
September/October 1995/$5.00 
— An INTERTEC Publication 

i. „.......   . '411 . e Ill li 

.4„,mminelar 

...from the Editors- of -BRoaDcae-i g 
-------- en eRe--

IN THIS ISSUE: 
✓ Radio production 
• Producing on-line audio 
• Using ISDN 



WE PLAY IN HUNDREDS OF 

AND WE'RE 
PRODUCING 
WINNERS IN 
EVERY MARKET 
The Mark IV Pro 

! Audio Group is 
one of the fastest 
growing suppliers 
to the broadcast 
industry. With the 
strength and skill of 
such respected compa-
nies as Electro-Voice, 
D.D.A. and Klark-
Teknik, the reason 
we're producing win-
ners is clear. For example, Electro-
Voice makes some of the most popu-
lar microphones in broadcasting. 
D.D.A. mixing consoles are the 
choice of WGBH, Boston, one of the 
largest producers of programming 

for PBS, and 
Klark-Teknik 
is the Brit-
ish signal 

processor manufacturer that stood 
the pro audio industry on it's ear by 
introducing a graphic equalizer with 
a wireless remote control 

So, wherever your team plays, 
the Mark IV Pro Audio Group of 
companies has what it takes to Put 
you in the big 
leagues. 

For more 
information on the Mark IV Pro 
Audio Group of companies call 
800.695.1010. 
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Harris Platinum FM Transmitters 
aren't falling. But their prices are. 

If you haven't priced a Harris 
Platinum FM Transmitter lately, 
you're in for a pleasant surprise. 

Not only has Harris lowered 
the price on these ultra-redundant 
all-solid state transmitters, but 
now every PT-CD FM transmitter 
includes Harris' DIGIT digital FM 
exciter as well! 

DIGIT, the world's first and 
only FM exciter capable of 
accepting a studio digital signal, 
is available with either a digital or 
an analog input module. 

*Digital Signal Processing 

HARRIS 
ALLIED 

The digital input incorporates 
a DSP* stereo generator for 
unsurpassed stereo performance 
and separation and a Digital 
Composite Limiter with "look-
ahead" circuitry to predict and 
eliminate overmodulation peaks 
before they occur. 

Even if you don't have a 
digital signal to your transmitter, 
you can get DIGIT's benefits by 
using the analog input now and 
upgrading to a digital input when 
you are ready. 

Beyond Harris' Clearly Digital 
sound, a PT-CD transmitter will 

give you hot-pluggable RF 
modules with an MTBF exceeding 
240,000 hours; no IPA module; 
VSWR foldback, and more. 

Let us surprise you. To learn 
more about Harris PT-CD 
Transmitters, please contact us: 

U.S. and Canada: 
Tel 217-222-8200 
Fax 217-224-1439 

International: 
Tel 217-222-8290 
Fax 217-224-2764 
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user-friendly and easily up-
gradable configuration. 

This month— 

Future-Proof Production Studios  26 
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Audiences never age. 

Music never changes. 

Formats always stay the same. 

And Digital is just a passing phase. 

í3 4yioeí- (_ViÉ 8200 ,,c+Ced.4153 

Dam n. 

We created the first successful all-digital sound 
processor to give FM stations absolute flexibility. 
Be able to adapt to new music, personalities, or 
formats. Tailor sound to attract new audiences. 
And have the ability to upgrade with simple, 
inexpensive software—instead of tossing out an 
entire capital investment. 

Somehow, that makes a lot more sense to us 
than trying to compete in today's radio market 
with outdated analog technology. But we could 
be wrong. Dead wrong. After all, digital could be 
just a passing phase. Elvis could really be living 
in Cincinnati. And WKRP could be the future 
Damn. 

orbon. 
H A Harman International Company 

1525 Alvarado St., San Leandro, CA 94577 USA Phone I* 510 • 351• 3500 Fax I* 510 *351.0500. 
ED 1994 AKG Acoustics, Inc. Orban and OPT1MOD are registered trademarks of AKG Acoustics, Inc. All other trademarks are property of their respective companies. 
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Editorial: 

How good 
is good 

enough? 

By Skip Pizzi, 
radio editor 

Initial assessments of the DAB laboratory tests seem a bit disappointing for in-band 
systems - the great white hope of U.S. broadcasters. Various camps have put their spin-
doctors to work (actually, in radio they can only afford spin-paramedics), but when the 

dust settles, in-band systems will undoubtedly take a back seat to Eureka 147 in at least some 
critical areas of evaluation. . 
To anyone with a decent memory, this should come as no surprise. When in-band systems 

were first introduced, the question was 'How close to Eureka can they come?' The elegant 
fit of in-band/on-channel DAB into the U.S. broadcast environment made such systems so 
desirable that some reasonable technical compromises seemed acceptable to many 
broadcasters in the bargain. The laws of physics dictated that shortcomings would be 
inevitable when a narrowband, single-channel system Neds compared with a wideband 
multiplexed one. (Compounding this was the narrowband system's need to cope with 
compatibility and interference restrictions far more severe than those faced by the wideband 
system.) 
But in the intervening years, some in-band proponents pronounced their systems' 

performance every bit as good, if not better, than the Eureka 147 benchmark. So convincing 
were their claims that now even subtly second-class ratings seem profoundly disheartening. 
It turns out that the laws of physics have not been repealed, and the apples-and-oranges 
competition in the Cleveland lab has failed to 
produce miraculous fruit. 
This should not spell the end for in-band, how- Respond via the BE 

ever. Ifs simply a reality check. We're getting to 
know the limits of in-band DAB systems so we can Radio FAXback line 
make informed judgments on how to proceed. The at 913-967-1905 
fact that these systems held up as well as they did 
in the tests is actually laudatory. "How good is good or via E-mail to 
enough" remains the operative question for in-
band DAB. beradio@intertec.com. 
Anyway, there may not be a reasonable fall-back 

position for U.S. terrestrial radio. Washington in-
siders say there is still little chance of getting an L-band allocation for DAB, and DBS radio 
services still lurk on the horizon, ready to take up the entire U.S. S-band DAB allocation. The 
decision for an in-band system may already have been made by default. From this 
perspective, the next step for U.S. broadcasters may be simply to produce an in-band 
technology with minimal interference to existing services and digital performance as close 
to Eureka 147's quality as possible. 
Speaking of quality radio, it's often easy to forget in these discussions what really brings 

listeners to the signals of U.S. broadcasters is good PROGRAMMING. Ideally, this involves 
excellence in creative and technical domains, but when forced to choose, most listeners will 
pick content over fidelity every time. It's with this in mind that the BE RADIO issue you're 
reading focuses on the creative side of radio technology. 
To get you in the proper frame of mind, here are a few benchmarks from the content side 

that tell you when you're listening to good radio: 

• You keep listening in the car after you've turned off the engine. 
• You feel the hair on the back of your neck sticking up. 
• You see the TV coverage of something you heard earlier on the radio and the images are 
disappointing. (The ones in your head were better.) 
• You find yourself informing, enthralling or amusing your friends at the water cooler, and 
realize you're just quoting something you heard on the radio that morning. 
• Your favorite tape or CD sits loaded in your car radio/player, but remains unplayed for days 
at a time. 

And so on. It's these feelings that bring listeners to a station and keep them coming back 
for more. So, while the battles rage on the DAB front, broadcasters should keep doing what 
they do best, adding incremental improvements as they continue to make good radio. New 
technologies should only make the experience more rewarding by providing new services, 
more creative production and, eventually, higher-fidelity delivery. But without high-quality 
content, no radio service will ever be "good enough." 
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The recognized leader in audio testing announces 
software for the world's most popular graphical user interface. 

t— . 

Audio Precision is proud to announce Windows-
based APWIN audio testing software for the 
System One and System Two audio analyzers 

• APWIN may be purchased as an upgrade for use 
with all existing System One hardware 

n APWIN is standard with System Two hardware 
E APWIN for Microsoft Windows 3.l'' or Windows for 
Workgroups 3.11, now 
APWIN for Microsoft WIN95 available at VVIN95 
release time 

A LICSPr. ¡Beaverton, OR 97075-3070 

    P.O. Box 2209 

precision FAX: (503) 641-8906 
(503) 627-0832. 800-231-7350 

The recognized standard in Audio Testing 

• High level display and control of AES/EBU status 
bits 

• Multiple instrument control panels per screen 
page 

• 5 screen pages of settings and graphs store with 
each test 

O Up to 6 parameters per color graph 
O Dual graphics cursors with delta readouts 
O View multiple readouts and bargraphs simul-
taneously with control panels 

O Standardized Windows interface for ease of use 
O Copy and paste to Windows word processors and 
spreadsheets 

INTERNATIONAL DISTRIBUTORS Australia: IRT Electronics Ply. Ltd., Tel 2 439 3744 Auetrla: ELSINCO GmbH, Tel (1)815 04 00 Belgium: Trans European Music NV. Tel: 2 466 5010 Brazil: INTERWAVE LTDA.. Tel: (21) 325-

9221 Bulgaria: ELSINCO. h e Strelbishle, Tel: (2) 58 61 31 Canada: GERRAUDIO Distnbution. Tel: (416) 696-2779 China, Hong Kong: A C E (Inri) Co. Ltd., Tel: 2424-0387 Croatia: AVC Audio Video Consulting. Tel: (41) 624 
622 Czech Republic: ELSINCO Praha spol. s.r.o., Tel: (2)49 66 89 Denmark: npn Elektronik aps, Tel: 86 57 15 11 Finland: Genelec OY, Tel: 77 13311 France: ETS Mesureur, Tel: (1)45 83 6641 Germany: RTW GmbH, Tel: 221 
70913.0 Greece: KEM Electrones Ltd.. Tel 01-6478514/5 Hungary: ELSINCO KFT, Tel (1)269 18 50 India: HINDITRON Services PVT, Tel: 22 836-4560 Israel: Dan-El Technologies, LTd., Tel 3-6478770 Italy: Link Engineenng 
s r.I . Tel 0521/648723 Japan: TOY0 Corporation, Tel: 3 (5688) 6800 Korea: BAP International Co.. Ltd., Tel: 2 546.1457, BM. (Kuril Office), Tel: 0546 53-7347/8 atalayele: Test Measurement 8 Engineering Sdn, Bhd.. Tel: 3 734 

1017 Netherland.: Heynen by., Tel 08851-96300 New Zealand: Audio 8 Video Wholesalers. Tel 7 847-3414 Norway: Lydconsult Tel (47) 88-988333 Poland: ELSINCO Polska sp z o. o, Tel (22) 39 69 79 Portugal: Acutron 
Electroacustica LDA, Tel 1 9414087/9420862 Singapore: THE Systems Pte Ltd., Tel 747-7234 Slovelda: ELSINCO Bratislava spol.s.r.o., Tel: (7)784 165 South Africa: SOUNDFUSION Broadcast. Tel: 11 477-1315 Spain: Telco 

Electronics, S.A , Tel. 1 531-7101 Sweden: ITS Tal Z. Ton Stuclioteknik AB, Tel: 31-803 620 Switzerland: Dr. WA. Gunther AG, Tel: 1 910 41 41 Tehran ROC.: Cha Wei Electric Trading Co.. Tel: 2-5612211 Thailand: Massworld 
Company Ltd., Tel: 662-294-4930 United Kingdom: Theby Thandar Instruments. Ltd., Tel: (1480) 412451 W,ndow5 ,s a trademark of MlerDsolt CorporatIon. 
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Contract Engineering: 

Getting 
new 

business 

By Kirk Harnack 

Kirk Harnack is president of 
Harnack Engineering, Inc., an 
international broadcast con-
tract engineering firm based in 
Memphis, TN. 

Business advisers often point out that 
every business is either growing or 
shrinking — no business just plugs 

along, staying the same size. Whether you're 
starting a contract engineering firm or ex-
panding an existing one, advertising your 
services is crucial to establishing, growing and 
simply maintaining a client base. 

Contract engineers' clients — radio sta-
tions — are changing constantly. This trend 
has been even more pronounced in recent 
years, primarily due to deregulation. There 
are fewer and fewer "stand-alone" operations 
today. Increasingly, stations are parts of groups, 
LMAs and duopolies. This trend will only 
continue to grow as further deregulation is 
passed by the U.S. Congress. 
These changing ownership and combined-

facilities arrangements also are changing the 
way station facilities are engineered. Oppor-
tunities abound for good contract engineers 

to assist the full-time engineers at 
consolidated facilities. In some 
cases, a contract engineer can ef-
fectively handle all the duties at 
such a facility, even while main-
taining service to other stations. 
Several contract engineering firms 
are growing in size and scope be-
cause of a severe shortage of avail-
able, qualified, full-time engineer-
ing candidates for station staff po-
sitions. These growing contract 
firms are finding themselves hir-
ing and training new technicians 
and further expanding their client 
base. 
Some contract engineers choose 

not to go after new business. Often 
they feel comfortable or even 
swamped with the amount of busi-
ness they currently have. Unfortu-
nately, these engineers' client bases 
often erode a station at a time, 
typically through no fault of their 
own. Stations that were good cli-
ents may be sold to new owners or 
to other station groups with differ-

ent engineering arrangements. If these clients 
lost through attrition or by other means aren't 
replaced or regained, a contract engineer's 
business can evaporate in a matter of months. 
So, whether your contract engineering firm is 
interested in expanding or just trying to stay 
at its current level, advertising and looking for 
new clients is continually important and de-
serves your attention. 
Numerous options are available to con-

tract engineers for advertising and otherwise 
courting new business. Naturally, localized 
efforts will result in local business, whereas 
regional, national and even international pro-
motion will result in more remote clients. 
Often, doing work for out-of-town clients can 
add to your credibility in your home town. 
This is good to remember before your local 
clients start taking your services for granted. 

Direct mail 
Direct mail advertising is a good way to put 

printed material about your firm right into 

the hands of the station manager. To be 
effective, your direct mail piece must be eye-
catching and informative, and it must raise 
the interest of the reader in a compelling way. 
It should also teem with professionalism and 
be devoid of sloppiness. 

Creating a mailing list for a local or re-
gional promotion effort shouldn't be too 
difficult Resources such as wThe M Street 
Directory" or "Broadcasting 81 Cable Year-
book" can be searched for names, addresses 
and phone numbers of radio prospects. For 
a national direct-mail effort, the services of a 
company specializing in such lists is well 
worth the cost. Firms such as The Radio Mall 
can supply pre-printed mailing labels or data 
on diskette; they can even "stuff" your bro-
chure into one of their own regular mailings. 

Follow-up to direct mail is crucial. Direct-
mail recipients will rarely act upon their first 
introduction to you by mail. The most effec-
tive follow-up is a telephone call. This pro-
vides you with an opportunity to ask if the 
prospect received the mail piece. You can 
then briefly describe your services and how 
they will benefit the station. 

Doing work for out-of-
town clients can add to 
your credibility in your 

home town. 

Telephone calls 
Direct cold calls can be extremely effec-

tive, but they also can be disappointing, The 
responses will vary widely depending upon 
who you call, your pitch, the mood of the 
prospect, and whether he or she is looking 
for your services at the time. 
When I first started as a contract engineer, 

I spent two full days on the phone, cold-
calling about 150 radio stations. Most calls 
didn't pan out However, from the 150 calls, 
I was able to contract right away with five 
radio stations. 

Before making cold calls, it's a good idea 
to practice the process. You can have some-
one act as the prospect and listen to your 
story or pitch. You can also record yourself 
for self-critique. One particularly good re-
source is a book titled "Phone Power" by 
George R Walther (Berkley Publishing, New 
York). The ideas presented for using the 
telephone effectively are widely applicable 
and go beyond just cold calling. 

Print advertising 
Print advertising effectively places your 

name and services before the eyes of thou- • 
sands of readers. Advertising in radio-indus-
try trade publications provides the benefit of 
targeting the exact people who can make a 
decision about contracting for your services. 
Because you don't know who has seen your 
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The New Math 
for ISDN 

LAYER III 
• Both the superior audio of 

Layer Ill and compatibility 

with installed layer II-

only coders. Zephyr 

costs about the same as 

Layer II-only equipment. 

• Only Layer Ill permits mono 

15kHz operation on a single 

ISDN "R" channel or one 

Switched 56 line. This can 

greatly reduce your transmis-

sion costs. 

• Clean, uncluttered front 

panel for simple operation. 

Full metering, call-duration 

timer, headphone jack, and 

mic/line inputs. 

• Split channel mode allows 

individual mono signals to be 

transmitted to separate sites. 

• RS-232 bi-directional 

data at 9600 baud for 

communications and control. 

• Four end-to-end "contact-

closures" for remote machine 

operation. 

• the ideal solution for 

remote broadcasts, ad 

hoc networks, voiceovers, 

distribution of commercials, 

backup to satellite and 

microwave links, and many 

other applications. 

Combining 
the most 

advanced 

digital audio tech-

niques and the most 

practical features, 

Zephyr is the best 

way to use ISDN or 

Switched 56. 

Zephyr's Layer Ill 

provides the best 

broadcast sound 

quality, and Layer II 

and G.722 compati- mode even allows 

bility let your Zephyr you to place a stan-

connect to nearly dard voice-grade 

every codec out call to a Plain Old 

there. It's full duplex, Telephone Service 

so cues can be sent (POTS) phone. 

from the studio with-

out the cost of addi- The finest sound, 

tional phone lines, the easiest to use, 

the most compati-

Zephyr includes an ble... it all adds up 

ISDN terminal to happy listeners 

adapter and our and more profits. 

ISDN Telephone 

Telos to Zephyr Owners: 
Add Layer II, Absolutely Free! 

Zephyr owners who want to add Layer II 
compatibility may send their units to Telos 
for the necessary hardware and firmware 
changes. The modifications are free; users 
need only pay to ship their units to Telos. 
We'll pick up the return cost. 

In late August, registered users will 
be faxed a notice with complete program 
details. Not sure whether your units are 
registered? Fax us or send us e-mail to for 
registration forms. 

All work will be performed by appoint-
ment. We'll schedule a convenient date 
for the work to be done and guarantee 

to return your units four working days 
later. Work will include: changing 
required motherboard parts; installing 
EPROMs with new firmware, and giving 
the unit a thorough factory once-over. 

Initial modifications for both Layer III 
and Layer II operation will add compat-
ibility with most installed Layer II units. 
In the future, as Telos develops more 
compatibility packages for Zephyr, 
firmware exchanges will be offered at 
no charge and may be performed in 
the field. 

• 

4141111111áIi 
SYSTEMS 

2101 Superior Avenue 
Cleveland, Ohio 441 14 

+1.216.241.7225 
FAX: +1.216.241.4103 
email: info@zephyr.com 

The Best to hear o7 There'" 
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Contract Engineering: 

Getting new busines 

advertisement, however, a follow-up call 
isn't really possible. Your ad must be 
interesting and informative enough to 
compel the reader to pick up the phone 
and call you. 
A number of different types of print 

advertising vehicles are available: 

• National industry publications: There 
are enough diverse radio-industry pub-
lications to allow you to target almost 
any job description in the business. 
Some journals concentrate on engineer-
ing issues, while others focus on man-
agement, and still others consider sales, 
talent, programming and ratings. 

• State association newsletters A good 
way to target stations that are in your 
region with print media is through your 
state broadcast association's newsletter. 
Not every state has an active association 
or publication, but those that do are 
usually well-read by station owners and 
managers. The display advertising rates 
in state association newsletters are usu-
ally quite affordable. 

• Fax-delivered newsletters': For con-
tract engineers who are advertising to 
expand or maintain an existing client 
base, a monthly or quarterly newsletter 
delivered by fax is effective. Be sure to 
use the newsletter as an informative and 
helpful bulletin. Boisterous advertising 
isn't really necessary here because your 
client can sec who sent the fax and will 
be appreciative of any helpful informa-
tion it contains. 

Personal visit 
Once an appointment is made to see 

a prospective client, be sure you're prop-
erly prepared for the meeting. Lunch 
meetings work quite well and give the 
prospect a chance to get away from the 
formal confines of the office. 

Proper planning for the meeting in-
cludes doing some homework on what 
kind of technical operation the station 
has. Is it automated? Should it be? 
Does the production sound good? How 
about the station's on-air sound? Does 
the audio processing sound good and 
clean? Is the station off-the-air every 
time there's a storm? If the station does 
remote broadcasts, how do they sound? 
In other words, listen for clues as to what 
the station's problems might be. 

Your best long-term 
advertising comes 
from the work 

you do. 

Try also to find areas where the sta-
tion excels so you can point those out to 
the manager. During the meeting, ask 
the prospect about what's important to 
him or her. Remember that a station's 
best reason to contract with you is so 
you can improve its operation. Point out 
how appropriate preventive maintenance 
and proper implementation of equip-
ment can make the station sound better 
and operate more reliably. 

Recommendation 
or referral 
Many contract engineers' clients come 

through good referrals. If you do good 
work, word will get around. If you treat 
your clients poorly, word will spread like 
wildfire. The point is that your best long-
term advertising comes from the work 
you do. 
Be vigilant to ensure that the quality 

and character of your efforts speak well 
of you. Every project or repair you per-
form bears your signature. Always con-
sider whether you would recommend 

9.5" X 2.5" X 1" Remote Control 
By Telephone 

Control 10 , 
latching relays and ,..,. 
check 10 logic-level inputs 
from any touch-tone phone. User 
determined access code. Just S339.00 

CONEX çrlE- Fes 11111 
P.O. Box 1342 Bellingham, WA 98227 

1-800-645-1061 

your own work to someone else. 
Anyone who has worked in radio for 

very long has discovered that it's a fairly 
small industry. Quite likely, you'll work 
for the same people several times, per-
haps even in different markets. There's 
not much room for bridge burning and 
sour grapes if contract engineering is 
your long-term career path. 

Other good sources of referrals are 
equipment dealers and manufacturers. 
If these vendors know that you can be 
trusted to properly advise their custom-
ers and professionally install their equip-
ment, they'll be willing to recommend 
your services. Take time to visit equip-
ment dealers and establish a face-to-
face relationship. 

It's also advisable to be connected 
with one or more FCC consulting engi-
neers and programming consultants. If 
you demonstrate to these people that 
you know what you're doing, they can 
feel comfortable in referring their cli-
ents to you when appropriate. 

Business image 
Collateral items, such as business 

cards, brochures, letterhead and enve-
lopes, help to present a professional 
image for your company. It helps to have 
these items coordinated. This is easily 
accomplished with pre-printed paper 
items from such outlets as Paper Direct, 
Quill or Beaver Prints. These pre-printed 
"business sets" look great when person-
alized with your company's own laser-
printed information. 

Advertising and 
client relations are 

vital to the continued 
success of your firm. 

Whatever the stage of growth or suc-
cess of your contract engineering busi-
ness, advertising and client relations are 
vital to the continued success of your 
firm. Let potential clients know about 
you and how you can help them. Keep 
your existing clients informed as to your 
experience and capabilities. A combi-
nation of the aforementioned techniques 
can result in an effective, ongoing pro-
motional campaign. 

There's no shortage of work available 
in contract engineering these days. Even 
a modest effort will result in new busi-
ness or expanded relations with existing 
clients. As the saying goes, doing busi-
ness without promoting yourself is like 
winking in the dark: You know what 
you're doing, but nobody else does. 51 
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Your Best 
ISDN Solution. 
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Money Back Guaranteed! 
Only CDQPrimaTM with MUSICAMn 

is guaranteed to make your 
ISDN digital audio sound the best! 

MUSICAM® is today's digital audio standard. 1, 
Only MUSICAM® has enhancements designed to sound best 

over ISDN phone lines. Only MUSICAM-USA® 

gives you a 30-day money back guarantee. 

Don't just take our word ... 

Ask over 10,000 MUSICAM codec users worldwide 
• 

Ask USA Digital Radio DAB 
• 

Ask RCA DirecTV, lucasFilm and Top Recording Studios 

We quarantee compatibility with MPEG II. 
Prima will even make your other brand decoder sound great! 

Don't stake your next ISDN remote on 
five-year old Layer Ill or Layer II technology. 

Call MUSICAM-USA for the facts! 
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Managing Technology: 

Revised 
RER rules 
languish 

By William F. Hammett, P.E. 

W hat is the status of long-antici-
pated FCC action on new RF expo-
sure standards? In a word, stalled. 

And, at press time, there are no immediate 
prospects for action. 

In case this subject hasn't kept you on the 
edge of your seat for the last few years, 
here's some background to bring you up to 
date. First, the cast of characters: 
The American National Standards Insti-

tute (ANSI) is a volunteer, non-governmen-
tal organization with members from indus-
try and academia that sets safety standards 
for all sorts of items, from eyeglasses and 
helmets to buildings. ANSI standard C95.1 
covers exposure to RF energy. Its latest 
revision was published in 1992, but its 
immediate predecessor, C95.1-1982, is 
the current FCC standard. ANSI is widely 
recognized for setting reasonable standards, 
and many jurisdictions specify ANSI stan-

dards, thus elevating these pri-
vate-industry standards to the 
level of government regulations. 
The government agency with 

expert authority to set standards 
limiting exposure to RF energy 
(and other environmental factors) 
is the Environmental Protection 
Agency (EPA). At one time, the 
EPA was actively considering the 
establishment of its own RF ex-
posure standard. But EPA man-
agement subsequently considered 
other matters to be of greater 
concern, and the agency never set 
any RF exposure guidelines. In 
fact, by 1988, the EPA Office of 
Radiation Protection was closed 
and its files transferred to the 
Office of Radiation and Indoor 
Air. 

This meant that the FCC either 
had to declare that it had expert 
authority or else had to rely on 
some other body's work. So, in 
1985, the FCC adopted the 1982 
ANSI RF exposure standard, and 

the standard applied to all FCC licensees as 
ofJan. 1, 1986. 

'Mtg 
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Bill Hammett is senior consulting 
engineer at Hammett & Edison, 
Inc., Consulting Engineers, San 
Francisco. 

Current problems 
In its 1985 Report and Order (IMO) to 

General Docket 79-144, the FCC specifi-
cally referenced ANSI C95.1-1982. Unfor-
tunately, this means that, although the 1982 
standard has since been superseded by the 
1992 version, the FCC is still requiring 
licensees to comply with the (1982) docu-
ment. In most instances, this is not burden-
some to broadcasters because the 1992 
standard is generally the same as or tighter 
than the 1982 standard. At AM broadcast 
frequencies, though, the 1992 standard is 
actually relaxed in some respects, making 
compliance with the earlier version unnec-
essarily difficult. 
But the biggest problem today is one of 

false security. Stations should avoid think-
ing that because they meet FCC require-

ments they are protected in any litigation 
that might be served. Here's why: 

• Your station is an intentional emitter of 
RF energy. 
• There is a new ANSI standard for RF 
energy. 
• It's the one that is most widely recognized. 
• It has new, tighter provisions than the old 
one the FCC uses. 
• It adopts first-time limits for induced 
body currents. 
• It adopts first-time limits for contact body 
currents. 
• A claim against your station will likely be 
evaluated against the current standard. 

FCC license renewal is 
not a guarantee that 

your station is 
compliant with ANSI 

guidelines. 

Especially note that FCC license renewal 
is not a guarantee that your station is 
compliant with pertinent ANSI guidelines. 
Although the FCC is looking harder at 
broadcast applications, especially FM ap-
plications, this review is not necessarily as 
thorough as one that would be conducted 
in the event of a worker's compensation 
complaint, a lawsuit or even a critical re-
view by an engineer representing "Citizens 
Against Everything." In addition, broad-
casters are open to scrutiny by the Occupa-
tional Safety and Health Administration 
(OSHA), as well as other agencies, organi-
zations and local jurisdictions that have 
already adopted the 1992 ANSI standard. 

How does this 
affect broadcasters? 
At present, the fact that the FCC hasn't 

yet adopted the 1992 ANSI standard hasn't 
really affected most broadcasters. In the 
long-term, however, it could have consider-
able impact if broadcasters don't ensure 
their own compliance with the most recent 
standard that sets limits for human expo-
sure to RF radiation. 
The FCC could be of considerable help 

to broadcasters if it adopted the 1992 
ANSI standard with certain clarifications 
on what showings it expected. For instance, 
the 1992 standard requires measurement 
of RF current flowing through a human 
body (induced currents) at all low-band 
VHF sites and at all sites with FM stations 
operating on 99.9MHz and below. The 
FCC could, as an authorizing agency with 
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FOR TOTAL 
DIGITAL POWER 

Total digital integration by 
Computer Concepts dramati-
cally improves every area of 
your station—sound, program-
ming, production and schedul-
ing. The efficiency gains report-
ed by users—talent, managers, 
producers and engineers—are 
remarkable. 

Computer Concepts puts you 
in charge of the station of your 

dreams. You knew that some-
day everyone in the station 
could be in constant communi-
cation. You knew that someday 
the burden of producing your 
program would be reduced to 
less than half. And you knew 
that it was only a matter of 
time until all your station's 
audio could be instantly pre-
viewed and monitored by all 
with ease. The wait is over. 

Computer Concepts 
CORPORATION 

8375 Melrose Drive, Lenexa, Kansas 6621 4 • Phone 800-255-6350 • Fax 913-541-0169 

Isn't It Time To Írrie 
See What 
Digital 

Performance! 
Will Do For 
Your Station? 
Like other digital systems, 
omputer Concepts clears 
p cart-clutter and 

improves sound quality. 
But that's where the 
similarity ceases. 

Computer Concepts is also 
the easiest to use of any 
digital system anywhere. 
Networked for peak effi-
ciency, each area of your 
station will operate better 
than ever before. 

From the very first day our 
practical features will win 
rave reviews from your 
staff. Ask the station man-
agers across America and 
around the world who use 
it . . . Computer Concepts 
changes everything. 

ether you are ready fo 
e or two components, a 
mplete system, or even if 
u are just starting to 
op digital, we are eager 
help turn your good 

ation into a great one. 
ease call today and ask -I 
r a free demonstration. :1 
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Managing Technology. 
R1S 

some expertise, identify certain condi-
tions under which a broadcaster could 
presume that body currents would not 
exceed the guidelines, thus avoiding 
the need for measurements at every 
affected site. 
The FCC also could help broadcast-

ers with regard to contact currents, by 
specifying conditions under which con-
tact currents from >30MHz RF emit-
ters need not be measured. Based on 

AUDIBLE 
RESULTS. 

a lack of consensus in the committee 
that developed the 1992 ANSI stan-
dard, it does not appear likely that 
there will be any fraction of the maxi-
mum permissible exposure (MPE) for 
<30MHz stations (i.e., short-wave and 
AM broadcast) for which the necessity 
to separately measure for contact cur-
rents can be categorically avoided. 

What's holding 
it up? 

In 1993, when the FCC began its 
proposed adoption of the 1992 ANSI 
guidelines, a Notice of Proposed 

NEW BELDEre DiGrrAL AUDIO CABLES... 
110 OHM IMPEDANCE DESIGN PROVIDES 
ERROR-FREE TRANSMISSION OVER 
EXTENDED DISTANCES. 

Suppose you need a digital audio cable that meets the 
latest AES/E8U standard? Simple! It has to be high flex? 
Or NEC' rated? You got it! A patch cable? Or snake? 
No problem when you specify Brilliance' from Belden. 

Belden has developed three new Brilliance cable lines to meet the digital 
audio needs of your television, radio, post-production or recording 
studio. And each offers tight impedance tolerance and low 
capacitance unbalance to minimize signal reflections and jitter. 

• High Flex Cable (Belden No. 1696A) 

• Cables available in 1 pair CM rated (Belden 
No. 1800A), 1 pair CMP rated (No. 1801A), 
and 2 pair Zip-style CM rated (No. 1802A) 

• NEC Rated Snake Cables in 4 pair 
(Belden No. 1803A), 8 pair (No. 1805A), 
and 12 pair (No. 1806A) 

Get winning results every time. Cal 1-800-BELDEN4 
and request New Product Bulletin No 105. 

Wed 
0 CopyrIght 1994. Belden 104 

• Traderurne of the Natrona! Foe Protecton Atmatton, 0toncy, MA 

Rulemaking (NPR), gr Docket 93-62, 
was issued. Comments were requested 
on numerous issues, and the industry 
responded willingly. As a result, there 
were an unprecedented three exten-
sions of the comment deadline, and 
two extensions of the reply comment 
deadline, which finally closed on April, 
25, 1994. Because the record in this 
docket now exceeds 5,000 pages of 
comments, it has taken many months 
for the FCC staff to work through the 
material. More important, though, was 
the fact that the EPA also responded 
with several of its own concerns about 
a literal adoption of the 1992 ANSI 
standard. 
These comments made it clear that 

there were still major unresolved tech-
nical issues concerning the practical 
implementation of the 1992 ANSI 
standard. The commission, therefore, 
decided that it needed to fund a study 
to answer several troubling technical 
matters. 

FCC-funded study 
In late 1994, the FCC awarded a 

contract to study currently available 
instrumentation for measuring in-
duced body currents, contact currents 
and the effectiveness of RF protective 
clothing (suits). A report has now been 
issued, and the information contained 
in that study should allow the FCC's 
Office of Engineering and Technology 
(OFF) to issue, at long last, a Report 
and Order to Sr Docket 93-62. 
The study found that: 1) reliable 

induced-current meters did not yet 
exist; 2) existing contact-current meters 
worked reasonably well, but they are 
only calibrated for frequencies up to 
30MHz (not the 100MHz limit in 
ANSI 1992); and 3) RFR protective 
cloth, made in Germany under the 
trade name Naptex, appears quite ef-
fective at VHF, FM and UHF broadcast 
frequencies, as well as at microwave 
frequencies. 

Expectations 
Predicting FCC or EPA actions — or 

even just their timing — is a crap shoot 
using politically loaded dice. This 
consultant's guess is that the EPA will 
eventually acquiesce and endorse 
C95.1-1992, and that the FCC will 
adopt that 1992 standard as its new 
set of guidelines. But it will likely add 
provisions that temporarily stay the 
enforcement of the controversial and 
difficult to measure induced current 
and contact current portions of the 
ANSI standard (pending the availabil-
ity of instrumentation capable of reli-
able and repeatable measurement of 
those parameters). 
A late-1995 release of a Report and 

Order still seems possible. IS 
Circle (8) on Reply Card 
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Move Up from Carts to 
Touchscreen Digital Audio 
Play Anything...At A Touch 
The best way to improve your radio station is 
to put all your spots, sounders and sweepers 
on-line and ready to play instantly from 
hard disk. Creative talent sounds better than 
ever with Scott Studios' new touchscreen 
digital audio system. 
Here's how it works: Six buttons on the left of 
the large computer touchscreen play what's 
on your log. Scheduled spots, songs, promos, 
PSAs and live scripts come in automatically 
from your production studios, traffic, music 
and copy computers. Jocks can revise sweeps 
at a touch (with the arrows at mid-screen), or 
work with the full day's log and add or 
rearrange anything. 
On the right, 17 "hot keys" start un-
scheduled jingles, sounders, effects, comedy 
or promos on the spur of the moment. 
Your morning show will benefit from 26 sets 
of 17 user-defined instant audio "hot keys". 
You can preview anything in a cue speaker 
at a touch. The Scott hard drive even lets you 
listen to endings while that song is playing on 
the air. 
And nothing beats the Scott System for easy 
levels. Touch the label on the screen, moving 
right to left to fade as desired. If you'd rather 
adjust levels on the console, channel numbers 
show clearly on each start button. 
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Phone Recorder On Screen 

Touch one button and you're recording 
calls to hard disk. Another button and 
you've got the world's easiest editor. When 
it's ready, one touch and your call's on the 
air. The phone recorder only adds $1,000 
to the system. 

The Best Digital Audio 

When spots, promos, PSAs, or any other 
digital audio events are recorded, they're 
immediately playable in all your Scott 
System air studios. Nobody wastes time 
carrying carts down the hall or redubbing 
spots for additional stations. 

One question you don't have to worry 
about is "What if it breaks?" The Scott 
System comes complete with every spot 
and jingle stored redundantly on two hard 
disks. It's a snap to switch to the "hot 
standby" system! You get touchscreen 
convenience, digital quality, and backup 
redundancy for no more money than cart 
machines and commercial tapes. 
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The Scott Studio System is your best way to make the move to digital audio and eliminate 
troublesome carts. The touchscreen instantly plays whatever you want. All scheduled spots, 
jingles, promos, scripts and songs come in from your traffic, copy and music computers. 

The World's Fastest Requests! 
Touch either of the two buttons at the top 
right of the main screen to see our "Wall of 
Carts" with all your audio on-line! Touch 
the spot, song, jingle, sounder, promo, PSA 
or comedy you want and it plays instantly. 
Or, you can put it anywhere you want in the 
day's schedule. 

During play, all Scott screens include large 
digital timers that automatically count down 
intro times, and flash warnings 60-, 45-, and 
30-seconds before the end. You also get 
clear countdowns the last 15 seconds of 
each event. 

Instant Requests from Hard Disk 

There's no way to play requests faster than 
with the Scott System! Touch the music 
button and first letter of the title or artist's 
name. You get a "Wall of Carts" with songs 
that play at a touch! 

All your music will be pre-dubbed free 
from your playlist. Scott Studios has radio's 
highest quality music on hard drive. 
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The Full Day's Log 

Scott Studios lets you see the whole day and 
make any changes you want. 

Large & Small Have Made the Move! 

The Scott System leads the industry with 
major broadcasters like Disney/Capitol 
Cities/ABC, Westinghouse/CBS, Chancellor/ 
Shamrock, Alliance, Salem, Liberty, Saga, 
Liggett, Regent, Tichenor, Benchmark, Max, 
Atlantic, and Ralco in Canada. Scott 
Systems are in Detroit, D.C., Dallas, 
Houston, Philadelphia, San Diego, Denver, 
San Antonio, Ft. Lauderdale, Cincinnati, 
Dayton, Lansing, Las Vegas, and smaller 
markets coast-to-coast from Bangor to 
Bakersfield. 
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RF Engineering: 

Folded 
unipoles, 

part 2 

By John Battison, P.E. 

John Bcrttison, BE Radio's con-
suttant on antennas and radia-
tion, owns John H. Baltison and 
Associates, a consulting engi-
neering company in Loudonville, 
near Columbus, OH. 

In the last issue, this column covered the basics of folded unipole design. This 
time, the installation of the folded unipole 

will be covered. 
The first thing to do before deciding to 

install a folded unipole at your station is to 
measure the base operating impedance to 
be sure that you are developing full power. 
Next, do a short field-
strength study. Draw four 
radials at 90° intervals 
about 10 miles long. Run a 
partial proof of about 10 
readings on each radial. 
Make a check of the an-
tenna efficiency and field 
at lkm before any antenna 
work is done. Record this 
information and decide if 
the existing antenna sys-
tem should be replaced. 

The class of 
your station will 
determine what 
radiation the 
commission re-
quires and what your antenna was 
originally designed to meet. This 
data will be found in CFR 47, Part 
73.189(B)(i-iii). 

If the decision is made to change 
to a folded unipole, don't let the 
station's management get its hopes 
up by anticipating an amazing 
change in signal strength and cov-
erage. Of course, there should be 
a noticeable improvement, but 
don't promise the moon. A station 
in Alaska at 640kHz with a 214-
foot tower reported a 7dB im-
provement using a 3-drop-wire 
folded unipole and additional top-
loading (in the 
form of guy load-
ing), but this may 
be an exceptional 
case. 

sary to trim their ends to allow a flush fit. 
The arms should be bolted together where 
they intersect, as well as to the top tower 
members near the corners. It is essential 
that excellent physical connections are made 
and maintained. It is also important to use 
angle-iron instead of flat-iron bars to avoid 
sagging arms. 

In most cases, 
the folded 
unipole 
should 

produce a 
noticeable 

improvement. 

Basic procedures 
Once you've decided to 

install a folded unipole, be 
sure that all the necessary 
parts are present at the an-
tenna site before starting the 
job. It would be embarrass-
ing to run with reduced 
power all day, short the base 
insulator and then find the 
job can't be finished in the 
time allowed. 

If your tower will support them and its face 
is not too small, and you have the time and 
money, plan on using six drop wires spaced 
about 12 inches from the tower. This should 
give you wider bandwidth. But if you are in a 
heavy ice area, using three drop wires might 
be less risky. 
The drop wires should be suspended from 

angle-iron bars secured to the top cross 
members of the tower. Where the bars inter-
sect at the tower's corners, it will be neces-

The drop wires must be 
bonded to the tower arms 
and then spaced away from 
the tower legs by means of 
insulators. A turnbuckle and 
spring should be used at the 
bottom of each drop wire, 
and secured through an in-
sulator to maintain tight wires 
that won't swing in the breeze 
and change the tower imped-
ance. A set of iron arms is 
mounted at the tower base to 
anchor the turnbuckles. 

Getting it done 
At this point, consider the 

logistics of doing the job. If 
yours is a low-power station, say 500W or 
less, it may be possible to do part of the job 
without reducing power. If you have more 
power and can't find any hardy souls to 
climb in a higher RF field, you will have to 
reduce power to a reasonable level for the 
initial part of the installation. This portion 
can usually be done without shutting down 
completely. After the top arms are attached 
to the tower, the drop wires must be in-
stalled and secured in the standoff insula-
tors and to the turnbuckles. It is important 
that the drop wires do not touch the tower 
while being installed. 
The rest of the installation must be per-

formed with the power off. After shutting 
down, a circular wire con-
necting the bottoms of the 
drop wires must be run 
around them and securely 
connected to each. This is 
the point at which drive is 
applied. The RF drive link 
should be run from this con-
necting ring to the feed-
through insulator at the ATU. 

Ifyou have a square tower-
base mounting, connect 4-
inch-wide copper straps 
from the tower base to the 
ground system bus across 
the base insulator. Other-
wise, place one copper strap 
down each side of the tower 

base. All these connections must be hard 
soldered, or brazed. (Again, don't do this 
until power is ofE) 
Remove the existing RF line from the 

ATU to the tower. If tower lighting power is 
carried through the center of the RF line, it 
should be rerouted directly to the tower 
base and then up the tower as before, but 
with one difference - the conduit must be 
carefully bonded to the tower at 20-foot 
intervals. A good electrical connection is 

Be sure that 
all the 

necessary parts 
are present at 
the antenna 
site before 
starting the 

job. 
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DIGITAL AUDIO 

TRAFFIC CONTROLLER. 

Lexicon 480L 

V. 

Eventide T.C. Electronic Lexicon 300L 
Ultra-harmonizer M5000 

Lexicon PCM 80 Roland R5510 

Control Room A Control Room B 
SSL Axiom  

Valley 730 

V 

"Ine49! 

ighthouse introduces its DCA digital audio matrix switcher. The AES digital audio routing capacities 
start at 8x8(DCA8) and are expandable to 16x16(DCA16M). Larger configurations are available. 
Easy-Patch- software allows for remote RS232 control over signal routing and effects loop configurations. 
Centralize your effects modules and share them among multiple control rooms. Signal switching is 
non-protocol dependent with bandwidth to 50Mbit/s. For $995 the Lighthouse DCA8 can solve your 
digital traffic jams. • 

Lighthouse  

Edit Suites 
Yamaha ProMix01 ADAT & DAIS 

A SUNDANCE SYSTEMS COMPANY 

13451 Colfax Hwy. P.O. Box 1802 Grass Valley, CA 95945 Ph 916-272-8240 Fax 916-272-8248 

SEE NO EVIL. 
DIGITAL VIDEO WITH DIGITAL AND ANALOG AUDIO TRANSMISSION 

ibox IMS is a 360 mbit/sec digital fiber-optic transmission system which transmits serial digital video 
plus analog and AES digital audio. IMS offers full compatibility with existing Fibox 20-bit analog and data 
I/O modules. The addition of AES digital audio and serial digital video makes IMS our most flexible Fibox 
transmission system to date. IMS is perfect for fiber transmission of up to 8 AES digital audio signals 
(16 channels of audio). Up to 6 Fibox analog modules can be slaved up for a mixture of analog and digital 
audio plus digital video in one modular package. Transmit your signals with razor-sharp clarity. See clear 
to the future with Fibox IMS. 

Lightwave 
A SUNDANCE SYSTEMS COMPANY 

900 Jackson St. Suite 700, Dallas, Texas 75202 Ph 800-525-3443 Fax 214- 741-5145 
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RE Engineering: 
Folded unipolcs, part 2 

essential. 
Any wires or lines connected to the 

tower also must be carefully bonded to 
it. Remove lighting transformers and 
lighting chokes or static drain coils. 
The neutral wire of the tower and any 
other lighting circuit must be grounded 
to the tower at the base and at 20-foot 
intervals up the tower. All coaxial cables 
used for FM or auxiliary antennas must 
also be grounded securely to the tower. 
(These wires either must be bonded to 
the tower or encased in a metal conduit 
so that they cannot affect the tower's 
tuning by the induction of out-of-phase 
RF in them. If this is not done, some 
strange effects may be encountered.) 
Here is a basic parts list: 

• Angle iron to hold drop wires; 
• Enough 4-inch copper strap to ground 
tower across base sides; 
• Stranded copper or aluminum wire, 
'/s-inch diameter (for drop wires, plus 
30 feet); 
• Suitable strain-type insulators to se-
cure bottom ends of wire; 
• Standoff insulators, number depends 
on tower height; 
• One spring for each dropwire, about 
four inches long; 
• One turnbuckle for each drop wire; 
• Selection of bolts, nuts and assorted 
hardware; 
• Wire clamps (one per drop wire); 
• Tower leg wire clamps (one per drop 
wire). 

To avoid any noise generated by poor 
connections, bypass the spring and turn-
buckle at the lower end of each drop 
wire. Install a length of drop wire across 
each group to the bottom insulator. 
This can actually be a continuation of 
the drop wire after it has been hooked 
to the spring. 

Fabricate a shorting stub for each 
drop wire. Secure a wire clamp to one 
end of a piece of drop wire long enough 
to reach from the tower to the nearest 
drop wire. At the other end, fasten a 
clamp to attach the wire to the tower. 
Attach a length of drop wire to the 

circular ring wire that goes around the 
base of the drop wires. Fasten the other 
end to the feed-through insulator at the 
ATU. Leave the inside end unconnected. 
Once all this has been completed, 

the site should be cleaned up and all 
connections rechecked for cleanness 
and continuity. Turn on tower fights 
and check operation of other antennas 
on the tower. If everything is OK, pro-
ceed to tune the antenna. 

Tuning and adjustment 
For the record, measure the base 

impedance at the feed-through insula-
tor inside the ATU (ATU connection). 
Use low-power transmitter output. 
Leave the operating bridge in circuit 
and record the impedance. Sometimes 
this impedance is satisfactory, but more 
often than not, tuning will be required. 
Be careful to record all data as it is 
measured. 

Select a point about a quarter of the 
distance down from the top of the 
tower. Clean the paint off the tower 
close to one of the drop wires. Clamp a 
piece of stub wire there and clamp the 
other end to the closest drop wire. 
Measure the base impedance. There 
should be a change - probably lower. 
Move the stub about 10 feet higher 

and remeasure the base impedance. 
These two impedances should show 
you which way you need to go to obtain 
your desired base operating imped-
ance. If you can't determine which way 
to go, continue making readings every 
10 feet or less. There is nothing sacred 
about a 500 base resistance, but it 
makes matching the transmission line 
simpler. 
When you have reached an accept-

able impedance, install tuning stubs on 
the other drop wires at the same level. 

The folded unipole 
is not a wonderful 

gizmo that will make 
a poor operation 

into a first-class one. 

When this is done, there is usually a 
small change in operating impedance. 
This may still be acceptable, or you 
may want to fine tune it by moving 
stubs until the desired value is reached. 
It is best to set the impedance to a 
positive j value at the desired base 
operating resistance. 

Unless you are working with a tall 
tower, you probably will not encounter 
second resonance. However, if you 
should find a desirable base resistance 
with a negative j value, continue mov-
ing the stub down the tower and you 
should return to an inductive reactance 
and the desired resistance. 

If you have a 5011-line and your base 
operating impedance is 50 +j9011, 
you need only insert -j901.1 to cancel 
out the reactance. However, there is 
better control of the antenna tuning if 
an adjustable reactance, such as a vari-
able coil and a capacitor in series is 
used, or an adjustable gas-filled or 
vacuum capacitor can be used if it is 

not too expensive. If necessary, a simple 
L network can be used for precise trim-
ming if a high operating resistance is 
used. (I prefer to place the base current 
meter at the output of any ATU circuits 
and measure the current into the base 
impedance.) 
When the new antenna system seems 

to be working properly, make another 
4-radial "partial" proofs using the same 
measuring points as the original. You 
should observe a useful increase in 
radiation. 
Note that the folded unipole is not a 

wonderful gizmo that will make a poor 
operation into a first-class one. More-
over, every antenna system is different, 
and in an article of this length, it is not 
possible to give precise directions for 
specified antenna electrical lengths and 
conditions. But in most cases, the folded 
unipole should produce a noticeable 
improvement, especially for stations with 
badly deteriorated ground systems. 81 

iFor more information on folded 
unipoles, circle (102) 
on Reply Card. 

Technical Writers 
Wanted 

for 

1%4e° 
If you want to try your hand at 

technical writing, BE Radio maga-
zine is looking or you. If you are 
an experienced engineer or tech-
nical manager who can provide 
leading-edge articles on a free-
lance basis, contact the editor by 
sending or faxing your phone num-
ber along with a brief description 
of your experience and areas of 
expertise to: 

Fax: 913-967-1905 
Mail:Editor, BE Radio 
9800 Metcalf Ave. 
Overland Park, KS 66212 
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Advanced Television '95 How to 

Plan Now 

for Tomorrow's 

Digital Facility 

Transition to Digital 
November 15-17 • The Westin Hotel O'Hare • Chicago 

Join us in November when Broadcast Engineering prepares you for 
the coming digital age. A future that will require new delivery methods, 
multiple program streams and multichannel operation including HDTV 
and interactive services. • For a detailed conference agenda and 
registration materials, call: FAX-ON-DEMAND 1-800-601-3858. Or 
Susan Link 913-967-1969. 

Sponsored by Broadcast Engineering together with Video Systems 
and World Broadcast News. 
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This Should Be Your Next 
Digital Audio System. 

Imagine a digital audio system that's as 

simple to use as a cart machine but 

powerful enough to run an entire 

broadcast facility. That system is DDS. 

DDS is built on a multi-user, multi-

tasking, real time operating system. So, 

adding users, applications and audio 

channels is never a problem. 

Start with a simple satellite automa-

tion system. Then add cart replacement, 

extra studios, or an LMA— all without 

1-1ARFLIS 
AL_L_IED 

the need to add CPUs or duplicate 

expensive hard disc storage. 

DDS should be your next digital 

audio system. It's made to grow with 

your operation. 

Call the digital audio professionals at 

Harris Allied to get the one that works. 

DDS by Radio Systems. 

1-800-622-0022 
FAX 317-966-0623 

Southern CA 1-800-690-2828 
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FCC ITpdate: 

FCC 
standards 

for AM 
and FM 

upgrades 
By Harry C. Martin 

Harry Martin is an attorney with 
Fletcher, Heald & Hildreth, 
Rosslyn, VA. 

F°flowing is a review of the FCC's current 
standards and procedural requirements 
for upgrading AM and FM stations. 

AM upgrades 
Change in facilities: 
• Must meet interference standards set forth in 
Sections 73.37 and 73.182, as well as other 
limitations for the class and firquency applied for. 
• Must provide 5mV/m or better daytime signal 
to entire principal community to be served and, 
at night, a 5mV/m or nighttime interference-
free contour, whichever is greater, to 80% of the 
principal community. 
• Increases in power or changes in frequency, 
hours of operation or community of license 
require a $2,590 filing fee. The filing fee for a 
site change is $650. 
• A minimum increase in power of 20% is 
necessary if no site change is involved. 

Change in community of license: 
• The requirements with respect to 
interference protection and principal 
coverage must be met. 
• If the station is the only one licensed 
to a community, the new community 
must have a population at least as 
large as the community of license; the 
relocated station should represent the 
new community's first transmission 
service. If the new community is lo-
cated within the urbanized area of 
another large city, the proposal may 
not be credited with providing a first 
transmission service, a potentially fatal 
flaw. 

AM expanded band: 
• Applicant must have notified the 
FCC of its intentions and have re-
ceived word of tentative acceptance 
and frequency assignment. 

Pre-sunrise and post-sunset 
authorizations: 
• Permits operations pre-sunrise and 
post-sunset with up to 500w, with 

only co-channel stations being considered the 
calculation of permissible power. 
• Pre-sunrise authority allows commencement 
at 6:oo a.m. local time or, for stations within the 
protected nighttime contours of US. Class A 
station, at sunrise at the location of the nearest 
Class A station to the east 
• Post-sunset authority is permitted for up to 
two hours after sunset or, for stations operating 
within the nighttime protected contour of a US. 
Class A station, until sunset at the nearest Class 
A station to the west. 
• The FCC will calculate permissible pre-sun-
rise or post-sunset parameters upon request 
• Daytime stations also may be granted limited-
power nighttime authorizations upon informal 
application to the commission without regard 
to principal city coverage requirements. 

FM changes 
One-step upgrades: 
• Requires a filing fee of $650 to accompany 
the application for construction permit 

• Requires fully spaced transmitter site, al-
though a contour protection showing will be 
accepted if it is shown that an alternate, fully 
spaced site is available. 
• Must be done on authorized channel or a 
channel mutually exclusive with the authorized 
charmel. 
• One-step upgrade proposals are unaccept-
able in applications for new stations, except 
where the frequency is available on a first-
come, first-seived basis. 
• The application achieves cutoff status vis-à-vis 
conflicting applications and rulemalcing pro-
posals as of the date of filing. A one-step 
upgrade application that is filed before the 
cutoff date established in a conflicting 
rulemaking will be considered a counterpro-
posal in the rulemalçing proceeding. 
• Downgrading to a lower class or changing to 
a different channel of the same class is permis-
sible if needed to accommodate a site selec-
tion incompatible with the applicant's autho-
rized channel 

Rulemaking: 
• Petitions for rulemaking are used to propose 
an allotment, upgrade to a non-adjacent chan-
nel, change community of license or accom-
plish an upgrade that involves changes in other 
allotments. 
• As many as two additional involuntary changes 
in the table of allotments can be proposed in 
connection with an upgrade or new allotment 
proposal, but the FCC will not involuntarily 
impose a transmitter site move to accommo-
date a petitioner's allotment plan. 
• Community of license changes are not ac-
ceptable if they propose the removal of a 
community's only radio station or if they pro-
pose a "move-in" to a metropolitan area. 
• If acceptable, from a technical standpoint, 
rulemaking petitions become the subject of a 
Notice of Proposed Rule Making (NPRM) 
within three to five months after filing. 
• The NPRM invites counterproposals, Le., 
petitions proposing a mutually exclusive, con-
flicting allocation or allocation scheme. Com-
ments on the original proposal also are invited 
in the NPRM. Claims of economic injury as a 
result of the new allotment are not entertained. 
• If there are timely filed conflicting proposals, 
the FCC will decide the case according to 
criteria that favor the most efficient use of the 
frequency in terms of coverage of underserved 
populations or communities. 
• A sureeqsful rulemaking petitioner must pay 
a $1,800 rulemaking fee with its application 
for the new facility. 
• Once a requested allocation is made, a Form 
301 or Form 302 must be filed. (Form 302 is 
used where no change in physical facilities is 
involved.) The filing fees for Form 301 and Form 
302 are $650 and $135, tesPectvelY• 51 

Dateline By Dec. 1, radio stations in Alabama 
and Georgia must file their license renewal appli-
cations. Commercial stations in the following 
states must file their ownership reports on or 
before Dec. 1: Alabama, Georgia, Colorado, 
Minnesota, Montana, North Dakota, South Da-
kota, Connecticut Maine, Massachusetts, New 
Hampshire, Rhode Island and Vermont 
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We've taken all we know, all you've asked for, 
and the very best of today's technology to 

bring you our FINEST AUDIO CONSOLE 
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THE 
A-6000's 

open archi-
tecture frame 

lets you change 
module locations 

with NO restrictions, 
giving layout top priority 

and allowing easy recon-
figuration as format needs 

change. And while Wheatstone 
is well known for superior tech-

nical performance, the A-6000 
surpasses even our own previous 

consoles in virtually every measure-
ment category! The WHEATSTONE 

A-6000 has the appearance, features and 
power to satisfy the most demanding program 

and production staff. Its engineering, perform-
ance and thoughtful design will help your personnel 

achieve broadcasting excellence. 

A - 6 0 0 0 B ROADCAST C ONSOLE 
7305 Performance Drive, Syracuse, NY 1 V.)1' 
tel 315-452-5000/fax 315-452-0160) 
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How to 
plan now for 
tomorrow's 
digital 
facility. 

Your future 

TEN 
Sp -:rship opportunities 
aval able. Call Dennis Triola, 
Publisher: 913-967-1833. 

Now is the time to begin the conversion process. 
It's no "plug and play" endeavor. Proper technical 
planning is vital today to prepare stations and post 
facilities for the future in digital. 

Join us in November when Broadcast Engineering 
prepares you for the coming digital age. A future 
that will require new delivery methods, multiple 

program streams and multichannel 
operation including HDTV and 

interactive services. 

is at stake. 

Men 
¡Ohl 

November 15-17 • The Westin Hotel O'Hare • Chicago 

For a detailed 
conference agenda 
and registration 
materials, call: 

FAX-ON-DEMAND 
1-800-601-3858 

Or Susan Link 
913-967-1969 

It is now absolutely critical to understand precisely 
how and when to incorporate digital systems into 
your operation. Everyone responsible for planning, 
designing, engineering, budgeting and managing 
the transition to digital will benefit from this 
major learning event. 

Top experts in broadcast and post-production 
offer surprising solutions to the challenges you 
face today and will face tomorrow. How can 
you design a system that handles analog now 
but upgrades to digital in the future? How can you 
avoid throwing away expensive equipment as the 
transition moves forward? Can you plan a video 
routing system that expands to accommodate the 
changing requirements of all-digital operations? 
What are the critical issues in audio? Connectivity? 
Testing? Network integration? 

This is your opportunity to discover the answers 
to tough questions and return to your facility with 
practical knowledge you can use right away. 

Special FACILITY TOUR available in conference package. 

Sponsored by 

BROaDCaST® 
Together with enGineeRinG 
Video Systems and World Broadcast News' 

Produced by Intertec Presentations, a division of Intertec Publishing 
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The 
network 
web of 

EAS 
By Paul Montoya 

Paul Montoya is president of 
Broadcast Services of Colo-
rado, a contract engineering 
firm in Lakewood, CO. 

I A ast issue, we reviewed some of the 
history of emergency broadcast alert-

  ing and how need and technology has 
caused the evolution into the new Emergency 
Alerting System (EAS). We will now break 
down the components of this system and 
explore how each part is important to the 
overall operation of this system. 
The three key components to a well-func-

tioning EAS in each state are: 

1. Detailed coding of messages; 
2. A network "web" structure to disseminate 
information; and 
3. Detailed plans as to how the coding and 
"web" will work within the state and opera-
tional areas. 

Lees explore how the network web functions. 

Why a web Is necessary 
EBS always operated on a modified "daisy-

chain" system. It was a modified system in the 
sense that an operational area could normally 
function with one station directly disseminat-
ing information to all or most of the stations 
within a market This normally worked well 
but provided no redundancy. The problem 
that came into play was one in which we relied 
on a station to deliver a message from a 
central location (maybe the state capital) to a 
station on the other side of the state, which 
then disseminated the information to the 
stations monitoring its signal. Sometimes 
these relays required four or five stations in 
a chain to pass information to the alerted 
area. 

In many states, terrain was often a problem, 
but more often it was a misinterpretation of 
what a station was to do with a message passed 
on to it With one part of the chain broken and 
no redundancy, some real problems developed. 

The web system answer 
The web system addresses these problems 

on two fronts: It tries to get information to the 
station needing to broadcast the message as 
directly as possible, and it provides an alter-
nate or redundant path should the first path 
fail. 
Sometimes, getting the information to the 

broadcaster in the most direct form means 
bypassing the upstream broadcast station 
completely. A good example of this is NOAA 
Weather Radio. In most populated areas, 
stations can monitor NOAA Weather Radio 
directly at their stations on VHF. 
Other examples are communities that use 

UHF repeater frequencies for police and 
emergency management, statewide satellite 
broadcast news distribution or broadcast fre-
quency coordination/emergency alerting via 
RPU frequencies. Many of these already-in-
place systems can be used to get information 
directly from the emergency manager, police 
dispatch 911 center or weather office to the 
broadcast station needing to put the informa-
tion on the air. 
This is not only more reliable, but much 

faster. No longer is there the need to wait for 

the relaying station to get to a commercial 
break to relay information. This can take the 
average message dissemination time from as 
much as six to nine minutes down to less 
than 30 seconds. 
Other non-broadcast means of diggerni-

nating information are used in areas with 
terrain or physical-size obstacles. Large states 
like Texas or Alaska can now rely on satellite 
for information distribution. Many of these 
areas already have sports and news networks 
in place. States like Colorado, Utah or Mon-
tana that have terrain obstacles can now use 
microwave or satellite to get signals over 
their "hills." The FCC has not really put any 
restriction on how a state might distribute 
messages. 

Redundancy In the web 
A level of redundancy is also built into the 

web system. As an example, should the 
Weather Service generate an alert, it could go 
out via NOAA Weather Radio. It could si-
multaneously be placed on a broadcast RPU 
channel located on a high building or hill-
top. It could also be placed on the statewide 
microwave system that the state police might 
use for record clearance. And remember, an 
upstream broadcast station may also re-
broadcast the information. 
What all of this means is that if all paths 

function well, stations could actually receive 
the message from many different sources. 
This improves system reliability greatly. 
Should any one path break down, other 
paths remain intact 
This will take a well laid-out plan within all 

states and local operational areas. The web 
can always grow, but remember to initially 
install equipment that will allow for monitor-
ing as many sources as you may need, plus 
future expansion. In smaller communities, 
the system may require only two inputs, 
while in larger cities you may want to provide 
five or more sources. 

Input considerations 
Hardware configurations are also impor-

tant in planning your system. Some manu-
facturers may provide "receivers" internal to 
the complete unit, while others may just 
provide audio or data input ports and leave 
it up to you or a third-party vendor to provide 
the receivers. The latter may be a better 
choice, anyway, because we never know what 
the future might hold for receive sources. 
For example, John Hart of Lakewood, 

CO, has begun the "first public worldwide 
emergency communication center." He calls 
it E-COMM. The purpose of this center is to 
link amateur radio operators worldwide 
within the Internet. Even more creative dis-
tribution systems will likely evolve, and you 
should be prepared to accept their signals. 
With all of this information coming in, 

how will a station sort this all out and decide 
what to put on the air? This is an exciting part 
of the new EAS, and much thought has gone 
into this coding of information. We'll cover it 
in the next issue. 
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Preview: 
a 

COMING IN THE 
NEXT ISSUE . . . 

COVER STORY: 
Datacasting 

Today's radio broadcasters are transmitting more 
than just audio, and the market in this area may 
soon grow dramatically as new data broadcasting 

services are launched. The author will take a detailed 
look at new and proposed methods of data transmis-
sion that are delivered over radio stations' broadcast 
signals. The techniques will provide value-added 

services to listeners, and lucrative options to 
broadcasters. 

The Signal Chain 
The signature sound of a radio station is a combina-

tion of its format and its signal chain. The path 
between the console and the transmitter can make 
all the difference. Learn how new audio processors, 
STLs and exciters are improving the levels of control, 

efficiency and quality available to broadcasters. 

Managing Technology: 
Using Computers 

Managers can use computers in many ways to help 
them mn a radio station. 

Contract Engineering: 
Handling Multiple Clients 

Contractors often have to juggle dozens of clients 
and treat all of their needs in a timely fashion. 

RF Engineering: 
Proof of Performance 

This measure of a station's quality is sometimes 
required and always worthwhile. 

FCC Update: 
EAS alert procedures and other regulatory news. 

Plus BE Radio's usual roundup of 
product reviews, industry news, business 
happenings, new product announcements 
and more. All coming in the November/ 

December issue of BE Radio. 
GEPCO INTERNATIONAL, INC. 2225 W. Hubbard, Chicago IL 60612 
312-733-9555 Fax: 312-733-6416 TOLL-FREE: 1-800-966-0069 

BDT-11115 
RP Data Link 
for remote control 

• Wireless link for Burk ARC-16 
• No"P"channel required 
• Eliminates telco line charges 
• Bi-directional communication 
• 20 miles line of sight 

Think 
of the 
possibilities. 

TECHNOLOGY 

7 Beaver Brook Road • Littleton, MA 01460 
(508) 486-0086 • Fax (508) 486-0081 

Toll Free 1-800-255-8090 • email: danrau@burk.com 
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More Reasons to Choose Gepco 

g hl 

411: 
'4up-te 

g 
Cost-effective. Quality Crafted. Your choice of cable type, length and 

color from our extensive selection. Delivered to you on time. Gepco 
manufactures custom cable assembles, audio and video snakes, breakout 
boxes, panels, patch bay wiring harnesses, direct boxes and prepackaged 
cable assemblies for point-of-sale display. All Gepco cable and custom 
products are made in the U.S.A. 
We are authorized distributors for ADC, Kings, Neutrik, 5bvitchcraft, 

EDAC and many more. Gepco stocks audio and video cable in bulk and 
will custom-cut to any length requirement for no extra charge. 

1-800-966-0069 
Ask your Gepco sales representative for a free catalog 

Cable, Connectors and Custom Products 
GEPC°1 
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By Margaret Bryant 

Get out your 
graph paper, 
T-square and 
crystal ball._ 

Future-proof 
production 
studios 

{
Bottom Line:The tools and facilities formaking radio are changing 
dramatically, but the process is not yet complete. Therefore, 
building new production studios that will remain current into even 
the near future is a steep challenge. It's not an insurmountable 
problem, though. With careful planning and a bit of educated 
guesswork, today's studios can be designed to accommodate 
practically anything the future has in store. 

Recendy, while giving a 
tour of our new facility, 
I was asked why we still 

had a room with an 8-track 
reel-to-reel machine when we 
had other rooms with digital 
audio workstations. The an-
swer to that question perfectly 
illustrates some of the diffi-
culties in transitioning from 
an analog to a digital world. 
Whether it is because the sta-
tion can't afford new digital 
studios all at once, the exist-
ing analog equipment is not 
yet fully depreciated, or some 
other reason, stations are 
having to design new studios 
incorporating existing analog 
equipment and planning for 
future digital equipment. 
What problems can you an-
ticipate in designing such stu-
dios and how do you plan for 
a future that, theoretically, has 
no limits? 

Equipment 
considerations 

Start planning by drawing 
up a list of the equipment in 
the new studio. Prestunably, 
all or most of the items will 
be analog devices. Some may 
be existing and some may be 

new. Describe the function of 
each item. This will become 
important later in determin-
ing replacement digital de-
vices and configuring the 
equipment in the room. In 
the functional description, list 
not only what the device does, 
but the frequency of its use 
and any ergonomic or envi-
ronmental considerations. 
Also consider the possibility 
that the production room will 
be used as a backup air stu-
dio. This will affect the design 
of the room. Note which de-
vices are existing and which 
need to be purchased. This 
helps in: 1) drawing up a pur-
chasing plan, and 2) organiz-
ing the move into the studio. 
Get an overview of the gen-
eral function of the room. 
Decide if this functionality is 
likely to change, and if so, 
how it Will change. Once there 
is enough information on the 
expectations of the room and 
its likely initial configuration, 
its time to gather information 
on potential future changes. 

Phasing out analog 
The next step in planning 

for the new studio is to de-

cide what types of analog de-
vices you will be replacing 
either now or at some future 
date. Once these analog de-
vices are identified, some 
thought, and perhaps some 
guesses, will be made as to 
what digital devices will be 
employed in their place. You 
don't need a crystal ball to 
see the trends in digital equip-
ment. With a little investiga-
tion, realistic planning can 
take place. 
One of the trends is that 

manufacturers are recogniz-
ing that their new digital de-
vices will be directly replac-
ing old analog devices. As a 
result, the size, shape and 
function of many new digital 
products are similar to those 
of the analog devices they are 
replacing. If you are replac-
ing the ubiquitous cart ma-
chine with a CD player, there 
are CD players that will fit in 
the same slot. Or if you re-
place that same cart machine 
with some sort of recordable 
digital storage, there are de-
vices that fit that bill. If you 
are replacing a reel-to-reel 
tape machine with a digital 
audio workstation, there are 
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workstations that roll right into the space 
formerly occupied by the reel machine. 
Dozens of digital product manufactur-
ers have devices that are almost exact 
replacements for analog devices. This 
dramatically simplifies anticipating the 
digital future. 

Unfortunately, ifs not always that easy. 
Many digital devices require the use of 
computer CPUs, keyboards, CRT moni-
tors and/or touchscreens. Planning a 
room and the furniture for these types of 
devices requires more effort. These re-
placement technologies have many spe-
cial requirements. Placement of the com-
puter system parts depends partly on 
the existing pieces of equipment in the 
room. The first question involves the 
audio console. Will you use one during 
the analog phase of the studio and will 
you be keeping it during the digital 
phase? Chances are pretty good that 
there will be a console or mixer of some 
type in the analog and digital phases. 
Even if a new console is installed to 
handle all digital signals, the mixing 
function still exists. It is a rather large 
piece of equipment and will become a 
bit of a nuisance to plan around. 

Installing computer-based 
equipment 
Assume there will be at least one 

digital device that runs on a computer. 
Planning a location in the furniture for 
the CPU is the easy part. When planning 

the CPU location, make sure you con-
sider the necessary wire runs, limits on 
wire length, sufficient air circulation and 
cooling, and mechanical and electrical 
noise that might be generated. Design a 
place in the furniture that fits the criteria. 
While you are at it, design two or more 
areas, because there is always the possi-
bility of additional devices. (See Figure 
1.) 
Now on to the harder parts. Does the 

computer need a keyboard? If it is rarely 
used, say only for rebooting, you may 
want to just stick it on top of the CPU 
unit that is hidden away in some cabinet 
in the studio furniture. It's out of the way 
and hopefully is easily accessible. If the 
keyboard is used regularly, you need to 
find a location that makes sense. The 
keyboard should be in front of the user 
at a height that is comfortable for long-
term use. (See "Ergonomics for Desktop 
Systems," BE February 1994). Also, the 
keyboard should be in front of the CRI' 
monitor. 
This is usually where the audio con-

sole gets in the way. The CPU was easy; 
there were many locations in the furni-
ture to select from. So, how do you 
combine a working keyboard, a moni-
tor and an audio console? Before de-
termining a location for the keyboard 
and monitor, some thought needs to 
be given on how the keyboard and 
monitor will be used in relation to the 
audio console. If the computer is used 
in conjunction with the audio console, 
the monitor/keyboard location needs 
to be in close proximity to the console 
without getting in the way of console 
functions. If the computer is used inde-

pendently of the console, or if certain 
computer functions are remoted to the 
console, then the computer can be 
placed some distance from the console 
and the problems of monitor/keyboard 
location are greatly simplified. 

In some situations, the monitor/key-
board combination needs to be near 
the -audio console. Before deciding if 
the monitor is to the left, right or be-
hind the console, consider that the 
keyboard and monitor should be close 
to each other. The user should be able 
to use the keyboard while looking 
straight ahead at the monitor, not off to 
the side. The keyboard can be in a 
drawer so it is out of the way when not 
in use and the drawer could also be 
used to lower the keyboard to the 
correct working height. Do not forget 
the standard-sized computer keyboard 
is wider than a 19-inch rack space, so 
you will need either a custom drawer 
or a smaller keyboard. 

Ideally, the monitor screen is of suf-
ficient size and in a location that makes 
information on it easy to view from the 
user's normal operating position in the 
studio. Determine the likely size of the 
screen of the monitor. These days, even 
the small-screen monitors are physi-
cally large and the large-screen moni-
tors are not only expensive, but are 
absolutely enormous! Plan not only 
for easy viewing but also for easy repair. 
Design the location so some variation 
in monitor size is allowed in case an 
exact replacement is unavailable in the 
future. Take into consideration proper 
ventilation and any electrical noise 
problems. If speakers are in close prox-

A = Potential monitor 
locations 

B = Potential CPU 
locations 

Figure 1. Layout and cabinetry for the analog/digital hybrid air studio. Airflow, noise and operator's reach must be considered 
for all CPUs and monitors (some of the latter may be touchscreens). 
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imity, the speakers need to be shielded. 
If you time the trip into the digital age 
correctly, flat-screen monitors may be at 
the point where they are affordable. The 
front cross-sectional area may be the 
same, but the depth Will be dramatically 
reduced. Thus, there may be more 
choices for where to place the monitor. 

If the monitor is being used as a 
touchscreen, the need for a nearby 
keyboard has been eliminated, but an 
additional requirement is created for 
the monitor; the monitor screen must 
be close enough to touch. This severely 
limits the possible locations for a moni-

tor. Most studios locate them to the left 
or right of the user. Neither location is 
ideal because the user could be right-
handed with a screen placed to the 
user's left and vice versa. Placing the 
monitor in front of the user is often 
difficult because the audio console is 
in the way. Some furniture is designed 
with the idea that the overbridge over 
the console will be removed in the 
future and will be replaced with a cabi-
net piece to house a monitor. Although 
it is convenient to view, touching it can 
be a reach. It also may get in the way of 
the copy stand or the jock's view of 

other people in the room. 
Pay attention to the ergonomics of 

the room. If the equipment is not easy 
to use, the jocks won't use itl In some 
rooms, the ideal might be to place the 
touchscreen monitor ona movable arm. 
The arm can be added at any future 
date, so no intense planning is required, 
and it can be adjusted to suit the user. 

Preplanning the 
production studio design 

Furniture ideas can come from a num-
ber of sources. Many of the established 

Continued on page 33 

Fast-track facility construction 

Everybody wants a studio built in a hurry. It is possible and 
can be done well if certain important ideas are kept in 
mind. First and foremost, you buy time with money. If the 
project is pushed to fit a short time frame, it will cost more 
money to build. No one likes to hear this, but it is a fact you 
can count on. 

The second question deals with risk. Murphy doesn't 
strike more often with a project that is fast tracked, but the 
systems aren't usually in place to deal with problems 
promptly and effectively. So, the decision must be made 
to accept the risk and keep to the short timetable or put in 
time to prepare effectively for the anticipated problems. 
Everyone says they'll take the risk until the unexpected 
happens, which usually means lost air time. If you are not 
willing to risk losing air time, then give more time for the 
project. 

Never stop planning 
Plan as much of the project in advance as possible. 

Whatever time is available, put it to good use. Continue to 
plan during the execution. The more you and your staff 
know about the project and the more contingency 
planning is done, the better prepared you are to deal with 
the problems that arise. Know where every piece of 
equipment goes and where every wire goes. Plan the 
design, the installation, the documentation, the testing and 
the move. There is no such thing as too much planning. 

Manage your manpower carefully 
Have vendors turnkey as much of the project as you can 

afford. Make sure you select vendors who have a track 
record for getting the job done in the required amount of 
time. Many vendors can do an excellent job, but may not 
deliver in the required time frame. If there is money to 
turnkey only part of the project, choose the part of the 
project that is the most complicated. Then hire local 
contract help to execute the remaining part of the project. 
Don't expect your staff (if you have one) to devote all their 
time to the new construction unless you don't care about 
maintaining the existing facility. Their time, and yours, must 
be split between the existing studios and the new studios. 
The better way is to hire local contract help to concentrate 
on the project. If the project is large and you are not up to 
the task, or you do not have the time for project manage-
ment, hire someone locally to manage the project. This 
may seem to be wasted money, but it is important to have 
someone who has a grasp of the big picture and can keep 
the project moving. 

While we are talking about staff, remember they are 
people who have limits. Everyone needs sleep and some 
time off. No matter how much the project is pressed for 
time, it is vital to have the staff get adequate sleep. If they 
are too tired, mistakes get made. Some may be unrecover-
able. If necessary, rotate the shifts so the work gets done 

By Margaret Bryant 

and the crew gets rest. If it is possible to throw in an 
afternoon off, all the better. Don't stretch the staff to their 
limits; the cost of the time saved may be too high. 
Have the people on your team specialize. There is time 

later for everyone to learn the various systems. During the 
project, far more is accomplished when one person does 
wiring for the studio, another does wiring for the rack room, 
another installs equipment and another does final testing. 
All answer to you or the project coordinator, who is 
keeping track of how the project is progressing. 

Documentation is vital 
There may not be time for some things, but documenta-

tion should not one of them. Don't skimp on documenta-
tion. It is too important to be left out or done in a slipshod 
manner. Create a standard by which all wiring will be 
done. See that the staff follows this standard. Create a 
standard for all numbering and labeling. Last, have a 
standard form to keep record of the wire runs and see that 
all of the staff use it properly. Do it right the first time. It is 
time consuming to go back later and do correct docu-
mentation, and more than likely, it will never get done. 

Plan the move down to each detail 
Choreograph the move and plan the order of tasks that 

need to be done. Assign tasks to the various members of 
the crew. For example, a move from an old studio to a new 
studio might go like this: 

• The new wiring and equipment are tested in advance of 
the move. 
• Prepare a checklist for the move. 
• Have someone be responsible for the RF change (if there 
is one). 
• Have someone remove the old equipment and move it 
to the new location. 
• While this is happening, have someone else double-
check preparations in the new studio. 
• The crew that removed the old equipment can reinstall it 
in the new studio. 
• Have someone start a final check of the studio. The 
check should include the phone, clocks, headphones, air 
monitors, air lights, levels and all the equipment in the 
studio. 

The most difficult part of a fast-track construction project 
is keeping the existing facility running well. The last thing the 
disc jockeys want to hear is how the engineers are working 
on getting the new studios built and don't have time to fix 
the broken equipment in the existing studios. Be prepared 
and find time to maintain the old studios. If you don't, it is 
guaranteed that the air staff will remember the hell they 
went through long after the pleasure of the new studio has 
worn off. 

11 
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Producing on-line audio By Dave Harris 

A new use for audio on the Internet has developed with 
the explosive growth of the World Wide Web (WWW). Audio 
on the net no longer refers to a file that is available for 
someone to download from some remote computer for 
some unrelated later use. 

On-line audio can now have context. It can be associ-
ated with something else: a graphic image, a complex 
concept that benefits from an aural explanation or the 
promotion of an audio CD. New uses are being thought of 
every day. These new uses bring a different set of produc-
tion challenges. 
The use of audio as part of a muffiple media experience 

is made possible by the basic design of the World Wide 
Web and programs called browsers, which are used to 
search and display the Web content. There are text-only 
browsers and browsers that display different graphics and 
sound formats. 

The bulk of the graphical browsers in the world are 
accessing the Web over 14.4kb/s modems. The audio 
formats, production tools and techniques discussed here 
are geared to this level of delivery. On a typical 14.4kb/s 
modem, experience has shown that data throughput 
ranges from 900-1,300 bytes/sec, usually around 1,100 bytes/ 
sec. (Some phone lines accessing some service providers 
may yield other rates.) 

Coping with narrow bandwidth 
This data pipeline limitation defines much of the audio 

used on the WWW today. In order for audio to be at least 
minimally convenient on the Web, smaller file size needs to 
be maintained. 

At the CD level of audio quality, 16 bits are used to 
describe the voltage of each audio sample and 44,100 
samples are saved every second. This hogs approximately 
5MB of storage space for every track-minute of audio 
(double for stereo and so on). 

The storage "hit" or download time of digital audio is 
minimized by the reduction of the number of bits used to 
represent the analog voltage of the audio sample, the 
reduction of the number of samples taken per second, the 
use ofdata compression of some type or all three. 

File formats 
The most popular formats used in on-line audio fall into 

two categories: 
1. Files that need to be downloaded first and; 
2. Files that will "stream" (play immediately after being 
clicked on) through a 14.4kb/s modem connection. 

The .au, AIFF and most of the MPEG formats need to be 
downloaded first then played using "player" software, such 
as SoundMachine and MPEG CD. The audio here varies 
widely from the lo-fi .au to the high-quality AIFF and MPEG. 
The higher the quality, the larger the memory and transmis-
sion requirements are. 

RealAudio is a new format for use on Web pages. It is 
designed to allow the audio to "stream" to your desktop 
without downloading first. The immediacy provided by ".ra" 
files is particularly appealing when using audio on the Web. 
The RealAudio player and encoder are available from the 
Progressive Networks Web site listed at the end of this article. 
Another similar system is Streamworks from Xing Technol-

ogy. Unlike RealAudio, which is currently limited to on-
demand playback, Streamworks can provide real-time, 
continuous programming, and it supports high-speed (ISDN) 
interconnections. (RealAudio expects to support similar 
services soon.) 

All of the encoding software for the above formats have 
some capability to take audio files that have various "bit 
depths" (or resolution levels) and sampling rates, and 
convert them to some target format. You might take a .wav 
file that was recorded with 16 bits and sampled at 22,050 

samples per second, and using a single application, 
convert it to a .au (pronounced "dot-a-u") file, which is 8 
bits at 8,000 samples per second using plow compression 
(European telephony standard). 
Many trade-offs are made in these conversions. The 

sample rate and bit depth can be converted by the 
encoding software or as part of the production process 
prior to encoding. I prefer to do the conversions before 
encoding, using higher-quality filtering and conversion 
utilities than those found in the all-in-one encode programs. 
In this way, the dynamics and character of each audio 
production can be considered separately. The encoder 
only needs to do the data compression. 

To achieve the best sample rate conversion, high-quality 
pre-filtering should be used (done in the digital domain if 
possible) to minimize any aliasing arising from out-of-band 
(higher than the Nyquist frequency) audio energy. This 
filtering will tailor the bandwidth to fit the target sample 
rate. That is, the highest frequency in the audio file should 
be one-half the final sampling frequency. If your final 
product will use an 8k sample rate, then the audio should 
cut off at 4kHz. 

Although it is a good idea to keep full-frequency originals 
of your raw audio, this bandlimiting should be done early in 
the production so that your editing and mixing decisions 
are based on the sound of the final product. 
Now, what about those bits? Many think that if their end 

product is going to be 8 bits, it might as well be recorded at 
8 bits in the first place. This assumption probably contributes 
the most to poor-quality on-line sound. The bit conversion 
should be the last step in the production. 

Production tips 
All manipulations of the audio in the digital domain 

(editing, level changes, equalization, mixing, etc.) produce 
changes in the audio, which require more bits to describe 
than were used in the original file. The extra bits, which high-
quality production software adds during processing, are 
later taken away in order to restore the file format. 
The errors in the reconstruction process manifest them-

selves as noise and are additive throughout a production. It 
is for this reason that the resolution of the audio in bits 
should be kept as high as possible (usually 16 bit) during 
production processing and converted to 8 bit only offer all 
production is completed. 

Another thing to keep in mind about 8-bit audio is that 
low-level sounds, which are easily represented in 16 bits, 
often cut completely off in an 8-bit word, causing the signal 
to drop to zero. In other portions of a file, where the audio is 
low, but not low enough to cut to silence, the shortage of 
available bits causes the sound to jump up and down 
between voltage steps, which are much wider than the 
actual variation in the original audio. 

These distortions cannot be eliminated, but they can be 
minimized by retaining the highest possible audio level 
through the conversion from 16 bit to 8 bit. One well-known 
application for bit-depth conversion (or normalization) is Li 
from Waves (also available in the Waveconvert package). 
It includes a look-ahead limiter to maximize the signal level 
during conversion and noise shaping to minimize apparent 
noise. 

Further information on audio formats can be found on 
the World Wide Web at http://www.cis.ohio-state.edu/ 
hypertext/faq/usenet/audio-fmts/top. html. Progressive 
Networks information is located at http:// 
www.realaudio.com/. Xing Technologies is at http:// 
www.xingtech.com. Production tools for Macintosh can be 
found on the DAW-Mac Homepage at http:// 
www.bakalite.com/Daw-Mac.html. 

Dave Harris is president of Harris Consulting, Woodacre, CA.  
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Continued from page 29 

broadcast furniture designer/builders 
are familiar with the problems of de-
signing for current analog and future 
digital. They can be a valuable resource. 
Furniture constructed for multimedia 
use can also provide some good ideas. 
While large audio consoles aren't usu-
ally in the furniture, there may be some 
ideas regarding keyboard and monitor 
placement that might be worth using. 
Again, the furniture/equipment layout 
needs to be easy to operate and equip-
ment needs to be arranged in a logical 
fashion. It is likely the digital replace-
ments can do more than their analog 
predecessors. Keep this in mind during 
the design phase. Pay attention to reach 
distances, sight lines and counter space. 

originals, it is time to explore locations. 
Take the criteria listed previously and 
select multiple possible locations. Dur-
ing the selection process, get input from 
the disc jockeys. They will give insight to 
problems encountered by the user. This 
may also be the time to alter the original 
analog design to better fit the changes 
for the digital future. Don't be afraid to 
experiment with the design. The final 
product may be a compromise between 
the optimum analog studio and opti-
mum digital studio, but a workable com-
promise is more cost-effective than start-
ing all over with a digital studio. 

Other Issues 
Some other items to consider in the 

design of the production room might be 
wiring and lighting. If wiring changes can 

One of 13 broadcast studios in the new ABC Radio Network's headquarters in Dallas. 
Each studio occupies about 225 square feet, and includes a variety of digital and 
analog equipment. Flexible planning also allows easy future updates. 

Jocks will still need to see clocks, timers, 
other jocks and copy. They need some 
elbow room, and the space needs to feel 
comfortable. 
Armed with all this information, it is 

now time to put pencil to paper and do 
a rough sketch of the furniture. Start out 
with a drawing of how the studio will 
look in its analog form. Pay attention to 
all the ergonomic considerations. Refer 
to the earlier description of the function 
of the items in the room. Make sure the 
analog design meets as many of the 
functional requirements as possible. 
Then mark all the devices that are likely 
candidates for digital replacement. De-
cide what form the replacements are 
likely to take. If they will occupy the 
same location as their analog counter-
parts, you are home free. If the replace-
ment involves devices larger than the 

be done easily, it may be better to wait 
and see what the future needs might be. 
Otherwise, at least a LAN cable or two 
should be run for future use. It is likely 
that the venture into the digital world 
might not only involve the production 
room, but the on-air studio as well. The 
two studios will need to be digitally 
interconnected. Also, remember that 
commercials are a likely candidate for 
digital storage and a LAN connection 
to the traffic department might also be 
in order. 
With regard to lighting, flexibility is 

the key. In the digital studio, it is likely 
that CRT monitors will be in use. Glare 
can be difficult to control unless you 
have some flexibility in the lighting. 
Track lighting may be the easiest to 
install. Putting the lights on a dimmer or 
several dimmers gives even more con-

Future-proof 

production studios 

trol. Also, pay attention to any outside 
windows that might contribute to glare 
on the monitor screen. 

Don't forget the role of vendors in the 
planning process. Most of the broadcast 
equipment vendors can supply valuable 
information about the equipment being 
considered for the studio. Perhaps they 
even know manufacturer's plans for fu-
ture products. On the other hand, some-
times the broadcaster must educate the 
vendor. For example, the decision is 
made to go with a local cabinet maker 
rather than one of the large broadcast 
furniture builders. The local vendor will 
need to be educated on the need for 
attention to the interior spaces of the 
furniture. There are now new and differ-
ent concerns regarding wire chases, rout-
ing of power cables, ventilation and 
noise control. If the overbridge is to be 
removed at a future date, the cabinet 
maker needs to design in easy removal. 
Work with vendors to get the most out of 
the planning process. 

The human factor 
The most important issue in changing 

over to digital is how easily the staff is 
going to adapt. Some jocks feel more 
comfortable with redundant systems that 
are analog. Some won't even touch digi-
tal devices, while others can't wait to use 
the new "toys." Because it is likely that 
commercial spots are candidates for 
digital storage, the jock has to be com-
fortable with the technology and the 
systems involved. If severe mistakes are 
made, it could result in lost revenue. 
The transition time should be planned. 
Ease in the new devices. In appropriate 
areas, plan to have analog and digital 
side by side, so the old system can be 
phased out and the new one phased in. 
The transition becomes more compli-
cated but consideration is given to hu-
man nature's reluctance to change. 
They know more about their job than 

you do and their input is needed. And 
when it is time for the change, train 
them in the use of the new equipment. 
The more the staff is trained, the more 
comfortable they are and the more 
time engineering can spend on other 
projects. i7e 

Margaret Bryant is the director of engi-
neering and technical operations at ABC 
Radio Networks, Dallas. 

For more information 
on production studio 

equipment, circle (100) 
on Reply Card. 
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Feature: Using ISDN 
for remotes 

Get ready for As ISDN becomes widely available, broadcasters have begun to use 
dial-up digital it in earnest. With appropriate equipment, ISDN allows near CD-

quality audio backhaul at affordable rates. Soon, there will be no audio. 
excuse for noisy bandlimited remotes or news feeds. 

By Theodric Young 

pwrivniTTerms 

0 ver the past few years, 
more broadcasters 
have been using 

switched digital telecommu-
nications to get their audio 
from one place to another. 
Switched digital services have 
largely replaced satellite com-
munications as a more eco-
nomical method of point-to-
point transmission of high-
quality audio. For about the 
price of a phone call, you can 
send broadcast-quality audio 
back from the field. 

Unlike satellite feeds, these 
connections are inherently 
bidirectional - you can send 
and receive audio at equally 
high fidelity on a single 
switched-digital circuit. This 
allows high-quality monitor-
ing and program back-feed-
ing at remotes, along with flex-
ible audio transmissions be-
tween stations and networks. 
Bridges offered by telephone 
companies can allow point-
to-multipoint distribution. 

Switched-56 
The first type of switched 

digital service available in the 
United States was Switched-
56.This line provides a single, 
full-duplex, synchronous data 
channel between two locations 
on a dial-up basis that oper-
ates at a data rate of 56,000 
bits per second (56kb/s). The 
two different types ofSwitched-
56 lines include 2-wire and 4-
wire. The type available to you 
will depend upon the type of 
central office switching equip-
ment that is used by your 
local phone company. 
A Switched-56 line will not 

work with a standard analog 
telephone. You need a special 
piece of terminal equipment 
at the end of the line. This 
equipment is known as a 
CSU/DSU (channel service 
unit/data service unit). The 
CSU/DSU handles the dial-
ing and call setup on the 
Switched-56 line, and trans-
lates the data between the telco 
network's alternate mark in-
verted (AMI) transmission for-
mat and a standard hardware 
interface format, such as V.35 
or RS-232. 

ISDN 
The successor to Switched-

56 is the Integrated Services 
Digital Network (ISDN), which 
is intended to become the 
standard universal phone ser-
vice of the future. ISDN is 
based on a set of standards 
and recommendations from 
the International Telephone 
and Telegraph Consultative 
Committee (CCITI) for send-
ing voice and data over a single 
digital telephone network Al-
though ISDN has been avail-
able in Europe and Japan for 
some time, it has only be-
come widely available in the 
United States in the past few 
years. If it is available in your 
area, ISDN is preferable to 
Switched-56. An ISDN line 
usually costs less than a 
Switched-56 line and can pro-
vide more than twice the digi-
tal bandwidth. 

Like Switched-56, an ISDN 
line has to be installed by your 
phone company, and in most 
cases, it cannot be routed 
through a PBX These lines 

use standard, unshielded 
twisted pairs (UTP) of copper 
telephone wires, however, so 
you probably won't need to 
have new wires run to or 
through your building to carry 
the service. 
The standard implemen-

tation of ISDN is the Basic 
Rate Interface (BRI) line. 
BRI includes two full-duplex, 
synchronous 64kb/s bearer 
signals (B channels) plus a 
16kb/s data signal (D chan-
nel) that is used for call signal-
ing and for sending X.25 
packet data. This configura-
tion is often referred to as a 
2B+D circuit. 
Just as in Switched-56, you 

need a special piece of termi-
nal equipment to connect to 
the ISDN line. This is called a 
tern-final adapter (TA). It con-
verts a standard data interface 
into the two-binary, one qua-
ternary (2B1Q) format used 
by the ISDN network The 
single, twisted-pair ISDN line 
that shows up on your door-
step is known as a U-interface. 
You will need a device called 
an NT-1 to change this U-
interface into a 4-wire S/T 
interface. Many TAs now come 
with a built-in NT- I, eliminat-
ing the need for this extra 
piece of equipment 
Some TAs allow you to 

make two simultaneous data 
calls to different locations on 
each of the B channels, at 
either 56 or 6411/s. Some 
also allow you to use inverse 
multiplexing (IMUX) to com-
bine both B channels into a 
single I 28kb/s datastream 
(more on this later). 
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Audio codecs 
The ISDN (or Switched-56) line is 

nothing more than a data transmission 
path. To use this channel for sending 
audio, you must turn your analog audio 
signal into a digital bitstream. A device 
that encodes and decodes audio into 
data is called a codec (short for coder/ 
decoder). A codec is inserted between 
conventional audio equipment and the 
terminal equipment for the switched digi-
tal network, as shown in Figure 1. 
There are many different protocols for 

encoding digital audio. For example, the 
stereo audio on a CD uses linear 16-bit 
PCM encoding with a 44.11cHz sample 
rate, which produces data at a rate of 
about 1,400kb/s. This is much more 
data than can be carried by a switched 
digital circuit By using a specialized bit-
rate reduction (or "data-compression") 
algorithm, however, this data can be con-
verted by the codec into a lower bit rate, 
allowing it to be transmitted over avail-
able switched digital channels while re-
taining reasonable fidelity. 
The most widely used method of send-

ing audio over switched digital telecom-
munication lines is a CCITT protocol 
known as G.722 This technique uses 
statistical models of human speech to 
digitally compress a 7.51cHz monaural 
audio signal down to 56 or 6411/s. The 
result, although a tremendous improve-
ment over analog phone lines, is still a far 
cry from CD-quality audio. The fact that 
this form of digital audio can be sent over 
Switched-56 lines has made G.722 
coders common in radio stations. (One 
manufacturer has developed a propri-
etaly 15kHz mono variant of G.722 
called Turbo G.722, which operates at 
112 or 128kb/s.) 

Perceptual coding 
In the quest for higher-quality digital 

audio at lower bit rates, a number of 
digital compression algorithms have been 
developed that rely on perceptual coding 
techniques. Most of these algorithms 
make use of the psychoacoustic phe-
nomenon known as masking to repre-
sent audio with fewer bits. 

Using a perceptual coding algorithm, 
extremely high compression ratios are 
achievable, allowing high-quality audio 
to be transmitted or stored at low bit 
rates. As the bit rate gets lower, however, 
more audio information has to be dis-
carded. Eventually, some noticeable deg-
radation of the audio will occur. Tradi-
tional methods for testing audio equip-
ment are meaningless with this new tech-
nology, however. The only proven way to 
evaluate the quality of these coding algo-
rithms is to conduct extensive subjective 
listening tests on a variety of different 
audio sources. 
The Motion Picture Expert Group 

(MPEG), under the direction of the Inter-
national Standards Organization (ISO), 

Audio Processing 
Technology (APT) 

Comrex Corporation 

Dolby Labs 

Intraplex 

MPR Teltech 

MUSICAM USA 
(formerly CCS 
Audio Products) 

RE America 

Telas Systems 

DEL ALGORITHMS 
SUPPORTED 

DRT128 apt-X100 

DSM100 apt-X100 
DXP.1 (xmit), Turbo G.722 
DXR.1 (rcv) 

Nexus Turbo G.722 

DX100 apt-X100 

DX200 ISO/MPEG Layer 2, 
Turbo G.722 

DP523, DP524 Dolby AC-2, 
Dolby  AC-3  

Series 4400 ISO/MPEG Layer 2, 
G.722 

LII Blue ISO/MPEG Layer 2 

Capella  ISO/MPEG Layer 2 
CDO PRIMA ISO/MPEG Layer 2. 

series G.722 

CDO 2000, ISO/MPEG Layer 2 
2001 

CDO1000 ISO/MPEG Layer 2, 
G.722 

 Micro series 
RE660 (xrnit). 
RE661 (rev) 

RE662 (xmil), 
 666666 (rev) 

Zephyr 

G.722 
ISO/MPEG Layer 2, 

G.722 

ISO/MPEG Layer 2, 
G.722 

ISO/MPEG Layer 2, 
ISO/MPEG Layer 3, 

G.722, 

SUD 11, TA 
INTE 

(kb/s)_. AV 
56 to 128 Yes Yes 

56 to 384 Yes No 
56 to 128 I No No 

56 to 128 Yes Yes 

56 to 256 Yes No 

56 to 384 Yes No 

56to 384 No No 

56 to 128 — Yes Yes 

64 to 384 Yes No 

56 to 384 No No 
56 to 384 Yes Yes 

56 to 384 No No 

56, 64 No No 

56, 64 No  No 
56 to 384 Yes No 

56 to 384 Yes Yes 

56 to 128 I Yes Yes 

Table 1. Audio codecs available today, with a few of their basic parameters. 

has conducted listening tests on a num-
ber of different perceptual coding algo-
rithms in recent years, and eventually 
adopted a set of digital audio compres-
sion standards. MPEG recommended 
three different compression algorithms, 
known as Layer 1, Layer 2 and Layer 3. 
In ascending order, each layer is more 

complex than the previous one and is 
designed to sound better at decreasing 
bit rates. For example, Layer 2 was opti-
mized for 128kb/s per audio channel, 
while Layer 3 was targeted to still sound 
good at 64kb/s. 

Technically, the MPEG standard only 
defines the decoding algorithm, which 

AUDIO  
(a) 

I/O .4  

CODEC 

(w/IMUX) 

64kbis  

641<bis 

AUDIO 
(13) CODEC 

I/O :1 

SIGNAL 
FORMAT: AES/EAnal°13 8Der 

S/PDIF  

• 
• 
• 

128kb/s  
.4 

or higher 

ISDN 
TERMINAL 
ADAPTER 

ISDN 
TERMINAL 
ADAPTER 
(w/IMUX)  

• 
• 
• 

NT-1 

• 
• 
• 

NT-1 

• 
• 
• 

• ISDN 
NETWORK 

• ISDN 
NETWORK 

Figure 1. Basic block diagram of inverse-multiplexed audio data transmission via ISDN, 
showing various signal formats employed. In (a), IMUX is handled by codec at both 
ends of the circuit, using any IMUX protocol that both codecs share. In (b), a higher-
speed data signal Is sent to the TA, which applies the standard BONDING protocol. 
Some TAs do not offer IMUXIng, while others can apply it to six or more B channels. Some 
codecs include a TA (and in some cases, an NT-1) internally. 
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Using ISDN 
for remotes 

should be identical in every decoder. The 
real magic of these algorithms lies in the 
encoder, and how well they work de-
pends upon how the available bits are 
allocated. Refinements to the encod-
ing algorithm are being made all the 
time, and some manufacturers claim 
that their encoding sounds much bet-
ter than other systems. A few codecs are 
equipped with a method of upgrading 
the internal software to take advantage 

of new refinements in coding algorithms. 

Choosing a codec 
Several things need to be considered 

when choosing from the many audio 
codecs available. (See Table 1.) For ex-
ample, some systems house their en-
coder and decoder in separate units, 
while others combine both units in one 
chassis. Some are more scalable than 
others, meaning that they can be oper-
ated over a wider range of bit rates. Some 
can operate in several different modes 
(mono, stereo, dual mono, joint stereo), 
while others are more limited. (Dual 
mono operation allows two independent 

Sub-medget flange Bayonet Wedge base 

Direct replacement LED lamps add value 4 ways. 
You wouldn't use a vacuum tube if a 

transistor was available, so why go on 
using incandescent bulbs now that 
LEDTIZONICS offers direct replacement 
LED lamps? 

LEDs last up to 20 times longer so 
they slash maintenance costs and down 
time. 

LEDs help other components last 
longer by generating almost no heat 
and thus reducing ambient temperatures. 

LEDs consume up to 90% less 

energy so they reduce utility costs and 
batteries last longer. 

LEDs can tolerate more shock 
and vibration so they are ideal for 
severe duty applications. 

For more information on our direct 
replacement LEDs, call us at (310) 534-
1505 or FAX us at (310) 534-1424. 

LEO THON/CS 
More Choices, More Light. 
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mono audio channels to be coded simul-
taneously without crosstalk joint stereo 
exploits the commonality between chan-
nels of a stereo signal for additional 
compression.) All codecs require some 
processing time to apply their data com-
pression, but some introduce longer 
throughput delay than others. (Long-de-
lay codecs may require alternate moni-
toring schemes for live announcers.) 
A growing number of codecs can oper-

ate at higher bir rates than 128kb/s. For 
ISDN application, this implies the use of 
additional IMUXing across multiple BRI 
circuits. Hardware is available from au-
dio codec manufacturers for IMU,Cmg 
up to three BRI circuits (i.e., up to six B 
channels), allowing high-quality transmis-
sions up to 384kb/s. In most cases, the 
BOND/NGprotocol is used for IMU3Cmg. 
It can be applied either in the TA, the 
codec or a separate IMUXing box. (See 
Figure 1.) The term BONDING has be-
come somewhat synonymous with in-
verse multiplexing, but it is actually an 
acronym for a specific IMUX algorithm. 
The acronym is derived from Bandwidth 
ON Demand INteroperability G1191.11A If 
IMUMng is applied in the codec, a pro-
prietary algorithm may be used. 
BONDING is called a "set-and-pray" 

algorithm, meaning that it establishes its 
synchronization across multiple B chan-
nels only when the call is initially set up. 
If anything changes during the transmis-
sion (e.g„ a line drops or synchronization 
is lost), no recovery is possible without 
starting over. CCITT has developed a new 
IMUX protocol known as J.52, which 
would allow dynamic monitoring of the 
inverse multiplexing process. To do so, 
J.52 takes up a small amount of the ISDN 
bandwidth throughout the transmission 
(unlike BONDING, which is inactive af-
ter call initialization). Given smart enough 
hardware, J.52 would allow a codec to 
adjust its output data rate - and a TA to 
redial and resyncluonize - in the event of 
a line-loss during an IMUXed transmis-
sion. But the complexity ofJ.52 and the 
acceptable performance of BONDING has 
kept manufacturers from quickly imple-
menting the new standard, leaving BOND-
ING as the de facto IMUX standard. 
Some codecs include built-in ISDN 

terminal adapters, either with or without 
NT-1 interfaces. Memory on some such 
codecs can be used to store call setup 
information. Several codecs offer ancil-
lary data transmission of up to 9.6kb/s, 
and/or control inputs and closures, us-
ing their compression algorithms' auxil-
iary packet-data capacity. A few systems 
provide AFS/EBU or S/PDIF digital 
audio I/O, as well. Other options include 
Windows software for external PC con-
trol of codecs, on-board diagnostics and 
other display features, and variable audio 
sampling rates. (For voice or other re-
duced-bandwidth applications, a lower 
initial sampling rate like 16 or 24kHz 
requires less data compression to pro-



duce a sufficiently low output bit-rate.) 
The configuration you choose from all of these options will 

depend upon your particular application(s). You may also want 
to make sure that your codec has the same data interface (V.35, 
RS-449, X21, etc.) as your TA or CSU/DSU, although data 
interface converters are available. 

Problems with ISDN 
Deployment of ISDN is not yet complete, and in many rural 

areas the service will not be available for some time. Most areas 
should have ISDN access by the end of 1996, however, at 
prices comparable to standard telephone service. But having 
ISDN service and hardware installed doesn't mean that using 
it for audio bacldiaul will be easy. Numerous compatibility 
issues must be sorted out before your ISDN audio transmis-
sion is truly "plug and play." 

First, your terminal adapter must be properly configured to 
your telephone company's specific flavor of ISDN. (Four 
variations of ISDN service can be encountered in the United 
States alone.) This should be sorted out when your service is 
established and your line is issued its service profile identifier 
(SPID), which includes the line's dial-up numbers. Next, your 
codec must be compatible with the codec in use at the other 
end. Even when the same algorithm is employed, variations 
between manufacturers or models can create incompatibili-
ties. Finally, if IMUXing is used, these compatibility problems 
can be compounded. 

Long-distance remotes can be particularly appealing with 
ISDN because of the relatively low cost of service, but dealing 
with two different phone companies and a long-distance carrier 
complicates matters. For this reason, a number of service 
bureaus offer "packaging" of long-haul ISDN links. These 
businessPs work with radio stations to determine their needs 
for a remote link, then deal with the various micos to imple-
ment the service. The station pays no fee for the packaging 
because the service bureaus take a commission on the sale 
from the micos they work with (similar to travel agents). Some 
service bureaus also can provide terminal equipment and 
codecs on a rental or lease basis. 

Multiple codings 
While the digital audio data compression used in ISDN 

transmission is a tremendously enabling technology, it also has 
a dark side. As digital audio compression technology pervades 
the broadcast industry, broadcasters need to be aware of the 
effects of multiple generations of coding on audio programming. 

Because the perceptual coding algorithms attempt to use as 
few bits as possible to represent an audio signal, a fair amount 
of quantizing noise is added in the encoding process. In general, 
the algorithms are clever about where they add this noise, eying 
to add it only in places where you cannot hear it because it is 
masked by adjacent louder frequencies. But running this audio 
through the same encoding and decoding process over and over 
will add more and more noise and artifacts to the original audio. 
Eventually, perhaps after five or six iterations, this noise will 
exceed the masking threshold and become audible. 
For this reason, it may be wise to avoid digital compression 

systems unless absolutely necessary. In addition, using more 
bits for coding audio (Le., applying a lower data-compression 
ratio) will introduce less noise, so it is advantageous to usc 
higher bit rates whenever possible. In most rasps, less compres-
sion also means less throughput delay. 
Used sensibly, ISDN and digital audio codecs can provide 

broadcasters with powerful, flexible and cost-effective ways to 
transport audio signals, either across the street or around the 
planet. Bi 

Theodric Young Is satellite systems engineer for Monitor Radio, 
Boston and chief engineer at WMBR-FM, Cambridge, MA,  

iFor more information on digital audio codecs, circle 
(101) on Reply Card. See also Audio Coders & 

Decoders: p.49 of the BE Buyers Guide, 
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Field Report: 

Denon 
DN-995R 
MiniDisc 
recorder 

By Christopher H. Scherer 

Features 
at a glance:  

• Small size (three across in 
a rack) 

• Long record times 

• Non-proprietary media 
format 

• Versatile connection 
options 

• Parallel remote control 

• Tally and cue indications 

• Internal and external clock 
synchronization 

• Easy-to-use controls 

• PC control in Windows 

Christopher H. Scherer, OBRE, is 
chief engineer at WMMS-FM, 
Cleveland. 

It is understood that digital audio has changed our lives. Many types of media 
are available now that take advantage of 

the benefits, some of them proprietary and 
some of them becoming universal. Imagine 
the ens(' of DAT tape, with the random 
access of compact discs, and you imagine 
MiniDisc. 
The MiniDisc uses magneto-optical re-

cording for a robust, recordable and re-
usable storage system. Using the Adaptive 
Transform Acoustic Coding (ATRAC) data-
reduction scheme, up to 74 minutes can be 
recorded onto a single disc. The Denon DN-
995R is a MiniDisc recorder, built to act 
and function like a cart machine. With the 
familiar layout Denon uses on its CD play-
ers, jumping in and using the DN-995R 
should be simple. 

The controls 
The basic controls are well-marked and 

easy to use. The PLAY/PAUSE and STDBY/ 
CUE (standby) are lit but-
tons that can easily be seen. 
As the name implies, PLAY/ 
PAUSE is a toggle function. 
The STDBY/CUE is used to 
cue to the last PAUSE point 
or the new track selected. 
Track selection is done with 
the rotary SELECT knob. 
The PLAY MODE selector 
is behind the select knob, 
allowing for single track or 
continuous play. The RECord 
switch lens is red, and when 
pushed, glows brightly so 
there is no mistake that you 
are recording. 
The SEARCH buttons al-

low frame-by-frame cuing of 
a selection. Time elapsed 
and remaining is toggled using the DISPlay 
button, and it is possible to listen to the end 
of a track using the END MONitor button. 
The length of the end monitor is adjustable 
in the machine setup. These last buttons 
also have secondary functions when labeling 
individual tracks. The MODE button is used 
to acePss the editing functions, such as track 
or disc labeling, and moving, combining or 
splitting of tracks. 
The large EJECT button is to the right of 

the disc slot. This is a mechanical eject, and 
it will be interesting to see the long-term 
wear of the mechanism; it does feel sturdy 
when the machine is new. Also, it is possible 
to lock-out eject during playback or record-
ing to prevent accidental use. 
The fluorescent display shows quite a bit 

of information. The 24-segment peak-level 
meter is enough to give you a good indica-
tion of the audio level. There is also a 13-
character matrix display for time and track 
label information. The 3-digit track number 
indication could be larger, especially for an 
on-air application. 
Other indications are: Eject Lock, TOC 

(table of contents), EDIT, CUE, REM (to 

show elapsed or remaining time indica-
tion), VARI and DIGITAL IN. 
The controls' positions are similar to 

other Denon products, giving them a famil-
iar feel. The PLAY/PAUSE and STDBY/ 
CUE buttons are bright enough to easily be 
seen and recognized, and because they have 
chip LEDs instead of lamps, the lamps will 
not need frequent replacement. 

The ins and outs 
The rear panel is filled with connectors. 

Analog audio in and out is through XLR 
connectors, as are the AES/EBU connec-
tions. Next to the analog XLRs are the level 
set trim pots. There is a 9-pin D-sub for 
RS-232C or RS-422A (switchable) connec-
tion, and a 25-pin D-sub for parallel remote 
connection. Two BNC connectors for exter-
nal synchronization are internally switch-
able for high or low impedance. There is 
also a headphone jack (1/2 -inch TRS), but 
without a level control, it is probably better 

suited for an unbalanced 
audio out. 
Denon also provides the 

ACD-19 software package 
to interface a PC running 
Windows to control the ma-
chine functions. This makes 
the task of labeling tracks 
lees tedious than when you 
use the front-panel controls. 
Some features on the DN-

995R really are special. You 
can access a menu of op-
tions by pressing the MODE 
and STDBY/CUE buttons 
simultaneously. This menu 
has all the operational set-
tings, such as SCMS en-
able/disable, eject lock dur-
ing playback/recording, cue 

detect level and so on. There are actually 29 
options you can change, and the 30th entry 
is the software version number. 
The selection of analog or digital inputs is 

in this menu, and it is an option I would 
prefer to see elsewhere, because it is some-
thing that could possibly be changed fre-
quendy. However, as the first option choice 
in the menu, it is easy to locate. 
One option I found particularly useful 

tells the machine what to do after playing a 
track in the SINGLE play mode. You are 
given three choices: Stop, Recue or Next. The 
options all have ideal applications in the air 
studio, production studio and for live pro-
duction (news or theater) accordingly. 
Stop is similar to replay lock-out. When a 

track finishes, the machine will not play 
again until, a track is manually selected. 
Recue does just that, it recues the same 
track again for play and is perfect for mul-
tiple takes with the same music bed. The 
NEXT option cues the player to the next 
track in sequence. If the machine was being 
used for news actualities, the entire actual-
ity list could be kept on one MiniDisc, and 
automatically recue to the next cut, like a 
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cart. Most of the other options deal 
with less-frequently modified settings, 
but allow the machine to be custom-
ized to suit almost any need. 
Another function of the MODE but-

ton is placing CUE points within a 
track Cue points could be used for 
simply marking specific 
points for alter recall or for 
triggering external events 
becausethe machine will pro-
vide an open collector or thy 
closure output (The diy clo-
sure is determined by the 
tally preset in the software.) 
This can be used like a cart's 
secondaty tone or the In-
dex 3 on broadcast CDs for 
cuing or sequencing. 

Editing 
Although some basic edit-

ing can be performed on the 
DN-995R, don't throw out 
your splicing block and ra-
zor blade just yet. The sim-
plest edit function involves 
simply moving tracks. The 
machine automatically re-
numbers a disc after moving 
tracks, so track selection 
progresses numerically. 
The actual track is not 

moved physically on the disc, but the 
User Table of Contents (UTOC) infor-
mation is modified to reflect the change. 
You can split an individual track into 

two tracks using the DIVIDE function. 
A single track is divided, and the two 
new tracks are given the name of the 
originating track I would have pre-
fened that it give one of them a modi-
fied name for keeping things straight. 
Using the COMBINE function al-

lows you to create a single track from 
two adjacent tracks giving the new track 
the name of the first one. You can also 
erase individual tracks or a complete 
disc. 

Using these functions, it would be 
possible to edit a complete track by 
dividing it into several sections, then 
moving the wanted sections together in 
the proper order and moving the un-
wanted sections out of the way. You 
could then combine the wanted pieces 
back into a single track, and erase the 
tracks that are unwanted. I tried this 
using voice tracks for a spot and from a 
news actuality, and although tedious, it 
can be done. You can even preview a 
Combine function by listening to the 
tracks in the continuous playback 
mode. By playing the first track, and 
then letting it play into or cuing up the 
second track, you can hear how the 
final edit will sound. 

Editing music was a bit more diffi-
cult, but not impossible. As you are 
shifting a divide point, the DN-995R 

plays the last three seconds of audio 
so you can hear the edit point. The only 
problem I discovered was while trying 
to combine two non-adjacent tracks 
when the first one was less than 10 
seconds long. The machine can 
seamlessly play two non-adjacent 

The Denon DN-995R MiniDisc cart recorder. 

The Windows interface certainly adds 
to the function of the machine, and 
with two DN-995Rs interfaced to the 
same computer, you can copy tracks 
from one to the other, supplementing 
the editing capabilities. To copy, you 
simply select what tracks you want to 

copy, which places them in 
a copywindow.You can then 
change the order in which 
they will be copied to the 
target disc. When the ex-
ecute command is given, 
the audio is passed between 
decks at real time via the 
AES/EBU connection, while 
the track information is 
passed via the RS-232/RS-
422 port. You can also ac-
cess all the options that are 
available on the front panel 
in the Windows software, 
with the advantage being that 
you can see all of them at 
once. The ACD-19 software 
can communicate with serial 
ports 1 through 4 on a PC. 

Finally, the operating 
manual appears as though 
it was originally written in a 
language other than English, 
and then translated by some-

tracks, and does so by relocating the 
pickup to the second track during the 
last 10 seconds of playing the first 
track. If it must play four seconds from 
one disc location and then continue 
from another location, it does not have 
enough time to complete its operation. 
When you try to combine tracks that 
are not adjacent physically, the display 
gives the error message "Can't com-
bine." 

Looking through 
the window 
The DN-995R comes with software 

that allows you to control it through 
Windows 3.1. The decks 9-pin D-sub 
allows connection to an unused COM 
port on a PC. The Wmdow's control 
panel gives you access to any of the 
machine functions, with point-and-click 
buttons for accessing the editing and 
setup functions, and the interface is 
clean and straightforward. There is a 
slight delay when a command is given 
(Play, Cue), that is barely noticeable. 
The real advantage of PC control 

appears when labeling and re-labeling 
tracks or discs. Because you have a full 
ASCII keyboard, you can easily enter or 
change text, instead of turning a select 
knob. Also, track selection is somewhat 
simplified since the screen can show 
you 10 tracks at one time. Simply click 
on the desired track, then click STBY/ 
CUE. The screen also shows you the 
full track title. 

one who does not speak En-
glish as a native language. Although the 
meanings can be understood, some-
times the sentence structure is confus-
ing. Perhaps Denon could retranslate 
the manual. 
The MiniDisc format has shown some 

acceptance in the audio industry. Its 
small size and large (data-reduced) stor-

One useful option 
tells the machine 
what to do after 

playing a track in the 
SINGLE play mode. 

age capacity will be attractive for the 
space-conscious. The DN-995R is de-
signed to act like a cart machine, giving 
it a familiar look and feel, but the long 
recording time and physical small me-
dia size do not make it a direct replace-
ment. Some people would naturally be 
concerned with the data reduction. 
The long record time makes it good 

for longer program playback such as 
interviews. If MiniDisc is a format you 
are interested in trying, you should 
consider the Denon DN-995R 
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News: 

DAR laboratory testing 
finished 

Digital Audio Radio (DAR) has com-
pleted laboratory testing at the National 
Aeronautics and Space Administration's 
(NASA) Lewis Research Center in 
Cleveland. 
Tested under the sponsorship of the 

EIA DAR Subcommittee and the Na-
tional Radio Systems Committee's 
(NRSC) Digital Audio Broadcast Sub-
committee, collective results were re-
viewed by proponents and Subcommit-
tee members in August Further evalua-
tions will take place during the Subcom-
mittees' meetings through the fall. 
However, USA Digital, AT&T and the 

VOA have filed protests with EIA over 
testing procedures used for IBOC (in-
band on-channel) testing. They say that 
the equipment used to simulate 
multipath interference was adjusted in-
correctly, resulting in poor IBOC per-
formance in multipath rejection tests. 
Each system will be field tested in sev-
eral San Francisco stations over the next 
few months. 

RFI interference may become 
private responsibility 

The FCC is investigating the idea of 
privatizing the handling and resolving of 
RFI interference problems. 

Following in the footsteps of Canada 
and Great Britain, who already have 
privatized RFI handling, the Tampa 
Office of the FCC's Compliance and 
Information Bureau (CIB) is undertak-
ing a pilot project to determine the 
feasibility of such a program in the 
United States. 

In July, a meeting was held to begin 
exploring the possibility of privatization. 
Moderator Ralph Barlow, FCC engineer-
in-chief, said that RFI represents a prob-
lem to the public that is large enough 
that the FCC can't handle it alone. Barlow 
believes that putting the responsibility in 
the hands of the private sector will create 
an opportunity for stations to provide a 
service and Will promote job growth. 
Barlow cited the new RFI standards 

of the telephone industry saying, "You 
maywish to establish liaison with power 
companies. Cable companies may wish 
to contract with you to resolve interfer-
ence complaints for them. Telephone 
companies may refer customers to 
you." 

Barlow asked attendees for proposals 
on the best way to put a program in 
place that would allow for the privatized 
resolution of RFI interference to home 
electronic equipment 

R and R Hall of Fame opens with large radio presence 

Labor Day weekend in Cleveland 
saw the long-awaited opening of the 
Rock and Roll Hall of Fame and 
Museum. This event attracted radio 
and TV coverage from 15 countries 
and more than 10,000 visitors for 
the monumental ribbon-cutting cer-
emony. 
The opening was the culmination 

of more than 10 years of planning 
and $92 million. The local Society 
of Broadcast Engineers (Chapter 70, 
northeast Ohio) extended assistance 
to the event and Ameritech installed 
about 600 telephone lines, both 
POTS and ISDN. The media com-
mand center had a temporary 100-
line PBX installed and GTE Mobilnet 
installed a temporary cell-site on a 
crane for additional coverage. 
One of the more visible additions 

was "Radio Row" at the north end of 
East 9th Street Tents were erected to 
house 43 radio stations and net-
works to cover the weekend. Of the 

32 out-of-town visitors, about 20 
used ISDN for audio transmission 
and backhaul. The SBE helped by 
arranging Ameritech assistance, and 
in one case, loaned a station com-
plete emergency broadcast setup. 
Ameritech installed 20 ISDN and 
70 POTS lines for Radio Row. 
The Rock Hall also includes a per-

manent radio studio on the 5th floor 
sponsored by Radio Shack. This stu-
dio houses a Wheatstone A-300 con-
sole, three Denon 961 CD players, 
two Tascarn reel-to-reels, a Telos di-
rect telephone interface with Delta 
Hybrid, a Telos Zephyr ISDN inter-
face, two Technics turntables and 
Electro-Voice RE-20 microphones. 
The first station to operate from 

the newly built studio was Cleveland's 
WMMS-FM. 

Information and photo provided by 
Christopher H. Scherer, CBRE, chief en-
gineer at WMMS-FM, Cleveland.  

Revised EBS test script allows for 
30-second test 

The FCC has adopted a revised test 
script for EBS testing. When used with 
the new 8-second EBS alerting tone, 
broadcasters will be able to perform a 
weekly test in 30 seconds using the 
following steps: 
• Discontinue normal programming. 
• Broadcast this statement "Fhe fol-

lowing is a test of the Emergency Broad-
cast System." 
• Transmit the attenuation signal for 

eight seconds as specified in Section 
11.32 of the EAS rules. 
• Broadcast this statement "This sta-

tion is testing its Emergency Broadcast 
System equipment The EBS will soon 
be replaced with the Emergency Alert 
System. The EAS will provide timely 
emergency warnings. This station serves 
the (insert EBS/EAS local area name) 

area. This concludes this Emergency 
Broadcast System test" 
• Resume regular programming. 
Broadcasters still need to make sure 

that all EBS tests from their own sta-
tions or stations that they monitor are 
recorded in the official station log. 

Expanded AM-band proposal 
gets its figures checked 

Engineering calculations for deciding 
who will receive frequency allocations 
for the expanded AM band (1605-
1705kHz) are being rechecked by the 
FCC's AM engineers. 
The allocation plan had already been 

sent to the commissioners by the AM 
Branch, and the current checks have 
sent it back to the staff level. Future 
proposals by the AM Branch will deter-
mine if the plan may have to be com-
pletely recalculated. el 
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BUSINESS   
MPR Teltech Ltd., Vancouver, BC, 

has been chosen as the supplier of 
MPEG audio encoders for Ottawa-based 
International Datacasting's Audio/Data 
Satellite Broadcast Systems. 

The Telos Systems' live remote sys-
tem, Zephyr, was demonstrated during 
the grand opening of the Rock and Roll 
Hall of Fame and Museum. Several 
broadcasters and syndicators used the 
Zephyr including: WCBS, New York; 
VVXTR, Chicago; WMMR, Philadelphia; 
KYYS, Kansas City; WBAB, Long Island; 
WEFX, Norwalk; WMMS, Cleveland; 
ROCKLINE; the CBS Radio Network 
and Westwdod One/The Source. 

National Public Radio (NPR), Wash-
ington, DC, is offering technical services 
and its state-of-the-art audio production 
facilities in Washington, New York, Chi-
cago and Los Angeles for hire by do-
mestic and international broadcast-
ers. The studios are equipped to handle 
call-in programs, live interviews, audio 
mixing, voice tracking, and domestic and 
international transmission. 

DG Systems, San Francisco, CA, 
and ABC Radio Networks have 
formed an alliance to create a new 

digital audio distribution system that 
will integrate existing satellite and 
landline communications, server and 
switching technology, and station traf-
fic and automation systems. The alli-
ance will result in increased flexibility 
for network radio advertising, im-
proved access to ABC's products and 
services and streamlined administra-
tive processes for affiliates. 

Scientific-Atlanta, Atlanta, GA, has an-
nounced that its satellite digital audio 
products now support MPEG audio com-
pression, as well as Scientific-Atlanta's 
SEDAT audio compression. The com-
pany licensed the MPEG audio technol-
ogy from MPR Teltech, a subsidiary of 
BC Telecom, Vancouver, BC. ABC Ra-
dio will receive the first Scientific-Atlanta 
digital audio receiver systems incorpo-
rating MPEG and SEDAT. 

Communications Data Services, Inc. 
of Falls Church, VA, has announced the 
availability of the Fryer's Site Guide 
Database on a variety of digital media 
including 4mm or 8mm tape, floppy 
diskettes, ' /2-inch 9-track magnetic tape 
and CD-ROM. The guide is a compre-
hensive listing of telecommunications 
facilities for the United States, including 
Alaska and Hawaii. The database pro-
vides latitude/longitude coordinates, 

Business/People: 

height AGL or AMSL, city name for the 
location, and contact information for 
owners and managers. For more infor-
mation, call 800-441-0034 or 703-
534-0034. 

PEOPLE  
Chester A. Massari has been named 

vice president-general manager of Har-
ris Allied's Broadcast Division, Quincy, 
IL 

David IL Layer has joined the Na-
tional Association of Broadcasters as a 
senior engineer. 

Eric Rhoads, a long-time broadcaster 
and station owner, is publishing a col-
lection of more than 900 photographs 
chronicling radio's impact on American 
history. The book, "A Blast From The 
Past: A Pictorial History of Radio's First 
75 Years," explores the metamorphosis 
of radio from the first broadcast at 
Pittsburgh's ICDKA on Nov. 2, 1920, to 
the radio talk show phenomenon of 
today. For more information, call Celia 
Rocks at 704-322-3 1 11. ISI 

Pull Listeners with the Finest Audio 

The System 1000 Modular Audio Package 

• Mono and Stereo Line Level Power DA -s 
• Single and Dual Mic-Pre Power DAs 
• Numerous Other Audio Modules 
• Remotely Controlled Daughterboards 
• Mono & Stereo Card Edge Metering 
• Redundant Power Supplies 
• New - Instant Installation 

"lee 'eta ' 
...the measure of excellence'' 

The System 1000 delivers the absolute finest perfor-
mance! All line level and mic-pre DAs use Power air 

topology for a signal that won't quit. Daughterboards pro-
vide remote gain, remote mode control, test signals, voice 
overs, reverse IFB, a mono mix, and more. With 10 addi-
tional modules, from a 4x4 mixing router to a 10 channel 
loss of audio alarm, the System 1000 was designed to handle 
your specific needs. Like NPR and SMN, do wonders for 
your sound by investing in the finest. Call Rory Rall today. 

BENCHMARK MEDIA SYSTEMS, INC. 
PPegn.. 500-262-4675, FAX 315437-8119 

Circle (28) on Reply Card 
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New Products 

All-solid-state ¡MW transmitter 
Harris Allied 
PI> DX 1000: an all-solid-state megawatt medium-wave transmit-
ter featuring improved on-air reliability; the DX 1000 operates 
five identical 200kW water-cooled power blocks in parallel; each 
power block uses 239 identical and interchangeable 1.5kW solid-
state RF amplifiers; the output from individual power blocks is 
summed in a 5-way combiner, designed for 'N-1' operation; if a 
fault occurs, the system will retune for 800kW operation and place 
the faulted power block into a test mode, allowing on-air mainte-
nance; an industrial-grade programmable logic controller (PLC) is 
used for main transmitter control. 

Circle (150) on Reply Card 

Level converter 
Henry Engineering 
• Matchbox IL an updated version of Matchbox, a level 
converter used to interface semi-pro unbalanced audio equip-
ment with professional equipment that requires balanced 
audio lines at +4dBm; Matchbox II features user-program-
mable gain options for compatibility with PowerMac and other 
digital audio sources, enhanced audio performance, and up-
graded gold-plated connectors for reliability. 

Circle (151) on Reply Card 

Microphone mixer 
Audio-Technica 
II> SmartMixer: a smarter, quieter and more versatile version of 
SmartMixer, a 4-channel automatic microphone mixer; new fea-
tures include: transformerless input design to further minimize 
noise, switchable mic/line inputs and outputs, an added master 
gain control, switchable phantom power on individual channel, 
rms/peak meter functions and a manual mode switch that allows 
the AT-MX34 la to function like a conventional mixer; each 
channel has its own priority pre-select switch and if all priority 
switches are off, the SmartMixer opens one mic at a time, switching 
to the next only when the controlling channel becomes silent; when 
a single channel is set to the "on" priority, that microphone has the 
ability to override all other microphones; when all channels are set 
to the "on" priority, any number of microphones may come on 
simultaneously. 

Circle (153) on Reply Card 

Mixing console 
Mackie 
111 SR24•4: a 24x4x2x1 console featur-
ing high headroom, low-noise mic pre-
amps with phantom power, the SR24•4 
integrates features from the 8•Bus and the 
compact series to provide features such as 
3-band EQ with swept mids and smooth 
custom faders; console also includes chan-
nel mutes and soloing, six independent 
balanced AUX sends with masters, 
sweepable MID (100Hz-8kHz) tape assign 
to monitor or L/R mix switch, and double 
busing to feed eight tracks at once. 

Circle (152) on Reply Card 
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Stereo encoder 
Orban 

8208 digital stereo encoder: a compact, stand-alone unit that accepts either 
analog or AES/EBU digital inputs; all the encoding is accomplished in the digital 
domain by a dedicated DSP chip; the digital input automatically synchronizes to 
any sampling rate from 321tHz to 48kHz; the 8208 responds to status bits in the 
AES/EBU datastream that may be used to turn de-emphasis on or off; both analog 
and digital inputs are electronically balanced and floating on XLR-type connectors 
with levels adjustable by recessed front-panel triunpots; rear-panel BNC connectors 
are provided for two subcarrier inputs that are summed into the 8208's two 
composite outputs. 

Circle (156) on Reply Card 

Headsets 
Audio-Technica 

ATH-M40 and ATH-D40: two models of closed-back, dynamic precision 
studiophones; the ATH-M40 features a flat, extended frequency response; the 
ATH-D40 provides a bass-enhanced frequency response that is ideal for use with 

drums, bass and other low-frequency 
sound sources; features include 
high SPL capabilities and comfort-
able circumaural earpieces that can 
be rotated 180° for 1-ear monitoring; 
both models use 401m-n drivers with 
neodymium magnets and copper-clad 
aluminum wire voice coils; each pair 
is equipped with an 11-foot cable 
terminated in a standard 'At-inch con-
nector; the ATH-M40 features a fre-
quency response of 5Hz to 28kHz, a 
sensitivity of 100dB and an imped-
ance of 6011; the ATH-D40 offers a 
frequency response of 20Hz to 28kHz, 
a sensitivity of 102dB and an imped-
ance of 6611; both models feature a 
maximum input power of 1,600mW 
at lkHz. 
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Fiber-optic distribution system 
BEC Technologies Inc. 
• net a fiber-optic distribution system that is fully compatible with BEC's ProLine 
series of digital audio-signal distribution products; the series is comprised of the 
AD2 stereo analog input module and the DA2 stereo analog output module, both 
of which communicate in 20-bit digital; the modules offer a 2-channel alternative 
that acts as a single stereo point-to-point link or can be used to add or drop two 
channels at a time onto a full 64-channel audio local area network (A-IAN); the 
modules also provide two additional data channels for control and monitoring by 
tying other manufacturer's equipment into the network. 
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Compact disc player 
Tascam 
• CD-301MK11: a second-generation 3U rack-mountable CD player that features 
an advanced 1-bit delta-sigma D/A conversion system, an industrial-grade midship-
mounted transport mechanism, balanced and unbalanced outputs, and SP/DIF 
digital output; other features include an auto cue function with two sensitivity levels, 
remote fader start capability, a single play function, and timer on/off switch; the 
unit's outputs are both XLR +4dBm balanced and RCA -10dBv unbalanced pin 
jacks; this unit can play 8cm or 12cm compact discs. 

Circle (157) on Reply Card 

Think of 
Them as 
Reference 
Monitors 
You Can 
Wear 

When you need to hear exactly what 

you've recorded... nothing more, 

nothing less... then only Sennheiser's 

HD 25 SP will do. Excellent isolation, 

with clear, accurate reproduction 

are the trademarks of these reference-

quality headphones. Plus, they're 

MUCH more comfortable than 

wearing speakers. 

Your project studio is incomplete 

without the HD 25 SP. Check them out 

today at your local Sennheiser dealer. 

171 SENNHEIZER 
6 VISTA DRIVE, P.O. BOX 987, OLD LYME, CT 06371 

TEL 203.434.9190. FAX: 203.434.1759 

IN CALIFORNIA: 4116 WEST MAGNOLIA BLVD. SUITE 100, 
BURBANK, CA 91505 • TEL:818.845.7366: FAX: 818.845.714D 

IN CANADA:221 LABROSSE AVE., PTE-CLAIRE, PO 898 183 
TEL: 514.426.3013 FAX: 514.426.3953 
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New Products 
continued 

Digital telecom interface card 
Industrial Computer Source 
-4 Model COMMPORTEIV56: a high-speed digital telecom-
munications interface card for ISA and EISA bus computers that 
is nearly five times faster than a 24.4kbps V.42 bis analog modem; 
COMMPORTER/56 operates as a combined channel service 
unit (CSU) and data service unit (DSU) and provides connectivity 
to standard 4-wire, switched-56, telephone circuits offered by 
local exchange and interchange carriers; full-duplex data rates of 
561clils (switched circuit) and 64kb/s (dedicated circuit) are 
supported; plug-and-play compatible with a variety of operating 
systems such as MS-DOS, Windows, Unix, etc., and most data 
communications software such as PROCOMM or Crosstalk. 
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Audio mixing consoles 
Soundtracs 
• Topaz Mini: provides four mono and four stereo inputs plus two stereo 
effects returns into a stereo output suited for keyboard mixing, stereo 
recording and conferences. 
• Topaz Macro: provides 10 mono and two stereo inputs plus 
two stereo effects returns into a stereo input; ideal for fixed 
installation, larger keyboard configuration mixing and MIDI-
based recording studios. 

Topaz Maxi: available in two sizes, 24-4-2 and 32-4-
2; the 24-channel version has 20 mono and two stereo inputs 
and the 32-channel version has 28 mono and two stereo inputs; a 
unique switching arrangement allows conversion from a 4-group output 
console to an 8-group output console by adapting four of the eight auxiliaries; 
suited for sound reinforcement applications or 4- and 8-track recording. 
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Hard-disk recording system 
Soundscape 
• SSHDR1: an 8-track disk recording system (expandable 
to 128 tacks) that uses an IBM-PC as its front-end with all 
numerical computation taking place in the 2-rack space 
unit; using standard IDE drives, the unit performs all 
standard DAW functions, as well as having 64 bands of fully 
parametric EQ,, full chase lock to MTC, full expandability 
and crystal semiconductor 64x oversampling sigma-delta 
converters for excellent sound quality; available in three 
versions: the standard model with RCA analog and digital 
I/O (SP/DIF), the SSHDR1Pro with RCA and XLR analog 
and digital VO (AFS/EBU), and the new SSHDR1R with 
removable drive cartridges. 
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Graphics software 
Otani 
• Radar View: graphics software package that allows Otari's 
Radar hard-disk multitrack recorder to monitor complex 
recording sessions from one source; the Radar View visual 
interface displays the instantaneous status of all functions 
provided by Radar's comprehensive RE-8 session controller; 
all information is displayed simultaneously on one window; 
the software includes 24 input/output meters, large SMPTE 
time-code display, audio display of all 24 tracks with multi-
level zoom capability and digital audio routing status for 
internal AES/EBU, SP/DIF and optional ADATLink ports. 
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CD changer 
Denon Electronics 

DN1400F: a 200-CD changer that employs 
two separate transports to quickly access any CD; 
a CD in one tray can be loaded and cued while a 
CD in the second tray is playing for unintentrupted 
playback; the. unit also allows simultaneous playback 
from the two transports for monitoring,/cuing or for 
independent playback; the unit occupies 19-inch rack 
space and stores up to 200 CDs, 100 per tray. 

Circle (187) on Reply Card 
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Compact DA 
Radio Design Labs 

RU-BDA3: an ultracompact DA that occupies Va-rack 
space; the unit provides a front-panel XLR input and input 
connections on the rear panel full-sized barrier block; 
inputs can be strapped to provide phantom power through 
the standard XLR input connector; when rack-mounted, a 
line level signal can be hardwired into the unit inside the 
rack; both the front-panel input XLR connector and the 
rear-panel input terminals are active at all times and gain 
trim is provided on a front-panel control accommodating a 
range of line-level signals; outputs are driven through XLR 
connectors on the front-panel and are 15011 balanced to 
drive short or long balanced lines; a 24VDC power supply 
input is provided on full-size barrier block connections on 
the rear panel. 
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Composite audio processor 
MicroCon Systems Ltd. 
• FM FlesiMod: a flexible FM signal management system 
based on the DBE-1000 composite processor; system 
can be configured in a wide variety of operating modes 
including broadbrand and high-frequency limiting appli-
cations with either an internally generated and phase-
locked stereo pilot or pilot reuse from the stereo genera-
tor, the proprietary processing engine is a hybrid limiter-
clipper with extremely low second harmonic distortion 
products; the FM FlexiMod combines high-speed limiting 
and ultraclean, low-distortion clipping. 
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Software 
TimeLine 
• Studioframe version 6.20: a software package that 
adds significant productivity, user interface, and speed 
enhancements to the Studioframe system; the 
Studioframe waveform re-drawing is significantly faster 
regardless of the zoom-view level used; the newly en-
hanced function operates on any individual track or on 
all tracks simultaneously; using customizable menus 
and accelerator keys, an advanced custom interface 
allows Studioframe users to redesign the edit control 
interface to suit their individual styles. 
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CREATE A MASTER CLOCK SYSTEM 
ECONOMY MASTER CLOCK CAPABLE OF DRIVING 100 SLAVES FOR $260.00 

5 DIGITAL SLAVES FOR UNDER $1000.00 

e - 
eMASTER CLOCK 
• ESE TIME CODE OUTPUT 

• EXTERNAL SYNC INPUT 

• 1PPS OUTPUT 

• 3 TYPES OF ENCLOSURES 

• DRIVE iœ DIGITAL SLAVES 

• NEW "LX" ENCLOSURE 

• SYSTEMS UPGRADABLE TO 
CRYSTAL, VVVVV, MODEM 
AND GPS 

oosn 

-quit -ffloussommumr 
142 SIERRA ST., EL SEGUNDO, CA 90245 • (310) 322-2136 / FAX: (310) 322-8127 

• 

ES-192A 

41111à 
12 59 59 

ES-192AP 

12 59 59 e 

NEW! LX-192A 

,. , 40 i  8-#-;- // 35 IMPULSE 

CLOCK 

// / / i 7 6 
eDIGITAL SLAVES 
• 5 TYPES OF ENCLOSURES 

• 4 SIZES OF LED's 

• DISPLAY TIME OR DATE 

• OPTIONAL TIME ZONE OFFSET 

• VIDEO INSERTER 

• COMPUTER INTERFACE 

• MANY OPTIONS AVAILABLE 
1111111M, 

MEW 3 YEAR WARRANTY 
PRACTICAL SOLUTIONS SINCE 1971 
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Matrix switcher system 
Jasoni Electronics 
• Model 2000: a matrix switcher system designed for use 
with analog reel-to-reel tape machines for dubbing from reel 
tapes to analog tape cart machines or digital hard discs (can 
also be used with any stereo analog sources); the 1-rack size 
unit is five inches deep and has XL,R connectors for I/O 
connections; eight output selections allow the highest qual-
ity transfer from source to dub. 
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RPU receiver 
Marti Electronics 
• SR-10: a frequency-agile RPU receiver; the unit features 
full remote control capability and six preset channels that 
can be scanned; an LCD display is used to show all 158 
channels in the 450MHz and 455MHz RPU bands. 
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Graphic addition to DCS 
Computer Concepts 
• CartRack a graphic addition to DCS that puts an 
announcer's carts on the screen; each on-air talent can set up 
and assemble an individual rack of carts and get instant 
access to each sound effect or snippet of audio as many times 
as needed. 

Circle (167) on Reply Card 

Audio switcher 
Electric Works Corporation 

DMX-4: a software-programmable stereo 4-
channel audio switcher that mounts directly into a 
full-length 16-bit slot on any IBM PC-compatible 
computer; four unbalanced stereo inputs under 
the software control of programmable DAC devices 
terminate in one balanced stereo audio outpu4 in 
addition to the stereo switching, mixing and fading 
controls, the DMX-4 also includes a summed 
mono balanced audio output and has provision for 
software selectable external level controls for each 
source; connections for eight incoming logic clo-
sures are included and the DMX-4 can generate up 
to eight outgoing logic closures through software; a 
buss jack allows limited interconnect ability with 
other DMX-4 cards on the same motherboard. 

Circle (168) on Reply Card 

D.L. MARKLEY 
& Associates, Inc. 

CONSULTING ENGINEERS 
2104 West Moss Ave. 
Peoria, Illinois 61604 

(309) 673-7511 
FAX (309) 673-8128 
Member AFCCE 

CHAN & ASSOCIATES 
BUSINESS DEVELOPMENT • SI-RAI-Er...lc MAR.-mac • Pueuc REunotas 

CURTIS J. CHAN 
PRESIDENT 

2212 HERITAGE WAY 
FULIBRTON, CA 92633 
PHONE: (714) 447-4993 
FAR: (714) 578-0284 
PAGER: (714) 506-1357 

JOHN H. BATTISON P.E. 

CONSULTING BROADCAST ENGINEER, 

FCC APPLICATIONS AM, FM, TV, LPTV 
Antenna Design, Proofs, Fieldwork 

2684 State Route 60 RD '1 
Londonville, OH 44842 

419-994-3849 

SERVICE COMPUTER AND BROADCAST picture 
monitors vcrs cameras switchers and much more. 
Installation and design of entire broadcast studios. 
You buy the equipment we install. Call Pathway 
Electronics (216) 654-3392. 

RADIO AMERICA 
Bulletin Board Service 

Buy & Sell Radios 
All brands - New & Used 

Hundreds of listings for Ham, 
Two-way and Broadcast users. 
Sign on now with your modem 

1-520-526-4000 
No charge to callers 

P.O. Box 30007, Flagstaff, AZ 86003-0007 
Main Offices (520) 526-6000 

Invest your 
advertising dollars in 
BE Radio Classifieds! 

Bitee te 
HELP WANTED 

HELP WANTED TECHNICAL Results-oriented, 
good communicator with experience in high power 
AM/FM, directional and studio maintenance. Digi-
tal audio, computer literacy a must. Full-power, 
top-rated Southwest stations with state of the art 
equipment. Contact Classified Ad Coordinator, BE 
Radio, Dept. 900,9800 Metcalf, Overland Park, KS 
66212-2215. 

HELP WANTED TECHNICAL Chief Engineer. 
Growing, Virginia group seeks certified engineer 
for regional 5-station operation. Extensive experi-
ence in broadcast engineering, digital automation 
and processing, and computers required. Our 
highly-rated properties are located in a beautiful 
and growing forty mile region with extraordinary 
outdoor and cultural activities. A Great Opportu-

nity! Send resume to Classified Ad Coordinator, 
BE Radio, Dept. 901,9800 Metcalf, Overland Park, 
KS 66212-2215. EOE. 

PROMOTE YOUR SERVICES 
and increase business for as low as 

'45N per column inch or '1.75 per word 
in RE Radio Classifieds. 

Call 1-800-896-9939 
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TOWER SERVICES 

FOR SALE 

ALERT! ALERT! ALERT! 
From EBS 20 to EAS 8 in $94.00 flat... 

Comply and avoid tune-out! 
Send us you working EBS equipment and we'll recalibrate it to new 8 
second EAS Standard for ($94.00 including return shipping via surface.) 
Expedited shipping requires an upcharge. Call for a Repair Authorization 
number and further info... 

From the service Pro's at Harris Allied 
PHONE 317/962-8596 extension 234 

• 3ryi ffrn Deb te •s tr• ire eib 
NI/ 'Miff %I NV 

• SONY 
• FUJI 

• MAXELL 
• AMPEX 

Ma 

(800) 827-3462 
ORDERS TAKEN TILL 7PM EST 

• CD-R 
• DAT 
• ADAT 
• DTRS 

6 NEW LIGHTS by Ac-cetera 
LUMIN-EZE: 

• Standard • Deluxe • Halogen Pro • 
• Battery • Dual Deluxe • Dual Battery • 

Models illustrated are 
Halogen Pro 
& Dual Battery 

For more 
information call 

1-800-537-3491 

TOWER LIGHTING 
CONTROLS 

For Aviation Obstruction 
Lights, Beacons, and Strobe 
Light Systems 

Photelectric controls 
that conform to FAA 
requirements for airway 
obstruction lighting. 
A wide variety of mod-
els also available on a 
custom basis. 

-4. PRECISION _ - 
PRECISION MULTIPLE CONTROLS. INC. 

33 GREENWOOD AVE. • MIDLAND PK., NJ 07432 
TEL. (201) 444-0600 • FAX (201) 445-8575 

EQUIPMENT WANTED 

MERCENARY 
AUDIO 

WANTS TO BUY YOUR: 

NEVE-SSL-TRIDENT-AMEK 
UREI-TELETRONIX-FAIRCHILD 

PULTEC-LANG-LEXICON 
UNIVERSAL AUDIO-NEUMANN 

AKG-TELEFUNKEN-AMS 

ANYTHING THAT IS 
OF EXCEPTIONAL 
AUDIO QUALITY! 

"this is not a problem" 
(508)543-0069 TEL 
(508)543-9670 FAX 

HEAD RELAPPING/ 
REPLACEMENT 

All tape and film formats 
Motor Rebuilding 

35 years experience 
• 

350 N. Eric Drive 
Palatine, IL 60067 
708-358-4622 

GE SUPER RADIO WITH IMPROVED AM AND 
SCA - $95. SCS RT1 SCA Card - $20. Johnson SCA 
880A SCA Card - $45. Pocket SCA Receiver - $40. 
Call SCS Radio Technology, 800-944-0630 or 417-
881-8401. 

NEUTRIK CONNECTORS AND PATCH CABLES 
Discount pricing, for info call or fax: Green Dot 
Audio, Nashville 615-367-9242. 

"Great article! Can we 
get copies for our clients 
and sales force?" 

For a free price 
quote, contact 
Chris Lotesto, 

toll-free at 
800-458-0479 

or 312-435-2359. 

lek44aip 

CLASSIFIED 
ADVERTISING 
RATES 
Advertising rates in BE Radio Classi-

fied Section are $45 per column inch, 
per insertion. There is a one inch mini-
mum. 

Ads may also be purchased By-The-
Word for $1.75 per word, per insertion. 
Initials and abbreviations count as full 
words. Minimum charge is $30 per in-
sertion. 

Contact Matt Tusken at 
(800)896-9939 

or fax (913) 967-1735 
to advertise in BE Radio Classifieds. 
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SALES OFFICES 

Reader 
Service Number 

Advertiser 
Hotline Page Number 

Advanced TV Summit 22-23 
Audio Precision 5 
Belar Electronics Laboratory  37 
Belden Wire & Cable 12 
Benchmark Media Systems 41 
Burk Technology 25 
Computer Concepts Corp. 11 
Conex Electro Systems 8 
Continental Electronics   IBC 
Electro-Voice I FC 
ESE  45 
Gepco 25 
Harris Allied   1 
Harris Allied  19 
Henry Engineering 37 
Ledtron ics, Inc.  36 
Lightwave Systems Inc.   15 
Musicam 9 
Orban, Div. of AKG Acoustics  3 
Scott Studios Corp. 13 
Sennheiser Electronics Corp  43 
Telos Systems 7 
Wheatstone Corporation  BC 
Wheatstone Corporation  21 

22   913-967-1969 
11   800-231-7350 
10   610-687-5550 
8  800-235-3364 
28   800-262-4675 
17   800-255-8090 
7  913-541-0900 
14   206-734-4323 
25   214-381-7161 
24   616-695-6831 
26   310-322-2136 
18   312-733-9555 
4  217-222-8200 
21   217-222-8200 
9 818-355-3656 
16   310-534-1505 
15   214-741-5142 
6 908-739-5600 
5   510-351-3500 
13  800-330-3004 
20 203-434-9190 
12   216-241-7225 
3   315-452-5000 
27   315-452-5000 
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Skip Pizzi, Radio Editor 
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MEMBER ORGANIZATIONS 
Sustaining Members of: 
• Acoustical Society of America 
• Society of Broadcast Engineers 
Member, American Business Press MP 
BE RADIO (ISSN 1081-3357) is published bi-
monthly (except an additional issue in August) and 
mailed free to qualified recipients by Intertec Publish-
ing Corporation, 9800 Mercal Overland Park, KS 
66212-2215. Non-qualified persons may subscribe 
at the following rates: USA and Canada, one year, 
$30.00; all other countries, one year, $35.00 (surface 
mail), $70.00 (air mail). Application to mail at Sec-
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With this new 
addition to 
Continental's 
816R Series of 
FM Broadcast 
Transmitters, 
there's no need to 
think turning 30 
will make life 
more difficult. 
Features like 
our patented 
"Soft-StartTM" Continental 816R Seri 
SCR circuit, automatic power output control, 
automatic filament voltage regulation, auto-
matic power interrupt cycle, and dual VSWR 
protection circuitry all help keep this 30 kW 
running at peak performance! 

And Continental's 816R Series 30 kW is easy 
to keep in shape. Major components and 
assemblies are located for easy maintenance 
access, including the slide-drawer mounted, 

• re 43. 
EZI e e EZI 

c&igeccig, 
cdir‘ip&te 

solid state IPA. 
To reduce opera-
tional complexity, 
our 30 kW fea-
tures complete 
front panel con-
trol and status 
indicator arrays, 
breakers, and 
performance 
monitors. Unlike 
"older" competi-

es 30 kW FM Transmitter tive units, with 
designs requiring external help, Continental's 
30 kW is completely self-contained. The 
power supply and harmonic filter are internal 
to the positive pressure cabinet, significantly 
reducing floor space and installation require-
ments. 

So turning 30 is not really as difficult as you 
might think.., not with Continental's 816R 30 
kW FM Broadcast Transmitter! 

11.94-103 

For nearly 50 years, Continental Electronics has provided excellence in broadcast 

transmission products worldwide. Refuse to compromise... call Continental first! 

PO BOX 270879 • DALLAS, TEXAS 75227-0879 • 214/381-716'1 • FAX 214/381-4949 

Circle (25) on Reply Card 
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It Feels Analog 

411r., 

The 

Ss_ 

D-500 Digital 

7305 Performance Drive, Syracuse, NY. 13212 
(tel 315-452-5000/fax 315-452-0160) 

fir 

12-500 

Audio Console • 

Wheotrtone Corporation 
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