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Failure is not an option. You need failsafe power! 

In this business, nothing is worse than dead air. And if your 
Arbitron PPM' encoder quits, you're dead in the ratings. That's 
why we built the PowerSwitch, our new automatic AC power 
controller. It will seamlessly switch between your Main and 
Backup PPM'' Encoders, so you get the ratings you've earned! 

PowerSwitch sports two standard AC outlets to supply power 
to Main and Backup equipment. You can also use it to 
remotely re- boot PCs or turn anything on or off. PowerSwitch 
is remarkably easy to use. 

You can operate it with its convenient front panel pushbut-
tons or remotely control it via external GPI contact closures. It 
will sound an audible alarm to alert nearby staff whenever it 
switches to Backup mode, while vivid LEDs indicate its status. 
You'll barely know it's there. Until you need it. 

POWERSWITCH' 
FAILSAFE AC POWER CONTROLLER 

MAIN 
BACKUP 

ALARM 

As long as we're talking power, check out our PowerClamp 
series of Transient Voltage Surge Suppression (TVSS) units. 

Designed specifically for broadcast applications, these are the 
most advanced TVSS units in the industry. 

They'll get rid of the nasty 
power spikes that can 
knock you off the air. 

Nothing else out there 
comes close. 

WE BUILD SOLUTIONS. 
DIGITAL SOLUTIONS. ANALOG SOLUTIONS. FUNCTIONAL. RELIABLE. AFFORDABLE. 

Visit www.henryeng.com for all of Henry's solutions! 

HENRY 

FE 
ENGINEERING 

Henry Engineering • 503 Key Vista Drive, • Sierra Madre, CA 91024 USA • T: 626.355.3656 • F: 626.355.0077 • email: Info@henryeng.com 

Arbitron and Arbitron PPM 'm are trademarks of Arbitron Inc. Used with permission. 



While the two usual suspects slugged it out in the loudness war, 
we quietly developed the ultimate weapon for the REAL challenge: 

E ' „„, A  
Basic loudness is simply not the draw it was in the last century. 
Today, with so many options for audio delivery, getting and 
keeping listeners means you need to SOUND GREAT across 
all media. That's why we developed VORSIS - to deliver clean 
compelling audio that cuts through the muck without fatiguing 
those all-important ears. 

With Vorsis, we rethought the whole process - developing 
new tools to let your station deliver the best possible sound to 
each and every one of those 20th century radios, not to men-
tion the great new standard and hi-def radios being produced 
in THIS century. 

With Vorsis, you're never stuck with your processor's signature 
sound. You have a full toolset to create your own magnificent 
sonic signature - one your listeners can key into just by scan-
ning the dial. For the first time, you have the capabilities of 
bringing true fidelity to FM, AM, and HD/DAB radio. 

Intrigued? Call us or visit us on the web to learn more or set 
up a demo. You'll be happy you did. Vorsis - more listeners 
listening more. 

WHEATSTONE 
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Radio has evolved. Your sound should too.TM 
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Fully automated or live 
assist play out software. 

Advanced features for 
radio stations including 
easy satellite network 
integration. 

Fully configured and 

broadcast ready play out 
systems and networks. 

Optional music, advert & 
promo scheduling software 
and remote control hard-
ware. 

Music library available. 

SkimmerPlus 

Have you packed your walking shoes? Hurry. It is Spring 
NAB Show time. 

If you can manage it, you should be there. It may involve 
some difficult budgetary choices. But Las Vegas room rates 

are low this year, and some airline packages (air/room) are 
downright cheap. Yet, strangely, we hear some companies do 
not want their people to go. 

That is unfortunate, since the biggest reasons for atten-

dance are the prime opportunities for continuing education. 
Whether you attend one of the manufacturer's seminars or 

visit one-on-one on the show floor, you will come away with 
knowledge valuable to you and your employer. 

By the way, do not forget the 17th Annual Lunch Gather-
ing at Noon on Tuesday. (For additional information, see 
www.oldradio.com/nab.htm) 

DOING MORE 

Indeed, gaining the knowledge, training and expertise 

that characterizes a radio engineer is as important as ever. 

But more must be done. The struggle for respect continues. 
Some good efforts exist on the state level, but there is little 
national effort to educate the owners and managers. In far too 
many places, the local engineer is completely on his own. 

Radio Guide tries to do its share. In addition to our 
articles, we were the first - and only - publication to develop 

a three day, hands-on seminar to help engineers better under-
stand transmission systems and their maintenance - at a cost 
affordable even by contract engineers. 

Keep watching. Radio Guide is planning something new 

to benefit the engineering community. - Rade Guide - 

Advanced 24/7 audio 
logging and skimming. 

Single or multiple channel 
recordings triggered by 

time or external triggers. 

Archive capability satisfies 
or exceeds logging 
requirements in many 
countries. 

Password protected 

remote web playback or 
FTP transfer of audio 
archive. 

Broadcast Software International 

503 E. 11th Avenue, Eugene, OR 97401 USA 
Direct: 541-338-8588 Fax: 541-338-8656 
www.bsiusa.com sales@bsiusa.coin 
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The Met's Matthew Galek is a Real-World Super Hero 

The Metropolitan Opera 
sets the standard for great sound. 

And it's chosen ACCESS to let the world listen in. 

"Opera is one of the most challenging 
musical genres to do complete justice 
to di a broadcast, but ACCESS makes 
it easy." 

—Matthew Galek, Broadcast 
Engineer for The Metropoilton Opera 

put Comrex On The Line. 

0 110111114 WV 
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Not content to rest on its laurels, the most renowned and respected opera company in the world is determined 
to connect with the widest possible audience—in the highest audio fidelity. With engineer Matthew Gclek 

at the transmission helm, the Metropolitan Opera broadcasts its Saturday matinee to an ever growing 

number of affiliates using ACCESS (and the optional AAC suite) in multistreaming mode. With ACCESS, 

the Met's broadcasts offer all the sonic richness it's famous for—over the most 

challenging IP network s.ACCESS delivers mono or stereo over DSL, Cable, 

Wi-Fi, 3G cellular, sotellite, POTS (yep, ACCESS is a full featured POTS 

codec and works seamlessly with Matrix, Vector and Bluebox)—plus some services you may not have even 

heard of. Given the challenges of the public Internet, it's no small 

boast to say that ACCESS will perform in real time 

over most available IP connections. 

AAC-SOFTWARE 

Contact Comrex today and find out how 

ACCESS can help you become a Real-World 

Super Hero—wherever you are! 

< A.ccass> 

19 Pine Road, Devens, MA 01434 USA Tel: 978-784-1776 • Fax: 978-784-1717 • Toll Free: 800-237-776 • www.comrex.com • e-mail: info@comrex.com 



Axia PowerStation Takes 
IP-Audio to a New Level 

Telos launched its Axia Audio division in 2003 to bring 
a new idea to broadcast plants: a standards-based routing 
infrastructure that would bring consoles, peripherals, phone 
systems, computer workstations — any audio equipment — 

together into one powerful network. 

Using Ethernet and a protocol called Livewire, real-time 
uncompressed IP-Audio (sometimes referred to as AolP) 
streams could be instantly routed between users; thousands of 

signals at a time. Six years later, Axia has well over 1,000 
consoles and routing networks in the field — and dozens of 
partner companies who have used Livewire to join the Axia 
network. 

At NAB 2009, they will unveil PowerStation, a new 
console/routing system that consolidates all the elements of 

an IP-Audio studio into a single rack-mount device. 

A NEW CONSOLE CORE 

We sat down with Axia President Michael "Cott sh" 
Dosch to learn more about this new product. Michael has a 

long history in the professional audio industry, but is best 
known for his work as principal console designer at PR&E 
during the 1980s and 1990s. 

Q: How did the idea for PowerStation originate? 
Michael Dosch: Our clients tend to be very passionate 

about Axia. From the very beginning, they raved about how 
Axia saved them installation time compared to traditional 
methods, the money they saved using Ethernet instead of 
cable bundles, and how much easier 1P-Audio was to work 

with than everything else. The PowerStation concept came 

out of discussions with multiple clients about how to make 
Axia consoles even better. Putting everything in one box was 
a client idea. So was adding redundant power. 

Q: What is PowerStation? What does it do? 

MD: PowerStation is our new console core; it represents 

the next generation of IP-Audio. What previously would have 
required multiple devices now is consolidated into one single, 
easy-to-deploy device. 

Q: "Next generation of IP-Audio'"? What do you mean? 
MD: Axia originated the idea of using Ethernet to route 

broadcast-quality audio around the radio plant. After six 
years, we've gathered a lot of experience and client feedback, 
which we've put to use designing PowerStation. 

INSIDE THE BOX 

Q: So what is inside? 

MD: PowerStation has a very powerful DSP mixing en-

gine, a super-duty power supply, digital and analog audio inputs 
and outputs, plus GPIO for device control and a built-in 
Ethernet switch for expansion. It's very easy to set up and use 
— you simply connect PowerStation to an Axia control surface 

and you have a complete console. It can be a stand-alone 
console or it can connect to other PowerStations or other 
Livewire equipment to create a networked studio complex. 

Q: I thought all Axia gear was networked. What do you 
mean by "stand-alone console?" 
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The rear panel of PowerStation showing microphone 

inputs, analog and AES inputs & outputs, GPIO ports and 
multiple Ethernet expansion ports. 

MD: It's simple: the back of the PowerStation has all the 
audio and logic connections needed for a radio console. 
Connect your devices and your Axia control surface and you 
have everything you need. No external network is required; 

it's all in the box. Of course, you can expand beyond the 

stand-alone console whenever you're ready. There are plenty 
of Livewire ports on the back of the PowerStation to connect 

computer workstations, phone systems, processors, and even 
more PowerStations. 

Q: PowerStation has redundant power? 

MD: Yes, this was a result of some client requests for a 
backup console power supply. But here's the twist: since 
PowerStation contains the studio's mixing engine, audio I/O, 
and Ethernet switch as well as the console power supply, 

adding backup power safeguards not just the console, but the 
entire system. So PowerStation gives you redundant console 
power, redundant mix engine power, redundant power to the 
Ethernet switch — backup power to everything. 

Q: I see a connector for the backup power; it is a separate unit? 
MD: There are two parts to PowerStation: Main and Aux. 

You always have a Main. The Aux unit is optional, and when 
you add that, you get the backup supply. Plus, it doubles the 
amount of audio inputs and outputs and logic ports. 

EXPANDABLE 

Q: Let us say you have a PowerStation Main and Aux but 
you need even more audio I/O. What then? 

MD: Simple; Just plug in an Axia Audio Node to one of 
PowerStation's Ethernet ports. Audio Nodes have eight in-
puts and eight outputs each, and are available for Analog, 

AES and microphone sources. Of course, you may not need 
as much discrete audio I/O as you think. 

Q: Why is that? 

MD: Well, more and more broadcast equipment suppliers 
— companies like 25/Seven, AudioScience, ENCO, Interna-
tional Datacasting, BSI and others— are making products with 
built-in Livewire capability. And these connect directly to 
one of PowerStation's Ethernet ports, so no additional analog 
or digital audio I/O is required. These devices speak to the 
Livewire network natively. The added bonus is that these 
devices connect with just one Ethernet cable for all of their 
inputs, outputs and GPIO control, so hooking them up takes, 
literally, about ten seconds. 

SIMPLIFYING SETUP 

Q: Critics of IP-Audio have said that systems are too 
complicated to set up. Does PowerStation address this? 

MD: Yes. PowerStation comes preconfigured with basic 
console functionality; everything is accessible using your 
standard web browser. All you do is plug in your sources and 
then give them friendly names. These same friendly names 
show up as available network streams and on the console 

channel strips. There are also more advanced features, if you 
want, such as multi-studio networking. 

Another feature that dramatically eases setup and deploy-
ment is something we call Simple Networking. We realize 
that not everyone is building a big, multi-studio complex, so 
our engineers designed in the ability to daisy-chain up to four 

PowerStation studios using the built-in Gigabit ports. This 
creates a networked studio complex without the need for an 
external core switch. Of course, if you want to add more 

studios, or add PowerStation to an existing Axia studio 
complex, just connect it to your core switch. 

Q: What other features does PowerStation have that 
might not be readily apparent? 

MD: Take a look at the heat sinks on each side. 

PowerStation is totally fan-free. We know how important it is 

for studio equipment 

to be silent, so we de-

signed PowerStation 
to dissipate heat with-
out the need for cool-

ing fans. It also means 
one less moving part, 
as well. 

Sometimes cli-
ents need to connect 
studios that are in 

different parts of a 
building, or some-

times in different 
buildings altogether. 
PowerStation's 
switch has two SFP 

them directly over 
tions. 

by Matt Thomas 

A cover-off shot shows the audio 
I/O board plus the power supply 

and DSP board mounted vertically 
to heat sinks. 

ports, so you can actually network 
long distances using fiber connec-

AN ECONOMICAL CHOICE 

Q: Obviously, you need a console to work with 
PowerStation. 

MD: Yes, PowerStation connects to our Element 2.0 

console. Connection is very easy; there's just one cable 
between the two for power and control. 

Element 2.0, the newest version 
of Axia's popular console. 

Q: I have heard of Element. but not "Element 2.0." What 
is new there'? 

MD: Our philosophy is one of constant refinement and 

improvement. We solicited ideas from Axia clients, and 
recently released a major update to Element that includes new 
features like headphone processing and voice processing 

from Omnia, a virtual mixer that lets clients build customized 

utility mixes, such as might be useful when running automa-
tion or satellite systems, automatic mix-minus on every fader, 

and a record mode for phone calls that automatically delivers 
a split feed to the recording device of your choice. 

Q: So, how does the cost of a PowerStation studio 
compare to a discrete Axia build? 

MD: PowerStation will usually save money when com-
pared to the multi-box solution — as much as 25%. 

Q: Are there any other new items that we should watch for 
at NAB? 

MD: Yes, we're expanding our line of router control 

accessories, including programmable soft switches, XY con-
trol panels, et cetera. We also will be bringing an Axia 
Intercom system that seamlessly integrates with our consoles 
— based on Livewire, of course. 

Mau Thomas is a freelance technical writer based in 
Naugatuck. CT. He can be reached ai matt@betweenbrain.com 
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How do uou III an entire remote 
truck in a single box? 

GET A LIVE 
VIDEO DEMO 
RIGHT NOW 

www.tieline.com/videos 

OR CALL: 

800-780-4750 

40 • 

Just choose Tienne... 
The Tieline i-Mix G3 IP Codec includes: 

• A wireless-capable 6- input digital mixer 
with a cross point digital matrix router 

• Bi-directional audio ià simultaneous 
communications circuits with 4 
headphone controls/outputs 

• BGAN Satellite capable at 32kbps and 
higher over IP as well as ISDN and 
POTS 

• IP and POTS Codecs with wireless 
3G/3.5GIP, ISDN, X.21, GSM and 
Satellite Codec capability 

• On-board relay and RS-232 with full 
studio remote control 

www.tieline.com 



FCC Focus 
RFR Compliance is a Shared Responsibility 

by Cary Tepper 

A radio station in Oregon that leased antenna space on 
a multi-tenant communications tower structure was re-
cently fined $ 10,000. The FCC cited the station because its 
"broadcast operations contributed at least five percent of 
the RFR levels, exceeding the maximum permissible expo-
sure limits applicable to facilities, operations or transmit-
ters, thereby placing hundreds of people at risk." 

The FCC's actions should serve as a wake-up call to all 
communications providers that share their transmitting 
site. 

RFR LIMITATIONS 

Part 1 of the FCC's Rules and Regulations contains 
provisions implementing the National Environmental Policy 
Act of 1969, and Rule 1.1310 defines the maximum 
permissible exposure ("M PE") limits for certain transmit-
ters, including those that serve the radio and TV industry. 
The exposure limits are defined in terms of spectrum 
frequency, field strength, power density and exposure 
time. 

As you probably know, there are guidelines for occu-
pational-controlled exposure (such as tower maintenance 
crews) and general population-uncontrolled exposure (such 
as members of the general public that might work, reside, 
or traverse near the transmitting site). 

With regard to the Oregon situation, the FCC took 
issue with the uncontrolled exposure limits. Automobile 
access to the site was restricted but hikers, skiers, and 
members of the general public were easily able to get close 
to the communications tower. 
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VIOLATION 

The FCC determined that the collective RFR exposure 
limits from all the tenants on the tower structure placed the 
general public at risk, especially since there was inad-
equate signage and no physical barriers such as fencing. 

Apparently the Oregon broadcaster admitted the possibil-
ity of RFR problems in its license renewal application and 
promised to resolve the issue but never submitted any follow-
up information. About three years later, in response to a 
complaint, an FCC Inspector determined that the site was 
RFR non-compliant. The FCC concluded that the Oregon 
broadcaster and the other tenants on that tower never took the 
proper measures to bring that site into compliance. 

It is important for broadcasters to understand that each 
tenant on a communications tower is automatically as-
sessed some level of contributory responsibility for RFR 
compliance and general tower maintenance, even if they 
are not the owner of the structure. This is consistent with 
other FCC Rules and Policies that place some level of 
responsibility on all tenants on a tower structure, to ensure 
that the antenna structure registration is accurate and that 
the tower lights and paint are properly maintained. 

PREVENTING PROBLEMS 

Broadcasters should keep in mind that any new tenant on 
a tower will impact their RFR liability, as will any equipment 
that might become defective. If another broadcaster messes 
up and causes RFR issues, strict interpretation of FCC policy 
says that your operations will be considered to be a contrib-
uting culprit unless you take steps to fix the problem. 

Determining whether a potential health hazard might 
exist at your transmitting site is not always an easy matter. 

Factors which you must consider include ( 1) the frequency of 
each RF signal being transmitted at that site; ( 2) the transmit-
ter power output (TPO) and effective radiated power (ERP) of 
each user at the site; ( 3) how long someone will be exposed 
to the RF signal(s) at a given distance from the tower struc-
ture; and (4) what other antennas are located nearby. 

All the tenants on a tower should cooperate, periodi-
cally measuring the overall RFR compliance, ensuring 
proper fencing is installed around all towers located in 
areas which are easily accessible to the general public, and 

making sure that all RFR warning signs are conspicuously 
visible to the general public. These common sense mea-
sures are often ignored so please double check what mea-
sures are in place at your tower site(s). 

RFR COMPLIANCE GUIDE 

Although many broadcast owners and managers are 
intimidated by engineering issues such as this, it is impor-
tant that all key personnel at your station have a fundamen-
tal understanding of RFR compliance. 

The FCC has a booklet entitled "A Local Government 
Official's Guide to Transmitting Antenna RF Emission Safety: 
Rules, Procedures, and Practical Guidance." This is a rela-
tively easy to read booklet, and should be available for all your 
personnel to look at in your studios. You can obtain a copy free 
of charge from the FCC's web site or by sending me an email. 

Although the booklet is no substitute for engineering 
counsel, it does succinctly summarize the FCC's Rules and 
Policies in this area, provide basic guidance on how to 
determine if your site is categorically excluded from RFR 
exposure limits, and contains a handy checklist so you can 
self-evaluate your RFR compliance status. 

Cary Tepper is a principal of the law firm Booth. Frerei, 
Imlay & Tepper. PC in Bethesda, Maryland. Contact him at 
tepperlawgaoLcom 
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Newswir Talk Sports MusicwAudio Logging 

Voice Trackin,g Traffic ,& Billi ng 

• 25 years of experienc 

• Real time avail reports 

Optimized scheduling ( yield management) 

Scalable ( small to enterprise) 

• Fast and accurate billing 

• Open item A/R 

• Single- multi- remote user access 

EDI Invoicing 

Radio, Television Et Cable 

Compatible with all major automation 

systems 
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Off air Et dear air alerts 

Compliance Et verification 

Web browser access 

Talent a market monitor 
Podcast recorder 

• Available in Spanish 
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• Mic Et time skimming 

RADIO AUTOM 
ssis c-on- ar Drive 

• " Smart Promo" produces professional sounding 

"Coming up next" style promos 

• Watch windows for each commercial break 

• Clock synchronization for perfect joins! 

• Powerful features allow for complete control 

• Interfaces with all major traffic Et billing software 

• Buffered liners play correctly each time 

• Control CDS 32 SAT remotely by phone or Internet 

• Automate syndicated and local sports 

• 24/7 product support available from the 

made famous for fast Et friendly support 
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BOOTH N8007 

Pristine Systems 
over 25 years of 

Broadcast Automation 
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HINTRONIC LABS 
YOUR TOTAL SOLUTION 

UNIPOLE HITS 

DETUNE SHIRT 

HITS 

INDOOR 

DUMMY 

LOAD 

SOURCE FOR AMID READY 

PRE-FAB 

BUILDINGS 

DUMMY LOADS 

COMBINERS OUTDOOR/INDOOR 

PHASORS 

ANTENNA SYSTEMS 

COMPLETE 

SYSTEMS 

FM/STL 

ISO-

COUPLERS 

BUILDINGS 

• RF FEEDER SYSTEMS DESIGNS 

• SITE PLAN DEVELOPMENT 

• GROUND SYSTEM DESIGNS 

• INSTALLATION SUPPORT 

COME SEE US AT OUR NAB BOOTH: 

#N5217 

IN STOCK 
AND 
READY 
TO SHIP 
CALL FOR 
DETAILS 

JENNiNGS 

•  

1.423.878.3141 or www.kintronic.com 
Radio Guide - March-April 2009 PAGE 9 



RF Guide 
The First AM Low Profile Kinstar Antenna 

Commences Operation at KCST-AM in Florence, OR 
by Tom F. King, Kintronic Labs 

More and more communities and neighborhoods across 
America are growing tired of the proliferation of cellular 

telephone and other towers. The result is the establishment 
of revised local zoning laws lowering the maximum allow-

able height for new structures — often below usable heights 
for AM stations — and creating expensive headaches for 

many of those stations. 

FCC-APPROVED SOLUTION 

A solution for AM non-directional station operators has 

finally appeared. On January 11, 2009 the first Kinstar low 
profile antenna was placed on the air by KCST-AM Radio in 
Florence, Oregon. The station operates on 1250 kHz with 

900 Watts daytime, 37 Watts at night. 

Conceived by Star-H Corporation, particularly Dr. 
James Breakall, Professor of Electrical Engineering at 
Penn State University, and developed into a marketable 

broadcast product by Kintronic Labs, the Kinstar an-

tenna was officially Type-Accepted by the FCC on Octo-
ber 25, 2005. 

It is approved for use by fulltime omnidirectional 
operation in the AM band in the US market in accordance 

with Public Notice DA 05-2741, entitled "Media Bureau 

Adopts Simplified Application Procedures for AM 
Nondirectional Kinstar Antennas." 

ELIMINATING ZONING ISSUES 

KCST owner Jon Thompson was faced with needing to 
replace his 57.89 meter ( 190 foot) tower. The site chosen 
by his engineering team, 1.3 miles from the old site, faced 
a local zoning height restriction of 72 feet, less than four-
tenths of the original height. 

Contract engineer, R. Sparks Scott, recommended that 
KCST consider the Kinstar antenna. Further investigation 
with his consulting engineer, Bob McClanathan, PE, 
showed that a suitable Kinstar antenna could be installed, 

with a maximum height above the ground of 70 feet, to 
eliminate any legal zoning issues. 

Also realizing that he would have no tower painting 
required with the Kinstar, Thompson saw the decision to 
go with the Kinstar as a logical move that would save 
substantially on long term maintenance costs. 

ELECTRICAL DETAILS 
The KCST Kinstar was designed in accordance with 

the scaled electrical dimensions that were defined by the 
experimental antenna that was operated under FCC ex-
perimental license WS2XTR for operation on 1680 kHz. 
The design was licensed by the FCC as a top-loaded 
antenna. 

With an electrical height of 63 feet and top loading of 
134 feet, the KCST Kinstar was installed using five 85-

foot wooden utility poles and standard pole line hard-

ware and cable. All of the anchors were screw anchors 
buried in the soil using a hydraulically-driven auger, and 
therefore no concrete was required in the installation. A 
utility company out of Portland completed the construc-
tion in one and a half days. 
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Outer 
Radius 

Inner 
Radius 

The Kinstar Antenna design for KCST. 

All antenna wires were insulated from ground and the 
supports, and the four vertical were interconnected via a 
common ring at top and bottom. The KTL Model LTU-1B-

1600 antenna matching unit used lumped element match-
ing. A 120-radial quarter wave ground system was in-
stalled following the antenna installation. 

The feed point at the base of the center pole of the 

Kinstar antenna showing three of the four insulated 

vertical elements with the associated commoning ring. 

CHECKING THE BANDWIDTH 

Another advantage of the Kinstar antenna is the wide 
audio bandwidth that it offers in comparison to the 
typically narrow-band characteristics ofelectrically short 

AM antennas. 
The inherent audio bandwidth performance of the 

Kinstar is evidenced by the less than 2 Ohm variation in R 
and the less than 10 Ohm variation in X over the 30 kHz 

bandwidth of a typical HD radio channel. 
Following the initial antenna tune-up and commis-

sioning of the transmitter operation into the antenna, 

Bob McClanathan responded as follows: "This past 
Sunday, January 11, I worked with Jon Thompson and 

Sparks Scott at KCST in Florence, Oregon to complete 
the ATU adjustments and measurements for their new 

Kinstar AM antenna. 
"I am very impressed with the quality of the antenna 

construction and the operation is much better than expected. 
The impedance at 1250 kHz is Z-15.1 + j80.0 Ohms and is 

Radio Guide • March-April 2009 

flatter than a pancake +/- 20 kHz. Would be excellent for 
IBOC, but fortunately KCST is not going there. 

Measured Antenna Impedance 

1 noll :IS 'All 1.2. 1.1 I HI 1.1 1.1 tan 

Frequency qUI14 

The antenna drive impedance for KCST's Kinstar as 
measured at the output J-plug of the antenna matching 

network by Bob McClanathan, PE. 

"The Kintronic ATU is of excellent quality as usual, 

and built for easy impedance measurements. Very little 
adjustment was necessary to set the T for Z=50 +/- j 0 at 

the transmission line input. The KCST Kinstar is excel-
lent in performance." 

NO NEIGHBORHOOD PROBLEM 

McClanathan also reported: "I met a neighbor near the 

antenna site who is very pleased with the unobtrusive and 
nearly invisible appearance of this antenna. When consid-
ering the FAA restrictions, local zoning, and neighbor-
hood objections, this Kinstar will certainly prove valuable 
and popular for non-directional AM antenna sites." 

With the height of the Kinstar pole supports falling 
below the average height of trees in the nearby forest, the 
antenna blends into the background rendering it invisible 
to the passers by on the coastal highway. As a result the 
Kinstar is clearly an environmentally friendly antenna 

technology. 

An overall view of the KCST Kinstar antenna, showing the 
center feed at the left, three of the five total support poles, 
and the transmitter building on the right. The STL dish is 
installed on the pole closest to the transmitter building. 

Tom King is the President of Kintronic Labs, Inc. in 
Bristol, TN. You can email him at: tking@kintronic.com 
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Taming the AM Workhorse 
Part 3 - Setting RF Networks in the ATU 

by Phil Alexander 

For many engineers, especially those caring for non-

directional stations, the Antenna Tuning Unit (ATU) at the 
base of the antenna is something of a mystery, since they 
rarely need to look inside — and even more rarely have the 

test gear to measure what is inside the cabinet. However, 
understanding how it matches the RF can be invaluable in 

case of component failure. Phil Alexander continues his 
discussion of RF networks. 

In our previous articles in this series, we examined the 

formulas for matching network development and dis-
cussed the practical aspects of adjusting network reac-

tances and using load (tower) reactance to optimize our 
network. 

This time out we will use the same network we devel-
oped in the last issue and explore what we must do to 

translate our design into a practical, working ATU to 
match the original tower we started with in our first 

installment. We will do the calculations to send the power 
down the transmission line, matching it to the tower, and 
providing a properly driven radiator with the phase angle 
necessary for proper alignment of our array. 

And we will do all this with nothing more than a 

common, ordinary RF bridge. It does not matter if yours is 
a simple non-directional 1 kW local station or a multi-
towered blowtorch, these principles apply to nearly all 
stations except for some of the Class A 50 kW non-DA's 

that use special coupling circuits for driving their towers. 

JUST FINE TUNING 

First a word about phasing in an AM RF transmission 
system. Phasors do two things: they adjust the power level 

going to each branch of the array and they allow minor 
adjustments of the signal phase angle of each branch. That 
is generally all they do and it is all they can do. 

In most arrays, the bulk of the phase shilling hap-
pens in the transmission lines and matching networks. 
This is why it is not possible to understate the impor-

tance of correct impedance matching and correct phas-
ing in each ATU. 

FROM BAD TO WORSE 
On the other hand, lightning breaks ATU's. Also 

ATU's get old and chemistry takes its toll oxidizing 

and corroding connections in ATU's, changing their 
performance. 

However, problems start when well-meaning opera-

tors sometimes try repairing ATU problems without 
fully understanding how an ATU works. Sometimes an 
ATU must be repaired with a capacitor that is "close" 

but not exactly the value the designer of the transmis-
sion system intended. This gets the station back on the 
air, but the phasor may have a problem compensating 
for the altered design. 

It does not matter that the alteration was unintentional. 

One or more ofthe phasor controls is now almost at the end 
of its travel, and keeping the phase monitor at the correct 

parameters has become difficult. Then disaster strikes and 

the culprit is a capacitor in an ATU that has become tiny 
pieces and gunk all over the inside of the ATU enclosure. 
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What to do? Obviously, replace the capacitor and get 

the station back on the air. That done, the result is that now 

you cannot bring the phase monitor readings back into line. 
The pattern simply will not line up correctly. Again, the 

question, what to do? 

REASONING IT OUT 
Consider the possibility that the phasing delivered 

by the ATU is not — and has not been — the phasing the 

transmission system designer intended for that ATU — 
for a long time. Troubleshooting a directional array is 
beyond the scope of these articles, but let us assume 

that after carefully considering the alternatives, that 

conclusion makes more sense than any of the other 
possibilities. 

Having read the previous installments of this series, 

you have checked your files, found the tower base operat-

ing information and know you need to match a 50 Ohm line 
to a tower with a base impedance of 138 +j 220 Ohms with 
a phase delay in the network of 137 degrees. 

The ATU at the tower. 

Up to this point, we have learned how to calculate the 
values of this network, including incorporating the tower 

reactance into the network. But in many cases — in fact, in 
most cases — tower reactance is not included in the network 
because the advantage may be relatively minor compared 

with the case we wrote about in the last issue. However, 
inclusion of tower reactance opens up additional methods 
useful for the final adjustment of the network. Using some 
of them, we will tune both of the networks we developed 

in the last issue. 

STARTING POINT 

The first step of network tuning or adjustment of any 

network is setting the lumped-constant components (the 
coils and capacitors as a unit) to their calculated values as 
closely as possible, realizing that will probably not be the 
best adjustment needed for good performance. This is 
because simply setting lumped-constant values does not 
eliminate all the effects of stray inductance, capacitance, 

or coupling of the conductors that connect the network and 
ground it. 

While a radio frequency bridge is the commonly-used 
instrument for adjusting the lumped-constant values of a 

network, it will be measuring reactance only. In this mode 
the resistance dial of the bridge is set at zero and is not 

moved from that point. 
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equivalent 
1306.7 pr 
-J 121.8 

Lumped-constant setting begins with disconnecting the 
ATU input and output connections and grounding them. The 

next figure (Lumped-Constant Setting) shows doing this by 

pulling the .1-Plugs from the input and output and installing 

low inductance ground straps. Notice that the drawing also 

shows breaking the center of the Tee apart so that each ofthe 
three sections of it can be measured to ground. 

Lamed Constant fettles 

Set to 27.9 el -1372. Set to 42.9 pH 
.j 175.4 269.8 

L-101p1.1 L-IO2 J 102 
32 5090 C-102 7000r 

-J 227.4 

NOTE: 
L-103 °Moe 
10101 roodlop 

for 72 
L-102 

C-101 1000pr we.. 
I -J 13935 C-102 

0) 42.4 

Z 1380 
•J 220 
Ldaz,gf 

Lumped-Constant Setting starts by 
disconnecting the ATU from the world. 

By making the measurements this way a single instru-

ment setup can make all three readings. If the measure-
ments are made with an older, passive bridge such as a 

General Radio RF Model 916 or 1606 impedance bridge, 
stray effects are minimized, saving quite a bit of time. 

Regardless of how the work is done, the X 1 , X2, and 
X3 values are set according to the information developed 

— for our purposes the values from our last installment. For 
the first exercise, these will be the values developed before 

the tower reactance was integrated into the network. 
In this case X 1 is set to +j 175 Ohms, X2 to -227 +43 

or -j 184 Ohms and the shunt branch (the end of which is 
grounded by the circuit) is set to -j 122 Ohms. As we found 
last time, this not the best network for matching this tower 
to a 50 Ohm line. Still, it can help show a method of 

adjustment that gives a very accurate match with a simple 

RF bridge, a method that has been used for over 70 years 
very successfully. 

BUILDING THE NETWORK 

Aller the lumped-constant values are set, connect the 
Tee center back together, remove the input strap to ground, 
and replace it with a calibrated 50 Ohm non-inductive 
resistor or accurate (exactly 50 Ohm) small dummy load. 

Set up the instrument to measure the output of the network 
as shown in the second figure. 

COmplex Conjugate Matching 

J-101 
Set to 27.9 pH Set to 42.9 

.j 175.4 tj 269.8 

-137.0* 

50.00 
Standard 
88515 to, 

L-101 
3201 

C J-IO2 
-IO2 L-102 

50344 700pF 
-j 227.4 

L-I03 

equivalent 
1306.7 pr C-101 1000jor 
-j 121.8 T -j 159.55 

Z 1380 
•j 220 
/-137.0' 

Looking at the output of the network. 

If the matching network is adjusted correctly, looking 
into its output and through the network at a 50 Ohm j 
resistor on the input will show the complex conjugate of 
the radiator's operating base impedance. (Note that for our 
purposes, the simple translation of"complex conjugate" is 
"tower base impedance with j sign inverted.") 

Reading the transformation of the 50 Ohm reference to 

the complex conjugate of the base impedance tells us two 
things about its performance. First, it shows that the 

network transforms the resistive base impedance of the 

(Continued on Page 14) 
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tower to 50 Ohms. Secondly it shows the insertion of a reactance 
that is equal and opposite of the tower base. When added to the 

tower base reactance the result is non-reactive. 

In most ATU's, the stray reactances and couplings are the 
same in the complex conjugate measurement and in opera-
tion, especially if the bridge is located at the point that the 

tower connecting lead to the tower exits the ATU enclosure. 
Often the arrangement for taking this measurement is easiest 

with the bridge resting outside the ATU with its unknown 
terminal very near the tower lead connection. 

MATCHING THE TOWER SIDE 
Minor adjustments to X2 will primarily shift the reac-

tance inserted for cancelling or offsetting the tower's reac-
tance, while adjustments to X3 mainly affect the resistive 

transformation. There may be some interaction requiring 
small adjustments of both X2 and X3 to get a correct result, 

however X1 should not be changed from its lump RF constant 

setting. 

50.0a 
Standard 
Resistor 

Complex Conjugate Matching 
with Tower Reactance Substitution 

J- 01 
Set to 27.9 pH Set to 10.46 pH 
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Substituting for the tower's reactance. 

Another useful tool is a precision General Radio variable 
capacitor having a maximum range of about 1100 pF that may be 

used as a substitute for a capacitive tower reactance. Ebay fre-
quently has these. If you are brave, you can calculate an alternate 
measurement impedance number, however physical substitution is 

often more useful, especially when doing the work at 3:00 AM. 

30,591 products in 
stock at press time! 

broadcast gear from people you trust 

Lowest Prices and Largest Inventory on EVERYTHING For Broadcast 

BSWUSA.COM 800-426-8434 
Leaving X 1 untouched assures that when the complex 

conjugate of the tower base impedance is measured at the exit 
of the ATU, the phasing (controlled essentially by X I and 
X2) will be very near the design value. All adjustments 
should be small ones if the lumped-constants were set care-
fully. When it appears there is a need for a large change it is 
a good idea to double check the lumped-constant settings, 

especially the grounding of the of the bridge and connections 
from the bridge unknown terminal to each of the three 
lumped-constant branches. 

Incorporating the reactance of the tower base impedance 
into the network means the final adjustment must be done 

differently because part of the X2 lumped-constant reactance 
is within the tower and is not available for measurement. 

There are ways of addressing this problem. 
The first is substitution of the tower base reactance into 

the test lead of the RF bridge. In other words, it is sometimes 

possible to insert a reactance equal to that of the tower 
between the measuring point at the output connection of the 
ATU and the RF bridge connection, which allows using the 

complex conjugate method as previously described. 
Remember that a coil wound closely wound over a 3/4-

inch PVC pipe form with small diameter #22 or #24 enameled 
copper magnet wire will be only an inch or two long for an 
inductance as large as 100 uH. Thus, insertion of a temporary 
coil on the unknown terminal of the RF bridge is a simple 

substitute for +j in the tower impedance. 
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THE ATU INPUT 
Another solution that is useful with a non-directional 

tower is measuring the network's input impedance directly 
with the bridge, while fine tuning X2 (reactive) and X3 
(resistive) for 50j 0 Ohms at the network input with the tower 
connected to the output terminal of the ATU. 

Similarly, in a directional array, adjusting all ATU inputs 
to 50 j 0 Ohms using an active bridge has been a common 
method for about forty years, and can be valuable. Neverthe-
less, always remember that before these readings can be fully 
correct, the array must be operating at its design parameters 

(all phases and ratios must be exactly as licensed) so the 
dynamic tower base impedances will be correct. As above, 

X2 is the reactance adjustment and X3 adjusts the resistance 
transformation. 

The full process of tuning a DA array is a topic for another 

day, however it is a reiterative process where achieving array 

operation at exactly the design parameters of phase and ratio 
is the most important consideration. Except for power losses 

and undesirable VSWR voltages, exact matching of line 
impedance to the tower base impedance is less important. 
Thus, in a DA array, phase change across the network is the 
most important factor. 

A regular contributor to Radio Guide, Phil Alexander 

has long experience in building, maintaining and repairing 
RF networks. Contact Phil at dynothemgearthlink.net 
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- Operations Guide 
Avoiding the Single Point of Failure 

Part 3 - Studio to Transmitter Checklist 
by Stanley B. Adams 

Radio engineers are often asked to do more with fewer 

resources. Yet, with the current difficult economic condi-
tions, even more diligent attention toward maintaining our 
systems, their redundancy, Single Points of Failure, and 
restoration is required. 

In avoiding Single Points of Failure (SPF), it is important 
to have some mode of Fault-Tolerant thinking behind it. In 
other words: if something fails, what can we do to prevent 
other things from failing at the same time and/or speed up the 

repair time? 
Such a mindset arranges for duplication of parts, signal 

paths, and other such things in a physically and electrically 
diverse layout. The idea is to avoid having any "bottlenecks." 
Three important aspects of failure prevention, IT conditions 
along with power and air conditioning, will lead our thoughts 

for this article. 

KEEPING THE SYSTEM GOING 
In many station configurations, you will find the spoke 

and wheel concept. The spokes can be thought of input 
sources toward the hub which could be a console or, in many 

cases, servers and "smart hubs." 
Additionally, many broadcast stations are IT driven. So 

the hub not only functions as the "focal point" for all input 
sources, it actually is the "smart" arbitrator of what goes 
back out along one of the spokes. Thus, engineers have to be 
IT technicians too, battling Single Points of Failure as 
diverse as the physical server to software patches and anti-
viral programs. 

QUICKLY LOSING IT ALL 
In 2001,1 was taking an audit of major market cell sites; 

pictures were to consist of structures, antennas, base sta-
tions and warning FCC/FAA signage. Telling you how 
many hundreds of digital photos I took and very profession-
ally placed on my network computer would only bring back 
the ulcers. 

We had a humongous IT department keeping Exchange 
and SMS servers up to date with the latest patches. With a 
work group of over 60,000 people, anti-viral concerns never 
entered my mind. Then it happened. 
A worm infested my network machine which held all ofmy 

pictures. The worm not only caused a DOS (denial of service) 
attack but it corrupted every type of visual file that it could find. 
Several months of work went down the drain. Fortunately, they 
were just audit pictures which could be replaced. 

On the other hand, a similar attack could rapidly wipe out 
your thousands of music selections, voice-overs, commer-
cials, and most anything else stored on your server. 

The point is that there is an ongoing war against hackers, 
script kiddies, or even employees bringing infected files in 
from home via CDROMs or flash drives. If there is only one 
person familiar with the IT equipment, that could present a 
Single Point of Failure if they ever go to the transmitter site, 
out on a remote, home, or on vacation. Just as there should be 
backup equipment in the audio or RF chain, there should be 
more than one person familiar with the IT plant. 

If your station is one that relies on Microsoft systems to 
make everything work you may be interested in a program that 
they have ( http://www.microsoft.com/systemcenter/ 
dataprotectionmanager/en/us/default.aspx). Microsoft pro-
vides a variety of storage management tools integrated into 
various storage solutions to help storage administrators pro-
vide manageable, reliable, and cost effective solutions. 
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PROTECTING HARD DRIVE DATA 
Then there is the frozen hard drive, or unbootable hard 

drive. This should be a priority on your individual checklist 
against Single Points of Failure. 

Plans for duplicate facilities and a data manager should be 
put into place. Harris markets what appears to be an excellent 
product that adds a high degree of robustness to the IT part of 
the business, but small stations can still rely on duplicate 
drives, backup computers, and smart hubs. 

Small or large operations can benefit from the cluster method 
of protection. Running the same application on two or more 

servers helps ensure high application availability if one of the 
servers fails. Clustering software controls the fail-over process so 
that the application continues to run on the second server, 
without any loss of data and without interruption in service. 

Clustering offers other benefits too, including greater 
processing power, access to increased storage capacity, and 
better I/O performance, due to an increased I/O paths between 
servers and storage. 

KEEPING THINGS COOL 
Cooling and power conditioning will surely enter the 

equation for our IT items, as well as the rest of the studio plant. 
New systems are packing more power and more heat in less 
space, jeopardizing IT performance. Dense blade servers and 
high-performance, hyper-sensitive computers and equipment 
demand a highly-regulated room environment. 

Clean cool air — and plenty of it — is essential to prevent 
problems. Have your main air conditioning plants serviced on 
a regular basis. If your entire building requires air condition-
ing, even in the winter time, make sure that all compressors 
will support those temperatures and that your low pressure 
cutoff switches are able to handle the lower start up pressure. 

Many of the large broadcast chains have a totally enclosed 
computer room with racks of gear sitting upon computer floor 
tiles where air is constantly circulating, much like a Leibert Air 
Conditioning System. Smaller stations may use a pair of win-
dow air conditioners set on differential thermostats or larger 
systems depending up on size and heat load. In addition, 
Grainger sells large portable floor fans that I have used in major 
switch and transmission offices. While not proper air condition-
ing, it will keep your system up until a final fix occurs. 

POWER OUT OR POWER UP? 
Relying on just one power feed can subject a station to 

unnecessary outages. For example, having all of the STL 
transmitters on the same power line is very much like having 
the coax strung through the same port-hole in the building 
where some falling ice can take them all out at once. Can you 
say "bottleneck?" 

One solution is to have more than one power source. 
Sometimes different feeds from the power company are 
possible. Other times, the most effective solution is a UPS 
system, properly sized for the facility. 

Additionally, power conditioning and UPS backup are 
important in alleviating power spikes and surges. A large and 
fairly expensive surge clamp needs to be on all incoming power. 
It should have lights that show each section is working properly. 

RESERVE POWER AT HAND 
An effective UPS plan should go beyond the simple 

Belkin or APS UPS system. Beyond the obvious issue of 
those small batteries going bad without warning, just testing 
them is a time consuming issue itself. 
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On-line double-conversion systems like Emerson's pro-
vide better protection than other types of UPS because they 
completely isolate sensitive electronics from the incoming 
power source, remove a wider range of disturbances and 

provide a seamless transition to battery power. Always the 

preferred choice for the data center, double conversion sys-

tems are increasingly displacing other types of UPS in net-
work access rooms as overall network availability require-

ments rise. (See Clay Freinwald's article on page 22.) 
As with air conditioning, smaller operations will have 

to make adaptations to mitigate the inability to purchase 
large units. Nevertheless, saying there is no money to do it 
right merely invites complete loss of power during local 

emergencies. 

HANDLING VOLTAGE DROPS 
Burt Weiner, out in Los Angeles, mentioned a problem 

during momentary outages, even quick power dips. Some-
times the 5 Volt rail will drop just low enough to cause the 

logic to get tangled up. He recommends a relay and timer 
circuit so that if the power goes away for more than a few 
cycles, the circuit would interrupt the power supply's primary 

power for 10-15 seconds, ensuring that things go all the way 
down and would properly re-start. 

Weiner also has "had experience with some UPS systems 

that would run down and then require a trip to the site to restart 
it. Not all of them will return power once they have run down 
before commercial power returns. The above simple circuit 
could be wired across the re-start button of UPS supplies that 
are not smart enough to figure out what had happened." 

"WHO DO YOU CALL?" 
When the power goes out, who gets called first? Many an 

engineer has expressed frustration when a staffer spends time 
calling him first, rather than the power company. 

Therefore, it is smart to make sure everyone knows where 

the posted numbers are for emergencies such as loss of power, 
air conditioning, program sources, or phone loops. The faster 
experienced hands can get there the more quickly they can 
evaluate faults and restore service. 

By the way, these critical numbers should be prominently 

posted — not covered over by posters or other materials. 

GETTING THE SIGNAL TO THE TRANSMITTER 
Now here is one of the hardest parts, at least as I look at 

it. How are we going to ensure the studio signal gets to the 
transmitter in remotely located sites'? 

Studio to Transmitter Links ( STLs) are usually the main 
path, but a damaged dish, coax, feed dipole, etc., can cause a 
lot of dead air. Having some spare, used STL or RPU 
equipment, some foam Heliax, and a used dish often can at 
least put some signal on the air until you get all of the pieces 

put back together. 
Although fidelity may suffer, sometimes a decent alterna-

tive is a POTS (Plain Old Telephone Service) or a remote 

control line that you can use to send audio to the transmitter. 
We also have options like remote gear or cell phones that will 
work. Furthermore, new 1P solutions allow Internet/Ethernet 
connections. While latency may rear its ugly head, at least you 

are one the air! 

CHECKLIST 
The ideas in the above material have been summarized in 

a checklist text file that you are welcome to download at 
www.radio-guide.com/checklists/studio.htm 

Of course, since every situation is different, you may have 
some ideas to share; we can add to the checklist. Since the 
depth of backup and reserve varies by station — for example, 

some stations have six or more audio paths to the transmitter 
site — you may well have ideas new to the rest of us. 

Until then, take a moment to review your studio flowchart 
or quick restoration list, making it as fool proofas possible. 

Stan Adams is a frequent contributor to Radio Guide. 
Contact him at stanleybadamsgyahoo.com 
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Radio Guide Hall of Achievement 
Recognizing those who have made real contributions to the broadcast profession. by Scott Fybush 

More Than "Just Another Old Engineer" 

There was a time when just about every small town had a 

Paul Willey — the engineer who had been at the local station 
for decades, had done work at every station within a hundred 
miles, and had built (or rebuilt) half the stations in the region. 

Approaching his 79th birthday and enjoying a comfort-
able retirement split between his home in North Adams, 
Massachusetts and a vacation home on Florida's east coast, 
Willey described himself to Radio Guide as "just another old 
engineer." 

But those who worked with him over the years would 
choose different words. 

"Paul Willey is the last of a dying breed of engineer," says 
Tom Jay, longtime host at WSBS(AM), Great Barrington, 
Mass., one of the stations where Willey worked for most of his 
career. "If Paul Willey can't fix it, it can't be fixed. The 
knowledge he has is just phenomenal. He's the engineer's 
engineer," Jay says. 

PIED PIPER OF VERMONT 

Willey's career began in a place and time where anything 
electronic was foreign — the 1930s-era remote "Northeast 
Kingdom" of Vermont where the few radios were still battery-
powered. Willey recalls the monthly trek into town to get the 
batteries recharged "was the only trip into civilization for all 
our living supplies." 

Afflicted with polio at age 15, he spent a year undergoing 
treatment that included time in an iron lung. Eventually, 
Willey ended up at a state trade school in St. Johnsbury, VT, 
where he graduated with a diploma in Radio. After further 
studies at the Massachusetts Radio School in Boston, he 
begin his radio career back in St. Johnsbury at WTWN, 
followed by stints at WIDE in Biddeford, ME and WDEV in 
Waterbury, VT, where Willey spent the latter halfof the fifties 
as part of a five-man engineering staff tending the station's 
three-tower directional array. 

His time in northern Vermont included a brief and most 
unusual excursion into the recording business. Asked by a 
farmer to find a way to record the sound of a scared rat, Willey 
locked himself in a closet with several rats and an early 
Magnecord tape recorder. 

What happened next? "PETA was not around then, or I 
would have been in big trouble for sure," Willey says. After 

testing the squeals of several rats, Willey and the farmer found 
one particular tape that, when played back loudly, scared off the 
rats that were plaguing the farmer. Never one to miss a business 
opportunity, the farmer proceeded to have records pressed of 
the rats squealing — under the "Pied Piper Records" label. 

START OF A 45 YEAR RUN 
Willey's next move would be his last. In 1960, he signed 

on as chief engineer of what was then a two-station group, 
WMNB in North Adams and WBTN in Bennington, VT. 
Under Don Thurston, who arrived as general manager shortly 
after Willey came to the station, WMNB would become the 
core of Berkshire Broadcasting, which remained Willey's 
employer until he retired 45 years later. 

At Berkshire, Willey oversaw several generations of 
equipment. WMNB (now WNAW) progressed from the old 
RCA it was using in 1960 to a Gates BC-250, later field-
modified into a BC- 1T, then to a Harris MW- 1A, and even-
tually to a Gates One. 

FM was all but unknown in the Berkshires when Willey 
came to town, but that soon changed. Willey built the area's 
first FM stereo facility for the little college station at Williams 
College, WCFM, then followed that in 1964 with the first 
commercial FM stereo signal in the area, 100.1 WMNB-FM 
(now WUPE-FM). 

As Berkshire Broadcasting grew, Willey took on respon-
sibilities with the company's additional stations, which grew 
to include broadcast properties as far away as central Massa-
chusetts and the southern Berkshires, a background-music 
service with clients as far away as central Vermont, and a 
paging service that operated through much of the seventies. 

Tom Jay remembers a ride up to the WBBS transmitter 
site atop the Catamount Mountain ski area: "He throws me in 
the back of his four-wheel-drive vehicle and says, `Come on, 
we're going for a ride,' and he takes me up to the transmitter 
shack on top of Catamount, with me holding on for dear life 
up the hill, and he said — `this is nothing!" 

SIDE TRIP 
Willey owned a portion of the paging operation, having 

come up with the idea while taking a management course at 
Purdue University in Indiana. Without the capital to build the 

paging company himself, he brought the idea to Thurston, 
who provided start-up funds in exchange for just over half of 
the company, which was eventually sold to one of Willey's 
partners in 1979. 

Still busy at Berkshire Broadcasting, Willey added addi-
tional duties in the seventies when he began his own contract 
engineering sideline, then added a used-equipment firm to the 
mix. "I honestly cannot think of one station that I missed in 
western Massachusetts, eastern New York and Vermont," 
Willey says of his time as an itinerant engineer. 

His work included construction of six brand-new FM 
stations, including two commercial outlets, WHGC in 
Bennington, Vermont (now WBTN-FM) and Berkshire 
Broadcasting's WBBS, Great Barrington (now WAMQ). He 
also served on the planning committees for the NAB Broad-

cast Engineering Conference in 1973 and 1976. 

ENGINEERING ANOTHER GENERATION 
Willey says his proudest accomplishment came after he 

retired from the Berkshire stations at age 75. (When Thurston 
sold the station in 2005, Willey left too, telling him: "When 
you walk out the door, I'll walk out with you.") 

In the years since, his involvement with radio has been 
focused on college stations in western Massachusetts, includ-
ing WCFM, the Williams College station he converted to 
stereo back in the early sixties, then rebuilt completely a few 
years ago. 

"Working in small-time radio, you're always constrained 
money-wise," Willey says," but after I retired, I finally got to 
build a radio station 
the way I really 
wanted to build one." 

With a budget of 
more than a quarter of 
a million dollars, 
Willey says "nothing 
was saved from the 
original station" as it 
moved to a new studio 
location and a new 
transmitter site. In 
keeping with his long-
time preference for 
Harris equipment, Willey outfitted WCFM with PR&E con-
soles and a Harris QUEST 1KFM transmitter. 

When not wintering in Florida, Willey remains busy with 
WCFM and his other college clients. 

"I believe, over the years, that 1 have served this profes-
sion well," he says — and Radio Guide agrees, proudly 
inducting Paul Willey into our Hall of Achievement. 

Scott Fybush is a regular contributor to Radio Guide. His 
email is scott@ebush.com 

Paul Willey at WCFM 

Tech Tips by Mike McCarthy 

Breakout Panels for 
Satellite Receivers and More 

As the industry converts to the newer XDS satellite 
receivers, stations sometimes need to build new breakout 
panels to route the programs and remote control commands 
to the studio automation systems. 

The DB-25 breakouts from Winford Engineering allow 
the B-Tools switcher closures to be brought out to an 
external location. The same can be done for the new MAX 
receivers. Thus eliminating a mess in the back of the racks. 

We control two automation systems, plus tone encod-
ers, by using a combination of breakouts from various 
receivers and triggers to DPDT relays, then back to 25-
conductor breakout adapters going to two BTI switchers. 
All the jumping is done outside the racks on the wall where 
it is easy to install/change/test/debug/add more. 
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USING DIN ISO STRIPS 

I use 35mm DIN IS09000 rail strips for mounting 
relays, contactors, terminal strips, power supplies, and all 
sorts of things which need mounting in a rack, in a 
transmitter, on a 
wall, or really 

anywhere. You 
can buy the 
35mm rails in 
six-foot long 
strips from 
Grainger for less 

than $40. 
This long group of relays is used to matrix incoming 

satellite feeds to two automation systems. 
The ISO strips are really nice to add relays and other 

universal things since DIN rails are a worldwide standard. 
The DIN mounting strip made the physical aspect of the 
project relatively simple — simply mount the rail next to 
the power strip or on a 3RU panel on the rear side. 
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Building a breakout on a DIN ISO rail. 

I am using the DIN rail on just about anything for which 
I need a relay or can apply the concept. Snap a device/socket 
to the rail, wire, 

and go.lf you need 
to mount more 
than one device, it 
is a real time saver. 

If you need to 
convert a transmit-
ter remove control 
from 120 V or 12 
V, just mount six 
or eight relays with a small rail- mounted power supply on a 
single rack panel. Pre-wire and go. 

The rail eliminates aligning relays, related mounting 
issues, and is a real time saver. Several sizes of DIN strip are 
available. The one shown is 35mm. 

Mike McCarthy, CSRE, CEA, is Director of Engineering for 
Newsweb Radio Company in Chicago. IL. You can contact Mike at 
mmccarthy@newswebradio.net 

Quick easy relay 
mounting and connection. 



HERE FOR THE LONG HAUL 
1976 scms founded by Bob Cauthen 

1992 First fixed IBOC reception 

1995 First live hd multi channel broadcast WFAE 

March 2007 FCC approves hd system 

June 2007 scms purchased the assets of the Harris Broadcast Center 

2008 scms contracted with Google to be a U.S. reseller for their automation 
systems and Bird Electronics to be their U.S. stocking distributor for broadcast 

January 2009 scms, Inc. purchased the assets of Bradley Broadcast 
The Bradley acquisition increases the SCMS presence in government contracts, 
commercial sound, and the pro audio industries 

This continues the SCMS philosophy of providing exceptional 
products, very competitive pricing with the best service available 
in the industry. 

YOU KNOW WE KNOW RADIO , 

www.scmsinc.com 

Contact SCMS 1-800-438-6040 HQ in Pineville, NC 

Mid- South: 1-877-391-2650 
Central: 1-731-695-1714 
West Coast: 1-866-673-9267 
Mid- West: 1-513-899-3036 
North-East: 1-315-623-7655 
Bradley Division: 1-800-732-7665 

South- Atlantic: 1-770-632-1295 
South-West: 1-210-775-2725 
North Central: 1-513-376-8600 
Pro Audio: 1-877-640-8205 
Latin America: 1-760-650-1427 
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Antenna Guide 
An Interesting Facet 

of the Venerable Yagi-Uda 
by Ron Nott 

Every broadcast engineer is familiar with the most popu-
lar VHF and UHF directional antenna in use today; there are 
many millions of them worldwide. It is commonly called a 
Yagi. But that omits recognition of a significant participant — 
really it should be called the Yagi-Uda antenna. 

TURNING PROBLEM TO SOLUTION 
By the 1920s, the problem of re-radiation from metallic 

objects in the near field of an antenna was well known. During 
this early history of radio communications development, 
Yagi was a high-ranking professor at a university in Japan and 
Uda was a young junior (or assistant) professor. 

What they did was to turn this re-radiation problem into 

an advantage by placement of parasitic elements at certain 
distances away from an active or driven element. Consider 
first the simple three-element Yagi-Uda. There is a half-
wavelength driven element in the center, with another ele-
ment parallel to it on one side and a third parallel element on 
the opposite side. 

By experiment, they learned that if one parasitic ele-
ment was slightly shorter than the driven element and the 
other parasitic element was slightly longer, by manipulating 
the spacing of these elements, the antenna would have 
increased gain in the direction of the shorter element. The 
shorter element was named the director and the longer was 
named the reflector. 

Each of the parasitic elements intercepts radiation from 
the driven element and then re-radiates it with a time lag based 
on their distances from the driven element. By experimenting 
with parasitic element lengths and spacing from the driven 
element, they were controlling the phase relationships be-
tween them, which resulted in forward gain to the antenna. 
Adding more director elements provided greater gain in the 
forward direction. 

Evidently they learned that adding reflectors did not 
have the same effect, so today a five-element Yagi-Uda 
usually has a reflector, a driven element and three directors. 
This is because, in addition to re-radiating the energy from 

the driven element, each parasitic element also intercepts 
energy from its fellow parasitics, so that by the time the 

signal leaves the front end of the antenna, the pattern 
becomes very complex with all the intermingled fields. 
Today's computer programs combine them all into a single 
pattern shape which is all we need in practical use. 

WHAT HAPPENED TO UDA? 
Returning to the history of this antenna, Uda did most of 

the experimental work by transmitting out to a ship at sea. 
Because the technology for VHF and UHF transmission was 
limited back then, much of his work utilized HF radio. He was 
able to map pattern shapes and determine antenna gain, front-
to-back ratio, etc. Front-to-back ratio is valuable in rejecting 
unwanted signals. 

So if Uda did most of the hard R&D work, how come the 
antenna is commonly called a Yagi? 

By the 1930s, the Japanese had this antenna quite devel-
oped, so Professor Yagi (having the seniority) made a trip to 
the United States to tell us about it; junior professor Uda had 
to stay in Japan to keep working on it. 

Yagi spoke before several sessions of the old IRE ( Insti-
tute of Radio Engineers), and the antenna was received with 
great enthusiasm. The trade publications of that day printed 
stories on it — of course giving Yagi the credit. 

The Yagi-Uda antenna has a long history, and today's 
radio engineers and ham radio operators still keep experi-
menting with various element spacings, element lengths, 
and number of elements. In its early days, users believed the 
boom should be non-metallic, often being made of wood, 
but now booms are usually made of metal tubing. An 
outgrowth is the log-periodic antenna, much of its develop-
ment being done by engineers at Collins Radio Co. who 
were also ham operators. 

This leads to a curious phenomenon that I discovered by 
accident several years ago. 

DEFECT OR FEATURE? 

Some 20 years ago, a station engineer called stating that 
he believed the Yagi antenna I had sold him was defective. It 
was a Scala HDCA-5, which has an excellent reputation, so I 
told him to bring it to me and I would test it. 

Our residence is on a hilltop that is seven miles from 
the FM station with pure line of sight, so I calculated the 
voltage that I should receive from the antenna terminal. 
Sure enough, the Scala Yagi was right on the money — it 
was not defective. 

However, the station had a circular polarized antenna, 
so I decided to see how the Yagi performed in the vertical 
plane. It was just as good. But I noticed something: as I 
rotated the boom of the antenna through 45 degrees, the 
signal increased considerably. I checked it several times to 
prove consistency. Then I rotated it to the opposite side and 
when it went through 45 degrees, the signal decreased! In 
fact, the decrease was about the same in decibels as the 
increase on the other side. 

EXPERIMENTATION 

Then I wondered whether the station antenna was set up 
for right-hand or left-hand circular polarization. Perhaps 
this caused the signal to increase on one side and decrease 

on the other, depending on the rotation, by adding the H and 
V signals on one side, while subtracting them on the other. 

While pondering this, I noticed a panel of steel roofing 
material lying on the ground. Could it be getting into the 
act? Yes, holding the antenna above it had a distinct effect. 

The distance of the Yagi above the panel caused significant 
variations in signal strength. 

It occurred to me that if a CP signal reverses rotation 
upon being reflected from something such as a steel build-
ing, this effect might be used to advantage. For example, if 
the Yagi is to operate a distance from the station that 

provides a marginal signal, one could get a boost of a few 
dB. Furthermore, it might be used to reject a reflected 
signal. 

Performance might be enhanced by placing a reflector 
(as above) a distance from the Yagi — in fact, it may be 
necessary to work at all. Maybe the reflector could be of grid 
construction rather than a wind-loading piece of sheet 
metal. 

However, having other rats to kill, the experiments 
ended with me making a mental note that I should investi-
gate further, but it never happened. 

Why do I not experiment further to determine if this is 
really so and then optimize performance? Basically, be-
cause I am old and tired ( and maybe a little lazy). I present 
it here for ambitious young antenna engineers to develop 
into a potentially valuable idea. Please take it with my 
blessing, but I would appreciate learning of the results. 

Ron Not! operates Nott Ltd. in Farmington, NM, where 
he provides a wide variety qf antenna systems and services. 
Contact Ron at rongnottltd.com 
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Can a radio console be over-engineered? 
(Only if you think "good enough" really is good enough.) 

The radio console, redefined. 
• Building a great console is more than punching 

holes in sheet metal and stuffing a few switches 

in them. Building a great console takes time, 

brain-power and determination. That's why Axia 

has hired brilliant engineers who are certified 

"OCD": Obsessive Console Designers, driven 

to create the most useful, powerful, hardest-

working consoles in the world. 

Beneath the surface 
There's more to a great board than just features. 

Consoles have to be rugged, to perform 

flawlessly 24/7, 365 days-a-year, for years at a 

time. So we literally scoured the globe for the 

absolute best parts — hardware that will take 

the torture that jocks dish out on a daily basis. 

First, Element is fabricated from thick, machined 

aluminum extrusions for rigidity and RF 

immunity. The result: a board that will stand up 

to nearly anything. 

With so many devices in the studio 

these days, the last thing anyone 

ieeds is gear with a noisy cooling 

fan. That's why Element's power-

supply is fanless, for perfectly silent operation 

inside the studio. 

Element modules are hot-swappable, of 

course, and quickly removable. They connect 

to the frame via CAT- 5, so pulling one 

is as simple as removing two 

screws and unplugging an R.1 

— no motherboard or edge 

connectors here. 

Faders take massive abuse. 

The ones used in other consoles 

have a big slot on top that sucks 

in dirt, crumbs and liquid like the 

government sucks in taxes. 

By contrast, our silky-

smooth conductive-

plastic faders actuate 

from the side, so that 

grunge can't get in. And our rotary controls are 

high- end optical encoders, rated for more than 

five million rotations. No wipers to clean or 

wear out — they'll last so long, they'll 

outlive your mother-in-law (and 

that's saying something). 

41111111b 

Element's avionics- grade 

switches are cut from the 

same cloth. Our design team was 

so obsessed with finding the perfect 

long- life components that they actually built 

a mechanical "finger" to test switches! Some 

supposedly "long life" switches failed after just 

100,000 activations; but when 

our guys found the switches used in Element, 

they shut off the machine after 2 million 

operations and declared a winner. (The losers 

got an all-expense-paid trip to the landfill.) 

Element's individual components are easy to 

service. Faders come out after removing just two 

screws. Switches and rotary volume controls are 

likewise simple to access. And all lamps are LEDs, 

so you'll likely never need to replace them. 

Engineers have said for years that console 

finishes don't stand up to day-to-day use. Silk-

screened graphics wear off; plastic overlays last 

longer, but they crack and chip — especially 

around switches and fader 

slots, where fingers can 

easily get cut on the sharp, 

splintered edges. We decided 

that we could do better. 

Element uses high- impact 

Lexan overlays with color 

and printing on the back, 

where it can't rub off. 

And instead of just 

sticking the 

Lexan to the 

top of the module like 

some folks do, our overlays 

are inlaid on the milled aluminum 

module faces to keep the edges from cracking 

and peeling — expensive to make, but worth it. 

For extra protection, there are custom bezels 

around faders, switches and buttons to guard 

those edges, too. Which means that Element 

modules will look great for years. 

By the way, those on/off keys, fader knobs 

and bezels are our own design, custom-molded 

to give positive tactile feedback. The switch 

is flush with the top of the bezel, so it's easy to 

find by touch. But if something gets dropped 

on it, the bezel keeps the switch from being 

accidentally activated. 

More than just products 
Even the best products are nothing without 

great support. So Axia employs an amazing 

network of people to provide the best support 

possible: Application Engineers with years of 

experience in mapping out radio studios... the 

most knowledgeable, friendly sales people in 

the biz... Support Engineers who were formerly 

broadcast engineers. Plus a genius design team, 

software authors who dream code... one of the 

largest R&D teams in broadcast. 

.1-20-922" 

And now Axia has become radio's 

first console company to offer 

24/7 support, 365 days a year. 

Chances are you'll never need that 

assistance, but if you do, we'll be 

ready for you. Our 'round-the-

2A7 clock help line is +1-216-622-0247. 

Proudly Over-Engineered 
Are Axia consoles over-engineered? You bet. If 

you're looking for a cheap, disposable console, 

there are plenty out there — but this ain't it. 

Not everyone appreciates this kind of attention 

to detail, but if you're one who seeks out and 

appreciates excellence wherever you may find 

it... Axia consoles are built just for you. 

www.AxiaAudio.com 



Practical Engineering 

Why a Good UPS Plan 
Will Save Your Day 

by Clay Freinwald 

The .first lesson about UPS's is to get one before you 
need it. The second is to make sure it is ready to work when 
a power outage hits. Here, Clay Freinwald discusses some 
of the key aspects that should be considered in putting a 
practical UPS system together. 

Having been in this business well in excess of 40 years, 
I have seen a lot of things come and go. In the "Good Old 
Days," broadcast equipment was, by today's standards, 
built like a tank. 

When I started, transistors and IC's had yet to come 
along and every piece ofequipment in your racks came with 
a line cord. ( Standard I DC power cords are a new invention). 

You simply plugged in the desired piece of equipment, 
turned it on, and sat back to enjoy the glow, knowing that 
ifanything bad came along the power line, the primary fuse 
would blow and that would protect the equipment. If it did, 
you replaced the fuse and you were back up and running; 
any transients that made their way inside the equipment 
before the fuse blew were usually handled by the rather 
robust linear power supply. Life was good. 

LOSING THE GLOW 

In time Fire/FET-based equipment began to be re-
placed with gear that did not glow in the dark — and the day 
of the transistor was upon us. Basically, little three-legged 
gizmo's replaced the glowing objects. Later equipment 
sported those black caterpillar-looking devices and, before 
we knew it, the IC age was upon us. 

The new equipment had features which dazzled us but 
mostly operation was simple: plug it in and it ran. The line 
fuse was still the main protection, although now it was 
rated at a fraction of the current. Life was still good. 

Along the way the IC became smarter and, with that 
advancement, we got equipment filled with sophisticated 
chips that would enable features that were Sci-Fi only a 
few years previously. Some of this equipment was based 
on another invention: the Personal Computer. Like all its 
predecessors the PC also had a line cord, and we simply 
plugged it in. But life was not so good because we quickly 

learned that some of this wonderful stuff was quite fragile. 

ENTER THE LINE FILTER 
The designers of this new generation of electronic 

equipment learned that their precious little feature-rich 
boxes could not simply be plugged in because they were 
not at all forgiving of power line bounces, glitches, spikes, 
and other things that earlierelectronic gear simply ignored. 
One power line flash and very quickly life got bad. 

Due to the costs involved in trying to make their 

machines immune to power line issues, we were intro-
duced to some new equipment — the power line filter/ 
conditioner. This was a gizmo that was inserted between 
the power outlet and our sensitive gear. Usually a collec-
tion of low-pass filters and MOV's, the filter/conditioner 
was supposed to keep the nasty stuff from harming our 
precious electronic babies. You probably have a number of 
these gizmos under the bench to this day. 

However, the problem took on a new spin when some 
of this new equipment became "confused" after a spurt of 
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nasty AC arrived at the line input or, worse yet, when a 

complete lack of power happened along. Our good old tube 
stuff would ignore this kind of thing, thanks to big capaci-

tors in their power supplies etc., and usually just keep 
working through short power outages. But not some of the 
newer creations. 

The solid-state gear's reaction was to either stop work-

ing ("freezing" and requiring a manual intervention) or 
would have its mind scrambled, causing them to do things 
that were not intended. This is when we began to better 
understand the term "un-documented features." 

ENTER THE UPS 

Before long, we were replacing the little AC filters and 
installing a new and bigger box: the UPS, or Uninterruptible 

Power Supply. These were billed as the ultimate form of 
protection for our equipment, making make it immune to 
the ravages of the power company. 

UPS's became a mainstay in many broadcast plants, 
especially in critical applications where equipment failure 
due to power line issues was not an option. Some stations 

installed big ones, large enough to supply power to an 
entire TOC or more. Others opted to install a number of 
smaller ones figuring that there was safety in numbers and 
that this scheme would prevent the failure of a $.05 part 
from taking down lots of gear. 

Today, it is well understood that these critters can be 
life savers, protecting everything from automation com-

puters to consoles to the processors, STL, and other gear in 
the racks. As a result, broadcasters have invested in them 
by the thousands. 

It is worth noting that the term "UPS" is often applied 
to two very different pieces of equipment. Unfortunately, 
like a lot of things, UPS's are purchased based on the belief 
that they will protect our equipment because that is what is 
implied by the name. It is, therefore, necessary to under-
stand the differences between two types of equipment that 
share the same name. Further complicating the matter, the 

equipment that we are trying to protect does not always 
require the same degree of protection. 

DEFINING UPS 
It is important to understand that not all UPS's of this 

type are the same. Some are very basic and, perhaps, 
crude. Others provide a good deal of true isolation from 
the Mains. 

The most common unit called a "UPS" — and often 
the least expensive — is basically just a "Backup Power 
Supply." 

What this means 
is that during time 
when the Mains are 
misbehaving, these 
UPS's will provide a 
degree of filtering 
against line "nasti-
ness," and when the 
power source reaches 
some threshold of back-up power supply. 
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nastiness or goes away entirely these units will switch their 
outputs to a built-in inverter that will operate built-in or 
external batteries for a period oftime. For much ofour less-
fragile equipment, this is good-enough. 

Unfortunately, we may find ourselves chasing a prob-

lem created during the time that these UPS are still con-
nected to the Mains before they switch to their inverter. In 
these cases, our fragile equipment can be getting its brains 
scrambled while the UPS is making its decision what to do. 

The solution to this problem may be to utilize what is called 
a "true UPS." 
A true UPS is perhaps what the term UPS really was 

meant to describe — that is, to be un-interruptible. These 
often include ferro-resonant or Sola type transformers as 
part of their design. The input of these units charges a 
battery while their inverter works all the time providing 
AC output. 

A true UPS with an external battery. 

During periods of voltage spikes, brown-out, or total 
power loss, the UPS continues supplying the normal 
power feed until the battery is exhausted. The control and 

diagnostic display shows the condition of the UPS, allows 
testing, and permits a complete bypass for maintenance. 

The great thing about this design is that your finicky 
equipment is quite isolated from the outside world and — 
one hopes — just keeps on working. 

CHOOSING THE RIGHT UNIT 
There are a number of decisions that must be made 

when it comes to buying the right UPS for the job — or 
evaluating the existing UPS system at your facility. Here 
are some things to check: 

I. Do you need true UPS or not? As we have noted, it 

is important to balance the level of protection provided by 
a UPS model with the needs of the equipment being 
protected. Having a back-up system restore power is of 
little use if the switching delay is long enough to cause the 
electronics in the console to reset everything to "off." 

2. What is the connected load to the device? I often see 

UPS's that are not sized properly, either too big or two 
small. (One engineer put a 1000 Watt UPS on the input to 
a 1 kWAM transmitter.) And be alert to "load-creep" — 
where more and more gear is plugged into a circuit, 
eventually exceeding the UPS's ability to deal with it. 

3. How long do you need the UPS to perform? This is 
based on battery size, whether or not you have a back-up 
generator, and how long it takes to start and restore power 
in the event of a more protracted outage. Of course, longer 
UPS runtimes means bigger batteries and that could well 
mean space and ventilation issues. 

4. Do you want one (or more) large UPS's or wish to 
have a larger number of smaller ones? The decision to use 
large UPS's should consider the fact that you are putting a 
lot of things in one basket and are creating a Single Point 
of Failure (SPF — see Stan Adams' article on page 16.) 
problem that could come back and bite. 

5. For those that are planning on using a large UPS, 
another question: should I be using a conventional elec-
tronic battery charger/inverter system or should I consider 
a fly-wheel system? These are certainly interesting as they 
are not very big and you do not need a large bank of 
batteries. 

(Continued on Page 24) 
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Practical  
Engineering 

Why a Good UPS Plan 
Will Save Your Day 
— Continued From Page 22 — 

UPS'S BREAK TOO! 
Do not forget what Murphy says about these things: the 

more complicated a system, the greater number of parts 
there are to fail! That being said, the engineers' best 
defense is redundancy. 
I am always amazed at how broadcasters will have 

spare antennas, transmitters, exciters, studios etc., and yet 
these stations who pride themselves with their layers of 
redundancy, still have locations where they have come to 
rely on a single UPS. 

Over the years I have come to learn and appreciate the 
following: I have no idea of how many times the UPS has 
saved my bacon, but I can count the time that it has fried it! 

What I mean here is simply this: I know that UPS's do 
prevent equipment problems created by power line issues. 
But their introduction into any system, increases the parts 
count of that system and therefore creates a more compli-
cated system with more things to go wrong — and they 
occasionally will. 

INCLUDE TRANSFER SWITCHES 

UPS's can and will fail. Do not let such failures cause 
you to have to make those 3:00 AM emergency trips to the 
stations facilities to bypass the new smelly UPS. 

We all know the advantage of having an automatic 
transfer switch for our auxiliary power generator sys-
tems. Otherwise whenever we had a power failure we 
would have to run to the station to plug things into the 
aux-power outlet. 

The rule is simply this: if the equipment down-stream 
from any UPS is critical to the operation, install a transfer 
switch there as well. 

A Pulizzi auto-switching power controller. 

There are a number of firms that make these switches, 
and they vary in terms of complexity and features. Pulizzi/ 
Eaton and APC are among those that come to mind. 

Back side of the Pulizzi transfer switch. One plug 

goes into the UPS output, the other into Mains (or a 
second UPS). The eight outlets feed critical or finicky 

equipment. 

POWER PROBLEMS SOLVED 

Entercom in Seattle is an example of a cluster that has 
been burned more than once by a failed UPS. And when 
that UPS was located at a snowed-out transmitter site in the 
middle of the night, it was not a pretty picture. 

Today 100% of their UPS's have an automatic transfer 
switch located downstream from each UPS so that— when one 
fails — the equipment following has a chance of continued 
operation by being automatically re-connected to the Mains. 

A server room at Entercom Seattle showing four UPS's 
(two different types) and automatic transfer switches. 

Whether stations elect to deploy large UPS's that 
power lots of critical equipment or small ones that serve 
things you cannot do without, it is a best to install a transfer 
switch to automatically switch the load to a backup feed. 

Just remember that redundancy is a great way to fight off 
Murphy issues — and automatic redundancy is even better. 

A veteran radio engineer based in Seattle. WA, Clay Freinwald is 
a frequent contributor to Radio Guide. Contact Clay at k7cr@blarg.net 
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Survival Guide 
lot. If I hear the "my boss was a jerk" kind of comment, 

my "attitude radar" gets cranked up to I I. 

Hire Well - Save the Pain 
by Sam Wallington 

I hate firing people! 
Nevertheless, there I was with the Human Resources 

representative sitting across from me and watching 
while I bumbled through yet another firing before 

providing the newly-released employee with their lovely 
parting gifts. 

What had brought me to yet another firing? The first 
time I fired someone it was so painful I wanted to never 

do it again. Yet somehow I was back at the table, 
struggling with it again. This time it was worse because 
I actually liked the person I was firing. Unfortunately, 
they just were not doing the job. 

NEED FOR CHANGE 
I had been lucky many times and had hired some 

really awesome people. But I decided that my hiring 
processes had to change. I could not rely on luck 

anymore. It just is not fair to the person I will end up 
firing later. 
I realized there were a number of problems. Some-

how, my interview questions were not getting past the 
suit and tie to the real person. Though I checked the 

candidate's references, tested their technical skills, and 
had some good questions (such as, "What are your three 
greatest weaknesses?"), I was not getting to the deeper 

issue of their attitude. 

Part of my problem was that I tended to hire out of 

desperation. I needed someone to fill the position now. 
There was no time to spend on finding candidates and 
interviewing them. In the end, I hired poorly and cre-
ated even more work for myself. Then, because I was 
still too busy, I would put off firing them, causing 
further problems and getting even more behind. 

As Bill Sepmeier shared with me recently, I had to 
learn to "hire slow, fire fast." 

EVALUATING THEIR ATTITUDE 

I needed to take more time and ask harder questions 
during interviews. Sure, I needed some quick "ice-
breaker" questions, since most candidates are scared 
spitless when they first arrive. But I really needed to ask 
something more penetrating than talking about techni-
cal skills, and find a way to learn about their attitude. 

Attitude often shows when people are frustrated, 

angry, or scared, so I wanted to know how they handle 
themselves in tough times. I decided to ask the candidate 
something about how they handled their biggest chal-
lenge or a conflict with a co-worker — but I would not 
accept: "Oh, I always get along great with everyone!" 

Yes, they can still lie but often, if they tell me about 
a recent conflict, their true attitude still shows. Even a 
simple conversation about a previous job can reveal a 

GROUP DYNAMICS 
It is useful to watch a candidate interact with a group 

of co-workers over lunch. As work-related stories are 
shared, I watch to see how the candidate reacts, especially 
when they share their own stories. Such conversation in 

a non-threatening setting can still reveal key information 

about their attitude (and many other things). 
My interviews also had suffered because I was 

trying to impress them with how wonderful it was to 

work here (and for me!). More effective is giving them 
a truthful, but worst-case, scenario to chew on. The best 

candidates have excellent and realistic attitudes, realiz-
ing that any job involves some hard days and challeng-
ing circumstances. They is when they show their true 

attitudes of strength, persistence, and humor. 
Finally, when checking references, instead of asking 

the typical questions (e.g., "did they work for you from 

2003 to 2007?"), I started asking questions like, "What 
did you enjoy about having them on your team?" because 
those responses get to the root of what I am seeking. 

Unfortunately, there is no guarantee that I will never 

have to fire someone again. But implementing these 

changes has certainly reduced the possibility. Instead of 
grumpy and bitter team members, I hear a lot of laughter 

and cooperation. Instead of hearing excuses for things 
not being finished, I get to hand out a lot of praise for 

projects completed well. 
I would say that is worth the time and effort it took 

to learn to hire well. 
Sam Wallington is the Vice President of Engineering for the 

Educational Media Foundation in Sacramento, CA. You can 
reach him at swallington@emlbroadcasting.com 
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- - Heavy Metal 
RCA's Transition to Design & Manufacture 

Part 4: BTA-50G/H/J - The Ampliphase 

by J.S. Sellmeyer, P.E. 
Our discussion of RCA's radio broadcast history has 

gone from its early days as a marketer for GE and 

Westinghouse low-level modulated transmitters to the 
design and manufacture ofsome of the most famous high-
level modulated tube transmitters in history. Jack Sellmeyer 

brings the history of RCA radio broadcast manufacturing 
to a close with the Ampliphase series. 

RCA sold the BTA-50E- I into the early 1950's. This 
transmitter would be the last high-level plate modulated 50 

kilowatt transmitter marketed by the company. 

Its replacement in late 1955 was the BTA-50G, the first 

domestic application of the "outphasing" or "Ampliphase" 
modulation system offered commercially in the United 

States. The first BTA-50G transmitter was reportedly 
shipped to WINS in New York City in December, 1955. 

A NEW TYPE OF MODULATION 

"Outphasing," as a method of generating amplitude 
modulation of a radio frequency carrier, was first de-

scribed in 1935 by a Frenchman, Henri Chireix. It was 
applied in Europe in the late 1930's, most notably to a high 

power broadcast transmitter in Luxembourg which was 

captured by the Allies during the latter part of the war and 

used to transmit instructions to the underground in occu-
pied Europe. 

The system was not widely used in the United States 
until RCA introduced the BTA-50G in 1955. It has been 

reported that in the early 1950s, RCA acquired the rights 
to what they called the "Ampliphase" System, as well as 

the engineering knowledge to produce the system from an 
external source, the engineering department of the 
McClatchey Broadcasting Company. 

This was not the normal practice for RCA. 

MCCLATCHEY BROADCASTING 
The McClatchy Newspaper chain in California was 

one of the early broadcasters in the western United States 

with operations on the west coast and in Nevada. The 
group was headquartered in Sacramento, the state capital. 

There, McClatchy owned station KFBK, a Clear Chan-
nel ( I-B) station operating on 1530 kilohertz. 

FCC records indicate that KFBK was issued a modifi-
cation of its construction permit in mid- I948 to change the 

type of transmitter to a composite transmitter. The permit 
also authorized construction of a single-pattern directional 
array using a pair of full-wave Franklin antennae. ( In late 
1949 the company was also issued a construction permit 

for a power increase for its station KOH in Reno, Nevada 

to five kilowatts. The permit for KOH also specifyed a 
composite transmitter. 

Both of these transmitters were designed and built by 
McClatchy engineers in Sacramento. These are believed to 
the first outphasing or Ampliphase designs built in the 

western hemisphere. The KFBK transmitter was licensed 

as the main transmitter until its replacement in 1969 by an 

RCA BTA-50H I S model. 

The McClatchy 50 kW transmitter. Notice the spare 
finals on the desk, base up. Courtesy Dale Harry 

OUTPHASING 

The system generates amplitude modulation indirectly 
by phase modulating two independent radio frequency chan-
nels out of phase which, when combined in the RF output 

network, produces the amplitude modulated carrier. 
This is accomplished by adjusting the phase relationship 

of the two channels to 135 degrees at carrier, then modulat-

ing them in inverse phase so that, when each channel is 
retarded by 22.5 degrees, the difference between the two 
vectors is 180 degrees and the output of the system is zero. 

This is the trough of the envelope at 100 percent negative 

modulation. Conversely, when the phase of the two channels 
is advanced by 22.5 degrees, the envelope is modulated 100 

percent in the positive direction. Figure-1 illustrates the 
vector relationships of the two channels. 

(Continued on Page 30) 
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- Heavy Metal 
RCA's Transition to Design & Manufacture 

— Continued From Page 28 — 

AMPLIPHASE VECTOR RELATIONSHIPS FOR 

CARRIER. MD% NEGATIVE AND IOU PERCENT POSITIVE MODULATION 

Further advances in phase result in higher positive 
modulation until the two vectors approach zero degrees 
difference — and bad things begin to happen. It all sounds 
very simple but, as they say, "the devil is in the details." A 
truer statement was never spoken! 

HIGH EFFICIENCY, HIGH QUALITY 
The system has several attractive features including 

reasonably high AC to RF conversion efficiency and 
relief from the necessity of using expensive iron core 
modulation transformers and reactors. Very wide fre-
quency response is possible because of the absence of 
large iron core components in the audio path. The system 
is capable of very low harmonic distortion when properly 
adjusted. 

However, these features came with a penalty in the 
form of very complex circuitry to generate the two phase 

modulated RF channels and distort — or is it "predistort" — 
the laws of physics to make the system linear. 

A SMALLER FOOTPRINT 
The BTA-50G transmitter was significantly smaller 

than its predecessors, being largely self-contained in four 
freestanding cabinets with their front panels attached to 
the cabinet frames. 

The RCA BTA-50G 

No longer were external blowers or external ductwork 
required to direct the cooling air to the areas needing it. The 
three blowers used in the transmitter were self-contained in 
the two RF Amplifier Cabinets and the Rectifier Cabinet. 

The three high voltage plate transformers were located 
in a protective cage or transformer vault, if required by 
local ordinances, external to the main cabinets. The volt-
age regulator transformers and all switchgear were located 
on a vertical surface external to the cabinets, usually on the 
wall immediately behind the cabinets. 

Wiring ducts 
carrying the AC and 
control wiring were 
normally installed 
on the walls or over-
head between the top 
of the transmitter 

cabinets and the 
switchgear and 
transformers. 

TUBES '0 
PLENTY 

The BTA-50G, 
the first of the 
Ampliphase series, 
holds the all-time record for tube count at the 50 kilowatt 

level, both in terms of raw numbers and in number of 
different types. The transmitter used a total of 74 tubes of 
15 different types, including the 17 tubes in the standby 
exciter/modulator. Many in the industry regarded this as 
a step backwards; the low tube count and the simplicity 
of the BTA-50F had been great selling points! 

The BTA-50H, the second of the series, cut that by 
half, reducing the tube count to 37 total of 13 different 
types by replacing the mercury vapor rectifiers with solid 
state rectifiers and making the standby exciter/modulator 
optional. The BTA-50J further reduced the tube count to a 
total of 18 tubes of 8 types by incorporating a solid state 
exciter and drive regulator. 

With all of the added complexity of the Ampliphase 
process, the overall AC to RF conversion efficiency was 
improved by only four percent over the BTA-50F1. 

(Continued on Page 32) 
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+ Filters EAS alerts that can be emailed or sent via text 

message 

• 

by intrinsicNet 
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If you thought that you couldn't afford new Autmmation, 

then think DIGILINK-XTREME! 

fluad Play with Dual Record Voice tracking 

Sound card hardware included Ball games mode 

16 input switcher included Music scheduler 

Powerful one week automation Phoner recorder/editor 

only Sin/month 
Xtreme is ideal for Live On Air, Hard disk automation, Satellite automation, 
Internet Radio, and so much more. For less than the monthly cost of a cell phone 
contract you get everything including support and updates (just add a PC) ! II 

ARC-15 
$3,495 

advanced radio consoles for ALL jobs, 

the ARC-10 and ARC-15 

ARC-10 
starts at $1,599 

The ARC-I0 and ARC- I5 are ideal 

for On Air, Production, and News 

studios. Available in either bal-

anced or unbalanced models they 

fit every application. 

'All NEW' from Arralkis Systems 

NEW... a modular, analog console 
the MARC-15 

PC interface 
module for digital 
playback ard record 

www.arrakis-systems.com 

10-15 channels, Pgm E Aud outputs 

am Built in telephone channel for Call in shows 

im 2-5 mics, ( depending on model) 

PC sound card built in 

starts at only 

S4,999 

modular 

3 mixinc buses 

2 inputs per channel 

control room and studio 

supports 2 phone channels 

electronic switching w LED lamps 

970-4H-0730 
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Overall Power Consumption at 50 kW RF Output 

Model Unmod 25% Mod 100% Mod Efficiency 

50-D 140 kW Not Spec 175 kW 43% 

50-E 110 kW 120 kW 156 kW 48% 

BTA-50F 116 kW 124 kW 158 kW 47% 

BTA-50F1 96.5 kW 105 kW 138 kW 54% 

BTA-50G* 94 kW 100 kW 130 kW 58% 
(* The G, H and J models had similar power consumption figures.) 

A LOOK INSIDE THE 50G 

Let us start our discussion of the various sections of the 
BTA-50G by taking a look at the transmitter's basic block 
diagram. 

The BTA-50G and BTA-50H used the familiar UL-
4392 Oscillator assembly as the RF source. Two units were 
furnished with independent, oven-mounted crystals 
equipped with front panel pushbuttons to select the oscil-
lator in use. 

The BTA-50J eliminated the independent vacuum 
tube type oscillators and incorporated solid state oscil-
lators. 

The UL-4392 and its predecessor were originally de-
signed about 1935 and were used in all RCA 50 kWAM 
transmitters from its inception until the late 1960's when 

the solid state Ampliphase exciter was designed. 

BTA-50G Block Diagram 

DUAL EXCITER/MODULATORS 
The output of the selected oscillator was fed to one 

of two independent "Exciter/Modulator" units. Either 
of the Exciter/Modulators could be selected for use on 
the air with the other as a standby unit in case of an on-
air failure. The RF oscillator drove a buffer amplifier 
whose output was split into two identical signals which 

were shifted in phase by 180 degrees to drive the 
subsequent phase modulators, of which three were 
required in each RF chain. 

The audio input signal fed two independent audio 

amplifiers out of phase which drove the phase modula-
tors for each of the RF chains. The audio stage of the # 1 
RF chain also fed a cathode follower which provided 
audio drive to the " Drive Regulator." The Drive Regu-

lator operated as a grid modulator in a subsequent Class 
B RF Driver stage which, in turn, drove the Class C RF 
power amplifiers. 

The three phase modulators of each RF chain operated 

in cascade or series with the output being a linear phase 

modulated RF output. This signals were amplified by a 
single ended class C RF amplifier in each chain which 

produced a few Watts of radio frequency power to drive a 
4-250A tetrode also operated in class C. This stage drove 
the RF driver stage of each chain. These two class C stages 
effectively limit any incidental amplitude modulation com-
ponent appearing on the two phase modulated RF chains. 

RF DRIVE 

The RF Driver of each chain was grid-modulated by 

the Drive Regulator to clean up some mathematical prob-
lems at the trough of the envelope. 

Several critical adjustments were present in the Drive 
Regulator which dealt with linearity of the RF envelope and, 
consequently, harmonic and intermodulation distortion 
products in the modulated signal. These adjustments inter-
acted with all of the interstage tuning adjustments of each of 
the RF chains. This is the principal reason the Ampliphase 

system developed a reputation for troublesome operation. 
The RF Driver stage drove the RF Power Amplifier 

stage of each chain. The two RF power amplifiers were 
coupled together to a common combining point by a pair 
of Pi networks. 

Following the combining point, the balance of the 

output network consisted of a low-pass filter with deep 
notches at the second and third harmonics and matching 
sections for the designed load impedance. The output 

network consisted of very robust components. 

FIELD MODIFICATIONS 

The BTA-50G underwent several field modifications 
in its early years. The G model began life with a new high 

(Continued on Page 34) 

Radio is our main line, not just a sideline. 

State-of-the-art design 

Proven reliability 

Cool and blue - no boring black or 

gray here! 

eA 
Visit us at booth N6421 at NAB IN " 3SHOW 

April 20 - 23, 2009! 1, ere Content Comes to Life 

P. 0. Box 389, 188 Harrison Rd., Bridgton, Maine USA 04009 

(207) 647-3327 (888) SHIVELY FAX ( 207) 647-8273 

sales@shively.com www.shively.com 

- An Employee-Owned Company - 

ISO-9001:2000 Certified 
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RF Specioltiee, 
Group 

Transmitters 
Antennas 
Audio Processing 
Consoles & Racks 
STL / RPU Systems 
Microphones 
Audio Cable 
Combiners and Phasors 

RF Specioltieç 
has everything from the 

microphone to the antenna. 

Transmission Line 
Towers and Lighting 
T-1 and IP Audio CODECS 
HD Monitoring 
RF Analyzers 
Remote Control Systems 
Telephone Hybrids 

"RIF" is GOOD FOR YOU! 
Call your nearest RF Specialties Office:  

RFSCA San Diego CA Steve 
RFSCA Las Vegas NV Bill 
RFSCA San Francisco CA Paul 
RFSWA Mukilteo WA Walt 
RFSWA Vancouver WA Bob 
RFSTX Amarillo TX Don & Mo 
RFSTX Dallas TX Wray 
RFSMO Kansas City MO Chris 

619-501-3936 
888-737-7321 
925-270-8939 
425-210-9196 
800-735-7051 
800-537-1801 
888-839-7373 
800-467-7373 

www.rfspecialties.com 

RFSMO 
RFSMO 
RFSPA 
RFSPA 
RFSPA 
RFSGA 
RFSGA 
RFSGA 

Raymore MO John 
Richmond IN Rick 
Ebensburg PA Dave 
Pittsburgh PA Ed 
Philadelphia PA Phil 
Thomasville GA Chris 
Crestview FL Bill 
Murray KY Dave 

877-331-4930 
888-966-1990 
866-736-3736 
866-412-7373 
888-737-4452 
800-476-8943 
850-621-3680 
270-767-7644 

Fine Print: : The FIRST customer to call their favorite RFS office, and mention this AD, wins a $ 10 Gift Card . from Starbucks. 
Limit of ONE card from each of the above listed office. Previous winners not eligible. 
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voltage rectifier tube, the 6894. The 15,000 Volt rectifier 
used twelve of them in a conventional three-phase full-
wave configuration. Two tubes were used in parallel, 

with equalization reactors in the plate circuit of each 
tube, in each of the six positions. 

However, early 

on problems devel-
oped with the tubes 

in the form of pre-
mature failures. A 

service bulletin was 
issued covering the 
first 24 transmitters 
to change the type of 
rectifier tube to the 

857B, a rugged, 
widely-used rectifier 
tube developed in 
the 1930's and used 
in all of the RCA 
manufactured 50 
kilowatt transmitters The 50G RF Driver with 
up to the BTA-50G. the original 5762 tubes. 

The BTA-50G design initially used a pair of 5762 

triodes, an RCA developed tube which was widely used in 
•  

RCA AM, FM, and 

television transmit-
ters in the late 1940's 

through the early 
1970's for the RF 

Driver stage. 
This tube was 

apparently replaced 

in the early produc-
tion radios with 6076 
tetrodes as RF Driv-
ers and 5671 triodes 
for the RF Power 
Amplifiers. These 
are the same tubes 
the BTA-50F1 used 

in the modulator and 
RF Power Amplifier. 

These tubes had an excellent service life, often exceed-
ing 80,000 hours in the previous transmitter, and were 

retrofitted into several other transmitters, both RCA and 
Westinghouse. 

The 50G PA Amplifier 
used 5761 tubes. 

DRIVER AND PA TUBE CHANGES 

The BTA-50H and J versions of the transmitter were 
the same physical size as the BTA-50G. The principal 

difference between them and the G version was elimina-
tion of all of the mercury vapor rectifier tubes and replace-
ment with solid state rectifiers. All of the rectifiers were 

changed to silicon types. 
At the same time, the RF Driver and Power Amplifier 

tube types were also changed to newer types. The 50H and 
50J models used a pair of 4CX5000A tetrodes for the RF 
Driver stage and newly developed Machlett 6697 air-

cooled triodes in the RF Power Amplifier stages. 

RLTRONIC R 
Performance 

UHF DIGITAL 
Rt MO. NW M O.« 

le 

CH 
ign 

KFBK replaced its original 50 kW 
with this BTA-50H1S in 1969 

The probable reason for the tube change in the 

driver stage was replacement of a tube considered 

obsolete by the production date of the later models. The 
4CX5000A is also a more robust tube. The reason for 

the replacement of the 5671 is unclear. 
The 6697 has 

a filament power 
rating only 85 per-
cent of the 5671, 

which may have 
lead to a shorter 
lifetime. The re-
quired airflow is 
significantly 
greater that that 
required for the 

5671, at much 

higher pressure. This required a heavier blower to 
deliver the required pressure. 

(Continued on Page 36) 

The 50H and J RF Driver 
used 4CX5000A tubes. 

RF DUMMY LOADS 

for ALL YOUR 

APPLICATIONS 

a AIR-COOLED - HDTV 

- HD WATER-COOLED 

RUTRONIC RESEARCH INC. 
P.O. Box 249 Yellville. Arkansas 72687 870-449-4093 Fax: 870-449-6000 

E-mail: info@altronic.com Web Site: http://www.altronic.com 
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Your passion for creating great radio got you where you are today. 

Now it's time to take advantage of the techniques and technologies at 

the NAB Show to ensure your programming will be heard everywhere 

your listeners are tomorrow. This is the ultimate venue far exchanging 

strategies and identifying sound solutions at the global level. And the 

smartest way to guarantee the programming you create reaches more 

consumers — at home, at work and at play. 

At the NAB Show you'll find virtually every innovation driving production, 

editing, programming, transmission, ad sales and new media solutions 

LIVE EIROADCOST 

for your thriving radio enterprise. Visit the unparalleled exhibit floor 

to see, touch and test advanced technologies that enable HO, live 

audio streaming, video archiving/streaming, revenue-generating web 

sites and more. Then experience a wealth of hands-on educational 

opportunities presented by top talent, producers, advertising 

managers, PDs and web developers, the stars influencing today's 

best radio content. 

Join professionals who share your passion for radio excellence at the 

NAB Show this year. For more information, visit www.nabshow.con. 

NABSHOW Tm 
Where Content Comes to LifeTM 

1 
Conferences: April 18-23, 2009 / Exhibits: April 20-23 
Las Vegas Convention Center / Las Vegas, Nevada USA 

www.nabshow.com 
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The only significant advantage of the 6697 over the 
5671 is weight: the 6697 weighs only 29 pounds vs 228 
pounds for the 5671. Thus no tube jack was required to 
change tubes. This 

probably resulted in 
a manufacturing cost 

savings on the or-
der of one thousand 

dollars. 
The other signifi-

cant difference in the 
original BTA-50G 
and the BTA-50H/J 
series is the elimina-
tion of the second ex-
citer/modulator unit. 

Space was provided 
fora second, optional, 

vacuum tube exciter 
in the BTA-50H. The 
BTA-50J used a 

The 50H and J PA 
Amplifier used 6697 tubes. 

newly designed solid state exciter housed in a three rack-unit 
high, modular assembly similar to that used in the television 
studio equipment line ofthe mid- 1960's. Space was available 
in the RF Driver cabinet for installation of a second exciter for 
backup purposes. 

pirate ship as "Radio Caroline" off the coast of Great 

Britain in the 1960's. 

Although no accurate production data is known to 
exist, it is probable that RCA produced at least 30 BTA-

50G transmitters and is thought to have produced 30 more 

BTA-50H transmitters beginning in 1960 and 12 BTA-50J 
models beginning in 1970. 

The last BTA-50J transmitter left the factory in 1978 
near the end of RCA's lifetime. The total of 72 transmitters 

is probably more than the total number of fifty kilowatt 
transmitters ofall previous series produced under the RCA 
name prior to the Ampliphase series. 

And with that, RCA's activities as a manufacturer 
went into the history books. 

R.I.P. 
A pictorial look at the entire series of RCA 50 kilowatt 

transmitter can be found at www.oldradio.com/archives/ 
hardware/RCA/50.htm 

Jack Sellmeyer has been designing, constructing and maintain-
ing broadcast equipment and stations for over five decades. Jack 
can be contacted at jackgsellmeyereng.com 

In addition to its popularity in the United States and 

Canada, the 50 kilowatt Ampliphase transmitters enjoyed 

a healthy export business. At least thirty of the BTA-50G 
models were produced. 

DIFFICULTIES 

Around 1974, RCA began production of Ampliphase 

transmitters at the five and ten kilowatt levels, using the solid 
state exciter developed for the fifty kilowatt transmitters. 

Unfortunately, although sales were good, the low 
power transmitters rapidly developed a poor reputation for 

reliability and overall air quality. Some even referred to the 
series as the "Amplifuzz," when distortion reached annoy-
ing levels. 

However, as with the 50 kilowatt transmitters, the 
distortion problems were due to the intense maintenance 

requirements needed to assure top quality on air perfor-

mance. Few of the smaller stations were equipped with the 
specialized test equipment required to properly maintain 
the transmitters — and fewer still had technical personnel 
trained to perform the required maintenance. 

THE END OF THE LINE 
RCA produced Ampliphase transmitters at power lev-

els of 100 and 250 kilowatts from the mid to late 1950's 

until the end of production when RCA closed down its 

broadcast manufacturing around 1980. Many of these 
went to Africa for service in government-owned networks 
and stations. 

One 250 kilowatt radio operated as a "Border Blaster" 

at XERF, Acuna, Coahila, Mexico in the late 1950's 
through the early 1970's. Wolfman Jack got much of his 

early exposure hawking goods to the vast U.S. audience 
during the nighttime hours from "Del Rio, Texas." 
Another 50 kilowatt Ampliphase radio operated on a 

Full line of 

HD Radio Accessories: 

Circulators, Mask Filters, 

Reject Tuners, and 

Rigid Components. 

JAMPRO ANTENNAS/RF SYSTEMS, INC. • P.O. Box 292880 • Sacramento, CA 92829 USA • Phone (916) 383-1177 • Fax (916) 383-1182 • www.jampro.com Your Partner for HD Radio Solutions 
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PORT ACTIVITY 

HON 4111000M 
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Featuring a front-panel LCD screen and jog 
wheel for instant on-site setup, the 730 may 
also be programmed easily through any of its 
data ports using the included Windows soft-
ware. USB, TCP(x2), UDP and serial ports can 
accept both ASCII and UECP command sets. 

The 730 connects directly or can be net-
worked with virtually any playout system 
and offers full support for RT+ 'tagging,' 

• 

c.TPTUr.: 
PILOT LOCK: YES SENDING PS>KRDS-FM < 

For full technical 
details, visit... www.inovon.com 

TMC traffic updates and other advanced 
applications. An Internet connection will 
assure accurate Clock Time and Date (CT) 
timekeeping. 

Internal data diagnostics and transmission 
safeguards guarantee foolproof installation 
and operation, and field-upgradable firmware 
ensures compatibility with any forthcoming 
RDS/RBDS applications. 

1 1305 Fair Ave. • Santa Cruz, CA 95060 
TEL: (831) 458-0552 • FAX: (831) 458-0554 
www.inovon.com • e-mail: info@inovon.com 
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We hear you. Loud and clear. 

LOOK TO LARCAN FOR INNOVATIVE 
IBOC FM SOLUTIONS - ENCORE SERIES 
Designed with a difference to ensure the highest quality audio performance - 

LARCAN's new Encore Series offers a superior range of IBOC FM translators. 

Customer driven and purpose designed for optimum performance - we bring 

you the best in IBOC FM broadcast technology. Encore, Applaud innovation. 

We hear you. Loud and clear. 

IBOC FM FM Translator 
(Model. DRT-01) 

U_S. Tel: 1-303-665-8000 • Fax: 1-303-673-9900 Canada Tel: 1-905-564-9222 • Fax: 1-905-564-9244 

WWW.Iat-cartcorn Email: saleselarcan.coit 

Encore Series Features: 

• Superior IBOC FM Performance & Coverage 

• Extensive Power Range from 25W to 250W 

• Broadband Design 

• Frequency Agile 

• Integrated Features & Adaptable 

• Complete Solutions for Analog FM & 

IBOC Digital Radio 

• Innovative Design 
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Field Guide  
Tieline Connects VolP Via Satellite 

ABC Radio Australia's "Breakfast Club" program broke 
new ground recently when they connected and broadcast for 
several hours from Cambodia using a Tieline Commander 
codec and a BGAN (Broadband Global Area Network) satel-
lite terminal. 

It was the second year that Radio Australia had visited 
Cambodia to broadcast live from the Water Festival in Phnom 
Penh, an important event and a great opportunity for Radio 
Australia to meet listeners throughout the region. This was the 
first attempt by Radio Australia at broadcasting over satellite 
IP, and there was some nervousness prior to the OB because it 
was impossible to test the connections before arriving on-site. 

LONG DISTANCE REMOTES MADE EASY 
Broadcasting 1P over satellite connections is now a rela-

tively simple task. With BGAN you can broadcast from 
wherever you can obtain a satellite signal. 

All Radio Australia had to do was set up the satellite 
terminal, connect a LAN cable between it and the codec, and 
dial the IP address of the codec in Melbourne. The Tieline IP 
is suitable for all radio and television broadcasts, including 
HD radio, television and Internet broadcasting. 

Ryan Egan, Technical Producer for Radio Australia, 
operated the codec and Thrane & Thrane satellite terminal in 
Phnom Penh. He connected reliably at 24 kbps and used the 
Tieline "Music" algorithm to send both music and voice 
programming live to Radio Australia's studios in Melbourne. 
The program audio was then rerouted back to Cambodia over 
Intelsat and transmitted to local audiences. 

Telco and Codec 

by Charlie Gawley 
and Glenn Davies 

The BGAN satellite terminal and 

Tieline Commander plug into each other. 

Using the Tieline IP codecs provided reliable, live FM 
quality audio over the Inmarsat global satellite network for 
several hours. Radio Australia has found the Tieline Com-
mander to be very portable, which is critical when travelling 
extensively into remote regions. It can literally be packed into 
a briefcase and taken virtually anywhere. 

CLEAN, STABLE AUDIO 
Radio Australia often broadcasts from remote locations 

throughout the Asia-Pacific region. Some of the other 

places they have broadcast from using Tieline codecs in-
clude Indonesia, Vanuatu, Papua New Guinea, Samoa, the 
Phillipines, and Fiji. If a POTS/PSTN line is available in 

these regions you are generally lucky if you can connect at 
between 16 - 19 kbps, and high quality FM audio cannot be 
achieved at these bit-rates. 

BGAN IP connections provide higher bit rate con-
nections and higher quality audio, with much greater 
flexibility. 

The broadcast from Cambodia worked very smoothly. 
Throughout the Radio Australia network everyone was 
happy with the reliability and audio quality of the broad-
cast. Ryan remarked that the program audio connection 
was very stable over many hours. He also sent the mix-
minus return feed from Australia back to the local PA in 
Phnom Penh for playback of news during breaks in the 
broadcast. 

COST EFFECTIVE 
BGAN is now available in the US as well as throughout 

the majority of the Pacific region. Radio Australia and other 
broadcasters throughout our region are gearing up to take 

advantage of the increased satellite footprint and use IP over 
BGAN more often. The introduction of BGAN to US broad-
casters opens up new opportunities for doing long distance 
remotes there. 

Apart from the flexibility of 1P broadcasting over BGAN, 
it also provides a cost-effective data solution. When com-
pared to the broadcast Radio Australia did the year before, 
satellite ISDN B-channel data cost around $4,000 — the same 

broadcast a year later using IP over BGAN cost around 
$1,300! 

You can expect to hear a lot more about satellite IP in the 
coming months as more broadcasters take advantage of the 
cost advantages and flexibility provided by remotes broadcast 
through satellite channels. 

Charlie Gawley is a Business Development executive at 
Tieline and Glenn Davies is a consulting engineer in western 
Australia. Contact them at glenndavies@bigpond.com 

Broadcast Devices, Inc. Essentials for Good Broadcasting Since 1985 
The AES-302 Digital Audio Switcher/DA/D-to-A Converter 

Ibdi AES402  = 

•... MI • 

The AES-302 switches between two AES3 sources automatically upon loss of feed. Features include a 

four-output AES3 DA and balanced stereo analog output. The unit triggers on silence, loss of clock or 
other user determined digital error flags. The AES-302 is remote control compatible with position status. 

The CDS-300 Composite Audio Switcher/DA 

u. e 
co.s.loo   

e 

The CDS-300 is a basic two input composite audio switcher distribution system. The unit switches 
between two composite base band signals. Features include D.C. coupled signal path, low impedance 
output drivers that can drive long capacitive lines without instability. Another exclusive feature is an 
RBDS loop through to lock 57 kHz sub carriers to pilot and distribute to all outputs simultaneously. The 

CDS-300 also has an accessory port for adding the CTD-1 Composite lo AES output module providing 
two AES3 outputs derived from the incoming composite signal. The CDS-300 is great for upgrading 
composite STLs and processors to digital output. Feed composite in and get AES3 output in addition to 
three composite outputs. 

The CDS-302 Automatic Composite Audio Switcher/DA 

• • 
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The CDS-302 is a two input composite audio switcher distribution system with silence sensor for auto-
matic switchover operations. The CDS-302 has all of the features of the CDS-300 above including acces-
sory port for adding the CTD-1 Composite to AES output module. Provides complete confidence that 
audio will get to the transmitter in the event of a link failure. 

Broadcast Devices Inc. 
Tel. 914-737-5032 • Fax. 914-736-6916 
www.Broadcast-Devices.com 
Visit our web site for more complete product information. 

bdi 

The CMP-300 Composite Audio Mixer/DA 
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The CUP-300 provides a means of combining up to three base band signals such as FM stereo, SCA, 
and RBDS signals. Each input has provision for level control and each of three outputs has a level trim 
too. Applications include combining signals to feed to exciters with only one base band input or for 
feeding a common base band signal to up to three locations. The CMP-300 allows you to manage base 
band audio signals in one convenient package. Each input features a high quality D.C. coupled instrumen-
tation amplifier and each output features a 50 ohm impedance line driver suitable for driving long capaci-
tive cables without instability. 

The (' 11)-300 Composite to AES Converter 

CID-300  

rbat-11. 

The CTD-300 converts base band composite FM stereo into two AES3 pairs suitable for application to 
digital input exciters. Whether you are adding IBOC or upgrading to a digital exciter, like its CDS series 
cousins the CTD-300 becomes a cost effective altemative to replacing a composite STL or processor. Or 
use the CTD-300 as a high quality stereo decoder for studio applications. Connect to your base band 
modulation monitor and the CTD-300 can output AES3 or with a simple jumper selection, balanced left 
and right stereo suitable for driving an air monitor system. 

The ACS-300 Six Channel Audio Control System 

•tlioNeurc• 

bdi ACS,700 

Originally designed for the rigors of six channel television sound, the ACS-300 Audio Control System 

provides six channels of balanced I/O where each channel or groups of channels can be remotely turned 
on, off or dimmed by a pre determined level. Uses include monitor muting for consoles that lack this 

feature or for paging applications where audio dimming or muting is required. Of course, the ACS-300 is 
well suited to six channel audio surround applications too. Each input is differentially balanced and can 
provide up to 14 dB of gain. All outputs are differentially balanced 600 ohm impedance. Use any time 
audio needs to be tumed on or off and line amplification is desired. 
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Integration 

PSI is dedicated to turing the 
highest quality product. Working diligently with 

station engineers, consultants and outside vendors 
ensures that each project is completed to the , 

customer's satisfaction. 

Wide range of antenna models are available 
at all power levels, directional and 

non-directional, multi-station and more. 

Additional products include.. 

Transmission Line 

Combiners 

Filters 

Turnkey Systems 

Phone: (814) 472 - 5540 Fax: (814) 472 - 5676 
Email: sales 0 • sibroadcast.com www. sibroadcast.com 

[in-ti-grey'-shuhn] - noun 1. an act or instance of combining into an integral whole. 

It should have been our middle name, 

but it wouldn't tell the whole story. 

Customized Automation Systems 

Studio Design and Project Management 

Broadcast Equipment with Exceptional Pricing 

Complete Turnkey Installation 

Broadcast Equipment Repair 

On-site Troubleshooting and Maintenance 

At Lightner Electronics, we don't just install broadcast facilities. We guarantee, service 
and repair all of the equipment we sell as well as existing broadcast gear of any type. 
No matter what electronics you have or plan to have, we are your Ultimate Solution. 

For broadcast integration, sales and service 
there is only one name you need to remember: 

Lightner Electronics Inc. 

Your Ultimate Solution. 

Toll Free: 866-239-3888 
Fax: 814-239-8402 

www.LightnerElectronics.com 
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Field Guide Test & Measurement 
towards the half-wave point. At 1420 kHz, the resistance 
was 210 Ohms, with a reactance of +817 Ohms, difficult 

to read on my OIB but clear on the screen. 

Road Testing the PowerAIM 120 
After reading Jack Sellmeyer's nice article (Radio 

Guide March-April 2008 p.20) about the PowerAim 120 
from Array Solutions, along with seeing it in action at the 
Radio Guide AM Transmission Seminar, I just knew t 

had to have one of these critters. So I finally bit the bullet 
and ordered one in January. 

The PowerAim 120 in Alan's camera case. 

PUTTING IT RIGHT TO WORK 

Of course, once l had it in my hands I had to figure out 
what kinds of diagnostic displays it could produce. After 

doing a few test sweeps, I determined my 01B is going to 
be getting a great deal of rest. Being able to sweep the 

gre 

• Gibralter IV Series 

• horizon to Horizon 

by Alan Alsobrook 

entire AM band in two minutes — and see the results — is 
something that would have taken an entire night with a 
bridge. 

It also does not seem to get squirrel ly when you get into 

high-Z loads like an 01B will. 
After getting used to it in the shop, the time had come 

to do some real work. A diplexer I maintain had been 
getting a bit flaky of late, so I put the AIM to the task of 

figuring out what exactly was going on. The first screen 
shot is a broad sweep of the 380-foot skirted antenna, used 
for stations on 1240 and 1420 kHz. 

A sweep of the antenna. 

From this I was able to see for the first time exactly how 
the antenna was reacting across the entire band. From the 
graph you can easily tell that the upper frequency carrier of 

1.42 MHz is riding on the slippery up-slope heading 

• Standard AZ- Id. 

• Heavy Duty Polar 

ANTENNAS 
ANTENNAS 
ANTENNAS 
ANTENNAS 
ANTENNAS 

AN I ENNAS 

COMMERCIAL QUALITY 
6m 0m. om. I 2m. 1 5m 1 fl,. 2 4,1, 2 7rn so. , o. • . 

Call For Info 

800-627-9443 608-326-8406 

www.dhsatellite.com 

ra Offering: 
* Feed Horns 

Lai * LNB's 

* Multi-Cable 
* Receivers PM * Controllers 
* Antenna Covers 
* Custom Fabrications 

OVER 600,000 Manufactured 
• High Efficiency • Custom Fabrications 
• Fast Direct Delivery • 5 Year Warranty 

Fax: 608-326-4233 
Email: dhsat@mhtc.net 

Buy Factory Direct & 

Save! 

CHECKING THE ATU INPUT 

Next I looked at the input to the ATU and observed an 
interesting mess. Instead of 50 j 0, the transmission line 
was matching into 33 -j 13 Ohms. 

A wideband sweep looking into the ATU. 

I also noticed that this mess changed drastically on 
carrier frequency when I opened the J-plug leading to the 
far side filters. That little tidbit let me know I had troubles 

in the far side filters. Now to figure out exactly what was 
causing the problem. 

Measuring the series filter, I saw that the reject fre-
quency had moved about 15 kHz from where it was 
supposed to be set. When you think about how much 

energy would have been passing through that filter and 
then dumped by the shunt filter, it makes me wonder how 

I was even getting a signal on the air. On the Power AIM 
display, an easy way to determine the resonate frequencies 
is to look and see where the theta (phase shift) crosses zero. 

(Continued on Page 42) 

The Broadcast Industry's 
6-channel UNcompressed Digital STL 

FORWARD • 
REFLECTED ill 

VSWR • 

DIGITAL Sit IN.NSYII1TER 

MODEL460 DIGITAL STL TRANSMIMR 

RP 

III 
o 

11•11.• 

MODEL467 DIGITAL STL RECEIVER 

Advanced Technology, Only From TFT 

• 6 UNcompressed Program Channels, maximum 

• PC Configurable from Front Panel for Frequency, I/O, Alarms, LCD 

• Supports 48, 44.1, as well as 32 ks/s Sample Rates 

• 256 QAM, 64 QAM, 16 QAM Modulation 

• AES/EBU or Analog I/O - Built- In Sample Rate Converters 

• Major/Minor Alarms on both Transmitter and Receiver 

• 3.125 kHz Step Size 

IN  I INC 

Phone: (+ 1)408-943-9323 
FAX: (+ 1)408-432-9218 

vvww.TFTInc.com e-mail: inforetftinc.com 
1953 Concourse Drive. San Jose, CA 95131 
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A division of 

• 

»here 
wArves 
expecr JAW' eka'.« 
YOUR ,d2rEemriz62 
Presenting the Armstrong Transmitter X-1000B 
Bring major market sound to 
your radio station with the dual, 

hot-swappable 600 Watt RF modules 

capable of 150% modulation in 
Armstrong Transmitter's X-1000B, 

(1KW HD & DRM ready AM transmitter). 

Engineered with the latest technology 

advances, X-1000B offers high 

reliability and built-in redundancy. 

Get ready to save money while 

improving your sound and reliability. 

Call us today! 

ARMS-1'1=101\1D 
AlieTRAJN1K./11 -1- 1-EFIl CORPORATION 

Tel 315-673-1269 A sales@armstrongtx.com A www.arnutron . 

AM Ground Systems Co. 
www,amgroundsystems.com 

le877•766•2999 
Physical AM Site 

Services 

Construction 

Evaluation 

Repair 

MOM Modeling Preparation work 

Sample, Feed & Control Line Replacement & Repair 

Serving the Technical and Construction needs of AM Broadcasters for 25 Years 

KK Broadcast Engineering 

Model GP/1R Digital Antenna Monitor 

 1 - 
• itakiiK2 

FROM THE TAr 

TO TIM Sk A`r- ALL 
FM & TV 

Transmitters 
Solid State or Tube 

Antennas & Combiners 

.20 Years of Service* 

Asistencia en Español 

24 Hour Support 

2 Years Warranty.4 

www.bext.cOM 

Tel 619 239 8462 • 

Fax 619 239 8474 
bext @ bext.com 

\la 

-* 

Wee-i 
7r.r. 

NEW 
EXCITERS/TRANSMITTERS 

w/stereo generator & audio limiter, 
field programmable FSK ID keyer, all built-in! 

GORMAN-REDLICH 
257 W. Union Street, Athens, OH 45701 

Phone: 740-593-3150 — Fax: 740-592-3898 

Model CRW-S Weather Receiver 

30 k 
ec?,. 

-110 s e 
i -toe 9e tie, 

• r), 

Model CRW-S Weather Receiver 

For receiving alerts from the 
National Weather Service ( NWS)_ 

Redesign of our Model ORA/ now with 
the "SAME" decoder feature. 

Easy to USE and Reliable EAS Equipment* 

• Pre-programmed for your location. 

• Program interrupt relays built in. 

• Six audio inputs. 

• 2 minutes stored audio. 

• All operations via keypad. 
EAS1 Encoder-Decoder 
EAS1 Decoder 
EAS1-CG Encoder Decoder with built-in character generator. 
*Optional DTMF interface available. 

EAS1 Encoder-Decoder 

Model CM R Digital 
Antenna Monitor 

• Remote Controllable 

• True ratio readings. 

• Phase sign automatic, no extra 

operation. 

Contact Jim Gorman at: 740-593-3150 
jimg@gorman-redlich.com • www.gorman-redlich.com 
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Field Guide 
Road Testing the PowerAIM 120 

II. 1.• 111,11 

11111•111«. 

— Continued From Page 40 — 

value) is another item you can do quickly; doing this over 
a wide frequency range seems to give a good indication 
of hidden troubles, not to mention the ease of tuning of 

an A T U match point to any desired value. 

••••• • 3••• 

•aut 

= 

Calaelmi. 

tel 

The purple line shows the resonance 
at both operating frequencies. 

Of course you can look at other th ings such as where 
the signal peaked or dipped, depending on which side of 
the trap you were looking. With a few other tweaks and 

adjustments — verified by another quick sweep — and the 
diplexer was once again operating nicely. A quick check 
with the FIM showed that the signal strength had in-
creased as well. 

The experience made me think that if you are run-
ning combined stations, it is probably a good idea to 
double check the tuning networks once or twice a year 
to make sure they have not drifted, causing a serious 
signal loss. 

I can see many applications other than antennas — 
transmitter PA work comes to mind. Testing caps ( for 

MINOR ISSUES 

Now that I have discussed good side of the PowerAIM 
120, let me mention a few things I did not like about it. 

(Of course, I had to set about correcting what I saw as 
deficiencies.) 

First, it arrived with a big Pelican case designed to 

house the PowerAIM 120 along with a laptop, something 
that I will likely never use. And I was really depressed to 
find there were no test leads included as part of the 

package. 
The final items that made me grumble a bit were the 

calibration loads, which were not very accurate at the 

higher end of the PowerAim 120's operating range, and 

that you will also need to provide your own RS-232 to 
whichever cable you will need to interface with your 
laptop. 

MAKING IT ALAN-READY 

So I quickly made a test cable, using some RG-400 
along with I /4- inch flat braid and some 40 Amp clips. 

Next I borrowed the precision OSL from an Anritsu 
Site Master to do several calibrations and save them for 
future use. Next up was to put the Pelican case in 

storage. I then nicely fitted the AIM and battery into a 
small camera bag, complete with an RS-232 cable al-

ready attached and the battery all hooked up. Now when 
I go to deploy on a test all I need to do is connect the test 

cable to the front and plug the RS-232 cable to my 
laptop. 

The PowerAim 120 is easy to 
take out and set up in the field. 

Before I made these modifications, I had been out to 

try the PowerAIM 120 and it was taking me 15 to 20 
minutes to get set up and make a measurement. 

After moving to the camera bag, I could pull up to a 

site, make the measurement, and be back in my vehicle in 
five minutes. If I have to make a minor adjustment, who 

knows, it might be as much as ten minutes before I am 
ready to depart! 

A periodiccontributor to Radio Guide, Alan Alsobrook, 
CSRE, A MD is a contract engineer based in St. Augustine, 

FL. Contact A lan at radiotechgibellsouth.net 

TRANSCOM CORPORATION 
Serving the Broadcast Industry Since 1978 

Visit Our Website — www.fmamtv.com 
Send your e-mail requests to: transcom@fmamtv.com 

Fine Used AM & FM Transmitters & New Equipment 

AM 

FM 

5 kW 1982 
5 kW 1987 
5 kW 1988 
10 kW 1985 
10 kW 1985 
12 kW 2000 

1.0 kW 2007 
1.0 kW 2007 
1.0 kW 2007 
3.0 kW 1996 
10 kW 2005 
14+5 kW 2005 
20.0 kW 2005 
20.0 kW 1983 
21.5 kW 1989 
30 kW 1994 
35 kW 1986 
50 kW 1982 

USED MISC. EQUIPMENT: 

Harris MW5A 
Harris MW5B 
Harris SX5A Single Phase 
Continental 316F 
Harris MW1OB Solid State 
Nautel XL12 Solid State 

Crown FM1000A (new) Solid State Amplifier 
Crown FM 1000E (demo) Solid State 
Crown FM1000E (new) Solid State 
Henry 3000D-95 Single Phase 
Harris Z16HD IBOC Solid State 
BE Fmi1405 Solid State 
BEFM2OS Solid State 
Harris FM2OK 
Continental 816R-2B 
Harris HT30CD 
BE FM35A 
Harris Combiner (w/auto exciter-transmitter switcher) 

EXCITERS: 
Bird RF Thruline Watt Meter, 50S *New* 30W Synthesized Exciters 

bpjtl . 
_ _ 

1111,111111111 

Please go to our website for updated listings. 
Retuning and testing available — call for quote! 

OMB STL systems for radio, complete 
with antenna and cable for under 55.000! 

2655 Philmont Ave, Ste 200, Huntington Valley, PA 19006 

800-441-8454 • 215-938-7304 • Fax: 215-938-7361 

WHY NOT SWITCH TO MCI? 
COMPLETE FM/TV PRODUCT LINE 

• 

• ANTENNAS 

SPLITTERS 

Coax switches from 
7/8" through 6-1/8" 

Control panels available. 

• POWER COMBINERS 

• 

NOTCH FILTERS 

HARMONIC FILTERS 

• CHANNEL COMBINERS 

• N +1 SWITCHING MATRIX 

Free UPS Ground shipping within the continental USA 

and Canada - SWITCHES ONLY 

0  Micro Communications, Inc. 
Toll Free: 800-545-0608 
www.mcibroadcast.com 

VISA 

Master 
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Approximately One Half the Cost of New 

3,000 Hour Unconditional Guarantee 
Call for Your Quotation 

Phone: 530-662-7553 • Fax: 530-666-7760 
Toll Free: 800-532-6626 

www.econco.com 
1318 Commerce Ave, Woodland, CA 95776 

BESCô 
INTERNACIONAL 

Complete Inventory at: 

World Leader 
in 

AM-FM 
Transmitters 

now iii oul 

Itywdesco-Int.com 
Pre-Owned Alla units in stock! 

R.E. - President Info: (912)-931-6055 Rob Malany Vice President  

Sales: (311)-960-4001 Email: Sales@ Bes o-Int.com 

iji CtilfaNe fii FP-TRO 

/P IRO 

The Ultimate IBOC Receiver/Translator 

Designed to accommodate "full envelope" baseband signals (1130C and 

analogy, Fanfare's new age receiver/translator, the TRO, is fully self-

comained and does not require an IBOC exciter. In fact it arrives in a 2 
module configuration ready for deployment under all existing FM mod-

ulation forms. The "TRO" offers considerable versatility requiring only 

connection to the receiving antenna and a linearized PA. If necessary, the 

receiver and translator modules can be separated by up to 200' of coax, or 

by STL. The latter would be of value for some repeater applications as well. 

At the heart of the TRO design is our patented, Omega NTP-based 

teclanology which enables the TIMO to establish a noise floor that is often 

below normal measure. This significant noise reduction manifests Itself in 

significantly increased sensitivity and adjacent noise rejection which is 

casent al to assure reception of low-level IBOC signals. 

I fa Vlfa fn 

6509 Transit Rood, uni 11-1 
Bowmansville NY 14026 
frnoil"proinfo@fanforefm.com' Websile: "wwvxfonforefm.com" 

"Desymne receivers enat eroad'osters can rely on" 

1-800-268-8637(U.S. 8. Canada) 

Voice - 716-683-5451 
fax - 716-683-5421 

Bay Country 
Broadcast Equipment 

Buy • Sell • Trade 
Your #1 Source for Quality 

Used Radio Broadcast Equipment 
View our latest list of equipment on-line at: 

www.baycountry.com 
Or call and we will fax it to you. 

All equipment sold with a 15 day return guarantee. 

Turn Your Excess Gear Into Cash 
Fax or email your list to us and we will respond with our offer promptly. 

We only buy good working equipment with traceable serial numbers. 

Fax Your List Today — 443-596-0212 

ià-untry 
,5&BROADCAST EQUIPMENT 

http://www.baycountry.corn 
(Website Updated Daily) 

E-mail: sales@baycountry.com 
877-722-1031 (Toll Free) 443-596-0212 (Fax) 

7117 Olivia Rd, Baltimore, MD 21220 
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Personal RF Monitor Value! 

The SafeOner" alerts to 
hazardous RF above FCC 
limits from 10 — 10.000 
MHz! 

Easy mount to belt or tower 
harness rugged nylon hol-
ster 

Long '3attery life 

S mple operation 

Ne.B Booth N9115 

Meet OSHA rules for 
50% less than competitors! 

Call 800-522-4464 or order on line at 
www.LBAGroup.com/Safeone 

LBA TECHNOLOGY, INC. 
Greenville,. North Carohna 

RF Syeerns Soce 191-3 

Inver IPtating Powder 
Silver Plate On-The-Job with Cool-Amp!! 

Cool-Amp 

'Maintain your RF frequency 
'Keep your PCBs cool 
'Increase conductivity 

'Minimize power loss from 
corrosion & oxidation 

Conducto-Lube 

'Reduce resistance 
'Prevent power interruptions 

'Prevent data errors 
'Prevent power failure 

LËLL21,-.1\1(Ji. 
Ph: 503-624-6426 Fax:503-624-6436 

wvnv.cool-amp.com emad sales@cool-amp corn 

BROADCAST WORKS 

Full Service Broadcast Engineering 

Project Management - Studio Build Outs 
Transmitter Sites - IBOC Installation 

Automation Systems - STL & RPU Repairs 
Full Service Shop - Emergency Equipment Rental 

24/7/365 Tech Support 

We can team up with your engineer to supply extra manpower 
For big projects or we can see your project through turn- key. 

Serving Broadcasters for over 12 years. 

888-509-2470 • www.broadcastworks.com 

Doug Vernier 
Telecommunications Consultants 

I FCC Applications for AM, 
FM, TV, DTV, LPTV, STL 

I Upgrade and Due 
Diligence Analysis 

Frequency Searches 

V ww 
'''""  We use V-Soft Softwue! 

w.v-soft.com consulting@v-soft.com 800-743-3684 

• Site Relocations 

Propagation Prediction 
with Custom Mapping 

II Demographic Analysis 

oft 
Directional Antenna 
Design 

oft 
OSISIL AtION1, 

U.C*1•••.1.••• 
•••441••••••• au, 

The Leader in Broadcast 
Engineering Consulting 

Software! 

Use Probe 3T" to create stunning 
"real-world" coverage maps using 
Longley-Rice and other models. 

Run AM-Pro 2T" to perform AM 
skywave and groundwave allocation 
studies, interference analysis, & 
coverage mapping. 

Run Terrain-3D T" to plot STL 
paths and Longley-Rice coverage 
over 3D terrain. 

Use FMCommanderT" to study 
FM allocations using contour-to-
contour protections. and minium 
spacings. 

www.v-soft.com • info@v-soft.com • 1-800-743-3684 

BAUE 
TRANSMITTERS, INC. 

....la...kart a .com 

BAUER - ELCOM BAUER - SPARTA - CETEC 
Re-Manufactured 

Bauer Transmitters Available 

AM/FM — 2.5 kW to 25 kW 
www.bauertx.com paul@bauertx.com 

915-595-1048 Fax: 915-595-1840 

OProfessional Engineering Services 
*FCC Applications 
*Coverage modeling 
*RF exposure limit reports 
*STL & microwave path analysis 
*Co-location and interference studies 
*Expert witness testimony by P.E.s 

www.rfengineers.com 

MIngineers, Inc. 352-367-1725 

AM Ground Systems Co. 
Ground System Construction, 

Evaluation & Repair 

1-877-766-2999 
www.amgroundsystems.com 

From Milliwatts to Kilowatts— 

Eimac • Amperex • Svetlana • M/A-Com 
Motorola • Toshiba • Philips • Mitsubishi 

Se Habla Español'• We Export 

' _L o n. I e y i c. e. Coverage 

e.é- • 

TRANSMITTING 

CAPACITORS 
MICA-VACUUM-CERAMIC 

(760) 438-4420 
LINK@SURCDM.COM 

e. RE 

800-737-2787 
760-744-0700 Email: rfp@rfparts.com 

Www. rfpa rts.com 

D&C Electronics Co. 
- New Tubes - 

We have the alternatives for all your needs, 

at the lowest prices, direct from our stock! 

EIMAC, SVETLANA, PRO-TEe, EEV, and many others. 

352-592-7800 or 800-881-2374 

VISA & MASTERCARD Accepted a VISA 
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I  NA« 
2211u C202222,22 

vestigator V 3.0 
«MAT ,AM) 
on». C•nloée. FLAM...or Both 

You choose! 
rfSoftware, Inc. 

Are you tired of switching from program 
to program to complete a project? 

How about displaying your drive test output 
on top of your Longley-Rice prediction to SEE 
how our station is operating. 

Save time, money, and hard drive space, 
with software that gives Vou all the tools 
in one program to work smarter not harder. 

Call 352.367.1700 for Details! 
isitwww.rfsoftwareicom Today 

TLM-1 TOWER LIGHT MONITOR 
Avoid Costly FCC Fines for Lighting Violations! 

A microprocessor based system designed to monitor the 
status of FAA type A incandescent tower lights 

• Individual alarms for photocell, flasher, beacon & marker. 

• General alarm output for any failure type. 

• Status outputs for lights on/off and beacon on/off. 

• LED indicators for each earm and status output. 

• Opto-isolated failsafe outputs for each alarm. 

• Easy setup — one button c:alibration. 

• Installs inside the transmitter building 

FM Services 
www.towermonitor.com • 336-667-7091 

Radio Works R. F. Consulting 
Broadcast & Communications Design & Repairs 

Grounding Systems Design Assistance 

Coaxial & Wave Guide Systems Testing 

Communications Industry Testing from 100 kHz to 20.0 Gliz 

Gary A. Minker 
Office ( 561) 969-9245 • liken 159*61*I957 

7225 Catalina Isle Dri% e, Lake Worth, FL 33467 
Email: Gary(a.radioworksríconsulting.com 

Please visit our Web Site to download an article on Grounding Methods 

http://radioworksrfconsultinu.com/download.htm 

V pin 
Celebrating Our 27th Year 
Serving Our Customers 

RECEIVERS 
OUTSTANDING specifications and pricing on 
professional quality receivers for EAS, station 
monitoring and translator applications. 

The AFC3 is a three receiver rack mount 
that is configured for your EAS or monitoring 
specific application. 

Our AF210FM receivers meet today's 
Translator application specifications for 
reliability, linearity and cost. 

IIERIMIENZIOr 

DAYTON INDUSTRIAL CORPORATION 
2237 Industrial Blvd., Sarasota, FL 34234 Tel: (941) 351 4454 
Quality Receivers Designed and Manufactured in the USA 
Email: sales@daytonindustrial.com Website: www.daytonindustrial.com 

TOWER SIGNS 
FCC COMPLIANCE 

STANDARD FCC OR MADE TO ORDER SIGNS 
FCC TOWER REGISTRATION SIGNS 

BEST QUALITY - NO FADING - NO EXTRA COST 

RED GUY WIRE MARKER BALLS 
GUY WIRE PROTECTORS 

BIRD MARKERS COAX TAGS 

antennalD@msn.com 
REQUEST FREE CATALOG 

ANTENNA ID 
PRODUCTS 

antennalD.com 

610-458-8418 

Professio 
Equipmen 

0- Consoles 

O. Exciters 

STLS 

Automation Systems 

01. Audio Processors 

Transmitters 

Remote Equipmen' 

Toll Free: 866-239-3888 
www.LightnerElectronics. 

at Lightner Electronics, Inc. 

MOORETRONIX 
BROADCAST 14i INDUSTRIAL ELECTRONICS 

Our 7e Year 
Our client list continues to grow. 

Thank you for your confidence 
and equipment purchases. 

We Re-Condition 
Pacific Recorders BMX AMX, 
ABX and RMX, Stereo-Mixer and 

Mixer News-Mixer products. 

We have replacement Wind Screens and 

Blast Filters for the SM-5B microphone. 

We now have SM-5B hanger hardware 

as shown in the photo. 

41. 

¡bet)* 00 
See the "News-Update" page at our website. 

Tel: 800-300-0733 Fax: 231-924-7812 

WWW.MOORETRONIX.COM 

McPherson Radio 
Specializing in pre-owned QEI transmitter products. 

QEI — 6 Month Warranty — QEI 

All equipment tuned and tested on your frequency. 
MRC has a repair facility to meet your broadcast needs, 
for repair of QEI exciters and low power transmitters. 

Other broadcast manufacturer products are welcomed too. 

Bob Brown at 856-232-1625 Fax: 856-232-2075 
Email: mcphersonradio@comcast.net 

www.digitalradioengineering.com 

Phone: 845-355-4001 

I cligitalradio ngineering 

Professional Broadcast Engineering Services 

Consulting • Project Management • Contract Engineering 

FCC Alternative Inspections • Due Diligence Inspections 

Engineering Staff Oversight • Engineering Staff Assistance 

Facility Inventory • Broadcast Equipment Acquisition 

New & Pre-owned Broadcast Equipment Sales 
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Radio Pipeline 
DM Engineering - Henry Engineering - JK Audio - Tieline Technology 

New Equipment 

Updates and Modifications 

Industry Information & News 

JK Audio BlueKeeper 
Wireless Audio Gateway 

JK Audio combines Bluetooth Wireless Technology 
with professional audio electronics in a convenient desktop 
design. 

BlueKeeper allows you to send mic and line level signals 
into your wireless phone while maintaining excellent separa-
tion between your voice and the caller. The stereo output jack 
on the back of the unit provides your voice on one channel and 
only the caller's voice on the other channel. The balanced 
XLR output jack contains only the caller's voice. 

BlueKeeper" Wireless Audio Gateway 
Call 0 Dro p ne 3 Send 1 Send 2 

• • • • 

• • • • 
Ir Caller 

Caller 

110 

.1K Audio"  

BlueKeeper pairs to your cell phone like a Bluetooth 
wireless headset. This professional microphone preamplifier 
provides a dramatic improvement in sound quality. BlueKeeper 
also pairs to Bluetooth equipped sound cards and music 
players in full bandwidth stereo A2DP mode. 

The 3.5 mm stereo line input jack allows recordings to be 
sent into the Bluetooth device. The 3.5 mm stereo line output 
jack provides your full bandwidth send mix on the left 
channel and Bluetooth caller audio on the right channel. The 
headphone output gives you a mix of the XLR input, 3.5 mm 
input, and Bluetooth audio. 

Features: 

• Bluetooth Wireless Technology 

• Female XLR mic/line input. 

• Caller XLR line output. 

• 3.5 mm stereo line input. 

• 3.5 mm stereo line output, left = send mix, right=caller 

• 3.5 mm mixed mono mic level output contains both sides 
of the call. 

• 3.5mm stereo Headphone jack, mixed send and caller. 

• Send and Caller signal level LEDs. 

Power: 120-240 VAC power supply ( included). 
Size: 7" x 6" x 1.6" ( 18 x 15 x 4.2 cm) 
Weight: 2.2 pounds 
Available through authorized dealers May 2009. 
JK Audio will be at NAB Booth N2125 

JK Audio, Inc. 
815-786-2929 • www.jkaudio.com 

Henry Engineering Announces 
the New PowerSwitchTM 

PowerSwitch is an automatic "fail-safe" AC power 
controller that switches AC power to Backup equipment if 
Main equipment fails. 

PowerSwitch was developed for use with Arbitron PPMTm 
encoders. If a PPM"rm Monitor is used, the PowerSwitch will 
automatically switch to the Backup PPM-rm encoder if the 
Main encoder fails. This redundancy with automatic backup 
ensures that radio stations never lose ratings data in the event 
of a fault with their main PPMTm encoder. 

HENF-11 

I M E  , 

ON 

FAILSAFE AC POWER CONTROLLER 

ALARM 

OFF r ON • 

MAIN BACKUP 

PowerSwitch can also be used as a "remote rebooter", to 
reboot a PC at a transmitter site or other remote location. It can 
also be used in any application where AC power needs to be 
remotely turned on or off. 

PowerSwitch on display at NAB Booth N8215 

Henry Engineering 
626-355-3656 • www.henryeng.com 

DM Engineering Audio-Pod System 

Tihs microphone on-off controller, with integrated stereo 
headphone amplifier, is the ideal solution for remote broad-
casts, talk studio applica-
tions, or whenever you 
just need from one to four 
Mic/Headphone stations. 

The Audio-Pod mod-
ule is available with or 
without a high quality-low 
noise mic pre-amplifier 
with switchable phantom power. The system may be configured 
with up to four Audio-Pod modules with one Power Supply. 

DM Engineering 
800-249-0487 • www.dmengineering.com 

Tieline Technology 
Announces New IP Codec 

Tieline has announced the development of a low cost, 
high performance stereo IP codec, for main or backup 
Studio-to- Transmitter Links, audio distribution and simple 

remote broadcast links. 
"Tieline's new Bridge-IT IP codec is the perfect solution 

for low cost, point-to-point IP audio links," said Darren Levy, 
Tieline Technology's International Marketing Manager. 
"Bridge-IT will deliver studio quality audio over a variety of 
IP data networks such as wired and wireless WA NS, LANS, 
the Internet, satellite IP, Wi-MAX and Wi-Fi." 

Bridge-IT allows you to tailor your codec to suit your own 
individual requirements. You can buy encode or decode only 
versions, or both, depending on your requirements. Bridge-IT 
has an SD card slot for failover playback of prerecorded audio 
and the unit's user friendly menus can be fully programmed 
using comprehensive front panel hardware that includes a 
keypad and LCD display, or by using a web interface. 

"It is SIP-compatible and will connect to all major brands 
of codecs, as well as to our existing 03 range of codecs. 
Tieline is also implementing a Traversal server solution for 
very simple negotiation of firewalls, automatic address book 
population of other codecs in your network (codec buddy list) 
and one-touch dialing," said Levy. 

Bridge-IT comes with a range of high performance broad-
cast algorithms plus optional AAC LC and AAC HE. Stan-
dard algorithms include 16 Bit 22 kHz linear audio at less than 
12 ms encode delay for uncompromised audio, G.711 0.722, 
MPEG Layer 2 and Tieline Music. The Tieline MusicPLUS 
algorithm also provides 22 kHz mono, dual mono and stereo 
with 20ms encode delay at under 100 kbps. 

Tieline will be at NAB Booth N8123 

Tieline Technology 
317-845-8000 • www.tieline.com 

BESCÓ 
INTERNACIONAL 

World Leader 
In 

AM-FM 
Transmitters 

Complete Inventory at: 

www.Besco-Int.com 
Pre-Owned AM- FM units in stock! 

LE. Witkoysk , - President 
Rob Malany - Vice President Info: 

Sales: (321)-960 4001 Email: Sales@Besco-lnt.com 

: 

Running to the site? 

Time to Remote the Mte! 

Several Mode, Availed,' 

Stackley Devices, LLC 

(609) 647-9677 

StackleyDevIces 
sea rive MCFRONIC• S OPECIAllIF• 

Remotely Control 

Your AC Devices 

Today! 

1NWW 

remote-outlet 

COM 

DA HOOK DA GA P 
Safety Grounding Hook Lightning Dissapation Gap 

Solid Brass Hook & Hardware Available with Horn or 3all Gaps 
Fiberglass Rod Handle Patented (#5,661262) 

#10 Copper Cable & Alligator Clip Hot Adjust Mechaiism 

Wilk Science and Technology Inc. 
1112 North Grove Avenue, Oak Park, Illinois 60302 

Telephone & Fax: (708) 524-8588 
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FINAL STAgE--------11111r1 
RADIO ROUNDUP 
The Radio Guide Event Register 

Email your dates and info to: radio@rconnect.com 

2009 OAB Annual Convention 
April 16-17, 2009 
Renaissance Hotel and Convention Center, Tulsa, OK 
www.oabok.org/Conventions/index.html 

NAB 2009 Spring Convention 

April 17-23, 2009 
Las Vegas Convention center, Las Vegas, Nevada 
www.nabshow.com 

NAB Radio Show 2009 
September 23-25, 2009 
Philadelphia, Pennsylvania 
www.nabradioshow.com 

SBE 22 Broadcast and Technology Expo 
October 6-7, 2009 
Tuning Stone Resort and Casino, Verona, New York 
www.sbe22expo.org 

127th AES Convention 
October 9-12, 2009 
Javits Center, New York 
www.aes.org/events/127/ 

Wisconsin Broadcast Clinic 
October 13-15, 2009 
Madison, Wisconsin 
www.wi-broadcasters.org 
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Radio Guide Advertiser Info — Mar/Apr 2009 
Advertiser - Page 
Altronic - 34 
AM Ground Systems - 41 
Armstrong Transmitters - 41 
Arrakis - 31 
Axia - 21 
Bay Country - 43 
Besco - 43 
BEXT - 41 

Broadcast Devices - 38 
Broadcast Electronics - 24 
Broadcast Software Intl. - 4 
BSW - 14 
CircuitWerkes - 17 
Comrex - 1, 5 
D&H Antennas - 40 
DM Engineering - 47 
Davicom - 20 
Econco Tubes - 43 
Fanfare - 43 
Gorman Redlich - 41 
Harbach (Peter Dahl) - 47 
Henry Engineering - 2 
Inovonics - 37 
Intrinsicnet (MySine) - 30 

Jampro - 36 

Website 
www.altronic.com 

www.amgroundsystems.com 
www.armstrongtx.com 
www.arrakis-systems.com 
www.axiaaudio.com 
www.baycountry.com 
www.besco-int.com 
www.bext.com 
www.broadcast-devices.com 
www.bdcast.com 
www.bsiusa.com 
www.bswusa.cm 
www.circuitwerkes.com 
www.comrex.com 
www.dhsatellite.com 
www.dmengineering.com 
www.davicom.com 
www.econco.com 
www.fanfare.com 
www.gorman-redlich.com 
www.pwdahl.com 
www.henryeng.com 
www.inovon.com 
www.plussine.com 
www.jampro.com 

Advertiser - Page 
JK Audio - 13 
Kintronic Labs - 9 
LARCAN - 37 
LBA Technology - 25 
Lightner Electronics - 39 
Logitek - 15 
Mainsource - 47 
Micro Communications - 42 
Nautel - 11 
NAB 2009 Show - 35 
OMB America - 27 
Omnia - 48 
Pristine - 8 
PSI (Propagation Systems) 39 
RAM - 28 
RF Specialties - 33 
SAS - 29 
SCMS - 19 
Shively - 32 
SystemsStore - 26, 47 
Telos - 23 
TFT - 40 
Tieline - 7 
Transcom - 42 
Vorsis - 3 

Website 
www.jkaudio.com 
www.kintronic.com 
www.larcan.com 
www.lbagroup.com 
www.lightnerelectronics.com 
www.logitekaudio.com 
www.mainesource.us 
www.mcibroadcast.com 
www.nautel.com 
www.nabshow.com 
www.omb.com 
www.omniaaudio.com 
www.pristinesys.com 
www.psibroadcast.com 
www.ramsyscom.com 
www.rfspecialties.com 
www.sasaudio.com 
www.scmsinc.com 
www.shively.com 
www.systemsstore.com 
www.telos-systems.com 
www.tftinc.com 
www.tieline.com 
www.fmamtv.com 
www.vorsis.com 
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YOUR SOURCE FOR RVR FM TRANSMISSION SYSTEMS 

mum-source 
Best PrI,e 

www.mainesource.us 

www.shopmainesource.com 

Tel: 1-866-483-4895 Fax: 765-983-3817 sales@mainesource.us 

PETER DAN L transformers 
Now Available from Harbach Electronics 

Magnetics for Broadcast, 
Communications and Ama-

teur. Also rewinding selected 

transformers and chokes 

Harbach Electronics, LLC 
Phone: 419-945-2359 • Email: xfmr@pwdahl.com 

www.pwdahl.com 

YSTEMS  • com 
%..) TORE 

The Preferred Source For Krone 
Punch Blocks, Punch Tools, & Patch Cords In Stock 

CBT Classic On-Air Lights — Barix - Gepco - Henry Engineering 
LEA Surge Protection — Middle Atlantic — Neutrik — OC White Mic Arms 

Optelator — Platinum Tools - Switchcraft - Ward Beck 

..and Much More 

www.SystemsStore.com 

Sales©SystemsStore.com Tel: 407-656-3719 Fax: 407-656-5474 

Introducing the AudllooPoci 
from ll llneedng 

Finally, a Microphone ON-OFF controller with an integrated stereo headphone amplifier featuring user selectable 
phase reversal and lo-hi output impedance selection. These units are great for remotes or talk studio 

applications. Various options are available such as a quality mic pre-amp with selectable phantom power, and 
top or front mounted buttons. The Audio-Pod System consists of from 1 to 4 Audio-Pods and a Power Supply 
which will power up to 4 Audio-Pod modules. The Audio-Pod modules can be table top mounted using the 

supplied rubber feet, Hook 8 Loop material, or permanently mounted using the optional tilting table top bracket 
or recessed into the work surface using an optional flush mounting bezel. 

There are too many features to mention in this small ad space, so please visit us on the web for details and 
pricing on the Audio-Pod System and many other innovative products for the broadcaster. 

DM VAVYlidliMenene811113ReCOM 
2174 Chandler St. Camarillo, CA 93010 805-987-7881 800-249-0487 
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RadiceisGuide 
Radio Guide: www.radio-guide.com 

Radio Directory: www.radiolinks.net 

Used Gear: www.radio-classifieds.com 

Radio History: www.oldradio.com 

THE BOSS HAS AN OFFER YOU CAN'T REFUSE. 

BUY AN OMNIA 6EX OR 6EXi ANO GET A FREE OMNIA ONE! 
CALL YOUR LOCAL OMNIA DEALER TODAY IF YOU KNOW WHAT'S GOOD FOR YOU, 

OP-.. 2 .. .. . .. ........ 

.... ........ .... • 
• 

m nta 
A retos Company 

111111 i 
'esil.ftea....".'."...••••••• mammas.. 

OmniaAudio.corn 

Ornnia, ONE and 6EXi are regotered trademarks of ILS Cop I R,ghts Reser.d. 


