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PREFACE 

During the past 12 months, nearly 140 new FM 
radio broadcast stations went on the air in this 
country. Some 230 more are in various stages of 
construction as of this writing, and by the end 
of 1966, well over 1500 FM stations will be on 
the air. 

Stereo broadcasting has become the "rule," 
rather than the exception. Higher radiated 
powers and dual antenna polarization have become 
prevalent and desirable. Most importantly, FM is 
no longer relegated to the "not-for-profit 
classical-music-only" category. It is no longer 
a crime for FM's to operate at a profit! 

Yes, commercial FM broadcasting has finally 
proved itself, and in a few years it will be as 
popular--and as necessary--as AM radio is today. 
Yet, were it not for the pioneers, and for the 
operators who paved the way during the 50's and 
early 60's--who showed uncommon forsight and un-
swaying confidence--commercial FM might still be 
in the "rumble seat" and eventually "washed out" 
to make valuable spectrum space available for 
other important communications services. 

But along with the rapid growth and success 
of FM, and the resultant new developments in FM 
transmission technology, comes the need for dis-
semination of knowledge. New operators, even 
though they may be experienced in AM or TV 
(which certainly helps), need to learn the 
unique techniques of FM broadcasting. This 
book--the first "anthology" on the subject--is 
based on the experiences of experts in modern FM 



broadcasting. Subjects bridge the gamut frail-
engineering and management to programming one 
sales. Based on articles which appeared in BM/E 
Magazine, it is the first, and the only, practi-
cal guidebook on FM broadcasting practices pub-
lished to date. We hope it serves you well, and 
invite your comments and criticisms. 

Verne M. Ray 

May, 1966 



TABLE OF CONTENTS 

Can Independent FM Make It?   7 

WJFM...Nation's Most Powerful FM Station  #3 

WKLS - Georgia's 1st FM-Only Station  22 

Building An FM Station - From CP to Sign-On  31 

Studio Layout ard Construction  38 

Equipment Installation  43 

Details of Transmission System  47 

Programming  53 

In Retrospect  61 

Improve FM Coverage With Dual Polarization  68 

Dual Polarization - A Boon to FM Broadcasters  77 

DA Systems for FM  85 

Preparing Engineering Data for Form 301   93 

Automated Radio Programming  102 

Automated Transmitter Logging  113 

Planning to Go Remote?   118 

Mobile News Units On A Shoestring  133 

Tips & Techniques for Handling Live Audio  137 



FM Overmodulation: Cause & Cure  146 

Making Use of Limiters & Compressors  154 

Production & Recording  162 

SCA Background Music Operation  168 

Using Promotions to Build Audience & Sales  176 

Improved Office Practices for the Broadcaster  184 

Rates - and the Rate Card  191 



Can Independent FM Make It? 
By Len Buckwalter 

Fm JUST CELEBRATED its 25th 
birthday, but it's an anni-

versary marked with mixed emo-
tion. Many FM broadcasters still 
"cry the blues," but FCC financial 
reports indicate that an increasing 
number are switching from red 
ink to black. And that Harvard 
study, which predicted FM re-
ceiver sales eventually outpacing 
AM, is proving a bit conservative: 
(More FM receivers were sold last 
year than predicted by the univer-
sity researchers.) But spiraling 
set sales alone offer little comfort 
to the broadcaster who has lived 

with FM's lean years. What's the 
magic formula for success? 
To find out, we went to one of 

the nation's most prosperous and 
fastest-growing independent FM 
stations—WTFM, which serves 
the New York metropolitan area. 
Although it operates in a vast 
market centered in an area of 
over 20 million people, there's a 
debit side, too; the region also 
contains some 45 active broadcast 
frequencies plus 7 major TV out-
lets. It's a perilous market which 
can offer the best—but also de-
mands the best. WTFM's economic 

One of two control rooms. Wall-mounted speakers permit monitor-
ing of left-right stereo channels. White gloves are no joke, must be 
worn by everyone who handles records, which are played no more 
than 10 times. 
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WTFM Personnel 

40 people—count 'em—are on 
the payroll! 

10—on-the-air personalities, in-
cluding Peabody Award 
winning Program Director, 
Don Russell, who does 
special shows. 

7—news reporters, including 
two who report from West 
Berlin and Paris. 

2—General Manager and 
Chairman of the Board. 

7—on sales force, including 
Sales Manager Fred Beck. 

2—in engineering, Chief War-
ren Wilson and his assist-
ant. 

10—in secretarial, bookkeeping, 
traffic, public relations and 
advertising. 

2—for building maintenance. 

prowess in this area, built up over 
a scant 3-year period, suggests 
some instructive insights, even for 
the smaller FM operator. 
WTFM personifies independent 

FM. It is not bolstered by the 
familiar interchange of engineer-
ing, announcing and plant facili-
ties of the combined AM-FM sta-
tion. Neither does it simulcast 
programming of another station. 
Forty staff employees (an impres-
sive number, even for an AM 
station) devote their efforts solely 
to WTFM. The station operates 
on 103.5 mc with a 20-kw signal 
that reaches out for some 60 miles. 
Not only is the operation strictly 
FM, but completely stereo, 24 
hours a day every day. 
Few would dispute the station's 

sign of success; it is said to bill 
more than all other independent 
FM stations in New York—com-
bined! Moreover, it is the only 
FM station in the area to have 
appeared on Hooper ratings con-
sistently for nearly two years. 

Engineering CT Facilities 

On the surface it would appear 
that technical manpower is 
WTFM's weak point. Not so, 
however—part of the secret is 
that the transmitter is remotely 
controlled from WGLI Babylon, 
some 40 miles away. Thus, Chief 
Engineer Warren Wilson and his 
assistant are able to spend most 
of their time attending to audio 
signal quality and preventive 
maintenance. 

Although no standby transmit-
ter is used at present, the RCA 
Type BTF5D installed new when 
the station went on the air has 
given excellent service. New fa-
cilities are planned, however, and 
the present equipment will be used 
for standby operations. 

And it occasionally out-rates 8 or 
9 AM stations. 
We spent several hours with 

WTFM's Vice-President and Gen-
eral Manager, David H. Polinger, 
whose knowledge of broadcasting 
is encyclopedic. He is presently 
on the Board of Directors of the 
National Association of FM 
Broadcasters. (Many readers may 
remember him as guest speaker at 
the 1963 NAB convention.) Polin-
ger's experience slices across near-
ly every major segment of broad-
casting acrnunt executive at 
ABC; general manager of S'f A 
Spot Sales, one-time free-lance 
producer, and president of his own 
advertising agency. He speaks four 
languages, plays LaCrosse, spar-
kles when he talks of FM, and has 
yet to reach his 40th birthday. We 
asked him, "What is responsible 
for WTFM's success?" 

Before Polinger spelled out his 
particular brand of broadcasting, 
he verbally sketched in two humor-
ous caricatures of, "traditional" 
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WTFM's mobile unit, equipped 
to broadcast or record in stereo, 
uses Gates yard, Ampex recorder, 
and two EMT turntables. 

FM broadcasters. One is the en-
gineer, typified by individuals wile 
thrill at superb sound, expansive 
frequency response, and equip-
ment of sky-high fi. Success 
measured by a given number of 
cycles per second. Then there is 
the operator who sees FM solely 
as the music lover's medium. He 
believes success is inevitable if he 
bestows culture—usually a heavy 
diet of Mozart and Beethoven. 
(Even these music masters are 
played sparingly on WTFM since 
they have become "popular.") 
Polinger recognizes the great val-
ue of engineering and esthetic 
talent at an FM station. Yet, he 
questions whether either talent 
alone will make an FM operation 
profitable. 

Success can't be achieved 
through any single technique. 
WTFM's success, Polinger ex-
plained, is fashioned from a web 
of factors operating in unison. 
They comprise no push-button 
formula, and won't apply directly 
to all stations. Yet, they offer 
a model example of the kind of 

professionalism Polinger believes 
must prevail in broadcasting. 
WTFM's on-the-air image is 

significantly molded by person-
ality and atmosphere. Such pro-
fessionalism is the work of veteran 
broadcasters like Program Direc-
tor Don Russell, who has an im-
pressive list of credits, and host 
Tom Mercein, a well known and 
authoritative radio voice. The 
music itself is not notably differ-
ent from that of many other FM 
stations: light-music program-
ming during the day leaning to-
ward the classical format in the 
evening, including jazz and folk-
music shows. 
But listen, for example, to the 

daily segment from 10 in the 
morning to 2 in the afternoon. 
There's no mistaking WTFM 
among the welter of stations on 
the band. The reason, in this case, 
is Charles Duval, the announcer 
—or "host"—for the show. Duval 
has a french accent—not the mild 
Charles Boyer variety, but one 
you'd expect to hear, say, on the 
Riviera. It's no secret that male 
reaction to Duval's voice hovers 

David H. Polinger, WTFM V-P 
& Gen. Mgr., has what it takes to 
make FM station operation profit-
able. 
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between mild uneasiness to mili-
tant rejectiOn. But Duval's potent 
air personality wows the house-
wives, who, of course, comprise 
the listening audience during 
these midday hours. In fact, the 
station even stimulates "contro-
versy" over the issue. One pro-
motional piece frankly asks: "Why 
do so many men hate Charles Du-
val ?" Listed are questions which 
cleverly suggest the answers, e.g., 
"Is it because women love the 
sound of his voice—his continental 
charm?" 
As Polinger explains it, listen-

ing to WTFM helps the drudgery-
ridden housewife "fantasy away 
her day." This continental, exotic 
atmosphere is infused throughout 
the station's programming and an-
nouncing. It identifies WTFM 
with a distinct, unmistakable 
image, an image similarly sus-
tained for impact on the client. 
For example, during my conversa-
tion with Polinger his phone rang. 
Minutes later he told me it was 
an advertiser who remarked how 
pleased he was that even the sta-
tion's telephone operator fitted 
the cosmopolitan WTFM image. 
The point, of course, is that 
WTFM works at preserving its 
individuality. 
But the station's face to the 

world is just one technique. An-
other key factor is an unceasing 
campaign to educate the prospec-
tive client to WTFM's value as 
a selling medium. Advertising 
agencies have tended to regard 
FM as a "new thing," its pulling 
power still open to question, its 
audience numerically uncertain. 
Polinger calculates that he spends 
about as much time with a client 
as with the client's agency. 
Consider a campaign devised for 

Zenith. The client wished to 
achieve three specific objectives: 

excite immediate interest, develop 
strong remembrance of the slogan 
"Zenith Quality," and motivate 
listener response. The station de-
cided to run a contest in which 
the listener was to make up as 
many words as possible using the 
letters in "Zenith Quality." Prizes 
included Zenith FM receivers and 
a color TV. Nothing startling, 
until the results and their impli-
cations are examined. The re-
sponses numbered some 4,000. 
With this figure as a base, it was 
calculated that contestants spent 
a total of more than 81.000 hours 
at the word-game—and, of course, 
in gazing at the words "Zenith 
Quality." The successful campaign 
didn't stop there. Using the data, 
WTFM printed a promotional bro-

chure of convincing impact—an-
other selling tool to fill the void, 
to impress the prospective adver-
tiser that FM is a medium of prov-
en effectiveness. WTFM continu-
ously explores new ways to pro-
mote its name and reputation, 
from use of hi-fi show booths to 
broadcasting live from the New 
York World's Fair. It has even 
applied for the chance to originate 
the first FM stereo broadcast 
around the world via Telstar. 
Another stratagem employed by 

the station is a single-channel re-
ciever, fixed-tuned to WTFM. 
Again, it is an approach designed 
to generate convincing evidence 
for the prospective FM advertiser. 
The special receiver, called the 
WTFM Auditron, is sold over the 
air at $19.95. (Auditron fran-
chises one FM station in each 
market. Polinger reports that ap-
proximately 5,000 units have been 
sold.) More important is the re-
sulting sales piece which leads off 
with "A Gift to our Advertisers— 
the WTFM Bonus Audience." 
After explaining the Auditron, it 

11 



Sales Cr Promotion 

A good part of WTFM's success can be attributed to the strong emphasis 
on sales and promotion. Fred Beck, a thoroughly experienced sales manager, 
oversees a full-time staff of six crack salesmen; in addition, the station 
is represented nationally by Jack Masla & Co. Armed to the teeth with 
hard-hitting, fact-filled promotional material, these men keep the commer-
cial spots well filled. (Based on FCC definition, commercial time ranges 
from about 60(:( during the day to some 65% in the evening.) Fully 
90% of billing is for national advertising, a point many AM's would 
like to boast about. 
WTFM makes extensive use of NAFMB material to sell clients on the 

general FM audience. Also, no effort is spared in developing exclusive 
data about WTFM. Some of this includes: 
.. • a World's Fair manual, citing WTFM's exclusive studio and exhibit 

(the only radio station to broadcast from the Fair on a regular 7-days-
a-week schedule). 

. . . a Bonus Audience manual with complete facts and figures on the 
extra and exclusive audience provided by Auditron sales. 
. a 10-page report on the "Zenith Quality" contest, with breakdowns 
of participants by sex, location, profession and education. 

. . . a 12-page report on a Martini & Rossi Mono-Stereo contest, con-
taining reproduction of listener responses and tabulating the returns 
by geographic location. (They came in from 4 states.) 
The ultimate in WTFM promo pieces, just off the press, is a beautiful 

81/2 X 1" manual of 34 sheets printed on only one side of expensive 
stock. It gives a complete profile of the station, including its 97% adult 
listening audience. It defines the programming used to appeal to th( 
better educated, higher income adult listeners, and describes the back-
grounds of key program personalities. It provides a complete rundown of 
day to day programming. And at the back is a foldout map showing 
the 50 uv/m contour, with the latest rate card neatly tucked into a 
bound-in pocket. 
Thus, the sales crew has plenty of ammunition—but more than this, 

they are the kind of professionals who know how to get results for their 
clients—results that keep sponsors sold and add to an impressive file of 
facts and figures for use in bigger and better promotions. Nothing con-
tributes more to success than success itself. 
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goes on to describe a special fea-
ture—namely that more than 1,000 
such units have been purchased by 
doctors and dentists for their 
waiting rooms. Since an average 
of 30 people spend time in a doc-
tor's waiting room each day, there 

is a captive audience estimated at 
180,000 people. A final twist is the 
last page of the brochure; it lists, 
by name, the doctors who have 
purchased Auditrons. 

It would be naive to assume 
that any FMer following the same 
route can achieve equal success. 
The central idea, however, is that 
WTFM's performance jostles the 
misconception that an FM station 
can provide good music and high-
quality sound, then wait for suc-
cess to materialize. In Polinger's 
words, "It takes guts and foot-

work." He believes this is es-
pecially true for the FM outlet in 
sparser population areas, outside 
the top 50 markets. Where it is 
impossible to cultivate a select 
audience, as in larger cities, com-
petition is with local AM stations. 
And here is where the most 

penetrating conclusion may be 
drawn about WTFM and David 
Polinger. In speaking to him, one 
gets the unmistakable impression 
that he is not a representative of 
the FM industry in any "tradi-
tional" role. He considers himself 
a professional broadcaster above 
all else. He seeks not an elite, nar-
row listenership, but the wider 
audience which is now rapidly 
developing. Polinger has proved 
that an FM outlet can be "run like 
a radio station." 

WHIM... Nation's Most 

Powerful FM Station! 
By Bruce M. Glycadgis 

93.7 on the FM dial has become a 
household term to more than 150,-
000 families in Western Michigan. 
For 21 hours each day, WJFM 
radiates its powerful voice of 11, 
million watts (ERP) over some 30 
counties and dozens of communi-
ties. WJFM began broadcasting 
with this tremendous power (the 
next highest FM station power is 
about 260 kw) on November 15, 
1961, a significant date for FM 

listeners in about a third of the 
state because it meant they could 
receive noise-free radio programs 
whether their receivers were 
small, large, cheap or expensive. 
It brought on a resurgence in the 
purchase of FM receivers within 
the area, especially in localities 
which had never before received 
FM. November 15, however, rep-
resented not the beginning, but, 
rather, the climax of a continuing 
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Main control room 
with Dave Hunter, 
night-time emcee at 
controls, and Dan 
Smith, day emcee. 



effort to provide FM to the vast 
listening public of Western Michi-
gan. 

The Beginnings of WJFM 

The birth of WJFM goes back 
to 1946, the year Fetzer Broad-
casting obtained its first construc-
tion permit for the facility. This 
CP was for the unheard-of (in 

Dan Smith, popular WJFM emcee, at the stereo con-
trol center. 

those days) power of 500,000 
watts. The company was con-
fronted with many complications: 
Equipment capable of producing 
500,000 watts was not readily ob-
tainable; also, there was the prob-
lem of a suitable antenna site with 
adequate ac power available for 
such a powerful transmitting 

plant. (Over 150 kilowatts, 21 
hours a day, are needed to provide 
the 50-kw transmitter output used 
today.) 

In 1950, Fetzer constructed 
WKZO-TV, and it was determined 
that the TV tower would also be 
suitable for an FM antenna trans-
mitting at reduced power. Thus, on 
June 25, 1951, WJFM took to the 

airwaves with an effective radi-
ated power of 115 kilowatts. For 
the next 10 years WJFM's income 
was not large enough to pay the 
power bill, but Fetzer had great 
faith in the future potential of 
FM and felt it was in the interest 
of the radio public to keep the fa-
cility on the air. 
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WKZO Moves to Gun Lake 

During 1960, Fetzer manage-
ment decided it was time for a 
modernization program. Their con-
clusion: to locate the WKZO-TV 
transmitter and antenna at a point 
midway between Kalamazoo and 
Grand Rapids, to serve both com-
munities. Management further 
reasoned that the new antenna 
tower would be an excellent loca-

To realize some income from the 
operation, a Muzak franchise was 
purchased, and the first multi-
plexed operation in Southwestern 
Michigan went on the air .The an-
ticipated increase in power would 
eventually produce even greater 
multiplex potentials, a factor sup-
porting the initial decision to pur-
chase the Muzak franchise. All 
this, remember, took place during 
the years when many FM stations 
were going off the air. 

tion for WJFM's antenna. 
To keep WKZO-TV's signal on 

the air during the move from 
Kalamazoo to Gun Lake, manage-
ment purchased a new TV trans-
mitter. The two 25-kilowatt TV-
power amplifiers at Kalamazoo 
were designated for the FM op-
eration. These were Type TT-
25AL amplifiers, and it was a rela-
tively simple task to raise their 
operating frequency to 93.7 mc, 
diplex the amplifiers, and raise the 

Carl E. Lee (left), President and General Manager of 
Fetzer Broadcasting; Arthur E. Covell (right), Chief 
Engineer of WKZO-TV; and the author standing be-
fore the control panel of the FM final amplifiers. 

10-kw output of the new RCA 
Type GTF-10D driver transmitter 
to 50 kilowatts. 

Amplifier Conversion 

The power amplifiers use the 
well-known cluster of seven 5762 
triodes operating in a parallel, 
grounded-grid configuration. This 
cluster design, owing to the phys-
ics of VHF frequencies and the 
mechanics involved, lends itself 
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excellently to frequency conver-
sions. The modifications resulted 
in the first BTF-50B transmitter, 
and system performance has 
proved very satisfactory. 

Side-Mounted Antenna System 
WJFM uses a 12-section, 

gapped-ring antenna to one leg 
of the TV tower at the 800-foot 
level. Center-fed, this array pro-
vides a power gain of 12.5 and 
raises the 50-kw transmitter out-

FM power amplifiers and associated transmission line. 

put to 500-kw ERP. Mounted on 
one leg of the triangular cross-
section tower, the antenna pro-
vides substantially circular cover-
age over a 25,000 square-mile area 
(90-mile radius). This area in-
cludes Kalamazoo, Battle Creek, 
Grand Rapids, and Lansing, plus 
dozens of smaller municipalities 
at all points of the compass. In 
addition, the signal covers a large 
rural area that would not other-
wise receive FM service. 
Building Features 
Both the TV and FM transmit-

ters are housed in a modern, well-
engineered building of prestressed 
concrete. The 1100-ft antenna 
tower stands immediately outside 
to minimize outdoor horizontal 
runs of transmission lines. Locat-
ing the tower so close to the build-
ing presents a falling ice problem 
during Michigan winters; this 

was overcome through a specially-
designed roof that withstands po-
tential damage. 

All the electronic gear associ-
ated with the transmitters is lo-
cated on the basement level with 
the power transformers and blow-
er equipment. This setup keeps the 
transmitter room on the floor 
above extremely quiet. Further, 
this arrangement considerably re-
duces blower vibration in addition 
to increasing accessibility to the 
equipment. All of the air is fil-
tered prior to its entry, eliminat-
ing the need for individual air fil-
ters for the blowers. Outdoor air 
is first filtered through spun-glass 
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WJFM area coverage map 
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filters, then passed through elec-
trostatic filters to axial fans which 
"pressurize" the basement room 
and thus make it a massive ple-
num chamber. 
The blowers, mounted on con-

crete piers, push the filtered air 
upward through the basement ceil-
ing and into the bases of the 
transmitter equipment. Ducting, 
at the top of the transmitter cab-

ines, is thermostatically controlled 
so that the warmed air from the 
equipment goes directly outdoors 
in summer, or indoors in winter to 
heat the transmitter room. This 
loop system, using outdoor air, re-
duces the BTU requirement of the 
air-conditioning equipment in sum-
mer and delivers fresh, warm air 
in winter. 

In addition to providing a dust-
less atmosphere in the transmitter 
room, another advantage in prefil-
tering the air is the elimination 
of a settled-dust problem in the 
basement. This, of course, simpli-
fies maintenance. 

WJFM Programming 

When the station went to the 
half-megawatt power, manage-
ment decided it should be an 
entity in itself and should there-
fore generate its own program-
ming. The staff spent many 
months making audience surveys 
to devise the programming that is 
now a part of everyday operation. 
As a result, WJFM programs its 
educational and informational 
shows throughout the day instead 
of just during the early hours of 
the morning. The surveys also in-
dicated that listeners desired large 
blocks of time set aside for each 
musical category. As a result, 
WJFM maintains a considerable 
disc and tape library which pro-
vides an excellent range of musi-
cal selestions. 

FM Stereo Programming 

From 8:00 A.M. to Midnight 
each day, WJFM transmits multi-
plex stereo, using a stereo sub-
carrier generator mounted in the 
center cabinet of the FM trans-
mitter. Since introducing stereo 
programming, WJFM has built up 
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WJFM/WKZO-TV transmitter building at Sun Lake. 
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a separate stereo-record library 
of nearly 2,000 albums. 

Commercial stereo tapes are run 
through a four-track playback 
head. The recorder is also equipped 
with separate erase, record and 
play heads for two-track stereo 
tapes. The machine plays virtual-
ly all quarter-inch tape recordings 
—full track, half-track, half-track 
stereo and four-track stereo tapes. 
The dual-channel consolette is 

in the center of a horseshoe ar-
rangement, with turntables on 
both sides of the announcer's sta-
tion. Each turntable contains two 
preamps for stereo reproduction. 
Cueing is incorporated within the 
consolette. An RT-37A cartridge-
tape machine serves ideally for 

spot announcements, permitting 
greater use of the turntables for 
program material. The cartridge-
tape facility serves for both stereo 
or monophonic announcements. 

Muzak Programming 

The SCA subchannel program-
ming comes from two long-play 
tape machines located in the main 
control center adjacent to Studio 1. 
These two machines operate al-
most completely unattended, using 
Muzak tapes pre-programmed for 
such operation. The signal from 
these machines travels via multi-
plexed microwave to the transmit-
ter site. Here it modulates a 67-
kc subcarrier of a Type BTX-1A 
multiplex generator which, in turn, 
modulates the BTE-10B Exciter in 
the FM transmitter. 

Audience Response 

W.IFM's primary signal-cover-
age area encompasses more than 
a million families. Over half of 
them could not previously receive 
an FM signal, and WJFM was the 
first FM station many of them 
ever heard. In many cases, the 
primary reason for buying an FM 
receiver was word-of-mouth praise 
for WJFM programming. Most of 
these new listeners are located in 
rural areas and, quite possibly, 
would have no FM service were it 
not for the half megawatt signal. 

Fetzer Management believes 
that high fidelity and high power 
go hand in hand. Engineering in-
genuity made it possible to trans-
mit the most powerful, high qual-
ity FM signal on the air today. 
Programming excellence stimu-
lated the growth of a large and 
loyal audience. Fetzer's 18-year 
old dream of providing FM service 
to the people of Western Michi-
gan has been fulfilled. 

20 



THE STORY BEHIND THE STORY 

What's The Philosophy Of WJFM? 

One of the first questions that come to mind about WJFM, quite 
naturally, is "Why so much power, and for a broadcast service which 
couldn't, at least in earlier days, support itself?" 
The answer lies in Fetzer management's philosophy—the belief 

that serving the public should be the first and foremost responsibility 
of every broadcaster. WJFM symbolized a strong faith in the future 
of FM both as a public service and as an entertainment medium. Lo-
cated in a section of the country devoid of major population centers, 
but with several unserved medium-sized cities and towns spread over 
thousands of square miles, quality FM reception could only be pro-
vided to a mass audience with every kilowatt of power that could be 
mustered. 

What About Profit? 

Did Fetzer anticipate that WJFM would pay its way? Initially, 
no—only the dream that FM radio would eventually become a widely 
accepted, worthwhile broadcast service. Except for the SCA back-
ground music service, the station had no other income. No attempt 
was even made to sell time until two years ago. Today, WJFM is 
"paying its own bills," including costs for power (which alone aver-
age between $2,000 and $2,500 a month) and a rather substantial 
equipment amortization. 

What About Audience? 

The latest Pulse Report indicates that the number of FM house-
holds in the four major markets served by WJFM exceeds 140,000. 
Indications—such as the steady sale of FM receivers by Southwest 
Michigan merchants, and the quantity of mail received from new 
listeners—point to an increase of perhaps 50% in the FM house-
holds in these markets. 

What About Sales? 

All of WJFM's evening commercial time is sold on contract, and 
both sponsored programs and spot announcements are booked solid 
for several months in advance. 

During the first 10 months of 1964, WJFM sold a total of 2,415 
spots-2,169 local, 246 national. Additionally, 935 programs were 
commercially sponsored during this period. While WJFM's 500-kw 
power is significant in selling national advertisers interested in large 
area coverage, local merchants are not concerned with such "total 
coverage." Thus, WJFM sales people stress the listener acceptance 
of program material and the high quality signal received in the•areas 
pertinent to the client. The fact that the 500-kw signal blankets 
several good-sized communities adds considerably to the number of 
prospective time buyers. 
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MMUS 
FM— 

Georgia's 1st 
Only Station 
By Don Kennedy 

N 1960, THERE were only a few 
I FM stations enjoying any 
measure of financial success, ex-
cept those tagging along on the 
skirts of a successful AM sister. 
This gloomy outlook did not, how-
ever, deter the establishment of 
WKLS. On December 2, 1960, 
WKLS became Georgia's first in-
dependent commercial FM outlet. 
When WKLS went on the air, 

Atlanta's FM programming was 
haphazard. There were no inde-
pendent FM stations, with the 
exception of an educational FM. 
The others duplicated their AM 
rock n' roll and network broad-
casts. Our initial programming 
consisted of a limited number of 
tasteful commercials, easy-listen-
ing instrumental music, and 
adult-slanted programs. 

During the past 5 years, WKLS 
has grown from a 6350-watt mon-
aural fledgling to a maximum 
power stereo outlet with dual an-
tenna polarization. WKLS was the 
first FM station in Atlanta to 
limit the number of commercials 
each hour, the first FM station 
to play mostly instrumental mus-
ic, the first to feature a weekly 
Broadway Show, the first to pre-
sent a full 4 hours of dance 
band music on Saturday night, 
and the first to broadcast in 
stereo. On Nov. 11, 1965 WKLS 
began broadcasting with 100,000 

watts horizontal and 100,000 
watts vertical, to become the first 
Atlanta FM station to make use 
of the new twin antenna idea 
using present maximum allowable 
FM radiated power in two dif-
ferent planes. 

Certainly the ideas used by 
WKLS were not new or unusual 
for FM. The fact is, many of the 
nation's successful FM operations 
were visited, and techniques and 
ideas were borrowed from vari-
ous operations in different parts 
of the nation. 

Programming 
In 1960, FM radio in Atlanta 

was simply a duplication of AM 
programming, except one which 
carried classical music. It was our 
feeling that we should appeal to 
the large middle segment of the 
audience—the general area be-
tween rock n' roll and classical. 
We further reasoned that there 
were persons at each end of the 
music lover's spectrum who could 
be wooed away to middle-of-the-
road type music at least part of 
the time. Then, too, since we were 
the lone FM-only service, we knew 
that we were destined to make our 
program service fairly general, 
with, perhaps, later specialization 
to reach particular audience seg-
ments. 
Our decision to make our pro-
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gramming all-instrumental, with 
the exception of special shows, 
was a result of this thinking. 
Many persons may be thrilled 
when, say, Frank Sinatra sings; 
others may detest him. We sim-
ply decided to avoid this choice. 
Cowardice, maybe . . . but re-
member, we had to reach a maxi-
mum number of a very small po-
tential audience at that time. 
Since most of our potential au-
dience would be in their late 
twenties, thirties or forties, we 
planned to liberally sprinkle our 

Operator-secretary Barbara Goltz keeps 
automated system tapes up-to-date in ad-
dition to her secretarial dutieq. 

programming with big-band music 
of the '30s and '40s, mixing this 
with standards by Percy Faith, 
Montovani, Andre Kostelanetz, 
etc., plus bright little groups and 
some novelty music to inject the 
"pepper" to what would otherwise 
be a bland dish. 

Only three of us would be op-
erating the station 17 hours a 
day at the outset; therefore, it 
was imperative that we automate. 

Even though one of us had to be 
there, we could be doing double 
duty—recording music, making 
announce tapes, keeping the books, 
phoning prospects, or typing let. 
ters—while the station ran itself. 
For economy plus consistency, all 
the music was recorded from discs 
onto tapes for use in our self-
designed automation system. 
Music was selected for its gen-

eral appeal following the guide-
lines previously outlined, then split 
into fast and slow tunes. All slow 
music was recorded on one set 
of tapes, while fast music, in-
cluding novelty tunes, marches 
up-beat dance band tunes, and 
small combo music was recorded 
on another set of tapes. We be-
gan with a meager library of 
about 60 hours of slow music and 
half that much fast music, ad-
ding as we went and eventualbr 
building a fine set of tapes. 

In the morning from 7 to 9 we 
programmed one fast and one 
slow tune (wakeup-type music). 
From 9 to 12 a ratio of three slow 
to one fast were used; at lunch. 
dinner time and late evening we 
stayed with slow music. At most 
other times three slow and one 
fast are used. This tempo balance 
has changed somewhat from time 
to time, but regardless of our de-
sires or listener demand, we've 
been able to control the general 
overall tempo and "feel" of our 
programming at different times 
using the same system and taking 
advantage of all our music. We 
can use old or new tapes and still 
carefully control the music, select-
ing the ratio needed at any par-
ticular hour. It's a system that's 
worked out well for us. 
We do deviate from our general 

format by using Broadway Show 
or sound-track albums on a Wed-
nesday night program. Saturday 
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Chief Engineer Gordon Swan logs meter readings of the Rust FMT-15-HV transmitter. 
Twin 15-kw final amplifiers feed separate transmission lines. 



Dance Date runs on Saturday 
from 8 until midnight, featuring 
names of the big-band era in half-
hour segments. The morning pro-
gram features weather every 10 
minutes and time-temperature 
every 3 minutes. Three editorials, 
clipped from different news-
papers, are broadcast at 12:30, 
6:30, and 11:30 PM. Weather re-
ports are programmed every hour. 
Total number of announcements 
are held to six per hour, with no 
double spotting. 

On-Air Image 

Many stations install elaborate 
equipment to insure the finest 
sound, purchase the finest music 
libraries, and program outstand-
ing music—then hire green high-
school kids to announce. A sta-
tion's total image is carried by 
its announcers. Anyone can play 
records, but the announcers carry 
the station message into the home. 
They must be professional. We 
couldn't afford to hire fine staff 
announcers, so we did the next 
best thing. We brought in the 
finest available local men on talent 
fee to tape many station breaks 
and promotional announcements. 
They had to be pleasingly pre-
3ented, with reasonably slow pace 
and professional phrasing. We 
think it's paid off. 
One other consideration: music 

was recorded on tape with 10 sec-
onds silence between tunes to give 
the station a slow, easy-going 
pace. This pointed up the differ-
ence between us and the frantic 
AM programming. No jumping 
cues or snappy play-offs, but re-
laxed, adult presentation of both 
music and announcements. We had 
no objection to selling our spon-
sor's products, but strived to do it 
in an adult fashion. 

Finally, we decided to omit 

news because it is so well cov-
ered on many other stations in 
Atlanta. We couldn't do better 
than one of the big AM stations 
with the finest news staff in the 
state. Of course, this decision 
also saved us some money. 

Top view of time-temperature machine. 
Time drum is shown uncovered, with 
the head (left arrow) just completing a 
time announcement cycle. Small part of 
drum (right arrow) has 12-hour tracks: 
larger part has 60 one-minute tracks. Total 
time announcement reads: (small drum) 
"Six (large drum) thirty-two." 
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WKLS Engineering 
In the beginning money was a 

vital factor (as is usually the 
case). We reasoned that power 
wasn't of top importance because 
we were offering a somewhat 
exclusive service, and listeners 
would come to us. This was true 
at the time. Antenna height was 
important in order to reach as 
many potential listeners as pos-

MULTIPLE 
CARTRIDGE 

SINGLE 
CARTRIDGE 

CONSOLE 

SPLITTER 

studio window looked directly out 
on the automation system so the 
man on duty could be recording or 
making announce tapes and still 
see the equipment in operation. 
The automation system utilizes 

Ampex 450's, with a silence-sens-
ing circuit. An intersperser 
switches to a different key func-
tion after every period of silence, 
selecting the tape deck as switched 

REEL 
TO 

REEL 

REEL 
TO 

REEL 

I RILL I 

MIX 

STUDIO-
TRANSMITTER 

LINK 

AUTOMATION 
KEYING 

Block diagram a the WKLS automated programming equipment setup. 

sible, so we placed our equipment 
on a hill near Atlanta. It was 
more economical, anyway, to buy 
a hilltop lot in a rural area than 
to build that much steel down-
town. We used a 1-kw transmitter 
and an 8-bay antenna mounted on 
a 270-foot tower, resulting in an 
ERP of 6.35 kw and a radiation 
center of 510'. 
For economy, the WKLS studio 

was located in the transmitter 
building, a frame structure hous-
ing a cement block studio to as-
sure good sound-proofing. The 

by that key. A 10-minute timing 
cam inserts an announcement 
every 10 minutes at the end of the 
music. The announcement comes 
from another Ampex 450, fol-
lowed by a 25-cycle tone which 
restores the music cycle. With the 
advent of multiplex stereo, we 
simply changed the heads on the 
450's, added a stereo simplifier, 
and continued much as before. 
When WKLS began stereo op-

eration in May 1962, it seemed 
advisable to raise power. We ap-
plied for 32.000 watts, but were 
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given only 19,000 as a result of 
the FM freeze that was then in 
effect. Increasing competition and 
the advent of vertical polarization 
eventually indicated the need to 
make the final move to maximum 
power in both planes, which was 
accomplished in November 1965. 
A Rust FMT-15-HV transmitter 
with twin 15-kw power amplifiers 
feeds two independent transmis-
sion lines, one to each antenna 
bank (a Jampro 8-bay vertically 
polarized antenna was installed on 
the tower beneath the existing 

Don Kennedy. General Manager of WKLS. 
doubles as announcer and part-time sales-
man. 

antenna). Jf one or the other 
transmitter amplifier fails, we can 
still operate with reasonable re-
ceptivity until repairs can be 
made. Studios were moved to 
downtown Atlanta, and most ex-
isting equipment updated or re-
placed. A twin Moseley STL car-
ries the programming 12 air-line 
miles to the transmitter site. 

Recent equipment additions in-
clude an ATC-55 automatic car-
tridge machine from which all an-
nouncements now come, plus an 
Audichron time-temperature ma-

chine that automatically reads out 
the correct time (to the minute) 
and accurate temperature upon a 
signal from the announce car-
tridge. The time and temperature 
announcements have been invalu-
able from a sales standpoint, and 
have added a vital service that 
most automated stations do not 
offer. The time-temperature serv-
ice is a highlight of our morning 
program from 6 to 9 AM. 

Station Promotion 
Listeners have to find out about 

a radio station, of course; it's 
vital to have a group of loyal 
listeners. But, if the program-
ming is good enough, and the sig-
nal adequate, listeners will find 
you naturally through word of 
mouth. 

Advertisers are a different 
story. If limited money is to be 
spent for promotion, it's only log-
ical that it be spent telling the 
prospective advertisers about the 
station, and telling them in a 
clever and memorable way. We 
don't claim to be star promotion 
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men, but here are some of the 
things we did—a few of them ter-
ribly corny in retrospect. 
Tiny postal cards were sent out 

before going on the air, with the 
caption, "FM IS GROWING IN 
ATLANTA. SOON ON THE AIR 
—WKLS, 96.1 mc." With each 
mailing the size of the card was 
increased until the final card, 
timed to be received right before 
opening day, told of the on-air 
date. 

Mailings offering a cash prize 
for knowing the call letters of 

Georgia's Governor, Carl Sanders, delivering congratulatory 
remarks during WKLS dedication. Sales Manager Jim Lathom 
Is at right, Manager Don Kennedy at left. 

the new FM station were sent 
out to agencies and prospective 
sponsors, with a blank for the 
answer. Returned correct answers 
received new pennies. Not much, 
but a cash prize nonetheless. 
A slide presentation explaining 

stereo FM along with a stereo 
tape will attract the interest of 
service clubs and get the story 
across. It's surprising how many 
people have questions about FM, 
and how many go out and buy 
FM sets when they see the slide 
presentation. We use a live taped 

combo, with slides to match show-
ing the instruments and their 
positions, to demonstrate what 
stereo is, then briefly plug WKLS 
as the pioneer FM-stereo station 
in Atlanta. It's effective and im-
pressive. 
We often rubber-stamp the out-

side of direct-mail envelopes with 
a curiosity-tickling phrase such 
as: Message from Alexander G. 
Bell inside, to announce sponsor-
ship by the telephone company, 
or 202,000 FM Homes Now in 
Atlanta, to pique interest in more 

details. In one instance, we sent 
a sheet introducing a program 
sponsored by an airline in one of 
their ticket envelopes. Comment 
was liberal. 
An antique automobile with a 

sign on the side, "Good Old Music 
—WKLS," was another of the 
early promotions that proved ef-
fective. We drove it all over town 
on sales calls, and parked it near 
the expressway during morning 
and evening rush hours. 

In all methods, we've followed 
two basic rules: Don't say too 
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much, for most persons get a 
great deal of mail and must read 
quickly. Send out pieces regular-
ly, so people won't forget you. 
Large city or small, big promo-
tion effort or small, some promo-
tion is vital to establish a station 
as an important, permanent busi-
ness. to keep people from forget-
ting you. 

Sales, Sales, Sales 

When you boil it all down. 
sales is what you're in business 
for. Everything you do points to 
more sales, or it should. Pro-

ing just radio. Here are the most 
vital: 

1. We sell FM as a separate 
entity. Just as TV and AM are 
separate, we feel that FM is sep-
arate, requiring a separate bud-
get and separate approach to ad-
vertising copy. 

2. Sell only those prospects who 
have a product or service for your 
FM audience, whatever audience 
you may be shooting for. (In our 
case, we can't sell black leather 
jackets or lollypops, and we don't 
try.) 

3. Sell something specific. Woe 

WKLS Market Coverage 

The number of FM homes in Atlanta grew as WKLS grew, as shown in 
this comparison: 

WKLS Opened 
Stereo Introduced 
Power Increase 
Power Increase 

Year 

1960 
1962 
1963 
1965 

WKLS 
Power 

6.35 kw 
19 kw 
19 kw 
100-kw V 
100-kw H 

FM Set 
Penetration 

19.2% 
25.5% 
38.6% 
42.9% 

FM Homes In 
Metropolitan 

Atlanta 

53,000 
130,000 
150.000 
202,000 

The new WKLS 50-mv contour encompasses 59 counties in Georgia, 5 
in Alabama, and one each in North Carolina and Tennessee, covering 
over 2 million persons. Reports from listeners bear out the effective-
ness of the new vertical antenna and twin 100,000-watt transmission. 
Reception on small table-model receivers is greatly improved—automo-
bile reception is good many miles beyond the metropolitan area. 

gramming is important, so you 
have a good product to peddle, 
but if you don't make any sales, 
all the fine programming in the 
world won't make the station a 
financial success. Some of the 
points we're about to mention are 
elementary, but it's surprising 
how many stations bumble along 
for years without focusing atten-
tion on the all important sales 
function. We certainly made some 
grave errors until we discovered 
a few of the unique approaches 
to selling FM as opposed to sell-

to the FM salesman who goes in-
to the prospect's office .,ays, 
"You vanna' buy some 4'M time, 
Mister?" Tell him what he wants 
to buy. Size him up before you 
go in, and have a package ready, 
even if it's one spot a day for two 
days. Be specific. Tell him when 
his programs will run and wny. 
Sell him a predetermined num-
ber of shows that'll do his job 
and he'll respect you for it. Even 
if he doesn't buy your specific 
offering, it's surprising how often 
he becomes a prospect for some-
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thing else. You have more con-
fidence and he has more respect 
for you when you sell something 
spec if je. 

4. Have the right tools for the 
sale. Prospects are going to ask 
questions and they have a perfect 
right to know the answers as ac-
curately as you can give them. Be 
prepared with attractive charts 
that show your listeners' age and 
income group . . . often they buy 
cars . . . how much they spend on 
groceries . . . how much their 
homes cost . . . how many live in 
apartments .. . how many phones 
they have. You can easily get this 
information by sending a ques-
tionnaire to your listeners. Tell 
them on the air you'd like to 
know who and where they are, 
then send them a sheet of ques-
tions. Compile the answers neat-
ly and use them liberally. These 
same letters can show where your 
listeners are, by city or county. 
It's impressive for a prospective 
advertiser to see a list of per-
centages showing who you reach 
and where they live. 

Follow-ups and clear records 
are also necessary for efficient 

salesmanship. We always send a 
memo to thank a prospect for his 
time—whether we make the sale 
or not! If he's a live one, it cer-
tainly doesn't hurt to send him a 
proposal in writing, or a letter 
outlining what you discussed with 
him. Let him know you're there, 
and don't forget to add him to the 
regular promotion mailing list. 

Finally, there are lots of folks 
out there to sell, and all you've 
got to do is see them. It's as sim-
ple as that. List the prospects who 
would be right for your FM sta-
tion, see them systematically, and 
sell them. 

Conclusion 
FM means many things to many 

broadcasters who have experi-
enced success with varied for-
mats. Whatever the format or ap-
proach FM stations use to spe-
cialize their programming for spe-
cific audiences, it's our conten-
tion that the future of FM is as-
sured. Past experience proves it 
and, for the future, reinforces 
the value of FM to both listener 
and advertiser alike. 
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Building an 
nw Station— 

From CP to Sign-On 
By Carl B. Hueberle and 

TN MARCH 1964, WAJR manage-
]. ment requested production and 
engineering to (1) develop a new 
concept in FM programming; (2) 
build a maximum power stereo 
station within the confines of the 
present staff and physical plant; 
(3) produce the end re.sult in a 
minimum time; (4) continue 
present duties; (5) sign-on with 
minimum expenditure but maxi-
mum flexibility. 
Less than 8 months later, 

WAJR-FM signed-on with com-
plete stereo facilities including 
locally recorded events—anything 
from a basketball game to a 
tiddly-winks tournament. Three 
million people now have quality 
music and news programming 17 
hours a day, 7 days a week. One 
million of the potential listeners 
had never been able to receive 
quality FM without more noise 
than music. The 'budget to build 
these facilities, although sizable, 
was squeezed in every possible 
way. Over $10,000 was saved by 
local design and construction. 
When you set out to build an 

FM station, you soon learn that 
there is not an abundance of 
available basic information to 
guide you, and there are few 

Davis 

sources of paternal counsel to 
steer you in selecting equipment 
and efficiently operating a stereo 
facility. In spite of these condi-
tions, we were on the air in just 
a little over seven months after 
our CP was granted. 
We felt there was a definite 

need for WAJR-FM. Adjacent 
counties were not being reached 
by local radio, and the statewide 
Mountaineer Sports Network 
needed a feed signal. Then, too, 
it was felt that many people were 
not completely satisfied by a mid-
dle-of-the-road AM outlet and the 
other local station. 
WAJR-FM came into being in 

1947. By 1962 the old transmitter 
was outmoded—antique, in fact— 
and was taken off the air due to 
instability. The operation had 
befitted the term -experimental" 
—a poorly programmed and 
staffed AM stepchild. Program-
ming was provided via an auto-
matic record changer or by si-
mulcasting with AM. To replace 
and improve the facility, the sta-
tion applied for, and was granted, 
a new channel and a power in-
crease to 25 kw ERP. A new 
t ransmitter was ordered and 
shipped just in time for the FCC 
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Here's what it takes— 

An unofficial cost list taken from sales estimates and purchase orders. 
Additional costs in administrative supplies, engineering and legal fees. 
transportation, wages, etc., increase the total cost figure. Comparatively 
minor items, such as bulk tape erasers, which cost in the neighborhood 
of $15, are not included in this break-down. Figures on labor and locally 
constructed electronic and mechanical units are not included in the 
estimates. 

Electronic Equipment 
Transmitter and antenna equipment: Collins 830H-1A 20-kw transmitter. 
8-bay antenna and 8-bay vertical antenna, 26 U-2 limiter, 900 C-1 modu-
lation monitor; McMartin TBM-3000 frequency monitor  $55,000 

Transmitter Studio: Gates Stereo Yard-Wide console; two Empire Trouba-
dour turntables with Shure M3D cartridges and Audio-Empire Dynalift 
arms; RCA RT-37A cartridge playback unit; Ampex 354 playback tape 
deck; locally-constructed console table and storage shelf unit; standard 
equipment rack  $7,000 

Production Studio: Gates stereo "Executive" console; two Gates CB-77A 
cartridges; Ampex 354 record tape deck and PR-10-2 record tape deck 
'and portable case; RCA RT-37A record playback unit; locally-constructed 
console table and cartridge storage rack; two standard equipment 
racks  $10,250 

Construction* 
Transmitter studio and building modification   $ 1,500 
Production studio and office  $ 800 

Office Equipment & Furniture** 
Transmitter studio: desk  $ 100 
Office: typewriter, file cabinet, table, card index, three desks . $ 850 
Records  $ 800 
Reel tapes   200 
Cartridge tapes***  $ 350 

Advertising: newspaper and mail  $ 500 

Estimated Total  $77,350 

'Does not include labor. 

”New furniture was purchased for other offices where needed. Older furniture 
was released for FM use; however, costs show new furniture purchases. 

•"Since all air announcements are pre-recorded. more tape cartridges and reel 
tapes are required. 

freeze in 1963. The transmitter 
made an about face and went back 
to the factory. 
The matter rested for over a 

year while allocation procedures 
were ironed out. Finally. in March 
1964, WAJR was assigned a fre-
quency of 101.9 me and granted a 
('P for a 50-kw FM station. Then. 
with the advent of vertical po-
larization, management felt that 

the mountainous terrain would be 
best served bv vertical as well as 
horizontal polarization. FCC ap-
proval was then obtained for 50-
kw dual polarized transmission. 
As of March 15th. 1961. the 

station was a paper tiger It had 
received thought as to means and 
methods of programming, but 
concrete construction plans were 
non-existent, even though an on-
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air date of September 1st had 
been arbitrarily set. 
On March 22nd, 1964, a mem-

ber of the AM staff was desig-
nated as FM Production Director 
'and assigned the responsibilities 
of developing the physical plant, 
the basic administrative struc-
ture, and the programming. The 
Production Director was also 
charged with the promotional as-
pects of Lne FM station. The AM 
Chief Engineer received the addi-
tional duties of FM engineering. 
His duties were expanded to the 
development of technical details, 
including wiring, equipment se-
lection, construction procedures, 
and the problem of how to set up 
a "new concept in radio." 

In these opening stages, we es-
tablished that a "quality" sound 
—from both engineering and pro-
gramming standpoints — was a 

basic prerequisite. The music 
policy was tentatively set—good 
music with an upper middle-of-
the-road approach, stressing in-
strumental music, with all, or as 
much as possible, programmed in 
stereo. As the market was reason-
ably open there was no reason to 
specialize in any one area of 
music. To allow ample room for 
error, all steps taken prior to 
sign-on were made carefully, with 
the idea of a complete middle-of-
the-road format at sign-on. As 
comments are voiced on likes and 
dislikes, the station expects to 
move into new fields. Down to 
the initial order of records, we 
developed only a framework pro-
gram schedule. We ordered only 
"standards"; i.e., music which 
would definitely be used regard-
less of possible variations in the 
final program structure. 

Advantages of o Transmitter-Site Studio 

From cost, to overall sound, to proficiency, we feel that having produc-

tion facilities and offices downtown, and the on-air studio at the trans-
mitter offers more advantages than disadvantages. The biggest problem 
is providing the engineer with enough information to ensure proper in-

sertion of prerecorded announcements and intros, but with practice and 
training the problem resolves itself. Had we used a downtown location 

for the on-air studio, we would have had to hire three new announcers or 

used a packaged program unit, not to mention that there just wasn't 

enough space for the studio. Then, too, our transmitter engineers' time 
is put to better use. 

The dual balanced 15-kc phone lines required by stereo presented 

some problems; the telephone company has the equipment, but is short 

on staff. They didn't appear overjoyed at the thought of installing and 
maintaining the facility. Also, we received a report that one station was 

having phase shift problems on their phone lines, resulting in a signal 
loss by the time it got to the transmitter. A 15-kc line is fine for AM, 

but the high audio frequency fall-off reduces FM quality considerably. 
We have discovered that our transmission has more "presence," more 

consistent audible levels of music and talk. 
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Transmitter and 
Studio Locations 

Since the station already had• 
an FM transmitter site, the logi-
cal thing was to locate the new 
FM transmitter there. The old 
FM had been operated by remote 
control on a hill within the city 
limits. The AM transmitter lo-
cation-5 miles out of town with 
directional 5,000-watt daytime, 
500-watt nighttime pattern—could 
also serve as an FM transmitter 
location, complete with an engi-
neering staff. 

We learned during our initial 
research that stereo stations en-
counter difficulty sending the two 
audio channels through two pairs 
of telephone lines without some 

phase and separation loss. There-
fore, we concluded the best studio 
transmitter location would be on 
Bethel Hill with the AM trans-
mitter. With this setup the AM 
transmitter engineers—then only 
reading meters—could run the 
FM programming from logged 
music sheets, using prerec •rded 
commercials, show openint7Q etc. 

Since Bethel Hill is some 5 road 
miles from the downtown offices 
and AM studios, we decided to 
build a production studio at the 
downtown studio site to redu,e 
the administrative and announcer 
problem. Here we would "build" 
the programming material for FM 
—record the commercials, show 
openings, etc. The engineer at the 

Sales— 

We were lucky in as much as we did not have the requirement of "profit 
within 'x' number of days." The ownership and the highly successful 
AM side of our operation gave the FM time to work out its major pro-
gramming ills and to establish itself within the community before it had 
to start a sales campaign in earnest. 

Concentrated sales efforts were begun this past July. We designed and 
ordered several printed sales aids and salesmen were on the street with 
the new packages by the first of September. 

The primary printed aid is a brochure-cover unit which contains brief 
statements concerning the station's services to the community and aimed 
at the local sponsor, his agency, and as an aid to the station representa-
tive working on national business. Printed on tan glossy stock in brown 
and black, it exudes a "quality" station image. It includes coverage 
maps of both the AM and the FM signals, SRDS information on the 
coverage area, and additional sales information.* (Total cost for 1,000 
was less than $100.) 
A second unit is a style-matched rate card. The AM and FM use 

separate cards; however, they are designed to complement each other 
and are cross-referenced for combined time-buying. The rate cards are 
also printed on tan stock. By use of a single ink (black) and half-toning, 
a quality appearance was produced at a minimum cost. 

The third unit is a simple presentation folder—a legal-size sheet with 
the bottom third folded up. It holds any material the salesman wishes 
to give the client (including the contract) and is pre-printed with the 
station call letters and address. The client's name is imprinted at the 
appropriate place. The personalized presentation for the client gives the 
salesman somewhat of a head start. 

Additionally, we utilize an individual presentation for each sponsor. 
When the salesman arrives at the client's door he has in his hand the 
complete package including his conception of what his client should 
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transmitter studio would play the 
records, according to the music-
sheet, and insert announcements. 
For news, we would merely si-
mulcast with AM. 

Studio Design 

After establishing the concept 
on paper, the next step was to 
formulate the studio design and 
operations guide. As of that date, 
a very limited amount of informa-
tion was available as to the "best 
way" to do anything in stereo 
broadcasting or programming. 
Thus, all old patterns were 
basically scrapped. A design for 
the production studio was set up 
by a three-man group, the pro-

duction director, the chief engi-
neer, and the station manager. 
These ideals were established: 
The studio must serve as a show 
room and part-time sales-demon-
stration room. A demonstration of 
equipment and prerecorded sample 
spots seems to aid sales. The room 
must present a relaxed atmos-
phere, uncluttered with equipment, 
an advantage to both operation and 
sales The operation has to be 
flexible and semi-moveable in case 
of a location change in the future. 
Any operation has to be efficient. 
If all recording is to be done from 
one location, and done inexpen-
sively, a limited amount of wasted 
time is of prime importance. With 
these mandates in mind, we ar-
rived at our studio design. 

of Course! 

have on we air. The order is all pre-written and ready for signature. 
To introduce the FM station to a new client, and to soften up sales 

resistance, we used an idea from CHUM-FM in Toronto, Canada, and 
adapted it to our use. This classical music station used a 6-minute tape 
presentation which they call an "Emotional Approach to FM Sales." It 
must be effective—the Canadian station was almost sold out at sign-on! 

To allow maximum sales, we set up our programming to accommodate 
virtually anything from one-minute spots to a 2-hour show package. 
Spots are available (in 60-second time length only) adjacent to the 
hourly news and on weekends. The remainder of our weekday commercial 
time is devoted to 25-30 minute and 55-minute blocks. If a sponsor 
buys, say, a 55-minute package, he receives 25 fifty-five minute shows 
per year; approximately one-third are programmed in the morning, a 
third in the afternoon, and the remainder at night. This rotation gives 
the sponsor maximum audience saturation at a minimum cost and gives 
us a minimum of production problems. Rates were set, for these pack-
ages, by the use of a relatively simple formula. The cost of operation 
(all payments, wages, etc., included) is divided by the number of 
commercial-hour availabilities per week-day per year. The less than one-
hour shows are priced according to the cost per hour figure. 

To provide a "profit margin" for the station, and to offer clients a show 
which they can "call their own" we also set up three production shows 
and have developed three holiday shows. These packages are not sold 
at the lower rotation show rates but are included at the regular rates. 

Two daily national newscasts, several local newscasts daily and the 
annual West Virginia University football and basketball shows, are sold 
at the standard "card-rate" or combined with the AM sales. 
Assuming all rotating blocks were sold, the remaining sales would be 

profit. Even with only about 3/4 of our total availabilities sold we are in 
a slight "profit" position. 
'Mark Data Associates, Albuquerque. N.M. 
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Broadcast Studio (Bethel Hill) 

1 Gates Stereo Yard-wide console 
2 Empire Troubador turntables with Shure M3D cartridges and Audio-

Empire Dynelift arms 
1 Ampex 354 tape deck (playback only) 
1 RCA RT-37A cartridge playback Unit 
1 Locally-constructed console table 
1 Locally-constructed storage shelf unit 
3 Standard equipment racks 

Production Studio (Downtown) 
1 Gates Stereo Executive console 
9 Gates CB 77A turntables with Audio-Empire Dynalift arms and 

Stanton 481-AA cartridges 
1 Ampex 354 record tape deck 
1 Ampex PR-10-2 record tape deck (plus portable case) 
1 RCA RT-37A cartridge record playback unit 
1 Locally-constructed console table 
1 Locally-constructed cartridge storage rack 
2 Standard equipment racks. 

Other normal studio equipment, including patch panels, microphones, 
etc., were also listed, debated, and purchased. 
We found that no reasonably priced commercial turntables have (or 
did not at that time) sufficiently low rumble and wow characteristics 
needed for stereo "quality" programming. 

A rumble or wow, undetectable in AM or in monaural FM, can sound 
like a wind-storm in stereo. Thus, the two belt-driven "home use" ma-
chines were purchased. These are critical to the extent that even 
tightening the drive belt beyond recommended specifications can in-
duce rumble. A heavier drive belt may also cause audible rumble. The 
lack of close cue, due to the extremely slow starting characteristics 
inherent in a belt-driven unit, creates something of a problem in pro-
gramming until the operating engineer becomes accustomed to the 
mechanical operation. Critical to broadcasting also is the fact that 
back cueing is impossible due to a required rubber turntable pad. 
Actually, with less than two duty shifts using the turntables, the engi-
neers develop their timing sufficiently to provide the desired pro-
gramming. 

We have found, too, that a tape recorder instead of just a playback 
unit should have been installed at the transmitter studio. With a re-
corder unit, we could record "on-air" material for later use. Comprehen-
sive air checks could also be made in this manner. 

Ordering Equipment 

As the operational plans were 
completed, equipment procurement 
began. Again, expense came into 
focus as equipment was checked. 
The "mail-order" system of ob-
taining multi-thousand dollar 
equipment units was employed. 
This proved, at best, a poor means 
of spending company money. Too 

late, the value ot attending one 
of the yearly NAB conferences 
and equipment displays was dis-
covered. In our particular case, 
however, all equipment obtained 
ilid perform as hoped, or nearly 
onough so, that with local changes 
by the Chief Engineer, the sta-
tion could operate efficiently. Had 
we attended a display, though, 
some of the equipment purchased 

36 



Even announcements are in 
stereo at WAJR-FM; one of 
two boom-mounted mics 
feed each stereo channel. 
This is WAJR-FM's down-
town production facility 
using a dual channel con-
sole, where all voice pro-
gram portions are recorded. 
The "box" lying in front of 
the console is a remote 
control panel for tape re-
corders, cartridge machines, 
and turntables. 



would have been overshadowed by 
other available units. 
An "optimum" list was devel-

oped, including everything pos-
sible for a "perfect" station. The 
use and importance of each item 
was then discussed and debated. 
If the unit was a luxury item, or 

one which could be omitted and 
still maintain the programming 
concept, it was crossed off the 
list. By this means no extraneous 
equipment was purchased, but 
there was no last minute rush to 
buy something that had been 
forgotten. 

STUDIO LAYOUT AND CONS1HUCTION 

I N MANY WAYS, our new FM fa-
cility was looked upon as an 

AM stepchild, so we were left to 
our own devious means of build-
ing the facilities with a fixed 
budget. Thus, we did much of the 
work ourselves, and resorted to 
many special innovations. 
Construction labor was drawn 

from local resources—from build-
ing the production studio's raised 
platform, to painting the ceil-
ings. As a result, we saved about 
$6,000-6% of our anticipated 
$100,000 total investment. This 
saving is mostly in labor; we 
found it possible to construct 
many items not available in pre-
built form. As an example, an es-
timate of $600 was given by one 
lumber company to construct the 
production room console table. 
The cost, after minor modifica-
tion, was less than $150. The fin-
ished unit serves better than the 
one originally planned, since the 
wiring was installed during con-
struction and modifications were 
made when "hitches" arose. 
Construction of our studios was 

initiated as soon as the equip-
ment was on order. At that time 
all dimensions and terminal points 
of the equipment were known. 
The transmitter building had to 
be completely remodeled prior to 
arrival of the new FM transmit-

ter; thus, it took precedence over 
the production studio in most in-
stances. Design and construction, 
however, were inaugurated for 
the two areas concurrently, so 
that similar construction phases 
could be tackled simultaneously. 
As the transmitter studio is engi-
neer-operated, the engineers were 
consulted. Everything had to be 
put into a compact, efficient cube 
which would allow maximum use 
of necessary equipment with as 
many time saving innovations as 
possible. Due to our almost ex-
clusive use of "student" engineers 
(students at the University), 
shifts are often long to accom-
modate class schedules. In spite 
of the fact that they are part-
time students, they are outstand-
ing and willing workers. 

It was decided that a "U" 
shaped work area would best suit 
the needs of the operators. Three 
racks form the left leg of the 
"U" while the turntables form 
the right leg. The console is 
mounted facing the transmitters; 
a double-paned window allows all 
meters and warning lights to be 
viewed. In the racks we mounted 
transmitter monitoring equip-
ment for both AM and FM, the 
tape deck, and the cartridge play-
back unit. The room is also pro-
vided with a specially built shelf 
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Fig, 1. View of transmitting studio, showing console, turntables, 
and rack equipment. 

unit immediately behind the "U" 
to hcld logs, records for the day, 
and necessary programming tapes. 
An air-conditioning unit was in-
stalled to replace two windows. 
(The windows were considered a 
detriment to silence, plus, with a 
beautiful view of "those West 
VirgMia Hills," something of a 
work deterent. The window areas 
were sealed inside and out with 
exterior grade 3/8" plywood 

sheeting, then treated as regular 
wall areas.) 
We foresaw one major problem: 

By locating the studio near the 

5-kw AM transmitter. a ;10-kw 
FM transmitter, the associated 
antenna system, and the required 
cooling fans, we would undoubted-
ly swamp the audio equipment 
with RF and the studio with 
noise. At the outset, the studio 
area was stripped to bare floors, 
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joists, and rafters, and a "quad-
ruple" wall system was designed 
and constructed. 

First, a rock wool insulation 
material was stapled between all 
joists and rafters and stuffed be-
tween door jams and joists. Next, 
a copper screen cage (using win-
dow screen type material) was 
built to completely enclose the 
area. It was stapled to all joists 
and rafters and laid on the floor. 
All seams and joints were then 
soldered and the system was con-
nected at appropriate points to 
the station ground system. An in-
dustrial grade floor covering 
was installed over the screening 
on double felt mats. All of these 
were bonded together and to the 
concrete floor through the screen 
with mastic. Panels of Celotex 
were rough nailed over upper wall 
and ceiling screening. Finally, 
acoustic tiles were installed on 
the upper wall areas and the ceil-
ing. Pegboard was used up to the 
4-foot wall level to provide a more 
durable surface. 
The room turned out to be 

"studio quiet," yet still live 
enough for quality air work if 
an emergency arose and the an-
nouncers were forced to work 
"live" at the transmitter studio. 

Production Studio Construction 

Concurrent with construction of 
the transmitter-site studio, the 
production studio at the down-
town offices began to take shape. 
Every effort was made to make 
the 15 x 11' studio appear large 
and unobstructed. The room was 
painted in light tan tones with a 
white ceiling. The production area 
was raised seven inches by use of 
2 x 6's and a double 3 '4" plywood 
floor. The reason for the heavy 
construction was the stability re-

quired for lightweight tone arms. 
Other stations we visited during 
our research study had used 2 x 4 
beams on 2 x 6 sill plates. These 
had developed—over a period of 
months—a bounce which had to 
be eliminated with structural re-
inforcement. The flooring was 
both nailed and contact-cemented 
to produce as near a perfect bond 
as possible. Raising the floor al-
lowed the racks to be placed away 
from the work area while still 
electronically accessible to the 
console. 
Six 1" conduit pipes were run 

between the joists from the rack 
position to the console location. 
Four 1" conduit pipes were run 
from the rack position directly 
through the studio wall into the 
AM studio to interconnect the 
two. After compretion of the 
floor area, a wall-to-wall carpet 
was installed in the interest of 
appearances and acoustics. 

Studio Console Table 

The console table was construct-
ed almost entirely with 3/4" birch 
plywood and cost less than $150. 
A hollow leg design proved struc-
turally sound and ideal for wir-
ing. In construction of the base 
legs, the major leg (larger of the 
two) was built with two remova-
ble sides. The fixed sides are 
doubled 3/4" plywood. These were 
bonded with contact cement and 
nailed from the inside, thus pre-
serving the surface areas. These 
two fixed sides provide inside 
surface space for terminal points 
and wiring mounts. An auxiliary 
AC circuit provides light and pow-
er for maintenance work on the 
console or other equipment. 
The top surface was construct-

ed of two shaped 3/4" plywood 
panels. Prior to cementing the 
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top panels together, a 2 x 4 the 
length of the top was fastened by 
a series of stove bolts to the bot-
tom of the underside panel to 
help support the heavy console. 
After the 2 x 4 unit was in place, 

Fig. 2. Two views of the WAJR-FM production 
area. Rack equipment is in close proximity. 

the two panels were contact-ce-
mented and nail-locked together. 
The formica top was also in-
stalled by our own "carpenters," 
neither of whom had ever used a 
router. However, with five min-
utes briefing at the lumber yard, 

the project was handled with pro-
fessional results. 
The two turntables were placed 

at the side of the table 6" below 
the 30" table height. This level 
was found to be ideal after ex-

perimentation for visibility and 
cueing ease. Since that time we 
have discovered that NAB has 
adopted this height as a stand-
ard! 
Boom mies were attached di-

rectly to the table top. Commer-
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cial stands allow adequate flexi-
bility; however, they give the ap-
pearance of giant storks. Thus, 
the boom, swivel unit, and the 
arm of two mie stands were 
mounted on vertical aluminum 
tubes (do-it-yourself 1" tubes) 
which are attached to the table 
by means of a flange mount. 
Microphone chassis connectors 
were sunk into the formica top 
to provide termination for the mie 
cables. A second mie termination 
point, at the base of the major 
console table leg, allows minimum 
cable run to the open recording 
area in front of the platform. 

In the interest of convenience 
and better production, we deem-
ed it necessary to devise a means 
of starting and stopping tape ma-
chines and turntables from a cen-
tral panel at the operator's fin-
ger tips. After pricing several in-
dividual units which are commer-
cially available, we decided that 
the combined cost was prohibitive, 
plus the fact that the individual 
units would take too much space 
on the console table. With a little 
thought and an expenditure of 
less than $20, plus 6 hours con-
struction time, a customized con-
trol center was built to handle all 
physical functions of tape record-
ers, cartridge machines, and turn-
tables. The unit was first placed 
in an aluminum chassis box so the 
ideal location could be determined 
by experimentation before perma-
nent mounting. (After a 4-month 
period of actual use, we have de 
cided to mount the unit in th 
console table at the left of the 
operator, at approximately a 30° 
angle from the console front.) 
The unit is a simple 6" rack plate 
lettered to indicate functions, and 
a series of spst, normally closed, 
momentary contact switches. The 
turntables are operated by power 

relays which activate the 100v AC 
motors. Thus, with one hand all 
the functions can be controlled 
in whatever order desired. Adapt-
ing the remote control to the 
equipment was simple since all 
wiring ran through terminal 
blocks located at the rear of all 
units except the turntables; a 
simple wiring change interrupt-
ing the line ahead of the mercury 
switches took care of the latter. 
To facilitate later modification, 
sub-terminal blocks were installed 
in the console table base leg and 
in the racks. A similar unit was 
built for the transmitter studio 
and mounted in a portable chassis 
box for ease of operation. 

Finishing Touches 

In the near future, a foot-actu-
ated time clock will be added to 
the production studio complex so 
that we can time longer-than-one-
part recordings more accurately. 
The present wall-mounted clock, 
positioned so that it is visible di-
rectly over the portable copy 
board, is adequate to time a 
single spot or uninterrupted re-
cording. However, to record a 
longer-than-one-part time seg-
ment, a stop clock is needed. The 
foot actuated unit will free the 
operator's hands for controlling 
equipment. 
An ideal copy board should not 

block the operator's vision, and 
obstruct the open-aired, relaxed 
feeling desired. Thus, no copy 
board was installed at the time of 
construction. Instead, we con-
trived a simple clip board with 
two legs which gives the an-
nouncer a means of holding copy 
if required. The legs are leftover 
mounts from the thin speakers 
used in the control room. ( The 
speakers were wall-mounted— 
thus four spare legs.) Another 

42 



clip board serves as a portable 
news table with a means of hold-
ing script. The console table copy 
board fits on the console and im-
mediately behind the double mi-
crophone array. 
As the construction phased 

from structural to electrical and 
then to electronic, the staff engi-
neers were called into service 
more and more. Many items— 
such as patch-panel wiring har-
nesses and pre-wired units—were 
built at the transmitter site while 
the engineer had only meters to 
read. These were then installed 
by the Chief Engineer. 
By the fifth month of con-

struction, meeting the original 
deadline of September 1st was an 
obvious impossibility. Added to 
this, the cartridge machines we 
had were reported "in construc-
tion" but experiencing technical 
difficulties beyond the control of 
the manufacturer. Due to time 
limitations involved, other units 
were ordered by telephone. With-
in 48 hours, the two machines 
were at the station, which per-
mitted equipment installation to 
follow an orderly procedure. As 
the two studios began to look like 
functional facilities, we faced the 
next major phase—installing the 
transmitter and antenna system. 

EQUIPMENT INSTALLATION 

At this point, let us delve a bit 
into the "whys" of our transmit-
ter selection. Since we planned 
to run 50 kw into an 8-bay an-
tenna, the smallest unit we could 
use was 20 kw. For one reason 
or another, some of the available 
equipment was not quite suited 
to our situation. We had to have 
a transmitter which would fit 
into the space we had, and 
naturally, we wanted high quality 
equipment with good stereo sep-
aration. From past experience 
with our AM transmitter and 
based on reports from other sta-
tions, we finally chose Collins. 
It comprises two separate 10-kw 
amplifiers fed by a common ex-
citer unit. In our case, the two 
10-kw amplifiers had to be di-
plexed into a single transmission 
line. 

Transmission Plant Installation 

Timing was vitally important 
at this phase of our schedule. All 

equipment had to be on location 
before any installation could 
actually begin, since one AM 
tower had to be replaced with 
one strong enough to support the 
FM antenna. This involved dis-
rupting the night-time AM di-
rectional pattern; therefore, all 
work had to be completed within 
a limited time. 

Permission was obtained from 
the FCC to operate the AM with 
a non-directional night pattern at 
reduced power, and to determine 
operating power by the indirect 
method. The non-directional pat-
tern was arranged by feeding 
only the No. 2 tower with 250 
watts. 

In two days, the old tower was 
pulled down and the heavier 
tower, with FM antennas at-
tached, was erected. Before the 
new tower could take its place 
in the AM operation, the FM 
transmission line installation had 
to be completed. To match the 
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antennas to the FM transmitter, 
and to isolate the AM signal from 
the FM, we wound a coil of 
3 1/8" Heliax line on a home-
made 5 x 5' wood zoil form. A 
variable vacuum capacitor, con-
nected in parallel with the coil, 
provided the required tuning. 
With this major phase of the 
installation out of the way, we 
were able to breathe a bit easier. 
After re-proofing our AM pat-
tern, night-time operation was 
restored to normal. 
With the basic transmission 

system complete, and -preliminary 

Construction of the antenna coupling coil. The form 
is attached to the base on bolts planted in the con-
crete pad. 

transmitter tests out of the way, 
we had to install a dummy load 
in order to fire up the trans-
mitter RF amplifiers. Our dum-
my requires a constant supply of 
water to cool it. Fortunately, we 
had a nearby cistern with an 
ample water reserve. The dum-
my was mounted across the room 
from the transmitter and the 
specified lines were connected. 
The frequency and modulation 
monitors and the limiter were 
installed; at the same time, all 
AM monitoring equipment was 
moved into the broadcast studio, 

within easy reach of the opera-
tor. 

Studio Equipment Installation 

Studio equipment installation, 
while a less monumental task, 
still harbored its share of bugs. 
During the construction, all 
audio wiring had been pulled into 
conduits, and each cable pair 
numbered to avoid the confusion 
inherent in the duplicity of audio 
circuits required in a stereo 
installation. All console inputs 
and outputs were fed through a 

patch panel, thus providing more 
flexible use of turntables, tape 
machines, and microphones. Left 
and right channel mics at each 
of the two locations (console and 
studio positions) are fed to a 
pair of jacks, and the lines to 
the console inputs are fed from 
another pair of jacks directly 
above the mic termination jacks. 
Each pair is normaled so that the 
mics feed directly into the console 
when patch cords are not in use. 
With this arrangement, any or 

all mics may be fed into any 
console input or brought out and 
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connected to any other equipment. 
By the same token, other mies, 
or any other equipment, may be 
fed into the console mie chan-
nels. Each channel of the two 
stereo reel-to-reel tape machines 
and a stereo cartridge tape 
machine is terminated in two 
pairs of input and two pairs of 
output jacks. This arrangement 
affords widest possible use of 
each individual machine: console 

studio equipment phasing. With 
as little equipment as we are 
using, four patch panels were re-
quired. (Telephone lines and as-
sociated monaural lines were ter-
minated on two patch panels.) 

Feed AM to FM and FM to AM? 

In a stereo operation, feeding 
AM to FM, and vice versa, in-
volves more than merely running 
a couple of wires. A means of 

Matrix used to combine the two stereo channels into a single 
channel to feed the AM transmitter. 

output may be fed into each 
machine, a tape may be played 
back through the console for mix-
ing purposes from any machine„ 
or a tape may be dubbed from 
one machine to the other, inde-
pendent of the console, merely. 
by inserting patch cords in the 
appropriate jacks. 
Of course, program lines ter-

minate at the patch panel, and a 
feed to the AM studio and a 
feed from the AM studio, as well 
as a network termination, appear 
on the panel. A series of "multi-
ple" jacks add to the system flexi-
bility by providing the capacity 
for feeding several sources from 
a single output. Also, these facili-
ties have proved valuable in 
polarity determination and in 

doing it had to be developed, 
since sports feeds and network 
news are fed from AM. In addi-
tion, we wanted to be able to 
feed both AM and FM from the 
transmitter studio when the oc-
casion arose. 
To feed AM to FM, signal is 

tapped off the AM transmitter 
line, bridged into an amplifier 
and fed through a splitting net-
work into a spare pot on the 
FM console. To feed FM to AM, 
both FM channels are bridged 
off the FM console output and 
fed into a matrix, which in turn 
feeds an amplifier that can be 
switched into a limiter. Our 
engineering department came up 
with the circuit shown in the 
drawing. 
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Testing 

With our target sign-on date 
rapidly approaching, all systems 
appeared to be in a "go" state. 
However, when the FM trans-
mitter was turned on, the turn-
tables in the transmitter studio 
produced a jungle of noise if 
touched or moved, indicating that 
RF was being picked up by the 

the most serious bug—in the 
studio, at least. 

Complaints From TV Viewers 

Although our transmitter is 
located a mile and a half from 
any major population concentra-
tions, equipment and program 
testing started a flurry of com-
plaints from TV viewers. At first 

Transmitter-site studio. The racks contain both AM and FM 
monitoring equipment and other necessary terminal gear. The 
operator faces the transmitters through the large double-paned 
window. 

turntable circuitry. To correct 
the problem, RF chokes were in-
stalled on the power lines enter-
ing the room, all ground shields 
were checked, and as a final step, 
the external transistorized pre-
amps were eliminated from the 
turntables and the pickups con-
nected through equalizers into 
microphone console inputs. For-
tunately, this turned out to be 

we suspected second harmonic 
problems, since most complaints 
were about interference on Chan-
nel 11. Channel 11 audio is on 
a frequency which is approxi-
mately the second harmonic of 
101.9 mc. Thus, even though our 
second harmonic level met and 
bettered all specifications, we 
went a step further and installed 
a second harmonic filter on the 
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Methods of Eliminating 
FM Interference 

A quarter-wave open-ended stub, 
constructed of 300-ohm lead-in 
wire, is attached to the back of 
the offended TV set at the an-
tenna terminals, or at the an-
tenna itself. The back-of-set 
location is simpler, of course, but 
if a booster is used on the an-
tenna, the stub must be con-
nected ahead of the booster. The 
formula for computing stub length 
is: 

246 V 
(length in feet; :=   

All boosters had t, be equipped 
with a built-in trap or a trap in-
stalled ahead of the booster, 
such as an absorption-type made 
from a length of 300-ohm lead-
in wire and taped to the TV an-
tenna lead-in. 

transmission line. The complaints 
persisted. Finally, we discovered 
the interference was the result 
of severe receiver overloading, 
which produced a second har-
monic component within the 
mixer of the receiver itself. Most 
of the sets suffering from the 
interference were within seven or 
eight miles of our tower, and the 
TV antennas, oriented toward 
Pittsburgh, were aimed right at 
our tower. This, obviously, 
furnished them with a healthy 
supply of our RF. 

In spite of the fact that we 
were in the right, the station 
wasn't making any friends, and 
it was imperative that we solve 
the problem before we could be-
gin regular operation. Correction 
involved installing traps, tuned 
to our carrier, at each offended 
TV receiver (see box). In most 
cases, each set owner either had 
a trap installed or devised his 
own trap, at a nominal cost in 
either case. 
Not content to let the matter 

rest there, we made a tour of all 
radio and TV sales and service 
establishments, told them of the 
problem and its cause and cure. 
As a service to ourselves, and to 
the CATV and TV service com-
panies in the area, we personally 
worked with them to correct the 
problem. We also discovered 
since that our case was by no 
means isolated; most high power 
FM stations have had this TV 
set overload problem. 

Program Tests 

Two weeks of program tests 
were allowed in our revised 
schedule, and by mid-October it 
appeared that we were at least 
partially ready to take on a 
broadcast schedule. On Novem-
ber 1, 1964, with appropriate 
fanfare and last minute sign-on 
jitters, we were a member of 
the growing minority of stereo 
broadcasters! 

DEIAILS OF TRANSMISSION SYS1EM 

THE DE:AGN and installation of 
our FM antenna and transmis-

sion line called for a series of 
necessarily well-timed, coordinat-

ed ooerations — the night-time 
AM DA had to be taken apart, the 
FM antennas added, and then the 
system put back together again. 
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We had our moments of mixed 
emotions in trying to time the ar-
rival of all equipment and sup-
plies, but when construction final-
ly started Dame Luck was pretty 
much on our side. 

Tower Replacement 

Our plan was to mount the FM 
antenna on our #3 AM tower, 
chosen because it is used only on 
the night-time pattern. Disturbing 
the daytime pattern would have 
been more upsetting to the sta-
tion economy. The weight of the 
new antenna, approximately a ton, 
was much too heavy for the exist-
ing tower; therefore, a stronger 
tower had to be installed. To re-
place the tower, we obtained 
permission to operate with re-
duced night-time power, using a 
single tower. 

Installing a heavier tower 
meant starting from scratch— 
new guys, new base, new insulat-
or. A very important considera-
tion in tower structure is the re-
lationship between tower strength 
and the number of essential guys. 
Stronger towers, of course, re-
quire fewer guys, and additional 
guys up the cost—cable, insulat-
ors, earth anchors, etc. Then, too, 
the presence of guying cables will 
disrupt the electrostatic field 
around the antenna unless they 
are properly broken up with insu-
lators so that each continuous 
length is a submultiple of a wave-
length. 
The original 12" face triangular 

cross-section tower had to be re-
placed with one 24" wide on each 
side. The heavier tower required 
heavier guys; the original %" 
cable was replaced with 1/2", but 
we eliminated one set of guys. 
The suitably larger base insula-
tor and heavier tower required a 
new concrete tower base. By ex-

ercising a bit of care, we were 
able to use the existing ground 
system. A new beacon and side 
lights required by the larger 
tower cross-section were installed, 
but we didn't have to replace the 
lighting choke since no additional 
power was necessary. The FM an-
tenna de-icers called for a sep-
arate circuit (their use may be 
necessary when the lights are 
off). Since the de-icers consume 
about 1400w, we used a 1600w 

_ 
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Fig. 1. FM antenna tower mounting 
configuration. 

choke to get the AC across the 
tower base. 

FM Antenna Mounting 

After the new tower wa: 
erected, we mounted the FM an-
tenna. The 8-bay ring type hori-
zontal section, including de-icers 
(Collins 37M-8), was mounted on 
a tower face and the 8-bay verti-
cal dipole section (Collins 309-81 
was mounted on the opposite leg. 
This configuration was used to 
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minimize interaction between the 
antennas and to more evenly bal-
ance their weight. The power di-
vider was mounted on the tower 
at the base of the antenna assem-
bly. The antenna radiation center 
is 18 feet from the top of the tow-
er and the antennas occupy 36 
feet of vertical tower length 
space between antennas is ap-

proximately 5 feet, Fig. 1). 

Transmission Line 
After the new tower was 

erected, a 130-foot length of 
3 1/8" diameter coax transmis-
sion line (Andrew HJ8-50A) was 
attached to the tower, the outer 
conductor bonded to the tower 
just beneath the FM antennas 
and two feet above the tower 
base. This length runs from the • 

of the transmitter run is ground-
ed at both ends with a 21/2-inch 
copper strap running to the an-
tenna ground system and common 
station ground. The coax shield of 
the isolation coil is also grounded 
at the bottom end by virtue of the 
transmitter line ground. 
Two coax splices were neces-

sary, one at each end of the iso-
lation coil. This procedure is 
tricky. We used the recommended 
connectors and followed the man-
ufacturer's instructions to the 
letter. If the outer and inner 
conductors of the coax aren't 
solidly attached to the connectors, 

many problems (fortunately none 
for us) may crop up. 
The air dielectric transmission 

line is pressurized with 5 lbs. 

Table I. Elevation Cs Contour Data-WAJR-FM 

Radial 
and 

Bearing 
(Degrees) 

Average 
Elevation 
2-10 Miles 

(Feet AMU) 

Effective 
Antenna 
Height 
(Feet) 

A 0 

B 45 

C 90 

D 135 

E 180 

F 225 

G 270 

H 315 

1117 

1040 

1089 

1254 

1079 

1215 

1195 

1183 

291 

368 

319 

154 

329 

193 

213 

225 

Effective 
Radiated Distance» Predicted Contour 
Power 1 mvint 0.05 niv 'in 
(kw) (Mlles) (Miles) 

50 26.5 

50 

50 

50 

50 

50 

50 

50 

29.5 

27.5 

20.5 

27.5 

22.5 

23.5 

24.0 

76.5 

78.0 

77.0 

70.0 

77.0 

72.0 

73.0 

74.0 

Height of radiation center above mean sea level, 1408 feet. 

Height of average terrain above mean sea level, 1146 feet. 

Height of radiation center above average terrain, 262 feet. 

power divider to the isolation coil 
at the base. Another 100-foot 
length was used to wind the iso-
lation coil and an additional 100-
foot length runs from the isola-
tion coil to the transmitter, sup-
ported on the AM transmission 
line carriers. The outer conductor 

of dry nitrogen. We've had some 
leakage problems at the antenna 
junction, but even so, a 2,000-lb. 
tank of nitrogen lasts about 30 
days. The line pressurization fit-
ting and gas tank are located in-
side the transmitter building 
where operators periodically 
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Fig. 3. WAJR-FM coverage contours. 
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check the pressure and gas 
supply. Since the RF diplexer, 
combining the output of the 
10-kw amplifiers, is not pres-
surized, a gas barrier was in-
serted between it and the trans-
mission line. 

Tower Base Isolation 

Obviously, the tower must be 
insulated from ground at the AM 
carrier frequency. To maintain 
this condition and at the same 
time get the grounded outer con-
ductor of the transmission line 
across the tower base, we con-
structed a coil to form a parallel 
resonant circuit with the base 
capacity of the tower (base ca-
pacity and the inductance of the 
coil formed by the outer coax 
shield). The resonant circuit of-
fers a high impedance to the AM 
carrier when tuned to the carrier 
frequency, 1440 kc. A 20-180 mmf 
vacuum capacitor, connected in 
parallel with the coil, serves as 
a trimmer to tune the circuit 
precisely (Fig. 2). 
Winding the 3" diameter coax 

on the coil form required a bit 
of patience and improvisation. 
The form had been prepared in 
advance, with notches (12" on 
center) cut deep enough into the 
form members to receive the 
coax. The minimum bending 
radius of the coax was 30 inches 
(according to manu facturer*s 
data); therefore, the coil had to 
be 5 feet in diameter. Calcula-
tions indicated that we would 
need 6 turns on 12" centers to 
give us the 40-uh inductance, re-
quiring a form 5 feet long. To 
wind the coax on the form, we 
stretched out the 100-foot length 
of cable on a clean area, then 
placed the coil form on the cable 
at the point where winding was 
to start. Slowly, we rolled the 

form, carefully placing the cable 
in each notch, until the end 
of the transmission line was 
reached. As the cable was placed 
in each notch, a 3/4-inch wide 
stainless steel strap was fastened 
across the notch to hold the cable. 
As it may sound, this was a slow 
process, but with the almost un-
wieldy stiffness of the cable, it 
was impossible to hurry. The 

Fig. 2. Schematic of tower base iso-
lating circuit. 

vacuum capacitor was attached to 
the inside of a coil form member 
and connected to each end of the 
coil by 2 Yz" copper straps. It is 
tuned by reaching through the 
coil turns. 

Operating Parameters 

Each antenna section, hori-
zontal and vertical, has a gain 
factor of 8.3. This required 6.03-
kw input to each antenna for the 
licensed radiation of 50 kw, and 
an input at the power divider of 
12.06 kw. The manufacturer's 
specifications indicate a trans-
mission line efficiency of 91%; 
therefore, the transmitter output 
was adjusted to 13.26 kw to 
overcome the transmission line 
loss of 1.20 kw. The design and 
pretuning of the system was such 
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that our vswr was nil when it 
was put into operation. Had we 
not been extremely careful 
during construction, including 
transmission line splices, the situ-
ation may have been different. 

Effect On AM Pattern 

The new tower and associated 

circuitry changed the base impe-
dances of all three towers used in 
the night-time pattern, necessi-
tating recomputation of all para-
meters. Upon completion, the 
new engineering data was sub-
mitted to the FCC and permis-
sion granted to resume opera-
tion after reproofing the entire 
system. 

PROGRAMMING 

VIT IT WAS NOT our intention to program 
for specific ethnic groups, we felt that 

there was a need for more European-style music, 
at least during some time periods. Also, in 
conjunction with our "foreground" music con-
cept, we wanted to establish a distinctive sound, 
so that when a listener tuned across the dial he 
would immediately recognize WAJR-FM without 
hearing the call letters. Music preferences were 
made known to us as soon as the intention to 
build the station was announced. Through letters 
and personal contact, many people were quite 
generous with advice. Then, too, we had an 
accumulation of comments on music tastes in our 
AM file. With these guideposts, plus the mana-
ger's 20 years experience in the market, we de-
veloped our program structure. 

Programming Techniques 

To prepare programs initially, a trained 
musician and two temporary programmers were 
hired, each schooled in certain types of music. 
The intention was to set up a 6-month schedule, 
after which the permanent programmer could 
handle the job by merely inserting new material 
with the best of the previously used music. 
Before planning a daily schedule, the program-
mer checks the preceding week's list to avoid 
duplication of feature material, thereby guaran-
teeing a 2-week separation of featured artists 
and music. 
A feature artist is selected for each 45-minute 

time block. Two cuts by the featured artist, then 
a cut from a blending orchestra or group, then 
back to the featured artist for another one or 
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Prefix 
The Orchestra section is filed under the prefix 
"OR" and albums coded with an orange magic 
marker. Dinner music is listed under DM and 
labeled with blue magic marker. The Male Vocal 
selections have the prefix MV and are marked 
with red. The Female Vocal discs are filed under 
FV with a green marker; Vocal Groups are 
headed VG and indicated with yellow magic 
marker. The double coding system insures cor-
rect filing. 

Numerical System 
Each separate group is individually numbered 
—from one to infinity. To keep individual artists 
together we estimated the additional disc prob-
ability of major known artists, then left holes 
throughout the file to allow for additional re-
leases, artists, and music types. 
The new discs are checked against order forms 

and logged in, and assigned a prefix, and if a 
Promotional Issue or received from a Music 
Service, checked. If not usable within our pro-
gramming concepts, it is removed from circula-
tion and held for future promotional use. Usable 
discs go to the librarian and are assigned a 
number. We maintain a long sheet with all music 
on hand and the number availabilities. The li-
brarian "builds" the file cards, inserts them into 

the card file, and releases the disc for air use. 
By holding out new discs until they are com-
pletely filed, the card file is up to date at all 
times. 

File Cards 
Pre-printed legal length spirit stencils are im-
printed with the card file headings of ALBUM 
TITLE, COMPOSER, ALBUM NUMBER (ours 
and the publishers), ARTIST, and SONG TITLES. 
By use of a letterpress process, we are able to 
apply enough pressure to not only mark the 
headings on the master but to force an imprint 
from the transfer sheet, thus providing headings 
on all duplicated material. Three-up cards are cut 
to the proper width, and serated every 4" to pro-
vide the desired 4 x 6 card size. These are 
not split apart until after run-off. Both BROAD-
WAY and CLASSICAL records are color coded 
black. BROADWAY discs are prefixed SM (show 
music), as we include movie themes, and orches-
tral records featuring one show. In numbering 
new SM discs, a cast album is given the next 
consecutive number in the file (no holes left for 
additions) and all adaptations from the original 
are assigned its number and a letter. The classi-
cal file is handled by the publishing company 
number only. All RCA Classical discs are filed 
in one group, all Columbia in another. 



A music slot for each day has a folder for program 
data sheets prepared in advance. Programs are planned 
8 weeks in advance to allow for printing time. 

two cuts, make up a typical segment. A third 
element adds another blending or contrasting 
group, then a switch back to the featured artist. 
The "featured artist" Rolicy permits a complete 
day's programming with a minimum of duplica-
tion, even though different programmers work 
on separate blocks. These are distributed so that 
the programmers' style does not get stale to a 
constant listener. 

In stereo programming the lack of music in 
some categories becomes a critical factor. Due 
to a shortage of records and a strict music 
policy, the programmers were virtually forced 
to follow a set format in major daily program-
ming blocks. 

Initially, we figured a programmer would 
need only 15 minutes to program each hour; 
this, however was a 50% error. We quickly 
discovered that it takes approximately 30 
minutes to program an hour of music, if the 
desired quality is to be maintained. Five normal 
cuts are programmed per quarter hour. The 
transmitter studio operator justifies the pro-
gram list at the close of the hour by deleting 
unnecessary cuts. To properly close the hour, the 
last indicated disc is back-timed. If it appears 
that he will run short, the operator inserts addi-
tional music listed on a standby disc prior to 
the last scheduled cut. The standby records are 
chosen so that, although the given selection may 
not be ideal in that given position, it will not be 
entirely out of place. 
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Program Concepts of WAJR-FM 

7:00-9:00 A.M. "Daybreak," a light, airy, "Doris 
Day Movie" approach designed to lift the listener 
at the beginning of his day. 
9:30-11:30 A.M. Caters to an audience segment 
of mixed nationalities without sounding like a 
foreign language station. 
11:30-1:30 (Noon break for 15 minutes of news 
and sports): "Cafe Internationale" relies heavily 
on light European themes, music found at any 
street cafe. This show has required more work 
than any other to stay within our concept, due to 
the limited amount of available stereo music. 
1:30-4:30 P.M. "Contempore" features instrumen-
tal American movie themes, with a tempo slightly 
faster than the mid-morning show. Music from 
the swing era, sprinkled in periodically, serves 
as an accent element. 
4:30-6:00 P.M. "Club Rendezvous" features com-
bos and quiet group—a drive-time show with a 
different approach to relax and soothe the listen-
er after a day's work. 
6:30-8:00 P.M. (following half-hour news break): 
"International House" produces a restaurant for-
mat music block with a sound more suited to 
the family dining room than to a commercial 
establishment. The foreign element is again in-
jected to enhance the program image. 

8:00-11:00 P.M. "Jetstream" swings from classi-
cal to subtle jazz to broadway and back again 
—music with a bigger, more dynamic sound— 
Mancini, Leroy Anderson, Percy Faith types. 
Provides feature music in direct competition with 
TV's major time block. (TV reception is poor in 
several portions of WAJR-FM service area.) 
11:00-Midnight: The final hour, "Quiet Village," 
provides a typical late show musical fare in a 
lush relaxing vein. 

Throughout the day individual vocal artists 
are limited to the 7-9 A.M. block and the 11-12 
midnight show. Group vocals are used from 
sign-on until 11:30 A.M. All other music is instru-
mental except "Passport to Broadway" on Sat-
urday afternoon and one hour of "Jetstream," 
two times a week. Other areas of tight control 
include the use of brass, used only during 
"Contempore" and "Jetstream." In both cases, 
wailing or screaming material is prohibited. As 
a standing rule, modern two-beat music is used 
with extreme caution—if at all—even though 
performed by name orchestras. Show themes 
were chosen to maintain sound continuity with 
the basic program concept. The underlying or 
overall goal was to develop an individual sound 
without resorting to jingles and other identifica-
tion builders. 



Production Liaison 
Program openings and closings and half-hour 

announcements and breaks are recorded on reel-
to-reel tape; promos and commercials are re-
corded on cartridges. The operator at the trans-
mitter studio need only start the reel-to-reel 
tape for beginning, half-hour break, and closing. 
The music sheet prepared by the programmer 
tells him which cuts to play on each album. 
Since the operator works a 9-hour shift, as many 
breaks as possible are figured in the program 
schedule, even though they may be only 3 or 
4 minutes. Most featured material for each pro-
gram is selected from the same album, thus, 
the operator has to change only the accent disc. 
Records and tapes are transported between the 
program department on a daily basis, except 
for the week-end material, which must all be 
packaged on Friday. Announcement and intro 
tapes are recorded by an AM announcer who 
devotes about two hours a day to provide con-
trol and direction. 
We had hoped to operate with one part-time 

secretary-librarian. This turned out to be a 50% 
time study error. With traffic, posting pro-
grammed music to the log, and the rather ex-
tensive work of handling record ordering, the 
job definitely requires a full-time girl. 

Program Control 

To maintain quality programming, air checks 
are made by almost all section leaders. The 
Chief Engineer makes a daily trip to the trans-
mitter if for no other reason than to inspect 
the area and to check on operator problems. 
Programmers air-check their program blocks 
against the music file list to insure continual 
attention to the log, and management listens for 
proper program concept. To maintain a logical 
means of control, engineering problems—includ-
ing sloppy board work—are referred to the 
Chief Engineer; administrative problems are 
taken to the Production Director, and music 
errors are referred to the Chief Musicologist. 
All concept questions are settled by the Produc-
tion Director. Due to the limited contact be-
tween operators and programmers, if an indi-
cated record cut is bad, the operator notes the 
fact on a Daily Problem Sheet which is re-
turned to the program department. 
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Fig. 2. The second and third copy of the NCR log 
form are used to prepare future programs, and do not 
include the official log information. 



Program Log Forms 

Program logs presented a challenge at the 
outset. Since the station was to operate on a 
tight budget after the initial expenditure, it 
was decided to repeat some program segments 
to a limited extent. To do this, the log had to 
provide a usable copy for re-logging in the fu-
ture. Also, the program and music logs had to 
be combined for the operator. After due con-
sideration, we had the log printed on NCR stock 
(No Carbon Required), bound in units of three. 
These forms cost nearly three times as much 
as any other; however, considering the time re-
quired to load three sheets of paper in a type-
writer and set up the carbons, the cost of the 
NCR forms is justified. 
The left side of the log (Fig. 1) includes a 

triple column for entry of record number, side, 
and cut. The official program log requires a 
minimum of fill-in time. The "cart" column 
includes numbers of cartridges and tapes to be 
used at specified times. The white cover sheet 
becomes the official log with time entries, etc. 
It is shipped to the transmitter with the daily 
record stack. The yellow second sheet is filed 
for a repeat of the music series. Changes will 
be made in pen and ink, then the new log pre-
pared from it. The pink third copy is used as 
a dummy for the following week's scheduling, 
then destroyed. The music list helps identify a 
listener call-in for a song title. By referring to 
the list, the record number, side, and cut, the 
title may be found in the record file. 

Music Library File 

Building a stereo record library within our 
requirements has been difficult, due to the un-
availability of a vast selection in some cate-
gories and further compounded by the fact that 
some record companies are reluctant to release 
records to stations for less than the full whole-
sale price. Several • companies offer a music 
service; however, in our case, as much as 50 (.• 
of the music received on this basis is not usable 
because of its content. Even if service costs are 
low, the cost-per-disc becomes almost the nor-
mal wholesale rate. The major companies have 
been quite helpful with prices and services; one 
company has established a means whereby un-
wanted material in their subscription service 
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The serated, 4 x 6 3-up cards used for record filing 

list pertinent data on each album to aid program 
preparation. 

may be exchanged, assuming it is in original 
condition. ()ne company (Somerset) is now 
providing full albums for 50. 

To reduce the over-use of music and to allow 
ample separation between days of use, the or-
chestra file was split into 7 stacks. Each stack 
contains about 60 discs comprising a variety of 
music. ()ne stack is used foi- each day of the 
week, then we go back to the top. Other classifica-
tions are maintained in normal file sequence. 
Of course, we are constantly adding to our 

library; we feel justified in purchasing an al-
bum if it has at least two cuts we can use. 
Our initial record order, composed of less than 
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200 albums, was selected on a general basis, 
music we were sure to use, even if it became 
necessary to make format changes. By the on-
air date, we had increased our library, since 
our format had become more finalized. 

IN RETROSPECT 

MUCH WATER has gone over the dam since No-
vember 1, 1964, and many kilowatts of FM 

stereo music have been radiated from our an-
tennas. In some respects, it seems as though it 
all began just yesterday, but in others the be-
ginning seems like ancient history. As one might 
expect, every single plan hasn't been fulfilled, 
and we still have goals to reach, but generally 
we have accomplished much of what we set out 
to do. 
WAJR-FM is now a byword in many homes 

and a target for letters from a few others. 
More importantly, however, the station has be-
come a fixture within the multiple communities 
in our coverage area. We have gloried in our 
first stacks of congratulations and weathered 
the opening blasts of criticism. During the first 
few weeks, we could have done nothing wrong; 
praises of the "new medium" were many. But 
once the newness wore off, we were just like 
the boys up the street. Everybody had his opin. 
ion. Our concept of joining classical, folk, and 
jazz into a single format suited to these varied 
tastes was not easily "sold." It took many per-
sonal letter3, speeches to community groups, 
and some community-minded advertising. 

Station Promotion 

How do you tell people over a 17,150-square 
mile area that you are on the air without spend-
ing a fortune? Logically, you start at home. We 
utilized advertising media we felt we could af-
ford; obviously, promos on our sister AM were 
used extensively, plus several ads in local pa-
pers. Beyond this, we worked hard to gain favor-
able editorial coverage. Since the FM invest-
ment was expected to be in excess of $100,000 
it ranked with almost any new big business, 
and we planned our news releases accordingly. 
Every week or two for a period of three months 
before sign-on, multicolor ditto news releases 
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were sent to each newspaper within a 40-mile 
radius. We also included mats in occasional re-
leases (as inexpensive as photos, but give more 
assurance of publication). As we approached 
sign-on, a complete information package, inclue 
ing photos and mats, technical information ar ,' 
news releases, was sent to each paper, As a re-
sult, our sign-on got front page coverage in 
many area publications. 

Shortly after sign-on, we wanted to measure 
the size of our audience as well as reactions 
toward our programming. With our quality ap-
proach, the typical AM radio contest with lots of 
ballyhoo and prizes seemed unfitting. Accord-
ingly, we developed a simple contest with FM 
radios as prizes; the only entry requirement 
was that the listener send his name, addre-s 
and if he so desired, the name of his favorite 
program. Contest promotion copy was slanted 
toward the humorous. We did not imply that the 
prizes were anything to be desired—just some-
thing nice to have. One promo per hour and 
short station break promos were the only means 
by which the contest was publicized; no other 
medium was used. Until the final week of the 
contest, we didn't describe second and third 
prizes by product—just that they would be 
awarded. 

In conjunction with the contest, we conducted 
a poll of those people we knew listened and 
those who had written earlier, or were met on 
the street. From this we discovered that only 
one in 25 or 30 would bother to enter the con-
test. This compares to one in 10 to 15 who en-
ter similar contests we had conducted on AM. 
As we had hoped, we received many comments 
indicating likes and dislikes, enabling us to bet-
ter analyze our position and determine what 
changes were needed. Total cost .of the promo-
tion was less than $400, which was traded out 
in advertising. 

Programming 

Our initial program format remained basical-
ly unchanged; only minor adjustments in some 
segments were required. As we progressed, the 
overall music tempo seemed to drag; much of 
the available music for a quality format is nat-
urally slow-paced and the rut is easily widened. 
Only through careful selection were we able to 
keep the tempo up in some blocks. We also dis-

62 



covered that many of the people who scream 
for more classical music don't recognize it when 
they hear it unless it is announced as such. 
The original vocal-instrumental ratio has not 
been increased, since the audience hasn't indi-
cated a preference for it. The early morning 
program dragged almost from the beginning; 
therefore, we included more brass than we had 
originally intended had to use. The mid-morning 
Bon Jour has taken on, almost without a notice-
able push, a distinct European sound, complete 
with foreign orchestras and a distinctive Medi-
terranean beat. 
The hardest blocks to program turned out to 

be the quietest and least noticeable—the lunch 
and dinner hour periods. Since most suitable 
music has a tendency to sound like background 
material, we felt it necessary to give each block 
a distinct sound. We gave each show a different 
outlook; the noontime show has a light Vienna 
and sidewalk cafe touch, while the evening 
block has a quality supper club theme. 
Our prime time period was found to be dur-

ing the evening hours. The Jetstream feature 
is heavy with the big orchestral sound. We have 
edged some well-known classical music into this 
block; it is not announced as classical, so that 
the classical music hater is not scared away. 

Specials and Remotes 

No blocks of specialized programming were 
inserted until the end of the first 6 months, 
thus giving us time to size up what the audience 
might want. So far, we have added only three 
programs—a 2-hour classical show on Sunday 
afternoon, a 1-hour Broadway show on Satur-
day afternoon, and a 1-hour Saturday night jazz 
show. 
We have not done as many stereo remotes as 

we originally planned, pr'marily because of the 
manpower and time required. To set up and 
record a stereo program takes at least two well-
trained men and three times as long as a 
monaural remote. Under current staff condi-
tions, two men sent from the statf on requires 
a virtual shut-down of some other operation 
(and there are 23 on the staff). Response to 
the two test programs which we did produce 
was overwhelming, and sharp increase in audi-
ence commentary was noticed after each pro-
gram. This pretty well establishes the fact that 
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if a fairly consistent number of remote pro-
grams from several of the major cities in our 
area were used, it would markedly strengthen 
our rating. 

Music Library 
A large basic music library is vital to a pro-

gram format such as ours, and our initial image 
could have been improved had we purchased 
more records at the outset. Also, our plan to 
reprogram music blocks was curtailed; we had 
to wait until we had enough music on hand to 
build our basic blocks for repeat programming. 
At the end of 6 months, we had hoped to reuse 
the previous program schedules and start over 
again, changing only necessary selections. We 
finally had to settle for a 4-month program 
package which began in late March. By that 
time, we had enough material to build without 
padding. Changes are made only in the case of 
a record deletion or to insert some new material. 
Record procurement was a major problem. 

After about 6 months, we had obtained records 
from all but two desired labels. Prices ranged 
from $.50 to an almost prohibitive $2.50 per 
album. Before we spent $2.50, though, we made 
certain that at least 6 cuts would be suitable 
to our format, and on the $.50 albums we made 
sure that two cuts were suitable. 

Subscription buying can be expensive, even 
though the cost is only a dollar for each disc. 
By the time half or more of a proffered album 
selection is discarded, you quickly have the $2.00 
investment per album again. So far, we have 
found only one company which will trade back 
unwanted discs. In view of this, we try to make 
quarterly record orders serve our purpose, ex-
cept in the cases where we trade unwanted discs. 
We have also considered trading advertising 
for records, locally, on a dollar for dollar basis. 
This method has worked well in larger markets; 
however, few local agents want to spend that 
much money in advertising. 
Our filing system works well, that is, if all 

available music is filed. In the beginning, we 
got behind in our filing, and it has only been 
in recent months that the mass of cards has 
become a usable fixture. Upon arrival of a new 
disc, we now mark each musical number accord-
ing to program block. This immediately sep-
arates the selections and keeps the shows sound-
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ing as we think they should, as well as reducing 
programming time considerably. At the same 
time, discs are assigned to a particular day of 
the week; all orchestral records are separated 
into 7 groups, thereby keeping any repeats at 
least 7 days apart. All incoming music is care-
fully auditioned to determine its exact sound 
and how it will fit into a contemplated pro-
gram. 

Records have held up well; some have been 
used for more than a year, and with the limited 
number of discs at sign-on, some have had re-
peated use. Only nominal care is taken of rec-
ords—no special gloves, cloths, etc. In fact, in 
all but seldom used albums, the paper liners 
were discarded shortly after the record went 
into use. At the suggestion of a California 
BM/E reader, we are using spray Windex to 
clean finger prints and other dirt from the 
record surface. The aerosol spray is used spar-
ingly, then the residue is wiped off with a felt 
cloth dampened with water. In cases of deep-
seated dirt, the chief programmer uses a mild 
detergent and warm water. 

Personnel 

We quickly learned that a first class license 
holder was not necessarily capable of handling 
the programming part of his duties. During the 
first year, we lost three engineers and every 
student operator (full-time university students). 
Thus, we had to replace the full-timers and 
add another full-time man. In each case, a salary 
increase was necessary due to the additional 
ability required. We had allowed for a certain 
personnel turnover, but not for an increase in 
salaries. At sign-on, we had men working 9-
hour shifts; this had to be reduced to 6-hour 
shifts to maintain program efficiency. 

In programming, our luck was better. Two 
part-time programmers were phased out, al-
though some months after we had originally 
planned. We did have to add a part-time record-
ing engineer to handle necessary taping. Our 
programmer is an ex-musician who, although 
he had no radio background, had sufficient 
musical knowledge to set up basic programming 
and assume many duties formerly handled by 
other staff members. 

Engineering 

When our equipment was purchased, it was 
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what we considered the best available for the 
money. At that time, however, there was only 
one recognized stereo console. Availability of 
professional stereo equipment for studio use 
was limited; in fact, much of it was still in 

experimental stages and not yet time-proven. 
Our biggest problem has been with our turn-

tables; the production turntables are noisy and 
the on-air turntables are extremely slow-start-
ing. In addition, they cannot be used for back-
cueing. Currently, we are considering several 
new models as replacement units. 

Pickup cartridges have been changed three 
times in an attempt to obtain the response and 
gain required. It appears that the Shure M44-7 
cartridges now in use give us better service and 
greater life expectancy. 
The size of our physical plant is proving to 

be inadequate; both the downtown production 
studio-office complex and the on-air studio-

The Management Viewpoint: Sales Success 
After 14 months of operation, General Manager 
L. W. Fleming, Jr. reports that he is quite happy 
with overall operation of WAJR-FM, particularly 
with the success of their recent sales efforts. 
And well he might be! An AM-oriented sales 
staff has taken the bull by the horns and devel-
oped enough accounts to just about "turn the 
corner." Mr. Fleming indicates that they have 
attained 25% of their desired commercialization. 
To accomplish and maintain this, each of the 
three salesmen must make a satisfactory number 
of FM sales presentations each week. It's the 
traditional sales approach; if you see enough 
people, you're bound to make sales. 

The WAJR-FM salesman does not have to rely 
solely on his wits, however; he ha3 access to a 
variety of prepared sales presentations, devel-
oped by the staff, which point out the salient 
features of each program segment. From this in-
formation, the salesman can tailor his presenta-
tion to each specific potential client. Also, a 
6-minute recorded sales aid, detailing WAJR-
FM's foreground sound ideals, is available for 
sales use. Thus, armed with the proper sales 
preparation and enthusiasm (which Mr. Flem-
ing appears to be quite capable of instilling), 
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transmitter location are just about half the size 
they should be. The programmer and his secre-
tary should have a separate office, as should 
the FM director. The production studio should 
be sound-sealed from the office area. Presently, 
a partial (8') dividing wall is all that separates 
the studio from the office which houses all 
FM employees. Originally, we felt that the pro-
duction studio would be used only for short 
periods; however, the FM studio is used as 
much for AM production work as the regular 
AM production studio. Consequently, there are 
many hours when FM office work must be con-
fined to pen and pencil and "silent running." 

It is hoped that others contemplating an op-
eration such as ours will profit by our mistakes. 
It's very seldom that anyone ever started any-
thing of this stature and scope and not wished 
he had made a few changes in his original plans. 
Fortunately, most of ours are of a comparatively 
minor nature. 

the salesman can show his prospect how to 
put advertising dollar to good use. 

The WAJR-FM commercial schedule allows a 
maximum of five spots per hour—before and 
after the hourly news summary and on each 
quarter-hour. Major news programs (7-8-12N-4-
6), while simulcast with the sister AM, are sold 
separately. West Virginia Sports Network pro-
grams, originated by WAJR, are sold separately 
on AM and FM. 

WAJR-FM's active client list includes two 
banks, a limestone company, numerous color TV 
and stereo equipment dealers, two of Morgan-
town's leading jewelers, and a Cadillac dealer. 
During the past holiday season, one dealer alone 
sold 43 stereo combination consoles, which is 
some sort of record in a town that size. Prior to 
the existence of WAJR-FM, the area had been at 
least partially indoctrinated with FM and there 
were quite a number of sets in operation. Since 
the advent of WAJR-FM, set penetration has in-
creased markedly and is still growing, according 
to reports from receiver dealers. 

As a further indication of WAJR-FM's growing 
success, several listeners have complained about 
commercials, a "brickbat" more FMers would be 
delighted to get! 
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Improve FM Coverage 
with 

Dual Polarization 
By Harry A. Etkin 

FM stations radiating a hori-zontally polarized signal 
experience a definite loss in trans-
mission effectiveness because of 
the vertically polarized whip or 
line cord receiving antennas used 
with many modern FM sets. 
Transmission of a vertically po-
larized signal, in combination 
with a horizontal signal, will con-
siderably improve coverage of the 
authorized service area. The ad-
vantages of a dual polarized FM 
antenna system are: 
1. Increased signal pickup by 

vertical car whip antennas. 
2. More signal into home FM re-

ceivers with line cord and 
built-in antennas. (These an-
tennas are widely used in con-
sole FM combination radios.) 

3. More signal into transistor 
portable FM receivers with 
whip antennas. 

4. Increased signal level in the 
null areas of the horizontal an-
tenna. 

5. Improved reception in multi-
path areas; more listeners in 
hilly terrain. 

6. Improved reception of monaur-
al, stereo, and SCA signals. 
This article will provide the FM 

broadcaster with detailed electri-
cal and performance characteris-
tics for the proper installations of 
a dual polarized antenna system. 

Technical Considerations 

The addition of vertical polar-
ization is not a cure-all in pro-
viding increased coverage. In 
some cases the addition of vertical 
antennas will not increase signal 
in a deadspot for the horizontal 
system. Vertical radiation will 

Fig. 1. Basic folded dipole. 

not cure the multipath effect, but 
used in conjunction with the 
horizontal system, improved re-
ception in areas with multipath 
problems often results. The dual 
system also does not increase sig-
nal pickup of a horizontally po-
larized receiving antenna. 

Broadcast engineers should note 
that operation of both types of 
antenna systems does not degrade 
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the horizontally polarized ERP 
when the vertically polarized an-
tenna is installed. Existing FCC 
Rules authorize radiation of the 
same amount of power in the ver-
tical mode. For example, a Class 
B station having a 10-kw trans-
mitter and a 4-bay horizontally 
polarized antenna with a gain of 
4 will radiate a horizontal ERP of 
approximately 30 kw. A vertical 
antenna system could therefore 
radiate an equal 30 kw in the 
vertical mode. 

Horizontaly polarized vee, ring, 
and circular shaped 'radiating an-
tenna elements have earned an 
excellent reputation, and their 
technical characteristics are well 
known. The vertically polarized 
antenna is basically a folded dip-
ole, usually constructed of copper 
tubing or transmission line cop-
per (see Fig. 1). 

These dipole elements, or bays, 
are spaced approximately one 
wave-length apart. The bays in 
some makes of antenna are then 
fed in phase along a transmis-

DIPOLE 

HORIZONTAL 
PATTERN 

Fig. 2. Pattern for a half-wave 
horziontal dipole. 

sion line that will support from 
one to sixteen elements connect-
ed in parallel. The impedance 
of each dipole is made greater 
than the transmission line im-
pedance by the number of ele-
ments. Thus, the input impedance 
of the antenna must be 50 ohms 
to match the transmission line 
impedance following the standard 
Ohms Law formula for parallel 

impedance (l/Zin = 1/Z, -F 1/Z2 
  1/Z.). 
The standard FM antenna is a 

modified half-wave horizontal dip-
ole. Fig. 2 shows the horizontal 
radiation pattern, the typical fig-
ure 8. According to the position 
of the antenna it is possible to 
radiate a signal which is either 

END OF 
DIPOLE 

Fig. 3. End view pattern of a 
half-wave horizontal dipole. 

vertically or horizontally polar-
ized. When the dipole is horizon-
tal, the signal is horizontally po-
larized; when the dipole is in a 
vertical plane the radiated signal 
is vertically polarized. 
To produce a circular horizontal 

radiation pattern; the most com-
mon antennas in use today are the 
circular ring and vee type. These 
antennas will radiate a uniform 
omnidirectional circular horizon-
tal polarized pattern. The circular 
dipole is usually end-loaded to 
provide a more uniform current 
along its length. The appearance 
of the radiation pattern, when 
viewed from an end of the dipole, 
is shown in Fig. 3. The circular 
or ring antenna is simply a folded 
dipole bent in a circular shape, 
which gives a circular horizontal 
field pattern. The vee antenna is 
a folded dipole formed into a trun-
cated vee shape. As the number of 
horizontal bays is increased, the 
vertical radiation beamwidth is de-
creased or "squeezed down." To 
step up the vertical radiation pat-
tern, vertical antenna elements 
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FCC RULES ON DUAL POLARIZATION 

The FCC Rules and Regulations, Volume Ill—January, 1964, Part 
73—Radio Broadcast Services, designates in Paragraph 73. 310 FM 
technical standards that the definition for effective radiated power 
is as follows: 

The term "Effective Radiated Power" means the product of the 
antenna power (transmitter output power less transmission line 
loss) times (1) the antenna power gain, or (2) the antenna 
field gain squared. When circular or elliptical polarization is 
employed, the term "effective radiated power" is applied separate-
ly in the horizontal and vertical components of radiation. For 
allocation purposes, the effective radiated power authorized is 
the horizontally polarized component of radiation only. 

It should also be noted that Paragraph 73. 316, Antenna Systems, 
sub-paragraph (a) specifies that: 

It shall be standard to employ horizontal polarization; however, 
circular or elliptical polarization may be employed if desired. 
Clockwise or counterclockwise rotation may be used. The supple-
mental vertically polarized effective radiated power required for 
circular or elliptical polarization shall in no event exceed the 
effective radiated power authorized, The rules therefore provide 
that the amount of power authorized for horizontally polarized 
radiation may also be radiated in the vertical mode Under Para-
graph 73. 257, FM broadcast stations are required to apply to 
the FCC for a construction permit, requesting authority to install 
a vertically polarized antenna as addition to the existing hori-
zontally polarized system. 

must be used in ination with 
the horizontal elements. 

Using a half-wave dipole in the 
vertical mode, the horizontal be-
comes the vertical and the radia-
tion pattern is circular, like the 
doughnut pattern in Fig. 4. 

Installation Details 
There are three basic configura-

tions to be considered in the in-
stallation of dual polarized an-
tenna systems. The first, shown 
in Fig. 5, is the stacked arrange-
ment, with the horizontal elements 
mounted above the vertical ele-
ments. Notice that the center of 
vertical radiation is lower than 

the center of horizontal radiation. 
A large tower section must be 
used for mounting the complete 
antenna system. 
The second method, shown in 

Fig. 6, is the "back to back" 
mounting, which distributes the 
weight of the dipoles equally. The 
vertical antenna elements are 
mounted on one side.of the tower 
and the horizontal elements on 
the opposite side, at the same 
height above ground. 
The third method is interpos-

ing or interlacing. This system 
of mounting places the vertical 
antenna in the same plane as the 
horizontal antenna with the verti-

70 



Fig. 4. Pictorial radiation pattern 
for a vertical dipole (doughnut 
pattern). 

cal elements between the horizon-
tal antenna sections (see Fig. 7). 
Notice that less tower mounting 
space is required than for the 
stacked system in Fig. 5. 

Interlaced or Interposed System 

Of the three described mount-
ing methods, the interlaced or in-
terposed system is the most ef-
fective in improving the station's 
coverage area. In this system the 
pole mounted antenna does not 
affect the pattern circularity. 

Back-to-Back System 

Some engineers prefer the 
"back to back" system, since this 
arrangement tends to balance the 
pole or tower load distribution. 
However, because the vertical and 
horizontal elements are facing in 
opposite directions, the horizontal 
pattern distribution of their re-
spective signals may be affected. 

Stacked System 

Many recent installations are 
of the stacked antenna type. These 
are popular because advantage is 
taken of the existing FM horizon-
tal antenna. The vertical antenna 
bays are usually installed directly 
below the horizontal bays. 
The difference in height of the 

antenna elements in the stacked 
configuration may affect the line 
of sight distance to the horizon. 
When tower-side or tower-leg 

mounted, the antenna pattern will 
be somewhat affected by the sup-
porting structure. The extent of 
deviation from a circular pattern 
will vary with the type and size 
of the structure. 

Power Distribution 

Since normally one transmitter 
feeds both_ antennas, the recom-
mended type of installation is a 
single transmission line from the 
transmitter output to the anten-
na. Therefore, to operate with 
the same horizontal and vertical 
ERP, a power divider or splitting 
"tee" with a power division ratio 
of 50/50, 60/40, or 70/30 can be 
used to feed both the horizontal 
and vertical assembLes (see Fig. 
8). An adjustable transformer 
may be used between the power 
splitter and the antenna elements 
to adjust for proper matching and 
power distribution. 

Fig. 5. Drawing of stacked dual 
polarized antenna system. 

71 



WHY DUAL POLARIZATION? 

Many of the FM receivers on the market today are "economy type" 
with line cord antennas. Many transistor portables and most FM 
auto radios utilize vertically oriented whip antennas. FM transmit-
ting stations radiate horizontally polarized energy. Thus, in spite 
of adequate ERP, adequate signals are not available at a significant 
number of receivers. 
The answer to the problem of serving the total potential audience 

is dual polarization. Results of authoritative tests and measurements 
prove that dual polarization improves the signal level in the average 
FM receiver by at least 15 db. (The average receiver included AC-
DC units with 30-inch pigtail antennas and combination AM-FM 
and hi-fi stereo consoles with built-in and line cord antennas.) For 
signal tests using auto radios and transistor portable FM sets 
equipped with vertical whip antennas, dual polarization produced 
increased levels of 16 to 17 db. 
Thus, to reach more effectivey the potential audience, an FM 

station, particularly in lower power class, should seriously consider 
the advantages of dual polarization 

WHAT ABOUT COST? 

Vertically polarized antennas may be installed in addition to the 
existing horizontal system, or in a completely revised antenna array. 
Costs would naturally vary with the complexity of the system: 
however, average cost of installing a 5-gain horizontal and vertical 
element antenna would be: 
$ 3300 for horizontal elements with de-icers 
$ 2800 for vertical elements 

$1000 for shipping, installation and AC power to de-icers, for hori-
zontal elements. (Verticals do not require de-icing.) 
The average cost for a complete new 5-bay horizontal/5-bay 

vertical combination antenna, therefore is about $7,000. It must 
be remembered that one cannot get something for nothing. This 
holds true when adding vertically polarized radiation to an antenna 
system More horizontal elements are required to provide a given 
ERP value, since some of the power normally going to the horizontal 
elements is diverted to the vertical antenna. This factor makes the 
antenna system larger, and increases costs. The addition of verti-
cally polarized radiation to an existing or contemplated FM an-
tenna system is certainly a worthwhile project. Past experience has 
indicated that this addition should be at least 20 percent of the 
horizontally polarized ERP, to be worthwhile economically. 
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As noted previously, the maxi-
mum allowable ERP of vertical 
polarized radiation is limited to 
the licensed horizontal radiated 
ERP power. The power available 
to the antenna can be determined 
by multiplying the transmitter 
power output by the transmission 
line loss (efficiency). For example, 
the total available power of a 10-
kw transmitter is equal to 10 kw 
(transmitter output) multiplied 

Fig. 6. "Back-to-back" dual polar-
ized antenna system. 

by the transmission line efficiency 
of 90%, the result is 9 kw of 
available power. If the horizontal 
polarized antenna is a 3-stacked 
array with a gain of 3.0, and the 
station's licensed ERP is 24 kw, 
then the transmitter will be op-
erating at less than full power 
output of approximately 8.0 kw. 

Since the total available power 

is 9 kw and we want to operate 
with same horizontal and vertical 
power, using one transmission 
line, we must use a 50/50 power 
split to feed 4.5 kw to each an-
tenna. A 6-bay horzontal polar-
ized antenna with a power gain 
of 6.3 would be required to ob-
tain the licensed ERP of 24 kw 
with a power input 3f 3.8 kw for 
each antenna feed me. 

If a 6-bay horizontal polarized 

antenna is used, a 5-bay vertical 
polarized antenna should be inter-
laced between the hcrizontal ele-
ments. One manufacturer's verti-
cally polarized antenna has the 
same gain as their horizontally po-
larized elements; thus, an equal 
number of horizontal and vertical 
bays may be used. The vertical 
polarized ERP for this combina-
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Fig. 7. Intermingled or interlaced 
dual polarized antenna system. 

tion would be 20.2 kw. (5.31 power 
gain x 3.8 kw power input = 20.2 
kw ERP). Thus the dual polarized 
FM antenna combination would 
therefore comply with the FCC 
regulations. The gain of the hori-
zontal and vertical antennas in-
creases with the number of stacked 
bays used; Table I contains the 
figures for determining the appro-
priate number of horizontal and 
vertical antenna elements. 

Vertical Pattern 

The vertical pattern shows how 
the radiated energy is distributed 
and its proper choice is an im-
portant factor in good coverage. 
The vertical pattern is a plot of 
the relative field strength versus 
the vertical angle transmitted in 
a given vertical plane. Fig. 9 il-
lustrates typical patterns for low, 
medium, and high gain antennas. 

Choice of System 

In the examples given here, only 

vertical and horizontal plane radi-
ation has been discussed. Ellipti-
cally polarized radiation results 
from a dipole whose axis is 45 de-
grees to the earth. Unfortunately, 
this condition holds true in two 
general directions only. Circular:y 
polarized radiation occurs from a 
combination of vertically and hori-
zontally polarized radiators with 
the same center of radiation ard 
with power 90 electrical degrees 
displaced. Circularly polarized FM 
antennas are practical in inter-
posed arrays if the power to the 
vertical (or horizontal) elements 
are delayed 90 degrees. There ap-
pears to be no particular advan-
tage of circular polarization over 
straight horizontal and vertical 
polarization. 

Selecting the desired dual po-
larized antenna system can only 

Fig. 8. A typical FM 
power dividing tee. 
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lee;.,- 441,Mier leer -.411 - - -; 
HORIZONTAL VERTICAL 

No. Input No. Input 
Of Gain Power Rating Of Cain Power Rating 

Dipoles Power DB. KW DBK Dipoles Power DB. KW DBK 

1 0.9 0.5 3 4.8 1 .95 .002 3 4.8 

2 1.0 2.8 6 7.8 2 1.97 2.942 6 7.8 

3 3.0 4.8 9 9.5 3 3.12 4.942 9 9.5 

4 4.0 6.0 12 10.8 4 4.2 6.230 12 10.8 

5 5.1 7.1 15 11.8 5 5.31 7.251 15 11.8 

6 6.3 8.0 18 12.6 6 6.39 8.057 18 12.6 

7 7.3 8.6 21 132 7 7.5 8.751 21 13.2 

8 8.4 9.2 24 13.8 8 8.57 9.330 24 13.8 

10 10.5 10.2 30 14.8 10 10.96 10.398 30 14.8 

12 12.5 11.0 36 15.6 12 13.19 11.204 36 15.6 

14 14.5 11.62 42 16.4 14 15.3 11.844 36 15.6 

16 16.5 12.18 48 17.2 16 17.48 12.426 36 15.6 



Fig. 9. (top) 2-
bay vertically 
polarized anten-
na. Power gain: 
1.969, db gain: 
2.942. (center) 
8-bay vertically 
polarized anten-
na. Power gain: 
8571, db gain: 
9.330. (bottom) 
16-bay vertically 
polarized anten-
na. Power gain: 
17.483, db gain: 
12.426. 
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be made by evaluating a particu-
lar station's requirements. Con-
sideration must be made of the 
inter-effects of these factors: 

1. Available transmitter power. 
2. Transmission line losses. 

3. Existing antenna and tower 
structure. 

4. Terrain of area coverage. 
5. FCC rules. 
The proper choice will result in 
vastly improved service to an 
existing FM audience. 
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DUAL 
POLARIZATION 

A Boon to 
FM Broadcasters 

uring the past two years there 
has been a great deal of in-

terest directed toward achieving 
more uniform coverage from FM 
broadcast stations through the use 
of dual polarized antennas. Tests 
conducted using facilities at 
WNHC-FM, New Haven, Conn. 
have been reported in CCIR Study 
Group X, Document USPC-BC 22, 
dated Dec. 15, 1964. The antenna 
feed system was modified to pro-
vide for radiation of horizontally 
polarized signals only, vertically 
polarized signals only, or a com-
bination of the two. Extensive 

measurements were made in both 
Hartford and New Haven to de-
termine the effects of dual polari-
zation on reception in the service 
area, and also upon the interfer-
ence potential of dual polarized 
transmissions. 

Transmitting Equipment Used 

The transmitting antenna con-
sisted of a Jampro 8-bay horizon-
tally polarized section mounted on 
one leg of a 100-meter self-sup-
porting tower and an 8-bay verti-
cally polarized section mounted on 
an adjacent leg. The two sections 

TABLE I-Vertically Polarized Component Transmitted From 
Polarized Antenna 

The Horizontally 

Measurement 
No. 

Horizontal Field 
(mv/m) 

Vertical Field 
(mv/m) 

DB 
Difference 

2 
3 
4 
5 
6 
7 
8 
9 
10 
11 

83.0 
79.0 
72.0 
84.0 
78.0 
90.0 
120.0 
38.5 
37.5 
47.0 
54.0 

2.5 
2.8 
2.2 
3.8 
14.0 
12.0 
11.5 
5.0 
2.7 
4.0 
7.0 

32.0 
29.0 
30.3 
26.9 
14.9 
17.5 
20.3 
17.8 
22.9 
21.4 
17.8 
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TABLE II-Horizontally Polarized Component Transmitted From The 
Polarized Antenna 

Vertically 

Measurement 
No. 

Horizontal Field 
(mv m) 

Vertical Field 
(mv m) 

DB 
Difference 

2 
3 
4 
5 
6 
7 
8 
9 
10 
Il 
12 

4.3 
3.5 
7.4 
3.5 
8.6 
4.0 
2.3 
6.2 
3.0 
5.8 
7.2 
8.8 

60.0 
59.0 
53.0 
54.0 
43.0 
38.0 
43.0 
52.0 
39.0 
40.0 
34.0 
48.0 

32.1 
36.6 
17.2 
34.6 
14.0 
19.6 
38.8 
18.4 
29.6 
16.8 
13.8 
14.6 

were separated by approximately 
4 meters, and fed through a 50 '50 
power splitter with individual feed 
lines originating from separate 
junction boxes. A coaxial switch 
was installed between the power 
splitter and the vertically polar-
ized antenna junction box so that 
power could be switched into a 
dummy load. It was therefore 
possible to make field intensity 
measurements with horizontally 
polarized antenna excitation only 
or both horizontally and vertically 
polarized antenna excitation. The 
effective radiated power in the 

horizontal plane was 10 kw, and 
in the vertical plane 9.5 kw. (The 
gain of the vertically polarized 
antenna was slightly lower, thus 
accounting for the difference. ) 
The VSWR of the system was 
1.15, and remained the same for 
all modes of operations. 

During the latter portion of the 
tests, the coaxial switch was moved 
to permit power to be switched 
from the horizontally polarized 
antenna to a dummy load. Thus, 
it was possible to make measure-
ments resulting from vertically 
polarized radiation alone. 

TABLE Ill-Far Field Measurements 

DUAL ANTENNA HORIZONTAL ANT. VERTICAL ANT. 

Horizontal Vertical Horizontal Vertical Horizontal Vertical 
Point Distance Field Field Field Field Field Field 
No. (miles) (mv , m) (mv/m) (mv'm) (mvim) (mv , m) (my m) 

2 
3 
4 
5 
6 
7 
8 

27.0 
33.4 
42.3 
46.9 
52.3 
55.6 
57.4 
61.5 

.980 

.850 

.320 

.260 

.310 

.070 

.080 

.070 

.750 

.300 

.170 

.090 

.150 

.038 

.034 

.030 

.940 

.820 

.350 

.270 

.280 

.080 

.080 

.070 

.110 

.110 

.065 

.030 

.040 

.028 

.012 

.010 

.120 

.045 

.032 

.024 

.018 

.007 

.010 

.008 

.860 

.360 

.185 

.100 

.180 

.031 

.036 

.030 
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Receiving Equipment Used 

To assure accuracy of the meas-
ured fields, it was necessary to de-
sign a dual polarized receiving 
antenna that would measure the 
horizontal and vertical fields si-
multaneously. The design of this 
antenna consisted of a horizontal 
balanced dipole mounted on the 
bottom skirt of a coaxial vertical 
dipole. It was necessary to bring 
the coaxial cables from the dipole 
down through the bottom skirt of 
the vertical antenna to eliminate 
radiation from currents flowing 
in the coaxial sheath. Tests on 
this antenna indicated 37 db de-
coupling between the horizontal 
and vertical sections. 

Simultaneous horizontal and 
vertical fields were recorded by 
using two VHF field intensity 
meters to feed two chart record-
ers. The antenna was raised to a 
height of 10 meters during all 
measurements. To assure a homo-
geneous field, measurements were 
recorded by making runs varying 
in length from 30 to 150 meters, 
depending upon available clear-
ances. 

Measurements of the service 
area field were made with the 
same equipment, except that four 
spot measurements were made at 
each location, instead of a con-
tinuous chart recording, because 
of limited clearances in populated 
areas. 

Close-in Measurements 

A number of close-in measure-
ments (2 to 5 miles) were made 
to determine the extent of verti-
cal component radiation from the 
horizontally polarized antenna. 
Line-of-sight locations, which had 
Fresnel clearance, were chosen for 
these measurements. The verti-
cally polarized component meas-
ured from 14.9 to 32.0 db below the 
horizontally polarized component. 

The average of these locations 
showed the vertical field to be 
22.2 db below the horizontal field. 
(See Table I). 
A second set of measurements 

was made at these same points to 
determine the extent of horizontal 
component radiation from the 
vertically polarized antenna. It is 
interesting .to note that the hori-
zontally polarized component meas-
ured from 13.8 to 38.8 db below 
the vertically polarized compon-
ent, and the average of these loca-
tions showed the horizontal field 
to be 23.0 db below the vertical 
field. (See Table H.) 

Far Field Measurements 

Far field measurements were 
made starting at the 1-mv/m con-
tour to determine the effect on the 
horizontal field when equal 
amounts of power were fed to the 
horizontally and vertically polar-
ized sections. At each of the eight 
locations chosen, chart recordings 
were made of the horizontally 
and vertically polarized fields be-
ing radiated from the dually 
polarized antenna, from the hori-
zontally polarized antenna only, 
and from the vertically polarized 
antenna only. The fields were re-
corded while the receiving vehicle 
was moved over a distance of 
from 50 to 150 meters with the 
receiving antenna at a height of 
10 meters. The most distant re-
cordings were made at a location 
where the horizontal field meas-
ured approximately 70 microvolts. 
( See Table III.) 

Service Field Measurements 

To determine the effect of the 
addition of the vertically polar-
ized field in the service areas of 
WNHC-FM, a number of meas-
urements were made in the Hart-
ford and New Haven areas. The 
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TABLE IV-Hartford Area Measurements 

DUAL ANTENNA HORIZ. ANTENNA VERT. ANTENNA 

Horizontal Vertical Horizontal Vertical Horizontal Vertical 
Point Field Field Field Field Field Field 

No. (mv'm) (mv/m) (mv/m) (mv/m) (mv/m) (mv/m) 

AI 
B 1 
DI 
FI 
GI 
82 
E2 

A3 
B3 

C3 
D3 
E3 
G3 

84 

C4 
D4 
E4 
G4 
AS 
B5 
F5 
G5 
Co 
D6 
A7 
87 
F7 
G7 

.360 

.960 

.260 

.370 

.730 

.580 

.750 

.280 

.250 

.960 

.260 

.740 

.295 

.560 

.120 

.160 

.210 

.500 

.745 

.350 

.490 

.360 

.395 

.350 

.430 
1.640 

.820 

.380 

.200 

.720 

.995 

.245 

.190 

.360 

.370 

.890 

.190 

.240 

.720 

.089 

.530 

.215 

.420 

.160 

.130 

.190 

.400 

.320 

.300 

.590 

.335 

.420 

.610 

.390 
1.100 
.510 
.400 
.205 

.330 

.935 

.235 

.280 

.650 

.510 

.780 

.240 

.220 

.900 

.170 

.670 

.240 

.560 

.138 

.150 

.190 

.490 

.650 

.300 

.480 

.330 

.350 

.370 

.400 
1.630 
.850 
.420 
.180 

.095 

.140 

.038 

.034 

.090 

.060 

.190 

.040 

.050 

.140 

.038 

.112 

.029 

.104 

.036 

.026 

.022 

.120 

.093 

.078 

.080 

.073 

.047 

.057 

.065 

.050 

.150 

.065 

.018 

.079 

.290 

.032 

.070 

.086 

.130 

.280 

.064 

.090 

.130 

.090 

.180 

.070 

.057 

.044 

.032 

.064 

.150 

.120 

.045 

.083 

.045 

.110 

.095 

.080 

.140 

.093 

.100 

.056 

.740 
1.100 
.235 
.210 

.340 

.300 

.770 
to 

.180 

.455 

.120 

.490 

.250 

.340 

.120 

.100 

.160 

.330 

.230 

.180 

.525 

.298 

.370 

.570 

.355 
1.240 
.360 
.340 
.210 

Hartford area is approximately 
25 miles from the transmitting 
site. The transmission path is 
over terrain which produces vary-
ing degrees of shadowing starting 
with practically line-of-sight in 
West Hartford to moderate shad-
owing in East Hartford. The dual 
polarized antenna is mounted on 
the north face of the tower, to-
ward the city of Hartford. 
A grid system was laid over a 

city map of the Hartford area so 
that most of the 49 grid points 
fell in the populated area shown 

on Map No. 1. Measurements were 
recorded at 29 of these grid 
points, with the greatest concen-
tration in the downtown area. The 
locations were chosen by going 
to the grid point and then finding 
the nearest site where the measur-
ing antenna could be raised to 10 
meters with sufficient clearance to 
move the vehicle approximately 
20 meters. At each of these loca-
tions, four spot measurements 
were recorded with the vehicle 
being moved about 5 meters be-
tween spots. Measurements were 
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recorded while transmitting with 
the horizontal and vertical anten-
na, the horizontal antenna only, 
and vertical antenna only. The 
four spot measurements at each 
location were averaged and tabu-
lated in Table IV. 

Similar measurements were 
made in the New Haven area, ap-
proximately 9 miles from the 
transmitting site, as shown on 
Map No. 2. New Haven is located 
at the base of a number of moun-
tains which end abruptly and al-
most immediately before entering 
Long Island Sound; thus, the 
transmission path from WNHC is 
over very rough terrain. Severe 
shadowing is evident in some 
areas, while in some parts of the 
city farther south, line-of-sight 
paths were obtained. The trans-
mitting ant2nna, however, is 
mounted on the opposite side of 

TABLE V- New 

the tower from New Haven. A 
map system with 30 grid points 
was used. Measurements recorded 
at 20 points in populated areas 
appear in Table V. 
Summary of Results 
As shown in Table III, measure-

ments made at distances from 27 
to 61.5 miles from the transmit-
ter, using alternately dual polari-
zation and horizontal polarization, 
show very little improvement in 
the horizontally polarized compo-
nent received at the eight monitor-
ing points. At distances greater 
than 55 miles, very little change 
is observed. Up to 50 miles, on the 
other hand, a vertically polarized 
component on the order of 100 
microvolts or better is established. 
This signal would be of consider-
able advantage to listeners em-
ploying automobile FM receivers 
with a whip antenna. 

Haven Area Measurements 

DUAL ANTENNA 

Horizontal Vertical 
Point Field Field 
No. (mv m) (mv 

HORIZ. ANTENNA 

Horizontal 
Field 
(mv 

Vertical 
Field 

(mv 

VERT. ANTENNA 

Vertical Horizontal 
Field Field 

(mv/ml (mv 'ml 

A I 1.950 
B1 3.100 
Cl 2.650 
DI 0.960 
El 6.600 
FI 1.600 
C2 3 100 

D2 1.250 

E2 2.560 
B3 4.450 

C3 1.650 
F3 1.100 
A4 1.950 
84 1.100 
E4 6.150 
F4 2.080 
A5 6.430 
B5 4.180 

E5 1.060 
F5 2.100 

3.100 
5.250 
10.900 
0.890 

20.250 
6.1 8Q 
11.300 

3.500 
8.750 
6.600 
4.480 

5.100 
1.950 
4.330 
I 3.500 
5.300 
4.280 
4.150 
7.930 

15.480 

2.500 
2.375 
1.900 
0.415 
6.100 
0.865 
1.640 

0.680 
1 425 
4 300 

0.850 
0.280 
1.900 
0.805 
5.500 
0.640 
4.850 
1.100 

1.710 

1.450 

0.210 
0.420 
0.450 
0.110 

0.460 
0.103 

0.320 
0.135 

0.265 

0.480 
0.131 

0.056 
O. i 50 
0.110 
0.580 
0.070 
0.370 

0.080 
0.130 

0.115 

1.360 2.900 
1.160 5.200 
1.310 8.400 
0.810 1.230 
5.600 20.750 
1.500 6.230 

2.180 10.750 
0.790 4.500 
1.850 10.200 
1.880 10.100 
0.990 . 5.730 
1.000 5.650 
0.360 2.350 
0.695 4.880 
0.800 15.100 
1.650 5.620 
1.230 3.730 

2.350 4.130 
0.980 7.930 
2.200 17.150 
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Map. 1. Locations of Measurement 
Points in Hartford area. 
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The measurements given in 
Table IV, while not made in areas 
which are line of sight from the 
transmitter, were not substantially 
affected by shadowing. Conse-

Conclusions Drawn From Tests 

1. In the absence of shadowing or 
diffraction effects, transmission 
of a vertically polarized com-
ponent adds very little to the 
signal received on a horizontal-
ly polarized receiving antenna. 

2. When receiving antennas hav-
ing a substantial vertical com-
ponent are employed, a corre-
spondingly substantial improve-
ment in overall service can be 
expected. 

3. The vertical component appears 
to have substantial value for 
users of automobile FM radios, 
both in town and at distances 
up to 50 miles from the trans-
mitter. 

4. In the presence of shadowing 
or diffraction effects (see New 
Haven measurements), shad-
owed areas which have very low 
signal strength during horizon-
tally polarized transmissions re-
ceive substantially improved 
horizontally polarized compo-
nents when dual polarization is 
employed. 

quently, the plane of polarization 
of the received signal should be 
substantially the same as trans-
mitted. This, apparently, is the 
case. Although the relative mag-
nitudes of the dually transmitted 
vertical and horizontal compo-
nents appear to be about equal, 
there was little increase in the 
horizontally polarized field over 
that measured when the horizontal 

antenna provides a horizontally 
polarized field measurably im-
proved over that received when 
using the horizontal transmitting 
antenna alone. This improvement 
is most noticeable in those areas 
where the magnitude of the fields 
indicates substantial shadowing— 

for example, points D2, Dl and 
C2 on map No. 2. 

Reference to the New Haven 
measurements shows that at 18 out 
of the 20 locations measured, the 
horizontal component of the field 
increased when vertical polariza-
tion was added. At 7 of the 20 lo-
cations, the vertical field increased 
with the addition of horizontally 
polarized radiation. It should also 
be noted that at 10 of the 20 lo-
cations. the horizontally polarized 
field measured with only the verti-
cal transmitting antenna operat-
ing, was of higher intensity 
than the horizontally polarized 
field measured when only the hori-
zontal antenna was excited. At 16 
of the 20 locations, the vertical 
component of the measured field 
antenna alone was in use. This, 
of course, would be the case if 
no rotation of the plane of polari-
zation were to occur. At the same 
time, there is a substantial verti-
cally polarized field throughout the 
Hartford area. which would in-
dicate that car radios employing 
whip antennas or home radios 
that employ so-called "rabbit 
ear" antennas, should receive a 
substantially better signal due to 
the presence of the vertical com-
ponent. 

Table III presents a different 
picture, however. The measure-
ments, in general, were made in 
areas shaded to a greater or lesser 
degree by the rocky formations 
which lie between the transmit-
ting antenna and New Haven. 

In 90% of the locations the dual 
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was of higher intensity than thE 
horizontal component when radiat-
ing with both vertical and hori-
zontal antenna sections. In New 
Haven, as in Hartford, the pres-

ence of the strong vertically po-
larized field would substantially 
improve the service rendered to 
FM receivers with indoor, or 
"rabbit ear," antennas. 

DA Antenna Systems for FM 
by John H. Battison 

THE FCC has long permitted AM broadcasters 
to use directional antennas, but prior to the FM 

freeze a few years ago, very few FM stations were 
allowed this privilege. FM directional antennas were 
beginning to appear in applications for new FM 
stations and improved FM facilities just as the freeze 
was imposed. Today, there is a resurgence of interest 
in FM directional antennas. 
As activities in FM construction become more 

settled, the FCC is stabilizing its outlook on direc-
tional FM antennas and spelling out their require-
ments more clearly. The major purpose of the direc-
tional system is to enable short-spaced FM stations 
to increase power to the maximum now allowed their 
classification under new FCC Rules. Directional an-
tennas may not be used, however, as a means of 
reducing minimum mileage separation requirements 
in order to fit in a new station. 

Before a station manager decides to use a direc-
tional antenna, he should become familiar with the 
pertinent parts of the FCC Rules. Two deal speci-
fically with such antennas and their uses (see box). 
A typical application under the classification of im-
proving service might be a situation where the 
proposed principal city is close to a mountain or 
similar shadowed area and there is no advantage 
in radiating toward the blank mountain side. The 
other approved application is for the purpose of 
using a specific antenna site. If an applicant owns 
an existing tower or high building, or even another 
class of broadcast station, and wishes to use this 
as the supporting structure, a directional antenna 
might be required in order to limit the combination 
of height and power in a specific direction to conform 
with the Rule regarding power and height com-
binations. 
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Technical Requirements 
Technical requirements are spelled out in detail 

in FCC Rule 73.316 (c), (d) subparagraphs 1 through 
3. Certain portions are particularly noteworthy. 

In most cases where a directional FM antenna is 
used, the engineering portion of FCC Form 301 will 
be completed by the applicant's consulting engineer. 

Fig. 1. An illustration of the relationship between power in 
kw and dbk for a given pattern 

However, sometimes a well qualified chief engineer 
can handle this work. (See BM/E-June, 1965.) If 
this is the case, these points should be observed. The 
application must completely describe the antenna and 
explain the method of obtaining directivity. You must 
provide a radiation pattern showing free space field 
intensity at one mile in mv/m for the horizontal 
plane' and data on vertical radiation between plus 
The FCC prefers to have all data in dbk, rather than kw. See Fig. 6. 
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technical data for his whole line of FM antennas. 
There may be the exception, of course, where an 
exotic pattern is required—and can be justified—but 
this will be rare. The manufacturer will furnish com-
plete engineering data for paragraph (d) of this Rule. 

Operating Directional Antennas Systems 

The horizontal field patterns for three operating 
FM DA systems are shown in Figs. 2, 3, and 4. 

Fig. 3. DA horizontal pattern for WGIR-FM, Manchester. 

WJZZ, Bridgeport, Conn., Fig. 2 uses a Jampro J 
6b/6V/DA; WGIR-FM, Manchester, N. H., Fig 3, 
plans to use a Collins 37M-DA and WTFM, Lake 
Success, N. Y., Fig. 4. will use an Alford 7615. 

These DA's are shown because they represent a 
cross section of new stations: there are many older 
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Fig. 5. Graph show,ng ralatIonship between power and dbk 
above 1 kw. 

FM Antenna Manufacturers 

Since almost any FM antenna can be converted into a 
directional antenna, most manufacturers are able to 
meet any requirement. It probably can be safely said 
that every antenna manufacturer is able to offer direc-
tional antennas. 

Alford Mfg. Boston Mass. 
Andrew Corp. Co.dicago Ill. 
Canadian GE, ,Toronto,'Ont., Can. 
Canadian Marconi, Montreal,Que.,Can. 
CO-EL, Westfield, N.J. 
Collins Radio  Cedar Rapids, Ia. 
Gates Radio Co„ Co.,uincy, Ill. 
General Electric Co. Syracuse, N.Y. 
Jampro Antenna Co., sacramento, Cal. 
Radio Corp. of America, Camden, N.J. 

• 
• 
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"a submission must be made by a qualified surveyor 
that the antenna has been properly oriented at the 
time of installation." This means that a surveyor must 
measure the azimuth of the antenna when it is in-
stalled, probably by means of a mark on the base 
of the antenna as it is being mounted on the tower, 
or in a manner which will assure the Commission 
that the antenna is properly oriented. 

Proof of Performance 

Measurements are required in the horizontal as well 
as the vertical plane. The 360° horizontal radiation 
pattern must be shown. There is no formal way in 
which the FCC requires the proof to be measured or 
submitted, provided the material is there and is cor-
rect. Ed Hackman. current Head of the FM en-

Condensation of FCC Rules Governing FM DAs 

Rule 72.213 (c): In the case of short-spaced stations, 
maximum radiation may be used—provided that the 
maximum power radiated in the short-spaced direction 
is not in excess of the amount allowed non-direction-
ally. No more than the maximum permissible power 
for the class of station concerned may be radiated in 
any direction, and the power increase off the radial 
separating the two stations must not be greater than 
2 db for every 10° of change in azimuth. (See Fig. 1.) 

Rule 73.316 (c): A directional antenna is considered 
to be any antenna that obtains a deliberate non-
circular pattern for the purpose of improving coverage 
or using a particular site. It may not be used to 
circumvent the minimum mileage separation require-
ments. A ratio of 15 db maximum to minimum radia-
tion will not be accepted. The hypothetical patterns 
in Fig. 1 comply with this rule. 

gineering group, is a reasonable man, and is always 
willing to explain things to an applicant's engineer. 
The Rules call for a proof to be made in the field, 

or by the manufacturer. The latter is far easier and 
less expensive for the applicant, although such ac-
tivities do tend to remove the bread from the mouths 
of consulting engineers. However, the Commission 
requires that the manufacturer make his measure-
ments with the antenna mounted on the actual tower, 
or a replica thereof, together with all lines, ladders, 
lights, etc., that will be used in the final installation. 
The reasoning behind this is obvious. However, the 
word tower should not be taken to mean the 300-foot 
high mounting structure, but to a section of tower 
or pole on which the antenna is secured prior to 
mounting on the actual tall tower. The old rule which 
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required measurements along eight radials with a pen 
recorder is out! Today, directional antennas for FM 
use are as simple to specify and use as non-directional 
antennas. 

Management Considerations 

FM directional antenna costs should not be more 
than 10% of general equipment costs. Their construc-
tion is simple and, in many cases, undetectable from 
non-directional antennas. DA arrays are as simple to 
install as non-directionals, except for proper orienta-
tion. Unlike AM DAs only one tower or supporting 
structure is needed. 
The average FM station now operating at full 

power, will not have to consider directional operation. 
One application of the FM directional is in the case 
of of a short-spaced station which wants to increase 
power. Then it may be necessary to use a directional 
antenna to control radiation in the short-spaced direc-
tion. Occasionally an operating FM station will dis-
cover that coverage in a given direction is not what 
it might be for various reasons such as terrain. In 
this case a directional antenna will achieve the de-
sired coverage. FCC Rules governing the proposed 
operation must be adhered to. Often an existing FM 
antenna can be modified, depending on the design, 
to give a directional pattern by means of fairly simple 
phasing alternations. When this is done, field pattern 
measurements will have to be made with the antenna 
mounted on the station's tower, and this can run into 
several thousand dollars, depending on the complexity 
of the measurements. Generally, if the antenna in use 
has been amortized, and the station is about ready 
for a new one it would be better and cost less in the 
long run to install a new one that has been factory-
tuned, adjusted, and furnished with a proof of per-
formance. 
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Preparing Engineering Data 

For FCC FORM 301 
By Harry A. Etkin 

The most significant factor in 
assuring a successful filing of 

Form 301 is to supply all the 
specific data in complete detail. 
Thus, in planning 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 
necessary decisions regarding site 
location, equipment requirements, 
and antenna location and construc-
tion. The engineering staff should 
therefore be acquainted with the 
following: Vol. 1, Nov. 1963: Part 
1—Practice and Procedure; Part 
17—Construction, Marking, and 
Lighting of Antenna Structures; 
Vol. III, Jan. 1964: Part 73— 
Radio Broadcast Services; NAB 
Engineering Handbook 5th Edi-
tion, Section 2—Antennas, Tow-
ers and Wave Propagation. 

Section V-A of the form applies 
to standard broadcast (AM) engi-
neering data, Section V-B to FM 
data, and Section V-C to TV engi-
neering data. Section V-G of the 
application specifically pertains to 
antenna and site information. 

Application Considerations 

Applications lacking complete 
answers, or supplementary docu-
ments and engineering data, may 
be returned for additional infor-

mation or corrections. While the 
application may be resubmitted, 
and no additional fee is required, 
approval for construction and 
operation will obviously be de-
layed, possibly resulting in un-
planned financial loss. To mini-
mize the possibility of such a 
delay, a cardinal rule is to become 
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 be 
considered about costs is whether 
the chief engineer or a consulting 
engineer should make the calcula-
tions and perform the tests to ob-
tain the necessary data. While 
many chief engineers may be 
capable of preparing much of the 
data required, it is generally ad-
visable 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 mandatory to en-
list the aid of a consultant in mak-
ing an allocations study and re-
port for proposed facilities. In an 
operating station, engineering 
time is too valuable to perform 
the technical determinations. For 
a new station, however, it is most 
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practical and economical for the 
chief engineer to work with a 
consulting engineer. 

Engineering personnel assigned 
to the project should be advised of 
the necessity for keeping within 

Selecting a Frequency 

Available frequencies for FM 
broadcasting are listed in Par. 
73.201: Numerical Designation of 
FM Broadcast Channels, Subpart 
B—FM Broadcast Stations (Vol. 

Table I—Typical Horizontal FM Antenna Data 

NO OF 

SECTIONS POWER KW 

GAIN 

DB FIELD 

1 09 
2 20 
3 30 
4 41 
5 52 
6 63 
7 7.3 
8 84 
10 105 
12 125 
14 146 
16 166 
20 210 

0.5 
30 
48 
6.1 
7 15 
80 
863 
9.25 
10.2 
11 0 
11 65 
12.20 
13 22 

095 
1 41 
1 73 
202 
228 
251 
270 
290 
3 25 
3 55 
3 83 
407 
4 59 

Table Il—Typical Vertical FM Antenna Data 

NO OF GAIN 
SECTIONS POWER KW DB FIELD 
I 95 22 97 
2 1 97 294 I 40 
3 312 494 1.79 
4 420 623 205 
5 531 725 2 30. 
6 639 806 253 
7 750 875 274 
8 857 933 293 
9 976 989 312 
10 095 040 331 
1 1 1 87 074 345 
12 320 1 20 363 
13 403 1 47 375 
14 529 1 84 391 
15 630 212 404 

7 -'8 243 418 

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 proportionately. 

III of the Rules). The channel 
you request must be one assigned 
to your community (Table of As-
signments, Par. 73.202). If your 
community has no channel assign-
ed, or is not within 25 miles of 
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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. 

Antenna Site Considerations 

Applicants who propose to oper-
ate an FM antenna in the imme-
diate vicinity (200 ft. or less) of 
another FM antenna, or TV an-

approved, the AM license should 
apply for authority (informal ap-
plication) to use the indirect 
method of measuring power. The 
FM application will not be con-
sidered until the new resistance 
measurements are filed for the 
AM station. If the FM antenna is 
to be mounted on an element of an 
AM directional array, or on a 
tower in the vicinity of a direc-
tional array, a full engineering 

Table III—Authorized Power and Antenna Requirements 

CLASS 

A 

Minimum Effective Radiated Power 
CLASS A 1(X) watts (-10 dbk) 
CLASS B 5 kw ( 7 dbk) 
CLASS C 25 kw ( 14 dbk) 

Maximum Erp And Antenna Height 
MAXIMUM 

MAXIMUM POWER ANTENNA HEIGHT 
(feet above average terrain) 

3 kw 14.8 dbk) 3(X) 
50 kw (170 dbk) 500 
100 kw (200 dbk) 2000 

Table IV—Operational Formulas 

1. ERP in KW = Transmitter power in KW — Transmission 
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 Log.) Power in KW 

1.0 
4. Power in KW = Antilog,. Power in dbk 

10 

tenna with frequencies adjacent 
to the FM band, must describe the 
effect the two systems will have 
upon each other.' 

If an FM antenna is to be 
mounted on a nondirectional 
standard broadcast antenna tow-
er, new resistance measurements 
must be made after the FM an-
tenna is installed and tested. Dur-
ing the installation, and until the 
new resistance measurements are 

study of the effect on the per-
formance of the AM array must 
be filed with application. In some 
cases, the FCC may require re-
adjustment and certain field in-
tensity measurements of the AM 
system when the FM antenna is 
in operation. 

Section V-B 
If you plan to use a dual polar-

ized antenna, Tables I and II list 
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requirements 
Table III. No minimum antenna 
height above average terrain is 
specified. Heights exceeding those 
listed in Table III may be used if 
ERP is reduced by the amount in-

data for horizontal and vertical 
polarization. Fig. 1 shows how 
data for dual polarization is en-
tered on the form. 
The mathematical expressions 

for antenna field gain and power 
gain are: 

Field gain =- field intensity in 
mv/m for multielement antenna' 
137.6 
Power gain = (Antenna field 

gain) 2 
Authorized power and antenna 

are illustrated in 

be used solely for the purpose of 
reducing minimum mileage sepa-
ration requirements; it is per-
missible if it will improve service, 
or permit the use of a particular 
site, and is designed for a non-
circular radiation pattern. Direc-
tional antennas with a ratio of 
15 db maximum to minimum radi-
ation 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 antenna system. 
(a). A description of how 

directivity will be ob-
tained. 

(b) Antenna data 
Wake 

Vert, Electronics 
Koriz: Gates 

Tyre No. or 
'eAP:ice 

pillsilt 

No. of sections 
6 
6 

Ern, t lye free 
aw e fellOrt .359.3 
Int.n, I Cy nt ore 

mile in nays for 
one kilesta, : plarlix: *Nlie, 
antema input potter .Jmftoelz. 

Antenna field 

%.in Ver. 
2.611 
. 0 

2.49 

Antenna poser 
gain 

Vert. 
6.817 

Horiz. 
6.20 

In horizontal pnlariration reopened? Yes cc Ao 0 

If NO. attach as kkhibit an. Eng 
complete engineering data on tle BO th horizontal 
antenna at the effective raelated 
power proponed. a vertical propose 
I. directional enema proposed? Yet' p No /r1 
If •les•, attach nit echibit No. 
ccsplete engineering data thereon. 

Fig. 1. Sample antenna 
on Form 301. 

dicated by the appropriate curve 
in Fig. 2. 
The height of the radiation cen-

ter is the physical center of the 
radiating elements if uniform 
power distribution is used. If a 
split-feed or power divider system 
and nonuniform power distribu-
tion are employed, the height of 
the radiation center is not the 
same as the physical center (the 
manufacturer will furnish this 
data). 
A directional antenna may not 

data entries 

(b). A means of determin-
ing the operational pat-
tern and maintaining 
allowable tolerances, 
such as a rotatable ref-
erence antenna. 

2. Horizontal and vertical plane 
radiation patterns 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 
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1 

made, including the type 
equipment used and a tabu-
lation of the measured data. 
If you compute directivity, 
methods used, formulae, sam-
ple calculations2 and tabu-
lations of the data must ac-
company the application. 

3. Radiation characteristics 
above and below the horizon-

An
te
nn
a 

He
ig
ht
 A
bo
ve
 A
ve

ra
ge

 T
er

ra
in

 
I
 

zenith of —10° and the na-
dir, to conclusively demon-
strate the absence of unde-
sirable lobes in these areas. 

4. The horizontal plane pattern 
must be plotted on polar co-
ordinate paper with refer-
ence to true north. The verti-
cal plane must be plotted on 
rectangular coordinate paper 

Maximum Power in Kilowatts 

Maximum Power in et Abode One Kilowatt lab 

Fig. 2. Relationship between antenna height and power. 

tal plane illustrated by ver-
tical paterne. Complete in-
formation and patterns for 
angles of ±.10° from the hori-
zontal plane, and the portion 
lying between +10° and the 

with reference to the hori-
zontal plane. 

Transmission Lines 

Fig. 3 shows entries for the re-
quired information on the trans-
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mission line. These characteristics 
vary with frequency: size in 
inches, coaxial or waveguide, effi-
ciency to produce the desired ERP 
and, of course, cost considera-
tions. The total length in feet in-
cludes the horizontal 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 
determined from the manufactur-
er's specifications. (See Table IV.) 

Expected Coverage Information 

Profile graphs of the terrain, 
from 2 to 10 miles for 8 or more 

with the distances in miles as the 
abscissa, and the elevation in feet 
above the mean sea level as the 
ordinate. The elevation of the an-
tenna radiation center and the 
source of the topographic data 
should be indicated on each graph. 
The F(50,50) field strength 

chart, Fig. 4, 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 1 kw radiated 
from a half-wave dipole in free 
space, which produces an attenu-
ated field strength at 1 mile of 103-
db above 1 p.v/m (137.6 mv m ) . 
The chart may be used for other 

11. Transmission line proposed to supply power to the antenna 

fnam the transmitter 

Make 

Andrew 

No. 

ire A 
Description 

Coaxial 
Sloe (ncmirml transverse 

dimension) in inches 

3-1/8 
3-1/8 

Length in 
feet 

280 
320 

Rated efficiency 
in percent for 
this length 

90 '6  
83.692.3 

12- Proposed operation 
Transmitter power output 
In Idlowtts 

7.36 

Poser dise tuition within 
transmission line in kilowatts 

1.20 
Antenna input power in 

kilcmatts 

Vert, 2.93 
goriz .3.23 

Effective radiated power in 
kilowatts (Must be same as 
shown in Para. 2) 

Vert. 20 

lioriz. 20 

Fig. 3. Sample entries for transmis-
sion and proposed operation data. 

_ 
radials from th—e transmitter loca-
tion, must accompany the applica-
tion. One or more radials must ex-
tend through the principal city. 
All radials should be plotted on a 
topographic map.3 
The graph for each radial 

should be plotted by contour inter-
vals of from 40 to 100 feet and, 
where the data permits, at least 
50 points of elevation should be 
used for each radial. The graphs 
should indicate the topography ac-
curately and should be plotted 

powers; the sliding scale associ-
ated with the chart serves as the 
ordinate. Par. 73.313: Prediction 
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 prediction method may indi-
cate distances that are different 
from what may be expected in 
practice. For example, a moun-
tain ridge may indicate the prac-
tical limit of service, while the 

II 
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FM CHANNELS 
ESTOMTED FIELD STRENGTH MELDED AT 50 PERCENT OF THE POTDITIAL 

RECE I VER LOCATIONS FOR AT OAST 50 PERCENT OF THE TIME 
AT A RECEIVING ANTENNA FRIGHT OF 30 FEET 

Fig. 4. Chart for predicting field strength. 

prediction method indicates other-
wise; the prediction method 
should be followed, accompanied 
by a supplemental exhibit con-
cerning the contour distances as 
determined by a method based on 
actual conditions. The exhibit 
shoula describe the procedure em-
ployee and include sample calcu-
lations. Maps of predicted cover-
age should include both methods 
of prediction. 

When measurements are re-
quired, these should include the 
area obtained by the regular 
method and area obtained by the 
supplemental method. In direc-
tions where the terrain is such 
that negative antenna heights or 
heights below 100 feet for the 2 
to 10 mile sector are encountered, 
a supplemental showing of expect-
ed coverage must be included with 
a description of the method used 
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in predicting the coverage. The 
Commission may require addition-
al information about terrain and 
coverage in such cases. 

1. FCC Rules, Par. 73.316: Antenna Sys-
tems—Part e. 

2. Ground level elevations may be obtained 
from the U. S. Geological Survey, Dept. of 
the Int., Wash., D. C. 20240. West of the 
Mississippi: U.S.G.S.. Denver 15. Colo. Sec-
tional aeronautical charts are available from 
the U. S. Coast and Geodetic Survey, Dept. 
of Commerce, Wash., D. C. 20236. 

3. 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 in-
formation in Par. 73.312, subparagraph la) 
FCC R&R. 

Costs for FM Engineering Data 
The average cost for engineer-

ing, design work, test and mea-
surements, calculations, computa-
tions, compiling of data, and filing 
of Form 301 would be $500 to 
$1,000 for a nondirectional an-
tenna. There is usually an addi-
tional charge of $100 for person-
nel expenses and the cost of 
obtaining and entering the data 
for: 

a. Geographic coordinates 
b. Topographical maps 
c. Sectional aeronautical 

maps 
d. Profile graphs 
e. Aerial photography 
f. Predicted field strength 

patterns and contours 
g. Instrument approach or 

landing charts 
h. Other incidental materials 

Charges for an existing FM sta-
tion, such as addition of vertical 
polarization, transmitter power in-
crease, and directional antenna, 
would cost about $500. 

Facts About FM Antenna 
Structures 

An antenna located at a height 
above the service a'rea, such as a 
mountain top, may have a pat-
tern null falling in the vicinity of 
a heavily populated section of the 
principal city. 

If a populated section lies within 
the area, the broadcaster should 
have the antenna manufacturer 
apply electrical beam tilt or null fill 
or a combination of both. 

Polarization patterns, standing 
wave ratio, and gain may be af-
fected by side mounting an an-
ten na. A performance check should 
be made before deciding on a 
final location. 

Additional Methods of 
Determining Topographical Data 

Topographical data may be ob-
tained on roads which are along 
radials from the transmitter site 
by using a sensitive altimeter. 

The average elevation of each 
radial from 2 to 10 miles may be 
determined by averaging the mean 
values of mile or half mile seg-
ments. 

The height of the antenna radi-
ation center above the average ele-
vation 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 in-
tensity for the half-wave dipole is 
equal to 137.6 mv/m. This meas-
urement is made under condi-
tions of free space field intensity; 
i.e., the signal is free from re-
flections from earth or other ob-
jects. 
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Facts About 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 broadcast facility. 
The various sections include: 

I. General, Facilities Requested 
II. Legal Qualifications 

III. Financial Qualifications 
IV. Statement of Program Service 

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 considerable amount of 

detailed information, is no more difficult to prepare than a Federal In-
come Tax form. Considered as a whole, however, a broadcaster may 
wonder if he has the tenacity to see an application through to its ac-
ceptance. Obviously, 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 qualified help. 

Sections II, III, and IV of the form are used to determine an appli. 
cant's qualifications for operating a broadcast station. Thus, assuming 
the other sections, which deal with engineering aspects, are in order, the 
information these three sections contain weigh heavily in the Commission's 
judgment of an application. Normally, the information requested in these 
sections is available, 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 requested, 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 involved 
in preparing this information, it is the rule, rather than the exception, to 
enlist the services of a consulting engineer. 
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Considerations for 

Automated 
Radio Programming 

by Joseph D Coons 

EVEN IF ONLY because of im-
aginative mailing pieces por-

traying sophisticated equipment, 
every manager and chief engineer 
has at least casually considered 
automation. Those with actual 
experience express either un-
equivocal acceptance or outright 
rejection of totally automated pro-
gramming. 

In a broad sense automation 
means any function performed by 
equipment. In addition to an en-
tirely automated format. equip-

ment may be used to accomplish 
simple sequential functions where, 
for example, a cartridge tape ma-
chine automatically starts another 
tape machine or turntable. 
Program automation generally 

will conjure up a vision of a com-
bination of reel-to-reel and cart-
ridge tapes and/or record chang-
ers, time clocks, etc. There are 
many stations operating with such 
systems, particularly FMs. How-
ever, there are instances where 
partial automation will fit into 
any format. 
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REEL TO REEL TAPE DECK OR 
MULTIPLE CARTRIDGE MACHINE   
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CONTROL FEED 
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Block diagram 
mated system. 

illustrating some of the functions possible with a fully auto-
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Schafer systems are adaptable to FM stereo and virtually any 
type AM operation. Basically, the system employs Ampex tape 
recorders, but cart machines may also be used if desired. 
"Random Access Spot Locator" allows commercial or any 
other material to be played in any order desired; it's possible 
to set up on a "memory unit" the order in which any of the 
items on the "Spot Locator" are to be played. If a particular 
song or commercial must be played several times a day, it 
need appear only once on the "spotter" tape. Time signals 

may be aired as frequently as desired on the audio clock. Net-
work switching is accomplished by using a digital clock to 
anticipate joining the net; dead-rolling pre-timed music fill, 
arranging for the system to finish whatever program is being 
aired, then cross fade to the fill in progress which has been 
timed to end at the proper time to allow for identification and 
network adjacency commercial. The digital clock then switches 
from net to local and restarts the system for the desired 
sequence. 



Why automate? 

Complete automation of any 
station must obviously either elim-
inate some personnel or improve 
operational efficiency. However, 
some formats will require compli-
cated equipment to produce a mul-
tiplicity of program elements, such 
as frequent time and weather an-
nouncements, record introduc-
tions, in addition to spot an-
nouncements and promotionals. 
Equipment is available to do this, 

Spotmaster "Tenspot" comprises two 5-bank decks which can be 
preprogrammed for sequential operation, yet retain full manual control. 

but it's expensive. On the other 
hand, if the cost is justifiable, the 
same number of people can do 
more, or fewer people can do just 
as much as before. Tighter and 
more reliable production will likely 
result from automation. Mistakes, 
inherent in live programming, 
should not be present in prere-
corded material, and since tape 
doesn't become scratchy after re-
peated use, overall sound should be 
improved. Management can also 

keep a tighter rein on program 
content. A live announcer fre-
quently faces situations where he 
must "ad lib" his way out, and 
this can be disastrous at times. 
Many AMs, particularly "per-

sonality" and "Top 40" format 
stations, are finding that partial 
automation is serving them better. 
Multi-cartridge tape machines and 
"trip cue" cartridge tape machines 
which, by means of a tone, start 
another tape or turntable, or any 

desired unit. Usually, just as many 
employees are required, but sta-
tion sound and efficiency are bet-
ter. New devices "in the works" 
may eliminate the more laborious 
tasks and as a result, allow an an-
nouncer to attend to more detail, 
enhancing tighter production and 
a proportionately improved image. 

Format Adaptation 

Uncomplicated music-news-an-
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nouncement programming is the 
simplest to adapt. Pre-taped music, 
on 14" reels, with announcements 
recorded on a separate reel-to-reel 
tape or on cartridges in a multi-
cartridge machine, is the most fre-
quently used system of complete 
automation. The music tape starts 

news, can also be inserted by fad-
ing the music tape or stopping 

it, whichever is compatible with 
timing. If frequent copy changes 
are necessary, the multi-cartridge 
tape machines work better, sim-
ply because a single or specific 
spot may be re-recorded without 

Wilbur Fattig, Chief Engineer at WSB Radio, shows custom 
automation equipment used for multiplex stereo programming. 
System consists of modified Garrison control system, cus-
tomized IBM type switching system, RCA Model RT-7 cartridge 
unit, MaCarTa Model 248RS Mark Il Carousels, M3CarTa 
Model RS-10 Random Select ccuitrol, and Scully Model 270 
stereo tape reproducers. System was customized to provide 
complete flexibility. 

the talk tape by means of a tone 
inserted at the appropriate time, 
providing insertion of commercial 
or promotional announcements, At 
the conclusion of these precisely-
timed talk breaks, the music tape 
restarts. News, including network 

disturbing an entire reel. Emer-
gency news or announcements of 
immediate importance can also be 
:nserted merely by fading the 
music tape. System timing will 
not be interrupted unless the 
music tape is stopped off schedule. 
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LTV-Continental's Prolog utilizes the station log to 
accomplish any degree of automatic programming 
and logging. It assembles any program element from 
any one of 253 -sources and mixes it into a tightly 
integrated on-the-air format. Prolog can operate com-
pletely unattended for 24 hours or more, mono or 
stereo. Unattended or live, it automatically prints on 
the log the year, date, and time of every element 
aired. A basic system can begin with a background 
music, sequential programming, or voice injection 
capability, and grow to meet demands of "per-
sonality" or "top 40" programming. Traffaccounting, 
combined with Prolog, offers a complete traffic and 
accounting system, using IBM tabulating equipment 
to automatically perform almost all station operations. 
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Automatic Tape Control system provides two basic 
control concepts—tape memory and sequence/time. 
The basic system consists of a system programmer, 
three tape machines as program sources (cartridge 
or reel), master switcher, logging decoder, printer, 
digital clock, program time control, AGC amplifier. 
Program sequence is dialed on telephone-type dial, 
causing clusters of control tones to be recorded. An 
entire day's programming sequence can be recorded 
on a single cartridge. Automatic program logging 
provides start time and 5-digit code printed on the 
program log. A manual system control unit provides 
for remote operation of all tape sources, and makes 
available start and stop functions on the system pro-
grammer and the fade on the program control device. 
Manual control can be achieved at any time. System 
shown was recently installed at KPOL-FM, Los Angeles. 

107 



In so-callea one-man operations, 
where the anncuncer operates the 
board and writes both program 
and transmitter logs, complete 
automation seems to be of little 
value, since unattended operation 
would doubtfully gain FCC ap-
proval. However, partial automa-
tion would permit the announcer 
to direct his attention to other de-
tails, such as news gathering and 
providing a much needed voice 
change in a one-man operation, 
not to mention better production. 
But, if another staff member (the 
traffic girl, chief engineer) could 
monitor, one announcer could tape 
the talk portion of an entire day's 
programming. Logging would 
have to be automatic in this case. 
A larger staffed station with 

control engineers can undoubtedly 
economize by eliminating an-

e 

affliall•• 

Sparta MC-105 multiple-tape car-
tridge deck has capstan drive com-
mon to all decks. Each deck incor-
porates transistorized playback and 
tone-burst cue amplifier, operates in-
dependently through manual control, 
or when coupled to sequential elec-
tronics using multiple cue tones, may 
be operated in a pre-set automated 
sequence. If rack-mounted, the width 
allows two units to be mounted sidE 
by side in 19" space. 

How Do Automation 

Users Feel? 

"Our system is doing a fine, de-
pendable job on FM," reports 
Elmo Ellis, WSB Atlanta. Auto-
mation is not used for WSB-AM 
because they do a great deal of 
audience participation program-
ming. 
"Automation will eventually take 
over because of economic pres-
sure," reports P. H. Cunningham, 
WGET-FM Gettysburg. "We are 
happy with the job our system is 
doing for us." Mr. Cunningham 
says automation eliminates his 
need for three additional people 
and offers better quality and con-
trol. 
WITH-FM manager R. C. Em-
bry says, "Our equipment is per-
forming quite capably and keep-
ing sponsors happy." Automation 
was used for a period on WITH-
AM, but abandoned due to a 
lack of compatibility with the 
format. 

riouncer air time. Logging and 
monitoring functions would be the 
engineer's tasks, as they may al-
ready be. Announcers not required 
to prepare the talk tape can be re-
assigned. 
A more involved format pre-

sents a different breed of prob-
lems. A strong personality format, 
with many program elements, will 
work, but not nearly so simply. 
Talk portions without the music 
take far less time to record in ac-
tual man hours. Records (which 
are not on the talk tape) are 
played by an automatic changer 
on cue from the talk tape. Since 
music represents at least half of 
the time, only one half as much 
announcer time would be neces-
sary to prepare a program. Time 
checks and weather forecasts may 
be inserted at any predetermined 
time by clocks. 
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Visual 12000 IBM card-controlled system typically utilizes Spot-
master "Tenspot" and KRS 6-Stact units, operates any reel-to-reel, 
automatic cartridge, or other remote-controlled equipment. Pro-
gram material is coded on IBM cards, and preliminary log printout 
is providetl by automatic typewriter. As programs are aired, sta-
tion log is automatically typed and verified by pulse coding from 
tape cue track. On-air time is automatically stamped on log. Pro-
vision is made for manual take-over, to enable last-minute correc-
tions as well as continued operation in case of component failure. 
Silent sensing of both audio console and transmitter gives proof 
of program play. Loss of audio or RF is indicated by failure code, 
which initiates restart of cartridge. Next program event is aired 
in case of restart failure. IBM cards can also be used for printout 
of billing, sales records, etc. System components can be inte-
grated into existing setups on building-block approach, enabling 
flexibility and custom design to suit individual station requirements. 

Stations who feel vitally obli-
gated to continue with live infor-
mal, down-to-earth programming 
will be wise to adopt some automa-
tion techniques. Even the "plush" 
operations, with the gain-riding 
control engineer and the disc 
jockey who plays cartridge tapes 
and records, multi-cartridge and 
trip cue machines, can lessen 

menial chores and allow more de-
votion to air work. Generally, 
more mechanical operations mean 
fewer human errors. 

Engineering Considerations 

Your engineering department 
must bear the brunt of any new 
equipment installation and they 
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must maintain it; therefore, they 
should have a part in selecting 
equipment. New units must be 
integrated wan old, unless you 
plan to replace all gear. It will be 
engineering's responsibility to 
train personnel to operate new 
equipment, too, and if changes are 
extensive this will be no slight 
endeavor. 

If you install total automation, 
provision must be made to assure 
station breaks at required times. 
Automatic clocks will accomplish 
this, but all must be considered 

continuity can be used as a selling 
point. Most broadcasters have 
found, though, that advertisers 
insist mainly on performance— 
automated or not—and haphazard 
practices will not be obscured 
solely by automation. Announce-
ment length assumes new impor-
tance with automation. Many 
times, not too much attention is 
given the actual length of a spot. 
This practice will throw a system 
completely out of time; conse-
quently, advertisers who like to 
run "overtime" must be dealt with. 

RCA's "trip cue" cartridge tape units can be auto-
matically started in a predetermined sequence. The 
system actually produces two cue signals—one re-
corded on the cue track to indicate the beginning of 
a tape, the second recorded on a different fre-
quency at the end of the recording to start another 
unit. 

initially. Accurate logs are re-
quired and unless automatic log-
ging is a part of your plans, engi-
neering must have a guarantee 
that this obligation will not be 
slighted or ignored. In most cases 
of complete automation, automatic 
logging is a wise investment. A 
reliable EBS system is required 
and it must alert a responsible 
person who can take necessary 
action. 

Sales Considerations 

The reliability of automation's 

If a reel-to-reel tape is used for 
announcements, advertisers who 
demand frequent and short-notice 
copy changes will create many 
problems. Of course, cartridge ma-
chines help ease this situation. 

Costs 

Complete automation equipment 
for simple program formats (such 
as FM) may cost up to $4,000. 
Most manufacturers offer lease-
amortization plans. Pre-taped 
music averages $200 a month. 
This does not include any record-
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IGM Model 600 automates both programming and 
logging. The "random select" type control unit 
works from punched cards, automatically controls 
programming for a full day or more, types the 
log complete with time and all required FCC data. 
Modular, roll-out units include digital clock read-
out and "next event" indicator (upper left); auto-
matic network switcher (lower left); monitor unit 
(center); first four tape channel modules (upper 
right); three more channel modules and playback 
control (lower right). Interphase and clock con-
trols are housed behind panel at lower left. 
Punched card reader is high-speed NCR unit. Type-
writer is IBM automatic. Unit illustrated will soon 
be placed in operation by Storer station WJW-AM-
FM Cleveland, using IGM's "Heritage" taped music 
series. Equipment also readily lends itself to ef-
ficient billing and accounting procedures. IGM 
Model 500 insertion-type control unit permits start-
ing on smaller scale, with as few as one voice and 
two music channels, building up to any desired 
system. 
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Magnecord Model 1048 used as a' 
component in some automated sys-
tems is adaptable to semi-automated 
programming. The 1048 is a 2- chan-
nel unit which can operate for three 
hours at 33/4 ips. The second chan-
nel can be used for cue tones, or 

ing facilities or audio equipment. 
Total automation equipment for 

modern programming (top 40, 
etc.) in an AM-FM operation can 
cost as much as $35,000. 

Individual equipment costs vary, 
depending on function and degree 
of automation. Playback cartridge 
machines start at $400; trip-cue 
machines with record-reproduce 
-functions are $1300 ($1800 for 
stereo). Timing machines vary— 
from as little as $100 to as much 
as $1200 and more in highly com-
plex systems. 

subsonic tones can be used in a 
stereo system. It has 2/10 sec. start 
—1/10 sec. stop response at 33/4, 
and 1/4 sec. start-1/10 sec. stop at 
7.5 ips. Since it is solenoid operated, 
only a s.p. switch is required for re-
mote start/stop operations. 

Conclusion 

Will you automate? It's a tough 
decision, involving not only costs, 
but the entire image of your sta-
tion. Currently, automation's big-
gest success stories come from 
FM operations, where automatic 
equipment is easily adapted to a 
desired format. FM automation 
will continue as economics require 
tighter reins on operating costs 
and as stations are required to 
program separately from AM. 
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Is Automated 
Transmitter Logging 

_Paying Off? 
by Charlie Buffington 

EOR YEARS, broadcasters have 
r been faced with the FCC 
"bugaboo" of logging semi-hourly 
transmitter readings. Everyone 
knows what a pain in the neck it 
is to have to make these readings 
by the clock. In this day and age, 
and especially where modern and 
reliable transmitter gear is used, 
tedious meter reading and logging 
often seem a waste of time. Yet, 
one cannot deny the validity of the 
Rules, nor the value of properly 
logged data in preventive main-
tenance. Thus, it is only natural 
that more and more stations are 
resorting to automatic logging 
equipment as the logical solution. 
From a survey of many users of 

such equipment, logging accuracy 
is immeasurably better, and a con-
stant, continuous, permanent log 
of transmitter parameters is pro-
vided. It is very easy for a busy 
operator to overlook regular half-
hour reading times. When a chief 
engineer inspects a manual log, he 
can't be positive of its accuracy. 
An automatic log chart, on the 
other hand, gives him truer and 
continuous operational readings. 
Slight changes in operating con-
stants, indicative of impending 
trouble, can easily go unnoticed 
in half-hour readings, whereas a 

continuous recording will readily 
show intermittent momentary 
variations. 

Effects on Manpower 

Aside from the engineering 
values of having an automatic 
"watchdog," and a continuous rec-
ord of transmitter performance, 
are there any other advantages to 
be gained? Very definitely! Nu-
merous stations using automatic 
logging equipment are unanimous 
on this point. 

Automatic logging has freed 
transmitter engineers and opera-
tors from long, boring transmit-
ter watches to handle other im-
portant jobs in the control room, 
in production work and in main-
tenance. A multitude of financial 
gains have been derived from more 
useful deployment of personnel in 
various phases of operation. Some 
stations have reported cutting 
transmitter staffs in half, thereby 
providing much needed manpower 
for maintenance and production. 
One station reduced its trans-

mitter staff from four to two men. 
Two were reassigned to studio 
work and the remaining two main-
tain the equipment and manually 
log entries during nighttime op-
eration. Another station reas-
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Rust AUTOLOG equipme.nt is designed for local or remote logging. 
Requiring a single pair of metallic phone lines, the AL-100R is com-
patible with DC remote control systems and will use the same pair 
of phone lines. Sampling voltages are fed through one of the remote 
metering positions. Sampling voltages of 10mv to 10v, usually de-
rived by sharing remote control samples, may be fed into any of 
the 10 inputs. Readings displayed on the chart recorder áppear as 
continuous lines which vary in direct proportion to any parameter 
variation. Each parameter is also displayed on the panel meter beside 
the chart. The system provides continuous alarming of desired 
parameters, and when a pre-set upper or lower limit is exceeded, it 
stops sequencing on the defective position and indicates which pa-
rameter has varied. Contacts for aural alarms are incorporated for in-
stant alerting. Rust Model AL-100, designed for local logging, has 
identical basic features. 

114 



signed three of four men to studio 
control, leaving transmitter super-
vision to a resident operator. At 
still another station, one man has 
enough time to maintain visual 
and aural transmitters, two micro-
wave receiving stations, an FM 
transmitter with two SCA opera-
tions, and an FM standby trans-
mitter. Previously, a large part of 
his time was spent merely logging 
transmitter readings. Although 
it's not required (as long as 
licensed operators are available in 
emergencies), many stations keep 
one man at the transmitter, 
charged with maintenance respon-
sibilities and an occasional check 
on overall operation. 

Equipment Performance 

Automatic loggers are meeting 
and exceeding the expectations of 
the chief engineers we talked to. 
Initially, though, some didn't find 
everything so rosy. Some prob-
lems were encountered in match-
ing sampling voltages to logger 
requirements, and a bit of experi-
mentation was necessary to pro-
duce the required levels. While 
most logging equipment will ac-
cept a fairly wide range (10v or 
so) of input sampling voltage, 
high plate voltages and currents 
are tricky to reduce to acceptable 
levels. Engineers who have worked 
with remote control gear will find 
their experience quite useful. If 
you are installing a remote logger, 
the sampling voltage problem may 
not be so complicated since you al-
ready have data coming in from 
the transmitter at levels suitable 
to most loggers (if yours is a DC 
system). However, in a few cases, 
line noises interfering with logger 
accuracy were reported. This pre-
sents a particularly knotty prob-
lem since phone company line 
quality is involved, and the only 
solution is to improve line quality. 

Transmitter RF on phone or 
sampling lines, especially if it's in-
termittent, gives. erroneous read-
ings until it's tracked down and 
eliminated. 
Components used in sampling 

and alarm circuits, and in the log-
ger itself, must be of the highest 
quality; at least comparable to 
broadcast equipment standards. To 
sacrifice quality is to invite all 
sorts of problems: repeated fail-
ure, difficult calibration mainte-
nance, and the risk of inaccurate 
readings. 

Also, personnel must become 
familiar with the equipment, which 
is unlike most other broadcast 
gear. Adequate installation time 
serves as a "get acquainted" period 
and allows for accuracy and sta-
bility checks, and "debugging." 
One chief expressed, as his only re-
gret, allowing insufficient installa-
tion time. 

Importance of Maintenance 

An automatic logger without a 
properly moving recorder chart is 
less than useless. When a new roll 
of paper is installed, special care 
must be taken to insure that it is 
inserted properly and moving at 
its proper pace. If carelessness in 
setting up the recorder is permit-
ted you may discover later that 
you have no operating log for an 
entire day! Chart paper quality 
is of utmost importance; use of 
cheap, off-brand paper may result 
in sprocket hole tearing, as it did 
in one station, which wound up 
with no operating log for several 
hours. 

Logging Procedures 

Some stations remove the length 
of chart at the end of each broad-
cast day and attach it to a daily 
log sheet containing carrier on 
and off times, tower light records, 
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Bauer Log-Alarm equipment records necessary 
parameters 7 times each hour on a 1" per hour 
strip chart. If transmitter frequency or power out-
pLt varies beyond preset limits, the unit sounds 
an internal alarm, plus external alarms at any 
desired location, until the condition is corrected. 

DA phase reacings, etc. Others 
leave the roll chart in place until 
used up before ffling it in the rec-
ords. In the latter case, the date is 
stamped on the chart at the be-
ginning of each day. 

What About Costs? 

Surprisingly, automatic logging 
equipment is fairly reasonable, 

ranging from a minimum of 
$2,000 to as high as $5,000 where 
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Automatic logging charts 
become a part of the daily 
operating log. This form 

provides a complete per-
manent record of trans-
mitter operation. 

a more complex installation is in-
volved. TV and AM-FM stations 
will need two loggers to accommo-
date both transmitters. 
Automated logging installations 

in remotely controlled stations re-
quire phone lines capable of carry-
ing DC. If existing lines fulfill the 
requirements, without disrupting 
remote control and fail-safe func-
tions, installation costs will be that 
much lower. If transmitter sam-
pling circuits do not exist, they 
will have to be installed. If the 
transmitter was designed for re-
mote control, at least some of these 
sampling circuits can be adapted 
to feed the logger. Manufacturers' 
recommendations should obviously 
be closely followed. Sampling volt-
age levels are critical; if they are 
not at recommended values, log-
ger calibration will be difficult to 
adjust and maintain. 
Most logging equipment uses in-

ternal relays to operate external 
parameter tolerance alarms, but 

it's up to the station to devise nec-
essary alarm apparatus. Bells, 
Duzzers, flashing lights, or any 
combination of devices which will 
attract attention will do the job. 
Intermittently ringing bells and 
buzzers and flashing lights have 
been found to attract attention 
more readily than a steady ringing 
or buzzing, or a constantly glow-
ing light. 

Is Automatic Logging For You? 

While it may be possible to do 
so, it usually isn't practical to dis-
charge transmitter staff personnel 
whose jobs are eliminated because 
of automated logging equipment. 
Most stations have found that they 
have a need for technical person-
nel in other phases of their opera-
tions. On the other hand, after a 
period of stabilization, an em-
ployee who resigns may not always 
be replaced. 
From a manager's viewpoint, 

automated logging makes it pos-
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sible to accomplish more with the 
same number of people, and to en-
hance better technical operation. 
There are many ways to use an 
engineering staff's additional time 
to advantage — more thorough 
maintenance, for example. Better 

maintenance is almost like money 
in the bank! 
Your situation must, of course, 

dictate whether or not automatic 
logging will be advantageous to 
you. Stations using it say it's a 
wise investment. 

Planning to Go Remote? 
Here's Help! 

by Leo G. Sands 

SHOULD YOU lease wire circuits 
or install your own radio link? 

Or, is it wise to even consider 
going remote at all. Much depends 
upon economics, and the quality 
and reliability of available leased 
circuits. Where circuits of ade-
quate quality are available or can 
be made available without paying 
excessive construction costs, leased 
circuits are usually less costly. 
A radio link installation, on the 

other hand, requires a substantial 
initial investment, but recurring 
costs are generally lower. It pro-
vides considerable flexibility; it 
can reach into areas where link 
services are not available; and it 
enables expansion of remote con-
trol facilities without increasing 
the cost of the transmission me-
dium. 

Circuit Requirements 

Four or five circuits are usually 
required from the transmitter site 
to the remote control point. As 
shown in Fig. 1, these include (1) 
a control channel, (2) a telemeter-
ing channel, (3) an order wire, 
(4) a program circuit, and, if 

stereo facilities are required, (5) 
a second program circuit. 
The program circuits already 

exist if the studio and transmitter 
are at different locations. Don't 
forget to include the present cost 
of leasing one or more program 
circuits when you consider the 
total cost of a radio link against 
the total cost of leasing all of the 
required circuits. 

Control Channel 

The control channel may be a 
so-called 0-15 cycle circuit which 
may be a true metallic hookup 
capable of passing DC, or a de-
rived circuit which does not pass 
DC but provides a relay at the 
transmitter site with control con-
tacts at the remote point. These 
two types of circuits are illustrat-
ed in Fig. 2. 

Or, a voice grade telephone cir-
cuit may be used to provide the 
equivalent of up to 32 circuits of 
the type shown in Fig. 3, by em-
ploying tone multiplexing. 

Telemetering Channel 

The true metallic circuit in Fig. 
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2 can be used for direct analog 
measurement. A derived 0-15 cycle 
circuit, which does not provide a 
DC path, can be used for remote 
measurements of transmitter cur-
rents and voltages by converting 
them into coded pulses. A single 
circuit of either type can be used 

to provide up to 32 telemetering 
channels by employing tone multi-
plexing. 

Order Wire 
The order wire may simply be a 

common carrier telephone hookup 

STUDIO 

411  

PROGRAM 

PROGRAM (stereo only) 

CONTROL  

4t7Mà TELEPHONE 

TELEMETER 

ORDER WIRE 

TRANSMITTER 

TELEPHONE 

ALTERNATE OR STANDBY ORDER WIRE 

CENTRAL 
OFFICE 

F.g. 1. Remote Control Circuit Requirements. 

Fig. 2. Two Types of Metallic Circuits. (a) Metallic DC Circuit 
can be used for transmission of quantitative information. 
(b) A signaling circuit may not necessarily provide a direct 
DC path from X to Y. 

for both control and telemetering. 
The cost of leasing such a line is 
usually around $1.50 per mile per 
month. A voice grade telephone 
circuit, costing around $3 to $5 
per mile per month, can be used 

between the transmitter site and 
studio. Or, a separate voice grade 
telephone circuit may be leased, 
terminated at each end in a local 
battery, magneto telephone, or in-
tercom unit of the type ordinarily 
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used ror remote control of mobile 
radio system base stations, as 
illustrated in Fig. 4. On the other 
hand, the order wire may consist 

Broadcasters are eligible for 
station licenses in the Business 
Radio Service and Citizens Radio 
Service for other than program 

Fig. 3. Up to 32 tone channels can be accommodated by a 
voice grade circuit. Transformer illustrates that DC path is 
not required. 

Fig. 4. Private Line Order Wire Circuit. 

of a single-channel, reversible two-
way radio link, as illustrated in 
Fig. 5, preferably equipped with 
tone squelch to mute the receivers 
except for desired signals. 

transmission. Thus, the radio 
transmitter-receiver at each loca-
tion may be a Class-D Citizens 
radio unit, or a 5-30 watt AM unit 
operated on one of the 27-me busi-
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ness channels. A 3-watt (or lower 
power) unit may be operated on 
one of the low-power business 
channels in the 5-50 mc, 150-173 
mc, or 450-470 mc mobile radio 
bands, on which fixed communica-
tions are permitted. Or, a UHF/. 
FM unit may be operated on any 
one of the 48 Class-A Citizens 
channels in the 450-470 mc band 
with input power up to 60 watts. 

Program Channel 

The program channel (two for 
stereo) must meet the frequency 
range requirements stipulated by 

Fig. 5. Radio Link Order Wire. 

the FCC for the type of broadcast 
station. A leased program circuit 
generally consists of an equalized 
telephone circuit. Rates are high-
er than for voice grade circuits, 
even if it's simply an ordinary 
telephone circuit with one or more 
equalizers. 
An 890-960 mc band radio link, 

licensed under Part 4 of the Rules, 
may be used to provide one or 
more program channels. 

Combined Circuits 

A single broadband circuit, if 
available, can be used to provide 
one or two program channels plus 
the control, telemeter, and order 
wire circuits by employing fre-
quency division multiplexing. The 
broadband circuit must have ade-

quate frequency bandwidth to ac-
commodate all of the channels, as 
provided under telpak tariffs. 
When the broadcaster has a 

right of way where he can install 
a suspended or buried coaxial 
cable, all of the channels can be 
accommodated by a single cable, 
as shown in Fig. 6. 

If such a transmission medium 
is not available, the program chan-
nel (s ) may be independent and 
one voice grade telephone circuit 
may be employed for control, tele-
metering, and order wire pur-
poses. 

DC or 15-Cycle Circuits 

When a DC or 0-15 cycle circuit 
is used, remote control is achieved 
by dialing specific numbers to per-
form various control functions, 
such as turning on transmitter 
filaments and transmitter plate 
voltages, reducing power, increas-
ing or decreasing plate and fila-
ment voltages in discrete steps, 
switching over from the main 
transmitter to standby, etc. 
The same circuit can also be 

used to observe power line, fila-
ment, and plate voltages, plate and 
antenna current, frequency and 
modulation monitor readings, and 
for determining if the tower lights 
and flashers are functioning prop-
erly. Each circuit to be monitored 
is dialed. Selectors at the trans-
mitter site connect the remote 
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metering circuit to the various 
circuits in response to dialed com-
mands. Fig. 7 is a functional block 
diagram of a remote control and 
telemetering system using a 
metallic circuit. 

Voice Grade Circuits 

A single voice grade telephone 
circuit may be employed for simul-
taneous remote control and tele-
metering of several circuits by 

erating at a frequency in the 
audio range and a zone receiver 
tuned to the same frequency. As 
shown in Fig. 8A, ckesing switch 
S causes a tone to be transmitted. 
When rectified by the distant tone 
receiver, output relay (K) pulls in. 
In the absence of tone, the relay 
is de-energized. 
A two-state FSK (frequency 

shift keyed) or FM tone channel 
is illustrated in Fig. B. When S is 
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Fig. 7. Femote Control and Telemetering System. 

tone mu tiplexing. By using tones 
and sequential control and tele-
metering circuits, the same line 
can also be used as an order wire. 

Tone MIJItiplex 

An on-off (AM) tone channel 
consists of a tone transmitter op-

closed, the frequency of the trans-
mitted tone is shifted, causing re-
lay K to pull in. The relay drops 
out again when the tone shifts 
back to its normal frequency. One 
tone or the other is always present. 

In a three-state FSK tone chan-
nel (Fig. 8C), a tone at the chan-
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net frequency is transmitted when 
S is in its center position. When S 
closes one contact pair, the tone 
is shifted up; when in the oppo-
site position, tone decreases in 
frequency. 
The output relay (K) may be a 

three-position differential or polar 
relay, which is normally in its cen-
ter position and is pulled one di-
rection or the other, depending on 
whether the frequency shifts up or 
down. 

Or, separate output relays may 
be provided for all three tone fre-
quencies, as shown in Fig. 8D. 
When Si is closed, relay K1 pulls 
in; K2 pulls in when S2 is closed. 
Both switches should not be closed 
at the same time. Relay K3 oper-
ates whenever the tone frequency 
is shifted. 

Since each tone channel oper-
ates on a different frequency, sev-
eral tone channels may operate 
simultaneously on the same cir-
cuit. Up to 32 tones can be trans-
mitted, in either or both direc-
tions, over a voice grade circuit. 

Speech Plus Tones 

Three or more tones may be 
transmitted along with speech 
over a voice grade circuit without 
mutual interference by using fil-
ters as shown in Fig. 9. The fil-
ters may cut a slot in the voice 
band at around 2000 cps or atten-
uate frequencies above 2600 cps 
or higher, allowing room for tones 
at the top of the voice band. 

ON-OFF and FSK tone equip-
ment is available from several 
manufacturers. Any combination 
of ON-OFF and FSK tone trans-
mitters and receivers and com-
mon power supply may be stacked 
in a 19-inch relay rack to accom-
modate the desired number of 
modules. In lieu of the power sup-
ply module, or as its standby, a 

12-volt battery may be used as the 
power source. 
An ON-OFF or two-state FSK 

tone channel can be used to trans-
mit GO-NO/GO intelligence (mark 
and space signals). A three-state 
FSK tone channel can be used to 
transmit such commands as for-
ward-reverse, up-down, fast-slow, 
increase-decrease, etc. A combina-
tion of these systems can be used 
to transmit more complex intelli-

gence, including quantitative in-
formation, by coding the tone 
pulses or varying their duration, 
repetition rate or relationship. 
In addition to keyed tones, there 

are tone systems which convey 
quantitative information by step-
less variation of the tone f requen-
cy. As shown in Fig. 10, the tone 
frequency is varied by changing 
the voltage applied to the tone 
transmitter. The output of the 
tone receiver is a DC voltage 
which is proportional to frequen-
cy. For telemetering, the DC volt-
age to be measured (reduced if 
necessary) is applied to the tone 
transmitter and the value of the 
voltage is read on a meter con-
nected to the output of the tone 
receiver. 
Current is measured in the same 

manner by connecting the tone 
transmitter input to a series re-
sistance in the circuit being moni-
tored. RF and AC can be meas-
ured by rectifying it. 
A variable frequency tone chan-

nel occupies more space than a 
keyed tone, and thus fewer can be 
accommodated within the same 
transmission band. 

Radio Links 
An 890-960 mc band radio link 

can accommodate all of the re-
quired circuits. An FM radio link 
licensed under Part 4 of the Rules 
may employ up to -±200 kc FM 
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frequency deviation and, when 
employing a 4:1 deviation ratio. 
can accommodate up to 50 kc of 
intelligence. 
A two-way link (Fig. 11) pro-

vides the same amount of band 
space in both directions. When 
broadband transmission is re-
quired in only one direction, the 
transmitter-to-studio artery may 
be a DC, 15-cycle, or voice grade 
wire line, or a narrow band radio 
link. 
The narrow band radio link 

could operate in the 72-76 mc 
band, except when close to a TV 
station operating on TV channel 
4 or 5. Or, it could operate on one 

input. Class-A stations may be 
remotely controlled. For exam-
ple, a tone could be transmitted 
from the studio via the broad-
band link, which would turn on 
the narrow band transmitter 
when a meter reading is made or 
control function is verified. 

Ordinarily, Class-A stations 
are authorized for AM or FM 
radio-telephoning only, but the 
FCC may authorize use of other 
emissions upon adequate show-
ing of need. While the point be-
ing made is that the operation 
of the return radio link on busi-
ness or Citizens channels is tech-
nically feasible, such use, from 

(17) METER 

FREQUENCY 
TO VOLTAGE 
CONVERTER 

VARIABLE 
FREQUENCY AC 

VOLTAGE 
TO FREQUENCY 
CONVERTER 

TC 

Fig. 10. Analog telemetering system. 

of the 26-mc channels on which 30 
watts input power and any kind of 
emission can be employed as long 
as band occupancy does not ex-
ceed 8 kc. The transmitters may 
be remoiely actuated. Licensing 
would be in the Business Radio 
Service on a shared _basis with 
other services, with no guaran-
tees against *interference. 

Special narrow bends of fre-
quencies are also available in the 
25-50 mc and 150-174 mc bands to 
business radio applicants on a de-
velopmental basis. Any kind of 
intelligence may be transmitted 
within the specified frequency 
limits. 

Or, the return link could op-
erate on one of the 48 Class-A 
Citizens channels in the 450-470 
mc band using up to 60 watts 

the standpoint of acceptability 
for broadcast transmitter tele-
metering, must be approved by 
the FCC. 
While more expensive, a 12,-

000-mc band microwave link 
could be used to transmit tele-
metering signals from the trans-
mitter to the studio. There is 
ample bandwidth for transmit-
ting video signals from a closed 
circuit TV camera to a monitor 
at the remote control point. One 
or more remotely selected TV 
cameras could be used for direct 
viewing of the transmitter's me-
ters as well as the tower lights. 

Telemetering 

The simplest method of trans-
mitter telemetering employs di-
rect selective connection to the 
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Manufacturers and Suppliers of Remote Control Systems 

Company DC Wire Tone Wire STL/Ftadio 

Bauer Electronics 
San Carlos. Cal. 

X 

Budelman Electronics Corp. 
Stamford, Conn. 

X 

Collins Radio 
Dallas, Tex. 

x x 

Gates Radio 
Quincy, Ill. 

x x x 

Marti Electronics 
Cleburne. Tex. 

x 

McMartin Industries 
Omaha. Nebr. X 

Metro-Tel Corp. 
Westbury. N.Y. X 

Microwave Associates 
Burlington. Mass. X 

Moseley Associates 
Santa Barbara. Cal. X x x 

Radio Coro. of America 
Camden. N.J. X x x 

Rust Corp. 
Everett. Mass. X 

Schafer Electronics 
Burbank, Cal. X 

Trepac Corp. of America 
Englewood. N.J. X X X 

transmitter metering circuits 
and the frequency and modula-
tion monitors, and a meter at 
the other end. 
Many telemetering techniques, 

developed to meet the require-
ments of water works, process 
machines, aerospace and the 
military, can be used for broad-
cast station telemetering. 
A pulse duration telemeter 

transmitter, for example, can be 
connected to the circuit to be 
measured through a voltage di-
vider and/or rectifier. The tele-
meter transmitter keys a DC or 
15-cycle circuit, or a tone trans-
mitter. The duration of the key 

closure time with respect to the 
total metering cycle time causes 
the remote telemeter receiver to 
indicate volts or amperes in 
values related to pulse duration. 
More direct is a voltage-to-fre-

quency conversion/frequency-to-
voltage reconversion system, in 
which the measured voltage or 
current (DC, AC, or RF) is ap-
plied as a small DC voltage to 
the variable frequency tone 
transmitter, and 'measured at the 
other end with a meter connect-
ed to the output of the fre-
quency-to-voltage converter. 
Another possible technique is 

the use of Raysistors to convert 
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voltage or current (DC, AC, or 
RF) directly into resistance. 

Other techniques include the 
use of magnetic amplifiers and 
transistors for sensing voltage 
or current and providing a DC 
or AC output signal that can be 
measured at the remote central 
point. 

Digital Systems 
Voltage and current can be 

converted into digital data by an 
analog-to-digital converter which 
transmits quantitative informa-
tion as DC or tone pulses. At the 
remote control point the digital 
data may be fed to a numerical 
display or a teletypewriter for 
printout. Or the data may be 
fed into a digital-to-analog con-
verter for readout on a meter or 
electronic counter. The digital 
data may be transmitted serially 
over a single tone channel, or 
several tone channels may be 

employed for parallel transmis-
sion of data. Digital techniques, 
using push buttons or a teletype-
writer, can be used 

Choice of Systems 
Complete broadcast station re-

mote control systems are avail-
able. A block diagram of a com-
mercial system is shown in Fig. 
12. This one can be used over 
any two-way voice grade trans-
mission path. Since it employs 
audio tones, a metallic DC path 
is not required. 
A broadcast station's engi-

neering staff can design its own 
remote control system employing 
available components. Using mod-
ern technology, it is possible to 
design automated broadcast sta-
tion remote control systems which 
require no human commands, but 
which can be monitored. by the 
operator in charge, who can take 
over control when and if neces-
sary. 

Mobile News Units on a Shoestring 
By Clarence E Jones 

CAR HAS STALLED in the left 
lane at the traffic light in 

downtown St. George. Traffic mov-
ing north through the city should 
use the right lane in the down-
town area and proceed with cau-
tion to avoid unnecessary delay. 
This is Clarence Jones in Mobile 
Unit One returning you to QUIZ 
action central news." 
The news flash you just read 

came from a live broadcast on 
WQIZ, a small 500w daytimer lo-

cated in St. George, S. C. St. 
George is a town of only 1800 
• people, but WQIZ radio is known 
all over the low country of South 
Carolina as "The little station 
with a big voice." It is not located 
within any large metropolitan 
area; the town has only one traffic 
'light! Yet, it is the crossroad of 
two principal highways—a 4-laner 
winds through the town for about 
a mile. 

Last September, we became in-
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cast and mobile news service. Mo-
bile operation, of course, meant 2-
way radio equipment. But when a 
price of over $3,000 was quoted 
for two transmitters and a base 
antenna system, the project was 
dropped. 
Then we got the bright idea of 

using Citizens band equipment. 
After all, most of our remote 
broadcasts would originate within 
4 or 5 miles of the station. With 
5w CB power, we should be able 
to achieve reliable RPB operation 
at distances up to 20 miles. We 
have since learned that this is a 

FCC Rules on RPB Operation 

Part 74 of the Rules, subpart D, contains all pertinent information for 
licensing RPB units. 

Part 74.402 lists frequencies available for 26-mc use, from 25,870 
through 26,470 mc—seven groups-26 channels. 
A 5w or lower power mobile station operating below 30 mc must main-

tain a frequency tolerance of .02%. 
There is no limit to the number of RPB stations authorized in a single 

area. 
RPB units may not be used to relay programs from any established 

studio equipped for regular broadcasting, except for periods of emergency 
in the case of a remote transmitter. 

Stadiums, convention hall booths, churches, and other similar facilities 
are not considered as established broadcast studios. 

Filing an Application 

Use FCC Form 313 to apply simultaneously for both CP and license. 
You will need eight copies for each unit—four copies for the CP and four 
for the license. Three copies of each go to the FCC and one is for your 
files. Several extra copies are helpful as work sheets. 

Fill in the base station CP application as follows: 
1. (a) Remote pickup; (b) New station; (c) Station I.D. 
2. Frequency (specify); Power: 5 watts; Emission: A3; Bandwith: 

20 kc. 
3. Give your station coordinates (shown on license). 
4. Antenna system: We specified the make and model, using separate 

50-ft. TV antenna. (Using your broadcast tower will mean new resistance 
measurements and the use of isolating coax.) 

7. E. F. Johnson Type 242-163, 5 watts. Crystal oscillator circuit: 
E. F. Johnson standard tube, one type 7054. Last RF Stage: E. F. John-
son standard tube, one type 7061, 2-ma, 360vdc, AM modulation. 

8. 100% modulation—.005% or better as measured. Crystal oscillator:-
. with .005% accuracy (used to maintain tolerance). Annual measurement 

terested in adding remote broad- practical and inexpensive way to 
expand news facilities while elimi-
nating low-quality phone lines on 
longer remote broadcasting from 
stores, schools, churches, etc. 

This article explains how we 
modified inexpensive readily-avail-
able units and got our mobile 
news/remote-broadcast equipment 
for under $400! 

Choice of Equipment 

For our purposes, we chose the 
Johnson "Messenger Two," al-
though several other makes and 
models are suitable for this serv-
ice. The cost of each unit is ap-
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by qualified engineer. 
The license form for the base station is exactly the same, except you 

check "license" under la. The CP and license applications for mobile and 
portable units are the same with these exceptions: In the blank space above 
Item 3, write: "This transmitter will be used both in a vehicle and as a 
portable unit." Under 3a, specify your coordinates and write: "Within 
25 miles of these coordinates." Under 3c, write: "Within 25 miles of 
(your city). Under 4a, write "Vertical whip antenna when in vehicle; 
XXX Model   vertical when outside." (Specify make and model 
antenna.) Check "License" on the form for license. Send these forms with 
$30.00 for each base and mobile unit (2 units—$60.00) to the FCC. You 
may request the Secretary of the Commission to telegraph you, collect, 
when the licenses are granted. 

Finding a Frequency 

Phone the FCC in Washington (202/EX 3-3620) person-to-person. Ask 
the operator for: "The person who can tell me what frequency is available 
for my city in the 26-mc remote pickup broadcast band." Be sure the 
operator places your call exactly that way to avoid excessive phone charges. 

Tell the FCC employee that you are applying for a 26-mc RPB opera-
tion and want to know what frequencies are not being used in your area— 
starting at the 26-mc end of the band and working down. He will ask you 
if you are near certain towns, so it will help if you have a map of your 
state handy to check distances. 

Crystal Information 

Third overtone transmit and receive crystals may be ordered from any 
reputable crystal manufacturer. The receiver oscillator operates at 455 
kc below your specified frequency. When ordering, simply order crystals 
for your assigned frequency and specify the make and model of the trans-
ceiver. It's a good idea to send along a copy of the schematic, too. 
proximately $133. It can be pow-
ered from either 110v AC or 12v 
DC. Faced with a choice of fixed 
frequency and continuously-tuned 
models, we chose the latter. Vari-
able tuning is of no value in the 
26-mc RPB band, but this model 
has two additional IF transform-
ers, providing greater selectivity 
and less adjacent channel inter-
ference. 

Modification of the Units 

The only modification of the 
base station unit, in addition to 
tuning, is the installation of a 3.2-
ohm output jack on the rear of 

the cabinet. To match the output 
to our console, we used a trans-
former of the proper ratio with 
cables of suitable length attached 
to each winding. The cable from 
the 3.2-ohm winding terminates 
in a phone plug to match the jack 
installed on the base station unit. 
The cable from the other winding 
can be terminated in a plug to suit 
any console input. Direct tape re-
cordings for delayed use may also 
be made if a multi-tap matching 
transformer is used. 

So that we could use a regular 
phone plug input on the mobile 
unit, rather than the PTT mie, 
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1 

3.2-Ohm Output Jack 
We used a two-color twisted 
pair to wire a 3.2-ohm output 
extension from the audio out-
put transformer. We found 
that connecting this output 
across the speaker terminals 
results in the unit acting like 
a PA system. (Editor's note: 
Although WQIZ did not re-
port problems with hum, a 
shielded audio cable connec-
tion would seem advisable for 
the 3.2-ohm output exten-
sion.) 

Author Jones in news room, which is separate from 
main control room and has facilities for taping of news 
and editing, or direct on-air feeds. Remote news trans-
ceiver is at upper right. 
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Mic Plug and Phone Jack Adapter 
with this adapter we can use a phone plug input on the 
mobile unit rather than the PTT mic. We used a 
Switchcraft adapter (phone-jack input to phono-plug 
output) with the phono-plug soldered to the end of an 
Amphenol connector (91-PC4M). In making this piece 
the wires in the Switchcraft unit must not be damaged; 
and by leaving the ring on the Amphenol plug, the mic 
will be well grounded to the chassis jack. A jumper 
between pins two and four is necessary so the defeat 
switch will operate. 

r" 

0— 
JUMPER 

-r 

0.-11111----) 

O. Nic • 

L AMPHENOL 9I-PC4M L PHONE JACK 

three changes were made: (1) 
modification of a phone jack 
phono-plug adapter and mic plug; 
(2) addition of a 4-conductor mic 
jack; and (3) addition of a car-
rier defeat switch. 

Tuning 

In achieving optimum operation 
on your RPB frequency, the trans-
mitter and receiver sections will 
have to be tuned and adjusted. 
The transmitter oscillator coil, 

which is in series with the crystal, 
may require adjustment. (Ours 
did not.) It should be tuned for 
maximum oscillator grid voltage. 
To prevent circuit loading, use an 
RF choke in series with the 
VTVM probe. 
The oscillator output and power 

amplifier circuits will require 
peaking at your specified frequen-
cy. The oscillator plate coil, power 
amplifier plate, and antenna cou-
pling trimmer should be tuned for 
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Defeat Switch and New Connections 
A SPDT switch is mounted on the front panel of the 
mobile unit and wired as shown. An Amphenol mic jack 
(91-PC4F) is mounted in a convenient location and 
wired as shown. The original plug on the PTT mie is 
replaced by an Amphenol plug (91-PC4M). 

E 

SPDW 

RED WIRE 
FROM SPEAKER 

TO KEY CIRCUIT 

TO GRID 

SPDW SWITCH 

DEFEAT 
SWITCH 

GROUND 
SHIELD .0 

_L 

RED ,0 

BLACK .0 

WHITE o 

91- PC4F JACK 
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maximum power output (about 
3w). An RF wattmeter (the type 
normally used for CB units is 
sufficient) connected to the an-
tenna output, should be used as 

the adjustment indicator. Tune 
the oscillator plate coil under mod-
ulation. A simple procedure is to 
whistle into the mic while tuning 
for maximum output. 
Remember that all tuning and 

adjustment should be made while 
operating into a dummy load. A 
50-ohm 10w resistor will serve 
quite well. The load should be 
connected across the antenna coax 
connector when the transmitter is 
keyed. Frequency and modulation 
must be checked by a technician 
holding at least a 2nd-Class Radio-
telephone license. 
The receiving antenna coil and 

RF circuit should be tuned to your 
specific RPB frequency. The best 
way to do this is to feed the out-
put of a suitable frequency gen-
erator directly into the receiver, 
via the antenna coax connector, 
while monitoring the AVC voltage. 
Use an unmodulated signal and 
adjust the generator for the low-
est usable output; too much out-
put will cause overloading. 

If an accurate signal generator 
is not available, simply peak the 
antenna and RF circuits for max-
imum noise output. Then trans-

mit a test signal from the other 
unit at a remote location, or oper-
ate it from another room, using a 
dummy load to produce a very 
weak signal. Retune the receiver 
for maximum signal volume. 
Nothing else needs to be retuned. 
We found that optimum operation 
of our units required only these 
adjustments. 

Increasing Power Output and 
Modulation 

We were able to increase modu-
lation by using a .25-mfd capacitor 
across the series resistor in the 
output winding of the modulation 
transformer. Power output can 
be raised by shorting out this 
same resistor. W1 increased ours 
to approximately 7w. In our case, 
we found modulation and power 
increases to be of no real advan-
tage since most of our operation is 
within close range of the station. 
Our units could not be operated 
with both increased modulation 
and power, but they operated with 
no problem at all on continuous 
duty at 3-5w. 
The main thing is that our units 

work, and they work well. Our 
dream of a remote pickup and 
mobile news unit has come true 
because we put wheels on our 
dream . . . mobile news for under 
$400! 
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Tips e? Techniques 
For Handling 
Live Audio 

By Philip Erhorn 

ONE OF the most important 
technical aspects of live stu-

dio operations is the technique of 
audio mixing. While the technique 
naturally varies from one engi-
neer to another, the man who com-
bines musical knowledge with a 
good memory and keeps calm un-
der pressure, is the type who even-
tually gets his name in the credit 
lines for a number of important 
network shows. 
Our first consideration is the 

method used in setting up the 
mixer board. There seems to be 
an inherent urge on the part of 
most audio engineers to set up 
their mixer readings from left to 

tight—that is, with the most im-
portant mics tied to the left-hand 
mixing pots. This tendency has 
probably been carried over from 
the early days, when it was pru-
dent to connect the announce mie 
to the number 1 pot, so that it 
could be grabbed in an emergency 
without looking. 

In most instances this mic dou-
bled as the vocal mie for an or-
chestra setup, and the rest of the 
board was arranged about like 

Fig. 1A. This simple arrangement 
could handle many shows involv-
ing a house band and vocalist, but 
when expanded to meet the mod-
ern demands of a complex show, 
the board tends to be off balance 
to the left. Such an arrangement 
is shown in Fig. 1B. Because only 
two pots of the large-knob rotary 
type can be simultaneously con-
trolled with one hand, the most 
important pots, requiring the 
most gain riding, are not conveni-
ently placed. This, of course, 
makes the mixing job more diffi-
cult. 

Fig. 1C illustrates a more sen-
sible method of setting up the 
mixer suitable for a large musical 
TV show, with the addition of 
two submixers to accommodate 
the relatively large number of mi-
crophones more easily on a con-
ventional console. The submixers 
(which may be outboard portable 
units) feed into two pots on the 
main mixer panel for a more com-
pact two-hand layout within a rea-
.sonable span. Note that the left 
hand may normally control the 
string mie and Boom 1, while the 

• 
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right hand controls Boom 2 and 
the chorus mic. The most impor-
tant mics are comfortably çen-
tered and under complete control, 
and a hand occasionally can be re-
leased to touch up the woodwind, 

dio is the choice of microphone 
used on the stage booms. Even 
casual examination of the com-
parative curves of the older rib-
bon cardioids and dynamic/ribbon 
combination cardioids shows con-

Fig. 1. Comparative Board Arrangements. a. Standard method. b. With 
more pots, board becomes unbalanced. c. Sensible method of balancing 
mixer pot arrangement. 

muted brass, audience reaction 
mics, etc. 
A room tone or echo mic is 

shown submixed with the string 
mic. This idea works well in a 
large, but typically deadened stu-
dio. Even in a theater studio it 
will help to augment the sound of 
a small string section. As the 
string mic is opened, room tone 
tends to counteract the "rosiny" 
sound of a close-miked string sec-
tion. 

The Importance of 
Microphone Choice 

The second important consider-
ation for improvement of TV au-

siderable leakage at both ends of 
the spectrum (Fig. 2). The front-
to-back ratio is quite poor except 
at mid frequencies. Obviously leak-
age into the stage booms from a 
pit or off-stage orchestra is always 
severe. It is a psychological fact 
that musicians always play twice 
as loudly on air as in rehearsal, 
ruining a carefully set balance via 
pickup on the booms. In addition, 
ambient set noise is aggravated 
by spacious acoustics, particular-
ly so in theater studios. 
The newer dynamic cardioid and 

line microphones make a tremen-
dous difference in handling these 
problems. Front/back ratio has 
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been increased and made quite 
uniform over a wide frequency 
range. Leakage in the old sense of 
the word is minimized, and work-
ing distances may be substantially 
increased. Of course, the boom op-
erator must be more alert in po-
sitioning the mic, because of the 
increased directivity. Not the 
least of the advantages gained are 
mechanical ruggedness and free-
dom from shock, plus reduction of 
proximity effect. 

Control Engineer's Cue Sheet 

With the physical setup of the 
board arranged so that the most 
important mics are centered 
among the pots, and the possible 
boom microphone problem allevi-
ated, the next important consid-
eration is some means of "prod-
ding" the engineer's memory dur-
ing the course of a long show. 

Memory serves an important 
function because levels must be 
constantly adjusted on cue 
throughout the show, and critical-
ly changed to adapt to vocal en-
trances, dynamic orchestra levels, 
and commercials. For live shows, 
the audio control man has only 
one chance to do the mixing job 
correctly. 

Because the average popular 
musical number runs only 3 to 4 
minutes, memory is hardly over-
taxed with regard to vocal cues or 
relative mixing levels. However, 
memory certainly needs regular 
jogging during the course of a 
long show involving many num-
bers, several commercials, and 
much repositioning of the booms, 
not to mention prerecorded sec-
tions, film spots, etc. Cue sheets 
and notes on the script are very 
necessary. The most important 
level changes and cues are in the 
transition from one musical num-

ber to another. As the announcer 
or performer takes over the boom 
at the conclusion of a number, the 
orchestra mies and other impor-
tant mic pots must be reset for 
the start of the next number. They 
may need closing down (but not 
off) during announcements in or-
der to hold down set noise, but 
must be quickly and accurately 
reset for most effective levels at 
the start of the next number. 

Fig. 3 illustrates a simple 
shorthand method of marking a 
script or musical cue sheet so as 
to leave no doubt about proper pot 
settings. A rectangle with arrows 
represents the important mixer 
pots concerned with orchestra ac-
companiment. The circles repre-
sent the two boom mies. While 
this notation is correct for rotary 
pots only, a variant will easily 
suggest itself for those studios for-
tunate enough to employ vertical, 
slide-type mixing pots in their 
consoles. 

Relative settings of all the im-
portant pots are shown at a glance 
by the arrow positions. If the en-
gineer is supplied with song word 
sheets, important level changes 
can be shown throughout by 
quickly sketching in the rectangle 
and arrows during rehearsals. The 
arrows are best interpreted as set 
at the hours of the clock; the ac-
tual engraved dial setting is unim-
portant. If the boom pots need 
critical adjustment at the same 
time as orchestra pot changes, sim-
ply add the circles to the right of 
the rectangle, and write in the 
name of the person the boom is 
on at the time. 

With the hands so busy with 
mixing, a foot-switch of the type 
used with certain home appliances 
can be an asset to a busy engineer. 
This switch should be tied in par-
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allel with the talk-back or boom-
cue key on the console, so that the 
boom operators can be cued in at 
important transitional points dur-
ing the show, and without having 
to release a hand to operate the 
key. The addition of the foot-
switch can do wonders for the 
smoothness of boom positioning, 
since communications with the op-
erators is instantly available with-
out fear of jeopardizing other 
mixing chores. 

Familiarity with Music Helps 

While a good memory is an im-

Fig. 3. Typical Script or Cue Sheet 
Shorthand. 

portant factor in mixing of any 
kind, let us stress that an under-
standing of music is the most val-
uable asset an engineer can have, 
since so much of today's mixing 
is directly concerned with broad-
casting music. There is nothing 
to be gained by assigning an en-
gineer who normally spends his 
scheduled hours handling dra-
matic shows, telecine cut-ins, or 
news shows to a big musical ex-
travaganza, unless he is musically 
competent. A man who knows mu-
sic will have a feeling for what is 
coming next, even if he is not fa-
miliar with a particular number, 
and he can automatically antici-
pate dynamic level changes and 
vocal entrances. 

In the pickup of a symphony 
orchestra on TV, the word mixing 
is almost a misnomer, since fewer 
mics are used in an ideal setup. 
The less the manipulation of the 

mic pots, the more natural the 
dynamic realism, assuming room 
acoustics are a help and not a 
hindrance. Touching up accent 
mics to go with changes in cam-
era shots may be necessary and 
should not be ignored. There is 
nothing worse to a classical music 
lover than to see a close-up of the 
woodwind section and to hear the 
incongruous sound of an overall, 
distant pickup. If the audio en-
gineer cannot follow a score, the 
production personnel should see 
that he is cued in ahead of the 
camera switch. 
By contrast, popular music mix-

ing techniques continually call for 
compression of the dynamic range, 
and the general musical balance 
is, to a considerable extent, taken 

Fig. 4. Typical 2-Channel Console 
with Rotary Mixing Pots. 

out of the hands of the musical 
conductor and placed in the hands 
of the studio engineer. If he is 
astute, the relative levels between 
accompaniment, vocalists, and an-
nouncers are kept uniform, without 
obliteration of one by the other, 
and as a bonus, the radiated power 
at the transmitter is commercially 
efficient. A second method of dy-
namic range compression involves 
the well-known but improperly un-
derstood compression amplifier. 
Since the use of such a device 
brings up certain other system 
philosophies and problems, how-
ever, suffice it to say that the 
newer, slow-attack, medium-re-
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covery compressors are best suit-
ed for regular studio use. Fast-at-
tack, shelving-curve compressors 
belong in the transmitter, serving 
as peak compression units. 

A Comparison of Two 
Board Layouts 

A brief look at two radically dif-
ferent formats in mixing consoles 
will serve to provide both engi-
neering and management with 
food for thought. While stereo-
phonic audio is at present limited 
to FM, multi-channel mixing con-
soles for TV have real merit 
when tied in with cut-in studios, 
telecine, and VTR feeds, etc. 
Provisions for other flexible 

Fig. 5. Horizontal Control Panel 
with Slide-type Mixing Pots. 

features such as individual micro-
phone equalizers, echo feed pots, 
and bus switching should and 
must be considered for enlarged 
and flexible operations. 

The console pictured in Fig. 4 

illustrates a typical custom facil-
ity of two channels, utilizing ro-
tary mixing pots and conventional 
lever keys for channels and hi-
level input switching. By con-
trast, the console of Fig. 5 in-
cludes a much more comfortable, 
virtually horizontal control panel 
with vertical slide-type mixing 
pots; "glass-arm" effects are defi-
nitely minimized on a long show. 
The vertical pots afford both step-
less mixing and instant visualiza-
tion of relative settings. Three to 
four pots can be mixed simultane-
ously with each hand, since the 
knobs are finger wells and slide 
very smoothly. The technique of 
mixing with these pots is as easily 
learned as "Chopsticks" on a 
piano! 

This console contains 12 micro-
phone inputs, and a total of fifteen 
hi-level inputs connected to three 
separate mixing pots. All inputs 
can be switched via illuminated, 
color-ccded push buttons to the 
three mixing busses. Compres-
sion is available on each output 
channel and is metered, as are the 
three isolated echo send facilities. 
Modular, in-line spacing of all im-
portant controls on 11/2" centers 
allows these fairly extensive fa-
cilities to be encompassed in a 
main control panel only 32" wide 
by 20" high. Every control on the 
console is within easy reach of 
the engineer. The possibilities for 
operational errors have been re-
duced to a minimum. 
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FM Overmodulation: 
Cause & Cure 

By Harry A. Etkin 

W ITH THE continued improve-
ment in recording and FM 

broadcasting equipment, the in-
creased use of special equalization 
effects by recording artists and 
studios, the differences in micro-
phone equalization and response, 
and the use of close microphone 
techniques, the high frequencies 
fed into FM broadcast transmit-
ters are often of sufficient am-
plitude (after pre-emphasis) to 
cause serious overmodulation 
problems. The increasing number 
of incidents of FM overmodula-
tion, and the resultant FCC cita-
tions, indicate a real need for cor-
rective actions. 

Why Does the Problem Exist? 

Normally the lower frequency 
component of an audio signal is 
amplified more than the higher 
frequencies. This occurs at every 
step between the input equipment 
and the transmitter, unavoidably 
adding a high frequency noise 
to the desired audio signal. As a 
result, the signal-to-noise ratio is 
low at the high frequencies. Where 
the audio spectrum from CO to 
15,000 cps is utilized, a situation 
such as this cannot be tolerated. 
To improve signal-to-noise ra-

tios, various methods of equaliza-
tion and pre-emphasis are em-
ployed. Pre-emphasis—increasing 
the amplitude of high frequency 

audio signals before they are 
fed to the transmitter — reduces 
the unfavorable relationship be-
tween high frequency audio and 
high frequency noise. High fre-
quency program signal is in-
creased, while the high frequency 
noise level remains the same, im-
proving the high frequency signal-
to-noise ratio. 
However, as signal-to-noise ra-

tios increase, equalization or pre-
emphasis can actually result in 
signal degradation due to distor-
tion brought about by the exces-
sive high frequency signal levels 
that are forced through the vari-
ous amplifiers. The main reason 
for the equalization and pre-em-
phasis network is to make sure 
that high frequencies are not 
blocked out by the inherent noise 
characteristics. 

Since there is less energy in the 
upper section of the 50 to 15,000 
cps region than there is in the 
portion below 1,000 cps, a 75-
microsecond pre-emphasis curve 
was adopted by the FCC to take 
advantage of this distribution. 
Fig. 1 illustrates the standard pre-
emphasis characteristic curve. The 
solid curve shows a flat response 
below 200 cps; at 1,000 cps the 
gain rises to +0.9 db, to +8.3 
db at 5,000 cps, to +13.8 db at 
10,000 cps, and at 15,000 cps the 
gain increases to +17 db. In gen-
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Fig. I. Standard pre-em-
phasis curve. Frequency 

eral, a 75-microsecond pre-em-
phasis curve means that amplifiers 
all along the audio line will be 
handling a 15,000 cycle signal 17 
db higher than the 1,000 cps sig-
nal. If the transmission at 1,000 
cycles is to be maintained at an 
adequate level, there is a definite 
probability of overloading the am-
plifiers at 15,000 cycles when us-
ing the 75-microsecond pre-em-
phasis. 

What are the Causes? 

The FCC standard pre-emphasis 
curve is quite severe. When this 
curve was adopted, FM program-
ming was not too competitive and 
the FM broadcaster usually oper-

10 000 

response limits are shown 
by solid and dashed lines. 

ated the transmitter with low val-
ues of modulation to allow the 
transmission of the full dynamic 
range of recordings. The standard 
practice for FM broadcasters was 
to operate at a low modulation 
level without the use of peak lim-
iting amplifier& Although limit-
ers are being used today, more 
FM stations are still being given 
citations for overmodulation. This 
has led many engineers to the con-
clusion that limiters were not op-
erating correctly. However, tests 
showed that they were operating 
on a flat response curve, and the 
high frequency signal fell below 
the threshold of limiting. Over-
modulation is caused by pre-em-
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Fig. 2. Typical limiter operation with pre-emphasis ahead of 
wAhout pre-emphasis is on the right. 

phasis of the audio signal after 
it passes through the limiter. 
A limiter cannot always handle 

the complete job of loudness and 
level control. High-amplitude, 
high-frequency signals can trigger 
the limiter and cause a drop in 
overall program level, balance, and 
loudness. Where the limiter is in-
serted after pre-emphasis, it will 
be particularly susceptible to this 
triggering with a reduction in-
stead of an increase in signal 
strength. This method of opera-
tion can limit the high frequen-
cies as well as the mid-range and 
low frequencies. If the program 
level is maintained well below the 
threshold of limiting, acceptable 
program levels will be produced. 
However, some programs will 
cause unnatural effects, as shown 
in Fig. 2. The results shown are 
for a limiter with an attack time 
of approximately one millisecond 
and a 90% recovery time of about 
two seconds. When the pre-empha-
sized high-frequency peaks ex-
ceed the threshold of limiting, 
gain at mid-frequencies is re-
duced. Thus, the de-emphasized 
signal sounds like the limiter is 
undergoing a blocking-type of os-
cillation; the gain suddenly drops, 

the limiter. The same signal 

then recovers on the normal RC 
slope. This type of programming 
will produce a large group of com-
plaining listeners. The right side 
of Fig. 2 shows the same signal 
without pre-emphasis. 

If the limiter is placed before 
pre-emphasis, and if it is not trig-
gered by high frequency peaks, 
the pre-emphasis can -cause trans-
mitter overmodulation with all its 
distortion and problems. Live stu-
dio programs, music, and other 
recorded sounds containing ap-
plause, percussion noises, finger-
snapping, clinking and tinkling of 
glasses and keys, tap dancing, and 
other peaked high frequency 
sounds (when combined with 
program music or speech) will 
cause transients that will trigger 
the limiter and actually cause an 
attendent gain reduction. If the 
high-frequency content of music 
and other recorded sounds never 
exceeded the curve in Fig. 3, the 
limiter signal could be fed into 
the FM transmitter pre-emphasis 
network without causing overmod-
ulation. However, present day mi-
crophone techniques and orches-
tration, combined with RIAA tre-
ble pre-emphasis, often create 
quite impossible levels at the high-
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est audio frequencies. Fig 3 is 
complementa•T to the standard 
pre-emphasis curve and can be 
used in the FM receiver to de-
emphasize the signal to restore 
the original frequency response. 
It can be seen that overmodula-
tion will result if the high fre-
quencies exceed the limits of the 
curve shown by the shaded area 
in Fig. 3. 
FM transmitters are designed 

to tolerate extensive overmodula-
tion with a minimum of distortion. 
However, considerable overloads 
can swing the carrier beyond the 
maximum -±-75 kc limit. A 6 db 

-0.9 
I KC 

2.8 
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4.7 
3 KC 

7 KC 

peak power measured from many 
types of programs broadcast from 
a typical FM station. During 
these measurements, the limiter 
was set up for a constant mid-
range level. The very high and 
very low frequency peaks occurred 
much less frequently than the in-
termediate high and low frequency 
peaks. Yet, these peaks show why 
broadcast stations are being given 
citations for overmodulation. 
From this study the broadcaster 
can assume that every FM broad-
cast station, without preventive 
overmodulation systems, will pro-
duce a peak power distribution 
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Pig. 3. Standard FM receiver de-emphasis 

program peak with low percent-
ages of modulation will produce 
a carrier swing to ±.150 kc, which 
is well beyond the allowable limit. 
Numerous measurement studies, 
using spectrum and wave analyz-
ers, have been made.* The data 
provides a typical peak power dis-
tribution curve, as shown in Fig. 
4. This is a composite curve of the 

°Study measurement data developed and 
compiled by Gates Radio Co., Advanced 
Development Engineering Dept., Quincy, 
Illinoi'. 

curve. 
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curve that will equal or exceed 
Fig. 4. 
To reduce the excessive accele-

rations which occur at high fre-
quencies, many FM stations sim-
ply reduce the modulation level to 
an average of 50%. This practice 
reduces the average program pow-
er output to one-quarter of the 
maximum allowed (Fig. 5.) The 
curve indicates that no over-
modulation occurs below 5,000 
cycles, but it is possible to over-
modulate the transmitter as high 
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Flg. 4. Typical peak power distribution curve at limiter output. 

as 70% at 15 kc. The 10-kc por-
tion of the curve shows that over-
modulation can exist up to 150%. 
Thus, even though the mid-fre-
quencies are controlled by the 
limiter, the transmitter should be 
operated at a lower level of mid-
frequency modulation to prevent 
high frequency overmodulation. 

Even with 30% modulation, sig-
nals containing sharp transients 
could still cause more than 100% 
modulation at high frequencies. 
With 30% average modulation, the 
program power output of the FM 
station is approximately one-tenth 
of the maximum power allowed. 
In general, operation with very 
low modulation levels is not very 
practical because many of the 
peaks which cause the reduction 
in modulation are so great that-

-10 
10.000 20.000 

many FM receivers will not pass 
the signal and listeners are usual-
ly incapable of hearing it. 

What Are the Cures? 

The most logical approach would 
be to eliminate the necessity of 
pre-emphasizing FM signals in 
the transmitter. The great hard-
ship in achieving this objective 
is to have the set manufacturers 
modify receiver circuitry. 

Since this isn't immediately 
practical, corrective measures 
must be employed. One method is 
to install a low pass filter which 
NVill cut off all signals that fall 
on the slope of the filter curve 
(Fig. 6). This actually results in 
signal degradation just to protect 
the station from a relatively few 
overmodulation peaks. Thus, the 

FCC Pre-emphasis Regulations 

Paragraph 73.317 of Vol. III of the Rules states: 
1. The transmitter shall operate satisfactorily in the operating power 
range with a frequency swing of -±-75 kc at 100% modulation. 

2. The system shall be capable of transmitting a band of frequencies 
from 50 to 15,000 cps. Pre-emphasis shall be employed in accordance 
with the impedance-frequency characteristic of a series inductance re-
sistance network having a time constant of 75 microseconds. The devia-
tion of the system response from the standard pre-emphasis curve shall 
lie between the two limits as shown in Fig. 1. The upper of these 
limits shall be uniform (no deviation) from 50 to 15,000 cps. The lower 
limits shall be uniform from 100 to 7500 cps, 3 db below the upper 
limit; from 100 to 50 cps the lower limit shall fall from the 3 db limit 
at a uniform rate of 1 db per octave (4 db at 50 cps); from 7,500 to 
15,000 cps, the lower limit shall fall from the 3 db limit at a uniform 
rate of 2 db per octave (5 db at 15,000 cps). 

150 



*6 

•2 

0 DB 

-2 

-6 

10 

14 

-18 

MODULATION. 

199 
178 

160 

141 

126 
112 

100 

90 
80 

70 

60 

HIGH FREQUENCY 
OVERMODULATION 

100% MODULATION CURVE 
WITH PRE-EMPHASIS 

TYPICAL PEAK POWER DISTRIBUTION 
LOW FREQUENCIES 50% MODULATED 

CURVE 

20 100 1000 
FREQUENCY, CPS 

Fig. 5. Typical peak power distribution curve at 50% modulation. 

low pass filter is not the cure for 
the overload problems. 

Another method of controlling 
the high frequency peaks, devel-
oped primarily for the disc re-
cording industry, pre-emphasizes 
the program material, acts upon 
the troublesome high frequency 
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Fig. 6. Performance of low-pass filter. 
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signals, and de-emphasizes in a 
complementary manner to give an 
overall flat output. Although this 
type of operation can eliminate 
overmodulation in most cases, it 
can cause gain reduction at all 
frequencies above 600 to 900 
cycles with some resultant signal 
degradation. 
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When a limiter is installed in 
the system ahead of this unit 
(with low frequencies controlled 
to approximately 90% modula-
tion), the resultant signal will 
contain a small amount of over-
modulation in the 1100 to 1200 
cycle area. There will also be 
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Fig. 7. Results of a typical selected pre-emphasis curve. 

overmodulation peaks above 6500 sized with a standard 75-micro-
cycles which may rise to 130'; at second curve; the sudden program 
15 kc. Peaks are also produced in peaks that exceed this curve are 
the 2 to 5 kc region ( Fig. 71. clipped off. The signal is then 
The most economical approach fed through a standard 75-mi-

is to use a device that is most ad- crosecond de-emphasis curve to 
vantageous from a coverage give an overall flat response. 
standpoint—a unit which auto- The overall response, shown in 
matically controls the audio levels. Fig. 8, is +0.2 db at 10 kc, —0.2 
The automatic level control is in- db at 15 kc, and essentially flat 
tended for use between the limiter below these frequencies. Average 
and the FM transmitter. It is de- modulation as high as 98(;, can 
signed for both stereo and mon- be obtained without overmodula-
aural service and can maintain tion. In operation, only those 
a relatively constant output, much peaks which would cause over-
in the same manner that an op- modulation are affected, and they 
erator might, by carefully and are generally the higher audio fre-
constantly riding gain on the pro- quencies. The attack and release 
gram. The automatic level control time is instantaneous for imme-
unit and the limiter supplement diate and continuous protection. 

one another ideally, permitting a 
higher average level of program 
material and preventing overmod-
illation on sudden program peaks 
( Fig. 8 ). 
The program material fed from 

the limiter into the automatic 
level control unit is pre-empha-
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and there is no deterioration of 
the dynamic range in program 
material. 
Costs 

Since stereo is becoming a 

PRE 

+16 

+12 
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0 DB 

costs, and boost power output at 

least eight times. More impor-
tantly, better control of program 
quality is maintained. By expand-
ing effective range and improv-
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STANDARD 
CURVE 

75 MICROSECOND DE-EMPHASIS 

..- 8 
OVERALL RESPONSE CURVE‘ 

_-..........,„ 

12 

STANDARD 73 MICROSECOND PRE-EMPHAS 

16 

CURVE 

..-
IUU 00 

FREQUENCY, CPS 
Fig. 8. Test data curves from an automatic level control unit. 

standard practice with FM broad-
casters, limiter and automatic 
level control units should serve 
both purposes. A dual peak limit-

ing amplifier costs from $900 to 
$1,000 and the automatic level 
control unit runs between $500 
and $600 (not including installa-
tion costs). The combined use of 
these units will improve program 

and commercial production, cut 

+1.0 

ODE 
-1.0 

10 000 20.000 

ing reception, it should bring in 
extra advertising revenue. 

The use of a peak limiting am-
plifier and automatic level con-
trol unit inserted between the 
audio system and the FM trans-
mitter is the ideal approach for 
putting a ceiling on the high 
frequency peaks. Whether used 
for stereo or monaural, FM lis-
teners will enjoy full range re-
production at a pleasant level. 
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Making Use Of 
Limiters 8. Compressors 

By Philip C. Erhorn 

A RE YOU interested in improv-
iiing your market coverage, per-
haps at low cost? Are levels of 
your TV film features either too 
loud or too soft? Are line feed 
levels apt to be most unpredict-
able? Do you still get some of 
those complaints about loud com-
mercials? Do you know the main 
differences between compressors 
and peak limiters, and how to use 
them to best advantage? 
There are undisputably many 

useful applications for audio com-
pression, but there is also a great 

Fig. 1. Gain curves illustrating typical compression characteristics. 

deal of confusion. To learn how 
audio compressors and limiters 
can be best applied to your own 
operations, read on. 

Limiters vs. Compressors 

Certainly in any discussion of 
this sort, the first consideration 
is to point up the basic differ-
ences between compressors and 
limiters. This one area has been 
the cause for many cases of mis-
application, to the detriment of 
the broadcast signal, with accom-
panying disappointment to both 
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engineering and management. In 
Fig. 1 Curve A illustrates a linear 
input/output relationship, or no 
compression, whereas Curve C 
shows the shelving-type compres-
sion achieved with typical peak 
limiting devices. While the com-
pression ratio shown is 10:1, 
which means that for a 10 db in-
crease in _input signal the output 
increases but 1 db, compression 
ratios of 30:1 are not unusual 
for peak limiters. 
Peak limiters offer a very fast 

attack time, typically on the order 
of a few hundred microseconds, 
some even faster. Abrupt loud 
program passages and steep wave-
front transients of high ampli-
tude will be caught quite effec-
tively by the peak limiter, and 
held to a level which, while per-
haps briefly audible, does prevent 
overmodulation and splatter. 
Thus, there is no doubt about the 
value of the peak limiter at the 
transmitter site. 

However, the use of such a fast-
attack, severely-shelved compres-
sion characteristic, as a method 
for increasing modulation dens-
ity, would be highly objectionable 
to the listener. The dynamic vol-
ume range of music would sound 
squelched to an unnatural degree. 
A brass or tympani forte would 
be completely frustrated by the 
shelving action of the limiter 
curve. 

Curve B of Fig. 1 illustrates 
a compression curve which, from 
a listening standpoint, is much 
less objectionable than Curve C. 
Note that the knee is less abrupt, 
and the compression ratio of 3:1 
is more gentle in action. As a 
matter of practical fact, 20 db or 
more of compression of this type 
can be used without the listener 
being aware that considerable 
compression is in use. Moreover, 
average modulation level would 
be increased considerably, with an 
accompanying increase in effec-

Fig. 2. Typical stereo mixing console detail showing insertion of LDR compres-
sor with single control amplifier. 
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tive radiated power on AM and 
in apparent loudness on FM. 

The shape of the compression 
curve is most important in dif-
ferentiating a compressor from 
a peak limiter. To impose the 
shelved curve on your studio pro-
gram levels would be onerous; to 
apply the more gentle compression 
curve as a means for catching 
the troublesome program peaks 
which cause overmodulation would 
be inadequate. Let us continue a 
bit further in this vein. 
There is another aspect of com-

pressors and peak limiters which 
is quite important, and this is the 
release time, or the finite time it 
takes for the device to recover 
from a considerable degree of 
compression. If the device recov-
ers too rapidly, the abrupt up-
and-down variations in program 
level produce the familiar "pump-
ing effect," quite objectionable 
to the ear. When coupled with a 
fast attack time and adjusted for 
plenty of compression, a slow re-
lease time will chop distinct holes 
in the audio if triggered by severe 
level changes such as pistol shots, 
audience reaction, or an excited 
announcer. The recovery time of 
either a peak limiter or a com-
pressor should be adjusted to the 
nature of the program. But re-
member that despite fancy names, 
the recovery circuit is basically a 
capacitor discharge curve, and the 
charging voltage is a direct func-
tion of program level and degree 
of compression used. While this 
obviously offers some degree of 
program-controlled recovery, there 
is no optimum release time set-
ting for all program types. 

Transmitter Applications 

chart. These units are all design-
ed for rack mounting at the trans-
mitter. The two solid-state de-
signs use quite sophisticated cir-
cuitry for at least two logical 
reasons. The first involves elim-
ination of conventional audio rec-
tification to control the gain of 
a variable-mu tube. There are no 
variable-mu transistors as yet! 
The second is based upon other 
advances in circuit technology of-
fered by semiconductors. 

All of the units except one pro-
vide considerable gain, which 
must be taken into account. The 
studio line is delivering +8 dbm, 
and the transmitter audio circuits 
require nominally about zero dbm 
for full modulation. Therefore, 
much of the gain supplied by the 
peak limiter must be dumped, or 
it will adversely affect signal/ 
noise ratio and overall distortion. 
Because physical size is not a very 
significant factor in rack-mount-
ed gear, the choice of tube-type 
or solid-state design is a matter 
of weighing circuit features and 
convenience controls vs. price. 
While we are all familiar with 
the reliability of well-made tube 
equipment, solid-state devices have 
a definite edge in freedom from 
annoying maintenance problems, 
and their stated characteristics do 
not change as easily as tube 
equipment. 

Only two of the listed units are 
supplied for FM stereo in one in-
tegrated package. Where two in-
dependent units must be pur-
chased, they must be connected 
so that the degree of compression 
and the time constants are iden-
tical. Otherwise, the stereo effect 
will be degraded. 

Compressors—Basic 
Most of the peak limiters cur- Considerations 

rently available, or in current use, 
are listed in the accompanying The compressor section of the 

156 



chart shows that many compres-
sors, unlike peak limiters, have a 
slow attack time. "Slow" may be 
catalogued in the range of a few 
milliseconds to 30 milliseconds or 
so. There is no denying that a 
fast attack time is desirable, to 
catch virtually any kind of level 
peaks, whereas a slow attack time 
will let the initial part of the peak 
through before the compressor 
takes over. However, the point to 
remember is that once into com-
pression, attack time is relatively 
immaterial. Indeed, a slow attack 
time at this point prevents the 
device from instantly responding 
to a greater transient peak which 
would obviously drive it into fur-
ther compression. Thus, the slow 
attack provides a "gain platform," 
and avoids rapid response to in-
stantaneous large program peaks 
once a reasonable degree of com-
pression is achieved. 

It can be stated with some 
authority that a fast attack time 
is generally accomplished with so-
phisticated circuitry, which will 
cost more than a lesser compli-
cated slow-attack circuit. The so-

called "zero return" feature is 
basically a function of the R/C 
time constant in the release, or 
recovery, circuit. Depending on 
the setting of the release time 
control, partial recovery can be 
rapid, with complete recovery to 
full gain dependent upon the de-
gree of compression used and the 
nature of the program material, 
as well as the time constant. 

Compressor Amplifiers 
Of the various compressors 

listed in the chart, all but two 
include an amplifier in the pack-
age. Thus, in addition to method 
of mounting and power supply re-
quirements, you must also con-
sider how to cope with the am-
plifier gain. Two of the peak 
limiters listed also appear in the 
compressor section. They are op-
tionally designed to do a dual 
job, accomplished by adjusting 
the several controls as directed 
in the instruction manuals. 
Several of the units are de-

signed for rack mounting and 
are self-powered from a 117v 
source. If they are wired to fol-

Fig. 3. Abbreviated system showing LDR compressors inserted in input circuits. 
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low the usual console output, gain 
must be dumped, except to make 
up for compression losses. The 
maximum output capability of a 
few is borderline if used in place 
of the regular console program 
amplifier. 
Some of the compressor units 

are designed for plug-in console 
or rack-shelf mounting, and re-
quire an external power source, 
such as the console supply. Ob-
viously, these units can be readily 
substituted for the console pro-
gram amplifier with little prob-
lem. If they do not already match 
the mounting system of the con-
sole amplifiers, it is not difficult 
to accommodate them within the 
confines of the console shell. Their 
gain and input level requirements 
have been made compatible for 
direct substitution with regular 
program amplifiers, and they do 
an adequate job of compression 
at reasonably low cost. Unfortu-
nately, these units do not lend 
themselves to stereo use, as they 
are not normally supplied with 
a means for ganging compression 
and time constant characteristics. 
If identical but isolated units 
are placed in each stereo program 
channel, the one which is driven 
hardest by a program peak will 
compress more than the other 
(and will take longer to recover). 
This tends to degrade the stereo 
effect at the listening end. 

LDR Compression Devices 

It is difficult to state the case 
for the new LDR (light-depend-
ent resistor) compressors without 
sounding prejudiced in their fa-
vor. They have many practical ad-
vantages over more conventional 
compressor amplifiers, and only 
one significant disadvantage. An 
LDR is a type of cadmium sul-
fide or cadmium selenide photo-

cell that greatly varies in resist-
ance depending upon the amount 
of light which reaches it. This 
simple component therefore lends 
itself admirably to applications 
for controlling gain in an ampli-
fier or in a system. It is easily 
adapted for remote control. 
The LDR cell, if properly man-

ufactured, contributes no noise to 
the circuit in which it is inserted, 
assuming that its net output level 
after compression is not so low as 
to be below the system input 
noise. Distortion is a function of 
the nonlinear resistance charac-
teristics of the cells. Typical mea-
surements show 0.55- THD or less 
at +4 dbm output after 20 db 
of compression. The distortion is 
below 0.1%THD when the LDR is 
inserted at typical internal sys-
tem points, such as those shown 
in the block diagram of Fig. 2. 
Insertion loss is no more than 3 
db when looking into a 600-ohm 
load, and less than 1 db when 
looking into the non-loading input 
of some amplifiers. 
The single fault with LDR's 

lies primarily in the light source. 
An incandescent light has a very 
definite thermal characteristic 
which delays activation of the 
cell. This means that for compres-
sion (gain reduction) use it must 
be classed as a slow-attack de-
vice when driven by a convention-
al lamp. If the lamp is powered 
by AC, ripple voltages will be su-
perimposed on the audio circuit 
which the LDR is controlling. 
Of course, the answer to ther-

mal delay caused by the lamp is 
to use an electroluminescent 
source, and this has been done 
successfully in the Teletronix 
Model LA-2A. This rack-mounted 
unit utilizes an LDR ahead of a 
conventional amplifier, and al-
though it is available adapted for 
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stereo, its gain must be taken in-
to account as mentioned earlier. 
Although called a leveling ampli-
fier, this unit can also be used 
as a peak compressor because of 
its fast attack time. 
Two other units, the Melcor 

Model C-20 and the Fairchild 
Model 663, offer unusual versa-
tility if you consider adapting 
them to existing systems or de-
signing them into new systems. 
Attack time of about 15 millisec-
onds is a function of their in-
candescent light sources. Because 
these units have no gain to con-
tend with and virtually no inser-
tion loss, and also because they 
are packaged for control panel 
mounting, they are unusually easy 
to incorporate into an existing 
system. 

Applications 
in the block diagram of Fig. 2, 

a typical portion of an FM stereo 
mixing console is depicted. The 
two LDR's (labelled Comp. 1 and 
Comp. 2) are inserted between 
the master gain controls and the 
program amplifiers. System levels 
are indicated, including 15 db of 
gain reduction due to compres-
sion. The common light amplifier 
is bridged off the output of the 
program amplifiers through a re-
sistance network to insure proper 
stereo isolation; at the same time 
it allows sufficient driving level 
to accomplish compression. 
As the two LDR's are included 

in one compressor module (as 
many as 4 are possible), each 
channel will be compressed the 
same amount, regardless of which 
has the higher program level, and 
the common light amplifier pro-
vides the same time constant and 
controls. Because the threshold 
adjustment is a panel control, we 
can take advantage of a feature 

not normally available in many 
other units. Without disturbing 
the system levels existing at the 
point of insertion, the threshold 
can be adjusted so as to start 
compressing below this level. If 
we assume that we are only in-
terested in compressing levels 
above normal, there will be little 
need to adjust for compression 
loss. 
The LDR compressors, as with 

many others in the list, act upon 
average program content rather 
than peak program energy. They 
may be set for some degree of 
compression at all times. During 
periods of prolonged levels which 
fall below the compression 
threshold, expansion back to nor-
mal system gain will take place, 
depending on the setting of the 
release time adjustment, a panel 
control. However, background 
noise will never be any higher 
than normal system noise, as 
there is no extra gain supplied. 
Adjusting the units to deliver a 
specified curve is simply a mat-
ter of strapping terminals or 
changing a resistor. The step-
function curve of D in Fig. 1 is 
possible for those applications 
where compression is wanted only 
over a 6 db range, with return 
thereafter to a linear gain char-
acteristic. 
By raising the gain of the an-

nounce mic channel and adjusting 
the compression threshold appro-
priately, the program can be made 
to fade down under the announcer 
( sometimes called "ducking"). It 
will automatically fade back up 
again after he stops talking. The 
fade-up time is set by means of 
the release time control. 

Input Channel Uses 

There are many compressor ap-
plications where it is undesirable 

159 



• Peak Limiters 

Manufacturer 
& Model 

Attack 
time 

Release 
time 

Max. Output 
Capability 

Gain 
db 

Solid 
State 

Compression 
Meter 

Bauer 920 
Peak Master 

fast unstated +24 dbm 24-34 no yes 

CBS Labs 
Volumax 

fast unstated +20 dbm 50 yes Yes 

Fairchild 
660/670 

fast 300 msec- 
25 sec 

+22 dbm 18 no yes 

Gates 
M-6144 

fast unstated +24 dbm 63 no Yes 

Northern 
Electric PCA-1 

fast 500 msec- 
8 sec 

+18 dbm 50 yes yes 

Universal 
Audio 175-B 

fast 27-527 
msec 

+24 dbm 24-34 no yes 

Compressors—AGC Amplifiers 

Altec 
436-C 

slow 300 msec- 
1.3 sec 

+24 dbm 40-56 no yes 

CBS Labs 
Audimax III 

unstated 10 sec +25 dbm 50 yes yes 

CCA Electronics 
AGC-1D slow 5-15 sec +20 dbm 60 no yes 

Fairchild 
663 

slow 300 msec- 
7 sec 

+25 dbm none yes yes 

Fairchild 
660/670 

fast 300 msec- 
25 sec 

+22 dbm 18 no yes 

G.E. 
BA-29A 

slow 1 sec +30 dbm 72 yes no 

Gates 
Level Devil 

slow 1.5-2 sec +14 dbm 50 no yes 

Grass Valley 
641-R 

fast 200 msec- 
1 sec 

+27 dbm 40-60 yes yes 

Langevin 
AM-5301 

slow 500 msec- 
3 sec 

+26 dbm 53 no yes 

Melcor 
C-20 

slow 250 msec- 
8 sec 

+20 dbm none yes yes 

Northern 
Electric PCA-1 

fast 3-90 sec +18 dbm 50 yes Yes 

RCA 
BA-25A 

slow 1 sec +30 dbm 70 no no 

Teletronix 
LA-2A 

fast 60 msec- 
5 sec 

+10 dbm 40 no Yes 
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to have the entire program es-
sentially controlled by the level 
from one troublesome source. Be-
cause of its small size and low 
relative cost, the LDR compressor 
is logically adaptable to perman-
ent insertion in several micro-
phone or high level console inputs. 
Or several can be set up on jacks 
and patched in as needed. In this 
way any input with controversial 
levels may be individually com-
pressed, and the compression 
characteristics adjusted to suit 
each one. 
The abbreviated block diagram 

of Fig. 3 shows a typical system 
with a compressor inserted fol-
lowing a mie preamplifier, di-
rectly in a high level input line 
from another studio, a VTR, turn-
table or tape machine. Typical 
levels are indicated. Some com-
pression at all times will relieve 
the engineer from tedious gain 
riding, and program levels will 
be definitely improved. Note that 
the input for the bridging light 
amplifier is always taken from 
the output side of the LDR. This 
forms a closed loop system, pro-
viding adequate stability and pre-
dictable compression curves. 

Special Devices 

There are a few other avail-
able devices which are intended 
to solve or alleviate -certain an-
noying audio problems. The Gates 
"Top Level" and Fairchild "Co-
nax" are both designed to control 
splatter and overmodulation in 
FM transmitters caused by HF 
pre-emphasis. They logically are 
inserted between the peak iimiter 
and the transmitter, where the 

75 microsecond pre-emphasis net-
work is in the transmitter. Con-
sidering the great amount of high 
frequency energy present in to-
day's live and recorded (and 
equalized) program sources, these 
units will help to provide an in-
crease in apparent loudness of 
the FM signal. 

While these same components 
can also be applied to recording, 
which involves considerable HF 
pre-emphasis, two other devices 
are also of particular interest for 
tape recording. The EMT "Nois-
Ex" and the Fairchild profession-
al "Compander" are capable of 
not only compressing the dynamic 
range while recording, but also 
supplying complimentary expan-
sion on playback. The net result 
is claimed to be an impressive 
improvement in signal/noise ra-
tio. 

Summary 

The foregoing is based upon 
the author's personal experience 
in testing and using several of 
the listed units. The information 
provided should be sufficiently 
practical to make a choice easier 
and to help guide in installation, 
considering both advantages and 
disadvantages. The emphasis on 
LDR compressors has been in-
cluded only because they offer 
unique deviations in application. 
By combining compression in 

the studio console with peak lim-
iting at the transmitter, many 
annoying problems can be thor-
oughly alleviated. As increased 
market coverage is achieved at 
the same time, this is certainly a 
desirable mode of operation. 
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PRODUCTION 
6-9 

RECORDING 
NET TO STATION IMAGE 

by Charlie Buffington 

RODUCTION, to most local sta-
tions in the early days of 

radio, meant the Painstaking as-
semblage of various program con-
stituents, such as orchestras, an-
nouncers, actors, etc., and combin-
ing their talents into a flawless 
musical, dramatic, or informa-
tional showcase designed to invig-
orate the listener's imagination 
and demand his rapt attention. 
Back in those days, most sta-

tions depended heavily on a net-
work for the bulk of their pro-
gramming; the local staff had 
only to cut an occasional acetate 
disc and produce local news and 
sports programs. The overall 
sound of a station was pretty 
much determined by its network 
affiliation, and to a lesser degree, 
by a handful of local personalities. 
As dependence on network pro-

gramming diminished, and as the 
number of stations on the air in-
creased, the evolution of the 
present music-news format began, 
thus requiring stations to produce 
their own sound. It has been, to 
be sure, a slow tedious process, 
but during the past few years 

many stations have developed, or 
produced, a sound which is at 
least comparable to that of early 
network production — a sound 
which emanates excitement and 
drama in an amalgamation of 
music, commercials, news, and 
other features. 
The techniques of producing 

commercials and other announce-
ments, recording music, and pro-
ducing news and sports programs. 
require the unfaltering effort and 
limitless imagination of a sta-
tion's staff. The only alternative 
sound is that of an overgrown 
juke box with an announcer dis-
interestedly repeating record 
titles and artists names and read-
ing commercials and news—a 
sound which does little to the 
listener's imagination and de-
mands little of his attention! 

Where Do You Begin? 

A fertile production department 
must be comprised of competent 
people and good equipment. Let us 
hasten to add, before anyone says, 
"I can't afford it," that this does 
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not mean buying a "package" of 
new neonle and new equipment. 
It would indeed be a rare case 
where there aren't any talented 
staffers with some imagination, 
and where there isn't any equip-
ment other than that used for 
actual on-air programming. (Day-
timers can even use equipment at 
night.) 

In most cases, the only full time 
production people are copywriters 
and, perhaps, a production direc-
tor. In most smaller stations, 
particularly, the production direc-
tor and announcers double on the 
air. Therefore, the personnel cost 
of a good production department 
is •within easy reach of any sta-
tion. 
Equipment requirements vary 

widely, from the bare essentials 
of a turntable, a small console (a 
remote amplifier, for example), a 
mic, and a tape recorder, to elab-
orate facilities with multiple turn-
tables, multichannel consoles, 
mics, reel-to-reel tape machines, 
cartridge tape machines, and even 
sound-effects machines. 

Production aids add to the 
quality and versatility of a pro-
duction department. You can get 
by with music from the record 
library, or you can subscribe to a 
jingle service complete with logos, 
sigs, etc. However, the best jingle 
service is worthless if the staff 
and equipment are inferior or in-
adequate. 
The old admonition "Start 

small" can surely be adopted by 
the beginner; he can start with 
the bare essentials and build as 
time and money permit. There is 
one certainty; dollars wisely in-
vested in good production (people, 
equipment, aids, etc.) will pay off 
handsomely. 
Staff Enthusiasm 

There is another vital and often 

elusive element required of an 
efficient production department— 
staff enthusiasm! Deep within 
most radio people, there is some 
ham. Some have latent creative 
abilities which, when properly 
nurtured, can be evolved into 
original concepts of presentation. 
Thus, the potential of a good pro-
duction department already may 
exist. The problem is bringing it 
out! 
An experienced manager must 

tap the creativity within his 
people, using any means at his 
disposal—encouragement, sugges-
tion, remuneration for above 
average effort, any strategem 
which will "fire up" the staff. 

This is not a job for a task-
master; quite the opposite. The 
wise manager will create within 
his staff the will and the over-
whelming desire to do the job 
right; he will instill in them the 
very real fact that their security, 
whether they own any of the sta-
tion or not, depends directly on 
how well they do their work. In 
other words, the manager must 
give his people an incentive to go 
the extra step, to try a little 
harder— a goal taskmaster tac-
tics will never achieve. By the 
same token, a manager who 
doesn't seem to care can hardly 
exnect his staff to care. 

Therefore, the first step for any 
station, wallowing in the mire of 
half-hearted "Well, I may as well 
get the job out of the way" atti-
tudes, is to determine, or find 
someone who can determine, a 
basic concept of how the station 
should sound. Then, this image 
can be developed by the joint 
effort of even a small staff. 

Developing a "Sound" 

In modern radio, developing a 
sound is tantamount to developing 
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station individuality. Primarily, 
station sound is decided by its 
approach and by its format—a 
hard-sell or a soft-sell approach 
within a music-news or talk 
format. 
The hard-sell approach, of 

course, is the rapid, machine-gun 
style, exuding a constant, almost 
frenzied, "edge-of-your-seat" state 
of excitement. This approach 
places certain demands on air 
personnel; in addition to main-
taining a "tight" sequence of vari-
ous format elements (records, an-
nouncements, etc.), they them-
selves must sound excited, al-
most as if they were attempting 
to squeeze two minutes worth of 
material into one. Consequently, 
the hard-sell approach requires a 
staff capable of developing and 
holding high-spirited fervor. 

The soft-sell approach, on the 
other hand, is any operational 
pace other than hard-sell, and 
isn't easily defined or categorized. 
It is, however, in no way less de-
manding (although perhaps less 
strenuous, physically) ; it does not 
suggest, and cannot tolerate, slop-
py attention to sustaining a tight 
sequence of events. Air delivery 
can be more relaxed; general pro-
duction material can be lower key, 
less frantic. But, the more relaxed 
approach requires just as much 
care in program element prepara-
tion as the hard-sell approach. 
Therefore, adopting a soft-sell 
sound is no easy way out of es-
tablishing good production stand-
ards; either approach is, in es-
sence, equally demanding. 

Production Concepts 

Once the hard- or soft-sell de-
cision has been made, a basic 
tailoring-to-format job must be 
undertaken. No matter what the 

format—rock and roll, top 40, pop-
standard, country - western, con-
cert or classical music, or all talk 
and news—a general production 
concept or set of standards must 
be established for newscast and 
sportscast production, special 
events production, special feature 
or "gimmick" production, and, of 
course, commercial production. 
The concept must fit the format 
(obviously, production standards 
would differ between classical and 
country-western formats). 

Production concept development 
requires intimate cooperation o* 
the copy staff; all material must 
fit the overall production aim, 
whether hard- or soft-sell. Copy 
written for rapid delivery re-
quires different treatment than 
that written for a more relaxed 
delivery; if nothing else, more 
words are needed far the rapid 
delivery. By the same token, if the 
copy people are to prepare suit-
able material, they must have 
complete cooperation from the 
sales department, such as ade-
quate, accurate information for 
the message as well as advertiser 
preference of background music, 
jingles, etc. Of course, in smaller 
stations, fewer people are involved 
in these various inter-departmen-
tal relationships; the salesman 
may be the copywriter and may 
even assist with production, which 
may be better in some respects. 

Production Aids 

The life-blood of any produc-
tion department is a variety of 
production aids. At no additional 
zost, a station can accumulate, 
by careful listening and screen-
ing of all incoming records and 
albums, a vast selection of musi-
cal interludes, bridges, logos, 
sigs, and background music. Pro-
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duction aids must be carefully 
indexed; otherwise, the very piece 
wanted for a specific use will be 
lost in a myriad of records and 
albums. If the specific record or 
album can't be kept in a special 
production filing area, the desired 
segment can be dubbed onto tape 
and filed with production mate-
rials. 
An alert staff can uncover 

many unusual and unique pro-
duction aids from many sources 
other than records—public service 
and commercial ETs, tapes, etc., 
or even from candid tape record-
ings (permission to use material 
may be required). Aside from do-
it-yourself production aids, a good 
jingle service, including instru-
mental jingle logos, is a good in-
vestment, particularly where a 
more uniform sound is desired. 
However, with or without a jin-
gle service, the resourcefulness of 
production people determines, to 
a large degree, the success of a 
consistent, individual sound. 
A word of caution: The tend-

ency to over-produce is quite nat-
ural with a staff just going into, 
or enlarging, an organized effort. 
Therefore, the need for careful 
planning can't be stressed too 
much. As Bud Clain, PD of 
WSPR (Springfield, Mass.) so 
aptly states, "Production makes 
the copy, but creative copy makes 
the production. Your biggest ef-
fort should go into the copy, for 
it's the copy that sells the prod-
uct. If you can add some f rosting-
to-the-cake emphasis with pro-
duction gimmicks, well and good; 
if not, let the copy go live." 

Production Equipment 

It is in the area of equipment 
that most disagreements between 

management and production arise. 
Naturally, an aggressive, anxious 
staff will want good, versatile 
equipment. Clumsy patching ar-
rangements and equipment com-
binations severely hamper good 
clean production. If, for example, 
a man can't conveniently reach all 
necessary controls, flawless pro-
duction may be very difficult to 
achieve. A good, flexible record-
ing facility comprising available 
equipment, used properly, may 
result in better material than one 
where the best available equip-
ment is arranged poorly and used 
improperly. 
A wise manager will authorize 

the best equipment his budget 
will allow, and continue to im-
prove the recording equipment as 
economic conditions permit. If 
this intent is known by the staff, 
they will willingly extend them-
selves to do a good job; they will 
exert the little extra effort need-
ed to make do with the available 
equipment. The feeling to be 
avoided is that management 
wants superior performance with 
antiquated and hazardly arranged 
equipment. 

Also, a wise manager will in-
sist that equipment be properly 
maintained to ensure best possi-
ble quality production. A rath-
er rigid preventive maintenance 
schedule is vital to proper per-
formance and long useful equip-
ment life. 
In 'conclusion, lei us simply 

state that it behooves the man-
ager of any radio station to ini-
tiate and strive for the best 
possible production facility, in 
line with the desired station im-
age and in accordance with its 
economic potential. Cutting cor-
ners unnecessarily is comparable 
to a prizefighter with one hand 
tied behind him; you can't de-

165 



liver the Sunday punch that may barely getting by or being the 
mean the difference between just decisive winnah! 

ENGINEERING AND MAINTENANCE 

Dramatic engineering adds a vital element to recorded 
announcements. Long, slow fades are useless, since 
they are mostly offset by limiters and compressors. 
Sharp fades and "stings" (quickly bringing up music 
or jingle) are much more effective. 

Consistent recording levels can't be stressed too 
strongly; if the level is too low, background noise 
begins creeping up; if it's too high, the result is 
distortion due to equipment overload. Then, too, a 
standard recording level for all production results 
in more reliable on-air levels. 

Thorough tape erasing is essential; otherwise, you 
run the risk of airing an occasional blip or unerased 
sound. When using bulk tape erasers, adequate 
erasing time should be allowed for each tape (15 to 
30 seconds). The eraser should be passed over the 
tape or cartridge in a brisk, circular, or elliptical 
motion, so as to cut the maximum lines of force. 

Maintenance is important, particularly for tape 
machines. Many stations have thousands of dollars 
invested in tape machines, logically necessitating a 
religious maintenance schedule. Test tapes for head 
alignment, any special wrenches needed to adjust 
heads, and a head demagnitizer should be provided 
and used. Wiring harnesses for out-of-rack operation 
of rack-mounted machines greatly facilitates service 
and ajustment procedures. 

Maintenance records, including notes showing nor-
mal operating and performance parameters, will aid 
in spotting trouble before it actually happens. For 
example, data might include pinchwheel tension, lever 
position adjustments, solenoid voltages, control volt-
ages, B-plus voltages, etc. Armed with this data, any-
one on the staff can ascertain when any piece of 
equipment is not operating properly. 

A spare parts stock, at least for cartridge machines, 
may eliminate long periods of down time. Items to 
consider include spare motors, capstan idlers, re-
placement heads, power supply diodes, cartridge posi-
tioning springs, and a spare set of tubes. 
A tone test tape, with 50 to 15,000 cps tones 

recorded on a new machine, or one known to be 
operating properly, periodically played on all equip-
ment and compared with previous readings, will giee 
advance notice of deteriorating quality. 

Tape heads should be cleaned often, especially 
those on regularly-used machines; the best time to 
do this is after sign-off, at least for on-air machines. 

Each tape transport mechanism should be dis-
assembled periodically (except sealed bearings and 
press-fit assemblies), and thoroughly cleaned and 
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lightly lubricated. This procedure should include in-
spections for worn parts and other potential trouble 
spots. Vital working parts should be sparingly lubri-
cated when required (over-lubrication brings on un-
necessary troubles). A spray can of silicone lubricant 
is suitable for some cartridge machine brake assem-
blies, particularly older types. Vaseline is ideal for 
cartridge hub bearing lubrication. 
A stereo reel-to-reel recorder can be used in some 

cases for master tape recording, especially where 
frequent copy changes (with the same production) 
are required. In this manner, only the copy track on 
the stereo tape need be re-recorded; the two are 
mixed when dubbing to the cartridge. 

NOTE: The NAB Engineering Dept. has published 
standards for reel-to-reel and cartridge tape record-
ing and reproduction. The data is essential to all 
broadcast engineering departments. Available from 
NAB, 1771 N St., N.W., Washington, D.C. 20036. 

TAILORING, MUSIC, COPY, AND TECHNIQUES 

Copy must fit production music if it is to sound 
professional. The music must end decisively at the 
conclusion of the copy, not just fade out. One method 
of "sectioning" is to select a music cut with a natural 
ending; then with levels set, record the spot (music 
and copy) on a reel-to-reel tape. On another tape, 
record the last few seconds of music and the last 
few words of copy, making sure the copy ends at 
the desired place just prior to the end of the music. 
Next, mark, with a grease pencil, the beginning of 
any suitable word, preferably a word beginning with 
a hard sound (like D or G) on each tape. Then, 
splice, at the grease pencil marks, the end of the 
spot. On replay, the spot should sound as if the 
music was tailored for the copy, provided, of course, 
all levels were constant. 

If cartridge tapes are used, the same principle 
may be applied, only in a much simpler way. First, 
the spot and music is recorded on a reel-to-reel 
tape, but the music is faded out just before the 
copy ends. Then, when dubbing to the cartridge, 
fade in the musical ending at the proper time (begin 
fade-in where fade-out begins on the tape.) 

In difficult editing jobs, sounds are much easier to 
identify if they are recorded at 15 ips, then replayed 
in slow motion at 71/2  ips. 

Cartridge labeling can be used as an on-air pro-
duction aid; in addition to cartridge number and 
client name, its helpful for the airman to know how 
the spot ends—music or voice—and if voice, the last 
several words. It prevents the guessing which often 
results in either dead air or "stepping" on spots. 

Where multiple back-to-back spots are necessary, 
the on-air insertion of an ID jingle, or short logo or 
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interlude, helps break monotony and adds some 
measure of prestige. Logos may be any variety of 
lengths-5 or 10 seconds or more—to fit existing 
time limitations. 

Unless a cartridge tape is recorded just following 
the splice, the danger of a blip or muffled sound 
will result as the stiff splice passes the head. An 
easy and quick method of locating the splice is to 
loop the cartridge tape over the capstan on a reel-
to-reel tape machine with an exposed capstan. (The 
stopper arm must be defeated by holding it in 
the running position with, for example, a rubber 
band.) Grasp the cartridge so that your forefinger 
releases the cartridge brake, then push the fast for-
ward switch on the tape machine. By watching care-
fully, you can stop the machine as the cartridge 
splice comes around. Of course, you must have a 
reel-to-reel machine. 

Network affiliates are wise to make use of any 
promo service offered by the net, such as program 
promos recorded by net personalities. Most offer this 
service, tailored to your situation, if you supply the 
tape. If your network will supply you with cooies of 
théir themes, especially news and sports, it's wise 
to obtain them and use for local news and sports; 
this gives all news and sports a "universal" sound. 

A 

Setting Up An Sal 
Background 

Music Operation 
by John J. Markovich 

SMALL RUT GROWING group 

of FM broadcasters are be-
coming aware that there can be 
more money in what the public 
doesn't hear .than what they do 
hear! The key to more profit for 
an FM operation may be the addi-
tion of subcarrier services. 

In subcarrier broadcasting, a 
special subcarrier is generated 

and transmitted right along with 
the regular FM programming 
( whether it be standard monaural 
or modern stereo multiplex). Fig. 
1 illustrates how subcarriers are 
inserted in a 200-kc FM channel. 
The standard home receiver will 
not detect the subcarrier, but in 
a special subcarrier receiver, the 
transmitting process is reversed. 
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The subcarrier receiver detects 
only the program information con-
tained on the subcarrier. To the 
subcarrier receiver, the "main" 
program channel does not exist! 

In reality, this permits the FM 
broadcaster, with subcarrier 
equipment, to broadcast two (or 
more) separate and (if desired) 
distinctly different programs at 
the same time. (Fig. 2). 

What Can You Do With It? 

OK, so you have the legal basis 
for subcarrier service and the 
technique whereby it can be ac-
complished. Now what do you do 
with it? There may be a few ex-
ceptions in the industry, but the 
majority of FM broadcasters util-
izing subcarrier rights do so for 
the transmission of continuous 
background music. 

I I I  
MAIN 26 

CARRIER ICC 

SUR 

20C .4c 

BANOINICTII 

65 

SUR 

Fig. 1. The main carrier/subcarrier 
relationship in a standard FM chan-
nel. 

— Background music in the 
United States is a multi-million 
dollar industry. One background 
music service operator in a large 
Texas city grossed over $4,000,000 
last year. Another in a midwest 
city of around a half million res-
idents grossed over $2,000,000. 
The FM subcarrier background 
music service is the FM operator's 
passport to just this kind of po-
tential income. 
There are, at the present time, 

three variations in the technique 
of providing background music on 

FCC Rules 

3.292 Subsidiary Communications 
Authorizations. 

An FM broadcast licensee or 
permittee may apply for a Sub-
sidiary Communications Author-
ization (SCA) to engage in a 
limited type of nonbroadcast 
service. These services are re-
stricted to those involving pro-
gramming consisting of news, 
music, time, weather, and other 
similar program categories. (The 
functional music services where-
by FM stations undertake to sup-
ply programs of a predominently 
musical nature to commercial 
establishments is an example of 
such an SCA service.) 

a commercial basis. The FM oper-
ator anticipating subcarrier back-
ground music service should 
know just how each type is oper-
ated to be competitive. 

Leased Line Service 

The leased line approach to 
background music is probably the 
best established technique in the 
industry. Fig. 3 shows how this 
type of system is set up. The 
background music company sets 
up a master tape deck machine 
in the heart of the market to be 
served. The tape equipment is 
loaded with long playing reels of 
prerecorded background music, 
which is distributed to commer-
cial customers on lines leased 
from the local telephone com-
pany. In the actual building or 
office of the client the leased line 
is terminated in an audio ampli-
fier, which in turn distributes 
music throughout the building on 
wiring installed by the back-
ground music company. 

Charges (see table) are re-
flected as a function of how many 
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speakers are tied to the system 
on the customer's premises. In 
addition to the actual background 
music charges, the customer also 
pays the cost of the leased tele-
phone line. The cost of such a 
line varies from state to state and 
from one telephone company to 
another, but $2.40 per month per 
14 mile is typical. 

Leased Machine Service 

A competitive service to the 
leased-line approach is the leased 
machine. or in-plant, service. In 
this operation the background 
service operator actually places an 
individual tape deck (or decks1 
on the premises of each customer. 
Music is distributed throughout 
the building or offices on wiring 
installed by the operator and ter-
minated in the appropriate num-
ber of speakers. The charge is 
basic—so much per month for the 
service plus so much per month 
for each speaker. This type of 
operator services the machines, 

supplies new tapes at regular in-
tervals, and maintains equipment. 

Frequently, the operator offer-
ing this type of service also sup-
plies a juke box. One marketing 
approach used by this operator 
is to reduce the apparent charges 
for the background service 
for permission to install the juke 
box. In many locations (especial-
ly commercial bars and clubs) the 
income from the juke box is bet-
ter than the income from the 
background service, in which case 
the background service becomes a 
"price leader." 

FM Subcarrier 

The third and newest entrant 
into the background music field 
is the FM broadcaster with his 
subcarrier service. As shown in 
Fig. 2, this service involves no 
leased lines and only the single 
tape-deck installation at the FM 
station or transmitter. The sub-
carrier receiver is installed at the 
customer's location, and audio 
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4 

AUDIO FOR 
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MAIN " 
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-or 
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Fig. 2. Transmitting and receiving FM subcarrier signals. 
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Who Do You Sell? 

Most of the available background music services are programmed so 
as to be present but not overpowering. This music format has been 
chosen after considerable trial and error on the part of music suppliers, 
because it fits into the scheme of a truly background service. 
A partial list of some of the better prospects for background music 

service is as follows: 
• Professional offices (i.e. Doctors, Dentists, etc.) 
• Banks 
• Retail stores 
• Restaurants 
• Hotels, motels 
• "Office" offices 
• Barber shops, beauty salons 
• Bars and clubs 
• "Quiet" factories (electronic plants, others where residual noise 

is low) 
• Apartment buildings 
• Service districts (utility companies operating in your area) 
• Stock and other types of brokerage agencies 
• Large office buildings (as opposed to individual offices within 

the building) 

How Do You Sell 

Keep in mind one important fact when selling subcarrier background 
service; neither you nor the customer will be required to pay line 
charges from a central location. This means that if your marketing 
area has one or more leased-line services, chances are very good that 
the competitive service is concentrated only in the region close to the 
central tape-deck location. Towns or suburbs located around the fringe 
of the market probably have no background service at all, thus no 
competition. As long as your FM signal can reach the area with a 
signal level of 100 microvolts or better on a dipole mounted outside 
the building, the area is prime prospect for your service. Weaker signal 
levels will still work, but may require yagi or other high gain antennas. 

One very effective means of demonstrating your service is to carry 
a portable receiver with a built-in antenna. Leave the receiver with the 
prospect for a day or so and let the music sell the service fnr vnit. 

Your big sales points are as follows: You provide, service, and main-
tain all necessary equipment. There are no line lease charges in ad-
dition to the service charge. There are no tapes or machines on me 
premises, and no servicing personnel dropping in every week to ten 
days to replace tapes. Your rates are competitive with other services, 
perhaps slightly lower. 

(music) is distributed throughout 
the building on wiring installed 
by the background music opera-
tor. Again, there is a base charge 
per month for the service, and a 
monthly charge for each speaker. 

Charges and Market Size 

The leased-line service seems 
to be confined (generally) to 
larger metropolitan areas, say the 
top 200 markets. Charges are 

171 



pretty standard throughout the 
country, although the individual 
operator, of course, runs his own 
business and sets his own rates. 
The on-premise tape-deck oper-

ator tends to be a local operator 
in smaller markets where leased-
line service does not operate, or in 
a small portion of a larger mar-
ket. Because maintenance costs, 
the actual distribution of tapes, 
and other factors increase the 
cost of doing business in this 
type of operation, his charges 

Fig. 3. Typical background 
scriber. 
tend to be higher than the leased-
line service. However, this is 
where the juke box operator 
comes in. He, too, is in a very 
competitive business, and he can 
lower his costs of maintaining 
and supplying music to his juke 
boxes by also adding the tape-
deck background service. The 
same man, truck, etc., handles 
both. Here, in many cases, the 
tape deck operator receives his 
music from companies offering 
prerecorded tapes. 
The FM subcarrier operator 

has problems of a slightly differ-
ent hue. This background service 
operator can cover his transmis-
sion costs (maintenance on the 
subcarrier generator and loading-

unloading of the tape machine) 
with his regular personnel. He 
must buy or lease the receivers, 
service and install them and the 
associated audio amplifiers, and 
install wiring and speakers. 

Lease or Operate 

The question now becomes: 
Should you operate the subcarrier 
service through the FM station, 
and run the background music 
operation, or should you lease the 

music system using leased lines to each sub-

subcarrier to another individual 
or firm and let them run the back-
ground music service? Either ap-
proach is legal, and both are being 
done. 

Let's assume that you go the 
way of the majority and lease out 
the subcarrier. You install the 
subcarrier generator, but you 
may or may not install the tape-
deck machine. You probably will 
not provide the audio source 
(music). 

All right, what can you charge 
for the subcarrier? This is a dif-
ficult question to answer unless 
you are willing to assume the re-
sponsibility of accepting what 
follows as representative only. 
The exact rate you might charge 
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in your own market will be dic-
tated by your own individual eco-
nomic situation. 

In San Francisco, the seventh 
largest marketing area in the 
country, the rate for leased sub-
carriers varies from $750 to $1,-
000 per month. In Los Angeles, 

Operating Considerations 

Let's consider what you have 
to do before you can lease (or 
operate your own) subcarrier 
service. First you will need sub-
carrier generating equipment. 
Prices for this vary with manu-

Type of 
Service 

Average Customer Charges 
Base Charge 

Charge Each Spkr 

Leased Line* 

On Premise 
Tape Deck 

FM Subcarrier 

$18 - $22 $2 - $5 

$20 - $25 

$15 - $22 

$2 - $5 

$2 - $5 

Charge is per month per unit, and includes all service on 
equipment. 
• In addition, customer pays charge for actual leased line 
on his regular telephone bill. 

Equipment Costs 

Equipment Type  

Subcarrier Generator 

Price Category 

$1,300 to $4,500 

26 and 65 kc multiplex (dual) 
subcarrier generator $2,500 to $7,500 

Subcarrier Receiver(s) $110.00 up* 

° Priced usualls. in groups with discounts for larger 
quantities. Special models also available with additional 
audio amplifiers to feed up to several hundred speaker 
locations. 

the second largest marketing 
area, the rate runs up to $1,250 
per month. In two smaller mar-
kets (150,000 population), the 
rate runs $400 to $500 per 
month. 
The $400 to $500 per month 

fee seems to be as low as the sub-
carrier operator can drop with-
out going into the red ink column. 
In your case even this may be 
too low. 

facturers. You probably will also 
need a tape deck, and if you 
operate your own service, you 
will need taped music. 
There is another factor to be 

considered. Time. Billing and 
other office functions probably 
can be assimilated very nicely by 
existing office personnel. But, 
what about your hours of opera-
tion? Are they long enough? 

Bars, restaurants, and busi-
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nesses stay opm until midnight, 
2 AM, 3 AM, etc., depending upon 
the market and state laws. If you 
sign up these establishments, you 
must provide the background 
service at least up to their clos-
ing time. Yet, you may be now 
signing off at 11 PM, or midnight. 
Obviously, your main carrier is 
going to have to stay on the air, 
in some form, until you can af-
ford to shut down the subcarrier 
also. This may be a tail-
wagging-the-dog situation, but it 
is a point due serious considera-
tion; extra air time is extra ex-
pense. 
Assuming that you decide to 

lease out the service, keep in 
mind that while you may not be 
directly involved in the actual op-
eration of the service, you are 
still responsible to the FCC for 
what goes on the subcarrier 
channel, and the technical quality 
of what is transmitted. 
Now what about the reverse 

side of the coin—the FM opera-
tor who handles the entire op-
eration himself? It is no particu-
lar secret that background music 
oriented businessmen have, in 
many locations across the coun-
try, installed medium to high 
power FM outlets merely for the 
purpose of developing a means of 
transmitting the subcarrier serv-
ice. This fact alone should sug-
gest that perhaps there is good 
money in such an operation. 

For example, a very successful 
operation works this way. The 
broadcaster has a maximum pow-
er Class B outlet in a market of 
over 100,000. His service area 
covers a radius of approximately 
75 miles, over 200,000 people. 
The regular FM programming is 
multiplex stereo, and every at-
tention is given to radiating a 
clean, multiplex signal. 

Advertising on the stereo chan-
nels is light by comparison to 
other stations. The community 
regards the operation as a back-
bone of public service due to the 
great number of local sports and 
community interest broadcasts. 

In the rear of the same mod-
ern plant are separate offices for 
the background music company. 
As a separate corporation, it 
leases the subcarrier rights from 
the parent FM operation. The in-
come passing from the back-
ground service company to the 
FM operation keeps the FM sta-
tion in the black. 
Music is leased from taped 

music service. The receivers are 
purchased from a supplier by 
the background music company 
and leased out to local clients. 
The lease is carried by a third 
corporation, the leasing com-
pany. All three corporations are 
owned essentially by the same op-
eration. 
The background music service 

company employs four youthful, 
aggressive salesmen who ply the 
coverage area selling accounts. 
Within a week of the sale, a 
service and installation truck 
manned by two installation tech-
nicians arrives at the client's 
premises and installs the sub-
carrier receiver and the asso-
ciated wiring and speakers. 
The same operator is consid-

ering joining forces with one or 
more other similar operators and 
manufacturing their own back-
ground (subcarrier) receivers. 
There can be little doubt that 

there is good income to be had 
in subcarrier background opera-
tion, if the initial operation of 
the plant is set up in such a way 
as to spread overhead between 
the necessary operations. 

Another approach worth noting 
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is employed by a California op-
erator in a market of 100,000 
people. In this situation the FM 
broadcaster installed the sub-
carrier equipment and set out to 
sell subcarrier receivers to home 
owners. He did his marketing 
through builders, in homes sell-
ing for $25,000 and up. Each re-
ceiver sold was installed, with the 
audio wiring and extra speakers. 
by a two-man installation crew 
employed by the operator. 

Other subcarrier operators dis-
agree with this approach. "The 
real money in the subcarrier busi-
ness is in the continuing income. 
month after month, from receiv-
ers out on lease." notes one. 
"The Internal Revenue Service 

allows a five-year quick deprecia-
tion schedule on electronic equip-
ment, and I take it," quips an-
other. "When the receivers have 
depreciated out to salvage value 
at the end of five years, I will 
have my receivers reconditioned 
and put back into service on a 
new depreciation schedule," the 
same operator notes. 
One operator who holds an 

FM license to enable him to op-
erate his subcarrier service has 
an interesting view about the 
future of his operation. "The 
FM operation in my market 
would never be a good money 
maker—at least not now or in 
the next couple of years. But, in 
five years I expect the number 
of FM receivers in this area to be 
at least triple what they are now. 
In that period I am going to 
build up one heck of an audience 
by giving the listeners the best 
possible stereo multiplex and pro-
moting FM at every opportunity. 
Then when I decide to sell off 
the FM station I will probably be 
able to sell it for three to five 
times as much as I put into it." 

This is a good capital gains sit-
uation made possible by the more 
immediately profitable subcarrier 
operation. 

Regardless of how you ap-
proach subcarrier broadcasting. 
you will have some problems iden-
tical with those others have had. 
You will need equipment—the 
subcarrier generator and possi-
bly the tape deck. The subcarrier 
generator may, in some cases, be 
leased from the manufacturer. 
The tape deck and the music can 

Suppliers of Prerecorded Music 

International Good Music 
Box 943 
Bellingham, Wash. 
Supply tapes and lease tape deck 

Muzak Div. of Wrather Corp. 
229 Park Ave. South 
New York 3, N. Y. 
Supply tapes and lease tape deck 
Service is exclusive in subscrib-

ers area 

Seeburg Background Music 
360 N. Michigan Ave. 
Chicago, III. 
Supply tapes 

Tape-Athon, Inc. 
523 S. Hindry 
Inglewood, Cal. 
Supply tapes and equipment 

National Musitime Corp. 
770 Lexington Ave. 
New York 21, N. Y. 
Supply tapes 

be leased by the month from sev-
eral sources (see box). 

If you rent or lease a tape 
deck with the music service, or 
merely lease the prerecorded 
tapes (music service), someone is 
going to have to be responsible 
for ASCAP, BMI. etc., fees. In 
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almost all rental or lease situa-
tions, the fee is paid by the com-
pany supplying the music serv-
ice. Should you make up your 
own music tapes, you wll be re-
sponsible for these fees. 

Lately, a new type of customer 
for the background music service 
has emerged—the CATV opera-
tor. The cable operator frequent-
ly has a background music serv-
ice which he feeds through his 
cable as an audio channel on one 
of his unused TV channels. If 
he provides such a service, he 
can either install his own tape 
decks (from a company supply-
ing same with the music serv-
ice), or contract with the FM 
subcarrier operator for lease 
rights on a receiver and the serv-
ice. The rate for such a cus-
tomer is normally higher than a 

regular single commercial cus-
tomer, but not as high as might 
be expected by the total number 
of subscribers (the CATV cus-
tomers). Usually, the rate per 
month to the CATV operator is 
around $80 to $100 for the serv-
ice, lower than the fee the CATV 
operator would pay on his own 
for a leased tape deck and musk 
service. 
FM subcarrier service is a 

new and growing industry, with 
potential still largely unexplored. 
Every FM operator owes it to 
himself to investigate his own 
market situation and the availa-
bility of background music serv-
ice in his area. You may find, 
as many have, that adding some 
form of subcarrier operation may 
make an otherwise unprofitable 
operation profitable. 

Using Promotions to 
Build Audience & Sales 

by Joseph D Coons 

THERE isn't a truly success-
ful radio station in the coun-

try that isn't using one or more 
methods to build an audience, or 
te increase billings. The most im-
portant factors to consider when 
planning promotional activities is 
to make sure they are carefully 
oriented to do the job, at a price 
that's worthwhile, with results 
that are tangible, and using an 
idea that is unique in the city 
where the station is located. 

Audience Promotions 

Audience promotions may take 
the form of advertising in other 
media; spots on the promoting 
station; contests in stores, by mail, 
or on the air; stunts performed 
with some kind of public exposure; 
unusual services in the interest of 
community service and audience 
information; or any of a legion 
of other forms. In each case, the 
intent will be for the listener to 

1 
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LAPIPOOL «In DAS! .ENT 

be attracted, either aesthetically 
or materially, to listen. 

Since listening is the key to 
audience promotions, some ab-
stract determination of the worth 
of a new listener, in dollars and 
cents, must be made. For example, 
if a contest costs $1,000 to run 
and attracts ten permanent lis-
teners, it could be construed to be 
too expensive per listener gained. 
On the other hand, if management 
values listeners at $100 each, the 

Pint 

HELPING   
with ow. S56,000.00 of time 

donated to community combo causes 

and 00000 icon.» two r_imr chomp, 

lot public service 00000 moments) 

contest would be worthwhile. In 
determining what kind of contest 
to run, management should also 
determine why the audience should 
be built. If a bigger audience won't 
make any difference in earnings, 
there may be no reason to en'arge 
the audience at all. This can be 
the situation, for a station may 
be virtually sold out, with rates 
that cannot be increased without 
going beyond available customers' 
budgets. To do a better job for the 

1 
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Ad from East Liverpool Review is an example of "prizes" promotion conducted 
by WOHI. Each of 18 participating merchants offered prizes. Drawings for prizes 
were held at each store. 
advertiser, in terms of circulation, business should be to determine 
would add only to operating costs, why he isn't listening. After all, 
and not to earnings, if programming is terrible or the 

Once the worth of a listener station's technical sound is bad, 
and the reason for gaining him a contest won't attract any perma-
is determined, the next order of nent listeners, but a change in 
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The 7 Qualities of a Good 
Promotion 

1. It builds the station's image. 
2. If a sales promotion, it builds 

rather than switches business. 
3. If a program promotion, it 

does not cost more than it's 
worth, per listener gained. 

4. It is a coordinated effort be-
tween all station departments, 
including engineering and 
news. 

5. It is presented at a time when 
it is needed, both seasonally 
and at the right time of day. 

6. It is well advertised in other 
media. 

7. It is handled without diverting 
staff time from day-to-day 
work that is more important 
in the long run. 

other areas might help a great 
deal. In fact, the latter course of 
action, without a promotion, will 
save money, since the program or 
technical change will have to be 
made sooner or later, anyway. 
Having determined what new 

listeners are worth, and also hav-
ing concluded that the only reason 
they aren't listening is either that 
they haven't tried the station or 
don't have any great preference. 
the station must try to get the 
non-listener to tune in, and get 
the undiscriminating listener to 
settle on the promoter's dial posi-
tion as a habit. This is the purpose 
of an audience promotion. All too 
often stations run audience pro-
motions that are expensive at-
tempts to do something other than 
switch listeners to the station, or 
develop listener preference. These 
attempts are doomed to failure 
from the start, since listeners will 
quickly tune out when they dis-
cover the same sloppy, ill-sound-
ing programming. 
Most personnel improvements 

are, in fact, audience promotions. 

When a show, personality, or pol-
icy that folks will want to hear 
is adopted, the station should ac-
tively publicize the fact in other 
media as well as on the station. 
Like the preacher who sermonizes 
on the people who aren't in church, 
the station that uses only its own 
circulation for promotion just isn't 
reaching the right people— the 
non-listener. I have found it most 
interesting to note studies of the 
industry which indicate that radio 
stations don't spend any substan-
tial money on advertising. Yet, we 
are supposed to recognize the value 
of advertising! 
A good non - listener catching 

format is the contest which in-
volves the listeners on the air. 
People will often be anxious to 
hear themselves, their families, or 
their friends, no matter what the 
station preference. Remotes in 
stores, shopping centers, home 
shows and fairs, are good builders 
if they include some kind of inter-
view setup for later playback. One 
of the best ideas that comes to 
mind was created by Pepsi-Cola 
in 1954. Citizens were invited to 
call an advertised phone number 
and submit a slogan which was 

Promotion Franchisers 

Zingo (Bingo) 
Lucky Bucks, Social Security 

Numbers: Azrael Productions, 
913 N. Charles St., Baltimore, 
Maryland 

Kasho: Vana Associates, Trades 
Publishing Bldg., Albert Lea, 
Minnesota 

Decals: John Deal Co., 939 Trin-
ity Lane, Nashville, Tenn. 

Bumper Stickers: Enameloid Sign 
& Display Co., 140 Peach St., 
Reading, Pa. 
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later played back on the air. Then, 
if a person recognized himself 
delivering the slogan, he won a 
prize. The reverse procedure has 
worked at our station, with the 
station calling a listener's number; 
if the listener answered the phone 
in a way that indicated he or she 
was listening at that moment, they 
earned a prize. 

Another type of audience pro-
motion is the audience - keeping 
promotion. Here, the promotion 
effort must be tailored to keeping 
the listener as a faithful member 
of the audience. This type of pro-
motion should be oriented toward 
giving the station a high identity 
with its audience, so that call 
letters and dial position are fa-
miliar. Such promotions provide 
listeners with some material ad-
vantage, such as special days or 
nights in theatres, shopping cen-
ters, etc.; other ideas include pic-
nics, contests, and give-aways just 
for listeners, or emphasizing the 
specials a listener is getting, and 
of course station program promo-
tion spots and programs on the air. 

Sales Promotions 
Actually, a good audience pro-

motion is usually a good sales 
promotion. A good promotion for 

a sutiluil is that S1 !lien integrates 
outstanding activities in sales. 
programming, engineering, and 
administration to achieve more 
business. Thus, it is doubly im-
portant, when choosing a sales 
promotion, to be selective, and 
determine first, a goal. There can 
be many reasons for running a 
promotion—to attract new busi-
ness; to give existing customers 
a "special" to build their enthusi-

asm; to create excitement among 
advertisers; to prove the station's 
pulling-power to existing as well 
as new advertisers, etc. 

Stuffed Animal Drawing 
There are numerous stuffed animal 
suppliers hawking their wares for 
this one. It is a good contest at 
Easter or Christmas time, although 
it loses its impact after a run or 
two, at least in a small town. This 
promotion has the advantage of a 
fixed cost per sponsor, the cost of 
the animals, plus coupons and post-
ers, so no matter how few are sold, 
cost is fairly linear. 

Sponsor-Prize Drawings 
This promotion is inexpensive and 
easy to run. A special price is 
established for advertising. As a 
credit against this price, the sta-
tion will pay an advertiser up to 
$25 (or some other such figure) 
toward the wholesale price of his 
prize. The station provides entry 
forms, posters, and runs ads in 
newspapers or other media promo-
ting all participating stores and 
services. The cost is linear, allowing 
any number of sales with a profit 
to the station. The idea of giving 
a credit to the advertisers for their 
prize allows the station to be sure 
the prizes are uniformly good from 
store to store, and are of equal 
value so that no one shop steals 
the spotlight. It has a community 
service aspect, too, since the station 
is running a town-wide promotion. 
Merchants will like this one; it's a 
good traffic-builder. 

Bingo Games 
These are supplied by a variety of 
syndicators and card suppliers. The 
idea is simple enough: Customers 
get cards from an advertiser, listen 
to a specified program which in-
cludes a listing of numbers, and if 
they win, collect a prize from the 
sponsor or the station. In spite of 
arguments to the contrary, bingo 
doesn't seem to harm the image of 
a station, is easy to run, and is 
relatively inexpensive. Be sure to 
arrange a way of checking winners' 
cards, however, to avoid errors and 
hard feelings. 
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Once the goal is determined, it 
is necessary to select the promo-
tion that will achieve the goal. 
This is the most difficult part of 
the job, and one where the biggest 
mistakes are made. When selecting 
the promotion, imperative ques-
tions to ask are: (1) What is the 
cost? (2) What will it net, after 
commissions? (3) How much of 
the volume will be "switch" rather 
than new business? (4) Will it 
require a high acceptance to make 
money, because of high initial ex-
pense, or will expenses be a fixed 
percentage of each sale? (5) Will 
you be paying others for services 
or prizes that you can provide 
yourself for less? (6) Will the 
timing be to your best advantage, 
with the resulting revenues com-
ing when you need them? (7) How 
many potential customers do you 
have at the price required? (8) 
Will the sales time taken by the 
promotion be more than would be 
required to get an equal net re-
turn on non-promotional selling? 
(9) Will the promotion contribute 
to the station's reputation? 

Promotion Coordination 
An effective promotion must be 

well coordinated. This means more 
than just a sales or program staff 
meeting; it means that all de-
partments of the station must 
have an opportunity to meet to-
gether and iron out problems, with 
an open mind to non-sales or pro-
gram-oriented comments. The 
chief engineer might point out 
some equipment limitation to the 
project, one which might be sig-
nificantly improved by a modifica-
tion of either the promotion or 
the equipment. The C.E. might 
also have some observations that, 
from his point of view, would shed 
new light on the need for a pro-
motion and in which area it should 

Sports Drawing 

This promotion was used success-
fully by WOHI to get advertisers 
for its baseball coverage. Each 
participating sponsor held a draw-
ing, free of charge, for anyone who 
wished to register. Each month 
during the season, the station sent 
a bus to the game, with tickets and 
bus cost paid by the station. The 
bus was decorated with appropriate 
banners, and advertisers were in-
vited to give their winners appro-
priate souvenirs of the trip. The 
promotion thereby gave advertisers 
traffic, and a record of it, while 
listeners were encouraged to stop in, 
and could win a nice prize. The 
cost to station was covered through 
just one sale to one of six partici-
pants, and the station was able to 
develop more baseball business than 
it had had in prior years. Cost of 
posters, stubs, etc., was the only 
expense, other than tickets and 
buses, which was all paid for by 
sponsors. 

Community Club Awards 

This is a syndicated sales promo-
tion, developed by Community Club 
Awards, Inc., Westport, Connecticut. 
It involves the accumulation of re-
ceipts and other proofs-of-purchase 
by members of competing organiza-
tions, submitted to the station weekly 
with a tabulation of points earned. 
Each week, the club accumulating 
the most points earns a cash award, 
and a grand prize is given at the 
conclusion of the contest. Because 
of the cash prizes, and a franchise 
fee to CCA, this copyrighted pro-
motion has a relatively high break-
even point. On the other hand, it 
does a tremendous job of getting 
traffic for advertisers, and proves it. 
It is also a community service, since 
it helps the participating clubs 
accomplish their objectives by as-
sisting their treasuries. When con-
sidering CCA, major costs are 
printing, franchise fees, and prizes. 
Advertiser support must be reason-
ably substantial. 
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Crazy Days 

This is the most exciting promo-
tion ever run at WOHI. Arrange-
ments were made with the publisher 
of a "Community Shopper" news-
paper to publish a special issue. 
Advertisers were solicited for com-
bined radio-shopper ads for a period 
of a week. Shoppers were bulk-
mailed to everyone in the listening 
area. Each shopper was numbered, 
and recipients were encouraged to 
visit the stores to see if their num-
ber qualified them for "crazy" bar-
gains, like a 10ft car, $1 mink coat, 
etc. Because of the odds, with only 
one winning number out of all the 
shoppers mailed, clients can run big 
specials for winners without great 
risk. In addition, numbers can be 
posted throughout the stores for 
little item specials. This is a great 
traffic-builder, with lots of excite-
ment. The station also gets into 
every home via the shopper. Costs 
are high, but the excitement makes 
it worthwhile. Be sure to investi-
gate printing, addressing, and mail-
ing requirements carefully with the 
printer, post office, and advertisers. 
Be ready for layout work at the 
last minute, as you try your hand at 
the print media. 

be undertaken. Likewise, station 
bookkeepers will need to know how 
commissions and expenses are to 
be handled. Arrangements should 
also be made at such meetings to 
keep a special accounting of ex-
penditures on, and income from, 
the promotional effort, in order to 
know if it was worthwhile. 
Nor should group discussion 

prior to selection of a promotion 
be overlooked. Some of the best 
ideas we have had came out of 

Litter Box 

Here is a good promotion for pub-
licizing a station. Automobile litter 
boxes, distributed to customers by 
the sponsor, are displayed on the 
shelf below the rear window. Each 
day, the station sends out a staff 
member to spot cars, and prizes 
are given for displaying the box. 
The promotion is a natural for a 
gasoline company, with five gallons 
of the advertised fuel as the prize. 
Our station paid for the litter 
boxes and provided them to the 
advertiser in return for a big sched-
ule and for providing the prizes. 
It's a big boost for the station when 
call letters appear around the area 
in the windows. Variations on the 
theme are bumper stickers and de-
cals, although the litter boxes have 
a certain public-service aspect. 

"Mobile Medium" Promotion 

This is an audience builder. The 
station remote unit cruises within 
the station's service area, and an-
nounces the license number of a car 
he's following over the air. If the 
driver pulls over to the side, indi-
cating he is listening, he gets $1. If 
he does not stop, the amount is added 
to the next prize. 

brainstorm sessions with the staff. 

Sample Promotions 

There are as many promotions 
as there are radio stations, but 
they are all varieties of contests, 
give-aways, special prices, special 
programs, or community service. 
Any promotion will do better in 
some areas than in others. The 
competent manager will balance 
the considerations and arrive at 
the best alternative. 
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IMPROVED 
OFFICE PRACTICES 
FOR THE BROADCASTER 

By Joseph D Coons 

Like many station owners, we 
have often been stunned at the 

end of the month to learn what a 
large percentage of our overhead 
is the result of laborious, repeti-
tive work. Such efforts, usually 
expended on paperwork necessary 
to expedite orders, consume a 
great deal of time and have little 
direct impact upon sales volume. 
In 1961, shortly after acquiring 
our station, we decided to do some-
thing about it. 

The Problem 

At WOHI, we were concerned 
with staff productivity in several 
areas. Our traffic girl spent at 
least four hours a day typing logs. 
My secretary, who doubles as 
bookkeeper, was constantly behind 
schedule (through no fault of her 
own). In addition, errors occurred 
(one of them cost us several 
hundred dollars in lost sales), and 
we were determined to eliminate 
them. As a manager, I found it 
difficult to trace mistakes; so 
many different staff members 
handled paperwork in various 
stages it was impossible to tell 
who had added the erroneous in-
formation. Personnel, especially 
salesmen, often passed the buck 

for order preparation to other 
staff members. We were not al-
ways fully aware of all details, 
since many pieces of paper had to 
be assembled for complete infor-
mation. Communications were 
weak. And we are in the communi-
cations business! 

The Solution 

To begin doing something about 
the situation, we outlined the 
major problems and responsibili-
ties in sales, traffic, logging, and 
accounting. 
Then we proceeded to develop 

procedures which would be self-
liquidating and easy for our per-
sonnel to understand. The pro-
cedures we evolved were the result 
of three years of improvement 
and a great deal of research. They 
break down into two interrelated 
areas: (1) Ordering-scheduling-
accounting-billing-reporting; and 
(2) Scheduling-logging. 

Systematized Ordering-Scheduling-
Bookkeeping-Billing 

In our station, as in most, there 
are usually ten items of record or 
activity amociated with these four 
operations: (1) Contracts; (2) 
Sponsor start orders; (3) Con-
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Fig. 1. 3-Part order form provides space for account data, schedule infor-
mation, and invoicing. Xerox copies serve all needs for ordering, schedul-
ing, bookkeeping, and billing. 

firmations to sponsors; (4) Post-
ing information to daily op-crating 
schedule from start orders; (5) 
Preparation of supporting ma-
terials, such as copy, tapes. etc.; 
(6) Pcsting data from daily pro-
gram log, indicating performance, 
to accounts receivable ledger; (7) 
End of month invoice preparation 
from accounts receivable ledger; 
(8) Preparation of EOM affida-
vits of performance, if required; 
(9) Preparation of extra copies 
of items 7 and 8, if required; 
(10) EOM assembly of data for 
invoicing and mailing to custo-
mers in addressed envelope. 

Certainly, there are numerous 
cases where two or even three of 
these steps can be skipped, but in 
any station there are also custo-

mers who require all ten. Our 
system allows for all. 

How It's Done 
The heart of our paperwork 

system is a 3-part form of the 
snap-out variety (Fig. 1), pre-
pared for us by a nearby printer 
who specializes in multiple forms. 
Cost is about 100 per set in quanti-
ties of two thousand. Part 1 is 
labelled "Invoice." Parts 2 and 3, 
instead of the 31-column grid on 
the right, serve as part of the 
Agreement, which is printed on 
the reverse side of Part 3 (the 
standard American Association of 
Advertising Agencies contract). 
Part 3 is the client's "Contract-
Confirmation" copy, and Part 2 is 
the "Station File" copy kept by 
the traffic department. 
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Fig. 2. Flow chart of order form 
use in 9-step procedure. 

Now, let's follow this form 
along as it goes to work. The flow 
chart in Fig. 2 shows the 9-step 
procedure we use. 
1. The salesman writes the order, 

filling in the left and center 
portions of the form complete-
ly. If the order is the first in 
a contract year, he has the 
advertiser sign the right side 

of the second page, and gives 
the customer the carbon con-
firmation, page 3. 

2. The salesman gives Parts 1 
and 2 to the copywriter, alert-
ing him to the need for copy. 
The copywriter notes on a 
corner of Part 2 the cartridge 
or live copy number, and gives 
it to the traffic clerk. Part 1 
is given to the bookkeeper. 

3a. The bookkeeper makes extra 
copies on a copying machine, 
one for each month of the 
schedule, and places them in a 
file indexed by month. One-
month-only orders require no 
copying. 

3b. The traffic clerk posts the order 
to the program schedule, and 
files it in dead storage until 
the schedule has run. It is then 
discarded unless it is a signed 
order, in which case it is filed 
for future reference. 

4. Each day, the bookkeeper ob-
tains data on commercial time 
from the performance log, 
summarizes it on a customer 
list, and then posts the infor-
mation on the "grid" portion 
of the start order copy (Part 
1) assigned to the month. 

5. At the end of the month, the 
bookkeeper extends and totals 
under "total-this-invoice" the 
cost of the schedule. 

6. She then attaches any other 
schedules run, adds them up, 
and posts them to the top in-
voice. 

7. She enters the grand total. The 
affidavit section is signed and 
notarized if necessary. The top 
invoice is rubber-stamped "IN-
VOICE" in large letters. 

8. The number of copies required 
by the customer are made on 
a copying machine, and mailed 
in a window envelope. 

9. Following mailing, the original 

186 



Fig. 3. Tape cartridge numbers 
identify length and sponsor. 

copy of Part 1 for the month, 
still retained by the station, is 
posted to the accounts receiv-
able ledger and filed, an exact 
record of the customer's billing 
for the month, including his 
schedule and the number of 
spots run. 

What These 9 Steps Accomplish 

Notice that basic information 
is never retyped or copied, except 
on a copier. Therefore, the chance 
for human error is reduced con-
siderably. In addition, all printed 
forms, except the order form, are 
eliminated. If an error is made 
along the way, it can be immedi-
ately traced. Since the salesman's 
data must be right for his order 
to be executed, he stops taking 
short cuts. Another advantage of 
the system is the trustworthiness 
it instills in our clients, who re-
ceive bills that look just like the 
original order. 
The greatest difficulty we had in 

installing the system was with the 
salesmen; they opposed having to 
fill out the order in full. Once they 
became used to the procedure, 
however, they stopped complain-
ing, especially when they found it 
eliminated errors in the execu-

Fig. 4. Laminated cardboard strips 
containing program schedules are 
inserted in "hour-long" panels. 
Nine "sides" hold data for 18. 
hour day. 

tion of their orders and provided 
them with a fast, complete, ready 
reference for future sales. 
As for the economics of the 

system, the costs of the 3-part 
forms and the Xerox copies are 
less than for our old forms. This 
saving is modest. BUT—and this 
is the key to our love for the 
arrangement—we now make vir-
tually no errors. 

Systematized Scheduling-
Continuity-Programming-Logging 

Even though the ordering sys-
tem has eliminated most of the er-
rors, we are even more enthusias-
tic about our scheduling and pro-
gramming system, which has 
saved us a lot of time—and money. 
For an order to be properly 
scheduled and programmed, the 
following activities are completed: 
1. Copy is prepared and sched-

uled, either live, ET, or taped. 
9. Cartridges, if used, are la-

belled and assigned. 
3. The order is scheduled. 
4. The schedule is made flexible 

enough to accommodate pre-
emptions, additions, etc. 
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Fig. 5. Traffic clerk Joy Thomas 
preparing frames for program 
schedules. 

5. An accurate record is provided 
for bookkeeping and the FCC. 

6. Competitive separation for 
sponsors is maintained. 

7. Commercial codes and other 
time limits are maintained. 

8. A clear and legible form is pro-
vided to all concerned. 

9. Compliance with FCC Rules is 
provided for. 
No matter how you look at it, 

this is a lot to ask of a schedule. 
If your station is doing this in 
less than an hour a day, don't 
read any further. You're either 
not selling time, or you're using a 
system like ours. If, like us, you've 
been spending three, four, or more 
hours a day in your best months, 
turning out a schedule that doesn't 
meet all these requirements, read 
on and learn how we cut the time 
to an hour a day. 

Basic System Requirements 

To fit the system, we set up 
means for identifying copy. All 
live material is indexed by letter 
and number: A-1, 2, 3, etc., to 31, 
then B-1, 2, 3, etc., to 31. Since 
we use only about twenty pieces 
of live copy, recording the rest, 

except for public service, we use 
just A, B, C, and D. 

Recorded copy is indexed dif-
ferently, using a series of cart-
ridge numbers. We now have the 
following assortment of car-
tridges: 

180 seventy second 
50 three minute 
10 five minute 
2 ten minute 
5 fifteen minute 
3 thirty minute 

Carefully reviewing each cus-
tomer's normal needs, we deter-
mined how many cartridges he 
would require. We then assigned 
him that number of cartridges. 
In other words, a meat packer 
who sometimes uses one, some-
times two pieces of copy, rotating, 
was permanently assigned two 
cartridges all his own. 

Naturally, there are short-term 
sponsors of one kind or another 
who share cartridges with other 
short-term or seasonal users, but 
these account for only 20% of our 
total file. (See Fig. 3.) 
We numbered our cartridges 

consecutively, using a felt mark-
ing pen and a two-digit system. 
The first digit is the length of 
the cartridge (not used on 1-min-
ute cartridges) ; the second is the 
serial number. Thus, #36 is a 70-
second cartridge, 36th in the 
series; #5-6 is a five-minute cart-
ridge, the 6th in the series. 
To allow ourselves flexibility, we 

made wooden blocks, the size of a 
cartridge, affixed with nameplates 
of the type used on apartment 
house mailboxes. These "dum-
mies" are used to substitute 
special copy for a sponsor. If the 
log calls for cartridge #43, the 
announcer may find a dummy la-
belled "43 use 3-29," which tells 
him to use 3-29 instead. We have 
ten dummies that allow for odd 
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scheduling with minimum fuss. 
To make this system as efficient 

as possible, we instituted a policy 
change. We try to avoid, if at all 
possible, selling long term sched-
ules which vary times ordered 
from week to week. We stress 
ordering the same schedule every 
Monday, every Tuesday, every 
Wednesday, etc. 

System Control 
To keep track of and control 

scheduling, we purchased special 
frames from Acme Visible Rec-
ords, Inc. (Crozet, Virginia). 
These frames make use of lami-
nated cardboard strips of various 
colors, and comprise our program 
log (see Fig. 4). There are two 
hour-long columns on both sides 
of each frame, and we use nine 
sides for our 18-hour day. We 
have enough frames to make up 
9-side sets for every day of the 
week, plus about ten extras. The 
frames, specially ordered, cost 
about $160. 
The cardboard strips are avail-

able in six colors and two widths, 
1/6" and 1/3". We use the wide 
strips for minute spots, the nar-
row for 20- and 30-second spots, 
as well as for program informa-

1 

tion. Competitive sponsor strips 
are color-coded. In addition, col-
ored plastic "signals" can be 
slipped over the strips if we wish 
to indicate something special about 
them. We use yellow to indicate 
what we call "one-time" orders, 
and green to indicate pre-empted 
spots. As shown in Fig. 5, the 
traffic girl, in preparing the sched-
ule, follows this routine each day: 
1. Takes out the frames for the 

day being prepared. 
2. Removes all old strips for 

schedules which are ending. 
3. Removes all strips with yellow 

"signals." 

4. Replaces any green-signaled 
strips in original positions. 

5. Examines orders for day, di-
viding into two groups, One-
time orders, and two-or-more-
times orders, which are to run 
not only on the day scheduled, 
but also one week from the day 
scheduled. 

6. Inserts the strips for all more-
than-one-time orders in appro-
priate places. 

7. Puts a yellow signal on all the 
one-time strips, inserting them 
in the available times. 

8. If necessary, removes strips 

.11 .1.1ft • '' .^ 

...nu. Me 141 

Fig. 6. Traffic clerk 
frames on copier. 

duplicating Fig. 7. Copy of schedule is used to 
log program times. 
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from any period to be pre-
empted, puts on green signals, 
and relocates them. 
Once strips are typed for a cus-

tomer, they are stored after use, 
since he will use the same cart-
ridge over and over. Unless there 
is a totally new customer to be 
scheduled, there is little need to 
type new strips. 

In addition, public service spots 
are assigned fixed positions and 
logged just as "public service." 

book sections as we wish, and put 
it on cartridge, too. 

Once the frames are complete, 
they are copied (see Fig. 6). The 
schedule is then ready for pro-
gramming and, as it is used, the 
times are logged to the right of 
the strips in the blank area. (See 
Fig. 7.) 

The Results 

The system is a great time-
saver. It accomplishes everything 

The Copying Machine 

Our copying machine is a Xerox 914, which costs 51/2¢ per copy, includ-
ing supplies, wi:h a 2,000 copy minimum. To offset the expense, we offer 
a copying service, advertised on our station three times a day. We charge 
150 each for the first ten copies, 100 each for the next ten copies, and 
70 each for all copies over twenty. For three months in a row, we earned 
over $100 on this service. In other words, we got our copier for nothing. 
We use it for copies of FCC forms, profit and loss reports, proof-of-

performance forms, continuity duplication, the billing system, and the 
logging system. One month we studied how we were using it. Customers 
bought 550 copies; the log took about 400 copies; billing and office work 
750; continuity and co-op copies 300. That was when we were using 
about 2,000. Now we use about 2,400 a month, with customers taking up 
the slack. 

We have B-18 thru B-31 in our 
live copy book, plus a 10-minute 
cartridge of ten spots rotating, 
and a 1-minute cartridge which 
is used for special local public 
service messages we wish to sat-
urate. We can use any of the 
three through the use of our 
dummy cartridges, even though 
the log carries all three numbers. 
We keep a little notebook of 
changes with entries like "12/ 
10/64—changed B-24 to Xmas 
Seals." Then whenever B-24 comes 
up, it is a Christmas Seal spot. 
To saturate, we can put duplicate 
messages in as many of the copy 

a good system could, fully meeting 
all the requirements. Training 
personnel is far less laborious 
than before, since the log is pre-
pared by use of a simple check-list 
rather than by having to outline 
each customer's individual re-
quirement. The system saves over 
$1000 a year in traffic-clerk time 
alone, which we have yielded by 
cutting the job to half-days, still 
giving her time to do other jobs. 
To sum up, then, our total-sys-

tem analysis and application has 
been as worthwhile as any man-
agement endeavor we have under-
taken and we recommend it to 
others. 
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RATES —and the Rate Card 
by Joseph D. Coons 

1 

AT ONE TIME or another every 
commercial broadcaster is 

faced with a variety of decisions 
that affect the pricing of his 
time—his rates. He then moves 
mentally from the world of de-
cisions based upon tangible data 
to the world of decisions based 
upon psychology, ethics, super-
stition, precedent, and experi-
ence. As a station manager, I 
have gone through such times, 
and have come to some conclu-
sions that may add new life to 
some old debates. Reviewing our 
sales progress, we feel our rate 
and pricing policies have played 
a major role in our growth—add-
ing more than 60q- to our sales 
in less than five years. If you feel 
price is important in your sales. 
some of our philosophies may 
help you. 

Questions about rates fall into 
several categories: (1) How 
many rate cards should there be? 
(2) What should the cards look 
like? (3) What discounts should 
be offered? (4) How many 
"classes" of time should there be? 
(5) How many different spot 
lengths should be offered? (6) 
What about "Special Rates?" 
(7) How should rate changes be 
handled? 
Most managers faced with the 

problem of answering these ques-
tions seem to follow either of two 
paths: They play a hunch, de-
pending on intuition to make the 
right decision; or, they look up 
data gathered by NAB, RAB, 
etc., or SRDS, and see what the 

other guy is doing. The first 
course presupposes the manager 
is right, and the second assumes 
the other guy is right. But any 
manager worth his salt knows he 
can reach the best decisions only 
after consulting all the other 
people involved. 
We have never made decisions 

regarding rates without holding 
meetings with our salesmen, con-
fiding in our most helpful and 
loyal customers, conferring with 
our reps, and discussing proposed 
changes with our community 
financial prophet, our banker. The 
resulting comments have often 
startled us. 

How Many Cards? 

The old local-vs-national rate 
controversy is ever present. As 
for our own experience, we have 
received may calls from agencies 
using the old dodge, "This is a 
local buy, we just set it up." And 
from our reps, perhaps two out of 
three memos in the past, empha-
sized quoting the right rate — 
the one the rep quoted. These sit-
uations were unsettling enough, 
coupled with the Commission's 
concern about double billing and 
other double-rate practices, but 
there were still other factors to be 
considered: What of the 15% 
agency commission? Could we cut 
our revenues for regional and na-
tional sales by 15%? How about 
the rep's commission? 

Perhaps the final blow came in 
1961 when an auto firm, well-
known for "tough" buying prac-
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tices, issued the ultimatum: no 
local rate, no national business. 
Although this encouraged our 
subsequent decision to abandon a 
national card, there were many 
other arguments in favor of this 
decision. 
The first point in favor of a 

single rate is elimination of rate-
confusion, rate jumping, and 
double billing. It's amazing how 
easy it is to say, "Yes, agency, 
that's our rate, the local raie, 
the only rate. No one pays less 
than that, so you must pay it, 
too." It's a lot easier than trying 
to explain to a local beer distri-
butor why he must pay national 
rates through the agency. 

The American Association of 
Advertising Agencies, 200 Park 
Ave., N.Y., publishes a standard 
rate card layout. They will send 
you a sample card and descrip-
tion of the layout. There are 
advantages to following a stand-
ard form. Once your printer has 
set up type for your card, he 
can produce subsequent issues 
at a lower cost than the original, 
and by using a different color 
with the same design, it will be 
more easily recognized. Your 
card will maintain a character of 
its own, and consistency of de-
sign will allow you to reissue a 
card which will be familiar to 
those who work with it. 

Of course, we're getting 15% 
less for the time when the order 
comes through the agency. Does 
the agency earn it? We look at it 
this way: The agency prepares 
the copy (otherwise the station 
must) ; the agency offers assur-
ance of prompt payment, or at 
least a record of payment to rely 
upon (which the station does not 
always have with non-agency cus-
tomers) ; the agency sells the ad-

vertising (which is otherwise the 
station's job) ; and finally, the 
agency understands how to buy 
station time with a minimum of 
confusion and for maximum 
benefit (which the station must 
do for local customers). 
Each of these jobs are no 

longer the station's. Are they 
worth 15% of the bill? We say 
yes. Agency orders are, we be-
lieve, 15% less expensive for us 
to handle. We see no reason not 
to subcontract the work for 15% 
of gross. 
Of course, there's still the rep's 

commission—which cuts out an-
other 15%. But on local sales, we 
give a 15% commission to our 
salesmen, so it's all the same. We 
never think of our rep in any way 
except as a salesman who calls on 
out-of-the-area customers. He 
earns his money; in fact, if we 
were to replace him, we could not 
call on his customers for the 15% 
he gets. We think that 70% of 
national time, net, is fair. All we 
have to do is run the commercials 
—no writing, no selling, no tal-
ent, no production—just run 
them. I wish all accounts were 
like that! 

Frequency Discounts 

Setting up a discount pattern 
and the rates for frequency dis-
counts becomes a matter each sta-
tion must consider on its own. 
Factors which influence discount 
rates are: 

1. The revenue goals of the 
station. 

2. The current rates being 
charged. 

3. Forestalling use of short 
spots for economy purposes 
only; i.e., making it attrac-
tive to use minutes rather 
than thirties or twenties. 

4. Making prices and discounts 
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fair to the buyer, without 
excessively steep or slight 
discounts. 

Each of these factors should be 
kept in mind as each rate is fixed; 
in addition, rates should be math-
ematically simple, rounded off at 
easily-computed figures. This 
standardization of figures will 
save a lot of computation time 
while the card is in effect. Rais-
ing all rates by the same percent-
age factor makes an increase 
easier to define to clients. "It's a 
10(;, increase" is much easier to 
explain than different time and 
spot increases. 

Classes of Rates 

The other day I was looking at 
a card prepared by a major-mar-
ket high power station. It was 
complicated by time classifica-
tions and bonus plans, concocted, 
no doubt, with one of two goals— 
getting more money from the 
advertiser, or getting the adver-
tiser to use less desirable time. 
Our "Combination Plan," is de-
signed to give more time at a 
better rate, rather than get more 
revenue from our time. The re-
sult is better distribution of 
business around the clock, but 
little increase in revenue. Unless 
you are the clear channel station 
in a top market, you are compet-
ing for business, and the best 
way to compete is to give the 
client what he wants at a price 
that is fair to all. A bonus plan, 
for example, offers the client 
something he doesn't want, and 
alludes that your time isn't worth 
the rate-card price. You become 
a wheeler-and-dealer, instead of 
a solid seller, just like a car sales-
man who throws in a radio. 
(Let's keep the auto dealers 
throwing in radios, but not throw 
in our time!) 

With our give-him-what-he-
wants credo, we use two classes 
of time—A for all daytime, B for 
all nighttime. When we are asked 
for avails, we guarantee no more 
than one-half the schedule in traf-
fic times. When we can, we give 
more; especially if the client can 
get something out of traffic -times. 
Our salesmen, however, keep sell-
ing non-traffic hours because of 
the specialized audience. 

Lengths of Spots 

In most markets there are a 
few huge clients, more large 
clients, even more middle-sized 
clients, and a great number of 
small clients. The rate card, and 
station policy on announcement 
length, must be designed to give 
all potential accounts access to 
the airwaves at prices they can 
afford. 
We do this by offering three 

spot lengths-60, 30, and 20 sec-
onds. But, unlike many major-
market stations, our price ratios 
of 100%, 55%, and 40% do not 
vary in direct proportion to spot 
length. Thus, the small advertiser 
can afford to buy a 20 from us at 
our rate. That's what we feel a 
20 is for, basically—a small ad-
vertiser. Most big accounts would 
rather have a 60 and will pay the 
price when our representative 
emphasizes the extra time for 
jingles, etc. If he wants a dense 
schedule, we use 30's and 60's and 
give him frequency, always try-
ing to balance spot length to de-
sired frequency, budget limits, and 
copy demands. 
Some stations don't sell any-

thing less than a minute. But 
wouldn't any manager rather sell 
two 30's for 110% of the minute 
rate, or three 20's for 120% of the 
minute rate? If a client is sold 
on radio, he will buy not what is 
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P 0 Boo 760 
East Liverpool. Oleo 

Code 216-385-1490 

WOHI 
1949 — 

**new« wheedle.« meM Mow' 

Rote Cord 010 
Effective Jon 1. 1965 

A Single Rote $101.011 

1—PERSONNEL 
Joseph 0 Coons. Generol Manager 

2—REPRESENTATIVES 
Penn Stole Representatives. Inc, 
One Stoner., Representotioes, Inc., 

Revere' Representation 

Cram Webb Cr Componv. 
Natemai Representotives 

3—MAILING INSTRUCTIONS 
AND CLOSING TIMES 

mod to Boo 760. Ent Liverpool, quo. 
Closing 12 hours pen to brobekest 

4—FACILITIES 
o • Power - AM - 500 ont?, Doy 

250 worts Night 
b - Frequency • AM - 1490 KC 

Hours - 600 AM - neigh, Man .Sot. 
7 45 A M. - Mianeght Swsdert 
Dovlight Sovings Tome Used 

di. Tromp...leer WOHI View ShodysIde 
Avenue Rost Liverpool. Ohio 

5—COMMISSIONS 
AND DISCOUNTS 

a -I 50. agency rernmission on time dupes 
to recognised °gene. 

b 2% discount for cosh - ten don. Net 30, 
end of mans billing. 

6—RATE POLICIES 

o - Rote must be eomed within one not hen 
dote 01 lire announcement. 

b - Advertisers will receive rote noteetlem e« 
60 don following ending date of sched-
ule at time ot increase 

7—RATES - ANNOUNCEMENTS 

Clan A 
6.30 A.M. -629 PM. Mon -Fn. 

Min. 30 See. 20 Sea. 
I erne 500 275 200 

20 times  470 ono lime 
40 "  455 260 000 
60 445 255 90 
80  435 250 85 
100 420 240 80 
200 370 235 75 
300 320 2.10 70 
400 275 I 80 50 
500 260 I 55 30 
1000  250 1.45 10 

6—RATE POLICIES 
i Cannon 

c • A.:heelers rho earn new discount rots, 
will receive reborn 

7—RATES - ANNOUNCEMENTS 
'Continued( 

Clou 
6 00 - 6 29 AM, 630 PM - Midnight 

Mon - Fro 

SO - Midnight, Saturday Cr Sonde,. 
MM. 30 Sea. 20 bw. 

t tone 370 205 I 50 
20 fangs 350 • • • • 
-1c) . 340 95 o • 

. . . 3 30 90 45 

.. 320 85 40 
00 .315 80 35 

275 70 .30 
. 240 55 25 

00 205 .35 .10 
00 ' . 1 95 IS 00 

. 1 85 05 .65 

8—RATES - PACKAGE PLANS 8—RATES - PACKAGE PLANS 

A- 11 COMBINATION, One Spot 

Fisch Clam of Ti..,. SCOW Dol. 

(Centered/ 

'Seen I.. Si.' Flee 
o - Seven ,on of schedule twenty-second spots 

per week. 56 00 per week. 
One cambiretan counts IWO POWS b • One yen. Non-cancellable controct 

• Spots ordered under the "Seosin-tur-Sio" 
MM. 30 S. 20 See. pion cannot be combined for discount 

2 tens 7  75 4.35 3 20 Perrin« 
d • Stotion-supolied COPY 'meted to one chonew 

20 "  735 it•• tine uer month 

7  15 4.15 00 10—RATES - PROGRAMS tr NEWS 
695 4.00 3 05 Neon and Progrom Rotes on request. 

80 " 675 3.90 2.95 

100 " 655 380 2.85 

200 •• 580 370 2.75 

300 •• 500 325 2.70 

400 •• 425 2.85 2.40 

500 " 395 210 210 

1000 •• 385 2.30 1.75 

II—GENERAL 
o Sood$ - W0111 carries Cleveland Browns, 

High School Sports, Etc Contort Soles 
Manager 

b - Contracts - One year from Dote of First 
announcement AAAA Form Accepted 

c • COCO anti Length - WOHI conlorrns to the 
NAB Code 

d Af fidgets - On Request Only. 

Poydord Pero el Are Cord «worded by My d..c Admoolooloy Moo.. Aoredm. 1••••••••••/ 

OBI OM MI MINI ale MI MI MI UM 1E11 MI Mil IMP 



all WM UM MIMI Ilia =I all OM MIMI Mil UM MI MI BIB NIB 

12001 
East Iive,pool, Ohio 

-,,,•TE CARD 110 iprtiTlvE JANUARY 1, 1965 

20x LOx 60x 80x 100x 200x 2po. Loo. 500. EASE 
riln. 7.7,0 }765 u:ro "iitîo 7745 7795 -6-710 7:15 4.90 9.35 

1C min. 12.55 12.20 11.90 11.55 11.20 9.90 8.60 7.25 6.95 13.20 

4.7e1rt1,11 
‘ 71:77-30.00 27.50 
1.41 8 55.00 50.00 

25.00 
45.00 • 

22.50 
40.00 

Engineorinz Fees: Programs up on. hour, $5.00 Other rates on request. 

Notre Dame Football. 14)5.00 it 27.50 NO discount.. 

*CORI IS A SINGLE RATE CARD STATION. 
1$ min. 16.70 16.30 15.85 15.40 14.30 13.20 11.45 9.70 9.25 17.60 

-- RATES PACKACE PLAN -- (Continued) 

Effective January 1, 1965 Spots in nc,scaste are billed at the regular spot earned rate plus 250. Above prices 
oomeroinl oonti-uity of 1:30. 2:10, 3,00 in 5, 10. and 15 minute programs. 

PROGRA.5 20x etc 600 80x 1Cfrx 200x ài22 400x 500x BASE 

2 iin. 5.45 5.30 5.15 5.00 4.85 4.20 3.72 3.15 3.00 5.20 
3 Min. 6.05 5.90 5.75 5.60 5.40 4.80 4.15 3.50 3.35 6.40 

L Sin. 6.70 6.50 6.34 6.20 6.00 5.30 6.50 3.85 3.70 7.05 
5 tân. 7.30 745 6.95 6.75 6.55 5.80 5.00 6.25 4.o5 7.70 

10 Lin. 11.00 10.70 10.40 10.10 9.80 8.65 7.50 6.35 6.05 11.55 
3.5 22in. 14.65 14.25 13.85 13.50 12.1.0 11.55 10.00 8.45 8.10 15.40 

30 In. 26.15 25.45 24.50 24.05 23.40 20.65 17.90 15.15 14.30 27.50 
60 Min. 41.80 40.70 39.60 38.50 37.40 33.00 44.00 

Comrercial Limits: 2 nine. pa.. : 40" ; 3 mina. pgu. 60^ ; I. mine. pg.. 1:15 ; 
5 mine. pea. 1:30 ; 10 mina. peat 2:10 ; 15 min.. pa.: 3 mine ; mine. pga. : 4:15 ; 
6° .in». pim. • 7 mine. 

Times shown all progimma 5 minutes and up lese 30 ...conda for station identification. 

S2ORTS lx 2e Lx 9x 10x 18x 
W;c7.:Fall --
....x=., 40.00 35.00 30.00 
Local * 75.00 65.00 57.50 

Berens i 20.00 15.00 
Eromia * 37.50 29.00 

V::.r.mupa) 
17.50 17.00 16.50 16.00 15.00 (Both Baeketball & Football) 

In order to hatter herve advertisers who are in the habit of 
purchasing several weeks a year of saturated advertising rather 
than continuing programs throughout a contract year. WONT offer, 

the following weekly package plan, 

NUMBER OF SPOTS IN THE PACKAGE WEEK 

Min. 30 Sec. 20 Sec. 
10 times -- 42.00 24.00 Mir-

15 -.. 55.50 35.25 26.25 
20 . -- 64.00 42.00 14.00 

30 " -- 82.50 54.00 45.00 
62.00 52.00 

50 - -- 125.00 72 50 55.00 
PACKAGE RATES CAN NOT BE COMBINED WITH CONTRACT SPOTS 
TO EARN CONTRACT RATES   

Rate cards, and rates, are a vital part of 
successful station management. Used 
constructively and prepared carefully, they 
will do much to make management easier, 
public relations better, and efficiency 
greater. WOHI is a single rate card sta-
tion; the same rates apply to both na-
tional and local spots. Spot announce-
ment and program rate cards are simple, 
easy-to-understand. 



cheapest, but what will do the 
job best. 

Of course, all this is a waste 
of time if spot length ià not con-
trolled—running a 30 that ha5. 
been recorded 36" long amount› 
to a 20% rate cut. We say a 60 
must be at least 58", not over 
61"; a 30 must be 28", not over 
31"; and a 20 must be 20" or 
less. NO EXCEPTIONS! On 
agency copy that is long we sim-
ply inform the agency of the 
error, and make agreed upon cuts 
in continuity. 
We have found that availability 

of shorter spots has increased our 
potential customers. We keep a 
customer in what we think is his 
category, and rates and discount 
schedules to some extent discour-
age cheaper schedules for the 
sake of saving money alone. 

Special Rates 
We have prepared a "program" 

rate card. It shows rates for news 
programs, as well as the varying 
lengths of "prepared" programs. 
The use of the word "prepared" 
here is important, for it allows 
us to surcharge the customer, if 
necessary, for announcing and 
engineering talent, line charges, 
mileage, etc. "Prepared" rates 
mean the cost of time and control 
room facilities alone, not prepara-
tion of program content. If we 
expend any effort on preparation, 
or in providing more than our 
regular staff announcer and engi-
neer, we charge more. 
The biggest advantage of a 

complete rate structure is the 
elimination of wheeling and deal-
ing. We can always "promo" a 
show, schedule exceptionally good 
talent at our expense, or help to 
merchandise—but brother if a 
client wants time, the price is set. 
It's amazing what such a firm 

rate policy can do to help your 
sales . .. and your image. 

Announcing a Rate Change 

We've noticed that many sta-
tions announce a rate change as 
late as possible, sometimes only a 
day or two before the effective 
date. What reaction does this 
cause? 
To a businessman in a stable, 

well-organized business—say a 
bank—it creates budget problems. 
It also makes a client wonder 
about the station's planning. 
"Why didn't I know of this soon-
er?" he may think. 

Then, a few weeks after the 
new rates are announced, some 
customers, usually the ones who 
yelled the day the increase was 
announced, get their first hiked 
bill. They have just cooled off, 
and they get hot all over again. 
The last time we raised rates. 

we did it differently. We an-
nounced the increase six months 
before it was to become effective, 
with a letter explaining why it 
was necessary for us and why it 
as worth it to clients. We got all 

the usual gripes, but everyone 
had six months grace to buy at 
the old rates. Budgets could be 
planned in at least half the cases. 
Our friends at the newspaper 
tried to capitalize on the increase, 
but their last rate hike increase 
was already in effect—ours had 
just been announced. 
Then came the date of increase. 

We rubber-stamped all invoices 
that month "This invoice reflects 
rate increase announced July 1, 
1964." Everyone knew about it, 
had stewed about it, and was still 
on the schedule. If they weren't 
ready, it wasn't because they 
hadn't known. We have over 300 
good accounts. We lost one be-
cause of the increase, just one— 
a 10% across-the-board hike. • 
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Helpful Books that Belong in 
Every Station Library — Now 
Available for 10-day FREE Trial 

• 9 BIG 
Sections 

• 1728 pages 

• 1306 Tables 
& illus. 

NAB ENGINEERING HANDBOOK 
A. Prose Walker, Editor-in-Chief 

Let this GIANT reference help you solve broadcast 
engineering problems quickly & accurately! 

Revised 5th Edition now covers entire range of radio-TV 
engineering. Contains thousanda of recommended proce-

dures, fundamentals, standards, rules, and "how-to" working instructions 
on all phases of radio and TV. Keeps you abreast of such developments as TV trans-
lators, remote control, transistor applications, automatic logging techniques, etc. Writ-
ten with your everyday working needs in mind, this standard reference contains 9 com-
prehensive Sections: Rules, Regulations & Standards; Antennas. Towers and Wave 
Propagation; Transmitters; Program Transmission Facilities; Remote-Pickup Facili-
ties; Measurements, Techniques and Special Ap-
plications; Charts & Graphs. Order TAB-35 .. only $29.50 

THE ANATOMY OF LOCAL RADIO-TV COPY 
by William A. Peck 

Leading station executives have called 
this book the one that sets the standard 
for radio-TV copy at the local level. Many 
"Impossible" prospects have been sold us-
ing the copy methods provided in this 
treasury house of ideas. Loaded with 
hundreds of ways to increase station bill-
ing with sales-proven copy. A practical. 
hard-hitting, immediately useful manual 
especially holpful for smaller stations. 
Order No. 90 only MOO 

ELECTRONICS MANUAL FOR RADIO 
ENGINEERS 

by Vin Zeluff and John Morkus 
Provides the practical virvlid 
information needed by prac-
ticing engineers; the mathe-
matical foundations needed 
by radio design engineers 
and researchers; the meas-
uring and operating tech-
niques needed by radio op-
erators, technicians, and 
maintenance men for putting 
iadio equipment into use 
and keeping it at peak effi-

ciency. Includes articles for radio produc-
tion men on quality control and inspection 
procedures. 879 pps. 
Order No. 105 only $17.90 

TELEVLAGN AND RADIO VE4 by Silla et al 

1
 Written by a team of "prose, this book is a handy guide 
to using the tools of radio 
and Ti!. Offers new ideas drawn 

• from actual practice. Shows 
how to handle the various 
problems that arise. Covers 
all phrases of the subject 
including newsfilms, scripts, 
etc., 227 pps. 

Order No. 18) only $6.25 

Order TAB-61 

AMERICAN ELECTRICIAN'S HANDBOOK 
A highly practical reference 
that tells all you need to know 
about the design, installation, 
operation and maintenance of 
electrical equipment and in-
stallations. Gives up-to-date 
facts and data on wires, switch-
ing equipment, protective de-
vices, capacitors, batteries, rec-
tifiers, transformers, generators, 
motors, etc. An all-in-one 
sourcebook that belongs in ev-

ery motor shop! 1724 pp; 1620 illus. 

Order TAB-65  only $111.50 

Radio Station Management 
A clear, cogent presentation 
of complex station problems. 
Discusses organizational set-
up, programming, engineer-
ing, personnel, accounting, 
sales and promotion. Offers 
a wealth of stimulating ideas 
in the management of a sta-
tion. An indispensable source 
book. 338 pps. 
 only $5.76 

YA.;,. 1F SOUND RECORDING, by John Aldred 
The first book to cover all 
the principles, equipment, 
and techniques in use today 
for disc, tape and film re-
cording, including stereo. 
Covers everything--from ba-
sics right on through the 
most advanced professional 
data. Covers mica, amplifi-
ers, recording studios, 
stereo, film sound, magnet-
ic recording, disc record-

ing, recording music, etc. Almost 400 pps. 
Order No. 128   only 1113.99 



. 1013 pages 
• 993 illus 
• 35 Chapters 

ANTENNA ENGINEERING HANDBOOK 
Henry lasik, Editor-in-Chief 
Current state of ibe antenna art à fully and authoritatisels cosered in 
this data-packed handbook. It provides in practical fashion, a wealth of 
essential principhm, methods and data to help in the solution of all kinds 
of antenna problems. Virtually every type of modern antenna à dealt 
with. Helps with such problems as finding specific data on the character-
istics of a particular type of antenna, and in checking out impedance, 
gain, radiation patterns and other antenna properties. Here are detailed 
facts-teked and proved--prepared by 36 specialists, on physical funda-
mentals. patterns, structures and techniques. Includes specific applications 
data and a wealth of actual performance data. 
Order TAB-40  only $25.00 

RADIO TRANSMITTERS 
by Laurence Gray and Richard 
Graham. The full range of es-
sential working data on radio 
transmitters is covered in this 
authoritative 452 -page book. 
Emphasizes the practical aspects 
to help you efficiently operate 

and maintain an types of radio transmitters. 
Covers such vital topics as Color 1"V trans-
mission; design of amplifiers, coupling cir-
cuits, control circuits, etc.; plus toted 
methods of modulation and keying; typical 
testing and measurement techniques for com-
plete transmitters, etc. 14 comprehensive 
chanters 408 illus. 
Order TAB-36  only $13.00 

RADIO OPERATING Q & A 
by Hornung and McKenzie. This 
latest Edition of a standard work 
that has helped men pass their 
exams for 40 years provides all 
the data needed to pass Elements 
I through 9 of the FCC exams. 
For ease of understanding, an 

material is grouped by topics, such as Lamm, 
Power Supplies, and Theory. Covers every-
thing in the exam, and furnishes sufficient 
summary material to help you brush up on 
your knowledge of such subjects as color 1W, 
transistors, microwave techniques, etc. 
608 pages • 153 illus. • 2000 answers 
Order TAB-37  only $8.25 

bCOUSTICAL ENÇINEERING, by Harry Olson 
A mammoth book of 718 pps. gem 
covering every phase of 
acoustics from fundamentals 
to practical applications. 
Includes complete working 
methods for radio; TV, films, 
recording engineers, etc. 
Contains a large number of 
useful formulas, tables and 
graphs. Anyone involved with 
acoustics owes it to himself 
to have a copy of this inval-
uable reference work on hand. 

Order No. 182 only $13.50 

:12:1 

ACOUSTICAL 
ENGINEERING 

;INGLE SIDEBAND BRINC;PLES AND CiRCUIn 
a complete guide for engineers 
interested in SSB circuits. 
Brings together in one place 
all the data needed--from ba-
sics of SSS transmitters and 

 I
receivers up to the most ef-ficient tests for determining 
performance. Treats the sub-
ject on a practical level--
gives mechanical analogies 
-D illustrate circuit behavior. 
Ideal for self-study. •22 Chap-

ters: 4,-5 pps. 
Order No. 111 only 814.75 

.0 

HANDBOOK OF BROADCASTING 
by Abbott and Rider 
Gives a broad view of the 

whole 'field of radio and TV 
broadcasting, covering every-
thing except the technical 
aspects. Provides the 'llove' 
of professional broadcasting. 
Covers programming of every 
type of program, writing of 
commercials, news, dramas. 
legal problems and time-
selling—in fact, just about 
every aspect of radio and Ilf 

broadcasting. Includes data on writing, 
directing, acting, producing, recording. 
business and legal aspects, FCC rulings, 
libel laws, etc. 531 pps. 
Order No. 86 only $9.95 

pLECTRONIC AND RADIO ENGINEERING.  
by Frederick E. Terman 
A thorough coverage of all those princi-
ples and techniques which are the basic 
tools of the radio engineer. An invalu-
able reference. Includes data on trans-
mission lines, propagation of radio waves, 
antennas, radio transmitters, black and 
white 8: color television, plus scores of 
other vital subjects. Over 1250 problem 
exercises help understanding. 
Order No. 192 only 816.00 

Redlo-Eloefronle 
TRANSMISSION 
FUNDAMENTALS 

This basic 
guidebook fully 
covers the suc-
cessful h a n - 217 illus. 
cluing of high-power electrical energy of 
rad I o-frequency, including transmission 
Unes (and coax cable) radio antennas and 
transmitters. Each of its 68 concisely-
written Chapters tells what you need to 
know ln clear terms. Hundreds of prob-
lems and questions make it ideal for self-
training. 17 Chapters on Radio Antennas; 
14 on Transmitters. A virtual library of 
transmission facts & techniques. 
°Her TAS-39  only $10.75 

' 612 sips. 

HANDBOOK FOR ELECTRONIC ENGINEERS AND TECH-
NICIANS 

Here,in one concise,fact-cram-
med,on-the-job reference hand-
book, you will find an invalu-
able storehouse of basic in-
formation covering all phases 
of commercial and military 
electronic hardware--easily 
accessible information design-
ed to save the valuable time 
of working engineers and tech-
nicians. This all-in-one source-
book contains all the short cuts 

needed for every-day applications of electro-
nics. It consists of easy-to-understand,step-
by-step explanations of the data needed--and 
referred to--every day. There is little theory 
...just lots of practical,meaty information. 
Order No. 124 only$16.00 



CAW SYSTEM ENGINEERING 
by William A. Rimini*Idler 

The first and only book to 
tell you how to plan, install, 
and maintain a CATV sys-
tem. Complete and up-to-
date, this long needed vol-
ume thoroughly covers sys-
tems composed of uncorre-
lated elements, as well as 
the new, fully integrated 
solid-state systems. Shows 
how to modernize older sys-
tems using new equipment. 

The most valuable book available on 
CATV—contains only tested and proved 
data—Information essential for practical 
day-to-day operations. 192 pp , 137 illus.; 
10 Chapters. 
Onkor No. 98 only $12.95 

DROADCASTING ànt WYERNMENT, by Walter Emery 
A MUST for every station! Ex-
plains the role of the FCC and 
other federal and state agencies 
in controlling troadcasting. De-
fines the powers and functions 
of the FCC and describes its 

bzwasTeluwaam« organization and adminstrative 
machinery. Discusses the rules 
which govern the allocation of 
radio frequencies. Deals with 
the hard facts of regulation--
requirements to be met to get 
a license, the responsibillties 
which must be assumed,and con-

duct to be avoided, if one is to keep a li-
cense. Analyzes current problems of regu-
lation and suggests remedial measures to 
make it more effective. Comprehensive ap-
pendices include the Communications Act 
and Amendments, a chronology of FCC. FTC 
guides for advertising, etc. Worth many 
times its small cost! 482 pps. 
Order No. 181  only $8.95 

RADIO ENGINEERS' HANDBOoK 
by Frederick 'Ferman 

Here is the classic. de-
tailed reference for all in-
volved in radio engineering.• 
Consult this famous hand-
book for the data you need 
in routine problems of prac-
tice or design. Concentrates 
on tubes, circuits, transmit-
el a, power supplies, antennas 
—all those subjects involved 
in radio engineering. Con-
tains a profusion of concise 

descriptions. formulas. procedures, tables. 
diagrams, etc. to help you save time, avoid 
errors. 1019 pps. 969 illus.; 84 Tables. 

Order >10. 87 only $16.00 

ABBOTT'S NATIONAL ELECTRICAL 
CODE HANDBOOK 
Slake sure all your electrical work 
meets Code rules the first time! 
11th Linton of this classic Hand-
book quickly atul clearly makes 
plain the NEC rules. f:iyes all Code 

rules in correct, official sequence. then presents 
a clear, simple explanation of the rule---tells 
you lum it actually affects a specific job, and 
how to apply. it. Just like basing an official at 
your side. Covers wiring design and protection: 
wiring methods and materials; equipment: spe-
cial occupancies, equipment and conditions: 
communications systems. Many actual examples. 
688 pages. 385 illustrations, lots uf tables. 

Order TAB-1)  only $12.50 

DISC RECORDING AND REPRODUCTIONS 
by P. J. buy 

Opens with the basic theory of sound, mi-
crophones, disc recording and reproducing 
systems and continues with detailed des-
criptions of all the separate units. Takes 
in coarse and fine groove systems, equali-
zation problems, frequency response measure-
ment,playing speeds and stereophony. Deals 
comprehensively with the practical aspects--
motors, turntables,pickups,styli,testing 
for wear, dealing with humeumble and other 
problems. 232 pps., 214 illus. 
Order No. 176 only $9.50 

TAPE RECORDING AND REPRODUCTION  
by A. A. McWilliams 

Treats every stage of magnetic tape re-
cording and replay,starting with the tape 
itself and ending with descriptions of all 
the current uses of tape recorders. The 
theoretical aspects of the recording and 
replay processes lead to the description 
of the basic units and the various stan-
dard types of tape recording units avail-
able. There are chapters on maintaining 
and testinz recorders. tape editing and 
ways of adding tape-recorded sound to still 
and cine pictures. ZOO pps; 256 illus. 
Order No. 177 only $9.50 

ACOUSTIC, by G. W. Mackenzie 
How sound sources work,how sounds travel 
and how our ears hear them. Characteristics 
of noiseopeech,musical notes. How sounds 
behave in a room--echoes,reverberation, 
reflection,absorption,resonance. Control 
of acoustics in designing new buildings 
and after-treatment of existing rooms. Cal-
culations and data on acoustics. Final 
chapter on microphones;how they work,basic 
types and technical characteristics. Choice 
and use of microphones and microphone tech-
niques. 256 pps., 180 illus. 
Order No. 178 only $9.50 

INLEJUBlI C111 

ELECTRICAL. 
INTERFERENCE 
by Rocco Fitt hi. Shows how 
interference control is intro-

ed in the design of equip-
ment, then goes on to develop 
the hest practices necessary to 
',main interference. Chapters 

liii Intcrference Reduction as 
a System l'roblem: Funda-
mental Equipment Problem: 

Shielding; Filtering; Interference Reduction 
in Cables; Grounding; Interference Reduction 
in Equipment: Grounding of Structutes and 
Buildings; Grounding of Equipment; Ground-
ing of Power Systems; Appendices. 216 pages. 

Order TAB-41  only $8.75 

SCRIPT-EASER.5 FOR RADIO COMMERCIAL WRITERS 
wnen your idea-fount runs 

a
dry,here's the volume that will prove more valuable than 

' Webster's. It's a compilation 
of hundreds of attention de-
manding,ear-catching opening 
' sentences. These lead lines , 
are adaptable strictly to the 
particular need of radio wri-
' ters. General enough for any 
locale,yet specifically de-
signed for definite accounts. 

Arranged by type of business to which they 
are applicable,these attention-calling 
sales points will prove invaluable for both 
writers and salesmen. 228 pps  
Order 127 only $5.00 

U ow To mho SCHEMATJC QIAGRAM by David Mart 
A valuable text and reference for all in 
electronics work. Completely discusses all 
the essential symbols and abbreviations used 
in schematic diagrams. Thoroughly practical 
in approach, it progresses in easy-to-under-
stand stages from individual components 
through complete equipment. 
Order No. 109 only $3.50 



Educed« of e Broadcaster, By 
Harry Bannister. V-P, NBC. 
A racy, informative, anec-
dotal book studded with be-
hind-the-scenes stories and 
highly personal opinions. Very 
possibly the beet book writ-
ten about the industry, it is 
an enthralling account of the 
growth of broadcasting. 

only $5.95 

te 
Order TAB-79   

The Technique of the SOUND STUDIO 

11
 For the first tune. describes in detail all the procedures neces-
sary for recording sound of pro-
fessional quality on tape or 
film, and how best results can 
he obtained with any equip-
ment. Cmering live, tape and 
newsfilm, this book can 'be of 
groat practisal benefit to all TV 
personnel. 288 "no.: IOU dia-
grams. 

Order TAB-58 only $10.50 

BASIC AtIrrtiadniscs FUN kLECIFUNICS, 
by Nelson M. Cooke 

The world-famous electronics 
math book that gives you the 
working knowledge of math 
you need to solve everyday 
problems in adio, TV & elec-
tronics. Explains arithmetri-
cal processes, logarithms, 
trigonometry. and algebra in 
simple. non-t,ehnieal lan-
guage, and shows how tu ap-
ply these operations to elec-
tronics. Helps you master 

ohm's & KirchofFa laws, vector algebra. 
trigonometry, plane vectors. etc. . . . and 
to perform scores of other t ime-and - 
trouble-saving math operations; 679 DP& 
Order No. 102 only $10.73 

RADIO OPERATOR'S LICENSE Q &A MANUAL, 
by Milton Kaufman 

This widely-accepted volume is the stand-
ard text, on the subject. Completely up-
to-date. All FCC question revisions & 
question renumbering are included. Ques-
tions. answers and follow-through discus-
sion on all fundamentals required for com-
mercial radio licenses. Abundantly illus-
trated. An indispensable text-reference, 
based on the FCC study guide and supple-
ments. 736 pps. 

Order No. 60 Only $7.10 

RADIO OPERATORS LICENS UESTION AND 

p ates the above book to apply to the 
new FCC examinations. Also serves as a 
complete 3rd Class Radiotelephone Li-
cense exam preparation. 160 pps. 
Order No. 60S only $2.6C 

AUDIO CUNtROL HANOI« 

refresher. 
Illus. 
Order TAS-47  only $6.95 

For radio-TV broadcasting. 
An extremely practical aid 
for studio control operation— 
ail phases of audio control 
are fully explained and il-
lustrated. A real step-by-step 
"how-to-do-it- manual. Nu-
merous Review questions at 
the end of each of the 16 
Chapters provide a helpful 

160 pps.; BIG 8%3E10" size; 131 

let Comm's. Electronics 
Terminology Handbook 
On:s %s ink of its type— 
contains caser 11,000 defi-
nitions, abresiations and 
acronyms. An invalu-
able guide for all who 
work in communica. 
tions-elmtroaics. All en. 
tries listed in alpha-
betical order of the en-
tire expression as if it 
were one word. Exten-

sively cross-referenced. Acronyms and ab-
breviations are listed under both the abbrevi-
ated and spelled out form. Contents were 
prepared by Communications. Electronics Doc-
trinal Office, Air University, Maxwell AFB: 
original work has not been available out-
side of limited military circles. 550 pages. 

Order TAB-42  only $7.00 

REFERENCE DATA FOR RADIO ENGINEERS 
Here is the famous Federal 

Electric-ITT reference vol-
ume known the world over for 
it. comprehensive content. 
Broadcast engineers spend 
considerable time looking for 
data needed to solve the 
wide variety of problems 
that arise from day to day. 
While -touch of this infor-
mation is readily available, it 
is often necessary to search 

ihiough several textbooks before the par-
ticular equation, curve, table or nomo-
graph is found. This book is presented as 
a one-source reference for this type of 
material. In this single volume has been 
packed a tremendous quantity of data 
often needed in radio and electronic engi-
neering. This ith Edition Is almost twice 
the size of the prior one. with 1121 pages 
and a 19-page cross-reference index. 
Order No. 83 only $6.00 

71;têi4'; 
OMNI 

littelater 
"Ps 

Planning the Local 
UHF-TV Station 
by Patrick S. Finnegan, V-P 
Ch.ling. WLBC & WAIUN. 
1 his brand-new guide de-
scribes all requirements for 
p:anning, building and op-
erating a small, expandable 
UHF station. A valuable 
referente for station owners, 

managers and engineers containing practical 
data on eqpt., layout and economic factors 
involved. Includes many do-it-yourself hints 
and cost-cutting tips. 12 Chapters: Selecting 
a Site; Estimating Coverage; The Studio: 
Control Room; UHF Transmitter; Trans-
mission Lines; UHF Antenna; Film; Plan-
ning the Building and Layout; FCC Factors. 

Order TAB-43  only $10.00 

NO RISK COUPON—MAIL TODAY 

TAB Books, Drawer D, Thurmont, Md. 21788 
Please send me book(s) listed below. 
I enclose   

Please invoice on 10-day FREE trial. 

Name 

Station or Co.   

Address 

City   State   
SAVE POSTAGE by remitting with order. 
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