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Preface 

A radio broadcasting station is a rather unique combination of several inde-
pendent sub-systems, each interdependent on the proper operation of the 
others. From the microphone to the radiator or antenna, every major link 
must function as planned to achieve a technically successful broadcast opera-
tion. Therefore, unless strict attention is given to each phase during initial 
planning and construction of the facility, the end result will be something 
less than hoped for. 
Since planning and operating a radio station requires considerable fore-

thought, the guidelines established in this book will aid those contemplating 
a new facility or remodeling an existing station. All the basics have been 
included—from frequency search or channel allocation to planning and wir-
ing studio and transmitter plant. To aid operation, separate chapters deal 
with preventive maintenance and proof-of-performance measurements—two 
vitally important considerations. 
While this is not an absolute "how to" manual insofar as the actual details 

of construction are concerned, the basics are included in sufficient detail 
to enable those familiar with broadcasting, however remotely, to launch the 

venture and pursue it to completion. The only assumption is that you are 
"on speaking terms" with the most rudimentary fundamentals of the indus-
try. So, whether you're an engineer, a manager, an announcer, or an 
"entrepreneur," you should be able to learn enough from the following chap-
ters to enter the elite fraternity of broadcast operators. 
The author extends his sincere appreciation and thanks to his friends at 

RCA. Acknowledgment should also be made of the useful information sup-
plied by members of other companies such as Gates Radio Co. and Collins 
Radio Co. Some portions of this book have been excerpted from various is-
sues of RCA "Broadcast News" with the permission of the editors, while 
others are based on some of the author's articles previously published in 
BM/E Magazine. Also, some of the material was taken from an editorial by 
James A. Lippke, entitled "Stop Air Pollution," which appeared in BM/E 
of October 1968. 
Photographs used in this book appear through the courtesy of The American 

Broadcasting Co., Collins Radio Co., Gates Radio Co., General Electric 

Co., McMartin Industries, Inc., Radio Corporation of America and Group 
WStationKYW. I wishto thank, too, the broadcast stations which contributed 
material for this book: 

American Broadcasting Co., ABC Network, New York, N.Y. 
KOOL Radio, Phoenix, Arizona 
KYW Radio, Philadelphia, Pennsylvania 

WMJR-FM Stereo, Fort Lauderdale, Florida 
and a special thanks to: 
WPHC Radio, Waverly, Tennessee 
KRAV-FM, Tulsa, Oklahoma 
WRVA Radio AM/FM, Richmond, Virginia 
WPAA-FM, Andover, Massachusetts 

Finally, heartfelt acknowledgment is extended to the author's wife, Mollie, 
who has been a valuable assistant in the preparation of the manuscript by 
spending many hours in typing and editing. 

Harry A. Etkin 
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CHAPTER 1 

Pre-Planning Considerations 

At its inception in the 1920's and early 1930's, 

radio broadcasting was small and specialized... 

as an industry and as a business. The total gross 

income of all the stations in the United States a-

round 1931 was only 56 million dollars —about 4% 

of the present revenue. 

On the technical side, the difference was almost 
as great. The 'amera-shaped" condenser micro-
phone was the big favorite in the studios. Audio 

equipment, or speech input equipment, as it is 
usually referred to, was large and clumsy and 

mostly battery-operated. Fig. 1 - 1 shows a typ-
ical 1920-1930 era audio speech input uni:. In the 

right-hand rack are three preamplifier units, a 

volume indicatorpanel, and a program amplifier. 
In the left rack is a vacuum-tube rectifier plate 

Fig. 1- 1. During radio's early years 
audio speech input equipment was 
quite bulky and crude compared to to-
day's solid- state gear. 

voltage supply, a meter panel, and a monitoring 
amplifier. 

Transmitters were cumbersome by today's stand-
ards and contained many meters. Fig. 1-2 ill-

ustrates a 5-kilowatt broadcast transmitter which 

was popular in the 1920's. In addition to the main 
units shown, there were two large motor/gen-

erator units supplying DC for filaments and grid 

voltages, plus other auxiliary units such as a 
power-switching panel and a large water-cooling 

unit. Radiating towers were just coming into use 

and directional antennas were only a subject of 

conversation. 

Of some 700 stations on the air about 1930, most 

were of composite manufacture. Many of them 

were really home-made in the most literal mean-
ing of the word. This was not surprising because 
many, if not most, broadcasting stations which 

went on the air during the 20's did so by the grace, 

if not the inspiration, of some aspiring amateur. 
However, by 1931 quite a few stations were mak-

ing money. As the cash registers started ring-
ing, broadcasters stopped looking on their stations 
as hobbies or prestige operations and began run-

ning them like businesses. 

GENERAL PLANNING CONSIDERATIONS 

The broadcast engineer should carefully select 
equipment facilities to support the proposed pro-

gramming and market coverage. The best ap-

proach is to begin with a basic layout or floor plan 
and then design the studio and transmitting facil-

ities "on paper." Equipment groupings can be 

worked out ahead of time, thus enabling the plan-
ner to better relate the facilities to his operation 

and make appropriate cost decisions as required 
by the Federal Communications Commission. 

STUDIO AND TRANSMITTER SITE SELECTION 

AM or FM radio stations consist basically of a 

studio facility, control, administrative floor 
space, and a transmitting plant. The studio us-
ually includes the equipment needed for program 

origination and the transmitting plant comprises 
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Fig. 1-2. This 5- kilowatt broadcast transmitter was "the equipment" at the time broad-
casting was in its infancy. 

the transmitter and antenna system. Studio and. 

transmitter facilities may be located in one build-

ing or installed in different buildings separated by 
some distance and interconnected by telephone 

lines. The transmitter and antenna tower array 
should be at the same location and very near to 

each other. 
Generally, the transmitter site is considered 

first by the FCC since it must be selected with 
due consideration to existing stations located in 

the same area. Modern radio concepts require 
maximum usage of space and personnel. Locating 
the transmitter and antenna system at the studio 

site minimizes the investment for land and equip-
ment, lowers costs for heating and air condition-

ing, and reduces operating staff requirements. 

(See Fig. 1-3.) 
The combined site also must meet the require-

ments of a good transmitter location, offering 

Fig. 1-3. In many stations, studio and transmitter facilities 
are combined within a common building. 

sufficient space for the antenna towers needed to 

achieve the desired signal coverage. On the other 

hand, the studio should be conveniently accessible 
to station personnel. To avoid compromise in 

technical performance and operating efficiency, 

separate site locations are sometimes necessary. 
(Figs. 1-4 and 1-5) For example, it may be ad-

visable to take advantage of a high mountain peak 
for the transmitter location and obtain a studio 

site that is closer to the city. A modern trend is 
to locate the studio in or near business centers, 

thus placing the studio on display to the public. 
In some areas, zoning regulations prohibit erect-

ing antenna towers on ideal studio-transmitter lo-

cations. When combined studio-transmitter lay-

outs are not practical, it may be advantageous 

to operate the transmitter by remote control. Us-
ually, the building containing the remote-control-

led transmitter can be minimum in size, allowing 
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only space for the equipment, a small workshop 

area, lavatory, and a heating unit. Fig. 1-6 ill-
ustrates this type of setup. 

STUDIO AND CONTROL ROOM REQUIREMENTS 

In present-day radio stations, studios are re-

ceiving less consideration than in prior years be-
cause fewer live programs are being broadcast. 

However, sufficient thought should be given to 

studio pl aiming, looking toward ultimate require - 

ments. Neglect in planning of the studio imposes 

a handicap which could have been prevented with 

only a small additional expense and a little care-

ful consideration at the time of construction. The 
plans presented in this book provide for normal ex-
pansion without undue expense. 

Control rooms, large or small, are alike in 

many respects, differing mostly in the number and 

arrangement of microphones, turntables, tape re-

corders, and other programing equipment. Many 

stations locate the control console and an announce 

Fig. 1-4. Separate studio and transmitter facilities, 
with attended transmitter operation, are used where 
downtown studio locations prohibit tower installation. 

Remote 
Pickup 
Microphone 

Remote 
Amplifier 

Telephone 
Program Line 

SEPARATE STUDIO AND  

TRANSMITTER BUILDINGS  

ATTENDED TRANSMITTER 

Telephone 

Program Line 

Studio 
Control Transmitter 
Console 

Remote Studio Site 

*(3 
Studio and Transmitter 

Fig. 1 -5. Another variation in separate studio and transmitter facilities: Pickup and control equipment installed in 
public meeting places provides additional program sources. 

Fig. 1-6. In separate studio-transmitter oper-
ations the transmitter can be operated by remote 
control. 

SEPARATE STUDIO AND  

TRANSMITTER BUILDINGS  

UNATTENDED TRANSMITTER 

Remote Control 
Panel 

Transmitter Remote Control 
and Program Lines 

Remote-Controlled 

Transmitter 
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microphone on a table in front of the studio viewing 
window. The turntables are normally installed on 
either one or both sides of the operator's position 
at the control console. Tape machines are locat-
ed within easy reach, on the table or in a tape 

deck console beside the operator. 

REMOTE STUDIO PROVISIONS 

Facilities for picking up remote programs should 
be provided. Portable or mobile transmitting un-
its are useful for on-the-spot coverage of events 
in and around the city or community. It is good 
practice for stations to provide for theoperation 
of a remote amplifier at gathering points where 

prominent social, business, or political person-

alities can be interviewed. This includes places 
of business, sports arenas, or entertainment 
centers from where special variety or music pro-

grams may be broadcast. The remote amplifier 
used for this purpose should provide mixing and 
amplification of program signals prior to trans— 
mission over a telephone line or remote pickup 

to the studio control console. 

RECOMMENDED GENERAL GUIDELINES 

Every radio station, AM or FM , has some unique 
requirements that usually preclude the rigid appli - 
cation of a standard layout. There is a very def-
inate feeling among experienced broadcasters that 
the lifetime cost of a product should be considered 
and not the initial buying price. For example, if 
two transmitters are being considered and Trans - 
mitter A requires 20 kw to operate under normal 
conditions and Transmitter B requires only 18 
kw for the same power output, then the long-term 
buyer should purchase the transmitter requiring 

18kw even though its initial cost may be higher— 
providing it meets all FCC and station require-
ments, of course. The transmitter efficiency also 
should be considered, especially for FM broad-

casting. 
Another important area to consider is warranty. 

Is it five years for all parts, one year for non-
moving parts, six months for moving parts, etc. ? 
One area most often overlooked is the quality that 

goes into a broadcast unit, which is closely re-
lated to the reputation of the manufacturer. 
To illustrate the detail necessary in transmitter 

plant design, it is appropriate to mention cooling, 
which is not intended solely for personnel comfort. 

Adequate cooling is essential for efficient trans-
mitter operation. When cooling ducts are install-
ed, a method should be provided to keep the ducts 

at a negative pressure. It is also important that 
the transmitter building be kept clean. Normally, 
thelife of a transmitter is most affected by these 
two factors which are covered later in more detail. 
They are brought up here to emphasize the thought 

and planning behind a well-designed station. 

TYPICAL FLOOR PLANS 

Later in this book you will find a number of funct-
ional plans to aid you in the creative planning of a 
modern, functional radio broadcasting facility, 

either AM or FM or both, with recommendations 

for using emphasis where it will do the most good. 
The plans section discusses and describes types 

of stations, ranging from those intended to operate 
within a small market to an arrangement suitable 
for a large, metropolitan operation. Your part-
icular facility will most likely be a composite of 
several of these designs. 
These plans do not necessarily represent exist-

ing stations, but they show typical layouts of studio 
equipment for efficient operation. With each floor 
plan discussed is a system diagram and a list of 

the suggested major equipment items used in the 
illustrated layout. Heating and air-conditioning 
equipment are not shown but should be selected 
in accordance with individual requirements. 

It pays to utilize the services of an architect or 
contractor to turn your individual plans into reality. 

With modern building materials and techniques, 
any of the proposed stations can be built econom-
ically. Yourpersonalperferences and the area in 
which you build will determine the exterior styling 
of your building, either an ornate colonial or a 
modern cement block structure. The plans shown 

are merely suggestions, since you are the best 
judge of your individual requirements. 
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CHAPTER 2 

AM/FM Frequency Searches & Channel Allocations 

One of the first steps—if not the first—is to de-
termine the frequency or channel on which your 

station will operate. To go too far otherwise 
could result in disappointment, wasted effort and 
money. While many chief engineers and in anagers 
may be capable of conducting the required fre-
quency allocation study, it is generally advisable 
to use the services of an engineering consultant, 
especially if the broadcast system is of a complex 
nature. 

STANDARD BROADCAST STATIONS (AM) 

The first or most important requirement in an 
AM frequency search, probably, is to find a chan-
nel which will not interfere with, or receive in-
terference from, existing stations and stations 
proposed in pending applications. 
AM broadcast stations operate on local, re-

gional, or clear channels. Stations of 250 watts 
night-time and up to 1 kilowatt daytime generally 
serve small communities. Stations of 503 watts 
to 5 kilowatts cover larger population centers and 
surrounding regional areas. Stations of 10 to 50 
kilowatts are intended for large-area coverage, 
particularly at night. 
A good place to start a frequency search is to 

have the chief engineer and other appropriate sta-
tion personne 1 become familiar with the FCC Rules 
and Regulations and applicable graphs in Para-
graph 73.184, and the engineering charts listed 
in Paragraph 73.190, Part 73 of Volume III, 
March, 1968. The pertinent FCC Rules pertain-
ing to this task are: 

73.21 Classes of Standard Broadcast Channels 
and Stations 

73.24 Broadcast Facilities 
73.25 Clear Channels; Classes I and II Stations 
73.26 Regional Channels; Classes IH-A and III-

B Stations 
73.27 Local Channels; Class IV Stations 
73.28 Assignment of Stations to Channels 
73.29 Class IV Stations on Regional Clunnels 
73.30 Station Location and Program Origination 

73.37 Minimum Separation between Stations; 
Prohibited Overlap 

73.182 Engineering Standards of Allocation 
73.183 Groundwave Signals 
73.185 Computation of Interfering Signals 
73.187 Limitation on Daytime Radiation 
73.188 Location of Transmitters 

FREQUENCIES USED FOR STANDARD 
BROADCAST STATIONS 

The frequency band from 535 to 1605 kHz is de-
voted to "standard broadcasting." It is generally 
divided into 107 channels of 10 kHz each. (For 
further reference and additional information see 
the FCC Rules.) The most logical way to investi-
gate a specific frequency allocation is to check the 
FCC information and technical data. To be sure 
the desired frequency is available, other sources 
of information are the radio station channel allo-
cation list published by the Cleveland Institute of 
Electronics, Cleveland, Ohio, and the U.S. Fre-
quency list published by the Cooper-Trent Com-
pany, Arlington, Va. 
The Cleveland Institute book refers to each 

broadcast frequency and provides information 
relative to the size of the radiation pattern. In 
the case of directional stations, the direction and 
radiated power in the various lobes is given in 
general values. In the U.S. Frequency List, the 
exact geographical location of each station (latitude 
and longitude), the antenna height, class of sta-
tion, radiation at one mile, and other related 
data is illustrated. 

PREDICTING INTERFERENCE 

By using a suitable Department of Commerce 
map, the approximate location of the proposed 
station should be plotted. Then, using a copy of 
the Broadcasting Yearbook, the stations on each 

broadcast frequency within 120 miles of the pro-
posed site should be listed. The required distance 

will usually vary with both frequency and ground 
conductivity. Generally, the separation should 

II 



)ÇB 

\ PROPOSED 
\ SITE 
\ )(A 

0.025 MV/M 
CONTOURS FROM 
SURROUNDING 
STATIONS 

• 

Fig. 2-1. Plot for proposed Station A. Sta-
tions B,C,D, and E are co-channel, same 
-frequency stations. 

XC 

Fig. 2-2. If stations A and B operate 
with lower power there will not be any 
objectionable co-channel interference. 

be increased as the frequency decreases and/or 

the conductivity increases, For each station listed 

in the desired area, compute the area covered by 

the 0.025 mv/m contour, which may be the objec-

tional interference contour. Using the city where 

the existing stations are located, draw a semi-
circle showing the coverage to scale in the direc-
tion of the existing radio stations and the probable 

interference pattern. (See Figs. 2-1 and 2-2.) 

It can be seen from Fig. 2-1 that the 0.025 mv/m 

contours of Stations C, D, and E do not overlap 

Station A. Thus, the chosen frequency for Station 

A could be used, assuming that the contour of 

Station B did not cause any objectionable inter-

ference. These coverages are based on the con-
dition that all the indicated stations have the same 

ground conductivity paths to Station A. If the power 

of Station B is reduced, as shown in Fig. 2-2, so 

that its contour will not overlap the proposed sta-

tion, Station A's 0.5 mv/m contour will not be 

subject to any interfering 0.025 mv/m contour 
and the co-channel frequency can be used for the 

proposed station. 
The chief engineer, in particular, should make 

absolutely sure that there will be no overlap be-

tween the 0.5 mv/m contours of the proposed sta-
tion and any station on a frequency within 10 kHz. 

Also, there must be no overlap between the 2 

mv/rn and 25 mv/m contours of the proposed sta-
tion and any station on a frequency within 20 kHz, 

or between the 25 mv/m contours of the proposed 
station on a frequency within 30 kHz. Such over-
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laps indicate that adjacent-channel interference 
is likely to result, and allocation for the proposed 
station will, therefore, be denied. 

FREQUENCY VERIFICATION 

In many cases the only available frequency has 
been applied for through a competing application. 
It is necessary to check on the current operating 
or granted stations and pending applications at the 
FCC Public Reference Room. 

If the applicantwishes to use another frequency, 
the availability of that frequer.cy must be verified. 
A check must be made of the applications granted 
to determine if any stations, other than those 
shown in the original reference material, are on 

the desired frequency. This search is required 
because the FCC is the only source which main-

tains an up-to-date file. 
Since the FCC publishes a cut-off date fpr cer-

tain pending applications, it is an excellent idea 
to check the cut-off date of those applicants who 
want to use the same frequency, When the cut-
off date has been reached, the general rule is that 

no further applications on that frequency in that 
particular area will be considered. When there 
is an available frequency in the desired market 

area, the broadcaster should submit an applica-

tion as soon as possible before the cut-off date of 
the other pending applications. 

PRIMARY SERVICE COVERAGE 
AND INTERFERENCE 

The primary service area designates the area 
in which the groundwave is not subject to objec-

tionable interference or objectionable facing. For 
clear-channel stations, other than Class IA, a 
minimum of 0.5 mv/m is required for suburban 
coverage. To achieve daytime service within a 
city or metropolitan area, at least 2 mv/m must 

cover the residential areas. In addition the city 
or metropolitan area mustbe completely covered 
by the 25 mv/m contour. It is important to prove 

that there is no primaly service in the proposed 
broadcast signal area. If there is any interfer-
ence which exceeds the 1.0 mv/m contour to the 
0.5 mv/m contour, the grant will be denied. 
When computing primary service coverage, you 

should get a list of all the stations in the area that 
could provide the service along with directional 
and non-directional antenna radiation pattern 
values for field intensity at one mile. Such com-
puted radiation data should include the primary 
coverage of each station radiating in the direction 

of the proposed city. If some of these stations 
have directional antennas, then the actua: mea-
sured conductivity values obtained during the 

latest proof-of-performance must be used. Where 

there are no directional antennas, the conduc-
tivity values can be taken directly from the FCC 
conductivity map. 

GROUNDWAVE FIELD INTENSITY 
CHARTS vs DISTANCE 

In conducting a frequency search, it is assumed 
that the primary service area of a transmitter 
operating on a given frequency and power depends 
on the conductivity of the ground and the direc-

tivity of the antenna system. For computation 

purposes the graphs shown in Paragraph 73.184 
of the FCC Rules illustrates the effect of soil con-

ductivity on signal attenuation. Some 20 graphs 
are required to cover the broadcast band assign-
ments. They show the groundwave field intensity 

curve plotted against distance for various conduc-
tivity values. (See Fig. 2-3.) 

The reference 100 mv/m at 1 mile assumes that 
an antenna power and efficiency is such that the 
inverse distance field is 100 mv/rn at 1 mile. (The 

conductivity of sea water is assumed to be 5,000 
millimhos per meter.) Notice the upper group of 
curves (Fig. 2-3), which apply to the top miles-
from-antenna scale. The topmost curve, 5,000 

mmhos/m, intersects the 100 mv/m line at 1 mile. 
This line is transposed to the top of the lower set 
of curves where 10 mv/m occurs at 10 miles from 
the antenna. This means that the unattenuated 
wave is dependent only upon distance, and the field 
strength of the groundwave is inversely propor-
tional to the square of the distance. Thus, if 10 
mv/m exists at 10 miles, then 1 mv/m exists at 
100 miles. The inverse-distance field of 100 mv/ 
m divided by the distance in miles corresponds to 

the groundwave field intensity expected from an 
antenna with the same radiation efficiency and 
perfect ground conduction. To compute the value 

of the groundwave field intensity corresponding to 

a value of inverse-distance field other than 100 
mv/m at 1 mile, simply multiply the field intensity 

as given on these FCC graphs by the desired value 
of inverse-distance field at 1 mile and divide by 
100. 

GROUND CONDUCTIVITY VARIATIONS 

When different ground conductivity character-
istics exist in the path of the radiated signal, the 
distance to a particular groundwave fi eld-intensity 

contour is usually computed by using the equiva-
lent distance method. When the wave passes from 

an area of one conductivity into an area of a sec-

ond conductivity, the equivalent distance of the 
receiving point from the transmitter changes 
abruptly, but the field intensity does not change. 
From a point just inside the second area, the 
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transmitter appears to be ata distance where (on 
the curve for a homogeneous ground of the second 
conductivity) the field intensity equals the value 
that occurred just across the boundary in the first 
area. Therefore, the equivalent distance from 
the receiving point to the transmitter may be either 
greater or less than the actual distance. An 
imaginary transmitter is considered to exist at the 

equivalent distance. 
As you can see, considerable detail is involved in 

the use of the FCC propagation curves, even though 
the actual number of personnel involved in a fre-
quency search and the location of a transmitter site 

is relatively small. However, an understanding 
of how to obtain and compute such data is very 
important to AM/FM broadcast station planners. 
The preceding information shows how to predict 
objectionable interference between groundwaves. 

When skywave interference is present, more 
complex computations are necessary. 

SKYWAVE INTERFERENCE 

The secondary service area is that which is 
served by the skywave and is not subject to ob-
jectionable interference. Normally, the skywave 

at AM frequencies is almost completely absorbed 
in the daytime; a secondary service area of any 
appreciable extent appears only at night. Fig.2-
4 shows how skywave attenuation varies during the 

sunset period. 
Skywave (night-time) contour computations are 

usually more complicated. Therefore, many 
broadcast engineers leave such computations to 
consulting engineering personnel. After sunset 
it is most unusual for adjacent-channel inter-
ference to be troublesome over any distance. 
Night-time coverage is computed by using the same 
groundwave coverage charts, but interference 

contours are computed by using skywave curves. 
For signals from stations operating on clear chan-
nels, skywave interference is determined from 

Figs. 2-5 and 2-7. For signals from stations 
operating on regional and local channels, skywave 

interference is determined from Figs. 2-6 and 2-
7 
Fig. 2-8 diagrams the phenomena of ionospheric 

reflection and the skywave effect thus produced. 
The distance between the transmitter and the dis-
tant point determines the critical reflection angle. 
Paragraph 73.185 of the FCC Rules, Computation 
of Interfering Signals, shows the method of cal-
culating the skywave interference ami how these 

curves are used. 
Another important factor in skywave computation 

is that maximum expected operating value (ME OV) 
is always used in the determination to make sure 

that the worst-interference conditions are con-

sidered in the case of stations using directional 
antennas. In case of non-directional vertical an-
tennas, the vertical distribution of relative fields 
for several heights is computed by using Fig. 2-
9, assuming sinusoidal distribution of current 
along the antenna. 
Fig. 2-9 reveals that although an antenna of 

0.625 wavelength has a large low-angle lobe, a 
secondary lobe which decreases the effective face-

free area exists at a higher angle. Fading will oc-
cur when the skywave meets the groundwave; the 
two signals tend to cancel because of phase re-
versal. The strength of the grotmdwave at a given 

distance is increased only a few decibels by in-
creasing the height of the antenna from 0.125 to 
0.5 wavelength, but the effective fade-free area 

is greatly increased due to the reduction in strength 
of high-angle radiation which produces an inter-
fering skywave. 
To determine that the proposed station will not 

cause objectionable interference with any co-chan-
nel station, and that the coverage pattern will 
comply with FCC requirements, the engineer 
must know the night limit resulting from the com-
bined signals of all co-channel stations. An ex-
amination of the co-channel horizontal radiation 
patterns and engineering reports should be made 

to verify existing radiation data. 
After the basic data is provided, the limits each 

would impose on the signal should be determined. 
Generally, the coverage limit is usuallynotthe 
result of just one other station, but a number of 
stations adding their interfering signals on the 
proposed contours. The interfering limits are 
computed by the root sum square (RSS) method. 
First, it is necessary to determine the highest 

limiting signal value produced at the proposed site. 
Then, the remaining signals, in order of decreas-
ing magnitude, are tabulated. The mathematical 

effects of squaring, adding, and other calcula-
tions can produce some very complex situations. 
As noted in Paragraph 73.182 of the FCC Rules, 
it is possible that a new signal can cause the ex-

clusion of a previously included signal, resulting 
in a new lower limit, even though the actual in-
terference is greater. 
Another difficult task in computing skywave 

(night-time) coverage is the necessity for com-
puting data for many stations with the purpose of 
excluding many of them. It is also necessary to 
furnish proof—in the application—that a given 
limit value does not enter into the calculated fig-
ures . 
Class IV station night-time coverage is normally 

calculated by following the instructions in Para-
graph 73.182. It is based on the assumption of a 
0.25 wavelength antenna height and 88 mv/m at 
one mile effective field for 250 watts power. Zones 
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Fig. 2-9. Chart portraying vertical radiation patterns for different antenna heights. 



defined by circles are drawn about the proposed 
site at distances indicated in the Rule. Each sta-

tion in a given zone is considered to have an as-
signed field-intensity value. The effective inter-
fering skywave signal is taken to be the RSS value 
of all signals originating within these zones and 
is considered to be the night-limit figure. Sta-
tions beyond 500 miles are not considered and 

stations achieving a radiation greater or less than 
88 mv/m are adjusted by the square root of the 
ratio of the radiated power to 250 watts. 
Class IV computations do not require as much 

research of the FCC files as night computations for 
a Class III station. Details for Class I and ll sta-
tions are discussed in Paragraph 73.185 of the 
FCC Rules. Night-time coverage is not as easily 

computed as daytime coverage mainly because of 

the considerable amount of variable engineering 
data required for many other stations. 

FM BROADCAST STATIONS (FM) 

An FM station applicant must request an FM 
channel assigned to the community in which he 

proposes to operate, or a location within a 25-
mile radius which has no FM channel assignment 
Power, antenna height, and station separation 
are governed by the zone in which the station is 
to be located. 
There are three classes of commercial FM sta-

tions: Class A stations operate with a power of 
from 100 watts to 3 kilowatts to cover a radius of 
about 15 miles; Class B stations may use 5 kilo-
watts to 50 kilowatts for 40-mile service, and 
Class C, 25 kilowatts to 100 kilowatts for a 65-
mile range. 
There is no point in repeating the necessary 

methods and procedures in obtaining the fre quency-
allocation search data for an FM broadcast station 
because they are substantially the same as for 
AM. Inmost cases, the information and instruc-
tions given in the FCC Rules are very straight-
forward and should be easily understood. 

Consideration for FM stations are covered in 
the following FCC Rules and Regulations: 
73.201 Numerical Designation of FM Broadcast 

Channels 
73.202 Table of Assignment 
73.203 Availability of Channels 
73.204 International agreements and other re-

strictions on the use of channels. 

73.205 Zones 
73.206 Classes of commercial channels, and 

stations operating thereon. 
73.207 Minimum mileage separations between 

co-channel and adjacent-channel sta-

tion commercial channels. 

73.208 Reference points and distance computa-
tions. 

73.209 Protection from interference 
73.210 Station location and program origination 
73.211 Power and antenna height requirements 
73.311 Field strength contours 
73.312 Topographic data 
73.313 Prediction of coverage 
73.315 Transmitter location 
73.333 Engineering charts 

HELPFUL MAPS, CHARTS. AND GRAPHS 

In the preparation of the necessary maps, charts, 
and graphs used in determining locations, heights, 
and elevations, helpfuldatamay be obtained from: 

U.S. Geological Survey Topography Quadrangle 
Sheets 

U.S. Geological Survey 
Department of the Interior 
Washington, D.C. 20240 
Sectional Aeronautical Charts 
Department of Commerce 
Washington, D.C. 20235 

Map of the Density of Population & Number of 
People by Sections in the Area 

Bureau of Census P-D and H-E 
Superintendent of Documents 
Government Printing Office 
Washington, D. C . 20240 

Geographic Contour Map with Contour Intervals 
of 20 to 50 feet (Map showing type, nature, and 
depth of the soil in the area with special refer-
ence to the condition of the moisture through-

out the year.) 

NEW FCC RULES PROPOSALS 

At publication new, more restrictive rules gov-
erning acceptance of applications for new standard 
braodcast stations and for major changes in facil-

ities of authorized stations have been proposed by 

the FCC. The Commission also proposes to regard 
both commercial FM and AM as part of a total 
aural service and to accept Class IV requests for 

power increases during the following year. 
On July 17, 1968, the Commission amended its 

rules to bring a limited halt to the acceptance of 
AM applications pending rulemaking, noting a 

continuingproliferation of new AM stations, with 
a consequent depletion of remaining AM spectrum 
space and an increasing demand for new FM 

facilities. 
In its effort to encourage development of FM 

broadcasting, the FCC pointed out that FM pro-
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vides a fulltime service which daytime AM cannot 
provide, that FM has a generally greater range, 
and stations can be assigned without adding to 
interference on the channel, as nearly all night-
time AM facilities do; FM is technically better 

than any AM service, freer from interference and 
with stereo and Subsidiary Communications 
Authorization capability; and FM assignment is 
more orderly and cheaper, both for the Commiss-

ion and the applicants. 
The Commission found several shortcomings in 

the present AM assignment process. It stated that 
most applications, pending and recently granted 
"are for new or increased daytime facilities, 

which do not provide night-time service to any of 
the areas they propose to serve, and preclude 
use of this and adjacent frequencies in the com-
munity and area by fulltime stations; that less than 
three percent of the applications pending before the 
"freeze" proposed to serve any appreciable white 
(unserved) area; that while a majority of the appli-

cations for new daytime-only stations are for com-
munities now without a local AM outlet, less than 
half can be granted because of mutual exclusivity 
between applications; that many of these commu-
ities are small; that many of the applications for 
larger communities will require consideration as 

to whether they are really applications for the com-
munity specified or for stations in fact primarily 
serving a larger nearby city; and that many AM 
applications are for communities with two or more 

existing stations. 
The FCC believes proposed rule changes will 

provide abetter complete aural radio service and 

will permit fuller use of available spectrum space. 
Evaluation of aural service development could take 
place after a few years of operation within the new 

guildelines, which also state that; 
Existing FM service of lmv/m or greater inten-

sity, as well as AM service, would be taken into 

account in determining primary service. 
Applicants for new facilities (but not for major 

changes) would have to show there is no FM 

channel available and unoccupied that could be used 

to serve the same "white" area. 
Another change in existing rules permits Class 

IV stations to seek increases in power to the per-
missible maximum without regard to domestic 

interference caused or received, subject to the 
provisions of Section 316 of the Communications 

Act. The "freeze" on new Class IV applications 
will continue, pending rulemaking, even though 

the "freeze" on applications for power increases 
was lifted for one year, effective September 4, 
1969. 
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CHAPTER 3 

Preparing Engineering Data: Form 301 

FCC Form 301 is an all-in-one application for 

authority to construct a new broadcast station 

or to make changes in an existing facility. The 

various sections include: 

I. General, Facilities Requested 

II. Legal Qualifications 
III. Financial Qualifications 

IV-A Statement of Program Service of Broad-

cast Applicant (AM-FM) 
V-A. Standard Broadcast Engineering Data 
V-B. FM Broadcast Engineering Data 

V-C. TV Broadcast Engineering Data 

V-G. Antenna and Site Information 

Each section alone, although requesting a con-

siderable amount of detailed information, is no 
more difficult to prepare than a Federal Income 

Tax form. Considered as a whole, however, a 
broadcaster may wonder if he has the tenacity to 
see an application through to its acceptance. Ob-
viously, however, applications are continually 

being accepted and approved. The reason is 

that much of the data is prepared by experts—.-

a procedure known to be sound and economical. 

However, it is also a sound policy for every 

broadcaster to know what is involved, if for no 
other reason than to realize he should seek quali-

fied help. 

BREAKING DOWN THE APPLICATION 
Form 301 Sections II, III, and IV are used to 

determine an applicant's qualifications for oper-

ating a broadcast station. Thus, assuming the 
other sections (which deal with engineering as-

pects) are in order, the information these three 

sections contain weigh heavily in the Commiss-

ion's judgment of an application. 

Normally, the information requested in these 

sections is readily available to an applicant. 

And, although they should be completed with the 

aid of legal counsel, their preparation requires 

no undue expense. Section V, however, is 
another matter, especially if a new station is 

being sought. Depending on the facilities re-

quested, a great deal of time and expense may 

be involved in making tests, measurements, 

and calculations for the necessary supporting 

data. In fact, because of the complications in-

volved in preparing this information, it is the 

rule, rather than the exception, to enlist the 
services of a consulting engineer. As an aid to 

managers and engineers, this section explains, 

in layman's language, what is required in filing 

such engineering data. 
The most significant factor in assuring a suc-

cessful filing of Form 301 is to supply all the 

specific data in complete detail. Thus, in plan-

ning a new station, or changes in an existing 

station, a broadcaster should be familiar with the 

engineering know-how required. Familiarity 

with the FCC Rules will aid in making the nec-

essary decisions regarding site location, equip-

ment requirements, and antenna location and 
construction. The engineering staff should, 

therefore, be acquainted with the following: Vol. 
1, Jan. 1968: Part 1—Practice and Procedure 

Part 17—Construction, Marking, and Lighting 

of Antenna Structures; Vol. III, March, 1968:. 
Part 73—Radio Broadcast Services; NAB En-

gineering Handbook 5th Edition, Section 2—An-

tennas, Towers and Wave Propagation. 

Section V-A of the form applies to standard 

broadcast (AM) engineering data, and Section 

V-B to FM data. Section V-G specifically per-
tains to antenna and site information, although 

much of the engineerin g data required in the other 

applicable sections is directly related tothe an-
tenna system. Therfore, preparing data for 

Section V-A, for example, will provide most of 

the information for Section V-G. 

Page 2 of Section V-A, Item 12, pertains to the 

allocation study. This is the tough part, relating 

to the normally-protected and interference-free 
contours proposed by the application. With to-

day's crowded airwaves, it is becoming more and 

more difficult to find a location, frequency, and 

power that will fit the Commission's present allo-

cation standards. Once this has been accomplish-



Broadcast Application PEDERAL COIMIDNICATIONS COMMISSION Section V- A 

STANDARD BROADCAST 

ENGINEERING DATA 

Mee of eel Icent 

D. D. Foster, d/b/a 
Carolina Radio Broad - 
Cacting Co. 

I. Indicate by check mark the purpose of this 

for, each category are shown to the right of 

Construct a new station 1 
fl Change station location to a different 

city or town 

E:Change power 

UChange transmitter location 

EIChange frequency 

E1Change from DA to Non-DA 

Li Change from Non-DA to DA 
Ch in antenna system 

(including increase in height 

application. (The items of this Section that are applicable 

the category.) 

Install new Auxiliary Transmitter 

ni Install new Alternate Main 

Transmitter 

U Change transmitter (non type 

accepted) 

El Change Main Studio Location to 

All Point outside city limits and not 

items at transmitter site 

U an of Operation 

Ell Other (specify): 

to, and must he answered 

2thru 7, 

and 10 

2 dim 7 

2 then 7 

by addition of FM or TV antenna) 

.4. 
(and appropriate 

other items) 

If this application is not for a new station, summarize briefly the nature of the changes proposecb 

2. PaCilitles requested 10 Antenna system, including ground or counterpoise 

wyequency 

1530 KC 

Hours of operation 

LSR-LSS 

Power in kilowatt» 

Night Day 

1(CH) D 

Non-Directional Antenna: Directional Antenna: 

D., [X1 night Lij DS) Only (DA-DI Li 

Night only IDA-N) Ell 

Same constants and poser day E  
and night IDA-i) 

Different constants or power 

day and night (DA-2) E 
(If .• directional mtema in proposed submit complete engineering oath Show clearly 
whether directional operation in for day or night or both. If day and night pattern' 
are dif ferent gire full Intonation on eerh pattern. Thin Intonation in in addition 

to the intonation in Paragraph 10 and is submitted no Exhibit M. 

and signed by the engineer who designed the antenna seine.- / 

3. Station location 

State 

South Carolina 

City or tame 

Spartanburg 

4. Transmitter location __ 
State 

South Carolina 

Count" 

Spartanburg 
- ------- -- --- — 

City or in-en - 

Spartanburg 

Street Address (or other 

.35 Mi North 

burg city 
State Hwy. 

identification) 

ofSpartan-Cross-section 
limits on 
#9 

Type radiator Uniform 

gumqd and base in 
&,t-e. 

Height in feet of comp.ete radiator 
above bane insulator, or above base if 
grounded, 

250 , 
5. Main studio location fne7.§ *4fifit above gramd. 

(without obatruction lighting) State 

Same as transmitter 
county 

255 
Overall height in feet above mean sea 
level. (•Ithout obstruction lighting) 

City or town Street and number, if knom 
Overall height in feet above ground. (With 
obstruction lighting) 

1045 

6 Remote control point location 258 Overall height in feet abone ses. sea 
level. (With obist ruct ion l lentil's) State City or town 

DNA 
if antenna is either top loaded or sec-
tionalized, describe fully as Itzhibit 
No. 1048 Street Address (or other Identification) 

Excitation Series C Shunt 

'I. Transmitter 
Geographic coordinates to nearegt Second. 

Por direction antenna give coordinate. of center of array. 
Por .ingle vertical radiator give tamer location. 

lake 

RCA 

Type No. 

BTA -1R 

Rated Power 

1 KW north latitude 

34° 5. 28 - 
Vest longitude 

81° 56. 37. 
If the above trumaitter has not been accepted for licensing 

tach a. Exhibit No. • complete shoeing of 
Showing should include schematic diagram and full details 

change. are to be wade in I iceneed tranuitter include 
full details of change. ) 

hy the r. C.C.. at-

transmitter detail.. 

of frequency control. If 

mhematic diagrm and glee 

— _ 
If not fully described shore, {hue further det•i in arid dimmions Including mo 
other antennas smelted on tower and immolated isolation circuits as Exhibit 

M. (Height figures should not include obistrixtion lighting.) 

Suhalt as Exhibit Mn. E' .1 • plat of the [rennet ter 'site shoeing boundary 

lines, and roads, r•i l roads. or other obstruction.: and also layout of the ground 
system or counterpoise. Shoe nusber and disensions of ground radial. or If • counter-
poise is used, show height and di•ensiona. 

8. Undulation monitor 

make 

General Radio 

r7P. Mo. 

1931-A 
it. Attach m Exhibit No. ,.. • euff icient number of aerial photograph. 

taken in clear weatheZt gropr I at e altitudes and angles to permit identifica-
tion of •Il structure, in the vicinity. The photograph. mat Deserted so as to 
sho• compass direction., exact boundary lines of the proposed site. and loca-
t ions of the proposed 1000 ay/. contour for both day and night operation. Photo-
crawls taken in eight different directions fro. an elevated position on the 
ground will be acceptable lo lieu of the aerial photographs if the data referred to ... be clearly Mown. 

l. Frequency monitor 

-isle 

General Radio 
'One no. 

1181-A 

Fig. 3-1. Sample Page 7 of Form 301 Section V-A. 
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cd, however, preparing the data is a fairly 
straightforward engineering procedure. 

APPLICATION CONSIDERATIONS 

Applications lacking complete answers, or 

supplementary documents and engineering data, 
may be returned for additional information or 
corrections. While the application may be re-
submitted, and no additionalfee is required, ap-
proval for construction and operation will ob-
viously be delayed, possibly resulting in un-

planned financial loss. To minimize the possi-
bility of such a delay, a cardinal rule is to be-

come familiar with the instructions on the cover 
page of Form 301 and the applicable sections of 
Part 73 of the FCC Rules. 

COST CONSIDERATIONS 

One of the first points to consider about costs 

is whether the chief engineer or a consulting en-
gineer should make the calculations and perform 
the tests to obtain the necessary data. While 
many chief engineers may be capable of pre-
paring much of the data required, it is generally 
advisable to use the services of an engineering 
consultant, especially if the antenna system is 
complex (such as a directional array). Also, 
present-day regulations make it almost man-
datory to enlist the aid of a consultant in mak-
ing an allocations study and report for proposed 
facilities. In an operating station, engineering 
time is too valuable to perform the technical de-
terminations. For anew station, however, it is 
most practical and economical for the chief en-
gineer to work with a consulting engineer. 
Engineering personnel assigned to the project 

should be advised of the necessity for keeping 
within the budget. Total cost for the engineering 

data will vary widely from station to station and 
area to area. As required tower heights and 
power outputs increase, costs will increase pro-
portionately. Thus, the largest single cost gen-
erally involves preparation of antenna system 
data. 

PREPARING SECTION V- A 

Section V-A deals specifically with all the en-
gineering data required for a standard broadcast 

station. The reproduction in Fig. 3-1 shows the 

information required for Page 1, and Exhibit E-1 
is shown in Fig. 3-2. In connection with the 
information requested, Vol. HI, Paragraph 73. 
33, Antenna Systems, states that an application 
for authority to install a broadcast antenna shall 

specify a definite site and include full details of 
the antenna design and expected performance. 

Alldatanecessary 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 must also be filed. If a direction-
al antenna is proposed, complete engineering 
data and measurements must be submitted. 
Paragraph 73.150 specifies that engineering 

data for a directional antenna shall include a 
complete description of the proposed system 
showing: 

1. Number of elements 

2. Type of each element (guyed or self-sup-
porting, uniform cross-section or tapered, 
base width, grounded or insulated, etc.) 

3. Complete engineering details of top loading 

or sectionalizing, if any. 

4. Height of vertical lead of each element in 
feet, (height above base insulator, or base 
if grounded). 

5. Overall height of each element above ground. 

6. Details including sketches of ground system 
for each element (length and number of rad-
ials, dimensions of ground screen, if used, 
and depth buried) and outline of property. 

7. Ratio of fields from elements (identifying 
elements). 

In addition, calculated horizontal (ground) plane 
field intensity patterns for each mode of opera-
tion must be plotted to the largest scale possi-
ble (approximately 7" by 10") on standard letter 
size point coordinate paper using only scale di-
visions and subdivisions having values of 1, 2, 
2.5 or 5 times lOnth. The data must include: 

1. Inverse field intensity at 1 mile and effec-
tive field intensity (RMS). 

2. Direction of true north at zero azimuth. 

3. Direction and distance of each existing sta-
tion with which interference may be in-
volved. All directions should be determined 
by accurate calculation, or from a Lambert 
Conformal Conic Projection Map such as 
United States Coast and Geodetic Survey 
Map No. 3060 a, or map of equal accuracy. 
All distances should be determined by 
accurate calculation, or from a United 
States Albers Equal Area Projection Map, 
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Scale 1 t• 2,500,000, or a map of equal accur-
acy. 

4. Orientation of array with respect to true 
north and time phasing of fields from ele-
ments, specifying degrees leading i+) or 

lagging (-) and space phasing of elements 
in feed as well as in degrees. 

5. The location of all the minima in the pattern. 

In those instances where radiation at angles 
above the horizontal plane is a pertinent factor 
in station allocation, field intensity vs azimuth 
patterns must be calculated for every 50 of ele-
vation through 600. These patterns may be 
plotted along either polar or rectangular coordin-
ates, but must be submitted one to a page. Minor 
lobe and null detail occurring between the 50 in-
tervals need not be submitted. 
Data used in computing field intensity patterns 

must also be submitted, along with the formula 
used for calculating the horizontal patterns, sam-
ple calculations, and formula deriviations if other 
than standard. Any assumption made must be 
stated along with an explanation of its basis, in-
cluding electrical height, current distribution and 
efficiency of each element and ground conductivity. 
Complete tabulation of final calculated data used 

in plotting patterns, including data for the de-
termination of the RMS pattern value, is re-

quired. 

Fig. 3-2. Typical exhibit showing the plot of a 
proposed antenna site. 

Values of field intensity less than 10% of the 
effective field intensity of the pattern must be 
shown on an enlarged scale. If the values deter-
mined from actual measurements, particularly 
in sharp nulls, are different from the calculated 
values, maximum expected operating values 
(MEOV), as well as the calculated values, must 
be shown on both the full patterns and the enlarged 
sections. The requirements for field intensity 
measurements are elaborated in Paragraph 73. 
151, Field Intensity Measurements to establish 
Performance of Directional Antennas. 
Appropriate information relating to the type 

of radiator, overall heights, top-loading or 
sectionalized antenna, and method of excitation 
is entered in the applicable blocks for Question 
10 (see Fig. 3-1.) Special maps and charts may 
be used to tabulate the information and data re-
quired for the last portion of Item 10. 
Ground level elevations may be obtained from 

the U. S. G. S. topographic quadrangle maps. 
Maps for specific areas may be obtained from 
U.S. Geological Survey, Department of the In-
terior, Washington, D.C. 20240. Maps of 
areas west of the Mississippi are available from 
U.S. Geological Survey, Denver 15, Colorado. 
Section aeronautical charts are available from 
United States Coast and Geodetic Survey, De-
partment of Commerce, Washington, D.C. 
20235. 
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Some pertinent facts relating to standard broad-
cast antenna structures are: 

1. All applicants for new, additional, or dif-
ferent broadcast facilities, and all licen-

sees requesting authority to change the 
transmitter site of an existing station, shall 
specify a radiating system with an efficiency 
that complies with the requirements of good 
engineering practice for the class and power 
of the station. 

2. No broadcast station licensee shall change 
the physical height of the transmitting an-

tenna or supporting structure, or make 
any changes in the radiating system which 
will measurably alter the radiation pattern, 
except on application to and authority from 

the Commission. 

3. The simultaneous use 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 broadcast stations of other 
class or service, may be authorized pro-
vided: 

a. Verified engineering data is submitted 
to show that satisfactory operation of 
each station will be obtained without 
adversely affecting the operation of the 

other. 

b. The minimum antenna height or field 
intensity for each station complies with 
Item 1 above. 

4. Paragraphs 73.189 and 73.190 define the 
minimum antenna heights and field intensity 
requirements. Minimum physical heights 

of antennas permitted are shown in Fig. 3-3. 
Fig. 3-4 shows the requirements for effec-

tive field at one mile for one kilowatt. 

5. Since the radiation pattern is computed on 
the basis of a perfectly conducting plane 
earth, a ground system of buried copper 

wires or ribbon must be installed in order 
to approach this condition as closely as 
possible. A properly installed and ade-
quate ground system can contribute much 
to the efficiency and stability of a radiation 
pattern. The FCC minimum requirements 
consist of buried radial wires at least 1/4 
wavelength long. They should be evenly 
spaced, and in no event should less than 
90 radials be used (see Fig. 3-5). 

1 I 1 A 
-.- 100  r - I 1' - 

500 800 t i00 1 , 14001 
600 900 1200 1 1500 1 

700 1000 1300 '6C0 
FRECI.F.NCY iN trit_ocr.:1. E:i 

6. A station with an AM directional antenna 
system applying for remote control priv-
ileges must have an extremely stable an-

tenna system and must also attest to its 

stability. The stability of directional AM 
antenna systems is important to successful 
remote control operation. In addition to the 
provision of an adequate ground system, 
attention should be given to bonding of the 
connecting elements, positioning of guy 
insulators, base insulators with sufficient 
leakage paths, and low-loss capacitors 
and inductors in the phasing and power-

dividing networks. 

7. The unattenuated inverse field strength at 
1 mile is the field strength at 1 mile when 
the only attenuation is that of distance. 

8. A sectionalized tower, in addition to the 

base insulator, has one or more insulators 
in the tower above the base. This type of 

tower is usually constructed for the purpose 

of obtaining greater AM broadcast coverage. 

The engineering data required for Pages 2 and 
3 of Section V-A is directly related to the infor-
mation described in the following paragraphs: 

1. Paragraph 73.37 Minimum Separation Be-

tween Stations; Prohibited Overlap. 

2. Paragraph 73.182 Engineering Standards 

of Allocation. 

3. Paragraph 73.183 Groundwave Signals. 

4. Paragraph 73.184 Groundwave Field In-
tensity Charts. 
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5. Paragraph 73.185 Computation of Interfer-

ing Signal from a Directimal Antenna. 

6. Paragraph 73.186 Field Intensity Measure-

ments in Allocation. 

7. Paragraph 73.187 Limitation of Daytime 

Radiation. 

SECTION V—G, ANTENNA AND 
SITE INFORMATION 

This part of Form 301, as shown in Fig. 3-6, 

is for the specific use of the Regional Airspace 

Subcommittee, which is concerned with obstruc-

tions to air navigation. Thus, even though most 

of the data requested duplicates engineering in-
formation called for in Section V-A, or B, it 

must not be entered by reference. 

Antenna Site Considerations 

An antenna located at a height above the service 
area, such as a mountain top, may have a pat-

tern null falling in the vicinity of a heavily-popu-

lated section of the principal city. If a populated 
section lies within the area, the broadcaster 

should have the antenna manufacturer apply elec-
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trical beam tilt or null fill or a combination of 
both. 
Polarization patterns, standing-wave ratio, and 

gain may be affected by side-mounting an antenna. 
A performance check should be made before de-
ciding on a final location. 
Topographical data may be obtained on roads 

which are along radials from the transmitter 
site by using a sensitive altimeter. The aver-
age elevation of each radial from 2 to 10 miles 
may be determined by averaging the mean values 

of mile or half-mile segments. 
The height of the antenna radiation center above 

the average elevation of the radial is: Height 
of radiation center above sea level minus the 
2- to 10-mile average radial elevation. 
The free-space field intensity in mv/m at 1 

mile is measured 1 mile from the antenna with 
1-kw input in the half-wave dipole. At this 1-
mile point, the field intensity for the half-
wave dipole is equal to 137.6 mv/m. This 
measurement is made under conditions of free-
space field intensity; i.e., the signal is free 
from reflections from earth or other objects. 
Applicants who propose to operate an FM an-

tenna in the immediate vicinity (200 ft. or less 
of another FM antenna, or TV antenna with fre-
quencies adjacent to the FM band, must describe 
the effect the two systems will have upon each 
other. (FCC Rules, Par. 73.316:Antenna sys-
tems—Part e.) 

If an FM antenna is to be mounted on a non-
directional standard broadcast antenna tower, 

new resistance measurements must be made 
after the FM antenna is installed and tested. Dur-
ing the installation, and until the new resistance 

measurements are approved, the AM licensee 
should apply for authority (informal application) 
to use the indirect method of measuring power. 
The FM application will not be considered until 
the new resistance measurements are filed for 
the AM station. If the FM antenna is to be mount-
ed on an element of an AM directional array, or 
on a tower in the vicinity of a directional array, 
a full engineering study of the effect on the per-
formance of the AM array must be filed with the 
application. In some cases, the FCC may re-
quire readjustment and certain field intensity 
measurements of the AMsystem when the FM an-
tenna is in operation. 

SELECTING AM FM FREQUENCY 

Available frequencies for FM broadcasting are 
listed in Paragraph 73.201—Numerical Des-
ignation of FM Broadcast Channels, Subpart B— 
FM Broadcast Stations (Vol. HI of the Rules). The 
channel you request must be one assigned to your 

LINE OF 
TOWERS 

Table I—Typical Horizontal FM Antenna Data 

TUNING BIDS 

- - TIINNSINISSION UNE 

- WAIN BUILDING 
  TTIII 

TOWER um/ / 

NO OF GAIN 

SECTIONS POWER KW DB FIELD 

1 09 05 
2 20 36 
3 30 48 
4 4 I 6.1 
5 52 715 
6 6.3 80 
7 7.3 863 
8 8.4 925 
10 10.5 102 
12 125 11 0 
14 146 II 65 
16 166 12.20 
20 210 13 22 

095 
1 41 
1.73 
202 
2.28 
2.51 
2.70 
290 
3.25 
3 55 
3.83 
4 07 
459 

community (Table of Assignments, Par. 73.202). 
If your community has no channel assigned, or is 
not within 25 miles of the assignment, or if 
there are stations already on the channels in your 
area, a petition must be filed with the FCC to 
change the Table of Assignments as required by 
Par. 73.203. 

SECTION V-B: FM ANTENNA 

If you plan to use a dual-polarized antenna, 
Tables I and H list data for horizontal and ver-
tical polarization. Fig. 3-8 shows how data for 
dual polarization is entered on the form. 
The mathematical expressions for antenna field 

gain and power gain are: 
Field gain = field intensity in mv/m for multi-

element antenna/137.6. 

Power gain = (Antenna field gain). Ground level 
elevations may be obtained from the U. S. Geolog-
ical Survey, Dept. of the Interior, Wash.,D.C. 
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IBroedeast Applicaticn FEDERAL COMMUNICATIONS COMMISSION Sect ion V-G (Antenna) 

ANTENNA AND SITE INFORMATION 
(see instruction B.Section 1) 

'''erre of applicant D. D. Foster, d/b/a ' 
Carolina Radio Broadcasting Co , 

Legal Counsel Ruccee of applicsticn (Check apprcpriate bar) 

I> 4 Address a.. New erterna oxartructicri 
b. Alteration of existing anterna structures CD 
c Change in location 1=1 

Consulting Engineer 2. Restinee of eurnanding terrain 

Louis A. Kine 
Linn eny natural fbninticne or existirg nen-riade structuree (hills, 
treee, wetter taike, tamers, etc.) which, in the cpinicn of the appli-

Address 

510 Shelby St., Bristol, Tenn. 
cent, 'mild taxi te shield the entava from aircraft end thereby mini-
mize tle aeronautical tatzand of the attars. 

, 

Class of station 

Standard 
Facilities requested 
1530 Kc -1 KW(.25CH)D None 

1. Location of antenna 
State 

S.Carolina 

County 

Spartanburg 
City or 'Iban 

Spartanburg 
Submit as Exhibit No. chart ai which is plotted the exact 

Exact antenna location (street address) (If outside city limits, 
give distance and direction frun, and natte of nearest tom) 

.35 Mile North of Spartanburg City 
Limits on State Highway #9 

F,,,pti 
locatiai of the =twill sae, and also the relative location of 
the natural formations and/or the existing men-rnede structures 
listed above. 
The chart used shall ne an Inatrunent Approach Chart (or the 
landing chart on reverse side thereof), or a 9ecticnal Aerconuti-
cal Chart, choice depending upon proximity of the antenna site to 
landing areas. J.,/ In general, the Sectional Aeronautical Chart 

Geographic coordinates (to be determined to nearest seoond. 
For directional antenna give coordinates of center of array.) 
Fbr single vertical radiator give tower location. 

should be used only when the antenna site is more than 10 miles 
fran a landing area or when an Instrument Approach Chart is un-
obtainable. _L/ 'These charts nay be purchased tras the U. S. 
Coast and Geodetic Survey, Washington, D. C. 2.0as.2 

North latitude 

34 ° 58 ' 28" 
West longitude 

81 0 56' 37" 
ijFxception - Where the proposed antenna site is within the 
boundary of a landing area for which no Instnrnent Approach Chart 
is available, submit a eelf-rrade, large scale reap showing antenna 

_ site. runraves) End encistinz men-made Ertructuree listed above. 
3. Designation, distance, and bearing to center line of 

nearest established airway within 5 miles None 

4. List all landing areas within 10 miles of antenna site. Give distance and direction to the nearest boundary of each landing 
area frcrn the antenna site. 

Landing Area Distance Direct icc 

(a) -------------------- 
 s_   1910 

(15) -Spar-tanburg-itunizipal _3_,2_1#111_e 
(c)  

5. Description of antenna system (If directional, give spacing and orientation of tcwers). 

Single uniform cross-section, base insulated and guyed tower 

TYPE, 
Description of tower(s) 

Self-supporting Coyed X— Tubular (Fble) 

'haver (height figures should include 
obstruction lighting) 

#1 #2 #3 #4 #5 /06 

Peight of radiating elements 2 50 1 ., 

Overall height above ground 1 

Overall height above mean sea level iîig l 
If a carbination of Standard, FM, or TV operation is proposed on the sane nulti-elerrent array (either existing or proposed) sub-
mit as Pahibit No. a horizontal plan for the proposed antenna system, giving heights of the elements above ground and shaving 
their orientation, and uacing in feet. Clearly indicate if any towers are existing. 
Submit as Exhibit No.E9 a vertical plan sketch for the proposed total structure (including supporting building if any) giving 
heights above grown in feet for all significant features. Clearly indicate existing portione, noting painting and lighting. 

' Is the proposed antenna system designed ao that obstruction meta nay be 
installed and maintained at the uppermost point (s)? Yes ID ND 0 
6. Is the proposed site the same or immediately adjoining the transmitter-antenna site of other stations authorized 

by the Commission or specified in another application pending before the Commission? J Yes 1Z1No 
If the answer is "Yes", give: CALL LETTERS   FILE NUMBER   

I certify that I represent the applicant in the capacity indicated below and that I have examined the foregoing statement of technical 
information and that it is true to the best of my knowledge and belief. 

Signature 
(date) (check _appropriate box be/ou) 

OTechnical Director EIChief Operator CIRegistered Professional Engineer DConsulting Engineer 

Fig. 3-5. Sample application, Section V -G, presenting antenna site information. 
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20240. West of the Mississippi: U.S.G. S. , 

Denver 15, Colorado. Sectional aeronautical 

charts are available from the U.S. Coast and 

Geodetic Survey, Dept. of Commerce, Wash., 

D.C. 20235 

Authorized power and antenna requirements are 

illustrated in Table III. No minimum antenna 

height above average terrain is specified. 
Heights exceeding those listed in Table III may 

be used if the ERP is reduced by the amount 
indicated by the appropriate curve in Fig. 3-9. 
The height of the radiation center is the physi-

cal center of the radiating elements if uniform 

power distribution i used. If a split-feed or 
power divider system and non-uniform power dis-

tribution are employed, the height of the radia-

tion center is not the same as the physical cen-

ter (the manufacturer will furnish this data). 
A directional antenna may not be used solely 

for the purpose of reducing minimum mileage 

separation requirements: it is permissible if it 

will improve service, or permit the use of a 

Fig. 3 -7. A typical vert ical antenna sketch re-
quested in Section V-G. 

particular site, and is designed for a noncircular 
radiation pattern. Directional antennas with a 

ratio of 15 db maximum to minimum radiation 

in the horizontal plane are not allowed. 
Applications proposing the use of a directional 

antenna must be accompanied by: 

1. A complete description of the proposed an-

tenna system. 

(a). A description of how directivity will be 
be obtained. 

(b). A means of determining the operational 
pattern and maintaining allowable toler-

ances, such as a rotatable reference 

antenna. 

2. Horizontal and vertical plane radiation pat-
terns showing the free space field strength 

in mv/m at 1 mile and ERP in dbk for each 

direction; a complete description of how the 

measurements were made, including the 

Table Il —Typical Vertical FM Antenna Data 

NO OF 
SECTIONS 

2 

12 
13 
14 
15 

GAIN 
POWER KW 

95 
1.97 
3.12 
4.20 
531 
6 39 
7 50 
857 
976 
0 9"; 
1.87 
320 
403 
529 
6.30 
7 -S 

DB FIELD 
22 

294 
494 
623 
7 25 
806 
873 
933 
989 
040 
074 
1 20 
1 47 
1 84 
2 12 
243 

97 
1 40 
1.79 
205 
2 37 
253 
274 
293 
312 
331 
345 
363 
3 75 
391 
404 
4 1Ç 

Ant*.nru  Mtn 

txk. 
Vert, Electronics 
Boris: Gates 

I. t Iso fro. 

febert.359.3 

Int.M, I() At c.p. 

In am m fig. 

Tyre p.o. or 

,_t ton 

p.o. of sections 

6 

Antenna field 1.ntenna rower 

Rain 

Vert. 
2.611 

: Hartz: 42.6 
ant.nna lonot Borize 

2.49 
Is terlrnnt .t! trl'at nroncleed? 

If ••,,,•, ittu.‘.1as IxtlIblt p.r. Eng 

'ne"».""e data °n tk' both horizontal 
.11,1•1111,1 NIfi u.o .ffectlre mlinted 

poner proro.ed. tc vertical propose 
Is directional 'Intermit proposed? 

galn 

Vert. 
6.817 

Horiz. 
6.20 

If n'eg*, attar). a kcchlblt p.o. 

eneplete engineering data thereon. 

[XI `^ 

Yes D p.o (E) 

Fig. 3-8. Sample antenna data entries on Form 391. 
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Fig. 3-9. FM antenna height vs power chart. 

MAXIMUM POWER 
versus 

ANTENNA HEIGHT 

_t:: 

:: r 

Fig. 3-10. FM transmission line data as it should be entered 
on Form 301. 

11. Transmission line proposed to supply power to the antenna 

rrue the transmitter 

Make 

Andrew 
Size (rwsdrial transverse 

dimension) In to,h.. 

3-1/8 

3-1/8 
12. Proposed operation 

Transmitter power output 

in kilowatts 

7.36 
Antenna input power in 

Idlovnitts 

Vert, 2.93 
Horiz.3.23 

a t  
51R2  

in Length — 

feet 

280 

320 

Description 

Coaxial 

Rated effirienr) 

In perrPnt for 

this length 

90.6 83.6 
92.3 

Power dissipstion within 

transmission line in kilowatts 

1.20 
Effective radiated pnwer in 

kilowatts (Must be same es 

shown in Para. 2) 

Vert. 20 
Mori. 20  

33 



• 

5000 

Fi
el

d 
St

re
ng

th
 I
n 

in
 D

ec
ib
el
s 
Ab
ov
e 
O
n
e
 M
ic
ro
vo
lt
 P

er
 M
et

er
 f

or
 O
ne
 K

il
ow
at
t 

Ra
di

at
ed

 P
ow
er
 

no 

90 

70 

50 

40 

30 

20 

o 

- 20 

1 4 500 7 6 1000 2000 .,.., 
i 1.E 1 E I 1 

. 

- 

-,_ 10 

— 
-e-
_-
- 

- 

_ 

- 
_ 

- 
— 
_ 
- 

- 

F(50,50) FM CHANNELS 

- 
_ 

- 
- 

10 

- 
— 

_ 

- 

20 

- 

30 

- 

- 

10 

20 _ 

- 

- 

50 

_ 

-•• 

-1-  

-e- 

- 

40 

- 

50 
_ 

- 

- 

50 

- 

L 

70 

- 

- 

70 

- 

90 

100 
,-- 

- 

_ 

70 

- 

80 

110 
- 

20 
- 

130 

— 
-_,-
-,_ 

_ - - - --- . i's 
100 200 00 

Transmitting Antenna Height in Feet 

FM CHANNELS 
ESTIMATED FIELD STRENGTH EXCEEDED AT 50 PERCENT OF THE POTENTIAL 

RECEIVER LOCATIONS FOR AT LEAST 50 PERCENT OF THE TIME 
AT A RECEIVING ANTENNA HEIGHT OF 30 FEET 

Fig. 3-11. The F(50, 50) field strength chart used to predict FM coverage. 
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Table Ill—Authorized Power and Antenna Requirements 

CLASS 

A 

Minimum Effective Radiated Power 
CLASS A ICO watts (-10 dbki 
CLASS B 5 kw ( 7 dbki 
CLASS C 25 kw ( 14 dbk) 

Maximum Erp And Antenna Height 
MAXIMUM 

MAXIMUM POWER ANTENNA HEIGHT 

(feet above average tevain) 
3 kw (48 dbk./ 300 

50 kw (170 dbk 5(X) 
ICO kw (200 dbk) 2000 

Table IV—Operational Formulas 

ERP in KW = Transmitter power in KW — Transif, 
Line loss in KW ± Antenna Power Gain in KW 
The transmission line loss includes the loss in harmonic 
filter and power divider when dual polarization is used 

2 ERP in DBK = Transmitter Power in DBK — Transmission 
line loss in db + Antenna power gain in db 

3 Power in dbk = 10 Login Power in KW 

I 0 
4 Power in KW = Antilog,i. Power in dbk 

10 

type equipment used and a tabulation of the 

measured data. If you compute directivity, 
methods used, formulae, sample calcula-
tions and tabulations of the data must 
accompany the application. 

3. Radiation characteristics above and below 
the horizontal plane illustrated by vertical 
patterns. Complete information and pat-
terns for angles of±10° from the horizon-
tal plane, and the portion lying between —100 
and the zenith of -10° and the nadir, to con-

clusively demonstrate the absense of un-
desirable lobes in these areas. 

4. The horizontal plane patternmust be plotted 

on polar coordinate paper with reference 
to true north. The vertical plane must be 
plotted on rectangular coordinate paper with 
reference to the horizontal plane. 

TRANSMISSION LINES 

Fig. 3-10 shows entries for the required infor-
mation on the transmission line. These charac-

teristics vary with frequency: size in inches, 
coaxial or waveguide, efficiency to produce the 
desired ERP and, of course, cost considera-
tions. The total length in feet includes the hor-
izontal run from the harmonic filter to the base 
of the antenna tower and the length up the tower 
to the antenna terminal point where the gain is 
rated. Power loss for this length may be deter-
mined from the manufacturer's specifications. 
(See Table IV.) 

EXPECTED COVERAGE INFORMATION 

Profile graphs of the terrain, from 2 to 10 
miles for 8 or more radials from the transmitter 
location, must accompany the application. One 

or more radials must extend through the prin-
cipal city. All radials should be plotted on a 
topographic map. Topographical maps for 

most areas are available at a nominal cost from 
U. S.G.S. If none is published for your area, 

use the information in Par. 73.312, subpara-
graph (a) FCC R&R. 
The graph for each radial should be plotted by 

contour intervals of from 40 to 100 feet and, 
where the data permits, at least 50 points of ele. 
vation ghould be used for each radial. The graphs 
should indicate the topography accurately and 

should be plotted with the distances in miles as 

the abscissa, and the elevation in feet above the 
mean sea level as the ordinate. The elevations 
of the antenna radiation center and the source 
of the topographic data should be indicated on each 
graph. 

The F(50,50) field strength chart, Fig. 3-11, 

is used to predict field strength of the contours 
(Fig. 1 of Par. 73.33 may also be used). The 

chart is based on an effective power of 1KW 
radiated from a half-wave dipole in free space, 
which produces an attenuated field strength at 

1 mile of 103 db above 1 itv/m (137.6 mv/m). 
The chart may be used for other powers; the 

sliding scale associated with the chart serves 
as the ordinate. Paragraph 73.313—Predict-

tion of Coverage, explains its use. 
If the terrain departs widely from the average 

elevation of the 2 to 10 mile sector, in one or 
more directions from the antenna site, the pre-
diction method may indicate distances that are 
different from what may he expected in practice. 
For example, a mountain ridge may indicate the 
practical limit of service, while the prediction 
method indicates otherwise; the prediction 

method should be followed, accompanied by a 
supplemental exhibit concerning the contour dis-
tances as determined by a method based on actual 
conditions. The exhibit should describe the pro-
cedure employed and include sample calcula-
tions. Maps of predicted coverage should in-
clude both methods of prediction. 
When measurements are required, these should 

include the area obtained by the regular method. 
In directions where the terrain is such that neg-

ative antenna heights or heights below 100 feet for 
the 2 to 10 mile sector are encountered, a supple-
mental showingof expected coverage must be in-
cluded with adescription of the method used in 
predicting the coverage. The Commission may 
require additional information about terrain and 

coverage in such cases. 
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CHAPTER 4 

Basic Floor Plans 

Market potential, available capital, and owner-
ship goals are the criteria that usually determine 

the design of the physical plant—transmitter, 
facilities, etc. "Plan 1" layouts are designed for 
AM or FM station operators who want to start with 

a minimum investment. Included are all necess-

ary facilities and technical equipment to handle 

a complete program schedule such as announce-
ments, disc and tape recordings, network pro-
grams, remotes, and live shows including news, 

interviews, and small orchestras or audience-

participation shows. 
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EQUIP. 
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o 

Fig. 4-1. Typical layout and floor plan 
of a "Plan 1" station. 
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Fig. 4-2. Another desirable layout for "Plan I." 
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Fig. 4-3. "Plan 1" small-market, 
minimum-staff layout. 
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AGCAI M ITE R AMPL 

-)-0 AUDITION MON. 
MON SPEAKERS 

MAJOR EQUIPMENT QUANTITY ITEM 
4 Microphones 
2 Two-Speed Turntables 
1 Professional Tape Recorder 
1 Audio Consolette 
2 Multi-Cartridge Tape 

Playback Units 
1 Cartridge Tape 

Record/Playback Unit 
2 Cue Amplifiers 
1 AGC/Limiter Amplifier 
1 Cabinet Rack 
1 Transmitter 
1 Antenna System 
1 Modulation Monitor 
1 Frequency Monitor 

Fig. 4-4. Major equipment list for "Plan 1" stations. 

\/ ANTENNA SYSTEM 
TRANSMITTER 

IMODULAT ION MONITOR  

Fig. 4 -5. Simplified block diagram of major equipment interconnections. 
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Fig. 4-6. Complete rack 
layout for"Plan 1" equip-
ment. 

Fig. 4-7. Basic layout for a "Plan 2" facility. 
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Fig. 4-8. This "Plan 2'' 
rack layout includes a 
house monitoring ampli-
fier. 
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MAJOR EQUIPMENT 

QUANTITY ITEM 

6 Microphones 

5 Two-Speed Turntables 

2 Professional Tape Recorders 

2 Audio Consolettes 

1 Multi-Cartridge Tape 
Playback Unit 

2 Cartridge Tape 
Record 'Playback Units 

1 AGC 'Limiter Amplifier 

2 Cue Amplifiers 

2 Monitor Amplifiers 

5 Cabinet Racks 

1 Transmitter 

1 Antenna System 

1 Modulation Monitor 

1 Frequency Monitor 

Fig. 4-70. Major equipment comple-

ment for a typical ''Plan 2" station. 
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Fig. 4-12. A more desirable version of a "Plan 2" station 

layout. 
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Fig. 4 -11. "Plan 2" system block diagram showing how production control can 

also be patched into output line. 
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Fig. 4- 1 3. Floor plan suitable for a larger operation. 
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PLAN 1: SMALL STATIONS 

Notice in Fig. 4-1 that the floor plan is the key-

note of simplicity. The layout occupies a small 
space, employs a minimum of equipment and is 
arranged to require a minimum of personnel. A 
single 'combo" or combination announcer-opera-
tor works directly from the control room with 
turntables, tape recorders, control console, 
and overhead record rack all within easy reach. 
The control room and studio entrances from the 
office area share a common sound lock. A sound-
proof wall partitions off the transmitter to mini-

mize noise in the control room. The engineering 
workroom and storage facility is sometimes 
neglected in planning, but will prove its worth 

many times over. 

A larger and more flexible layout, illustrated in 
Fig. 4-2, offers a combined transmitter and con-
trol room, small studio, engineering workroom 
and parts storage, supply storage, and a sound 
lock. The major equipment items required to 

BLANK PANEL 
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REM CONT 

TAPE 

RECORDER 

BLANK PANEL 
LINE 

EQUALIZER 

TWO DOUBLE 

JACK PANELS 

BLANK PANEL 

AGC AGC 
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BLANK PANEL 

SWITCH ec FUSE 

PANEL 

BLANK PANEL 

VU METER 

PANEL 

BLANK PANEL 

REM CONT 

TAPE 

RECORDER 

SOUND EFFECTS 

FILTER 

TWO DOUBLE 
JACK PANELS 

BLANK PANEL 

MON MON 
AMP-1 AMP-2 

BLANK PANEL 

BLANK PANEL 

BLANK PANEL 

SWITCH 8c FUSE 
PANEL 

Fig. 4-14. Rack layout of the necessary equipment for 
the floor plan in Fig. 4-13. 

perform the programming operations are identi-
fied on the floor plan. 
Within less than 1800 square feet the floor plan 

shown in Fig. 4-3 provides adequate space for a 

compact operation with a staff of six to thirteen 
persons. The spacious studio may be worked 
from either the main control room or the pro-
duction studio. It also serves as a conference 
or client preseutation room. Only one side of 
the layout is an outside wall and the normal live 
programming area is in the center of the buildin g. 
Since each member of a smaller staff necess-

arily has several responsibilities, partitioned 
general office space is omitted in favor of a large, 
290-square-foot news, transcription, and gen-

eral-use area at the rear of the building. The 
transmitter or workshop area is next to the con-
trol room with a window recommended (and re-
quired in combo operations) for a clear view of 

the transmitter meters. 

TECHNICAL FACILITIES OR "PLAN 1" STATIONS 

Fig. 4-4 itemizes the major equipment require-
ments and the system block diagram in Fig. 4-5 
shows how the main equipment items are inter-
connected. The rack layout in Fig. 4-6 further 
details the location of the various equipments. 
Notice that the equipment rack is situated for con-
venient reading of the modulation-monitor and 
the frequency-monitor meters from the opera-

ting position. The transmitter to be selected 
for use in Plan 1 must, of course, be in ac-

cordance with the authorized operating power of 
the individual station. 
The control console or consolette is the heart 

of the audio system. The ideal audio console 
should be designed for functional simplicity and 
smooth operation. This is enhanced by the proper 

location of important controls. Both from a sys-
tem standpoint and from a physical standpoint. 
an outstandinehuman engineering" feature is to 
have all controls easily accessible to the operator. 
Turntables are next in importance. They usu-

ally are three-speed units-33 1/3, 45 and 78 

RPM. Most types utilize a simplified speed 
changing mechanism driven by a hystersis syn-

chronous motor. The turntable should start very 
smoothly and quickly—attaining operating speed 
greater today than ever before. Recent advances 
in recording techniques have made new demands 
on reproducing equipment, also. Now, stereo 
broadcasting adds to these demands. 
In the layout a tape recorder is located on the 

almost instantly—because today's program for-

mat places heavy reliance on transcribed music, 
commercials, and prepared programs. Thus, 
the importance of quality and performance is far 

43 





mic D  
mic D  TAPE   TAPE 0  TT 0  TT 0  REMOTE 0  NET 0  SPARES 0 P

R
O
D
U
C
T
I
O
N
 

C
O
N
T
R
O
L
 

C
O
N
S
O
L
E
T
T
E
 

LINE 

mic 
mic D  
mic D  
mic D  TAPE 0  TAPE 0  TAPE 0  TT 0  TT 0  SUB CONTROL 0  NET 0  REMOTE 0  SPARE 0 SPARE 0-

OUT 

LINE 

 0 TO REEL TAPE RECORDER -MONO OR STEREO 
 0 TO CARTRIDGE TAPE RECORDER- MONO 
 0 TO CARTRIDGE TAPE RECORDER-STEREO 

OUT 

MONO 

mic D  
mic D  
mic D  
uic D  
mic D  
mic D  TAPE 0  TAPE 0  TAPE   TT 0  
TT 0  SUB CONTROLO  NET 0  REMOTE 0  SPARES 0- --

SPKRS 

LINE 

AGC/LIMITER AMPL. 
 0 EXT. MON. 
 0 AUDITION MON. 
•  CONTROL 
•—•1 STUDIO 
  ANN BOOTH 

C
O
N
T
R
O
L
 

OUT , (RIGHT) 
LINE 
OUT (LEFT) 
MON 

AGC/LIMITER A M PL 

AM ANTENNA\/ SYSTEM 

AM TRANSMITTER 

HMODULATION MONITOR  

AGC/LIMITER AMPL  0 EXT MON. 
OAUDITION MON. 
 • CONTROL 
6-4 STUDIO 
 < ANN BOOTH 

Fig. 4-17. System block diagram of the station layout in Fig. 4 -15. 
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FM TRANSMITTER 

M   ANTENNA\/ SYSTEM 

IMODULATIO1 MONITOR 
FREQUENCY MONITOR 
MULTIPLEX GENERATOR 

MAJOR EQUIPMENT QUANTITY ITEM 
12 Microphones 
7 Two-Speed Turntables 
3 *Professional Tape Recorders 
2 *Dual Channel Audio 

Canso lettes 
2 *Audio Consolettes 
4 Cartridge Tape 

Record Playback Units 
2 *Multi-Cartridge Tape 

Playback Units 
3 AGC, Limiter Amplifiers 
4 Cue Amplifiers 
6 Cabinet Racks 
1 AM Transmitter 
1 FM Transmitter 
1 AM FM Antenna System 
2 Modulation Monitors 
2 Frequency Monitors 
• Stereo or monaural types 

Fig. 4 -16. Typical major equipment I s 

for the Fig. 4 -15 floor plan. 
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table within easy reach of the operator. A dual-
track, two-speed (3 3/4 and 7 1/2 IPS) unit, 
driven directly by a synchronous motor is used 
in this operation. 
A program/AGC (automatic gain control)ampli-

fier and a peak-limiting amplifier are normally 
located in the equipment rack. The functions of 
these two units are so related that they are the 
trusted guardians of the final audio signal. By 
preventing overmodulation due to consistently 
louder audio passages, these units provide better 
station coverage without distortion as a result of 
the higher average modulation level. A three 
decibel increase in overall average audio signal 
is equivalent to doubling the station's power. 

(More on this equipment later.) Other equip-
ments, such as frequency and modulation mon-
itors required by the FCC Rules andRegulations 
are also located in the equipment rack in Fig.4-6. 

PLAN 2 STATION--MEDIUM MARKET AND 
COMMUNITY 

The "Plan 2" station layout illustrates sever-

al arrangements for a medium-market commun-
ity-type radio station, either AM and/or FM. 
While Plan 2 in Fig. 4-7 greatly expands the pro-

gram facilities of Plan 1 layouts, the floor plans 
offer more than twice the space, featuring a lar-
ger studio, announce booth, production con-
trol room, and a record library. Programming 
can be expanded to include a substantial live studio 
program schedule. A major advantage of this 

plan is that with the announce booth serving as 

another pointof origination it becomes practical 
to record announcements and other program ma-

terial while on the air. Of course, by adding a 
small console, turntables, and tape equipment 
the announce booth become s a production control 

room. 
The floor plan in Fig. 4-7 is identical in many 

respects to those shown for Plan 1 stations, but 
it includes larger and additional facilities, An 

automatic turntable, an additional microphone, 
a monitor speaker, and associated items are in-
cluded in this setup. A larger control console 
should be installed because of its greater flex-
ibility. 
There are provisions in the record library for 

auditioning records, building shows, filing, cat-
aloging, and other operational functions that 

eliminate interruption of the station pro-
gramming. 
The automatic turntable in the record library 

is remotely controlled from the operator's desk. 
Any noise created during the record-change cycle 
will not get on the air when the control room 
announce microphone is open. The rack layout 

for the floor plan shown in Fig. 4-7 is displayed 

in Fig. 4-8. 

A more expanded floor plan is detailed in Fig. 
4-9. It has a substantially larger studio-26 by 
25 feet. The production control room is very 
convenient for recording news, spots, pro-

motions, or music interludes for future broad-
casts, or it can serve as an alternate operating 
position to air recorded programs. Fig. 4-10 

and the system block diagram in Fig. 4-11 list 
the major equipment requirements. The modu-

lation and frequency monitors and amplifiers are 
all rack mounted as shown in Fig. 4-8. 
The floor plan in Fig. 4-12 represents, perhaps, 

the optimum system. As sales, promotion, 
and programming activities grow, office space 
requirements at first exceed the need for a sub-
stantially larger technical area. This floor plan 
offers approximately 2,500 square feet, pro-
viding more space for the general manager. 
Studio and control room space is 12% larger in 
anticipation of more equipment and activities in 
these areas. 

SEPARATE AM/ FM CONTROL FACILITIES 

The floor plan in Fig. 4-13 approaches the ul-
timate for the larger station. It is evident that 
a high degree of flexibility can be achieved, 
offering facilities for handling very extensive 
programming. Notice that the transmitter is lo-

cated separate from the studic. 
The size of the large studio is determined by 

the type of programs that are to be originated, 
whether choral groups, full orchestras, audi-
ence participation, or other forms of program-
ming. A dual-channel control console is located 

in the main control room, each with its own 
monitoring amplifier. Included in this setup are 
two three-speed turntables, two automatic turn-
tables, with miscellaneous amplifiers and 

accessory items. 
The layout also includes a multi-purpose room 

which may be used instead of the main studio 
for regular programming auditions or recording, 
for disc jockey-type shows, or for separate 

programming such as FM or to another AM 
station. It also could double as a recording or 
production control room, announce booth, au-
dition room, or as a facility for automatic pro-

gram utilization. 
When remodeling or building new plants along 

these or similar lines it is recommended that a 
dual-channel control console be installed. It 
should have at least 22 input channels, a split/ 
fader system and as many VU meters as required 
for the desired capability. Such a console usu-
ally serves as master control, a "combo" or 
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operator-announcer's control board, a program 
source on one channel while running an audition 
or recording on the other. Fig. 4-14 shows the 
rack layout for the above floor plan. 
The elaborate layout in Fig. 4-15 offers a com-

bined AM/FM broadcast facility featuring indivkl-
ual AM and FM control rooms and a larger studio, 
production control room, library, and workshop 
areas. Notice the similar console, tape, and 
turntable facilities used in the AM and FM con-

STUDIO A 

( 

[1u 

a. 

CONTROL 
ROOM 
A 

CONTROL 
ROOM 

NEWS 
OR 

PRODUCTION 
STUDIO 

XMTR 
OR 

WORK SHOP 

"Spot News—Producer". Pressure on the 
two primary control room areas is reduced 
by providing this separate production stu-
dio for prerecording commercials, etc. It 
could serve double-duty as a live "News 
Flash" booth. Control rooms are re-oriented 
to maintain access to the transmitter or 
workshop area. 

STUDIO 
A 

CONTROL 
ROOM 

_Mr 

STUDIO B 

-Local-Live". .Radio in the traditional 
manner is possible, with the acoustically-
correct studio "A" providing sufficient 
volume for a modest-size studio orchestra. 
Two studios and the announce-booth are 
operated from a central control room: A 
separate production facility is not over-
looked. 

trol room s . The FM control room will usually be 
equipped for stereo operation. Although pro-
duction control is primarily designed for record-
ing, there is space to add a second control con-
sole and thus expand the operational capabilities 
of this room. The 25 by 28-foot studio should 
easily handle choral groups or a full orchestra 
and permit audience participation programs. The 
additional space in the workroom may be used to 
hold program automation equipment and news 

••• 

"C 
MASTER 

BOOTH °M" 
CONTROL 
ROOM 

STUDIO A 

STUDIO B 

PRODUCTION 
OR 

L RECORDING 
CONTROL 

b. 

BIM 

"Metro-Combo". A proven design, where 
some program segments are worked with 
an announcer and Master Control engi-
neer, while other periods can be "Combo" 
programming. Either studio is available to 
the Master Control equipment, or the 
Production Control Room which may op-
erate, as in agency recording work, for long 
uninterrupted periods. 

a. 
"Automation or Live". Adequate control 

room and equipment space is emphasized. 
Three generous control rooms are com-
bined with two central studios, for simul-
taneous local-live production and taping 
activities in other areas. The automatic 
programming equipment is logically lo-
cated near the production studio and 
maintenance shop, rather than near live 
programming areas. 
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Fig. 4-20. Floor plans offering a variety of layouts designed for specific needs. 

machines. In this floor plan concept the building 
may be extended to house the transmitter and 

associated items or it may be used to accom-
modate additional storage space. (Transmitter 
equipment layouts are described later.) 
The typical equipment list in Fig. 4-16 and sys-

tem block diagram in Fig. 4-17 show the major 
units and their interconnection. The modulation 
and frequency monitors, including the ampli-

fiers, are all rack mounted units. 
An optimum floor plan, designed to meet the 

most demanding requirem ents of an AM/FM dual 

,100•G1 

control facility is shown in Fig. 4-18. Very few 
broadcasters require more space than is offered 
in this layout. The technical areas are shown ex-
panded for two, full-size control rooms, each 

with a large associated studio and separated by the 
transmitter or workshop area. This floor plan 
is suggested for stations planning AM and FM 
programming. Additional office space is also 

allocated for a growing staff. 
A creative metropolitan market full-staff floor 

plan appears in Fig. 4-19. This impressive 
studio complex covers 4,200 square feet. Of 

1 
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Fig. 4-21. Floor plan designed for operational flexibility (A) and a plan 
allowing for future expansion (B). 

A 

primary importance is the location of all con-
trol room and studio space in the center of the 

building, eliminating the problem of outside 
traffic noise in a metropolitan area. Operating 
personnel are assigned to the rear office areas, 
and the news room is strategically located near 
the control rooms and an outside exit. 

SOME UNIQUE ALTERNATE FLOOR PLANS 

The following plans are included to stimulate 
your thinking toward a flexible and efficient 

studio/control room layout most nearly suited 
to your programming concept. They are especi-
ally significant to a station planner since they por-

tray solutions to fundamentally different pro-
gramming requirements. Fig. 4-20 offers an 
excellent example of comprehensive planning. 
The floor plan in Fig. 4-21A follows the mód-
em trend to place production facilities at the 
street side of the building. Large, double-pane 
picture windows allow passersby full visual 
contact with the facilities. The large room on 
the left, dependingon the station's requirements, 
can serve as a studio, a conference room, or an 
executive office. Set up as either a conference 
room or an office, it could be quickly converted 
to a studio on a temporary or permanent basis. 
The transmitter and associated gear is located 

in a sound-isolated room immediately to the rear 
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of the control room. Double-pane windows make 
the transmitter fully visible to the man on duty 
in the control room. The rooms to the rear of the 
corridor may be used for other offices, con-
tinuity, newsroom, record library, and other 

facilities. 
The floor plan presented in Fig. 4-21B is a logi-

cal expansion of Fig. 4-21A. Notice there is addi-

tional studio space and another control room. 
Notice also that the two control rooms are nearly 
identical so that personnel don't have to adopt 

separate operating techniques in each location. 
The additional studio and control room permits 

pre-recording of live programming at a conveni-
ent time prior to broadcast. For example, an 
all-night interview show (or parts of it) might 

be recorded during daylight hours when guest 

personalities are available and while the regular 
day schedule is aired. The tape is aired at pro-
gram time through the playback gear in the mas-

ter control. 
The location and size of the executive office 

to the right of production control permits its use 
as a spare studio, while studio B can serve pri-
marily as a conference room or a client lounge. 
Obviously, this plan is designed for a large per-

centage of studio programming either live or 

pre-recorded. 
The plans in this Chapter do not necessarily 

represent any existing station: they simply illus-
trate several ways in which equipment can be 
arranged in a variety of floor plans. With the 

cross-application of these plans practically all 
programming requirements can be met. 
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CHAPTER 5 

Planning the Transmitter Plant 

Land and building space required for the trans-
mitter equipment is determined primarily by 
the power (and consequent size) of the trans-
mitter, and whether or not it is to feed a direc-
tional array. Ha directional array is to be used, 
phasing and branching equipments are required. 
Where a transmitter is located in the same 
building as the studio equipment, as is the case 
in many small market stations, still additional 
space is necessary. Fig. 5-1 is a layout of a 
typical combined operation housing the trans-
mitter, phasing and branching equipment, and 
studio. 
When a separate building or plant will house 

the transmitting equipment there are consider-
ations other than the transmitter and antenna 
requirements, and one of them is whether it 
will be an attended or a remote-controlled oper-
ation. But since directional antenna systems 
are becoming more and more common, a build-
ing plan for attended transmitter operation 

should be chosen because under present rules 
directional stations must have an operator on 
duty until the equipment is proven stable. A typ-
ical transmitter plant layout for such a system 
is shown in Fig. 5-2. 
Notice in Fig. 5-2 that the phasing cabinet and 

equipment rack have been placed beside the trans-
mitter. Also, there is a workbench, storage 
cabinet, a small desk or utility table, power 
panel, ventilating fan, and other optional items 
depending on type, location, and weather con-
ditions. This type of transmitter building layout 
could go with any separate studio transmitter 
installation. 
Another layout for a one-kilowatt AM direction-

al system is shown in Fig. 5-3. This plan can 
also house up to a 10-KW FM transmitter. FM 
broadcasting does not require multi-tower arrays 
or phasing equipment, but provisions must be 
made in the transmitter building for an external 
power supply and an overhead harmonic filter. 

52 



The plan includes space for the transmitters, 
phasing cabinet, equipment rack, workspace, 
and lavatory facilities. Heating and air condi-
tioning requirements will vary with the site loca-

tion, of course. For higher transmitter powers 
the building is usually expanded in length and 
width to accommodate the larger equipment 

items. 
Fig. 5-4 illustrates a typical cabinet rack lay-

out showing the location of recommended trans-

mitter input and monitoring equipment, and Fig. 
5-5 is a block diagram showing how the normal 
input and monitoring equipment is intercon-

nected. Notice the open jacks connected in par-
allel with the normalled-through jacks of the main 

program circuits, providing convenient monitor-
ing and measuring points. These points will be 
very helpful in isolating a case of trouble during 
routine maintenance or performance checks. In 
some stations if the line loss to the transmitter 
exceeds approximately 24 dbm a booster am-
plifier is recommended to raise the audio level 
for proper operation of the limiter amplifier. 

A monitor amplifier switch is included for con-
venience in selecting various points throughout 
the system. For normal operation two fixed 
pads are required, 20 and 40 db, respectively, 
at 600 ohms. The attenuation pads are impor-

tant during certain performance measurements. 
The pads are optional and not operational in the 

Fig. 5-2. Transmitter plant floor plan for a directional 1-KW attended operation. 
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audio system. Floor plans of two transmitter 

plants housing a 50-KW AM transmitter are shown 
in Figs. 5-6 and 5-7. 

AM./FM TRANSMITTER EQUIPMENT 

Referring to the selected floor plan it should 
be obvious that the main factor determining the 
size of the transmitter to be used is the FCC-

licensed operating power of the station. In the 
United States operating powers of 100 (in rare 
cases now), 250, 500 watts, 1, 5, 10, 20, 
25, 40, and 50 KW are in common use. (Inter-

mediate operating powers are sometimes auth-
orized under special conditions.) An impor-

tant rule to remember is that the purchase of a 
transmitter is a long-term investlitent. A 

station's success or failure in a highly competi-
tive market may well depend upon choice of the 
transmitter. 
The engineering departments of most trans-

mitter manufacturers have certain philosophies 
and concepts that come to be known and identi-
fied with each product. Based on experience 

each manufacturer follows certain design para-
meters such as specifications, features, size, 
styling, and other items. The manufacturer's 
success depends, more than anything else, upon 
the reliability and performance of the equipment 
when it is operated by the broadcaster. 

TRANSMITTER PERFORMANCE 

CHARACTERISTICS 

To assure performance that supplies the great-
est benefits to the user, it is recommended that 
a prospective broadcaster check three major 

factors: reliability, "soundability," and modu-

lation capability. 

RELIABILITY 

When speaking of reliability we refer both to the 
equipment and manufacturer. For a transmitter 

to provide day and night service without failure 
it must be of sound design. It should contain 

quality components that are conservatively rated 
and operated. The important achievement of a 
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Fig. 5-7. A typical 50-KW AM transmitter floor plan installation, 
wiring basic wiring details. 
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transmitter, of course, is to stay on the air. A 
true fact is that maximum reliability always costs 

less in the long run. The reliability of a par-
ticular make of transmitter can be verified by 
questioning a user. 

"SOUNDABI LI TY" 

The positive proof of performance is how good 
the transmitted signal sounds. Sound is the 
broadcasting product upon which he relies for in-
come. So the best sound possible must be de-
livered to the listeners for a maximum listening 
audience. A universal rule is that the number 
of listeners has a definite relationship to the num-
ber of advertisers. A transmitter that will give 
the best sound is the one to buy and install. 
When a listener tunes in your station for the 
first time he will think his old set is brand new 
—and that is really an achievement! 

MODULATION CAPABILITY 

Regardless of the licensed transmitter power 
the broadcaster cannot exceed the authoriza-

Fig. 5-8. Tower sections must be tightly bolted 
together to provide good electrical conductivity. 

tion, but he can make certain he is attaining 
maximum program coverage. It is a recognized 
fact that frequency, ground conductivity, terrain, 
and radiation pattern have a definite relationship 
to overall coverage. But the most important 
contribution is the ability to achieve and main-
tain a consistently high level of average modu-
lation with minimum distortion, deterioration of 
signal, and good frequency response. With the 
use of AGC and limiting amplifiers, a very high 
average level of modulation can be maintained 
if the transmitter has the capability. There-
fore, the modulation characteristics of a trans-
mitter are a vital consideration—one of the ma-
jor links in achieving maximum program cover-
age. Transmitter specifications are discussed 
further in Chapter 13. 

CONSTRUCTION & INSTALLATION 

Construction and installation of an AM/FM 
facility will usually vary with the station plan, 
finances available, local conditions, plus many 
other factors. Plans and equipment requirements 
should be reviewed with a broadcast sales repre-
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sentative and a consultant. Make sure that the 
equipment list is complete and that a work 
schedule is provided to perform the following de-
tails: tower foundations, tower erection, tower 
lighting equipment, buildings, ground system, 
antenna resistance measurements, inside tech-
nical equipment installation, equipment tests, 
phasing equipment tuning, pattern measure-

ments, proof - of-performance, and program 
tests. A delivery schedule should be worked 
out with the construction and installation con-

tractors and equipment supplier to assure con-

struction, installation, and arrival of items 
when they are needed. 

TOWER CONSIDERATIONS 

Towers must be designed and installed to safe-
ly withstand the maximum wind velocities that 

may be encountered. If soil conditions are ab-
normal, or not known, test borings may be 
necessary as a worthwhile safety measure. The 

Fi g. 5-9. Strain insulators in a typical guy wire attached to a tower. 
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Fi g. 5- 10. Ground anchor point showing cable looped through turnbuckles to prevent turning. 

concrete for tower bases and guy anchors should 
be poured at least a week or ten days before any 

load is applied. If possible, more time than 
specified should be allowed for "curing." 

Insofar as directional antenna systems are con-

cerned, the towers should be as nearly identical 
as possible with respect to guy wire, height, 

azimuth location, positioning of guy insulators, 

etc. After the towers have been erected all joints 

should be weld- bonded or bolted tight to assure 
a continuous steel radiator (Fig. 5-8). 

A positive electrical bond between tower sec-

tions will provide a stable conductivity path for 

RF currents which will not be affected by oxida-
tion or movement of the bolted tower joints. In 

some installations towers are painted prior to 

erection and in such cases care should be taken 
to assure that a good surface contact exists at 

all joints. Towers, of course, must be painted 

to conform with FCC/FAA regulations. All an-
tenna installations should be inspected and check-
ed for plumb and for proper guy tension in order 

to withstand design stress. Fig. 5-9 shows a 

guy wire and guy insulators attached to a tower 
leg. Fig. 5-10 illustrates one method of attach-
ing the guy wires to a guy anchor. 
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LIGHTNING PROTECTION 

Radio towers are vulnerable to lightning. There-
fore, it is very important toprovide the necess-
ary protection. Lightning rods should be pro-

vided at the top of each tower to protect the 
flasher beacon. Static drain choke coils, large-
value static drain resistors, oil-filled insulators, 
or isolation stubs should be used to drain the 
static charges across the sectionalizing and base 
insulators. Ball gaps or horn gaps should be 
placed across the insulators also to drain off 

high surge currents. Fig. 5-11 shows a typical 
horn gap installation. It may also be necessary 
to install a larger than usual number of guy wire 
insulators in order to reduce the physical length 

of the guy wire sections. In some severe cases, 

the addition of statth drain resistors across the 

insulators may prove helpful in preventing dam-
age to the guy wires resulting from continuous 
static discharge arcs. 
To prevent lightning surges from entering the 

antenna tuning unit, heavy copper tubing formed 
into a one- or two-turn coil approximately 8 to 
12 inches in diameter should be used as a con-
nection from the antenna tuning unit to the tow-
er. In some cases the tower lighting wires or 
the phase sampling line can be installed inside 
this tubing. 

It is difficult to predict what a lightning strike 
will do, particularly if it is a direct hit on the 
tower. The stroke may jump to the transmis-
sion line side of the coupling network; hence, 
it is advisable to provide lightning protection 
gaps at the tower end of the transmission line. 
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ANTENNA TUNING 
EQUIPMENT FASTENED 
VERTICALLY TO THIS 
WALL 

Fig. 5- T2. Plan view of a typical antenna tuning 
house and its location at the base of a tower. 

TUNING HOUSE CONSTRUCTION DETAILS 

Fig. 5-12 is a layout of an antenna tuning house 

usually located at the base of the tower. Certain 

points should be borne in mind when constructing 
buildings at the antenna site. Tuning houses 

should be as entry - proof as possible. They 

should be provided with a feed-through insula-

tor and an opening in wall to provide for the 
transmission line, control wire for switching 

purposes, and a power line. A heavy copper 

ground strap serves as a bond between the tuning 

panel and the antenna ground system. A sound 

powered telephone or a two-way radio should be 
installed between the towers and transmitter 

building; a communications system is helpful 
during tower construction and future servicing 

and maintenance. Incidentally, on the subject of 

bonding—make sure that all ductwork, conduits, 
metal window frames, cabinets, and other metal 

items are bonded together and securely connected 
to the station's ground system. More details on 

antennas and towers will be found in Chapter 7. 

PROOF-OF-PERFORMANCE REQUIREMENTS 

Before a new or modified existing AM/FM 

broadcast station is authorized to go on the air 

it is necessary to submit to the FCC a "proof-

of-performance" that the antenna system meets 

the requirements of the construction permit and 

good engineering practice. In addition, audio 

proof - of -performance measurements are re-

quired. These measurements are made from 
the microphone terminals at the studio to the 
antenna output including the effect of the pro-

gram telephone lines. Detailed methods and pro-

cedures are included in Chapter 15. 
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CHAPTER 6 

Audio e& Power Wiring Techniques 

Contrary to the belief of the uninitated, broadcast 
station audio wiring isn't extremely complicated 
—unless it is made that way by carelessness and 
a lack of planning. In fact, most wiring is simply 
interconnecting cables between equipment as il-
lustrated in Figs. 6-1, 6-2, and 6-3. The il-
lustrations depict, in simplified form, the setup 
necessary for mixing and blending of voice and 

music from a studio, switching between studios, 
disc and tape recording, remote and network 
lines, and wire transmission to the transmitter, 

and associated equipment. 
The setup in Fig. 6-1 could be used in planning 

a control center for a "Plan 1" small - market 
minimum staff station or a "Plan 2" medium-mar-

ket normally staffed broadcast facility (see Chap-
ter 4). 
Fig. 6-2 illustrates a setup which could be utiliz-

ed with a "Plan 3" separate AM/FM control or 
dual- control room operation or a metropolitan 
station. As you can see in Fig. 6-2, the subcon-

trol facilities are practically identical to the equip-
ment in the main control room. Fig. 6-3 displays 

a portion of the subcontrol unit. The transmitter 
can be at the studio or located at a separate site. 
Fig. 6-4 is a block diagram of a solid-state in-

stallation suitable for a "Plan 1" or a "Plan 2" 
operation and it could be modified with additional 
units for "Plan 3" stations. This transistorized 
setup is designed to provide a flexible and efficient 
means for controlling a variety of functions, in-

cluding recording applications, switching, and 
mixing inputs from microphones, turntables, 
tape machines, remote and network lines, as well 
as other audio sources. In addition, facilities are 
provided for auditioning, cueing, and monitoring. 
The input and output impedances of each unit in 
this installation make it possible to use it with 
other tube or transistorized broadcast equipment. 

All amplifiers and power supplies are solid-state 
and individual attenuators and master attenuators 

are DC-controlled by photocell lamp assemblies. 
Thus, all high-level and low-level inputs are iso-

lated from the front panel attenuator controls. 

CONTROL ROOM WIRING 

The operations center, or control room, may be 
quite complex in the number of circuits and control 

functions. However, modern centers are planned 
and installed to provide a foolproof switching sys-
tem with flexibility. In many cases the simple 
type of control room, containing only a control 
console without auxiliary amplifiers and patch jack 
panels, is the most difficult type to return to the 
air on short notice in case of trouble because of 
its limitations. 

On the other hand, in more flexible installations 

all inputs can be switched to the monitor or spare 
amplifier which feeds the regular program line. 
Also, with all equipment terminated at patch 
panels, it is a simple matter to eliminate or sub-
stitute one unit for another, or to bypass a unit 
completely. Fig. 6-5 shows a typical layout, with 

corresponding jack-panel designations, suitable 
for "Plan 1" or "Plan 2" stations. Fig. 6-6 is a 

jack-panel layout designed for a "Plan 3" station 
installation. 

Planning a useful and flexible jack panel layout 
requires thorough planning and forethought. It 
should be obvious that such flexibility offers num-
erous operational functions. Console inputs (mies, 
turntables, etc.) can be patched to other mixers 
or to other equipment, for example. Also, with 
the jack panel setup, it is a simple matter to lo-
cate a defective unit (by interrupting normalled 
jacks) and then "patch around" it, thus providing 

an alternate path by patch cords. Typical patch 
panels (usually rack mounted) should terminate all 
major equipment inputs and outputs and those con-
venient for proof-of-performance measurements 

so as to minimize operational errors. 

CABLE DUCTS 

The careful planning and layout of cable trenches 
and ducts is essential to economical installations 
and efficient operation. Once the initial planning 
is complete, it is time to plantrench runs—pro-
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viding, of course, for some measure of future 
expansion. 
FCC Rules relative to transmitter and studio 

construction, wiring, and shielding is discussed 

in Section 73.40, Transmitter, Design, Construc-
tion, and Safety of Life Requirements For AM 
Facilities, and 73.317, Transmitters and Assoc-
iated Equipment For FM Broadcast Stations. 
The transmitter should be located so that it is 

visible to the operating personnel at all times. In 
some installations the transmitter, rack equip-

ment, and the associated items are visible from 
the control console position. 
All audio wiring, AC, and RF cabling should be 

labeled and logged as to their origin and termina-
tion as the installation progresses. Written data 
regarding cable runs, etc., may save a lot of 
headaches later and avoid wasted hours tracing 
cables. In FM stereo operation the left and right 
audio channels must be identified and polarities 

observed. An FM stereo studio and transmitter 
layout is shown in Fig. 6-7. High-, low-, and 
medium - level audio circuits should be carefully 

isolated. 
Some planners prefer to run the wiring trenches, 

ducts, and conduits either beneath or under the 
floor, above the ceiling, or a combination of both. 
As a typical example, the primary AC power 
cable to the transmitter should be run through a 

3- inch conduit buried beneath the floor and ter-
minate in a trench beneath the transmitter. A 3/4-
inch conduit imbedded in the floor between the 

control room and studio will allow for further ex-
pansion. Also, a 3/4-inch conduit should be run 
from the trench at the console to the control room 
ceiling andwiring installed to feed audio to moni-
tors, cue speakers, intercoms, and on-the-air 
lights. Additional trenching to hold cabling be-

tween the transmitter, console, automation sys-
tems, and many other associated equipments will 
eliminate the need for exposed wiring, which is 
not good from an appearance or technical stand-
point. Normally, the transmitter and automation 
equipment are installed over the wiring trench so 
that AC, audio, and control wiring and cables are 

readily accessible to the equipments. 
In some installations, it is feasible to mount on 

the studio walls a wiring trough of the type used 

by electrical contractors to tie together major 

switch installations and power panels. These ducts 
or channels usually come in short sections about 
36 inches long with elbows, ends, and reducers. 
Such troughs are large enough for cabling and for 
terminals mounted inside the duct entrance in 
each room. All high- and medium-level cabling 
for monitors, intercom, and all inter-equipment 
audio wiring should run directly from one room 
to the next with a tap brought up to the terminal 

connector. Out of the duct at each piece of equip-
ment install a cable or conduit containing the re-
quired wiring pairs—and spares—for the equip-
ment interconnections. 
Layout and wiring procedures in the studio, con-

trol room, and transmitter are vital to the ultimate 
quality of the installation, which has a direct bear-

ing on the quality of performance. A careless in-

stallation will result in poor performance regard-
less of equipment quality. In many cases the ad-
vice of an engineering consultant is a necessity 

during planning, installation, layout, and wiring 
of the station. We make no attempt to fix hard and 
fast rules, but offer only suggested procedures 
and practices, based on experience, as a guide. 

TRANSMI TTER INSTALLATION 

Basic steps in AM/FM transmitter installation 
consist of planning the equipment layout and making 
provisions for transmitter room power and light, 
transmission line runs, and connections to the 
equipment. The units then should be wired as 

specified in the instructions. Space for items 
such as auxiliary input equipment or line dehy-
drating units should not be overlooked in the plan-

ning. 
The room in which the transmitter is located 

should be well ventilated and provided with an 
abundant supply of clean, dry air. Transmitter 
room layout can be prepared from floor plan 

figures which give the overall dimensions of the 
equipment. A minimum clearance for the opening 
of the doors is required at the front of the trans-
mitter, and a similar space should be provided 
at the rear for access to transmitter components 

and circuits. If the wiring is to be placed in floor 
ducts, they should be laid out so that the cables 
can leave the duct and enter the holes provided in 
the bottom of the transmitter. As a word of pre-

caution, all applicable local wiring codes should 
be followed. On points where conflict is evident, 

the local code should be followed. 
At the same time the transmitter is set up and 

wired, consideration is due other important items 
to be placed within the broadcast system—the fre-
quency and modulation monitors and the phase 
monitor if a directional antenna system is used. 

This group of equipment would also logically in-
clude the limiter amplifier, jack panel, house 
monitor amplifier, and switch/fuse panel. Sound 
wiring practices must be observed. The trans-
mitter and all other station equipment should be 
connected to the station ground with a copper strap 

or heavy copper bus wire. 
All personnel concerned with the layout and in-

stallation should refer to the equipment instruc-

tion books for specific details. It is an established 
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fact that regardless of how many broadcast sta-
tions one has installed, experience re,reals that 

95% of the delays in achieving equipment per-
formance results from failure to comply with the 
specific instructions supplied with the equipment. 

Also, make sure that any recommendations sugg-

ested by addendas in the manual are observed. Ad-
dendas usually are very important because they 

reflect changes resulting from field experience 
with the equipment. After the complete layout and 

wiring task has been completed, make a check to 
be sure that all instructions have been followed. 
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CHAPTER 7 

Towers & AM Antenna Systems 

One of the most important "links in the broad-
cast chain" is the tower. It is the radiating ele-
ment of an AM broadcast station system and for 
FM stations it serves as the antenna support. 
Towers are divided into two types: self-support-
ing and guyed. Either type may be used in a 
grounded or insulated version. See Figs. 7 - 1 
and 7-2. 

TOWER DESIGN 

AM antenna systems usually consist of a tower 
insulated from its base and fed in series. G round-
ed towers may be used as AM radiators if shunt 
feeding is used. The schematics in Figs. 7-3 and 
7. 4 illustrate a series-fed and a shunt-fed tower. 
(More later in this Chapter.) 
If space is at a premium, a self-supporting 

tower may be necessary. They require no guys, 
and as a general rule the distance between the 
self-supporting tower legs is normally consider-
ed as 1/8 the height of the tower structure. How-
ever, insulated guyed towers are the most pop-
ular and commonly used because they are less 
expensive and generally of a smaller uniform 
cross section, making a very efficient and sat-
isfactory RF radiator for AM installations. 
With a guyed tower it is necessary to insulate 
the guy wires from the tower and it is also nec-
essary to insert several insulators in each guy 
wire to break the electrical continuity. The in-
sulators also "detune" the guy wires, prevent-
ing possible resonance at broadcast frequencies 

which would, in turn, affect the radiation pat-
tern. 
When the type of tower has been selected. 

thorough consideration should be given to the 
wind and ice load specifications with due refer-
ence to wind velocities and weather conditions 

typical in the chosen area. See the Wind Ve-
locity and Pressure" and "Estimated Ground 
Conductivity" maps in the Appendix. The de-
tailed information is very important during 
tower design and installation. Building codes 

and zoning ordinances should be carefully in-
vestigated. As stated before, if the soil con-

dition of the tower site is unknown, test borings 

should be made. Soil samples may then be ana-
lyzed and foundations designed aecordingly. 

TOWER LIGHTING 

A prospective broadcaster should become fa-
miliarwith certain points listed in Part 17: Con-
struction, Marking, and Lighting of Antenna 
Structures, Volume I, FCC Rules and Regu-
lations. Lighting equipment must conform to 
FCC/CAA regulations as specified on the con-
struction permit. All AC lines can be buried or 
mounted on the poles carrying the transmission 
lines. It is suggested, though, that lighting and 
RF lines be isolated. 
Further isolation of the RF and AC power lines 

is required when feeding AC to the tower lights. 
This can be accomplished with either a lighting 
filter choke, shown in Fig. 7-5, or either an 
Austin lighting transformer or a Hughey & 
Phillips isolation transformer, as shown in Fig. 
7-6. Either device provides a means of supply-
ing energy to the tower lighting circuits and at 
the same time prevents any appreciable loss of 
RF energy supplied to the tower by the trans-
mitter. Depending on height, towers must be 
lighted at the top with a "flashing" beacon and at 
several intermediary points. See Fig. 7-7 for 
a typical beacon installation. 
Many AM radio stations employ a single-tower 

array, radiating an omnidirectional signal. Fig. 
7-8 illustrates this type of installation. Where 
you see two or more towers employed, it is to 
limit the radiation in the direction of other sta-
tions occupying the same or adjacent frequency 
allocations. In fact, many newer stations—even 
"daytimers"—must install directional antenna 

systems because of band "crowding." 
Figs. 7-9 and 7-10 show the layout and antenna 

structures of atypical two-tower directional an-
tenna system. Notice the small buildings shown 
at the towers to house the antenna tuning units, 

isolation coils, lighting chokes, and beacon 
flashers. Phasing and branching equipment and 
the phase monitor are located in the transmitter 
building with the transmitter. 
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The radiation pattern is determined by the num-

ber and location of the towers, the phase re-

lationship of the RF signal fed to each tower, 

and the power division among towers. Power 

distribution and phasing is achieved by appro-
priate equipment normally located in the trans-

Fig. 7-1. Self-supporting towers need no guy wires; 
the larger base supports the entire structure. 

mitter building as shown in Fig. 7-9. Phasing 

and branching equipments alsc can be installed on 

open panels in the transmitter building or in a 

small weatherproof building near the center of 

the antenna array. 

An AM phasing system is designed to maintain 

the required radiation pattern over a long period 

of time without failure and adjustment. As with 

most other broadcast equipment, phasing equip-

ment design and cost varies withthe unit's built-
in quality and complexity. A simpleunit employs 

a single coilwith power take-offs for the various 

towers in the array. A high-quality phasor unit 

has a separate coil for each tower and is easier 
to set up since there is less interaction between 

adjustments. See Fig. 7-11. 

Specially designed phasing equipment (covered 

later in this Chapter) definitely adds a substan-

tial cost factor to the tower system. If the filing 

data submitted in the FCC application is to be 

used for cost estimating purposes it should be 

accompanied by design information prepared by 

the consultant so that the supplier is aware of the 
unusual conditions that must be satisfied in the 
phasing equipment design. The following sub-

mitted data should state: 

1. Acceptable type and length of transmission 

line. 

2. Preferred type of phasor with components 
specified. 

3. Remote control or front panel control re-

quirements. 

4. Recommended metering requirements. 

5. Type of phasor mounting such as cabinet or 

open construction. 

6. Antenna tuning units installed in weather-

proof housing or open construction. 

7. Monitoring details. 

8. Tower lighting isolation requirements. 

AM ANTENNA DESIGN 

In planning the design parameters of AM non-
directional and directional antenna systems, the 

following important FCC Rules and Regulations 

are applicable: 

73.45 Radiating systems 
73.54 Operating power; direct measurements 

73.57 Operating power; maintenance of 
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Fig. 7-3. This is a schematic representation 

of a series- fed tower. Notice the impedance-

matcning network (antenna tuner) between the 
transmitter and the tower. 

SOURCE OF 
RF ENERGY 

IMPEDANCE 
MATCHING 
NETWORK 

Fig. 7-4. A shunt-fed tower is represented 
here. Observe the feed point. The section 

of the tower between the feed pointand 

ground offers and impedance at the operating 

frequency of the station. 

SOURCE OF 
RF ENERGY 

IMPEDANCE 
MATCHING 
NETWOR 

Fig. 7 -2. This insulated guyed tower 

has a uniform cross section. Observe 

the insulators used to break the conti 

nuity of the guy wires. 

ANTENNA 

GROUND 

ANTENNA 

Fig. 7-5. A typical antenna tuning unit. 
The lighting choke is at the top of the 

GROUND cabinet. 
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Fig. 7-6. Typical installation of a lighting 
transformer to iso late the AC circuit from RF. 

73.184 Groundwave intensity chart 

73.186 Field intensity measurements in alloca-

tion; establishment of effective field at 
one mile. 

73.187 Minimum antenna heights or field in-
tensity requirements. 

73.190 Engineering charts. 

TUNING UNIT 

The circuit of a single AM antenna tuning unit, 

shown in Fig. 7-12, usually consists of a single 

T - section low -pass filter. The two series in-

ductors allow independent adjustment of their 

respective terminating impedances—L1 for the 
transmission line and L2 for the antenna circuit. 

The capacitive shunt leg, common to both 

branches, is given a fixed value determined by 
the operating frequency. Another antenna tuning 
unit schematic is shown in Fig. 7-13. 

The antenna tuning unit (coupling network) 

serves two primary functions. One is to match 

impedances and the other is to tune the antenna to 
the exact resonant frequency of the station. In 

the tuning unit illustrated in Fig. 7-12, antenna 
tuning is achieved by adjusting L2 to series res-

onate with the capacitive reactance of the antenna. 

If the reactive component is inductive, it is con-

sidered to be absorbed into inductance L2. 

Li is adjusted to match the resistance of the 

Fig. 7 -7. A typical beacon installation. Notice the 
location of the junction box (1) and the lightning rod 
protector (2). 

transmission line to the resistance component 

in the antenna circuit. Resistance and react-

ance values of various tower heights, whether 

self - supporting or guyed, must be accurately 

determined by an RF bridge or other method. 

There are normally two methods of tuning a 

standard (AM) broadcast antenna: the RF bridge 

and the substitution method. The antenna tuning 

circuits shown in Figs. 7-12 and 7-13 form a low-
pass filter network with excellent harmonic at-

tenuation. The reactance values may cause a 

phase shift between zero and a cut-off of 180°, 

but in standard practice a va:ue of 9Ø0 is chosen. 

When an antenna is proper:y tuned the reactive 
component is cancelled, leav:ng only the resistive 
component. Therefore, the power input equals 

the square of the RF current times the antenna 

resistance in which the current is measured. The 

antenna resistance is determined during the orig-
inal installation and is part of the data filed with 

the FCC. 

Whichever tuning method is used, a final check 

of antenna match conditions should be made before 
applying full power to the antenna. The measur-

ing equipment should be removed and low-range 
thermal milliammeters placed at each end of the 

ungrounded transmission line conductor. Gen-

erally, when sufficient power is applied from a 
low-power stage of the transmitter and the tun-

ing adjustments are correct, the meter readings 
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Fig. 7-10. A typical three-tower directional antenna 
array using self-supporting towers. 

Fig. 7-1 1. Phasing equipment such as this is required for a directional antenna system. 



Fig. 7 -12. Schematic of a single-tower basic antenna tuning unit. 

should agree within 15%, showing a proper feed-
ing match between the line and tower networks. 

DI RECTIONAL ARRAYS 

Directional arrays vary from two towers to as 
many as six. The radiation pattern must ade-
quately cover the intended service areas from the 
"legal" transmitter location and at the same time 
provide the required protection to other stations. 
Refer again to Fig. 7-9. In most directional 
antenna systems, the transmission line will first 

be connected to a phasing and branching cabinet 

and a coaxial line will go out to each terminating 
unit in the multiple tower array. It now becomes 
necessary not only to determine each tower's 

resistance and adjust the matching networks, but 
to make the proper adjustments on the phasing 
and branching equipment. These adjustments 
are a part of "tuning up" the directional and 
usually should be attempted only by highly quali-
fied personnel or a licensed consulting engineer, 

because it is a specialized field requiring con-
siderable training, the use of complex mathe-
matics, experience, and an extensive knowledge 

of directional systems. 
A sampling loop on each tower is connected by a 

coaxial line, through an isolation coil, back to the 

phase monitor located in the transmitter building. 
The sampling loop picks up some of the radiated 
RF energy from each tower and feeds it back to 
the phase monitor so that The relationship be-

tween the towers can be determined. 

COMMON-POINT RESISTANCE 

The "common-point resistance" (at the phasor 
input or transmitter output) should be adjusted 

and measured as a part of the initial directional 
antenna tuneup. The impedance is measured at 
several frequencies above and below the operat-
ing frequency and the data calculated. The re-

sistance should then be determined according to 
FCC Rule 73.54 (c). The common-point is con-
sidered as the power source for a directional an-
tenna since it is common to all the towers and 
is the point at which total power to the system 
is measured. The common-point is usually in 

the phasor cabinet and a network is used to match 
the transmitter output impedance to the phasing 
and branching equipment. The use of the net-
work allows the common-point resistance to be 
maintained at a value which will result in a speci-
fic ammeter reading. See Fig. 7-14. 

FCC Rule 73.57 (a) states that the power should 
not be allowed to exceed limits of 10% below or 
5% above the licensed value. This value is con-
trolled by adjusting the transmitter power output 
according to FCC Rule 73.54 (e). Additional 
power can be fed into directional antenna phasing 
equipment to compensate for phasing network 
and line losses. 

INITIAL TUNING 

The initial adjustment of a directional antenna 
system begins with setting the reactances of the 
antenna- tuning and power - dividing components 
to the computed values and supplying power to 
the antenna system. Usually, the phase and 
field-ratio indications will be different from 

those desired. To compensate, adjustable tun-
ing components are varied until the phase and 

field-ratio indications correspond closely to the 
computed values. 
The ideal directional pattern provides service 

to the desired city A, while protecting adjacent-
channel stations located in cities B and C, as 
shown in Fig. 7-15. As displayed in this sketch, 
both the size and shape of the directional pattern 
are important factors. With constant ratios be-
tween transmitter power and tower current, the 
phase relationships between towers will deter-

mine the pattern shape by cancellation in certain 
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directions (cross minima measurements). Pat-
tern shape variations can be achieved when the 
parameters are all constant except the phase in 
one of the towers. Generally, the current ratio 
in the various towers of the system will also de-
termine pattern shape by affecting the depth of 
the nulls. As the current ratio approaches unity 

the null becomes deeper; at either side of unity 
the null is filled. 

A directional antenna pattern is drawn on a po-
lar graph showing the amount of radiation in each 

direction in terms of the unattenuated field in-
tensity in millivolts per meter (mv/m) at one 
mile. The major lobe (the cardioidpattern in the 

direction of the arrow) is directed toward the city 
service area. Fig. 7-16 shows a typical compu-
ted pattern. 
In the usual installation one of the main factors 

is the individual antenna ammeters which indicate 
the current being fed to each tower. The read-
ings are essential in computing antenna current 

ratios. Antenna ammeters are almost always 

equipped with a shorting switch that usually re-
moves the meter from the circuit. It should be 
out of the circuit when not in use because it can 
easily be damaged or destroyed by an overload, 
lightning, or a static discharge. 

PHASE AND CURRENT RATIOS 

As stated previously, a significant parameter 
of a directional antenna is the phase relation-

ship of the various towers making up the system. 
The phase monitor at the transmitter indicates 

the phase angle in degrees of the RF current fed 
to each tower. Fig. 7-17 shows a solid-state 

phase monitor which is unaffected by modula-
tion when presenting phase- angle readings on a 
continuous 0 to 180° scale panel meter. Loop 

current appears on a single meter as a per-
centage of the reference tower current. This 
unit can be used in systems with up to nine tow-
ers. Automatic day-night switching of reference 
levels can be incorporated if desired. The pro-
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Fig. 7-15. Directional antenna pattern sketch showing 
protection for stations in Cities B and C. 

Fig. 7-16. Typical computed directional. pattern. 

78 



portional linear DC voltage which provides phase 

angle and loop current indications to operate a 
chart recorder and digital voltmeter can be fed 

over lines to a remote meter panel. 
In designing a directional antenna the engineer 

computes the current ratios and phase rela-

tionships which will achieve the desired radia-

tion pattern. These are the values shown in the 

station license, the actual values that are speci-
fied as the operating specifications in the station 

license and which must be read on the phase mon-

itor in order to maintain the directional antenna 

pattern. FCC rules require that the ratios of base 

currents and sampling loop currents be main-
tained within 5% of the values specified in the 

license, as stated previously. There is no tol-

erance for phase relationship specified in the 

FCC Rules, although a deviation beyond four de-

grees is considered excessive. In some in-

stances, critical directional antenna systems re-
quire operation within tolerances closer than 

four degrees in order to provide the required 

protection. 
In maintaining a directional antenna phase re-

lationship, it is a standard procedure to specify 

one tower as a reference tower. The phase of 

the currents in the other towers is measured in 

relation to the reference tower. Normally, the 
reference tower is considered to be at zero de-

grees. As seen in Fig. 7-18 Number 1 is the 

reference and the phase of towers 2, 3, and 4 
are shown compared to Tower 1. In this case 
the assigned phase angle readings LAG (-) the 

0° phase angle reading of reference Tower No. 1. 

Thus, the readings are: -23° for Tower No. 2 

with a 2:1 phase relationship with respect to 

Tower No. 1, -47° for Tower No. 3 and a phase 

relationship of 3:1, and -125° for Tower No. 4 
showing a phase relationship of 4:1. 

Likewise, the current ratio of a directional an-
tenna system usually is the ratio of the current 

in a given tower in the array to the current in 

the reference tower. Therefore, if one tower 

has four amperes and another 8 amperes, the 

ratio is obtained by dividing 4 by 8, resulting 
in 0.5. The FCC Rules do not require the operator 

to maintain the directional antenna base currents 

at any specific values. But section 73.57 (b) 
spceifies that the antenna current ratios be held 

within 5% of that specified by the terms of the 
license. Normally, the station license will 

specify a ratio of 1.00 to the reference tower. 
After the pattern is properly adjusted and con-

firmed by the proof-of-performance, monitor 
points are established in each direction specified 

by terms of the construction permit and license. 

The field strength is measured at each monitor 
point at regular intervals to provide an indica-

tion of any variation in the radiated field. Most 

engineers try to locate monitor points that are 

readily accessible and located in areas where 
new construction is not planned or underway. 

Usually, public parks, school playgrounds, golf 
courses, cemeteries, and similar areas are 

satisfactory monitor point locations. 
Obviously, monitor points are determined by the 

station's protection and coverage requirements 

and must be selected to provide a point free of 
re-radiation or other undesirable effects. A 

field intensity meter is used to measure the sig— 
nal strength in millivolts per meter and a record 
is kept of all measurements showing the data, 

time, monitor point number, and field strength. 

TOWER LAYOUT 

The submission of a well prepared specifica-

tion for phasor design assures a transmission 
system that will not only conform with FCC Rules 

and Regulations but one that will perform in a 
stable manner, will be easy to adjust, and re-

quire only a minimum of maintenance. 
Spacing and orientation of the towers is an ex-

tremely important factor. A reference azimuth 

• 

Fig. 7-17. This new solid state phase monitor is designed for multi -tower 
directional AM system. 

79 



Fig. 7-18. Typical phase-angle vector diagram of a four-tower in-line directional antenna array. 
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at true north should be determined and the bear-
ing of the line of towers should be plotted with a 
high degree of accuracy from this reference 

point. It is important that this bearing be de-
termined accurately and independently from 
other sources. An error in the true tower align-
ment may make it impossible to achieve the re-

quired directional pattern. 
Due to the complexity of the computations, and 

in order to provide an accurate layout of the an-
tenna towers and satisfy the terms of the speci-

fications, the broadcaster should obtain the ser-
vices of a registered civil engineer or surveyor. 
All the computations and measurements, duly 
attested, should be supplied to the consultant. 

INSTALLING THE GROUND SYSTEM 

Closely associated with the tower is the antenna 
ground system installed at the base of each tower, 
an extremely important part of the overall an-

tenna system. It is utilized in an attempt to 

Fig. 7 -19. Sketch of a typical single-tower 
ground system. 

Fig. 7 -2(:. Ground system diagram for a three. 
tower directional array showing, in part, ground 

radials which should be bonded in the main 

copper busses. 

COPPER STRAP AROUND 
TOWER BASE WHERE 
RADIALS TERMINATE 

TOWER FOUNDATION 

A GROUND SCREEN 
OF EXPANDED 
COPPER IS 
USUALLY PLACED 
AROUND THE 
TOWER BASE AS 
THE SEGMENT 
IS SHOWN 

COPPER 
BUS OR 
BUNDLE OF 
7 COPPER 
WIRES 

LINE OF 
TOWERS 

INTERMEDIATE OR 
SHORT RADIALS ARE 
SOMETIME USED IN 
LIEU OF GROUND 
SCREEN 

120 RADIALS SPACED 3° 
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Fig. 7-21. Two methods of sampling are illustrated 
here, one employing a coil in the tuning house(A)and 
the other using a sampling loop on the tower(B). 

achieve nearly perfect conductivity at the earth's 
plane in the area around the tower. This is where 
the improvement is most effective when related 

to the radiated signal. (An estimated ground 
conductivity map is included in the appendix sec-
tion.) 
The ground system usually consists of at least 

120 radials of No. 10 soft copper wire, as long 
or longer than the height of the associated tower. 
The radials are laid in furrows spaced three de-
grees apart around the entire tower base. Then, 
a ground screen or mat made of expanded copper 
is located completely around the tower base, usu-
ally covering an area of approximately 24 by 24 
feet. Typical ground system drawings are shown 
in Figs. 7-19 and 7-20. The entire system is 
bonded together by silver soldering, brazing, 
or welding around the base of the tower. 
In some installations the mat can be replaced 

by increasing the number of radials. Also, 
short radials about 50 feet long are placed be-
tween the full length radials to replace the mat or 
ground screen in some installations. All the 
radials should be bonded to a copper strap or to 
a bundle of seven copper wires placed around the 
tower base. In a typical installation it is also 
usual to have a copper ground strap on each 
face of the tower support pier, criss-crossing 
under the tower insulator. The same type of 
strap or a bundle of wires is required to tie 

tower bases together as shown in Fig. 7-20. 
When towers are spaced so that the radials do not 
meet, the radials that could intersect should be 
extended to a point where they overlap and be 
bonded in the same way. 

The actual length and number of radials and 
the size and shape of the ground system will de-

pend upon various conditions and should be com-
puted by the engineering consultant. The trans-
mitter building, located close to the tower or 

within the circumference of the ground system, 
should be surrounded by a copper bus or strap 
at the foundation. All radials that approach the 
building should be bonded to the copper bus or 

strap. A chart listing tower height in feet for 
each 10-kHz increment in the AM broadcast band 
appears in the Appendix. 

AM TOWER FEED AND RF SAMPLING SYSTEMS 

The two most commonly adopted methods of 
feeding tower radiators are the series-fed system 
shown in Fig. 7-3 and the shunt-fed system dia-

grammed in Fig. 7-4. A 52- or 72-ohm air or 

solid dielectric coaxial transmission line and 
line-terminating unit is utilized in both systems. 
As shown in the diagrams, the series-fed system 
requires a tower base insulator and in the shunt 
system the tower is directly grounded and RF 

energy is fed to the tower by a copper conductor 
connected to a point located well up the tower. 
In the shunt-fed system the section of the tower 

between the feedpoint and the ground serves as 
an element of sufficient impedance; this in com-

bination with the impedance - matching network 
effects the satisfactory transfer of power from 
the transmission line to the tower. 
The transmission line feeding the line or an-

tenna tuning unit can be buried, supported on 
wood or metal posts, or enclosed in a wood 

trough for protection against damage. The trough 
should measure at least four by eight inches, 
have a removable top, and be mounted not more 
than 36 inches above ground. 
A good practice is to lay rigid air dielectric 

coax as straight as possible. Bends, sags, or 
bumps should be avoided since the flanged seals 
will have a tendency to leak if there is a bending 
strain set up in the coax. One end of the trans-
mission line should be anchored and the other 
end should be left free to move as the line ex-

pands and contracts. In some installations 
where portions of the line run near to the ground 
system, the outer conductor should be bonded 
to the ground system every 20 feet, usually to 

the heavy copper strap running between the tow-

ers. For normal operation, dry air can be 
flushed through the line and kept at the recom-
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mended pressure. All joints, plugs, and end 
seals should be tested for leaks after installation 
by an approved test procedure. 
Coaxial lines of either the semi-rigid or flexi-

ble type may be employed for a sampling system. 
Sampling loops (or sampling coils) pick up some 
of the radiated energy from the tower and feed it 
to a phase monitor so that thephase relationship 

between towers can be measured. 
In one method of sampling, a coil is installed in 

the tuning house at the base of the tower and this 
becomes a part of the tower tuning unit (see Fig. 
7-21A). The other method of sampling requires 
a shielded or an unshielded loop mounted on the 
tower (Fig. 7-21B). When sampling loops are 
tower mounted, isolation coils are necessary to 
bring the sampling lines across the base insu-
lator. The "cold" end of the isolation coil should 

be bonded to the ground system. 
Flexible coaxial line is generally used for the 

sampling line. They usually can be either buried 
in the ground or put in the same trough that sup-
ports the transmission line. The characteristic 
impedance of the sampling line must match the 
monitor input. 

AM PliASOR BRANCHING EQUIPMENT 

Ideal phasor and branching equipment is custom 
built to provide precise coverage patterns to 

PHASING 1! BRANCHING 
EQUIPMENT 

POWER DIVIDING 
NETWORKS 

TRANS-
MITTER 

141 

PHASING 
NETWORKS 

RELAYS SHOWN IN 
DAY PATTERN 

fully meet the requirements of the construction 
permit. From the initial plan to the finished 
product, the manufacturer bases his design on 
requirements of the consultant. Be sure of what 
you are buying so that you need not be faced with 
having to replace inadequate components or to 
make costly design modifications in the field to 
relieve difficult adjustment. Such precaution 
will avoid expensive readjustment and a re-proof 
of pattern later on. Some phasors should not be 
used in big arrays with four or five towers be-
cause of the interaction of controls. Although it 
may be more expensive, a phasor suited for 
your needs will result in less interaction, take 
less time to set up, and in the end offer a sav-

ings. 
Reliable switching facilities are-indispensable 

for changing from day tonight patterns, or from 
nondirectional to directional patterns. Pattern 
switching is accomplished with remotely - con-

trolled, positive-latching relays which select 
the required power divider and phasing network 
and also change the values of the inductive arms 
of the line-terminating units. On the pattern-
switching relays it is a good idea to have contacts 
which control indicating lights to monitor relay 
operation. 
In planning transmitting facilities, you should 

take into consideration future needs for a stand-
by transmitter so that the required transfer 

LINE TERMINATING UNITS 

TRANSMISSION 
LINE 

TRANSMISSION 
LINE 

TRANSMISSION 
LINE 

TRANSMISSION LINE erf_M-.0 

Fig. 7-22. Schematic diagram of a typical phasing unit. 

TOWER NO. I 

TOWER NO.2T 

TOWER NO. 3 
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switches and relays between the transmitter and 
antenna system may be installed. Fig. 7 - 22 
shows the circuit of a typical antenna phasing 
unit. 

AM/ FM DUMMY LOADS 

A relatively non-inductive resistance, called 
a dummy load, is an essential component in all 
AM /FM transmitting installations. Dummy loads 
are available in different power-handling capaci-
ties, air- cooled or water- cooled, to fit indi-

vidual requirements and at the impedance speci-
fied. A dummy load provides the means for ad-
justment and maintenance of the transmitter 

without feeding the antenna during prohibited 
hours. 

A n AM dummy load should be selected to handle 
the modulated peak power. Most dummy loads 
are wirewound types, and although designed to 
be non- inductive they do have some inductance. 
Therefore, an adjustable compensating network 
is required to cancel out the inductance. 
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CHAPTER 8 

FM Antennas 

Selection of an FM antenna array is especially 

important because it provides a means of reducing 

null effect, improving fringe area reception, and 

fill-in of shadow areas. In addition, stereo and 
SCA service should benefit both in quality and 

coverage. Of course, a logical decision on trans-

mitter power and antenna type can be made only 

after the station's effective radiated power and 

antenna radiation pattern is established. Another 
factor to be taken into consideration is the polar-

ization of the radiated signal. 

ERP AND POLARIZATION 

Effective radiated power as authorized by the 

FCC Rules and Regulations is based on a mea-

surement of the horizontally - polarized signal. 
Many broadcasters choose an antenna system 
which also radiates a vertically-polarized sig-

nal. This enables an FM station to transmit a 
supplemental signal to achieve elliptical or cir-

cular polarization. It may be used in combina-

FM' 
ANTENNA 

HORIZONTALLY 
POLARIZED FIELD 

HORIZONTAL ANTENNA 

GOOD RECEPTION 

VERTICAL ANTENNAS 
POOR RECEPTION 

Fig. 8- I. Horizontally-polarized transmissioc provides 
good reception for homes but tends to serve autos and 
portables poorly. 

tion with any type of horizontaity-polarized FM 

antenna and is designed to improve and maximize 
monaural, stereo, and SCA multiplex operation. 

Better reception efficiency is realized un car 

radios, portables with whip antennas, and home 
receivers with built-in or line- cord antennas. 

Figs. 8-1 and 8-2 indicate the difference in re-

ception realized when a horizontally- and a dual-

polarized FM transmitting antenna is used. 

FCC regulations permit simultaneous FM 

radiation in both horizontal and vertical planes. 
For example, a station authorized for opera-

tion at 50 KW ERP horizontal can legally radi-
ate a full 50 KW in the vertical plane. This can 

be achieved by intermixing vertically- and hor-
izontally - polarized antennas, by adding verti-

cally -polarized antennas to an existing system, 

or by installing a circularly-polarized antenna. 
The best method will be dictated by the require-

ment of either additional transmitter power or 
higher antenna gain to match the original ERP 

obtained from a horizontally -polarized array. 

• 
FM , 

ANTENNA 

HORIZONTALLY 
VERTICALLY 

POLARIZED 
FIELDS 

HORIZONTAL ANTENNA 

GOOD RECEPTION 

VERTICAL ANTENNAS 
GOOD RECEPTION 

Fig. 8-2. Dual polarized transmission provides excel-
lent reception for all types of receivers. 
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Fig. 8 -3. Radiating element of o ring -type horizontally -polarized FM antenna. 

Fig. 8-3 illustrates a horizontally-polarized FM 

antenna. Fig. 8-4 shows a vertically-polarized 
FM antenna and radiating element. Fig. 8-5 

shows an interlaced horizontally- and vertically-
polarized antenna which is tower-mounted. 

HORIZONTALLY-AND VERTICALLY-
POLARIZED ANTENNAS 

Both horizontally- and vertically-polarized FM 
signals can be achieved by: 

(1) Mounting both the horizontally- and verti-

cally -polarized antennas on a new or existing 

tower and using a power divider at the base of 

the antenna or at the transmitter building to split 

the feed to both antennas. 

(2) By using a circularly -polarized antenna; 
most manufacturers offer three types of antennas; 

a horizontally-polarized antenna up to 5 KW per 
section, and the circularly -polarized antenna 
rated at 10 KW per section. 

Combined horizontally- and vertically-polar-

ized antennas are usually more expensive than 
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circularly -polarized antennas. But separate 
antennas may be of special advantage to those 
who already have horizontally-polariz ed antennas 
and can readily add vertical radiation. The dual 

antennas should have the same gain to enable the 
FM station to transmit a circularly-polarized 
signal. The H and V elements can be mounted 
in almost any position on the tower, but pre-

ferably they should be mounted at the same height 
in arrays as shown in Fig. 8-5. 

Fig. 8 -4. Radiating element of a typical vertically - 
polarized FM antenna. 

Antennas of equal gain fed in quadrature will 
achieve elliptical or circular polarization. It 
is now the consensus of opinion that circular 

polarization is generally considered superior 

to that produced by a combination of horizon-
tally- and vertically-polarized radiating ele-
ments. Also, dual antenna arrays have the dis-
advantage of additional weight and higher wind 
and ice loading than that of a circularly-polar-
ized antenna array. 

Fig. 8-5. Dual polarized antenna radiators side - 
mounted on an existing TV tower as an interlaced 
System. 
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Fig. 8 -6. A circularly-polarized antenna replaces horizontal and vertical elements. 
One antenna does the work of two. 

CIRCULARLY—POLARIZED FM ANTENNA 

A primary advantage of a circularly-polarized 

antenna is the reduction in the number of bays 

required. Previously, individual elements, hor-

izontal and vertical, and in most cases a power 
divider, had to be installed to attain dual polari-

zation. Now, only a single circularly-polarized 
FM antenna is required to achieve at least com-
parable results. 

A circular antenna radiates with a low standing-

wave ratio over a bandwidth of 200 kHz, ideal 
conditions for the transmission of today's com-

plex FM monaural, stereo, and SCA multiplex 
signals. There are numerous circularly-polar-

ized antennas designed for the ultimate trans-

mission of an FM signal. Figs. 8-6 and 8-7 il-
lustrate two types. 

A station's effective radiated power is still 

determined by the signal radiated in the horizon-
tal plane. This is multiplied by the power fed to 

the antenna (power input). Antenna data can be 
determined from Fig. 8-8. 

Circularly -polarized antennas provide equal 

horizontal and vertical power gains from 0.46 
for a single section to 8.9 for 16 stacked sections. 

As indicated, any number of elements from one 

to sixteen may be utilized, thus providing the 
maximum flexibility in the selection of power 

gain for a particular installation. No external 

combiner is required since power division is 
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accomplished within the antenna. Maximum pow-

er rating per bay is 10 KW and arrays will handle 

power inputs as high as 40 KW. Special antennas 
with null fill and beam tilt are available. De-

icers or radomes are recommended for climates 

that experience icing conditions. 
When using circular polarization instead of hor-

izontal polarization, transmitter power can be 

doubled without exceeding the licensed horizontal 

effective radiated power. This is because the 
additional power radiated is in other planes of 

polarization. Conversely, for a given trans-

mitter power the number of antenna bays can be 
doubled for the same reason. This can be seen 

by comparing the systems. Transmitter power 

and antenna gain requirements are computed as 

follows: 

ERP = PxGxEff 

Where: 

Fig. 8-7. A typical version of a circularly -polarized 
radiating element. 

P 

G 
Eff 

= Transmitter output power 
_ 

Antenna power gain 
= Transmission line Efficiency 

Performing a simple determination, you can 

assume that the circularly -polarized antenna 

has a gain of approximately O. 5 per section, and 

the horizontal and vertical radiator has a gain of 

approximately 1.0 per section. Therefore, for 

a typical installation the combined H and V an-
tenna or the circular antenna should be calcu-
lated at one half gain per section since power fed 

to each antenna system is equally divided be-

tween the horizontally- and vertically-polarized 

modes. This method can be used in determining 

the transmitter and antenna combination required 

to achieve a given ERP. In filling out FCC Form 

301 the consultant or the station's chief engineer 

will use the exact antenna gain figures and in 

case of a combined antenna array the required 

power splitting or division ratio is to be indi-

cated. Fig. 8-9 compares combined H and V and 

circularly-polarized antenna systems. 
Some typical interesting facts pertaining to 

circularly-polarized antenna arrays: 

1. Antennas of one to seven or up to ten bays 

are normally end fed; arrays of 10 bays and over 
are center fed, with even numbers of bays or at 
a point 1/2 bay below center with odd number of 

bays. See Fig. 8-10. 

2. To obtain the field gain, take the square root 
of the power gain. 

3. To obtain the effective free space field in-
tensity at one mile in mv/m for one kilowatt an-

tenna input power, multiply field gain by 138. 

INSTALLING FM ANTENNAS 

FM antenna design is flexible and permits easy 

installation or mounting on the side of an existing 
tower or pole-mounting on top of towers or build-
ings. Side-mounting is more popular for FM 

broadcasting because it can be added to an ex-

isting AM or TV tower and it does not affect the 
electrical height of the radiator. When the effec-

tive height of an AM radiator is changed it can up-

set a phased array. This will require FCC and 
FAA approval for the increased height and re-

tuning of the system to compensate for the addi-

tional height. 
The supporting AM or TV tower structure nor-

mally has some effect on the radiating pattern of 

the FM antenna. Usually, the smaller the struc-

ture the less effect. Side- mounting an FM an-
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NO 
OF 
BAYS 

POWER GAIN DB GAIN APPROX LENGTH WEIGHT POWER 

0.46 0.46 - 3.37 -3.37 0 41 10 

1.0 1.0 0 0 10 110 20 

1.5 1.5 1.76 1.76 20 179 30 

2.1 2.1 3.22 3.22 30 248 40 

2.7 2.7 4.31 4.31 40 317 40 

3.2 3.2 5.25 5.25 50 386 40 

3.8 3.8 5.80 5.80 60 455 40 

4.3 4.3 6.34 6.34 70 524 40 

4.9 4.9 6.87 6.87 80 593 40 

10 5.5 5.5 7.40 7.40 90 662 40 

11 6.0 6.0 7.80 7.80 100 731 40 

12 6.6 6.6 8.20 8.20 110 800 40 

14 7.8 7.8 8.92 8.92 130 937 40 

16 8.9 

Fig. 8-8. 

HORIZONTAL 

H 

INPUT 

8.9 

Chart listing 

VERTICAL 

GAIN 1 0 

g9 

9.49 

typical 

-... 

9.49 

characteristics 

500 W. ERP 

150 

of circularly -polarized 

CIRCULAR 

500 W ERP 

1074 

FM antennas. 

40 

= 
500 W (HOR.) (NOR. ) \ H. GAIN 0.5 

V. GAIN 1 0 INPUT 

INPUT 

1330 W 

500 W. ERP 500 W. ERP /7/ V. GAIN 0.5 
= 533 W 

--e. 
(VERT. I (VERT.) 

50 50 

1000 W. 1330 W. 
RADIATED = RADIATED 

IN IN 

1000 W 
POWER COMBINED CIRCULAR 
SPLITTER POLARIZATION POLARIZATION 

W 
VerR 

CIRCULAR ANTENNA 
EQUALS COMBINED HORIZONTAL 8. VERTICAL ANTENNAS 1000 W 

XMTR 

Fig. 8-9. Comparison of feed systems and the effective radiated power of a circularly -

polarized antenna with combined horizontally and vertically polarized antennas. No 

power splitter is required for the circularly polarized antenna. 
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Fig. 8- 10. Simplified diagram showing feed line input 
locations for end-fed and center -led antennas. 

Fig. 8-11. A four- bay horizontally-polarized FM ant - 
enna array. 

tenna on a self-supported tapered tower (see Fig. 
8-5) introduces an effect that may distort the 
elevation pattern as well as the azimuthal pat-
tern. As there are more vertical components 
in the structure than horizontal, it is logical 
that there will be a considerably greater amount 

of azimuthal radiation pattern effect of a ver-
tically - polarized wave than with a horizontally-
polarized wave. 
With a top- mounted antenna a minimum effect 

of ldb is achieved for azimuthal horizontally-
polarized radiation. This effect is greater but 
acceptable for antennas side-mounted on a tower 

Fig. 8-12. H and V radiator elements side-mounted 
on a tower. 
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Fig. 8 -13. A typical dual-polarized FM antenna array. 

of 18 to 24 inches cross section and increases 
rapidly for larger cross sections. The size and 
number of cross members in a tower, trans-
mission lines, and lighting wires, all have an 
effect on any type of FM antenna. As a general 
statement, FM coverage in the area is best in 
the direction the antenna array is facing away 
from the tower. Figs. 8-5, 8-11, 8-12, 8-13, 
and 8-14 show some typical FM antenna installa-

tions. 
Transmission lines can be exactly tailored to 

the application. The antennas can be fed with 

rigid coaxial copper lines of either 1 5/8-inch 

or 3 1/8-inch outer diameter, depending upon 
power levels used, or with heliax air or foam 

dielectric semi-flexible line. For FM applica-
tions 1 5/8-inch rigid copper transmission lines 
can handle up to 10 KW (25 KW AM) and 3 1/8-
inch cable of the same type will handle up to 
40 KW (94 KW AM). Heliax low-loss cable is 
available in numerous sizes and in either air or 
foam dielectric types having peak power ratings 
ranging from 2 to 820 KW. (For low-power AM 
applications RG cable provides an inexpensive 
installation. Fig. 8-15 illustrates various types 
of transmission lines. 
Semi-flexible foam dielectric Heliax is lighter 

and provides maximum resistance to crushing, 
kinking, and denting, and it requires no pressur-
izing. Feedlines to the FM antennas should be 
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Directional Horizontal Cycloid 
Antenna with Non-Directional 
Vertical Polarization 

Fig. 8-14. Directional horizontal antenna with non-
directional vertical antenna. 

(d) 

-- GATES -- Fig. 8-15. Types of transmission line: Rigid 3 1 8-inch copper (a), rigid 1 5, 8- inch 
copper (b ), flexible RG cable (c) and flexible Heliax cable (d). 



pressurized, however. If foam dielectric cable 
is used up to this point, a small copper line will 
have to be run up the tower to pressurize the 
feedlines and combining harness. 
Attenuation and VSWR requirements should be 

considered when selecting the size and type of 
transmission line for a given application. In 
cases where long transmission lines are used, it 
is proper to select larger and more efficient 

lines than indicated by the power considerations. 
For normal operation FM antennas can be ad-

justed to VSWRs of 1.1:1 or 1.18:1, depending 
on whether single- or dual-polarized antennas 
are employed. In AM applications, VSWRs of 
1. 5:1 to 2. 0:1 are not unusual. An item to con-
sider in AM operation is that the peak power out-
put of an AM transmitter is four times the car-
rier level. 
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CHAPTER 9 

Transmitter Remote Control Systems 

It is becoming almost standard practice in many 
cases to operate the transmitter remotely from 
the studio control room. Remote control units 
are normally interconnected by telephone lines 
or microwave links. This makes possible an un-
attended transmitter and eliminates human en-
vironmental requirements in a remote trans-
mitter building. A remote control system saves 
space, and transmitter personnel can be relo-
cated to perform duties in the studio or other 
areas. 

SYSTEM REQUIREMENTS 

The method of achieving remote control is not 
specified by the FCC as long as the system pro-
vides the following control and metering func-
tions: 

1. Filaments off and on. 
2. Transmitter off automatically if the control 

system fails in any way. 

3. Transmitter final plate sypply off and on. 
4. Meter the final output tube plate current 

and plate voltage. 
5. Meter the antenna current. 

6. Monitor the frequency and modulation level. 
7. Monitor proper operation of the tower bea-

con and obstruction lights. 

Many installations may require other desirable 
control functions, with one or two control func-
tions made available in the system for emergen-
cies or for future assignment. A block diagram 
of a typical remote control system is shown in 
Fig. 9-1. 

For remote control operation the transmitter 
must have the necessary relays, motor-driven 

controls, and meter shunts. Existing trans-

mitters without them can be modified to include 
the necessary equipment. 

TYPICAL EQUIPMENT 

High reliability and stability should be a major 
consideration in remote control equipment, be-

cause a minor fault resulting in a power shut-
down may cause considerable loss of air time. 
Remote control systems are available for sim-
ple or the most complex unattended operations, 
providing the numerous metering functions, 

switching, or control operations. The simplified 

Fig. 9 -1. Block diagram of a typical 
remote control system. Two telephone 
lines are used between the studio and 
transmitter, one for control, the other 
for monitoring. 

Control circuits that con-

nect to designated trans-
mitter and monitor con-

trol points. 

CONTROL LINE 
REMOTE CONTROL 

UNIT 
LOCATED AT STUDIO 

METERING LINE 

TWO METALLIC TELEPHONE PAIRS 

Note: Only seven dual 

functions are shown here 

to typify a system. Addi-
tional functions may be 
required in some opera-

tions. 

Metering circuits that 

connect to designated 
transmitter and monitor 

metering points. 

FILAMENTS ON-OFF 

PLATE VOLTAGE ON-OFF 

OVER-LOAD RESET 

POWER OUT CONTROL 

TOWER LT. ON-OFF 

REMOTE CONTROL 
COMPAN ON UNIT 
LOCATED AT 
TRANSMITTER 

TO 

FRED DEVIATION  

WER LT CURRENT 

AN T CURRENT 

PA PLATE CURRENT 

PA PLATE VOLTAGE 

LI NE OR FIL VOLTAGE 
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Studio Unit 
Transmitter Unit 

Fig. 9-2. Studio and transmitter remote control units. 

Fig. 9-3. Remote control system control panel. 

block diagram in Fig. 9- 1 shows the master 
unit at the studio and the slave unit at the trans-
mitter. Figs. 9-2 and 9- 3 show some typical 
remote control equipments. 
The above equipment requires only two metallic 

telephone pairs. Control orders are sent to the 
transmitter via one pair of telephone lines. A 
second pair permits very positive results over 

lines up to 60 miles in length or 5000 ohms loop 
resistance for returning metering information to 
the studio. 
In the DC system, control and metering sig-

nals are fed between the units. A 60-Hz tone is 
used as a fail-safe feature that removes the trans-

mitter from the air should any fault exist or loss 
of power develop in the control circuits. Tone 
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operation added to the remote control system 

permits operation on a single voice-grade tele-
phone line or microwave link. 

Accessories may be added to perform virtually 
any remote control operation such as switching 

in an emergency power plant, measurement of 
antenna base currents in multi - tower arrays, 

tower light metering, switching of standby trans-

mitter, antenna pattern switching, and many 

other functions. A tone alarm system may be 

utilized to detect a building over - temperature 

condition, smoke, burglary, or any condition 

that could be electrically detected and sensed. 
Fig. 9-4 lists the functions of a complex remote 
control system. 
Automatic logging equipment is now available 

to record all operating parameters as required 

by the FCC Rules and Regulations. The units 

can perform 5, 10, and 20 functions, either for 

local or remote control operation. The single 
point strip chart recorders log as many as five 
operating parameters which are selected se-
quentially by a stepping switch. Each function 

is recorded within a two-second period on ink-
less pressure-sensitive chart paper. 

STL SYSTEMS 

Studio- to - transmitter links (STL) are some-

times employed instead of wire facilities to re-

lay transmitter control functions. An STL re-
mote control installation affords considerable 

flexibility; it can reach into areas where wire 

circuit services are not available, and it can 
facilitate expansion of remote control capabili-

ties without increasing the cost of the trans-

mission medium. AM /FM broadcasters are 

Dol Control 

1 AM Transmitter On-Off 
2 AM Plate On-Off 
3 AM Output Raise-Lower 
4 Overload Reset 
5 AM Day-Night 

6 
7 

8 
9 

10 
11 Spare 
12 Spare 
13 FM Transmitter On-Off 
14 FM Plate On-Off 
15 FM Output Raise-Lower 

16 FM Overload Reset 
17 

18 
19 Tower Lights On-Off 

20 Home 

Metering 

Filament Line 
Plate Volts 
Common Point Current 

Plate Current 
Common Point Current 
Base Current 1 

Base Current 2 
Base Current 3 
AM Frequency Deviation 

AM % Modulation 

Filament Line 
Plate Volts 

Reflectometer 
Plate Current 
FM Frequency Deviation 

Lighting Current 

Calibrate 

Fig. 9 -4. List of control and metering functions 

offered by a comp/ex system. 

eligible for licenses in theSTL service as desig-

nated in Part 74 Subpart E-Aural Broadcast STL 

and Intercity Relay Stations, Volume HI, dated 

March, 1968. 

STL remote control frequencies are allocated in 

the 942-952 MHz band, and Section 74.531 (c) 

authorizes operational communications including 

cues, orders, and other communications direct-

ly related to the operation of the broadcast sta-

tion, as well as special signals used for tele-

metry or the control of apparatus used in con-

junction with broadcasting operations. 

For some time, now, many FM broadcasters 

have been using a subcarrier on the main FM 

carrier to relay metering data to the studio, 
where it is picked up with a receiver and fed to 

monitoring equipment. And for AM broadcasters, 

effective Dec. 8, 1969, the FCC rules allow 

meter readings and other telemetry signals to 

be relayed from transmitter to studio via ampli-

tude modulation of low-frequency tones on the 

AM carrier. Prior to the above date, such prac-
tice was denied AM stations. 

If the AM/FM broadcast station planner is ex-
tremely conscious of antenna height above the 

average terrain, it would normally be advan-

tageous to seek an elevated or distant location 

for the transmitter and antenna array. Fre-

quently, such a location will be in an inaccessi-

ble area where telephone lines have not been in-

stalled. Therefore, to a broadcaster planning 
a new station or modernization of an existing 

station, microwave becomes extremely impor-
tant. 

A typical FM remote control system utilizing 
a 950-MHz studio-to-transmitter link is shown 

in Fig. 9-5. The studio is 11 miles by air from 

the transmitter site which is situated at an ele-
vated location. 

Fig. 9-5 shows the makeup of the twin-channel 

signals. Main-channel audio is transmitted from 

the studio to the transmitter on approximately 
945 MHz while the second audio channel (stereo) 
is transmitted on 951 MHz. Multiplexed on the 

945-MHz channel is an unmodulated 26-kHz sub-
carrier, and an unmodulated 67-kHz subcarrier 

is multiplexed on the 951-MHz channel. Before 
reaching the main transmitter carrier, the 26-

kHz subcarrier is modulated with the second audio 
channel chile the 67-kHz subcarrier is modulated 

with metering data for relay back to the studio 
via the station's radiated signal, as just men-

tioned. A stereo receiver at the studio feeds 

frequency and modulation monitors and the me-

tering data on the 67-kHz subcarrier is fed into 
direct-readout circuitry. 

This system also provides the studio operator 
with an intricate remote control function channel 
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F lg. 9 -5. Block diagram of a typical FM remote control system using an STL. 

STUDIO 

PROGRAM 

PROGRAM (stereo only) 

CONTROL   TRANSMITTER 

TELEMETER  

ORDER WIRE 

Fig. 9-6. Block diagram showing other STL remote control functions. 

to raise and lower voltages and adjust the trans-
mitter and turn it on and off at will. It also in-
corporates a "fail-safe" system which removes 
the carrier from the air if the control system 

itself fails. 
Although the FCC Maintenance Rules require 

that a first class radiotelephone operator in-

spect and log the transmitter meter readings 

five days each week, the need for constant 
supervision is eliminated by remote metering 
and control functions. Usually, AM/FM remote 

control STL requirements are such that any 
broadcast engineer can install the equipment, 
connect the antennas, transmission lines, and 
transmitter-receiver units and put it in operation. 

Also available to the station planner are other 
STL units offering four or five circuits where re-
quired from the transmitter site to the remote 

control point. As shown in Fig. 9-6, these 
include: 

1. A control channel 
2, A telemetering channel 
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Fig. 9- 7. A block diagram of an STL remote control and telemetering system. 

3. An order wire 
I. A program circuit 
5. A second program circuit (stereo) 

These equipments represent anew concept in the 
design of broadcast transmitter remote control 
systems. 

The STL remote control system is simple, 
versatile, and reliable and usually features 
pushbutton and telephone dial mechanism selec-
tion of 42 control and 21 telemetering metering 



CHAPTER 10 

Studio & Monitoring Equipment 

While the technical equipment required for an 
AM or FM radio facility is usually determined 

basically by station size, power, layout, and 
programming, it should be remembered that 
operating flexibility depends on the equipment 

selected. 

AUDIO SYSTEM EQUIPMENT 

It is a well-known fact that no two broadcast 
stations have the same operating requirements. 
The selection and arrangement of microphones, 
turntables, tape systems, control consoles, 
amplifiers, and other operational equipment will 
certainly differ for each installation. So, many 
broadcasters choose to have their control equip-
ment exactly tailored to the station's require-

ments. 

AUDIO CONTROL CONSOLES 

The most important reason for the addition of 
or the replacement of a control console is the 

need for more inputs, better performance, and 
ease of operation. A new console may be needed 
because of the addition of a new studio facility, 
additional microphones, or when FM stereo fa-
cilities are added to the broadcast station. As 
the number of remote programs increases, the 
telephone input requirements to the console in-
crease, also. Many stations settle for a small 
audio console in order to increase the flexibility 

of facilities in the production control room to 
produce commercials and station promotion re-

cordings. 
The audio system console should be constructed 

of the highest quality components. Components 
should be selected for their long life and depend-
ability. Consoles that provide quality perfor-

mance with versatility and adaptability use tele-
phone-type switches for their superiority over 
wafer switches and step attenuators rather than 

.carbon types. Manufacturers presently offer 
broadcast consoles containing photoconductive 
cells and lamps in sealed enclosures that per-

form switching and control attenuation of the au-

dio signal. 
Many consoles are fully transistorized using the 

most advanced state-of-the-art circuitry. Plug-
in modular design provides complete accessibil-

ity with interchangeability of modules and sub-
assemblies and quick convenient servicing. Due 

to the shortage of competent technical mainten-
ance personnel, reliable equipment operation 

is that much more vital to a successful broad-
cast system. Figs. 10-1 through 10-5 picture 

audio control consoles suitable for a variety of 
applications. 
The console in Fig. 10-1 is a fully transistor-

ized compact stereo console offering mixing and 

switching functions. It features pushbutton se-
lections of high-level sources, relay switching, 
and built-in intercom. Operation can be remoted 
and the plug-in modules are interchangeable. 
The unit will normally provide audio amplifica-
tion, switching control, and monitoring facili-
ties for the operation of a small AM/FM broad-
cast station. 
The single-channel studio console shown in Fig. 

10-2 (upper left) is a completely self-contained, 
high-fidelityaudio system for three-channel mix-
ing, switching, and monitoring. This console 
features dependable solid-state plug- in ampli-
fiers, low-impedance mixing circuits, and built-

in cue/intercom amplifier. 
The dual-channel audio console is a completely 

self-contained unit providing both stereo or mon-
aural mixing, switching, and monitoring facili-
ties, plus dependable plug-in transistorized amp-
lifiers and a built-in cue intercom amplifier. 
There are ten mixer positions consisting of five 
low-level, three high-level and two line-level. 
Dual mixer controls are used in all stereo po-
sitions. Provisions are included for the instal-
lation of AGC meters so the gain reduction of an 
external AGC amplifier may be observed while 
controlling program gain. Plug-in modules for 

both consoles are also shown in Fig. 10-2. 
The speech input console shown in Fig. 10-3 

features a new concept in switching technique-
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Fig. 10-1. A- compact solid- state audio mi xer console. 

Fig. 10 -2. Single-and dual-channel audio consoles. 
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Fig. 10-3. Stereo speech input console. 

a photo-conductive cell and a lamp in a sealed 
enclosure. The panel control varies the inten-
sity of the lamp on the photocell which in turn 
controls the audio level. A similar device for 
program level control is also used. Although 
the unit was designed primarily for stereo, it 
can also be used for monaural. In fact, it can 

provide a monaural output simultaneously on both 
program channels from a single input, or can 
handle completely separate monaural signals 
from inputs through two program outputs. 
The solid- state amplifiers and control elements 

in the console shown in Fig. 10- 4 are mounted 
on plug-in cards that fit in two card boxes, one 
for each program channel. The card box pro-
vides space and receptacles for six high- or low-
level preamplifiers, one program amplifier, one 
monitor amplifier, and one switch matrix for 

remote line input switching (Fig. 10-5). 
Another type of console shown in Fig. 10-6 

offers maximum operational flexibility plus all 
the benefits of transistorized design. This 
monaural console is designed for either single-
or dual-channel applications in studio and mas-

ter control audio systems. Notice that the con-
sole has eight input channels and eight mixers. 
Another model has four input channels and four 
mixers. Instead of knobs the attenuators are 
slide-operated. 
Both models include two mixer buses, two pro-

gram/monitor amplifiers, and a built - in cue 
facility. All input amplifiers function at either 
low-levels (microphone) or medium-levels (tape 
line, phone, etc.). All amplifiers are mounted 
on plug-in boards for simple conversion or ser-
vicing. 
These consoles may be operated in either sin-

gle- or dual-channel modes and the design is such 
that mixer attenuation is accomplished by a bal-
anced bridge circuit which includes a light-
dependent resistor and a controlling lamp. The 
lamps are controlled by vertical step-type control 

units located on the hinged front panel. 

CUSTOM AUDIO CONTROL EQUIPMENT FOR 
AM/ FM STATIONS 

Some control rooms are quite complex in the 
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number of circuits and control functions re-
quired. Therefore, such stations incorporate 

custom audio control equipment designed and in-
stalled to achieve an easily operated setup that 
allows nearly foolproof switching along with 
functional flexibility. Leading equipment manu-
facturers, in addition to offering a comprehen-
sive line of standard studio control equipment, 
specialize in designing and building complete 
custom speech input systems to meet the indi-
vidual needs of stations and networks. 
Since no two AM/FM brDadcast stations have 

exactly the same operating requirements, equip-

ment needs range from special equipment for 
small and medium size stations to more com-
plex systems for the largest installation. In 
planning new installations, or modifying exist-
ing facilities, this custom-built equipment ser-
vice is available to every AM/FM broadcast 
station. For those who insist on designing the 
system themselves, the equipment manufacturer 
usually will provide specifically built units to 
meet the station specifications for the equipment 
needed. Fig. 10-7 illustrates one type of mod-
ern custom audio control console. 

Fig. 10-8 is a view of a modern control posi-
tion designed for operating ease. The center 
features built-in turntables, dual-channel stereo 
console, and cartridge tape equipment. 
The custom master control console in Fig. 10-

9, designed for a large radio network, features 
solid - state circuitry, sound- effects controls, 
sub- mixers, equalizers, echo effect, monitor 
controls, and unitized construction for trouble-
shooting accessibility. The left side of the con-
sole contains effects filters and space for another 
mixer module. In the center is the echo control, 
submaster equalizers, and Vu meters. The desk 
portion contains mixing faders and sub-master 
controls. To the right, the console has moni-
tor and sound reinforcement controls and mixer 
modules; below are four monitor selector knobs. 
Further to the right is the patching unit. 

TRANSCRIPTION TURNTABLES 

The most important "audio" characteristics of 
the turntable, pickup, and associated preampli-
fier are wow, flutter, hum, rumble, and fre-
quency response. Due to the recent advances in 
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recording techniques and stereo broadcasting, 
vertical rumble must now be as neglibl e as later-
al rumble. "Rumble" is actually an industry-

coined word used to define all unwanted noises 
in transcription equipment that, if existing above 

a certain level, will be transmitted through the 

pickup cartridge in the form of objectionable 

noises. The turntable shown in Fig. 10-10 is a 
compact precision unit for 33 1/3 and 45 RPM. 
It is smooth in operation with low rumble and 

rapid start. The unit has provisions for two tone 

arms and pickup preamplifier. 

MONITOR AND REMOTE EQUIPMENT 

The speaker pictured in Fig. 10-11 is ideal for 
studio or control room monitoring and other 
broadcast applications. Frequency response is 

25 to 16,000 Hz; it offers wide-angle distribution 

and low distortion. Speakers such as this can be 

installed in an in-line formation in a cabinet for 

various output ratings. 
The four- channel portable remote amplifier 

illustrated in Fig. 10-12 is a lightweight unit 

with a transistorized amplifier; it has a self-

contained battery power supply or will operate 
from the AC line. It affords amplification and 

control facilities for broadcast programs remote 
from the studio, amplifying low-level signals to 

a point suitable for transmission over a tele-
phone line to the station studio. Complete cueing 

and monitoring facilities are useful features in 

remote equipment. 

AUDIO SIGNAL CONTROL EQUIPMENT 

Audio signal processing equipment is a vital 

link in a broadcast installation. Such equipment 
is designed to automatically control audio peak 

and average levels fed to an AM or FM trans-
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Fi g. 10-6. A solid-state monaural audio control console. 
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Fig. 10 -7. Custom-built master console with numerous individual mixers. 
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Fig. 10-8. A custom 
designed operating 

center. 

Fig. 10-9. Custom-built master control facility. 

Fig. 10-10. A dual -speed transcription 
turntable. 

Fig. 10-11. Duo -cone speaker ideal for 

control room or studio monitoring. 



Fig. 10- 14. A peak clipper amplifier. 

. arrimairmiwitmme" 
Fig. 10 -12. A four-channel solid-state remote ampli fier. 

Fig. 10 -13. Program amplifier shown wi th AGC and limiter units in a rack-mounting shelf. 

Fig. 10-15. Dual peak-limiting amplifier designed 

for stereo or dual monaural operation. 
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mitter. The purpose of such equipment is to pre-
vent overmodulation, interchannel interference, 

or damage to the transmitter. 

In some installations automatic gain control 
(AGC) amplifiers with slower "attack" and "re-

covery" times are used to maintain a constant 

average audio level from the console. However, 

the old "standby" peak limiter with its faster 

attack time is normally used at the input of the 

transmitter because of its ability to limit the 
Fig. 10-16. A dual -channel FM program level 
control unit for stereo and monaural service. 

A 

Fig. 10-17. Graphic chart of AGC amplifier output over the input signal (A). A strip 
recording made at the output of an automatic audio program level control equipment.(B) 
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amplitude of rapid transient peaks. 
In FM broadcasting, the higher audio frequen-

cies are given special treatment by a 75 micro-
second pre-emphasis network normally installed 
at the FM transmitter input. The result is a 
high- frequency boost that tends to cause over-

modulation, which can be prevented by a high-
frequency "roll-off" or by peak clipping equip-

o4-

Fig. 10 -19. AM modulation monitor. 

ment used after pre-emphasis, or by a combin-

ation of both. 
Several types of equipment have been developed 

in an attempt to cope with the FM overmodula-
tion problem. It is necessary to reduce the 

peaks without affecting the average level. One 
equipment type resorts to "rolling-off" the high-
frequency response by some amount that depends 

e es 

F ig. 10- 18. AM frequency • monitor. 
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Fig. 10 -21. FM modulation monitor. 

Fi g. 10- 20. FM frequency monitor. 
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on the signal level and the other uses peak clipping 
after pre-emphasis. Therefore, it is extremely 

important to select the proper signal processing 
equipment to provide absolute protection against 

overmodulation but at the same time without re-
ducing signal gain and with no audible degrada-
tion of the signal. Figs. 10-13, 10-14, 10-15, 
and 10-16 show various automatic audio program 

level control units. 
The strip recording reproduced in Fig. 10-17A 

shows the audio signal output from an AGC ampli-
fier. Although the AGO chart exhibits an ex-
tremely uniform average signal level, the signal 
definitely exceeds 100% modulation. Fig. 10-

17B shows graphically the performance of auto-
matic audio program level control equipment 
when a normal program signal is properly under 
control. Notice the better controlled peaks and 

higher average signal levels achieved by the addi-
tion of signal control equipment. Automatic gain 

peak level control equipment specifically pre-
vents transmitter overmodulation and maintains 

a higher and more uniform audio level with the 
least distortion. For broadcast stations which 
must maintain a uniform program level from 
various sources, including a control console, 

the necessity of such equipment is apparent. 

MONITORING EQUI PMENT 

High quality monitoring equipment is an impor-
tant adjunct of AM/FM station facilities. Such 
equipment is necessary to maintain broadcast 

operations and assure compliance with FCC 
standards. The input and monitoring equipment 

for the AM/FM station usually consists of FCC 
type-approved frequency and modulation moni-
tors. Figs. 10-18 and 10-19 are photographs of 
an AM frequency monitor and modulation moni-
tor. Fig. 10-20 shows an FM frequency moni-
tor and Fig. 10 -21 an FM modulation monitor. 
Fig. 10-22 is a photograph of an FM modula-

tion-SCA multiplex monitor. 
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CHAPTER 11 

Program Automation 

Magnetic tape andtape cartridges contribute con-
siderably to modern AM/FM broadcast techniques, 
and the nature of the tape medium lends itself 
readily to automation in varying degrees. The 
practice of assembling various program categories 

on magnetic tape provides extra flexibility in 
scheduling, simplifies program operations, and 
reduces the cost of program production. Numer-
ous tape formats are available in mono or stereo, 
cartridge and reel-to-reel, two-track and four-
track stereo, manual and automatic equipment. 

I ECM 

• • 

CARTRIDGE SYSTEMS 

Cartridge tape systems offer instant playback 

of recordings without cueing and threading. Using 
a continuous-loop cartridge, the program ma-

terial is recorded with a "stop" tone immediately 
preceding it. After playback on the air, the ma-
terial (announcement, promo, etc.) is re-cued, 
ready for repeat play, by the "stop" tone. 
Tape cartridges provide precise timing of pro-

gram segments and offer the broadcaster the most 

0 II 
START READY 

ON 

RUN 
Off 

Fig. 11 -1. A typi cal, modern cartridge tape system. 

• 

STOP 
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convenient storage medium and the quickest and and/or after program segments to activate as-
easiest access to selected segments of program sociated equipment make the equipment readily 
material. Also, "cue" tones, recorded before adaptable for automatic or semi-automatic opera-

tion. 
Multi-cartridge tape systems, designed especi-

ally for heavy traffic stations, relieve operating 
personnel by automatically handling a series of 
program segments through start/stop and audio 
switching in rapid succession. At least two hours 
of recorded material can be programmed with one 

multi - cartridge unit, an advantage which can be 
applied with as many other units as desired. 

Cartridge tape systems can be remotely control-
led, too. Figs. 11-1, 11-2, and 11-3 illustrate 
basic cartridge tape systems. 
The cartridge tape units shown in Figs. 11-1 

and 11-2 feature solid-state construction and are 

designed for monaural or stereo cartridge record 
and playback operation. Each offers three cue-

tone frequencies, plug - in circuit boards, and a 
pull-out tape transport. Fig. 11-3 shows a com-
pact monaural or stereo unit which plays all NAB 
standard- size cartridges. The unit can be con-

n•ebucii ...we ••••••Coty•••• • 
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Fig. 11-2. Another sohd-state cartridge tape system. 

I 

• 

O 

4 e 
14 1 4 

• 

• 
e 

e 

Fig. 11- 3. A compact multscartrsdge tape system used in many semi-automated control rooms. 
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nected in multiples to produce a system of 8, 12, 
16, or more automatic cartridge playback func-
tions. 

REEL-TO-REEL SYSTEMS 

Reel-to-reel audio tape recorders provide 

several unique advantages, chiefly the ease with 

which editing may be accomplished, and multi-
speed operation. Reel-to-reel machines operate 

at various speeds so that the program material 
can be tailored to the station's program needs. 

With some systems hours of programming may 
be recorded on a single reel; another feature is 
that some reel-to-reel units can be used as por-
table recorders for interviews and news events. 
Manually - operated and self - cueing equipments 
are available for broadcast use. Typical reel-
to-reel audio tape recorders are shown in Figs. 
11-4 and 11-5. 
The unit shown in Fig. 11-4 is a professional 

solid-state recorder for monaural or stereo opera-
tions. It accommodates a wide range of record 
input levels and high playback output levels. The 
recorder is available in dual speeds, either 7 1/2 
and 15 or 3 3/4 and 7 1/2 ips. It also contains a 
plug-in record equalizer and variable tape speed 
cueing. The recorder can be mounted in a rack, 
console, or portable carrying case. 
The record/playback machine in Fig. 11-5 is 

available in either stereo or monaural models. It 
also has variable tape speed cueing, plus the fact 
it can record NAB cue tones on a tape for auto-
matic operation. Other features include plug-in 
circuit modules and facilities for remote control 
operation. The unit can be used in automatic sys-
tems teamed with cartridge tapes. With relay 
switching, it can automatically program multi-
event sequences from several different tape sys-

tems with a minimum of attention from station per-
sonnel. A monaural reel-to-reel record/playback 
unit is pictured in Fig. 11-6 and a mono/stereo 

playback deck appears in Fig. 11-7. 

TAPE RECORDER OPERATION 

Much of the overall performance capability of 
conventional magnetic recorders depends on the 

operation of the heads. Usually, the erase head 
is the least critical, requiring only that it make 

good contact with the tape and pass the symmetri-
cal waveshape of the erase voltage. The erase 

head is normally mounted separately from the 
record head and the playback monitor head and 
precedes these heads in the path of tape travel. 
Some less expensive units have one head for re-
cording and reproducing. The combined record/ 
playback head does not allow direct off-the-tape 

monitoring while recording and it prohibits opti-
mum adjustment for both record and playback 
functions. With separate heads the gap spacing 
of each can be adjusted for optimum performance. 
Recording and reproducing heads should be ad-

justed for the recommended critical azimuth align-
ment and the reproducing head gap width adjusted 

for the best possible high-frequency response. It 
is very important that all the heads make good 
contact with the tape, or a considerable loss of 
high- frequency response will be noticed. It is 
also conducive to good operating practice that tape 
heads and the entire mechanism are cleaned and 
serviced regularly. 

During normal operation the recording head is 
"biased" to improve overall operation. Usually, 
it is a standard practice to use an AC bias at a 

frequency sufficiently beyond the range of hear-
ing. With bias the tape is in an umnagnetized 
condition when no audio is applied. A bias value 
that is too low may result in high distortion and 
a low signal-to-noise ratio, while excessive bias 
will cause a loss of high-frequency response. 

It is a general practice to erase out-dated pro-
gram material from the tape so that it can be re-
used. Both DC and AC erasing methods are ac-
ceptable, but the AC method is almost always 
used. Usually, a common high- frequency os-
cillator provides the current for both the erase 
and bias functions. Some equipments have meter-

ing provisions to adjust the proper erase and bias 
current. Generally, the erase current should be 
properly adjusted before adjusting bias, since 
erase current adjustments will affect the bias. 
The recording amplifier is normally used to 

drive the recording head. This amplifier usually 
contains the bias and erase oscillator which drives 
the recording and erase heads. The playback amp-
lifier raises the signal to a level suitable for feed-
ing the program console or other speech input 

equipment. 

AUTOMATIC PROGRAMMING SYSTEMS 

The most common AM/FM broadcast applica-
tion of "automation" is the recording of network 
or local programs for delayed broadcast. Another 
popular use of an automatic program facility is to 
record one track of a stereo tape with programan-
nouncem ents and the other track with control tones 
which are used to initiate automatic functions. 
During playback, frequency - selective relays— 
triggered by the control tones—will switch from 
a reel-to-reel playback, to a cartridge repro-
ducer, to an automatic record changer, etc., to 
complete a predetermined sequence of program 
elements. Another tone will allow the controlling 
tape unit to cue to the beginning of the next an-
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Fig. 71-4. A basic reel- to-ree/ audio tape recorder installed in a rock. 

Fig. 71-5. This automated tape recorder features variable speed cueing 

and may be operated by remote control. 



Fig. 11-6. Reel-to-ree/ tape record playback unit. 

nouncement and then produce an automatic com-
mand to start playback again. 

All recorder-reproducer units contain many pre-
cision components that require periodic main-
tenance and adjustment. Brake tension adjust-

ments should be checked with the methods and 

equipments prescribed in the instruction and in-

stallation manuals to achieve optimum perform-

ance. 

For the best operating results it is desirable 
that the automation system be maintained as 

recommended in the instruction book, consider-

ing the following factors: 

•Lubrication 

•Cleaning 

*Head demagnetization 
•Take-up and holdback tensions 

*Brake tensions 
*Capstan idler pressure 

*Playback level adjust 

*Erase current 

*Bias current 

•Signal-to-noise measurements 

*Azimuth alignment of the heads 

*Playback response 

*Record response 

Installation 

A necessary consideration in any system is that 

the equipment be connected to the station ground. 

In studio installations where no transmitter is lo-

cated nearby, ordinary rack grounding procedures 

are sufficient. In transmitter locations, or where 

the system is to be located in a relatively intense 
RF field, it is desirable that the racks be securely 

bonded upon installation and bonded to a low-im-

pedance ground such as copper ribbon. The best 

procedure is to use the same general grounding 

procedures which have been used in other portions 

of the program audio input installation. Generally, 

a two-inch copper ribbon should be adequate in 
most installations. However, some high - power 

AM/FM station locations may be more critical. 
It is absolutely essential that no strain be placed 

upon racks as they are bolted together. Such 

strain will cause physical distortion of the racks 

and can create numerous subtle- type problems 

later on. Since most program automation systems 
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now use solid-state components and relays, cool-
ing requirements are kept to a minimum. How-

ever, it is important that clean air be supplied to 

the system. Most componentsean be affected ad-
versely by air - borne dust and dirt. A supply of 

clean, cool air will assure the maximum life and 

highest component reliability. 

Basic Components 

A program automation system for modern AM/ 
FM broadcasting usually consists of several of 

the following units installed in individual racks 

tied together to form one complete unit: 

1. Record/playback reel - to- reel tape decks 

programmed in any sequence desired. 

Fig. 11 -7. Reel -to -reel 
mono or stereo tape ploy - 
back unit. 

2. A programmer which executes the program 

schedule. 

3. Tone-filtering and generating equipment for 

recording cue tones on music tapes. 

4. Cartridge record/playback unit for record-

ing and playback of spots, news, weather, 

and IDs. 

5. Cartridge playback units. 

6. Recording amplifiers for record /playback 

tape units. 

7. Audio control unit with VU meters. 
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8. Monitor amplifier and cue selector to moni-
tor the automation system output and to cue 

sources in the automation system. 

9. AGC line amplifier in the transmitter feed 
line. 

10. A timer, working in conjunction with the 

programmer, enables the selection of a 

number of time corrections to be made and 
also controls length of program segments. 

11. Silence sensor alarm which monitors the 

audio output of the system and automatically 

selects the next programmed event in case 
of source failure. 

12. Fade - start unit to automatically fade the 

selection on the air to start a program event 
required at an exact time. 

13. Logging decoder designed to decode pulsed 
signals from cartridge tape units and trans - 

form them to digital information for the log-
ging printer. 

14. Audio switcher which provides all audio, 

control, and logging switching functions for 
operating the automation system. 

15. External audio adapter, providing inputs 

for two external audio sources such as net-
work and studio. 

16. Logging printer which provides a printed 

record of programming by indicating the 

time of broadcast and the code number of 

the tape cartridge. 

The heart of the automation system is the pro-

grammer or program control unit, sometimes re-

ferred to as the "brain." All that has to be ac-

complished is to determine the program schedule 

and set it up on the programmer which, in turn, 

automatically executes it. The great flexibility 

comes from the fact that the programmer can 
schedule numerous events in sequence, plus ad-

ditional insertions at specified times. Reel-to-

reel tapes are used in some systems for sequential 

events such as music, and tape cartridges are 
used to insert IDs, spots, news, weather, musi-

cal intros, back announcements, and specially 
featured musical numbers at pre-selected times. 

Because insertions are made automatically on 

time cues, there is no reason to worry about the 

length of broadcast material. The program control 

unit controls the airing of many program input 

audio sources and events. Additional sources 

and events can be added to the system, plus re-

mote and network sources, when desired. 

One of the advantages of program automation is 

the reduction of hour-to-hour labor and the ad-

dition of many time-saving functions. Some of 

the features are: 

• Exact- time programming allows automatic 

switching to network for news or for live remote 

pickups. 

• Provision for automatic fading when exact-time 

events are scheduled. Normally, unused events 

in a prior program segment are automatically 

skipped, assuring program time accuracy without 

precise timing of material. Generally, four fades 

can be made each hour. 

• Provides at least five audio sources plus the 

addition of network and remote. 

• Capable of programming as many as 1,000 events 
without repetition and allowing up to 16 hours of 

programming with over 60 events each hour. 

• Separate recording facilities enable the produc-

tion of future programs, spots, and IDs without 
affecting system operation. 

• Reel-to-reel tape machines with 14-inch reels 

normally provide over three hours of music. 

• The system with automatic program logging, in-

cluding a digital printer unit, provides exact 
visual verification of what cartridge was broadcast 

and the time it was broadcast. When the trans-
mitter output fails the printer will automatically 
print red entries on the logging tapes. 

•The logging printer verification tape attached to 
the previously prepared program schedule satis-

fies all FCC logging requirements. 

• Digital readouts if used in the system will indi-

cate thepresent position in the program schedule. 

Readout on the programmer shows the next event 

to be broadest and the switcher readout shows 
the event being broadcast. 

• Format can be changed simply by changing the 
sequence tape cartridge or by the insertion of 

another cartridge pre-recorded with the desired 
schedule. 

• Specific events can be skipped during a program 
without interferring with the balance of the broad-
cast. 
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Fig. 11-8. A typical automated system broadcast schedule and log. 

Fig. 11-9. This automatic audio system uses a stereo 

reel- to -reel recorrer, 'top) an automatic tape program - 

mer, and a cartridge tape system. 
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Fig. 11-11. The WVMI automation system, using tape cartridges exclusively. 

120 



Fig. 11 -12. WRKO's system employs reel -to -reel and cartridge tapes. 
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Fig. 11 -13. The WOMA automation system. 
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Fig. 11-14. KRSP—FM is programmed by this system. 

Fig. 11-15. KPOL programming is by this automation equipment. 
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• Broadcast equipment manufacturers offer stereo 
or monaural units for any type station, FM, AM, 
AM /FM, or FM stereo. Any of the automation 
systems can be expanded to provide the equipment 
which will generate exactly the "sound" wanted. 
The program achievement efficiency of an auto-

mation system makes true automation a reality. 

Its value is further enhanced by using an auto-
matic tape control program logging system which 
automatically prints all logging information as it 

is being broadcast. Fig. 11-8 is a reproduction 
of an automated station program schedule and the 
printed log verification produced by the automatic 
program logging system. These forms, usually 
signed by the operator, meet all FCC logging 
requirements. 

TYPICAL SYSTEMS 

The unit presented in Fig. 11-9 can be usedwith 

both monaural and stereo systems. It is designed 
to select several audio sources and sequence them 
in any preset pattern as consecutive events. It 
achieves advantageous operation for stations re-
quiring separate AM and FM programming. The 
operator who may be handling both programs can 
presetthe system to sequence the FM events dur-
ing times when live broadcasts or program changes 

must be made on AM broadcasts. An automatic 
audio tape programmer unit is shown in Fig. 10. 
Other automatic audio programming systems 

shown in the following illustrations are designed 

to operate continuously and unattended for 24 hours 
or more, in mono or stereo modes. An individual 
music format is achieved and placed under man-
agement control for a consistent sound by separat-
ing the music into categories, along with any 
special features, and placing this material on 

separate tape transports for programming in any 
combination. Each segment of the program can 
be changed so that the music sound is automatically 
varied to suit the time of the day. Program ma-
terial can be prepared locally, or material from 
a network or commercial music libraries can be 
utilized in any combination desired. 
The program automation systems illustrated in 

Figs. 11-11 to 11-15 are in actual operation in 
varying size markets. Fig. 11-11, WVMI's sys-

tem, uses cartridge tapes exclusively. WRKO's 
automation system (Fig. 11-12) features both 
reel-to-reel and cartridge tapes. The automatic 
programmers in Figs. 11-13 through 11-15 em-
ploy varying ratios of reel-to-reel and cartridge 
tape functions. Fig. 11-13 pictures WOMA's sys-
tem; Fig. 11-14, KRSP-FM; and Fig. 11-15, the 

system in operation at KPOL. 
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CHAPTER 12 

Microphones 

In dealing with any mechanical or electrical com-
ponent, there is usually an"ideal" which the de-

signer must use as a performance criterion. 

For most purposes, an "ideal" microphone should 
have an output voltage independent of frequency 
and uniform response in any pickup direction. In 

this ideal case, the microphone should deliver 
to the audio amplifier a signal whose frequency, 

phase, and amplitude parameters are exactly the 
same as the original acoustical energy. In prac-

tice, though, each different type of microphone 

exhibits a different response pattern, repre-
senting the actual pickup characteristics, for 

varying positions of the sound sources about the 
microphone. 

Since "the ideal" is not realistically attainable, 
the limitations of existing microphone types must 
be accepted. Therefore, special attention should 

be given to the selection of type and quality based 

on the environment in which they will be used. 

In many cases the microphones selected do not 

complement the quality of other station equip-
ment; consequently, overall station perfor-
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Level Change 
db 
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Load 
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+2.0 o 

250 150 

Fig. 12-1. 150-ohm vs 250-ohm microphone per-
formance characteristics. 

Fig. 12 -2. A polydirectional microphone. 

mance is usually impaired. Unless microphone 

quality closely matches the characteristics of 

other equipment, "live" pickups will be de-
cidedly inferior. 

There is considerable overlap in applications 
of various microphone types but each does 

possess certain attributes which make it particu-

larly well suited to some specific application. 
The main features are smooth frequency response 

over the audio range, low distortion, high out-

put levels, and well shielded, shock - mounted 
output transformers to prevent hum and noise 
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pickup. Response limitations should always be 
considered when microphones are used for broad-
cast applications. 

IMPEDANCE AND LOADING 

Fig. 12 - 1 illustrates the considerations of 

microphone resistance loading. When a micro-
phone is connected to an unloaded input trans-

former, impedance matching is not a consider-
ation. The effect of connecting a microphone 

with an output impedance of 150 ohms to a micro-

phone amplifier designed for a 250-ohm source 

and vice versa will usually be of small conse-
quence. The effect on the level is tabulated in 

Fig. 12-1A. 

However, there will be some change in the 

overall frequency response characteristic of the 

system below 100 and above 5000 Hz. The mag-

nitude will depend on the connection and the de-
sign of both the microphone and the amplifier 

input transformer. Variations in response with 

quality microphone amplifiers inmost cases will 

not exceed +2 db. 

When microphones are connected to a resistance 

load the changes in level appearing in Fig. 12-

1B will result when the output is referred to a 
matched condition. 

MICROPHONE TYPES 

The polydirectional microphone shown in Fig. 

12-2 is a high fidelity, ribbon type which easily 
adjusts to a variety of directional patterns such 

as unidirectional, bidirectional, or nondirec-
tional. It is ideal for AM/FM use since it has 

a frequency range of 30 to 20,000 Hz. It con-

tains a three-position switch for selecting the 

best voice operating characteristics. Typical 
directional patterns and frequency response 

curves for this type of microphone are displayed 
in Fig. 12-3. 

The uniaxial microphone is a dependable, high 
quality ribbon instrument with unidirectional 
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Fig. 12-3. Typical directional patterns and frequency response curves of o poly - 
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Fig. 12- 4. A uniaxial microphone. 
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characteristics. The uniaxial frequency re-
sponse is essentially uniform from 30 to 20,000 
Hz. Its response and frequency range, combined 
with the cardioidal directional characteristic, 
makes this type microphone ideal for both speech 
and music pickup. It is especially suited for use 
in high- noise areas, ideal for boom operation 
in general studio applications, and as a desk-
mounted control room microphone. Fig. 12-4 
shows this type of microphone mounted on a boom 

structure. 
The pressure microphone shown in Fig. 12-5 

is particularly well suited for remote pickups. 
The response and frequency range curve illus-

trated in Fig. 12-6 indicates that this type of 

Fig. 12-6. Typical pressure microphone response 

curve. 

microphone is suitable for both music and speech. 

Rugged and insensitive to mechanical vibration, 
the microphone is ideal for outdoor use where 
constant handling by the announcer is necessary, 
or for programs where the performer must work 

close to the microphone. 
The velocity microphone is bidirectional and is 

rather rugged. It is especially suited for high-
fidelity music pickups, general program and 
announce, conference pickup, and programs 
where microphones may be positioned to reduce 
audience noise. Fig. 12-7 represents a typical 
velocity microphone and Fig. 12-8 the direction-
al characteristics. 
The miniature and subminiature microphone is 
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Fig. 12-7. A typical velocity microphone. 

usually a lightweight, easily concealed lavalier 
dynamic with excellent speech balance for studio 
and public address. The frequency response and 

directional characteristics are engineered to 

complement human speech so that the micro-
phone offers excellent balance when the per-
former is talking "off mike." It is inconspicu-
ously worn around the neck, clipped to the cloth-
ing, or hand held as shown in Fig. 12-9. The 
instrument has a frequency response of 60 to 
18,000 Hz and a directional characteristic in the 
nondirectional mode. 
At onetime many broadcasters had to use four 

separate microphones on a show, but now they 
can back off with a directional microphone and 

pick up all four people. It obviously simplifies 
things when you can reduce the number of micro-
phones required. 

MECHANICAL DURABILITY 

The ability to withstand shock is a major prob-
lem in routine microphone usage. In general, 
today's broadcasters are not requiring the high 
quality microphone performance demanded in the 
past. Dynamic microphones inherently are some-
what more prone to abuse, but they are also in-
herently inferior in pickup quality. Most broad-
casters are willing to put up with this difference, 
however, at least in some applications. The 
ribbon microphone, because of its design,, can 
be subjected to somewhat more abuse. How-

Fig. 12-9. A lavalier dynamic microphone. 
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ever, if the ribbon microphone is stationary, 
mounted on a boom or desk stand, there is 
every reason to believe it is of superior quality 
and will last every bit as long as the dynamic 
microphone. Velocity microphones are also 
not dependent on a lot of seals which eventually 
dry out and cause performance to change. Thus, 
the ribbon microphone is definitely more stable 
than a dynamic one. Another big problem with 
microphone operation is performer mishandling. 
Microphone manufacturers are currently con-

cerned with improving shock susceptibility, re-

liability, and discrimination patterns of micro-
phones. Microphones with cardioid patterns are 
being improved and some manufacturers report-
edly are on the verge of introducing several new 
types. 

Wireless microphones are still in the future 
according to some manufacturers. Current 

models used in broadcasting have proven unre-
liable in many cases. The main problem is that 
many users have been plagued by interference 
and had to give up using them. Major manu-
facturers are working on the problem, though. 
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CHAPTER 13 

AM/FM Transmitters 

Since transmitter selection is of the utmost im-
portance, let us establish a foundation that will 

Cle 

Fig. 13-1. A 1000 250 -watt AM broadcast 
transmitter. 

aid in relating equipment features and charac-

teristics to the situation at hand. 

A transmitter capable of high levels of modu-

lation over a wide frequency range with low dis-

tortion will provide a signal which "stands out" 

in any market. Obviously, transmitters should 
employ the highest quality components operated 

at conservative levels. The result is better qua-
lity sound and longer component life. Unusually, 

frequent tube replacement is avoided by using 

the types best suited to the application and by 

operating tubes well within their specification 
ratings. Where tubes are operated too near the 

limits, early failure is almost inevitable. Spe-

cial attention should be given to all details affect-

ing the proper cooling of the tubes, too. The 
importance of using conservatively designed and 

operated components in a broadcast transmitter 

cannot be over-emphasized, particularly for a 

station that wishes to maintain the highest re-
liability with a minimum loss of air time. 

True, some equipment manufacturers offer 

compact, lightweight AM transmitters. Low 
weight, often associated with low cost, may not 

be economical in the long run. Reduction of 

weight is laudable if it can be achieved without 
sacrificing reliability. In AM transmitters, 

weight is directly related to the type of trans-
formers and reactors used. It is extremely diffi-

cult to achieve satisfactory high fidelity audio 

response and component reliability with so-called 

lightweight transformers. In fact, if trans-
formers and reactors are reduced in size as the 

principal means of reducing weight, it is advis-
able to study and compare basic designs. A 

failure of one transformer could wipe out most 

of the savings realized in purchasing a "light-

weight." 

TUBES vs TRANSISTORS 

Good design calls for transistors wherever 
adequate engineering and packaging considera-
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Lions indicate their use will be beneficial. In 
some transmitters, transistors and tubes are 
being placed in a way that presents certain dis-

advantages. For example, it is a well known fact 
that transistors do not work well when they are 
located in high RF fields. Also, many times 
very expensive tubes are needed to overcome the 
low power outputs common with transistors. 
Usually, the cost of one such tube may exceed 
that of several common types in another trans-
mitter. In one transistorized transmitter con-

taining the required special high-power PA, the 
tube and transistor complement costs more than 
twice the complete set of tubes in a conventional 

tube-type transmitter of the same power output. 
Due to the low drive power obtained from trans-
istors, the PA in some transistorized transmit-

ters must be capable of producing the required 

output with a comparatively low input—which 
almost doubles the average power consumption 
of the transmitter! Additionally, when RF feed-
back is employed in such transmitters, there 
are problems with antenna load changes. The 

complex circuitry of transistorized transmitters 
requires a high level of technical competence of 

the station engineering staff. Therefore, it is 
wise to make a careful comparison of transmitter 
circuitry, considering cost, complexity, and 

reliability. 

TRANSMITTER RELIABILITY AND ECONOMY 

It is difficult to estimate the economies of trans-

mitter reliability without having previous exper-
ience with a given design. Loss of broadcast 
time because of equipment failure can be very ex-
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pensive. Some interesting points are: how much 
money will be lost in advertising time? How 
much will be spent on replacement parts? Will 

equipment problems cause the transmitter to be 
operated at reduced power for long periods of 

time? What about overtime pay to the staff? 
What will these problems cost in terms of lis-

tening audience, prestige, income, and profits? 
Station operating costs are difficult to measure, 

but they can be strongly related to equipment re,-
liability. The difference between an economical 
and costly transmitter design can be quite mis-
leading if reliability is ignored solely in favor 
of initial cost considerations. That is why it is 

most prudent to carefully weigh all aspects of 
transmitter design, construction, performance, 
and operating features. 

REMOTE CONTROL CONSIDERATIONS 

The question often arises as to whether or not it 
is possible to "automate" the transmitter in an 

existing or new station. Amomatic or remote 
operation is becoming more widespread because 
many existing "automatically-operated" stations 
are reporting months of unattended transmitter 
operation without the need for a single adjustment 
at the transmitter site. To prevent time-consum-
ing and expensive modifications, the trans-
mitter—when purchased—should include pro-

visions for remote control as standard equipment. 
Components such as relays, motor-driven con-

trols, wiring, meter shunts, multipliers, and 
everything required should be a part of a new 
transmitter and not have to be added as a modi-
fication. Remote control can be achieved with 
DC voltages sent over telephone lines or tone sig-
nals which permit operation on a single voice-
grade telephone line or microwave link. 

AM TRANSMITTERS 

AM transmitters of various power output ratings 
are shown in Figs. 13-1, 13-2, 13-3 and 13-4. 

Fig. 13-3. A 10,000-watt AM transmitter. 
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Fig. 13-4. A 50-KW AM transmitter. 

DRIVER 

POWER 
SPLITTER 

léamir DRIVER 

PA 

4CX15000A 

OUTPUT I_ 40 KW 
DIPLEXER 

PA 
4CX15000A 

1•11. 

Fig. 13-5. Simplified block diagram of a 40-KW transmitter showing power splitter, 
diplexer, and switch for selecting either of two operating exciters. 

r 

A typical 1,000/250-watt AM transmitter is shom 

in Fig. 13-1. It incorporates a power reduction 

facility for "day - night" operation, a built - in 

power cutback system. The transmitter power 

can be reduced to either 500 or 250 watts by local 

or remote control. 

Modern trends in AM radio broadcasting demand 

increased power and remote control require-

ments, together with all- around economy and 

dependability. Highly perfected radio frequency 

circuits and audio frequency circuits with large, 

high quality transformers and reactors provide 
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Fig. 13-6. A 40 -KW FM transmitter. 

for outstanding modulation and unusually high fi-
delity sound. The AM transmitters shown in 

Fig. 13-2, 13-3, and 13-4 are 5, 10, and 50-

KW AM transmitters, respectively. 

FM POWER EXANDABLE TRANSMITTERS 

An important factor in transmitter design, es-
pecially for FM broadcast, is power expanda-

bility. For example, savings result if a 5-KW 
transmitter is expandable to 10 or 20KW, and a 

20-KW transmitter is expandable to 40 KW, 
rather than replacing the original transmitter. In 

some cases the design is such that the power can 

be doubled simply by substituting higher power 

electrical components with no increase in floor 

space. 

Parallel- Operated Transmu tter 

Becoming quite popular are FM transmitting 
plants featuring duplication of parallel-operated 

transmitters. See Fig. 13- 5. Normally, an 

installation begins with a transmitter that can be 
diplexed with another identical transmitter to 

provide a power increase, plus the added relia-

bility of two operating transmitters. It is like 

having a standby transmitter, warm and ready 

for instantaneous switchover if trouble develops 

in the main transmitter. Should either ampli-
fier fail, the other continues to operate un-

affected, supplying reduced power to the antenna. 

A relay system permits switching to the "hot" 
standby exciter if the main exciter fails. Since 

the power supplies and controls are separate and 

duplicated, the individual circuits of either trans-
mitter may be shut down and repaired while the 

other is in operation. 
Fig. 13-6 presems a 40-KW FM transmitter 

using the combined outputs of two 20-KW units; 

combining equipment is housed in the center 

cabinet. As discussed earlier, the 5-KW FM 

transmitter as a basic unit can be expanded into 

a 10- or 20-KW transmitter simp-ly by substi-

tuting the driver and power amplifier tubes, 

power supply, and some electrical components 
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Fig. 13-7. A "power -expandable" 20-KW FM 

transmitter. 

with higher power types. A transmitter which 
can be power expanded is shown in Fig. 13-7. 

FM EXCITERS 

The modern FM exciter should adequately atten-
uate harmonics and other spurious signals and 
produce a clean drive signal for trouble- free 
operation of subsequent stages of the transmitter. 
An FM exciter should not be deficient in instru-

mentation. Some manufacturers today have a 
tendency to place the FM exciter in a very small 
space with a minimum of visual monitoring facili-
ties. As a result, the operator must expend 
unnecessary time and effort to determine the op-

erating status of the equipment. The best exciter 
incorporates basic instrumentation such as me-
tering circuits and visual indicators, making it 
easy to see at a glance whether the unit is in-
operative. Fig. 13-8 presents a view of a typi-
cal FM exciter. 

SEPARATE SOLI D-STATE POWER SUPPLIES 

A trend in design that makes transmitters easier 
and less expensive to install is the two-unit con-
struction concept in which the high-voltage trans-

Fig. 13 - 8. A typical solid -state FM exciter. 
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former and its rectifier are contained in a sep-
arate interlocked enclosure. The power supply 
enclosure may be installed in the basement or in 
other seldom-used areas of the transmitter 
building. Locating the power supply near the 
commercial power entrance does much to re-

duce wiring expense during installation. It also 
simplifies power increases when expanding the 
power outputs of the transmitter. The advan-
tages with respect to flexibility, space utiliza-
tion, and convenience in maintenance afforded by 
a separate high-voltage enclosure are mainfold. 
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CHAPTER 14 

Preventive Maintenance 

Broadcast equipment should give reasonably 
trouble-free performance year after year, but 
it all depends on how well "preventive mainten-
ance" is executed. Manufacturers' instruction 
books usually contain detailed maintenance infor-
mation and procedures applicable to each unit, 
but each station engineer should take the time 
to analyze the equipment and prepare various 
maintenance operations on checklists, cards, or 
sheets to be sure that each maintenance operation 

is performed and completed regularly. 
In general, preventive maintenance consists 

of the following procedures: inspect, clean, 
tighten, lubricate, tube check, "spot- proof," 

and FCC "station proof." The latter involves 
measurement of overall performance from studio 
microphone input to the transmitter output and is 
described in Chapter 15. 

All equipment, particularly tubes, insulators, 
and other high-voltage components, must be kept 
free of dust and oily deposits. Dust is the num-
ber one enemy. By preventing proper heat dissi-
pation, by changing electrical values of compon-
ents, causing arcing, and by preventing proper 
electrical contact in relays and switches, dust 
accumulation can (and usually does) result in 
pre-mature failure. Dust filters on equipment, 
though effective, do not prevent all dust from 
reaching components. Any improvement in dust 
elimination will certainly contribute to improved 
equipment reliability. 
Routine visual inspection should be made. All 

connections involving screw - type terminals 
should be periodically checked tor tightness 

Look for any components that are changing color, 
shape, or any other sign of deterioration. Per-
iodically test high-voltage contactors. Check all 
moving and rotating items for proper function 
and lubrication. Keep switches and relay con-
tacts clean. More operational failures are caused 
by dirty switch and relay contacts than result from 
actual equipment failure. Door interlocks should 
be checked frequently for proper alignment and 
condition of contacts. Safety grounding switches, 

if used, should be checked in the same manner. 

Low-current circuits sometimes use small fuses. 
It is good maintenance practice to change them 

once a year. 

MAINTENANCE TOOLS AND TEST EQUIPMENT 
A well-equipped broadcast station should have 

an adequate set of hand tools, for use in making 
repairs and maintaining the equipment, plus the 
required test equipment such as an audio os-

cillator, distortion and noise meter, trans-

mission measuring set or a set of calibrated 
attenuation pads, volt-ohmmeter, VTVM, cath-

ode ray oscilloscope, tube tester, transistor 
tester, and field intensity meter. A suggested 
list is shown in Fig. 14-1. Also, a supply of re-
placement tubes is mandatory, and it is recom-
mended that an adequate stock of spare parts be 
maintained. 

FCC MAINTENANCE PERFORMANCE 
PROVISIONS AND LOGS 

The FCC Rules indicate that each AM/FM 
broadcast station must keep a maintenance log. 
No specific log form is prescribed although they 

HAND TOOLS 
Heavy -duty, dual -heat 200/ 275 soldering gun 
5 lb. spool rosin -core solder 
Extra -long chai n -nose pliers 
Short -nose needle - point pliers 
Thin -nose pliers 
Needle- point diagonal pliers for stripping and 
cutting 
14-inch electric drill 
Hexnut driver set -(seven wrenches) 
Dual -purpose screwdriver kit 
Set of round blade 2 -, 4 -and 6-inch screwdrivers 
Tank -type vacuum cleaner 
Standard speedex wire stripper 
Scotch No. 33 electrical tape 

TEST AND MEASURING EQUIPMENT 
Audio oscillator 
Noise and distortion meter 
Transmission measuring set or a set of calibrated 
attenuation pads 
Volt -ohmmeter or VTVM 
Tube tester 
Field intensity meter 

Fig. 14-1. A list of hand tools and test equipment 
which are necessary for a well equipped brOad-

cast station. 
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do specify the content that it must include. It is 

required that certain inspections be made at des-

ignated intervals and that notations be made con-

cerning these inspections, listing the mainten-
ance performed. 

The general requirements relating to logs are 
discussed in Volume III, FCC Rules and Regu-

lations, dated March 1968. These Rules, found 

in Paragraph 73.111 for AM stations and Para-
graph 73.281 for FM stations, are very similar 
in both cases. 

Each station shall maintain a maintenance log as 

designated, and each log shall be kept by the 
station employee or employees (or contract op-

erator) competent to do so, an individual having 

actual knowledge of the facts required. This per-
son shall sign the log when starting duty and a-
gain when going off duty. 

Each maintenance log shall be kept in an orderly 
and legible manner so that all the data entered 

is readily available and understandable. Key 
letters or abbreviations may be used if their 

proper meaning or explanation is shown on the 

log. Each sheet must be numbered and dated, 
time entries shall be either in local, standard or 

daylight saving time, and times must be so in-
dicated. No portion of a log may be erased, ob-

literated, or willfully destroyed, and all logs 

must be retained for at least two years, or longer 
if specifically requested by the FCC. Any neces-
sary corrections may be made only by the per-

sonnel originating the entry who shall strike out 

the erroneous portion, initial the correction 
made, and indicate the date of correction. 

MAINTENANCE LOG FORM AND CONTENTS 

An ideal maintenance log form should contain 
the following information: 

Title of form: Maintenance Log 

Station call letters and city of license 

Date: Should include both the day of the week 
and day of the month; example, "Friday, 

February 7, 1969." In some cases the be-

ginning and ending date of the entire week 
should be listed and individual entries must 

be dated also. 

Page Number: Numbers should be inserted as 

the logs are completed and filed. 

Time Zone: Indicate the station location's time 

zone, such as EST or EDST. 

Operator On /Off Signature: A standard re-

quirement for all logs. 

Abbreviation C ode: A ny convenient code is per-

missable but an explanation must be given. 

Thus; Ant, antenna; Ep, plate voltage; Ip, 
plate current: Freq, frequency; etc. As 

noted in the illustrated logs, some stations do 

not use abbreviations but spell out every word 

instead. 

MAINTENANCE LOG RULES 

The details describing maintenance log rules 

are listed in the FCC Rules; Paragraph 73.114 

for AM and Paragraph 73.284 for FM. 

1. Tower Base Current Ammeter(s) (AM only) 

—A weekly reading and an entry must be made. 

2. Remote Antenna Ammeter(s) (AM only) — 

A weekly reading and entry must be made of each 

meter before it is recalibrated to the actual tower 

base ammeter (s). 

3. Remote Antenna Ammeter(s) (AM only) — 

A weekly reading and entry should be made of the 

same ammeter(s) after each has been calibrated 

against the tower base ammeter(s). 

4. Auxiliary Transmitter (AM, FM)-73.63 

(AM) and 73.255 (FM) require that an auxiliary 

transmitter be tested at intervals of at least once 
a week, unless the auxiliary transmitter has 
been used upon failure of the main transmitter. 

The maintenance log should normally contain a 

weekly entry of the time and the result of the 

test. Generally, an AM transmitter should be 
tested only between midnight and 9 AM local 

time, and an FM transmitter must be tested be-

tween midnight and 6 AM local time. 

5. Frequency Checks and Measurements (AM, 

FM)—This entry must show periodic frequency 

checks and measurements by some means other 

than the frequency monitor. If the measurement 

is made by anyone other than station personnel, 
it is advisable to specify the name of the com-

pany, the measured deviation shown, and the 

time the measurement was computed. Also, the 
station frequency monitor reading at that time 
should be recorded, along with a note indicating 

what adjustments were necessary to bring the 

station monitor in agreement with the independ-

ently measured frequency. 

6. Calibration of Automatic Recording (LoK-

Ling) Devices (AM, FM)-73.113 (b) (3) (AM), 

73.283 (b) (3) (FM)—All stations may utilize 
automatic devices to recorc entries in the oper-

ating log. The automatic devices must be cali-
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brated once each week and a notation of fullfil-
ment made in the maintenance log. 

7. Defective Instruments—An entry of the data 

and time of removal from and restoration to ser-
vice of any of the following equipment in the 
event it becomes defective: 

• Modulation monitor (AM, FM) 

• Frequency monitor (AM, FM) 

• Final stage plate voltmeter (AM, FM) 
• Final stage plate ammeter (AM, FM) 

• Base current ammeter(s) (AM) 

• Common-point ammeter (AM) 

• Transmission line RF voltage, current or 
power meter (FM) 

Many broadcast stations also show an entry of 

the date of occurrence and the locations of the 

FCC district office to which failure notification 
was submitted as required by the FCC Rules, 

8. Tower Light Inspections and Failures (AM, 

FM)—Tower light inspection must be logged as 
required by the FCC Rules. Paragraph 17.49 

states that there must be a record of the daily 

inspection of the tower lights and associated 
control equipment required by Paragraph 17.47. 

Section 17.47 also states that once every three 

months a complete inspection should be made of 

all automatic or mechanical control devices, in-
dicators, and alarm systems associated with the 

tower lighting to insure that such apparatus is 
functioning properly. Paragraphs 17.48 and 

17.49 also cover tower light failures. Entries 

should be made indicating the nature of such 
failure, the date and time the failure was ob-

served or noted and the date, time, and nature 

of required adjustments, repairs, or replace-

ments. Identification and location must be shown 

of the Flight service station of the Federal Avia-

tion Administration which was notified of the 
lighting failure. This should also include the 

date and time of such notification, as well as the 

date and time notice was given to the Flight Ser-

vice Station when the required illumination was 

resumed. 

9. Experimental Operation (AM, FM)—En-

tries made so as to describe fully any experi-

mental operation or testing covered in 73.10 
(AM) and 73.262 (FM). These entries must fully 

describe the details of experimental operation 
such as date, time, purpose, result, whether 

carrier was modulated or not modulated, time(s) 

of station identification, power and mode of op-

eration. 

10. Provisions of daily inspection (AM, FM) 

—73.93 (e) AM and 73.265 (e) FM require that 

a complete inspection of all transmitting equip-

ment shall be made by an operator holding a valid 

radio-telephone first-class operator license at 

least once each day, five days a week, with an 

interval of less than 12 hours between successive 

inspections. The operator must signa statement 
that this inspection has been made, noting in de-

tail the tests, adjustments, and repairs which 

were performed in order to insure operation in 

accordance with FCC Rules and the station's cur-
rent instrument of authorization. The statement 

shall also specify the amount of time, exclusive 
of travel time to and from the transmitter, that 

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 reasons for failure to make 

satisfactory repairs. 

Some stations will list the items to be inspected 

such as tower, transmitter, console, limiter, 

AGC amplifier, frequency monitor, and other 

station operating equipments, so that the con-

dition of each unit may be noted individually. 

The maintenance log must be kept only by a 
first-class licensed operator. The inspecting 
operator should sign and date the maintenance 

log at the conclusion of each inspection. It is 

a good idea to provide a space for the operator's 

signature, preceded by a statement: "I certify 

that I hold a currently valid radio-telephone first 
class operator license and that I have this date 

made the above required inspection." The op-

erator's license number can also be inserted. 

11. Other entries (AM, FM)—Any other 

entries should be made as required by the current 
instrument of station authorization. An entry 

should show whether the station is operating on 
A CP, equipment test, program test, license 

authorized by telegram, letter, or postcard. 
Information and data should include the author-

ized frequency, power, DA or NDA patterns, 

ERP, antenna power gains, line and transmitter 

efficiency, and the type of transmitter in use 
where more than one is licensed. Many stations 

also include the transmitter oscillator plate,/ 

buffer plate, and grid drive meter readings 
Another entry shows a list of tube replacements 

by type, number, serial number, position or 
stage, and elapsed-time meter reading. 

In some cases the calibration of the remote con-
trol equipment and failure, plus removal from 

and restoration to service of the phase monitor 

unit, may be required by station license. Reg-

ular daily inspection regarding the condition of 

some of the following equipments could also be 
entered in the log: Antenna tuning unit, antenna 
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phasing equipment, condition of PA and modu-
lar tubes, fuses, relays, transmission line gas 

leakage, material parts stock, frequency mon-

itor crystal oven temperature, transcription 

equipment, EBS receivers, building ventilating 

fans, air- conditioning and heating equipment, 

fire extinguishers, burglar alarm systems, and 

general conditions inside and outside the build-

ings. It is of prime importance to record the 

periodic checks of audio input and output levels, 

distortion, noise, and transmitter phase shift. 
Usually, stations with DA patterns must take 

monitor point readings with a field meter, and 

these readings could be entered in the mainten-

ance log. Several maintenance logs are display-
ed in Figs. 14-2, 14-3. No log is perfect; what 

is suitable for one station may not be desirable 
for another. Careful design and possible changes 
can be considered. 

STUDIO MAINTENANCE 

A procedure should be developed by the station 

engineer which covers the inspection, checking, 

repair, and testing of all the commonly employ-

ed studio units from the microphone to the line 

output terminals. Following are some of the 

studio units on which maintenance operations 
must be performed: 

1. Microphones of all types 

2. Turntables 
3. Stylus, pickup head, and preamplifier 

4. Jack and patchcords 

5. Keys and switches 

6. Attenuators 

7. Amplifiers (tubes and transistors) 
8. Reel and cartridge tape recorders 
9. Remote transmitter control equipment 

10. Field and remote equipment 

11. Radio intercommunication units 

12. Stereo system equipments 

TRANSMITTER MAINTENANCE 

A n adequate routine maintenance system should 
be set up for the transmitter. Various mainten-

ance operations are usually listed on cards or 

sheets with spaces provided for the maintenance 

engineer to initial and date each operation as it 

is completed. Following are some of the most 

important maintenance operations; 

1. Cleaning 

2. Air filter care 

3. Breakers, switches, contactors, and relays 

4. Rotating equipment 
5. Power tubes, operational and spare 

6. Rectifier tubes and silicon rectifiers 

7. All other tubes 

8. Performance tests 

A regular schedule of performance tests should 

be included in the maintenance schedule. This is 
done each month at many broadcast stations but 

less frequently at others. The following mea-

surements should be included; 

1. Carrier noise level (AM, FM) 

2. Distortion (AM, FM) 

3. Audio response (AM, FM) 

4. Carrier shift at 400 Hz with 100% modula-

tion (AM) 

A typical maintenance schedule should usually 

contain the following; 

Daily 

1. Check and compare all meter readings at 

start up. Adjust filament voltages if necessary. 

Correct any conditions revealed by abnormal 

readings. 

2. Check the PA filament voltages periodically. 

3. Make general visual inspections after shut-

down. 

4. If overloads have occurred, examine the 

components involved and repair or replace as 

necessary. 

Weekly 

1. Clean internal parts of the transmitter; 

use a clean soft cloth on insulators and a vacuum 
cleaner or hand blower to remove dust and dirt. 

2. Test all door interlocks and grounding 

switches. 

3. Check PA and output RF circuits for evi-

dence of heating at connector or junction points. 

4. Make an overall check of distortion and 
noise levels. 

Monthly 

1. Check the spare crystal in the operating 

crystal socket. 

2. Check the condition of relay contacts; ser-
vice if necessary. 

3. Check tube socket voltages. Compare with 

previous readings. 
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STANDARD AM/FM MAINTENANCE LOG 
DAILY EQUIPMENT INSPECTION 

Date Time 
On 

Time 
Off 

Maintenance accomplished: 
note repairs pending, if any. Signature 

EQUIPMENT STATUS 

Defective Equipment 
Removed from Service Restored to Service 

Signature Date Time Date Time 
Frequency Monitor 

Modulation Monitor 

Final-Plate Ammeter 

Final-Plate Voltmeter 

Base-Current Ammeter 

Common-Point Ammeter 

WEEKLY CALIBRATION ADJUSTMENTS 

OPERATOR: LICENSE NUMBER: 

Date Time Meter 
Funct. 

Main Mtr. 
Before Cal. 

Rem. Mtr. 
Before Cal. 

Main Mtr. 
After Cal. 

Rem. Mtr. 
After Cal. 

Ip-Pa 

Ep-Pa 

% Mod. 

Freq. 

Tower 1 

Tower 2 

MONTHLY FREQUENCY MEASUREMENT AND MONITOR CALIBRATION 

Independent Measurement Result Frequency Monitor Reading 

AM 

FM 

EXPERIMENTAL OPERATION & AUXILIARY TRANSMITTER TESTS 

TIME Description and Results 

Signature: 

TOWER LIGHTS 

Inspection of tower lights made in accordance with Section 17 47 and 17 49 of FCC Rules. 

Any adjustments, replacements or repairs made to insure compliance are noted here: 

Signature: Date: 

Week of   to   , 19 —. 

Fig. 14-2. A typical standard AM, FM maintenance log. 
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WEEKLY REPORT OF D.A. MEASUREMENTS 
1350 Kcs. 

Radio Station WHWH Princeton, N. J. 

Day Pattern Date Made  

Heading 

Place 

Time 

230 250 270 25 55 

swim woosa- woods- hollow starkey 

club monsa ville Rd. residence 

Rd. Rd. 

Reading 

Maximum 10.6 5.6 8.0 25.0 4.0 

Weather Temperature Engineer  

Nite Pattern Date Made 

Heading 48 13 335 308 262 222 

Place Mt. View Prov St. Mich- Van Dyke Golf King 

Rd. line aels Sch. Rd. Course George 
Rd. Rd. 

Time 

Reading 

Maximum 6.7 8.5 16.0 9.6 13.7 11.8 

Weather Temperature Engineer 

REMARKS 

Fig. 14-3. Maintenance log for recording DA antenna monitor point readings. 
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using a vacuum cleaner or brush. 

4. Inspect the air filter. Clean if necessary, would normally contain the following informa-

tion: 

Quarterly 

Lubricate tuning drive mechanism gears and 
bearings. Use Petrolatum or equivalent. 

Semi - Annually 

1. Inspect relay contacts and replace where 

requi red 

2. Test spare tubes. 

3. Tighten all connections in transmitter. 

ANTENNA MAINTENANCE 

In the maintenance of an antenna system, as in 
the maintenance of other broadcast equipment, 
one rule is important: Keep the system clean. 

Antenna components should be wiped and cleaned 

each week. Tuning houses should be kept rodent 

and reptile free. Vegetation should be kept down 

in the vicinity of each tower base. Cut vege-

tation should be raked away from the tower base 

and burned. Chemicals can be used to inhibit 
the growth of vegetation. 

Pressure in the transmission and sampling lines 
should be maintained at 10 to 15 pounds, using 

dry air or dry gas to prevent the entry of moist-

ure. If a leak develops, it should be located and 

repaired promptly. Periodic checks should be 

made of the pressure gauges so as to be certain 

that no gauge has become stuck and is giving 

false indications. Make sure that all insulators 

are kept free of paint. 

An important part of the antenna maintenance 

procedure is to make a weekly visual inspection 
of all elements of the antenna system. Broken 

insulators or other damaged components should 

be replaced at once. Lightning gaps should be 

checked and re- spaced with the proper feeler 
gauge. All connections in the antenna tuning 

equipment should be inspected and re-tightened 

at quarterly intervals. At yearly intervals, 
and also after every violent windstorm, a plumb 
check of the tower is advisable.At the same time, 
check all tower bolts and nuts for tightness and 

look for bent tower members. This should in-

clude a visual inspection of the guy wires and in-

sulators for any signs of damage or deteriora-
tion. 

The maintenance report should contain a com-
plete list and schedules of the daily maintenance 

work to be done and where necessary complete 
instructions covering the methods and equipment 

to be used. A suggested maintenance schedule 

Doily 

1. Check all capacitors and equipment in the 

tuning and coupling house for overheating immed-
iately after sign-off. 

2. Check the spacing and clean the antenna and 
transmission line horn gaps. 

3. Check and clean all antenna lead-in insu-
lators. 

4. Check and clean all transmission line end 
seals. 

5. Clean the contacts and check the alignment 
of the antenna relay. 

6. Clean the contacts and check the alignment 
of the antenna ammeter switch. 

7. Check and tighten all inductor and capaci-
tor connections. 

8. Clean all meters. 

9. Read and record all transmission line gas 
pressures. 

Weekly 

1. Clean and check all connections at remote 

meters, the phase monitor, and meter panels. 

2. Check all phase monitor tubes and trans-

mission line protective circuits. 

3. Check the nondirectional or directional an-
tenna drive point impedance. 

4. Compare readings of all antenna and re-

mote antenna meters. Make proper adjust-
ments. 

5. Make a complete set of field strength read-

ings at the indicated monitor points (directional 
antenna). 

One important aid in maintaining a directional 
antenna system is to provide an additional main-
tenance report listing: 

1. A complete description of the individual 

components, consisting of coils, capacitors, re-
sistors, and relays. 
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2. All the meters used in the operation of the 

array, by location and function. 

3. Monitoring points. 

4. Wiring diagram of the complete antenna 

array. 

The logical reasons as towhy preventive main-
tenance schedules should be followed are to: 

... combat the detrimental effects of dirt, dust, 

moisture, water, and weather on the equipment. 

.. keep the equipment in condition to insure 
uninterrupted operation for the longest period 

of time. 

... maintain the equipment so that it always 
operates at maximum efficiency. 

...prolong the useful life of the equipment. 
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CHAPTER 15 

AM/FM Proof-of-Performance 

Each broadcast licensee must make equip-

ment performance measurements at yearly 
intervals as required by the FCC. Technical 
personnel responsible for making such mea-

surements should become familiar with the pro-
cedures, standards, and accepted techniques and 

practices. AM and FM measurements differ in 
frequency response, audio frequency, harmon-
ic content, carrier hum, noise and spurious 
radiations. 

AM MEASUREMENTS 

The paramount reason for makingperformance 
measurements is to provide an accurate check 

of studio audio facilities. By such measurements 
the performance characteristics of the entire 

equipment chain, from the microphone input 
terminals to antenna, can be checked. On this 
basis it affords a means of locating and applying 
corrective action to defective equipment. In fact, 
a regular proof testing schedule is the starting 
point in a program of preventive maintenance, 

since it permits a comparison of present per-
formance with performance recorded previously, 
Each microphone preamplifier, including pro-

gram amplifiers and turntable preamplifiers, 

should be tested so that the entire audio chain is 
maintained at peak performance. 

The station engineer usually is qualified to make 
a complete FCC proof-of-performance test, 
although some broadcasters employ a consulting 
engineering firm or use the services of an equip-
ment manufacturing company. The choice de-

pends on management recommendations and cost 
estimates. Many stations consider it an econom-
ical justification to purchase and have available 
all the test equipment necessary to perform a 
complete proof. This is desirable because it 

permits station personnel to investigate problem 
areas and maintain close observation of equip-
ment performance on a continuing basis. The 

usual practice when difficulties arise or when 

less than optimum performance is revealed is to 
locate the source of the deficiency and then cor-
rect the situation. 
Modern broadcast stations should transmit an 

adequate audio frequency range so that the per-
formance will be equal to or better than FCC 
limits in all respects. Needless to say, before 
attempting proof measurements, technical per-

sonnel should understand the characteristics and 
operation of all test instruments. Always be sure 
to follow the manufacturer's instructions to 
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Fig. 15-1. Typical proof-
of-performance test set-
up. Rs and Rt. are extern - 
al termination resistors 
equal to the rated source 
and load impedances. 
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bring the equipment within the necessary speci-

fications. 
A typical proof-of-performance measuring sys-

tem is shown in Fig. 15-1. A block diagram of 

a typical proof-of-performance setup, from 

microphone input to transmitting antenna, is 
shown in Fig. 15-2. Input and output circuits 

include any isolating coils, fixed matching net-

works, and output load resistance, as well as 
a provision for ground or lack of grounds at the 

input and output terminals of the facility under 

test. 

FCC RULES 

Paragraph 73.47 states that each standard 
broadcast station licensee shall make equipment 

performance measurements at yearly intervals. 

One such set shall be made during the 4-month 

period preceding the date on which a license re-

newal application is filed. 
Section 73.47 (a) (1) was amended, effective July 

5, 1969, to correct an inconisitency. Subpara-

graph (1) requires that audio frequency response 

be measured over the range of 30-7500 Hz, 

whereas the lowest frequency at which audio 
frequency harmonic content is to be measured, 

according to subparagraph (2) is 50 Hz. Subpara-

graph (1) is amended to specify a range of 50-7500 

Hz. 

1. Data and curves showing overall audio fre-
quency response from 50th 7500 Hz for approx-

imately 25, 50, 85, and 100 (if obtainable) per-
cent modulation. A family of curves should be 

plotted (one for each modulation percentage with 
db readings above and below a reference fre-

cy (abscissa). 

2. Data and curves showing audio frequency 
harmonic content for 25, 50, 85, and 100% 

modulation for fundamental frequencies of 

50, 100, 400, 1000, 5000, and 7500 Hz (either 

arithmetical or root sum square values up to the 

tenth harmonic or 16,000 Hz). Plot a family 

of curves (one for each percentage) with the per-
centage of distortion as the ordinate and the audio 

frequency as the abscissa. 

3. Data showing the percentage of carrier shift 

for 25, 50, 85, and 100% modulation with 

a 400-Hz tone. 

4. Carrier hum and extraneous noise gener-
ated with the equipment and measured as the level 

below 100% modulation throughout the aud-

io spectrum or by bands. 

MATCHING OR 

EXTERNAL TERMINATION ISOLATION ALL CONTROLS ADJUSTED FOR 100 PERCENT 
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Fig. 15-2. Block diagram for complete proof-of-performance measurements. 
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5, Measurements or evidence showing that 

spurious radiations, including RF 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 cases involving inter-

ference or controversy, the Commission may 

require actual measurements. Measurements 
shall be made with the equipment adjusted for 

normal program operation and shall include all 
circuits between main studio amplifier input and 
antenna output, including equalizer or correction 

circuits normally employed, but without com-

pression if such an amplifier is employed. 

6. The required data and a description of the 
instruments and procedures used—and signed 

by the engineer making the measurements—shall 
be kept on file at the transmitter and retained for 

a period of two years; on request it shall be made 

available during that time to any duly authori-
zed FCC representative. Additional informa-

tion may be found in Paragraphs 73.39 to 73.45 

and Paragraphs 73.51 to 73.68. 

PROOF-OF-PERFORMANCE STANDARDS 

Overall proof-of-performance measurements 

cover the entire audio facility from the micro-

phone preamplifier input terminals to the trans-
mitter input terminals, excluding STL equip-

ment which may be either wire line or radio. 
Pre-emphasis is not included in the audio sys-

tem. 

Input Signal: 2.45 mv RMS in series with 150 

ohms. 

Output Signal: For facilities feeding telephone 

lines the level is -18 dbm; for a direct trans-

mitter feed the standard output level is -12 dbm. 

Frequency response: Audio frequency response 

characteristics are expressed in db relative to 
1000 Hz within the specified frequency range; 

frequency response is measured between two 

limits: The upper limits must be uniform from 

50 to 15,000 Hz and the lower limit must be uni-

form from 100 to 7500 Hz within 2 db at the upper 

limit. 

Harmonic distortion: Harmonic distortion is 
the RMS value of the harmonic signal content 

within 50 to 30,000 Hz, and at fundamental fre-

quencies it shall not exceed 1.75% RMS from 
50 to 100 Hz; 1.0%RMSfrom 100 to 7500 Hz; and 

1.5% RMS from 7500 to 15,000 Hz. The limite 

for fundamental frequencies from 7500 to 15,000 

Hz can be based on subjective listening. 

Signal-to-noise ratio: The ratio, expressed in 

db, between the sine-wave signal power requir-

ed for standard output and the noise power mea-
sured with zero applied signal is known as the 

signal-to-noise ratio. Measurements must be 

made at the rated load impedance of the equip-

ment under test. The noise level shall be down 

at least 65 db at frequencies between 50 to 15,000 
Hz. Measurements are to be made at standard 

input and output signal levels. 

Test Equipment 

Audio Oscillator: Output frequency should range 

from 10 to 15,000 Hz, and possibly up to 100,000 

Hz, at 600- and 5000-ohm impedance outputs. 
Waveform distortion should be less than 0.2% 
and frequency calibration should be accurate 

within 2%. 

Level Indicator: May be a VOM, wrvm, 
counter-type device. 

or a 

Attenuator or Pad: Must have an attenuation 

range from at least 50 to 80 db. A gain-and-
measuring set, consistingof VU meter and asso-

ciated attenuation circuits with the proper input 
and output impedance, may be used. 

Isolation and Matching Transformer: Used to 
match impedances and isolate test equipment 

from systems under test. 

Distortion and Noise Meter: Must be capable 
of distortion measurements from 0.3 to 30% and 

distortion levels as low as 0.1%. Noise mea-
surement range should reach 80 db below the 

reference calibration, or at the 0 dbm level it 

should have a frequency range of 20 to 200,000 Hz. 
Should have 600- and 100,000-ohm inputs. 

Diode and Pickup Coil: Usually consists of an 

RF pickup coil, a length of coaxial cable and 

germanium crystal, and RF filtering circuits. 

Field Intensity Meter: Used to measure RF 

field strength. 

Communications Receiver: Frequency range 

should include at least the 15th harmonic of the 

carrier frequency. 

Oscilloscope: Used to analyze audio system 

output waveform displays. 
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Many manufacturers offer a complete package 

containing all necessary equipment for proof 

tests. Satisfactory instruments may be obtained 
from used equipment dealers, but equipment 

quality should never be sacrificed for economy 

if suitable and meaningful measurements are to 
be made. 

FREQUENCY RESPONSE MEASUREMENTS 

FCC Rules require a flat frequency response 
characteristic (±2 db) from 100 to 5000 Hz. 

Measurements should be made at 25, 50, 85 and 

100% (or the highest attainable) modulation 

from 50 to 7500 Hz, as stated previously. 

1. Be sure that any AGC amplifier is bypassed 

and that limiter amplifier compression has been 

disabled. 

2. Set the audio oscillator to 1000 Hz. 

3. Adjust the oscillator gain control until the 
VTVM indicates zero dbm. (See Figs. 15-1 and 

15-2). 

4. Set the calibrated attenuator to approxi-

mately 50 db. 

5. Adjust the generator gain control to obtain 
approximately 15 dbm on the VTVM. 

6. Connect the audio signal generator to a mic-

rophone input circuit. 

7. Set the attenuator so that the modulation 

monitor indicates 25% modulation while main-
taining a reading of 15 dbm on the VTVM. Keep 

readjusting the attenuator and gain control until 

the modulation monitor reads 25% and the VTVM 

reads 15 dbm. 

8. Record the attenuator setting on Form No. 
AFP-1(Fig. 5 -3) .Notice that the attenuator re-

sponse data reading for 25% modulation at 1000 

Hz is recorded along the entire top row. Copy 
the same figure in Row 2 under the 1000 Hz 
heading. 

9. Tune the oscillator to 50 Hz. 

10. Readjust the attenuator and gain control 

(if necessary) to again obtain 25% modulation. 
Make sure the VTVM is still reading 15 dbm as 
in Step 8. 

11. Record the new attenuator setting in Row 

2 under 30 Hz on Form No. AFP-1 (Fig. 15-3). 

12, Fill in Row 3 by subtracting the readings 
in Row 2 from those in Row 1 and enter the dif-

ference in Row 3, This entry represents the re-
sponse variation, 

13. The entire procedure, Steps 10 to 12, is 
repeated for 100, 400, 5000, and 7500 Hz. 

14. The entire procedure is also repeated at the 

higher percentages of modulation 50, 85, and 

100%; if 100% modulation is not attainable, use 

the highest percentage obtainable, 

15. Plot the response readings for each per-

centage of modulation on the graph sheet in Row 
3, Form No. AFP-2 (Fig. 15-4). 

If the response variation between 100 and 5000 
Hz is greater than 2 db, relative to 1000 Hz, the 

audio system is deficient and in violation of FCC 

25° MODULATION 
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(2) 

(3) 
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'- 

30 50 100 400 1000 5000 7500 
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, 
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CPS 30 50 100 400 1000 5000 7500 

(I) 
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(3) 
• 

100%(or °/,i) MODULATION 
CPS 30 50 100 400 1000 5000 7500 
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(2) 

(3) 

Fig. 15 -3. Form AFP -1: Overall audio frequency 
response data. 
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Fig. 15-5. Form AFP -3: Audio frequency harmonic content data and curves. 
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standards. Proper remedial steps should be 
taken to correct obvious deficiencies in equipment 
or in measurement procedures. (See the last hrlf 
of this Chapter.) 

HARMONIC DISTORTION MEASUREMENTS 

The distortion and noise meter must be capable 

of measurIngthroughoutthe harmonic spectrum. 

Harmonic distortion must not exceed 5% up to 
84% modulation, or 7.5% at modulation per-
centages greater than 84%. 

1. After program levels are set for normal 
operation, repeat Steps 1 to 7 under Frequency 

Response Measurements. 

2. Connect the distortion and noise meter to 

the transmitter output (see Figs. 15-1 and 15-2). 

Be sure the meter is in the distortion position. 
If the meter doesn't have a built-in RF rectifier 

unit, a separate detector must be used. Usu-

ally, the modulation monitor contains anRF rec-
tifier which can be used for this measurement. 

3. Read the noise-and distortion meter in-

struction manual thoroughly to determine the 

method of measuring harmonic content. Then 
adjust controls to obtain the harmonic content 

for the 1000-Hz reference frequency and record 

in the space on Form No. AFP-3 (Fig. 15-5). 

4. Repeat Steps 7 through 10 under Frequency 

Response Tests and Step 3 of this section for 30, 
50, 100, 400, 5000, and 7500 Hz. 

5. Continue to perform Steps 4 through 10 un-
der Frequency Response Tests and Steps 3 and 4 
for 50, 85, and 100% modulation levels. 

6. Record data and plot curves on the graph 

on Form No. AFP-3 (Fig. 15-5). 

Excessive harmonic distortion greater than 5% 
up to 84% modulation or exceeding 7.5% for modu-

lation levels from 85 to 95% is in violation of FCC 

standards. Corrective action must be taken and 
the measurements repeated. 

CARRIER SHIFT MEASUREMENTS 

Carrier shift is a change in the average value 
of the modulated RF carrier compared to the 

average value of the unmodulated carrier. A 

carrier shift upward is called a positive carrier 

shift and a shift downward is called a negative 

carrier shift. Excessive carrier shift results 
in unwanted harmonics and additional sideband 

frequencies with resultant interference on adja-

cent frequencies. The maximum carrier shift 

at any of the specific modulation percentages 

must be less than 5% in either the positive or 
negative direction. 

1. Set up all the equipment for normal program 
operation. 

2. Bypass the AGC or limiting amplifier. 

3. Connect the audio signal generator or os-
cillator as illustrated in Figs. 15-1 and 15-2. 

4. Set the oscillator frequency to 400 Hz, 

5. Adjust the oscillator gain control for mini-
mum output. 

6. Set the attenuator to 40 or 50 db. 

7. Connect to the input of a microphone pre-
amplifier. 

8. Connect a high-impedance DC voltmeter to 
either the output of the detector or the detector 

in the noise and distortion meter and adjust the 
control until maximum DC voltage is obtained. 

9. Read and record the DC voltmeter reading 
(without modulation) in Row 1 or Form No. AFP-
4 (Fig. 15-6). 

10. Increase the gain of the audio generator 
and adjust the attenuator until the modulation 
monitor reads 25% modulation. 

11. Record the DC voltage in Row 2 on Form 
No. AFP-4 (Fig. 15-6). 

12. With the 25% modulation, the DC volt-
meter reading will drop. This is recorded under 
the first reading in Row 2. 

13. The difference between the two readings 
is recorded in Row 3. 

14. The ratio of the number in Row 3 to the 

corresponding number in Row 1 multiplied by 
100 is recorded in Row 4. 

15. Repeat Steps 10 through 14 at 50%, 85% and 
100% modulation. 

If the carrier shift exceeds 5% at any level of 
modulation, it is in violation of the FCC standards. 

Action should be taken to correct the deficiencies 

and the measurements repeated. 
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Fig. 15-6. Form AFP -4: Carrier shift and combined noise and hum data 
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Fig. 15-7. Form AFP -4A: Results of spurious radiation and harmonic tests. 
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CARRIER HUM AND EXTRANEOUS NOISE 
MEASUREMENTS 

Hum and noise must be at least 45 db below 
the 100%modulation signal level between 150 and 
5000 Hz, and down 40 db outside this range. 

1. Adjust and set up all the equipment as indi-
cated in Steps 1, 2, and 3 under Carrier Shift 
Tests. 

2. Adjust the audio oscillator to a reference 
frequency of 400 Hz. 

3. Adjust the gain control to 15 db. 

4. Set the attenuator to approximately 40 db. 

5. Connect to a microphone preamplifier input 
and adjust the attenuator until the modulation 
monitor indicates 100% modulation. 

6. Connect the noise and distortion meter to 

the transmitter output and adjust the sensitivity 
controls to obtain a full-scale reading with the 
output meter set for maximum reading. 

7. After the reference level has been set, re-
move or disconnect the audio oscillator and ter-

minate the preamplifier input with a resistor 
equal to its input impedance. 

8. Leave all the gain settings as originally set; 
be sure no other faders are open. 

9. Place the noise and distortion meter in the 
"noise" position. 

10. Increase the sensitivity until a reading of 
the noise levelon the unmodulated carrier is ob-
tained. Record the reading in Form No. AFP-4 
(Fig. 15-6). 

11. The combined hum and noise reading is 
calculated by dividing the reading in Step 11 by 
the reading obtained in Step 6, and then multi-
plying by 100. 

12. Convert the hum and noise ratio to db val-
ues and record on Form No. AFP-4 (Fig. 15-6). 

If the hum and noise level is less than 45 db be-
low 100% modulation between 150 and 5000 Hz, 

or less than 40 db outside this range, it is in 
violation of the FCC standards. Corrective 
action should be taken and the measurements 
should be repeated. 

SPURIOUS RADIATION AND HARMONIC TESTS 

This form of interference must be kept to a 

minimum and should be suppressed. It must 
never be of sufficient amplitude to cause undue 
interference to other radio services. Form No. 
AFP-4A (Fig. 15-7), which is self-explanatory, 
should be used to record the resultant data. All 
equipment should be adjusted for normal program 

operation. In cases involving controversy, the 
Commission may want actual field intensity mea-
surements. 

CONCLUSION OF AM PROOF OF 
PERFORMANCE TESTS 

Past experience has shown that a few precau-
tions taken during equipment setup will increase 
the accuracy of proof measurements. If the setup 

procedure is followed carelessly, inaccuracies 
are inevitable. In fact, carelessness at any 
point in the measurements may cause normally 
operating equipment to appear defective. 
Proof-of-performance measurements are to be 

made with the equipment adjusted for normal 

program operation. All circuits between the 
main studio microphone input terminals and the 
antenna output, including telephone lines, pre-
emphasis networks, equalizers, and limiter 
(without compression), must be measured simul-
taneously. Duplicate measurements are not 
required where the station operates with a DA-2 
or DA-N pattern. 
Before attempting to make the measurements, 

determine the input and output impedances of the 
audio system. There should be no question as to 
whether load impedances are balanced or unbal-

anced. Do not operate into impedance mis-
matches. To prevent stray fields, currents, 
and ground loops, use shortpower cords and re-
verse the plug for the best residual reading. Use 
short and shielded instrument leads, and bypass 

if necessary with capacitors or RF chokes. 
Bond all instruments to the station ground bus; 
leads should be kept as short as possible. Over-
loaded input circuits will cause excessive distor-
tion, misleading noise measurements, and usu-
ally poor frequency response. 

FM PROCEDURES 

FM station licensees are required to make 
periodic proof-of-performance measurements, 
just as is required of AM stations. While the 
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same basic techniques are used in both cases, 

FM performance requirements are more strin-
gent; therefore, greater care must be exercised 

and a different philosophy must be adopted when 
making measurements. FM broadcast station 
licenses are issued and renewed for the same 
periods as AM licenses; the only exception is 
that additional proof measurements are re-
quired and must be filed with the application to 
cover the construction and installation of FM 

broadcast stations. 

Required Transmittel Performance 

The construction, installation, operation, and 
performance of the FM transmitting system shall 
be in accordance with Paragraph 73.317. FM 
licensees shall make the following equipment 
performance measurements at least at yearly in-

tervals, and one such set of measurements shall 
be made during the 4-month period preceding the 
date of filing application for license renewal. 

1. Audio frequency response must be essen-
tially flatfrom 50 to 15,000 Hz at approximately 
25, 50, and 100% modulation. Measurements 
shall be made on at least the following audio fre-

quencies: 50, 100, 400, 1000, 5000, 10,000 
and 15,000 Hz. Frequency response measure-
ments normally should be made without de-em-
phasis; however, standard 75-ps de-emphasis 
may be employed in the measuring equipment 
or system, provided the accuracy of the de-
emphasis circuit is sufficient to insure that the 
measured response is within the prescribed 

limits. 

2. On the fundamental frequencies of 50, 100, 
400, 1000, and 5000 Hz, the combined audio 
frequency harmonic distortion of the entire sys-
tem mustbe measured at 25, 50 and 100% modu-
lation. Audio frequency harmonics, at 100% mod-
ulation, normally shall include harmonics to 
30,000 Hz on the 10,000- and 15,000-Hz mea-
surements. The distortion measurements shall 
be made employing 75-p.s de-emphasis in the test 
equipment. 

3. The output noise level (frequency modula-
tion) in the band of 50 to 15000 Hz must be mea-
sured in db below the audio frequency level re-

presenting a frequency swing of 75 kHz. The 
noise measurements shall be made employing 75-
us de-emphasis in the measuring equipment or 

system. 

4. The output noise level (amplitude modula-

tion) in the band of 50 to 15,000 Hz must be mea-
sured in db below the level representing 100% 

amplitude modulation. The noise measurements 
shall be made employing 75-ms de-emphasis in 

the measuring equipment or system. All mea-
surements shall be made with the equipment 
adjusted fornormal program operation and shall 
include all circuits between the main studio mic-
rophone terminals and the antenna output, in-
cluding telephone lines, pre-emphasis circuits, 
and any equalizers employed (except micro-
phones), and without compression if a compres-
sion amplifier exists in the installation. 
The above data, with a description of instru-

ments and procedure signed by the engineer mak-
ing the measurements, shall be kept on file at the 
transmitter and retained for a period of two years, 
and it shall be made available during the time upon 

request to any duly authorized representative of 

the FCC. 
Additional requirements specify that some auto-

matic means shall be provided in the transmitter 

to maintain the assigned center frequency with 
the allowable tolerance (±2000 Hz). The trans-
mitter shall be equipped with suitable indicating 
instruments to determine operating power, as 
well as other necessary instruments to facilitate 
proper adjustment, operation, and maintenance 

of the equipment. Adequate provision shall be 
made for varying the transmitter output power 
to compensate for excessive variations in line 
voltage or for other factors affecting output pow-
er. The ratings and specifications of all com-
ponent parts must be adequate to avoid over-
heating at the rated maximum power output. 

Means should be provided to operate approved 
frequency and modulation monitors continuously, 

and 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. Any 
emission appearing on a frequency removed from 

the carrier frequency by between 120 and 240 
kHz inclusive shall be attenuated at least 25 db 
below the level of the unmodulated carrier. 
Compliance with this specification will be deemed 
to show that the occupied bandwidth is 240 kHz or 
less. On a frequency removed from the carrier 
by more than 240 kHz, and up to and including 
600 kHz, any emission shall be attenuated at 
least 35 db below the level of the unmodulated 
carrier. Any emission appearing on a frequency 
removed from the carrier by more than 600 kHz 
shall be attenuated at least 43+10 log io (power 
in W) db below the level of the unmodulated 
carrier, or 80 db, whichever is the lesser atten-
uation. 
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Fig. 15-8. Form AFP- 5: FM overall audio fre -
quency response data. 

FREQUENCY RESPONSE RUNS 

1. Use the same techniques and procedures 
outlined for AM stations. Tabulate the results 

using audio frequencies of 50, 100, 400, 1000, 

5000, 10,000 and 15,000 Hz at modulation per-

centages of 25, 50, and 100. The frequency re-

sponse measurements should be made without de-

emphasis, but standard 75-.Ls de-emphasis may 
be used in the measuring equipment. 

2. Record the data in the proper rows on Form 
No. AFP-5, shown in Fig. 15-8. 

3. Plot the data curve on Form No.AFP-6. 

(See Fig. 15-9). 

4. The figures from Form No. A FP-6. are then 
plotted on the standard 75-µs pre-emphasis curve. 
Notice limits for this curve, indicated in Para-
graph A2 of FM Electrical Performance Stand-

ards. (See Fig. 15-2). 

AUDIO FREQUENCY HARMONIC DISTORTION 

1. Audio frequency harmonic distortion is 

measured in the same manner as described for 
AM, except distortion must be measured on the 
fundamental frequencies of 50, 100, 400, 1000 

and 5000 Hz at25, 50, and 100% modulation. In 
addition, at 100% modulation, distortion on fre-

quencies of 10,000 and 15,000 Hz must also be 
measured. The measurements must include 
harmonics to 30,000 Hz. Standard 75-us de-

emphasis may be used in the measuring equip-
ment. 

2. Record the data in the proper rows on Form 

No. AFP-7 shown in Fig. 15-10. 

3. Plot the curves on Form No.AFP-7. 

4. The maximum allowable distortion is as 
follows: 3.5% from 50-100 Hz, 2.5% from 100-

7500 Hz and 3.0% from 7500-15, 000 Hz. If dis-
tortion exceeds any of these limits the system 

is operating in violation of FCC standards; there-

fore, corrective action should be taken and the 

measurements should be repeated. 

OUTPUT NOISE LEVEL (FM) 

1. The output noise level on the frequency-
modulated carrier is measured the same way as 

described for AM. This includes any noise in the 

entire system that would result in frequency 

modulation of the carrier. FM noise is mea-

sured in db below the level corresponding to 100% 

modulation, which is a frequency swing of ±75 

kHz. The measurement must be made using a 
75-1.ts de-emphasis and the indicating instrument 

must have ballistic characteristics similar to 
those of a standard VU meter. 

2. Record the data in proper spaces on Form 

No. AFP-8. (See Fig. 15-11). 

3. If tne output noise level exceeds 60 db down 

from the audio level representing a frequency 
swing of ±75 kHz the system is in violation of the 

FCC standards. Corrective action should be 
taken and the measurements repeated. 

OUTPUT NOISE LEVEL (AM) 

1. Connect a 600-ohm wirewound resistor 

across the microphone preamplifier input ter-
minals. 

2. In measuring the noise level which is am-
plitude modulating the carrier, determine the 

audio voltage corresponding to 100% modulation. 

154 



25% MODULATION 
+ 5 
+ 4 

+ 3 
+ 2 
+ 1 
o 

— 
— 2 
— 3 
— 4 

— 5 

+ 5 
+ 4 
+ 3 
+ 2 
+ 1 
o 

— 
— 2 
— 3 
— 4 
— 5 

U) 

Cc 

F
R
E
Q
U
E
N
C
Y
 

+ 5 
+ 4 
+ 3 
+ 2 
+ I 

o 
— I 
— 2 
— 3 
— 4 
— 5 

+ 5 
+ 4 
+ 3 
-F 2 
+ 1 
0 

— I 
— 2 
— 3 
— 4 

— 5 

30 50 i00 400 Ikc 
FREQUENCY 

50% MODULATION 

5kc 10 kc 20 kc 

30 50 100 400 I kc 

FREQUENCY 

000/0 MODULATION 

5 kc 10 kc 20kc 

30 50 100 400 I kc 5 kc 10 kc 20kc 
FREQUENCY 

% MODULATION 

30 50 I00 400 I kc 5 kc 10 kc 20kc 
FREQUENCY 

Fig. 15-9. Form AFP -6: FM overall audio frequency response curves. 
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This value is equal to the DC voltage across the 

meter determining the power level in the moni-
tor. 

3. Determine the audio voltage at the identical 
point for the same carrier level by using the noise 
and distortion meter with standard 75-ps de-
emphasis and VU meter. 

4. To calculate the percentage of amplitude 

modulation, divide the audio voltage by the 
carrier levelvoltage, then multiply by 100. Con-
vert this figure into db down from 100% modula-
tion and record this data in the proper spaces on 
Form No. AFP-8. (Fig. 15-11). 

5. If the output noise level is less than 50 db be - 
low the audio level representing 100% modula-
tion, the system violates FCC standards. Cor-
rective action should be taken and the measure-
ments repeated. 

STEREO AND SCA APPLICATIONS 

Paragraph 73.322 of the FCC Rules and Regu-
lations is the significant paragraph related to 
stereophonic operations. Paragraph 73.319 of 

the FCC Rules and Regulations lists requirements 
of subsidiary communication authority opera-
tions. After proper adjustment of thesubcarrier, 
the SCA, and the stereophonic subcarrier in 
accordance with Section 73.319 and 73.322 of the 
FCC Rules and Regulations, proof procedures 
are substantially the same as for main carrier 
FM tests. 

PROOF-OF-PERFORMANCE VIOLATIONS 
AND CORRECTIVE ACTION TECHNIQUES 

Broadcast air and "ear" pollution is an unhappy 

fact. Bad signals leave transmitting towers with 
such regularity that distorted AM and fuzzy FM 
stereo are often the rule rather than the excep-
tion. A clean signal is a quality signal. It must 
have minimum distortion and low noise. The ul-
timate goal is to supply a high fidelity audio 
signal to the listener. The FCC has set certain 

minimum standards. Part of the problem is that 
too many chief engineers have been willing to let 

these minimums become their station's maxi-
mum. 
In the past, biggest offenders have been AM 

broadcasters. Fortunately, competitive pres-
sures from FM broadcasters have been forcing 
many AM stations to clean up :heir signals. But 
FM in itself is not the entire answer either. 
Many FM stations are also guilty of abominable 
quality. A favorite station may sound good on a 
tiny portable, but pipe it in through the high 
fidelity equipment with those big speakers and 
the signal sounds horrible. 
Improvement must come from within the indus-

try. Stations do have appropriate test equipment 
and techniques at their disposal. For some of 
them, especially the low-budget FM stations, 
cost may be a crucial problem. For some, 
engineering experience may be lacking. This 
latter problem can again be boiled down to a 
question of finances. 
Money is not the ultimate answer either. New 

developments in instrumentation technology, 
largely spurred by the FCC's modified monitor-
ing requirements, make it possible for technically 

unsophisticated station personnel to do complex 
checks as routinely as they prepare the station 
log. 

OUTPUT NOISE LEVEL (Frequency modulation 

VM READING AT 
100% MODULATION 

NOISE VOLTAGE COLUMN 2 x 100 DB DOWN % NOISE: 
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OUTPUT NOISE LEVEL (Amplitude modulation 

VM READING AT 
100% MODULATION 

NOISE VOLTAGE °A COLUMN 2 D B DOWN NOISE: x 100 
COLUMN I 

Fig. 15-11. Form AFP -8: FM output noise level test results. 
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A station that earns a reputation for having the 

cleanest signal in its market can garner a larger 
share of the advertising dollar. Clean signals 
benefit everyone. It would be a wonderful idea 
to set a station goal of improving critical proof-
of-performance measurements by 10%. You 
may be surprised at the results. 
The basic idea behind proof-of-performance 

measurements is the assurance that the entire 

system is operating within the FC Crequirements . 
These tests are a record of the performance as it 
exists at the time of measurement. There is no 
guarantee that a tube or any other component in 

the system will not fail, resulting in differ-
ent performance characteristics. However, 
when the system fails to meet the performance 
specifications the proper remedial steps should 
be taken to correct the deficiencies. 

Audio Frequency Response 

When the AM/FM system fails to meet the FCC 

audio frequency response specifications, the first 
step is to determine whether the trouble is lo-
cated at the studio, the transmitter, or in the 
line or STL system. If the transmitter is at a 
separate location from the studio, the signal 
from the audio oscillator should be fed directly 
into the line. If the trouble is still present, run 
a freqüency response check on the line or STL 
itself to isolate the fault and determine if the pro-

blem is cumulative. If the deficiency is at the 
studio audio frequency response measurement. 
Amplifier frequency response can be modified 

by defective coupling, filtering, bypass capaci-
tors, transformer loading resistors, input and 
output transformers, negative feedback circuits, 

and equalization networks. 
Before any steps are taken, the matter of re-

placement components must be investigated 
thoroughly. Become familiar with the circuit 
in question, as well as the practical design theory 

of the amplifiers and associated networks. 

Audio Frequency Harmonic Distortion 

An important goal of any modern AM/FM broad-
cast installation is to maintain the proper distor-
tion levels necessary for the required dynamic 
range. If normal adjustments and maintenance 
are performed there should be little difficulty in 
meeting the FCC specifications with respect to 
harmonic distortion. 

Excessive harmonic distortion can be caused by 
tubes, low regulated power supply voltages, or 

by over-driving any amplifier or system. The 
source of distortion should be narrowed down to 
the transmitter, line or STL, or studio. If ex-
cessive noise is present the distortion measure-

ment is apt to be high because of the high noise 
level. 

With the exception of the lower level stages, the 

majority of the audio stages from the console to 
the modulators are operated as linear ampli-

fiers. Perhaps the most important character-
istic of a linear amplifier is its distortion level. 
Since the primary cause of distortion is nonlin-
earity, it is necessary to control as much as 
possible any unbalance introduced by tubes. 
Special attention mustbe given to the push-pull 

nonlinearity caused by tube differences. Such 
effects become more noticeable in the high-level 
stages because of the large plate current excur-
sions under signal conditions. Actually, all high-

level amplifier stages exhibit some degree of 
nonlinearity and hence will produce some de-
gree of distortion. Because of this limitation it 
is important that individual tubes do not add to 
the nonlinearity. The degree of distortion can 
be minimized by matching push-pull tubes as 
closely as possible. 

A Class A output stage in a console will exhibit 
some characteristic curvature, but it will not 

approach the Class AB1 audio driver in the 
transmitter. Class B and AB2 modulators will 
introduce more distortion because they must be 
operated with their grids going positive for a 
portion of the operating cycle to develop suffic-
ient audio power to accomplish their purpose. 

Distortion, or nonlinearity, can be minimized 
by adjusting the dynamic balance of the modula-
tor tubes. If each modulator has its own plate 
current meter the static currents can be ad-
justed by the individual bias controls to the de-
sired value. In dynamic operation the meters 
should both swing in unison and reach the same 
values of peak current at maximum program 
modulation levels. 
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As distortion trouble will almost always be in 
the modulator, the prevention of any slight 
amount of distortion in the modulator is more 
important than anywhere else in the broadcast 
system. Unbalanced modulator tubes can cause 
much difficulty in making proof tests. Therefore, 
as a starting point towards minimizing modula-
tor distortion, the instruction manual should be 

consulted for the recommended tube current and 
procedure for balancing the stage. 
In adjusting the stage according to the specifi-

cations, it is a good idea to rotate tubes prior 
to the adjustment procedure. After selecting 
the tubes which cause the least amount of dis-
tortion when adjusted according to the manual, 
slight readjustments in the bias controls can be 
made to see if the level cannot be reduced even 
further. Apply a 1000-Hz signal and modulate 
the transmitter at 100%. Vary the bias controls 
a small portion at a time to see if a slight de-
crease in distortion is noted on the noise-dis-
tortion analyzer. Increase or decrease the bias 
adjustment to achieve minimum distortion. If the 
tubes are well matched and the high-voltage 
supply well regulated there will be a big im-
provement in performance. In any event, care 
must be taken in attempting to reduce distortion 
by varying the bias. In some instances the plate 
current may be increased to an abnormal value 
while attention is focused on the distortion meter. 
Although the static currents are adjusted for 

minimum distortion at 1000 Hz with 100% modu-
lation, in some cases this will result in undue 
distortion at 50 Hz. If this is the case tne tubes 
should be readjusted for minimum distortion at 
50 Hz. Then check 1000 and 7500 Hz to see that 
readings remain in the proper range at the higher 
frequencies. 
After balancing the tr ansmitter modulator tubes, 

the test equipment may indicate that the total dis-
tortion still exceeds the specification limits. At 
this time the other amplifiers in the audio chain 
should be checked. 
Normally, objectionable distortion will occur 

only in the higher level stages of the chain due to 
tube mismatch. The console output stages, line 
and program amplifiers, and limiter should be 
checked. The console output amplifiers, which 
is most cases operate with a signal-balancing 
resistor shared by push-pull tubes, should be 
balanced with a volt-ohmmeter. The balancing 
control should be adjusted so that there is equal 
resistance to both tubes and the results of this 
adjustment verified by a distortion measurement. 
Following this procedure the line-Drogram 

amplifier and limiter should be checked if neces-
sary. It is usually a good idea to check the balance 
in all push-pull stages, although the output stages 

are the most likely source of mismatch distor-
tion. 
If excessive distortion is still present in the 

console and other amplifiers, itmight be caused 
by a faulty circuit component anywhere in the 
chain. It is advisable to measure all DC plate, 
screen, grid, and cathode voltages and compare 
them to the voltage charts shown in the mainten-
ance section of the instruction manual. If any 
discrepancies are located, inspect the circuit 
wiring for shorts, bad solder joints, and defec-
tive socket terminals. The DC voltage measure-
ments should detect the location of a defective 
resistor, an open, shorted or leaky capacitor, 
and an open or shorted transformer winding. 
Substitution of the defective components should 
be accomplished and the audio frequency harmonic 
distortion measurement should be repeated. 

Carrier Shi ft 

Excessive carrier shift will cause severe dis-
tortion and in an extreme condition will produce 
unwanted harmonics and additional sideband fre-
quencies with consequent interference on adja-
cent carriers. This type of deficiency may be 
the result of overmodulation, improper grid bias, 
poor grid bias supply regulation, poor plate 
supply regulation, defective power supply fil-
ters, faulty neutralization, and improper RF 
excitation. 
The FCC requires the use of continuously op-

erating monitors in broadcast stations. Some 
instruments have two meters, one which reads 
the average carrier level, and the other reads 
the percentage of modulation. The carrier level 
meter will also indicate carrier shift. This•term 
refers to the change in average carrier ampli-
tude as modulation is changed from 0 to 100%. 
Most modulation monitors are also protrlderl 
with an overmodulation lamp which flashes when 
the modulated signal exceeds the operating value. 
Excessive values of carrier shift are normally 
corrected by re-establishing the proper opera-
ting procedures. 

Carrier Hum and Extraneous Noise 

One of the major factors contributing to fre-
quent failures in proof-of-performance tests 
is noise and hum. In fact, the presense of noise 
and hum could be the cause of a distortion viola-
tion. Preamplifier input tubes are the most 
common cause of noise. lf an oscilloscope is 
available, connect it to the noise-distortion meter 
analyzer terminals and determine if the noise is 
caused by a hum component or thermal and ran-
dom noise created in the components. Many am-
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plifiers or preamplifier power supplies employ 
hum adjustingcontrols which should be set while 
checking noise. ' Hash" often appears where 
audio equipment is located close to the trans-

mitter. Stray RF energy is rectified within 
audio stages and added to the program material. 
Also, hum and extraneous noise signals picked 
up from fluorescent lighting and similar lighting 
equipment will also be displayed. 

Usually, the total noise component will consist 

of 60- and 120-Hz hum, plus pulses from de-
tected RF, neon, and fluorescent wavefronts. 
These pulses will have a sporadic waveform, 
spaced at regular intervals across the noise spec-
trum. Hum is displayed by continuous waviness, 

and excessive component noise is indicated by in-
termittent pops occurring throughout the trace. 
Before searching for a noisy component or item, 

an attempt should be made to see whether or not 
the infiltrating hash is the major problem. As a 

precaution, all fluorescent and neon lighting and 
tape recorders should be turned off and the scope 
trace and distortion meter should be observed 

prove the situation, the next step is to check the 
transmitter. This is accomplished by feeding the 

oscillator directly to the transmitter input and a 
noise measurement made separately. In some 

transmitters mercury vapor rectifier tubes can 
cause considerable hash. If the noise level im-
proves considerably at any point in the above 
steps the transmitter may be regarded as sat-
isfactory. 

With the oscillator feeding the console input, 
connect the distortion meter to the output of the 

limiting amplifier and measure noise at this 
point. The transmitter percentage of modula-
tion is normally set at 100% with a 400-Hz input 
and a regular noise test is conducted. If ex-
cessive noise is evident at the limiter output, 
cut off the transmitter; if the meter reading 
drops appreciably, the system prior to the trans-
mitter should be investigated. 

If the noise level remains excessive with the 
transmitter off, the next step is to determine 
whether external hum is being induced into the 

system, or if the high-level noise is distributed 
among several amplifiers or localized to one unit. 
To determine if hum is getting into the control 

console, the input wiring should be shorted at 

the terminals inside the console and the noise 

meter checked for any significant decrease in 
reading. Perform the same test by shorting the 

input terminals of the limiter and check the meter 
reading. If shorting the console input terminals 

achieves anoticeable drop in the meter reading, 
there is a deficiency in the console input wiring. 
If the noise level is reduced after shorting the 
limiter input terminals, then the trouble has been 

isolated to the console. If no significant change 
is shown with the limiter terminals shorted, the 

trouble is attributed to the limiter. Remember, 
the analyzer is still connected at the limiter out-
put terminals. 

Other factors responsible for excessive noise 
are defective tubes and transistors in the low-
level amplifier stages. By replacing the sus-
pected tubes and transistorized plug-in amplifiers 

these possibilities will be revealed or cleared. 
High noise levels can be introduced by defective 
plate and screen grid resistors, as well as 
electrolytic bypass and filter capacitors. Such 
problems are usually accompanied by some de-
gree of popping or surging on the noise meter, 

although in many cases it will be indicated as a 
smooth noise display. 

Generally speaking, such component noise can 
be detected and isolated to a particular stage by 
using a shielded probe connected to the vertical 

input terminals of an oscilloscope. With this 
setup, no signal should be fed to the amplifier 
under test and the input terminals should be 
shorted. By probing from the output stages back 
down through each preceding stage, plate by plate, 
and transistor by transistor, the noise can be is-

olated. When the noise disappears or becomes 
minimal on the scope, the trouble is usually found 
in the stage prior to this point. After determin-

ing the defective stage, the faulty components 
(plate, screen, grid resistors and capacitors) 
should be replaced by substituting an equiva-

lent item. Bypass capacitors are usually checked 

for noise by unsoldering one lead and observing 
the waveform to see if the noise disappears. 

Another unit which may create a noise problem 
is the power supply. To check for noise, the 
leads feeding the amplifiers should be disconnect-
ed and in many cases a load resistor substituted. 

The supply should be placed in operation to ex-
amine the output vo ltage for noise with the scope. 

Separate supply sections, or a separate supply, 
can be treated in the same manner. The series 

dropping resistors can be disconnected at the 
power supply and a scope check made at the ter-
minals. 

When the main power supply is declared free of 

noise, it would be advisable to investigate the 
decoupling networks located in the amplifiers— 

the series isolating voltage-dropping resistors 

and the associated bypass capacitors installed 
between the power supply and the amplifier stages. 

When a suspected capacitor is removed it may 
result in a change in gain or develop some form 

of oscillation. Noisy dropping resistors are 
best isolated by actual substitution. When probing 
decoupling networks the scope should be con-
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nected to the plate of the tube which the network 
feeds. 

The power supply could also be a source of ex-

cessive hum. As the filtering efficiency de-
creases, as the capacitors begin to age, the 
ripple component in the DC output begins to in-

crease. Itusually is an excellent idea to use the 
distortion analyzer to measure the ripple of the 
supply. Hum will also be caused by defective 

tubes and plug-in electrolytic capacitors if con-
tact resistance develops. Hum induced by wiring 

coupling can be reduced by re-positioning low-

level console input wiring, especially in rela-
tion to AC wiring to turntables and tape record-
ers. 

Similar techniques can be used to check the 
transmitter driver circuits. Generally, the 
high-level stages will not contain the noise levels 
found in the earlier amplifiers in the chain. Ex-
cept for defective noisy tubes and microphonic 

noise caused by the vibrating blower motors, it 
is good practice not to tamper around the trans-
mitter unless the excess noise has been definite-
ly isolated to the transmitter. 
Noise can be created by high-resistance contacts 

at tube sockets, plug-in capacitor contact re-
sistance, dirty or worn-out attenuator contacts 
and blades, and poor solder and loose connec-
tions. When the carrier hum and extraneous 
noise violations have been corrected, this por-
tion of the proof measurement should be repeated. 

Spurious Radiations and RF Harmonics 

It is important that 99% or more of the radiated 
power lies within the bandwidth permitted for 
each class of service. Spurious radiation and 

Another type of spurious radiation are the ex-

cessive sidebands generated as the result of over-
modulation. In some transmitters where the out-
put frequency is obtained from a mixer and mul-

tipliers, the unwanted mixer products and subhar-
monies must be sufficiently attenuated and not 
radiated. 
Spurious output frequencies can be attenuated 

by filters, stubs, or other devices in the trans-
mission line between the transmitter and antenna. 
It is also important that direct spurious radia-
tion from cabinets be kept to a minimum. Com-

plete shielding, in addition to the application of 
grounding strips to all cracks, is frequently 
necessary. A gap between panels of only a few 

thousandths of an inch can provide a slot antenna. 
In particular cases involving controversy the FCC 
may require actual field intensity measurements. 

Form AFT-4A is used to record the required 
measurements and is self-explanatory. 

FM PROOF— OF— PERM:NANCE FAILURES 

Since FM proof-of-performance measurements 
are practically the same as those described for 
AM, with the exception that performance require-
ments are broadened and more stringent, the 

same techniques and methods can be used to 

trace failures which occur in the FM broadcast-
ing system during audio frequency response runs, 
audio frequency harmonic distortion, output noise 
level (FM and AM) measurements. 

RF harmonics can seriously interfere with other 
broadcasting services. The most common type 
of spurious radiation occurs on frequencies which 
are multiples or harmonics of the desired station 
frequency. 
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CHAPTER 16 

Prestige Broadcast Operations 

The following AM/FM broadcast operations have 

been selected meticulously on the basis of the plan-
ning and versatility that went into their construc-
tion. Ranging in size from a network headquarters 
to an educational facility, these stations used the 
best approach through a systems layout plan in-
corporating the required programming and trans-
mitting facilities. In not a single case were there 
any compromises insofar as technical equipment 
is concerned because they are interested in getting 
complete coverage and a high fidelity signal. The 

approach is paying off. 

ABC, New York 

Housed on the 5th floor at 1926 Broadway, the 
ABC network's multi-faceted operation encom-

passes studios, control rooms, and news facili-
ties, all located at advantageous points for out-
standing operational performance. The floor plans 

shown in Figs. 16-1 and 16-2 depict the ABC facil-
ities used to service four different network opera-

tions. 

Standardizing Operations 

From a technical viewpoint, one of the greatest 
problems with the previous facility was the lack 

of standardization among the various studios lo-
cated in the former ABC operations facility. Al-
most no two units were alike. Some were 20-
year-old vacuum tube units, others were of more 
recent vintage, and a few were solid-state. Several 
different manufacturers were represented among 
the maze. This made operation instructions dif-

ficult; each board operated differently, main-
tenance was difficult since there was so little 
equipment and component interchangeability. 

The new facility offers many advantages, prin-
cipally that in the new location, as shown in the 
floor plans, all operations are now grouped on one 
floor and are completely compatible with the new 
programming concept. 

Operating Features 

The basic unit in all 
solid-state modularized 
fied to meet ABC's 
Control consoles are 

but two of the areas is a 
control console, modi-
special requirements. 
shown in Fig. 16-3, 

Power supplies, amplifiers, input switches, and 
other console functions are quickly removable for 
service. A spare module can be plugged in to re-
place a defective unit for on-the-spot servicing. 
This holds down-time to a minimum. Cartridge 
and reel tape machines are terminated in easily 
removed plugs designed for rapid equipment inter-
change when needed. For maximum flexibility 
and minimum crosstalk, all audio input switching 
is done by low-voltage DC control circuits. 
A closer look at the studio console shown in Fig. 

16-4 reveals a matrix of 50 possible inputs ar-
ranged in ten rows of five. The selector is a push-
button matrix with a letter designation (A through 
E) over each of the vertical rows, and there are 
ten numbered pushbuttons opposite the ten hori-
zontal rows. When a selection is made, the ap-
propriate designation lights up on the readout 
panel. The readouts, connected by low-voltage 
DC to the stepping-relay bank, eliminate patch-
cords. All this is accomplished in a panel space 
of only 4 x 8 inches. ABC engineers are enthusi-
astic aboutthisimit, believed to be the first of its 
kind in broadcasting. 

Another innovation is the automatic output 
routing system which can feed out on any of 

four program routes. Studios 5T and 6T have 
overseas control units from which newsmen can 
hold two-way conversations with foreign cor-
respondents on the overseas lines. All tape ma-

chines and cartridge recorders are remoted to 
the console in their studio. A built-in safety fea-
ture eliminates the possibility of tape being re-
wound on the air; tape equipment will not supply 
any output to the console unless they are in play 

position. 
All clocks at the 1926 Broadway studios are linked 

to a master clock which is locked to WWV. The 
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new ABC radio plant was conceived and designed 
around the objectives of standardization and re-
liability to handle modern network radio. 

KOOL AM/FM, PHOENIX, ARIZONA 

The foremost thought in building the KOOL studio 
facilities was how to build an attractive, digni-
fied, modern, and practical station. They used 
transistorized studio equipment throughout for its 
modern and attractive design and low heat dissipa-
tion. Any equipment that was retained from the 
old facility was fully transistorized by the engin-

eering staff. 

Floor Plan and Building Features 

The floor plan shown in Fig. 16-5 is simple yet 
serves very well. Master control, from which 
the daily operation originates, is a room 10 by 
16 feet. A custom-built console desk and equip-
ment housing leaves ample space for record stor-
age and work space. A view of the master control 
is presented in Fig. 16-6. Production control 

(Fig. 16-7) is separated by a hallway from master 
control and is the same size. 

One studio serves the entire operation. It is lo-
cated next to production control, since 90% of its 

use is associated with production and taping. Full 

164 



visibility is afforded also from master control. 

The news room is adjacent to master control, thus 

providing quick access and close visual and physi-
cal communication. 

Master and Production Control Equipment 

Master control is equipped with three turntables, 

a reel-to-reel tape deck, two cartridge tape ma-

chines, and the control console. Notice cartridge 
storage bins above the cartridge tape machines 

(Fig. 16-6). The equipment layout was designed 
for ease of operation, hence the "U" shaped con-
sole. 

Production control is arranged very much like 

master control, exceptthere are two reel-to-reel 

tape machines and one tape cartridge system 

equipped with recording facilities (Fig. 16-7). 

Operating Features 

In the control rooms there are no equipment 

racks, not a single rack in the entire studio 

Fig. 16-3. ABC's transmission control console 

Fig. 16-4. Another ABC studio console. 

plant. By using 100% transistorized equipment 

they were able to eliminate all racks. All opera-

ting equipment is mounted within custom-built 
control cabinets. 

After operating in the new control rooms for a 
number of months, no problems of any consequence 

have arisen. The operators are exceptionally 
happy with the simplicity and ease of the opera-

tion. Due to the identical design of master con-
trol and production control, operators are able 

to step from one control room to the other without 
changing operating habits. Should anything go 

wrong in master control all the operator needs to 
do is step across the hallway, throw a key and 
program from production control. 

WMJR— FM, FORT LAUDERDALE, FLORIDA 

This station is designed to operate efficiently in 

commercial production, traffic, and presentation. 

It broadcasts a successful program format of good 

music, news, weather, and sports around the 
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OFFICE AREA 

clock. As shown in the floor plan illustrated in 
Fig. 16-8, one part is devoted to offices, the 
other side to programming and production. In the 
latter category are: main control room, news 

department, record library, and production room. 
The transmitter is located at the top of the build-

ing in a room under the roof. Directly above, atop 

the building, is the tower. A 10-KW FM trans-

mitter is employed with FM stereo equipment and 
a 6-bay antenna is side-mounted on the tower. 

Control Room 

Control room equipment includes the stereo con-
trol console, two turntables, three cartridge tape 
recorders, two stereo reel-to-reeltape machines, 

two microphones for stereo announcements, re-
mote extension meters fbr the FM multiplex moni-
tor and a transmitter remote control system. 
From this control room the greater part of the 

programming is put on the air. Most of the music 
is on tape, advertising spots are on cartridge 

tape, and announcements are made live. Tape 
is employed for music to achieve stability of pro-

gramming as well as highest quality sound. Use 
of tape permits pre-programming to a fixed for-

mat rather than a variety of individual formats 
which results when records are used. 
Included in this setup is a special master remote 

switching panel. This incorporates pushbuttons 
and indicator lights for start and stop of: 

1. Eight reel-to-reel tape machines 
2. Six cartridge tape machines 
3. Four transcription turntables 

The console in the control room is hooked up with 
the console in the production room so that either 
can be used for on-the-air operation. See Fig. 

16-9. 

Production Room 

Production control, as viewed in Fig. 16-10, 

resembles the main control room in equipment 
complement and layout. Beside the console there 
are dual microphones for stereo pickup, stereo 
reel-to-reel cartridge tape equipment, and a disc 
turntable. Although the room is designed pri-
marily for program production, on-air operation 
is occasionally delegated to this console. 
The production room is used to producetapes for 
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announcements, sign on, and spots. All material 
is on stereo tape and some of the spots with musi-

cal background are staff produced. 

Operational Features 

Mounted at the base of the control consoles are 

custom designed switching panels which permit 

the operators to start and stop turntables and tape 
equipment directly from the panel without moving 

away to operate these equipments locally. The 

station has provided two centers of operation that 
give unusual flexibility and assurance that any 

temporary problems in either area can be by-

passed. 

The transmitter is remotely operated from the 

main control room by the station's own remote 

system. It is designed to read directly the output 

power, the actual plate voltage, and the plate 
current percentage. 

KYW, PHILADELPHIA, PENNSYLVANIA 

'All-news" KYW production control, studio, and 

news facilities are pictured in Figs. 16-12 through 
16-17. You' ll notice a departure from the previous 

facilities as necessitated by the all-news format, 

particularly in the number of record and playback 
facilities. 

WPHC, WAVERLY, TENNESSEE 

Waverly, Tennessee is the county seat of Hum-

phreys County and is located approximately 65 

miles west of Nashville. Operating at 1060 kHz, 

WPHC's 1000 watts serves the area with all local 

programming for almost 20,000 radio homes in 

the Tennessee Valley. 

As presented in Fig. 16-18, the master control 

is equipped with a control console at the center 
of the "U" with two turntables to the left. Four 

cartridge tape racks flank the console with two 

Fig. 16-6. KOOL's master control room. 
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Fig. 16-7. Production control room is a virtual carbon copy of KOOL's master control. 
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Fig. 16-8. Floor plan of the WMJR-FM facilities. 
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on the left and two on the right. A tape bin and a 

record cabinetfinishoutthe "U." A mike is used 
for live pickup in the control room. WPHC's 
1000-watt transmitter is located in a separate 
room so that the front of the transmitter is visi-
ble to the master control operator through a glass-
windowed door. 
Additional recording equipment in the studio 

augments the gear in master control. As a re-
sult, WPHC is equipped for virtually any pro-
gramming assignment. WPHC' s floor plan clearly 

shows the compact arrangement that works so 
well. Notice the proximity of the antenna tower 
to the rear of the transmitter room. 

KRAV-FM, TULSA, OKLAHOMA 

Serving the Tulsa countryside with 20 KW ef-
fective radiated power, KRAV programs in stereo 
from downtown Tulsa, Oklahoma. A top-rated 

station, it is a success as a result cf its con-

sistently high quality sound as well as program 

content. 
Fig. 16-19 shows the KRAV floor plan. Occupy-

ing only 600 square feet, this plan makes efficient 
use of layout to provide plenty of creative elbow 
room for the talent. 

WRVA AM, FM, RICHMOND, VIRGINIA 

As illustrated in Fig. 16-20 the WRVA trans-
mitter building contains a 50-KW AM and a 20-
KW FM transmitter. Bothtransmitters are coded 
by internalblowers, mounted on the concrete floor 
inside each unit. Warm air is transmitted thrcugh 
sheet metal ducts to the outside of the building. 
Thermostatically controlled louvers allow the 
transfer of some of the heat to the working areas 
on the main floor of the transmitter building. 
A 200-KW Cummins diesel generator in an ad-

jacent building is on standby duty. Sufficient 

power can be derived from the standby unit to 
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Fig. 16-10. WM.112-FM production controle room. Fig. 16-11. KYW' s production control utilizes a transistorized stereo cartridge 



Fig. 16-12. A view of KYW's production control room. 

Fig. 16-13. KYW production studio. 

Fig. 16 -14. KYW's recording facilities are rather extensive, a requirement 
of the all-news format. 

Fig. 16-15. Washington line recording rocks in KYW's news 
gathering facilities. 



Fig. 16 -16. KYW news control room "A" 

Fig. 16-17. KYW news control room "B" 
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operate both transmitters at full power, plus all 
auxiliary building services. The generator is 
entirely automatic in operation, thus reducing or 

eliminating any loss of air time in the event of 

commercial power failure. 
To date, excellent FM reception reports have 

been received in excess of 100 miles out. The 
FM transmitter is located in the same room with 
the speech input equipment for all three trans-
mitters. If, in the future, multiplex or stereo 
operation should be desired, the required sub-
carrier generators can be added to the FM trans-

mitter. 
The FM antenna pattern is nondirectional and the 
AM antenna is directional in order to bring into 
its intensive coverage the bulk of Virginia's pop-

ulation. 

WPAA/ FM, ANDOVER, MASSACHUSETTS 

Radio Station WPAA -FM is located on the campus 
of Phillips Academy, Andover, Massachusetts. 

It is anon-commercial, educational station opera-
ting on 91.7 MHz with 10 watts output power. 

The facilities occupy 600 square feet and consist 
of control and news room, live studio, and alcove. 
Fig. 16-21 shows the floor plan. Full visibility 
is afforded to all sections of the broadcasting 
operation. The control room provides adequate 
space for the custom-built master control con-
sole desk with storage space, two turntables, 
tape recorders, teletype, equipment racks, work 
table, record storage, and extra seating to en-
courage student participation programs 
There are remote-control elements on the con-

sole to operate two professional tape recorders. 
Telephone connections are provided directly to 
the console for possible broadcast of major off-
campus events. The WPAA-FM transmitter is 
located in a rooftop penthouse and the antenna is 
a single section broadcast FM antenna mounted 
on a guyed tower. 

A FINAL won 
The foregoing material has been presented with 

the hope and intention of alerting the broadcast 
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Fig. 16 -20. WRVA radio transmitter building floor plan. 
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lowed, will provide him with an AM/FM broad-
cast system as efficient and reliable as present 
procedures will allow. While this book should not 
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Fig. 16-21. Floor plan of the WPAA-FM 
radio facilities. 

be taken as the final word in specific areas, since 
each broadcast installation is unique, it will, 
hopefully, guide you along the path to a successful 

operation. 
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Footage Table for Broadcast Tower Heights 

550 KHZ TO 1070 KHZ 1080 KHZ TO 1600 KHZ 

KHZ METERS 1 WAVE 1/2 WAVE 1/4 WAVE 

550 545 1787.6 893.8 

560 536 1758.0 879.0 

570 526 1725.3 862.6 

580 517 1695.7 847.8 

590 509 1669.5 834.7 

446.8 

439.5 

431.3 

423.9 

417.3 

600 500 1640.0 820.0 410.0 

610 492 1612.7 806.3 403.1 

620 484 1587.5 799.7 396.8 

630 476 1561.2 780.6 390.3 

640 469 1546.3 773.1 386.5 

650 462 1515.3 757.6 378.8 

660 455 1492.4 746.2 373.1 

670 448 1469.4 734.7 367.3 

680 441 1446.4 723.2 361.1 

690 435 1426.8 713.4 356.2 

700 429 1407.1 703.5 351.2 

710 423 1387.4 693.7 346.8 

720 417 1367.7 683.8 341.9 

730 411 1348.0 674.0 337.0 

740 405 1328.4 664.2 332.1 

750 400 1312.0 656.0 328.0 

760 395 1295.6 647.8 323.4 

770 390 1279.2 639.6 319.8 

780 385 1262.8 631.4 315.7 

790 380 1246.4 623.2 311.6 

800 375 1230.0 615.0 307.5 

810 370 1213.6 606.8 303.4 

820 366 1200.4 600.2 300.1 

830 361 1184.0 592.0 296.0 

840 357 1170.9 585.4 292.7 

850 353 1157.8 578.9 289.4 

860 349 1144.7 572.3 286.1 

870 345 1131.6 565.8 282.9 

880 341 1118.4 559.2 279.6 

890 337 1105.3 552.6 276.3 

900 333 1092.2 546.1 273.0 

910 330 1082.4 541.2 270.6 

920 326 1069.2 534.6 267.3 

930 323 1059.4 529.7 264.8 

940 319 1046.3 523.1 261.5 

950 316 1036.4 518.2 259.1 

960 313 1026.6 .513.3 256.6 

970 309 1013.5 506.7 253.3 

980 306 1003.6 501.8 250.9 

990 303 993.8 496.9 248.4 

1000 300 984.0 492.0 246.0 

1010 297 974.1 487.5 243.7 

1020 294.1 964.6 482.3 241.1 

1030 291.3 955.3 477.6 238.8 

1040 288.5 946.2 473.1 236.5 

1050 285.7 937.1 468.5 234.2 

1060 283.0 928.2 464.1 232.0 

1070 280.4 919.7 459.8 229.9 

KHZ METERS 1 WAVE 1/2 WAVE 1/4 WAVE 

1080 277.8 911.1 455.5 227.7 

1090 275.2 902.6 451.3 225.6 

1100 272.7 894.4 447.2 223.6 

110 270.3 886.5 443.2 221.6 

120 267.9 879.0 439.5 219.7 

130 265.5 870.8 435.4 217.7 

140 263.2 862.6 431.3 215.6 

150 260.9 855.7 427.8 213.9 

160 258.6 847.8 423.9 211.9 

170 256.4 840.9 420.4 210.2 

1180 254.2 834.7 417.3 208.6 

1190 252.1 826.8 413.4 206.7 

1200 250.0 820.0 410.0 205.0 

1210 247.9 813.1 406.5 203.2 

1220 245.9 806.3 403.1 201.5 

1230 243.9 799.1 399.5 199.7 

1240 241.9 793.7 396.8 198.4 

1250 240.0 787.2 393.6 196.8 

1260 238.1 780.4 390.4 195.2 

1270 236.2 774.7 387.3 193.6 

1280 234.4 768.8 384.4 192.2 

1290 232.6 762.9 381.4 190.7 

1300 230.8 757.0 378.5 189.2 

1310 229.0 751.1 375.5 187.7 

1320 227.3 746.2 373.1 186.5 

1330 225.6 739.9 369.9 184.9 

1340 223.9 734.7 367.3 183.6 

1350 222.2 728.8 364.4 182.2 

1360 220.6 723 2 361.1 180.5 

1370 219.0 718.3 359.1 179.5 

1380 217.4 713.4 356.2 178.1 

1390 215.8 707.8 353.1 176.5 

1400 

1410 

1420 

1430 

1440 

1450 

1460 

1470 

1480 

1490 

214.3 

212.8 

211.3 

209.8 

208.3 

206.9 

205.5 

204.1 

202.7 

201.3 

703.5 

696.9 

693.7 

688.1 

683.8 

678.6 

674.0 

669.4 

664.2 

660.2 

351.2 

348.4 

346.8 

344.0 

341.9 

339.3 

337.0 

334.7 

332.1 

330.1 

1500 200.0 656.0 328.0 

1510 198.7 651.7 325.8 

1520 197.4 647.8 323.4 

1530 196.1 643.2 321.6 

1540 194.8 639.6 319.8 

1550 193.5 634.6 317.3 

1560 192.3 631.4 315.7 

1570 191.1 626.8 313.4 

1580 189.9 623.2 311.6 

1590 188.7 618.9 309.4 

1600 187.5 615.0 

175.6 

174.2 

173.4 

172.0 

170.9 

169.6 

168.5 

167.3 

166.5 

165.0 

164.0 

162.9 

161.7 

160.8 

159.9 

158.6 

157.8 

156.7 

155.8 

154.7 

307.5 153.7 
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This chart illustrates the requirements 
for the standard lighting of antenna tow-
ers and supporting structures in accord-

ance with "Indicated paragraphs of FCC 
Form 715 and FCC Rules Part 17, and 

"FAA Standards for Marking and Light-
ing Obstructions to Air Navigation, Sept. 

1962". 

Aeronautical study by the FCC and 
FAA may determine that other than stand-

ard lighting is required for a specific tow-
er installation. The FCC Construction Per-
mit will specify the required lighting for 
each installation and should be carefully 

checked for this information. 

Tower Lighting 

 (Antenna structures over 1500 feet up to and including 2100 feet in height above the ground shall 
be lighted in accordance with FCC Sections 17.34 through 17.37. 

OVERALL HEIGHT 1351 TO 1500 FT FCC 1 No's. 3.10,19.21, FAA SPEC. "A-10" 
Standord lighting requires 5 Ileacons, 13 Obstruction Lights (20 for square 
tower), and Beacon Flasher. Photo-Electric Control is required'. 

S.  

OVERALL HEIGHT 1201 TO 1350 FT. FCC 1 No's 3,9,18,21. FAA SPEC. "A-9" 
Standard lighting requires • leocons, 15 Obstruction Lights 120 for square 

towerI. and beacon Flosher. Photo-Electric Control is required 

" OVERALL HEIGHT 1051 TO 1200 FT. FCC 1 No's 3.8,17,21, FAA SPEC "•-8". 
Standard lighting requires 4 Ileocons, I 2 Obstruction Lights (16 tor square 
tower), and Recnon Flasher Photo-Electric Control is reouiree 

OVERALL HEIGHT 901 TO 1030 FT. FCC 1 Na',. 3,7,16,21, FAA SPEC. "A-7". 
Stondord l(ghfing requires 3 000000 s, 12 Obstruction Lights 16 For square 
tow•r), ond Ileacon Floshe•. Photo-Electric Control is required • 

"OVERALL HEIGHT 751 TO 900 F7. FCC 1 Ho's 3,6.15,21, FAA SPEC. "A-6". 
Stondord lighting requires 3 leorons, 9 Obstruction Lights 112 For 
square towerI, ond Beacon Flasher. Photo-Electric Control is reel-

,. ulred • • • •  

Imo   OVERALL HEIGHT 601 TO 730 FT. FCC 1 Na',. 3,5,14,21, FAA SPEC. "A-5"• 
Standard lighting requires 2 lieocons, 9 Obstruction lights 112 for 
square tower), and Keaton Flosh•r. Photo-Electric Control is req-

700 ‘.. uired . • • • 

"OVERALL HEIGHT 451 TO 600 FT. FCC 1 No's. 3,4,13,21, FAA SPEC. "A-4" 
Standard lighting requires 2 Beacons 6 Ob ion Lights 18 for 
square tower /, ond Reocon Flasher. Photo-Electric Control is req. 

,..uired• • • •  

'OVERALL HEIGHT 301 TO 450 FT, FCC 1 No's. 3,12,21, FAA SPEC. "A-3" 

Standard lighting requires I geoton, 4 Obstruction Lights, and Reo' 
con Flasher. Photo-Electric Control is reoulree 

'OVERALL HEIGHT 151 10 300 FT. FCC 1 No's. 3,11,21, FAA SPEC. "A-2". 
Standard lighting requires 1 Ieacon. 2 Obstruction Lights, and loo. 

con 'hasher. Photo-Electric Control is requiree 

<>reran Height 21 to 150 Ft. 1 Na 2, FAA Spec. "A-1) 2°° 

Standard lighting requires 1 Double Obstruction 

SO  I 
light 

1 

- 

6/7 

5/6  5/7 

4/5 2/3 4/7   

3/5 (/2   3/7 

2/5 1/3   2/7 

1/5 1/6  1/7 

2 (17.24) 3,11,2 17.25) 3,12,21*(17.26) 3,4,1 3,219 3,5,1 4.21° 3,6 1 5.21 . 3,7,1 6,21" 
"A-1" "A-2" "A-4" "A-5" "A-6" 

FCC 4 17.47 requires that th• I*  .. (1) shall mok• an ob-
servation of th• towser lights at least once each 24 hours, •ither visually 
or by observing on automatic .. Indicator or alternotiv•ly (2) shun 
provid• an automatic alarm system. 

• FCC Form 715 Paragraph 21 states "All lights shall burn continuously or 
shrill be controlled by a light sensitiv• devicts . . ." 

LAMP SOCKET VOLTAGES 

FCC 0 17.54 and FAA "Standards for Marking and Lighting Obstruc-
tions to Air Navigation, Sept. 1962" specify that the lamp socke voltag• 
correspond to or be within 30/e of the rated voltage of th• lamp used. 

4/9 2/5 

2/9 • 1/5 

3,8,17,21' 

CABLE SUPPORTS 

FCC Form 71 5,11 No's 
FAA Spec. 

Tb. Notional Electric Code specifies that conductors in v•rtical runs 
shall not be supported by tsirtninals . . . and that cable supports shall be 
provided in each cortical run, and ot int•rvols not gr•at•r than 100 ft. 



TOWER WIND LOADING 

(2o 

5 120° 115° 

TABLE 

HEIGHT ABOVE GROUND 

ZONE 

A B C 

300 FT. AND UNDER 30 40 50 

301 FT. TO 650 FT. 35 48 80 

OVER 650 FT. 40 55 70 

MONTANA 

SO DAKOTA 

W YOMING 

NEW MEXICO 

1 

1 1 

• 
• 
• 

NEB ASK A 

115° 110° 105° 100 ° 

OKLAHOMA 

90° 7 70 ° 

1 I-v LLINOIS 

- SOUTH 
‘‘ cAROL 

• 

95 ° 90 ° 

INDIANA 

No CAROLINA 

• ,• 

GEoAGiA 

ZONE A 

The above map and table, extracted from EPA Standard RS-222, gives minimum windload design pressures in pounds per 
square foot on flat surfaces with no ice for the zones indicated. This map, as well as the table, must be interpreted in view 
of local knowledge and applicable building codes. See Table 1 of RS-222 for zone boundaries listed by state and county. 
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air passing the anemometer). The selection of design loads should be based on "extreme" velocity. If no data is 

lished "maximum" figures should be increased by approximately 20%. 

The plotted areas shown on the map are derived from careful studies made by authorities in this field and the 

and yearly average velocities, frequency of occurrence, probability of extremes, topographical conditions, etc. 

Installations on mountain tops and areas subject to heavy icing conditions should be given special consideration. 

nances should also be carefully investigated. 

CHARLESTON 76 -9 

JACKSONVILLE 76 -18 

MIAMI 
132 -IL 

' the speed of the fastest mile of 

available on "extreme", the pub-

information is based on monthly 

Building codes and zoning ordi-

 • 



URU 

N 240 

2 220 

LLI 200 

180 

160 

)- 140 

80 

60 

40 

20 

BM 

NM 

280 1111.11.........111111.11111111111111111111111 

2601111.1111... 
IIIIMMII.  THEORETICAL FIELD INTENSIT ( OVER PERFECT EARTH 

RIM 

11.11111.1.11.111.1111MMESIMIIIME 

IIIMPIIIMEIllegi mEAsu RED FIELD INTENSITY 113 
RADIALS 150 LONG III 

111511.1.111111. 871.e m a i nin . -113 RADIALS 100 ° LONG 1111 

Makil lardarliMMINIM' I '113 RADIALS 50 ° LONG MI 
IIIIIIIMINEMIIIIIIM MI 
IIINUMIIIIIMIIIIIMINIMIIIIIIMMIlil 
IIMIIIMMIIIMMIIIIIIIIIIIIIIMMIBIIIII 
IMIIIMIIIIIIM1111111111111111111MIMMII 
EOM  ABOV E B A SED ON S N USO I DAL CURRE N T D IS T R IBUTI ON IN ANTENNA  a 

1111•111111MBRIM11111111M111113111111111 
IMIMIIIIIMEMIIIIMMIMMIMMIIIIIMI 
1111•11111111111111111MMIIIIMIMMIMMI 

FIELD INTENSITY VS. RADIATOR HEIGHT 
FOR SEVERAL LENGTHS OF GROUND WIRES. 

0 10 20 30 40 50 60 70 80 90 100 HO 120 130 140 150 160 170 180 190 200 210 220 230 

ANTENNA HEIGHT (DEGREES) 

EFFECT OF GROUND WIRES ON FIELD STRENGTH 

180 



Distance in Miles From an FM Transmitter to 
Its 54 dbu (0.5 mv/m) Contour for Various Heights and Powers 

POWER IN D8K 

AHAAT   
IN FT - 26 -le -16 - 14 -12 111 S 4 - 2 II 4 6 6 111 12 14 16 18 211 

3400 20 73 16.5 30 34 18 42 475 51.S SS 60 65 69.3 73 78 87 87 91.5 95 100 113.0 

3200 19 72 21 29 32.5 37 40.5 45 50 33.5 58 5 63 67 71 75 80 115 90 93 97 100.5 

3000 18.1 2I .S 74.5 21 )1.5 35 40 43 18 52 565 60.5 65 69.5 73 77.5 42 86.5 91.5 95 98.5 

2800 14 20.0 23 27 10 33.5 31 42 45.5 SO 54 5 58 5 6) 67 71 79 80 14 89 91 96 

7600 17.5 20 72 25.5 19 12 36 40 14.5 41.5 52 56 60 65 69 73 77 81.5 85.5 90 94 

2400 17 19 11.5 24.$ 21 31 35 31.5 42 46 SO 5. 545 58 5 61 67 70.3 79 78.7 83 18 91 

2200 ;6 18.1 2.0 73 26 5 29 37.5 36.5 40 44.5 48 52 55.5 60 65 68 72 74.$ 80 85 90 

1000 IS 17.4 19 22 75 21 31 35 38 42 45.5 SO 53 57 61 5 65 69.5 11.1 111 82 86 

1900 15 17 18.5 71.5 24.5 27 30 33.5 37.5 40.5 15 18.5 52 555 60 64 68 71 76 110 85 

1800 14 I à 18 20.5 23 26.1 29 32.0 36 40 43 47.5 SI SS 585 62.5 66 70 75 79 81 

1700 13.5 15.5 I 7.S 20 12.5 23 78 11.S 35 38 42 15.5 SO 53 57 60.5 65 69 71.3 77 81 

1600 13 IS 17 19 21.1 74.5 27 10 33 36.5 40.5 44 48 52 55 S 60 63 • 67 71 75 80 

1500 17.5 I4A 14.5 18.1 21 73.5 26.5 28.5 32 35.5 39.9 43 46.5 50 54.5 58 61.5 65 69.5 71 78 

1100 12 14 16 18 20 22 15 18 30.5 34.5 31 41 S 45 48.5 92 5 56 60 63 67 71.5 75 

I 100 11.5 13.4 15.5 17 19 21.5 13.5 77 30 31.5 36 40 43 47 50.5 SS 58 61.5 65 70 73.5 

1200 I 1 13 14.3 11.3 18.5 20.5 13 75.5 28 31 35 38 41.7 45 415 52 S 56 60 63 67 71.5 

1100 10 12 13.1 10.3 17.3 19.0 21.5 24.5 26.5 30 33 36.5 10 41 47 50.5 54.5 58 61.5 65 7.0 

1000 9.1 11.5 13 15 17 18.5 70.5 23 75.5 28 31.2 34.5 34 41 45 41 52 56. 08.5 61 61 

900 8.7 10.3 12 14 16 II 19.5 21.5 14.5 17 29.6 32.5 WS WS 41.5 46 SO 54 17 605 65 

800 8.2 9.2 11.5 13 15 16.5 II 10 21 25 78 305 33.5 17 40 43 47.5 52 SS 58.5 635 

700 7.7 8.7 10.5 12 13.5 15.5 i 7 111.5 II 23 26 71.5 52 15 31 41 41 49 53 565 63 

600 7.2 8 9 II 17 14 15.5 17.3 11 71.5 24 26.5 74.7 31 IS 38 42 45.5 50 SS 60 

500 6.5 7.1 8.2 9 II 11.5 14 16 17.5 19 22 74 27 29 32.5 15.5 18.5 41 47 52 57 

400 5.8 6.4 7.3 8.3 8.5 II 12.5 14 16 17.5 19 72 24.3 17 19.5 32 35.5 10 43.5 49 S 45 
300 S $.7 6.5 7.2 8 8.7 10.5 12 13.5 15 17 18.5 21 23.5 26.5 28.5 32 35.5 40 454 ST 

200 4 1.6 1.2 3.7 6.5 7.3 8.2 9 II 12 1).7 15.5 17.5 19 22 14.5 78 3I.5 35 12 Ill 

100 2.8 3.7 3.7 4.1 4.3 SI 5.8 6.6 7.4 1.2 9 60.7 11.3 14 16 18.2 21.5 TS 30 IS 5 45 

Distance in Miles From an FM Transmitter to 
Its 60 dbu (1 mv/m) Contour for Various Heights and Powers 

POWER IN D8K 

AHAAT   
IN FT - re -is -16 14 -12 - is -a -6 1 2 4 2 4 6 I IS 12 14 16 16 26 

3400 II 11 IS 17.3 10 22.3 27 30 34 37 40.1 45 49 52 57 60 64 65 65 65 65 

1700 II 12.7 14.3 16.5 19.5 22 13 78.5 31 35 39 47.5 47 50.5 53 59 62 64 65 65 65 

1000 10.3 12 14 16 19 71.3 24.9 28 31 34 31 41 45 49.5 53 37 60 64 65 65 65 

2800 10 11.8 13.5 15.7 18 70.5 11 26.5 10 33 36 40 44 18 51 SS 59 61 64 65 65 

2600 9.7 11.5 II IS 17 70 22.5 25.5 29 32 35 39 42 41 49.5 53 51 60 6) 64 65 

2400 9.4 II 12.8 14 16 19 21.1 24.5 28 30.5 34 37 40 44 47.5 91 SS 59 61 64 69 

2700 9.2 10.8 17 13.9 15.5 18 10.1 23.0 26 29 32 35 39 42 45.3 49 52 565 59.5 62 65 

2000 9 10.7 11.7 13.1 IS 17 70 21 25 28 30 33.5 37 40 44 46 S 501 54 SI 5 60 5 64 

1900 8.7 10 11.2 11.7 14.5 14.3 19 21.5 74.5 17 29.5 33 395 39 43.3 45.5 49.5 52 5 555 59 5 6/ 

1800 8.3 9.7 II 11.6 14 16 18 20.5 13.5 25.5 29 31.5 IS 38.5 43 44.1 48.5 51.5 SS 59 61 

1700 8.3 9.2 10.3 11.6 13.8 15.5 17.1 20 21.5 25 28 30 13 37 40 13 46.5 SO 53 57.5 60 

1400 8.1 9 10.3 1 LS 13.1 IS 17.1 19.2 71.5 24 26.5 29.5 12.5 35.5 39 47 45 49 91.5 SS SI 

'SOO 8 9 10 11.4 13 14.9 16.1 13.6 21 2) 76 28.5 31.5 IS 11 405 44 47 50.1 54 57 

1400 7.5 8.6 9.7 11.7 12.3 14 16.2 18 20 22 25 77.3 10 33 76 40 43 41 48.5 52 SS 

1300 7.3 8.2 9.3 10.S 12 13.8 15.5 17.5 19 21 5 24 26.5 79 37.5 35 39 41.5 45 47.5 51 54 

1200 7 7.8 9 10 11.5 11 IS 17 18 71 7) 25.5 11 31 34 37.5 40 44 46 49 52 

1100 6.8 7.6 8.5 9.5 11 11.0 14.5 14 17.1 70 72 24.5 26.5 29 5 37 35 38 41 44.5 17 50 

1000 6.4 7.2 8 9 10.7 12 I• 15.6 17 19 il 23 25.5 21 31 34 36.3 40 4] 45.5 49 

900 4.7 6.0 7.8 8.8 9.7 11.2 13 14.5 14.4 18 20 21 24.5 21 79 3: IS 38 40.5 44 47 

800 SA 6.6 7.3 8.2 9.2 10.3 11 11.S 15.1 17 18.5 20.3 23 25 27.5 30 33 16 39 41.5 45 

loo 3.4 6.7 7 7.8 8.6 9.7 10.3 11 14 16 17 19.1 21 74 76 28.5 31 11 36 39 42 

600 5 1.7 6.3 7.1 8 V 9.8 11.8 12.3 14.5 16 18 19.7 21.5 24 26 29 37 35 36.5 40 

500 4.6 5 5.8 6.6 7.3 8.7 0 10 i 7 13.7 14.5 16.1 17.9 20 22 24.5 77 29.5 31.5 35 37 

490 4.2 4.8 LS 6.7 7.0 7.8 8.6 9.6 10.5 17.3 14.0 15.7 17.0 19.0 20.5 21.0 21.4 21 30 33 36 

400 4 4.1 5.1 3.9 6.4 7.4 8.7 9 10 11.8 12.$ 14.5 16 17.8 19.8 21 5 24.5 76.5 19 11.5 35 

390 3.8 4.1 4.8 3.3 4.1 7.0 7.4 8.6 9,3 10.3 11.0 14.0 IS 16.8 18.5 10.2 23 75 77.5 30 33 

700 3.6 4 4.5 5 3.7 6.3 7.2 8 8.8 10 10.3 11.6 14 15.6 17 19 21 23 25.5 78 10 

290 3.2 3.7 1.0 4.4 3.1 5.9 4.7 7.3 8.0 8.9 9.9 10.6 12.5 14.0 15.8 17.8 19 71.5 74 26 28 

200 2.9 3.3 3.7 4.1 4.7 5.1 5.9 6.6 7.4 8.1 • 10 11.3 11.5 14 15.5 17.5 19.5 21.9 74 76 

ISO 2.3 1.8 3.1 3.6 4.0 4.5 5.0 5.7 6.4 7.1 7.9 8.8 9.7 10.8 12 14.0 15.7 17.0 19 2i 21 

100 7 2.3 2.7 7.9 1.2 3.8 4.1 4.7 3.7 5.9 6.5 7.4 8.3 9 10 11.3 17.9 14.3 16.7 18.1 70 
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Distance in Miles From an FM Transmitter to 
Its 80-dbu (10 mv/m) Contour for Various Heights and Powers 

POWER IN DBK 

»MAT  
IN FT -20 -18 - 16 • 14 - 12 - 10 - - 6 4 2 2 4 10 12 14 16 10 20 

3400 1.3 1.8 2.1 2.6 3.2 4.0 4.8 6 18 20 .0 7.3 9 12.5 15 27 26.5 70 34 38 42 46.5 

1200 1.3 1.8 2.1 2.6 3.2 4.0 4.8 6.0 7.3 8.8 12 15 17 19 22 25 29 32.5 36.5 40.5 45 

3000 LI 1.8 2.1 2.6 3.2 4.0 4.8 6.0 7.1 8.5 11.5 14.5 17 18.5 21.9 24.5 28 31.5 35 40 43 

2800 1.7 1.8 2.1 2.5 3.2 4.0 4.8 5.9 7.1 8.4 11.3 14 16 I/ 20 13 26.9 30 34 38 41 S 

2600 1.3 1.8 2.1 2.5 3.2 4.0 4.7 5.8 7.0 8.1 II 13 15.5 17.5 19.6 12 25.9 29 32 35.5 40 

7400 1.3 1.8 2.1 2.5. 1.2 3.9 4.7 5.7 7.0 8.1 10.5 12.5 15 17 19 21.9 24.5 27.5 30.9 35 385 

2200 1.3 1.8 2.1 2.5 3.1 3.8 4.7 5.6 6.8 8 10 12 14.5 16.5 18 20 23 26.5 19.5 32.5 365 

2000 1.3 1.8 2.0 2.5 1.1 3.8 4.6 5.4 6.7 7.8 9 11,5 13.5 IS 17.5 19.5 21.5 75 28 31 35 

1900 1.3 1.8 2.0 2.5 3.0 3.7 4.6 5.1 6.6 7.7 9 II 13 14.1 17 19 21 24.5 17 30 74 

1800 1.3 1.8 2.0 2.5 3.0 3.7 4.5 5.3 6.3 7.6 8.7 10.5 12.$ 14.5 16.5 18.5 20.5 13 26 19 72 5 

1700 1.3 1.8 2.0 2.4 2.9 3.6 4.4 5.1 6.1 7.3 8.4 10 17 14 15.5 18 20 72 75 28 31 

1600 1.2 1.7 2.0 2.3 2.9 3.6 4.3 5.1 6 7.0 8.1 9.2 11.8 13.5 15 17.5 19 11.5 14.5 17 30 

1500 1.2 1.7 2.0 2.3 2.8 3.6 4.2 90 5.9 7.0 8.0 9.0 II 13 14.5 17 18.5 20.5 23 26 29 

1400 1.2 1.7 1.9 2.3 2.8 3.5 42 5.0 5.7 6.7 7.7 8.7 10.5 12 14 lb is 00 11 25 28 

1300 1.2 1.7 1.9 2.2 2.7 7.4 4.1 4.8 5.6 6.4 7.4 8.3 10 11.5 13 IS 17 19 21.9 24 765 

1100 1.2 1.7 1.8 2.2 2.7 3.3 4.0 4.7 5.4 6.2 7.1 8 9.2 II 12.5 14.5 16.5 1 8 10.9 13 255 

1100 1.2 1.7 1.8 2.2 2.7 3.2 3.9 4.6 5.2 6 6.8 7.8 8.7 10.2 11.5 14 15.5 17.9 19.5 12 24.5 

1000 1.2 1.6 1.8 2.2 2.6 3.1 3.8 4.4 5 5.8 6.4 7.1 8.2 9.2 I 1 13 15 17 18.5 20.9 23 

900 1.2 1.6 1.7 2.1 2.6 3 3.7 4.2 4.8 5.6 6.2 7.0 7.8 8.8 10.5 12 4 16 le ,9 22 

800 1.2 1.5 1.7 2.1 2.5 7.9 3.4 3.9 4.6 5.1 6.0 6.7 7.4 8.3 9.3 11.5 13 IS 16.5 18 20 

700 1.2 1.5 1.7 2.0 2.4 2.8 3.2 3.7 4.1 4.1 5.5 6.3 7.0 7.8 8.1 10 12 13.5 15.5 1 7 18.5 

600 1.2 1.4 1.7 1.9 2.3 2.7 3.0 3.4 3.8 4.5 5.0 5.1 6.5 7.2 8 9.0 10.5 12.5 14 15.5 17.S 

500 1.1 1.4 1.6 1.8 2.1 2.5 2.8 3.2 3.6 4 4.6 5.2 6 6.7 7.5 8.2 9.1 II 12.9 14.5 15.5 

400 1.0 1.3 1.5 1.7 2.0 1.2 2.6 2.8 7.7 7.7 4.1 4.7 5.2 6.0 67 7.5 8.2 9.1 1 I 12.5 14.5 

100 0.9 1.5 1.8 1.9 2.2 16 2.8 3.2 3.6 4 4.5 5.0 5.8 6.2 7.2 7.8 8.9 10.5 11 

700 0.8 1.0 1.2 1.3 1.5 I 7 1.8 2 2.7 7.6 3.0 3.3 3.8 4.2 4.7 5.2 6.0 6.7 7.5 8.2 90 

100 0 S 0.6 0.8 0.9 1.0 1.2 1.3 1 5 1.7 1.9 2.0 2.3 2.7 3.0 1.3 1.7 4.2 4.7 5.2 6.0 6.8 

Conversion Table for Units of Length 

MULTIPLY NUMBER 
OF , 

BY N 

TO OBTAIN 
NUMBER OF 

ANGSTROMS 

MICRONS 

MILS 

ANGSTROMS MICRONS MILS INCHES FEET MILES MILLIMETERS CENTIMETERS KILOMETERS 

o• 

10-* 1 

2.540 2.540 3.048 1.609 
X 10s x 10, x 10, x 10" 

10' 10. 10 

2.540 2.540 3.048 1.609 
x 10 x 104 x 10, x 10' 

3.937 3.937 
X 10-4 x 10 -, 

10, 

10, 10' 10' 

1.2 6.336 3.937 3.937 3.937 
X 10' x 10' x 10 x 10' x 10' 

INCHES 

FEET 

3.937 3.937 
X 10-' X 10-, 

10 -, 1 12 6.336 3.937 
X 10' x 10-, 

3.937 3.937 
X 10- ' x 10' 

3.281 3.281 8.333 8.333 
X 10- " X 10 x 10 x 10 -, 

1 
5.280 3.281 
X 10, x 10-, 

3.281 3.281 
X 10 -, X 10' 

MILES 
6.214 6.214 1.578 1.578 1.894 
10-14 x 10 -1, X 10-, x 10-, x 10-* 

MILLIMETERS 

CENTIMETERS 

KILOMETERS 

1 

10-' 10 -, 2.540 2.540 3.048 1.609 
X 10-2 x 10 x 10, X 10, 

6.214 6.214 
X 10 -' x 10-. 

10-, 10-* 
2.540 2.540 3.048 1.609 
x 10 -, x 10 x 105 

10-1, 10-, 
2.540 2.540 3.048 1.609 
X 10-' x 10-, x 10-' 

6.214 
X 10 - ' 

10 10' 

0.1 1 10, 

10 
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Attenuator Network 

INPUT Z 

R 1 R 1 

INPUT AND OUTPUT Z =- 600 OHM 

DB DB 

LOSS 1 R 2 LOSS R 1 

OUTPUT Z INPUT Z 

 o 
1 

OUTPUT Z 

08 DB 
R2 1 R 2 LOSS LOSS R 1 2 

0.5 17.2 10464 16 435.8 195.1 0.5 8.6 10464 16 217.9 195.1 

1 34.5 5208 17 451.5 172.9 1 17.25 5208 17 225.7 172.9 

2 68.8 2582 18 465.8 152.5 2 34.4 2582 18 232.9 152.5 

3 102.7 1703 19 479.0 136.4 3 51.3 1703 19 239.5 136 .4 

4 135.8 1249 20 490.4 121.2 4 67.9 1249 20 245.2 121.2 

5 168.1 987.6 22 511.7 95.9 5 84.1 987.6 22 255.9 95.9 

6 199.3 803.4 24 528.8 76.0 6 99.7 803.4 24 264.4 76.0 

7 229.7 685.2 26 542.7 60.3 7 114.8 685.2 26 271.4 60.3 

8 258.4 567.6 28 541.1 47.8 8 129.2 567.6 28 277.0 47.8 

9 285.8 487.2 30 563.0 38.0 9 142.9 487.2 30 281.6 38.0 

10 312.0 421.6 32 570.6 30.2 10 156.0 421.6 32 285.3 30.2 

11 336.1 367.4 34 576.5 24.0 11 168.1 367.4 34 288.3 24.0 

12 359.1 321.7 36 581.1 19.0 12 179.5 321.7 36 290.6 19.0 

13 380.5 282.8 38 585.1 15.1 13 190.3 282.8 38 292.5 15.1 

14 400.4 249.4 40 588.1 12.0 14 200.2 2A9.4 40 294.1 12,0 

15 418.8 220.4 15 209.4 220.4 

Estimated Ground Conductivity 
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Power Rating—Rigid Transmission Lines 
A
V
E
R
A
G
E
 P
O
W
E
R
 I
N 
K
I
L
O
W
A
T
T
S
 

10000 
9 

3 

2 

1000 

7 

6 

5 

3 

2 

100 
9 

7 

6 

3 

10 

o 7 

7 

3 

2 

01 

5 6 7 1 9 

0.3 

›•>-, 
a Cee 

4 5 6 7 9 

10 

4 5 6 7 6 9 

100 

FREQUENCY IN MEGAHERTZ 

I 1 I 1 I fill 1 

PEAK POWER RATINGS 

These ratings are constant with 
frequency and are based on 
unity VSWR, no modulation, and 
one atmosphere absolute dry 
air pressure. 

LINE SIZE, TYPE PEAK POWER 
INCHES NO. RATING, kw 

• >a 

9 586 3000 
61/s 573 1500 
644 563 890 
3IA9 562A 400 
11/2  561 140 
7/8 560 43 

3 4 5 6 6 

ne4 

1000 

The average power ratings shown above are based on unity VSWR and a maximum inner 

conductor temperature of 216°F at an ambient temperature of 104°F. 

3 

3000 
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Attenuation — Rigid Transmission Lines 
A
T
T
E
N
U
A
T
I
O
N
 
IN
 
D
B
 
P
E
R
 
1
0
0
 
F
E
 

100 

6 

5 

to 
• 
e 
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2 

o 

0.01 
• 

0.001 
• 5 6 7 4 

.3 1 

5 — V 

1 u. 

.—.1 
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. I. 
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1I 

1 es 

 -• 

illœile.15,-1---- • 

1 
‘ 

1 1 

T 1 

+ — 
1 /• ,c< 

7 

ei. fP 
i 

44 

t • 1 1 i 

.ill  I-
I . - si 

F 4 . t  4 . 
4, t 1 > , , 

_i HI i 1 1 I L 
i , 
i ii i 

• $ o 7 5 3 4 96 II 

10 100 

FREQUENCY IN MEGAHERTZ 

The attenuation curves above are based on unity VSWR. 

1 

1000 3000 
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Power Rating — Heliax/Air Dielectric Cables 

1000 

A
V
E
R
A
G
E
 P
O
W
E
R
 I
N 
K
I
L
O
W
A
T
T
S
 

0.01 

4 

PEAK POWER RATINGS 

These ratings are constant with 
frequency and are based on 
unity VSWR, no modulation, and 
one atmosphere absolute dry 
air pressure. 

LINE SIZE, TYPE PEAK POWER 
INCHES NO. RATING, kw 

5 H9-50 830 
3 H8-50A 320 
11A H7-50A 145 
7/8 145-50 44 
1/2 H4-50 10 
3/8 H2-50 5 
1/4 H1-50 2 

AV 

4,0 

5 6 I 

10 

3671 

100 

FREQUENCY IN MEGAHERTZ 

36759 . 9 

1000 10000 

The average power ratings shown above are for 50-ohm copper Heliax and are based 

on unity VSWR and a maximum inner conductor temperature of 212°F at an ambient 

temperature of 104`F. For 75-ohm copper cables the values shown should be reduced 
30%. For 50-ohm aluminum (outer conductor) cables the values should be reduced 
10%. For Teflon insulated cables, average power ratings should be increased by 35%. 
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Attenuation — Heliax/Air Dielectric Cables 
A
T
T
E
N
U
A
T
I
O
N
 I

N 
D
B
 P
E
R
 
1
0
0
 F
T
 

7 

6 

3 

4 

3 

10 
9 

7 

6 

1 .0 

0 .00 1 

4 

3 

9 

a 5 6 7 8 

10 

4 5 6 7 9 9 

100 

à 5 6 7 8 9 

1000 

5 6 8 

FREQUENCY IN MEGAHERTZ 

The attenuation curves above are for 50-ohm copper Heliax at unity VSWR. For 75-ohm 

copper cables the values shown should be reduced 5%. For 50-ohm aluminum (outer 
conductor) cables the values should be increased 12%. 

10000 
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Attenuation — Heliax/Foam Dielectric Cables 

The attenuation curves above are for 50-ohm copper Heliax at unity VSWR. For 75 

ohm copper cables the values shown should be reduced 5%. For 50-ohm aluminum 
(outer conductor) cables the values should be increased 12%. 
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Forward VS Reflected Power 

100 KW 1000W 

R
E
F
L
E
C
T
E
D
 P
O
W
E
R
 

50KVv 500W 

10KVv 100W 

5KVV 50W 

1KW IOVV 

0.5KW 

0 .1KW 

5W 

1W 

10W 

1KW 

SWR 

SW R 

1+ „." REFLECTED POWER 
FORWARD POWER 

1- /REFLECTED POWER 

FORWARD POWER 

VALUES SHOWN AT LINES 

50W 100W 

50 

 ze/....dr" Air  

Ally 

5KW 

/ 

10KVv 

FORWARD POWER 

500W 

50 K VV 

1000W 

100KVv 
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Power Rating — Heliax/Foant Dielectric Cables 

A
V
E
R
A
G
E
 P
O
W
E
R
 I
N 
K
I
L
O
W
A
T
T
'
S
 

1000 
9 
e 

0.1 

C.0 1 

5 

- -7- --, 

PEAK POWER RATINGS 

These ratings are constant with 
frequency and are based on 
unity VSWR, no modulation, and 
one atmosphere absolute dry 

ai r pressure. 

— 
— 
— 

— 

_.-- 

LINE SIZE. TYPE PEAK POWER 
INCHES NO. RATING, kw 

'1›...„..........,.. 

3 F118-50 320 
15,4 FH7-50 145 
7/8 FM5-50 44 
1. 2 FH4-50 19 
3/8 FH2-50 8 
I 4 FHI-50 5 

-.-
-•-' 
--.-..-. 

F , , >>. . lb 
lio, 

-re ›`,...c,e - 

e 
er> 

IUN '..3-„, I 

T.>  
ee, 

\ 

h lok, 

.31 
eA, 

11.11111 
e;.. 

-C'4 T s. ... M. 
A, 

11111 
> 
--,,,.... 

4),4 

e ,.• . 
''' , ,,, 

.31 lip 

c.,., 

.-
41/4.., 

F,'4, 
c, 

The average power 

on unity VSWR and 

temperature of 104 

30%. For 50-ohm 

10%. 

3 6 719 

loo 

FREQUENCY IN MEGAHERTZ 

3 4 56 II 

1000 

ratings shown above are for 50-ohm copper Heliax and are based 

a maximum inner conductor temperature of 175°F at an ambient 

F. For 75-ohm copper cables the values shown should be reduced 

aluminum (outer conductor) cables the values should be reduced 

5 6 7 1 9 

10000 

190 



Index 

A 

ABC, New York, 162 

AC bias, tape recorder, 163 

AC wiring, 63 

Adjacent channel interference, 15 

AGC amplifier, 47, 108 

Alarms, remote control, 97 

Alignment, tape heads, 

Allocation study, Form, 301 

AM, FM control facilities, 47 

AM frequency search, 11 
Ammeter, antenna, 77 

AM monitors, Ill 

AM output noise level measurement, 161 

AM phasor, 83 

AM proof measurements, 159 

AM towers, 70 

AM transmission line, 92 

AM transmitters, 131 

Antenna ammeters, 77 

Antenna gain circular polarization, 89 

Antenna height, AM, 28 

Antenna height, FM, 31, 97 

Antenna maintenance, 142 

Antenna radiation center, 30 

Antenna site, 29 

Antenna system, AM, 26 

Antenna tuning house, 60 

Application, station, 26 

Attended transmitter operation, 52 

Attenuation, transmission line, 94 

Attenuator, 146 

Audio equipment, 100 

Audio frequency response trouble, 153 

Audio oscillator, 158 

Audio wiring, 61 

Automatic gain control amplifiers, 108 

Automatic program level control, ill 

Automatic program logging, 123 

Automatic transmitter, 131 

Automatic transmitter lug, 123 

Automatic transmitter logging, 97 

Automatic turntable, 47 

Automation, program, 112 

Auxiliary transmitter, 137 

Balance, modulators, 79 

Ball gaps, 59 

Bandwidth, FM, 157 

Base current ammeter, 137 

Base, tower, 58 

Beacon, 70 
Bias, tape recorder, 114 

Bidirectional microphone, 125 

Bond, tower, 58 

Bond, tuning house, 60 

Boom microphones, 126 

Branching equipment, antenna system, 83 

Cable ducts, 61 

Carrier hum, 152 

Carrier hum measurement, 152 

Carrier shift, 150, 159 

Carrier shift measurements, 150 

Carrier shift trouble, 150 

Cartridge tape systems, 112 

Channel assignments, FM, 30 

Charts, 22 

Circular polarization, 88 

Class A stages, 158 

Class ABI stages, 158 
Class B stages, 158 

Classes, FM stations, 22 

Class IV night-time coverage, 15 

Cleaning equipment, 136 
Clear-channel stations, 13 
Co-channel interference, 15 
Combined operation, 52 

Combined site, 8 

Common-point resistance, 76 

Communications receiver, 146 
Conductivity, soil. 13 

Conduits, 63 

Conference pickup microphone, 126 

Console, audio, 100 

Console, control, 43 

Console input wiring, 160 

Console, modular, 108 

Construction, transmitter plant, 56 

Consulting engineer, 26 
Continous-loop cartridge, 112 

Control console, 160 

Control console, audio, 100 

Control room, 9 

Control room equipment, 100 

Control room monitor speaker, 104 

Control room wiring, 61 

Controls, transmitter remote control, 95 

Cooling, transmitter, 10 

Coupling network, AM antenna, 73 

Coverage, 35, 56 
Coverage, directional antenna, 77 

Cueing, tape, 113 

Cue tones, tape cartridges, 113 

Current ratios, AM directional antenna, 79 

Custom audio control equipment, 102 

Cut-off date, 13 

D 

Daily inspection, 139 

Daily transmitter maintenance, 139 

Daily transmitter plant maintenance, 138 

Day-night switching, 77, 83 

Daytime service, 13 

DC remote control, 96 

De-emphasis, 154 

Deck-mounted microphone, 128 

Directional AM arrays, 76 

Directional antenna, FM, 31 

Directional microphones, 125 

Distortion, FM, 154 

Distortion measurements, FM, 158 

Distortion meter, 146 

Distortion trouble, 159 
Dual-channel console, 47, 100 

Dual-polarized antenna, 30 

Ducts, cable, 63 

Dummy load, 84 

Dust, equipment, 136 
Dynamic microphones, 127 

E 

Effective radiated power, 31 
Elliptical polarization, 87 

Engineering data, Form 301, 24 

Equipment rack, 43 

Equipment warranty, 10 

Erase head, tape recorder, 114 

Erasing, tape, 114 

ERP, 31 

Excitor, FM, 134 

Existing allocations, 11 

Experimental operation, 138 

Extraneous noise measurement, 152 

Extraneous noise trouble, 152 

Facilities, 7 

Fading, 15 

Fail-safe, remote control, 96 

FCC Form 301, 24 

Field gain, circular antennas, 89 

Field intensity, AM, 27 

Field intensity meter, 146 

Field strength chart, F150, 50), 35 

FM antenna, 30 
FM antenna installation, 89 

FM channel assignments, 30 

FM channels, 22 
FM frequency selection, 30 

FM monitors, 111 
FM output noise level measurement, 158 

FM proof-of-performance measurements, 153 

FM transmission line, 92 

FM transmitters, 133 

Free-space field Intensity, 30 

Frequency monitor checks, 153 

Frequency monitor, 63, Ill 

Frequency monitor, FM, 157 

Frequency response, FM, 153 

Frequency response measurements, 147 

FM, 151 
Frequency response, microphone, 126 

Frequency response trouble, 153 

Frequency response variation, 147 

Frequency search, AM, 11 

Frequency tolerance, FM transmitter, 153 

Frequency verification, 13 

G 

Gain, circularly-polarized antenna, 88 

Graphs, 22 
Ground conductivity, 13 

loops, 152 

screen, 82 

system, AM antenna, 38 
system, AM directional arrays, 81 

Groundwave, 13 
field intensity, 13 

Guy anchors, 58 

Guyed towers, 70 

Guy wire insulators, 58 

Guy wires, 58, 70 

H 

Hand tools, 136 

Harmonic content, 146 

Harmonic distortion, 154 

Harmonic distortion, FM, 154 
Harmonic distortion measurements, 150 

FM, 158 

Harmonic distortion trouble, 154 

Harmonics, FM, 134 

Harmonic trouble, 154 

Hash, 160 

Heads, tape recorder, 114 

High-level audio wiring, 6:1 

Horizontally-polarized antenna, 85 

Horizontal plane radiation, 31 

Horn gaps, 59 

Hum measurement, 152 

Ice load, tower, 70 

Impedance, AM antenna, 73 

Impedance, microphone, 125 

Impedance, proof-of-performance 

measurements, 152 

Initial tuning, AM directional antenna, 76 
Insulated guyed towers, 70 

Insulator, guy wire, 70 

Interconnecting wiring, 61 

Interference, 11, 15, 152 

Interlaced horizontal and vertical antenna, 87 

Inverse field strength, 28 

Ionospheric refbction, 15 

Isolation stubs, 59 

tower 11F/AC, 70 

transformer, 146 

Jack panels, 61 

KOOL facilities, 164 

KRAV facilities, 169 

KYW, facilities, 167 

Lavalier microphone, 127 

Lightning filter choke, 70 

Lightning — 

gaps, 59 

rods, 59 

tower, 70 

Limiter amplifier, 53 

Limiter, audio level, 108 

Limiting amplifier, 47 
Loading, microphone, 125 

Logging — 

automatic program, 118 
transmitter, automatic, 97 

Log, maintenance, 137 
Loudspeaker, monitor, 104 

Maintenance log, 137 

Maps, 22 

Matching transformer, 146 

Maximum expected operating values, 15, 27 

Medium-market floor plan, 47 

MEOV, 15, 27 

Metering functions, remote control, 95 

Metropolitan-market floor plan, 50 

Microphones, 125 

Miniature microphone, 126 
Modular console, 108 

Modulation monitor, 63 

Modulation monitor, FM, 157 

Modulation monitors, Ill 

Modulation, transmitter, 56 

Modulator balance, 79 

Monitoring equipment installation, 63 

Monitoring, transmitter, 53 

Monitor point field readings, 79 

Monitor points, AM directional antenna, 79 

Monitors, Ill 

Monitors, FM, 157 

Monitor, speaker, 104 

Monthly transmitter maintenance, 139 
Monthly transmitter plant maintenance, 139 

Multi-cartridge tape systems, 113 

N 

Negative carrier shift, 150 

Night-time coverage, 15 

Noise level, AM, 157 

Noise level, FM, 154 

Noise level measurement, AM, 

FM, 159 

Noise measurement, 152 
Noise meter, 146 

o 

Oil-filled insulators, 59 

Oscilloscope, 146 

Outdoor microphone, 126 

Output noise level — 
AM, 154 

FM, 154 

Output noise level measurement — 

AM, 159 

FM, 159 

Overall frequency response, 146 

Overlap, 12 

Overmodulation, 109 

Pad attenuator, 146 

Painting, tower, 58 

Parallel-operated transmitters, 133 

Patch panels, 61 

Pattern, AM antenna, 27 

Peak clipping, 109 

Peak limiter, 108 

Performance tests, 139 

Phase angle, AM directional antenna, 77 

Phasing equipment, 71 
Photocell level control, 102 

Pickup coil, 146 

"Plan 1" floor plan, 36 

"Plan 2" floor plan, 47 

Playback head, tape recorder, 114 

Polarity, stereo, 63 

Polarization, FM antenna, 85 

Polydirectional microphone, 124 

Positive carrier shift, 150 

Power classifications, 11 

Power divider, 88 

Power reduction transmitter, 132 
Power supply transmitter, 133 
Power wiring, 63 

Predicting interference. 11 

Pre-emphasis, FM, 109 

Pressure microphone, 126 

Preventive maintenance, 136 

Primary service area, 13 

Program automation, 112 

Program control unit, 118 

Program level control, Ill 

Program lugging, automatic, 123 

Programmer, automatic, 118 

Proof-of-performance — 

antenna system, 60 

standards, 152 

Propagation curves, 15 

Qualifications, applicant, 24 

Quality, microphone, 124 

Quarterly transmitter plant maintenance,139 

Radial, ground system, 82 

Radiation center, antenna, 30 

Radiation center, FM antenna, 31 

Radiation patterns, 11, 71 

Record/playback head, 114 

Record/playback tape recorder, 114 

Reel-to-reel tape systems, 114 

Reference tower, AM directional array, 79 
Reliability transmitter, 130 

Remote amplifier, 104 

Remote and metering control functions, 95 

Remote antenna ammeter, 137 

Remote control, cartridge tape systems, 113 

Remote control, directional antenna, 28 

Remote control, reel-to-reel tape 
recorders, 114 

Remote control transmitter, 131 

Remote pickup microphone, 126 

Remote studio, 10 

Resistance, AM antenna, 73 

Response, microphone, 126 

Response, FM, 153 

Response measurements, 147 
Response measurements, FM, 157 

Response variation, 147 

RF sampling tower current, 83 



RF wiring, 63 

Ribbon microphone, 125 

Rumble, turntable, 1114 

Sampling loop, 76 

Sampling, tower current, 83 

SCA multiplex monitor, Ill 

SCA proof-of-performance 
measurement., 85 

Secondary service area, 15 

Sectionalized tower, 28 

Self-supporting towers, 70 

Semi-annual transmitter plant 

maintenance, 142 

Series-fed towers, 82 

Service area, 13 
Shunt-fed tower, 82 
Signal levels, proof-of-performance, 146 

Signal-to-noise ratio, 157 

Single-channel console, 100 
Single-tower array, 70 

Site, transmitter, 7 

Sitywave, 15 
Slide attenuators, 102 

Small-station floor plan, 43 

Soil conductivity, 13 

Solid-state consoles, 100 
Solid-state transmitter power supply, 134 

Sound lock, 43 
Sources of existing allocations, 11 

Spare tubes and parts, 136 

Speaker, monitor, 104 
Speech-input consoles, 100 

"Spot-proofs", 136 

Spurious radiation, 152 

Standard broadcast channels, 11 

Standard broadcast engineering data, 
Form 301, 27 

Static drain chokes. 59 

Static drain resistors, 59 

Station Inspection, 137 

Stereo consoles, 102 

Stereo proof-of-performance 
measurements, 102 

Stereo wiring, 63 

STLs, 97 
Stray currents, 152 

Stray fields, 152 

Studio maintenance, 139 

Studio monitor speaker, 104 
Studio, preventive maintenance schedule, 137 

Studios, 9 

Studio-to-transmitter link, 97 

Switching control room, 61 

Table of Assignments, FM, 30 

Tape cartridges, 112 

Tape recorder, 43 

Tape recorder blas,114 
Tape recorder maintenance, 116 

Test equipment, 136 
Tools, maintenance, 136 

Tower base current ammeters, 137 
Tower — 

design, 57 

layout, AM directional arrays, 79 

lighting, 70 

light inspection, 130 

maintenance, 143 

site, 70 

specifications, 70 

towers, 70 

Transcription turntables, 103 
Transistors, transmitter, 130 

Transmission line, 35, 92 
Transmission line pressure, 82 

Transmission line tower, 82 

Transmitter buildings, 52 
Transmitter components, 129 

Transmitter features, 55 

Transmitter input equipment, 53 
Transmitter logging, automatic, 97 

Transmitter maintenance, 139 

Transmitter plant ,preventive maintenance 
schedule, 133 

Transmitter site, 7 

Transmitter wiring, 63 
Tube checks, 136 

Tubes, transmitter, 129 

Tuning, AM directional array., 76 

Tuning house, 60 

Tuning unit, antenna, 73 

Turntables, 43, 103 

Two-tower array, 70 

U 

Unbalanced modulators, 152 

Uniaxial microphone, 126 

U. S. Coast and Geodetic Survey maps, 26 

U. S. Geological Survey maps, 27 

V 

Velocity microphone, 127 

Vertical distribution, 15 

Vertically-polarized antenna, 86 

Vertical plane radiation, 31 

Visual inspection, equipment, 136 

Warranty, equipment, 10 

Weekly antenna system maintenance, 137 

Weekly transmitter maintenance, 139 
Weekly tranamitter plant maintenance, 137 

Wind load, tower, 70 

Wiring conduits, 63 

Wiring trenches, 63 

WMJR-FM facilities, 165 

WPAA-FM,173 
WPHC facilities, 167 

WRVA facilities, 169 


