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He Takes Radio
On the Run

Tom Harnett of Comrex
Talks About the Challenges
And Benefits of Sending

7 kHz Audio via a GSM- :
Equipped Celiphone Carrier
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By Thomas R. McGinley

Since the advent of cellphones in
the 1980s, engineers have wanted to
seize their many advantages for remote
broadcast applicat:ons. Until recently,
the problems have been poor quality
and the difficuity in interfacing with
broadcast equipment. i
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Understand

By Bill Whitlock

The author is president of Jensen
Transformers Inc. i Van Nuys, Calif.

ransfernng zudio signals from one box
Tm another may scem trivial, but when

it comes o naise, every signal anter-
face is truly a danger zone! Signals accamu-
late noise as they pass through system
equipment and cables. Once noise cortami
nates the signal, its essenually impassible
to remove it without altering or degrading
the ongnal signal.

Therefore, naise coupling must be pre-
vented along the enure signal path. Because
cquipment ground connections have pro-
found elfects on noise coupling at signa.
mierlaces, we must appicclate how inter
faces acteudlly "work, as well as when, why
and how equipment is grounded.

Many designers and mstallers of audio
systems think of system groundig and inter
facing as a black art. How many tmes have
you heard someone say that a cable is “pick-
ing up” noise, presumably from the air like a
rad:o receiver? Fven equipment manufactur-
ers often don't have a clue as 1o whats really
going on and simply blame problems on
“bad grounding.” The most basic rules of
physics are routinely overlooked, 1gnored or
forgotten. As a result, myth and musinflorma-
tion about grounding are epidemic.

in this, the first of a two-part series, we
will explore in detail the etlects of circuit
grounding n audio systems and the prob
lems that can result.

NOISE AND DYNAMIC RANGE
The dynamic range of an electionie sys
tem is the rauo, generally measured in dB
of s maximum undistorted signal output
1o 1ts residual noise output or nose Hoor
Listeners will generally describe @ 10 di
level decrease or imcrease as hall as loud or

Pg. 14

Digital innovator Barry Blesser says managers should
frame their questions more carefully.

Pg. 22
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Ground Loop Problems

twice as loud respectively, anc a 2 or 3 dB
change as just noticeable. Up to 120 dBb of
dynanmic range may be required in hgh-
end “audiophile” sound systems installed 1n
typical homes. (Footnoted relerences are
found at the end of the article)

buzz, clicks or pops in audio systems

INTERFACE CIRCUIT BASICS
Flectne current will flow only m a com

plete circwat that consists of a source ol

voltage (the electromotive force) and a load

CEVICE »
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Fig. 1: Basic Unbalanced Interface

Of course, a predictable amount ol ran
dom nase is mherent i all electronic devices
and must be expected. It manifests nselt as
hiss i audio systems. While nsable dynamic

Currem from a source must ‘ll\\'fl\S rerurn
to that same source. This law of physics 1s
often forgotien as soon as the nebulous
term “ground” is mentioned. But electrons
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Fig. 2: Basic Balanced Interface

range can be imited by random nosse, other
noises generally are much more noticeable
and wntaung, In this paper. the term “noise
will nican non-random nose coupled from
the AC power hine. or interlerence from other
eleetnical or electrome systenss. heard as hum

THE NEW

www.broadcast.harris.com

obey physical laws - and do not read
schematic diagrams!

Of course, impedance determimes how
much current will flow for a given applied
voltage. Impedance 1s the total apparent AC

resistance of a circuit that contams both resis
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ROUTER and an AUDIO CONSOLE into one
COST-EFFECTIVE digital package, letting
you route any input to any fader or to any
monitor feed, with all sources clearly
shown in bright LED dot matrix displays
right above the faders and monitor level
controls.

A COMPACT TABLETOP DESIGN, the D-16
has the features you need: both analog
and digital PROGRAM and AUDITION
stereo outputs, 2 MONO analog outputs,
14 input faders plus 2 caller faders, 4 mic
preamps, control room and studio
monitoring, built-in cue and headphone
amps (with concealed headphone jack)
—even four internally generated mix-
minus outputs!

SEfAUDIOARTS ENGINEERING

WITH 24-BIT A>D and D>A inputs and
outputs and sample rate converters on
every AES digital input, the D-16 will work
with virtually any digital source gear you
have. It can run your source machines too
(up to eight of them)—all opto-isolated.
Its DSP DIGITAL METERING simultaneously
displays VU columns and peak hold
fullscale digital so you can be assured of
pristine performance. Its powerful caller
tools generate mix-minuses automati-
cally, and you can program any of its four
MXM outputs to be pre or post fader.

And with Wheatstone’s extensive
digital background and reputation you
can be assured that the D-16 is a great
console!
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RW-EE: And Now,
Something Extra

By Michael LeClair

Welcome to Radio World Engineering
Extra. This pubiication 1s for everyone
interested in the technology of radio broad-
casting and a curiosity to know more about
it. In our bimonthly issues we will cover
topics ranging from the latest on digital
radio 1o the basics of broadcast engineer-
ing.
We'll be hearing from the leading engi-
neering voices in our industry with a new
series of designer interviews to give you an
inside look at current and future hroadcast
technologies. And we’ll be hearing fromn
you, the working engineer, with accounts
of what it is really like to be out there facing
the daily challenges of radio broadcasting.

Enginecring Exira is designed to go
deep nto the technology and offer detailed
understanding ol the engineering that
makes our business work. We won't he
alraid 1o offer graphs, diagrams and even
(deep breath) mathematics to explain the
“how” behind the technology.

Some of our pieces will be lorg in order

to explore a complex subject fully, such as
Bill Whitiock’s paper on studio grounding
in this issue. This gives us the chance to

Radio World Engineering
Extra is designed to go
deep into the technology
and offer detailed
understanding of the
engineering that makes
our business work,

dig deep and deliver more of the back-
ground informatien that helps you in your
daily work.

)
B3
R

Michael LeClair

We also want to bring you stories from
the field. We'll have white papers, like the
article on IBOC implementation from Bill
Harland of ERI; and we'll chat with innova-
tors, like Tom Hartnett of Comrex.

As the technical editor of Engineering
Extra, | will be reviewing the latest techni-
cal papers, talking to leading equipment
manufacturers and working with the
industry’s best writers to bring you each
issue.

Getting a new publication off the
ground has been an exciting process. As we
have planned and assembled this opening
issue over the last few months, i has been
both a whirlwind of activity and, frankly, a
lot of tun. | hope you enjoy each issue as
much as | do. @
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New Content From
Familiar Friends

By Paul J. McLane

“1 think it’s a great idea

That’s a phrase I've heard often lately,
after explaining to readers and clients why
we've launched this new edition of Radio
Worid.

Ir a way, RW-EE brings us tull circle.

At one lime, Radio World appealed only
to engineers. But as the nature of radio
engineering has changed, so has Radio
World.

Long-time supporters of our newspaper
know that purchasing and technical deci-
sions now are made by both engineers and
non-engineers, techies and non-techies.
Radio World, 28 years old in 2005, is “the
newspaper for radio broadcast managers
and engineers™; it does a superb job of cov-
ering our industry in a way that is informa-
tive to both audiences. It is the oldest —
and still the best — in the IMAS Publishing
Inc. family of publications.

But as the editar, 1 often am faced with a
conundrum. Perhaps ! would like to cover
an important topic that cannot be reported
in a typical article of 900 words and one
graphic. Perhaps a great, detailed technical
report — one | know you'd love to read —
lands on my desk. but it is too long to pub-
lisk and too daunting for some RW readers.

Many readers have asked me for in-
depth discussions — stuff that an engineer
would like to sit down with over a cup of
coffee, but that might cause other man-
agers to put the paper aside.

This “deep tech” edition of Radio World
allows us 1o offer a service to our core tech-
nical audience without sacrificing the spe-
cial mix of content that sets Radio World
apart. Our goal is to provide stories and
analysis in greater technical detail than is
now possible in any publication. Further,
this edition is available to readers both in
and outside of the United States.

Radio World itself will continue to offer
content for the key decision-making audi-
ences in the radio broadcast industry
including engineering, management, own-
ership, production, programming, suppli-
ers and regulators.

I'm delighted to introduce Michael
LeClair, CPBE, as technical editor of the
new edition. Michael is chief engineer of
the four-station WBUR Group based in
Boston and performs contract engineering
for other stations. He has 26 years of expe-
rience in broadcast engineering. He is a
long-time contributor and adviser to Radio
World and has worked closely with me as a

Paul J. McLane

Radio World “Cool Swuff” Award judge and
colleague.

His background includes work in
numerous disciplines including the design
and installation of digital and analog studio
systems, computer networks; transmitter
systemns including digital HD Radio, analog
FM and high-power AM directianal arrays;
automation; wide-area networks, regional
radio networks and satellite systems; telco;
architectural. electrical and HVAC plan-
ning; department management; budgeting;
training; and legal compliance. He has
written for Radio World about equipment,
new technology trends and IBOC deploy-
ment.

Please tell your friends about Radio
World Engineering Extra. It is free to radio
engineers and qualified technical person-
nel; note that you must sign up separately
to receive it. You can do so at
www rwonline.com/eng-extra.

And let us know what you think, and
how we can make this publication better.
Write 1o me at radioworld@imaspub.com
and to Michael at mieclair@wbucbu.edu.®

Radio World Engineering Extra e Octaber 27. 2004
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Planning Factors for FM IBOC Operations

An Overview of the Implementation Techniques for
Simulcasting IBOC Digital Radio With FM Analog Signals

By Bill Harland

The author is director of marketing for
Electronics Research Inc.

tion of an IBOC digital signal com-

bined with an FM analog signal
requires a number of careful considera-
tions. The general problem is to combine
the two signals. the analog FM and the digi-
tal carriers, which both occupy the same
spectral band and need to be transmitted
together.

It should be understood that the FM sta-
tion is obliged to make any modifications
that may be required to its existing facilities
to maintain its currently allocated effective
radiated power (ERP), and that the ERP of
the IBOC digital signal is 1 percent (-20 dB
digital-to-analog ratio) of the FM station’s
licensed analog FM ERP. It should be

Thc implementation of simulcast opera-

stressed that the implementation of 1BOC
broadcasting is site-specific and a number
of parameters need to be considered. (Sec
Fig. 1.)

There are three primary methods of
implementing simulcast analog FM and
digital IBOC operations, namely using;

* A common transmitter anc a common
antenna

* Separate transmitters and a common
antenna

¢ Separate transmitters and separate
antennas

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.

The industry standard
reaches new heights

* 24-bit/192 kHz converters

* Hardware sample
rate converters

* 66 MHz/64-bit
PCI interface

* More powerful DSP

¢ Comprehensive
set of drivers:
Digigram np,

WDM DirectSound,
Wave, ASIO

¢ Short-length
PCI format

¢ Maximum input
and output level:
+ 24 dBu

Networking Your Sound
www.digigram.com - Tel: (703) 875 9100 - input@digigram.com

October 27, 2004 * Radio World Engineering Extra

dB in a 1 kHz bandwidth
5

450 600 550 500 450

400 350 300 -250 200 150 100 S0 O
Frequency offset, KHz
= = = Proposed Hybnd HD Radio Noise Performance Measured with Analog Carrier Present
= — FCC FM Emission Limits Per 47 CFR 73317
Nominal Hybnd Camer Power Spectral Density
Nominal Analog Carrer Power Spectral Density

5¢ 00 150 200 250 300 350 400 450 500 550 400 450

Fig. 1: Composite HD Radio Waveform

The major consideration in selecting a
method is the impact on the system design
as it relates to:

* Uniformity of signal coverage in the
desired area of service;

* lIsolation between the analog FM and
IBOC transmitters, as this relates directly
to the likelihood of spurious and other
out-of-band emissions that are undesir-
able;

* The amplitude and phase performance
of any filters and combiners used in the
system;

* The inscrtion loss of any components
used in the system;

* The cost of the equipment, the insialla-
tion of the system and the cost associ-
ated with its operation and maintenance.

METHODS OF
IMPLEMENTATION

In the most basic terms the choices
available to implement simulcast analog
and digital FM broadcasts are defined as
low-level and high-level combining.

This involves using separate analog and
digital IBOC exciters that are combined and
amplified in a single power amplifier. This
approach has the advantage of being simple
in terms of using a common transmitter to
generate both the analog and the 1BOC dig-
ital signal. This in turn is connected to a
single transmission line and antenna. (See
Fig. 2 on page 6.)

However there are other considerations:

*» The IBOC signal requires a power ampli-
fier with much greater linearity than is
required for a conventional analog FM
signal. These requircments dictate a
transmitter using a solid-state, wide-
band, low-efficiency power amplifier.
Hence, it will be substantially more
expensive to purchase and to operate
than a traditional FM transmitter. At
higher power levels a common amplifi-
cation transmitter design would be too
expensive for most stations

* Another consideration with common
amplification is that the mixing of the
analog FM signal and the IBOC signal
will generate spurious signals that will
require a mask filter to comply with
FCC out-of-band emission requirements
This mask filter adds cost that further
contributes to the high price for trans-
mitters capable of generating both the
analog FM and 1BOC digital signals.

All approaches to high-level combining
of the IBOC digital signal with the analog
FM carrier involve separate transmitters for
each signal. The two transmitters are then
combined into one or two transmission
lines that can be fed to either a common
antenna or separate antennas.

It should be noted that using separate
antennas to broadcast the analog FM and
IBOC digital signals, either from two anten-
nas mounted on the same tower or from
antennas mounted at different locations, is
not currently authorized by the FCC

The types of practical high-level combin-

SIMULCASTING, PAGE 6




T
3 T2

RDL -ACM 3 AMPLITUDE COMPONENT MONITOR

19 .18 16 15 14 13 -11-10 9 & 6 5§ 4 3 1
L R O » 0 LB
e (M CIBEA. S BELOW FLLL SCALE
™~ GAIN 20 48 PLUS
N MON =
i SET — CAL - -

L_\ 1l n \ m 50 40 %20

ALARM o . 20d8 1008

DISPLAY — T — RANGE FULL SCALE

CARII AN PR OV ENMENTIATAPLPETTY.CASH PRICE,

Upgrade for ACM-1 & 2 Owners Includes  New User Full Installation Kit Includes
ACM-3 Chassis and Power Supply ACM-3 Chassis, Detector and Power Supply

New signal processing/display chassis Maintain clarity

New switchable filters Maximize stereo separation

New high brightness LED string display Reduce subcarrier crosstalk

New calibration with full service life ahead Assure consistency of your signal coverage
New 3 year warranty Maintain positive control of multipath artifacts
Rack mount using RDL RU-RA3* Maximize performance from your FM transmitter

The absolute industry standard for insuring ~M¥ signal quality from
transmitter to antenna...JUST GOT BETTER!!

UBGRADE NOW: 313!

UPGRADE OFFER GOOD FOR ORDERS PLACED THROUGH 12/31/04

“‘Available separately

i

AVAILABLE FROM STOCKING DISTRIBUTOR .J”'”’"-

KNOW WE KNOW

sales@scmsinc.com
1-800-438-6040

www.rdinet.com

RDL - 659 N. 6™ Street * Prescott, AZ » 86301




Simulcasting

CONTINUED FROM PAGE 4

ing techniques can be categorized as:

be manufactured and shipped off-the-
shelf.

» This method uses the existing antenna
and transmission line.

+ The addition of the 10 percent loss of
the analog transmitter output power to
the antenna will require either increasing
the operating transmitter output power
for the existing transmitter by 11 percent,
or that an analog transmitter of higher
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Fig. 2: Block Diagram of a Typical Common Amplification Digital IBOC and

* Hybrid combiner, which includes:
eInjection combining that includes a
designed-in loss in both the analog and

Analog FM Transmitter System

* This method can also be used with the
individual ports of a multistation com-
bining system, without modifications.

» The injection combiner is low cost and
its small size makes installation easy in
the existing transmission line system.

As always, these advantages do not come
without a price. There are some disadvan-
tages to this method of combining the ana-
tog FM and digital IBOC signals. Those
include:

+ The injection combiner throws away 10
percent of analog FM transmitter power
and 90 percent of the digital 1BOC trans-
mitter power.

power capability be purchased. The
power consumption of the analog trans-
mitter will also increase by 11 percent.

* The digital IBOC transmitter in this con-
figuration must be capable of generating
10 times the output power required to
achieve the required ERP for the digital
IBOC signal. This will require that the
digital transmitter be more expensive to
purchase initially and more expensive to
operate.

» The power lost in the injection combiner
is dissipated into a reject load, and that
heat is generally dissipated within the
transmitter building. This may also
increase the cost associated with operat-

ing the transmitter building cooling sys-
tem. It should be noted that the reject
load should be rated to operate well
above the absolute required rating to
protect against human exposure to hot
surfaces, and care should be taken to
observe the load manufacturer’s periodic
maintenance requirements.

LOW-LOSS HYBRID COMBINING
WITH DUAL-INPUT ANTENNAS
This method utilizes the hybrid com-
biner that is part of most standard FM
panel antenna systems, and can be imple-
mented for both single-station operation or
in systems where several stations are multi-
plexed into a single-panel antenna array.
The benefits to this approach:

» This is a low-loss combining method.
There is no 10-dB loss in digital path
and no additional 0.46-dB loss in analog
path.

*» The same array elements are being used
to radiate both analog and digital sig-
nals.

+ All existing panel arrays have potential
to be retrofitted for dual-input capability.

+ There is no additional antenna, meaning
no additional use of tower aperture and
only a small additional load on tower

+ There is the potential ability to use the
existing combining facilities for mulu-
plexed sites with reverse-feed, constant-
impeclance combining system.

» There is the flexibility to use separate
low-power combining systems for digital
signals if this is desired.

The drawback to this implementation
method is that this is an expensive
approach for small markets and/or sites that
are not already muluplexed facilities or oth-
erwise have hybrid-fed antenna elements.

The practical implementation of this
method of simulcast operations is generally
done in one of two ways:

The individual analog I'M and digital
IBOC signals are fed to the antenna system
through a hybrid combiner or power split-

Fig. 3: ERI IBOX Medium-Power
Hybrid Combiner

digital signals. This is also referred to as
10-dB hybrid combining.

°lLow-loss hybrid combining, which
makes usc of special antenna feed sys-
tems that include combining with dual
Input anlennas.

» Free-space combining with separate
antennas, which will be discussed briefly
even though this method is not
approved by the FCC.

INJECTION (10-dB) COMBINING

In this application an injection com-
biner, such as the ERI IBOX Hybrid
Combiner, is fed by the analog FM trans-
mitter and the digital IBOC transmitter.
(See Figs. 3 and 4.) The IBOX combines
both signals into a single transmission line
and FM antenna. This method has a num-
ber of advantages:

* There is virtually no distortion to the
analog FM or digital IBOC signals.

* There is an excellent input match and

very robust isolation between the analog

contact the author at bharland@eriinc.com.

For a more detailed figure,

and digital transmitters. This is achiev-
able in a broadband design so units can

Fig. 5: Typical Implementation of Dual-input FM Panel Antenna With
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Reverse-Fed Constant-Impedance Combiner

'World Radio Histo




I& ital Power I\
10% ol' PAJ‘PO

Total Dump Power
16.6% of Prn

Total Power I\

Prev = 121%0f Py 1po

10-dB Hybrid Combiner
(Digital-to-Analog Ratio
of -20-dB)

L Analog Power 1N
1% 0f PATPO

Digital Power OL T }
loo ()f PAm
Total Power OUT |

101% 0f' P, 130

ter feeding separate transmission lines and
driving the individual vertical and horizon-
tal radiating elements. In some cases, the
panel antenna elements contain individual
hybrids at each element that perform the
same function as the common hybrid. If
there are multiple FM stations multiplexed
into the same antenna, those stations may
be configured with digital and analog com-
biners prior to the antenna system inputs.
It should be noted that in many cases a cir-
culator or mask filter will be required to
provide adequate isolation between the
analog FM and digital IBOC transmitters.
(See Fig. 5 on the facing page.)

The other technique that may be applic-
able in multiplexed antenna systems that
have constant-impedance combiners is to
reverse {eed the digital IBOC signal into
the dump (reject) load port of the individ-
ual station combiner modules. The filter
system combines the digital signals for
each station in the system together and
they appear at the broad port of the com-
biner. This technique requires a dual-input
antenna to combine the analog FM and
digital IBOC signals.

This method has the benefit of using the
existing combiner system. Most constant-
impedance combiners can be retrofitted for
this mode of operation. The use of the
broad port for emergency operation or
expansion is lost in this scheme and there
will also be a requirement for a circulator
or mask filter to provide adequate isolation
between the analog FM and digital 1BOC
transmitters. (See Fig. 6 on page 10.)

FREE SPACE ANTENNA
COMBINING

The FCC recently approved the use of
separate antennas for the analog FM and
digital IBOC simulcast operations. It merits
a brief discussion as there are ongoing
experiments into the feasibility of this
method.

The basic approach is to use individual
antennas with one radiating the analog FM
signal and the other radiating the digital
IBOC signal. The combining of the two
occurs in lree space.

The FCC requirements for separate
anienna implementation are:

* The digital transmission must use a
licensed auxiliary antenna;

 The auxiliary antenna must be within 3
seconds of lautude and iongitude of the
main antenna; and

+ The height above average terrain of the
auxiliary antennas must be between 70
percent and 100 percent of the height

Matrix Portable:

Delivering the sound of the coin tass
to listeners avound the world is as
simple as pressing a buttom. Only

the advanced Comrex Matrix

POTS codec delivers the highest
quality audio and superior
connection reliability over both
standard wired and GSM wireless
phone connections. Our road-

proven desigm and construction,

plus ease of aperation and real-
world features, make Matrix your
best choice for all your POTS and
ISDN remotes. The results? Your
listeners hear the collision, the grunting,
the exhale... and the sound ot victory.

above average terrain of the main
antenna,

 Both antennas must be nondirectional.

There are a number of advantages to this
approach:

* As with the dual-input antenna combin-
ing method, this is a low-loss combining
technique. There is no 10-dB loss in
digital path and no additional 0.46-dB
loss in analog path.

* It is possible to achieve very high isola-
tion between the analog and digital
transmitters with very little separation
between arrays (approximately 10 feet
between closest array elements).

E

Matrix Rack:

* There is the potential to use an existing
antenna if available (such as an existing
auxiliary antenna).

* The flexibility to use separate low-power
combining systems for digital IBOC sig-
nals if desired.

The negative aspects to this approach
are:

* [f an existing auxiliary antenna is not
used, the additional antenna needed will
add to tower loading and take up verti-
cal aperture if vertical separation is used
to provide the necessary isolation.

* Consideration needs to be given to pos-
sible variations in coverage due to phys-

SIMULCASTING, PAGE 10

Sure all the action is in the field, but a great remote
needs a great home base. And there’s nothing better
than the Matrix Rack. It's compatible via POTS and
ISDN with ALL Comrex codecs as well as those from
nearly everyone else. Perfect for receiving those calls
from the field. Make the Matrix Rack the center of
communications for ALL your remotes.

Grab your audience by the ears and give them
the full experience—not just a story.

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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Ask the Expert

Answers to Your Questions
About FM Antennas

By Richard J. Fry

by questions sent to me online and in

other forums. What'’s your question?
Write to the address at the end of the arti-
cle.

The following responses were prompted

A. This situation is likely to be more
about the propagation path than the num-
ber of bays. Whether using eight bays or
one bay to produce a given nominal ERP, if
antenna azimuth patterns are the same
in/near the horizontal plane, then the ERP
toward distant markets near the radio hori-
zon also will be the same, so field strengths
there would not change.

No matter how many
bays, or what their
spacing is, an FM
transmit antenna might
have a 10-15 dB null
in its azimuth pattern
when side-mounted
on a fairly large

cross-section tower.

Of course, raising the transmit antenna
radiation center is always good, if that is an
option. In the United States, exceeding the
maximum antenna height for the class of
station means that the maximum ERP must
be reduced, in order to maintain the same
60 dBpV/m contour as achieved at the max-
imum antenna height. But the higher
antenna also means better path clearances
for the direct ray and its Fresnel zones,
which is the reason that distant field
strength is maintained even with that lower
ERP. This reality may improve distant field
strength in some specific areas, depending
on their path profiles.

But you might also consider this:

I. Commission a propagation study for
your licensed ERP, site and antenna
height, over the specific terrain to your
problem area. From whatever field
strength is predicted there for a 2 m

receive antenna height, subtract at least
10 dB to account for the losses caused
by “urban clutter.”

2. Measure the field strength at 2 m
receive antenna height for random
locations in the problem area. Determine
their average agreement to the end value
from Step 1. If agreement is fairly close,
probably your coverage there is all you
can expect for that ERP, transmit antenna
height and location. 1f not, go to Step 3.

3. Commission a pattern study from the
antenna manufacturer using two bays (at
least) of your antenna type mounted
exactly as you have it on a model of your
tower, including ladders, conduits etc. If
the measured values of the h-pol and v-
pol azimuth patterns are not at or above
the pattern RMS in the directions toward
your problem zone, consider re-
mounting the antenna at a different
azimuth bearing on the tower, and/or
adding parasitics to smooth out the
pattern so as to bring ERP up to nominal
in that direction.

Every dB of ERP improvement produced
by bringing up the pattern gain toward the
problem zone will add another dB of field
strength there.

A. Beam tilt is sometimes specified to
direct the theoretical maximum antenna
gain (ERP) directly at the radio horizon,
rather than slightly above the horizon — as
it would be with no beam tilt.

This practice is most useful for high-gain
transmit antennas installed at very high ele-
vations. Commercial TV broadcast transmit
antennas often employ beam 1ilt, as the
antenna gain and height details for TV
applications make beam tilt more useful —
particularly so for UHE

For the typical transmit antennas and

distant field strength between an antenna
with beam tilt and one with no beam tilt is
virtually immeasurable for many installa-
lions.

This point is illustraied in Fig. 1, which
shows no practical difference in field
sirength at or near the radio horizon for
any of the three antennas plotted. Most of

Antenna: ERI SHP-3AE

Bay Spacing: 1 wavelength
Element Field @ -90: 12.6% (avg)
Far-field Pattern Assumed

R/C Height AGL:
Max. ERP per polarization:

Date of Study:

Theoretical Power Density per OET Bulletin 65
Calculated for 2 meters (6.56 feet) Above Level Terrain
FCC limits: Uncontrolled Access =<200; Controlled Access =<1,000.

180 feet
50.000 kW Analog
0.000 kW Digitat (avg)
11-Oct-04 /ID#1

1,000.00 | " - .
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: :
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Calculation only for review and acceptance of station engineer or consultant.
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Fig. 2: Comparison of Power Densities for Two Antenna Configurations

antenna heights used in FM broadcast,
though, the practical effect of adding beam
tilt is better understood as making slight
changes in the aim of a floodlight, rather
than a spotlight. Therefore the difference in

FCC F(50,50) Field Strength

8-Bay FM Antennas with 1-wave Bay Spacing
100 kW ERP from 1,500 ft HAAT
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Fig. 1
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the field strength differences due to beam
tilt shown in Fig. 1 occur within about six
miles of the antenna site — which is not
the region of the coverage area where they
usually are assumed to take place.

Null fill is useful when the natural nulls
in the elevation pattern of an FM transmit
antenna are directed at locations where a
significant number of receivers are located.
This situation can occur for certain combi-
nations of transmit site location, antenna
elevation pattern and antenna installation
height.

If unfilled, such nulls can cause zones of
weaker-than-expected signal strength near
the antenna, which may be prone to mulii-
path distortion. Fig. 1 shows the effect on
nearby field strength when 10 percent first
null filt is added to the eight-bay antenna of
this example.

A. Distant coverage is provided by radia-
tion toward, and for several degrees below
the horizontal plane. For bay counts up to

FM ANTENNAS, PAGE 10
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JUST ENOUGH TEST
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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 Minliyzer
Analog Audio Analyzer

The ML1 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 MR or other external generator.

With the addition of the optional MiniSPL
measurement microphone, the ML1 also functions
as a Sound Pressure Level Meter and 1/3 octave
room and system analyzer. Add the optional
MiniLINK USB computer interface and Windows-
based software and you may store measurements,
including sweeps, on the instrument for downiload
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

P 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

P 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
Acoustlics & 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 AL1 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}

P High resolution FFT with zoom

P 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 ML1 Minilyzer.

P Sine and square waves

P Pink & white noise

P Polarity test signal

P Stepped sweep for response plots
P 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.

P 1/2" precision measurement microphone

P Self powered with automatic on/off

» Omni-directional reference microphone for
acoustical measurements

» Requirec 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 ML1 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

P> MiniLINK USB interface

is standard
2000000000000 00000
[ [ X ] [ J [ o
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NTI Americas Inc

PO Box 231027

Tigard, Oregon 97281 USA
503-639-3737
www.nt-instruments.com
americas@nt-instruments.com




Simulcasting

CONTINUED FROM PAGE 7

ically separate radiating elements.

» This method does require filing for a
Special Temporary Authorization (STA)
for authority to operate with the digital

signal.

DUAL-INPUT FM ANTENNA

The Electronics Research Dual-Input
Side-Mount FM Antenna is designed specif-
ically for FM IBOC applications. This new
antenna is capable of transmitting both the
analog and digital FM signals without

Oigat input

requiring a high-
loss hybrid com-
biner or the use of
a circulator to
attain the required
isolation between
the digital and
analog transmit-
ters. Low-power
isolators may be
specified based on
site-specific con-
siderations, for
added protection
to the digital
transmitter or for
multiplexed oper-
ations. The design
meets the current
FCC requirement
for informal notifi-
cation of IBOC
implementation.

Andlog Output bo Antenno

Fig. 6: Reverse-Feed Constant-Impedance Combiner

The antenna is a
true dual-input

antenna that excites all radiating elements
with both analog and digital signals. The
design allows the use of a single antenna
while eliminating the combining loss as is
present in the 10-dB hybrid combining
method. A feature of the antenna is the
ability to achieve in excess of 30-dB isola-
tion between analog and digital inputs
without using an isolator/circulator — no
analog signal lost to a reject load and no
additional insertion loss from a circulator.
Since the same elements are used for both
analog and digital signals, both formats
have the same horizontal and vertical pat-
terns, and therefore, the same gain.

SUMMARY

There are many factors to consider in
planning and implementing simulcast ana-
log FM and digital IBOC operations. There
is often more than one implementation
method available at any one facility.

Combining technology is evolving and

the development of efficient combining
methods, specifically improvements in dual
input antennas, continues. i

Electronics Research Inc. is a supplier of
broadcast and telecommunications equip-
ment in Chandler, Ind.

FM Antennas

CONTINUED FROM PAGE 8

at least eight, the main lobes of the eleva-
tion patterns of FM transmit antennas typi-
cally are within a dB or so of each other in
this region, whether the antenna is full- or
1/2-wave spaced. So if the azimuth patterns
and licensed ERP are the same, any antenna
configuration would radiate very nearly the
same ERP toward distant sites.

“Building penetration” is purely a func-
tion of the field strength outside the build-
ing. More field strength outside = more
field strength inside.

The biggest contributors beside path loss
to distant field strength are the h-pol and v-
pol azimuth patterns of the transmit
antenna. No matter how many bays, or

what their spacing is, an FM transmit
antenna might have a 10-15 dB null in its
azimuth pattern when side-mounted on a
fairly large cross-section tower. Making sure
that such a null isn't aimed at an important
coverage sector is very important. That’s the
reason for the pattern study suggested ear-
lier.

A. It can be useful, but probably the
real-world blanket interference perfor-
mance won't be as different as intuition
might suppose.

Consider a three-bay, 1-wave spaced
antenna compared to an eight-bay, 1/2-

ALTRONIC RESEARCH INC.

rformance By Design

e P

wave spaced antenna. If both systems radi-
ate 50 kW maximum ERP from a radiation
center 180 feet above level terrain, and if
the antenna patterns really are those
assumed for them (a big “IF”), then the
fields from these two antennas will be iden-
tical beyond ~3/4 mile from the site.

In the “donut” between ~200 and
~2,500 feet from the tower, average power
density peaks at 2 m above level ground
from the eight-bay, 1/2-wave antenna are
~7 pW/cm’, and ~20 pW/cm’ for the three-
bay, 1-wave antenna.

From zero to ~200 foot radius from the
tower, the eight-bay antenna peaks at ~4.5
uW/cm?, and the three-bay at ~200
pW/cm?. That's the large difference that
intuition expects, but probably also its a lot
closer to the tower than expected. Chances

are that not too many listeners are located
there.

Fig. 2 on page 8 shows the two plots
from which the above values were taken.
Power densities were calculated for the
OEMs5 published elevation patterns, and a
perfectly omni azimuth pattern for a popu-
lar c-pol transmit antenna design. ®

Richard J. Fry, CPBE, is an RF systems analyst
and retired FM applications engineer. Send
him your questions to rfry@adams.net. Also
visit http:/irfry.org.

MANUFACTURER

OF RF COAXIAL LOAD RESISTORS.

DUMMY LOADS FROM 1 KW TO 1500KW,

AVAILABLE IN AIR, WATER OR SELF

CONTAINED HEAT EXCHANGERS.
HIGH POWER NON-REACTIVE CERMET

RESISTORS FROM 1 OHM TO 20 MEGOHMS.

”[' AN

Radie Weiid B

ALTRONIC RESENRCH INC.

P.O. Box 249 « Yellville, Arkansas 72687 870-449-4093 « Fax: 870-449-6000
E-mail: altronic@mtnhome.com Web Site: http://www.altronic.com
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AT LAST, A BOARD GEEKS AND JOCKS CAN BOTH DROOL OVER.

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
=i programmer or
board operator
will swoon.
Yet Rubicon is
so intuitive, so

comfortable,
so easy fo use, the

$AS Connected Digital Network™ Wweekend intern is

sure to sound like
a pro.
Here's why:

Rubicon Control Surface
J2K0 Digital Audio Router
RIOLink™ Remote 1/0

Record! |

PoF Frs |
SF‘lltiL |

Frequently used controls
are always right at the oper-
ator’s fingertips. And for the
power-user, the multi-function
“dynamic contro! 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 H ™
roﬁting and ru blcon
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.

SIERRA

" e

=Y. SYSTEMS

For more information call 1.818.840.6749,
email sales@sasaudio.com or visit www.sasaudio.com.

Engineering great radio.



The world’s best* IP-Aud

*Okay, you caught us. It’s also the world’s only 1

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 ralent-intensive formats.

o' QQ_,- ‘,.i
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Ergonomically
designed channel
start and stop but-
tons, with guards
that prevent acci-
dental uctivation.

Programmable soft
kevs and recording
device transport
control buttons give
instant control of all
audio functions.

Available Telos Con-
sole Director panel
with Status Symbols”
provides easy, intui-
tive control of phone-
based segments.

Each channel’s main,
special-purpose,
phone and preview
assignments are
quickly accessible.
Automatic mix-minus
Sor each fader!

'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

4 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
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Routers are OK... Put an Axia revaiio.

but a network is so Microphone Node Seat Studins
much more n n. our mics y

wch more modern next to vour mics BALSYS

With Axia, your ins
and outs are next
to the audio, where
they belong. No
[frame, no cards,
no sweat.

.Bvoadcnstou
General Store

&=y

and send preampli-
fied audio anywhere
vou need it, over
Ethernet — with no
line loss or signal
degradation.

We're already work-
ing with some great
companies. Check
AxiaAudio.com to

Jind out who’s next.




broadcast studio system.

idio broadcast studio system. Damned marketers.

Scalable, flexible, reliable... pick any three. Are you still using PC sound cards?
An expensive proprietary router isn't practical Even the best sound cards are compromised
for smaller facilities. In fact, it doesn't scale by PC noise, inconvenient output connectors,
all that well for larger ones. Here’s where poor headroom, and other gremlins. Instead,
an expandable network really Pr——— load the Axia IP-Audio Driver for
shines. Connect eight Axia R e Windows® on your worksta-
8x8 Audio Nodes using Cat-6 4 tions and connect directly
cable and an Ethernet switch, to the Axia audio network
and you've got a 64x64 routing switcher. using their Ethernet ports. Not only will your
And you can easily add more 1/0 whenever PC productions sound fantastic, you'll elimi-
and wherever you need it. Build a 128x128 nate sound cards and the hardware they usu-
/“ system... or 1024x1024... use a Gigabit fiber ally feed (like router or console input
backbone and the sky’s the limit. modules). Just think of all the cash you'll save.

Put your preamps Put your snake on a diet.
where your mics are. Seoeeseise o B O Nobody loves cable snakes.
Most mainframe routers Besides soldering a jillion
have no mic inputs, so you connectors, just try finding the
need to buy preamps. With Axia you get pair you want when there’s a change to
ultra-low-noise preamps with Phantom power. make. Axia Audio Nodes come in AES/EBU
Put a node in each studio, right next to the and balanced stereo analog flavors. Put
mics, to keep mic cables nice and tight, then a batch of Nodes on each end of a Cat-6
send multiple mic channels to the network run, and BAM! a bi-directional multi-
on a single Cat-6 cable. And did we men- channel snake. Use media converters and
tion that each Mic Node has a fiber link for extra-long runs
eight stereo line outputs for between studios —
headphones? Nice bonus. or between buildings.

With a little help from our friends. Would you like some control with that?
A networked audio system doesn'’t just There are plenty of ways to control your Axia
replace a traditional router — it improves network. For instance, you'll find built-in
upon it. Already, companies in our industry webservers on all Axia equipment for easy
are realizing the advantages of tightly inte- configuration via browser. PathfinderPC®
grated systems, and are making new products software for Windows gives you central
that reap those benefits. e T control of every audio path in
Working with our partners, ., s 3 &’ your plant. Router Selector
Axia Audio is bringing new - nodes allow quick local source
thinking and ideas to audio distribution, selection, and intelligent studio control
machine control, Program Associated Data surfaces let talent easily access and mix any
(PAD), and even wiring convenience. source in your networked facility.
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It

> 10011000
An Axia digital audio
There’s a better way snake can carry hun- Control freaks,
1o get audio out of dreds of channels of rejoice: PathFinderPC
vour PC. No more digital audio on one software for Windows"
18" connectors — with skinnv CAT-6 cable.We gives vou systemwide
Axia vour digital know vou're not going control of all routing
audio stays clean to miss soldering all functions with just a

and pristine. that multi-pair... click of your mouse.




Guy Wire

.

Guy Breaks Down the
Anti-HD Radio Arguments

The Digital Bus, With HD Radio On Board, Has Left the Terminal.

Be On It or Be Under It.

By Guy Wire

Guy Wire is the pseudonym of a
well-known veteran radio engineer
who prefers to remain anonymous.

t continues to amaze me how many

knowledgeable broadcast engincers and

industry observers persist n calling HD
Radio a tlawed system not worthy ol
replacing analog and are forecasting its fail
ure and demise. Online hst servers seem to
attract many of these unconverted

Changing minds and opinions on this
topic might be a hule hke tryig 1o con
vinee those opposed to the war in fraq thai
LS presence there will further our abjec
tives in defeating world werronsm. In the
HD Racdho proceeding, there also appear to
be quite a few undeadeds. Will Ihiquity’s
technology ultimately succeed? Somebody
should run a poll 1o see how this stacks up
in both cases, the playing field 1s constantly
changing

STATUS QUO
Lets give the ant-HD Radio core posi
tions a reality check one by one

s of HD Rad
the status quo. Just because s digial does

naysayers tend to favos

nt mean it ter, they sav Analog AM 1S
sull recevable on radios made over 80
vears ago Over 500 milhon of them sull

serve therr owners well in this country

alone. Making them unusable would be

-

Inovonics

1305 Fair Ave - Santa Cruz CA 95060
TEL (831) 458-0552 « FAX (831) 458-0554
www inovon com « e-mail into@movon com

unthinkable. Yet the huge improvement of
noisc-free full-fidelity sterco that HD Radio
brings to AM is blissfully ignored. This
reminds us of all the horse-and-carriage
fans of the 1890s. Proponents of the newly
invented automobile back then had to
prove their case

The argument for FM HD Radio is a lit-
te less convincing. Analog FM with RBDS
scrolling text on the plains of Kansas works
farrly well. Think of it as a fast horse-drawn
carriage on a really smooth road with a nar
rated travel guide

But the abiliy to add featwes and enjoy
ment pretty much ends there. The nding
experience, Just hike the listening experi
ence for those in congested cines full of tall
buildings or on very bumpy roads in hilly
lerrain, 1s not so enjoyable

A century ago, citizens worried about all
the new problems and “interlerence” that
mtroducing the auwtomobile would cause
existing travelers. Vehicles with gasoline
engines were noisy and caused more pollu
tion. As more of them ook 1o the roads
pedestrians and horse-drawn carriages were
crowded off 10 the side. But the advantages
ol the automobile over horses and walking
far owtweighed the disadvantages. Mulflers
were invented, roads were paved and
widened and sidewalks were built

HD Radio right now is like the first auto
mobiles 1o travel unpaved roads. Think
about what 1w will offer in arother five o
10 years. History is squarely on the side of
etter technology as it pushes aside older

ss cthicient methods

Increased interference to adjacent chan-
nels is one of the compromises HD Radio
does inflict on existing operations. The
impact on the FM dial has been demon-
strated as minimal. FM alrcady tolerates
similar degrees of interference in large mar-
kets and short-spaced situations

The AM case 15 a bit more problematic
As more HD stations come online, some
statons will probably lose some fringe area
and distant mghttiime service. But with less
than 5 percent of all radio hstening occur
ring on AM at night, tlis mav prove to be
more ol a non-problem than many nside
the industry think.

Whatever methods are used to resolve
nterlerence complaints, one aspect of this

It amazes me how many
knowledgeable broadcast
engineers and observers

are forecasting
HD Radio’s failure.

issue seems clear. For radio to thrive and

remain successtul, it will have to focus on

serving ats local and primary coverage area

the best 1t can The impact of [t

services s pushing terestrial tacdhio m this

direction anyway. Super-serving the local

audience will have

Lions mantra

to hecome every sta

Most HD Radie detractors seem con
vinced that consumers will have little mter
est in forking over several hundred dollars
more 1o buy an HD Radio mstead of the
mexpensive analog models they know and
understand. Witheut a killer apphcation
consumers wen't buy them and HD Radio
will fail just like the AN stereo experience

I suggest that this paradigm 15 changing

Every new technology-based consumet
product that establishes uself as a long

term suceess has one or more killer apps
The automobtle ollered more speed. ver
satihty and comifort The first ones wet
cryoexpensive and not that rehable

took a while hefore assembly-hne manu
f‘u'uwfls‘ H‘L‘h'walﬁ and improved u al
ity control made them reliable and

allordable for most consumers

- Top-Value FM Monitor

Model 531 - $2700

THIS EASY-TO-USE FM MOD-MONITOR GIVES
ACCURATE OFF-AIR MEASUREMENTS.

A wealth of features makes Inovonics’ second-generation 531 the undisputed value

leader in FM monitoring. In addition to the high-resolution total-mod display, the

531 also shows stereo audio levels, SCA and RDS subcarrier injection, plus a
relative indication of incidental AM noise. A digitally-tuned preselector with

<n -

programmable presets lets you quickly compare your station’s
parameters with those of market companions.

Signal strength and muitipath readouts simplify antenna alignment
and help validate all measurements. Rear-panel appointments
include balanced audio out, composite in/outs, and both antenna
and high-level RF inputs. Alarm tallies are provided for overmod,
audio loss, carrier loss and excessive multipath.

Go to www.inovon.com for full technical details.
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Thankfully, the advanced capabilities of
today'’s consumer electronics industry
move the development of new products
like digital radios along rather quickly. As
the penetration of XM and Sirius satellite
radios accelerates, radio manufacturers are
now looking at designing multi-mode digital
radios that will include all digital formats.

Integrating separate RF sections and
programming the DSP engine to include
HD ard XM functions in the same radio is
relatively easy since the codecs are virtually
identical. This is a natural evolution for car
radio offerings and best serves consumer
needs and preferences. What proves suc-
cessful as a new feature in car radios usu-
ally finds its way into home radios and
portable models.

MORE TO COME

The first-generation HD Radios only
offer some of the advanced features that
make HD Radio a superior performer over
its analog parent. Most consumers will
probably not be asking for an HD model or
recognize a killer app when shopping for a
new radio as more gen-one HD Radios
start appearing in the marketplace.
Awareness of what HD Radio offers will
definitely take some time. Perceptions of it
will be blurred with satellite services.

Noise-free, multipath-free reception is
not by itself a killer app. Neither is the
scrolling radio-text feature in its present
form. But as more consumers become
aware that these improvements are part of
the satellite radio offerings already, they
will naturally come to expect the same
from terrestrial radio.

Data services will not flourish in HD
Radio until protocols are more fully stan-
dardized and developed to exploit that
resource. TIVO for radio, the “Buy Button”
and other PAD services are the tip of that
iceberg. We can only dream about what
shape and form future data-delivered ser-
vices might take in succeeding generations
ol HD Radios. Certainly streaming video
and fully interactive features will be among
them, especially in the all-digital HD Radio
format. You can bet satellite will have them.

Offering a second program service
within the same RF channel will be an
important new capability for radio that
only digital can deliver. Public radio sta-
tions everywhere are now planning their
next rounds of CPB grant funding to
include HD Radio conversion mainly to be
able 1o take advantage of this powerful
addition. Commercial stations have been
slow to recognize the value of a second
channel, but as soon as the rules for such
service are established and one large group
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owner moves forward with it, you can bet
many more will quickly follow.

Surround sound is shaping up to be the
bona fide “wow-inducing” killer app for
HD Radio. Consumers are flocking to
home theatre 5.1 sound as a very hot seller
in video and television. Cars automatically
are suited for accommodating 5.1 speaker
positions. Most manufacturers are ramping
up to include this feature in many new lux-
ury car models starting next year. Selling
new surround sound versions of all the hit
songs of the past could be a big shot in the
arm for the troubled recording industry.

While this does make it a bit more diffi-
cult for independent companies not affili-
ated or invested in Ibiquity to bring
improvements to it, it does not preclude
them. Witness Ibiquity’s change of codecs
from PAC to HDC. They say it's unique,
but HDC is merely a multi-streaining ver-
sion of HEAAC (MPEG AAC+ with SBR),
the same codec used by XM :atellite.
Ibiquity will most certainly be looking to
incorporate worthy and compelling
improvements to HD Radio in the future. It
is, after all, only sofiware.

Digital Radio Mondiale proponents see
that system as technically superior and
more flexible than the AM HD Radio solu-
tion. The two systems are really more simi-
lar than they are different, both using the
same digital modulation building blocks.
Software driven platforms are continuously
adaptable and tweakable.

Even though the first generation of HD
technology is set, there is really nothing to
stop lbiquity from co-opting and integrat-
ing some of the DRM features or other
techniques yet undiscovered intec AM HD
Radio as the rollout moves forward with
succeeding generations. Let your imagina-
tion contemplate what might be used or
discovered for improving performance and
mitigating interference

This objection has suddenly become less
relevant in the face of the recent FCC deci-
sion to SUSand the HDT\‘ cony ersion

THAGE CHANNEL O!OITAL ABPEATER / ADC BWITGHERN
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take time, money and effort 10 implement.
All sorts of unknowns and variables change
the course of man’s best intentions.
Ibiquity learned from the mistakes of
previous elforts to change or improve the
basic engine of radio. Unlike FM Quad and
AM stereo, HD Radio formed a solid
alliance of investors and partners from the
beginning from across the industry includ-
ing broadcasters, transmission equipment
companies and the all-important receiver
companies. All the players are in this game
together, with a carefully devised rollout
strategy and time:able, making the chance
of failure a more remote possibility.
The fact that a hard FCC mandate for
conversion is not in place for HD Radio
may not make much difference in the end

In recent years, U.S. made cars started
adding RBDS. The NAB now estimates
about 30 percent of all car radios have
RBDS and over 80 percent of all new cars
are sold with RBDS. Ii's suddenly a hot
ticket. Without even asking for it, U.S.
consumers and broadcasters alike have dis-
covered an impressive new feature that
magically appeared in their car radios.

It’s ironic that the satellite services are
helping to accelerate the burgeoning public
awareness of new digital receivers in the
marketplace. Whether terrestrial broadcast-
ers prefer to depend on analog for the long
term may not matter. The rest of the world
is moving forward with digital services and
features in every consumer electronics
appliance and device out there. Like it or

Even though the first generation of technology

is set, there is really nothing to stop Ibiquity from

co-opting and integrating some of the DRM features

or other techniques into AM HD Radio.

as the rollout gains traction. As more sta-
tions broadcast with the new technology
and more receivers penetrate the market-
place, the public will acquire and use it.
Momentum towards the necessary critical
mass that will make this happen is well
underway. Analog-only hardware will
slowly be displaced and fall by the wayside
as antiquated relics of the past.

THE SELLING OF RECEIVERS

What will propel HD Radio sales more
than anything else will be the simple fact
that most automobile manufacturers will
offer HD Radio models as an option or as
the stock radio in higher-end 2006 models.
That rollout accelerates and expands to
most models in 2007. Radio manufacturers
are focusing their design efforts for virtu-
ally all future models on DSP-based pro-
grammable platforms. They want to sell
new digital models and want to supply
radios based on common chipsets and see
little future in supporting analog,

A similar mechanism was at work with
RBDS. When it first rolled out in the
United States in the 1990s, not many stations
deployed it. Some that did stopped using it
soon after they perceived very few RBDS
receivers were being purchased or used. But
thanks to its use clsewhere in the world,
more and more KBDS-equipped car radios
were being delivered in many European

nd Japanese car models here in the U S

i i

THEJOG|CAISWAY

S-DRX

Automatically switches between two AES digital audio signals or a stereo analog signal.
Analyzes digital signal errors (CRC, bit, framing, etc.) and checks for loss of audio on the digital signal. User programmable.

not, terrestrial radio is being sucked into
that vortex.

What further suggests increasing pene
tration of multi-function digital radios in
cars that will include HD Radio is the
recent move by many automobile compa-
nies 1o integrate some of the cars monitor-
ing, signaling and navigation operations
within the radio’s DSP design itself. No
longer can you easily replace a stock radio
in many new cars with an after-market
model without adversely affecting other
electronic functions in the car.

This change seems to have crept into
new car designs almost insidiously. In the
near future, altermarket car radios could
fall dramatically in popularity. One of the
reasons many radio manufacturers have
delayed introduction of gen-one after-mar-
ket and home models is the realization that
OEM car radios will drive awareness and
acceptance of HD Radio more than any-
thing else. Many consumers will get an
HD-equipped OEM radio when they buy a
new car in the next few years without even
knowing it or asking for it.

The stage is set. Radio is entering a new
era propelled by new technology. It really
very simple. The digital bus with HD Radio
onboard has left the terminal. Be on it or
be under it. @

Guy Wire welcomes your comments and
questions. E-mail to gwire@imaspub.com

800.8068851 WWW.TITUSLABS.COM
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Hartnett

CONTINUED FROM PAGE 1

Digital telephony was developed and
deployed in Europe first. Groupe Speciale
Mobile established a wireless digital stan-
dard in 1983 that became known as Global
System for Mobile Communications. GSM
has since become the most widely used
cellphone technology outside North
America.

phone technology is ancient history and
rapidly disappearing,

To be able to use any of the predominant
digital cellphone networks effectively for
broadcast presents a different set of vari-
ables.

“The challenge with digital phones is all
about the data. Cellphones allow for a
miniscule amount of user data throughput
— around 7 kilobits per second — and
very powerful compression algorithms are
required to put any audio at all over this

o' /
Matrix Portable Wireless
with GSM Modue Tower Modem Pool \
s s
Matrix Studio on a lond line

Fig. 1. GSM Remote Broadcast System

Comrex Corp., a developer of POTS
codec technology, introduced a break-
through product this spring that delivers
clean 7 kHz audio via a GSM-equipped
cellphone carrier. The Comrex Matrix
codec, equipped with a special GSM mod-
ule, provides broadcast-quality remote
feeds via the T-Mobile or Cingular net-
works.

Achieving such performance has been a
challenge on which Comrex has been
working for a long time. To understand
how this came about, we talked with
Comrex Director of Engineering Tom
Hartnett, who describes some of the back-
ground and history of the process.

“We started working on making cell-
phones sound better in the '80s by cou-
pling our single-line analog extenders with
analog cellphones,” he said.

Analog cellphones had quickly found
widespread use in broadcasting for 1FB

small a channel. Making it sound better
than a normal phone call is even more chal-
lenging.”

“GSM in North America operates in
either the 1900 MHz band or 850 MHz
band; it works at 1800 MHz and 900 MHz
in many other countries,” Hartnett said.

“The Comrex GSM module is available
in North American and international ver-
sions that support these bands, respectively.
It is supplied with an external mag-mount
antenna, which can add to the stability of a
call significantly. Not only does the antenna
provide more gain than a typical handheld
cell antenna, it can be placed away from
people and other RF obstructions for better
signal strength. Since the low GSM bands
are essentially half the frequency of the
high bands, a single antenna is cut to cover
both bands.”

GSM uses a standardized Subscriber
Identification Module, a smart card that

The challenge with digital

phones is all about the data.

— Tom Hartnett

channels. A few brave souls even tried
using the two-line extender on two analog
cellphones to enhance frequency response
to 5 kHz beyond just single-line extension
for on-air broadcasts.

NEW CHALLENGES

Hartnett said the two-line extension idea
didnt work very well.

“Analog cellphone channels had very
limited bandwidth of only 2.5 kHz, plus
levels could vary during the call and from
call to call. Good two-line extender perfor-
mance relied on 3 kHz of response with
matched and stable levels on each line.
Analog cellphone channels also used AGC,
which wreaked havoc on our noise reduc-
tion circuitry resulting in a very unpre-
dictable result.”

That’s all behind us now; analog cell-

October 27, 2004 * Radio World Engineering Extra

resides in the phone. Once the SIM is acti-
vated it can be moved to any GSM-capable
phone, such as the Comrex GSM module,
in order to activate the device.

When the Personal Communications
Service bands were opened up in the
United States in 1993, three incompatible
designs were used. Time Division Multiple
Access, Code Division Multiple Access and
GSM were employed, depending on the
carrier.

GSM s better suited for using codecs to
convey high-quality audio than TDMA
because it uses Circuit-Switched Data as
part of its standard, and provides a fairly
steady throughput of data. CSD establishes
a dedicated channel that links the segments
of the signal path to create a single, unbro-
ken line for each telephone call, thus avoid-
ing the long delays encountered with the

other protocols.

While CDMA also uses CSD, its net-
works transmit data in bursts rather than a
continuous stream, which causes breakup
in real-time audio transfers. CDMA, used
by Verizon and Nextel, was optimized this
way to be more efficient in the constantly
varying traffic conditions encountered in
large, IP-based data networks.

Hartnett said, “CDMA and TDMA are
perfectly capable of moving the kind of
data we need, but simply aren't provisioned
by the carriers the way we need it.
Broadcasters aren’t power users who can
dictate to a cellphone company how to pro-
vision its data channel. Usually that
requires a bigger player, like a government
contract.”

Many of the former TDMA networks like
Cingular and AT&T Wireless have migrated
to GSM. But AT&T does not deliver it in a
format friendly to an audio codec.

“GSM companies are more interested in
delivering Internet access than Point-to-
Point data, so we're using a data service
they consider to be a ‘legacy’ product.”

Luckily, many other data services also
depend on this legacy provisioning. For
now, T-Mobile and Cingular have emerged
as the U.S. cellphone carriers that can be
used for the Comrex GSM solution.

TOM’S ALGORITHM

Even though GSM allows an unbroken
channel path for real-time data transfers,
the data rate is still limited to 9.6 kb/s. That
presents another serious challenge to being
able to get higher frequency response
through the channel. Comrex has had to
craft the coding and error correction in its
codec to be able 1o squeeze 7 kHz of low-
distortion response through such a limited
channel.

Hartnett said the big breakthrough is the
use of a new algorithm, “the best in the
world at these low data rates.” He jokingly

Fig. 2: The Matrix Codec With GSM Module

refers to it as “Tom’s Algorithm” but will
only say that it’s a special mix of several
standard algorithms with custom Comrex
modes perfected for the application.

The other critical improvement is that
the new GSM module does not use an
external cellphone to establish the call. The
Matrix design includes an integrated GSM
phone that “has the ability to alter the error
correction used in the GSM data channel
resulting in a more reliable connection for
audio.”

Even though voice performance is good,
Hartnett does not advise using it for music
or as an emergency STL for AM.

“Music is pretty nasty over GSM,”
Hartnett said. “The algorithm actually uses
a voice synthesizer like in a digital handset.
I think POTS codecs make a great emer-

A\

gency STL, but I wouldn't recommend
GSM for the job.”

Using a cellphone for improved quality,
remote broadcast applications involving tal-
ent requires an easy-to-use hardware pack-
age. With the optional battery pack, the
Matrix/GSM Module combo qualifies as a
simple “grab and run” field tool for anyone
who can use a POTS codec.

“The beauty of the Matrix/Module solu-
tion,” Hartnett said, “is that theres very lit-
tle configuration needed.”

Once the module is attached, the Matrix
“wakes up” in GSM mode and acts very
much like a cellphone. A call is placed via
the keypad like a normal POTS codec call.
The studio needs a Matrix rack or a
Bluebox attached to an analog POTS line,
which will answer the incoming call auto-
matically. Talent plugs in a broadcast mic,
sets the level and begins talking. Return IFB
is recovered easily in headphones.

One of the common issues confronting
the use of digital gear is latency or delay.
Hartnett says the system itself only adds
about 120 milliseconds of delay but the
cellphone network can add an additional
1/4-t0-1/2-second delay to that.

He adds, “It can be difficult to conduct a
conversation, much like a satellite delay,
but it can be overcome with a littie prac-
tice.”

In Europe, the use of High Speed Circuit
Switched Data (HSCSD) speeds up GSM
data throughput beyond 9.6 kb/s to allow
frequency response as high as 10 to 12
kHz. But Hartnett says this enhancement is
not likely to gain traction in the United
States.

“The main constraint holding down data
rates is that cellphone companies have
moved to other technologies to better sup-
port Internet access and use. These are not
nearly as friendly to real-time audio. It’s not
likely we'll see HSCSD in North America
for the same reason.”

Wireless telephony is now moving into
the third generation of improvements
beyond PCS using new protocols that can
achieve much higher data rates approach-
ing 2 Mb/s, primarily aimed at better sup-
porting Internet performance. But Hartnett
is cautious about how these might improve
his new product.

“Data services like GPRS, 1XRTT and
EDGE are all much friendlier to Web-
browsers than to audio codecs. Whenever
you utilize a network like this for other
than its intended purpose, you have to
make compromises. The compromise we'll
likely need — to realize improvements —
is a lot of added delay.”

Hartnett observes this reality will impact
all new data service offerings, both wired
and wireless.

“The trick will be leveraging their bene-
fits and minimizing the compromises to
build a product that has value. I canl tell
you much more than that, other than ‘we're
working on it.”

For the near term, the most likely
improvement Comrex will offer to the
mobile GSM product line will be a smaller,
more portable package. B

For information on Comrex GSM products,
visit www.comrex.com.

Thomas R. McGinley is a technical advisor to
Radio World and director of engineering for
Infinity Broadcasting in Seattle.
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CONTINUED FROM PAGE 1

tance and reactance (capacitive and/or induc-
tive), as is the case with virtually all real world
circunts. For AC circuits, impedance 1s the
functional equivalent of resistance.

An nterface is a signal transport subsys:
tem consisting of a line driver (an output),
the line or cable itself and a line recciver
(an input). When interconnected, they
form a series circuit called a voliage
divider. Every output has internal imped-
ance, measured in ohms, called its output
impedance or source impedance.

For practical reasons, 1t cannot be zero
for real devices. Likewise, every input has
internal impedance, measured in ohms,
called its input impedance. For practical
reasons, this cannot be infinite for real
devices. See Figs. 1 and 2, where Zo is out-
put impedance (split equally for the bal-
anced output) and Zi is input impedance.

Efficient

The main purpose ol an interfece 15 1o
deliver maximum signal voltage to the nput
Since the current is the same in all clements
of a senes circunt, voliage drops are propor-
uonal to impedances. This means Zi should
be much higher than Zo. In typicai equip-
ment, Zo ranges from 50 ohms 10 1 k-ohms
and Zi ranges from 10 k-ohms 1o 100 k-
ohms. This transfers 90 percent 10 99.9 per-
cent of the avatlable signal voltage.

Whether an interface is unbalanced or
balanced depends only on the impedances
of the two signal conductors with respect 10
ground. In unbalanced interfaces, one sig-
nal conductor 1s grounded while the other
has a higher impedance. In balanced inter-
faces. both signal conductors have equal
non zero impedances. More details on bal-
anced interfaces will be discussed later.

AC POWER SYSTEMS AND
GROUNDING

Grounding has several important pur-
poses and most often, a single ground cir-
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Fig. 3: Current Flow Under Normal Conditions

internal electronic circuits. High-perfor-
mance audio systems are unique in two
ways: (1) the signals cover a broad, nearly
five-decade, frequency range, and (2) the

GROUNDING, PAGE 18

cuit serves, intentionally or accidentally,
more than one purposc.

For example, the equipment chassis
may be grounded for safety reasons, but
also serves as a signal reference point for
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Grounding

CONTINUED FROM PAGE 17

signals can require a very wide dynamic
range. Adding to the difficulty is the fact
that AC power frequencies and their har-
monics also fall within the signal frequency
range. At power and audio frequencies, a
so-called ground loop can allow noise and
signal currents to mix in a common wire.
Therefore, we must understand how
ground circuits work if we expect to con-
trol or eliminate noise in audio systems.

To an electrical power engineer or elec-
trician, a “ground” involves safety, fault cur-
rents and carth connections. To an
electronics engineer, a “ground” is simply a

The most destructive effects can be avoided
by simply giving the strike current an easy,
low-impedance path to earth ground before
it enters a building. Virtually all modern,
electric-power distribution uses lines that
connect the “neutral” wire to earth ground.

Fig. 3 shows how AC power is supplied
through a “three-wire service” 1o outlets on
a typical “branch circuit” in a building. One
of the service wires, which is often not
insulated, is the grounded or neutral con-
ductor. The neutral is bonded to earth
ground at the service entrance as required
by Code. This earth ground, along with
those at neighboring homes and at the util-
ity poles, provides the easy paths for light-
ning to reach earth.

Telephone, CATV and digital satellite
system cables must also divert lighining
energy to earth ground before it enters a
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Fig. 4: Current Flow With Faulty Condition

zero-volt reference point used when refer-
ring to other voltages in a circuit, and it
may not be connected o0 earth at all. The
crucial difference in these definitions is the
requirement for a real earth connection. In
general, an actual earth ground is necessary
only to protect people from lightning.

Before modern standards, such as the
National Electrical Code (a.k.a. NEC or
Code) were developed, lightning that
struck power lines often was effectively
routed directly into buildings, starting a fire
or killing someone. Lightning strikes
involve millions of volts and tens of thou-
sands ol amperes, producing briefl bursts ol
incredible power i the form of heat, light
and clectromagnetic fields.

Electrically, lightning 1s a high-frequency
event, with most of the energy centered
around 300 kHz. That's why wiring to
ground rods should be as short and straigh
as possible (bends increase inductance)

building. The phone companys gray box
or nctwork interface unit, which should
he mounted outside the building, provides
this protection for phone lines. NEC
Article 820 describes the requirements for

Myth and
misinformation
about grounding

are epidemic.

grounding the shield of CATV lines before
they enter a building. Satellite TV dishes
must also be earth grounded, generally via
a coax grounding block supplied with the
installanon Kit.

Whenever possible, all these other carth

ground connec-
tions should be
made to the same
ground rod used
for the utility
power. Because of
soil resistance,
thousands of volts
could develop
between separate
ground rods if a
lightning strike
should occur. This
could seriously
damage a com-
puter modem, for
example, because
it straddles power
and telephone line

grounds. Remember
that any wire leaving

or entering a building can bring lightning

inside!

Any AC-line powered device having con-
ductive exposed parts (including signal
connectors) can become a shock or electro-
cution hazard if it

Fig. 4A: 3 to 2 Adapter

the green wire or metallic conduit, to the
main “breaker box™ or “electrical panel”
where it’s tied 10 neutral. Neutral (white)
and line (black) wires are part of the nor-
mal load circuit. The green wire or con-
duit is intended to carry fault currents
only. See Fig. 4.

develops certain
internal defects.
Insulation is used
in transformers,
switches, motors
and other internal
parts to keep the
electricity where it
belongs. But the
insulation may fail
for various rea-
sons, and often in
ways that electri-
cally connect the
“live” power line
to exposed metal
— a fault. A wash-
ing machine, for
example, could
clectrocute some-
one who hap-
pened to touch
the machine and a
grounded water
faucet at the same
time.

To prevent

electrocution,
most devices have
a third wire con-
necting exposed metal to the “safety
ground” terminal of modern AC outlets.
This terminal is connected. through either

Fig. 4B: Ungrounded equipment can kill.

Since the safety ground is also tied 10
carth ground, the voltage that might exist
between equipment and other carth-
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throughout the sys-
tem if just one

“ground lifted”
device fails.
Consider two

pieces of equip-
ment with three-
prong AC plugs
that are connected
by a signal cable.
One piece has a
ground lifter on its
AC plug and the
other doesn't. If a
fault occurs in the
lifted piece of
equipment, the
fault current (many

Fig. 5: Lower waveform shows current drawn by dimmed buibs.
Upper waveform shows resulting noise on powerline.

grounded objects (water pipes, etc.) during
fault conditions 1s also minimized.
Electrical power engineers refer to these
voltages as “step” or “touch” potentials.

With safety grounds in place, potentially
deadly equipment faults simply cause high
currents from power line “live” to “salety
ground,” quickly tripping circuit breakers
and removing power from those branch
circuits. Safety grounding in most residen-
tial and commercial buildings is provided
through metal conduit, metallic *]-boxes,”
and sadidle-grounded or “SG” outlets.

NEC also requires safety grounding of
wiring raceways and equipment cabinets,
including rack cabinets. Per Article 250-
95, salety grounding wires, which may be
bare or insulated, must have a minimum
size of #14 copper for a 15 A or #12 cop-
per for a 20 A branch circuil to assure
rapid circuit breaker action. This ground-
ing path must be bonded to the salety
grounding system, not 1o building steel or
a separate earth ground system. Separate
ecarth ground rods cannot provide safety
grounding! Soil resistance is far too high to
guarantec tripping of a circuit breaker
under fault conditions.

It's always a good idea to verify the
integrity of any safety-grounding scheme
by measuring its resistance with an
approved commercial “ground resistance”
tester. CGieneral-purpose ohmmeters are not
suitable. Outlets mis-wired with safety
ground and neutral swapped can causc
serious system nois¢ problems. Check the
wiring tcolors) of suspect outlets or trou-

tens of amperes)
will attempt to flow
in the signal cable.
It’s very likely that it
will either melt or go up in flames.

Consumer audio and video equipment
was responsible for nine electrocutions in
the United States in 1997. In the same
year, this equipment caused 1,900 residen-
tial fires that resulted in 110 civilian
injuries, 20 deaths and over $30 million in
property losses.* See Fig. 4B.

Some small apoliances, power tools,
consumer electronics and outlet-mounted
power supplies are equipped with two-
prong AC plugs. Sometimes called “double
insulated,” these devices are specially
designed 10 meel strict UL and other
requirements to remain safe even i one of
their two insulation systems fails.

Often there is a “one-shot” thermal cut-
off switch inside the power translormer or
motor windings to prevent overheating and
subsequent insulation breakdown. Only
equipment originally supplied witk a two-
prong plug should ever he operated with-
out safety grounding. Equipment originally
supplied with a three-prong grounding
plug must always be operated with the
safety ground properly connected.

GROUNDING PROBLEMS IN
THE REAL WORLD

Real-world systems usually consist of at
least two pieces of equipment that are con-
nected to, and powered by, the AC line and
are also interconnected by signal cables.
The power line connections unavoidably
cause a significant voltage to exist between
the chassis or local ground of any two
pieces of equipment, whether they're safety
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Fig. 6: Voltage difference is created by parasitic transformer in premises wiring.

bleshoot using a clamp-on ammeter.
Important: Never, ever use devices such
as three-prong-to-two-prong AC-plug
adapters, also known as “ground lifters,” to
solve a noise problem! See Fig. 4A. These
adapters are intended to provide safety
grounds (via the screw holding the cover
plate to a grounded J-box) in cases where
three-prong plugs must be connected to
two-prong outlets. Remember that audio,
video and other cables that connect equip-
ment can also carry lethal voltages

grounded or not. We must accept this fact
as reality.

Myth #1: “Earth grounds are all at
zero volis” — presumably with respect to
each other and to some “mystical
absolute” reference point. This leads to
lots of fanciful ideas about ground rods
causing system noises to disappear! In
fact, the soil resistance between ground
rods is much higher (often tens of ohms)

: .\7\\ X ‘;’”"..\' & \
VAL X'
N

o

than a wire between them.

Myth #2: “Ground wires have zero resis-
tance” — therefore, they can carry a refer-
ence (zero volts) ground point to many
locations in a system, eliminating voltage
differences. In fact, wires are very limited
in their ability to “extend” ground points.
The DC resistance of a wire applies only at
very low frequencies and is directly pro-
portional to its length. For example, the
resistance of 8 feet of #10 gauge copper
wire is about 0.008 chms.

Additionally, current in any conductor

Further, a wire resonates (becoming an
antenna) when its physical length becomes
a quarter wavelength, in this case at about
31 MHz.

W 10 NoISe spectrum

Power-line voltage normally consists of
a broad spectrum of harmonics and noise
in addition to a pure 60 Hz sine wave.
Power supplies create this noise in elec-
tronic equipment, fluorescent lights, light
dimmers and intermittent or sparking
loads such as switches, relays, or brush

produces a magnetic
field in the surrouna-

ing space and an | 1o i
alternating currert |
will produce an alter- A
nating magnetic field. o |

This alternating field \
reacts with the wire
in a way that opposcs
current flow, raising l
the apparent resis- \
tance (or reactance)
of the wire in direct
proportion to fre-

quency. This prop- TorA

erty, called

inductance, is nearly

~ e 1A
independent of wire e v

diameter (gauge), but
is directly propor-

10kHz 1MH2

tional to length and
increases significan:ly
at bends or loops. Thus, the same 8-foot
wire has an impedance of 22 ohms at |
MHz (AM broadcast band). Substituting a
1/2-inch-diameter copper rod lowers the
impedance only slightly to 18 ohms

Fig. 7: Typical AC Line Spectrum

type motors (blenders, vacuum cleaners.
etc.). Fig. 5 shows how abrupt changes in
load current, caused by an ordinary phase-
control light dimmer in this case, generate
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Grounding

CONTINUED FROM PAGE 19

high-frequency noise on the power line.

At high frequencies, a buildings power
wiring behaves like a system of mis-termi-
nated transmission lines gone berserk,
reflecting this high-frequency energy back
and forth throughout the buildings wiring
until it is eventually absorbed or radiated.

grounded equipment via signal intercon-
nections, the chassis of these devices can
assume an open-circuit voltage up to 120
volts AC with respect to safety ground.
However, the available current is very low.
For UL-approved consumer equipment,
leakage current is limited to 0.75 mA (0.5
mA for office equipment), which will cause
a noticeable, but harmless, tingling sensa-
tion as it flows through a person. Fig. 7
shows current vs. frequency for a typical 3
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Fig. 8: Leakage current flows between equipment with two-prong plugs.

A voltage difference between two con-
ductors produces an electrostatic field in
the space between them, and current must
flow to charge or discharge the field to a
different voliage. In an AC circuit, this cur-
rent is responsible for an apparent resis-
tance called capacitive reactance, which is
inversely proportional 1o frequency.
Therefore, for a given applied voltage, cur-
rent flow through a capacitor increases in
direct proportion to frequency.

In all real equipment, parasitic capaci-
tances — never shown in schematics —
exist between the power line and the equip-
ment ground and/or chassis as shown in

nF capacitance and 120-volt AC from a
typical outlet.

Therefore, any wire connecting an
ungrounded device to salety ground, or two
such devices to each other as shown in Fig.
8, will form a “capacitive ground loop” for
the leakage current. We must accept the
existence of these leakage currents as a fact
of life.

Salety-grounded devices use three-wire
power cords. The leakage currents in these
devices are allowed to be much higher (up
1o 5 mA) because they normally flow back
to the neutral connection through the
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Fig. 9: Common Impedance Coupling

Fig. 6. They are the unavoidable interwind-
ing capacitances of its power transformer. If
the cquipment contains power-line
RFI/EMI filters, they further add to this
capacitance. These capacitances cause rela-

Never, ever use
devices such as three-
prong-to-two-prong
adapters to solve a

noise problem.

tively small “leakage” current flow between
power line and ground in every AC-oper-
ated device.

Many electronic devices, generally low
power, use a two-wire power cord. If
they're not grounded some other way, such
as via rack-mounting or connection to

building safety ground wiring. The cumula-
tive leakage current of many devices can
create small but significant voltage drops
between outlets on a branch circuit, as
shown in Fig. 6 on page 19.

In addition, the line, neutral and ground
conductors of branch circuit wiring form an
unintentional transformer. Under normal
conditions, instantaneous load currents in
the line (black) and neutral (white) con-
ductors are equal and opposite. Therelore,
the magnetic fields they generate are also
equal and opposite. If the grounding
(green) conductor were perfectly equidis-
tant from them, there would be no voltage
induced in it. In reality, physical asymmetry
of this wiring causes significant voltage to
be induced over the length of the ground-
ing conductor.

Thus, inter-outlet ground voltage differ-
ences generally increase with physical dis-
tance and can reach | volt or more. Higher
voltages are olten seen between grounds on
two different branch circuits if they are fed
from opposite “phases” of the incoming
utility power. Therefore, any wire connect-
ing two grounded devices to each other will
create a “hard-wired ground loop.” Loop
current can easily reach 100 mA or more.
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GROUNDING EFFECTS ON
AUDIO SYSTEMS

Not only are real-world systems usually
connected to AC power, they are also inter-
connected by signal cables. 1f leakage cur-
rents or inter-outlet ground voltages are
allowed to couple into audio signal circuits,
the result is hum, buzz, pops, clicks or
other symptoms. Exactly how the coupling
occurs can depend on whether interfaces
are balanced or unbalanced, and whether
devices are grounded or ungrounded.

Consumer and so-called “semi-pro”
audio electronics most often use unbal-
anced signal interfaces. These interfaces are
extremely susceptible to noise coupling,
making it very difficult to achieve profes-
sional levels of dynamic range in all but the
simplest systems.

By far. the most scriou problem in
unbalanced interfaces is illu .rated in Fig,
9. The grounded conductor is an essential
part of the signal circuit, but it also is a
path for power-line leakage currents that
flow between the devices. Because the
interface is a series circuit, voltage gener-
ated over the length of the grounded con-
ductor is directly added to the signal seen
by the receiver. Since the impedance of the
grounded conductor (usually but not
always the cable shield) is common to
both the audio and leakage current cir-
cuits, this mechanism is called common-
impedance coupling.” Since the output
impedance of device A and the input
impedance of device B are in series with
the cables signal conductor, its impedance
has an insignificant effect and is not repre-
sented here.

Consider a 25-foot interconnect cable
with foil shield and a #26 AWG drain wire.
From standard wire tables or actual mea-
surement its shield resistance is found to be
1.0 ohms. If the interchassis leakage cur-
rent is 300 pA, the noise voltage will be
300 pV. Since the -10 dBV reference level
for consumer audio is about 300 mV, the
noise will be about 20 log (300 pV / 300
m\’) or about 60 dB below a reference sig-
nal. For most systems, this is indeed a poor
signal-to-noise ratio.

Common-impedance coupling can
become very severe between two grounded
devices, since the ground voltage difference
effectively is forced across the ends of the
grounded signal conductor. In some situa-
tions, noise voltage may actually be larger
than the reference signal.

Less common is noise coupling into
cables from nearby electric or magnetic
ficlds. Strong AC electric fields radiate from
any conductor operating at a high AC voli-
age (a neon sign, for example). AC power
cords are a more common but much less
potent source. An AM radio broadcast
antenna or other nearby RFI source, includ-
ing arcing contacts, can also generate strong
clectrostatic fields. A conductive cable
shield that completely surrounds the inner
signal conductor (100 percent “coverage™)
prevents capacitive coupling to the signal
circuit. Foil shields usually have 100-per-
cent coverage. Braided shields, because
they have small openings, generally vary
from 85 10 95 percent, which is entirely
adequate in most cascs.

Strong AC magnetic fields radiate from
any conductor operating at a high AC cur-
rent such as building wiring, power trans-
formers, electric motors and CRT displays.
Ordinary cable shielding, whether copper
braid or aluminum foil, has no significant
effect on audio frequency magnetic fields.

'World Radio Histor

In general, both electric and magnetic field
strengths decrease rapidly with distance
from the source, making physical separa-
tion an effective treatment. Unbalanced
interfaces, unlike balanced ones, cannot
nullify noise induced by electric or mag-
netic fields.

SUMMARY

Hum and buzz are often serious system
problems that limit dynamic range.
Although it may be the source of the noise,
the power line and its wiring is rarely the
problem. All properly wired, code-compli-
ant AC wiring normally produces small
voltage differences within the grounding
system and all equipment normally pro-
duces small leakage currents. Earth ground
rods do not drain away these artifacts and
they cannot be eliminated with massive
copper conductors. But signal interfaces,
especially the unbalanced kind, can allow
these tiny voltages and currents 1o couple
into signal paths.

In part two, we'll talk about balanced
interfaces, how to make quick work of
troubleshooting, how to fix the problem
interfaces without compromising safety or
audio quality and why some so-called
“cures” are a waste of money. @
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The Psychology of
Technical Quality

A Digital Innovator Argues That Managers
Should Frame Their Questions More Carefully

By Barry Blesser

odern technology, be it hardware,
Msohware or any complex system,

is often riddled with bugs and
defects. Why is it so difficult to install,
design and manulacture equipment with-
out such problems?

The answer is simply that, when creat-
ing technology, human beings have
intrinsic limitations. While the principles
of enginecring olten are articulated as a
rational set of rules, professional engi-
neers, managers and operators are still
people. People have inadequate memory,
incomplete rules of inference, emotional
baggage and private agendas. Evolution
optimized our species for survival as a
social animal opcrating in a hostile world,
not as a logical creature operating in a
rational world.

Understanding human psychology as
applicd to engineering can greatly
tmprove quality and reliability. This is a
fundamental premise of industrial psy-
chology, which 1 constantly use at 25-
Seven. While my experience has been
that few people in the radio and audio
industries have been exposed 10 such aca-
demic disciplines, some of the basic ideas

you tested the system? Have you followed
accepted methods for writing software?
Are we ready to ship?”

Everyone on the team will answer
“yes" because they want 1o demonstrat
that they are dedicated, serious profes
sionals who have made every effort 10
produce a good product. The manager
can ask focused questions about particu-
lar issues, and he will get logical, coher-
ent answers that are believable, and
usually true. At a psychological level, the
team wants 10 please the manager and be
rewarded for providing answers consis-
tent with a positive outcome.

But in this example, our questions
failed to probe the unknown risks where
bugs and defects remain hidden and
ready to bite

REINFORCE, DON’T
UNDERMINE

Now consider an alternative line ol
questions with a different set of assump-
tions.

The manager asks the group to speculate
on “hypothetical” points of failure, regard-
less of how likely or unlikely they are to

Managers should not confuse speculating

about failure with negativism

or professional incompetence.

are so simple and self-evident that they
can be put into practice without special
knowledge or training.

FRAME THE QUESTION

I begin with two premises: (a) every-
one takes pride in and benefits from a
well-engineered result, and (b) achiceving
such a result follows from asking the
right questions during the engineering
process.

Herein lies the challenge. How do we
spot flawed questions that undermine our
ability to achieve desired results?

I discovered the principle of carefully
framing the question while directing large
engineering projects for such companies as
AKG, EMT, Orban, Studer and Lexicon,
but the ideas have broad applicability.

Consider: it is easy to ask obvious
questions of a development team: “Have
you checked the design carefully? Have
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occur: “If the design were to fail, imagine
ways in which that might happen.”

Someone might suggest that dirty con-
tacts could produce a sequence of very
rapid closures, or that somebody might
lean on the front panel and simultane-
ously press an illegal and unexpected key
combination, or that a configuration file
might have a character that was not visi-
ble, and so on.

The team still wants to please the man-
ager; but the manager has refocused the
goal on creating failure scenarios, rather
than on listing what already works.

Once a list of hypothetical failure
mechanisms has been compiled, the man-
ager and the team can consider the likeli-
hood and the effort to test for such
mechanisms. In my experience, from a
list of 100 such mechanisms, 60 are not
worth considering and 20 have already
been handled carefully; but the final 20

definitely need to be explored. When
those cases are analyzed carefully, the
quality of the product is very much
improved.

Managers should not confuse speculat
ing about failure with negativism or pro-
fessional incompetence. One cannot
simultaneously ask that failure scenarios
be explored, and then castigate a col-
league for discovering a flaw through this
process. “Why didnt you think of that
before” reactions are guaranteed to rein-
force “tell me what I want to hear”
responses, thereby undermining the
entire process.

The fact that a certain flaw may not be
discovered until a proper stimulus is pro-
vided is a reflection of human limitation.
An cffective manager provides such stim-
ulus by framing the questions properly,
and rewarding responses that cxpose
flaws and risks.

Consider an application of this method
in a radio station where the question is to
articulate all the mechanisms that might
result in being knocked off the air

While everyone has considered backup
power generation, nobody might have
considered testing the fuel tank, which
gets modestly drained on each monthly
test. Somebody might come up with the
obscrvation that a critical telephone
hybrid was not part of the auxiliary
power system. Somebody eise might
observe that a cable with a vacuum leak
would still work under a short test, bu
would fail after 20 minutes of use
Scenarios can be very complex and not
the least obvious until creative people
focus on inventing them.

REWARDS

I have used this approach with great
success in a variety of situations, often
unrelated 1o technology. A marketing
plan, a proposed new studio or a change
in the structure of an organization can all
benefit from this approach.

Frame the right questions, and the
probability of success will increase dra-
matically. In simple terms, allow the staff
to be rewarded for exploring human limi-
tations and frailiies without fear of being
demoralized or degraded. The idca is
common sense, but it is also counter-
intuitive because so many people mistak-
enly equate a focus on what could go
wrong with “glass half empty” negativism.

In reality, those managers who are
eager to discover risks are, in fact, the
greatest optimists because they really
want to achieve perfection. &
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Andrew Calvanese

Building Today's
Console Systems |

Wheatstone’s Andrew
Calvanese Talks About
Consoles and the Latest in
Manufacturing Technology

By Michael LeClair

Audio consoles remain at the heart of
any radio facility. Few design choices in a
new studio will have as great an impact
on overall performance as the choice of
console and its design.

In this installment of our Designer
Interview series, we took an inside look at
a company that designs audio consoles
for the broadcast and audio industries.
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The Math of Split-Level Combining

By George Cabrera

Harris Corp.,
Broadcast Communications Division

igh-level combining 1s a practzal way o
H upgrade existing FM transmitters to
1BOC. Very well understood, with read-
ily available 10 dB couplers, it is a very aurac

lasses, tis method first achieves parnal
coherence of the signals, and only then
combines them at an optimum-coupling
ratio. A system implemented this way ofters

FM

>

)"
y | Phase
‘7(/\/‘ / Adjust
IBOC ba
- TR

Main FM Tx

V2 coupler Vi

. Digital Tx |
- (linear)

Fig. 1: Split-Level Combining

tive method with which to upgrade even the
highest power levels in the field. Unfortunately,
it offers only a combining efliciency of 83 per-
cent, as 90 percent of the IBOC power is
wasted into a dummy load, along with 10 per-
cent of the generated FM power. Additionally,
the power headroom demanded from the FM
transmitter is proving to be an unsurpassable
requirement for some existing sites ready to
upgrade.

This paper presents an innovative com-
bining technique that minimizes the FM
and IBOC power loss in high-level combin-
ing. Instead of combining two totally inco-
herent signals with its known resulting

two main benefits: a higher overall system
efficiency, and the elimination of the need
for FM headroom. Though the paper
focuses on the particular case of FM HD
Radio upgrade, this technique can also be
used whenever low loss is needed when
combining dissimilar signals.

INTRODUCTION

High-level combining has been widely
used since the beginning of IBOC conver-
sions. It requires a new digital transmitter,
around one-third the size of the main trans-
mitter, whose 1BOC output is high level
combined with the FM signal, using a 10

dB coupler. The power lost in the reject
load and the power headroom demanded
off the main transmitter rate are the two
main complaints against this method.

Sphit-Level Combining (SLC), an
improved IBOC high-level combining
scheme, is presented in Fig. 1.

The digital transmitter carrics not only
the IBOC signal, but also a small portion of
the FM signal that has been phased to add
at the output combiner with the signal gen-
crated by the main FM transmitter.

The new Split-Level scheme is one solu-
tion to the problem of upgrading to IBOC
without impacting the output requirement
from the main FM transmitter. It also
reduces the power lost in the reject load by
at least 50 percent. These features, along
with the increase in the overall system effi-
ciency, will be studied in this paper

COMBINING ANALYSIS

When two signals are combined, the
instantaneous output voltage v,(t) is given
by the sum of each coupled input voltage:

V(1) =S5 v (1) + 8,5 va (1)

The average output power, P, is
obtained by averaging, over time, the
square of the resultant output voltage:

L LS, v (D + 8, v ()
Rl

1 o

di

In the case of coherent signals, the
numerator can be simplified as the square
of the sum of their rms voltages:

SPLIT-LEVEL, PAGE 8
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THE AUDIOARTS ENGINEERING D-16

ITLOOKS EXPENSIVE — BUT IT’'Ss NOT!

THIS NEW RADIO CONSOLE from
- Audioarts combines the benefits of a
ROUTER and an AUDIO CONSOLE into one
COST-EFFECTIVE digital package, letting
you route any input to any fader or to any
monitor feed, with all sources clearly
shown in bright LED dot matrix displays
right above the faders and monitor level
controls.

A COMPACT TABLETOP DESIGN, the D-16
has the features you need: both analog
and digital PROGRAM and AUDITION
stereo outputs, 2 MONO analog outputs,
14 input faders plus 2 caller faders, 4 mic
preamps, control room and studio
monitoring, built-in cue and headphone
amps (with concealed headphone jack)
—even four internally generated mix-
minus outputs!

WITH 24-BIT A>D and D>A inputs and
outputs and sample rate converters on
every AES digital input, the D-16 will work
with virtually any digital source gear you
have. It can run your source machines too
(up to eight of them)—all opto-isolated.
Its DSP DIGITAL METERING simultaneously
displays VU columns and peak hold
fullscale digital so you can be assured of
pristine performance. Its powerful caller
tools generate mix-minuses automati-
cally, and you can program any of its four
MXM outputs to be pre or post fader.

And with Wheatstone’s extensive
digital background and reputation you
can be assured that the D-16 is a great
console!
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By Michael LeClair

As a working engineer | like to take
every opportunity 1 can to meet with my
fellow engincers and trade stories. In our
market we have an active SBE chapter with
regular monthly meetings and an addi-
tional Radio Engineers Luncheon that
meets quarterly. And occasionally, a few of
us will run into one another at a shared
tower site and grab a few minutes to com-
pare notes.

These meetings, whether by chance or
schedule, are far from being wasted time. |
learn from other engineers what does and
doesn’t work. From time to time [ con-

tribute something from my own hard-won
experience to help someone else solve a
problem.

In recent years, this sharing of knowl-
cdge and stories has exploded on the
Internet with the wide use of ¢-mail list-
servers. Wise cauipment manufacturers
have joined in the online discussion to pro-
vide comments that reflect the designers
perspective and with offers to help where
needed. Keeping up on these discussions
has become a normal part of the working
day for most engineers. As fewer cnginecrs
are now maintaining a larger number of

Correction

The Oct. 27 issuc of Radic World Enginecring Extra included an image on page 8 accom-
panying the article “Answers to Your Questions About FM Antennas” by Richard J. Fry.
Only part of the image was printed. Here is the correct version of the figure.
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Fig. 2: Comparison of Power Densities for
Two Antenna Configurations

Michael LeClair

statiens. it is the rare individual who has
the persenal experience and education to
resolve the wide range of technical prob-
lems ihat may arise, let alore nlan for
future technologies.

I like to think that Radie World
Encincering £xtra can also play a similar
role in helping to disseminate technical
knowledge. In many years of auending
trade shows and conventions | have seen a
wealth of deep technical papers concerning
our industry Unfortunately, the majority of
working crgineers den't have the opportu-
nity 1o attend these shows on a regular
basis and they miss out on an important
source of information. This is why we wili
be publishing a regular series of “white
papers” that delve into the latest broadcast
engineering topics in a detailed way. It is
my goal to pick out the best of these papers
and bring them to you.

In recent gatherings of engineers, a topic
that always comes up is the current devel-
opment and deployment of HD Radio, or
the IBOC digital system. In this month’s
issuc we have a paper from George Cabrera
of Harris Corp. that explains the theory
behind a new system for IBOC transmis-
sion, which is known as Split-Level
Combining. This new technique offers
arother method of generaring the digital
1BOC signal that I expect will be appealing
te a number of engineers. As a theory
paper it mcludes & lor of mathematics, but 1
think you will find the paper to be quite
elegant in its reasonirg and analys's.

Also in this issue we have an extended
discussion with Andrew Calvanese of
Wheatstone Corp as a second installment
in our Designer Interview series. The func-
tion and design of broadcast consoles have
undergone nothing less thar a revolution in
the last eight years and this candid inter-
view talks about that change and where we
are headed.

But thats not all. We've zot a fine paper
on the measurement of AM noise in broad-
cast transmission sysiems, a second install-
ment from Bill Whitlock on audio
groundinig and a picce from Stephen Poole
of Crawford Broadcasting about hurricane
survival.

This paper is for vou, the working engi-
neet, and we want to hear from vou about
your interests and concerns. i would love
to hear feedback about what you read here
and what you might like 10 sec in the
future Please Zecl tree to e-mail your
comments  and
mlrwvee@verizon.ret. B

suggesiions o
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Understand Ground Loop Problems: Part Il

By Bill Whitlock

The author is president of Jensen
Transformers Inc. in Van Nuys, Calif.

Radio World Engincering Extra, we explored
the basics of audio signal interfaces. We
also explained why National Electrical Code
requires AC power wiring to be structured in a

I n part one of this article, in the Oct. 27

way that prevents shock, electrocution and
fire. We learned that this structure unavoid-
ably produces small voltage differences and/or
allows small power-line currents to flow
between pieces of equipment in a system.
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fFig. 1: Common-Mode Impedances in Balanced Interface

The industry standard
reaches new heights

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.

* 24-bit/192 kHz converters

* Hardware sample
rate converters

* 56 MHz/64-bit
PCl interface

* More powerful DSP

¢ Comprehensive
set of drivers:
Digigram np,

WDM DirectSound,
Wave, ASIO

* Short-length
PCI format

¢ Maximum input
and output level:
+ 24 dBu

Digigram

Networking Your Sound
www.digigram.com - Tel: (703) 875 9100 - input@digigram.com
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Problems arise when these voltages or currents
couple into audio signal paths, and we
showed that unbalanced audio interfaces are
particularly vulnerable to such coupling,

In this, part two of the article, we will
explore balanced interfaces.

COUPLING IN
BALANCED INTERFACES
Professional audio systems have tradi-
tionally used only equipment having bal-
anced interfaces. In my humble opinion,
only equipment with balanced inputs and
outputs should ever be called professional.
The use of balanced interfaces is a potent
technique 1o prevent noise coupling into
signal circuits. It is so powerful that many
systems, such as telephone systems, use it
instead of shielding as the main noise
reduction technique.

Balance vs. Symmetry
The true nature of halanced interfaces is
widely misunderstood.

DRIVER

Ucm «)

RECEIVER

Fig. 2: Bridge imbalances convert common-
mode noise to signal.

For example, one common definition is:
“Each conductor is always equal in voltage but
opposite in polarity to the other: The circuit that
receives this signal in the mixer is called a differen-
tial amplifier and this opposing polarity of the con-
ductors is essential for its operation.”! This, like
many such explanations in print, describes
signal symmetry (equal in voltage, but oppo-
site in polarity), but misses the single most
important property of a balanced interface.

A concise and accurate definition is: “A
balanced circuit is a two-conductor circuit in
which both conductors and all circuits con-
nected to them have the same impedance with
respect to ground and to all other conductors.
The purpose of balancing is to make the noise
pickup equal in both conductors, in which case
it will be a common-mode signal which can be
made to cancel out in the load.™

This concept is further refined in the 1IEC
Standard 60268-3: “Therefore, only the com-
mon-mode impedance bulance of the driver; line
and receiver play a role in noise or interference

rejection. This noise or interference rejection prop-
erty is independent of the presence of a desired dif-
ferential signal. Thercfore, it can make no
difference whether the desired signal exists entirely
on one line, as a greater voltage on one line than
the other, or as equal voltages on both of them.
Symmetry of the desired signal has advantages,
but they concern headroom and crosstalk, not
noise or interference rejection.”3

Common-Mode Rejectic

A simplified balanced interface is shown in
Fig. 1. Theoretically, a balanced interface can
reject any interference due to ground voltage
differences, magnetic fields or electric fields, as
long as it produces identical voliages on cach
of the signal lines and the resulting peak volt-
ages don't exceed the capabilities of the
receiver. Any voltage that appears on both
inputs, because it is common to both inputs,
is called a common-mode volage.

A balanced receiver uses a differential
device, cither a specialized amplilier or a
transformer, which inherently responds only
to the voltage difference between its inputs.
An ideal receiver would have no response to
common-mode voltages. In reality, the
response is not zero and the ratio of differen-
tial gain to common-mode gain of this device
is its common-mode rejection ratio, or
CMRR. It’s usually expressed in decibels,
where higher numbers mean better rejection.

Note that the common-mode (with respect
to ground) output impedances of the driver
and input impedances of the receiver effec-
tively form a Wheatstone bridge as shown in
Fig. 2. If the bridge is not balanced or nulled, a
portion of the ground voltage difference, V.,
will be converted to a differential signal on the
line. The nulling of the common-mode voliage
is critically dependent on the ratio matching of
these pairs of driver/receiver common-mode
impedances. The nulling is relatively unaf-
fected by impedance across the lines — only
the common-mode impedances matter!

This bridge is most sensitive 10 small {rac-
tional impedance changes in one of its arms
when all arms have the same impedance.* It is
least sensitive when upper and lower arms
have widely differing impedances. Therefore,
we can minimize the CMRR degradation in a
balanced interface caused by normal compo-
nent tolerances by making common-mode
impedances very low at one end of the line and
very high at the other.

The output impedances of virtually all line
drivers are determined by series resistors (and
often, coupling capacitors, t00) that typically
have +5 percent tolerances. Because of this,
typical drivers can have output impedance
imbalances in the vicinity of 10 ohms. The
common-mode input impedances of typical
halanced input circuits is in the 10 kohms to
50 kohms range, making the CMRR of the
interface exquisitely sensitive to normal imbal-
ances in driver output impedance

For example, the CMRR of the widely

GROUNDING, PAGE 19
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AM Noise: The QC Standard for FM Broadcast

By Joel Bump

The author is president and director of engineering
at Radio Design Labs and a former radio-engi-
neering consultant in southern California. He is
responsible for the design of the RDL ACM-1,
ACM-2 and ACM-3 AM noise monitors.

t has been 16 years since 1 first pub-

lished a series of detailed technical arti-

cles in Radio World on the subject of
AM noise in FM transmission systems.

Over the years, a number of engineers |
knew in the southern California area have
retired or moved on to other markets and
positions. More solid-state transmitters are in
service, and AM noise has been routinely
monitored and controlled in hundreds of sta-
tions improving service areas and reception
quality. Yet demands on FM transmission sys-
tem bandwidth persist; and questions often
are asked about proper coupling methods for
AM noise monitoring in both new installations
and existing transmitter plant upgrades.

AM NOISE DEFINED
AM noise is the unwanted amplitude
modulation of an FM carrier. There are two

EFFECTS OF
UNCONTROLLED AM NOISE

FM receivers ultimately are required to
produce analog output signals. This is
accomplished by converting the frequency
swing of the incoming carrier to amplitude
values that feed the receiver output or are
further decoded to produce stereo audio
outputs. Receiver designs seek to minimize
the effect of carrier amplitude variations
during this process, but received RF levels
in weak signal areas or in mobile receivers
vary drastically over short distances. When
the received signal instantaneously drops
below a certain threshold in the radio, the
received amplitude variations are directly
detected and combined with the baseband
audio.

The result is audible noise in the sterco
audio, reduced separation, poor subcarrier
performance and a reduction in the station’s
effective “solid” service area.

SOURCES OF AMPLITUDE

VARIATIONS AT THE RECEIVER
Amplitude variations that can be

detected by the receiver may result from
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Figs. 1 and 2: These graphs show the AM noise waveform and relative amplitude produced as
a result of modulation. The frequency modulation waveform drives the carrier above and
below the center frequency. The passband of the transmission system at each frequency pro-
duces variations in the carrier amplitude producing AM noise. Time is indicated in 30-degree
increments relative to the modulation frequency. The vertical lines drawn from the modula-

Fig. 3: Effect of Overcoupling

noise together with moderate, otherwise
unobjectionable, multipath can produce
highly objectionable noise in mrany receivers.
This effective reduction in coverage area can
be controlled by ensuring that low AM
noise is transmitted at all times

HOW SYNCHRONOUS
AM NOISE IS PRODUCED
synchronous AM noise results from
tuned circuits. Coupling between RF ampli-
fication stages in a transmitter, tuned out-
put circuits, low-pass filters, antenna
turing and even transmission line bullets
contribute to AM noise. Ideally, all power is
transferred equally across the frequency
deviations of the transmission system. In
practice, however, sideband attenuation is
never perfectly equal and many system ele-
ments vary with time and temperature.

below the center frequency, the resulting
AM will be the same frequency as the FM
modulation. As seen in Fig. 2, the ampli-
tude of the AM noise also increases as the
tuning shifts off center.

These diagrams visually indicate how AM
noise is produced. Multiple amplification and
tuning stages are designed to maintain the
[lattest passband and widest bandwidth.
Interstage coupling, however, results in
actual passbands that are less uniform than in
these basic examples. Coupling may be
increased to produce flatter response over a
broader range of frequencies while simulta-
neously producing steeper skirts.

The passband in Fig. 3 results from some
interstage overcoupling and is more ncarly
representative of a multistage transmission sys-
tem. This example shows only one-half cycle
of modulation applied to the carricr, yet the

tion waveform represent instantaneous carrier frequencies above and below the station’s
assigned carrier frequency. The intersection of the instantaneous frequency with the pass-
band slope is carried to the left side of the graph, where the resulting AM noise is plotted

against the same time increments.

types of AM noise: synchronous and asyn-
chronous.

Asynchronous noise consists of ampli-
tude modulation unrelated to the FM mod-
ulation of the carrier, typically caused by
power supply hum or vibration. Unless
there is a serious problem with the trans-
mitter, asynchronous AM is far less signifi-
cant than synchronous AM. Unwanted AM
modulation produced by modulation from
baseband audio and all subcarriers is syn-
chronous AM, sometimes referred to as
incidental AM.

Consistent control of synchronous AM
noise can result in improved audio clarity,
better stereo separation, lower crosstalk
into subcarriers and extended service area.

6 December 8, 2004 * Radio World Engineering Extra

multipath distortion of the carrier. At the
relatively high frequencies in the FM band,
transmitted signals reflect off many sur-
faces, from hills to buildings to power lines.
When a direct and a reflected signal reach
the receiving antenna at the same time,
they will add or subtract, resulting in sig-
nificant variations in level. 1 have measured
multipath variations as great as 30 dB over
distances of 50 feet.

Amplitude variations from AM noisc are
also inherent in the actual transmitted car-
rier. AM noise produces an effect similar to
multipath at the receiver in weaker signal
areas. Large and often important portions of
a stations coverage area may be located in
these regions. AM noise in the transmitted
signal tends 1o multiply the effects of multi-
path significantly. A moderate ievel of AM

| || HENE |

1 N

Time vs. Amplitude

Fig. 4: AM Noise With Overcoupled Passband

The fundamental production of synchro-
nous AM noise is shown in Fig 1. As the FM
carrier frequency shilts with modulation,
shown as a sine wave, the passband slopes pro-
duce a direct variation in the carrier amplitude.
These variations are defined as AM noise.
Because the passband is symmetrical, ampli-
tude variations result from both the higher and
lower frequency slopes. The resulting AM is
twice the frequency of the FM modulation.

If the center of the passband is shilted

resulting AM noise is now four times the mod-
ulation frequency. The waveform of the AM
noise does not exhibit uniform positive and
negative amplitudes, but it does produce four
AM cycles for each FM cycle applied to the
carrier. This graph clearly shows the effect of
the skirts on the amplitude of the AM noise. If
the passband in Fig. 3 were slightly wider, the
same frequency deviation would produce sig-
nificantly lower AM peak amplitude.

Fig. 4 shows the AM noise produced by
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Fig. 5: AM Noise With Centered Passband

the passband from Fig. 3. This waveform
exhibits a high-peak excursion relative to the
corresponding RMS voltage. It is particularly
important to note the ratio of RMS to peak
energy in the AM component. It is the peak
amplitude modulation that is subject to
detection in the receiver. If the slope of the
passband skirts in Figs. 3 and 4 were tight-
ened, the peak AM excursion would become
narrower while still producing the same
objectionable amplitude at the receiver.

The sine wave modulation used in these
examples clarifies the generation of AM noise
and its relationship to the system passband.
The nature of program audio and subcarrier
modulation consists of narrower waveforms
containing even less RMS energy while still
producing the same peak amplitudes.

WHERE AM NOISE
SHOULD BE MEASURED

The best measurement would include the
effects of every bandwidth-limiting factor in
the transmission system. Ideally, AM noise
should be measured at the output of the trans-
mitting antenna without the effects of any
external reflections. Since that is not practical,
the optimum sample is immediately prior to
the transmission line feeding the antenna.

It is imperative that the sample is taken
from a directional sample of the forward car-
rier wave. The sample should be as close to
the antenna in the signal path as possible. It
should be after the harmonic filter and after
any other notch filters or coaxial switches.

The location of the monitoring sample is
very important and can be useful in verifying
the mechanical integrity of the plumbing
prior to the sample. In addition to verifying
transmitter performance, 1 have found AM
noise readings to be instrumental in identify-
ing burned bullets in rigid line or RF
switches before they became off-air critical.

Many older transmitters and some line
sections provide monitor outputs that are
“capacitively coupled” to the carrier. Such
samples must be avoided for AM noise mea-
surements because they contain harmonic
and reflected components that produce erro-
neous AM. When unwanted signals combine
with the forward signal, spurious AM is pro-
duced that would cause the engineer to mis-
tune the transmitter, degrading rather than
improving performance.

Certain sampling slugs that fit line sec-
tion ports are.capacitive as evidenced by a
coupling adjustment screw adjacent to the
output jack. These samplers must not be
used for AM noise.

SAMPLING RF CARRIER
FOR AM NOISE MEASUREMENT

A transmission line section with an
available sampling port is normally
installed just prior to the transmission line.
A directional sampling slug is used for
proper AM noise measurement. The slug
should be oriented toward the forward car-
rier wave and the AM measurement detec-
tor must be connected directly to the
output of the slug.

Two characteristics of the slug are most
important. First, it must have sufficient RF

output level to produce linear detection over
the wide dynamic range to be measured.
Second, it must have sufficient 50-ohm
internal load dissipation to deliver its output
continuously into a 50-ohm detector load.
Some common sampling slugs do not meet
these requirements. Available samplers

Matrix Portable:

Delivering the sound of the coin toss

to listeners around the world is as
simple as pressing a button Only
the advanced Comrex Matrix
POTS codec delivers the highest
quality audio and superior
connection reliability over both
standard wired and GSM wireless
phone connections. Our road-
proven design and construction,
plus ease of operation and real-
world features, make Matrix your
best choice for all your POTS and
ISDN remotes. The results? Your

listeners hear the collision, the grunting,
the exhale... and the sound of victory.

Doing

SOMREX

World Radio Histo

o remote? Put Comrex

Fig. 6: AM Noise With Offset Passband

meeting the requirements are listed at rdl-
net.com/pdf/Data_Sheets/acm-3.pdf.

The AM noise levels being measured in a
properly operating facility can be a low as
70 dB below the carrier level. Clearly, if the
sample is to be accurate, it cannot contain
any spurious material. For that reason, the

Matrix Rack:

detector must be directly connected to the
sample. If the detector is connected to the
sampler using a coaxial cable, even minor
reflections in that cable will produce serious
errors in the detected AM. The output from
an AM detector contains DC plus detected

AM NOISE, PAGE 20

Sure all the action is in the field, but a great remote
needs a great home base. And there’s nothing better
than the Matrix Rack. It's compatible via POTS and
ISDN with ALL Comrex codecs as well as those from
nearly everyone else. Perfect for receiving those calls
from the field. Make the Matrix Rack the center of
communications for ALL your remotes.

S—

Grab your audience by the ears and give them

the full experience—not just a story.

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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Split-Level

CONTINUED FROM PAGE 1

: : 2
(S)2° v, + 8,57 v3)
VA

o o

V2
> 1 _
[]_ =

VA

where v,, v, and v; are the corresponding
rms values (vectors) for the waveforms
v,®, v,(®) and v,{).
However, for incoherent signals, such as
those at different frequencies (FM and
IBOC), the total power is obtained by the
| sum of each coupled power. This can be
proven by solving the square of the resul-
I tant instantaneous voltage.

’ averuge=0

.2 2 g ey e e 2
S () 208,58, v, (1) v (1) + 5,57 v (1)

Due to orthogonality between v,(t) and

| v;(t), their multiplication averages over time
to zero, amounting to no contribution to

the average power at the output. The
resulting term, to be averaged over time,

has been reduced to:
|

S, v, (0P + 8,7 v, (0)?

This means that the average power at the
output, for noncoherent signals, is obtained
by summing each power coupled from the
inputs.

2
P1=S122'P2+Sls P

smaller than the value obtained by the
square of the sum of their rms voltages
(properly phased), and accordingly, some
power is being lost.

In the following sections we will see the
advantage of adding some coherence
between the signals v, and v,, such that the
middle term does not totally cancel.

HOW MUCH ADDITIONAL
FM INJECTION
We will achieve partial coherence by
| adding some FM signal at port 3, along
’ with IBOC. We will now determine the
minimum amount of additional FM injec-
tion needed so that the main FM power can
remain unchanged.

Let's assume that v, is the output volt-
age, v, is the FM voliage applied at the
through port (where the main FM trans-
mitter connects), and v, . is the FM volt-
age applied at the coupled port of the
output combiner (where the digital
transmitter connects).

To further simplify the analysis, let’s
make Z, = 1, and the total coupled FM

! power into port 1 (output) = 1. Then at
' 100 percent Transmitter Output Power
(TPO), P;=1 and v,=1.

} It is important to note that this value is
!
|

. P =(S) v, +8;3v, fm)2=1

Solving for v,,, the FM voltage needed
at the coupled port 3 to achieve output
power P=1:

l_tglz‘vz
e
13

Let’s use this expression for the condi-
tion of no impact on the main FM power.
This condition forces v,=1, and then the
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Fig. 2: Relative Size of Digital Transmitter That Guarantees the Main FM Transmitter to Run

at 95-, 100- or

value v;_,, obtained is the FM voltage
needed at port 3 that guarantees the
main FM transmitter power is not
affected. In other words, viewed from the
main transmitter’s port (port 2}, the
combiner has no loss.

If we now sweep a range of coupling fac-
tors, we obtain the additional FM injection
that is needed, as a function of the coupler
used, in order to make the main FM path
lossless.

Table 1: Additional FM injection needed not
to impact the main FM transmitter output.

Coupling (dB) Additional FM injection
(percent of TPO)
-10 2.6 percent
-9 3.4 percent
-8 4.3 percent
Sl 5.6 percent
-6 7.2 percent
-5 9.5 percent
-4 12.6 percent
-3 17.2 percent

HOW MUCH IBOC INJECTION

The peak IBOC voltage needed at the
coupled port 3 (v, ,,) to achieve the proper
injection at the output is:

0.1-K,

\%
3
AS‘I 3

boc _ peak =

where K, is the peak to average for the
IBOC signal, in linear terms, needed to
comply with the RF mask. A value of
1.778 (5 dB) will be considered through-
out the analysis. The ratio between the
IBOC and FM through the digital trans-
mitter is:

_ 0l ) 4Be
1-5,-v,

IBOC : FM =20- log( =
Using the case in which the main trans-
mitter remains at 100 percent TPO (v,=1),
and considering a 6 dB coupler, the
IBOC/FM ratio needed is -2.5 dBc.

In Table 1 we saw that the required
amount of secondary FM injection at port 3
increases with the coupling factor, but in
general it is a small fraction of the main ser-
vice or TPO.

On the other hand, the required genera-
tion of IBOC at port 3 is inversely propor-
tional with the coupling coefficient. The
smaller the coupling coefficient (the looser
the coupling), the more IBOC power will

World Rad

105-percent TPO

need to be generated.

Considering both effects at once, tighter
coupling coefficients require more additional
FM injection but less IBOC generation. Lets
find the optimum coupling value that mini-
mizes the size of the digital transmitter.

OPTIMUM COUPLING

COEFFICIENT FOR MINIMUM-

SIZE DIGITAL TRANSMITTER
The total voltage at port 3 is:

v3_lotal = v3_ﬁn + v3_iboc_peak

This generates a peak power of:

Based on peak power measurements, we
rate the maximum CW operation of a digi-
tal transmitter 0.5 dB below its maximum
pulsed level. As an example: an 11.22 kW
peak-capable digital transmitter will be
considered 1o be a 10 kW CW unit (10 kW
= 11.22 kW-0.5dB). This is the value that
will be used to compare sizes between the
FM and Digital transmitters.

The relative size of the digital transmit-
ter, with respect to 100 percent TPO, can
then be estimated by:

2
—S . B & 0%in
Relative size = (l—s'z—v’ + g 18 K, ] 10w

13

DT

If we sweep a range of coupling coeffi-
cients (S13), and graph the relative size for
three different values of v, (main FM out-
put), we obtain the curves shown in Fig. 2.

Several important conclusions can be
extracted from the graph above. The opti-
mum-coupling coefficient (for size) is in the
region of 5 to 6 dB, instead of the 10 dB
coupling used in separate amplification.

The digjtal transmitter needs to be 35 per-
cent the size of the main FM transmitter (or
TPO), in order to provide the secondary FM
injection level that is required to make the
main FM-path lossless. This value (35 percent)
is comparable to the size demanded for sepa-
rate amplification (33 percent). In other words,
with about the same hardware we are now pro-
viding a “lossless” solution for the FM path.

The graph also shows that a bigger digi-
tal transmitter can afford to over-inject FM,
resulting in gain at the main FM port. On
the other side, a smaller transmitter, with
less injection than the one needed not to
impact the FM path, will require the main
FM transmitter to overcome some loss.

Finally, by using this tighter coupling coef-
ficient (6 dB), the amount of IBOC generated

30.0%

25.0% - + + t

20.0%

15.0%

Split-Level, reject power (% of TPO)

Separate Amplification
Py / D’ p

Total reject {
power
10.0% - b
N " FM reject
— N power
5.0% o TP

IBOC reject powér

0.0% : :
-11 -10 -9 -8 -7 -6 -5 4 -3 -2 -1 0
Coupling (dB)
Fig. 3: Reject Power vs. Coupling Coefficient
1-S.-v. 01-K Y is reduced by 4 dB, of which 25 percent will
P vt peak =[ S‘l‘ 2y 3 S J get coupled to the output. As a result, the
s 13 IBOC power dissipated into the reject load is

This value includes fast, highly com-
pressed envelope peaks. It is the short
duration of these peaks, much shorter than
the amplifier thermal constant (its tempera-
ture will hardly change with modulation)
that allows the device to reach higher levels
than in a CW mode. Accordingly, as we
want to compare the size of a digital trans-
mitter, whose envelope is being pulsed, to
the corresponding 100 percent TPO (that is
provided by a CW-operated FM transmit-
ter), we will have to adjust these peak levels
to its equivalent maximum CW operation.

about 30 percent of the amount dissipated in
separate amplification. The next section stud-
ies the reject power in more detail.

OPTIMUM COUPLING
COEFFICIENT FOR MINIMUM
REJECT POWER

The total reject power is composed of:

Prqecl = Prqecl Sm + Prqect_lbac
where,
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Is your builky bench anaixzer more test than you

use and more weig
Sophisticated Minstruments from NTI

t than you want?
ive 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 ML1 is a full function high performance audio
analyzer and signal monitor that fits in the palm
of your hand. The comprehensive feature set
incdudes 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 ML1 also functions
as a Sound Pressure Level Meter and 1/3 octave
room and system analyzer. Add the optional
MiniLINK USB 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.

P Measure Level, Frequency, Polarity

» THD+N and individual harmonic
measurements k2—-k5

» VU + PPM meter/monitor

» 1/3 octave spectrum analyzer

» Frequency/time sweeps

P Scope mode

P> Measure signal balance error

P> 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 wefl 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

P> 32k to 96k digital sample rates

P Measure digital carrier level, frequency

b Status/User bits

» Event logging

b 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 AL1 also measures
delay and reverberation times. With the optional
STIPA 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

P Optional STI-FA Speech Intelligibifity function
» THD+N, RMS Level, Polarity

MR1 Minirator
Analog Audlo Generator

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

» Sine and square waves

» Pink & white noise

P Polarity test signal

b Stepped sweep for response plots
P Balanced and unbalanced outputs

MiniSPL
Measurement Microphone

The precision MiniSPL measurement microphone
(required for the AL1 Acoustilyzer and optional for
the ML 1 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

P Self powered with automatic on/off

» Omni-directional reference microphone for
acoustical measurements

P Required for the Acoustilyzer; optional for the
Minilyzer

MiniLink USB interface
and PC software

Add the MiniLINK USE interface and Windows
software to any ML1 or DL1 analyzer to add both
display and storage of measurement resuits 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 NT1 web site
via the USB interface and your internet-connected PC.

P USB interface fits any ML1 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

P Control the analyzer from the PC

» Firmware updates via PC

P MiniLINK USB interface

is standard
990000000000000000
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NTI Americas Inc

PO Box 231027

Tigard, Oregon 97281 USA
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Split-Level

CONTINUED FROM PAGE 8
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To keep our analysis practical, lets select
the same size transmitter as the one required
for separate amplification (minimum size)

With this restriction the total FM voliage
supplied at port 3 will be limited to

0.623 0.1778

v'{ fm
13

As the coupling coefficient is changed
(or swept), and the digital transmutter size
is not allowed to change, we will have 10
adjust the output of the main FM transmit-
ter (v.) in order to hold constant 100 per-
cent TPO at the output of the combiner
vi=1)

The value of the voltage at port 2 then
needs to be:

\

(1-8.¥; )
U S ,

The graph in Fig. 3 shows the total reject
power for the Split-Level system, and its
FM and IBOC contributions. As a compari-
son, the red dot represents the reject power
for a 10 dB coupler separate amplification
system.

The minimum in total reject power is
found at 6.5 dB coupling, with a value
equal to half of the power dissipated in sep-
arate amplification.

DIGITAL TRANSMITTER
OPERATING IN
SPLIT-LEVEL MODE

Considering signal clipping to be our
limit (independent of its probability of
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8000
7500
7000

6500

4500

Power (W)

S Thtalpwi =g
3500 ] "y

2500 g =
2000 +
]
1500 ] 4
1000 BOC ¥ iy
500 -
26 20 15 -10 5

10 15 20 25 30 35 40 45 50

IBOC injection {dBc)

Fig. 4: Digital Tx, Maximum Average Power for Different IBOCIFM Ratios

occurrence), we can calculate the maxi-
mum average power at which a digital
transmitter can be operated, for different
1BOC injection levels

I)QZI)'! fm+1)2

hoc

Recalling that its pulsed saturation rating
is 0.5 dB above its CW rating, we can then
substitute and obtain:

s 106 - V‘ fin |
3 fm o ,
\ l\ /

v

-
F=v

The total output power of the digital
transmitter, relative to its CW equivalent
rating, has been plotied in Fig. 4, as a func-
tion of the IBOC/FM ratio.

For injection levels below -5 dBc, the
peak-to-average ratio (PAR) will be even
greater than those found in IBOC-only oper-
ation. This is a worst-case prediction, as it
considers all IBOC amplitude peaks to
always be phase-aligned with the CW FM
carrier. To get a more accurate prediction, the
probability of this event (phase alignment at
peaks) has to be taken into consideration.

ALTRONIC RESEARCH INC.

ance By Design

10

The noise-like envelope in IBOC-only
operation could be closcly approximated by
a Rayleigh distribution, given by

-,

: e-7
Epoc(V)=v-- =
loz

where v is the envelope level, s is its stan-
dard deviation (¢ +%*), and Epg, (v) is the
probability density function (PDF) of the
envelope

When used in Split-Level mode, the
additional FM signal (CW) modifies this
distribution. The new PDF is better
described using a Rice distribution,

(v +vfm”)
Epe)=v- &2 jo| 2207 )
ol \ o~ )

where v, is the FM voliage injected, and s
is again the standard deviation of the
IBOC signal, and 10 is a modified Bessel
function.

Let’s compute the average power that is
above the minimum saturation point of 5
dB. This power can be seen as the maxi-
mum power that can be wasted in IMD

regrowth, and sull be within the RF mask
When scaled to the total, unclipped average
power it becomes

.

J.(v vsat~)- I

[

here vsat is the saturation voliage at 5 dB
above rms voltage, and IMDmax,. is the
integrated IMD power, scaled to the total
IBOC average power

When the FM carrier is added, then we
use the Rice distribution function E, (v)
and the IMD is calculated 1n the same man
ner. as a ratio of the total integrated power

J.(\' vsar-)- E, (v)dv

Vaad

Av)dv

VD m
i m“IBOC

v).dv

I\II)IImXSLC
I\' B (v)dy

We tind the maximum SLC operating
power at any given level of IBOC injection,
by increasing the FM and IBOC content (v
and s) until we reach the maximum level of
IMD. This maximum allowable level of
IMD is only a fraction of that previously
calculated for the IBOC-only case

In other words, in order to keep the same
ratio of desired IBOC signal 10 IMD level, the
maximum IMD for Split-Level mode has to be
reduced as we reduce the IBOC injection level:

10
o - 1D LR %)
1+10

This criterion will guarantee the same
ratio of desired signal (IBOC average
power) to undesired signal (IMD average
power), independent of injection level. It
does not, however, take into account
changes in the IMD energy distribution
across the spectrum. For our range of inter-
est, the curve represented in Fig. 5 tracked
satisfactorily well experimental data.

The maximum average power, when the
envelope probability distribution is consid-
ered, is always above the curve obtained by
the simpler vector voltage summation

This extra capability has proven to be
more useful in the region of -3 dBc to -5
dBc IBOC injection, which is the region
operated by smaller transmitters that are to
be combined with 6 dB couplers. In this

SPLIT-LEVEL, PAGE 14
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MANUFACTURER
OF RF COAXIAL LOAD RESISTORS.

DUMMY LOADS FROM 1 KW TO 1500KW,
AVAILABLE IN AIR, WATER OR SELF
CONTAINED HEAT EXCHANGERS.

HIGH POWER NON-REACTIVE CERMET

RESISTORS FROM 1 OHM TO 20 MEGOHMS.

Radie Werld &

ALTRONIC RESEARCH INC.

P.O. Box 249 e Yellville, Arkansas 72687 870-449-4093 » Fax: 870-449-6000
E-mail: altronic@ mtnhome.com Web Site: http://www.altronic.com

December 8, 2004 ® Radio World Engineering Extra




E/a

AT LAST, A BOARD GEEKS AND JOCKS CAN BOTH DROOL OVER.

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
programmer or
board operator
will swoon.

Yet Rubicon is

so intuitive, so

comfortable,
so easy fo use, the

$AS Connected Digital Network™ weekend intern is

sure to sound like
a pro.
Here's why:

Rubicon Gontrol Surface
a2KD Digital Audio Router
RIOLink™ Remote 1/0
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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.

|

ore £ !

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 : ™
rogting and ru blcon
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.
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Engineering great radio;

For more information call 1.818.840.6749,
email sales@sasaudio.com or visit www.sasaudio.com.




The world’s best* IP-Aud

*Okay, you caught us. It’s also the world’s only |

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 SmartS rface provides the perfect blend of flexible feat res and int itive control.
Easy to learn and easy to se, it’s tailor-made for talent-intensive formats.

Programmable soft Ergonomically Each channel’s main, Available Telos Con-
keys and recording designed channel special-p rpose, sole Director panel
device transport start and stop b t- phone and preview with Stat s Symbols®
control b ttons give tons, with g ards assignments are provides easy, int i-
instant control of all that prevent acci- q ickly accessible. tive control of phone-
a dio f nctions. dental activation. A tomatic mix-min s based segments.
Jor each fader!

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.

ﬁ This sounds expensive.” Just the opposite, really. Axia saves money by eliminating X
2 distribution amps, line selectors, sound cards, patch bays, multi-pair cables, and tons \
@

AxiaAudio.com

St ™ -

Routers are OK... P tan Axia revalio. ‘
but a network is so Microphone Node Scatt Studios |
much more modern. next toyo rmts BALSYE
With Axia, your ins and send preampli- o

and outs are next fied adi o anywhere We're already work-
to the audio, where yo n eed it, over n g with some great

they belong. No Ethernet — with no companies. Check
Jrame, no cards, Ine loss or signal AxiaAdi o.com to
no sweat. degradation. fndo twho's next.



) broadcast studio system.

udio broadcast studio system. Damned marketers.

Scalable, flexible, reliable... pick any three. Are you still using PC sound cards?
An expensive proprietary router isn't practical Even the best sound cards are compromised
for smaller facilities. In fact, it doesn’t scale by PC noise, inconvenient output connectors,
all that well for larger ones. Here's where poor headroom, and other gremlins. Instead,
an expandable network really load the Axia IP-Audio Driver for
shines. Connect eight Axia :._—__:._3 Windows® on your worksta-
8x8 Audio Nodes using Cat-6 — ? tions and connect directly
cable and an Ethernet switch, to the Axia audio network
and you've got a 64x64 routing switcher. using their Ethernet ports. Not only will your
And you can easily add more I/O whenever PC productions sound fantastic, you'll elimi-
and wherever you need it. Build a 128x128 nate sound cards and the hardware they usu-
system... or 1024x1024... use a Gigabit fiber ally feed (like router or console input
backbone and the sky’s the limit. modules). Just think of all the cash you'll save.
Put your preamps Put your snake on a diet.
where your mics are. P e eeccssss IR Ue-"" Nobody loves cable snakes.
Most mainframe routers . g — 4 Besides soldering a jillion

have no mic inputs, so you
need to buy preamps. With Axia you get
uitra-low-noise preamps with Phantom power.
Put a node in each studio, right next to the
mics, 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.

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.

With a little help from our friends. Would you like some control with that?
A networked audio system doesn't just There are plenty of ways to control your Axia
replace a traditional router it improes network. For instance, you'll find built-in
upon it. Already, companies in our industry webservers on all Axia equipment for easy
are realizing the advantages of tightly inte- configuration via browser. PathfinderPC®
grated systems, and are making new products software for Windows gives you central
that reap those benefits. P T R e e control of every audio path in
Working with our partners, S — o your plant. Router Selector
Axia Audio is bringing new nodes allow quick local source
thinking and ideas to audio distribution, selection, and intelligent studio control
machine control, Program Associated Data surfaces let talent easily access and mix any
(PAD), and even wiring convenience. source in your networked facility.
<
V.
~
L?vewire rr—
EErl
< > 1900/1000 =
An Axia digial adi o
There’s a better way snake can carry h n- Control freaks,
to get audio out of dreds of channels of rejoice: PathFinderPC
your PC. No more digial adi o on one software for Windows®
/8" connectors — with skinny CAT-6 cable.We gives you systemwide
Axia your digital know yo' re no going control of all routing
audio stays clean o m s soldering all Sfunctions with just a

and pristine. ha m li-pair.. click of your mouse.
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ciency is found at 6.75 dB.

10000
9500 HybTIg PMIBOC CONCLUSION
CONTINUED FROM PAGE 10 5000 popersfion ‘ We have described Split-Level, an
region, an additional 0.7 dB can easily be fs00 ! T improved high-level combining method of
extracted above the limit otherwise imposed oo | upgrading to IBOC. This method uses a
by voltage summation. Zx 1T\ ) | tighter coupling coefficient at the output
Referring again to Fig. 5, the maxi- 6500 | \ Spiit-Lpvel combiner, which decreases the 1IBOC
mum operating average power, with an aooo | N\ ,m losses. Simultaneously, by injecting a small
IBOC injection of -2.5 dBc, is about the ss00 | ! o | | fraction of the FM signal, properly phased,
same of the IBOC-only rating or 3 Ny Total gower, | at the coupled port, the total combining
. . § oo ) | with Ehvelopd statistics considered | .. Lo .
Separate amplification. We can already é 500 IANDN ! 1 efficiency is increased, as both the main

predict an improvement in the overall

+ .0 +
a0 } o /
\l.
- .

and the additional FM injection are par-

system efficiency, i.e., with the same 3500 N LTy g - — tially summed at the output.

generated average power from the digi- 3000 ¢ RN - ©OC-oply A coupling factor of 6 dB is the optimum

tal transmitter (with respect to separate w0 | : gporation value to minimize the size required for the digi-

amplification), we have upgraded our 2000 1 expefimenta] data ‘ \ Total power, tal transmitter and to reduce the dissipation in

system to FM IBOC without demanding 1500 T T rio Envelope statistics Considered the reject load, and as such, boosting the over-

11 percent more power from the main 1000 all system efficiency by 3 to 4 percent. Under
500 +4

FM transmitter.

EFFICIENCY OF A DIGITAL
TRANSMITTER OPERATING
IN SPLIT-LEVEL MODE

The measured efficiency of a digital
transmitter, operating at different levels of

25 20 -5 -0 5 0 5 10 15 20 25 30 35
IBOC injection (dBc)

these conditions, the total reject power is
expected to be reduced by 50 percent.

All these benefits are in addition to the
fact that with Split-Level Combining, the

40 45 50

Fig. 5: Maximum Qutput Power, When Envelope Statistics are Considered

main FM transmitter does not have to
increase its output level to overcome the
coupler losses, an inconvenience unsur-

45.0% 52.0%
IBOC =-10dBc 51.0%
40.0% \ S
IBOC = -5dBc ) 50.0% Split-Level Combining
35.0% IBOC = -15dBc 49.0% {
Ead 20000 IBOC = 0dBc £ o
P 0% >
g 4 2 o
2 9
o 25.0% 7]
9o £ 46.0%
; :
20.0% 45.0% Separate Amplification
44.0%
0y
15.0% .
10.0% 42.0%
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Average power (% of CW rating) Coupling (dB)

Fig. 6: Digital Tx Efficiency, for Different IBOC/IFM Ratios Fig. 7: System Efficiency for Different Coupling Coefficients

IBOC injection is represented in Fig. 6.

For IBOC/FM ratios less than -10 dBc,
the efficiency of a digital transmitter is very
similar to the efficiency of common amplifi-
cation. For higher injection levels, the effi-
ciency quickly improves (for the same
average power) and approaches the effi-
ciency of IBOC-only operation.

OVERALL SYSTEM EFFICIENCY
Knowing that our output power (includ-

AUTOMATIC

ing IBOC) has to be 1.01, the overall sys-
tem efficiency is:

101

tore . [ g [ 12m p
n

We will assume a 60-percent efficiency
for the FM transmitter (1,). The efficiency
curvefit function used to generate the graph
in Fig. 6 will be used to compute the value

of n,. Equations for the other terms have
already been presented.

A graph of the overall efficiency, for a
Split-Level system implemented using the
minimum-size digital transmitter, is repre-
sented in Fig. 7.

With the new Split-Level implementa-
tion, the efficiency approaches 50 percent,
as compared to separate amplification,
whose efficiency would be 46 percent.
The coupling coefficient for peak effi-

2 3
N gyt

H K

passable for many installations in the field.

Finally, the system performance is
dependant on the size of the digital
transmitter in the following manner: the
bigger the digital transmitter to be used,
the stronger the FM injection and the
tighter the optimum coupling coefficient
can be, this way obtaining a lower out-
put power demanded from the main FM
transmitter, a lower reject power and a
higher overall system efficiency.

THAEE CHANNEL DIOITAL REPEATER / ADC WITCHER

DIGITAL = DIGITAL === ANALOG

TEEIOGICARWAY
S-DRX

i
Automatically switches between two AES digital audio signals or a stereo analog signal. 1
Analyzes digital signal errors (CRC, bit, framing, etc.) and checks for loss of audio on the digital signal. User programmable.
rTITUS—
Ay e pr T WWW.TITUSLABS.COM
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CONTINUED FROM PAGE 1

Wheaistone Corp. manufactures a line of con-
soles at a modern manufacturing facility in
New Bern, N.C. Andrew Calvanese, vice pres-
ident of Wheatstone, talked with us about his
knowledge and views on the evolution of con-
sole design.

DIGITAL
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with preset and recall capability:

If you are redoing a single studio, have
no digital input sources, have an analog
input to your STL chain, and don' see that
scenario changing soon, then a good ana-
log console may be the best choice for you.
But if any of those factors change you
could be better served by a digital system.
A hybrid stand-alone console — one that
handles both analog and digital KO — will

face system can be configured from your PC
in the rack room

The router-based platform does involve
more configuration work — naming of
sources, selling tne various permissions,
creating presets, determining the source
availability on each surface fader; those are
things that didnt apply to stand-alone con-
sole models We try to get customers to
think along those lines and do preplanning

£ HGASRRN I ESES T N o S TS R E

11111081 1 0L
TDOM

Fig. 1: Digital Console Vs. Control
Surface/Router

Are most customers buy
at this point

or hyondas of these two technologies?

The transition to digital console technol-
ogy has been going on now for roughly 10
years. As with any transition, this has caused
uncertainty in the marketplace and created a
new learning curve for everybody. 1 assume
what you mean by “hybrids” is a console that
has both analog and digital capability, which
is mainly what is shipped today.

In and of itself, a pure analog console
can offer higher levels of audio perfor-
mance—especially bandwidth, noise and
distertion—and will continue to do so in
the future. However, in most real-world
radio stations, the subsequent analog-to-
digital conversion that happens when you
connect this console to a modern signal
chain negates this performance advantage

What ar the m y et
What are the ma Freasol oD

technology over the

Digital consoles typically have better trans-
mission-related specifications, like crosstalk
and off isolation (crosstalk to mix bus when indi-
vidual channel is off). In the simplest of consoles
an a'l-analog design will be less expensive,
while the reverse is true for complex designs

Fig. 2: TDM Transport Mechanism

give you more flexibility in the future and
make it easier to interface new equipment.

A router-based digital system will do all
that, and additionally provide an open-
ended system that is easier to expand. It
will also make it easier to repurpose rooms
in your facility, via configuration presets,
should future requirements dictate sub-
stantial change. More efficient use of
sources, through source distribution and
sharing, is also possible with the router-
based designs.

The installation for a digital console typ-
ically involves two parts.

First the physical installation must be
done and cables connected. Digital signals
need to be wired with a compatible cable
type, either 110-ohm digital wire or CAT-5.
With a router-based system, which uses
control surfaces in the studio. the Time
Division Multiplex bussing between router
cages replaces discrete interstudio wires for
each source. The number of pomt-to-point
connections, especially between the individ-
ual studios and the rack room, is substan-
tially reduced. What used to be 32 pairs of
analog cable now is a single CAT-5 wire.

The second part of the install irvolves con-
figuring the system through software. Here
you configure various options such muting,
tallies, timer restarts, etc. All of these options
on a tradiuional analog console were set via
DIP switches, which involved pulling individ-
ual modules to set the switches. This time-
consuming procedure has been replaced by a
screen with checkboxes. An entire multi-sur-

Split-Level
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before their systemn arrives

Digital consoles have differences in per-
formance, features and quality just as cell
phones or sound cards do.

First, digital consoles can have basic archi-
tectural differences that affect performance and
sound quality. Digital audio can be character-
ized from as low as 16-bit o as high as 24-bit

§dransient
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and still be within the AES specifications.

We all know' that basic audio CDs have
16 bits of resolution. The quality level of
16-bit audio is low enough to have encour-
aged the development of HD/DVD audio,
and the problem gets much worse when
you are in a live/production situation
where audio is not as tightly controlled as
it is 1n music production and mastering.

There are digital consoles out there that
are operating on 16-bit data paths.
Likewise the A/D (analog-to-digital), SRC
(sample rate converter) and D/A (digital-to-
analog) converters that are a necessary part
of any practical console have varying levels
of resolution and dynamic range from 14
bits to 24 bits. Wheatstone digital consoles
use low noise 24-bit converters on analog
and digital inputs and outputs for the high-
est possible audio quality; many other con-
soles use lower-quality converters.

Some digital consoles are based on, or
require, personal computers to operate some
or all functions, while others use a single-pur-
pose embedded central processing unit. Some
require hard disks while others employ solid-
state memory. Generally speaking, a console
with an embedded controller and solid-state
memory is more reliable and easier to install
and get running,

Second, digital consoles have varying levels
of features and functions, just as analog con-
soles do. Are the inputs fixed or routable? Are
they reconfigurable to accept different types of
input signals, or is it necessary to modify the
console to make a change? Can any input
accept either analog or digital signals? How
many outputs are available? How many mix
busses are available? What logic functions are
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available, and are they fixed or programmable?

As an example, Wheatstone manufactures
more than 10 digjtal console models, just for
radio with different combinations of these fea-
tures, and I'm not including size variations.

Third, digital consoles are made with
different levels of quality and support just
as analog consoles have been. The heart of
a digital console is still its user interface:
the switches, faders, displays and meters
that the operator uses. The quality of these
items is an important consideration affect-
ing the reliability of the console.

It is especially important with this digital
technology, especially if it is new to you, to
have a support team to contact that can help
manage the technical details, like “Why can't 1
hear audio from the digital output on my CD
player?” — the wrong type of wire or too
many connections, for example — or “Why
does my production recorded on my automa-
tion system sound weird when I play it back?”
— wrong sample rate.

What is the importance of “32-bit fleating
point compuiation,” which is sometimes
specified on digiial mixers?

To mix signals together essentially means
adding them. In analog consoles the “sum-
ming bus,” or Active Combining Network,
was the mechanism for this.

In the digital domain, the same thing is
accomplished by taking the individual digital
words representing the required signals and
adding the words together every sample
period in binary math. One of the character-
istics of binary math is that the resultant of
this addition process has more digits, or bits,
than the individual components do. These
carry bits mean that your addition processor,
the DSP, needs to have more bits available in
its resultant — the “accumulator” — than the
data words have themselves.

For different kinds of processing, like
gain, level or EQ changes, which are all
done in digital with binary math func-
tions, this process occurs as well. The
bottom line is that the DSP processor
needs to be able to process a larger
number of bits than the sample words
themselves to avoid truncation or over-
flow errors. Some early digital consoles
used 16-bit fixed-point processors —
because they were the only ones avail-

]
000000 00 eI

able that would work with 16-bit/44.1k
digital audio — with insufficient bit
depth in their accumulators to prevent
this type of error. Second-generation
consoles came out with newer floating
point DSP chips to get around it, while
modern DSP chips are available either
fixed or floating point with enough bit
depth to avoid this problem.

The situation evolved much as did the
first transistor amplifiers or the first op-
amp consoles; they didnt sound very good
until the technology advanced enough to
get past the “just-barely-working” stage.

What type of test equipment weuld a typical
station want to acquire in order to mainiain
a digital consofe sysiem?

To install and maintain a digital system it
is very helpful to have a portable device
that can generate and monitor AES audio.
There are a number of these available at
reasonable prices.

As with most things digital, problems tend
to be of the “signal not there” type rather than
a qualification issue. Being able to move
around the facility injecting and or monitor-
ing a digital signal is important in tracing
these problems. To the uninitiated, using a
scope to look at an AES digital audio signal is
not very helpful because it looks similar
whether there is an audio content or not.

What is a router-based console and how
does it wurk?

All digital consoles share a common
structure, which consists of an audio mix
engine of some sort — usually based on
digital signal processing — and a control
unit or CPU. The control unit directs the
operation of the mix engine and a user
interface consisting of the familiar
switches, faders, displays and meters,
which communicate the operator com-
mands to the CPU. These structures can
all be built into the same chassis in a fixed
configuration, to create a stand-alone dig-
ital console, or they can be cleverly sepa-
rated into different pieces, in which case
you have a control surface-router solu-
tion. Each approach has different advan-
tages, which is why Wheatstone makes
both types. (See Fig.1 on page 15.)

A control surface-router solution
allows the individual components to be
located where it is most practical. If you

Finding peace
of mind just
got a whole

Fig. 3: Laser Cutter in Operation

have a tech center where all of your
automation servers, ISDN, processing
equipment, etc., are located in common,
locating the audio input part of your sys-
tem in the same space minimizes room-
to-room wiring that represents a sizable
and inflexible expense. By separating the
components of the system, the control
surface part can be located in your stu-
dios and control rooms and connected
with simple wiring — in the case of
Wheatstone, standard CAT-5 cable. And
if a significant number of audio channels
are needed te connect between rooms,
again a simple CAT-5 cable can transport
many channels simultaneously

A further advantage is that by separating
the control surface from the actual audio,
the audio can become part of the whole
system, shared everywhere.

Consider the case of a satellite receiver
that needs to be able to feed multiple rooms.
With stand-alone consoles, you would need
to wire the recetver to a distribution amp and
then run individual wires from the DA to
each room. In the control surface-router
approach, you would wire the satellite
receiver to the router once and then call up
the signal in each room whenever you
needed it. This signal — or audio resource,
as we call it — becomes integrated into a
multistudio, multistation system, where all
audio resources and logic functions are avail-
able and controllable system-wide.

Furthermore, when requirements
change in the future, as they do in radio,
in a surface-router installation, studios
can be added, moved or rearranged with
a minimum of rewiring. A Wheatstone
control surface connects to a system by
means of a CAT-5 cable, as opposed to
the dozens of audio connections and
hundreds of GPI logic connections
required for a stand-alone digital or ana-
log console.

What are the key specifications to consider
in this type of purchase and/or key perior-
mance metrics?

When considering a system of this type
it is wise to look at it as an infrastructure
project, like telephone, electric or IT. Does
it have the capacity for present and pro-
jected use? Does it offer suitable functions.
features and performance levels to be useful
both today and years from now?

For example, Wheatstone Bridge router sys-
tems can route and process multichannel audio
should surround sound be in your future.

Is the sound quality exemplary? Look
for 24-bit A/D and SRC. How exactly will
future changes to the system be made,
and will the system need to be disabled ta
make changes? What cabling :s required?
Wheatstone recommends running a CAT-
5 cable to every potential studio or con-
trol room to allow easy installation of a

Take the orighnal Plan B's winning combiration of digital sllence
getector, instant amlio repiacemsnt and user friendly remote
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control surface or satellite router rack.
Some other manufacturers may require
more extensive wiring.

As a sidebar, most digital audio systems
use some variant of TDM to transport digi-
tized audio.

What is a TDM transport and how does it
work?

TDM works by sending the individual
data bits representing an audio sample seri-
ally at a much faster rate in a prescribed
channel order over a single path or connec-
tion. When the transmitting circuits and
receiving circuits use the same prescribed
channel order for the data bits, the individ-
ual bits can be reassembled into the proper
words representing the audio samples of
multiple channels.

It works because the transport link is
running at a much higher rate, or fre-
quency, and hence has room within a
given unit of time — a sample, or
1/44,100 of a second, for instance — for
many more data bits. In effect, each sam-
ple period is divided into multiple seg-
ments or time windows, one for each of
the channels.

A 100baseT — CAT-5 running at 100
megabits — cable has enough data bits to
represent 64 discrete 24-bit audio input
channels and 64 24-bit audio output chan-
nels plus control information. (See Fig. 2
on page 15.)

Who should consider a surface-router con-
sole system?

Anyone who is considering a consolida-
tion or build-out project involving multiple
rooms and/or new wiring should look seri-
ously at a control surface-router solution
for the increased functionality, flexibility
and potentially lower total installed cost.

A single room upgrade with existing,
usable wiring can be done less expensively
with a stand-alone console. The multisurface,
multistation resource, sharing hardware and
software built into every control surface-
router combination is an added expense that
doesn' provide any compensating benefit or
total installed cost reduction for a single room.

Radio engineers are concerned about relia-
bility in their system designs. As a console
system begins to function more like m-
puter network, what strategies can be used
to avoid the possibility of a single-point
failure taking an entire technical facility

down at the same time?

Controlling single points of failure 1s a very
real issue for today’s multistation consolida-
tion projects. When a router-based audio net-
work is the backbone for the whole plant, it is
especially important 10 choose and nstall a
system that has the redundancy and recovery
capability that you need.

Again it is wise to think of the system as
infrastructure like your telephone system.
You probably have your phones on an
uninterruptible power supply and/or
backup power. It makes sense to do the
same with the router system.

Also, as a minimum, make sure that the

can provide redundant automatic-failover
CPUs for the router, and for each control
surface as well. Additionally, redundant
automatic-failover DSP engines can be
installed. Our control surfaces and associ-
ated studio racks will continue to mix and
operate even if they become disconnected
from the main system. In fact, entire sub-
systems of the overall router — say for
example, all your air studios — can be
equipped with failover CPUs so that they
can function independently.

Finally, because the Bridge system is based
on embedded hardware, audio will continue
to flow through the system even with the

Fig. 4: Surface-mount Machine

central core of your system has redundant
fail-safe power supplies, as these are still
the least reliable part of a system. Add fail-
safe power supplies to control surfaces and
remote racks as your budget allows.

Use defensive strategies in deciding your
wiring and card configurations. We had a
client whose tech room was struck by
lightning, causing significant damage to a
lot of his equipment. Unfortunately one of
the damaged items was an output card in
his Wheatstone Bridge system. Because he
had wired all of the main program outputs
from his multiple studios to this single
card, all of his stations were knocked off
the air when that card was hit.

1f he had wired his program outputs to
different cards, he would have lost only the
one station. The lesson is to plan for the
possibility of things going wrong and
design your system with work-around or
damage-control strategies in mind.

With the Wheatstone Bridge system, we

control surfaces turned off and unplugged.
This doesnt sound significant until you get
called at 6 in the morning because of a coffee
spill into the control surface.

A system like this can be made as fault
tolerant as anything else in your plant.

What new technology trends do you see
affecting the broadcast console market, or
broadcasting in general?

I hear HD Radio being talked about a
lot. Also, more and more signals in the
plant are becoming digital. Just a few years
ago the majority of our digital consoles
were shipped with mostly analog inputs; in
fact many digital consoles were shipped
that had no digital inputs at all [input
channel type is configurable on
Wheatstone consoles]. This is no longer
the case. All of this points to the increasing
role of digital technology in radio.

This brings up an interesting point: the

switchover to digital technology has created
the necessity for software development.

Digital devices need software to run. As a
result, our development of digital products
requires many hours of software development,
testing, debugging and support, none of which
was necessary to make an analog console. And
because software is never “done,” it can always
be modified and enhanced — Microsoft
spends billions of dollars and employs many
thousands of talented engineers on software
development, and still their products are never
finalized and totally bug free — the effort con-
tinues after the products are sold. For refer-
ence, Wheatstone pays a large amount of
money just for software support contracts to
maintain the software that we use to design
and build our products.

As digital radio consoles of all types are
becoming more and more software-based,
they will offer more options and configura-
tion settings. A lot more decisions need to be
made to design a studio system. Careful pre-
planning and close communications with the
manufacturer will go a long way to getting
these consoles to work the way you want.

As a manufacturer, what has changed in
the last 10 years or so in the way that you
produce new equipment?

The radio — audio — industry is a small
part of the professional audio industry, which
in turn is a very small part of the electronics
industry. We're all familiar with the
changeover to surface-mount technology and
the proliferation of microcontrollers that has
been going on in the electronics industry. The
cell phones, DVD players, and computers we
all use today would not even be technically
possible, let alone affordable, without this
changeover — although some might argue
this is not a bad thing!

Automated production and assembly
equipment, coupled with the ever-increasing
power of microcontrollers, make possible
meeting the expanding needs of customers.

This trend affects radio too. The feature
set of Wheatstones premier radio console
of years ago, the A-500, is surpassed today
by the simplest of our Audioarts analog
consoles. Wheatstone has embraced this
technology with integrated in-house com-
puter-aided design/computer-aided manu-
facturing and automated surface-mount
assembly for our circuit boards. We use
computer numeric control machining,
bending and laser cutting for our metal
and woodworking. Just as surface-mount
lines allow us to implement the complex
circuit designs required in today’s prod-
ucts, our laser allows us to execute designs
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Calvanese
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in metal that weren't previously possible.

This CAD/CAM design capability gives
us several important benefits. First, it
makes possible design details that would be
totally impractical otherwise. A modern
Field Programmable Gate Array or DSP
chip has hundreds of pins typically spaced
twenty-thousandths of an inch apart and
requires a four- or six-layer PCB just to
function properly. These chips are neces-
sary to create a digital console design.
These types of chips are not available in
through-hole packaging, and even if they
were, trying to design a two-layer circuit
board manually that connects all of these
hundreds of pins at such small spacing
would be essentially impossible.

Likewise with the mechanical parts, the
laser and other CNC machines allow our

Phil Owens and Andrew Calvanese, Wheatstone Corp.

designers much more flexibility in choosing
details such as our custom speaker grill
openings and radial bends for wrist rests
without requiring expensive and long lead:
time tooling.

Second, both our sur-
face-mount and metal
working areas are tightly
integrated with our
design departments.
What this means is that as
soon as the design is done
in the computer (be it a
PCB or a console frame),
the design files can be
directly sent to our manu-
facturing equipment and
built without any sec-
ondary digitizing, set-ups
or reprogramming neces-
sary. This gives us excel-
lent  manufacturing
control and repeatability, and also allows us
to be extremely responsive. We normally
have completed, working circuit cards in our
hands the second day after the design is fin-
ished in the computer (the two-day delay

comes from the manufacturing and shipping
of the raw PCB itself) and new metal parts
within an hour after design finalization.

Another benefit this technology gives us
is that it becomes practical to manufacture
products cost effectively in the relatively
small batch sizes appropriate for the radio
market, where a few thousand consoles a
year might constitute the whole market.
Our surface-mount equipment allows us to
build 10 or 20 difterent types of circunt
boards in a single day; our metal working
equipment performs similarly.

All this allows us the quality control,
production efficiencies, capabilities and
responsiveness we need to manufacture
the higher-performance, feature-rich,
complex products in demand today. By
bringing all these processes in-house we
have created a vertically integrated com-
pany that is not at the mercy of outsourc:
ing vendors. B
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Grounding

CONTINUED FROM PAGE 4

used SSM-2141 balanced lhne recetver will
degrade some 25 dB with only a I ohm
imbalance in the driving source.

However, balanced receivers having com-
mon-mode input impedances some 1,000
times h:gher are essentially unaffected by
imbalances as high as several hundred ohms!
A balanced input using either a quality input
transformer or the InGenius IC is virtually
immune to this degradation.> Each typically
achieves 90 to 100 dB of CMRR, virtually
unaffected by real-world balanced output
imbalances, and typically over 80 dB of CMRR
when driven by an unbalanced source!

CMRR Measurements vs. Reality

CMRR of balanced inputs have traditionally
been measured in ways that ignore the critically
important effects of driver and cable imped-
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Fig. 3: Old IEC test, center, tweaked source until perfect.

ferences between system devices can cause
considerable current flow in cable shields, cre-
ating a magnetic field extremely close to the
signal conductors — unless the induced volt-
ages are precisely equal, differential noise,
called shield-current induced noise or SCIN, is
created. Cables using drain wire shield con-
struction have the worst SCIN.89

However, to guard against RF interference
where typical system cables become a fraction
of a wavelength, grounding the shield at more
than one point is desirable. Therefore, a high-
frequency treatment must be superposed on
the low-frequency treatment.!9!! This is a
conflict between star and mesh grounding
methods. One approach, called hybrid ground-
ing, couples additional points on the shield to
ground at high frequencies only through
capacitors. After years of debate, the merits of
hybrid grounding finally are being considered
for incorporation into preferred practices being
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Fig. 4: Grounding shield at receiver forms filters.

ances. Therefore, actual CMRR achieved in real-
world systems is often far less than that touted
for the batanced input itself.

As shown i Fig. 3, the old 1EC method
essentially fine-tuned the driving source
impedance until it had perfect balance. Other
widely used techniques, simply shorting the
two inputs together or using high-precision
resistors (as in most lest instruments), are
equally unrealistic measures.

This author is pleased to have helped per-
suade the 1EC to change its measurement
standard for balanced inputs and outputs.
The third edition of "IEC Standard 60268-3,
Sound System Equipment - Part 3:
Amplitiers” was issued in August of 2000. The
new method involves placing a 10-ohm
imbalance, first in one line of the test source
and then in the other. The lower of the two
calculated CMRR ligures is then used.

Effect of Cables Interface CMRR
It's important to understand that noise
rejection in a balanced interface isn't just a

Fig. 5: Grounding shield at driver eliminates filters.

(equal and opposite voltage swings) and capac-
itances were pertectly matched, the two capaci-
tively-coupled signal currents in the shield

working group.
In practice, | recommend never grounding
only the receive end of a balanced shielded

function of receiver CMRR. Actual perfor-
mance in a real system depends on how
the driver, cable and receiver interact.

The shield, if present, should always be
grounded at the driven end of a balanced
cable. There are two reasons.

The first involves the cable capacitances
between each signal conductor and shield,
which are mismatehed by 4 percent in typ-
ical cable.® If, as shown in Fig. 4, the shield
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is grounded only at the receiver end, these
mismatched capacitances and mismatched
driver common-mode output impedances
(often by 5 percent or more) form a pair of
low-pass filters for common-mode noise.
The mis-tracking of these filters converts a
portion of common-mode noise to differ-
ential signal. If, as shown in Fig.5, the
shield is connected only at the driver, this
mechanism doesn't exist because all filter
elements are at the driver ground potential!

The second reason involves the same capac-
itances working in concert with signal asym-
metry. If signals were perfectly symmetrical

Fig. 6: Equipment Having the Pin 1 Problem

would cancel. However, imperfect symmetry
and/or mismatched capacitances will cause net
signal current in the shield. This current should
be returned directly to the driver from which it
came. If the shield is grounded at the receiver,
all or part of this current will make its return
via an undefined path that can induce system
crosstalk, distortion or oscillation.”

At audio frequencies, the ultimate in inter-
face CMRR is achicved by grounding cable
shields only at the dnver. Ground voltage dif-

cable, and generally recommend grounding
at both ends for two reasons: 1) if the equip-
ment input has marginal RF suppression,
grounding the shield at the input will usually
reduce the problem; and 2) it doesn' require
the use of a specially wired cable, which
might, if not clearly marked as modified, find
its way into another system and cause unex-

pected problems.
AC magnetic fields will induce voltages
GROUNDING, PAGE 20
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Grounding

CONTINUED FROM PAGE 19

along the length of each signal conductor, and
the magnitude of each voltage is a strong func-
tion of distance to the field source. Twisting of
signal conductors is a first-order technique to
minimize induced differential voltage by mak-
ing the average distances to the conductors
equal. So-called star-quad cable is a refinement
that parallels opposing pairs of conductors, fur-
ther reducing susceptibility by about 40 dB.
Remember that wiring at terminal or punch-
down blocks and inside XLR connectors is vul-
nerable because the twisting is opened up,
creating a magnetic pickup loop.

COUPLING BY EQUIPMENT
DESIGN DEFECTS

In a system, noisy ground currents flow from
one piece of equipment to another through
cable shields. The design of some equipment
allows this current to flow in internal conduc-
tors, such as PC board traces, that are shared by
high-gain circuitry. The result is common-
impedance coupling into the signal path, which
causes noise at the equipment output.

When this defect exists, the equipment
behaves as if the shield connection were a
low-impedance audio input. Since pin 1 is
the shield connection for XLR connectors,

NOISE
VOLTAGE

Fig. 7: Equipment Properly Handling Shield Connections

Neil Muncy called this defect the “Pin |
Problem” in his famous 1995 AES paper.!2

Fig. 6 shows a system where each piece of
equipment has the problem, while Fig.7 shows
several pieces of equipment that do not. The
right-most device in this figure shows an exam-
ple of the hybrid shield grounding technique
mentioned earlier. At the time he wrote the
paper, Neil estimated that up to 50 percent of
commercial equipment is affected. Fortunately,
the simple hummer test can reveal the defect.!?
This problem frequently exists in equipment
with unbalanced interfaces, too.
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AM Noise

CONTINUED FROM PAGE 7

amplitude modulation with a bandwidth less
than 100 kHz, therefore standard coax can
carry the detector output a long distance to
the monitor without any compromise in the
reading accuracy. Modulation monitors con-
nected to a sample using coaxial cable can-
not be expected to produce meaningful
synchronous AM readings.

IMPORTANCE OF SETTING UP
AN ACCURATE SAMPLE

It may seem that 1 am over-stressing the
importance of an accurate sample position
and level. It is imperative to plan sampling
and detection properly because an inaccu-
rate sample can prompt severe mistuning of
the transmitter and yield incorrect overall
indicated levels of AM noise. When the
sample is established properly, it can be
relied on for real-time monitoring of trans-
mission system integrity for many years,

The linearity of the detection circuit is
equally as important as the RF sample. The
optimum detector employs full-wave car-
rier rectification with LC filtering to pro-
duce an AM level that can be calibrated
against the detected carrier level. The RDL
DCF-100MB detector used with the ACM-
1, ACM-2 and ACM-3 AM Noise Monitors
relies on this method. Engineers have used
hall-wave diode rectifiers and suitable filter
capacitors to produce samples that can be
used as a relative tuning indicator when a
quantitative value of AM is not desired.

HOW LITTLE IS ENOUGH?

Each station may establish its own thresh-
old for maximum AM noise based on ter-
rain, multipath in critical coverage areas and
transmitter capabilities. In general, simply
tuning for minimum AM without taking a
calibrated reading can result in actual levels
from -25 dB to -50 dB or better. Readings of
-40 may be acceptable if there is minimal
multipath in critical listening areas and no
subcarriers are in use. The same value may
be unacceptable in a competitive market
with moderate-to-severe terrain or other
reflection producing obstructions. Most sys-

20 December 8, 2004 © Radio World Engineering Extra

tems can attain a sustained level of at least -
50 dB with good maintenance. Levels of -55
dB or better will produce optimum station
performance in any environment.

also be used to check the antennas effect by
measuring and logging the AM noise on a
reflected carrier sample. The low amplitude of
the reflected signal should require a more

: sensitive sampling

Pass band

+—4

e A SRS

3

Figure 3 < . :
¢ Modulation

/" RMS and peak AM

slug. Such a mainte-
nance check is
equally beneficial to
stations that do not
share a common
antenna.

| | PROPERLY
‘ f : TUNED AND
OPERATING

PASSBANDS
When a transmitter
and associated com-
=) ponents are tuned
\ and operating prop-
erly, a waveform sim-
ilar 10 Fig. 5 will be
produced by a detec-
tor or at the output
-of an AM noise mon-
itor. With this dis-

Fig. 7: Peak vs. RMS AM Noise

It is best if the station can monitor the level
constantly, allowing a predetermined thresh-
old 10 trigger an alarm. Changes in the band-
width caused by any source such as tube
aging, variations in power service voltages,
temperature and transmission line or switch
heating can alert the station of impending
maintenance needed before the station’s ser-
vice area or subcarrier performance is aftected
noticeably. In selecting the proper threshold,
it is normal to allow for a variation of 5 dB or
more during each broadcast day.

Monitoring is always desirable though not
always possible or practical. Today’s monitor-
Ing system costs are within most expense
budgets, but some facilities prefer periodic
mcasurements by engineering staff. Other
sites share common antennas with combiners
that cannot sulfficiently reject neighboring
carriers to allow constant monitoring. At
such sites, AM noise should be checked indi-
vidually on each transmitter during a coordi-
nated maintenance period. That period can

play of centered
tuning and a mea-
sured AM level of -55 dB or better, the station
is assured of optimum performance.

Good performance may also be possible
with a passband that is not perfectly cen-
tered, provided the measured AM level is
sufficiently low. Frequently, offset pass-
bands as indicated in Fig. 6 produce exces-
sive AM noise levels.

QUALIFYING AND
INTERPRETING THE READINGS
If an AM noise measurement method is
being used that does not produce a cali-
brated level, care must be exercised in qual-
ifying the results. An important
characteristic to understand is that as AM
noise becomes worse, typically the peak
content increases while the RMS energy
remains the same or decreases. Therefore,
metering that produces RMS or averaged
results will become more inaccurate as AM
noise increases. Receiver performance,
however, will degrade as peak AM

World Radio Histo

increases. This makes it critical to monitor
the peak AM excursions.

Fig. 7 details the problem. If the peak
value of AM indicated by passband A were
measured at -39 dB, an RMS meter would
indicate the same waveform at a level of -45
dB. If the passband were then tuned for an
RMS null, waveform B would result in an
RMS reading of -46 dB. However, the peak
value produced from passhband B would actu-
ally be -32 dB. Nulling thd RMS reading
would actually result in performance degra-
dation in AM noise from -39 dB 10 -32 dB!

Similarly, if a common diode is used as
an RF rectifier, equally erroneous results
can easily be produced. A 1N4148 fed
with 10 V peak-to-peak at 100 MHz with
10 percent applied AM modulation will
produce a DC/AC ratio of -20 dB, which
is an accurate indication of AM. The same
diode fed the same signal at 4 V peak-to-
peak would result in a reading of -17.9
dB, while with a carrier sample of 1 V p-p
it produces a reading of -9.8 dB. This is
an error of more than 50 percent.
Accurate, repeatable AM noise measure-
ments are improved through the use of
low-capacitance high-frequency diodes.

BENEFITS OF MONITORING
AND CONTROLLING AM NOISE

Nearly any anomaly in the performance
of the transmitter and associated RF
plumbing has an immediate and measur-
able effect on AM noise. When the accu-
rate AM level is monitored continuously
against a threshold standard, the station
can be assured of proper performance.
Control of AM noise optimizes subcarrier
operation and any broadcast services rely-
ing on signals in the upper spectrum of
the baseband. Sterco separation relies on
the 38 kHz subcarricer, and is materially
worsened by increased AM levels.

Proper sampling and monitoring of
AM noise levels produce coverage consis-
tency, maximum service radius, improved
stereo separation and satisfied subcarrier
tenants. It provides the final "QC" for the
station’s carrier signal, program content
excepted. B
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Lessons in the Wake of Ivan

By Stephen Poole

ome people think that it would be

fun or exciting to go through a tropi-

cal cyclone. They'll plan hurricance
partics and gibber that it'll be something to
“tell the kids about.”

I assure you, that feeling lasts only until
they've been through their first real major
hurricanc. Here in Alabama, lvan lelt a
large number of sadder-but-wiser folks in
its wake.

Sandy and I moved to Birmingham from
coastal North Carolina, and we had been
through several storms while we hved
there. The last major hurricane we expert-
enced was Fran; my memory of that anc 15
spending the night huddled in the dark,
listening 1o the wind howl, 10 the freight
train rumble of tornadoes, and to the
sound of trees breaking all around. The
next morning, we drove around and were
stunned at the damage. God had obviously
looked alter our little home. There were
twisted and mangled trees directly n frony
ot and behind the house, evidence that at
least one storm-spawned tornado had
“jumped” over our residence.

We lived in Hoke County, N.C.. 10 the
west of the 1-95 corndor. We dhdn't even
go through the worst of Fran, but what we
experienced was bad enough. We were
without power for several days. There were
downed trees and power lines blocking
many of the roads. Some of our friends and
neighbors had suffered significant damage
1o their dwellings.

IVAN THE TERRIBLE

van caused catastrophic damage along, the
Gult Coast when it came through in mid-
September. 1t knocked out power 10 over
800,000 people in Alabama (the lghest num
ber ever recorded). Among other damage to
broadcast facibuies i the state, Channel 15, in
NMobile, lost s 1,830-foot tower, which
caused a chain reaction that knocked several
other stations off the air.

Ivan had weakened before it reached
Birmingham, but still caused significant prob
lems hiere. Some local stations went off carly in
the storm. The WDJC(FM) site on Red
Mountain was one of them. We lost power
around 10:30 a.m. on Thursday and didn get
1t hack until Sunday morming. The BE 'M-305
excner and IPA both have 50 ohm outputs, so
my assistant Kenny and 1 ned 1o ng for low
power on a small generator.

We soon had to give up and run because
the wind had hecomie so strong, A good thing,
too. Onee the storm began to subside and we
wete able to head back up Red Mountam, we
discovered several downed trees, including
one right across our road. We would have
been trapped i we'd stayed.

As Danite this, everyone 1s back on the air
and all s well. We only suttered mimor damage
here, lor which I'm gratetul. But since s fiesh
in my mind. I'd like to share some severe
weather tips. | realize that most of you are in
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areas that dont normally experience tropical
cyclones, but much of this is general, com-
mon-sense advice that applies for most severe
weather scenarios.

NUMBERS CAN FOOL YOU

The number one tip that | can give — urge
upon — you is not to fall into the same traps
that the newsies do — in the case of hurri-
canes, they concentrate on wind speeds and
where the storm will make landfall.

Ivan caused catastrophic
damage along the Gulf
Coast when it came

through in September.

first of all. hurricanes are huge. A topical
cyclone can be the size of a state, meaning that
you may fecl its eflects for many, many hours
as it slowly moves past you. The storm-lorce
winds can extend hundreds of miles from the
center.

Thursday morning, Sept. 16, the day of the
storm, | woke up early so that 1 could get
started before the storm got really bad. We
were already feeling a strong, gusty breeze here
in Birmingham from Ivan, while the center
was stll on the Gulf Coast, hundreds of miles
away:

The newsies, naturally, get more excited
about strong storms, Category 3 and igher
I'he major storms make betier pictures
hecause they're more likely 1o take off a roof o1
smash a building, (Plus, they get to put idiots
on camera to stumble around and scream gib-
berish in the high winds.)

That’s unfortunate, because it can create the
impression that “weaker” storms — in quote
marks for a reason — arcn't as dangerous
Remember, especially once that storm moves
mland. the biggest dangers are flooding, wind
susts and spawned tormadoes. i that general
order.

Tropical storms also vary greatly i size and
speed. Andrew was a small, intensely powertul
system when it hit Flonda back in the carly
90s. The damage was catastrophic, but was
hnmited 1o a wide swath across the penmsula.
[van was one category weaker than Andrew
but caused damage over a much wider arca
because it was much larger.

More on those wind gusts. You might
watch vour local weather channel and relax
because the meteorologists are saying that
vou're “only” gomng to have 40 1o 50 mph
winds. Remember that those are sustained,
one-nunute averages. The gusts can be much
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stronger, especially at higher elevations. (That
applies in general, 1o, not just to tropical
cyclones.)

Now you know why your STL dish could
be honked out of alignment by a “mere” 40
mph wind down ai ground level — and you
also know now why you should always
require that your installer put a stabilizer bar
on that dish, even if they insist that “the
clamps are tight enough?

The bottom hne 15, wind gusts are com-
pletely unpredictable and can vary according
to terrain. What you're experiencimg on the
ground might be no big deal, but that antenna
atop vour 1,000-foot stick mught be hanging
on for dear life. As menuoned, tropical sys-
tems regularly spawn tornadoes too, which
just adds to the chaos of swirling eddies, sud
den gusts and the ever-present, constant, sus-
tained wind pressure

PLAN YOUR ESCAPE

One other up. one that again applies
across the board to hurricanes, winter
weather, you name it (and this is another
one that the newsies dont cover ade-
quately).

Your location might not experence the
worst of the storm. Maybe voure in a cul
de sac or a cove that blocks most of the
wind, for example. But plan for the worst.
Have several routes mapped out to all of
your sites. It is common for roads 1o be
blocked alter a severe storm, especially in
rural areas. Don't just assume that once the
storm passes, you'll be able to jump in
your truck and dnve directly to a tower
site. That road may be underwater or have
trees and downed power lines all over at.
Plan for that!

Special mention, once again, goes to my
assistants: Kenny, who ran around with me
during the peak of the storm, and Todd,
who stayed late the evening of the storm to
keep things running afier Kenny and 1 col
lapsed from exhausuion

Finally, be prepared for the usual idiocy.

My [avorite moment {rom the storm
occurred here at the studios, just as the
wind was at its peak and we were operat-
ing three stanons on a portable generator.
The engineering department was running
like mad Keeping things up. working
around outages, going to backups as
needed. and so on One ot our show hosts
came mnto the control toom to complain

“Why do the phones keep dropping owt
from ume 1o nme?

I couldn resist | ooked at ham, smiled
and velled. 71 dont know could 1t be
that we're in g hwrncane???” 1 don’t know f
he got the pomt, but he didnt complam
about the phones again Thank heaven tor
small favors

Unul next tme!

This story has been reprinted with permis
ston from The Local Oscillaton, the engigeermg
newsletter for Crawford Broadeasting Co. W
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The Wheatstone GENERATION-5
has the POWER and FEATURES
Stations Demand the MOST

LOTS NMore!

Our Generation-5 provides your operators
with a straightforward traditional control surface
coupled with all the benefits of digital technology. It
gives you the flexibility of system-wide source, mix and
destination control (any signal anywhere), a powerful
mix-minus section and a complete event store, name
and recall system. One wire from this surface can
control THOUSANDS of wires in your technical
operations center.

And while the G-5 feels like an analog console,
its DSP-based mixing engine keeps your digital sources
digital while converting analog sources to switched
digital, eliminating crosstalk and noise. It can furnish
remote and telcom functionality on any input fader
without fear of feedback—a real plus in back-to-back
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daily operations. Its built-in graphic displays keep
operators on top of things with just a glance. And since
the entire system is software based, you can accom-
modate any format with a press of a button.

Like all our Generation Series consoles, the G-5
has complete failsafe options available, such as
automatic fail-over DSP and CPU cards and redundant
power supplies. We can even provide scheduling
software and studio mounted satellite cages that can
be configured to mix independently from your main
routing system.

At WHEATSTONE we’ve built and sold over a
thousand digital audio consoles. The G-5 is a
culmination of all that experience. Benefit from our
expertise — choose WHEATSTONE!
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\\ Behind Every GOOD CONSOLE

There's an EVEN _BE TTER ROUTER
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(GENERATION 4 -

YA S:traightforward, Easy-to-Use Comw@cg e

There’s no
long learning
curve required
| to immediately
. start using this tradi-
. tional layout specifically
. envisioned for operators
. of all skill levels.

BRIDGE TECHNOLOGY enables the GEN-4 surface
to operate far beyond the limits of its studio main-
frame. Integration with the Bridge digital audio
network router provides systemwide access to all
station on-air and off-air audio resources via inter-
linked CAT-5 or fiberoptic cable. And of course, we all know
EXPERIENCE COUNTS! With over eighty Wheatstone Generation control surfaces
already operating in the field, you can be assured your installation will proceed
smoothly and on time.
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