
*101497 D08 ”o S04

THOMAS E BRAXTON 
president 172 

C°H8UL™ 8 LTD 
BOLlNGBROQk il gQ490 lg2Q

rubicon RIOLink 32KD 
see page 11 inside 

www.sasaudio.com 

■ Math, Math, Math 
Too much arithmetic in RWEE? Or just enough? Page 7 

■ ACUs and You 
Ben Dawson writes on isolation requirements in diplexed 
medium-frequency antenna systems. Page 1 4 

■ AM Welfare Recipients 
It’s time, Guy Wire says, to reorganize 
AM’s family living arrangements. Page 27 

ENGINEERING EXTRA 1 
Q J 

DESIGNER INTERVIEW 

Clarence M. Beverage 

The Engineering 
Of Radio Signals 
Clarence Beverage Talks 
About Designing Radio 
Stations to Put the Signal 
Where You Want It 

By Michael LeClair 

Engineering consultants are a bedrock 
of our radio broadcasting system. In 
order to create a reliable and consis¬ 

tent broadcast service, rules and laws 
have been fashioned, creating standards 
for the way we use the basic physics of 
radio communications. Over the many 
years since radio began, these mies have 
sometimes been changed to reflect new 
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Improved Spectral Compliance for FM HD Radio 
Using Digital Adaptive Pre-Correction 
Feedback Technique Ensures Minimal Interference 
Under Varying Load Conditions 
By Tim Hardy 

The author is head of development for 
Nautel Ltd. in Bangor, Maine. 

HD Radio implementation has intro¬ 
duced a great deal of discussion about 
spectral re-growth problems when 

digital carriers intennodulate with the pri¬ 
mary FM carrier, causing spurious emis¬ 
sions on adjacent channels. Pre-correction 
systems may be implemented to mitigate 
the effects of transmitter system non-linear¬ 
ity giving rise to the out-of-band emissions. 

However, conventional fixed pre-correc¬ 
tion techniques have not provided a suffi¬ 
cient solution to ensure spectral integrity in 
a changing environment. Changes in 
VSWR, an adjustment in the output power 
of the transmitter, a change in amplifier 
temperature, or aging and failures of RF 
amplifiers can result in serious transgres¬ 
sions of the HD Radio mask and interfer¬ 
ence with other stations. 

This paper presents theory and mea¬ 
sured performance of digital adaptive pre¬ 
correction under unstable environmental 
conditions. Comparison is made between 
fixed pre-correction curves and adaptive 
pre-correction under typical conditions at 
broadcast sites. 

BACKGROUND 
The trend in the broadcast industry is 

now toward digital communications stan¬ 
dards. The Ibiquity FM HD Radio system 
employs a digital modulation technology 
known as Orthogonal Frequency Division 
Multiplexing, or OFDM. This modern com-

-198kHz 0Hz 198kHz 

-129 kHz 129 kHz 

-102 kHz 102 kHz 

Fig.'l: Hybrid FM HD Radio Spectrum 

munications technique provides both excel¬ 
lent bandwidth efficiency and high toler¬ 
ance to the multipath fading environment 
common in urban settings. 

All HD Radio systems going on the air 
today are “hybrid’’ systems, which means 
the transmitted signal consists of both an 
analog FM modulated portion and digitally 
modulated OFDM carriers. The digitally 
modulated portion consists of many 
Quadrature Phase Shift Key modulated 
OFDM carriers spaced 363 Hz apart. The 
carrier spacing and carrier symbol rate are 
such that they are orthogonal; they do not 
interfere with each other. In the basic 
hybrid mode the “main” OFDM spectrum 

contains 382 carriers from approximately 
130 kHz to 200 kHz, both above and 
below the channel center frequency. 

In the extended hybrid modes the spec¬ 
trum contains up to 534 carriers from 
approximately 100 kHz to 200 kHz, both 
above and below the channel center fre¬ 
quency (see Fig. 1). 

With the introduction of OFDM, trans¬ 
mitter designs have had to evolve due to 
a new requirement: linearity. Traditional 
FM transmitters operated highly nonlin¬ 
ear class C amplifiers. This was accept¬ 
able due to the constant envelope nature 
of the FM signal. The OFDM envelope 

ADAPTIVE, PAGE 8 

We're Reshaping The Future Of Radio From A Solid Foundation Of Leadership. 
The newest force in radio was forged from a rich heritage of leadership that is decades strong. We're bringing a breath of fresh air and a re-energized spirit 
to an industry we helped to build. At Team Harris Radio, we've brought together the industry's largest and most comprehensive range of products, services 
and people dedicated to advancing radio. All working together in perfect harmony and focused on the success of your business. From our innovative 

THE NEW HARRIS RADIO TEAM IS ON THE AIR 

AM/FM DIGITAL BROADCAST HIGH SYSTEMS 
RADIC STUDIO POWER AM & SERVICE 

products to our forward-looking services, management tools 
and expert support teams, we're dedicated to our mutual 
future of pioneering and growth. So whether you're audience 
is around the corner or around the world, Harris Radio is on 
the air with the resources you need to succeed. 

To learn more about the new Harris Radio Team, call us at 
800-622-0022 or visit us at www.broadcast.harris.com. 

www.broadcast.harris.com HARRIS 



Check Out Our Latest! 

sales@wheatstone.com /tel 252-638-7000 / www.audioarts.net 

Copyright © 2005 by Wheatstone Corporal 

A CLEAN, CLEAR on-air 
design: straightforward layout, 
easy tabletop installation, and best 
of all — completely modular. 

A TRUE plug-and-play radio board 
from the Wheatstone digital design team! 

The NEW 
AUDIOARTS 
D-75 DIGITAL
Radio Console 

^AUDIOARTS ENGINEERING 



From the Editor 

fiadj® llk/dd. 
ENGINEERING EXTRA | 

Vol. 29, No. 15 June 15, 2005 

■ Telephone: (703) 998-7600 

■ Business Fax: (703) 998-2966 

■ Editorial Fax: (703) 820-3245 

■ E-mail: radioworld@imaspub.com 

■ Online: www.rwonline.com 

The staff may be contacted at the phone extensions listed, or via e-mail 
to radioworldOimaspub.i om. 

Publisher: Carmel King 
ext. 157 

Associate Publisher: John Casey 
(330) 342-8361 

Editor in Chief/U.S.: Paul J. McLane 
ext. 117 

Technical Editor: Michael LeClair 

Production Editor: Terry Hanley 
ext. 130 

Technical Adviser: Thomas R. McGinley 

Technical Adviser: John Bisset 

Production Director: Davis White 
ext. 132 

Publication Coordinator: Melissa SE Robertson 
ext. 179 

Ad Traffic Manager: Lori Behr 
ext. 134 

Ad Coordinator: Caroline Freeland 
ext. 153 

Circulation Manager: Robert Green 
ext. 161 

President/CEO: Stevan B. Dana 
ext. 110 

Vice President/Group Publisher: Carmel King 
ext. 157 

Chief Operating Officer: Marlene Lane 
ext. 128 

Chief Financial Officer Chuck Inderrieden 
ext. 165 

Sales Director: Eric Trabb 
(732) 845-0004 

Editorial Director: T. Carter Ross 
ext. 120 

» 

LMfU Radio World (ISSN: 0274-8541) is pub-
LÍJLJ lished bi-weexly with additional issues in 
February, April, June, August, October and 
December by IMAS Publishing (USA), Inc., P.O. Box 
1214, Falls Church, VA 22041. Phone: (703) 998-
7600, Fax: (703) 998-2966. Periodicals postage 
rates a'e paid at Falls Church, VA 22046 and addi¬ 
tional maihng offices. POSTMASTER: Send address 
changes to Radio World, P.O. Box 1214, Falls 
Church. VA 22041. REPRINTS: Reprints of all articles 
in this issue are available. Call or write Emmily 
Wilson. P.O. Box 1214, Falls Church, VA 22041; 
(703) 998-7600; Fax (703) 998-2966, Copyright 
2004 by IMAS Publishing (USA), Inc. All rights 
reserved. 

—Printed in the USA— 

Full Steam Ahead 
For HD Radio 
By Michael LeClair 

The NAB Broadcast Engineering 
Conference in April was its usual 
hotbed of new ideas and equipment 

introductions. But more than anything, the 
central theme for radio broadcasters at 
NAB2005 continues to be the developments 
in digital radio. 

As if this was not enough, the new infor¬ 
mation capabilities of HD Radio were high¬ 
lighted as the first implementations of 
Program Associated Data are now being 
shown. Multiple channels of PAD can be gen¬ 
erated to match multiple program streams. 
With a comparatively generous data rate, con-

Imagine the power of being able to create a 

completely new radio program stream in the top 10 

radio markets of the country with the addition of a 

modest quantity of new equipment. 

Everywhere vendors showcased products 
that were aimed at digital radio. Several man¬ 
ufacturers launched new transmitters that are 
IBOC-compatible, both on the AM and the 
FM side. Even over at Continental 
Electronics, they had a tube transmitter on 
display that could successfully pass 1BOC, 
although the majority of new transmitter 
products were solid-state. Also on exhibit 
were new audio processors specifically aimed 
at digital radio, now incorporating the audio¬ 
delay circuitry to eliminate the risky strategy 
of using a computer as a critical component 
of the analog program chain. 

But it was the unfolding of new possibili¬ 
ties for digital radio that was the real eye-
opener at the show. 

THE NEXT GENERATION 
While hundreds of stations were busily 

deploying digital radio in its first-generation 
form, it turns out that manufacturers were 
just as busy developing the second-generation 
architecture, which can do even more than 
the original. In one important change, new 
designs now allow the audio processor to 
return to the studio from the transmitter, and 
save costs on the STL at the same time by 
reducing the amount of data needed for the 
digital signal. 

This is particularly important in light of 
the demonstration of multicasting, or the 
transmission of multiple audio program 
streams over the digital portion of the FM sig¬ 
nal. A local Las Vegas radio station was broad¬ 
casting no fewer than three discrete audio 
streams and offering listening tests on the 
floor in a car with a prototype receiver. 
Prototype portable receivers were also shown 
on the floor. 

Imagine the power of being able to create a 
completely new radio program stream in the 
top 10 radio markets of the country with the 
addition of a modest quantity of new equip¬ 
ment, compared to the cost of purchasing or 
attempting to license a new station. 
Multicasting is real, and it is coming to HD 
Radio now. This capability will have a trans¬ 
forming effect on our industry. 

sidered next to the current RBDS system, cre¬ 
ative possibilities are just beginning to be 
explored. 

To coincide with this display of new 
equipment, the National Radio Systems 
Committee formally voted to implement the 
technical standard for IBOC based on Ibiquity 
Corp.’s HD Radio system. This seemingly 
small step is actually quite crucial as it moves 
the regulatory process to the final stage of set¬ 
ting rules for digital radio so that radio sta¬ 
tions, receiver manufacturers and broadcast 
equipment companies can move forward in 
the knowledge they will be working toward a 
common goal. 

MORE CAPABILITIES 
1 have to admit my own surprise at the 

sheer speed at which HD Radio is taking off 
in just the three or four years since people 
first began to regularly operate those early 
experimental digital radio signals, often put 
together with prototype equipment and with 
no receivers available to even monitor their 
own broadcasts. 

With the weight of literally thousands of 
group-owned radio stations formally commit¬ 
ted to digital conversion, many of which 
made announcements at the Consumer 
Electronics Show in January, HD Radio is 
going full steam ahead. In my own market, 
digital conversions are happening so quickly 
that in some cases they are getting stacked up 
due to a lack of local engineering staff to han¬ 
dle the equipment installation. 

This deployment speed is being matched 
by the design ol second-generation hardware 
with expanded capabilities. During the many 
years the HD Radio system was under devel¬ 
opment, we have heard hints and ideas of 
what could become possible with a digital 
system. At a remarkable rate, new hardware is 
being released that expands the capabilities of 
HD Radio to meet the growing demand for 
this new system. As the advantages of digital 
radio become more widely understood, what 
once seemed a far-off goal, the complete con¬ 
version to digital broadcasting, may be nearer 
than we think. 

Michael LeClair 

Taking a step back, it is hard not to have a 
sense of wonder at being a part of the creation 
of an entirely new radio broadcast system that 
will likely be at the heart of mass communica¬ 
tions for decades. To put it another way, this 
is a good time to be a radio engineer. The cre¬ 
ative process of building new systems is what 
attracted most of us to radio engineering in 
the first place. We have a great opportunity to 
bring this new system to life and take pr.de in 
the work we do as engineers. 

In this issue, we have a fine technical 
paper from Tim Hardy, head of development 
at Nautel, explaining adaptive correction and 
its use in linear amplifiers for IBOC. For AM 
engineers, sharpen your pencils and follow 
along with Cris Alexander as he explains the 
basics of broadbanding AM radio stations. 

We also have Ben Dawson on duplexing 
AM stations on a common antenna and some 
of the pitfalls to avoid. 

In the continuation of our Designer 
Interview series, Clarence Beverage talks 
about the role of the engineering consultant 
in building new radio stations. Finally, in this 
issue for the first time we will begin printing 
some of the letters that we are getting from 
readers. 

Want to join in the conversation? E-mail 
yöur comments, suggestions and ideas to me 
at mliwee@verizon.net ■ 
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How to Broadband 
AM Antenna Systems, 
By W.C. Alexander 

Let’s Save the 
AM Band, 
By Guy WTe 

The Eng.neering of 
Radio Signals, 
By Michael LeClair 

Technology Scarcity 
and Surplus, 
By Barry Blesser 

Improved Spectral 
Compliance for FM HD 
Radio Using Digital 
Adaptive Pre-Correction 
By Tim Hardy 

Isolation Requirements 
in Diplexed Medium-
Frequency Antenna 
Systems, 
By Ben Dawson 
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ways of using the electromagnetic spectrum. It 
is the engineering consultant who takes these 
basic principals and applies them to the design 
of new radio facilities. 

In this issue's interview we speak with 
Clarence Beverage, president of Com¬ 
munications Technologies Inc., a broadcast 
engineering consulting firm in Marlton, N.J., in 
the suburbs of Philadelphia. 

Please explain the role of an engineering 
consultant in a typical broadcast project 

That is a very interesting question since 
there are so many different ways that a pro¬ 
ject can go or that a client might ask for 
assistance. Let’s take one example and work 
that through as a starting point. 

An AM station has lost, or is going to 
lose, its site. Let’s assume the station is a 
regional facility operating with nondirec-
tional day and directional night antenna 
systems. The owner knows that they need a 
new site at a minimum. An astute owner is 
aware of options such as diplexing, city of 
license coverage requirements, FCC grand¬ 
fathered overlap regulations and the 
requirement to reduce night power in 
directions where you are in another sta¬ 
tion's 50 percent RSS night limit. 

Our first task is to do day and night allo¬ 
cation studies to ascertain the radiation lim¬ 
its in all directions. With that information, 
along with population density data for the 
market, we can begin to describe an area to 
locate the new site. That area is examined 
by using aerial photos, terrain maps and 

other resources to further refine the study 
area. Part of the study process involves the 
identification and elimination of areas that 
are unusable due to proximity to high-ten¬ 
sion power lines, aeronautical paths that 
restrict tower height, natural obstructions 
and land use restrictions. 

At this stage, we have a good idea of 
how many towers are required and prop¬ 
erty dimensions. Work with local station 
people, real estate experts, a planner, a civil 
engineer and a local land-use attorney 
begins as specific parcels are considered. 
Once the property is pinned down, the 
final antenna system design can be per¬ 
fected and an FCC application for construc¬ 
tion permit prepared. In some cases, a test 
transmitter facility may be erected to obtain 
local soil conductivity data allowing for 
facility maximization. (See Fig. 1.) 

From that description it appears that a con¬ 
sultant should be involved at the very begin¬ 
ning of a project? 

That is true and it saves the station a lot 
of wasted time and effort if they seek expert 
input before they make decisions that can¬ 
not be altered. On more than one occasion 
we have seen an AM station owner agree to 
the sale of a site, due to the land value, only 
to find out after the fact that there are no 
suitable alternative sites that can be 
afforded. 

What types of services do you provide as part 
of a project? Do you assist in purchasing of 
equipment also, such as towers, transmission 
line, transmitters, etc? 

Our first function is to specify the best 
possible transmission facility design in the 
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FCC application for construction permit. 
One has to look carefully at the available 
land dimensions, signal restrictions and 
tower height limits to design an antenna 
system that will be stable, absent deep nulls 
in the pattern where possible, and have 
good pattern and impedance bandwidth for 
both analog and HD transmission. 

Once the design is complete we like to 
work with the client to develop a set of bid 
specifications to send out to equipment 
vendors and installers. The specifications 
can be as simple as a set of uniform stan¬ 
dards so that the bids are truly “apples to 
apples.’’ In other cases, we specify the phas¬ 
ing equipment at the component level, and 
provide detailed site plans and surveyor 
oversight in terms of locating the towers on 
the property. 

We like to have bidders come to the job 
site so that they are familiar with local con¬ 
ditions. Frankly, none of us are perfect. 
Bidders often will see something, based on 
their experience and expertise, which is the 
best way to do a particular job. We encour¬ 
age that type of response and often find 
that the station can save significant costs 
when an open-minded approach is taken to 
the bid review process. 

Conversely, some companies often bid 
unnecessarily high thinking that their repu¬ 
tation means that they deserve the job 
despite the cost. A good bid specification 
allows the station to clearly understand what 
is being bid and what the true costs are. 

What can a consultant do before a station is 
built or modified to analyze and improve 
potential coverage? 

This is a nice opportunity to segue us to 
the FM and TV area. I know that the focus of 
this newspaper is radio, but I would like to 
touch on TV as well since the physics of wave 

propagation is equally applicable to FM and 
VHFTV 

We started using the Longley-Rice method 
for predicting real-world signal levels almost 
30 years ago when our only source for the 
technology was the NTIA (National 
Telecommunications and Information 
Administration) Telecommunications 
Analysis Services Time Share facility in 
Boulder. The FCC method of computing dis¬ 
tance to contours only looks at terrain eleva¬ 
tions out to a distance of 10 miles from the 
transmitter site, and no more. The Longley-
Rice method looks at terrain from the trans¬ 
mitter to the receiver allowing a much more 
precise computation of signal level at the 
receiver. (See Fig. 2 on page 6.) 

In the early ’90s, innovative engineers/pro-
grammers such as Dr. Harry Anderson at 
EDX Engineering in Eugene. Ore., brought 
Longley-Rice propagation study capability to 
the personal computer. In the intervening 
years, accuracy has been increased through 
the use of better terrain databases and the 
ability to integrate land-use data into the cal¬ 
culations. Today we are seeing even greater 
accuracy as satellite procured terrain data is 
being error-corrected and brought online. 

Is there a field component to your work or 
does it mostly involve computer modeling 
these days? 

It is very important to be able to validate 
predicted signal levels with measurement 
data. We have been involved in a significant 
amount of TV field strength measurements in 
the last few years in varied venues. We have 
looked at TV field strength levels off the 
Empire State Building and 4 Times Square, 
both NTSC and DTV, at both VHF and UHF 
and have done a number of TV signal level 
studies for head end locations in urban areas 
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such as Dallas/Fort Worth and for some small 
communities in southern California. 

Universally, we have found that the 
Longley-Rice method is a helpful tool to 
determine estimated signal levels but that the 
results are only a ball park and rarely correct 
to within a couple of dB. One of the reasons 
for this is that the software does not yet have 
the ability to quantify local building structures 
and foliage that significantly impact the signal 
level. 

Every firm has their own way of doing 
things. In our case, we have built a network 
of excellent, highly experienced and reliable 
field engineers around the country that we 
can rely on for fieldwork. This often saves the 
client transportation time and gives us the 
benefit of using people in a given geographic 
area who are aware of local conditions and 
resources that an outsider may not be aware 
of. 

To answer your question, there is a lot that 
can be done by the computer but good, accu¬ 
rate field data is still very important as well. 

Another example is AM field strength mea¬ 
surements. In some portions of the country 
we have found that the FCC M3 theoretical 
soil conductivity map overstates the actual 
soil conductivity. In that case, taking field 
strength measurements on existing facilities 
will demonstrate that their contours are 
located closer to the site allowing more room 
for the client station to increase the size of its 
service area. The FCC requires that the per¬ 
formance of a new AM directional antenna 
system be verified by field strength measure¬ 

ments and the adjustment and measurements 
associated with this can be time intensive and 
expensive. (See Fig. 3.) 

What are some of the most difficult projects 
you may have worked on? 

We have been fortunate to work on a 
number of interesting projects through the 
years and to work with a number of inter¬ 
esting people in the process. 

One of our true long-term projects is the 
WFUV(FM), Fordham University, FM 
transmitter site implementation project in 
New York City that Radio World readers 
will recall reading about through the years. 

Fordham first filed an application for CP 
to build full Class B NCE FM facilities with 
the FCC in 1983. A long comparative pro¬ 
ceeding, followed by a dispute concerning 
environmental aesthetics with the New 
York Botanical Garden, resulted in 
Fordham halting construction of its 480-
foot self-supporting tower at the 260-foot 
level in 1997. 

Fordham and The Botanical Garden, 
with its own set of experts, worked 
together to ultimately secure City approval 
to construct a new tower and antenna sys¬ 
tem on the roof of a residence complex on 
the edge of the Montefiore Hospital campus 
in the Bronx. The final design implemented 
a 10-bay, polynomial feed antenna designed 
to carefully control the elevation pattern 
and provide full protection to sensitive 
medical electronic equipment in nearby 
medical buildings. 

On April 7, 2005, the FCC issued a con¬ 
struction permit to Fordham and the 
University anticipates construction to be 
completed in early 2006, ending an essen-
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tially quarter-century-long upgrade project. 
This is a good place to point out the skill 

sets that a client may need to look for in a 
broadcast engineering consultant. An FM 
project like the Fordham project, and many 
AM site changes, require that the engineer 
have experience in providing expert testi¬ 
mony before government boards concern¬ 
ing FCC rules and RF safety, an ability to 
work with and appreciate the limitations 
placed on a project by environmental spe¬ 
cialists, land-use experts, civil engineers, 

Alpha Micro Systems. That computer sys¬ 
tem cost nearly $20,000 and used a 4 MHz 
CPU. You can imagine how long it took to 
crank out detailed computations; and 
everything that was output still had to be 
hand-plotted on maps. 

Needless to say, the prime broadcast 
software vendors, Radio Soft and V-Soft, 
have integrated their software in a 
Windows environment allowing good 
graphic output and mapping capability 
with significant accuracy. 

project planners, contractors, adjacent 
property owners, local legal counsel and 
FCC legal counsel. 

Can you talk a bit about how radio broadcast 
engineering has changed over the last 20 
years? 

1 think the biggest changes have been 
associated with the ability to do computa¬ 
tions on a PC with accuracy and precision. 

In the late ’70s, we bought our first 
multi-user mainframe, manufactured by 

On the field side, we see modern 
receivers by companies such as Z-
Technology and Audemat, which allow 
field strength, GPS positioning and map¬ 
ping data to be integrated together to 
provide good, comparative signal level 
data for station use. On the AM side we 
are at a point where the use of a micro-
processor-based product has resulted in 
the introduction of practical, digital, 
hand-held, AM field strength meters. 
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Articles Are Keepers 
I can't believe how great the 

“Engineering Extra” that I just read is. 
I’m really hoping that the articles by 

David Maxson and Bob Surette will show 
up eventually at the Web site with the 
graphics. 

Thanks for the awesome job. 
Dave Obergoenner 

Director of Engineering 
Zimmer Radio Group 
Cape Girardeau, Mo. 

nine years. Prior to that, 1 was doing 
radio engineering for 13 years and just 
find myself reading every article of 
RWEE, especially the stuff on direc¬ 
tional MW antennas, which 1 used to 
work on. 

The topics are good except for some 
that may be using too much math to 
explain concepts. Not that math is bad, 
since it does not go beyond high 
school trigonometry anyway. It is just 

that for a regular radio technician or 
engineer, the agenda is, “How can I use 
this information to do a better job in 
the station? To come up with better 
solutions in my facility design or pro¬ 
jects?” 

Although I am sure that a lot of read¬ 
ers from manufacturing companies are 
devouring the contents of RWEE, I 
would presume that the primary target, 
and correct me if I am wrong, are peo¬ 

ple manning the stations, those who are 
in for the daily grind. 

Thanks and more power to RWEE. 
Rolin Lintag 
RF Engineer 

Victory Television Network 
Little Rock, Ark. 

What’s your opinion on this topic? Write to 
mlrwee@verizon.net or radioworld@imaspub. 
com. 

AM Interference 
Overstated 

1 read your Radio World Engineering 
Extra (Feb. 23) this past weekend and 
found it to be jam packed, cover to cover 
with good stuff. Rackley, outstanding, 
most of LeClair, Schräg, Westberg, 
Whitlock, Guy Wire, great perspective 
Blesser ... page after page terrific. 

Ww/AJ. 
ENGINEERtNO EXTRA j 

My only issue with the otherwise fine 
piece by Michael LeClair was that his con¬ 
clusions concerning AM nighttime IBOC 
interference are not correct. The truth is, 
for all but the clear channel AMs, co¬ 
channel analog AM stations are and will 
continue to be the greatest source of inter¬ 
ference. Co-channel interference causes 
tune-out in the vast majority of cases long 
before IBOC energy has any impact. Most 
of the letter writers and columnists don’t 
really understand the mechanics of the 
existing analog interference or that cre¬ 
ated by IBOC. 

Glynn Walden 
Marlton, N.J. 

Ed. Note: Glynn Walden was instrumen¬ 
tal in the development of IBOC; in honoring 
him with its Radio Engineering Achievement 
Award, NAB called him “the visionary of the 
concept, technical design and economics of 
AM and FM in-band on-channel digital 
radio broadcasting.” 

Too Much Math? 
Thanks for the RWEE that keeps on 

coming. 
I would say I am more of a TV person 

now since I’ve been with TV for the last 

GOT CALLERS? 
STAC'EM! 

No matter what they're talking about, STAC is the best way 
to manage your calls. 

STAC (Studio Telephone Access Center) puts you in control 
of your talk shows, request/contest lines, call-ins and phoners 
with great sound, ease of operation and scalable configura¬ 
tion. Incorporating a pair of Comrex high-performance digital 
hybrids, STAC provides the most natural sounding telephone 
audio — even when conferencing up to four callers. 

The STAC system is available in six (STAC 6) and twelve (STAC 12) 
line versions. Connect up to four control surfaces using standard 
CAT5 cable— no custom cabling required. Best of all, STAC is 
incredibly easy to use — anyone can master it in seconds. 

Use STAC any place there's a web browser! 
If you have a computer, you've already got all the hardware and software 
you need, lust log onto the internet using a standard web browser — NO 
SPECIAL SOFTWARE TO INSTALL — go to your STAC IP address, and you 
are there! STAC 'EM from home, the studio or that great beach in Cancun! 

Cool features include: 
STAC IP allows call control from multiple networked computers. 

Busy-All makes starting contests a breeze. 

Auto-Attendant answers, plays your message and STACs 
callers on hold. Great stress relief for screeners and producers! 

Toll Free: 800-237-1776 • www.comrex.com ■ e-mail: info@comrex.com 
19 Pine Road, Devens, MA 01434 USA • Tel: 978-784-1776 • Fax: 978-784-1717 
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Is HD Radio a good idea for AM or will side 
effects, such as increased interference in 
some cases, make the system untenable? 
Does the prospect of converting the entire 
band to a digital system have an impact on 
the design of AM systems today? 

1 am always concerned when a new 
technology has a negative impact on exist¬ 
ing listeners. There is no doubt that there 
have been cases of stations reaching a par¬ 
ticular market segment with a weak AM 
signal and having that signal essentially 
made unusable by the sideband energy of a 
much stronger second- or third-adjacent-
channel signal. 

I think there are two answers to your 
question. One is that transmitter manufac¬ 
turers, antenna system designers and the 
firm doing the system adjustment take on 
the responsibility to reduce spectrum 
regrowth products to the lowest possible 

value, not just the Ibiquity minimum allow¬ 
able value. It may cost a bit more to do 
that, but I think that is a matter of integrity 
and responsibility on the broadcaster’s part 
as a good neighbor. The adage “do unto 
others as you would have them do unto 
you” is definitely at play here. 

Second, there does have to be some give 
and take in order that the system install 
base can be developed and a listener base 
established. The same thing is occurring in 
TV where there is some allowed interfer¬ 
ence from DTV during the transition phase 
to all-digital. 

Ultimately, I believe that AM HD will be 
a benefit to AM; but owners need to begin 
to ask two key questions. One, how will my 
existing service area change during the 
transition; and, two, what will my final HD 
Radio service area look like? 

How about FM IBOC? How is this affecting 
how stations are being designed? 

There are significant changes that we are 
seeing on the FM side. 

When stations purchase a new antenna 
they are looking to be sure that the 
antenna is designed to give them sure HD 
transmission capability even if they are 
not ready to buy the transmitting equip¬ 
ment at this time. Stations buying new 
analog transmitters are looking at high-
level combining, and, if that will be their 
choice, being sure that the transmitter 
has the added headroom for HD com¬ 
bined operation. New products were 
released for spring NAB 2005. The trend 
continues toward having the HD equip¬ 
ment at the studio to allow full flexibility 
for the future including multichannel 
uses as well as data. This places new bur¬ 
dens on the studio-to-transmitter link for 
significant Mbps data capacity. 

Do you have any comments on the ongoing 
controversy about LPFM? Is there really no 
chance for interference as Mitre suggests or 
should broadcasters remain cautious in this 
area? 

At this point we are really beyond the 

Mitre report in my opinion. On March 17, 
2005, the FCC released a Second Order 
and Further Notice of Proposed 
Rulemaking. At the same time, a freeze on 
the processing of pending FM-translator 
applications was put into effect. It seems 
clear that Congress thinks that the third-
adjacent-channel restriction should be 
removed and that the FCC has the com¬ 
ment process underway. In my opinion, 
broadcasters should consider filing 
informed Comments and Reply 
Comments with the commission realizing 
that it is likely that the restriction will be 
implemented in new Rules. In that cir¬ 
cumstance, my feeling is that comments 
would want to go toward what is a legiti¬ 
mate interference complaint and how it 
should be handled. 

The items had yet to he published in the 
Federal Register at press time; comments were 
to be due 30 days upon publication of the 
Second Order of Reconsideration and Further 
Notice of Proposed Rulemaking (MM Docket 
99-25) ■ 

Adaptive_ 
CONTINUED FROM PAGE 1 

has large-scale variations due to the 
changing constructive and destructive 
interference of the individual RF carriers. 
This interference is caused by an effec¬ 
tively random phase relationship due to 
their differing frequencies and modulat¬ 
ing data streams. 

While the answer to the linearity prob¬ 
lem lies in part in the design of the ampli¬ 
fiers themselves, correction techniques are 
also required in a practical implementation. 

LINEARITY AND THE EFFECT 
ON SPECTRUM 

Interference is one of the most signifi¬ 
cant potential problems when working with 
the HD Radio FM system. The signal 
broadcast by any transmitter may be 
broadly categorized into two classes: inten¬ 
tional and unintentional emissions. 
Intentional emissions include the FM signal 
and the OFDM signal. 

Unintentional emissions include RF har¬ 
monics, spurious emissions and noise. 
While some interference problems may 
have been caused by intentional emissions, 
the focus of this paper is on the mitigation 
of unintentional emissions due to amplifier 
nonlinearity. All real amplifiers deviate to 
some degree from the ideal requirement 
that the gain is independent of input volt¬ 
age. Generally, gain is reduced as input lev¬ 

els increase toward amplifier saturation (see 
Fig. 2). This is referred to as AM-AM dis¬ 
tortion. 

AM-AM distortion may be described by 
a function that relates the magnitude of the 
instantaneous gain to the instantaneous 
input magnitude. 

1) 

3(t>~2a>2 2M-Cû2 3(02-2í0}

Frequency 

Fig. 3: Output of Fifth-Order Model With Two-Tone Input 

Alternately, the AM-AM characteristic 
can be modeled by a Taylor series expan¬ 
sion relating the instantaneous input volt¬ 
age magnitude to the instantaneous output 
voltage magnitude. Either equation 1 or 2 
may accurately represent the AM-AM char¬ 
acteristic of a typical amplifier. 

2) 

The first term of the expansion is the linear 
term. The coefficient a, is the small signal gain 
of the amplifier. For an ideal amplifier, all 
higher-order coefficients would be zero. Even¬ 
order terms of the Taylor series are often not 
used as they cannot produce any distortion 
terms in the band of the fundamental RF 
term.' The effect of this nonlinear model can 
be illustrated by driving this function with a 
two-tone input signal. 

V, = cosjoyj+cosfco,/) 

The response of the Taylor series model 
to a two-tone input signal can be deter¬ 
mined by expanding and using trigonomet¬ 
ric identities. In addition to the 
fundamental and harmonics of the input 
tones, distortion products are produced. 
Third-order intermodulation products, 
IM3, result from the third-order term of the 
Taylor series. 

IM3 occurs in the spectrum at the fol¬ 
lowing frequencies: 
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Mourn 
423.878.3141 fax 

After installing a new Kintronic Wide-Band Directional Antenna System, 
Gary Ellingson said: 

tecifications, craftsmanship, conservative design, precision, 
æ balanced; these are just a few terms I would use to 

gg^equipment from Kintronic Laboratories. With Kintronic 
team, a successful and maintainable system is a realistic 

describe 
on your 
goal." 

10 

“There are sound reasons why Kintronic is on 
the iabei of every directional facility I am 
responsible to maintain.” 

- «Mi—I ' 1 W 
■x V ■ war ■ i i ft Gary L. Ellingson, CPBE 

Heady AM AntelMystemsL 
3.878.4224 Email: ktl@kintronic.com www.kintronic.com 



Fixing “Bored Audio” Problems Solution developed for numerous Logitek customers 

THE ISSUES: 

• Overnight satellite feed set to the wrong channel 

• STL receiver not working correctly 

• Other unattended equipment that goes to your air chain not feeding any audio 

What do you do when you don’t have correct program audio going to your 
transmission chain, but your silence sensor thinks you’re OK? 

For example, you are supposed to broadcast a satellite program overnight, but 
somehow the receiver has the wrong channel selected, instead of an audio feed, 
you get a steady tone. 

Or, what if your STL receiver is somehow damaged by a storm? It loses 
the carrier but isn’t squelching the audio, which results in static being fed to the 
rest of the transmission chain. 

We call these problems ‘Bored Audio’’...a nice, steady feed of noise or a 
constant tone. 

Your silence sensor, which is set for complete drop-outs of audio, doesn’t trigger 
on Bored Audio. 

THE LOGITEK SOLUTION: 

Logitek’s SharcAttack DSP card, a useful option for the Audio Engine router, 

provides both high and low audio alarms. The two can be merged to send 

out an alert when neither has been activated for a predetermined time period. 

Since program audio has dynamics which can be easily monitored by the 

SharcAttack, the Logitek system can tell quickly if you are transmitting Bored 

Audio and trigger your emergency backup sequence or transmission chain. 

With Logitek, you can fix Bored Audio before you lose Bored Listeners (or 

even better, before the GM calls you in the middle of the night!) 

Do you have an interesting application or challenge that was 
resolved using Logitek equipment? We’d love to hear from you. 

silence sensor can detect this. 

Bored Audio: White noise, 
or a steady tone. Your silence 
sensor is happy, but your 
listeners (and GM) aren’t. 

Normal Audio: What you 
want on-air...Logitek can help 
restore it in a hurry. 

For more information on this and other Logitek case studies, 
visit www.logitekaudio.com 

Logitek Electronic Systems, Inc. 
5622 Edgemoor Drive 
Houston, TX 77081 

800.231.5870 / 713.664.4470 
info @ logitekaudio.com 
www.logitekaudio.com Logitek 
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Fig. 5: Uncorrected Amplifier Spectrum 
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The fifth-order term of the Taylor series 
produces fifth-order intermodulation prod¬ 
ucts, 1M5, that occur at these frequencies: 

ERASE 
TITLE 

Lower 
Digital 
Sideband 

Additionally the network analyzer will 
tell us that the phase measured between the 
input and output of the amplifiers was not 
constant during the power sweep. This 
phase characteristic is called AM-PM distor¬ 
tion (see Fig. 4). 

S»P 
H va 
30 

Analog FM 
Signal 

Note that the higher-order terms of the 
Taylor series also contribute to the lower-
order intermodulation products. In this case, 
the IM3 products also have a contribution 
from the fifth-order polynomial term expan¬ 
sion. Fig. 3 on page 8 shows the two tones, 
1M3 and IM5 distortion products. 

The nonlinear response of amplifiers 
may be measured with a network analyzer 
by doing what is referred to as a power 
sweep. In this type of measurement, the 
amplifier is characterized using a single RF 
input tone of varying voltage. As the volt¬ 
age is stepped over a wide range, the out¬ 
put of the amplifier is measured. If the 

Out-of-band interference can happen 
when the transmitter output contains sig¬ 
nals in another broadcast channel. The 
acceptable out-of-band emissions levels are 
currently governed by an emissions mask 
proposed by Ibiquity (see Fig. 6). 

In-band interference with the digital sig¬ 
nal occurs when the unintentional emis¬ 
sions interfere with the OFDM carriers at 
the receiver. This is generally less of a con-

Equation 6 is useful because it suggests 
the amplifier characteristic is essentially a 
complex valued gain defined solely by the 
input signal magnitude. The amplifier com¬ 
plex gain is also defined by the AM-AM and 
AM-PM distortions that may be measured 
and tabulated by a network analyzer. 

As was described by the two-tone analy¬ 
sis shown above, if not corrected for, the 
amplifier nonlinearity will introduce distor¬ 
tion to the signal. Fig. 5 shows the output 
spectrum for a typical FM amplifier operat¬ 
ing with the HD Radio signal. 

This signal contains the upper and lower 
OFDM sidebands that intermodulate in a 
similar manner as the two-tone test 
described above. The 1M3 and 1M5 prod¬ 
ucts can be seen clearly. In addition, the 
carriers of the individual OFDM sidebands 
intermodulate causing skirts. 

The IM products are unintentional emis¬ 
sions from the transmitter that may cause 
several undesirable effects if they are not 
controlled: 

broadcast channels 
/ In-band interference with your HD 

Radio OFDM signal 
/ In-band interference with your FM 

signal 

cern because the QPSK modulated carriers 
are very robust and relatively tolerant of 
noise and interference. It is unlikely that 
any transmitter linear enough to meet the 
proposed emissions mask will have a nega¬ 
tive effect on the OFDM signal-to-noise 
ratio at the receiver. 

In-band interference with the FM signal 
may also occur. This may be more signifi¬ 
cant as the analog signal can be degraded 
by lower levels of emissions than the digital 
signal. The problem worsens if the uninten¬ 
tional emissions are close to the center fre¬ 
quency where the FM receiver is most 
sensitive. Because the FM system is analog, 
this interference could be perceived as 
noise or hiss when using analog receivers. 
Extended hybrid operation may exacerbate 
this situation as the additional OFDM carri¬ 
ers and their local IM products are closer to 
the FM carrier. 

215kHz 

Upper 
Digital 
Sideband 

IM 

SOLUTIONS TO THE 
SPECTRUM PROBLEM 

The amplifier linearity may be improved 
for HD Radio operation by changing the 
class of operation from class C to A/B or 
even class A. This generally has the effect of 
improving the amplifier characteristic at 
low-power input levels at the expense of 
efficiency. Highly linear operation may be 
obtained in this way by increasing the 
amplifier bias currents and reducing the 
peak output power. Typically a 3 dB 
improvement in IM3 products is obtained 
for a 1 dB reduction in output power. 
Unfortunately, this cannot be the complete 
solution due to the increased number of 
amplifiers required. 

Other industries before broadcast radio 
have been coping with the linearity prob¬ 
lem for some time. Many techniques for 
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ATN 10 dB 

Using the functions gm and g^, represent¬ 
ing the AM-AM and AM-PM distortions, 
the relationship of the input voltage to the 
output voltage is shown. 

■BMBW--—— 

output voltage magnitude is divided by the 
input voltage magnitude, a gain characteris¬ 
tic describing the amplifier AM-AM distor¬ 
tion is determined. 

For example, the fifth-order Taylor series 
would have the following gain characteristic: 

4) 
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Fig. 4: AM-PM Characteristic 
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Fact is, SAS packs so much sophisti¬ 
cation and capability into the depths of 
the new Rubicon “ control surface that 
even the most intensive major market 

SAS Connected Digital Network™ 
Rubicon Control Surface 
32KD Digital Audio Router 

RIOLink™ Remote I/O 

programmer or 
board operator 
will swoon. 
Yet Rubicon is 
so intuitive, so 
comfortable, 
so easy to use, the 
weekend intern is 
sure to sound like 
a pro. 

Here's why: 

MIKMMLJS 
Prü?ram1 
Off-Line 

SRC-SEL: i 
Editor 
Phone 2 

Frequently used controls 
are always right at the oper¬ 
ator's fingertips. And for the 
power-user, the multi-function 
"dynamic control matrix" pro¬ 
vides quick access to deeper 
capabilities. In other words, 
Rubicon has a bucket load 
of features for the simplest or 
most complex of broadcast-
related tasks. 

And should you think form 
to precede function, you'll find 
Rubicon's clean, easy-to-under-
stand interface wrapped up 

within a custom-configured, drop-dead 
gorgeous frame. 

Best of all, Rubicon is engineered by 
the brand synonymous with the finest in 
digital audio 
routing and rubicon“ 
network design. When it comes to quality 
and reliability, our name is all over it. 

Come see for yourself Rubicon's brains 
and beauty, power and performance. 

It'll be love at first sight. 

Engineering great radio? 
SIERRA 
AUTOMATED 
SYSTEMS 

For more information call 1.818.840.6749, 
email sales@sasaudio.com or visit www.sasaudio.com. 
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improving amplifier linearity have been 
investigated, including feed forward, feed¬ 
back and Cartesian loop, to name a few. 

Fig. 7: Complementary Gain 
Curves Pre-Correction Principle 

The technique employed by Nautel and 
other HD Radio transmitter manufacturers 
is known as pre-distortion or pre-correc¬ 
tion. Pre-correction is the preferred tech¬ 
nique for Nautel because of its high 
performance, stability, low cost and low 
impact on the transmitter design itself. 

input of the amplifier stages such that the 
overall system is linear (see Fig. 7). Because 
the pre-correction system is at the amplifier 
input, small signal techniques may be used 
making this a more practical solution. 

Mathematically, a nonlinear amplifier 
characteristic g(x) may be corrected for 
with a complementary characteristic h(x) 
such that g(h(x)) = Gx where G is the con¬ 
stant linear gain resulting from the cascade 
of the two systems. For this to be true, G 
h(x) = g‘(x). This technique may correct for 
both AM-AM and AM-PM distortion (see 
Fig. 8). 

Pre-correction systems may be imple¬ 
mented in either the analog or digital 
domain. Analog pre-correction may be lim¬ 
ited in its ability to faithfully produce the 
required inverse characteristic. The degree 
of improvement made by pre-correction is 
determined by how well the two nonlinear 
characteristics are matched. When properly 
adjusted, digital pre-correction generally 
yields excellent results. 

However, even if careful manual match¬ 
ing of the pre-correction curve is done, the 
amplifier characteristic will generally vary 
over time. The causes of varying amplifier 
nonlinearity include temperature effects 
(seasonal or warm-up), load impedance 
changes due to antenna mismatch or icing 
and changes in the operating frequency or 
power level. 

PRE-CORRECTION 
Pre-correction can be defined as placing 

a complementary nonlinear system at the 

ADAPTIVE PRE-CORRECTION 
Designing a system that “learns” the 

nonlinear characteristic will mitigate the 

The industry standard 
reaches new heights 

24-bit/192 kHz converters 

SDiggram 

Hardware sample 
rate converters 
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66 MHz/64-bit 
PCI interface 

Maximum input 
and output level: 

+ 24 dBu 

Presenting the new HR series 
of PCX sound cards 

Digigram's PCX range of sound cards has become the de facto standard 
in the broadcast industry since its launch in 1989. The new HR series sets 
new benchmarks for the industry and underlines Digigram's commitment 

to superior audio quality, reliability, and innovation. 

More powerful DSP 

• Comprehensive 
set of drivers: 
Digigram np, 

WDM DirectSound, 
Wave, ASIO 

Networking Your Sound 

www.digigram.com - Tel: +33 (0)4 76 52 55 01 - sales@digigram.com 

sensitivity of fixed pre-correction lin¬ 
earization systems. This is known as 
adaptive linearization and was first pro¬ 
posed in 1983 by Saleh and Saiz.2

The Nautel system is implemented 
completely in the digital domain (see Fig. 
9). In the forward path, an ideal digital 
signal containing the HD Radio carriers 
and the FM signal (in the case of com¬ 
mon amplification) is synthesized. The 
ideal signal is then pre-corrected using a 
correction curve stored in a look-up table 
or LUT, which stores a large number of 
discrete correction vectors. Each correc¬ 

tion vector can correct for the amplifier 
gain and phase error for a given amplifier 
input voltage range. As the signal ampli¬ 
tude changes over time, many different 
correction vectors are used. 

Still in the digital domain, the pre-cor¬ 
rected signal is then converted to the cor¬ 
rect FM channel frequency and fed to a 
digital-to-analog converter (DAC). The 
analog signal is then fed to the transmit¬ 
ter for amplification. 

In the reverse path, the transmitter 
output is sampled using a directional 
coupler and digitized with an analog-to-

Digital 
Precorrection 

Analog 

Fig. 9: Adaptive Digital Pre-Correction Block Diagram 
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Fig. 10: 1.5:1 VSWR With Fixed and Adaptive Pre-Correction 



Fig. 11:29°C Temperature Rise With Fixed and Adaptive Pre-Correction 

conditions that 
might be found at a 
typical broadcast 
site. 
These measure¬ 
ments were made 
on a Nautel V10 
operating in all-dig¬ 
ital mode as 
required by the dig¬ 
ital transmitter in a 
separate amplifica¬ 
tion system. The 
output power in 
every case is 3 kW 
and the operating 
frequency is 98 
MHz. The spectrum 
analyzer was set to 
1 kHz resolution 

bandwidth and video bandwidth, and sam¬ 
ple detection with a 30-sweep average. 

Each spectrum plot shows the spectrum 
resulting from making a change in the 
operational environment with the adapta¬ 
tion disabled. After the initial measurement 
is made, the adaptation was enabled and a 
second measurement was made illustrating 
the improvement due to the adaptive pre¬ 
correction. 

VSWR Sensitivity 
In this experiment, a 1.5:1 vertical 

standing wave ratio was introduced by 
means of a short circuit stub on the trans¬ 
mitter output. 

The VSWR test shows that adaptive cor¬ 
rection achieved an improvement of 7 dB 
over fixed correction on the lower or worse 
1M3 sideband (see Fig. 10). Also note that 

the fixed pre-correction did not ensure 
compliance with the emissions mask with a 
1.5:1 VSWR. 

Temperature Sensitivity 
In this test the air intake and exhaust 

ports were impeded until the exhaust air 
temperature rose by 50°E This was 
intended to simulate a change in the room 
temperature that might be found with sea¬ 
sonal variations at a site without heating or 
air-conditioning. 

The temperature test shows that adap¬ 
tive correction achieved an improvement of 
8 dB over fixed correction on the lower or 
worse 1M3 sideband (see Fig. 11). Also 
note that the fixed pre-correction did not 
ensure compliance with the emissions 
mask with a 50°F temperature change. 
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digital converter (ADC). The output sam¬ 
ple is then shifted to the same frequency 
as the ideal reference signal at the system 
input. The reference signal is fed through 
a delay register to time-align it with the 
sampled transmitter output signal. By 
subtracting the ideal signal from the 
actual transmitter output, an error signal 
is obtained. This error signal describes 
signal distortion at the transmitter out¬ 
put. 

Using a recursive algorithm, the error 
signal is used to update the pre-correc¬ 
tion curve stored in memory. After each 
iteration of the recursive algorithm, the 
correction vectors in the LUT converge 
on the ideal pre-correction solution such 
that distortion at the transmitter output 
is minimized. 

Utilizing modern digital hardware, the 
conversion time is on the order of a few 
seconds, easily fast enough to correct for 
real-world variations in the amplifier 
non-linear characteristic. 

ADAPTIVE PRE-CORRECTION 
LIMITATIONS 

Saturation: At some point, the amplifiers 
output power cannot be made to increase 
when the input power is increased. As a 
result, the desired output power must be 
set so that the amplifier saturation point 
does not significantly distort the signal 

For the HD Radio signal, Ibiquity 
requires a minimum peak-to-average ratio 
of 5.5 dB at the transmitter output. For 
example, a 10 kW transmitter capable of 
11,000 W peak power should not be dri¬ 
ven beyond 3,100 W average digital power 
in a separate amplification system. If the 
digital power is increased significantly 
beyond this point, amplifier saturation may 
introduce unacceptable emissions outside 
the emissions mask. 

Amplifier memory: The relatively simple 
adaptive pre-correction system described 
assumes that the amplifier is “memoryless.” 
Amplifier memory occurs when the gain at 
any one instant in time is dependent not 
only on the current amplifier input, but 
also on previous amplifier inputs. For sig¬ 
nals of relatively low bandwidth, using 
careful amplifier design techniques, mem¬ 
ory effects can be minimized such that ihe 
effect is not troublesome. 

COMPARISON OF FIXED AND 
ADAPTIVE PRE-CORRECTION 

The following experiments were con¬ 
ducted to determine the improvement 
obtained by using an adaptive pre-correc¬ 
tion system. In each experiment a reason¬ 
able deviation of the amplifiers operational 
environment was made. These changes 
were intended to represent the real-world 

Available now. 
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make your station more competitive. Only BE offers broadcasters 

complete, fully functional and affordable data solutions. The Radio 

Experience is a scalable set of hardware, software and services 
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and weather... even content associated text ads and promotions. 

Whether you want basic "now p'aying" RDS text, playlist related 

e-commerce on your website or any of the dozens of data 

possibilities, BE's got you covered! 

theradioexperience™ 

Broadcast Electronics, Inc. *4100 North 24th Street, RO. Box 3606, Quincy, Illinois 62305-3606 U.S.A. 

Telephone: (217) 224-9600 • Fax: (217) 224-9607 • E-Mail: bdcast@bdcast.com 
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Isolation Requirements in Diplexed 
Medium-Frequency Antenna Systems 
Antenna Coupling Unit Construction Can Have a 
Large Impact on Isolation Performance 
By Ben Dawson 
The author is president/managing partner of Hatfield and Dawson Consulting Engineers, Seattle. 

The vast majority of diplexed 
medium-wave antenna system 
installations are retrofits, instal¬ 

lation of a second frequency on an 
existing antenna system. 

In most cases, if the original antenna 
feed system was of good quality and 
has been well maintained, it is retained 
and the only modification to the geom¬ 
etry of the feed system for the original 
frequency is the installation of series 
and possibly shunt filters for isolation. 

The advent of modern solid-state 
transmitters, which have relatively 
wideband output networks, can make 
the filtering problem much more 
intractable than was the case with the 
high-Q output circuits of tube trans¬ 
mitters. A considerable percentage of 
existing antenna feed systems use 
panel and shelf-mounted networks, 
particularly for ACU installations, 
which can make filtering difficult 
because they’re not shielded by cabi¬ 
netry. 

New system installations with solid-
state transmitters, however, now 
almost always use cabinet-mounted 
antenna feed system equipment, even if 
the cabinets themselves arc located in 
ACU buildings. The tendency of the 
equipment vendors is to supply equip¬ 
ment in stand-alone boxes. Sometimes 
these contain both an ACU network 
and filter, and sometimes, particularly 
for the filters on the existing frequency, 
these are in separate boxes. 
Occasionally, when there is “pre-
matching" common to both feeds. 

there will be common tower feed from 
one of the cabinets. 

NAGGING IM COMPONENTS 
In cases where the frequency spacing 

is less than about 200 kHz, and separate 

enclosures are used for the ACUs and 
filters, we have sometimes encountered 
substantial difficulty in reducing inter¬ 
modulation components to -80 dB 
below carrier as required by the FCC 
Rules (47 CFR 73.44). In each instance 

we have investigated, the difficulty was 
the result of circulating RF current in 
ground loops created by the cabinetry 
or panel layout and interconnection 
practices. 

Fig. 1 shows the “retrofit” installa-

PLAN VIEW 

PARAI lEl GROUND STRAP 
OR SOME TYPE Of QUAS1-COAXIA1 

ARRANGEMENT 

PROFILE VIEW 

Fig. 1: Retrofit Diplexer Installation Fig. 2: Retrofit Diplexer Installation Modified to 
Reduce Induced Current From Tower 

RLTRONIC R€ 
Performance 

OUTDOOR DUMMY LOADS 
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Convection-Cooled Resistor Loads 
Designed for Outdoor Applications 

Available in 6kW, 12kW & 20kW Power Ratings 
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No AC Power Required 

J® RLTRONIC R€S€ARCH INC. 
P.O. Box 249 Yellville, Arkansas 72687 870-449-4093 Fax: 870-449-6000 

E-mail: altronic@mtnhome.com Web Site: http://www.aitronic.com 
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tion where the original ACU (not 
shown) is in a transmitter building to 
the right, a new ACU is in the new 
transmitter building on the left, and a 
cabinet with filters for each frequency 
and a common pre-match reactance is 
located between the new building and 
the tower. 

The 2frf2 intermodulation product 
from the new transmitter was found to 
be down only about -65 dB, although 
the similar (2f2-f,) product from the 
original transmitter on the site was 
nearly undetectable — well below -80 
dB. The filter, pretuned by the manufac¬ 
turer, was found to be optimally 
adjusted when checked. However, a 
substantial amount of undesired carrier 
could be observed on the common¬ 
point bus of the second, newly 
installed, feed system equipment. 

A visual inspection disclosed that the 
ground connections between the cabi¬ 
net and the transmitter building were at 
grade, although they were made with 
multiple parallel straps as was recom¬ 
mended. As noted by the “arrow circle” 
in Fig. 1, however, there was a large 
loop consisting of the ACU box, the 
ground strap, the filter box and the 
feeder. 

At the filter end, the feeder-ground 
connection was essentially zero imped¬ 
ance due to the shunt filter network. At 
the ACU end, the impedance was mod¬ 
est but not high at the undesired fre¬ 
quency. The orientation of the 
equipment with respect to the tower 
and its magnetic (“H”) field characteris¬ 
tics near the tower base resulted in sub-

Fig. 3: Use of Strap to Create Quasi-Coaxial Feed 

stantial current flow at the undesired 
frequency. This “current loop” is on the 
input side of the filter, and so current at 
the undesired frequency appears at the 
transmitter, resulting in intermodula¬ 
tion. 

SOLUTIONS 
Fig. 2 shows an effective ameliora¬ 

tion method. 
If the feed itself is paralleled with a 

ground strap, or better yet, enclosed in 
a coaxial or “quasi-coaxial” arrange¬ 
ment, the current will flow in the 

ground or outer conductor of the 
“quasi-coax” and the induced current 
into the feed system can be minimized. 
In low-power installations a short piece 
of foam Heliax or Foamflex can be 
used, as long as care is taken not to 
exceed its voltage breakdown ratings. 
In high-power installations an “outer 
conductor” can be fashioned from one-
inch or two-inch (2.5 or 5 cm) strap of 
appropriate thickness. 

Of interest is why the (2f2-f,) prod¬ 
uct from the original transmitter did 
not occur at a high level as well. In the 

geometry of this installation, the feed 
from the filter to the original ACU is at 
such an angle to the tower that it is not 
well coupled to the displacement cur-

c rent-generated H-field, and has approx-
j imately equal segments extending each 
° direction from the point closest to the 
g tower, resulting in minimum coupling, 
g When the pipe feeder was shielded 
E with a new set of coaxial-arranged 
5 ground bus straps (see Fig. 3), and the 
g ACU was retuned to compensate for its 
g effects, the (2f2-f2) product from the 
S second frequency transmitter also fell 
G well below -80 dB from carrier. 
§ It’s important to pay attention to the 
§ magnetic field coupling among the var-
! ious portions of this type of intercon-
* nected system. In at least one instance 
$ a diplexing filter that was on an open 
g panel on the inside of a wood-frame 
8 ACU building located about one meter 
I from a tower had enough current from 

the magnetic field of the tower induced 
into an inductor to cause a damaging 
arc, even though the induced energy 
was picked up from another transmitter 
site a kilometer or so away. 

This diplexing equipment had only 
series filters and very short multiple 
ground-strap connections between adja¬ 
cent panels, because the frequency 
spacing was well over 200 kHz, so the 
filtering wasn’t compromised by the 
geometry of the equipment. 

In general, systems with wide fre¬ 
quency spacing don’t usually suffer from 
unintended coupling since the transmit¬ 
ters themselves offer better discrimination 

ISOLATION, PAGE 24 
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The world's best* IP-Aud 
*Okay, you caught us. It's also the world's only I 

Everybody needs to share audio. Sometimes just a few signals — sometimes a few hundred. 
Across the hall, between floors, now and then across campus. Routing switchers are a convenient 

way to manage and share your audio, but will your GM really let you buy a router that costs more 

than his dream car? Unlikely. 

If you need a routing switcher but aren't made of money, consider Axia, the Ethernet-based audio 

network. Yes, Ethernet. Axia is a true network. Place our audio adapter nodes next to your sources 

and destinations, then connect using standard Ethernet switches and Cat-6. Imagine the simplicity 

and power of Ethernet connecting any studio device to any other, any room to any other, any build¬ 

ing to any other... you get the idea. 

Axia SmartSurface provides the perfect blend of flexible features and intuitive control. 
Easy to learn and easy to use, it’s tailor-made for talent-intensive formats. 

Programmable soft 
keys and recording 
device transport 

control buttons give 
instant control of all 

audio functions. 

Ergonomically 
designed channel 
start and stop but¬ 
tons, with guards 
that prevent acci¬ 
dental activation. 

Each channel’s main, 
special-purpose, 

phone and preview 
assignments are 
quickly accessible. 

Automatic mix-minus 
for each fader! 

Available Telos Con¬ 
sole Director panel 
with Status Symbols® 
provides easy, intui¬ 
tive control of phone-

based segments. 

'This sounds expensive." Just the opposite, really. Axia saves money by eliminating 
distribution amps, line selectors, sound cards, patch bays, multi-pair cables, and tons 

of discrete wiring — not to mention the installation and maintenance time you'll 

recover. And those are just side benefits: our hardware is about half the cost of those 
big mainframe routers. That's right... half.. Once you experience the benefits of networked audio, 

you will never want to go back. 

AxiaAudio.com 

Routers are OK... 
but a network is so 
much more modern. 
With Axia, your ins 
and outs are next 
to the audio, where 
they belong. No 
frame, no cards, 

no sweat. 

Put an Axia 
Microphone Node 
next to your mies 
and send preampli¬ 

fied audio anywhere 
you need it, over 

Ethernet — with no 
line loss or signal 

degradation. 

BALSYS 

We're already work¬ 
ing with some great 
companies. Check 
AxiaAudio.com to 
find out who ’s next. 

id products are available in the USA from Broadcasters General Store and Broadcast Supply Worldwide. See www.AxiaAudio.com/buy/for more in 



broadcast studio system. 
Iio broadcast studio system. Damned marketers. 

Scalable, flexible, reliable... pick any three. 
An expensive proprietary router isn't practical 

for smaller facilities. In fact, it doesn't scale 

all that well for larger ones. Here's where 

an expandable network really 

shines. Connect eight Axia 

8x8 Audio Nodes using Cat-6 

cable and an Ethernet switch, 

and you've got a 64x64 routing switcher. 

And you can easily add more I/O whenever 

and wherever you need it. Build a 128x128 

system... or 1024x1024.. use a Gigabit fiber 

backbone and the sky's the limit. 

Put your preamps 
where your mies are. 
Most mainframe routers 

have no mic inputs, so you 

need to buy preamps. With Axia you get 

ultra-low-noise preamps with Phantom power. 

Put a node in each studio, right next to the 

mies, to keep mic cables nice and tight, then 

send multiple mic channels to the network 

on a single Cat-6 cable. And did we men¬ 

tion that each Mic Node has 

eight stereo line outputs for 

headphones? Nice bonus. 

With a little help from our friends. 
A networked audio system doesn't just 

replace a traditional router — it improves 

upon it. Already, companies in our industry 

are realizing the advantages of tightly inte¬ 

grated systems, and are making new products 

that reap those benefits. 

Working with our partners, 

Axia Audio is bringing new

thinking and ideas to audio distribution, 

machine control, Program Associated Data 

(PAD), and even wiring convenience. 

Are you still using PC sound cards? 
Even the best sound cards are compromised 

by PC noise, inconvenient output connectors, 

poor headroom, and other gremlins. Instead, 

load the Axia IP-Audio Driver for 

Windows® on your worksta¬ 

tions and connect directly 

to the Axia audio network 

using their Ethernet ports. Not only will your 

PC productions sound fantastic, you'll elimi¬ 

nate sound cards and the hardware they usu¬ 

ally feed (like router or console input 

modules). Just think of all the cash you'll save. 

Put your snake on a diet. 
Nobody loves cable snakes. 

Besides soldering a jillion 

connectors, just try finding the 

pair you want when there's a change to 

make. Axia Audio Nodes come in AES/EBU 

and balanced stereo analog flavors. Put 

a batch of Nodes on each end of a Cat-6 

run, and BAM! a bi-directional multi¬ 

channel snake. Use media converters and 

a fiber link for extra-long runs 

between studios — 
or between buildings. 

Would you like some control with that? 
There are plenty of ways to control your Axia 

network. For instance, you'll find built-in 

webservers on all Axia equipment for easy 

configuration via browser. PathfinderPC® 

software for Windows gives you central 

control of every audio path in 

your plant. Router Selector 

nodes allow quick local source

selection, and intelligent studio control 

surfaces let talent easily access and mix any 

source in your networked facility. 

Livewire 

M 
< - > 100 *1000 

There ’s a better way 
to get audio out of 
your PC. No more 

'At" connectors - with 
Axia your digital 
audio stays clean 

and pristine. 

An Axia digital audio 
snake can carry hun¬ 
dreds of channels of 
digital audio on one 

skinny CAT-6 cable. We 
know you ’re not going 
to miss soldering all 

that multi-pair... 

Control freaks, 
rejoice: PathFinderPC 
software for Windows® 
gives you systemwide 
control of all routing 
functions with just a 
click of your mouse. 

5 2004 TLS Corp. All rights reserved Asia, SmartSurfaee and Status Symbols are trademarks of TLS Corp. All other trademarks and likenesses arc property of their respective owners 
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How to Broadband AM Antenna Systems 
Use Calculation and Proper Construction to Optimize Phasor Performance 
By W.C. Alexander 

The author is director of engineering, Crawford Broadcasting Corp. 

Presumably, the FCC eventually will 
open the door for AM nighttime 
IBOC. When that happens, a flood of 

conversions probably will follow. But even 
now, many stations are making prepara¬ 
tions or making the jump to digital. 

One thing that engineers are finding, 
however, is that many of their antenna sys¬ 
tems are not quite up to the task. 

Fig. 1: Tee-Network Block Diagram 

AM antenna systems present unique chal¬ 
lenges for IBOC transmission. Impedance 
bandwidth and pattern bandwidth are two 
measures that have a dramatic effect on a sta¬ 
tion’s performance in the digital mode. Here, 
we will consider impedance bandwidth, 
which applies to both directional and nondi-
rectional antennas. 

It’s fairly easy to match just about any 
reasonable load to a 50-ohm transmission 
line. This can be done with an L-network, a 
tee-network, a pi-network or in some cases, 
a single series component. As long as we’re 
dealing with an unmodulated carrier, any 
of these methods will yield acceptable 
results, presenting a 50-ohm nonreactive 
load to the transmission line. 

The trouble starts when we apply modu¬ 
lation and introduce frequency components 
that are at other than the center (carrier) 
frequency. At first glance, one wouldn’t 
think that a 10 kHz difference in frequency 
would make all that much difference. But at 
AM frequencies, that can be about 2 per¬ 
cent of the operating frequency. Translated 
to the FM band, that represents a 2 MHz 
change, or 4 MHz of overall bandwidth. 
Thinking in those terms, it becomes clear 
that we are talking about a significant 
amount of bandwidth. 

For IBOC, tests have shown that to pre¬ 
serve perfect hybrid-mode digital and analog 
reception, you need variable standing wave 
ratio (VSWR) values of 1.11:1 or better at ±5 
kHz, 1.25:1 or better at ±10 kHz, and 
1.40:1 or better at ±15 kHz. The VSWR tol¬ 
erance can be increased somewhat if a 3 
o'clock or 6 o’clock cusp rotation is used. 
We’ll talk more about cusp rotation later. 

So our mission becomes one of design¬ 
ing a matching network with load imped¬ 
ance that meets the above specification. 
This is no small challenge. 

Manufacturers of AM tuning and cou¬ 
pling equipment, such as Kintronic 
Laboratories, have some powerful custom 
software tools available to them that allow 
them to tailor a network design to a partic¬ 

ular situation. While these tools are nice 
and a real time saver, the truth is there is no 
“magic” involved. Every AM engineer has 
the basic tools necessary to design a broad¬ 
band matching network. Employing these 
basic tools to achieve the desired results 
simply requires tenacity and patience. 

To keep things relatively simple, we will 
limit this discussion to a nondirectional 
radiator and matching network. The same 
principles apply to directional systems, as 
each tower has a matching network. The 
only caveat with directional systems is that 
the phase shift of each matching network 
on the sideband frequencies must be con¬ 
sidered. 

BEGIN WITH MEASUREMENTS 
The starting point for any network design 

is a set of careful and accurate impedance 
measurements across the desired network 
passband. This means that something more 
than the transmitter and operating imped¬ 
ance bridge (O1B) will be needed. 

Fig. 2: Simple Tee-Network Schematic 

A signal generator, impedance bridge and 
detector will be needed to measure the 
impedance at each frequency. I use a 
Potomac SD-31 combination synthesizer/ 
detector along with a trusty General Radio 
1606B impedance bridge. With this hard¬ 
ware, I can very accurately measure a wide 
range of resistance and reactance while 
maintaining a degree of immunity from 
received skywave signals that can confuse 
the measurements. Other equipment com¬ 
plements can work just as well. 

Disconnect the antenna from the existing 
tuning network, but leave lighting and static-
drain chokes connected because these are 
part of the net impedance of the tower. 
Measure the resistance and reactance in 5 kHz 
increments. Be sure to correct the measured 
reactance for frequency in accordance with 
the instructions supplied with the bridge. 

With the impedance sweep in hand, the 
math begins. Using the standard tee-net¬ 
work formulas, calculate the nominal val¬ 
ues for X, (input), X2 (shunt) and X, 
(output) using the measured resistance and 
reactance values for the carrier frequency. 
See the block diagram in Fig. 1 for a basic 
tee-network layout. 

Table 1: Impedance Sweep of 76-degree Tower 

Frequency Resistance Reactance 
985 23.1 -58 0 
990 23.4 -j56 0 
995 23 8 -j54 0 
1000 24.1 -j52 1 
1005 24 5 -j50 1 
1010 24.9 -j48 1 
1015 25.2 -46.1 

For our hypothetical nondirectional 
antenna, a -90 degrees network is a good 
place to start. All three legs in such a net¬ 
work will be of equal absolute value except 
X3, which will be adjusted to cancel out the 
reactance of the load. The tee-network for¬ 
mulas are as follows: 

1) 

where: ß = desired phase shift 

Let's run through an example. In this 
case, the impedance data is from a series-
fed 24-inch face tower 76 electrical degrees 
tall on the 1000 kHz carrier frequency. The 
measured impedance sweep is shown in 
Table 1. 

Applying the tee-network formulas, a 
-90 degree network would require the fol¬ 
lowing leg reactances: 

X, = +j34.7 
X2 = -j34.7 
X, = +j 34.7 + j 52.1 = +J86.8 

For X,, 5.5 pH of inductance is required 
to produce +j34.7 ohms of reactance on 
1000 kHz. X2, the shunt leg, will obviously 
require a capacitor in series with a coil to 
achieve the negative reactance for that leg. 
A 0.002 pF capacitor is chosen in series 
with 7.14 pH to yield the proper net reac¬ 
tance. For X3, a 13.8 pH inductor will yield 
the desired +j86.8 ohms of reactance. Fig. 2 
is a schematic of this network. 

At carrier frequency, in this case 1000 
kHz, the above combination of components 
will produce 50 jO ohms at the network 
input, which is the impedance of the trans¬ 
mission line and thus the desired input 
impedance of the network. The trouble is 
that the components used to make up the leg 
reactances have different reactance values on 
frequencies other than carrier. For the capaci¬ 
tors, the reactance decreases with increased 
frequency and vice versa; it is just the oppo¬ 
site with inductors. Thinking this through, it 

becomes clear that the X< and X, go in oppo¬ 
site directions for changing frequency. 

Take the shunt leg, for example. Our 
7.14 pH inductor has a reactance of +J44.9 
ohms on 1000 kHz and our 0.002 pF 
capacitor has a reactance of -j79.6 ohms. In 
series, the net reactance is +j44.9 -j79.6 = 
-j34.7 ohms. Now, let’s try this again on 
1010 kHz, the +10 kHz sideband fre¬ 
quency. The 7.14 pH presents a reactance 
of +j45.4 ohms, and 0.002 pF represents 
-j78.8 ohms. The net is then +j45.4 -j78.8 
= -j33.4 ohms, a difference of over an ohm. 

If we run the numbers for the shunt and 
input leg components, we get net reactances 
of: X, = +j34.9, X2 = -j33.4 and X, = +j87.6 
at the sideband frequency of 1010 kHz. 

With known load impedance and leg 
values, we can calculate the input imped¬ 
ance of our network using the following 
formula set. Don't be daunted by the math. 
The formula set is easily programmed into 
computer code or a programmable calcula¬ 
tor. There are commercial computer pro¬ 
grams available to help with the 
calculations. 

The input resistance is calculated by: 

Where: 

B T =-

B-LOAD +  .1 

.1 — ^LOAD + ^3 

R 2 + X 2^LOAD ' A 

The input reactance is calculated by: 

^IN “ ^1 +  ̂ P 

Where: 
5) 

^P 
Yr 

bt2 +yt2
BROADBAND. PAGE 20 
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Broadband 
CONTINUED FROM PAGE IB 

Now, if we run these 1010 kHz leg reac¬ 
tance values through the above formulas 
using the 1010 kHz load R and X values, 
we find that the input impedance of the 
network will be 42.5 -j8.8 ohms, providing 
a VSWR of 1.29. VSWR is calculated using 
the following formula: 

Where: 
zo = characteristic impedance of the transmis¬ 
sion line in ohms 

r = input resistance of the network 

X = input reactance of the network 

That VSWR value of 1.29 does not meet 
the 1BOC specification. Calculating the leg 
values on 1015 kHz yields a VSWR of 1.46, 
also outside the IBOC specification. 
Running the numbers for the whole pass¬ 
band yields the input impedance sweep in 
Table 2. 

A CHANGE OF PHASE 
So what can we do to make the network 

work for us within the IBOC specification? 
Quite often, a good place to start is chang¬ 

ing the phase shift of the network to obtain a 
more symmetrical passband. In our example, 
the lower sideband VSWR is much lower than 
the upper sideband VSWR. Decreasing the 
phase shift of the network from -90 degrees to 

Table 2: Network Input Impedance Sweep, Try 1 

Freq. Rix Xin VSWR 
985 50.2 174 1 41 1 
990 51.9 +11.7 1 26 1 
995 51.7 +5.6 112 1 
1000 50.0 0.0 1 00 1 
1005 46.7 -5.0 1.13 1 
1010 42.5 -j8 8 1.29 1 
1015 38 22 -11.7 1.46 1 

-72 degrees gives better results. Using the tee 
network formulas, the nominal values for X,, 
X, and X, calculate to be +¡20.25, -j36.50 and 
+j80.77 respectively. The resulting impedance 
sweep is shown in Table 3. 

Note that the reactance decreases with 
increasing frequency, which is normal. We 
can counter this slope, however, if we add a 
high-reactance capacitor to the input leg as 
illustrated in Fig. 3. The net reactance of 

Fig. 3: Tee-Network With Input Leg Slope Correction 

the leg on carrier must still be +j20.25 
ohms, but the L-C ratio produces a slope 
that can be beneficial. 

In our example, I experimented with dif¬ 
ferent capacitor values and finally settled 
on 0.0004 pF and 66.55 pH in the input 
leg. Again, running the input formulas this 
combination yields the sweep shown in 
Table 4. Note how this slope counters the 
slope of the input reactance of the network 
on the sidebands. 

If we check it on the 5 kHz sideband fre¬ 
quencies, we find that we have 1.04:1 on 
both sides. This presents what appears to 
be an excellent load for IBOC operation, 
well within the specification. The caveat 
here is that IBOC compatibility is more 
than just impedance bandwidth. Tests have 
shown that symmetry considerations seem 
to be more important than the impedance 
guidelines. For example, a broadband net¬ 
work where the input impedance locus is 
wrapped around tightly while meeting the 
stated VSWR limits would likely perform 
worse for IBOC than a network with a sym¬ 
metric cusp with the VSWR slightly outside 
the limits. 

Still, slope correcting for bandwidth is a 
good place to start. From there, you can 
plot the input impedance sweep on a Smith 
chart and then experiment with the input 
leg and the phase rotation, as we have done 
in Fig. 4, to get the desired symmetry. Our 
example, by the way, plots on a Smith chart 
as a more-or-less symmetrical 9 o’clock 
cusp. 

It’s true that we arrived at this solution 
using trial and error. But we did so making 
educated guesses based on measured data 
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PULSECOM apt-X™ 

HIGH DEFINITION 
VOICE 

BROADCAST 

QUALITY 

AUDIO! 

Telco High Definition Digital Program Audio 

Acclaimed apt-X™ Audio Quality 
/ Transparent Digital Coding delivers outstanding fidelity 
/ Low Latency — ideal for monitoring applications 
/ Free of "cascading CODEC" and "Listener Fatigue" issues 
/ Multiple tandem connection support 
/ Automatic alignment, zero loss High Definition Audio 

Universal Telco Connectivity 
/ High performance alternative to Western Electric™ KS20159L3, 

Tellabs™ 4008 and D4 Program Channel Units 
/ Full ANSI T1.505 compliance 
/ Best-in-class reach to serve remote locations 
/ Compatible with Digital Loop Carrier systems 
/ Campus mode delivers service over 3 miles of twisted pair 
/ Lightning hit protection and Zone 4 seismic compliance 

Call Pulsecom at (800) 381-1997 for a 
Complementary Technical Overview and Manual 

Ask yourTelco for Digital Program Audio Service with Pulsecom's PCAU 

www.pulse.com 
800-381-1997 
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Control 

TOOLS 

Freaks 

SRC-8 III SERIAL REMOTE CONTROL 

Manufactured with 
Pride in the USA 

up to 38400. The SRC-8 III may be expanded to 
inputs X 32 outputs Optional external Ethernet 
capabilities may oe added with the SP-1. 
The SRC-8 III may be set on a desktop, 
mounted on a wall or up to three units Jjl 
mounted on the RA-1, Rack-Able 
mounting shelf 

Ph: 360.854.9559 • Fax: 360.854.9479 
support@broadcasttools.com 
www.broadcasttools.com 
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GPI-32 
The GPI-32 interfaces 32 optically isolated inputs to a RS-232 or USB port. The GPI-32 is equipped 
with both dual plug-in Euroblock connectors and two independent DB-37 connectors that may be 
interfaced directly to the DB-37 connectors located on the StarGuide ll/lll relay cards. Additional 
features; dual RS-232 connectors, one for daisy-chaining multiple units on the same legacy serial 
port and a DB-9 to interface to our USB adapter; LED indicators for power and input activity; twin 
power connectors allowing up to four units to be dnven off of one power transformer. The GPI-32 is 
powered by a surge protected internal power supply. The optional RM-3 may be added for rack mount 
applications. 

SRC-2/SRC-2X 
The tiny TOOLS SRC-2 interfaces two optically 
isolated inputs and two SPST relays to a RS-232 
or USB port, while the SRC-2x does this via a 
10/100baseT Ethernet port. Both the SRC-2 and 
SRC-2x can notify a users PC software program 
that any of two optically isolated inputs have been 
opened or closed and allows your software to 
control two SPST, 1-amp relays. The SRC-2x is 
also able to send an email when either of the 
two inputs change state. The user may also 
add up to 48 ASCII strings per input and 16 
user defined string per relay. Communication 
with the SRC-2(x) is accomplished via short "burst" 
type ASCII commands from the users PC. Also, 
two units may be operated in a standalone mode 
(master/slave mode) to form a "Relay extension 
cord," with two channels of control in each direction. 
The SRC-2 communicates using RS-232 at 
baud rates up to 9600 and the SRC-2x via 
10/100baseT Ethernet. The SRC-2(x) is 
powered by a surge protected internal power 
supply. Either unit may be rack mounted on the 
nntinnal RA-1 mnuntinn shelf 

SRC-8 III 
The SRC-8 HI is a computer interface to the real world. Connection through an 
RS-232 or RS-422 serial port the SRC-8 III can notify your PC software program that 
any of 8 opto-.solated inputs have been opened or closed and allows your software 
to control eight SPDT, 1-amp relays. Communication with the SRC-8 III can 
be accomplished via short "burst" type ASCII or binary commands from 
your PC (computer mode). Also, two units can be operated in a 
standalone mode (master/slave mode) to form a "Relay extension 
cord," with 8-channels of control in each direction. The unit 
can communicate using RS-232 or RS-422, at data rates 

SRC-32 
The SRC-32 is a computer interface to the real world. Connection through an RS-232 or RS-422 
serial port the SRC-32 can notify your PC software program that any of 32 -optically isolated inputs 
has been opened or closed and allow your software to control eight SPDT, 1-amp relays and an 
additional 24 open collector outputs. Communication with the SRC-32 can be accomplished via short 
burst type ASCII or binary commands from your PC (computer mode). Also, two units can be operated 
in a standalone mode (master/sfave mode) to form a "Relay extension cord," with 32-channels of 
control in each direction. The unit can communicate using RS422 or RS232, at data rates up to 38400. 
The SRC-32 may be expanded to 128 inputs x 128 outputs. Optional external Ethernet capabilities 
may be added with the SP-1. The optional USB-RS-232 adapter may be added for USB operation. 
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and calculations. And so often, in the world 
of AM antennas, this is the way things are 
done. 

FUNDAMENTALS OF 
PHASOR LAYOUT 

There are a few other tricks of the broad¬ 
banding trade that are worth mentioning. 
Minimizing stray reactances and coupling 
through good construction practices and 
series bandwidth correction circuits are two 
such tricks. 

exhibit both series inductance and shunt 
capacitance. We know that going in. 
However, we can often take steps to mini¬ 
mize strays. 

The first and most important step in min¬ 
imizing stray reactances is to keep the 
plumbing as short as possible. A well-
thought-out component layout is crucial to 
good impedance bandwidth. There are prac¬ 
tical — and, often, mechanical — issues to 
be addressed in the component layout, but 
where we have a choice, a component layout 
that keeps the tubing and strap runs to a 
minimum will result in better impedance 
bandwidth than other layouts. 

If it’s possible, for example, to mount a 

Table 3: Network Input Impedance Sweep, Try 2 

Freq. Rin Xin VSWR 
985 41 7 + 11.9 1.37 1 
990 45.2 +8.9 1.24 1 
995 48 1 +4.8 111 1 
1000 50.0 0.0 1 00 1 
1005 50.6 -5.6 1.12 1 
1010 49.7 -jll.2 1.25 1 
1015 47 6 -16.4 1 40 1 

The key to maintaining good impedance 
bandwidth in any antenna system is mini¬ 
mizing unwanted reactances. These reac-

capacitor so that it connects to a series coil 
with a six-inch piece of tubing without any 
hard bends and where the groundside 

Fig. 5: Use all three axes to minimize coupling. 

tances come in various forms, including 
lead inductance, distributed capacitance, 
mutual coupling and the reactance slope of 

flange is bolted directly to 
the copper ground strap 
instead of connecting via 
tubing or strap, the stray 
reactances will be much 
lower. We can, of course, 
tune that leg of the network 
so that the strays are taken 
into account on carrier. On 
the sidebands, however, the 
strays introduce another set 
of variables. Getting rid of or 
minimizing them makes the 
performance more pre¬ 
dictable, improves band¬ 
width and reduces losses. 
Mutual coupling and dis¬ 

tributed capacitance are 
bandwidth killers and loss 
producers. Two coils, for 
example, that are mounted 
close to one another and in 
the same plane do not func¬ 
tion only as series inductors. 
The combination also acts as 
a transformer with one coil 
acting as a primary and the 
other as a secondary. One 
coil induces a current into 
the other. The effect that 
such a configuration will 
have on bandwidth, phase 
shift and loss is tough to pre¬

dict, but it is seldom beneficial. 
Space and orientation are the keys to 

minimizing mutual coupling and distrib-

At first glance, one wouldn’t think that a 10 kHz 

difference in frequency would make all that much 

difference. But at AM frequencies, that can be 

about 2 percent of the operating frequency. 

the load. Some of these things we can 
address during design and construction, 
but some things we have to live with. Our 
goal should be to mitigate unwanted reac¬ 
tances as best we can. 

Stray reactances from component leads 
(tubing and strap) are a fact of life. Any 
given piece of wire, tubing or strap will 

uted capacitance. To have good spacing 
between individual components and 
between components and ground, you 
must have adequate room in the enclosure 
or chassis. Bigger is better. At the same 
time, you have no doubt already figured 
out that increased component spacing runs 
counter to shorter component leads, and 

that’s very true. It’s a trade-off, and the 
designer has to weigh the pros and cons of 
each aspect in the layout decision-making 
process. 

In my experience, axis is as important if 
not more so than spacing. Take the exam¬ 
ple of two coils in the input and output legs 
of a network. Mounting those two compo-

shield between components. 
For example, a coil can be mounted in 

close proximity to another coil, with their 
turns parallel and with a grounded parti¬ 
tion between them, without much worry 
about coupling between the two coils. A 
relatively large-diameter hole must be pro¬ 
vided through the partition for the connect-

Freq. Rin X|N VSWR 
985 41.7 -0.1 1.20 1 
990 45.2 +0.9 111 1 
995 48.1 +0.8 1.04 1 
1000 500 00 1 00 1 
1005 50.6 -1.6 1 04 1 
1010 49.7 -j3.3 1.07 1 
1015 47.6 -4.5 111 1 

Table 4: Network Input Impedance Sweep, Try 3 

Frequency 985 1000 1015 
Original X + 12 0 -16 
Original VSWR 1.37:1 1 00 1 1 40:1 
Network X -6 0 +6 
Corrected X +6 0 -10 
Corrected VSWR 1.24:1 1 00:1 1.24:1 

Table 5; Effects of Series Correction Network 

nents close together would be beneficial for 
minimizing stray reactances, but the two 
coils will couple like the windings of a 
transformer, which is not desirable. If we 
take one of the coils and turn it 90 degrees 
from the other one (so that the turns of one 
coil are perpendicular to the turns of the 
other), we virtually eliminate the coupling. 
Now we can mount the two coils close 
enough together to minimize lead induc¬ 
tance. 

You might be thinking that this is fine 
for any two legs of a three-leg tee-network, 
but what about the third leg? How are we 
going to mount that component so that it is 
not in the same axis as either of the other 
two? The answer is to use all three mount¬ 
ing dimensions. 

Within an ATU or phasor cabinet, side 
walls can be used for component mount¬ 
ing, or partitions can be installed that are 
perpendicular to the plane of the back wall. 
Partitions are more useful in many cases 
than sidewalls because they can be placed 
in the most advantageous location and they 
can be used to provide an electromagnetic 

ing tubing (large diameter to provide 
adequate spacing), but this has little effect 
on coupling if the coil is mounted out of 
the aperture of the hole. Fig. 5 is a photo of 
a properly constructed network using all 
three axes. 

Another important consideration for 
minimizing both distributed capacitance 
and coupling is the routing of intercon¬ 
necting tubing. Running two pieces of 
tubing parallel to one another in close 
proximity for any distance should be 
avoided. There are almost always situa¬ 
tions where such tubing or strap must 
cross or pass in close proximity, but when¬ 
ever possible such runs should be laid out 
so that this takes place with the runs per¬ 
pendicular to one another. 

Long tubing runs parallel to a 
grounded surface will exhibit significant 
amounts of distributed capacitance. This 
can be minimized by increasing the spac¬ 
ing between the tubing and the parallel 
grounded surface. Use eight-inch stand¬ 
off insulators, even if four-inch or six-
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JUST ENOUGH TEST 

Is your bulky bench analyzer more test than you 
use and more weight than you want? 

Sophisticated Minstruments from NTI give you just enough test capability, plus functions not 
even available on their larger siblings... 

and these flexible instruments fit in the palm of your hand 

ML1 Minilyzer 
Analog Audio Analyzer 

The ML I 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, but also VU+PPM 
meter mode, scope mode, a 1/3 octave analyzer 
and the ability to acquire, measure and display 
external sweeps of frequency response generated 
by the MR1 or other external generator. 

With the addition of the optional MiniSPL 
measurement microphone, the ML 1 also functions 
as a Sound Pressure Level Meter and 1/3 octave 
room and system analyzer. Add the optional 
MiniLINK USS computer interface and Windows-
based software and you may store measurements, 
including sweeps, on the instrument for download 
to your PC, as well as send commands and display 
real time results to and from the analyzer. 

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

measurements k2—k5 
► VU + PPM meter/monitor 
► 1/3 octave spectrum analyzer 
► Frequency/time sweeps 
► Scope mode 
► Measure signal balance error 
► Selectable units for level measurements 

DL1 Digilyzer 
Digital Audio Analyzer 

With all the power and digital audio measurement 
functions of more expensive instruments, the DL1 
analyzes and measures both the digital carrier signal 
(AES/EBU, SPDIF or ADAT) as well as the embedded 
audio. In addition, the DL1 functions as a smart 
monitor and 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 are on an analog line. 
In addition to customary audio, carrier and status bit 
measurements, the DL1 also includes a sophisticated 
event logging capability. 

► AES/EBU, SPDIF, ADAT signals 
► 32k to 96k digital sample rates 
► Measure digital carrier level, frequency 
► Status/User bits 
► Event logging 
► Bit statistics 
► VU + PPM level meter for the embedded audio 
► Monitor DA converter and headphone/speaker 

amp 

NEW! AL1 Acoustilyzer 
Acoustics & Intelligibility analyzer 

The AL1 Acoustilyzer is the newest member of the 
Minstruments family, featuring extensive acoustical 
measurement capabilities as well as core analog 
audio electrical measurements such as level, 
frequency and THD+N. With both true RTA and high 
resolution FFT capability, the AL 1 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) 
► High resolution FFT with zoom 
► Optional STI-PA Speech Intelligibility function 
► THD+N, RMS Level, Polarity 

MR1 Minirator 
Analog Audio Generator 

The MR1 Minirator is the popular behind-the-scenes 
star of hundreds of live performances, remotes and 
broadcast feeds. The pocket-sized analog generator 
includes a comprehensive set of audio test signals, 
including sweep and polarity signals which work in 
conjunction with the ML 1 Minilyzer. 

► Sine and square waves 
► Pink & white noise 
► Polarity test signal 
► Stepped sweep for response plots 
► Balanced and unbalanced outputs 

MiniSPL 
Measurement Microphone 

The precision MiniSPL measurement microphone 
(required for the AL1 Acoustilyzer and optional for 
the ML1 Minilyzer} is a precision reference mic for 
acoustics measurements, allowing dBSPL, spectrum 
and other acoustical measurements to be made 
directly. 

► 1/2" precision measurement microphone 
► Self powered with automatic on/off 
► Omni-directional reference microphone for 

acoustical measurements 
► Required for the Acoustilyzer; optional for the 

Minilyzer 

MiniLink USB interface 
and PC software 

Add the MiniLINK USB interface and Windows 
software to any ML1 or DL1 analyzer to add both 
display and storage of measurement results to the PC 
and control from the PC. Individual measurements 
and sweeps are captured and stored on the 
instrument and may be uploaded to the PC. When 
connected to the PC the analyzer is powered via the 
USB interface to conserve battery power. Another 
feature of MiniLINK is instant online firmware 
updates and feature additions from the NTI web site 
via the USB interface and your internet-connected PC. 

USB interface fits any ML’ or DL1 
Powers analyzer via USB when connected 
Enables data storage in analyzer for later 
upload to PC 

Display real time measurements and plots on 
the PC 

Control the analyzer from the PC 
Firmware updates via PC 
MiniLINK USB interface 
is standard 

•••••••••••••••••a 

NTI Americas Inc 
PO Box 231027 
Tigard, Oregon 97281 USA 
503-639-3737 
www.nt-instruments.com 
americas@nt-instruments.com 
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inch spacing is called for by the voltage. 
Fig. 6 shows properly oriented and 
spaced tubing runs within and between 
networks. 

SERIES CORRECTION 
NETWORKS 

With the strays and other undesired 
reactances minimized to the degree possi¬ 
ble by component and tubing layout, 
what’s left is what cannot be changed, the 
result of the remaining strays, mutual cou¬ 
pling, distributed capacitance and the load 
impedance. If the slope of this remaining 
reactance is negative (i.e., decreasing reac¬ 
tance with increasing frequency), a series 
L-C circuit can sometimes be used to 

has on the VSWR bandwidth of our oth¬ 
erwise so-so network. 

It’s clear that we have helped ourselves 
a great deal by adding this simple net¬ 
work. In this case, it was inserted ahead of 
the network input, to wash out and make 
symmetrical the residual reactance there. 
This plots on a Smith chart as a 9 o’clock 
cusp, presenting a symmetrical load as 
shown in Fig. 7. 

Sometimes, it may be more advanta¬ 
geous to use such a network as a “pre-
match” between the network and the load. 
This is totally dependent on the circum¬ 
stances; each case must be individually 
studied and evaluated. 

Broadbanding of an antenna system is 
seldom achieved through a single, simple 
step. The process has many facets, 
including careful network design, mini¬ 
mizing stray reactances and coupling 

Fig. 6: Avoid long parallel tubing runs where possible. 

Fig. 7: Smith Chart of Network Input With Series Broadbanding Network 

slope-correct this reactance. 
Let’s take, for example, a network that 

is otherwise optimized that presents a -15 
kHz sideband input impedance of 42 
+j!2 and a +15 kHz impedance of 47 
-j!6. Use a series bandwidth correction 
circuit consisting of a 796 pF capacitor 
and a 31.8 pH inductor. Look at Table 5 
and see what effect such a series network 

through proper component and tubing 
layout/orientation, and sometimes, addi¬ 
tional series correction circuits can help. 
Each part of the process is important and 
will have a significant impact on the 
impedance bandwidth of the antenna. 
Attention to all the details will pay off 
with a better sounding, more efficient 
and IBOC-ready antenna system ■ 

Adaptive_ 
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Frequency Sensitivity 
(N+1 capability) 

In this test the frequency was changed 
from 88 MHz to 108 MHz with fixed and 
adaptive pre-correction. While this test is 
not relevant to most stations because they 
always operate on a fixed frequency, it is 

mitter manufacturers. Pre-correction can 
correct for AM-AM and AM-PM characteris¬ 
tics that would otherwise result in unac¬ 
ceptable emissions. 

Fixed pre-correction systems are 
unable to correct for the effect of a vary¬ 
ing environment on amplifier nonlinear 
characteristics. Experimental results show 
that VSWR, temperature and frequency 
changes typical of many broadcast sites 
may result in unacceptable emissions as 

Fig. 12: Frequency Change From 88 to 108 MHz With Fixed and Adaptive Pre-Correction 

significant in installations where there is a 
single backup transmitter for multiple sta¬ 
tions. 

The frequency change test shows that 
adaptive correction achieved an improve¬ 
ment of 12 dB over fixed correction on the 
lower or worse 1M3 sideband (see Fig. 12). 
Also note that the fixed pre-correction did 
not ensure compliance with the emissions 
mask with frequency change across the 
band. 

CONCLUSIONS 
Pre-correction is the accepted lineariza¬ 

tion technique used by FM HD Radio trans-

Isolation 
CONTINUED FROM PAGE 15 

against the unwanted signal. Systems with 
wide spacing, and therefore, favorable 
impedance bandwidth are often con¬ 
structed with only series filters. The high 
impedance of series filters, when no shunt 
filter is present, substantially reduces 
pickup at the unwanted frequency because 
the high impedance is a part of the unin¬ 
tended loop. 

In another retrofit installation, the 
equipment manufacturer located the 
two sets of filters and the newly 
installed ACU network in a single cabi¬ 
net with appropriate internal dividers 
to minimize coupling, but then ran the 
unshielded combined feed from the 
output side of the filters back through 
one of the filter cubicles to an output 
feed-through to the tower. This system 
had unacceptable intermodulation 
when first installed. Because the system 
power was low, short sections of foam 
coaxial line were installed to shield the 
feeders, minimizing the coupling and 
bringing the intermodulation below the 

defined by the proposed HD Radio emis¬ 
sions mask. Digital adaptive pre-correc¬ 
tion did not suffer a similar degradation. 
Emissions were maintained within the 
mask at all times. 

REFERENCES 
1. Cripps, Steve C., “Advanced 

Techniques in RF Power Amplifier Design,” 
Artech House, 2002. 

2. Saleh, A.A.M., and Salz, J., “Adaptive 
Linearization of Power Amplifiers in Digital 
Radio Systems,” The Bell System Technical 
Journal, Vol. 62, No. 4, April 1983. ■ 

required value. 
Similarly, at a site where a new owner 

replaced the equipment of the original 
station with new equipment, the inter¬ 
connection between the newly installed 
ACUs and the previously installed filter 
cabinets, which were integral with the 
ACUs for the second frequency, ran close 
to the tower base and enough coupling 
was present to produce unacceptable 
intermodulation. It was necessary to add 
cabinet grounding from all corners of all 
of the equipment cabinets to the tower¬ 
base grounding and to add coaxial cable 
for the interconnections to bring the 
intermodulation down below the 
required value. 

Completely new installations don’t 
often suffer from these problems, but it’s 
generally because they most often employ 
a single cabinet for each ACU/filter com¬ 
bination. 

Because the whole purpose of a 
diplexing system is to isolate everything 
but the radiating antenna towers, make 
sure the electronic circuitry’s purpose 
isn’t compromised by the physical con¬ 
struction or installation geometry of the 
system ■ 
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Guy Wire 

Let’s Save the AM Band 
It’s Time to Reorganize AM’s Family Living Arrangements 
By Guy Wire 

Guy Wire, Radio World's masked engineer, is the pseudonym 
of a well-known radio veteran. Opinions are his own. 

FCC adoption of standards and rules 
for HD Radio is expected sometime 
later this year. 

NRSC-5 was recently adopted during 
NAB2005 and is the culmination of many 
years of work by the NRSC subcommittee 
on DAB. It no doubt will be substantially 
adopted by the commission for both FM 
and AM services, including AM HD night¬ 
time operations. 

The industry is for the most part 
applauding this seemingly long-overdue 
event, especially for FM. But many are still 
fearful of serious interference fallout when 
AM HD is widely deployed full-time. 

We’ve heard that a few subcommittee 

wave reception for clear-channel stations 
that reach significant audiences. That little 
secret worries some NRSC members. 

I have long maintained that opening up 
AM HD Radio for all stations at night will 
precipitate more problems and formal 
interference complaints than Ibiquity is 
suggesting will likely occur. We’ll learn over 
time how well the FCC’s proposals for 
negotiated digital power reductions will 
work. 

Ibiquity and the NAB completely sup¬ 
port the notion that deploying AM HD full 
time will serve the greater good to acceler¬ 
ate AM into a higher-quality digital future 
despite any potential loss of coverage for 

tions for very long periods of time, knowing 
that FCC field offices are under-staffed and 
under-budgeted to be able to deal with it. 

The sad reality about the AM band is that 
there are only a few stations in most mar¬ 
kets that are truly profitable or that can 
deliver significant listener support. The full-
time 50 kW powerhouses will probably 
always enjoy solid ratings and revenue per¬ 
formance. Almost all rated markets have at 
least one AM talk or news/talk station that 
delivers full-time market coverage and can 
compete near the same level with most FM 
stations. 

After that, sports and maybe a foreign 
language station or two usually struggle to 

AM BAND, PAGE 29 

members were pressed gently after voicing 
their reservations, to ensure the NRSC-5 
standard could pass unanimously. There 
have been ongoing concerns about reduced 
coverage, especially at night and during 
critical hours, caused by adjacent-channel 
interference from the AM HD side carriers. 

many stations. 

THE TRUTH 
Both parties are more than willing to let 

the interference chips fall where they may. 
Unfortunately they continue to ignore the 
underlying symptoms of a very sick patient 

There is a suspicion that some interference is being 

generated by smaller-market stations that are 

required by license to drop power radically at night 

or switch to limited-coverage DA patterns, but that 

have chosen to ‘forget’ to switch to night mode. 

These land squarely on the first adjacents 
and have been demonstrated to cause ele¬ 
vated noise interference in second- and 
even third-adjacent channels, especially on 
wider bandwidth receivers. 

THE INTERFERENCE DILEMMA 
Based on results from their own studies, 

Ibiquity has long maintained that any per¬ 
ceived nighttime HD Radio interference to 
stations from strong adjacent channels is 
not going to be a big deal. They say only a 
few isolated cases will experience signifi¬ 
cant skywave-to-groundwave interference. 
Quite a few smaller-market AM owners 
would disagree. 

The more significant problem, which 
Ibiquity does acknowledge, will be interfer¬ 
ence to the secondary and skywave cover¬ 
age areas of clear-channel stations. This will 
be manifested as holes in areas where previ¬ 
ously useful analog reception will be wiped 
out by groundwave signals of smaller-mar¬ 
ket stations that light up AM HD operations 
on nearby channels. 

Very little is known about how well HD 
Radio reception will perform in most inter¬ 
ference-limited situations, especially sky-

and insist on administering a new wonder 
drug that may induce crippling side effects 
more than it promotes healing and recovery. 
At the root of the AM illness are simply too 
many signals causing too much interference 
in a channel spacing scheme that allows sta¬ 
tions legally to encroach into their neigh¬ 
bor’s space. All other broadcast services are 
allocated with guard-band protection 
between adjacent channels. 

Many respected engineers have long 
observed the AM band is already a disaster 
at night, choked with noise, interference 
and colliding signal wreckage on most 
channels. Only a few signals in most mar¬ 
kets provide reliable wide-area coverage in 
most regions of the country. 

There is a suspicion, held by quite a few 
of us, that some of the interference is being 
generated by smaller-market stations that 
are required by license to drop power radi¬ 
cally at night or switch to limited-coverage 
directional antenna patterns, but have cho¬ 
sen to “forget” to switch from day to night 
mode. Many have DA systems that are woe¬ 
fully out of spec due to negligence and lack 
of maintenance. Too many have been get¬ 
ting away with such blatant illegal opera-

The new 6044 professional audio adapter from AudioScience is chock full of features professional 

broadcasters demand. Like 4 balanced stereo inputs and 4 outputs, 4 record streams and up to 8 

play streams, all in MP3. Like extra format choices, including MPEG Layer 2, Dolby AC2 and linear 

PCM. Along with pro-quality 24-bit oversampling and a whopping 100+dB of dynamic range with 

a tiny .002% THD+N. Adc in our exclusive MRX"' Multi-Rate Mixing, TSX” time scaling and 

SoundGuard transient voltage suppresors, along with drivers for Windows (all flavors) and Linux, 

and you’ve got a card that’s Built for Broadcast.’“ AU at a price that’s as tiny as this ad. Enjoy 

more for less today. Call ms at +1-302-324-5333 or go to www.audioscience.com. 

Radio World Engineering Extra • June 15,2005 27 



? ' 

One Stop Shopping for all your Technical Broadcast Engineering Needs! 

TECH-Mart 

Rebuilt Power Tubes 1/2 the cost of New! 

ECONCO 
Tel: 800-532-6626 Web: www.econco.com 
Inti +1-530-662-7553 Fax: +1-530-666-7760 

Graham Brock, Inc.I I -1 
Broadcast Technical Consultants 

Full Service From Allocation to 
Operation AM/l'M/IV/Al JX Services; 

Field Work; Antenna anil 
Facilities Design 

Over 45 years engineering 
anti consulting experience 

912-638-8028 
202-393-5133 

: www.grahambrock.com 

FASTER 
MORE ACCURATE RADIO COVERAGE 

Real Time 3-D Displays 
Interference calculations 
Cost effective mapping 
Fully integrated databases 
Used by the FCC 
Latest standards built-in 

INTERNACIONAL AM - FM 
'Now irv our 34th-year' Transmitters 

AM 8 FM Pre-Owned 
Units In Stock 

All Powers • Manufactures • Instruction Books 

• Spares & All Complete 

Visit our Website: 
www.besco-int.com 

Or Call Rob Malany, National/lnt’l Sales 

at 321-960-4001 

—Yes, I’m interested in advertising in the TECH-Mart 
Section of Radio World Engineering Extra. Send more 
information to: 

Name :____ 

Company:_ 

Address: _ 

Via F a X :_ 

Or via e-mail:_ 

Or if you’d like to get started quickly, 
just contact Tina Tharp at 

773-472-2495 or tinatharpl ©aol.com 

GET YOUR MESSAGE 
OUT THERE! 

To receive more information 
about advertising in the Radio World 
Engineering Extra’s TECH-Mart 
Section, fill out the form below and 
fax it to Tina at 773-472-2496. 

Who you know can make 

all the difference... 
100+ Local SBE Chapters 

5,400+ Members 

k Nationally-Recognized 
Certification Program 

JobsOnline & ResumeBank 

www.sbe.org • (3’7.’ 846-9000 

SBE 

JNICATIONS TECHNOLOGIES, INC. 
FREOUENCY/BROADCAST ENGINEERING CONSULTANTS 

AM, FM and TV coverage prediction studies 

sa Upgrade studies for existing stations 

as Broadcast transmission facility design 

s FCC applications preparation -
construction permit and license engineering 

EO. Box 1130 Ttl: (856)985-0077 
Marlton, NJ 08053 Fax: (856)985-8124 
L www.commtechrf.com 

ISDN LONG DISTANCE 
$0.0799 PER MINUTE 
64K DIGITAL SERVICE • DIAL AROUND AVAILABLE 

NO MONTHLY MINIMUMS • NO PIC FEES-EASY, QUICK SETUP 

SERVICE BY major carrier • www.isdnlongdistance.com 

ÁCCINET 
866.447.3653 

4835 EAST CACTOS TOAD, SUITE 312 
SCOT'SDALE, AZ 85254 

2005 
TECH-MART 

ADVERTISING RATES: 

3" X 2" TECH-MART BOX 

$75 NET PER INSERTION* 

includes color at no 
extra charge 

(multiple boxes available at discounted rates) 

Space reservation deadline 

for the next issue, 

October 19,2005, is September 16,2005 



Miinii oimimrt! ru». ifc' ■ <><.-n 

AM Band 
CONTINUED FROM PAGE 27 

hold their own. At the bottom of the AM 
food chain are all the rest — mostly auto¬ 
mated religious or satellite-fed “repeaters” 
that make little or no money and get full-
time life-support from sister FM stations. 
Quite a few fail to crack or just barely make 
reporting minimums to be rated in Arbitran 
or other surveys. 

relocated has become an anachronism in 
most cases. 

AM IMPROVEMENT 
REINVENTED 

For this idea to germinate and grow, the 
commission needs to freeze all AM facilities’ 
additions or changes and then modify the 
rules to enable the cleanup. If HD Radio 
interference mitigation is allowed to be bilat¬ 
erally negotiated, the opportunity for sta¬ 
tions that can reasonably improve their 

The band would be better served if most could 

simply go dark, turn in their licenses and receive 

some form of meaningful compensation, perhaps 

from other station owners who would benefit by 

then being able to expand their own coverage areas. 

If it were not for consolidation, many of 
these stations would have gone dark long 
ago. Owners keep them alive in hopes HD 
Radio will increase their value and music 
formats might again someday be competi¬ 
tive on AM. At a minimum, they are hold¬ 
ing out for some religious or ethnic 
operator to buy them so a profit on their 
original investment can be made. But values 
of AM stations that do not enjoy full-time 
facilities or cover their markets adequately 
have languished for a long time. 

With the explosion of the Internet, satel¬ 
lite radio, portable MP3 players and iPods 
— and, very soon, cell phones that can 
stream live content as well as multichannel 
FM HD Radio — the mass-media playing 
field has become highly fractionalized. 

THINNING THE HERD 
The growth and proliferation of info¬ 

tainment choices is making AM radios 
chances for regrowth and long-term suc¬ 
cess more problematic than ever. It is 
already causing deterioration of values of 
marginal AM facilities in many markets. 
The introduction of multichannel pro¬ 
grams on FM HD will undoubtedly accel¬ 
erate that deterioration. 

If there is a viable future for the AM 
band, it will be dependent on a sweeping 
initiative to clean it up and thin the herd 
so that the stronger members can improve 
and become better prepared for survival. 
It’s the best way AM HD enhancements 
can be effective for stations that can claim 
or will be able to secure solid full-time 
coverage in their markets. 

One of the more frequent concerns 
voiced by smaller AM owners is the cost 
burden of adding HD Radio and the atten¬ 
dant updating of transmission systems that 
will be required. Many will simply not be 
able to afford it. That could be incentive 
enough for some to sell out and take a loss. 
But the band would be better served if most 
could simply go dark, turn in their licenses 
and receive some form of meaningful com¬ 
pensation, perhaps from other station own¬ 
ers who would benefit by then being able to 
expand their own coverage areas. 

With so many mass media choices out 
there in markets of all sizes, we have long 
passed the point of concern that the loss of 
a local-market AM radio station somehow 
endangers the citizens of that market from 
being adequately and properly served with 
public interest programming. The provi¬ 
sion in the rules that a certain minimum 
number of licensed radio signals must be 
preserved when facilities are deleted or 

market coverage and service should be 
allowed to buy out lesser facilities without 
FCC rules restrictions. But they shouldn't be 
held up for inflated prices by owners who 
sense a captive opportunity. Such transac¬ 
tions for this new kind of AM improvement 
need more help and incentive than just sim¬ 
ple buyouts. 

A marginal AM station with little public 
service value and a tiny audience is not likely 
to be missed if it is bought out of existence 
by other interests who have a better chance 
of improving service of another station that 
can reach a larger audience. The commission 
has long wrestled with the challenge of AM 
improvement. The rules changes intended to 
deliver on this goal, like granting local chan¬ 
nels 1 kW full time and the nighttime 10 
percent “ratchet clause" reduction, have 
actually been counterproductive in most 
cases. 

INCENTIVES FOR GOING DARK 
Various ideas would help entice owners 

of marginal AM stations to give them up at 
reduced prices if they could also be 
rewarded an additional benefit of value. A 
100 W or even 1000 W LPFM station, 
where rules permit, could be awarded to 
them as partial compensation. Part of the 
sale proceeds paid by a benefiting AM station 
owner desiring to improve his station could 
go back to the government. Such transac¬ 
tions would essentially become a form of 
spectrum exchange and reallocation. 

For group owners and stations in larger-
sized markets, the government could award 
a substantial tax certificate to those willing to 
surrender licenses of nonproductive AM sta¬ 
tions. Tax certificates worked pretty well to 
help foster increased minority ownership of 
media outlets. Certainly owners of marginal 
and under-performing AM stations feel the 
discrimination of Mother Nature, but also 
that of more rapidly advancing technological 
improvements for other media, and the more 
inflexible and restrictive FCC regulations 
that govern their service. Almost all AM 
owners are deserving of some special treat¬ 
ment. 

For AM HD Radio to do well both day 
and night, the band needs to look more like 
it did around 1950, just before the explosion 
of new allocations started compromising 
interference-free listening. AM’s golden age 
ended about then as TV began to flourish, 
but it continued to enjoy radio dominance 
for another 30 years until FM flourished. 

For the past 25 years, AM has struggled 
against great obstacles, including vastly 
higher ambient noise pollution, the loss of 

AM stereo and the introduction of so many 
new forms of competing media. Without all¬ 
news and talk radio, it could have easily suc¬ 
cumbed. 

A BETTER BAND 
The present inventory of AM stations 

could probably be cut by almost half and 
few would notice the loss of real service 
not available elsewhere. With the aid of the 
computer models developed for Ibiquity to 
characterize AM coverage and interference 
profiles, coupled with Arbitran surveys, a 
comprehensive study could be commis¬ 
sioned to provide a detailed analysis of 
which stations would be likely candidates 
for going dark and which provide the high¬ 
est levels of interference reduction. 

Points could be assigned to such sta¬ 
tions according to the level of interference 
reduction they would generate if they were 
permanently retired. The higher the point 
total, the greater the tax certificate amount. 
The higher the point total, the higher the 
power of an LPFM facility would be 
awarded. This would aid such AM station 
owners in deciding if turning in their 
license would make economic sense. 

As more stations go dark, the ones that 
remain will benefit as the band becomes 
less populated. Eventually, many stations 
would reclaim wider area groundwave and 
skywave coverage that was previously lost 
or unattainable and that will certainly dete¬ 
riorate further if the status quo is main¬ 
tained. Services now carried by AM 
stations in the smaller markets that serve 
small audiences could be replaced by 

LPFM stations in many areas of the coun¬ 
try. In the more densely populated areas, 
enhanced coverage by the remaining AM 
stations could take up some of the slack of 
lost services. Certainly by the time multi¬ 
channel FM HD Radio penetrates most 
markets, the fear of any loss of service will 
be moot. That technology is developing 
very rapidly and may be implemented 
sooner than many in this industry expect. 

It’s time to reorganize the family living 
arrangements for the senior radio band. 
Continuing to house and feed the nonpro¬ 
ductive welfare recipients is jeopardizing 
the health and future of the employed 
breadwinners. The industry' cannot do this 
without the governments help. A good 
brainstorming session at NAB with indus¬ 
try leaders from all sectors to jump-start 
the initiative is overdue. Many more 
enabling ideas are certain to emerge. 

This modest proposal should produce 
winning results for all parties. Some 
enlightened soul at NAB should take my 
lead and get it moving. They might eventu¬ 
ally become known as the savior of the AM 
band. If the industry can’t find a way to 
clean up AM now, we might as well go 
back to my original idea to postpone 
deploying AM HD Radio until HD 
receivers become widely used on FM and 
then convert the entire band to all-digital 
all at once. 

We would only hope it survives that 
long. 
RW welcomes other points of view. E-mail 

to radioworld@imaspub.com. For Guy Wire 
commentaries, see www.monline.com ■ 
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Technology Scarcity and Surplus 
A Paradigm Shift Affects the Broadcast Industry 
By Barry Blesser 

Barry Blesser 

Dr. Barry Blesser, director of 
engineering for 25-Seven Systems, 
is a former associate professor at 
MIT and past president of the AES; 
he is considered one of the 
grandfathers of digital audio. His 
book "Auditory Spatial Awareness 
of Aural Architecture" will be 
published by MIT Press in 2005. 

The popular and professional literature 
is so saturated with discussions about 
technological changes in broadcasting 

and communications that the average 
reader cannot make much sense out of 
their implications. While futurists, pundits, 
cynics and opportunists just love the topic, 
the rest of us treat articles on innovative 
technology as a diversion, alternately pro¬ 
ducing excitement and anxiety. 
Interpreting this massive quantity of data is 
impossible without carefully framed ques¬ 
tions, reflecting how we view our world. 

The concept of scarcity and surplus, 
which is usually applied to commodities 
and natural resources, is a revealing way to 
examine the paradigm shifts in the broad¬ 
cast industry. 

I first observed this concept while fol¬ 
lowing the evolution of the computer 
industry. In its early days, computational 
power was scarce. Users and designers 
optimized this scarce resource by restrict¬ 
ing applications. Somewhat later, with dra¬ 
matic advances in processing power, 
memory became the scarce resource that 
limited performance. Then, when memory 
became very inexpensive, communication 
bandwidth became the bottleneck. 

COMPUTER AS COMMODITY 
Now, at the beginning of the 21st cen¬ 

tury, the major attributes of computers are 
all in surplus, and the heaviest individual 
users are those who play video games. The 
computer has become a commodity, not 
unlike potatoes, coffee and pork bellies. 
The transformation of computer resources 
from scarcity to surplus is a paradigm shift. 
And because of this shift, computers now 
permeate every aspect of our culture, from 
toys to management tools, from washing 
machines to audio editing. 

There is also a less obvious manifestation 
of this same shift. When 1 began my electri¬ 
cal engineering career in the 1960s, the 
design of systems for audio and broadcast¬ 
ing was mostly a small-scale craft industry. 

For example, over a hundred companies 
produced high-quality turntables for local 
audiophile markets, each with a staff of a 
few hundred. The ratio of large engineer¬ 
ing effort to low production volume 
resulted in high prices — that is, scarcity. 
In contrast, the core component of the CD 
player, including the precision cast iron 
frame, three servos and laser sensors, is 
manufactured by only a few companies for 
a worldwide global market. The cost is less 
than $10. 

Similarly, expensive pressing plants for 
vinyl records have been replaced by mil¬ 
lions of computers that can each burn CDs. 
By increasing the sales volume by many 
orders of magnitude, globalization made 
playback technology a surplus commodity. 

To be successful with technology sur¬ 
plus, one must embrace its properties 
rather than dream about the “good, old 
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days” of scarcity. 
As an example, consider our newest 

product at 25-Seven Systems Inc. We buy 
the motherboards, the operating system, the 
display, the audio chipsets, the Flash mem¬ 
ory and the power supply. Creating this 
product would only be a packaging exercise 
except for two scarce components in this 
soup of commodities: a specialized algo¬ 
rithm for transparent time compression, and 
a carefully crafted user interface that 
matches the needs of the broadcast market. 
A products value is only determined by 
those components that are still scarce. 

Fifty years ago, designing a product 
using resistors and transistors was a scarce 
skill. It is a useless skill because circuit cre¬ 
ation is now a narrow specialty rooted in 
the design of integrated circuits. 

In this sense, most products for audio 
and broadcasting use highly integrated 
commodity components from companies 
supporting markets of hundreds of mil¬ 
lions, like Microsoft, Intel, Texas 
Instruments and numerous others. The 
rest of us ride those elephants, being care¬ 
ful not be trampled by walking in front 
(being too early), or getting dirty by walk¬ 
ing behind (being too late). 

The laws of scarcity and surplus also 
apply to the broadcast industry, which is a 
subset of the media delivery business. 
Traditionally, the scarcest commodity for 
broadcasting was the limited number of 
licensed frequency channels. 

A good metric for measuring the amount 
of a resource used by an audio delivery sys¬ 
tem is the geographic area multiplied by 
occupied bandwidth, which I call the area¬ 
bandwidth product. It corresponds to the 
quantity of listeners at a given audio quality 
level for a specific number of program 
choices. Centralized high-power transmit¬ 
ters in a restricted frequency band use a 
large amount of this scarce resource. With 
the historic rules for auctioning large quan¬ 
tities of this resource to only a few commer¬ 
cial users, scarcity resulted. 

NEW AUDIO TECHNOLOGIES 
ARE GROWING 

Technology has recently created numer¬ 
ous other audio-delivery mechanisms, 
which dramatically increases the available 
area-bandwidth product. As an indirect 
consequence of the dot-com mania during 
the last decade, the Internets hard-wired 
backbone has a surplus of bandwidth; it 
will take decades before it is fully utilized. 
Local telephone companies are now 
installing fiber cable directly to the homes 
in selected metropolitan areas. Networks 
using WiFi will shortly spawn WiMax, a 
wireless wide-band DSL over a 10-mile 
radius. The proliferation of cell telephone 
towers produced a multiplicity of radio 
networks. Satellite broadcasting opens up 
yet more bandwidth. The amount of sur¬ 
plus bandwidth continues to grow because 

it is inexpensive and in high demand, just 
as roads provide transportation for millions 
of trucks, busses, bicycles, motorcycles, 
ambulances and automobiles. 

When one resource shifts from scarcity 
to surplus, the scarcity of the next resource 
in the chain dominates. What is now 
scarce? 

The answer is obvious: mental band¬ 
width. Each new media delivery' system 
competes with every other delivery sys¬ 
tem, be it for listening to music, playing 
with computer games, watching video on 
television, or conversing with friends. 
Commoditization of technology allows 
anyone to distribute music. But with so 
many thousands of media sources, name 
recognition is limited by finite headspace, 
which is ultimately the scarcest resource. 
As a measure of mental bandwidth, time 
and attention are a finite resource. 

The scarcity of headspace is a wide¬ 
spread phenomenon in a culture that 
engages in hyper-stimulation for all its citi¬ 
zens, including broadcast engineers. They 
do not have the time to study the manual 
of their equipment and they expect the 
user interface to be intuitively obvious, 
plug-and-go, preserving mental band¬ 
width. A good designer will invest in opti¬ 
mizing this scarce resource by focusing on 
stability and predictability, while ignoring 
such lofty but irrelevant goals as raising the 
signal-to-noise ratio from 90 dB to 130 dB. 

As a paradox of technical change, 
progress is actually more circular than lin¬ 
ear. We first moved from craft industries 
with limited niche markets, to a single, 
homogenized global market where one size 
fits all. That same surplus technology, how¬ 
ever, also allows us to return to niche mar¬ 
kets: customizing products for small 
groups. Using his computer for audio edit¬ 
ing and program distribution, any teenager 
can create specialized entertainment for his 
personal Internet broadcasting station. 
Commoditized technology can accommo¬ 
date small groups with their unique needs, 
like specialty restaurants that transform 
food commodities into gourmet dining 
with signature recipes. 

To avoid failure, individuals and compa¬ 
nies must remake themselves to match this 
paradigm shift. Survival depends on wisely 
using those commodities that are currently 
in surplus while adding scarce resources 
that are still valued by the market. A scarce 
resource can be an algorithm, a design 
patent, a professional skill, a recognized 
personality or a unique sound. 

The concepts of scarcity and surplus are 
not new, but only in the last decades have 
they become applicable to high technol¬ 
og}'. Engineers now harvest the technical 
equivalent of the farmers potatoes and 
pork bellies. 

Please send your comments and sugges¬ 
tions to Barry Blesser at wordfeedhack@ 
verizon.net. ■ 
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