency Action Notification. The Emergency Action Notifica-
tion is the notice (with or without an Attack Warning) to all licensees and regu-
lated services of the Federal Communications Commission and to the general pub-
lic of the existence of an Emergency Action Condition. The Emergency Action No-
tification is released upon direction of the President of the United States and is dis-
seminated only via the Emergency Action Notification System.

Sec. 73.908 Emergency Action Condition. The Emergency Action Condition
is the period of time between the transmission of an Emergency Action Notifica-
tion and the transmission of the Emergency Action Condition Termination.

SEc. 73.909 Emergency Action Condition Termination. The Emergency Ac-
tion Condition Termination is the notice to all licensees and regulated services of
the Federal Communications Commission and to the general public of the termi-
nation of an Emergency Action Condition. The Emergency Action Condition
Termination is released upon direction of the President of the United States and is
disseminated only via the Emergency Action Notification System.
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Sec. 73.910 Emergency Broadcast System (EBS). The Emergency Broadcast
System (EBS) is a system of facilities and personnel of nongovernment broadcast
stations and other authorized facilities licensed or regulated by the Federal Com-
munications Commission, including approved and authorized integral facilities or
systems, arrangements, procedures, and interconnecting facilities, which have been
authorized by the Commission to operate in a controlled manner during a grave
national crisis or war.

Sec. 73911 Basic Emergency Broadcast System (EBS) Plan. The Basic
Emergency Broadcast System (EBS) Plan is a plan containing, among other
things, approved basic concepts and designated national-level systems, arrange-
ments, Frocedures, and interconnecting facilities to satisfy the White House State-
ment of Requirements for Presidential Messages and National Programing and
News. Provision is made therein for the development, designation, and approva
of facilities, mutually compatible operational arrangements, procedures, and inter-
connecting facilities to satisfy the Department of Defense (Office of Civil Defense)
statement of requirements for the dissemination of emergency information and in-
structions by Regional, State, and Operational Area (Local) authorities in addi-
tilon to Presidential Messages and National Programing and News, as set forth
above.

SECc. 73.913 National Defense Emergency Authorization (NDEA). A Na-
tional Defense Emergency Authorization (NDEA) is an authorization issued by
the Federal Communications Commission only to the licensees of broadcast sta-
tions subject to the provisions of this part to permit controlled operation of such
stations, as well as associated auxiliary broadcast stations subject to Part 74 of this
chapter, on a voluntary organized basis during an Emergency Action Condition,
consistent with the provisions of this subpart and the Basic Emergency Broadcast
System (EBS) Plan, including the annexes and supplements to that plan. A broad-
cast station licensee will be issued a National Defense Emergency Autﬂorization only
in accordance with the Criteria for Eligibility set forth in the Basic Emergency
Broadcast System (EBS) Plan, which will remain valid concurrently with the term
of the broadcast station license, so long as the station licensee continues to comply
with the Criteria for Eligibility.

Emergency Actions

Sec. 73.931 Notification of Emergency Action Condition. (a) Authority for
release of the Emergency Action Notification rests solely with the President of the
United States. This authority has not been delegated, except as set forth in para-
graph (b) of this section.

) Under the President’s responsibility to activate the Emergency Broadcast
System (EBS), he has directed that in the event an enemy attack has been de-
tected, the White House Communications Agency shall be authorized to activate
the Emergency Broadcast SKstem (EBS) and the Office of Civil Defense shall be

authorized to follow with the dissemination of appropriate warning messages.
(g~ Ey")
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(c) The Emergency Action Notification will be released by direction of the
President and will be disseminated only via the Four Methods of the Emergzency
Action Notification System in one of the following two forms:

(1) The Emergency Action Notification only without Attack Warning Message.

(2) The Emergency Action Notification with Attack Warning Message.

Sec. 73.932 Emergency Action Notification Procedures. All broadcast sta-
tions are to be furnished complete instructions on color coded cards (yellow, white,
red, b]ue‘i. Each card specifies the procedure to be followed (texts of these cards
are included in Annex V of the EBS Plan). Immediately upon receipt of an Emer-
gency Action Notification (yellow card), all standard, commercial fm, and non-
commercial educational fny broadcast stations with a transmitter output of over 10
watts, and television broadcast stations, including all such stations operating under
equipment or program test authority, will proceed as set forth in paragraph (a) or
(1)2 of this section, as applicable:

a) Receipt of the Emergency Action Notification without Attack Warning:

(1) Discontinue normal program and follow the detailed transmission proce-
dures set forth on the White Card entitled “Broadcast Message” EAN-1. This
White Card has been furnished to all licensed broadcast stations for posting 1n all
studios and broadcast operating positions.

(2) Upon completion of these detailed transmission procedures, all licensed
broadcast stations which do not hold a National Defense Emergency Authorization
(NDEA) shall discontinue operation for the duration of the Emergency Action
Condition.

(b) Receipt of the Emergency Action Notification with Attack Warning:

(1) Discontinue normal program and follow the detailed transmission proce-
dures set forth on the Red Card entitled “Broadcast Message” EAN-2. This Red
Card has been furnished to all licensed broadcast stations for posting in all studios
and broadcast operating positions.

(2) Upon completion of these detailed transmission procedures, all licensed
broadcast stations which do not hold a National Defense Emergency Authoriza-
tion (NDEA ) shall discontinue operation for the duration of the Emergency Action
Condition.

(c¢) A station which normally broadcasts a substantial part of its programing in
a language other than English may broadcast the requireg announcements as well
as EBS programing, in such foreign language sequentially with the broadcast in
English, provided such station has heen authorized to do so as part of an approved
Detailed State Emergency Broadcast System (EBS) Operational Plan.
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(d) Noncommercial educational fm broadcast stations with a transmitter power
output of 10 watts or less will, upon receipt of an Emergency Action Notification,
interrupt the program in progress and broadcast the appropriate Emergency Ac-
tion Notification Message as provided in paragraph (a) oF this section, but without
the transmission of the Attention Signal. Such stations will then discontinue opera-
tion and maintain radio silence in accordance with the Basic Emergency Broadcast
System (EBS) Plan.

(e) International broadcast stations will cease broadcasting immediately upon
receipt of an Emergency Action Notification and will maintain radio silence in ac-
cordance with the basic Emergency Broadcast System (EBS) Plan.

Sec.. 73.933 Radio Monitoring Requirement. (a) In order to ensue the ef-
fectiveness of the Third Method of the Emergency Action Noti‘ication System, all
broadcast station licensees must install and operate during their hours of broadcast
operation equipment capable of receiving Emergency Action Notifications or Ter-
minations transmitted by other radio broadcast stations. This equipment must be
maintained in operative condition, including arrangements for human listening
watch or automatic alarm devices, and shall have its termination at each transmitter
control point. However, where more than one broadcast transmitter is controlled
from a common point by the same operator, only one set of equipment is required
at that point.

(b) The off-the-air monitoring assignment of each standard, fm, and television
broadcast station is specified in the Detailed State Emergency Broadcast System
(EBS) Operational Plan. Particular attention should be paid to avoiding “closed
loops” in monitoring assignments.

(c) Prior to commencing routine operation or originating any emissions under
program test, equipment test, experimental, or other authorizations or for any other
purpose, licensees or permittees shall first ascertain whether an Emergency Action
Condition exists and, if so, shall operate only in accordance with the Basic Emer-
gency Broadcast System (EBS) Plan and Detailed State Emergency Broadcast
System (EBS) Operational Plan.

Sec. 73.934 Emergency Broadcast System (EBS) operation during an Emer-
gency Action Condition. Following completion of the procedures set forth in Sec.
73.932, and upon receipt of emergency programing, authorized participating
broadcast stations will immediately begin operations in accordance with the ap-

rl(;ved Detailed State Emergency Broadcast System (EBS) Operational Plan, as
ollows:

(a) Primary NDEA stations within an Operational Area will, upon cue from the
Conmmon Program Control Broadcast station, begin broadcast ofpa common pro-
gram consisting of either Presidential Messages, State programing, Operational
Area (local) programing, National programing and news, or Regional programing
in the order or priority indicated, consistent with the provisions of the Basic Emer-
gency Broadcast System (EBS) Plan and the Detailed State Emergency Broadcast
System (EBS) Operational Plan.

(b) Alternate NDEA Stations within an Operational Area will stand by in a
state of operational readiness to begin operation to broadcast a common program
upon cue from a Primary or Alternate NDEA station which is discontinuing opera-
tion for any reason, or has discontinued operation with no advance notice, consist-
ent with the provisions of the Basic Emergency Broadcast System (EBS) Plan and
the Detailed State Emergency Broadcast System (EBS) Operational Plan.

(c¢) Primary Relay NDEA Stations will begin emergency program relay and dis-
tribution service in accordance with the provisions of the Basic Emergency Broad-
cast System (EBS) Plan and the Detailed Regional and State Emergency Broad-
cast System (EBS) Operational Plans.

(e) Broadcast stations which do not hold a National Defense Emergency Autho-
rization (NDEA) are not authorized to operate in the Emergency Broadcast Sys-
tem (EBS). Such stations shall discontinue operation and remove their carriers
from the air after completion of the Emergency Action Notification Procedures set
forth in Sec. 73.932.

(f) Stations in the International Broadcast Service operating under the jurisdic-
tion of the Federal Communications Commission may under certain conditions be
issued a NDEA by the Federal Communications Commission with concurrence of
the Director, Office of Emergency Planning, and will transmit only Federal Gov-
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ernment broadcasts or communications. The station’s carrier must be removed from
the air during periods of no broadcast or communications transmissions.

(g) No station shall broadcast its call letters during an Emergency Action Con-
dition. Only State and Operational Area identifications shall be given.

(h) All stations operating and identified with a particular Operational Area will
broadcast a common program.

(i) Stations are exempted from keeping operating or maintenance logs during
arll IEmergency Action Condition. Program logs should be maintained where pos-
sible.

(j) Broadcast stations are specifically exempt from complying with Sec. 73.57
(pertaining to maintenance of operating power) while operating under their Na-
tional Defense Emergency Authorization.

SEc. 73.935 Emergency Broadcast System (EBS) Programming Priorities. (a)
Program priorities for the Emergency Broadcast System (EBS) are as follows:

Priority One—Presidential Messages.

Priority Two—State Programing.

Priority Three—Operational Area (Local) Programing.

Priority Four—National Programing and News and Regional Programing.

(b) The Common Program Control Broadcast Station is responsible for coor-
dinating the operations of the participating stations in the Operational Area in the
broadcast of a common program for the Operational Area in accordance with the
program priorities set forth in paragraph (a) of this section.

(¢) AIF authorized participating stations that remain on the air in accordance
with the Basic Emergency Broadcast System (EBS) Plan and the Detailed State
Emergency Broadcast System (EBS) Operational Plan must carry Presidential
Messages “live” at time of transmission.

(d) The nationwide commercial radio and Television (aural) Broadcast Net-
work ?rogram distribution facilities shall be reserved exclusively for the distribu-
tion of Presidential Messages (Priority One) and National Programing and News
(Priority Four). National Programing and News which is not broadcast at the time
of original transmission shall be recorded locally by the Common Program Control
Broadcast Station for broadcast at the earliest opportunity consistent with Opera-
tional Area requirements.

(e) Regional Programing (Priority Four), which utilizes the approved inter-
connecting distribution facilities for State Programing, as provided in the Detailed
State Emergency Broadcast System (EBS) Operational Plans within the Federal
Region, is an integrated and coordinated Regional/State operation. If not broad-
cast at the time of original transmission, Regional/State Programing shall be re-
corded at the Common Program Control Broadcast Station in each Operational
Area for broadcast at the earliest opportunity.

Sec. 73.940 Termination of Emergency Action Condition. Upon receipt of
an Emergency Action Condition Termination, all stations operating in the Emer-
gency Broadcast System (EBS) will broadcast the following Termination Message
twice:
This concludes operations under the Emergency Broadcast System. All broadcast sta-
tions may now resume normal broadcast operation.

Unlimited time stations operating in the Emergency Broadcast System (EBS) will
transmit the Termination Message twice, and then resume normal operation. Day-
time Only and Limited Time broadcast stations operating in the Emergency Broad-
cast System (EBS) shall also broadcast the Termination Message twice, then op-
erate in accordance with their regular authorization.

Participation

SEc. 73.950 Participation in the Emergency Broadcast System (EBS). (a)
Any licensee desiring to participate voluntarily in the Emergency Broadcast System
(EBS) must prepare in narrative form an application directed to the establish-
ment of eligibility based upon the criteria set forth in the Basic Emergency Broad-
cast System (EBS) Plan. The application should be mailed to the appropriate
FCC Regional Liaison Officer for processing. The Federal Communications Com-
mission may then issue a Nationa? Defense Emergency Authorization to the li-
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censee authorizing participation in the Emergency Broadcast System (EBS) con-
sistent with the provisions of the approved Detailed Regional and State Emergency
Broadcast System (EBS) Operational Plans,

(b) Any station participating in the Emergency Broadcast System (EBS) may
withdraw from participation by giving 30 days written notice and by submitting
its National Defense Emergency Autghorization to the Federal Communications
Commission through the appropriate FCC Regional Liaison Officer for cancella-
tion.

Tests

Sec. 73.961 Tests of the Emergency Action Notification System. Tests of the
Emergency Action Notification System will be made at regular intervals with ap-
propriate entries in the station operating log, as follows:

(a) Test transmissions using the First Method of the Emergency Action Notifi-
cation System utilizing the facilities of the Associated Press (AP) and United Press
International (UPI) Radio Wire Teletype Networks will be conducted twice each
week. These tests will be conducted on Saturday at 9:30 a.m., EST, and on Sunda
at 8:30 p.m., EST. The Blue Card, identified at First Method EAN Tests, whicf‘;
has been furnished to all standard, fm, and television broadcast stations, sets forth
details of these test transmissions.

(b) Test transmissions using the Second Method of the Emergency Action Noti-
fication System via dedicated teletype network between the White House Com-
munications Agency, specified control points of the nationwide commercial Radio
and Television Broadcast Networks, the American Telephonc and Telegraph Co.
and other specified points will be conducted once each week at a selected time in
accordance with the test procedures set forth in the Emergency Broadcast System
(EBS) Standing Operating Procedures (EBS SOP-3). Testing of the internal
alerting facilities of the nationwide commercial broadcast networks is not neces-
sary since these facilities are utilized in day-to-day operations.

(c) Test transmissions of the Third Method of the Emergency Action Notifica-
tion System will be conducted by standard, fm, and television broadcast stations
once each week on a random basis between the hours of 8:30 a.m. and local sunset.
Noncomimercial educational fm broadcast stations with a transmitter output of 10
watts or less are not required to conduct these tests. The Blue Card, identified as
Third Method EAN Tests, which has been furnished to all standard, fm, and tele-
vision broadcast stations, sets forth details of these test transmissions.

Sec. 73.962 Tests of Approved Interconnecting Systems and Facilities. Tests
of approved interconnecting systems and facilities voluntarily participating in the
Emergency Broadcast System (EBS) will be conducted as set R)rth below. Appro-
priate entries shall be made made in the station operating log.

(a) National program distribution interconnecting systems and facilities (the
total NIAC Order No. 1 program distribution facilities) will be tested on a sched-
uled basis. This test consists of a closed circuit transmission from 12:40 to 12:50
p.m., Washington, D.C., time on the first Wednesday of every odd-numbered
month except when such a Wednesday is a national holiday, then the test is con-
ducted on the following day. Due to varying program schedu]ing of the commer-
cial Radio Broadcast Networks involved, the individual network facilities shall re-
main as separate entities for these tests. The audio networks associated with the
video networks of ABC-TV, CBS-TV, or NBC-TV shall not be utilized nor are the
Telephone Companies authorized to add any of the unaffiliated stations participat-
ing in the Emergency Broadcast System (EBS). The American Telephone and
Telegraph Co. is authorized to interconncct the facilities of the Intermountain
(IMN) Radio Network and the New York control office of the UPI Audio Network
to any one of the nationwide commercial Radio Broadcast Networks for the dura-
tion of these closed circuit tests, then remove such interconnections.

(b) Closed circuit tests of technical program origination and distribution chan-
nels associated with NIAC Orders No. 2 through No. 63 will be conducted when
considered desirable and when advance coordinated arrangements and voluntary
agreement are accomplished among the White House Communications Agency,
the nationwide commercial Radio Broadcast Networks and the American Tele-
phone and Telegraph Co.

(c¢) Tests of regional program distribution interconnecting systems and facil-
ities will be conducted periodically on a closed circuit basis as a coordinated Re-
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gional/State operation and as provided in approved Detailed Regional and State
Emergency Broadcast System (EBS) Operation Plans.

(d) Tests of State program distribution interconnecting systems and facilities
should be conducted on a day-to-day basis as periodic broadcast operations such
as State Weather Networks, or State Association of Broadcasters Networks. Letters
granting rebroadcast authority shall be exchanged between all participarting li-
censees in accordance with the provisions of section 325(a) of the Communica-
tions Act of 1934, as amended, and Part 73 of this chapter.

(e) Operational Area common program distribution interconnecting systems,
facilities, and procedures shall be tested on a closed circuit basis to insure emer-
gency readiness of such interconnecting facilities in accordance with approved De-
tailed State Emergency Broadcast System (EBS) Operational Plans.

Day-to-Day Emergency Operation

Sec. 73.971 Day-to-day emergencies posing a threat to the safety of life and
property; use of Attention Signal. (a) The Emergency Action Notification Attention
Signal may be transmitted for the following purposes by all standard, fm and tele-
vision broadcast stations, at their discretion, in connection with day-to-day emer-
gency situations posing a threat to the safety of life and property:

(1) Activation of State program distribution interconnecting systems and facil-
ities for the origination of emergency cueing announcements and broadcasts b
the management of the State Network Primary Control Station in accordance witK
previous arrangements and agreement of the State Industry Advisory Committee
in day-to-day emergency situations in the public interest. These inclugé both situa-
tions where the time element is short, and those which develop slowly. (For ex-
ample: Tornado warnings or tornado sightings; toxic gases threatening a commu-
nity; flash floods; widespread fires threatening populated areas; tidal waves; earth-
quakes; widespread comnmercial electric power failures; large scale industrial ex-
plosions and fires; tornado watches, hurricane watches, and hurricane warnings;
civil disorders; heavy rains—developing dangerous flood conditions; icing condi-
tions—developing dangerous road hazards; heavy snows—developing blizzard con-
ditions; appeals for medical assistance and facilities; appeals for emergency food
and housing; call-back of off-duty police personnel; call-back of off-duty fire person-
nel; call-back of off-duty military personnel.)

(2) Activation of OperationR Area interconnecting systems and facilities for the
origination of emergency cueing announcements and Dbroadcasts by the manage-
ment of the Primary Broadcast Stations for the Operational Area in accordance
with previous arrangements and agreement of the Operational Area Industry Ad-
visory Committee in day-to-day emergency situations in the public interest. (Ex-
amples set forth in subparagraph (1) of this paragraph.)

b) Stations originating emergency cominunications under this section shall be
deemed to have conferred rebroadcast authority, as required by section 325(a)
of the Communications Act, on other participating stations. Neither the notice and
certification of consent called for by Sections 73.121(b), 73.291(b), 73.591(b),
and 73.655(b), nor prior Commission approval as otherwise required by Sections
73.121(d), 73.291(dp, 73.591(c), and 73.655(c) in the case of aural-TV cross-

service rebroadcasting, is necessary under these circumstances.

Network Connection

Sec. 73.981 Participation by Telephone Companies. (a) Telephone Compa-
nies which have facilities avalable in place may, without charge, connect an un-
affiliated broadcast station to commercial networks operated by ABC, CBS, MBS,
NBC, or IMN for the duration of an Emergency Action Condition: Provided, That:

(1) The station is authorized by the Federal Communications Commission to
participate in the Emergency Broadcast System (EBS) under Sec. 73.950, and is
required by an approved Detailed State Emergency Broadcast System (EBS) Op-
erational Plan to carry Presidential or National Programing and News.

(2) The station has in service a local channel from the station studio or trans-
mitter directly to the nearest telephone company Principal Central Office (toll
test).

(b) During an Emergency Action Condition and for testing the arrangements
for the origination of Presidential Messages and National Programing and News as
provided for in NIAC Orders No. 1 through No. 63, telephone companies which
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have facilities in place may, without charge, connect an originating source associ-
ated with an appropriate NIAC Order Number from the nearest Telephone Com-
pany Exchange to a selected Toll Test Center, thence to the authorized commer-
cial Radio and Television (aural) Broadcast Networks: Provided:

(1) That the originating source has in service a telephone company local chan-
nel from the originating point to the nearest Telephone Company Exchange.

(2) That a NIAC Order covering this service is requested by the White House
Communications Agency in accordance with the provisions of the Basic Emergency
Broadcast System (EBS) Plan.

(c) Upon issuance of the Emergency Action Condition Termination, or comple-
tion of tests as provided in paragraph (b) of this section, such telephone com-
panies shall disconnect the unaffiliated broadcast stations and the authorized orig-
ination source and then restore the Broadcast Networks to their original configura-
tion as individual entities.

(d) Closed circuit tests of technical program origination and distribution chan-
nels associated with NIAC Order No. 1 will be conducted as provided in Sec.
73.962(a). These tests are in conformance with the provisions of this section.

(e) Closed circuit tests of technical program origination and distribution chan-
nels associated with NIAC Orders No. 5 through No. 63 will be conducted when
considered desirable and when advance coordinated arrangements and voluntary
agreement is accomplished among the White House Communications Agency, the
nationwide commercial Radio Broadcast Networks, and the AT&T. These tests are
in conformance with the provisions of this section.

(f) Every such carrier rendering any such free service shall make and file, in
duplicate, with the Federal Communications Commission, on or before the 31st
day of July and on or before the 31st day of January in each year, reports covering
the periods of 6 months ending on the 30th day of June and the 31st day of Decem-
ber, respectively, next prior to said dates. These reports shall show the call letters
and locations of the broadcast stations to which free service was rendered pursu-
ant to this rule and the charges in dollars which would have accrued to the carrier
for f?wh service rendered if charges therefor had been collected at the published
tarift rates.
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Extracts From Part 74
FCC Rules and Regulations

REMOTE PICKUP BROADCAST STATIONS

SEc. 74.435 Power limitations. Remote pickup broadcast stations will be li-
censed with a power output not in excess of that necessary to render satisfactory
service. The license for these stations will specify the maximum authorized power.
The operating power shall not be greater than necessary to carry on the service and
in no event more than 5 percent :ﬁ)ove the maximum power specified. Engineering
standards have not been established for these stations. The efficiency factor for the
last radio stage of transmitters employed will be subject to individual determina-
tion but shall be in general agreement with values normally employed for similar
equipment operated within the frequency range authorized.

SEc. 74.481 Logs. (a) The licensee of a remote pickup broadcast base or
mobile station shall maintain an operating log to show when and for what purpose
the station is operated. The following basic data shall be recorded.

(1) The date and time of operation.

(2) The purpose of the operation.

(3) The location of the transmitter, if a mobile or portable station.

(4) The station with which it communicates.

(5) Frequency check, if made.

(6) Entries required i)y Sec. 17.49 of this chapter concemning daily observations
of tower lights and quarterly inspections of the condition of tﬁe tower lights and
associated control equipment and an entry when towers are cleaned or repainted
as required by Sec. 17.50 of this chapter.

) Any pertinent remarks concerning the transmissions or equipment deemed
desirable or necessary by the operator.

(b) In cases where a series of intermittent transmissions relating coverage of a
single event are made, an entry showing the time of the beginning of the series and
time of the conclusion of the series will suffice. A notation such as “intermittent
transmissions in connection with coverage of automobile accident at Main and
Fern Streets” will explain the purpose of the operation and location of the trans-
mitter. The station with which it communicates could be the base station (call
sign) or the associated broadcast station (call sign). Intermittent but unrelated
transmissions shall be logged separately. A single time entry may be made for short
transmissions of less than one minute duration. The time of beginning and ending
shall be logged for longer transmissions. In all cases, the purpose of the transmis-
sion shall be shown and the approximate location of the mobile unit. If the mobile
unit is halted, the exact location should be known.

(c) In cases where a base station is used for dispatching mobile units, a run-
ning log may be kept at the base station, containing entries for both the base sta-
tion ang7 one or more mobile units. Each entry shouﬁ‘l be identified by the call sign
of the station making the transmission. The operator in the mobile unit shall keep
a record of all transmissions by the mobile unit which are not acknowledged by the
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base station so that these missed transmissions may be inserted at the appropriate
place in the log kept at the base station.

(d) In cases where only mobile units are used, the logs shall be kept by the op-
erator in the mobile unit. A rough log may be kept by the operator in the mobi?
unit and these notes entered in a permanent log at the end OF the tour of duty.

(e) An entry shall be made oF any frequency check made pursuant to the re-
quirements of Sec. 74.462.

(f) If the station instrument of authorization requires painting and the lighting
of the antenna structure, the log entries concerning lighting shall be made daily
whether or not the transmitter is used.

(g) Station records shall be kept in such manner as to be available for inspec-
tion hy a duly authorized representative of the Commission upon request. The re-
cords shall be retained for a period of 2 years.

AURAL BROADCAST STL AND INTERCITY RELAY STATIONS

Sec. 74.501 Classes of stations. (a) Aural broadcast STL station. A fixed sta-
tion utilizing telephony for the transmission of aural program material between a
studio and the transmitter of a broadcasting station other than an international
broadcasting station, for simultaneous or delayed broadcast.

(b) Aural broadcast intercity relay station. A fixed station utilizing telephony
for the transmission of aural program material between broadcasting stations other
than international broadcasting stations, for simultaneous or delayed broadcast.

Sec. 74.536 Directional antenna required. Each aural broadcast STL and
intercity relay station is required to employ a directional antenna. Considering
one kilowatt of radiated power as a standard for comparative purposes, such an-
tenna shall provide a free space field intensity at one mile of not less than 435
mv/m in the main lobe of radiation toward the receiver and not more than 20 per-
cent of the maximum value in any azimuth 30 degrees or more off the line to the
receiver. Where more than one antenna is authorized for use with a single station,
the radiation patterr. of each shall be in accordance with the foregoing require-
ment.

Sec. 74.561 Frequency tolerance. The licensee of each aural broadcast STL
and intercity relay station shall maintain the operating frequency of the station
within plus or minus 0.005 percent of the assigned frequency.



APPENDIX III

Extracts From Part 17
FCC Rules and Regulations

SPECIFICATIONS FOR OBSTRUCTION MARKING AND
LIGHTING OF ANTENNA STRUCTURES

Sec. 17.21 Painting and lighting, when required. Antenna structures shall
be painted and lighted when:

a) They exceed 200 feet in height above the ground or they require special
aeronautical study.

(b) The Commission may modify the above requirement for painting and/or
lif,htin of antenna structures, when it is shown by the applicant that the absence
o sucﬁ marking would not impair the safety of air navigation, or that a lesser
marking requirement would insure the safety thereof.

Sec. 17.23 Specifications for the painting of antenna structures in accordance
with Sec. 17.21. Antenna structures silall be painted throughout their height with
alternate bands of aviation surface orange and white, terminating with aviation sur-
face orange bands at both top and bottom. The width of the bands shall be equal
and approximately one-seventh the height of the structure, provided, however, that
the bands shall not be more than 40 feet nor less than 1% teet in width.

SEc. 17.25 Specifications for the lighting of antenna structures over 150 feet
up to and including 300 feet in height. (a) Antenna structures over 150 feet, up
to and including 200 feet in height above ground, which are required to be lighted
as a result of notification to the FAA under Sec. 17.7 and antenna structures over
%01(]) feet, up to and including 300 feet in height above ground, shall be lighted as
ollows:

(1) There shall be installed at the top of the structure one 300 m/m electric
code beacon equipped with two 500-, 620-, or 700-watt lamps ( PS—40 Code Beacon
type) both lamps to burn simultaneously, and equipped with aviation red color
filters. Where a rod or other construction of not more than 20 feet in height and
incapable of supporting this beacon is mounted on top of the structure and it is
determined that this additional construction does not permit unobstructed visibility
of the code beacon from aircraft at any normal angle of approach, there shall be
installed two such beacons positioned so as to insure unobstructed visibility of at
least one of the beacons from aircraft at any normal angle of approach. The bea-
cons shall be equipped with a flashing mechanism producing not more than 40
flashes per minute nor less than 12 flashes per minute, with a period of darkness
equal to approximately one-half of the luminous period.

(2) At the approximate midpoint of the overall height of the tower there shall
be installed at least two 100-, 107-, or 116-watt lamps (#100 A21/TS, #107
A21/TS, or #116 A21/TS, respectively) enclosed in aviation red obstruction light
{zlobes. Each light shall be mounted so as to insure unobstructed visibility of at
east one light at each level from aircraft at any normal angle of approach.

(3) All lights shall burn continuously or shall be controlled by a light sensitive
device adjusted so that the lights will turned on at a north sky light intensity
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level of about 35 foot candles and turned off at a north sky light intensity level of
about 58 foot candles.

SeEc. 17.27 Specifications for the lighting of antenna structures over 450 feet
up to and including 600 feet in height. (a) Antenna structures over 450 feet up
to and including 600 feet in height above the ground shall be lighted as follows:

(a) There shall be installed at the top of the structure one 300 mi/m electric
code beacon equipped with two 500-, 620-, or 700-watt lamps ( PS—40 Code Beacon
type) both lamps to burn simultaneously, and equipped with aviation red color
filters. Where a rod or other construction of not more than 20 feet in height and
incapable of supporting this beacon is mounted on top of the structure and it is
determined that this additional construction does not permit unobstructed visibility
of the code beacon from aircraft at any normal angle of approach, there shall be
installed two such beacons positioned so as to insure unobstructed visibility of at
least one of the beacons from aircraft at any normal angle of approach. The bea-
cons shall be equipped with a flashing mechanism producing not more than 40
flashes per minute nor less than 12 flashes per minute, with a period of darkness
equal to approximately one-half of the luminous period.

(2) At approximately one-half of the overall height of the tower one similar
flashing 300 m/m electric code beacon shall be installed in such position within
the tower proper that the structural members will not impair the visibility of this
beacon from aircraft at any normal angle of approach. In the event this beacon
cannot be installed in a manner to insure unobstructed visibility of it from aircraft
at any normal angle of approach, there shall be installed two such beacons at each
level. Each beacon shall be mounted on the outside of diagonally opposite corners
or opposite sides of the tower at the prescribed height.

(Sf On levels at approximately three-fourths and one-fourth of the overall
height of the tower, at least one 100-, 107-, or 116-watt lamp ( #100 A21/TS, #107
A21/TS, or #116 A21/TS, respectively) enclosed in an aviation red obstruction
light globe shall be installed on each outside corner of the tower at each level.

(4% All lights shall burn continuously or shall be controlled by a light sensi-
tive device adjusted so that the lights will be turned on at a north sky light inten-
sity level of about 35 foot candles and turned off at a north sky light intensity level
of about 58 foot candles.

Sec. 17.47 Inspection of tower lights and associated control equipment. The
licensee of any radio station which has an antenna structure requiring illumination
pursuant to the provisions of section 303(q) of the Communications Act of 1934,
as amended, as outlined elsewhere in this part:

(a) (1) Shall make an observation of the tower lights at least once each 24
hours either visually or by observing an automatic properly maintained indicator
designed to register any {ailure of such lights, to insurc that all such lights are
functioning properly as required; or alternatively,

(2) Shall provide and properly maintain an automatic alarm system designed
{o detect any failure of such lights and to provide indication of such failure to the
icensee,

(b) Shall inspect at intervals not to exceed 3 months all automatic or mechan-
ical control devices, indicators, and alarm systems associated with the tower light-
ing to insure that such apparatus is functioning properly.

SEc. 17.48 Notification of extinguishment or improper functioning of lights.
The licensee of any radio station which has an antenna structure requiring illumi-
nation pursuant to the provisions of section 303(q) of the Communications Act of
1934, as amended, as outlined elsewhere in this part:

(a) Shall report immediately by telephone or telegraph to the nearest Flight
Service Station or office of the Federal Aviation Administration any observed or
otherwise known extinguishment or improper functioning of a code or rotating bea-
con light or top light not corrected within 30 minutes. Further notification by tele-
phone or telegraph shall be given immediately upon resumption of the required
illumination.

(b) An extinguishment or improper functioning of a steady burning side or
intermediate light or lights, shall be corrected as soon as possible, but notification
to the FAA of such extinguishment or improper functioning is not required.

Sec. 17.49 Recording of tower light inspections in the station record. The li-
censee of any radio station which has an antenna structure requiring illumination
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;hall n;ak; the following entries in the station record of the inspections required by
ec. 17.47:

Elac)i The time the tower lights are turned on and off each day if manually con-
trolled.

(b) The time the daily check of proper operation of the tower lights was
made, if automatic alarm system is not provided.

(c) In the event of any observed or otherwise known extinguishment or im-
proper functioning of a tower light:

(1) Nature of such extinguishment or improper functioning.

(2) Date and time the extinguishment or improper functioning was observed,
or otherwise noted.

(3) Date, time, and nature of the adjustments, repairs, or replacements made.

(4) Identification of Flight Service Station (Federal Aviation Administration)
notified of the extinguishment of improper functioning of any code or rotating
beacon light or top light not correctexf within 30 minutes, and the date and time
such notice was given.

(5) Date and time notice was given to the Flight Service Station (Federal Avia-
tion Administration) that the required illumination was resumed.

(d})] Upon completion of the periodic inspcction required at least once each 3
months:

(1) The date of the inspection and the condition of all tower lights and asso-
ciated tower lighting control devices, indicators and alarm systems.

(2) Any adjustments, replacements, or repairs made to insure compliance with
the lighting requirements and the date such adjustments, replacements or repairs
were made.

Sec. 17.50 Cleaning and repainting. All towers shall be cleaned or repainted
as often as necessary to maintain good visibility.

Sec. 17.51 Time when lights shall be exhibited. All lighting shall be exhib-
ited from sunset to sunrise unless otherwise specified.

Sec. 17.52 Spare lamps. A sufficient supply of spare lamps shall be main-
tained for immediate replacement purposes at all times.

Sec. 17.53 Lighting equipment and paint. The lighting equipment, color of
filters, and shade of paint referred to in the specifications are further defined in the
following government and/or Army-Navy Aeronautical Specifications, Bulletins,
and Drawings: (Lamps are referred to by standard numbers). (See chart on
page 403.)

Sec. 17.54 Rated lamp voltage. To provide satisfactory output by obstruc-
tion lights, the rated voltage of the lamp used should, in each case, correspond to
or be within 3 percent higher than the average voltage across the lamp during the
normal hours oF operation.

Sec. 17.56 Maintenance of lighting equipment. Replacing or repairing of
lights, automatic indicators or automatic alarm systems shall be accomplished as
soon as practicable.

Sec. 17.57 Report of radio transmitting antenna construction, alteration and/
or removal. Any permittee or licensee who, pursuant to any instrument of autho-
rization from the Commission to erect or make changes affecting antenna height
or location of an antenna tower for which obstruction marking is required, shall,
prior to start of tower construction and upon completion of such construction or
changes, fill out and file with the Director, U.S. Coast and Geodetic Survey, C &
GS Form 844 (Report of Radio Transmitting Antenna Construction, Alteration
and/or Removal) in order that antenna tower information may be provided
promptly for use on aeronautical charts and related publications in the interest of
safety o{ air navigation.
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Qutside white Federal Specifications TT.P-1021

Aviation surface orange do TT-P-591 (Color No. 12197 of Fed-
eral Standard 595).

Aviation surface orange, enamel do TT-E-4891 (Color No, 12197 of Fed-
eral Standard 595).

Code beacon FAA specifications 446 (Sec. |I-d-Style 4).3

OQbstruction light globe, prismatic Army-Navy drawing

& AL Tl (Rp o) do AN.L.10A? or FAA Specification

Single multiple obstruction light do

X L-810.2
fitting assembly

Obstruction light fitting assembly do

100-watt lamp #100 A21/7S.4

107-watt lamp #107 A21TS (3000 hours).

116-watt lamp #116 A21/TS {6000 hours).

500-watt lamp 3£500 PS-40/0 (1000 hours).4

620-watt lamp 3620 PS-40 (3000 hours).

700-watt lamp 3#700 PS-40/0 (6000 hours).

1Copies of this specificat.on can be obtained from the Specification Activity, Room 1643, Federal
Supply Service Center, eneral Services Administration, 7sh and D Sts. SW., Washington, D.C. 20407
(Outside white, 5 cents; aviation surface orange: paint, 5 cents; enamel, 10 cents).

2Copies of Army-Navy specifications or drawings can be obtained by contacting the Commanding
General, Air aterial Command, Wright-Patterson Field, Dayton, Ohio 45433, or the Naval Air Systems
Command, Navy Department, Washington D.C. 20360. Information concerning Army-Navy specifica-
tions or drawings can also be obtained from she Federal Aviation Administration, Washington, D.C.
20553.

3Copies of this specification can be obtained from the Federal Aviation Administration, Washing-
ton, D.C. 20553.

4The 116-watt, 6000-hour lamp and the 700-watt, 6000-hour lamp may be used instead of the
100-watt and the 500-watt lamps whenever possible in view of the extended life, lower mainte-
nance cost, and greater safety which they provide.






Ac
maximum value, 230
minimum value, 230
peak-to-peak value, 230
rms value, 230
Active lines, 207
Activities, signal, 165-167
Activity, receiver, 165
Adjusting antenna-coupling
network, 125
Afc unit, Gates, 152
Agc program amplifier, 78-80, 265
Alpha, 232
All-transistor remote amplifier, 87
A-m
broadcast, 12-15
antennas, essentials of, 113-114
band, 12
international, 15
transmitters, 90-112
channel width, 12
frequency monitor, 179-184
modulation monitor, 184-185
transmitter
1-kilowatt, 91
tuning, 243
Amplifier(s)
agce, 265
agc program, 78-80
compression, 265
limiting 108-112
peak-limiting, 264
remote, 84-89
10-watt, 148
Amplitude modulation, 369
An a-m/fm studio plan, 29
Antenna
-coupling network, tuning, 125
current, 336
directional pattern, 270
electrical beam tilt, 369
-feed methods, 119-120

Index
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Antenna—cont.
mechanical heam tilt, 369
polarization, 269
power, 336
power gain, 363, 369
resistance, 336
site, selection of, 271
systems
directional, 127-129
fm, 153-155
major units of, 96-98
television, 219-220
top-loaded, 118
tower, 113
tuning box, 96
-tuning unit, 124-126
turnstile, 301
types, fm, 155-158
vertical, 113
Application, microphone, 50-51
Arrangement, power-dividing and
phasing, 129-132
Array, broadside, 128
Areas, service, 335
Aspect ratio, 4:3, 204, 369
Attack time, 109
Attention signal, 380
Attenuator
pads, cleaning, 238
variable-T, 76
Attenuators and isolation pads, 76-77
Audio
amplifier fidelity, 239
components and amplifiers, 235-240
frequency range, 235
harmonics, combined, 336
module, 145
oscillator, 188-193
Aural
broadcast intercity relay stations, 20
broadcast stl station, 20
center frequency, 369
transmitter, 369
Austin ring transformer, 124
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Automatic Broadcast—cont.
logging, 33-35 channel
players, 58-59 fm, 363
Auxiliary broadcast standard, 335
allocations, 21 day, 335
services, 20-21 equipment, stereo, 169-174
Available line, 364 fm, 16-17

fm stereophonic, 364
international a-m, 15

B microphones
types of, 36-38
Balanced modulator, 162, 287 typical, 40-50
Bandwidth principles, television, 204-206
and deviation, 139-140 remote, 83-84
maximum, 139 services, auxiliary, 20-21
Basic station
a-m modulation system, 242 commercial fm, 15
microphone types, 236 fm, 363
phasing networks, 132 intercity relay, 20
power dividers, 131 layout, 26-31
quarter-wave vertical antenna, 114 noncommercial fm, 15
stereo system, 162 remote pickup, 20
tower construction, 114 standard, 335
transmission lines, 120 st], 20
tristimulas color circle, 221 television, 370
Basics, stereo, 161-165 tape recorder, 59-63
Bat-wing dipole, 219 television, 17-20
Bidirectional pattern, 38 translator station, television, 21
Black level, 210 transistor
reference, 370 a-m, 90-112
Blanketing, 336 solid-state, 100-105
Blanking, 206 Broadcasting
level, 210, 369 fm, 272-288
pulse fm stereophonic, 161-178
horizontal, 208 SCA, 167-168
vertical, 208 television, 200-229, 289-303
Bleeder resistors, 258 Broadside array, 128
Blocking capacitor, 251 Bypass capacitor, 234
Boom-mounted microphone, 48
Booster station, television broadcast, 21 c
Bootstrap connection, 88
Breakers, circuit, 258 Calculations, 233-234
Bridge, resistance, 234 Camera
Brightness, 220 and picture tubes, 211-215
Broadband vhf television antennas, 219 color-television, 222
Broadcast image orthicon, 300
a-m, 12-15 Capacitor
antenna blocking, 251
a-m, 113-114 bypass, 234
dimensions, FCC, 116 self-bias, 251
tuning, 268 Cardiline microphone, Electro-Voice, 46
band Cardioid pattern, 38
a-m, 12 Carrier
fm, 15, 363 frequency discriminator, 181
standard, 335 frequency, visual, 370

television, 17, 370 19-kHz pilot, 164
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Carrier—cont.
power
maximum rated, 336
output, 262
shift, 262
indicator, 264
negative, 262
positive, 262
Cartridge tape recorder, 65
Cathode-bias resistor, 251
Cause of sound, 235
Center frequency, 363
aural, 369
Channel
clear, 12
local, 14
main, 364
regional, 12
television, 370
width, a-m, 12
Characteristics of vertical antenna,
114-117
Checking out the remote, 84
Chrominance, 369
signal, 224
subcarrier, 369
Circuit
breakers, 258
comparator, 110
of a quartz crystal, 246
sync-separator, 210
sawtooth-generating, 297
variable loss, 110
Circular dipole, Collins, 155
Class
A fm station, 15
B fm station, 16-17
C fm station, 7
D fm station, 17
I station, 14
11 station, 14
II-A station, 14
I1-B station, 14
I1I-D station, 14
111 station, 14
II1-A station, 14
111-B station, 14
1V station, 14
Cleaning
attenuator pads, 238
recorder heads, 237
relay contacts, 259
Clear channel, 12
Coaxial transmission line, 96
Collinear vertical, 119
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Collins

circular dipole, 155

fm transmitting antenna, 156

lighting choke, 123
Color

circle, tristimulus, 221

picture tube, 223

television, 220-224

camera, 222

transmission method, 224-225
Colorimetry, 220
Combined audio harmonics, 336
Commercial fm broadcast station, 15
Community antenna

relay stations, 20

television system, 20
Comparator circuit, 110
Compatible fm stereo system, 163
Component

L — R, 161

L + R, 161

third-harmonic, 108
Composite signal, forming of, 208-210
Compression amplifiers, 265
Condenser microphone, 36

Philips, 48
Connection

bootstrap, 88

delta, 231

wye, 231
Considerations, deviations, 168-169
Console

dual channel, 174

solid-state stereo, 171
Coupling transmitter to antenna, 267
Crosstalk, 364
Crystal resonant frequency, 246
Cuing the record, 54
Current

and voltage distribution, vertical

radiator, 115
antenna, 336
leads voltage, 230

Day, broadcast, 335
Daytime, 335
Dc error voltage, 149
Decibel, 235
De-emphasis, 279

and pre-emphasis, 140-142
Delta connection, 231
Density, optical, 364
Desensitizing VU meter, 238
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Detector, subcarrier, 161
Deviation
and bandwidth, 139-140
considerations, 168-169
maximum permissible, 139
Diagram, vector, 233
Diplexer, 200, 302
Dipole
bat-wing, 219
rings, RCA, 155
shunt-fed, 155
Directional
antenna systems, 127-129
pattern
antenna, 270
three-tower, 133
two-tower, 129
Direct
fm
exciter, 143-150
transmitters, 136-138
method of measuring output power,
266
Disadvantages of using transistors, 233
Discriminator, carrier frequency, 181
Displays, oscilloscope, 263
Distortion
intermodulation, 195-196
meter, 193-194
Distribution frequencies, modulating,
287
Dominant station, 14, 335
Dual-channel console, 174
Duties of transmitter operators, 98-100
Dynamic microphone, 36
Electro-Voice, 41
miniature, 45

Effective

field, 336

radiated power, 280, 363, 369
Electrical beam tilt, antenna, 369
Electro-Voice

cardiline microphone, 46

dynamic microphone, 41
Emergency Action signal, 310
Energy and frequency distribution, 140
Entries

maintenance log, 24-26

operating log, 24
Equalization curves for preamplifiers, 57
Equalizer, line, 77, 240
Equalizing pulses, 208
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Equipment, stereo broadcast, 169-174

ERP, 137

Error voltage, dc, 149

Essentials of a-m broadcast antennas,
113-114

Even-line scanning, 291

Exciter, direct fm, 143-150

Experience tests, 313-334

Experimental period, 335

Facilities for larger stations, 80-82
FCC
broadcast-antenna dimensions, 116
field offices, 10-11
Rules and Regulations, 304-312
Feed methods, antenna, 119-120
Fidelity, audio amplifier, 239
Field, 207-369
effective, 336
intensity, 270
free space, 369
strengh, 363
Filter capacitor
f, 251
supply-voltage, 251
vestigal-sideband, 217
Floor plan, transmitter, 30
Fm
antenna
systems, 153-155
types, 155-158
with circular polarization, 156
broadcast, 16-17
band, 15, 363
channel, 363
station, 363
commercial, 15
noncommercial, 15
broadcasting, 272-288
stereophonic, 161-178
deviation and modulation monitors,
185-186
exciter, direct, 143-150
limiter, 174
multiplex monitoring, 188
principles and equipment, 272-281
station
Class A, 15
Class B, 16-17
Class C, 17
Class D, 17
stereo generator, 175-178
stereophonic broadcast, 364
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Fm—cont.
stereo system, compatible, 163
system noise rejection characteristic,
141
transmitter, 136-160
direct, 136-138
indirect, 138-139
20-kilowatt, 157, 158-160
transmitting antenna, Collins, 156
Forming the composite signal, 208-210
4:3 aspect ratio, 20 4
Frame, 206, 369
Free space
field intensity, 369
field strength, 363
Frequency
and energy distribution, 140
center, 363
-doubler, push-push, 256
-doubler stage, triode, 255
fundamental, 230
harmonic, 230
modulation, 276, 363, 369
monitor, a-m, 179-184
range, audio, 235
response, microphone, 39
swing, 363
tolerance
of standard broadcast stations, 306
of television station, 309
Functional
diagram of scanning, 291
plan of a transmitter, 34-96
Fundamental frequency. 230
Fundamentals and audio circuits,
230-240

G
Gain

factor of transistor, 232
set, proof-of-performance, 198
triode amplifier, 234
Gap, spark, 96
Gates
afc unit, 152
automatic record player, 58
fm exciter, 144
solid-state
phono preamplifier, 38
stereo generator, 176
Generator
SCA, 152
SCA subcarrier, 150-153
stereo fm, 175-178
sync, 204
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Gray scale, 215
Grid modulation, 336
Grid-neutralized rf amplifier, 254
Ground

radials, 269

system, 122-123

two-tower, 130

Grounded-grid rf amplifier, 257

Harmonic frequency, 230
Heads, video tape recorder, 226
Head-to-tape speed, 228
Heat sink, 231
High
-efficiency modulated power amplifier,
105-108
-frequency loss, 238
-level modulation, 216, 336
Horizontal
-blanking pulse, 208
-deflection waveform, 207
sync pulse, 208
H-pad, 76
Hue, 220
Hum-pickup level, microphone, 33-40

1-f modulation, 216
Image orthicon, 211-212

camera, 300
Impedance of vertical antenna, 127
Inactive lines, 207
Increasing microphone directivity, 46
Index

modulation, 139

of cooperation, 364
Indicator, carrier-shift, 264
Indirect

fm transmitters, 138-139

method of measuring output power,

266

Inductance, mutual, 230
Inductor, retarding, 267
Inner rim drive, 56
Input power, plate, 336
Installing transmission line, 280
Installation, automatic logging, 34
Intensity, field, 270
Intercity relay station, television, 20
Interlace scanning, 206, 370
Interlacing, purpose of, 206
Interlock safety switches, 258
Intermittent service area, 336
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Intermodulation distortion, 195-196
International pads and attenuators,
76-77

L

Larger station facilities, 80-82
Last radio stage, 336
Layout of broadcast station, 26-31
Left-channel signal, 161, 364
Left or right stereophonic channel, 364
Level

black, 210

blanking, 210, 369

threshold, 80

white, 210
License requirements, 22-23
Lighting

choke, 123

tower, 123
Limiter

fm, 174

modulation, 109
Limiting amplifier, 108-112
Line

available, 364

equalizer, 77, 240

rate, 206

rigid, 120, 121

scanning, 370

semiflexible, 120, 121

-use ratio, 364
Lines

active, 207

inactive, 207

transmission, 119-121
L — R component, 161
Local channel, 14
Log entries

maintenance, 308

operating, 308
Logging

automatic, 33-35

procedure, 98
Logs, station, 23-26
Long, verticals, 117-119

radiation patterns, 118
Loop, sampling, 98
Loss, high frequency, 238
Low-level modulation, 216, 336
L 4+ R component, 161
Luminance, 370

signal, 224

M

Machine gun microphone, 45

Main channel, 364
Main parts of program log, 26, 308
Maintenance log entries, 24-26
Major units of antenna systems, 96-98
Makeup of the composite television
signal, 209
Maximum
bandwidth, 139
permissible deviation, 139
rated carrier power, 336
value, ac, 230
Measurements, proof-of-performance,
196-169
Measuring
field intensity, 270
output power
direct method, 266
indirect method, 266
Mechanical beam tilt, antenna, 369
Meter
distortion, 193-194
plate-current, 305
VU, 74-76
Method of color transmission, 224-225
Methods, antenna-feed, 119-120
Microphone
application, 50-51
arrangements, typical, 52-53
boom-mounted, 48
condenser, 36
directivity, increasing, 46
dynamic, 36
miniature, 45
frequency response, 39
hum-pickup level, 39-40
machine gun, 45
output level, 39
phasing, 237
placement, 50-51
polar patterns, 38-39
preamplifier, 77
pressure type, 36
ribbon, 36-37
types, basic, 236
Miniature dynamic microphone, 45
Minimum value, ac, 230
Modern television control room, 202
Modulated
oscillator, 145
power amplifier, high-efficiency,
105-108
stage, 336
Modulating frequencies distribution, 287
Modulation
amplitude, 369
frequency, 276, 363, 369
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Modulation—cont.
grid, 336
high-level, 216, 336
i-f, 216
index, 139
limiter, 109
low-level, 216, 336
monitor, a-m, 184-185
percentage, 336, 364
phase, 138, 276
plate, 336
system, a-mn, 242
Modulator, 241
balanced, 162, 287
push-pull, 259
reactance-tube, 275
stage, 336
Module, audio, 145
Monitor
a-m frequency, 179-184
a-m modulation, 184-185
Monitoring, fm-multiplex, 188
Monitors
picture, 209
typical, 189
Monochrome transmission, 370
Multiple-tower systems, 132-135
Multiplex
fm, 142-143
operational technical standards, 143
transmission, 363
transmitter, 142
Musical pickup, 51-53
Mutual inductance, 230

Negative

carrier shift, 262

current feedback, 239

transmission, 370

voltage feedback, 239
Network, pi, 252
Nighttime, 335
19-kHz pilot carrier, 164
Noncommercial fm broadcast station, 15
Nondirectional pattern, 38
Noise-rejection characteristic, fm

system, 141

o

0Odd-line scanning, 291
One-kilowatt a-m transmitter, 91
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Operating
log entries, 24, 308
power, 336
Operators license, posting, 306
Optical density, 364
Orthicon, image, 211-212
Oscillator
audio, 188-193
modulated, 145
Wien-bridge, 190
Oscilloscope displays, 263
Output
carrier power, 262
level, microphone, 39
Overload relay, 258

P

Panel, remote control, 32
Pattern

bidirectional, 38

cardioid, 38

nondirectional, 38

three-tower directional, 133

unidirectional, 38
Peak-limiting amplifiers, 264
Peak power, 370
Peak-to-peak value, ac, 230
Percentage modulation, 336, 364
Period, experimental, 335
Phase modulation, 138, 276
Phasing

networks, basic, 132

of microphones, 237

system, three-tower, 134
Philips condenser microphone, 48
Phono preamplifier, solid-state, 58
Pickup, musical, 51-53
Picture

monitors, 209

tube, 213

color, 223

Pilot

carrier, 19-kHz, 164

subcarrier, 364
Pi-network, 252
Placement, microphone, 50-51
Plans, small-station, 26
Plate

-current meter, 305

modulation, 336

input power, 336
Playback stylus, 237
Players, automatic, 58-59
Polarization, 370

antenna, 269
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Polar patterns, microphone, 38-39
Portable
broadcast video tape recorder, 228
transmitter, 336
Positive carrier shift, 262
Posting
operators license, 306
station license, 306
Power
amplifier
modulated, 105-108
f, 252, 253
antenna, 336
dividers, basic, 131
-dividing and phasing arrangement
129-132
effective radiated, 369
gain, antenna, 363, 369
operating, 336
peak, 370
rating of transmission lines, 120
sideband, 262
Preamplifier, 237
equalization curves, 57
microphone, 77
Pre-emphasis, 279
and de-emphasis, 140-142
network time constant, 141
Pressure type microphone, 36
Procedure, logging, 98
Program
logs, parts of, 26
material, taped, 59
Proof-of-performance, 266
gain set, 198
measurements, 196-199
test arrangemnent, 197
Pulse
equalizing, 208
horizontal-blanking, 208
horizontal-sync
vertical-blanking, 208
vertical-sync, 208
Purpose of interlacing, 206
Push-pull modulator, 259
Push-push frequency-doubler, 256

>

Radials, ground, 269
Radiated power, effective, 280, 363
Radiation
patterns of long verticals, 118
resistance, 114
Radio stage, last, 336

Ratio
aspect, 369
line-use, 364
RCA
dipole rings, 155
ribbon microphone, 40
Reactance-tube modulator, 275
Receiver activity, 165
Record and tape machines, 54-68
Recorder
heads, cleaning, 237
heads, video tape, 226
Recording, video tape, 225-229
Record player, automatic, 58
Rectilinear scanning, 364
Recycling relay, 258
Reflectometers, 303
Reference
black level, 370
white level, 370
Regional channel, 12
Relay
contacts, cleaning, 259
overload, 258
recycling, 258
stations, community antenna, 20
time-delay, 258
Remote
amplifier, 84-89
broadcast, 83-84
checking out, 84
control panel, 32
meters, sensors for, 135
pickup broadcast stations, 20
pickup stations, television, 20
transmitter control, 31-33
Requirements for obtaining license,
22-23
Resistance
antenna, 336
bridge, 234
radiation, 114
Resistor
bleeder, 258
cathode-bias, 251
screen-dropping, 251
Resonant frequency of crystal, 246
Retarding inductor, 267
Rf
amplifier
grid-neutralized, 254
grounded-grid, 257
filter capacitor, 251
power amplifier, 252, 253
class-C, 247
tetrode, 249
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RG/U, 120
Ribbon microphone, 36-37
RCA-40
uniaxial, 43
Riding the gain, 28, 99
Right-channel signal, 161, 364
Rigid line, 120, 121
Rim drive, 56
Ring transformer, Austin, 124
Rms value, ac, 230
Rules and Regulations, FCC, 304-312
Rumble, 238

H

Safety switches, interlock, 258
Sampling loop, 98
Saturation, 220
Sawtooth
-generating circuits, 297
wave, 296
Scale, gray, 215
SCA
broadcasting, 167-168
generator, 152
subcarrier generator, 150-153
Scanning, 370
even-line, 291
functional diagram, 291
interlaced, 70, 206
line, 370
odd-line, 291
rectilinear, 364
technique, 204, 206-208, 296
Screen-dropping resistor, 251
Secondary
service area, 335
station, 14, 335
Selection of antenna site, 271
Self-bias capacitor, 251 I
Semiflexible line, 120
Sensors for remote meters, 135
Separation, stereophonic, 364
Series-parallel circuit total impedance,
233
Service area
intermittent, 336
secondary, 335
Shift, carrier, 262
Shunt-fed
dipole, 155
tower, 119
Sideband power, 262
Signal
activities, 165-167

413

Signal—cont.

attention, 380

chrominance, 224

left-channel, 161

left or right, 364

luminance, 224

right-channel, 161

video, 200, 208

Y, 224
Slip cuing, 56
Small-station

plans, 26

studio, 69-74
Soldering transistors, 231
Solid-state

broadcast transmitter, 100-105

stereo console, 171

stereo generator, Gates, 176
Sound, how caused, 235
Spacing and phasing, two-tower, 127
Spark gap, 96
Special

broadcast services, 311-312

tape equipment, 64-68
Speed, head-to-tape, 228
Spirafil, 120, 121
SCA transmission standards, 309
Stage

modulated, 336

modulator, 336
Standard broadcast

band, 335

channel, 335

station, 335

stations frequency tolerance, 306
Standard television signal, 370
Station

Class I, 14

Class 11, 14

Class I1-A, 14

Class II-B, 14

Class II-D, 14

Class III, 14

Class I11-A, 14

Class I11-B, 14

Class IV, 14

dominant, 14, 335

fm broadcast, 363

license, posting, 306

logs, 23-26

secondary, 14, 335
Stereo

basics, 161-165

broadcast equipment, 169-174

console, solid state, 171

generator, fm, 175-178
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Stereo—cont.
system
basic, 162
compatible fm, 163
tape recorder/player, 170
Stereophonic
broadcast, fm, 364
channel, left or right, 364
fm broadcasting, 161-178
separation, 364
subcarrier, 364
Subchannel, 364
Stl
station, television, 20
system, 281
Studio plan, a-m/fm, 29
Stylus, playback, 237
Styroflex, 120, 121
Subcarrier
chrominance, 369
detector, 161
generator, SCA, 150-153
pilot, 364
stereophonic, 364
3.58-MHz, 225
Subchannel, stereophonic, 364
Sunrise and sunset, 335
Supply-voltage filter capacitor, 251
Swing, frequency, 363
Switcher, 209
Sync
generator, 204
pulse
horizontal, 208
vertical, 208
-separator circuit, 219
System(s)
directional-antenna, 127-129
fm antenna, 153-155
ground, 122-123
multiple-tower, 132-135
stl, 281
three-tower phasing, 134
two-tower ground, 130

Tape
equipment, special, 64-68
recorder
broadcast, 59-63
cartridge, 65
Taped program material, 59
Technical standards, multiplex
operation, 143

Technique, scanning, 204, 206-208
Television
antenna, 219-220
broadcast, 17-20
bands, 17, 370
booster station, 21
principles, 204-206
station, 370
translator station, 21
broadcasting, 200-229, 289-303
channel, 370
color, 220-224
control room, 202
intercity relay station, 20
remote-pickup stations, 20
signal, standard, 370
station frequency tolerance, 309
stl station, 20
system, community antenna, 20
transmission standards, 370
transmitters, 215-219, 370
waveforms, 311
Ten-watt amplifier, 148
Test arrangement, proof-of-performance,
197
Tests, experience, 313-334
Tetrode rf power amplifier, 249
Third-harmonic components, 108
Three-tower
directional pattern, 133
phasing system, 134
3.58-MHz subcarrier, 225
Threshold level, 80
Time
attack, 109
constant, pre-emphasis network, 141
-delay relay, 258
Top-loaded antenna, 118
Total impedance, series-parallel circuit,
233
Tower
antenna, 113
construction, basic, 114
lighting, 123
shunt-fed, 119
Transcription desk and control console,
54-55
Translator
signal boosters, 19
uhf, 18
vhf, 17
Transistors
disadvantages in using, 233
gain factor, 232
soldering, 231
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Transmission
line(s)
basic, 120
coaxial, 96
installing, 280
power rating, 120
monochrome, 370
multiplex, 363
negative, 370
standards, SCA, 309
standards, television, 370
vestigial sideband, 19, 370
Transmitter(s)
a-m broadcast, 90-112
and a-m broadcasting, 241-271
and receiver, 210-215
aural, 369
control, remote, 31-33
direct fm, 136-138
floor plan, 30
functional plan of, 94-96
fin, 136-160
indirect fm, 138-139
monitor and test equipment, 179-199
multiplex, 142
operators, duties of, 98-100
portable, 336
power, visual, 370
television, 215-219, 370
Vanguard 11, 101
visual, 370
Triode
amplifier gain, 234
frequency-doubler stage, 255
Tuning
a broadcast antenna, 268
an a-m transmitter, 243
box, antenna, 96
Turnstile antenna, 301
Turntables and preamplifiers, 56-57
TV camera and film projector, 203
Twenty-kilowatt fm transmitter, 157,
158-160
Two-tower
directional pattern, 129
ground system, 130
spacing and phasing, 127
Types of
broadcast microphones, 36-38
turntable devices, 56
Typical
antenna power gain, 154
broadcast microphones, 40-50
microphone arrangements, 52, 53
monitors, 189
transistor and IC card, 187

Uhf and vhf translator signal boosters,
19

Uhf translators, 17-18

Uniaxial ribbon microphone, 43

Unidirectional pattern, 38

Unit, antenna-tuning, 124-126

v

Vanguard II transmitter, 101
Variable loss circuit, 110
Variable-T attenuator, 76
Vector diagram, 233
Vertical
antenna, 113
characteristics, 114-117
impedance of, 117
quarter-wave, 114
-blanking pulse, 208
collinear, 119
-deflection waveform, 207
radiator current and voltage
distribution, 115
retrace, 207
-sync pulse, 208
Verticals, long, 117-119
Vestigial-sideband
filter, 217
transmission, 19, 370
Video
signal, 200, 208
tape recorder
portable, 228
heads, 226
tape recording, 225-229
Vidicon, 213
Visual
carrier frequency, 370
transmitter, 370
Voltage, dc error, 149
Voltage feedback, negative, 239
Vu meter, 74-76
desensitizing, 238

w

Waveform
horizontal-deflection, 207
vertical-deflection, 207

Wave, sawtooth, 296

White level, 210

Wien-bridge oscillator, 190

Wow, 238

Wye connection, 231
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