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...but don't make problems. There are plenty of them to go 
around. And Henry is there to help you get them solved. 

SixMix: USB Broadcast Console is a full-featured professional 

radio station audio mixer. It's designed for live broadcasting as 

well as recording, editing, remotes, and other production tasks. 

AutoSwitch: Multi- purpose stereo audio switcher and silence 
sensor. Switches to backup audio if your main audio source 
fails. It can also be used to manually select between two 

stereo audio sources. 

Multiphones II: Multi-user distributed headphones system 

with Zoned Talkback. Multiple "Guest Pod" listening stations 
can be daisy-chained with cat5 cable. 

OUTPUT LT VI ADJUST 

UNBAL BAL 

MOON MMUS 411001118 PCM er. 101•11PC 

MACII 

AUDIO SWITCHER. SILENfCE SENSOR 

SILENSE SENSORS - - LEVEL TRIM 

LEFT R:GTIT A INPUT 11,NPut 

, • • • 

• • • 

COWIN 

• 

• • 
POE POU 

• -, 

VIL it NESPOW 

Ale 

• 
LNLN 

CHU U.Pul AcT, 

LIFT • a * • • 
▪ 1 • a • 

• * 4 4 0 •3 

mum cme 

e 
AID 

CDL 

PG11 POU 

5 c" 

4 

• 

Cut SPTAPta 

PC B Ste ',demon+, 

raude.., Conte, Wort, e USI Cliqle•144d00.2 Coelec 

CUE 

PUM 

• 

Minipods: Compact stereo headphone amplifier for single or 
multi- listener systems. Use with or without MultiPhones II 

master unit. 

The Matchbox HD: Rack- mountable Matchbox HD is the new 

high performance version of the industry's most popular 

analog level and impedance converter. 

USB Matchbox: An ultra high performance USB-to-XLR 
audio codec. Uses Burr- Brown 8X oversampled ADC/DAC with 

superb audio performance. 

Superelay: Multi- circuit controller for any application where 

multiple circuits, including AC line voltage, need to be 
switched simultaneously. Ideal for controlling ON THE AIR 

warning lights, muting monitor speakers, etc. 

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

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

HENRY 

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



A modern air warrior needs all of the power and control he 
can muster to bring to the battle. When it's you against the other 
guy, the VORSIS AP-2000 has it ALL. 

NOT AN ACE YET? The AP-2000 comes preloaded with, over 70 
presets tuned to do battle. Try a test flight with the latest VORSIS 3'1 - band digital processor and 
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Simian - Radio Automation 

Fully automated or 
live assist play out 

software. 

Suitable for radio 
stations, web casts, 
music-on-hold & retail 

outlets. 

AuclioScience 
Sound Cards 

Multi-output, pro-quality 
sound-cards and tuners. 

On-card processing and 
memory for glitch free 

playback & recording. 
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stew ar 
money by doing their job. 

Keeping abreast of new technologies and ways of doing 
things is important. So is locating and eliminating single 

points of failure that could rob your station of air time -- and 

income. But a crucial part is learning how to communicate 

your successes with your GM in language he or she under-

stands. Showing how preventive maintenance and sharp 
attention provide year-over-year savings will always get 

their attention. 
That is why one of the most gratifying parts of the Radio 

Guide AM Transmission Seminars has been comments 

from attendees on how the program has helped them be 
more effective. One attendee said he realized he was going 
to save hundreds to thousands of dollars from what he 

learned the first day. If you are interested in enhancing your knowledge and 
credentials, the next AM Transmission Seminar is sched-
uled for February 25 - 27 in Orlando, FL. Come and enjoy 
the three day program — including hands-on workshops. 

Bring the family, escape the snow, visit the Mouse. Every-

More details on page 36 or visit one wins! 
www.radio-guide.com 

for more information and registration. 

Complete PC Systems 

Ready to run, broadcast 
ready or retail play out 

systems. 

Optional music, advert & 
uling software 

promo sched  
and remote control hard-

ware. 

SkimmerPlus 
Audio Logging 
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call-center logging with 
remote web playback. 

Satisfies and exceeds the 
output logging requirements 

in many countries. 
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The Metropolitan Opera 
sets the standard for great sound. 

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

—Matthew Galek, Broadcast 
Engineer for The Metropoiltan Opera 

Put Comex On The Line. 
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The Met's Matthew Galek is a Real-World Super Hero 

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 Galek at the trcnsmission 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 networks. 

ACCESS delivers mono or stereo over DSL, Cable, Wi-Fi, 3G cellular, satellite, 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. 
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Contact Comrex today and find out 
how ACCESS can help you become a 

Real-World Super Hero—wherever 
you are! 

ACC LESS> 

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



Designing Solar Power Systems 

for FM Translators 
by Bill Sepmeier 

Generally speaking, most translators are common 
enough, used to provide FM service where reception is poor 
and to expand a station's reach. Generally translators usu-
ally are located at sites which receive commercial power. 

OFF-THE-GRID DESIGN 
However, with many translators running 40 Watts of 

RF output power or less, solar power has emerged as a 
reasonable option that allows their placement anywhere 
service is desired, regardless of power availability. 

Station engineers can design their own solar systems 
or choose from new lines of mostly pre-assembled 
systems, such as the Satcom Resources' iPowerPVTM, a 
fully-integrated solar power plant designed to deliver 

"plug and play" solar energy for many types of telecom-
munications equipment in the most remote of remote 
locations. 

Solar modules after installation 
on a three-module iPowerPV. 

As a bonus, the system not only catches the sun, but 
also shades the system. 

For example, the US Naval Research Lab chose an 
iPowerPV to power a "plug and play" high-speed satellite 
and WiFi Internet connectivity setup for a genetics lab in 
Sierra Leone, part of an effort to cut the time required to 
identify dangerous new diseases. 

LOCATING A VIABLE SITE 

The design of any off-grid power system begins with 
the collection of some basic data. Among the things it is 

important to know are: 
• if the site is generally sunny all day long. 
• how severe the shading of the site is during the day. 
• the load in Watts presented by the translator. 
• the "peak insolation time," or number of "peak sun 

hours" available at the site. 
("Peak Sun" is the number of hours each day that the 

site receives energy from the sun at roughly 1 kW per 
square meter, averaged over a year's time. This informa-
tion has been gathered over many years by NOAA and 

other climate monitoring agencies around the world.) 

CALCULATING THE LOAD 
We wanted to place a Tepco J-340 translator on a 

mountaintop overlooking Vail, Colorado. In order to 
know how many photovoltaic (PV) modules we will need, 

we have to determine how many Watt-hours of energy the 
translator will draw. 

According to the documentation, the J-340 draws 
2.8 Amperes when powered by 28 Volts DC, which 
equals 79 Watts from the battery, so we multiply 79 
Watts by 24 hours to find that the daily load is 1,896 
Watt-hours. ( If you have the tools to measure the current 
yourself, it is a good idea to do so — the actual draw is 
often less than specified.) 

From this point, solar array design can be performed 

two ways. We can stay in Watts and Watt-hours or convert 
to Amperes and amp-hours. When all solar modules 
delivered 12 VDC, most designers used amp-hours. 
Today's solar modules often deliver much higher volt-
ages which, though the use of a "Maximum Power Point 

Controller," can be converted to any battery voltage 
required. For purpose of illustration, we will stay in Watts 
for the moment. 

FACTORING THE SUN YIELD 
In any solar off-grid application, the battery actually 

powers the load, not the solar modules. Thus the solar 
modules must provide the battery with enough energy to 
power the translator 24 hours a day, recharge the battery 
while to translator is operating, and do this all while the 
sun is shining. 

During the conversion from electricity to chemical 
and back, batteries lose about 20% of the energy input to 
them. Because of this loss, we multiply the 1,896 Watt-
hours of actual load by a factor of 1.2, which makes the 
effective energy requirement 2,276 Watt-hours. 

Since according to NOAA the sun averages 5.5 
hours of 1000 W/m insolation at our proposed site above 
Vail, this is the length of time the PV modules will have, 

on average, to produce the 2,276 Watts the battery 
requires to recharge. By dividing the energy needed over 
24 hours by 5.5 we learn that we need 414 Watts per 
peak sun hour. ("Always Round Up" is the cardinal rule 
of off-grid solar design — remember, winter days are 
shorter than average days!) 

BUILDING THE SYSTEM 

It is time to choose among solar modules, which vary 
in power output, to find out how many we will need to 
maintain our battery. 

In this example, we will choose a relatively inexpensive 
module that happens to provide 12.5 VDC, a Mitsubishi 
125-Watt module. Dividing the effective load per peak sun 

hour (414 W) by the module's power ( 125 W), we find that 
four of these modules will operate this load and charge the 
battery each day to float voltage of 12.5 VDC. 

Powder coated aluminum iPowerPV solar shelter 
with an integrated solar module rack in place. 

Since we are running a 24 to 28 Volt load and battery, 
we have to wire two 
modules in series. 
Therefore, eight of 
these 125-Watt 
modules, four 
strings of two, will 
deliver the energy 
the load and battery 
require. 

Of course, solar 
modules today can 
deliver a lot more 
than 125 Watts per 
module — 185 to 
210-Watt modules 
are common, but 
they operate at 
higher voltages and 
require the use of a 
"Maximum Power 
Point" ( MPPT) 
charge controller 

Wiring the solar PV modules after 
they are mounted on integrated 
aluminum rack assembly. 

that can output proper battery charging voltages. These 
controllers cost less than one PV module, though, and by 

using one we could use three of these newer 30 Volt, 185-
Watt modules instead of eight 125-Watt units, (though 
four, in two series/parallel strings, would be recom-
mended for optimal charge controller operation), saving 
far more than the cost of the charge controller. 

RESERVE CHARGE 
Since every day is not sunny, the battery must provide 

energy for operation during cloudy weather. Again, we 
need some information. How many "cloudy days" or days 
of autonomy are needed? Conservative designers gener-

ally prefer a week of autonomy, so let us choose seven 
days as our autonomy goal. 

Unlike starting batteries used in vehicles, solar system 
batteries are designed to be discharged and recharged 
many times, and are called "deep cycle" batteries for this 

reason. Battery manufacturers, however, do not design 
them to be run all the way down all of the time. 50% of a 
full charge is typically the most discharge these batteries 
expect to see on a recurring basis. 

"Less (discharge) is More", as someone once said, and 
you can run them into the ground occasionally without too 
much damage, but they will live their expected lifetime 

and resist freezing in the winter if 50% discharge levels 
are their regular diet. 

SIZING UP THE BATTERIES 

At this point we need to convert the load from Watt-
hours to amp-hours using Ohm's Law. To be conserva-
tive, we use the current drawn at the 50% battery dis-
charge level of 24 Volts instead of the manufacturer's 
specified load at 28 Volts — the float voltage. 

Rounding up as we go, the effective load becomes 

about 95 amp-hours; multiply 95 amp-hours by 7 days 
and the effective solar autonomy load is 664 amp-hours 
per week at 24 VDC. Since we do not want the battery 
to deliver more than 50% of its storage capacity, this site 
will require a battery with a minimum total reserve 
capacity of 1,328 amps. 

Battery storage capacity is generally specified at vari-
ous rates of discharge, the most common being the 100 
and 20-hour discharge rates, which imply the current 
drawn to discharge the battery over these lengths of time. 

Without conversion loss, the J-340 translator's 2.8 amp 
per hour load will actually take about 475 hours to fully 
discharge a 1,328 amp-hour battery, or about 237 hours to 
run it halfway down. 

Real-world conversion loss subtracts about two days 
of reserve power a perfect battery could deliver. But 
since batteries are generally sold assuming higher cur-

rent loads, you still can buy too many, since in low-
power load applications they will be under-rated even at 
the 100 hour rate. 

SOLAR BATTERY TYPES 
There are three basic types of deep-cycle solar batter-

ies: flooded wet cells that use a water and sulphuric acid 
electrolyte (which requires regular maintenance but pro-
vides a large storage capacity), AGM "glass mat" cells in 
which the electrolyte is held in a sponge of fiberglass, and 
gel cells in which the electrolyte is in a gel form. 

Most off-grid applications today use sealed, "mainte-
nance-free" AGM "glass mat" batteries, since the electro-
lyte solution is suspended in a fiberglass mat between the 
plates and does not stratify like "flooded wet-cell" battery 

water does. This eliminates the need for most battery 
service, such as adding distilled water and regular equal-
ization charging to break down sulphates on the plates. 

The iPowerPV solar plant is the only pre-fab power 
station that uses modular AGM batteries designed to 
provide primary power for telephone company central 

offices instead of the typical solar site's large series-
parallel arrays of "8D" AGM batteries. The iPowerPV 
also includes a temperature-compensated battery charge 
controller, DC and AC circuit breakers, and dual 125W 
pure sine wave inverters (a "cold-spare" is standard). 

There are many reasons to incorporate these types of 
modular batteries. First, they store a lot more energy in 
much less space. They use nickel-plated copper buss 
bars to connect their modular cells in series and parallel 
instead of bulky 4/0 jumper cables. And they are racked 

(Continued on Page 8) 
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Thousands 
of people across America use Tieline codecs 

for remote broadcasts every day. 

66 The broadcast was wonderful 
- Tieline's wireless 3G provided all 

the benefits of a remote pickup 
unit with bidirectional audio paths, 
and a communications circuit. 95 

Marcus Xenakis, 

Director of Engineering and IT, 
Clear Channel Radio in Philadelphia 

Watch a live wireless video demo right no- -

www.tieline.com/videos 

www.tieline.com 



Designing Solar Power 
Systems for FM Translators 

by Bill Sepmeier 

— Continued from Page 6 — 

in enclosed steel cases to prevent battery damage, espe-
cially in seismic areas 
much corrosive vapor 
or hydrogen since they 
do not have to be 
equalized. 

If we were "home 
brewing" though, we 
might use the more 
"conventional" design 
- the largest capacity 
battery available in a 
12-Volt AGM format, 
the MK or DEKA 
"8D." These batteries 
are rated for 245 amp-
hours at their 100 hour 
rate to full discharge. 
Using the published 
100 hour rate, 245 
amp-hour capacity per 
battery to obtain the 
664 amp-hours (to a 
50% discharge) that our effective load needs for a week's 
autonomy, it will require 12 of these batteries connected in 
series-parallel, since we need 24 to 28 Volts. 

. They do not off-gas nearly as 

The 12 VDC, 1470 amp-hour modu-

lar AGM battery iPowerPV batteries 

and pre-assembled solar electron-

ics. The 19" rack for customer equip-

ment is located at the top of the 

enclosure. 

A DESIGN PROBLEM 
This battery bank would require six batteries in paral-

lel, twice in series, to deliver the 24 to 28 VDC and storage 
capacity needed. Off-grid solar operators have found that 
it is risky to go more than three batteries "deep" - or in 
parallel - since, over time, small discrepancies can appear 
in terminal connection resistance. 

These irregularities cause imbalances between the batter-

ies when they are recharged and lead to less battery bank 
capacity than expected- or even to premature battery failure. 
This is why telephone companies went with large capacity 
modular-buss batteries 100 years ago, still use them, and why 
they are well suited today for off-grid solar power systems. 

We can perhaps get around this problem by calculating 
the battery's reserve capacity at 2.8 amps, the actual 
current our load will draw. A 245 amp-hour battery liter-
ally can provide energy for 245 hours if the load is 1 amp. 
At 2.8 amps it will last 87.5 hours, or 43.75 hours to 50% 
discharge. That is 1.83 days of backup time. Four batteries 
in parallel, in series-strings of two batteries will get the 24 
to 28 Volts the translator needs. Thus eight 245 amp-hour 
batteries will back up our effective load for seven days. 

Four deep is better than six, but still above the "three 
deep" parallel rule established by years of off-grid solar 
power users. If you use the sealed, modular Telco-grade 
system, these problems are eliminated. 

AVOID GAMBLING ON THE SUN 
Of course, the PV modules will generate some power 

during "non-peak" morning and evening hours - even on 
cloudy days. 

The "cloudy day power" of about 30% of our 125-Watt 
module's rated output current of 7.23 amps is 2.17 amps. 
At 30% output four I 25-Watt PV strings in parallel will 
make about 8 amps, depending on cloud density - which 
is more than the translator requirement of 2.28 amps. So on 
a cloudy day the array will operate the load for a few hours 
and still send some power back to the battery. 

You can gamble and reduce the battery bank to two 
series strings of three in parallel. However, I would not give 
odds regarding whether you will win every time, or if your 
batteries will last their expected life of eight or nine years, 
since they may be discharged more than 50% far more often. 
Not as long as Murphy's Law is still on the books. 

CHARGE CONTROL 
Overcharging is the most common reason batteries fail 

in off-grid solar systems - or used to be, before the 
development of reliable charge controllers. Instead, keep-

ing the solar modules within their optimal power window 
while optimally adjusting the voltage and current to the 
battery can produce 20% to 30% more power. 

Today's charge controllers come in two flavors, stan-
dard PWM (pulse width modulation) and MPPT (maximum 
power point). PWM controllers are less expensive and 
provide the proper voltages needed to charge and protect the 
battery. MPPT controllers can utilize higher voltage PV 
modules and match them to lower voltage battery banks. 

Such controllers optimize the recharging requirement of 
the battery against the varying power input solar panels 
generate with varying levels of insolation throughout the day. 
Voltage and current are optimized to the battery while the solar 
modules are allowed to remain in the range of voltage and 
current that is optimal for solar cell power production, instead 
of being "locked" to the battery bank's voltage - this is how 
they can provide up to 30% more energy to the battery and load. 

TOTAL SITE LOCATION FLEXIBILITY 
Solar energy provides complete flexibility in choosing 

translator and other low-power communications sites at 
reasonable costs, especially when compared to bringing in 
commercial power. 

In this example we have used a DC powered load, but 
pure sine wave inverters are inexpensive, reliable and can 
operate standard 120 VAC devices with negligible overhead 
power consumption. This makes the user's choice of equip-
. ment very simple. You easily can design a system to meet 
your site's needs, though there are a lot of choices for 
mounting hardware and parts that we have not covered here. 

Or purchase a system that will arrive ready to build and 
run in less than a day, including up to six PV modules ( 125 
to 225 Watts each), the racking assembly needed to mount 
the modules integrated on a weatherproof aluminum en-
closure that holds the Telco-grade modular battery, solar 
electronics, redundant inverters, and even provides stan-
dard 19-inch rack space for your translator. 

Bill Sepmeier is the managing partner of DC Power and Light 
Company, LLC, a renewable energy operating company based in 
Sweetwater, Colorado and is also CTO of Satcom Resources. Fit-
tingly, he composed and transmitted this article using on-site solar 
& micro-hydro-electric energy. Contact him at 
billedcpowerandlight.com 

1111.1111.11. -" Mr _mire -ow -impumume 

Fr News Talk Sports"FMusicw Audio Logging 
Voice Tracking Traffic Et illing 

e 
e 
e 

• 

o 
L.) 

Summit Traffic Et Billing CDS 32 Radio Automation 

25 years of experience 

• Optimized scheduling (yield management) 

• Real time avails reports 

• Scalable (small to enterprise) 

• Fast and accurate billing 

• Open item A/R 

• Single- multi- remote user access 

• EDI invoicing 

• Radio, Television, Cable 

• Compatible with all major automation 

systems 

BLACKBOX Audio Logge 

ve us, de e an ut co - ard 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 Ft 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 company 

made famous for fast Et friendly support 

• Record up to 16 channels 

• Off air & dear air alerts 

• Compliance Et verification 

• Web browser access 

• Talent Et market monitor 

• Podcast recorder 

• Available in Spanish 

• Extended support for AM/FM/TV tuner boards 

• Mic Et time skimming 

>mum> 
Pristine Systems 

25 years of 
Broadcast Automation 

Page 8 

41111111k 

Radio Guide November/December 2008 



RemoteMix 4 Introducing A Field Mixer That's Outstanding 
In Its...um...Field 

Combining a four-channel field mixer with a four-channel headphone amplifier, ci 
phone-line hybrid, a universal PBX handset interface, a wireless phone interface 
and Bluetooth Wireless Technology to connect to cell phones and portables, the 
RemoteMix 4 is reaCy to work lust about anywhere you are. 

Use it as a phone-line hybrid, calling into your studio talk show hybrid. Use it as 
a front end mixer for your POTS, ISDN or IP codec. Or use it as a combination 
broadcast/IFB mixer. No matter how you use it, you'll find that it's an incredibly 
versatit mixer. 

Plus... IT SOUNDS GREAT! A soft limiter prevents overdriving the phone line 
interfaces, while the mixer XLR output is pre-limiter (full range), meaning you 
have a feed for every need. Bass boost adds a bit of low end before sending 

JK Audio 
TOOLS FOR SUCCESSFUL RADIO 

the signal down the 
phone line to pro-
vide that "how'd 
you get it to sound 
THAT good over 
POTS lines" nudge. There are convenient 3.5 mm send and receive jacks for 
recording the show or mixing in your MP3 player. 

The RemoteMix 4 can be powered by bctteries or the included AC adapter, so 
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Operations 
Guide by Stanley B. Adams 

Avoiding the Single Point 
of Failure in our Studios 
Part 2 — Building a Studio Checklist 

Identeing and resolving Single Points of Failure 
(SPFs) is an important part ofa broadcast engineer's job. 
In this follow-up article, Stan Adams shows how to start 
a studio checklist for cover each part of the audio chain. 

Finding and getting rid of Single Points of Failure 
may not be on the top of your To-Do list, but it should not 
be far from the top. A regular program to attack SPFs is 
essential to keep any facility running smoothly over the 
long haul. 

We want to share some ideas and solutions that have 
worked for others. In this series, I have the favor of a 
number of engineers who have offered supportive sug-
gestions — even a manufacturer chipped in with some 
helpful tips from experience. 

FAILURE, REDUNDANCY, RESTORATION 
The concept of a Single Point of Failure is summed 

up in the following questions: How likely is any compo-
nent in the program chain to fail? If one does fail, how 
likely is it to interrupt your programming — and how long 
will it take to restore service? 

Components with a "soft failure" mode are best — 
keeping you on-air, even at a reduced capability. This is 
similar to "run flat" tires, which contain a solid rubber 
core that prevents a complete flat if the surface is 
punctured. They can only be used for a limited time at a 
reduced speed, but at least they still roll. 

In evaluating the system, we also consider Redun-
dancy. This means having backup components which 
automatically "kick in" should one component fail. 
For example, large cargo trucks can lose a tire — except 
for the front tires, which are used to steer — without 
major consequences. Of course, in many cases, cost 
becomes a significant factor in how much redundancy 
can be afforded. 

And lastly, we consider Restoration. This word 
is, in a sense, contrary to our theme. But all engineers 
and even other operational people must know what to 
do when you have an actual failure along any point in 
your system. 

A SYSTEMIC APPROACH 
The best way to start is to look at the signal flow of 

your facility in a block diagram format. This sort of 
linear "picture" will help identify many of the SPFs you 
want to avoid. 

Mic 

Studio 
Inputs 

Power/ 
UPS 

Console I--

Computer 

Switcher/ 
Engine  

Air Conditioner 

Processor 

Backup 
Computer 

Other 
Sources 

STL 

A generic signal flow diagram. 

If you start, as they say, at the beginning, there is at 
least one microphone. It is not often a microphone will 
fail in a studio, but it can happen. For example, what is 
your plan of action if your morning show gets silly and 
shoots it with a fire extinguisher or a stun gun? Then, 
too, microphone cords can and do fail from constant 
handling. 

If either situation happens, how would you get audio 
back on the air? And how quickly? 

Some announcers might think fast enough to grab a 
cord from the Production Room, but only if the cord 
were accessible and easy to move. And, there is no 
reason for the chief engineer to have to come in at 3:00 
AM when a competent board operator/announcer can do 
it with some preliminary training. 

What is the best solution? A spare cord — or a spare 
microphone wired in the Control Room? Or, perhaps an 
"emergency bag" with a variety of cords and adaptors in 
a convenient place is the answer. As I said, each situation 
is different. 

HUB AND SPOKE 
Moving along the chain, not only the microphones 

but virtually every audio source filters through the con-
sole — or the engine in digital systems, where servers and 
hubs have matrix switching so any input may go to any 
output. With such a digital environment, we no longer 
think solely in terms of broadcast engineers but also of 
IT people being involved in the construction and opera-
tion of the studio gear. 

Fortunately, like microphones, consoles are usually 
reliable. But one lightning strike could reduce the hub of 
your audio chain to a dead end. 

One way to keep this SPF from knocking your station 
offthe air is to pay special attention the connections with 
the outside world. Filtered power from a UPS and surge 
suppression on the audio or Ethernet cabling goes a long 
way to protect the electronics. 

SPARE HUB 
Some stations wire the production console so that it 

can be switched quickly to the air chain. Sometimes the 
Production Room is laid out exactly as the Control 
Room to make things easier. Analog systems may fea-
ture a patch bay to connect or bypass parts of the system. 
(Make sure patch cords are available!) 

On the other hand, with the new digital systems, it is 
even possible for the engineer to use an Internet connec-
tion to bypass a dead console and switch another studio 
— or even a single source — directly to the program chain. 
Even a mono signal is better than nothing. 

Some stations will have a mix of analog and digital 
equipment because they add equipment as they can 
afford it. Patching around some equipment may present 
the problem of matching the analog to the digital. Per-
haps using a Tieline, Henry or some other A/D will help 
you recover. 

No matter what plan you have in mind, this is a place 
where proper documentation is crucial. It might be years 
before you need to activate a backup plan. Will you 
remember where each input and output are located? A 
posted Assignment Log (inputs, outputs, direction, pur-
pose) will save a lot of time during an emergency. 

... AND THOSE OTHER SPOKES 
Each audio input presents its own set of potential 

concerns. If a computer provides the majority of your 
audio, there ought to be a plan for what to do in case of 
failure of a hard drive, sound card, power supply, etc. 
A CD player or two in the control room might get you 

back up with "something" — sort of like the solid core 
spare tire, but to restore normal operations might well 
require more. A second, mirrored computer that can be 
brought on line and control all the program elements 

might be a better plan. More than a few stations are now 
setting up such a computer out at the transmitter, as a 
way to withstand a compete loss of the studio. 

What about IT security? Is it possible for internal or 
external damage to disrupt all programming? This is 
receiving more attention daily because of outside links. 
Programming equipment really has no need to be on the 
Internet. But if it does have such a connection, a secure 
firewall is critical. 

Depending upon the format, other spokes that feed 
the console hub might include telephone lines, digital 
editors, program loops, RPU receivers, satellite receiv-
ers, etc. Each of these needs to be evaluated for dealing 
with SPF issues. While some stations rely on a single 
satellite receiver (perhaps as they have but a single 
transmitter), it only takes that one lightning strike, for 
example, to cause a lot of dead air. 

HANDLING PHONE WOES 
Talk stations should consider what happens if a 

phone cable is cut. If all the incoming lines are on one 
cable, anything from a backhoe to a fire could change 
your format in an instant. 

Should something happen, do you or your staff know 
whom to call at the phone company to get a quick 
response from the repair crews? Meanwhile, recovery 
options range from separate cables to VoIP, or even a 
lash-up to get a cell phone or two into the console. Avoid 
putting all your eggs in one basket, so to speak. In a major 
power outage, you could lose VolP — or a drained cell-
tower battery could end that input source. 

And how about your remotes and sports events? The 
equipment at some stations I know is generally thrown 
into a tote bag and forgotten about until the next time it 
is needed. Not only can you lose a lot of money (and 
maybe the client) from a "blown" remote, but it sure 
makes the station look bad to the listeners. 

BATTERIES NOT INCLUDED 
One thing is certain: without power, you will have a 

hard time getting any audio anywhere. Power and UPS 
systems cannot receive too much attention. 

This is why many stations have a flock of little 
UPSs, hanging off all the mission critical stuff. But 
how would you know if they will keep you on the air if 
Mains power were to fail? For some stations, the SPF 
might be a battery in an old UPS. These batteries have 
a definite lifespan. So they need periodic checking and 
replacement. 

Perhaps a better question: Will they last until the 
generator kicks in? Maybe even a better question: is 
there a generator available should the power fail? Or do 
you have a contract with a company to provide power 
generation upon demand? 

If you are considering a small UPS system, what type 
of backup reserve time in hours are you planning to have 
ready? Time equals battery amp-hours divided by the 
load. As you do the calculations, you will want to be 
conservative and think in terms of about 80% of the rated 
capacity to supply your maximum use time. 

Either way, once again, having the appropriate contact 
numbers at the local utility can save a lot of down time. 

GET THE CHECKLIST STARTED 
As you can see, we are only part-way through the 

studio evaluation; we have only considered the various 
program source originations. Once you start thinking 
about each component of the program chain, all sorts of 
things to consider pop up. 

Since the goal is to help you develop a useful check-
list that you can adapt to your specific needs, begin it 
with brief notes on the items discussed here. As you 
build your list, you can add points and comments to each 
item — documenting everything as you go. 

Next time we will move further along the program 
chain and consider some additional studio issues that 
might come into play during an emergency. If you have 
some ideas, or thoughts on aspects we have missed, 
please send me an email with your comments. As we 
pool our knowledge and experience, everyone benefits. 

Stan Adams is afrequent contributor to Radio Guide. 
Contact him at stanleybadams@yahoo.com 
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Transmission  
Guide by Phil Alexander 

Taming the AM Workhorse — RF Networks 

While lightning can be pretty to watch, radio engi-
neers grimace as the storms approach their antennas. 
Although he cannot prevent the storm, Phil Alexander can 
show us how understanding RF networks can help us 
design better replacements when a bolt from above has 
blown one of our ATUs to bits and pieces. 

Connecting a transmitter's energy to the steel that 
radiates the signal is a series of transmission lines and 
networks. Understanding how they channel and affect the 
stations' signal is essential to getting the best possible 
transmission to the listening public. 

These networks are not some mysterious "black art" 
needing a consultant for solving every problem, espe-
cially those caused by component failures. In fact, the 
only network mystery is why so many AM engineers do 
not seem to understand the one part of our business that 
has not changed for nearly eighty years. 

THE ATU 
When used for matching the energy delivered by a 

transmission line to a tower, the networks are known by 
several designations. The most common names seem to be 
the Antenna Tuning Unit (or ATU), the Line Tuning Unit 
(LTU), or the Antenna Coupling Unit (or ACU). Gener-
ally, ACU is most often used by those purists who dispute 
the idea that an antenna can be "tuned." 

A typical ATU 

Strictly speaking, there is no way a vertical radiator 
can be tuned. However, from a practical standpoint, the 
network is tuned or adjusted for optimal power flow from 
the transmission line to the radiator, or antenna. 

The same networks are used in directional antenna 
phasors, where we need to adjust the phase and power sent 
through the transmission line for each radiator in the 
antenna array. 

COILS AND CAPS 
Regardless of their use, networks are simply combina-

tions of coils and capacitors. The basic understanding of 
these networks has not changed since the 1930's, when 
vertical radiators and directional antennas became a stan-
dard part of medium wave transmission. 

These "lumped-constant" networks are called that 
because their inductance and capacitance is lumped 
together in a few clearly identifiable components. Using 
standard formulas for designing these circuits allows 
very precise impedance transformations and phase ad-
justments. 

UNDERSTANDING THE 
"j" IN IMPEDANCE VALUES 

Before we dive into networks themselves, we need to 
stop for a moment and look at the common way we 
measure impedances in RF circuits — because this affects 
the way we look at networks. 

We use something called the "j" operator, which is a 
math terni for the square root of- I. For our purposes here, 

we do not need to explore the effects ofj — it is enough to 
understand that the operator puts reactances into a form 
we can conveniently use. Using j, all inductances become 
positive reactance values and all capacitances become 
negative reactance values; it is unnecessary to consider 
the actual component values in micro-Henries and micro-
Farads until we are ready to select the parts we must buy. 

While there are several ways of characterizing the 
reactive part of a complex impedance, such as vector 
angles, polar notation, or, in AC power circuits, power 
factor, we will use the familiar rectangular or Cartesian 
notation most of us have seen used for RF impedances. 

The key point is that we need to understand that every 
complex impedance has a resistive component and a 
reactive component. 

RESISTANCE AND REACTANCE TOGETHER 
For example, consider a tower base impedance with a 

resistive component of 138 Ohms, combined with an 
inductive reactive component of 220 Ohms. . 

Using the "j" operator, the inductive reactance can 
be represented simply as "+j220." In this way we can 
state the entire complex impedance as 138 +j220 Ohms 
and everyone familiar with RF impedances will know 
exactly what we mean. Not only that, we can combine 
other reactances with this number and predict exactly 
what will happen. 

For example, if we add a capacitor in series with the 
base of the tower described above, and that capacitor has 
a capacitive reactance (Xc) of 220 Ohms at the station's 
operating frequency, by using the "j" operator that con-
verts to -j220. Using simple addition, adding the reactive 
value of the tower (+j220) and the reactive value of a 
capacitor selected to have Xc = 220 Ohms (or -j220), the 
complex impedance at the input terminal of the capacitor 
connected to the tower base is 138 j0 Ohms, or non-
reactive at the operating carrier frequency. 

This is only an example and, as we will see later, may 
not be the best way of correcting a tower's reactance. 
However it is one way that will accomplish the job, and we 
will see that other methods depend on the same sort of 
simple addition of negative and positive numbers. 

At this point all we need to understand is that +j is an 
inductive reactance and -j is a capacitive reactance — and 
that we can simply add them, using one to offset the other. 

When we are done and ready to buy parts we can 
convert the j value into micro-Henries or micro-Farads 
(or any other physical value) using the formulas for 
inductive and capacitive reactance. Later we will see 
how understanding this basic idea points the way toward 
making fixed capacitors behave as if they were variable, 
and increasing the effective size of small capacitors to a 
useful size. 

PUTTING j TO WORK 

Understanding the j operator use and a few formulas 
allows designing networks for specific purposes. For 
example, consider the tower base impedance mentioned 
above of 138 +j220 Ohms. Designing a network to match 
it to a 50-Ohm transmission line with a built-in phase 
delay of 137° requires solving just a few equations, 
installing the components, and adjusting them to the 
values indicated by the equations. 

The replacement of failed components — such as 
those caused by lightning damage — is accomplished in 
the same way. 

GRASPING NETWORK TOPOLOGY 
Of course, understanding how to repair and adjust a 

network can be difficult without some basic understand-
ing of how common lumped-constant networks are de-
signed. This is especially true when one of the phasor 

controls in a directional array network "runs out of room" 

for correct adjustment, possibly because one of the com-
ponents of an ATU has failed and a replacement is no 
longer manufactured in the original value. 

Tower Match 

Set to 27,9 gH Set to 42.9 gH 
+J 175.4 j 269.8 

-137.0 + vq/ Z = 138n 

 1 1_  +J 220 
J-101 J- / - 1370' 

L-101 L-102 102 
32gli 502H Ld  

e,-
L- I03 

equIvolent 

13063 PF C-101 1000pF 
-J 121.8 T  _‘; 159 55 

A "T" Network with 50 j0 Ohm input, 
138 +j220 Ohm output, and 137° phase delay. 

Understanding network design begins with knowing 
several of the common network types and understanding 
what they can do. By following the mathematics, a station 
engineer can solve many problems in a short time. 

There are many special purpose networks for pur-
poses such as for matching high power antennas, for 
improving pattern and impedance bandwidth, or for 
multiplexing several signals on a single tower. How-
ever, the common types of networks we use every day 
for ordinary purposes are the "L," the "Pi," and the "T" 
(or "Tee"). 

The common networks have either two (in L's) or 
three variable elements ( Pi's and T's). While fixed ca-
pacitors are generally used in circuits handling less than 
5 kW RF power, a series coil can make the effective circuit 
value variable from the inherent value of the capacitor 
itself to a lower reactance value that can make the capaci-
tor appear up to 50% or 75% larger and allow the lumped 
constant LC value to be set at exactly the desired value for 
the circuit design requirement. 

CONTROLLING VARIABLES 
A network of three adjustable values can control up to 

two independent variables while one with two adjustable 
values can control only a single value (phase or imped-
ance, but not both). 

Where impedance and phase must be adjusted to 
specific values the three-variable network will do the job. 
On the other hand, if all we need is an impedance transfor-
mation, a network of two values is less expensive and 
often more rugged, plus it often has a greater safety factor. 

Networks can be designed in two basic configura-
tions: lagging (or low-pass) networks and leading (or 
high-pass) networks. A lagging network retards or delays 
the phase of the energy passing through it, and a network 
designed for delaying phase also inherently has the char-
acteristics of a low-pass frequency selective filter. A 
leading or phase advancing network acts as a high-pass 
frequency selective filter. 

Forty or fifty years ago, when suppressing transmitter 
output high-order harmonics in those older transmitter 
designs was more critical than it is for modern, well-
behaved transmitter designs, the inherent filtration of the 
impedance matching networks was more important than 
it is today. This may be where the American industry 
practice of using a low-pass, or delaying Tee network for 
most ATU's began. 

L NETWORKS 

L networks may be used either as impedance trans-
formers or as phase advancing or retarding networks 
where the alternative aspect essentially is a function of the 
desired change. 

In other words, the phase effect of an L network will 
depend on the impedances being matched or the imped-
ance transformation will be a function of the phase 
change. The practical effect of this fact limits L networks 
strictly to the role of impedance transforming devices 
where phase change is not a critical objective. 

While the network that follows is not drawn conven-
tionally, it is a true L network of the lagging or low-pass 
type. The connection between input series inductance 
and shunt capacitance is the clipped tap going to the 

load. A small amount of the coil to the right of the clip 
is series inductance for adjusting the effective working 

value of the capacitor. (Continued on Page 14) 
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An L network can be used for matching 
a new transmitter to an older system. 

Before toroid/linear scale RF amme-
ters became popular, an L network was 
frequently used to match transmitters to a 
calculated common point impedance so 
as to produce a current that could be 
easily read on an exponential scale, ther-
mocouple meter. 

For example, in an older 5 kW DA 
array the common point impedance might 
be set to 74.7 Ohms, resulting in a common 
point meter reading of 8.50 Amps, or 70.5 
Ohms for a common point current of 8.75 
Amps, at the standard DA common point 
power input of 5.4 kW. 

MATCHING OLD TO NEW 
Not all phasor designs convert easily 

from 70 or 75 Ohms to the 50 Ohm imped-
ance required as a load by a modem trans-
mitter. It is often simpler to use a common L 
network to make the transformation. 

Furthermore, keeping the original plant 
common point may be very important if the 
old transmitter is used as an auxiliary. You 
may have a choice: re-tuning the old trans-
mitter to match 50 Ohms, reworking the 
phasor from a 70 to 75 Ohm to a 50 Ohm 
input design, and processing a common 
point impedance change with the FCC — or 
perhaps a much less complex solution: sim-
ply installing an L network between the new 
transmitter and the RF source selector switch 
feeding the phasor's common point. 

r Two Element or " L" Network  

L Network Rules  

R2 mil be greeter lb» RI 

X1 is latioctive (-4) for leggin network 

X2 is capacitive (-J) for leading oenvork 

X3 must bare) sign opposite to XI 

11, RXL X   

XL 

a=cos a2 

Although the first Rule seems to say L 
networks cannot reduce impedance, this 
is not true because an impedance increas-
ing network can be used in reverse. Re-
versing the schematic by placing the X1 
reactance on the right side of the X3 con-
nection and reversing the "R" signs effec-
tively inverts the network function with-
out violating the Rules. Thus, a 50 Ohm 
in/100 Ohm out network can be used back-
wards as a 100 Ohm in/50 Ohm out im-
pedance transformation. 

PI AND T NETWORKS 
Three-element networks are called T's 

and Pi's because their schematic configura-
tion resembles one of these forms. 

Three Element " Pi" Network  

R1 L11 R2 

Ri= Input resistance 

R2= Output ( load) resistance 

f.s= Phase shift (output - input) 

-\1 R1 R2 
X3 — 

SINfi 

R2 
X2.  

TANP 

R1 
Xi =  

TAN fi 

X3 

X3 

These three-element networks have a beta ( 8) — or 
phase-function that is independently variable from 
their impedance transformation. It is this dual ability 
that makes them the true workhorses of AM trans-
mission. 

Three Element " Tee" Network  

Rj R2 

X3-  

SIN13 

X2   
R2 

X3 
TAN p 

R1=Input resistance 

R2 = Output (load) resistance X 1 =  R1 x3 
=Phase shift (output - input) TAN 13 

Also, if you look carefully at the mathematical 
formulas, you will see there is no difference between 
the calculations for Pi networks and Tee networks. 
The only difference is in component location on the 

schematic. (Continued on Page 16) 
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CHOOSING THE RIGHT NETWORK 
Practically speaking, T's are usually less expensive 

than Pi's, especially for manufacturers who make their 

own coils. Even though other designs may offer technical 
advantages, it is the "lagging" or phase delaying T net-
work that is commonly found in many systems, especially 

in older designs. 

However, it is also true that for large ratio imped-
ance reductions, such as were common in tube-type AM 
designs, the least expensive network is the Pi configu-
ration. Additionally, the equipment builder's costs of 
fixed transmitting capacitors (generally the mica type) 
were a strong network design influence —   

and one of the main reasons these net-
works became so popular. 

ANALYZING THE NETWORK 

An all too prevalent idea is that there is 
some "magic" in the 90° lagging network. 
Since these are very common and are often 
the network of choice for ATU's, it is easy 
to understand how the idea originated. 

Look at the formula for the X3 reac-
tance element of a three-element network. 

The mathematical simplification shows the 
real reason for choosing a 90° phase shift. 
Before computers, most of these network 
calculations were done using a slide rule, 
paper and pencil. Anything that would 

simplify that work was welcome in an 
engineering office. 

If you studied Trigonometry before 
pocket calculator prices fell to an afford-

able level you probably still remember 
some of the functions and can see the 
answer. If not, knowing that the sine func-
tion of a 90° angle is 1.000 helps under-
stand the real reason we see so many 90° 
ATU's — it is the selection of 90° that 
simplifies the math. 

However, computers are a good thing 

because, for some modern transmitters, 
90° ATU delay plus 80° or 90° delay in the 
transmission line can be a very bad choice, 

especially if impedance bandwidth is an 
important consideration. 

CORRECT CALCULATING 
Notice that the calculations must be 

done as shown, in the correct order. 
After selecting the network phase shift 

(B), X3 is calculated first because this 

answer is used in both the X2 and XI 
calculations. Also, notice that the sign of B 
determines the reactance sign. Since the 
reactance values are measured in Ohms 

(either inductive or capacitive), using the j 
operator notation is the easiest way of 
tracking the component types. 

Using this method, if X values are 

negative (-) the effective value of the com-

ponent will be capacitive, or -j, and if 
positive (+), inductive, or +j with the val-

ues in Ohms at the operating frequency. 
This avoids the complication of convert-

ing back and forth between reactance val-
ues and actual component values until the 

final component selection process. 

RUNNING THE NUMBERS 

Now, we have enough information to 
design a network for matching the 138 +j220 
Ohm tower to a 50-Ohm transmission line 
with a built-in phase delay of 137° — al-
though we still will need some additional 

basic facts for its construction. 

First, we know the B = - 137° because we need a 
phase shift de/ay, so the formula for X3 is: 

(SQR(50 * 138)) / SIN B 
or 83.06624 / -0.681998 = - 121.798 
which rounds to - 121.8. 

Thus, X2 and X1 respectively are: (R2 / TAN B) 

- 121.8 and (R1/TAN B) - 121.8, or 147.98688 - (- 121.8) 
= 269.78688 and 53.6184355 - (- 121.8) = 175.4184355 
which rounds to X2 = +269.8 and X1 = + 175.4 

Therefore, this is the table of values for our 50j0 to 
138 +j220 matching network: 

XI = +j175.4 X2 = +j269.8 X3 = -j175.4 

FINISHING THE 

TRANSFORMATION 

However, this network needs a vital component 
before it will work. While it matches the line resistance 

to the resistance of the tower, it does not correct the 

+j220 found in the tower base impedance. For simplicity 
we will call this load reactance correction value X4 

Although simply inserting -j220 at the output of the 
network — canceling the +j220 of the tower to give us a 
50j0 Ohm match at the network input — may work in a 

pinch, it also may be a bad idea. We will explain why in 
our next installment. 

Also we will look further into these calculations and 

the corrections needed to make this a practical and 
useful ATU network, and explore how we adjust "fixed" 
capacitors. As we explore these and other topics about 
resonant and near resonant circuits we will discover 
some other things we need to know about LC circuits 

operating in a network and their effects on operations of 
both standard and directional stations. 
A regular contributor to Radio Guide. Phil Alexander 

has long experience in building, maintaining and repair-
ing RF networks. He is also one of the instructors at the 
Radio Guide AM Transmission Seminar. Contact Phil at 
dynotherm@earthlink.net 
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RF  
Guide by Clarence M. Beverage 

FCC Makes Important Changes to AM Rules 

This is an historic time in the history of AM "Medium 
Wave" standard broadcasting in the United States. 

On Friday, September 26, 2008, the Federal Communi-
cations Commission released the Second Report And Order 
concerning changes to the FCC Rules Regarding the AM 

Radio Service and Directional Antenna Performance Veri-
fication (MM Docket No. 93-177). 

NINETEEN YEAR EFFORT 
The Report And Order was then published in the Federal 

Register, making the Rules effective on December 1, 2008. 
However, until the Office of Management and Budget signs 
offon the forms, there is no way to actually file one right now. 

The initial Rulemaking proposing that AM directional 
proof of performance standards should be updated was filed 
with the FCC on December 15, 1989 by a consortium of five 
broadcast consulting engineering firms. In recent years, it 
was referred to as Docket 93-177 

The successful conclusion of this 19-year approval 
process came through the participation and cooperative 
efforts of the industry as a whole: FCC staff, NAB, consult-
ing engineers, manufacturers, attorneys, and group owners 
who participated in the final filing efforts. 

SOME KEY POINTS 
Among the new Rules for Directional Antenna Perfor-

mance Verification, two aspects in particular will impact 
broadcast engineers and station owners. 

The first is approval of the use of Method of Moments 
(MoM) analysis, such as the Numerical Electromagnetics 
Code ("NEC") or MiniNEC to accurately predict the rela-
tionship between pattern shape and internal array param-

eters. The second is an off-shoot — to make sure the MoM 
works, accurate measurements of the installed towers and 
components are required. 

The thrust of the new Rules is that the calculated values 
need to match the measured values within a very close 
tolerance to prove proper pattern adjustment. This places a 
high burden on the field and/or chief engineer making 
system measurements. 

MEASUREMENT DATA COLLECTION 

Among the data that should be part of any installation are: 
• The matrix of impedances at the base (feed point) of 

each radiator in the array, with all other radiators elements 
shorted and/or open circuited. 
• Measurement of the lumped series inductance of the 

feed system between the output port of each radiator tuning 
unit and the associated radiator. 
• Measurement of the shunt capacitance of each tower 

base. 
• Verification of the sampling line impedance to confirm 

that all lines are of equal impedance within two Ohms. 
• Verification of the sample line electrical length to 

confirm that lines are within one electrical degree. 
Modern vector network analyzer (VNA) equipment 

allows measurement of components, networks, radiators 
and transmission lines with high levels of accuracy not 
previously attainable. Using the gear and developing useful 

field measurements is our focus in this article. The next issue 
of Radio Guide will focus on MoM analysis. 

THE IMPEDANCE BRIDGE 

Before we discuss measurement procedures, a brief 
survey to compare the impedance measurement equipment 
used in past decades with current technology is appropriate. 

For many decades General Radio Company in Cam-
bridge, Massachusetts was the prime supplier of antenna 
impedance bridges. The 916 and 1606 models have been 
primary tools for several generations of engineers. 

The Model 916AL was first sold in 1942 and was often 
used for broadcast impedance measurement reports submit-
ted to the FCC well into the 1980s. The frequency range 

covered 50 kHz to 5 MHz and could read resistance from 0 
to 1,000 Ohms and reactance up to 11,000 Ohms at 100 kHz. 

The General 
Radio Model 1606-
B was first manufac-
tured in 1967 and is 
still in use today. 
The frequency 
range covered 400 
kHz to 60 MHz, and 
it could read resis-
tance from 0 to 1000 
Ohms and reactance 
up to 5,000 Ohms at 
1 MHz. Basic accuracy for the 1606 versions was specified 
at plus or minus 2% 

General Radio 
Type 1606-A RF Bridge 

THE OPERATING BRIDGE 
Delta Electronics revolutionized the process of measur-

ing impedance in broadcast antenna systems with the intro-
duction of the operating impedance bridge. 

The 01B-1, and extended range 01B-3, can be inserted 
in-line in an operating transmission system so that an 
external generator and detector are not required for carrier 
measurements. 
They also may be 
fed with a signal 
generator, and an 
external detector 
employed, for non-
directional or com-

mon point imped-
ance measurements. 

The 01B-3 ex-
tended range bridge 
is designed for op-
eration between 500 
kHz and 5 MHz with 
a resistance range of 
0 to 1000 Ohms and 
a reactance range of 
-900 to +900 Ohms. 
Basic accuracy is 
plus or minus 2% plus or minus 1 Ohm. These instruments 
are used regularly in broadcast applications where driving 
point impedance and network input impedances are required 
in directional antenna systems. 

In my opinion, a Delta bridge should not be used except 
for driving point impedance measurements in a directional 

array as the bridge introduces stray reactance which can 
significantly affect impedance readings, especially for tow-

ers between 110 and 190 degrees in height. 

Delta 01B-1 

VECTOR NETWORK ANALYZERS 

Numerous manufacturers produce vector network and 
impedance analyzers that can be used for circuit and antenna 
measurement work. 

One high-end example is the Agilent E4991A, with a 
basic accuracy of 0.8%, retailing at $50,000.00. Equipment 
of this nature is not cost effective for field use and is not 
designed for direct connection to broadcast towers where 
high RF voltages impressed by other nearby radiators can 
damage the analyzer input circuits. 

In 2008, Kintronics Labs introduced a new VNA to the 
broadcast industry designed for the rigors of field work but 
with high accuracy, battery power, and computer control — 

the PowerAIM 120. 

The PowerAIM 120 covers 0.1 to 120 MHz employing 
an internal RF generator using step sizes from 1 Hz to 10 
MHz. It has an impedance range of 1 Ohm to 2,000 Ohms 

with an accuracy of 1 Ohm, plus or minus 5% up to 60 MHz, 
at phase angles to plus or minus 90 degrees. The maximum 
safe RF input is 50 Volts peak-to-peak. 

A PowerAIM 120 hooked to an Asus Eee running 
Windows XP for instrument control and data storage. 

ENSURING GOOD DOCUMENTATION 
What follows is a brief examination of, and a discus-

sion of, specific field measurement techniques to obtain 
the most accurate readings possible. 

In any project, extreme care must be taken to cali-
brate the test equipment to remove any ambiguity related 
to test lead length, routing and test equipment place-
ment. A common reference signal needs to be used to 
verify that sample devices, installed at the output of the 
antenna coupling unit, are within the manufacturer's 
calibration specifications. 

Copious field notes and digital pictures are very im-
portant so that the system can be fully described at any time 
in the future, should questions arise. 

GETTING ALL THE DATA 

Rule Section 73.151(1) requires that the impedance of 
each tower in the directional array be measured at the base, 
or feed point, with all other towers shorted and/or open 
circuited. For a three-tower array, the measured data 
would be as follows: 

At Tower #1 
I. Measure impedance with towers #2 & #3 open. 

2. Measure impedance with #2 shorted and #3 open. 
3. Measure impedance with #3 shorted and #2 open. 

At Tower #2 
I. Measure impedance with towers # 1 & #3 open. 

2. Measure impedance with #1 shorted and #3 open. 
3. Measure impedance with #3 shorted and #1 open. 

At Tower #3 

I. Measure impedance with towers # 1 & #2 open. 
2. Measure impedance with #1 shorted and #2 open. 
3. Measure impedance with #2 shorted and #1 open. 

AVOIDING PROBLEMS 

So, v, here are the traps that can get you into trouble 
here? 

First, it is cr:tical that the measured data makes sense 
to the design engineer who is constructing the NEC models 

to be employed in the initial proof. In fact, it would be wise 
to e-mail your results before leaving the site. If your role 

will be to recertify an installation, try to be on site to 
witness the original verification process. 

During the process, record the leg diameter and face 
width of the tower. Take several photos to confirm that the 
tower matches the quoted specifications and design draw-
ings. Improper construction practices such as failing to 
bond transmission lines to the tower at proper intervals or 
failing to bond the tower light conduit regularly can impact 
impedance readings. 

Then take the open and short measurements at the 
feed point on each tower — and that point should be the 
same on all towers. Failure to do this can result in data 
that does not match the model. Similarly, the shorting 
strap must be either strap, or low inductance braid, and 
the same strap should be placed on each tower in exactly 
the same position. 

GETTING SOLID DATA 
It is important to consider that the tower impedance is 

impacted by the tower lighting circuits, static drain choke 
(if used). tubing between the tower feed-point and the 
tuning unit, and coupling between the cabinet and ground. 
And do not forget the potential effects of sampling lines 
with isolation coils or STL antennas with isocouplers. 

Our recommendation is, if possible, to measure the 
impedance on the tower at the point where the feed is 
attached, with as many shunt components removed as 

possible. (Continued on Page 20) 
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- Continued from Page 18 — 

A second set of readings at the feed-point — which in 
most cases would be the output of the J plug in the tuning 
unit, next to the sampling device if base sampling is em-
ployed — must also be taken. This process provides a set of 
control data to use in estimating series and shunt reactance. 

INDUCTANCE AND CAPACITANCE 
Rule Section 73.151(I)(vii) requires that the series 

inductance of the feed system be determined. Measurement 
of tubing diameter, turns spacing, and the length of the 
interconnecting tubing on each side ofthe inductor should be 
recorded along with a photo for each tower base. 

The inductance can be calculated from the standard 
formula: L = (N^2 * D^2)/(18 4̀13 + 40* 1-1), where 

L=microhenries 
N=number of turns 
D=diameter, inches 
H=length(or height, hence the H), in inches. 

An impedance measurement at the ATU J plug output 
terminal to ground, with the plug out of the circuit and the 
base insulator shorted, will provide a measured value of R 
and X that can be compared to the calculated value to 
establish series inductance. 

Rule Section 73.151(1)(viii) requires that the shunt 
capacitance of the base insulator be determined. The manu-
facturer, make and model number should be recorded and 
the manufacturer contacted to obtain the base insulator 
capacitance. If capacitance of each base insulator can be 
measured before installation, that is an added bonus in terms 
of quantifying variables. 

SAMPLE CALIBRATION 

Rule Section 73.151(2)(4 requires that sample device 
calibration be confirmed when towers are monitored with 
base current or base voltage sampling devices. Such calibra-
tion can be determined by removing the sample device from 
service and field verifying performance. 

To calibrate toroid current transformers, all of the 
toroids can be placed in series at a point in the RF path, 

near to the phase monitor, and a pair of equal length 
flexible heliax sample lines run to the transformers to 

confirm that the current ratio and phase readings agree 
with the manufacturer published data. 

Provision to do this regularly should be designed into the 
RF system and could be a section of tubing mounted between 
insulators that is easily accessible. Voltage samples require 
a connection to the RF bus with the case connected to 
ground. The calibration process should be fully described 
and documented with photographs. 

CHECKING THE SAMPLE LINES 
This Rule section also requires that the sample lines be 

measured to confirm 1) equal electrical length within 1 
degree at the operating frequency and 2) impedance within 
two Ohms of the manufacturer's published data. To make 
these determinations it is wise to have a copy of the cable 
order and know the specified length of each line in the order, 
as well as the manufacturer, type number, characteristic 
impedance and velocity factor. 

From basic transmission line theory we know that an 
open circuit 1/4 wave line will show zero reactance at a 1/4 
wave and 1/2 wave multiples thereof, whereas a shorted 
transmission line will show zero reactance at a 1/2 wave and 
1/2 wave multiples thereof. 

Determining sample line electrical length is a simple 
process when the sweep function in the VNA is employed. 
To illustrate, the following picture is a sweep from 0.5 to 20 
MHz of a section of Andrew LDF5-50 having a factory 
specified velocity factor of 88% with a short across the line. 
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0.5 to 20 MHz sweep of a section of LDF5-50 

The PowerAIM employed for this measurement iden-
tifies the 1/4 wave resonance points whether the line is 
open or shorted. The spool is approximately 20 years old, 
was stored outside in an unprotected environment and was 
believed to be about 120 feet in length. A general sweep 
such as this can provide a good estimate of the lowest 
resonant frequency and give us the basic information 
required to run a more detailed sweep with the line open as 
required by the Rules. 

In this case the sample line is very short so we can use 
a narrower sweep between 0.5 and 3 MHz to determine 
the frequency representing the first 1/4 wave point. 
Running this sweep we see that Xs = -0.003 ohms at 
1.74227 MHz which is a length of 124.2 feet based on a 
velocity factor of 88% 
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The same line, with sweep narrowed to 0.5 to 3 MHz. 

To measure the characteristic impedance of the sample 

line we must move 1/8 wave from the 1/4 wave point and, 
leaving the line unterminated, measure the characteristic 
impedance in the single frequency mode. 

The section of line under test exhibited a measured 
impedance of 50.8028 Ohms at 0.8711 MHz and 48.66 
Ohms at 2.6134 MHz. It is recommended that the VNA 
be used to measure the impedance of the toroid trans-
former to confirm that the terminating resistors have not 
changed value. Finally, terminate the sample line with 
the toroid and then measure the sample line impedance 
at carrier frequency. 

It is hoped that this information is helpful in terms of 
gathering the field measurement data required for initial 
Directional Antenna Performance Verification and sub-
sequent Recertification. Obtaining quality data — and 
taking sufficient additional data to remove the "why is 
this behaving in this unexpected way factor" — should go 
a long toward achieving a successful adjustment and 
stable ongoing operation. 

Few successful efforts are achieved without collaboration. 
Many thanks to William P. Weeks of Milton, New York for his 
tireless field engineering efforts, program planning and office 
engineering time directed toward preparing both of our firms to 
execute this work in the best way possible. 

A Broadcast Engineering consultant for over 30 years, 
Clarence Beverage is the President of Communications 
Technologies, Inc., in Marlton, NJ. Contact him at 
cbeverage@commtechrfcom 
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First 
Person by Jim Tonne 

Meet the Crowbar 
Occasionally, experienced engineers like to "initiate" 

younger tecks by surprising them with something unex-

pected. Occasionally, what happens really is unexpected 

I was chatting with a group of people the other day 

and the subject of "crowbars" came up. This caused me 
to have a flashback to "The Good Old Days," circa 

1987, at which time I was a newcomer to a small 

business firm in Dallas, Texas. 

JOINING THE HIGH POWER CLUB 
I was placed with the shortwave broadcasting people. 

This involved working with transmitters whose carrier 

output levels were in the range of 100 to 500 kW. Prior 
to that time the highest power l had worked with was 

5 kW, so this was quite a step upward, power-wise. 

I had been assigned to a group working on the 

transmitter control ladder. ("Turn it on, turn it off", etc.) 
At some point they were going to test the crowbar. I had 

never seen a crowbar before.1 had not the slightest clue 

as to what a crowbar did. 

They told me, with a lot of very serious looks on 

their faces, that this was a device that, after a fault was 

sensed, would dump the energy from the entire high 

voltage system in the blink of an eye. It would make a 

huge noise, probably shaking the floor, dim the lights, 

and the testing person would be at risk. 

GETTING READY 

The person doing the testing would take a few-inch-

long piece of #30 wire on the end of a yard-long 

fiberglass rod and place that piece of wire between high 
voltage and ground at a particular place in the power 

supply. By creating an artificial overload this would 

operate the fault-sensing circuitry. That in turn would 

trip the crowbar and result in a Terrifying Transient. 

Since I was to be "initiated into the club" they told me 

that I was chosen to do this dirty deed. They said they 

would stand behind me in case I collapsed onto the floor. 

Being as naive as I was, I took all of this at face 

value. Holding the fiberglass rod with one hand meant 

that I could only cover one ear to block the sound of the 

explosion. This alone had me concerned. 

THE MOMENT OF TRUTH 

On the scheduled day I examined the wire to be sure 

it was the right size, this being verified by my immedi-
ate supervisor. Everyone around had this very serious 
look on their faces. 

It was time. The transmitter was energized and 

brought to full power. 3 - 2 - I. I gritted my teeth and 

connected that tiny piece of wire directly across the 

output of the power supply delivering 15 kV. 

But the wire did not even vaporize. The operation of 

the crowbar was totally — I mean totally — silent. The 

system simply shut down without the slightest whimper. 

INDUCTION! 

I am sure I had turned white from stress. Everyone 

laughed and welcomed me to the Crowbar Testing 

Club. 

Actually, the crowbar behaved exactly as it should 
have. The specifications by Eimac were that the crow-

bar must operate in a manner such that the #30 wire 

must survive the test. This way the fast fault-detector, 

when operated, would protect the final amplifier tube in 
the transmitter. Those tubes, although capable of per-

haps 400 kilowatts of plate dissipation, had rather 

fragile grid and screen structures. 

The use of a correctly-operating crowbar was the 

best way to save the tube from a circuit malfunction. 

It turned out that the Terrifying Transient was in 

fact typical of earlier designs in which an ignitron 

actually shorted the power supply. Instead I was 

tripping a pulse-width modulation supply. And those 

shut down quite gracefully, unlike the older brute-

force designs. Newcomers of course, and especially 

really gullible newcomers, did not know these little 
bits of history. 

The man behind this huge hoax was my immediate 

supervisor Sam Engel. We all miss you, Sam; I surely 

miss your delightful sense of humor — although I sus-
pect that at least some of my white hair is due to your 

crowbar joke! 

Jim Tonne is a veteran broadcast engineer, semi-

retired after five decades of broadcast engineering. 

from station-level to manufacturing. Jim would like to 

hear from Club Members at tonne@comcast.net 
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Practical  
Engineering 
Some More Handy Hints 

From An Old Timer 
by Mike Langner 

Whether you care for one station or a dozen, it is 
always good when you can benefit from another engineer's 
experience. By not reinventing the wheel, we can "work 
smarter, not harder." Mike Langner offers some pointers 
from his 50 years in the business. 

SAFETY WHILE TROUBLESHOOTING 
Personal safety has to be a first concern of any 

engineer who wants to live long enough to 
cash his next paycheck. A few simple 
rules will go a long way to keep you safe. 
A few tricks will make you even safer. 

The First Rule of Safety is to make 
sure the power is off wherever you plan to 
stick your hands inside ofsomething. Make 
sure the equipment is off inside any gear 
where you plan to stick your hands. That 
is: breakers down, disconnect down, and 
shorting stick employed anywhere high 
voltage might be found. 

The Second Rule is, whether you have 
a studio-transmitter site or a remote-con-
trolled site, a second person should be on 
site, instructed and ready to assist should 
trouble happen. 

AVOIDING THE RF BITE 

Everyone tasked with maintenance 
should know that when it is time to service an 
antenna system, the power must be turned 
off or you are likely to get a nasty surprise 
when you touch a "hot component." 

This is especially important when you 
find yourself work ing alone out at the base 
of an AM tower. In most cases, the pru-
dent action would be to lock the discon-
nect box in the de-energized position to 
prevent some "auto-restart" circuit — or 
some person arriving at the site and dis-
covering the disconnect was off — from 
actually turning the transmitter on while 
you are out in the field. 

Of course, there are times when you 
need to have the transmitter turn on and off 
in order to use a bridge or observe some-
thing in the ATU while under power. 
Trudging back and forth from the tower to 
the transmitter building for each iteration 
may take too long, especially if something 
is trying to burn. But, i f you can activate the 
remote control, someone else can, too! 

So here is a trick you can use: Just stick 
a big screwdriver in the lightning ball or 
horn gap. That will short out the tower. Or 
— and perhaps even better — use an auto-
mobile battery jumper cable to short the 
tower to ground. But before trying it, 
please read the next paragraphs. 

WARNING 
A very important note: AM series-fed 

towers can accumulate a DC charge of 
several thousand Volts from wind-driven 
dust and give you a nasty burn from the 
arc. Similarly, your AM tower is a great 
receive antenna, picking up lots and lots 
of signals from other nearby AM stations. 

Therefore, when grounding a tower 

for safety, connect to thegroundsidefirst, 

then to the tower. This safety move can keep you from 
getting a DC arc burn — or a nasty RF burn — from what 

seems to be a "dead tower" but is in fact "hot" with a 
static electricity charge or induced RF. 

STEP-START RESISTORS 
While doing maintenance where you need to turn the 

transmitter on and off, be sure to observe the condition of 
any step-start resistors. These are the resistors many 
transmitter manufacturers have incorporated in series 
with the AC mains that feed the transmitter. 

Because step-start resistors only conduct electricity 
in the brief fraction ofa second between pushing "Start" 
or "On" and the length of time it takes the main primary 
contactor to start, step-start resistors in a typical 5 kW 
transmitter may be as small as 50 Watts. 
I f you start the transmitter once every 30 minutes or 

less, you are generally safe. But restarting the transmit-
ter a dozen or more times in as many minutes while 

trouble-shooting can cause the step-start resistors to get 

very hot and open up. Then your transmitter is subject 
to excessive surge currents on startup, and the stress 

those excessive surge currents place on the transmitter. 
Through the years, they can — and do — fail, and you will 
not know until something does fail, stressed by "across-
the-line" starting. 

Checking the step-start resistors when performing 
periodic maintenance (like cleaning the transmitter and 
its filters) is a good start. And, for just a few dollars, you 
can place much higher wattage resistors as replace-
ments into the transmitter. It is something the transmit-
ter manufacturer should have done in the first place — 
and is a very good investment in keeping your transmit-
ter running at top form. 

Mike Langner has been a longtime engineer and 
station owner in Albuquerque, NM. Contact Mike at 
mlangner@swcp.com 
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Studio  
Guide by George Zahn 

A Time When "Feedback" is Wanted 
During the course of this series, George Zahn 

has discussed a variety of microphones. The various 
families of microphones and some of the more useful 
models for broadcasters were covered. He has also 
spoken about how to use these microphones — in 
terms of selection and placement, for example — so 
stations can get the most out of their microphone 
inventory. This has brought comments and ques-

tions from many readers. 
Last issue, I shared some reader comments on the 

ElectroVoice 635A, the legend of the "hammer" dem-
onstrations, and an update on the microphone as it is 
available today. 

While we had a number of wonderful stories on the 
635A, I did not want to shortchange some of the other 
wonderful microphone "feedback" messages I have 
received in recent months from avid Radio Guide 
readers. As always, it is a very welcome and humbling 

opportunity to learn from engineers and managers and 
their experiences. 

DOORS OF OPPORTUNITY 

Another microphone that has some lore behind it is 
the ElectroVoice 676. Some call it the "Jim Morrison" 
microphone. I even found a YouTube video of a guy 
playing harmonica on the microphone through a Fender 
Bassman. 

This is the microphone we once referred to here 
affectionately as the light saber mic, because the silver 
beauty with highly visible ports looks like it might have 
been George Lucas' inspiration for the handle of his 
movie swashbuckling creation. 

The EV 676 

An archaic microphone? That is what many may 
think, but some of these old ElectroVoice models 

refuse to die. While not nearly as prevalent as the 635A, 
676's are still in use in many places. 

George Portell (W8QBG) reports "I was given one 
and use it on a Bauer 707 [transmitter] along with a 
Behringer Shark [pre-amp] and a Shure EQ." George 

reports that the microphone does quite well for him in 
this application, but he is looking for the original 
specifications on the microphone and, while the micro-
phone itself can be found readily on many Internet 
sources, the specs are difficult to find. 

Therefore, we are putting out the Radio Guide "bat 
signal" for someone who might have a copy. So far, I 
have been unable to unearth one. 

RIBBON AND BLUES 

We have paid plenty of attention to ElectroVoice 
and their dynamic microphones here, but the ribbon 
family also has drawn some comments. 

Dave Cory, the Chief 
Engineer of Cherry Creek 
Radio in St. George, Utah, 

was inspired by the Radio 
Guide interview with AEA 
and Wes Dooley (RG Sep-
tember 2007, Page 20) to 
bring some velocity micro-

phones (and himself) out of 
retirement. 

Cory wrote, "I am the 
proud owner of an RCA 
44BX and 77DX in pretty 
good shape and very much 
would like to bring them up 
to factory specs. I've sat on 
them for years and may put 
them in to use, as a tempo-

rary experiment, at my 
present stations. After nor-
mal retirement, I find myself 
back in charge ofeight radio 
stations as Chief Engineer." 

In response, Audio En-
gineering Associates is one 
of the main choices for trying to restore and repair 
classic RCA microphones. They work to create parts as 
close to the original specifications as possible — and 
unless you notice the logo, their R44 model is a virtual 
clone of the 44BX. 

AEA's R44 
ribbon microphone. 

One of the reasons Audio Engineering Associates 

is a bit harder to find, even on the Internet, is that 
apparently website names that involve the AEA let-
ters were all snarfed up. The best way to contact Wes 
Dooley at his AEA website is simply to browse to 
www.wesdooley.com. 

For those who have yet to work with ribbon 
microphones, a well-functioning ribbon (or veloc-
ity) microphone offers some of the smoothest and 
richest sound you can get. The caveats, especially in 
the classic older ribbons, include fragility of the 
ribbon element. These are not microphones to be 
mishandled or blown into, the old amateur way of 
testing a microphone. 

They are also to be kept away from incredibly high 
Sound Pressure Levels (SPLs) as the force of high 
amplitude sound waves can damage the very light-
weight element. This same light nature of the ribbon 
is what allows it to be one of the truly great fidelity 
microphone families. Good luck to Dave on the resto-
ration of his historic gems! 

SHURE UNCERTAINTY 
One other "bat signal" to put out there. Steve 

Manuel of WWJB in Brooksville, Florida had a ques-
tion about a microphone pre-amp: "Have you ever 
used or setup a Presonus Eureka in a broadcast situa-
tion? We are NewsTalk and I have been trying one out 
with an SM7B host microphone in our On Air Studio, 
host microphone. I know the Symetrix 528E has 

become the standard today but wanted to give the 
Presonus a run." 

The Presonus Eureka boasts variable impedance for 
the microphone inputs, as well as a three-band paramet-
ric EQ which can be set pre or post-compressor on the 
unit, according to the specifications. There is even a 

Saturate control which can simulate the audio quality of 
analog tape saturation. Other features include send and 
return jacks to allow for patching in other effects. 

As many an operator can attest, more controls can 

be very seductive and should offer more control, but 
may also introduce more confusion and novel new 
ways to improve or mess up our sound. In my travels, 
I have yet to work with one of the Eureka units. 

If any of our readers have ideas on the Presonus 
Eureka versus the Symetrix 528E, especially in rela-
tion to using it to process an SM7B for a NewsTalk 

AM station, feel free to share them and together we 
can help Steve out. As I have stated before, the 
collective expertise of Radio Guide's readers is as-
tounding. Thanks, as always, for your questions and 

comments which help us all learn more and make us 
better broadcasters! 

George Zahn is the Station Director at WMKV-
FM in Cincinnati, OH. He enjoys discussing new and 
different techniques to help stations improve their 
sound. Let him know what works for you at 
gzahn@mkcommunities.org 
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Protection 
Guide by Gary Minker 

Protect Gear By Understanding 
Grounding Methodologies — Part 2 

Whether it is an existingfacility or one in the planning 
stages, a careful evaluation of the system ground is 
essential for safe and controlled dissipation of lightning 
strikes and other circulating currents. Gary Minker con-
tinues his discussion on how to protect your facility. 

We left off in our discussion by presenting the concept 
that while it is not always possible to prevent lightning 
strikes and other surges in an electrical or RF system, 
effective control over where and how the strike current 
flows can go a long way to prevent damage. 

This time, we want to take a look at some real life 
examples of how to implement such control. 

THE THEORY 
By way of quick review, our goal is to remove the 

circulating current paths. Then, when an event occurs, every-
thing in the room stands up with a potential rise and, once 
dissipated milliseconds later, it all sits back down untouched. 

Without circulating paths, there is no current flow. 
With no I/R losses there is no voltage drop. With no 
voltage drop, there is no dissipation of current. With no 
dissipation, there is no heating, arcing, or burning. 

Because we are dealing with two energy sources, 
lightning strike potential and AC mains issues, two meth-
ods of control must be considered. 

SOME EXAMPLES 

We will start by showing how this was accomplished at 
two real stations. Figures 1 and 2 depict the sites of WEAT-
FM and WKTK-FM. They are shown in graphic represen-
tation ofan electrical circuit equivalent in three dimensions, 
subject to the limitations of my drafting program. 

In these representations, resistive and inductive com-
ponents are considered. Any capacitive features would be 
considered to be a part of the insulation barrier against the 
break down of the difference of potential and are not a part 
of this discussion. 

Fig. 1 - WEAT site before recommendations. 

Fee" 

Fig. 2 — WKTK site before recommendations. 

Figures 3 and 4 show the same sites after modifica-
tions were made or proposed (such changes may or may 
not have been implemented as yet). By giving attention to 
detail, one can see that the elimination of circulating paths 

has largely been accomplished. Ofcourse, it is impossible 
to eliminate all paths due to electrical codes or physical 
layout requirements in the conduit and wiring systems. 

Fig. 3 — WEAT site after recommendations. 

Fig. 4 — WKTK site after recommendations. 

What follows is a discussion of the issues considered 
in the course of making the recommendations depicted. 

AC MAINS PROTECTION 

First off, it is essential to control the energy impressed on 
to the AC mains, regardless of the source. Assuming that the 
spike energy is controlled by either keeping it out of the plant 
and/or clamping if it is generated by an errant machine in the 
plant, this topic is easily dealt with. There are many devices on 

the market, sold through their claimed contributions to peak 
voltage limiting of the mains. These largely will be ignored. 

Suffice to say, regardless of the spike source, limiting 
of the spike voltage is essential to minimizing the damage 
to the equipment in the shelter. Surge arresting is typically 
accomplished via devices situated across the line to neu-
tral, line to ground, and neutral to ground. The two basic 
types of mains surge arresting are series-inserted devices 
and parallel devices. 

Series devices are substantially more effective at 
spike control in the use of inductors, as those devices 
often also contain a method of sine wave tracking — which 
minimizes the spike to a low RMS average value, as 
opposed to peak value — regardless of the position or 

location on the sine wave. Parallel devices usually only 
clamp the spike voltages to a prescribed value regardless 
of the location (time, and angle) on the sine wave. 

HANDLING STRIKES 
This is the tough one. As we discussed last time, the 

strike needs to be diverted. Entry of the strike energy into 
the shelter must be avoided. 

The entry of strike energy into a shelter system through 
the grounding system and devices in mechanical contact 
with the floor causes another significant source of damage 
and is called the Reverse Burst. This is the crux of the 
requirement to insulate devices from the floor in the 
shelter. The rest of the diversion is left up to effective fire 
walling of the energy at a machine location. 

The AC mains protective system can assist with this 
imparted energy — but only if it is impressed onto the 
mains conductors or attempts to breach the conductors 
insulation value, if entry is achieved on the grounded or 
neutral conductors side of the shelter devices. 

Enter the Single Point or Star ground. 

SINGLE POINT GROUND 
In a physical plant the size of any transmitter facility, 

whether simple cellular or broadcast, a true ground at a 
single point is problematical, if not almost possible. A 
more realistic approach is introducing the design called 
the Distributed 
Single Point Sys-
tem. 

This theory 
involves the cre-
ation of single 
point entities 
unto themselves, 
acting upon and 
by themselves, 
and minimizing 
electrical contact 
(conduction) to 
the other mem-
bers of the quan-
tity. For example, 
consider this de-
sign for a ground-
ing system for the 
WKTK site. 

In this design 
four distinct ar-
eas of concern - 
which we shall A proposed grounding 
term "entities" - design for the WKTK site. 

are created: The Tower entity, the Cable Portal entity, the 
Mains entity, and the Shelter Systems entity. We shall 
consider each in turn. 

ALL EX BUILDING 
HALO AND GROWO SYSTEMS 
SHOULD BC CUT Orr emo 
REMOVED DO MEE DO NOT 
INTERFERE Virg NEv SYSTERS 

THE TOWER ENTITY 

At the top of the drawing is the tower entity. You 
will notice a dissipative array called the "Crow Foot" 
is applied to promote the "throwing" of the charge 
away from the shelter. This is accomplished by install-
ing this geometry of the array outwardly, away from 
the shelter and downwardly via 40-foot driven rods 
(the physical design may be modified according to 
local conditions). 

It is important to accept that the energy from a 
lightning strike onto untreated soil imparts energy that 
is half-spheroid in shape. Essentially, the energy will 
radiate downward as well as circumferentially outward 
— except in cases where gradient moisture changes the 
geometry which cause a cardioid emanation downward. 

Energy from lightning moves down and outward. 

Strike energy imparted into a single ground rod of 

sufficient length and construction changes the geom-
etry of the imparted energy into an ellipsoidal or 
conical expression with minimal horizontal radia-
tion. The energy will prefer to travel on the metallic 

conductor rather than radiate outwardly into un-
known soils. 

STOPPING UNWANTED ENERGY TRANSFER 

This Tower array Single Point entity exists singu-
larly. To maintain compliance with the NEC, this array 
is allowed to be contiguously connected to the shelter 
— only — via the descending cables from the tower. 

While these cables are also treated as a part of the 
tower entity in strike management, there is some remain-
ing energy transmitted via these conductors. This haphaz-
ard conduction into the structure needs to be addressed in 

a secondary way. (Continued on Page 28) 
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Protection 
nuide by Gary Minker 

Protect Gear By Understanding 
Grounding Methodologies - Part 2 

— Continued from Page 26 — 

Bonding descending cables to ground. 

The geometry of departure of the conductors that go 
toward the shelter determines the amount of energy im-
parted. A simple 90-degree bend offers some change of 
impedance to the 
strike energy. Cre-
ating a dip in the 
conductors in ex-
cess of 90 degrees, 
if not a full circle, 
offers substantially 
more inductance. 

Where possible, 
one or two turns in 
a rigid loop forma-
tion offers the great-
est rise in the in-
ductive path value 
and creates the 
highest impedance 
to this energy which 
can be bled off to 

Coiling conductors provides an 
inductance path against strikes. 

the tower ground before heading for the shelter. This is 
especially effective when the conductors are appropri-
ately grounded and bonded to the tower ground entity — 
not the structure itself, as this a common mistake in 
order to bleed the charge off of the lateral run. Cables 

that cannot be coiled can be sleeved in rigid conduit to 
simulate a torroid. 

CABLE PORTAL ENTITY 
The cable portal can be a major source of energy 

imparted to the shelter. 

This portal entity is controlled by the proper application 
of various devices and methodologies such as grounding 
straps and surge arresting coaxial devices to the cables 
entering the shelter. Energy from these cables may be 
arrested and controlled by the driven array curtain as shown 
in the WKTK ground design drawing on the previous page 
("Cable portal curtain") — if it is properly applied. 

The array curtain for the cable portal. 

The grounding entity in the drawing is in compli-
ance with the NEC in the requirement of a contiguous 
connection, if only via the cable conductors. This brings 
us to one of the keys to understanding the system: the 
connection of the tower and portal arrays are indeed 
contiguous, but they also are highly inductive. It is this 
high inductance value and low curtain-array resistance 
that creates a substantial barrier to strike energy — in 
effect, an RF shunt network. 

It should not be debated that unlike a standard Fall of 
Potential grounding system test which measures the ef-
fectiveness of non-RF wave fronts, high inductance val-
ues pose significant impedance figures to any imparted 
strike energy due to the high rise time (high frequency) 
emulation of the strike. 

This ground strap, on the last Ice Bridge 
before the building, should be cut. 

The tower entity is inductively separated from the 
portal entity via this high inductance. This high induc-
tance is insured by the cutting of the traditional conven-
tion of the connected ground strap to the tower system and 
the portal/shelter entities. The strap is a low inductance 
throw back to the early days of AM broadcast and has no 
place in modern grounding considerations. 

MAINS ENTITY 
The mains entity incorporates a similar curtain array 

as does the portal. This driven array bonds the AC mains 
to earth, thus enhancing the NEC requirement of a driven 
stabilizing ground conductor. 

It should be understood that the driven ground 
conductor at the base of the supply pole or ground-
mounted trans 
former is placed to 
protect the Power 
Company assets 
and stabilize their 
device. The mains 
array only has con-
tiguous connectiv-
ity to the Power 
Company via a rela-
tively small conduc-
tor which is very 
high in impedance 
and inductance 
above 60 Hertz. 
This is fortunate, 
since the Power 
Company ground-
ing conductor is tied 
to another lightning 
rod that is many 
miles long. 

The mains entity also has contiguous connectivity 
with the shelter electrical distribution system via a much 
lower impedance conductor due to the multiplicative 
paths of grounds, neutrals, and the Neutral bonding screw 
(or bolt, on larger systems). Sufficiently sized neutral 
conductors, and the added use of segregated grounding 
conductors in both insulated dedicated conductors (green) 
and the related metallic conduit systems, augment this 
low impedance. 

Rather than focusing on any claim that the NEC is 
designed to damage systems in the shelter, let us instead 
note that attention paid to conductor size, bonding, and 

conduit layout and assembly during site design or re-work 
which facilitates the Distributed Star Point construction 
within any shelter. 

The array curtain 
for the AC Mains. 

SHELTER SYSTEMS ENTITY 
The Shelter entity Single Point design often is the 

most corrupted. While attempting to maintain the Single 
Point design inside the shelter the occasional crossed-
connections cannot be avoided. Poor connections to the 
outside world can further frustrate implementation of any 
ground design 

Simply stated, this is not a ground. 

At the same time, the installation of inter-device 
conduits and control circuits often inadvertently destroys 
the Single Point design and cannot be avoided. These 
problems can be minimized on a best-effort basis by more 
careful design of the conduit systems and subsequent 
bonding of these systems. 

BAD CONVENTION 
The shelter system itself has long suffered from con-

forming to the antique convention of running the tower 
ground bonding straps from the tower entity invasively 
inward to the floor of the shelter. This strap usually also 
picks up the building steel, floor reinforcing bar systems, 
and the bases of all metallic machinery in the shelter, and 
then heads for the AC mains system. 

Then, when strike energy enters the shelter, a circulat-
ing current flows in an inductively induced, fly-wheeling 
manner throughout the shelter one or more times before 
dissipating. In turn, this flow of current treats the fall of 
potential from the top to the bottom of a metallic device 
as a fuse. In fact, sufficient energy in this fall of potential 
turns everything in the rack into a fuse. The result is seen 
in arc-overs and other damage. 

This strap system creates a dynamic circulating cur-
rent loop not only for AC mains stray voltages and 
currents, but also for distribution of strike potentials from 
both direct conduction and antenna-like inductive pick-
up of EMP magnetic waves. It is exactly the installation of 
this strap system on the bottom of each metallic device 
that causes the "Fuse Effect." 

GROUND SYSTEM STRAPS 
Of course, an exception must be mentioned which 

involves methods of integrity for AM Radio Stations 
regarding the connectivity of the transmitter, Antenna 
Phasing Equipment, and the Antenna arrays. The incorpo-
ration of the large strap system has been considered a key 
component to the proper installation of these systems. 

However, a debatable theory maintains that treating 
the bonding strap with a substantial curtain array at the 

entrance to the shelter will assist in the control of incom-
ing energy to the Shelter. It has been my experience that 
the straps' entry into the building is unnecessary and may 
be inductively segregated or eliminated as suggested here 

while still maintaining the RF integrity of the system, 
unless required by phasing equipment. 

PROTECTING SHELTER CONTENTS 

Again, the goal is to eliminate circulating paths. For 
that reason, we recommend an installation method that 
utilizes not only the top-of-device connectivity conven-

tion, but also insulates metallic devices from the floor. 
The removal of the strap system from the bottoms of 

the shelter devices is key and critical. Wood, plastic, or 
other insulation can be used, but to avoid any circulating 
currents working their way through the equipment, it 
should not rest on the floor. 

Other good practices to implement include insulation 
for support hardware and poles, as well as for the operator 
when on site. In high lightning areas, even a rubber doormat 

can provide useful protection. (Continued on Page 30) 
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END-TO-END 
BUSINESS SOLUTIONS 
FOR YOUR CP PROJECT 

1) Spread the cost of radio broadcast technology to 
match the timing of revenues and cash flow 

2) Retain your station's cash, capital anc' 
leverage, lower cost, outside capital 

3) Fixed rate financing for your station is a 
"hedge against inflation" 

4) Bridge budget cycles with interim financing 

5) Wrap all equipment, technology & system costs 
into a single monthly payment 

6) Allocate needed equipment or broadcast systems 
costs over multiple budget periods 

7) Call SCMS to learn what options are availab'e to you 

SCMS provides new broadcast equipment as well as 

delivering qua'ity used gear and rental equipment. 

NATIONAL CITY can provide a customized plan and 

funds for a happy new broadcast year. 

00-438-6040 
Contact SCMS 
to discuss your 

broadcast needs 

YOU KNOW WE KNOW RADIO! 

MEDIA FINANCE 



Protection 
Guide by Gary Minker 

— Continued from Page 28 — 

All connections are made 
at the top of the equipment. 

Even a doormat can be used to keep 
equipment from contacting the floor. 

Wooden blocks insulate the 
equipment from the circulating currents. 

Whenever possible, avoid providing 
a straight path for strike current. 

IMPLEMENTATION AND TESTING 
Once a site or design has been reviewed and the 

recommended design is accepted, the construction or 
modification of a site should commence. 

During construction the testing of the various con-
ductor paths to be removed or observed may be done by 
using test instruments. A three-point resistance testing set 
will give reliable readings. 

A ground resistance tester. 

Small isolated two-Ampere power supplies or AC 
voltage sources with an ammeter may be used with a 
variac to determine the resistivity of a conductive path 
where stray currents or voltages may exist either due to 
leakage or induction. 

You can also use a Volt-Ohm meter, although Ohm 
meters are subject to errant readings due to small stray 
circulating currents in the Shelter Entity. This can be 
confirmed by the careful removal of one end of a 
grounding conductor and noting that a voltage exists on 
this now free wire. This is likely indicative of another 
potential (no pun intended) problem in the plant. 

Outside, clamp-on meters may be well-suited for 
measuring, tracking and routine maintenance of rods by 
recording the stray currents and resistance of a given 
single-ended entity such as a rod in an inspection well 
once or twice per year. A spreadsheet is helpful in 
tracking any changes to these systems. 

Clamp-on meters will measure 
currents in ground wires and rods. 

It is the goal of a conductor to have a very low 
resistance within the entity in which it exists and to 
have a low resistance toward the grounding array to 
which it belongs. In order to comply with the require-
ments of the electrical code there needs to a high 
inductive coupled impedance value between the dif-
ferent entities. 

Examples of highly inductive couplers could in-
clude the outer conductors of RF related cables or the 
shields of signal cables between one entity and another. 
Where these casual conductors do not exist, a coil of 
wire of an appropriate gauge may be created and con-
tained within a steel enclosure of sufficient size with a 

removable cover to hold and protect it. 
This coil of wire will allow reasonable amounts of 

lower frequency currents to pass when needed during a 
60 Hertz fault so that the distributed aspect of the large 
footprint grounding system may come into assistive 
play but the tightly affixed coils of wire will present a 
very high inductance/impedance to a high frequency 
strike whether direct conduction or EMP. 

This coil of wire can also be used as a gauge of 
effectiveness after a known strike to see if the coil has 
blown open or burned in any way, or if the method of 
securing the coil such as nylon tie wraps has been 
damaged. The integrity of the system is totally depen-
dant on the methods of connection, whether bolted, 
clamped or preferably exothermic. Once abnormal con-
ductors have been identified as either removable or 
repairable, the system can be fixed. 

The integrity of each entity is dependent upon its 
ability to stand alone in its function and to not affect, or 
rely on, the entities adjacent to it. 

INSPECTION 
In the design of the various entities of the grounding 

system, it is important to be able to inspect, log, and repeat 
testing and verification of the effectiveness of the design 
along with certain components. The use of large, deep, 
plastic valve boxes or inspection boxes at the location of 
each driven rod is very important. 

At regular intervals, use of a device such as the clamp-
on ground component tester may be utilized to verify the 
continued resistivity of a driven or planted-rod system. 
This device is simply clamped around a singled-ended 
entity such as a ground rod or a wire singularly leading to 
a ground rod. This resistive value should be logged and 
maintained for future use and testing. 

What you are looking for is evidence of 
"glassification." Glassification happens when the earth 
surrounding a driven ground rod is turned into a glass-like 
material from extreme heat in proximity to the rod. 
Glassification of a ground rod renders it useless as a 
conductor of strike energy — and may raise the resistive 
value by a magnitude of several hundred times the initial 
driven value. Contact with a glassified rod during a strike 
condition may be fatal as it does not flow current to 
minimize voltages in I/R losses. 

Upon finding that a particular rod may have "glassified" 
from the observance of an elevated resistivity, corrective 
replacement action may be taken. 

MAINTENANCE 
We have seen various points of view leading to a new 

cohesive thought of designing, constructing, repairing, 
and managing a ground system. Nevertheless, in this care 
and feeding we see that it is possible for even the best 
design to fail at some point either through the application 
of overwhelming energy or in the performance of its duty. 

Like any electrical or mechanical system it is important 
that a maintenance and inspection program be designed for 
the various entities in the facility which is unique to that 
facility. Hopefully it is this electrical and visual inspection 
regimen that will expose any deficiencies before they 
become issues during the next strike event. 

It is often noted that simple decay will deteriorate 
any grounding system. However it is usually the damage 
that is developed in the performance of its duty that 
brings most of the damage to light. Hopefully this 
damage is the sacrificial anode, so to speak, of the 
system and that the integrity of the apparatus and per-
sonnel at the site were spared. 

THE BOTTOM LINE 
It is not as important what you tend to believe, or even 

what is fact or fiction. The proof of the matter is that 
certain techniques work and others are simply ineffective 

or downright dangerous to materiel or personnel. 
As mentioned earlier, as each site is different, each 

site is the same. The commonalities of installations are the 
backbone of most system designs. It is the small esoteric 
differences that require us to apply the element of not only 
common sense but practicality in the effective design of 
grounding and electrical systems. 

Proper application of the various conventions to each 
identifiable entity in a physical plant is critical to the 
longevity and trouble free aspects of survival. Simply 

because we as a group have done "it" a certain way forever 
is not a good reason to continue to do this type of thing, 
especially if there is conclusive proof (if not reasonable 
conjecture) that there is a better or safer way. Effective 
application of the numerous grounding conventions needs 
to avoid the pitfalls of patent infringement or legalities 
and rights indemnification. 

Bold steps need to be taken to create a more unified 
and appropriate convention that allows the designers and 
ultimate users the assuredness that a system was specifi-

cally and appropriately designed for them and favors none 
other than them. 

In the end, lightning suppression is about control. The 
best way to control the bull in the china shop is to keep him 
out all together. Mega Joules of energy will go pretty 
much where it wants, but with a little creative help, it can 
be harmlessly diverted. 

Gary Minker has analyzed hundreds of electrical and trans-
mission systems. The owner of Radio Works R.F. Consulting 
(www.radioworkstfconsulting.com) in Lake Worth, FL he can be 
contacted at gaiy@radioworkstfconsulting.com 
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Trade Up. Save Big. 
Upgrade to Gocgle Radio Automation 

and keep $ 1000's in your pocket. ( But you'd better hurry.) 
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Trade up to Google Radio Automation from any competing automation system before 

October 31 of this year, and we'll give you our software absolutely free. 

That's right a value worth Jp to $ 10,000 per station ( restrictions apply). 

imr Ewe Of 
Ded AIR 

341 

Lmero. Hands 01.1* 

›.IThexnfemTs.n. 

IT: 7:7'. 0•111«..e 0 01 

Lb A NW« . 1 

Malemn• 

o 01 
Trà. 

0 

.tpueffliir 

"." 

Here's the deal: 

Hurry this offer won't last 
For complete details on this offer and to view our online demo, please visit 

www.google.com/radioautomation, or call us at 800.726.8877. 

Go ogle 
Copyright 2008. All rights reserved. Google is a registered tradename of Google Inc 



EVOLUTION -6 
The E-6 is a powerful, compact and cost-efficient networked audio control surface with buil 
and a powerful set of PRODUCTION TOOLS for each input channel, allowing a single surfa 
reconfigured for different talent, studio and format requirements. 
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E-6 INPUT CHANNELS can 
access networked audio sources 
with the press of a button. All 
sources are displayed right above 
the fader. Each fader has its own 
mix-minus output ( in addition to the 
console's own 4 MXM busses). SET 
buttons at the top of each channel 
can access a powerful array of 
production tools individually 
tailored for each input strip. These 
include four bands of parametric EQ, 
compressor/limiter, expander, pan, 
mode, HPF, LPF and phase reverse. 
These EQ /DYNAMIC functions allow 
powerful per channel mic process-
ing. The console has four output 
busses (can include 5.1 surround), 4 
mix-minus busses and 4 aux mixes 
(all with TB). Each input channel 
also has two programmable buttons 
for customized functions, as well as 
ON/OFF switches with built-in 
machine control (logic follows 
source). 

The Wheatstone 
Evolution-6 Digital 

Audio Control Surface 

copyright 0 2008 by Wheatstone Corporation 
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in EVENT RECALL 
e to be instantly 

THE REALTIME HI-RES GRAPHIC DISPLAY keeps operators 
up to date and completely informed concerning all surface functions. Meterrng, 
bus assignment, channel status and sources, event recall, monitors, EQ and 
dynamics—all appear here via the mouse/trackpad driven GUI. Note the surface 
drives the VGA monitor with built-in circuitry (no external PC required). 

THE MONITOR/SET PANEL (right) has Control Room, Headphone, 
and two independent Studio outputs. It also allows the operator to program 
input channels via the SET function: aux mix and mix-minus assign (4 each; 
all with tElkback), input source select, and pani. The panel also has fourteen 
progr3mrr able buttons which can initiate custom functions like remote setups, 
intercom, machine commands and salvos. 
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Available in 4, 8, 12, 16, 20, 
or 24 channel mainframes 

The E-6 audio control surface 
interfaces directly with VVheatstone's 

E-Series network switch and associated studio 
satellite I/O cages. Wiring between components is via 

single CAT-5 cables, eliminating point-to-point multi-pair runs. 
Each studio surface operates independently, yet can share all network 

sources and mixes with others. 
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www.wheatstone.cornIE6.hrm I sales@wheatstone.corn I tel 252-638-7000 



Heavy 
Metal by J.S. Sellmeyer, P.E. 

RCA's Transition to Design & Manufacturing 

Part 3 — The RCA BTA-50F Series 

During World War II, most transmitter deliveries 
were put on hold. Lessons learned from the war effort 
by the manufacturers in every industry led to im-
proved designs and production standards for many 
products, including radio transmitters. As the War 
ended, RCA was active on several fronts, and brought 
to market some venerable products. Jack Sellmeyer 
continues his look at RCA 's evolution. 

After only four RCA 50-E transmitters (see Radio 
Guide, July-August 2008) were delivered to the domes-
tic market, World War II intervened and diverted most all 
commercial electronic production to support the war 
effort. It has been reported that several RCA 50-E trans-
mitters were delivered to foreign governments to support 
the psychological war effort, but none of the deliveries or 
quantities have been confirmed. 

In the latter years of the war, RCA began to devote 
some planning and preliminary design effort to the 
direction the company would take in the post war 
years. To that end in late 1943 RCA began the efforts 
toward improvements to the 50-E design. 

Information was compiled about problem areas in 
the 50-E radio and a newer model, the "50-F" design 
was begun. This radio was evolutionary in that it 
retained much of the circuitry of the 50-E and many of 
the individual cabinets, with only minor updating to 
the circuitry to take advantage of newer tubes and 
different circuit topology in some cases. 

EXPANDING THE PRODUCT LINE 
In the post-war years, RCA expanded its broadcast-

ing offerings in an exponential manner, offering com-
plete product lines for the Broadcast Audio Systems, 
Standard (AM) Broadcast Transmitters, FM Broadcast 
Transmitters, Television Broadcast Transmitters and 
Television Broadcast Studio Equipment. 

With this major increase in the broadcast product 

line, a new product numbering system was needed to 
distinguish between the different product areas. For 
transmitters, a prefix was added to the power level to 
differentiate between the AM, FM, HF Broadcast and 
Television Broadcast transmitters. The following table 
illustrates the various prefixes, power levels and se-
ries numbers. 

RCA Transmitter Model Numbering Sysytem 

Product Pwr Level 

BTA Watts (c 1 kW) 
kW (> 1 kW) 

BTF kW 

BHA kW 

TT kW 

TT kW 

TTU kW 

Series 

AL 

AH 

Rev Notes 

1 AM Broadcast 

FM broadcast 

HF broadcast 

TV CH 2-6 

TV CH 7-13 

TV CH- 14-83 

Thus the next 50 kilowatt AM transmitter in the line 
would have BTA-50F on the nameplate. 

The BTA-50F series began production in early 
1947 and ceased production about 1954, producing 
one of the best sounding and most popular 50 kilowatt 
transmitters ever produced. At least fifteen units were 
produced and installed in the US and Canada in what 
was primarily a replacement market at that time. 

FRAME CONSTRUCTION 
RCA continued with the Art Deco styling first 

incorporated in the 50-D and the 50-E. This arrange-
ment, when combined with an overall "drape wall" 
atop the transmitter and side walls at the ends of the 
transmitter, presented a very attractive appearance. 
RCA would retain this approach to transmitter hous-
ings for several generations of AM, FM, and televi-
sion transmitters. 

The BTA-50F transmitter was constructed from 
functional units contained in free-standing steel frames 
which were placed behind the RCA "unified panel 
arrangement." The "unified panel" consisted of a series 
of Art Deco styled, painted steel panels which together 
formed the front panel of the transmitter. The indi-
vidual panels were joined together on a steel rail, bolted 
to the floor of the building and attached to the front of 
each of the individual assemblies. 

The transmitter was 33 feet wide, 7 feet high and 17 
feet deep, including the high voltage and modulation 
transformers, their associated reactors, and the required 
safety fences or transformer vaults where required. 

The original RCA BTA-50 installed at WGAR. 

The first BTA-50F was delivered in early 1947 to 
Station WGAR, Cleveland, Ohio — a Class H station. 

A second BTA-50F was ordered for Station KMPC, 
Los Angeles, California, then co-owned by the G.A. 
Richards Group, headquartered in Detroit, Michigan; it 
was installed about a year later. At that time, Mal 
Mobley, the Field Engineering Supervisor for the 
Richards Group, was transferred to Los Angeles to 
oversee an addition to the KMPC transmitter building 
and the installation of the new 50 kW transmitter. 

LOOKING INSIDE THE BTA-50F 
Comparing the block diagram of the BTA-50F 

series with the one for the 50-E shows some of the 
design changes, especially in the exciter and low level 
audio sections. The BTA-50F had a total of 29 tubes 
of nine types in the basic transmitter, ten fewer that the 
50-E. Of these, ten were mercury vapor rectifiers. 

An interesting feature of the BTA-50F documenta-
tion was that the transmitter schematic was printed on 
high quality linen cloth using colored ink to highlight 
the different circuits. 

IMPROVED EFFICIENCY 
Some of RCA's built-in redundancy was carried 

over from the 50-E series. 
For example, the BTA-50F had built-in backup in 

the event of a serious fault in the high power stages. 
Also retained was the in-place spare high voltage recti-
fier tube which could be rapidly inserted into the faulty 
position in the event of a tube failure. A third tube 
position was added to the modulator cabinet for a spare 
tube, and the two now excess sockets in the RF PA were 
used for in-place spare tubes. 

Although the BTA-50F series initially maintained the 

overall AC to RF conversion efficiency of the 50-E, RCA 
was able later to improve it by more than ten percent. 

Overall Power Consumption at 50 kW RF Output 

Model 0% Mod 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% 

The higher efficiency reached by the F series al-
lowed for even better reliability through redundancy. 

An in-place spare modulator tube was provided as well 
as two in-place spare tubes for the RF power amplifier. 
These could be quickly placed in service by moving the 
appropriate wires. 

To change the RF power amplifier tube simply 
required changeing the two filament connections and 
the grid connection. To put the spare modulator tube on 
line, it required changing the filament, grid, and the 
proper plate connections. 

Warm-up time for the high power tubes was only 15 
seconds, and the system warm-up time was limited 
primarily by the mercury vapor rectifier and low-level 
tube warm up times. If the tubes were already warm, a 
time-delay bypass pushbutton was available to rapidly 
restore service after the low level tubes had about 30 

seconds to warm up. (Continued on Page 36) 
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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. 

Element frames are constructed 
from custom aluminum extrusions for maximum 

rigidity. Module face plates & console side panels are machined from 
thick plate aluminum. Even the hand rest is a beefy extrusion. All this 
-,,avy metal means even the most ham-handed jock can't dent it.. 

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 

eeds 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 RJ 

— 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). 

4113111b 

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. 

And now Axia has become radio's 
UPP° 

24‘1 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-

e.20422-0241 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 
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— Continued from Page 34 — 

THE RF EXCITER 
The RF Exciter stage was located at the left end of 

the cabinet. 
This unit was, effectively, the RF section of the 

BTA-250L, a 250 Watt AM transmitter. It consisted of 
two UL-4392 crystal-controlled oscillators — an updated 
version of the UV-4292 oscillator which was used in all 
of the RCA AM transmitters beginning in the early to 
mid- 1930's. The only significant differences in the two 
units were a tube change to the more modern 807 and the 
replacement of the output inductors with a single tapped 
Litz wire coil. The two units were interchangeable. 
A front panel changeover switch was provided for 

selection of the active oscillator. The crystal ovens 
were powered from a 110 Volt circuit separate from the 
460/480 Volt AC mains supply. 

The exciter consisted of only four stages to arrive at 
the five kilowatt level. These were the oscillator stage 
(an 807), a buffer stage (an 828), and parallel 810's 
operating as the driver for the five kilowatt power 
amplifier stage. The identical circuitry was used in the 
BTA-5F and BTA-10F transmitters. 

All of the tubes and components except those asso-
ciated with the 892R five kilowatt amplifier were 
mounted on the front of the RF Exciter unit and were 
accessible through the left door. The meters above this 
door were associated with the five kilowatt amplifier 
stage displaying grid and plate currents for the stage. 

The five kilowatt driver stage was located inside the 
cabinet on which the RF Exciter was mounted. It was 
accessed through a pair of rear doors. The circuitry was 
basically the same as the 50-E Exciter. 

THE AUDIO DRIVER 
The audio 

driver circuit for 
the BTA-50F 
modulator is virtu-
ally identical to 
that of the 50-E. 
This circuit was 
carried forward in-
tact to the BTA-
50F, mounted on 
the hinged rear 
door of the modu-
lator cabinet as 
shown. 

The modulator 
consisted of a pair 
of newly devel-
oped 9C22 forced-
air cooled triodes 

The audio driver on the rear 
of the modulator cabinet. 

operated in Class B, driven by four 828 beam power 
tetrodes operated as Class A cathode followers, 
configured in push-pull parallel. 

The four 828's were coupled to the 9C22's through 
a novel arrangement using a six-winding, tightly coupled 
iron-core choke arrangement. The cathode follower 
stage was driven by a pair of 828's in push-pull, 
operating as a Class A amplifier stage. 

The intermediate amplifier stage was driven by a 
pair of 6C6 pentodes. Overall feedback taken from the 
primary of the modulation transformer was applied in 
series with the split secondaries of the audio input 
transformer to the 6C6 input stage. 

Hum originating in the high power amplifier fila-
ments continued to be a problem in the early days. This 
was due to modulation of the electron stream by the AC 
powered filaments. Early transmitters used DC motor-
generator sets to produce the high current, low voltages 
required to heat the filaments of the high power RF and 
audio stages. (Continued on Page 38) 
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DL1 Digilyzer 
Digital Audio Analyzer 

A handheld digital audio analyzer with the 
measurement power & functions of more 
expensive instruments, the DL I Digilyzer analyzes 
and measures both the digital carrier signal 
(AES/EBU. SPDIF or ADAT) as well as embedded 
digital audio. In addition, the DL I functions as a 
smart monitor and digital level meter for tracking 
down signals around the studio. Plugged into 
either an analog or digital signal line, 
it automatically detects and measures digital signals 
or informs if you connect to an analog line. 
In addition to customary audio, carrier and status 
bit measurements, the DL I also includes a 
comprehensive event logging capability. 

AES/EBU, SPDIF, ADAT signals 
32k to 96k digital sample rates 
Measure digital carrier level, frequency 
Status/User bits 

I> Event logging 
Bit statistics 
VU + PPM level meter for the embedded audio 

I> Monitor DA converter and headphone/speaker 
amp 

Audio scope mode 

AL1 Acoustilyzer 
Acoustics, Audio & Intelligibility Analyzer 

The ALI Acoustilyzer features extensive acoustical 
measurement capabilities as well as analog audio 
electrical measurements such as level, frequency 
and THD+N. With both true RTA and high 
resolution FFT capability, the ALI also measures 
delay and reverberation times. 
With the optional STI-PA Speech Intelligibility 
function, rapid and convenient standardized 
"one-number" intelligibility measurements may be 
made on all types of sound systems, from venue 
sound reinforcement to regulated "life and safety" 
audio systems. 

Real Time Analyzer 
Reverb Time (RT60) 
Delay measurements 
High resolution FFT with zoom 
Optional STI-PA Speech Intelligibility function 
Automatic Distortion analyzer (THD+N) 
Frequency, RMS Level, Polarity measurements 
Requires optional MiniSPL microphone 
Includes MiniLINK USB interface & Windows PC 
software for storing tests and PC transfer 

ML1 Minilyzer 
Analog Audio Analyzer 

The ML I Minilyzer is a full function high 
performance audio analyzer and signal monitor 
that fits in the palm of your hand. 
The comprehensive feature set includes standard 
measurements of level, frequency and THD+N, 
plus VU+PPM meter mode, scope mode, a 
1/3 octave analyzer and the ability to acquire, 
measure and display external response sweeps 
generated by a Minirator or other 
external generator. 

Add the optional MiniLINK USB computer interface 
and Windows-based software 
and you may store all tests on 
the instrument for download to 
your PC, as well as send 
commands and display real 
time results to and from 
the analyzer. MelLINK 

Measure Level, Frequency, Polarity 
Automatic THD+N and individual harmonic 

distortion measurements k2—, k5 
VU + PPM meter/monitor 
1/3 octave analyzer 
Requires optional MiniSPL microphone 
for SPL & acoustic RIA measurements 

Frequency/time sweeps 
Scope mode 
Measure signal balance error 
Selectable units for level measurements 
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DR2 Digirator 
Digital Audio Generator 

The DR2 Digirator not only generates digital audio 
in stereo & surround, it is a channel transparency 
and delay tester as well, all condensed into a 
handheld package. Delivering performance & 
functionality challenging any digital audio 
generator made today, it produces all common 
audio test signals with sampling frequencies up to 
192 kHz and resolution up to 24 bit. The Digirator 
features a multi-format sync-input allowing the 
instrument to be synchronized to video and audio 
signals. In addition to standard two-channel digital 
audio, the DR2 can source a comprehensive set of 
surround signals. 

AES3, SPDIF, TOSLink, ADAT outputs 
24 bit 2 channel digital audio up to 192 kHz SR 
Sine wave with stepped & continuous sweeps; 
White & Pink Noise; Polarity & Delay test signals 

Dolby D, D+, E, Pro-Logic II, DTS and DTS-HR 
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Channel Transparency measurement 
I/O Delay Measurement 
Sync to AES3, OARS, word clock .5. video 

black burst 
User-generated test signal files 
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MR-PRO Minirator 
High performance 
Analog Audio Generator + 
Impedance/Phantom/Cable measurements 

The MR-PRO Minirator is the senior partner to the 
MR2 below, with added features and higher 
performance. Both generators feature an ergonomic 
instrument package & operation, balanced and 
unbalanced outputs, and a full range of signals. 

High (+ 18 dBu) output level & <-96 dB residual THD 
Sine waves & programmable swept (chirp) and 
stepped sweeps 

Pink & white noise 
Polarity & delay test signals 
User-generated custom test signals & generator 

setups 
Impedance measurement of the connected device 
Phantom power voltage measurement 
Cable tester and signal balance measurement 
Protective shock jacket 

MR2 Minirator 
Analog Audio Generator 

The MR2 pocket-sized analog audio generator is 
the successor to the legendary MR1 Minirator. 
It is the behind-the-scenes star of thousands of live 
performances, recordings and remote feeds. 

Intuitive operation via thumbwheel and "short-cut" 
buttons 

New higher output level (+8 dBu) & low distortion 
Programmable Swept (chirp) and Stepped sweeps 
Sine waves 
Pink & White noise 
Polarity d. Delay test signals 
Illuminated Mute button 
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With the advent of newer tubes, the filaments were 
powered by center-tapped filament transformers, some-
times operated from three-phase power and sometimes 
from single-phase power. Use of the center tap in many 
cases reduced the hum contribution significantly by 
balancing out most of the hum caused by the applica-
tion of AC power to the filaments. 

While this was generally effective it was not 
sufficient to fully suppress the hum caused by the high 
power filaments required for the 9C22 tubes used in 
the modulator and RF power amplifier. This led to 
some innovations and novel use of negative feedback 
to aid in further suppression of the predominant hum 
frequencies. 

In the first audio stage plate circuit a parallel-tuned 
circuit consisting of inductor 3L3 and 3C10 was tuned 
to 120 cycles. The circuit presents a very high imped-
ance load on the 6C6 input stage plate circuit resulting 
in a sharply tuned peak in the open loop frequency 
response of this stage. When the feedback loop is 
closed, the response is flattened and the hum frequency 
generated within the modulator system is suppressed 
by the amount of the applied feedback. 

Thus, the resulting frequency response was essen-
tially flat. The overall hum contribution of the modula-
tor was significantly reduced. 

MODULATOR SECTION 
The modulator was located to the right of the RF 

driver cabinet. The modulator stage used a pair of 9C22 
tubes in push-pull operating in Class B. As mentioned, 

a spare modulator tube was included in the modulator 
compartment. 

This stage improved the efficiency over the Class 
AB-1 mode used in earlier five and ten kilowatt trans-
mitters by reducing the idling current of the modulators 
and driving the 
grids into the 
positive grid re-
gion. 

Achieving 
this required a 
very low source 
impedance from 
the audio driver 
to deal with the 
relatively high 
currents due to 
the abrupt drop 
in grid resistance 
when the grid is 
driven into the 
positive grid re-
gion. This is 
readily achieved by the tightly coupled cathode fol-
lower stage. The circuit is easily capable of dealing 
with the abrupt drop in load impedance due to the Class 
B operation of the modulator tubes, while introducing 
very little distortion of the waveform. 

The BTA-50F modulator compart-

ment included a built-in spare. 

THE HEAVY METAL 
The "Big Iron" in the BTA-50F series was not 

changed greatly from the 50-E series. As with the 50-E, 
the modulation transformer was an oil-filled rectangu-
lar tank just over six feet high, 40 inches wide, and 25 
inches deep — weighing 6,100 pounds, including the 
190 gallons of 10C mineral oil weighing 1,400 pounds. 
The 50-F modulation transformer was rated at 37.5 
kVA, an increase of 6 kVA over the 50-E. 

The modulation reactor was an oil-filled round tank 
about five feet in height using 135 gallons of 10C oil 

weighing 1,000 pounds. The reactor current rating was 
increased to 7.5 amperes, versus 6.0 amperes for the 
50-E. It is probable that core saturation resulting from 
high level, low frequency program material was a 
problem for the 50-E series. The BTA-50F series had 
no such problems. 

The three 50 kVA plate transformers were "pole pig" 
style tanks about four feet in height, each weighing 1,350 
pounds and containing 60.5 pounds of 10C mineral oil. 

THE HUM FREQUENCY 
FEEDBACK AMPLIFIER 

The Hum Frequency Feedback Amplifier, a rack-
mounted assembly connected between the peak limiter 
output and the audio input to the modulator, was an-
other 50-E section carried over to the BTA-50F. 

The Hum Frequency Feedback Amplifier was 
needed because the very high currents required by the 
four high level 
tubes caused a cer-
tain amount of 
hum. Each of the 
tubes required 375 
Amperes of current 
at 19.5 Volts. This 
was supplied by 
three individual 
19.5 Volt trans-
formers, with their 
secondaries con-
nected in parallel, 
for each of the four 
active tubes. 

The photo-
graph shows the 
cabinet containing 
the reactors and 
transformers. It was located between the modulator and 
the RF power amplifier cabinets and weighed 2,500 

pounds. (Continued on Page 40) 

The BTA-50F 
Filament Supply Cabinet. 
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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 
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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 capaciti‘ e 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 to 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 automatic switchover operations. The CDS-302 has all of the features of the 

CDS-300 above including accessory port for adding the CTD-I 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 

Visit our eveh site lOr more complete product infOrmation. 
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The CMP-300 Composite Audio Mixer/DA 
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The CMP-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 instrumentation 
amplifier and each output features a 50 ohm impedance line driver suitable for driving 
long capacitive cables without instability. 

The CTD-300 Composite to AES Converter 

• 

a 

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 
alternative to replacing a composite SIL 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 

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 A CS-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 turned on or off and line amplification is desired. 
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LARCAN offers a superior range of solid-state FM solutions from 25w to 5kVV. 
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Four copper busses exited from each side into the 
associated cabinets to supply filament power to the four 
active tubes. The busses were one and one-half inch 
wide by 15/16 of an inch thick. 

Each of the transformers included a tapped iron-
core reactor in series with the primary of its associated 
transformer. The reactors were used to limit the peak 
current to the tube filament during startup and to set the 
operating voltage. The primaries were fed from a regu-
lated voltage source. 

GETTING THE HUM OUT 
The unit took an RF sample of the output line current, 

demodulated it, and removed most of the predominant 
hum frequency components from the signal. The unit 
consists of a high gain, two-stage audio amplifier with 
negative feedback from the plate of the last stage back to 
the cathode of the first stage. The amplifier also contains 
a tuned, positive feedback circuit from the plate of the last 
stage to the grid circuit of the first stage. 

Detected audid from an RF sample of the current 
flowing in the output transmission line to the antenna 
system was added to the audio output from the peak 
limiter. The positive feedback loop was carefully tuned 
to the predominant hum frequency of the RF power 
amplifier stage by use of a phase-shift network inside 
the loop. The frequency was adjusted to that of the 
predominant hum frequency, and the envelope feed-
back is then adjusted to flatten the frequency response 
of the overall system. 

by J.S. Sellmeyer, P.E. 

The hum frequencies are suppressed by the ampli-
tude of the regenerative peak at the hum frequency. 
Thus the hum in the entire transmitter is reduced con-
siderably, to the extent that the specification of 60 dB 

below 100 percent modulation could be achieved. 
The Hum Frequency Feedback Amplifier would 

disappear with the BTA-50F1. About 1949, the BTA-
50F1 was introduced using new RF PA and modulator 
tubes with drastically reduced filament power re-
quirements. The filament cabinet would go away and 
be replaced by a small box attached to the left side of 
the RF PA, which now contained the reactors and 
transformers. 

With this change, the primary power input require-
ments would be reduced by about twelve percent. This 
resulted in overall AC to RF efficiency above 50% for 
the first time! 

50 KW RF POWER AMPLIFIER 
The 50 kilowatt RF power amplifier contained in 

the center cabinet of the transmitter cabinet was nearly 
identical to that of the 50-E. (The filament cabinet used 
in the BTA-50F1 may be seen attached to the upper left 
side of the cabinet.) 

Two 9C22 triodes were used in parallel for fifty 
kilowatt operation. The heavy copper busses from 
the filament supply cabinet were connected through 
heavy, flexible copper straps from the filament by-
pass capacitors to the filament connections on top of 
the tube envelope. 

The RF power amplifier cabinet. 

Front panel meters were provided to indicate total 
grid and plate currents, and individual cathode currents. 

Individual parasitic suppressors were installed in 
the grid and plate connections for each tube and were 
supported by heavy copper straps. The stage was neu-
tralized by parallel-resonating the grid to plate capaci-
tance and the associated stray capacitance of the wir-
ing. A very long, fixed inductor, 4L3, was made adjust-
able by the addition of taps to the copper wire which 
formed the winding 

THE OUTPUT NETWORK 
The output network was a conventional Pi network 

using air variable capacitors, rated at 15 kilovolts peak. 
The capacitors were contained in high pressure tanks, 
operated at a pressure of approximately 180 psi using 
dry nitrogen as a dielectric. 

The tanks were mounted in an inverted position from 
the top of the cabinet. Each capacitor was driven from a 
reversible low speed motor. Front panel pushbuttons 
controlled the motors. A portion of the tuning capacitor, 
4C16, is visible on the following page. 

(Continued on Page 42) 
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in-house editor for its reliability, upgradability and 
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Your Next Installation 
can be this... 

or this... 
How do you make your installation projects run smoothly? 
Use Digital Radio Engineering for the job! 

We have the engineering, project management, order administration, purchasing, and 

installation talent all in one place, and over 150 years combined experience in Radio. We can 
help you with researching new products and ideas, ordering new equipment, tracking 

deliveries, designing and engineering the new facility, manufacturing the new wiring, providing 

a top-of-the- line install team, and providing thorough and usable documentation for the entire 

project as well. You make sure your operation continues to run smoothly, and we help you 

make sure the new facility is a great addition to that operation. 

Call us before you start your next installation project. 

You'll be glad you did. digitalradiong ineering 

(866)386-4001 solutions@digitalradioengineering.com 
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The inductor employed two large coils mounted on 
a pair of rails to allow adjustment of the mutual cou-
pling between the pair for a wide range of inductance to 
accommodate 
the full band. 
The coils, 4L5 
and 4L6 in the 
picture, were 
mounted on 
the floor ofthe 
cabinet, cen-
tered in the 
cabinet. This 
was another 
carryover 
from the 50-E. 
A very 

wide range of 
power control 
was provided 
by the loading 
control. This 
part of the net-
work was con-
tained in a copper-plated steel enclosure attached to 
the top of the cabinet, centered between the two 
capacitors. 

The balance of the output network was referred to 
in the literature as the Harmonic Filter. It took the form 
of a conventional "T" network and was installed in a 
copper-plated steel enclosure mounted to the top of the 

The output network at 
the rear of the PA cabinet. 

cabinet. It used edge-wound ribbon coils with conven-
tional taps, along with large mica capacitors as vacuum 
capacitors were not yet readily available. 

Typical transmission line impedances were on the 
order of 200 to 300 Ohms. Coaxial lines capable of 
handling the high peak power levels were not yet in 
common use, so most installations employed a 230 Qhm, 
six-wire transmission line. 

COOLING SYSTEM 
The cooling system consisted of a pair of blowers 

coupled through individual dampers to a large cool-
ing duct, approximately 32 inches high by 48 inches 
wide, which ran beneath the transmitter for its full 
length. 

The blowers were large, squirrel cage devices indi-
rectly driven by 7.5 horsepower motors through four 
belts. Each blower delivered 10,700 cubic feet of air 
per minute at a 
static pressure 
of 2.0 inches at 
sea level to 
13,000 CFM at 
a static air pres-
sure of 2.4 
inches at 5,000 
feet above sea 
level. One 
blower was 
used to cool all 
of the power 
tubes, using in-
dividual pipes attached to the air duct to direct the 
cooling air through the insulators on which the anode 
coolers rested. 

The blowers were usually installed in a basement or 
room located below grade level. Separate contactors 
were installed in the blower room for each unit, so the 
blowers could be exchanged without airflow interrup-
tion while the transmitter was in operation. 

One of the two blowers in a BTA-50F. 

The air intake was a large area, approximately 45 
square feet in size, located on an exterior wall of the 
building. This wall was on the side of a ten-foot by six-
foot shaft which extended vertically from the top of the 
screened intake louvers to the sub-floor grade level. 
The wall to the blower room was fitted with a group of 
replaceable air filters charged with a thin layer of oil to 
capture large particulates carried through the air. Nor-
mally a station would have two sets of the filters so they 
could be rotated and cleaned on a regular basis. 

The heated exhaust air from the transmitter cabinets 
was normally captured by an overhead duct system. It 
was then either vented outside the building or included 
in the building heating system for use during the winter. 

THE NEW HIGH POWER TUBES 
The modulator and RF power amplifier tubes in the 

BTA-50F design were 9C22's, a tube designed in 1944 
by RCA for high power operation. Two were used in the 
modulator and two in the RF power amplifier. These 
tubes were a newly designed, forced-air cooled triode 
rated at 20 kilowatts plate dissipation. 

The tubes used a group of copper fins radiating 
from the core of the anode for cooling. The tube 
weighed approximately 225 pounds, requiring a hy-
draulically operated jack and dolly to remove and 
install the tubes. 

The 9C22 had multiple filament strands made from 
pure tungsten connected to two pairs of posts on the top 
of the envelope. The strands were operated in parallel 
for single phase operation. The resulting filament power 
was 8,092 Watts per tube. 

In early 1947, RCA developed a new high power, 
forced-air cooled triode, using thoriated-tungsten fila-
ments, which resulted in a significant reduction of the 
power required by the filament. The filament was rated 
at 11 Volts at 285 Amps and 3,235 Watts, only 38.7 
percent of the power required by the 9C22. The plate 
dissipation was increased to 25 kilowatts with reduced 

cooling requirements. (Continued on Page 44) 
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- Continued from Page 42 - 

The new tube, bearing RCA development number 
A-2270-A, was field tested at WGAR, Cleveland, Ohio 
and KDKA, Pittsburgh, 

Pennsylvania prior to 

release to the market-

place as the 5671. 
This tube would be-

come original equip-

ment in later genera-

tions of both RCA and 
Westinghouse fifty 

kilowatt transmitters. 
The tube was retrofit-

ted into all of the early 
BTA-50F transmitters 
as well as the KOB and 

KGA 50-E transmitters 

and probably found its 

way into the WCAU 
50E transmitter as well, 

due to its proximity to 

RCA. It would become 
the industry standard for 

several years, with ex-
ceptionally long life — the order of 80,000 to 

90,000 hours in many 

One of the 5671 PA 
tubes in its socket. 

on 
cases — when the filament 

voltages were properly managed. 

HV POWER SUPPLY & RECTIFIERS 

The high voltage power supply for the BTA-50F 

series transmitter was mechanically identical to the 

earlier 50-E transmitter. The rectifier rack and filter 

system also were carried forward to the BTA-50F 

series with no significant changes. 

Because the BTA-50F was a Class C final amplifier 

modulated by a Class B audio stage, the DC plate 
voltage was significantly lower than the linear amplifi-

ers which preceded it a couple of generations earlier — 

on the order 10,000 to 11,000 Volts. This voltage was 
supplied by three 50 KVA plate transformers supplied 

from a 460 Volt source. 

CONTROL SYSTEM 

Differing from the 50-E and earlier transmitters, the 

BTA-50F series was designed to operate from a 460 
Volt three-phase power line. All of the control and 

protective circuits were consolidated into a single Con-

trol and Protective Circuit cabinet behind the right-
hand portion of the front panel. 

The 460-Volt primary circuits were brought into and 
distributed from a cabinet located behind the Control 

and Protective Cir-
cuit cabinet. This 

cabinet contained 
the main 460 Volt 

disconnect switch, 
the Low Power, 

and the filament 

contactor, the main 

plate contactor and 
the Delta and Wye 

contactors for the 

high voltage power 
supply primary 

windings. The 
large General Elec-
tric contactors ap- The Switchgear cabinet. 

pear on the front of the cabinet. 

Additional access to the Control and Protective 
Circuit systems was from the left side and the rear door, 
which was not interlocked. 
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UPGRADE 

The significant 

difference between 

the two series 

(BTA-50F and 
50F1) was the de-

velopment of the 

5671 tube. This 
tube reduced the 

power consump-
tion by approxi-

mately twenty kilo-

watts and extended 

tube life from a 

couple of years to a 
decade or more. 

The type 9C22 A side view showing the overload 

modulator and relays & circuit breakers. 

power amplifier tubes were replaced with four 5671's. 

For the existing BTA-50F transmitters, the four 828 

tubes in the Audio 
Driver cathode fol-

lower stage were 
replaced with four 

813's. The 813 had 
considerably 

higher emission 

capability than the 

828 and provided 
significantly 

longer tube life, 

though not nearly 

as long as the 
5671's. 

The RCA Tube 
Plant in Pennsyl 

van ja actively pro-

moted the 5671 in 

One of RCA's ads 
for the 5671 tube. 

its advertising for use as a retrofit tube with long life 

and low operating costs. (Continued on Page 46) 
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Heavy 
Metal by J.S. Sellmeyer. P.E. 

- Continued from Page 44 - 

The company regularly advertised in Broadcasting 
Magazine, then the "Bible of Radio Broadcasting" 
from the early 1950's to the mid- 1960's, with glowing 

customer testimonials of actual tube life. 

The twelve modulator and power amplifier filament 
transformers were replaced with four new transformers 

rated for 11 Volts at 285 Amperes. The eight unused 

filament reactors were removed. The filament voltme-

ter was replaced with a 0-15 Volt meter to allow better 
accuracy in the ten to eleven Volt range where the 

5671's were usually operated. 

Another benefit of the new tube was the Hum 
Frequency Feedback Amplifier was no longer required 

to meet the noise specification of 60 dB below 100% 
modulation. 

The frequency response was typically flat within 

one dB from 30 Hz to 10,000 Hz. While specified at 

three percent total harmonic distortion from 50 Hz to 
7,500 Hz at 95% modulation, most well maintained 
BTA-50F's would do better than 1.5% at 50 Hz and 

7,500 Hz dropping to about 0.5% from 100 Hz through 
about 5,000 Hz. 

OFTEN REUSED AND VIEWED 

No accurate information is available as to the total 
number of BTA-50F series transmitters produced, but 

at least fifteen are known to have been installed in the 

US and Canada. 
At least five of them went on to serve other 

stations following retirement from their original pur-
chasers. These include the original WJJD, Chicago, 

IL transmitter was relocated to WEEP, Pittsburgh, 

PA; the WFAA/WBAP transmitter installed at the 

Grapevine, Texas DFW sharetime operation was re-

located to WGAR, 1220 kHz in Cleveland, OH as an 
alternate main transmitter by your author in 1972; the 

original WGAR transmitter was relocated to WEEP, 

Pittsburgh, PA in the 1980's for parts; the WGBS 

transmitter in Miami, FL, went to an unknown loca-
tion; and the WOA1 transmitter at San Antonio, TX 

was sold to another station following the demise of 

the Shelby, TX site due to a B-29 collision with the 

WOAI tower in April 1956. 

The KMPC transmitter and site 
has been filmed many times. 

Set in an ample-sized transmitter building, the 

50-F at KMPC has been a favorite of producers and 

seen in many Hollywood productions over the years 

— from a TV series about the FBI in the 1950s to the 

program 24, where terrorists were seen coming out 
of the right-hand door to fight with Jack Bauer. 

Sadly, the building (and the transmitter) will be 

going away at the end of the year. 
There are presently at least three of the BTA-50F 

transmitters still installed. These are located at KRMG, 

Tulsa, OK, WHKW (formerly WGAR), Cleveland, 

OH and KOMO, Seattle, WA. The KRMG transmitter 

is a BTA-50F1 installed in late 1949. It is still opera-

tional and in service as a backup transmitter. I am told 

that the WHKW and the KOMO BTA-50F transmitters 
have been recently decommissioned although they re-

main in place. Not bad for a transmitter series manufac-

tured fifty-nine years ago! 

SUMMING IT UP 
The BTA-50F and the BTA-50F1 transmitters be-

came one of the most popular and, arguably, the best 

sounding and most reliable fifty kilowatt transmitter 
models ever built. It would be fifty years before the 
solid state fifty kilowatt transmitters would surpass the 

BTA-50F in overall audio quality. 

Most were placed in service on the Class I channels 

in both the US and Canada. It is known that several were 
exported to other countries, but no records indicating 

the countries or specific stations were available to the 
author at the time this article was written. 

I believe it is significant that one or two are still in 

service after sixty years. Only one older transmitter was 

known to be operational in the US in recent years — that 
being the Western Electric Model 7A at WLW, Cincin-
nati, OH. However, that transmitter has been heavily 

modified for high-level plate modulation and is in need 
of repairs which reportedly may lead to permanent 

decommissioning. 
I would like to acknowledge the contributions of 

several people who provided information about the vari-
ous BTA-50F transmitters, the tubes, and their histories. 
Among them are Tom Yingst,.formerly of the RCA Tube 
Division at Lancaster, PA, Steve Tunwall and David 
Johnson of Cleveland, OH, and Walt Jamison, PE of 

Seattle, WA. 

Jack Sellmeyer has been designing, constructing, 

and maintaining broadcast equipment and stations for 
over five decades. He can be contacted at 

jack@sellmeyereng.corn 
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The Care and Feeding of The Phasing System 
When I re-joined KHMO in the fall of 2005, one of my 

first priorities was solving a problem that was occurring at 
the station every eight to ten days or so — the phasor would 
fail to complete its switch between patterns. 

Much head-scratching and hair-pulling followed, and 
the end result was that I became, by default, pretty much an 
expert on the Harris Phasor Control Board. 

DIAGNOSING THE "STALL" 

KHMO is a DA-2 running 5 kW daytime and I kW at 
night. It is situated in the Salt River bottom about six miles 
south of downtown Hannibal, MO. 

The array is made up ofsix 229-foot towers and was built 
in two lines of three towers; the towers are spaced 90 degrees 
apart, the tower lines are 180 degrees apart. The main lobe 
is pointed NNW at 344 degrees. The phasor was supplied by 
Harris Corp in the summer of 1982, after a fire destroyed 
both the BC-5P2 and the old phasor. 

The first problem I had to attack was the system "stalling 

out," for lack of a better term, during pattern change. My 
initial investigation revealed that one of the NON-20 car-
tridge fuses on the incoming supply line to the phasor was 

blown. When we listened to the phasor during such an event, 
we could hear the motorized contactors shuttling back and 
forth and back and forth until the fuse blew. 

At that point, we were left with a manual control system. 
That really was not of much use since it was designed to 

switch six towers and the associated phasor networks. 

PHASOR CONTROL 

For those of you who have never seen a Harris Phasor 
Control Board, the schematic shows it in all of its glory: 

by Gary Glaenzer 

The schematic for KHMO's Phasor Control. 

This is relay control at its ultimate. In spite ofthe "ball-

o-snakes" diagram, it is very simple; there are five pairs of 
what are best termed mode set relays: Day, Night, Non-D, 
Main, and Aux. 

There are four motorized contactors in the phasor, 

one for Main/Aux switching, and three to handle the 
Day/Night switching. Another contactor at each tower 
base changes the towers from Day to Night. Pushing a 
button ("DAY," "N ITE," "MAIN," "AUX") on the front 
of the phasor ( or its remote control equivalent) locks in 
what I call the "temporary latch relay" of each pair, 
which in turn triggers: 

• Shut off the transmitter that is currently in use. 
• Change patterns to the desired mode. 
• Bring the selected transmitter back up at the required 

power for the pattern selected. 

• The temporary latch relay releases and the new mode 
is set via the running relay of the pair. 

fit4,m iJJ 

TRACING THE STALL 

Watching it with the door open, and switching enough 
times, we eventually determined that the fuse blew be-
cause the relay control board was holding "on" one of the 

two large power contactors that feed power to the contactors 
at the towers. 

The fuses were able to handle the normal momentary 
load. But the supply voltage would slump as more of the 
KHP relays on the board were energized, and finally there 
was not enough voltage to pull in the final relay that said 
"job finished." 

After hanging up for about three or four seconds, the 
load exceeded what the fuses could handle and they would 
begin to blow. 

ALMOST MISLED 

Eventually, the culprit was identified; it all came down 
to a 100 uF @ 25 V capacitor, across the output of the power 
supply for the relay control board. 

A replacement capacitor brought 
the power supply back to normal. 

It was not that we had not looked there. We had checked 
the voltage several times, and always saw 25 Volts or more 
DC. Those of you who have fallen into "the trap" already 
know what I am about to confess: Never use a Simpson 260 
to measure small DC voltages in an RF environment. 

(Continued on Page 50) 

An all-digital Stereo "Utility Processor" 
for leveling and peak control 

lnovonics' 261 is a low-cost option to fill your everyday 
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control and independent pre-emphasis-protection limiting. 
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The 261 can tame a mic channel, normalize levels between 
music and voice tracks, protect an STL, and give yeoman's 

service as a standalone LPFM processor. Basic processing 
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parameters are adjustable through quick and easy menu-
driven setup, yet not to an extent that will ever get you into 
trouble. The 261 just can't be made to sound bad. 

The 261 accepts analog or digital inputs, and both analog and 
digital outputs are available simultaneously. Its straight-
forward DSP design uses processing algorithms that are 

sonically colorless. Front-panel alarms and rear-panel tallies 
give warnings of dead-air and out-of-limits operation, and 
firmware updates are easily installed in the field. 
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Maintenance  
Guide by Gary Glaenzer 

The Care and Feeding 

of The Phasing System 

— Continued from Page 48 — 

With the transmitter on, we saw plenty of "apparent 
voltage"— on the order of 25 Volts DC. With the transmitter 
off, however, we saw it dip from a high of23 Volts, to 21, and 
to 19, at which point it failed to function. After replacing the 
capacitor, this part of the circuit now worked as advertised. 
The hair-pulling could stop. 

CONTACTORS AND MICROSWITCHES 
With the power supply for the control board fixed, I went 

on to tackle the next issue: Each pattern is permissioned by 
a series string of micro-switches at the towers; if a contactor 
fails to make the switch completely, the tally light does not 

come on and the transmitter stays off. 
When a contactor and/or its associated micro-switch 

failed, it took a lot of slogging through the grass to find the 
offender. As I started solving the control system problems, 
we found out that several contactors were already at the end 
of their useful life — but more about that in a moment. 

To provide easy indication as to which tower was 
creating a problem, I constructed a "Box-a-Relays." 

I was fortunate that Harris included an extra coil and 
vacuum capacitor tuning network that was never hooked up. 
I removed those and had plenty of room for my box; the 24 
Volt at 5 Amp power supply for the relays is inside. 

NOW I CAN SEE THE PROBLEM 
Each relay is energized by the micro-switch at the 

associated tower. One set of contacts per relay makes the 
series string to allow power-up. A second contact turns on a 
lamp on the front of the phasor. 

The " Box-o-Relays" 

The switches below the lamps have two functions: 
I. Downward is a spring-loaded position, to do a lamp 

test. This ensures the bulb is working. 

The yellow tally lights show switches set for daytime 
operation, the dark blue indicates nighttime position. 

2. When pushed upward (a locking position), the micro-
switch for that tower is bypassed. Thus, in case we develop 
a bad switch at the tower — and verify by visual inspection 
that it is indeed a switch and not a true contactor problem — 

we can bypass it and bring the transmitter back up. This 
arrangement has prevented down-time more than once. 

MEANWHILE, OUT AT THE TOWERS 

Now, about those pesky tower contactors: we are gradu-
ally replacing the old contactors with Kintronics units. 

The old ones are, according to the name-plates, were 
made by the Cardwell Condenser Company and were ex-
tremely sturdy. The problem we encountered was the me-
chanical detent mechanism was breaking. 

The Cardwell contactors would fail 
when this part broke apart. 

The way it was designed — in the form of a spring-
loaded telescoping rod about three inches long — one end 
went to a pivot and the other slid along a slot in the shuttle 
between the two solenoids, holding the contacts firmly in 
the selected position. 

However, the rod would break loose from the pivot and 
then the contacts would sometimes bounce far enough back 
to re-open the micro-switch that had just closed. The end 
result was that the contactor had switched, but the system 

logic (the micro-switch) was lying to the control board. 
Unfortunately, parts to repair the contactors are now being 
found to be made of "unobtainium," so we have started 
replacing them with Kintronics units. 

Since making these repairs and replacements, the phasor 
has become much more dependable, and I have been free of 

those post-sunrise and post-sunset phone calls for help. 

Gary Glaenzer is the Chief Engineer for Hannibal Broadcasting 
in Missouri. You can contact Gan' at gglaenzer(iihgradio.com 

Radio industry to benefit as 
ail Radio Sills Nimble team up 
Radio Business Report (RBR) and Radio Guide Magazine have partnered to make the broad 
range of news and information from both publications available to readers at a single online 
location. Extensive content from Radio Guide is now available to you in a dedicated section 
of www.RBR.com, a leading provider of news, research and insight on the broadcasting world. 

"This is a strategic partnership with one of the most reputable and independent publications 
serving the engineering field," said RBR Publisher Jim Carnegie. He said the addition of 
Radio Guide content to RBR.com fills a major void for his 25-year-old publication. The key 
is the expertise in engineering and technology," he noted of the "content marriage." 

Radio Guide CEO and Publisher Ray Topp said his readers from the technology side of radio 
now need to look beyond building studios and maintaining transmitters. "They have to learn 
about radio as a business," Topp said of the current industry and its fast-paced changes. 
"RBR is the perfect place for that," he noted. 

Content from Radio Guide is now available in the 
"Engineering News Powered By Radio Guide" section of www.RBR corn 
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Look for this banner on www.RBR.com! 
Get our daily industry epaper delivered to your inbox. 

[I Make it YOURS. On-Air. Online. 

This FREE newsletter will keep you informed of radio issues that are affecting your business. 
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"The Ultimate Translator Receiver" 
ana its Motu amiable WITH AM-STEREO 

1" he Fanfare FTIAP was the original translator receiver that breathed new life into so many ' iffy FM translator sites, providing them a fully air-able 
signal, often when all there was was noise. Add to that, the FT- I AP's 

established record of reliability, and extraordinarily low maintenance and you 
have a receiver that will pay for itself many times over with service visits you 
won't have to make; not to mention a signal that will maintain your listener's 
attention. In other words, "It leaves you alone to do more important stuff." 

Now that AM to FM translation is being considered, Fanfare is pleased 
to offer the FTAIOOP, an AM/FM version of the FT-IAP for that purpose. 
Both models feature our acclaimed, high resolution, analog, front ends.As well, 
the state-of-art, digital control system maintains tuning accuracy at all times, 
even after power failure. Included is adjustable Composite Output. Audio 
(XLR) + 10dB outputs are available for AM translation. To further enhance the 
FT- I AP's FM versatility, optional, level- adjustable, Carrier Sense(to assist in 
meeting FCC regs); an RS232, Serial I/O port, and a gain-adjustable, stereo 
headphone outlet are available. 

fonfoee 
6509 Transit Road, Unit t1-1 
Bowmansville NY 14026 
Email "proinfoefanfarefm.cone 

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

Voice - 716-683-5451 
Fax - 716-683-5421 

Websife: "wwwfanforefm.core 

• /it broadcasters can re',,,f 

Fir E" LA/1 f 17 ROLIC7.S. IFlC 
Quality Tube Rebuilders Since 1940 

• www.freeland-inc.com 
800.624.7626 

NEED 
FUDEg GVÛ 

Many in stock! 
Ready to ship 

REB IL 

Triode 

Tetrode 

Cermolox 

Thomson 

Klystrons 

Misc 

Tube Tips 

t\d rie eetie..are 

Mention radio Cuide when shipping your 
next tube to be rebuilt 

WHY NOT SWITCH TO MCI? 

COMPLETE FM/TV PRODUCT LINE 

Coax switches from 

7/8" through 6-1/8" 

Control panels available. 

ANTENNAS 

• SPLITTERS 

• NOTCH FILTERS 

6 HARMONIC FILTERS 

POWER COMBINERS 

CHANNEL COMBINERS 

N +1 SWITCHING MATRIX 

Free UPS G-ound shipping within the continental USA 

and Canada - SWITCHES ONLY 

Micro Communications, Inc. 

Toll Free: 800-545-0608 
www.mcibroadcast.com 

\ Contact us 
-"--for a copy of our 
NEW Broadcast 

21. 7 Catalog 

S. 

Tel: ( 315) 438-471/, 

Fax: (315) 463-1467 e 

mfcsalestumigowavefilter.com 

An ISO 9001:2000 Registered Company • SBE Member 
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Radio Guide by Scott Fybush 

Hall of Achievement 
Recognizing those who have made real contributions to the broadcast profession. 

eie Seadreeite 
Keen Ears and a Sharp Memory Overcome a Missing Sense 

One of the qualities that makes a great engineer is the 
ability to solve problems, overcome impediments, and get 
the job done, whether installing studio gear or bringing 
a dead transmitter back to life. As Scott Fybush relates, 
Bill Stachowiak has been doing just that for a long time 
— in a rather special way. 

After almost thirty years as a commercial broad-
cast engineer, there is not much that Bill Stachowiak 
has not done. 

Over those years, he has served as chief engineer for 
several radio groups in his native Buffalo, New York. He 
also ran a contract engineering firm that was responsible for 
more than 40 stations all over New York and Pennsylvania. 

And while he does not think it is that big a deal — he 
has done it all without the sense of sight. Bill Stachowiak 
was born completely blind. 

Bill Stachowiak 

LISTEN AND LEARN 

In an era before optical character recognition and 
screen readers, Stachowiak had friends and family read 
electronics books and magazines to him. 

"When I was a kid, I lived and breathed this stuff," he 
says of his early years in Buffalo, when he would visit any 
local radio station that would let him in the door, then go 
home and take apart the household radios just to see if he 
could put them back together again. "If I didn't under-
stand something, I literally couldn't sleep until I figured 
out how it worked." 

Stachowiak continued his education at the State 
University of Cobleskill, where he became the chief 
engineer of the campus carrier-current station that was 
just going on the air when he arrived in the early 
seventies. But while he did just about everything at 
SUNY Cobleski 11 — even helping to build the new 
station's studios — he did not pursue a broadcast engi-
neering career right away after graduation. 

"I thought, that's it for my radio career," he said. He 
returned to Buffalo and started a company called "S&B 
Communications," fixing stereos and CB radios and in-
stalling two-way radio systems in taxicabs. 

BACK TO RADIO 
That changed in 1979, thanks to a chance encounter 

with Hary Moore, the morning man on Buffalo's WPHD-
FM. 

"I asked him if I could come in for a tour sometime," 
Stachowiak recalls, "and then I asked him, 'who's your 
chief engineer?" 

The job happened to be open at the time — but it did 
not stay that way for long. Stachowiak was soon back in 
the broadcast game, engineering WPHD and its sister 
station, WYSL(AM), and transitioning his S&B Com-
munications out of stereos and taxi radios and into 
broadcast engineering. 

At the peak in the nineties, Stachowiak oversaw a staff 
often engineers, covering a territory that stretched east to 
Albany, NY and southwest to Erie, PA — handling tasks 
that included studio design and construction, transmitter 
repair and maintenance. 

At his current job, Stachowiak maintains studios in 
Buffalo's historic Rand Building that he designed and 
built with S&B. Upstairs in the building's penthouse, he 
is responsible for the three FM stations that transmit 
from the Rand rooftop (WBLK-FM, WJYE-FM and 
WYRK-FM). 

Stachowiak checks out the PA cavity 
in WBLK's RCA FM auxilliary transmitter. 

He also recently relocated a fourth FM station, WBUF-

FM, from a hilltop site south of Buffalo to a new HD 
Radio-equipped facility in the city, and oversaw the 
transfer of Regent's lone Buffalo AM station, WECK, to 
new owners last year. 

That would be enough of a challenge for a sighted 
engineer — so how does Stachowiak pull it off? 

USING THE TOOLS AT HAND 
"For a lot of things, 1 have help," he says. "There's 

obviously some things I can't do. I can't read schematics 
or do intricate soldering." 

For those tasks — as well as more mundane things like 
driving to transmitter sites — Stachowiak depends on 
sighted assistants. But the combination of a prodigious 
memory, a keen sense of hearing, and the ability to 
negotiate a packed equipment rack or the innards of a 
transmitter by feel allow him to do most ofthe engineering 
work himself. 

No, he has never been seriously bitten by high voltage. 
"All of us have gotten zapped, but never anything lethal," 

he says, noting that he is fastidious about making sure 
breakers are killed and interlocks are working before he 
goes to work on anything potentially dangerous. 

Stachowiak says technology has made the world more 
accessible to him. He now uses a document scanner to 
read printed material, and a screen reader to check e-mail 
and access the Web. 

KEEPING AN EAR ON THINGS 
And, in some ways, he says the lack of sight may make 

him a better engineer. 
"I think all of us who can't see have to rely on our 

hearing more," Stachowiak says. He believes that his 
attention to sound shows in the processing on his stations. 

"I'm pretty proud of the way my stations sound, and 
I've heard some bad-sounding stations," he says. 

A MENTOR AND FRIEND 

During his S&B days, Stachowiak launched many 
younger engineers on the path to careers in the field. 

"He really impressed me," says Al Marranca, now 
chief engineer of Citadel Broadcasting's Buffalo cluster. 

"You know, when 
I first started work-
ing for him in 1986, 
he would walk around 
the (S&B) shop with 
no problems, and in 
the beginning I had a 
hard time believing 
he was visually handi-
capped. I would tease 
him about it," 
Marranca says. 

After spending 14 
years at S&B. 
Marranca left in 1999 
for his current post. 
"[At] this group ofsta-
tions I'm working at 
right now, the last 
three chief engineers came out of S&B," Marranca notes. 

"Bill was my mentor," he says. "If it wasn't for him, 
there's no way I could be chief engineer at a cluster of 
stations." 

Marranca says he thinks he has figured out how 
Stachowiak can do what he does. "Although he can't see, 
he has a very good way of visualizing things in his head. 
A lot of times, I'd read him a schematic and he'd imme-
diately understand the circuit," Marranca says. "Once he 
worked on something, it was in his head, and there's still 
a few times when I'll call him just to jog my memory about 
something I'm working on." 

Aural quality control does 
not require visual acuity. 

GENERAL TURNABOUT 
Ironically, the engineer who once worked for a 

Stachowiak now has a Stachowiak working for him — 
Bill's son Brian is an engineering assistant at Marranca's 
stations. 

"Brian was working for his dad when S&B was still in 
business," Marranca recalls. "He and I went to lunch one 
day and he asked me if I'd consider him working for me. 
I told him, 'No way I'm going to take you from your dad. 
I want to hear it from him!" 

As it turned out, Bill was happy to have his son 
working for Marranca. And there was one more irony that 
Marranca notes. "Brian was 20 when he started working 
for me — that's the same age I was when I started working 
for Bill." 

LOOKING TO RADIO'S FUTURE 
As consolidation took hold, though, Stachowiak says 

the business became more challenging. "Where we used 
to have individual contracts with stations, once the big 
groups came in, everybody wanted a discount," he says. 
"With fuel costs going up and everything else, the stress 
level was getting too high." 

In 2005, Stachowiak closed down S&B and joined 
one of his former contract clients, CBS Radio's Buffalo 
cluster, as chief engineer. (The cluster was sold to its 
current owner, Regent Communications, a year later.) 

But he shares the concern of so many engineers about 
finding the next generation of talent. "No young kids have 
come up to me saying, 'I have art interest in engineering, 
can you show me the ropes,— Stachowiak notes. "A lot 
has to do with broadcasters and the attitudes they've 
taken. I think engineers are severely underpaid for what 
we do and what we have to know." 

ENGINEER TO THE CORE 
By the way, Stachowiak is not the only blind broad-

cast engineer in the nation. A recent discussion on the 
Broadcast mailing list (www.radiolists.net) turned up 
several others. Stachowiak himself says he has occa-

sionally heard mention of other blind engineers, but has 
never met any. "I'd like to get together with them, 
though," he says. 

At 58, Stachowiak says he is hoping to stay on the 
job at Regent "as long as I can." "I'm always thinking 
about my job," he says. "I get home and I call the station 
to make sure everything's OK there." 

That takes a special kind of person. 

A regular contributor to Radio Guide. Contact him at 
scott@fybush.com Bill can be reached at 
William.Stachwiak@RegentComm.com 
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ANIINNAS 

COMMERCIAL QUALITY 
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Call For Info 

800-627-9443 608-326-8406 

www.dhsatellite.com 

Offering: 
* Feed Horns 

• * LNB's 
* Multi-Cable 
* Receivers ON* 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! 

The Broadcast Industry's FS/ 
6-channel UNcompressed Digital SIL 

FORWARD 

REFLECTED 

VSWR 

• 
• 

TFT,« DIGITAL 511.111/11151•11111 

MODEL460 DIGITAL STL TRANSMITTEF 

MLA 

001•••••••••• 

• • 

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 
111BIIMIffll 

II liN t INE 

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

www.TFTInc.com e-mail: info@tftinc.com 
1953 Concourse Drive San Jose, CA 95131 

ECONCO 
Rebuilt Power Tubes 

Approximately 

One Half the Cost of New 
3,000 Hour Unconditional Guarantee 

Call for Your Quotation 

ECONCO 1318 Commerce Ave., Woodland, CA 95776 
Phone: 530-662-7553 Fax: 530-666-7760 

Toll Free: 800-532-6626 Website: www.econco.com 

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 trace-
able serial numbers. 

Fax Your List Today — 443-596-0212 

ountry 
'-eBROADCAN1 UQUIPNIFN 

http://www.baycountry.com 
(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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Field Guide Consoles 

Wheatstone Evolution at Sandusky Radio, Phoenix 

Earlier this year 1 was asked to design and integrate a 
renovation of the broadcast facility used by two of the five 
Sandusky Radio stations in the Phoenix, AZ market: KUPD 
"Arizona's Real Rock" and KDUS "The Fan AM 1060 
Sports Radio." Phoenix is maitket rank 5. 

Clayton Creelcmore, the Chief Engineer, brought me in 

with very clear instructions: "You're the guy that's built 400 
studios. You know what you're doing. Do it." 

LOGISTIC CHALLENGE 
The facility consists of a Technical Operations Center 

(TOC), a huge FM control room that can accommodate four 
sidekicks as well as musical guests for the morning show, 
an FM production room, an AM control room facing the 
AM talk studio, and an AM production room. Both produc-

tion rooms were designed to double as backup air studios. 
Together, Clayton and I developed the project and 

construction plan, reviewed the budget and preliminary 
equipment list, made some final changes, and placed orders 
for equipment and contractors. Clayton ran the schedule 
and oversaw the construction; I ran the studio installation 
and wiring. 

This project was a rebuild-in-place, which is always 

more challenging than a completely new build-out. We had 
to work on one studio at a time to keep the entire operation 
running. So, one studio at a time, we moved walls, added 
windows, and converted a closet into a temporary produc-
tion room. In the process, we created a completely new 
TOC, with new electrical and new IT. 

The entire project took about three months from start of 
construction to finish, putting the last studio on the air this 
past September. 

THE WHEATSTONE CHOICE 
At the preliminary site visit in Phoenix, I met with staff, 

program directors, and operators, and sat in on the busy FM 
morning show, watching what they did and how they did it. 
I did the same for the local shows on the AM station. 

Next, I did a complete survey of the existing installa-
tion, making an inventory of all equipment, and detailing its 
audio and control requirements. For budget reasons, we 
used as much existing equipment as possible. 

Clayton had already decided upon Wheatstone. He had 

used Wheatstone at previous stations, and he already had a 
Wheatstone/Audioarts D-75 console and E-SAT router in 

his facility in Phoenix. 
The Wheatstone equipment list was developed by 

Clayton along with Damn Paley, the Wheatstone Sales 
Engineer for this project, and Doug Tharp from SCMS. The 
system consists of three Evolution 6 Series Control Sur-
faces, one Audioarts D-75N Console, seven Wheatstone E-
SAT I/O Frames, and one E-NET 8 switch. I reviewed it and 
made a few changes, mostly adding more analog I/O, as the 
facility had very little existing digital equipment. 

The new equipment included the custom furniture, 
microphones, microphone arms, microphone preamps, 
some peripheral equipment and, of course, the signature 
speaker hangers from my company, Pacific Mobile Record-
ers. Once the equipment list for each control room, studio, 

and TOC was finalized, started laying out the spreadsheets 
for the router and wiring. 

EVOLUTION 
The E-6 is Wheatstone's newest console. We chose it 

because it had all of the features that we needed: multiple 
mix-minus capability, pre and post aux sends, and extensive 
programmability. A 20-fader console was selected for the 
FM control room; I 2-fader consoles for the AM air control 
room and AM production room. 
E-SAT is a self-contained frame that accommodates up 

to 16 stereo analog or AES digital sources (inputs), 16 
stereo analog or AES digital destinations (outputs), and 
GPIO (opto/relay). It performs all of the mixing for the 
console. It is smaller and less expensive compared to the 
Wheatstone Bridge. For KUPD/KDUS, it was ideal. 

KUPD's Wheatstone Evolution E-6 
(console control monitor is on the left) 

Audio routing is via tried-and-true TDM (Time Divi-
sion Multiplex). Since all mixing for the console is done in 
the E-SAT, in the event of a TOC problem, each studio can 
operate independently. The Wheatstone E-NET 8 ties all of 
the E-SAT frames together so that all sources can be 
available anywhere. 

PREPPING THE INSTALL 
Prior to the facility upgrade, the stations' RCS automa-

tion computers were situated in the control rooms. We 
moved them all to the new TOC along with the shared 
ISDNs and Starguide satellite receivers. (We left the 
Internet and VoxPro PCs in the control rooms.) 

Before we even moved the equipment into the new 
studios, I set up the racks in the engineering room, put the 
Wheatstone surfaces on card tables, connected them to their 
local frames, did basic programming (source/destination 
naming), and ensured that they were all talking to each 
other. We supplied all of the pre-wiring in advance. 

In the studios, as much as possible, I kept the layout 
consistent, i.e. all microphones to the same channels in a 
frame, all outputs from the same channels, etc. Everything 
terminated at Krone punch blocks. To make installation and 
programming easy, I kept the Krone block channel number 
the same as the router frame ID number. 

One of my standard practices is to run tie lines between 
each control room and TOC. For Sandusky Phoenix, we ran 
40 pairs of stranded, shielded CAT5E, punched down to 
Krone blocks at each end. These are used for various control 
functions analog, for miscellaneous audio, analog and 
digital, and for a backup audio PGM A and PGM B feed 
from each studio to TOC as standby. 

THE BUILD-OUT 
Everything mostly went together as planned but, as with 

most projects, there were instances of design-on-the-fly to 
accommodate last minute revisions, making and document-
ing changes along the way. 

The E-6 in operation in the KUPD Control Room. 

The Audioarts D-75N digital console that the station 
already owned was moved to the FM production room. The 
"N" means that although it is a stand-alone console and not 
a control surface, it can access sources on the station's 

by Jim Hibbard 

Wheatstone network, and send sources and mix buses to the 
network for use in other control rooms or TOC. 

Of all of the Wheatstone products I have installed over 
the years — G-series consoles, Audioarts D-series consoles, 
and Bridge Routers—by far, the E-series is now my favorite. 

A GREAT GUI 
The E-Series GUI is user-friendly, extremely easy to 

learn and program, and allows the user to custom configure 
each console. In addition, 90% of what I needed to config-
ure was done without having to be in front of the console. 
After spending the day at the studio wiring and installing, 
I could relax in my hotel room, access the system remotely, 
and program without distraction. This I really liked. 

The GUI is also used to set up events and presets. After 
getting really comfortable with the system, I was able to 
build salvos and test them remotely, because you can 

actually see the crosspoints move! 
For the FM's regular programming, I set up one preset for 

the morning show and another for everyone else. The AM 
was a bit more involved. Most of The Fan's programs are 
remotes, so it required different presets for the local in-studio 
show, different remote operating styles, and satellite shows. 

The AM Control Room looking into the studio. 

I also set up events to route mix-minus, aux sends, and 
talkback for the shared ISDNs. Each ofthe events and presets 
were assigned to programmable buttons on the consoles. 

THE EVOLUTION EVOLVES 
Wheatstone has really done a good job with the GUI — 

and it is constantly evolving and getting better. 
I did find a few bugs in the system that Kelly Parker, 

Wheatstone's west coast support engineer, was able to 
duplicate. Wheatstone was right on the ball in getting them 
corrected — they were fixed overnight! After loading in the 

updated software the next morning, it was smooth sailing. 
It is a pleasure working with Kelly and the guys at 

Wheatstone in North Carolina; their technical support is 
outstanding. And, if I came up with a good idea and 
Wheatstone agreed, they would make it so. 

My only complaint — and it is a minor one — is that when 
the console reboots, it comes back with all channels off; I 
would like the channels that were on to come back on. I am 
told other stations prefer them to come back with the channels 

off, so hopefully Wheatstone will make it a user setup option. 

STATION STAFF 
At first it was a shock to the station's operators, an-

nouncers, and Dis to find out that the E-6 is not a console, 
it is a surface. But once they got the concept that it has a 
router on every channel, what I heard was "we can really 
start doing some great radio!" 

Many on the staff became more savvy, especially the 
full-timers. For the others, we boiled it down to "push this 
button and you will be all set." 

At the end of the day, Sandusky Radio got just what they 
wanted. 

Jim Hibbard is President of Pacific Mobile Recorders, a full 
service studio design and system integrator. Contact him at 
jim@pacificmobilerecorders.com 
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MADE IN USA 

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 morey while 

improving your sound and reliabili:y. 

Call us today! 

A TRANSMITTER CORPORATION 

ARMSTRONG 

Tel 315-673-1269 A sales@armstrongtx.com A WWW.OrMStr0 

Tower Site 2009 Calendar 
A tradition for many radio engineers, 
now returning for an eighth year. 

Each month of the 2009 calendar features an 8" x 11" color 
photograph of a broadcast transmitter site taken by Scott Fybush 

during his travels around the US, Canada, and beyond. 

Photographed and written by Scott Fybush, creator of "Tower Site of the 
Week" (www.fybush.comileaturedsite.html) and "NorthEast Radio Watch" 

(vvww. fyb ush. com/nerw. htm 

The 2009 tower site calendar is $ 18, postpaid, to addresses in the US 
and Canada. ($ 19.44 to New York State addresses). Order with a credit 
card or PayPal, or by check or money order to: Scott Fybush, 92 Bonnie 
Brae Avenue, Rochester NY 14618. 

Credit Card Payments Accepted On-Line: 

www.fybush.com/calendar.html 

Makes a great corporate gift! 
Contact us for more information about bulk order discount 

calendar@fybush.com 

® ELECTRONICS RESEARCH, INC. 
/ (812) 925-6000 I www.eriinc.com 

20 Years of Service 

Asistencia en Español 

24 Hour Support , 

2 Years Warranty • • e 
# t • 

NEW 
EXCITERS/TRANSMITTERS 

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

A Reputation You Can Trust 

Since 1943 ERI has served the radio broadcast industry 
with products of the highest quality and dependability. 
At the dawn of a new millennium, ERI continues to raise 
the bar and set the standard for excellence in radio 
broadcast. 
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The Advanced Radio Consoles from Arrakis 

Back in 1997 I formed Viper Communications Inc. 
(VCI). We then bought two stations which I had previ-
ously worked at during the past three decades: KMYK 
(formerly KYLC FM) and KRMS AM, located in 
Osage Beach, Missouri, playground of the Midwest 
coast and host to over 200,000 summer visitors. 

The FM station KMYK "Mike FM" is 50 kW at 
93.5, the second oldest FM in Missouri; it has been on 
the air since 1964. Our 1 kW AM is "NewsTalk 1150" 
KRMS, the only AM station in the Tri-County area. 

TIME FOR A CHANGE 
As both stations had started to show their ages, we 

decided this last spring to update our studios. We were 
looking at replacing the 23-year-old Autograms and the 
Harris Medalist that came with KRMS. 

What we really wanted to accomplish was to have a 
console setup that we could add onto or expand to the 
other studios as we worked our way through the night-
mare of 50+ years of undocumented engineering in our 
three studios. We knew this was going to be expensive, 
but planned to convert all of the studios over time. 

In 2002, we had inherited a 12000 series Arrakis 
console when VCI purchased WENG in Florida. We 
found it to be well installed and easy to work on. Since 
we had such a good experience with the 12000, we went 
to the Arrakis booth at the next NAB Show in Las 
Vegas. There we learned about their new console line, 
the ARC series (Advanced Radio Console), which had 
just been released by Arrakis. 

DESIGNED FOR BROADCAST NEEDS 
The ARC consoles come in ten and fifteen channel 

models. All have dual buses (Program and Audition) so 
that a console can be on-air while, at the same time, 
performing background work. 

The ten channel model has two microphone chan-
nels while the fifteen channel version has five chan-
nels that are each internally selectable for either a 
microphone or stereo line input. (Having the capabil-
ity to run five microphones definitely can be useful for 
large talk formats.) For stations using condenser mi-
crophones, 48-Volt phantom power is provided by an 
inexpensive option. 

The consoles feature a cue speaker in the meter 
bridge for cue and talkback, as well as a headphone 
amplifier which can drive both high impedance and 8-

Ohm headphones. All models have a single, convenient 
phone channel that interfaces with an external tele-
phone hybrid. The channel has relay isolated logic to 
control the hybrid and a "Talk to Caller" button for easy 
off-line work. 

The ten channel model is available in both unbal-
anced and balanced versions (the unbalanced version 
has RCA connectors to plug straight into consumer type 
source equipment). We found the balanced version best 
met our needs. 

ADVANCED RADIO CONSOLES 
The ARC-10BP and ARC-15BP models have bal-

anced inputs and outputs, and each have a PC channel 
that connects to a PC via a USB cable, for playing and 
recording in digital format to/from the PC. The codec is 
Windows sound card compatible and can be used with 
third-party audio software. 

One ofthe options that we found useful for the ARC 
is the ARC-16SW audio routing switcher. It has 16 
stereo inputs and three stereo outputs. The switcher is 
Windows PC controlled, with easy to use software that 
can be software labeled. The switcher is used as an 
input and output router with the console. 

We decided that the ARC consoles with the switch-
ers were a perfect way to do the studios and have the 
redundancy we needed, as well as the flexibility to share 
lots of equipment to all the studios. 

THE FM STUDIO UPGRADE 
We bought the first ARC- 10 after the show, to go 

into the FM studio as the old Autogram there was just 
about to give up the ghost. 

KMYK's on-air studio with the new Arrakis ARC-10. 

To be honest, we were worried at first, as we 
would be trying to keep the stations on the air while 
ripping out the old consoles and installing the new 
ones. However, installation proved to be pretty simple. 
In fact, once we had all the old wire out of the studio, 
the new equipment installed, and wires labeled, it was 
pretty much plug and play. 

The microphone channels are easy to wire because 
they have XLR connectors. The stereo line input con-
nectors use RJ45 connectors. A great help was having 

the RJ45 interface cables made up ahead of time. 
Arrakis supplies ten foot long cables with the console; 
they are terminated with RJ45s at one end and left 
unterminated at the other end. 

The instruction manual proved to be easy to un-
derstand, and Arrakis customer support answered our 

questions promptly. From start to finish we did each 
studio install in about a day, from rip out, rewire, to 
ready to air. 

STAFF PLEASER 
When we purchased and installed the ARC- 10 for 

the FM, the reaction was very positive. Everybody 
liked the layout and the easy operation with the Arrakis 
audio switcher, the telephone interface, and the com-
puter interface. 

Arrakis provides a version oftheir"Digil ink Xtreme" 
Windows Automation software that features a 500-

event play list, a 300-cart jingle wall, and a recorder-
editor with the ARC console. The Arrakis software has 
logic that starts and stops the on-screen playlist just like 
a multi-deck cart machine. 
I like the contemporary clean design and ease of 

use. It was nice to be able to get rid ofall the add-ons that 
we had fabricated over the years. For example, with the 
old consoles we had to have an outboard mixer to create 

mix-minus for the phones. We also had to deal with 
limited inputs to handle all the different satellite feeds. 

Now everything is fully incorporated into the con-
sole and the audio switcher. 

AM AND PRODUCTION 

Once we found how easily the ARC- 10 went in and 

how clean it sounded we just decided to bite the bullet 
and get two more — another ARC- 10 for the production 
room and the larger ARC- 15 with the extra microphone 
channels for the KRMS AM Ne \\sTalk station. 

by Ken Kuenzie 

An Arrakis ARC-15 is the heart 

of KRMS' NewsTalk studio. 

The ARC- 15 has been perfect for our NewsTalk 
station, which produces over eight hours a day of local 
programs. Now with five microphone channels avail-
able on the console, we have enough for the many 
guests we have in the station on a daily basis. 

The production room utilizes another ARC-10. 

We have an area for equipment with three racks that 
house the automation, Tieline, satellite receivers, Marti 
receiver, audio router, etc. By mounting the ARC- 16 
switchers right on the wall next to each other it made it 
easy to wire the three studio-shared audio inputs from 
the satellite receivers, so that they feed each,.of the 
studios and the Tieline simply and cleanly. 

With the Arrakis ARC consoles and switchers, we 
now have a lot of versatility. We can put any one of the 
studios on the air — AM, FM or Internet — at anytime. 
Plus, with the Arrakis audio switcher software, we can 
go direct from automation to on-air, in effect turning all 
three studios into production rooms. 

A VERY POSITIVE EXPERIENCE 
My experience with the Arrakis ARC consoles and 

switchers has been very positive. As 1 pen this article, 
am currently in Englewood, Florida working on my 

new station — and installing an Arrakis 12000 series 
modular console. 

As mentioned, everybody on staff likes the console 
layout and the easy operation with the Arrakis audio 
switcher. The installation of the consoles went easily 
and they have a very clean sound. I even recommended 
the ARC to the folks at WSRQ in Sarasota and they 

have since purchased an ARC- 15 of their own. 

Recently, Arrakis told me that they are about to 
introduce a modular ARC console which supports two 

phone channels. I am looking forward to this as I would 
like to have two channels dedicated to phones for the 
AM station in the future. 

President of Viper Communications, Inc. in Osage Beach, 
MO, Ken Kuenzie has 37 years of broadcast experience from 
announcing to engineering to ownership. You can contact him at 
kenkuenzie verizon.net 
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AM Ground Systems Co. 

OMB the uture 

111T-MR Platinum STL System 

IBM 
-Q 11111111111111i! • 
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For its excellent quality- price value. 

For its adjustable transmission 

power output from 0 to 20W for any 

selected operational frequency. 

For its double conversion receiver 

that makes it apt for digital codifica-
tion (Up to 4 audio channels). 

For being digitally synthesized in 20 MHz operational bond for 
frequencies from 150 MHz to 960 MHz. 

For the fact that both the transmitter and receiver can measure the 
modulation percentage and pilot signal level (19 KHz stereo without 

disconnecting the audio from the transmitter). 
For its remote control. 

For its analog telemetry. 

For being mode for mono or 

stereo (MPX) 

For its capability to work 

with RC power voltage from 

90 to 250 V, 50/60 Hz, and 

aiso with external battery if 

needed. 

ommunication 

OMB AMERICA 

phone ( 305) 477-0973 
(305) 477-0974 

fax ( 305) 477-0611 

3100 NW 72nd. Ave. Unit 112 
MIAMI. Florida 33122 USA 
http://www.omb.com 
usa©omb.com 

Ground System Construction, 

Evaluation ier Repair 

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

O Has your station lost coverage over time? 

0 Is your AM ground system over 30 years old? 

0 Do you have a new CP or are moving transmitter sites? 

0 Has your ground system been damaged or vandalized? 

0 Is your base impedance or directional pattern unstable? 

O Just wondering if you are getting all of the range your station is 

capable of? 

If the answer to any of these questions is YES 
Call, today for a free construction, repair or evaluation quote. 

Reliable On-time Installation 

Quality Workmanship 

Tower Tune-up 

Free Budgetary Estimates & 

Quotes 

Model CMR Digital Antenna Monitor 

GORMAN-REDLICH 
257 VV Union Street, Athens, OH 45701 

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

Model CRW-S Weather Receiver 
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Model CRW-S Weather Receiver 

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

Redesign of our Model CRW 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 CMR 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 

New Broadcast equipment at exceptional prices. 

Quality pre-owned equipment. 

Customized automation systems. 

Complete turnkey installation 

Console pre-wiring packages. 

Broadcast equipment repair. 

Complete engineering services. 

Studio design and project management. 

Lightner Electronics Inc. 

Your Ultimate Solution. 

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

wwwlightnerElectronics.com 
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Field Guide Consoles 

Logitek Brings Digital Studios to Texas Public Radio 

Texas Public Radio (TPR) has been updating 
broadcast studios in our San Antonio facility for 

the past few years. Our focusing has been on 
bringing the whole audio plant up to speed on 
digital operations. 

As of early 2007 we had already replaced the 
studio-transmitter links and some other items in the 
audio chain. The consoles were some of the last big 
components that needed to be upgraded. 

IT WAS TIME 
We were looking to replace equipment that was 

about 20 years old — consoles that had reached their 
end of life (maybe beyond!). They were still usable 
but we were concerned about the availability of 
replacement parts and the viability of the equipment 
in the long term. We were getting to the point that 
we needed to look at something more reliable and 
with new features that could accommodate our 
changing needs at TPR. 
A large federal grant combined with local matching 

funds opened the way to re-doing our studios. Four 
studios were renovated in the summer of 2007 and 
a fifth was done this year. 

When we started the project, the existing studios 
were in various states of design ranging from "rea-
sonable" to "awful." The room most in need of 
renovation was Production Studio 2, where the 
studio furniture consisted of three folding tables 
with equipment stacked on, under, and around the 
tables. 

Production Studio 2 — Before 

As you can see, the room was also a catch-all for 
unused furniture, decommissioned computers and 
obsolete broadcast equipment. 

MAKING THE CHOICE 
One goal we had in our renovation was to create 

a common look and feel among all of the new 
studios. We wanted the new consoles to be user-
friendly while offering some of the functionality 
that had recently appeared in console systems. 

Along with some obvious furniture issues here 
and there, the old studios had a bunch of different 
console models from different manufacturers, and 
this made things somewhat difficult for our opera-
tors, who had to learn how to operate all of the 
different consoles — and remember the quirks of 
each board when they went into a new room. 

We were especially interested in a router-based 
console because this type of system eliminates the 

necessity for dedicated-purpose studios. Any input 
in the facility can appear on any surface in any 
studio and can be easily routed to any transmitter or 
additional program stream. This new capability 
would make for a much more versatile and efficient 
operation than conventional console systems. 

After evaluating several different options and 
giving it a lot of thought, we decided to go with 
Logitek for our new consoles. 

FEATURE RICH AND RELIABLE 

The fact that the costs of the other console 
systems we had considered were somewhat higher 
made us skeptical that Logitek could deliver the 
same set of features and reliability. 

However, after further research we found the 
company was the first in the U.S. to produce router-
based studio solutions and can show a proven, ten-
year track record. Other factors that influenced our 
decision included the impressive list of broadcast 
users; the highly regarded reputation of the com-
pany for quality, dependability and customer sup-
port; better ergonomic design of the system for 

reduced operator error; more capabilities for signal 
processing and control; and a better interface with 
peripheral equipment. 

In the end, we chose the Logitek Audio Engine 
and the Mosaic control surface for all five studios. 
The Logitek system is completely router-based, 
with the console acting as a controller for all of the 

audio residing on the router. 

MORE THAN A ROUTER 
The Audio Engine is much more than a standard 

router. 
In addition to X-Y audio routing selection, the 

Engine provides mixing, control, dynamics, EQ, de-
lays and other functions. Multiple mix-minuses are 
available, which track their assigned audio source 
(such as a codec) no matter where that source appears 
on a control surface. Advanced scripting functions 
allow for one-button event triggers, which allow 
operators to perform complex operations easily. 

The Mosaic surface comes in several different 
frame sizes and offers traditional console styling 
along with a low profile that helps us maintain sight 
lines between operators and rooms. The Mosaic's 
design comprises several different modules that 
contain faders, soft keys, and monitor controls, so 
Logitek was able to configure the control surfaces to 
our specifications with just the right number of 
faders and other controls. 

Our design called for one Audio Engine and one 
Mosaic surface per studio. The Mosaic surfaces are 
all identical 12-channel units; the Engines are net-
worked to allow sharing of audio sources between 
the different studios. 

PUTTING IT TOGETHER 
Installation of the Logitek system was a breeze. 

Along with the new consoles, our renovations in-
cluded new furniture from Designcraft in Michigan. 

Logitek worked closely with the furniture manu-
facturer to make sure they had the specs they needed 
for copy boards, the exact dimensions of the con-
soles and the meter bridges, etc. Logitek even sup-
plied a wood sample of the console end-pieces to 
Designcraft so they could match the cabinets to the 
consoles. 

Logitek's Customer Support managerJohn Davis 
also provided tremendous help in our installation. 
We had given him a lot of information about our 
configuration up front, so when our Logitek con-

soles arrived they were ready to use out of the box 
with only a few tweaks. 

by Wayne Coble 

QUICK INSTALLATION 
The prewired breakout "66" style punch blocks 

we got from Logitek for connecting our audio sources 
to the Audio Engines certainly simplified our instal-

lation; we did not have to spend huge amounts of 
time making tedious punch-down connections. 

Even easier was the networking connection be-
tween the engines — being able to run a single fiber-
optic cable between studios instead of a massive 
bundle of individual pairs saved us a lot of time and 
headaches. The whole installation went very smoothly, 
requiring only a couple weeks per studio to remove 
old equipment, re-do the wiring, and install the new 
furniture and consoles. 

Production Studio 2 — After 

We started the 2007 phase in mid-July and 
completed it in September. Oddly enough, most of 
our hassles had nothing to do with equipment — they 
revolved around the carpet we had ordered for the 
facility. It was harder to work the carpet delivery 
and installation into our schedule than the furniture 
or consoles. The final result was great, though. 

STUDIO EASILY ADDED 
The installation of the fifth Logitek console, in 

the summer of 2008, went equally well for us. 
Unlike the other rooms, which were renovations of 
existing studios, our Production Studio 3 was an 

addition to our studio complement. 
This room had previously been used as an office 

and then as an engineering workshop/storage area. 
After finding new homes for the equipment that was 

cluttering the room (or recycling old items), we 
wired the room for operation, set up the new furni-
ture, and installed the Logitek equipment. 

Once again, the installation went smoothly using 
the pre-wired punch blocks and pre-configured router. 

Logitek's Davis was again a big help to us. Logitek's 
support gets five gold stars from us — they are top 
notch. 

Our operators have easily transitioned to the 
new Logitek boards. Having so many features at 
their fingertips blew their minds, especially their 
access to virtually unlimited numbers of inputs at 

every channel. In spite of the extra features, though, 
the boards were not intimidating to our operators. 
They are laid out nicely — the Mosaic boards do not 
look like something out of a spaceship, they look 
like a console that everyone is familiar with. 

The new facilities look great, operate beautifully, 
and should serve us well for many years to come. 

Wayne Coble is the Director of Engineering & 
Technology for Texas Public Radio in San Antonio, 
TX. Contact him at wayne@tpr.org 
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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 

1 kW 1996 
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 
4.0 kW 1994 
10 kW 1986 
10 kW 2005 
10 kW 2005 
14+5 kW 2005 
21.5 kW 1989 
35 kW 1986 
50 kW 1982 

Continental 314D Solid State 
Harris MW5A 
Harris MW5B 
Harris SX5A Single Phase 
Continental 316F 
Harris MW1OB Solid State 
Nautel XL12 Solid State 

Crown FM1000A (new) Solid State 
Crown FM 1000E (demo) Solid State 
Crown FM2000E (new) Solid State 
Henry 3000D-95 Single Phase 
Harris HT3.5 
BE FM10 
Harris Z16HD IBOC Solid State 
Harris Z16HDS IBOC Solid State 
BE Fmi1405 Solid State 
Continental 816R-2B 
BE FM35A 
Harris Combiner 
(w/auto exciter-transmitter switcher) 

USED MISC. EQUIPMENT: EXCITERS: 
*New* 30W Synthesized Exciters 
Used Harris Digit Exciter 

Please go to our website for updated listings. 

Retuning and testing available - call for quote! 

Bird RF Thruline Watt Meter, 50S 

OMB STL systems for radio, complete 
with antenna and cable for under $5.000! 

2655 Philmont Ave, Ste 200, Huntington Valley, PA 19006 
800-441-8454 215-938-7304 Fax: 215-938-7361 

PETER DAR transtormers 
Now Available from Harbach Electronics 

Magnetics for Broadcast, Communications & Amateur 
Also Rewinding Selected Transformers and Chokes 

Harbach Electronics, LLC 
468 County Road 620, Polk, OH 44866 

Phone: 419-945-2359 • Email: xfmr@pwdahl.com 

www.pwdahl.com 

fcin apte FP-TRO 

reIRO 

votre ver, 

The Ultimate IBOC IReceiver/Translator 

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

analog), Fanfare's new age receiver/translator, the TI90, is fully self-

contained and does not require an 1130C exciter, In fact It aPrives in a 2 
module configuration ready for depoyment under all existing FM mod-

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

conneCon 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 5TL. The latter would be of value for some repeater applications as well. 

At the heart of the Ir° design Is our patented, Omega 1111e-based 
technology which enables the MW to establish a noise floor that is often 

below normal meassire. This significant noise reduction mEnifes13 itself In 

significantly increased sensitivi:y ardd adjacent noise rejection which is 

esser:Ial to assure ceception of low-level lEi0C signais. 

fanfokte fitn 
6509 Transit Road, Unit t1-1 
Bowmansville NY 14026 
nail "proinfo@fcmforefm.com" 

1-800-268-8631(U.S. & Canada) 

Voice - 716-683-5451 
Fax - 716-683-5421 

Website: "wwwfonforefm.com" 

Desemç receivers efrar broaekasters cati m'y ci 

audessence 

Digital Audio Levelers 

quality digital audio & 
broadcast via local US dealers 

No need to compromise on audio performance, PodBlaster and ALPS 
deliver the sama unrivalled level control - lest c'ioose your model... 

Pod Blaster - super price; up to 4 channels in 1- RU 

iflhiI ru 
t.! 

 - taroper-proof, failsafe 
ii 

• 

ALPS-2 - front control ALPS-3 - plus IP, GPIO control 

Digital Audio & Transmission 

AM PRO-1 - loud, clear, bright 

01F!Eiz I II 

FM PRO-1 - powerful enhancers, stereo, presence, bass 
HD PRO-1 - consistently high quality for low bitrate services 

Min e. 

RDS PRO-1 - easy integration, intuitive software 

Visit us at 

DEPE PI DENT AUDIO 

N4920 

FIRST CLASS 
SUPPORT FROM 

griffithsbroacicastco 

www.griffithsbroadcast.com 

man e mine 
www.mainesource.us 

131 
www.independentaudio.com 

www.audessence.com 

+44 (0 1444 880 444 
• 
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Service Gukie Radio Equipment Products and Services 

New tubes are now manufactured by Econco 
in expanded facilities in Woodland, California. 

044 ECONCO 
Tel: 800-532-6626 Web: www.econco.com 

Intl: +1-530-662-7553 Fax: + 1-530-666-7760 

set 

..1411r. 

priniiivcs 
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AM Antenna Solutions 
LBA is your trusted supplier of digital engineered AM antenna systems 
LBA customized products include Directional Systems Diplexers, Tri-
plexers, ATU's, Celluar / AM Colocation Systems RF and Ground Com-
ponents for all power levels VVP offer complete RF project design and 

installation services 

LBA TECHNOLOGY, INC. 
800 522 4464 www.LBAGroup.com 

VS oft 
COMINUNICATIONSL 

ea.. tagtrow........ 

The Leader in Broadcast 

Engineering Consulting 

Software! 

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

6 Run AM-Pro 2TM to perform AM 
skywave and groundwave allocation 
studies, interference analysis, & 
coverage mapping. spacings. 

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

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

6 Use FMCommanderTu to study 
FM allocations using contour-to-
contour protections. and minium 

Chris Scott Associates 
Visit our website 

www.scott-inc.com 

Ph: (270)781-5301 

Fax: (270)781-1232 
Bowling Green, Kentucky 

AM-FM 
Notch Filters 

r mum. or 

410 

TRANSMITTING 

CAPACITORS 
MICA-VACUUM-CERAMIC 

(760) 438-4420 
LINK@SURCOM.COM 

RF PARTS-
COMPANY 

From Milliwatts to Kilowatts-

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

Se Habla Español • We Export 

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

vecivw.rfparts.corn 

r • -• 
Longley-Rice Coverage • • 
' • 

\o1on d11! 
v r,.  se, ocea 

.„.fk Virginoa Belc..11 
le 

CCA PARTS 84 SERVICE 
V&J Electronics 

Can supply all parts, schematics, and 
manuals for CCA, CSI, Sintronic, and 
Visual transmitters. Field service and 

complete rebuild transmitters available. 

Call Van or Jerry Meier: 770-907-2694 
Fax: 770-907-2694 — 24/7 Service 

COD, Visa, Master, Discover, NET- 15/30 
www.ccaelectronics.net 

Silver Plating Powder 
Silver Plate On-The-Job with Cool-Amp!!  

Cool-Amp Conducto-Lube 

'Maintain your RF frequency 'Reduce resistance 
'Keep your PCBs cool *Prevent power interruptions 
'Increase conductivity 'Prevent data errors 

'Minimize power loss from 'Prevent power failure 
corrosion & oxidation 

ËL`ii4L\i/: 
Ph: 503-624-6426 Fax: 503-624-6436 

vnwi.coot-amp.com 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 enuineer 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 

DA HOOK DA GAP 
Safety Grounding Hook Lightning Dissapation Gap 

Solid Brass Hook & Hardware 
Fiberglass Rod Handle 

#10 Copper Cable & Alligator Clip 

Available with Horn or Ball Gaps 
Patented (#5,661,262) 
Hot Adjust Mechanism 

Wilk Science and Technology Inc. 

1112 North Grove Avenue, Oak Park, Illinois 60302 

Telephone & Fax: (708) 524-8588 

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-TEK', EEV, and many others 

352-592-7800 or 800-881-2374 

VISA VISA & MASTERCARD Accepted œ 

AM Ground Systems Co. 
Ground System Construction, 

Evaluation 84 Repair 

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

BALJE 
TRANSMITTERS, INC. 

wvvw.bauertx.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 



Service Gulick, Radio Equipment Products and Services 

nyestigator V 3.0 

FM...AM...or Both 
You choose! 
rfSoftware, Inc. 

ol•ià C•nesur 

énnoval.ve enpén•et.no too, 

Are you tired of SN\ itching 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 you all the tools 
in one program to work smarter not harden 

Call 3524671700 for Details! 
Visit www.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/oft. 

• LED indicators for each alarm and status output. 

• Opto-isolated failsafe outputs for each alarm. 

• Easy setup — one button calibration. 

• 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 GHz 

Gary A. Nlinker 
Office ( 561) 969-9245 • Wen 159*6 I * I 957 

7225 Catalina Isle Drive, Lake Worth, FL 33467 
Email: Ciztrya radiovvorksrfeonsulting.com 

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

http://radioworksrfconsulting.corn/download.htin 

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. 

DAYTON INDUSTRIAL CORPORATION 
2237 Industrial Blvd., Sarasota, FL 34234 Tel: (941) 351 4454 
Quality Receivers Designed and Manufactured in the USA 

sales@daytonindustrial.com Website: www.daytonindustrial.com 

'Professional 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 

RF -Engineers, Inc. 352-367-1725 

www.digitalradioengineering.com 

Phone: 845-355-4001 

digitalradio‘ng ineehng 

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 

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 ' AGS 

antennalD@msn.com 
REQUEST FREE CATALOG 

ANTENNA ID 
PRODUCTS 

antennalD.com 

610-458-8418 

Professional 
Equipment Repair 

Consoles 

▪ Exciters 

• STLS 

Automation Systems 

b.- Audio Processors 

Transmitters 

▪ Remote Equipment 

at Lightner Electronics, Inc. 

MOORETRONIX 
BROADCAST & INDUSTRIAL ELECTRONICS 

Our r 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. 

o—. 4,/, 

boOin 00 
See the "News-Update" page at our website. 

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

WWW.MOORETRONIX.COM 

Doug Vernier 
Telecommunications Consultants 

• FCC Applications for AM, 

FM, TV, DTV, LPTV, STL 

II Upgrade and Due 

Diligence Analysis 

Frequency Searches 

oft 

e Site Relocations 

e Propagation Prediction 
with Custom Mapping 

e Demographic Analysis 

e Directional Antenna 
Design 

We use V-Soft Software! 

www.y-soft.com consulting@y-soft.com 800-743-3684 

BESINTERNACIONALS "Now in Our 34th Year 

World Leader 

in AM-FM 

Transmitters 

AM & FM Pre-Owned Units in Stock 

All Powers and Manufacturers 

Instruction Books - Spares - Complete 

Visit our VVebsite: www.besco-int.com 

Or Call Rob Malany at: 321-960-4001 

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 
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Radio Pipdine 
Balsys — Inovonics — LBA Group — Logitek — Omnia Audio 

L:A Introduces Innovative 
RF Vacuum Contactor 

LBA Technology, Inc. announces the availability of 
the first new generation of RF power contactors in 
years. 

These innovative RF contactors respond to the needs 
of broadcast, communications, and industrial radio fre-
quency users of heavy 
duty RF relays. 

The VC-1 high reli-
ability vacuum contactor 
system is designed for 
versatility. One series 
permits a wide range of 
operating voltages, and 
can be configured at any 
time for 1PDT through 
4PDT operation. It goes 
well beyond the capabilities of most currently available 
mechanical RF contactors, but is a direct replacement in 
many broadcast applications up to 50,000 watts. 
A few key features of the VC-1 relay system are: 

• 25 million cycle life, no open contacts. 
• RF rated at 40A and 10 kV peak at 1 MHz. 
• Switches 50,000 Watts in a 50 Ohm AM MW system. 
• Rated DC to 30 MHz. 
• Silent, vibration free switching. 
• Direct substitution for popular mechanical latching RF 
contactors. 
• Universal for 24, 110, 220 VAC 50/60 Hz supply. 
• Modular SPDT units, permits up to 4PDT, remote locating of 
modules. 
• Includes interlocks and status lights. 

LBA Technology President Jerry Brown commented, 
"The VC-1 system brings a new era of reliability to radio 
broadcasters and other power RF users. The remote sealed 
contact modules will permit the design of more functional 
and cost effective directional antenna phasors and other 
equipment with reduced ongoing maintenance costs." 

LBA Group 
jgeorge@lbagroup.com 

www.lbagroup.comitechnology 

Inovonics Model 730 
RDS Encoder 

Inovonics is now shipping its new flagship RDS 
Encoder, the Model 730. 

Building on the success of the Model 713, the 730 
represents a giant leap for Inovonics in RDS technology. 

New features: 
I. RDS Tagging is the fast becoming the new hot 

profit center for radio broadcasters. The Model 730 has 
been fully tested with the new Microsoft Zune Portable 
FM Receiver/Audio Player. 

2. The Model 730 can connect to everything via USB, 
COM, TCP/IP and UDP ports. 

3. With a bright display and digital jogging wheel 
switch you can edit nearly any setting from the front panel. 

4. Never be out of date with new field firmware 
updateable capabilities. 

5. We now include a new Windows remote program 
with a great modern look and designed for easy operation. 

Inovonics 
831-458-0552 — steve@inovon.com 

www.inovon.com 

Logitek Unveils JetStream 
Mini IP Audio Router 

New product offers easy setup, cost-effective IP 

audio streaming for on-air and production applica-

tions. 

Logitek Electronic Systems has unveiled the 

JetStream series, IP-based audio routers that provide 

audio I/O, mixing, processing and audio distribution 

needs for Radio applications. The first in the series, 

the JetStream Mini, provides enough capacity for one 

24 channel radio console. Logitek's existing control 

surfaces — Mosaic, Artisan, and Remora — provide the 

user interface to the JetStream. 
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"The JetStream represents the next generation of 

IP-based audio routing systems," said Tag Borland, 

Logitek president. "These products take advantage of 

the latest network protocols and are therefore ex-

tremely easy to set up, administer and use." Borland 

stated that users do not need to have in-depth knowl-

edge of computer networking. "Just enter the names 

of the channels and the JetStream will do everything 

else. It acquires addresses, advertises its shared chan-

nels and makes a list of sources offered by other 

JetStream units on the network," said Borland. 

One JetStream Mini unit provides eight I/0 card 

slots that accommodate five types of I/O cards: four 

mic preamps (with phantom power); four stereo ana-

log line inputs; four stereo analog line outputs; four 

stereo AES or S/PDIF digital inputs and four stereo 

AES or S/PDIF digital outputs. All I/O connections 

use StudioHub±* compatible RJ-45 connectors. 

Also included are 12 GPI and 16 GPO contacts; 

four RS-485 ports with AES cue audio; 2 GbE ethernet 

ports and redundant power supplies in a single two 

rack unit enclosure. The unit's 24 stereo channels of 

mixing can be shared by one to four control surfaces. 
A DVI connector provides connection of a video 

monitor for operating Logitek's vScreen application 

(meters, router controls, and system information; user-

configurable). 

The JetStream's auto configuring mix includes 

VLAN tagging, DHCP, DNS, MADCAP, AutoIP, 

MDNS, DIFFSERV, SIP and SDP. Optional codecs 

offer choice of VoIP telephony, MPEG2, AAC, or 

APT-X access. External network sync may be con-

nected to one JetStream unit; other units in the net-

work will automatically lock to the sync signal. 

The JetStream Mini was designed not only to be 

easy to set up and use, it is easy on the user's budget 

as well. A fully configured JetStream Mini router is 

priced at around US $6,000. "A single studio opera-

tion with a Remora control surface costs less than 

$8,000, providing a very comfortable entry point for 

stations wanting the convenience of IP audio opera-

tion. A networked studio is about $ 10,000," said 

Borland. 

The company is now accepting orders for JetStream 

Mini units and plans initial deliveries by the end of 

the year. 

Logitek 
800-231-5870 — frank@logitekaudio.com 

www.logitekaudio.com 

New Equipment 

Updates and Modifications 

Industry Information & News 

Balsys Announces Global 
Distribution Portal 

Balsys Technology Group, Inc. is pleased to an-
nounce immediate availability of their Global Distribu-
tion Portal panel. 

The GDP provides convenient two-way interface be-
tween any studio/central audio system and external equip-
ment. Active circuitry supports both analog and digital 
stereo I/O in both professional and consumer formats, 
utilizing the most commonly encountered audio connec-
tors. Three mono summed output feeds at mic level are 
provided, each with ground lift switches, and are spaced 
to permit use of wireless "Butt Plug" transmitters. Also 
included are six utility feedthrough connectors. 

Global Oistributioo Portal 

cfi-c) 
I. 
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Standard configuration is two each USB, Fire Wire, 
and Ri-45, but all are interchangeable and can easily be 
field configured as desired. The unit is 3RU in height, and 
intended for mounting in walls or broadcast furniture. 
Rackmount adaptors are optionally available. 

According to Larry Lamoray, CEO of The Balsys 
Companies: "The Global Distribution Panel is ideal for 
providing a universal broadcast studio audio interface to 
the outside world without requiring intrusion into the 
studio, as well as for many remote and mobile applica-
tions. The fact that it supports all the audio connectors 
commonly used simplifies third party interface without 
having to search for special cables." 

The GDP has been developed jointly by Balsys and 
Henry Engineering. 

Balsys 
407-656-3719 — sales@balsys.com 

www.balsys.com 

FREE Omnia ONE When You Invest 

in an 06EX or 06EX1 Processor 

Let's cut to the chase. It's a tough market out there. Omnia 
understands that it has never been more important for broad-
casters to stand out from the competition. 

Omnia wants to ensure you Rebound with Sound by 
offering a FREE Omnia ONE with the purchase of an Omnia 
06EX or 06EXi, for jaw-dropping FM or HD sound. 

"These are challenging times," says Frank Foti, Omnia 
President. "We want to help the broadcast marketplace the 
best way we know how. Our industry has been, and remains, 
very loyal, and I'm humbled by it. This is the least we can do." 

The Omnia EXi adds HD Radio Diversity Delay and the 
Omnia developed Low IMD Clipper, which work together to 
ensure your HD broadcasts stay clear, clean, and on the air. 

And your FREE Omnia ONE gives you the flexibility to 
process not only traditional FM and AM broadcasts, but also 
all forms of digital broadcast including HD-2 and HD-3 
transmissions, interne streaming, satellite, and podcasts. No 
wonder it's the most successful product introduction in 
Omnia history. 

Limited time offer. Contact your local dealer for details. 

Omnia Audio 
216-241-3343— support@omniaaudio.com 

www.omniaaudio.com 
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FINAL STAgE----1111e 
RADIO ROUNDUP 
The Radio Guide Event Register 

Email your dates and info to: radio@rconnect.com 

6th Annual Ohio Broadcast Engineering Conf. 
November 14, 2008 
Doubletree Hotel, North Columbus, Ohio 
www.oab.org/engineering/ 

Consumer Electronics Show (CES) 
January 8-11, 2009 
Las Vegas Convention Center, Las Vegas, Nevada 
www.cesweb.org 

National Religious Broadcasters - NRB 2009 
February 7-10, 2009 
Nashville, Tennessee 
www.nrbconvention.org 

National Association of Tower Erectors - NATE 2009 
February 23-26, 2009 
Nashville, Tennessee 
www.natehome.com 

IBS International College Radio Conference 
March 6-8, 2009 
New York, New York 
www.frontiernet.net/-ibs/2Kconvo.html 

NAB 2009 Spring Convention 
April 17-23, 2009 
Las Vegas Convention center, Las Vegas, Nevada 
www.nabeow.com 

NAB Fall Radio Show 
September 23-25, 2009 
Philadelphia, Pennsylvania 
www.nabradioshow.com 
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Radio-Guide Plideeett Seekeziete 

Introducing the AudkoPod 
from DU Engineeting 

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 willpower up to 4 Audio-Pod modules. The Audio-Pod modules can be table top 
mounted using the supplied rubber feet, Hook & 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. 
• vAvw.drnengineering.com 

Eng'""dni 2174 Chandler St Camarillo, CA 93010 805-987-7881 800-249-0487 

Systems C ..... The 

Specialty Hardware 
Store! 

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 

Guarainteeth 

Text Blaster 
only $1100/mo. 
Send as many listeners as many text 
messages as you want. If you don't make 
extra money with RadioTexter.com, your 
next month is free until you do! 
Also automatically sends sponsored weather: 
mornings, afternoons and storm warnings. 

e : 866-483-4895 [ toll-free ] 
e : 765-983-3816 
: 765-983-3817 

Ç: sales@mainesource.us 
-)1E- : http://www.mainesource.us 

For snore info visit http://www.mainesouree.us/audio.litnil 
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THE BOSS HAS AN OFFER YOU CAN'T REFUSE. 

BUY AN OIVINIA 6EX 011'6ÉXi ANO GET A FREE ONINIA ONE! 
CALL YOUR LOCAL OMNIA DEALER TODAY IF YOU KNOW WHAT'S GOOD FOR YOU. 

Mriia 
A Toros Company 

OmniaAud,o.corn 

Omnia. ONE and 6EXi are regIstered trademarks of TLS Corp. ©2008-09. An Rights Reserved. 
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