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Helicopters, Barbecue Ribs and the AM Proof

A Story of Conducting Airborne Field Strength Measurements
From a Swampy Tx Site Before Cellphones and GPS

by Robert Culver, PE.

when you learn some things. Over the past several

years | have had the occasion to write some letters
and short articles for Radio World. This has led the editors
to get 1o know me and ask what other interesting storics |
might have.

When [ spoke to my partners about writing some more
historical stories for RW, the reminiscing really took off.
Here, for your enjoyment is one of those stories. 1 also
hope it is informative, as it will point to several critical
engineering principals, and life-changing moments that
can't be forgotten.

‘m—c IN THE SWAMP
ines and Culver has worked for many broadcasters

over the years, large and small. rich and poor.

One of them had a cham of stanens with a particularly
important onc in south Tornda. It had a good signal but
they were cxpertencing uneven coverage when Cuba
decided to wnilaterally “improve” their stations with
iner sed nower, changed patterns and hours of operation.
MuTC L ower for the affected U.S. stations was sought and
obtained in 1980. The power and the antenna array in
south Florida were about to be improved.

Unfortunately the station was located in the Florida
Everglades Swamp, at that time outside of the National
Park, on a small, improved lot south of the Tamiami Trail
(Highway 41) and about 4 miles into what is now the east-
ern edge of the Everglades National Park.

It was a nice clean installation, recently upgraded 1o 50

Adifficull task requires a bit of innovation; and thats
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kW power with an eight-tower parallelogram array. It came
complete with its own pet alligator; but that, as they say, is
another story.

The transmitter site was completely surrounded by
swamp and marshland 1o a distance of at least 5 miles in all
directions. With the exception of a few roads and levees
that exist in the arca. access to measurement locations by
foot or wheeled vehicle was virtually impossible. The use of
any type of surface access was impossible because of the

lack of landmarks and the park land over most of the area.
Airborne helicopter measurements were necessary.

BURDEN OF PROOF

The FCC generally likes 1o receive AM antenna proofs in
which the data is accurate.

[ say this as a humorous comment because some reports
are a bit lax at times. We understood the burden of proof
would fall on us 1o present data that left no doubt as to
what measurements were made and where they were taken.

The helicopter chosen was a Hughes 300 series. two-
person aircraft (Fig. 1). It was fited with floats for opera-

SEE AM PROOF, PAGE 8

Fig. 1: Helicopter, FI meter and retro reflectors on the access road at the transmitter site.
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FROM THE TECH EDITOR

High-Power Digital Radio:

The 10% Solution

It Should Help Reception, But Can We Handle High-Power Digital in FM?

radio engineering community after

word got out that its board had
approved the recommendation from its
Digital Radio Committee to seek much
higher digital power for HD Radio.

Based on experimentation in Los Angeles
and other markets, with results analyzed by
engineering firm Hammett and Edison, the
NAB plans to ask the FCC for permission to
operate digital FM radio stations with up to
10 dB more power in the sidebands. It is a
bold concept and has attracted plenty of
commentary, negative and positive.

We should start off first with some
specifics. Some critics already have
bemoaned the idea as effectively allowing
“drop-in” digital radio stations on first-adja-
cent channels at up to 10 percent of
authorized power. This is close to the truth
but not quite.

We need to recall that it is the sum of all
digital carriers that adds up to the total
digital power. HD Radio creates a duplicate
set of carriers on either side of the FM
channel so each of these sets of carriers
represents half of the digital power. Each
set of carriers would be running at a maxi-
mum of about 5 percent of the licensed
analog power. The individual subcarriers
would run substantially below this level,
just a bit more than 30 dB below the
unmodulated FM analog,.

This increase would be on a voluntary
basis and stations would have the option of
increasing digital power to a lesser amount
if they choose.

Additionally, it is important to note the
proposal would not change the FM mask
characteristics as they are currently
accepted by the FCC. Out-of-channel noise
generation, such as spectral regrowth,
would be limited to the current values
expressed as decibels below the unmodu-
lated FM analog carrier.

In effect the proposal says that while you
could increase your digital power substan-
tially, you can't increase the currently speci-
fied level of interference products caused
by the digital transmissions. It is this last
point that is at the heart of the idea.

If we can find a way to do this and still
meet the current FM mask, there should be
no increase in interference between stations
beyond what has already been authorized
for HD Radio. For that reason it should be
a simple matter for the FCC to permit oper-
ation at higher digital powers; it won't hurt
anyone and it can help digital reception
immensely.

As a rule of thumb, increasing the power
by 10 dB should increase the coverage
radius by about 30 percent. That would
help satisfy many HD Radio critics who
have complained about the limited cover-
age compared to analog.

The NAB recently caused a stir in the

WELL, NOT QUITE

Unfortunately it isn’t that simple.

As a recent article (“What Are We Doing
to Ourselves Exactly?” Dec. 12) suggests,
the existing allocation scheme for FM sta-

tions is quite good but not perfect. Doug
Vernier gave examples of “grandfathered”
stations whose first-adjacent contours cause
analog interference that becomes substan-
tially worse when one or both goes digital.
The interference between these stations
may go ballistic if another 10 dB of digital
power were allowed.

Another concern would be with short-
spaced stations and pretty much through-
out the noncommercial educational (NCE)
band. The large majority of commercially
licensed stations were allocated with mini-
mum separations that are conservative with
regard to first-adjacent separations.
However, in the NCE band, allocations are
awarded by predicted contour calculations
that permit stations to get pretty close to
one another. This also is true for short-
spaced stations.

Applications are granted where interfer-
ing first-adjacent analog contours essen-
tially touch but do not cross. There are
probably hundreds of cases in the NCE
band where some amount of interference
would be caused by digital operation under
the current power limits, let alone at higher
powers.

I want to be clear that in calling this
interference, I am using a layman’ usage of
this term and not a precise definition.

Technically the FCC does not protect
NCE stations past their predicted 60 dBu
contour. For the most part, digital interfer-
ence is well out beyond the protected con-
tour under the current scheme. But it can,
and does, already affect some listeners who
tune in outside the protected contours.

To a listener, when something degrades
their reception of a radio station, it is
“interference,” no matter what the rules say.

It’s pretty easy to see that if some level of
interference is happening now, a 10 dB
increase in digital power could create much
more. Consequently, a larger amount of the
unprotected coverage area for a station
might no longer be available to those hardy
listeners who heretofore have put in the
effort or spent the money to have receiving
equipment that works in low signal areas,

by Michael LeClair

indeed as far out as the 40 dBu.

And it seems likely that there will be
cases where a 10 dB increase in digital
power will cause interference to protected
contours as well.

As of today, 1 would be very cautious
about allowing a blanket increase in digital
power without much more analysis done

by independent engineers. Right now my
gut feeling is that it would cause quite a few
problems, but my impression is based on
instinct rather than knowledge. Let the
studies begin.

It may turn out that this will need to be
requested on a case-by-case basis according
to standards published by the FCC. Dont
hold your breath for those standards to
emerge; that kind of process always takes a

SEE SOLUTION, PAGE 8
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A DAY IN THE LIFE

by Cris Alexander

AM Measurements: Equal Parts
Art and Science

Creative Engineers Find Ways to Make AM Antennas
Match Theory While Working in the Real World

hen I started doing AM engineering
W 30+ years ago, the basic tools of the

trade were the General Radio 1606
bridge, an oscillator and a detector.

General Radio made a high-output,
buffered, relatively stable oscillator for this
purpose, and I had one. The problem was,
it weighed 20 pounds. [ usually employed a
field intensity meter (FIM) as a detector. At
least that was relatively portable and had a
handle on it.

Hauling all that mess out to a tower base
was a real pain, let me tell you. And once
you got it out there, there was the issue of a
place to set it all up. A small workbench
was really needed, but when have you ever
seen a workbench in a doghouse?

Then there was the issue of lead length.
Just getting the bridge connected into the
circuit was a real trick at times. So making
measurements and adjustments at a tower
base was quite an ordeal.

I think it was in the 1980s that Potomac
Instruments came out with the SD-31 syn-
thesizer-detector. This was an FIM-sized

Leaaing,
lnerwayain
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device — battery operated, portable and
with a handle — that replaced the oscillator
and FIM or other detector. Once we had
that little jewel, we thought we’d died and
gone to heaven.

We didn’t need a workbench in the dog-
house anymore. Heck, we didnt need AC
power out there.

The SD-31 even had a square-wave mod-
ulation feature that provided a good deal of
immunity from skywave or other on-fre-
quency signals that contaminated the bridge
nulling process. So with the GR bridge and
SD-31, we were well equipped for making
static impedance measurements.

Later, the Hewlett Packard Vector
Impedance Meter became affordable on the
surplus market. This gave us a much easier,
much faster way of measuring static imped-
ances in antenna tuning unit and phasor
networks. They weren’t much good for
measuring antenna impedances, but you
couldn’t beat one for setting the leg values
in a tee- or L-network.

And then AEA came out with a little

B
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Xc

phase angle with respect

to the voltage is 90
degrees leading. We use

Fig. 1: Before the OIB, operating impedances could
be determined using an arrangement of three
thermocouple ammeters and a capacitor.

handheld LCD screen vector impedance
analyzer that was nice for the adjusting net-
works. It just didnt work well in high RF
fields, which meant you could use it
around the transmitter site only with the
transmitter turned off.

OPERATING IMPEDANCE AND
THE THREE-METER METHOD

Making operating impedance measure-
ments was something else altogether. The
Delta Operating Impedance Bridge (OIB)
was around when 1 got into the business,
but it wasn’t as prevalent as it has become
today (and they were expensive!).

If you were lucky enough to have one,
you were way ahead of the game. For the
rest of us, we had to beg, borrow or rent
one. I had a good friend who owned one ...
a friend with an OIB is a friend indeed.

There was another option: the three-
meter method. This approach to measuring
the operating impedance of a circuit
involved using three thermocouple RF
ammeters and a capacitor of a known (i.e.
“measured”) value (see Fig. 1).

Ammeter 13 measures the current in the
unknown load Z. Ammeter 12 is in series
with a known capacitive reactance Xc, and
E = 12 x Xc gives us the voltage across the
unknown load Z. From these two meter
readings and the value of Xc, the absolute
value of Z can be determined from the fol-
lowing formula:

E I,Xc Xc

Z=—= =
Lo, L/,

The third ammeter, 11, is used along
with the other two to determine the rela-
tionship between R and X. Because 12 is the
current through a pure capacitance, its

this to determine the
phase angle of 13 or 11.

The mathematics of
this little exercise are
more than the space in these pages allows,
but if you want the particulars, drop me an
e-mail and I'll clue you in. In fact, a graph
was usually used to determine the values of
R and X from the current ratios and the
value of Xc; that saved a lot of wear and
tear on the old slide rule.

The point of all this: Engineers have
always found a way to measure unknown
values. The three-meter trick was the best
we could do in the days before the OIB,
and it worked (although the capacitor
across the load would affect the system tun-
ing — a high reactance/small capacitance
was best — and even the OIB “insertion
effect” has 1o be tuned out). The General
Radio 1606 and SD-31 was the best we
could do in the days before the vector
impedance meter. And the vector imped-
ance meter was the best we could do before
... well, read on.

HD RADIO AND THE
NETWORK ANALYZER

Several years ago, consulting engineer
Ron Rackley presented a paper at the NAB
Broadcast Engineering Conference on using
a network analyzer for load analysis.

This was timely because we were just
edging into AM HD Radio, where the orien-
tation and symmetry of the load were per-
haps more important than absolute VSWR
values. The network analyzer would tell us
in a few seconds what it might take us half
an hour to determine with the bridge and
synthesizer-detector.

When I heard Ron’s presentation, 1 knew
that was what I needed, so we made the
investment in a used H-P vector network
analyzer, linear power amplifier, directional
couplers, attenuators and the cables to con-
nect it all together. This sure made the

SEE DAY IN THE LIFE, PAGE 18

Fig. 2: The Agilent E5061 Network Analyzer makes load
measurements and adjustment a snap.
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SBE CERTIFICATION CORNER

by Charles S. “Buc” Fitch

Determining Tx Final Stage Efficiency Factors

Last Week’s Questvion

Last time we posed the following question for CBRE-level exam takers: “How are
transmitter final stage efficiency factors determined?” The choices are:

a. Directly from the transmitter’s reflectometer.
b. From manufacturer’s supplied data and/or from measurements taken by a
calibrated power measuring device rationalized against input power to the

final stage.

¢. By muliiplying the final stage current, applied voltage and a “K” factor of
40 percent subtracting the drive power

d. From the nameplate ratings.

e. From the final device manufacturer’s spec sheet

i
1

SBE certification is the emblem of profes-
sionalism in broadcast engineering. To help you
get in the certification exam frame of mind,
Radio World Engineering Extra poses a typical
question in every edition. Although similar in
style and content to exam questions, these are
not from past exams nor will they be on any
Juture exams in this exact form.

ciency values are most often used in
“indirect output power determina-
tions” to validate that the transmitter is pro-
ducing the correct power output to achieve
the licensed radiated power.
The FCC’s rules at 47 CFR73.267(c) (for

The correct answer is B. Final stage effi-

FM) allow that output power to be calcu-
lated by multiplying the power consumed
in the final stage by an efficiency factor,
either supplied by the manufacturer or
originally determined by using a calibrated
power measuring device.

The power efficiency factor from the
manufacturer usually is provided in the
original copies of the instruction book and
sometimes is an actual measurement for a
specific serial number transmitter at the
licensed TPO. Occasionally these factors
are annotated as graphs, as the efficiency
can change somewhat with drive and
power level across the legal FM power
range of 90 to 105 percent TPO.
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If you are using the indirect measurement
system for TPO, the source and validity of
that number have to be available to the FCC
if and when it inspects your station, and
should be a permanent part of your station’s
engineering records. On a more day-to-day
level, these numbers are invaluable for trou-
bleshooting transmitter final problems and a
validation that tuning, loading, etc., are still
at nominal and correct.

The efficiency factor also can be deter-
mined on site by using either a calibrated
thermo-couple or calorimeter power meters.

In the new universe of digital radio, and
especially for HD, the typical peak-reading
watt meter (such as the classic, diode sam-

pling through-line type) produces indica-
tions that are not fully indicative of the real
power in the envelope. Peak-reading meters
are only fully accurate with a near-constant
CW envelope such as an FM carrier, and do
not properly report the varying digital side-
bands of HDFM.

In a thermocouple power meter, selected
dissimilar metals will produce a current
flow at their junction when heated. The
increased level of this current flow is pro-
portionate to the heat induced. A thermo-
couple in a dummy load resistor of
characteristic impedance that matches the
output of the transmitter can provide us an

See SBE, page 16 P
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Fig. 1: Efficiency chart for a solid state AM transmitter identifying the voltage and current
combination (colored region) where the output will be legal (between 90 and 105 percent
TPO) and where a constant efficiency factor is present.
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Fig. 2: Final stage efficiency chart from a classic 10 kW RCA FM transmitter
with a 4CX10000D output tube. Notice that the efficiency is not quite
a linear function for varying power levels.
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AM Proof

CONTINUED FROM PAGE 1

tion over water and an external frame on
which to mount the Potomac Instruments
FIM-41 AM field meter and associated
range-finding components. The frame-
mounted meter replaced the right side door
and thus was able to quickly attach to the
usual door hinge and latch points. I was
told this configuration was approved “air-
worthy” for our use.

Other instruments included a strip chart
recorder, battery power supply and radio.
This aircraft has a limited flight weight and
operational capacity, and we were at that
limit.

The helicopter with mounted AM field
meter would be used for continuous air-
borne measurements, including close-in
precision measurements.

CORRECTION FACTOR

It was necessary to confirm the accuracy
of the field strength readings with the meter
mounted on the aircraft and also with the
aircraft flying at expected altitudes and atti-
tudes. Therefore test measurements were
made at a ground location approximately
3.5 miles northeast of the antenna site, with
the field strength meter mounted in its nor-
mal position on the helicopter and then
hand-held at the same location. The differ-
ence in field strength noted in this test was
less than 2 percent.

An altitude calibration test was then
conducted above a shallow swamp area,
typical of the majority of the terrain around

ALTITUDE ABOVE MEASURED PERCENTAGE OF
GROUND LEVEL FIELD STRENGTH GROUND LEVEL VALUE
OFt, 74 mV/m 100 %
50 73.5 99.3
100 73.5 99.3
150 73.5 99.3
200 73.5 99.3
250 72 97.3
300 72 97.3

Fig. 2: Helicopter Calibration Test Measurements — Altitude Calibration

the antenna site, at a distance of 8.0 miles
from the site. At this location the helicopter
was flown from ground level to an altitude
of 300 feet, as straight up as possible, while
maintaining meter loop orientation.

The results, which show a maximum dif-
ference of 2.7 percent at altitudes of 250
feet and above, are tabulated in Fig. 2.

Meter-mounting relative to flight attitude
was simple, as we would always be flying
radials toward or away from the transmitter
and thus the meter mounting could be
fixed.

By the way, everything important (and
that meant almost everything in the heli-
copter) was safety-wired to a nearby secure
hard point on the aircraft. Although the
meter never came loose from its mount, it
was nice to know there was a safety wire
lanyard on it. Yes, I have bounced a meter
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down the road after forgetting it was still on
top of a car.

Now it was necessary to confirm the
accuracy of airborne measurements as com-
pared to traditional ground measurements
along a radial.

The N 179 degree East radial, which had
a significant number of ground points, was
selected for calibration tests. Field strength
measurements were made on the ground at
the 12 accessible measuring locations
between 4 and 20 miles on the radial, with
the station operating at 10 kW in the non-
DA mode.

The radial was then re-measured in
flight. The field strength was continuously
recorded for two runs, one with the heli-
copter flying inbound and the other out-

SEE AM PROOF, PAGE 10

DISTANCE GROUND
IN MILES MEA SUREMENT
4.0 125 mV/m
6.63 60
7.15 55
8.15 47
9.15 34.5
9.65 34.5
11.15 30
12.65 22
13.9 19
15.7 12.5
17.7 "
20 6.8
*No correction factor applied

AIRBORNE MEASUREMENT $*
OUTBOUND INBOUND
120 mV/m 115 mV/m
58 56
53.5 50
44 41
35 33
34 30
26 24
22 20
18.5 17
15.1 14.5
12 n
8.5 8.4

Fig. 3: Tabulated Fl Radial Data

Solution

CONTINUED FROM PAGE 3

lot of time (and probably should).

FEEL THE POWER?

From an engineering perspective, there
also is the very real problem of generating
the additional digital power.

Of the approximately 2,000 or so sta-
tions that have already converted to HD
Radio 1 doubt more than a handful could
use what they have now to generate 10
times the digital power.

Those of us who have been involved in
digital conversions are well aware of the
four basic choices for digital combining:
high-level, low-level, split-level and dual
antenna. When we start to talk about digital
power at a level that is 10 percent of the
analog carrier, it calls into question all of
these methods for medium- to high-power
stations.

Perhaps the most common of these,
high-level injection, would waste enough
power to grill steaks using the typical ~10
dB injector; approximately the same
amount of power as the analog TPO would
g0 to a reject load. Its hard to accept that
all that pristine, linear digital power is
going 1o go toward generating heat with
only a small fraction actually transmitted
for listeners to use.

Early comments from transmitter manu-

facturers also point out the increased linear-
ity requirements for digital transmitters.
While the power goes up by 10 dB, the
spectral regrowth has to remain below the
mask. This puts pressure on pre-correction
systems and Class AB amplifiers, which
have been employed to squeeze out as
much efficiency as can be produced with a
linear amp.

The reduction in efficiency required for
10 percent digital at low-level combining
would require an enormous transmitter; for
those running at 20 kW TPOs, the trans-
mitter would need to be larger than any sin-
gle box built today. Manufacturing Class A
transmitters of this size may require the use
of water cooling to handle the heat loads.
Split-level holds some promise but the
increased linearization will again make for
really large transmitters.

Dual antenna would seem to be the only
efficient method at the moment. But the
isolation requirement goes up substantially
and might not be easy to meet for inter-
leaved designs. On the other hand, many
have noted the coverage compromises and
even self-interference that have come from
using a separate, unmatched auxiliary
antenna for digital broadcasting

There is no clear winner here. Engineers
designing new transmission systems will
now have to keep the possibility of
increased digital power in mind in the plan-
ning phase. It will be expensive. Is FM
ready for the 10 percent solution? B
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(But there’s a reason our logo is a crystal ball.)
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Comdial Executech® PBX phone, ca. 1996. Comdial was one of the leading
PBX companies in both sales and technology, with a million-square-foot
assembly facility and over $7,000,000 in reported earnings. Comdial
continued with traditional PBX tech and declining sales until filing for
Chapter 11 bankruptcy protection in 2005, when all assets were acquired

by Vertical Communications, a VoIP company.'

k5 years, making Axia the fastest-growing console brand in radio.

Axia Element broadcast console, ca. 2008. Founded in 2003, Axia is a

division of Telos Systems, worldwide leaders in broadcast audio equipment.

Axia was launched with the mission of bringing proven technology from
the computer world - switched Ethernet, audio routing via IP, distributed
network architecture - to radio. Using open standards and bulletproof

Cisco routing technology, nearly 1000 Axia consoles have been built in just

-

Cisco® 7970 IP Phone, ca. 2006. Founded in 1984 as a manufacturer of
multi-protocol routers, Cisco began, in 1998, to promote VolIP technology
to Fortune 500 companies as a more cost-efficient, feature-rich alternative
to PBX phone systems. In just 10 years,VoIP effectively killed the traditional
PBX; VoIP revenue is projected to reach $48 billion by the end of 2010.2

Cisco annual revenue reached $35 billion in 2007.° J

J

Generic TDM console, ca. 200x. Some radio consoles and routing systems
are still based on Time-Division Multiplexing, developed in 1962. TDM was
once the basis of most (if not all) digital PBX telephone systems. Consoles
and routers based on TDM employ centralized “card cages” that require all
inputs and outputs to be wired to a single location. Like traditional PBXs,
TDMs typically rely on closed, proprietary code, and cannot be easily or

economically changed or expanded when new operating criteria arise.

Santayana famously noted “Those who cannot learn from history are doomed to repeat it.” Some people change when they

feel the heat; others when they see the light. With that in mind, a quick comparison of telecom and broadcast technology

reveals some common trends that broadcasters are finding hard to ignore.
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AM Proof

CONTINUED FROM PAGE 8

bound. Identifying marks were made on
the chart when the helicopter crossed over
the ground measuring locations. This radial
test is shown in Fig. 3.

As a side note, the FCC still required
that ground measurements be made wher-
ever access to ground locations was possi-
ble. In this case there were quite a few 10
the east. The result was that an overall cor-
rection factor was calculated based on all
actual air-to-ground comparative measure-
ments. This correction accounted for all
external effects.

Herein lies another important engineer-
ing point: It is very nice to be able to meas-
ure an unknown value by direct
comparison to, or substitution of, an accu-
rately known value. It is another problem
entirely 1o attempt to divine an unknown
quantity based on only math and physics
when there are unknown and uncorrectable
outside factors present. | am not sure any-
one has yet demonstrated an accurate air
borne method to measure VHF or UHF
antenna patterns.

The overall correction multiplying factor
was calculated to be 1.09 or +9 percent for
the airborne measurements over the
ground-level measurements, and this factor
was applied to all airborne measurements.
For comparison, this is very close to the
overall FIM-41 meter combined measure-
ment and calibration accuracy

We now know what is being measured,
but as the FCC staff had questioned on the

& \

Fig. 4: Roof Top Observation and Control Point (aerial view)

few airborne measurements preceding this,
“Do you know where you are?’

LOCATION FINDER

To overcome this problem an clevated
observation post was established on the flat
roof of the transmitter building, about 25
feet above swamp level, and located near
the center of the antenna array. This post
and its equipment is shown in the photo-
graphs of Figs. 4 and 5

From this post the flat Everglades area
could be seen for miles. The helicopter in
flight was easily seen by eye out 10 several
miles, and with the optical instruments

much further.

The radial bearing was monitored by use
of a Double Scale Theodolite. The 30-power
telescopic sight has cross-hairs with major
hash marks at 0.3 degrees and a total field
of view of about 1.5 degrees. Each minor
protractor scale mark subtended 1 minute
of angle. The cross-hairs were zeroed on
local objects on the horizon from which the
precisc horizontal azimuth could be deter
mined. An offset antenna baseline also was
created parallel 10 the line of the towers.

By locking the horizontal angle ring on a
known object bearing, or the line of towers,
we could make a direct reading of the bear-

ing to any unknown object, such as the hel
icopter in flight.

Radial distance for close-in points was
then measured using a model 3808A
Medium-Range Distance Meter laser range
finder from Hewleu Packard. the best avail
able for our use at the time. This instru-
ment could track and read the distance to
an object while in moderately slow motion,
with the range and tracking ability depen-
dant on the reflectivity of the target

To enhance this reflectivity an array of
“Retro Reflectors” was attached to the field
meter mounting bracket. This can be seen as

SEE AM PROOF, PAGE 12

Fig. 5: Theodolite in Use Monitoring
Bearing to Helicopter
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the three clusters of three cylindrical mirrors
in Fig. 1. Under normal conditions the laser
range finder would acquire and lock on to this
target at a distance of up to four miles and
readings were continuous from there on in.

Distances further out along a radial were
measured by direct observation of the few
known and visible landmarks from which
distances could be measured on topographic
maps. Objects such as roads, canals, levees
and brush covered island “hammocks”
served as these reference points, which were
marked on a strip chart recorder as they were
flown over. Even a few orange-painted posts
with “flags” were set out in the swamp at
intermediate points.

The precise distance at these landmarks
was known and intermediate distances could
be interpolated on the charts, assuming the
aircraft velocity was constant between any
two landmarks. With moderate effort and
skill the pilot could achieve the desired
velocity and flight profile for each radial.

TAKING FLIGHT

A typical radial flight would begin at the
far end of a radial just beyond the known
furthest out landmark. The pilot would orbit
or land while the instrument operator would
ready the meter and the chart recorder.
When all was ready, the pilot would turn
onto the radial at a modest cruise speed,
crossing over the outermost landmark at
about 200 to 300 feet, and proceed to the

antenna along the desired radial bearing,
Starting at a modest altitude, the helicopter
could be seen at well beyond 10 miles
depending on optical conditions such as
heat mirage. More height was used at the
beginning of a radial for both safety and visi-
bility, and was slowly decreased closer in.

When acquired by the Theodolite opera-
tor, directions called from that position
would guide the pilot onto the final heading.

The Theodolite operator would make
radio call course corrections by reporting
sighting the helicopter “left” or “right” of the
radial in his instrument, which also was the
direction the pilot needed to correct his line
of flight from his point of view coming
inbound on the radial. The speed of flight
was not critical but kept constant at about
60 miles per hour. The process was contin-
ued until the last of the landmarks were
crossed and at a distance at which the close-
in process was used.

In the last few miles of a radial (for
example from 4 or 5 miles out), the helicop-
ter was over swamp and field intensity data
was directly reported and logged without
the strip recorder. At this distance the heli-
copter distance was acquired by the laser
range finder. The helicopter could then
descend to about 10 to 30 feet altitude over
the swamp and slow to about 5 miles per
hour, the maximum speed at which laser
lock could be maintained.

At this slow flight this particular helicop-
ter needed to be at low altitude in “ground
effect” because it did not have enough
power to hover for very long at altitude.
Now the laser operator joined the

Theodolite operator in guiding the aircraft.

At more or less uniform time, and there-
fore distance, intervals, the laser operator
would call out a “mark” over the radio, he
would record his distance reading, the field
strength meter operator in the helicopter
would then call back his meter reading, the
laser operator would write down the field
reading and return to his laser for the next
mark while the Theodolite operator would
continue to guide the line of flight.

HOME STRETCH

For the last short distance, a mile or so,
the flight would continue low and slow so as
to take readings at closer spacing, and the
Theodolite operator would release the air-
craft pilot to guide himself by eye to the end
of the inbound path at the omnidirectional
tower or the center of the array, whatever the
case may be.

The laser and the Theodolite were both
offset a bit from the center of the antenna
being measured. Guiding the line of flight
from the offset observation post had little ef-
fect on the far out points but would introduce
an error in the actual radial path close in.

Fortunately it was quite easy for the pilot
to maintain a visual flight path to the radial
end point when close in. Distances, however,
still had to be accurately measured, and these
were corrected by simple trigonometry based
on the offset angle of the laser site to the
measurement end point.

The accuracy of the system was very high.
At that time, and perhaps even today, there is
probably no way to measure an AM measur-
ing position more accurately. The Theodolite

had convenient major hash marks at +/- 0.3
degree marks, and the helicopter could be
kept at an even better bearing accuracy
depending on the tolerance of the pilot being
directed “Left, left, right, left ...”

In the end, the process used the 0.3
degree marks as the must call points, and
lesser errors were corrected occasionally
depending on the angular velocity heading
off of the desired radial.

On some radials no calls were required for
long times because of good visual flying, and
the pilot would occasionally call to ask how
he was doing. A short “on radial” reply was
all that was needed and the operators soon
learned to give an occasional “on radial” call
even when correction was not needed.

When it comes to distance, nothing beats
the laser. At 3 miles, the laser yields a maxi-
mum error of +/- 0.032 feet. The distance
reading was 0.01 feet in moving mode, and
was rounded to the nearest foot for recording
in the data sheets. The distances were cor-
rected for the trigonometric error and then
converted to miles to three significant digits
for reporting in the FCC Proof Report.

To illustrate the data collected in this
project, a copy of one of the chart record-
ings, as used in the far out measurements,
is shown in Fig. 6. This chart covers a dis-
tance out to 12.65 miles and shows several
interesting things.

First, the distance scale is uniform over its
full length. This is a tribute to the ability of
the pilot to fly a constant radial speed for the
strip chart-recording phase of data collection.

The signal vs. distance characteristic of

SEE AM PROOF, PAGE 14
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Fig. 6: Sample Radial Strip Chart Recording
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CONTINUED FROM PAGE 12

this chart looks remarkably like the FCC M3 field curves.
The remarkably smooth field can be seen, and even the
deep null as the omni antenna is flown over clearly shows.
There are three attenuator changes on this run, from 100
mV/m to 1.0 V/m to 10.0 V/m full-scale, to accommodate
the increasing field.

To further illustrate the data collected, the same radial
presented in the strip chart above is presented in the FI
Graph (Fig. 7).

To illustrate why airborne measurements were required,
a photograph of a monitoring point for this array is seen in
Fig. 8. Yes, you still have to measure monitor points for
proofs and on other scheduled times, even in the swamp.
For those measurements, the helicopter transported the sta-
tion engineer to the marked location, dropped him off in
the swamp and then moved off a few feet so as 10 not affect
the reading.

LESSONS

What was learned in this project? It was expected that
planning and preparation for the project would take con-
siderable time, and that the actual data collection should
move quickly. Inspecting the dates and times indicated on
the many data sheets shows just how quickly.

The non-DA daia was collected over about a three-week
span encompassing only nine actual days of measurement.
The DA data was collected in less than two weeks using
only three days of flying. It took longer to set up for the
project, collecting equipment and sorting out methods that
worked and eliminating those that did not work and then
preparing the report, than the actual AM Proof of
Performance measurements.

WHAT WOULD BE DIFFERENT TODAY?

The use of GPS and direct data collection by computer
immediately comes to mind.

Using a GPS receiver to determine location would not be
as fast, but would it be good enough for the far out points
at a moderate 1o slow flying speed? Close in, with the laser
and Theodolite after rounding the actual measured dis-
tances, we recorded the close in measurement locations
within 0.001 miles (three significant figures) and +/- 0.1
degrees of azimuth.

Obtaining this accuracy with a GPS is possible but it
would severely constrain data collection speed. High preci-
sion requires a relatively long-term GPS average fix, and
that precludes measurements with accuracy of a few feet
while in motion.

Perhaps a hybrid system could be devised that used a
GPS to guide far out flight along a radial and trigger data
collection. Closer in, a laser or other methods would deter-
mine the range to the helicopter and incorporate those dis-
tance readings in the collected data.

Let’s take this one step further and speculate that a direct
observation system on the aircraft would eliminate any
manned instruments at the transmitter.

To keep the aircraft on course, a laser light azimuth bea-
con attached high up on the tower of interest would work
out to many miles. A scanned yellow laser, subtending a
few 1/10ths of a degree, would indicate the path flight. Left
and right of it, a red and green laser would indicate what
direction to move to return to the path. Equipped with a
stepper motor rotor the beacon would be oriented in any
desired azimuth, easily set by observing the beacon from
just one distant known location.

Distance could be determined by a pulsed signal on the
signal transmitted from the station of interest, or on a radio
beacon attached 1o the tower. The beacon pulse time of
flight would be determined with the aircraft at a known
distance and locked to an onboard time reference. When
flying, the time differential would yield radial distance.
Even the scanned lasers could be used to determine the
distance by triangulation, as in a split image optical range
finder.

RERADIATORS

We were focused on accurately measuring AM field
strength at the time of this proof of performance measure-
ment. Since then, other technical issues like FM and TV
directional antennas and digital transmissions have been
important topics with important lessons.

Looking at this old data again, with the benefit of those
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Fig. 7: Sample Radial Fl Graph

intervening lessons, causes me to see technical artifacts that
were overlooked in the past.

For example, take a look at the strip chart recording of
Fig. 6, especially in the region from 5 to 12 miles. You will
see a pronounced ripple in the Field Intensity value on sev-
eral portions of that distance. By close examination of the
region near 8 miles, ! found that the ripple is about 2 per-
cent, someltimes a little more. It is uniform, with the peaks
spaced at almost exactly 0.1 miles, or 0.58 wavelengths at
the frequency being measured.

What we are seeing is a standing wave interference pat-
tern being caused by some reradiators as we flew along this
radial. In the VHF and UHF realm, this is our constant
companion multipath, and a serious problem for digital
transmissions.

Could we have devised a method to seek out and pin-
point the re-radiators, even back then? Let me speculate
that by transmitting the proper signal, we could have. The
same basic technique, to apply a known signal and detect it
and then decode it for reflected signals, was used for the
Digital Audio Radio-VHF Channel Characterization testing
in Salt Lake City in the 1990s.

LUNCH ON THE FLY

Having a flight duration limit of about two hours before
needing to refuel worked out just right for a midday lunch
schedule. While the aircraft and crew were at the local
Fixed Base Operator servicing the helicopter, the transmit-
ter site crew phoned in a lunch order “to-go.” Just about 8

miles east of the transmitter on the Tamiami Trail was a
quite good, if somewhat rustic, Bar-B-Q Rib Shack.
“Sandwiches, fries and sodas to go please, and we’ll pick
themupat 1 p.m.”

For several weeks the midday helicopter landing in the
rib-shack parking lot was the local sensation. I'm sure it
helped business at the shack t00. An air show with lunch;
how good can it get!

PHONING HOME IN THE B.C. ERA

In the B.C. era — Before Cellphones -— the only proper
way to say hello 10 the spouse was still to visit, and we
were flying a helicopter so it seemed like a good idea at the
time to use it for the pilot to say hello to his Mrs.

We headed downtown to her large office complex,
which looked like a school campus with several buildings
and courtyards. I was curious as to how the pilot would get
the attention of his lady but he just said, “You'll see, we've
met up like this before.”

We flew down the parkland setting at about fifth-floor
altitude, up to within a few dozen feet of the appropriate
window. The shades opened so the two romantics could
wave at each other for a few seconds.

LOCKED OUT
Finally, it is important to make sure that all the crew
knows what is to be done, and pay attention especially
when it involves helicopter flying,
SEE AM PROOF, PAGE 16
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CONTINUED FROM PAGE 6

accurate measurement of power produced
on a repeatable basis.

A simplification of the design can be
achieved by merely sampling the RF current
flow through a “current resistor” in line with
the load, which is the standard concept for
an AM base current meter.

The calorimeter power meter transfers
the heat from a dummy load into a cooling
liquid that flows around the resistor. For
maximum accuracy, the cooling liquid
needs to be inert and have no dielectric
properties like distilled water or certain oils
and anti-freeze mixtures. The flow rate of
the cooling fluid, the specific heat of the
fluid and the change in the temperature of
that fluid between input and output ports
are factors in the final calculation, yielding
an exceptional degree of accuracy espe-
cially in high-power measurements.

Here are your questions for the next
issue: “What is a dB? What is a Neper?
Whom is the dB named after?”

C.S. Fitch, PE., CPBE, AMD, is a frequent
contributor to Radio World. B

Fig. 3: Water-cooled dummy load that can
be used in caloric power measurements.
Notice the fluid infout fittings at the
bottom, and Benjamin the Cat checking
out the 6 inch coax input at the top. This
unit, the author’s personal high power

load, is capable of handling an 80 kW input.

B
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The usual evening routine was to service
the helicopter and return it to the transmit-
ter site, tie it down for the night and then
drive to our accommodations. For some
reason one evening the crew thought we
would not fly back and that we had alterna-
tive plans and transportation to the hotel.
When we got back to the transmitter site
we were locked out of the buildings and no
cars were in sight.

Flying out of the transmitter site we
headed for the local camp/sports store, a

this hunting camp store was at the intersec-
tion of about the only two roads on the east
side of the Everglades?

As we lifted off a few feet we needed to
find a clear way ahead to get up to flying
attitude and gain altitude. The only way to
gain altitude when fully loaded was to get a
running start, and as you might guess that
was down the road. We picked the less
traveled of the two roads, slid sideways off
the parking lot and also off the hosed-down
area. The last thing I saw of the on-looking
crowd was them rolling up their windows.

As we headed onto the road (now run-
way) we saw we had lots of room left and
right relative to wires and trees and oncom-

Fig. 8: One of several marked monitoring points in the swamp. The engineer

is transported via helicopter but must measure away from it in the swamp.

home to hunters, fishers and air-boaters for
the area. On final approach to the nearly
empty gravel parking lot, the entire area dis-
appeared in a cloud of blown dust. The only
way you could see anything was by looking
straight down or straight up, and at the time
looking straight down was more important.

As the rotor spun down and the pilot
and | contemplated our fate, we noticed
the lady proprietor of the store rolling up
the windows on her dusty green Cadillac.
Approaching her somewhat sheepishly, we
were relieved when she said, in her thick
South Florida drawl, “Oh don’t worry
about it none, son, them air-boaters do that
all the time.”

Having made our phone call to get a
ride, and relaxing for a few minutes with a
soda, we returned to the helicopter to see
Ms. Fishing Camp Owner hosing down the
parking lot in a nice, neat 30 foot circle all
around the helicopter. No dust this time.

With the engine fired and the rotor com-
ing up to speed, we switched on the naviga-
tion lights, the anti-collision strobes and the
landing light, just as the crowd began to
gather on the adjacent roads. Did 1 tell you

ing traffic about a mile ahead. We did
notice a few swerving headlights, but noth-
ing serious.

Heading west into the sunset over the
swamp at 300 feet altitude, we could not
resist chatting about how much fun the day
had been and other trivial matters. But
something was not quite right. The horizon
was still there, just a light band of sky from
north to south and reflecting gently off the
swamp, but the reflections were different.

After a quick call to the pilot to “check
altitude” he illuminated the landing light
and about 30 feet below was the swamp
and brush. We had lost track of the evening
visual horizon over the swamp and also lost
most of our altitude.

We finished that flight to the transmitter
in slow motion and puckered in silence,
carefully checking and confirming all obsta-
cles, like guy wires. We set down, shut
down, tied down and then calmed down.

It took us a full 10 minutes to recover
and try something new, like trying to call in
the local alligators. But that is another story.

Bob Culver, PE., is consulting engineer,
Lohnes & Culver, Laurel, Md. R
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Day in the Life

CONTINUED FROM PAGE 4

process of adjusting an antenna for proper load orientation
and symmetry easier and faster, but once again we needed
a workbench to hold the analyzer, power amp and all,
which probably weighed in at more than 60 pounds.
Getting the analyzer out of the shipping case was really a
two-person job.

This year, we invested in a new network analyzer, an
Agilent ES061A (see Fig. 2). This unit is tiny and feather-
weight by comparison to the “boat anchor” we had been
using. It also has a lot of features that make its use on an
AM antenna system fast and easy.

As long as we ensure that the RF level at the measure-
ment point is less than +20 dBm, we can connect the ana-
lyzer directly to the common point (or whatever) and leave
the amplifier, directional couplers and all in the box.

Even in a relatively polluted RF environment (as you're
prone to see in or close to the big city), you can narrow the
IF bandwidth down enough to still get a meaningful display.

How did we ever get by without test equipment such as
this? Sometimes | wonder. But we managed, and engineers
all over the place still manage. In fact, some get very cre-
ative in their quest to make load measurements.

ON-AIR IMPEDANCE MEASUREMENTS

Steve Minshall, chief engineer of Clear Channel’s
Modesto, Calif., cluster came up with an innovative means
of making real-time load measurements on an AM direc-
tional antenna system, without interrupting program audio
or reducing power.

Steve simply bridged the output of an audio oscillator
across the transmitter’s audio input through a pad and con-
nected a spectrum analyzer to the external detector port on
the phasor’s common point bridge (CPB). Then he was able
to inject very low levels of audio from the oscillator at the
frequencies of interest (5 kHz, 10 kHz, 15 kHz, etc.),
observing the spectrum analyzer to observe the null of the

READER’'S FORUM

THE LUCK OF THE DRAW

Guy: 1BOC is dead. We are still talking about getting
radios into cars more than five years into the process
Five years into AM stereo the receivers were showing up
as standard equipment for the higher-end models of
common cars.

Denigrating the stations protesting AM 1BOC interfer-
ence as shoe-horned rimshots reflects your big-city, big-
group biases. There is real interference, inside protected
interference free contours of licensed stations.

The WYSL case will probably be another loss for the
commission once it goes to federal court. Once Bob
Savage has established enough of a record that the FCC
is going to stonewall on the interference issue, he’ll
argue to a federal judge that the commission is deliber-
ately ignoring its own rules. My business partner once
worked with him in Pittsburgh; his memory is that he is
either an attorney, or his brother is. So they have this
planned out.

FM IBOC is not catching fire either. Theres little dis-
cernible difference between main and digital channel in
audio quality. Second channels are of little value to many
operators that can't fill the six or seven main channels
they already own. And then there are the receivers that
don’t exist in any significant numbers.

Now to FM translators for AMs: Makes more sense to
use 76 to 88 MHz for FM services for AMs (and perhaps
new LPFMs) but that is politically impossible and way
too creative for this commission to consider. In most
areas, there’s no place to put new translators for AM sta-
tions unless they can displace other translators in use for
out-of market signals. Even then, the FM band in most
areas is still too crowded.

There are rural and small-market AMs that will be
able to find a translator frequency, and these translators
will be very useful. It's unlikely that AM stations will be
allowed to convert these secondary translators into full-
service stations. Here in the east, translators are, for the
most part, limited to 250 watts at 200 feet maximum.
Often less, as they have a contour limitation based on 12

Fig. 3: Spectrum analyzer display showing
20 kHz sidebands at -50 dBc.

frequency of interest as he adjusted the R and X dials on
the CPB (see Figs. 3 and 4).

Notice in Fig. 4 that the upper 20 kHz signal has been
nulled out. Once that is done, it’s just a matter of reading
the R and X dials to get the Z at the frequency of interest.

Last year at the NAB Show, | had some discussions with
transmitter design engineers about the need for real-time
load analysis on digital (HD-R) transmitters. Load orienta-
tion is critical on many antennas, particularly those with
high +/- 15 kHz sideband VSWR values. It has been my
experience that while such antennas do not meet the load
spec for HD-R operation, many can still be made to work
provided that the load orientation is right, and I mean
dead-on.

But normal adjustments following environmental
changes —wet to dry, frozen ground to thawed, etc. —
often move the load orientation by a few degrees and wreck
HD-R performance. We need a way to check and adjust it
on a regular basis without shutting the station down and

separately calculated radials. Most AM stations have bet-
ter daytime coverage than that.

Tom Taggart

Marietta, Ohio

GW replies:

First, let’s get my text quoted accurately. I indicated that
both unlucky stations and rim-shooters will suffer from adja-
cent-channel AM IBOC interference. It’s the luck of the draw
on who will be the unlucky ones. Many are most certainly not
rim-shooters but will suffer right along with them. Some are
getting hit already. I have very deep small-market station
roots, and have great empathy for all of them still trying to
serve their communities of license with quality local program-
ming. No bias to the big boys whatsoever.

WYSL(AM) is by all measure a rim-shooter trying to serve
nearby Rochester from Avon, a suburban community of
license. Even the casual observer can easily see it was shoe-
horned in to be able to do that with the major lobe of each of
their DA-3 patterns aimed due north. It does seem reasonable
that WYSLs NIF and critical hours protected contours have
been compromised. But I am hearing that some of the meas-
uring techniques and methods used by Bob Savage in his FCC
showings of demonstrated interference by WBZ may have
been flawed or at least problematic. We shall see what the
FCC decides in this case.

FM translators for AM primaries able to establish opera-
tions at decent HAATs should cover smaller population areas
quite well and be preferred over AM. Those are the ones that
will be candidates for eventually turning off the AM channel
and converting the translator to a full-time Class D where
allocations permit. Admittedly, most of those will not be in
congested areas like yours.

Comparing HD to AM stereo and calling HD’ acceptance
already failed is much too premature. A more appropriate
comparison would be the evolution of FM stereo with HD.
Five years since the introduction of HD Radios is miniscule
compared to how long it took FM stereo to become adopted,
implemented and declared successful. Reread the Book of Job
and have some patience, my friend.
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Fig. 4: Display showing upper 20 kHz
sideband nulled by CPB.

getting all the test equipment out. Steve’s novel idea will
work, but it still involves a lot of work just connecting
everything up, and you still have to manually plot the data
on a Smith chart.

At least one transmitter manufacturer is now claiming
that it can do real-time load analysis. 1 think we’ll get a
look at this at the spring NAB Show. Once we have that
capability, if we also have a hot-adjustable line-stretcher
network in or ahead of the phasor, maintaining peak digital
transmitter performance will be a snap.

Until then, we have to use the tools and test equipment
we have available to keep an eye on the load. Actually
rotating the load to a new orientation, even with a cool new
Agilent network analyzer, can be a time-consuming
process.

RERADIATION

The bane of any AM directional antenna is reradiation. It
can come from nearby radio towers, electrical transmission
towers, water towers, monopoles, cranes ... you name it. If
its metallic, if it has a large aperture or height, and if it% in
the high-energy part of the pattern, such a structure can
receive and reradiate as a point source of RF energy from
the main antenna and thus become, in effect, another array
element, one over which we have no control.

Over the years, I've spent a lot of time dealing with rera-
diation problems. When we think about reradiation, we
usually think “cellphone tower,” and sometimes this is the
case. But the reality is that cellphone licensees have to com-
ply with some fairly specific rules regarding AM directional
(and non-directional) sites.

Most such licensees are diligent about compliance with
these rules because the liability is so high for non-compli-
ance. Its simply not worth it to cut corners.

But cell tower or not, from time to time we do find our-
selves faced with a sudden increase in field strength at one
or more monitor points. The FCC rules require us to
reduce power to maintain monitor points at or below the
licensed maximums and if we can't fix the problem right
away to notify the FCC and get a Special Temporary
Authorization (STA) to operate with parameters at variance.
So when we find one or more high MPs, the pressure is on
to figure out what the problem is.

I have run headlong into reradiation issues in a couple
of locations of late, and in helping our market chief engi-
neers identify and deal with their specific problems, it
occurred to me that | should perhaps share some thoughts
in these pages.

Rule #1: If the energy isn’t there, the structure can't reradiate.

I learned this early in my career. The “wisdom” that 1
had been presented with was that a new tower or metallic
structure over in a null area would “wreck the pattern.”
Not so. Reradiation includes by definition the receiving of
radiated energy by a metallic structure.

If the incident field is low, the amount of energy avail-
able for reradiation also is low. A structure near a moni-
tor point can disturb the field around the point itself and
as such should be considered, but seldom do such null-
area structures reradiate sufficiently to disturb the far-
field pattern.

Rule #2: If a structure contains detuning apparatus (skirt
and detuning components), that doesn’t mean it's detuned.
SEE DAY IN THE LIFE, PAGE 20
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CONTINUED FROM PAGE 18

Tower owners don't detune their towers
unless they have to; so that skirt was origi-
nally put up for a reason and presumably
the detuning network was at that time
properly adjusted. But virtually any change
on the tower can and will upset the detun-
ing: the addition of antennas/transmission
lines, relocation or replacement of antennas
or lines, even tower painting,

In this day of copper theft, the removal
of the ground lead at the tower base is a
likely suspect when a tower that is sup-
posed to be detuned starts reradiating. Such
towers should be high on the list of suspects
when a reradiation problem crops up.

Rule #3: You can’t gauge the effect of a rera-
diator on the pattern without making radial
field strength measurements on the pattern.

One or two high MPs do not a wrecked
pattern make. You've got to run at least
eight points per monitored radial to get a
handle on the effect. In many cases, the
MPs, which are usually close to the array,
are the only points affected; the ratios at
the other points are fine. In such cases, the
easiest solution is often to simply move
the affected MP to the next point out on
the radial.

So assuming that you have one or more
high MPs, and radial measurements do
indicate that the affected radials are indeed
high, how can you tell whether a particular
structure is reradiating? That's a question
without a simple answer. The sure way to

know is to do a set of arc measurements on
the tower. See the diagram in Fig. 5.

On paper, the procedure is simple. Lay
out a direct line between the ND tower in
the directional array (or the center of the
array) and the suspected reradiator. Bisect
that line and from the mid-point, draw an
arc with a radius of half the distance
between the sites. Plot an arc beginning at
the suspected reradiator and ending at a
point perpendicular to the line between
the sites.

Measure the field strength at points
along that arc from as close to the sus-
pected reradiator as you can get an on-scale
indication to the perpendicular point,
ensuring that the FIM antenna is always
oriented toward the reradiator (and perpen-
dicular to the directional array).

When 1 do this, 1 like to put the direc-
tional array in the ND mode if possible.
That gives a point-source of radiation (as
opposed to several sources, one from each
tower in the array), making it harder to get
a null back toward the array. If the direc-
tional array is close-spaced or if the sus-
pected reradiator is some distance from the
array, this becomes less of a factor.

The FIM antenna has a tight null exactly
perpendicular to its plane, so we can use
this property to essentially eliminate the
radiated field from the AM antenna while
maximizing it from the reradiator. Note in
Fig. 5 that each measurement point around
the arc is the apex of a 90-degree angle
with one side toward the ND antenna and
the other toward the reradiator.

One method for ensuring you have the
FIM properly oriented is to use the electro-

Measure

Note that the
reradiator and
ND tower are
always at
perpendicular
bearings to
one another.

N Suspected Radiator

Midpoint

Fig. 5: Arc measurement can be made to determine reradiation.

static break at the top of the loop antenna
like a gun sight, and make certain it is
pointed directly at the ND radiator. Using a
tripod during such measurements takes the
“wiggle factor” out of the equation.

Use a GPS to note the distance to the
reradiator for each measurement. Plot the
measurements on a piece of log-log paper
and graphically analyze for the inverse dis-
tance field (IDF).

Once you have the known IDF of the
reradiator, if you made the measurements
with the array in the ND mode, ratio the
measured IDF up for the directional inci-
dent field to determine what the likely rera-
diation is in the directional mode.

Generally speaking, if it’s more than 10

percent of the standard pattern IDF in the
deepest null, the potential is there for pat-
tern distortion. That’s when you have to go
to the tower owner, measurement data in
hand, and make your case for detuning.

It’s in situations like these that radio
engineers earn their stripes. It's really a
scientific process: measurement, analysis,
hypothesis, applied solution, re-measure-
ment ... But in the end, that’s what we are,
isn’t it? Scientists of a sort, applying
proper scientific procedures to the prob-
lems we are faced with. Think about that
the next time you find your monitor
points high.

Cris Alexander is director of engineering,
Crawford Broadcasting Co., Denver. R
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A handheld digital audio analyzer with the
measurement power & functions of more
expensive instruments, the DL1 Digilyzer analyzes
and measures both the digital carrier signal
(AES/EBU, SPDIF or ADAT]) as well as embedded
digital audio. In addition, the DL1 functions as a
smart monitor and digital level meter for tracking
down signals around the studio. Plugged into
either an analog or digital signal line,

it automatically detects and measures digital signals
or informs if you connect to an analog line.

In addition to customary audio, carrier and status
bit measurements, the DL1 also includes a
comprehensive event logging capability.

DL1 Digilyzer
Digital Audio Analyzer

> AES/EBU, SPDIF, ADAT signals

P 32k to 96k digital sample rates

P Measure digital carrier level, frequency

»> Status/User bits

P> Event logging

»> Bit statistics

> VU + PPM level meter for the embedded audio

» Monitor DA converter and headphone/speaker
amp

» Audio scope mode

Sophisticated Minstruments from NTI
give you comprehensive test capability...
and these flexible audio instruments

fit in the palm of your hand
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DR2 Digirator
Digital Audio Generator

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

> AES3, SPDIF, TOSLink, ADAT outputs

P 24 bit 2 channel digital audio up to 192 kHz SR

P Sine wave with stepped & continuous sweeps;
White & Pink Noise; Polarity & Delay test signals

» Dolby D, D+, E, Pro-Logic II, DTS and DTS-HR
surround signals

P Channel Transparency measurement

» I/O Delay Measurement

P Sync to AES3, DARS, word clock & video
black burst

P User-generated test signal files

AL1 Acoustilyzer
Acoustics, Audio & Intelligibility Analyzer

The AL1 Acoustilyzer features extensive acoustical
measurement capabilities as well as analog audio
electrical measurements such as level, frequency
and THD+N. With both true RTA and high
resolution FFT capability, the 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)

» Delay measurements

P High resolution FFT with zoom

¥ Optional STI-PA Speech Intelligibility function

P Automatic Distortion analyzer (THD+NJ}

P Frequency, RMS Level, Polarity measurements

P Requires optional MiniSPL microphone

P Includes MiniLINK USB interface & Windows PC
software for storing tests and PC transfer

AL1

Acoustilyzer

ML1 Minilyzer
Analog Audio Analyzer

The ML1 Minilyzer is a full function high
performance audio analyzer and signal monitor
that fits in the palm of your hand.

The comprehensive feature set includes standard <
measurements of level, frequency and THD+N,
plus VU+PPM meter mode, scope mode, a

1/3 octave analyzer and the ability to acquire,
measure and display external response sweeps
generated by a Minirator or other

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

the analyzer.

MiniLINK

» Measure Level, Frequency, Polarity

» Automatic THD+N and individual harmonic
distortion measurements k2 = k5

» VU + PPM meter/monitor

* 1/3 octave analyzer

» Requires optional MiniSPL microphone
for SPL & acoustic RTA measurements

» Frequency/time sweeps

» Scope mode

P Measure signal balance error

» Selectable units for level measurements
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MR-PRO Minirator

High performance

Analog Audio Generator +
Impedance/Phantom/Cable measurements

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

P High (+18 dBu) output level & <-96 dB residual THD

» Sine waves & programmable swept (chirp) and
stepped sweeps

P Pink & white noise

P Polarity & delay test signals

P User-generated custom test signals & generator
setups

P Impedance measurement of the connected device

» Phantom power voltage measurement

P Cable tester and signal balance measurement

P Protective shock jacket

MR2 Minirator
Analog Audio Generator

The MR2 pocket-sized analog audio generator is
the successor to the legendary MR 1 Minirator.

It is the behind-the-scenes star of thousands of live
performances, recordings and remote feeds.

P Intuitive operation via thumbwheel and “short-cut”
buttons

» New higher output level (+8 dBu) & low distortion

» Programmable Swept (chirp) and Stepped sweeps

» Sine waves

¥ Pink & White noise

¥ Polarity & Delay test signals

» Illuminated Mute button
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NTI Americas Inc

PO Box 231027

Tigard, Oregon 97281 USA
503-684-7050
www.minstruments.com
info@ntiam.com



INSIDE AUDIO

by Dave Moulton

Seven Principles of Production Room Design

This is where audio meets architecture. It a confusing

place, and theres a lot — an awful lot — of bushwa
about this space and its behaviors. Much of said bushwa is
an embarrassment.

At the same time, the people who design and build
rooms, architects, are generally limited in their acoustical
sensibilities. To give you an idea, [ have a perfectly serious
and respectable college-level acoustics textbook in my
library entitled “Deaf Architects and Blind Acousticians.” Be
very afraid.

I et’s discuss how loudspeakers work in control rooms.

ACOUSTICAL ISSUES

Anyway, wearing my “blind acoustician” hat, I figure
there are at least seven issues we need to deal with in any
respectable control room. Taken individually, they aren all
that hard to deal with if you've got a decent budget, even if
in aggregate they make us a little tired (and poor).

They are, in no particular order: noise floor, room sym-
metry, early sound reflections, decay time in the room, the
room’s standing waves, loudspeaker placement and loud-
speaker behavior. Let me quickly touch on each.

Noise Floor — First off, we've got to get the noise floor
down. Our maximum listening levels will peak out, in a
calibrated room, at a little more than 100 dBC SPL.

To have a meaningful 60 dB dynamic range, which 1
have previously suggested is a common-sense and conser-
vative minimum range for any kind of high-definition
audio work, we need a control room noise floor of 40 dBA
SPL with all equipment and air-handling on. That isn't par-
ticularly easy to do. It’s a matter of some careful housekeep-
ing, good air-handling, decent doors and windows (and
their installation) and careful management of cooling fans.

Room symmetry — Room symmetry is important, though
often ignored when adapting spaces to be control rooms.
For reasons related to maintenance of the median plane,
having a room with lateral symmetry in walls, doors, room
treatments, etc., really helps. When we have such a room,
of course, we want to install our loudspeakers symmetri-
cally as well, so the room and the loudspeaker median
planes are the same plane.

It makes a big difference. Trust me.

Early reflections — Early sound reflections are those that

MARKETPLACE

RME Ships DMC-842 Digital Microphone Controller

RME is shipping its
DMC-842 multi-channel
digital microphone con-
troller. The unit is both an
eight-channel AES42 inter-
face as well as a controller
for digital microphones.

One of the best features
of the DMC-842, accord-
ing to the company, is its
price. The device makes the use of digital microphones
affordable, as its price is within the same range as con-
ventional microphone preamp/converter solutions.

In addition to its role as an interface, the DMC-842
acts as a power supply and control device for digital
microphones according to the official AES42 standard.

Mode 1 and Mode 2, as specified in the AES42 stan-
dard, are currently supported by Neumann, Sennheiser
and Schoeps, among others. Mode 1 permits asynchro-
nous operation. Working with several Mode 1 micro-
phones requires the use of SRCs (sample rate converters),
which are built into the DMC-842.

Mode 2 allows microphones to be synchronized. In
both modes control data for adjusting gain, polar patterns,
hi-pass filter and compression settings can be sent to the
microphones. Further functions are specified in the AES42
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Fig. 1: An idealized Moulton Room. The dimensions
assume an 8 foot ceiling. These dimensions are
not critical — mainly, we need to avoid dimensions
that are multiples of each other.

emit from the loudspeakers, reflect off walls and reach the
listener(s) within 40 ms after the direct sound from loud-
speaker to listener.

Their function is not well understood, but after much
research, my take is that lateral early reflections need to be
maintained and vertical ones suppressed through absorp-
tion. To the extent possible, this includes both high and
low frequencies (down to at least 100 Hz). To follow, see
my infamous Moulton Room.

Decay Time — Decay time refers to the amount of time it

standard and availability
depends on the individ-
ual microphone

The DMC-842 is a
suitable companion to
RME’s Micstasy. Using
the same interface con-
nections as the Micstasy
(ADAT, AES/EBU, MADI
and other optional for-
mats) it eases assembly of combined systems for both ana-
log and digital microphones. The DMC-842 also offers
analog line-level outputs.

The DMC-842 can handle standard AES/EBU signals
at the same time as the Digital Phantom Power is
switched on or off for individual channels. SRCs allow
these signals to be asynchronous as well.

To adjust the various microphone parameters, RME
includes a Windows-based software application that com-
municates with the DMC-842 via MIDI. As with Micstasy,
the DMC-842 also supports the transfer of MIDI data over
MADI as well as over AES/EBU signals. Main microphone
parameters also are accessible on the unit.

The DMC-842 retails for $3,999.

For more information, contact RME’s U.S. distributor
Synthax at (330) 259-0308 or visit www.rme-audio.com
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takes for sound to die away (by 60 dB, for instance) in a
room. This is a function of the amount of absorption in the
room, expressed in an arcane unit called “Sabins.” We need
the decay time to be short (less than 150 ms) and approxi-
mately equal at all frequencies. See the Moulton Room.

Standing Waves — All reverberant enclosed spaces have
“standing waves,” which are resonant frequencies occurring
as a function of room dimensions. To the extent possible,
they need to be suppressed, as they impose a “tonal sonic
signature” on the room at low frequencies that degrades the
recorded verisimilitude. Again, see the Moulton Room.

Loudspeaker placement — Let me reiterate: Loudspeakers
should, if at all possible, be placed symmetrically (+/- 1
inch) in the room, and should share the same median plane
that the room has. In the case of surround sound, the
speakers’ outputs should arrive at the listening sweet spot
at the same time (+/- 0.1 ms).

Loudspeaker performance — Loudspeakers need to each
play loud enough to comfortably generate 100 dBC SPL at
the listening position, with smooth and reasonably flat fre-
quency response from no higher than 60 Hz (40 Hz is better)
to 17 kHz. Wide horizontal dispersion and limited vertical
dispersion at high frequencies are good, very good.
Subwoofers are a separate topic, worthy of their own column.

THE MOULTON ROOM

Some years ago, when | was describing my approach to
control room design, 1 humorously referred to the design
topology as a “Moulton Room.”

Curiously, the name has stuck and I both occasionally
find the Moulton Room cited in acoustics papers and also
receive requests from people to design Moulton Rooms for
them.

Happily, the topology is simple and comparatively inex-
pensive. Why, you can do it yourself, in your own home!
You don't even have to hire me (a real blessing).

A reasonably well-done Moulton Room will take care of
the room symmetry issues, early reflections, decay times,
standing waves and speaker locations. Five out of seven
aint bad. You are still responsible for the loudspeakers
(however, 1 can spec some really glorious ones), and the
noise floor.

Take a look at Fig. 1.

The basic principle here is that the front wall should
absorb all energy from the loudspeakers after one propaga-
tion through the room, which should take about 40 ms. In
addition, high-frequency reflections off the floor and ceil-
ing should be suppressed. The monitor shell is more com-
plex than shown, but I can send a more detailed drawing
10 you if you are curious.

The Moulton Room will work well with 5.1 or 7.1 sur-
round sound. The monitor shell can easily accommodate a
video monitor and a center speaker. For surround, just
place rear channels symmetrically, toward the back and
behind the sweet spot. The specular diffuser at the rear
scatters high frequencies laterally to enhance envelopment,
and is constructed to absorb low frequencies.

Not shown, the ceiling should be absorbent at high fre-
quencies, and there should be a carpet on the floor.

The point is, construction of such a room is fairly sim-
ple and inexpensive — definitely not rocket science. The
sonic results are surprisingly good, and productions done
in such rooms travel well to most end-user environments.

WHAT DOES IT ALL MEAN?

Humans, and our loudspeakers, live in smallish rooms.
That’s where we do the bulk of our listening. A simple,
straightforward representation of such rooms, with appro-
priate attention paid to some acoustic and psychoacoustic
details, can yield an extremely effective production envi-
ronment that allows us to listen ahead to end-users’ rooms
very effectively. Go for it!

And thanks for listening.

Dave Moulton writes for Radio World’s sister publication TV
Technology. Complain to him about anything at his Web site,
www.moultonlabs.com.l
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Ouch! Radio Hunkers Down

Industry Simultaneously Faces Many
Challenges and Declining Revenues

tation employees everywhere know

these are tough times for radio. While

the Bush administration and many
economists have been avoiding discussion
of recession in the general economy, it is
clear our industry stumbled into it head-
first last December. Shrinking revenues and
rapidly falling profits have most radio own-
ers and managers scrambling to shore up
their operations.

Many stations have been unable to
dodge the falling ax of staff layoffs, contract
buy-outs, terminated contracts and restruc-
turing. January and February were espe-
cially brutal. Five percent of the entire
work force at Emmis and 2 percent of
Citadel’s were sent packing. Many of our
close friends and associates are suddenly
gone, expunged from the payroll, the com-
pany e-mail and the LAN. Hiring freezes
are still in place in many companies while
positions that were vacated through attri-
tion remain unfilled.

CHANGING CYCLES

I've been around long enough to see a
falling business cycle play out at least four
times. Starting in the 1970s we had the
Arab oil embargoes and long lines at gas
stations. Then in the early '80s we got
slammed with high stagflation and 21 per-

cheaper contractor or part-time engineering
support arrangements. Not having to pay
benefits unfortunately always saves the
employers big money.

EXPAND YOUR SKILL SET

Surviving these downturns has become
almost a ritual for many in our industry.

The message for all of us is that diversi-
fying one’s professional job skills can help a
lot and usually will pay big dividends.
Multi-tasking and taking on more responsi-
bility have almost always been invaluable
insurance against layoff.

DJs have learned how to sell or become
production specialists. Some jocks have
acquired computer, Web-support or engi-
neering skills. Account executives learned
how to write copy or voice commercials.
The better AEs advanced more quickly into
management positions.

Traditional radio engineers who
embraced the PC revolution became net-
work admins. Others learned HTML, Flash
and Java and became station Webmasters.
Some pulled board shifts and did produc-
tion. Some even became part-time AEs.

If you were a hard worker and willing to
learn new tricks, you survived and proba-
bly even thrived. If you liked working with
people and enjoyed the hustle, you may

the HD rollout seems too little, too late and
too flawed.

Everyone who has a stake in our proud
industry is beginning to wonder: Is this
recession going to be relatively short-lived,
and will we spring back to exuberant life as
we always have in the past ... or, perish the
thought, has a big meteor just struck and
we've become mass media dinosaurs des-
tined to relatively quick extinction?

Owners and managers have been
wringing their hands for some time, won-
dering how best to “leverage their digital
assets” to more effectively compete with
the new media. The onset of recession and
the need to cut staff and reduce expenses
makes this challenge much more difficult
than if times were good.

This time around, radio cannot afford to
ignore the need 1o press on and develop new
initiatives to bolster and save the business.
Its not just about hanging onto our existing
audience share, which by all measures is
aging. Radio’s slow but steady erosion has
been most pronounced in the younger
demos. The theory is that if the high school
and college crowds grow up with little inter-
est or regard for radio, they won't use it as
they grow older. Whether that fear will play
out in reality is debatable, but it5 scaring the
hell out of a lot of radio people.

Radio World and industry trade journals
that concentrate on the sales and business
side of radio are filled with news and stories
about the “digital challenge” in every issue.

networking and the Internet.

If you are still working as a station engi-
neer but have not yet fully embraced this
reality and are not learning all you can
about PCs and IP, your continued employ-
ment status could be in jeopardy.

But it won' stop there. Radio’s new strat-
egy to survive and stay relevant includes
pushing farther into the Internet streaming
space. If all you've had 1o worry about so
far is setting up a PC to run your station’
program audio stream to hit the Internet, a
lot more excitement is on the way.

Special event video podcasts have
become regular features on many radio sta-
tion Web sites. Video cameras, lighting
equipment, green screens and editing soft-
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cent interesl rates. The early 1990s brought
the Gulf War and another oil-induced
recession. Finally, we all remember the dot-
com bust and 9/11.

Dredging up memories of bad times is
never much fun. But it can be instructive
and enlightening.

Usually station engineers are exempt
when recessions hit; it is other staffers who
get pink slips. Traditionally, most of us can
do a lot of things valuable to a station’s well
being that others can’t. But since consolida-
tion, if you're the new kid on the staff with
fewer skills, or an engineer who is perceived
by management as “expendable” or “too
expensive” for the return on investment,
you've found yourself looking for a new gig.

We've seen capable engineers with years
of experience and proud contributions to
their owners’ bottom lines join the ranks of
the unemployed. You know who you are

And we've seen tons of examples in
smaller and medium markets where full-
lime engineers were rolled out in favor of
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have even become a general manager.

The bottom line for anybody who wants
1o stay in this business and do well: Think
and act like a successful GM. That means
keeping the big picture in clear focus, and
executing your specific job in a way that
best supports the end product.

For radio, the product is content,
whether it is entertainment, information or
any other fulfilling and engaging personal
experience with our medium. I have yet to
see any employee who excelled at that get
fired or laid off during tough times.

TERRIBLE TIMING

The current cycle of retrenchment could-
n't come at a worse time as increased com-
petitive pressure from new digital media
alternatives continues to cut into radio’s
share of the audience and the money pie.

Wall Streeters and new media pundits
have been dissing radio for quite a while.
It's painful 1o watch as satellite radio and
the Internet get all the attention. For many,
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Radio Ink Publisher B. Eric Rhoads is hold-
ing seminars for managers and owners on
how to “harness the digital engine” to be able
1o grow, if not save the radio business moving
forward. Probably not enough engineers are
paying close attention to the ongoing debate
and the conundrum radio is facing,

Rhoads is an eternal optimist about
radio and sees an even brighter future, if we
get our brains and arms around making
radio a significant player on the new media
platforms.

Take notice, engineers: A big part of
doing this successfully involves under-
standing and implementing the underlying
technologies. Its more than obvious to me
that this is where the best and most excit-
ing opportunities lie for the next generation
of radio engineers.

THE LEARNING NEVER STOPS
We all realize that the radio technology

of today and tomorrow is very much inte-

grated with that of personal computing,

A collection of past one-year stock price performance graphs from publicly traded radio companies.

ware are now required tools in most suc-
cessful radio station promotions and Web
departments.

The most significant innovation for radio
is video streaming. Fully produced live in-
studio video streams of entire shows are
now playing on station Web sites in a num-
ber of major markets. And it’s not just a sin-
gle cheap Webcam fixed on the host. “Imus
in the Morning” on MSNBC has come and
gone from WFAN, but more video expo-
sure of popular live radio shows is poised
to accelerate the attraction of radio’s
Internet presence.

Station engineers who ramp themselves
up on the new media learning curves to be
able to install, maintain and optimize these
additions to radio’s technology arsenal will
be in demand. They will insure themselves
a favored place in the structure and the
look and feel of radios evolving future, no
matter how or where the listeners and the
viewers lap in.

SEE GUY WIRE, PAGE 26

Charts courtesy of BigCharts.com
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WHITE PAPER

HD-R Benefits Push IBOC Forward

Jeff Detweiler is director of broadcast busi-
ness development for Ibiquity Digital Corp.

bility, flexibility and cost-effectiveness

are the principal motivations for any
industry to want to transition from analog
to digital technology.

Radio is possibly the last news and
entertainment medium that still operates
mostly in the analog domain. The music,
cellular telephone, television and video
recording industries already have begun or
have completed their transition to digital
technologies.

However, for the radio industry in many
countries, sufficient spectrum does not
exist to accommodate the transition of
radio from analog to digital.

The HD Radio system operates within
the existing amplitude modulation (AM)
and frequency modulation (FM) bands, and
operates at the existing radio frequencies
(in-band) while making use of existing
broadcaster analog channel assignments
(on-channel).

E nhanced performance, increased relia-

TWO MODES

HD Radio technology allows broadcasters
to add digital signals to their existing analog
broadcasts. Two modes define the transmis-
sion of audio and data: “hybrid” and “all
digital.” The hybrid mode includes both the
existing analog and the new digital services.
A broadcaster using this transmission mode
still permits the continued operation of the
billions of existing analog-only radios.

In the future, when the market is fully
capable of receiving an HD Radio digital
signal, broadcasters can switch to the all-
digital mode. Hybrid receivers employing
HD Radio technology are backward- and
forward-compatible, allowing them to
receive current analog broadcasts in addi-
tion to digital broadcasts.

HD Radio technology was designed to
provide broadcasters and consumers the
opportunity to convert from analog to digi-
tal broadcasting without service disrup-
tion, while maintaining the current
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receiver dial position.

Additionally, consumers will have the
capability to receive new multicast audio
channels and wireless data services ren-
dered on the display screens of the radio.
Program service data (PSD), such as artist,
tile, program content, news, sports, local
traffic and weather, are available today.

HD Radio technology in conjunction
with a new iPod-docking HD Radio receiver
will make it easier for consumers to buy
songs they hear on the radio from the Apple

iTunes download store. Other features
planned for HD Radio technology include
store and replay, an electronic program
guide and conditional access capability.

The FCC has fully adopted HD Radio
technology as the only digital standard for
both the AM and FM bands in the United
States. HD Radio technology is intended for
worldwide adoption.

The International Telecommunication
Union has adopted Recommendation 1TU-
R-BS.1514, which endorses Ibiquity AM

by Jeff Detweiler

IBOC technology as a standard for digital
broadcasting in the bands below 30 MHz.

The ITU also has developed a prelimi-
nary draft recommendation endorsing the
Ibiquity FM IBOC system — referred to by
the ITU as “Digital System C” — as a stan-
dard for digital broadcasting above 30 MHz.
A draft revision to Recommendation 1TU-R-
BS.1114-2 adds Digital System C as an
approved digital system.

HD RADIO OVERVIEW

In the hybrid mode, where both the
analog and digital signals coexist, upper
and lower low-level digital sidebands are
added to the analog spectrum. (See Fig. la
for FM and Fig. 1b for AM.) These carriers
are modulated with redundant information
to convey digital audio and data. As the
analog AM signal is amplitude modulated,
a quadrature phase component can carry
digital information.

Thus its placement is possible directly
beneath or in quadrature to the analog
modulation. (See Fig. 2b.) This additional
information transmits at a lower power
level to avoid increasing noise to the ana-
log signal.

In the FM all-digital mode (Fig. 1a) the
analog signal is removed and additional data
carriers are added. The main channel stereo
audio and its associated data information
remain unchanged from the hybrid mode.
However, it is possible to increase the power
level to provide a more robust service.

HD Radio technology utilizes digital sig-
naling techniques, including quadrature
phase-shift keying (QPSK) modulation
with orthogonal frequency division multi-
plexing (OFDM), interleaving, channel
coding/error correction, time diversity and
frequency diversity.

The audio codec branded HDC is
specifically designed to reduce the number
of bits required to transmit a given quality
audio signal. HDC for FM compresses the
audio at a ratio of 15:1 enabling 96 kbps to
deliver CD-like quality audio. The AM
codec delivers FM-like audio quality with a
compression ratio of approximately 40:1.

HD Radio technology employs OFDM to
impress the data onto the RF channel (see

SEE HD RADIO, PAGE 28

Guy Wire

CONTINUED FROM PAGE 24

LIVE AND LOCAL RULES
Beyond figuring out the best ways of
handling digital assets, the larger question
of how radio more effectively manages its
traditional over-the-air programming serv-
ices to stop the slow bleed of lost listeners
presents a more urgent challenge.
Whenever 1 leave a brain-storming ses-
sion where lots of interesting ideas get
tossed around, we are consistently left with
only one that really matters: Radio can only
survive and thrive if it super-serves the
local audience, no matter what the format.
The lion’s share of content competition
against radio coming from other new media
is national or generic, with little or no local
focus. The notable exceptions might be
cellphone texting plus Internet chat and
IMing amongst local friends. And you'd
have to include Googling to find the closest
movie house or hot new restaurant.
Virtually everything else is homogenized

for consumption anywhere. Local commu-
nities and their surrounding commerce mar-
ket areas still matter in America. The sense
of attachment and belonging by the local
citizens goes much deeper than just won-
dering about weather and traffic conditions.

Local service is the one basic ingredient
of radio’s success over its long and storied
history that remains its core strength. Those
stations that have cut back local service
commitments and switched to automated
national satellite formats may have saved
some operating expense, but in the end
they usually lose much more.

The list of call letters falling into that cat-
egory is too long and is undoubtedly at the
root of our industry’s malaise. Giving up on
“live and local” guarantees most stations a
down or out position in the ratings.

Look at stations that have maintained
high ratings and success in their respective
markets and you will find practically all of
them work very hard to maintain a high
level of support for matters of local interest.

Thats a given for news/talk stations but
even for many music formats, this usually
includes coverage of local news, local pub-
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lic affairs and politics, local weather and
traffic reports, local team sports, local
school events, county fairs, local concerts
and shows, and almost any significant
human interest activity occurring in and
around their service area.

It's painful to watch
as satellite radio and
the Internet get
all the attention.

The one arena that radio has tradition-
ally not supported well is local music. Mass
appeal formats have never found enough
room on their playlists to do this. So its
been left to AAA stations plus various NCE
and LPFM outlets to provide at least some
exposure for home-grown musical groups.

The more forward-thinking stations are

already featuring live performance seg-
ments by up and coming local groups dur-
ing regular programming. As HD rolls out
more supplemental channels and more
unique format offerings appear, we should
see more stations showcase local musicians.

We will get through this recession, hope-
fully sooner rather than later. By the time
you read this, around NAB convention time,
staff cuts and expense reductions should be
mostly behind us. A big contingent of engi-
neers will be MIA at NAB this year, espe-
cially my many Clear Channel brothers.

Fewer people are now doing more of the
work at most stations, and the workload is
only increasing. All of the fat and much of
the meat are gone. We’re down to bone
level. Yet many challenges still remain.

The pressure on radio to hold its legacy
as a dominant resource for consumer info-
tainment will not diminish. Stations that
have been successful will continue to suc-
ceed if they keep doing the things that have
made radio special and have separated us
from the other non-local media services.

Guy Wire is the pseudonym for a veteran
broadcast engineer. B



“Jump2Go provides broadcasters with new ways to engage
the next generation of listeners; whether they are online,
on their mobile phone, or on their portable media player.”

Mnh‘@rd NS Smrth Jr

See us at BE booth #N7007 at t
NAB Show in the North Hall.

1 www.jumngo.com__
& &



HD Radio

CONTINUED FROM PAGE 26

Fig. 1¢). OFDM signaling employs multiple, overlapping,
orthogonal subcarriers.

Trade-offs between throughput and robustness are possi-
ble with an increasing number of phase states and signal
levels, leading to more throughputs with less robustness in
fading channels. HD Radio technology for FM modulates
its OFDM subcarriers with PSK modulation. OFDM signals
modulated with low-complexity PSK are extremely robust
in the presence of interference and multi-path fading.

HD Radio technology on AM operates in very narrow
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Fig. 1c: Example Depicting Multiple
Overlapping OFDM Carriers

channels that are free of multi-path fading. The narrow
bandwidth leads to an OFDM modulation technique opti-
mized for higher throughput. HD Radio technology for AM
uses quadrature amplitude modulation (QAM) on each sub-
carrier. In QAM systems, multiple phase and amplitude
states are applied to each subcarrier in the OFDM waveform.

ADVANCED PROCESSING TECHNIQUES

HD Radio technology applies Pulse Nyquist root-raised-
cosine tapering pulse shaping to its OFDM waveform.
Pulse shaping aids in acquisition and relaxes frequency-
tracking requirements while reducing spectral side lobes.

The root-raised-cosine function creates a guard band
between the symbols, which improves inter-symbol inter-
ference by reducing energy in the region where subcarriers
overlap.

The reduced side lobes result in less interference to adja-
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Fig. 2c: FM HD Radio Low-Level, Common Amplification

HD Radio signals operate at much

FM
Transmit lower power than the analog signals in
Antenna the FM band. In many instances, the

protected contour of an adjacent analog
interferer is significantly higher in power
than the digital sideband.

HD Radio technology employs a first-
adjacent canceller (FAC) to mitigate the
effects of first-adjacent channel analog
interference. The FAC, which is simulta-
neously active in the upper and lower
digital sidebands, tracks the instanta-
neous frequency of a first-adjacent chan-
- nel analog interferer and nulls out its
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Fig. 2b: FM HD Radio Mid-level, Split Amplification

nology includes a time diverse backup channel in all AM
and FM modes.

If the diversity delay is sufficiently large such that the
transmission outages are independent, then the probability
of an outage after diversity is the square of the probability
of an outage without diversity.

For instance, if the probability of an outage in either

Digital error correction techniques are more effective

if errors in transmission are spread in a manner that

minimizes data loss in successive bits.

cent channels, more robust performance in multipath con-
ditions and less interference to the host analog signal.

Digital error correction techniques are more effective if
errors in transmission are spread in a manner that mini-
mizes data loss in successive bits.

Interleaving is a technique that scrambles the bits in a
predetermined manner upon transmission and reassembles
them in the receiver. Optimization of the length of the
interleaver spreads errors over a longer period of time than
would exist in a channel fade.

HD Radio technology makes use of convolutional punc-
tured pair codes (CPPCs). CPPC techniques take advan-
tage of the redundancies in the upper and lower sidebands
by allowing combination of the error correction in these
sidebands so as to create a more powerful error correction
algorithm.

TIME DIVERSITY

An effective method for dealing with channel fading in a
mobile environment is to provide a second channel convey-
ing the same information. Transmitting the information on
the second channel shifted in time can enhance the total
system performance when the two channels are recom-
bined at the receiver.

This technique is called “time diversity.” HD Radio tech-
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channel is 1 percent, then the probability of outage after
diversity is 0.01 percent, a significant improvement.

HD Radio technology takes advantage of time diversity
by delaying backup transmissions by approximately 4 sec-
onds and realigning the digital and analog signals in the
receiver.

Transmission systems do not experience uniform fading
across the channel bandwidth; frequency selective fading is
common in both the AM and FM bands.

If transmission of the information takes place in two dif-
ferent parts of the spectrum and there is sufficient fre-
quency separation between these transmissions, it is
possible to mitigate the effects of a fading channel.

SIDEBAND DIVERSITY

HD Radio technology employs sideband diversity as a
form of frequency diversity. The system transmits identical
digital information on both the upper and lower sidebands.

The data in the upper and lower sidebands is identical.
However, the CPPC error correction codes are different.

In the receiver, the sidebands undergo independent
detection and decoding. There is additional coding and
power gain when both sidebands are combined. HD Radio
technology essentially carries the same audio information
in two different parts of the spectrum.

Radio broadcasting system is reasonable
and, in the majority of cases, very
affordable, especially compared to the initial plant invest-
ment. It accomplishes this by minimizing any new infra-
structure requirements and maximizing existing
broadcaster investment.

Four methods exist for producing the HD Radio hybrid
FM signal: high-level combining (separate amplification),
mid-level combining (split amplification), low-level com-
bining (common amplification) and a separate or dual-
input antenna.

High-Level Combining: Initial station conversions utilized
high-level combining or separate amplification. (See Fig.
2a.) With this method, the existing station transmitter had
its output combined with the output of a separate digital
transmitter compatible with HD Radio technology. The sta-
tion then fed the resulting hybrid signal to the existing sta-
tion antenna.

HD Radio FM high-level combining uses two transmit-
ters to produce the transmitted signal. This approach
requires the addition of an HD Radio digital transmitter
and the associated combiner, filter and digital exciter.

Mid-Level Combining: A derivative of the high-level
amplification technique is mid- or split amplification. (See
Fig. 2b.) In this design, a traditional FM transmitter and a
transmitter adjusted for amplification of both the analog
and digital components share the burden of analog signal
generation.

Low-Level Combining: Low-level combining or common
amplification is depicted in Fig. 2c. This implementation
involves the combination of the output of an analog FM
exciter with the output of an HD Radio exciter.

The combined signal is fed to0 a common broadband lin-
ear amplifier to raise the power to the desired transmitter
output. This method is both power and space efficient and
reduces the number of independent elements in the broad-
cast chain.

Low-level combining utilizes a shared transmitter to
amplify the HD Radio digital signal and the host analog sig-
nal. This commonality reduces the demand on equipment
space and may reduce power demands by increasing over-
all efficiency.

See HD RADIO, page 35 P
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A Lifetime in Broadcast Equipment

Larry Cervon Talks About His Role in
The Growth of the Modern Radio Industry

made the decision to move the company

to Quincy, Ill., and begin producing a
full line of FM transmitters. Since that time
BE has grown significantly — it now calls
itself the largest radio-only broadcast
equipment supplier — offering a line of
products headed by AM and FM transmit-
ters and the AudioVault digital storage and
automation system.

Larry Cervon, then president of
Broadcast Electronics, was the man behind
that notable move. Cervon had taken the
helm in 1976, at a time when the com-
pany’s product line consisted of audio con-
soles and tape cartridge machines.

Cervon was born in 1922 on the island
of Brac, seven miles off the Dalmation coast
of Croatia, then Yugoslavia; he came to
New York with his family at the age of 6.
He was attending college at the tuition-free
College of the City of New York when
World War il began.

During the war, Cervon enlisted in the
United States Navy, where he joined the
Capt. Eddy Electronic Technician Program,
an intensive training course in electronics
to support the burgeoning military use of
radar. After completing the 10-month
course he served on the U.S.S. Amphitrite
until the end of the conflict.

In November 1945, Cervon was looking
for work, having left the Navy. He joined
RCA International as a sales trainee in the
Broadcast Equipment section, commencing

Il was in 1977 that Broadcast Electronics

his long career in the field, and eventually
moved into sales for Gates Radio, where he
worked for almost three decades before
going to BE.

Retired in 1991, Cervon now lives in
Florida. That year he received an achieve-
ment award from the National Association
of Broadcasters “in grateful recognition and
appreciation for 45 years of vision and
leadership in the development of high-tech-
nology broadcasting equipment.”

Cervon was honored by BE at a cere-
mony in Quincy in October 2007, recog-
nizing him for a lifetime of achievement
and service in broadcasting. The company
dedicated a commemorative plaque for the
event, marking the 30th anniversary of the
move to Quincy.

We spoke to Cervon after the ceremonies
to hear more about his life in the radio
industry.

How did you get your start in broadcasting?

It was just kind of an accident that I got
involved with RCA. After I left the Navy |
was looking for a job where I could use my
knowledge of electronics and business. |
approached RCA, which at that time was all
radio. We were selling medium-wave trans-
mitters in Latin America and worldwide. 1
then moved to Westinghouse, which also
was a radio company.

Gates Radio had approached Westing-
house to sell transmitters made by Gates
internationally under the Westinghouse

MARKETPLACE

The BC-2000D Multiplexer is

digital multi-channels.

www.aegbroadcast.com.

BC-2000D Inserts, Extracts Linear,
Compressed Audio

AEQ’s BC-2000D Multiplexer inserts and extracts digital or analog (mono or
stereo) audio channels in E1/T1/]1 or Ethernet data transmission flows.

Audio channels can be linear, or compressed for better use of the link. Link capac-
ities not used for audio can be employed for data transport.

part of the BC-2000D router digital audio platform that
routes, mixes, processes and distributes audio. The system transports audio between
stations, and also routes it, within each station, to the required place.

Audio channels are accepted and extracted with flexibility, including analog chan-
nels at the mic or line level; AES-3 and S/PDIF digital channels; and AES-10 MADI

The unit can be configured, controlled and monitored with computers, which
allows setup circuits for monitoring or intercom use through the loudspeakers and
microphone installed in each computer, using audio over IP.

Other applications for the BC-2000D Multiplexer are studio-to-transmitter links, and
transmission networks for radio with different centers for production and emission.

For more information, contact AEQ in Florida at (954) 581-7999 or visit
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Larry Cervon

name. That was where I met Parker Gates
and Owen McReynolds, the sales manager
for the Gates Radio Co. in its New York
office.

I took over the New York office for Gates
Radio when it moved McReynolds to
Washington to open a new office right
across the street from the FCC.

What was the radio industry like in those
years?

In the late 1940s and early 1950s there
was a great demand for radio and a tremen-
dous number of applications for new day-
time stations. Regional stations also were
being constructed during the 1950s and we
were very active in selling them medium-
wave transmitters.

by Michagl LeClair

ity in the design and construction of trans-
mitters. Of the other early manufacturers,
Westinghouse concentrated on the high-
power medium-wave business, and General
Electric decided to pursue the brand-new
FM technology.

Over time, Gates Radio became one of the
most dominant suppliers of medium-wave
transmitters at 1, 5 and 10 kW power levels.

In 1952 1 moved to Quincy, Il to
become sales manager for Gates Radio. My
wife suggested we stay for a couple of years
for the experience and then move back east.

I ended up living there for 46 years.

How did the radio industry evolve in the
1960s?

Over time, some of the other larger radio
companies began to get out of the radio
business. Raytheon moved on and GE
moved into television.

The radio manufacturing business was
no longer growing as fast because there
were only so many available frequencies for
radio stations to use because of the limita-
tions imposed by the FCC. Radio became
more of a niche market. You had to know
the industry to do well in broadcasting.

In the 1960s at Gates Radio, we moved
into FM transmitters and stereo broadcast-
ing. FM had a slow start but stereo gave the
listener something he had never had before.
Stereo was a whole new dimension for radio.
If it had not been for stereo I'm not sure FM
would have grown as rapidly as it did.

When did you move on to working for
Broadcast Electronics?

I left Gates Radio in 1974, having
worked there for 27 years, after it was
acquired by Harris Intertype and they made
a change in management.

In the early 1950s, ‘You could buy all

the equipment you needed for about $25,000

to $30,000, including a tower, the studio

equipment and a 1 kW transmitter.’

The FCC would issue new construction
permits every Tuesday. We would walk over
and get the list of permits and immediately
call our salesmen to give them a list of per-
mits they could use to contact the new sta-
tion owners. We often were the first to call
with the information that the owner had
received a permit, and we would offer to
advise them on equipment purchases.

My job in those days was to sell radio
stations by selling the equipment for radio
stations. There were many small radio sta-
tions being started literally by doctors, den-
tists and lawyers who knew little to nothing
about the technology, and that was where
we came in.

You could buy all the equipment you
needed for about $25,000 to $30,000,
including a tower, the studio equipment
and a 1 kW transmitter. Raytheon, Collins
and RCA were the main competition.

At that time, Gates Radio was on the
bottom of the totem pole in terms of qual-

After a short time working for Micro-
wave Associates, I decided that my main
career interest was in radio broadcasting
equipment, and so in 1976 1 became presi-
dent of Broadcast Electronics in Silver
Spring, Md.

I was still living in Quincy at the time
and 1 realized that the cost of manufactur-
ing was much higher on the east coast com-
pared to the midwest. Quincy also had a
large number of skilled electronics techni-
cians who had recently been laid off when
Motorola closed its Quincy manufacturing
plant in the mid-1970s.

I realized 1 couldn’t make the company
grow unless 1 moved it. We relocated to
Quincy in 1977.

Why did you decide to develop a full line of

FM transmitters?
Hans Bott was vice president of engineer-
ing and we knew right away that we were
SEE CERVON, PAGE 35
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* 6 to 18 channel configurations
* 24 or 36 inch wide frames

* 2” or 3” wide modules options

* 4 Output Buss (two Stereo and two Mono)
* Metering for all 4 Outputs
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* Mic preamp on first two channels

* 20 Configurations available
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The Drawmer M-Clock Plus, a
high-stability AES Grade 1 master
clock generator, supports clock rates
from 44.1 kHz to 192 kHz, and addi-
tionally incorporates dual sample rate
converters, allowing material to be
re-sampled and synchronized to the
selected high-precision clock.

M-Clock Plus can synchronize to an external word clock
input or retrieve the clock from an AES audio signal via an
AES11 input, in addition to its internal word clocks.

The unit offers 10 word clock outputs: eight on the rear
connector panel; and two at the front for access when the unit
is rack-mounted. The exact frequency of the selected internal
or external clock is measured and displayed with an accuracy
of 2 ppm.

Access to the two sample rate converters is via selectable
AES, S/PDIF or TOSLINK inputs, with simultaneous AES,

MARKETPLACE i

M-Clock Plus Resamples, Syncs to Precision Clock

Letters to the
Editor

Radio World welcomes your point of
view on any topic related to the U.S.
radio broadcast industry.

Letters should be 100 to 300 words
long; the shorter the letter, the better
chance it will be published in full. We
reserve the right to edit material for space.
Longer commentaries are welcome but
may not reach print as quickly. Include
your name, address, contact information
and permission to print, as well as your
job title and company if appropriate.

Send letters via e-mail to rwee @
nbmedia.com, with “Letter to the Editor”
in the subject field; fax to (703)
852-4585; or mail to Reader’s Forum,
Radio World Engineering Extra, 5285 |

S/PDIF and TOSLINK outputs, enabling various format con-
version and sample rate conversion options. Sample rate con-
verter #1 has a selectable AES, S/PDIF or TOSLINK input on
the front panel.

The inclusion of automatic dither generation with user-
selectable 16- or 24-bit word length is valuable for 16-bit
word lengths at low signal levels, according to the company.

For more information, contact Drawmer distributor TransAudio
Group in Las Vegas at (702) 365-5155 or visit

www.drawmer.com.
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operation
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® 2 yeuar warranty

* 2 minutes of digital audio storage

* 25 pin parallel printer port for external printer

* 52 terminals on the rear to interface with other
equipment by removable plugs
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Cervon

CONTINUED FROM PAGE 30

going to go into transmitters. We decided
we were going to build FM transmitters.
We went with FM because it was grow-
ing and AM was starting to die out. All of
the stations were moving to high-fidelity
radio with stereo and building new stations.
Rather than start with a 1 kW and having
a tough time convincing radio stations we
could build larger models, we decided we
would start out with a full 25 kW model.

Who else was part of the engineering team
that developed the broadcast product line?

The folded half-wave cavity was devel-
oped and patented by Jim Aurand, who
had formerly worked for Harris Corp. This
became the FM-30, a single-tube 30 kW
transmitter. It was the most powerful one-
tube transmitter in the world.

Hans Bott then recruited Geoff
Mendenhall to design the exciter.
Eventually Hans Bott left to become a con-
sultant and Geoff became the vice presi-
dent of engineering,

After the FM transmitter line was devel-
oped we realized we needed to build AM as
well so that we could offer a full line of
transmitters to meet the needs of any station.

With AM we started at a low power and
built the line up 1o high-power over time.

Cervon’s award ceremony in Quincy, Ill. Presenting the plaque is Joseph Roark,
president and CEO of Broadcast Electronics.

Because of the many 1 kW stations around
the United States, we wanted to build
small, compact and economical models.
When I left in 1991 we still had not gone to
higher power but subsequently higher
power models were developed.

We also developed the AudioVault, which
grew out of the Control 16 automation sys-
tem, first introduced in 1978. Eventually
that technology and knowledge was put to
use by John Burtle, the driving force on the
Control 16 automation and the AudioVault.

The reason we scooped the industry
with AudioVault is that we started to use
Microsoft Windows as the architecture.
That was a big difference between us and
other companies because that architecture
had more flexibility.

Those three product lines still define the
success of the company.

Who influenced you mest in your career in
radio?
Parker Gates was my mentor.

Gates was really the guy that got Gates
Radio Co. moving. He came up with the
ideas for many of the products that moved
Gates ahead.

His main objective was to match the
offerings from RCA. If they came out with an
eight-channel console, he would come out
with a nine-channel to go them one better.

What do you think about HD Radio and its
potential for the U.S. broadcast industry?

I think that it has been adopted pretty
quickly by the big stations and in the big
markets but the problem is there aren't
really enough receivers around. The small-
est-market stations are resisting spending
the money to go to IBOC because they can't
see the advantage for their listeners to get
them to go out and buy new radios.

I think it will take many years for it to
become a standard throughout the country.
In AM, the bigger problem is the interfer-
ence that it causes.

What new technology developments do you
see in the radio transmitter industry?

The radio broadcasting industry has
evolved, and there is still a stage of refine-
ment that can continue, but there is noth-
ing in the way of a big breakthrough. The
basic limitations are the frequencies
allowed by the FCC. Particularly AM is at
a disadvantage with respect to FM due to
the difference in propagation.

HD Radio

CONTINUED FROM PAGE 28

Separate, Dual-Input Antennas: A separate antenna
method takes one of two forms: a physically separate
antenna (see Fig. 2d) or a dual-input antenna (see
Fig. 2e).

The separate antenna implementation routes the signal
from independent digital and analog amplifiers to dedi-
cated radiating elements for each signal. The basic form is
an independent antenna, often previously installed as an
analog backup. The second method, known as an inter-
leaved antenna, places a digital bay at the mid-point of
the analog radiating elements. In this design, phase of the
digital element is typically inverted — installed upside
down — to provide additional isolation.

Digital antennas need a minimum of 40 dB of isola-
tion from the analog antenna in order to keep inter-

IBOC Dualinput
Transmit Transmit
Antenna Antenna
S B 1BOC ] 18OC 4 R i Antenna
[ iBoc IBOC N M| Linear | (sofator > Mounted
| FM Linear { Isolator 3 | Exciter Amp. ] | Hybrid
Exciter Amp. \ \(o"m') L ] o M - ?
S FM |
Transmit
Antenna I
M | S0 Y {
—— / \
— FM FM L L Analog __":’ Isolator 3 |
. - »|  Analog 1} _ Exciter | Transmitter \ (Optional)
ExcnerJ [ Transmitter e’
| S—

modulation products within required limits. Careful
placement and measurement of the antenna elements
and RF isolator on one or both transmitters may be nec-
essary lo minimize mutual coupling. Replicating radiat-
ing element placement with regard to tower leg and
crossbar for both the analog and digital transmitting ele-
ments will ensure the patterns of the digital and analog sig-
nals are congruent.

Dual-input antennas utilize a hybrid 1o source the two
dipoles of the radiating element with independent analog
and digijtal RF signals. In this implementation, the resultant
signal has right-hand circular polarization for the analog
and left-hand polarization for the digital.

Essentially, the dual-input antenna is a combination of
free space signal combining in concert with the use of a
3 dB hybrid. Dual-input antennas have the advantage that
the center of radiation is identical for both the analog and
digital aperture, resulting in near-identical analog and digi-
tal RF coverage.

AM HYBRID TRANSMISSION

AM HD Radio transmission requires the amplification of
complex modulation. Unlike FM, AM IBOC requires strict
phase coherency between the analog and digital signal.

The most straightforward solution is to amplify both the
analog and digital signals in a single transmitter. To accom-
plish this, AM HD Radio transmitters must provide ample
bandwidth and minimize phase distortion.

The non-lineal transformation of complex 1I/Q 1o
phase/magnitude requires infinite bandwidth to perfectly
reconstruct the signal within spectral limits. Ideally, the

Fig. 2d: FM HD Radio Separate
Antenna Implementation

transmission of discrete 1/Q data would be desirable over a
phase/magnitude transform as it constrains frequency to the
bandwidth of modulation.

Transmitter bandwidth is a consideration, as negative
modulation peaks reach pinch-off. As these values approach
the baseline, infinite bandwidth products are produced.

Though these emissions are infinite, sample rates and
filter characteristics employed in HD Radio transmitters
constrain the products to acceptable emission limits.

HD Radio transmission requires similar response and
phase characteristics from the antenna as did AM stereo.
State-of-the-art transmitter designs employ multiple solid-
state amplifiers summed to transmit the required power.

For optimal transfer, it is desirable to provide the appro-
priate match at the summing point of the final amplifiers.
Multiphase PDM transmitters with switching frequencies
higher than 150 kHz and digitally modulated solid-state
AM transmitters are generally compatible with minor input
filter modifications. Fig. 2f depicts the key transmission ele-
ments of an AM HD Radio implementation.

CONCLUSION

Inspired by its ability to deliver digital quality sound and
services within existing analog spectrum allocations,
HD Radio technology has drawn interest from broadcasters
around the world. Testing, demonstrations, pilot stations,
trials and investigation of HD Radio broadcasting are taking

Fig. 2e: FM HD Radio Dual-Input Antenna Implementation
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Fig. 2f: AM HD Radio Implementation

place on every continent.

HD Radio technology offers new and exciting program-
ming streams through HD Radio multicasting capabilities.
There are better quality signals and the opportunity to take
advantage of non-traditional data applications and services.
Low-cost receivers are available and implementation is easy

and affordable. W
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The Last Word

CONTINUED FROM PAGE 38

They draw in the listener by providing a
story with a broad range of emotions, often
using vivid soundscapes of images, human-
ity and dramatic events.

In older cultures with a deep under-
standing of the senses, the ears were for
“seeing life,” while vision was simply a
means for navigating the environment with-
out colliding with obstacles.

In his book “The Variety of Sensory
Experiences,” David Howes describes how
our concept of the senses is specific to cul-
ture rather than being biologically deter-
mined. And for most cultures, hearing was
the number one sense, while vision was
third in terms of importance. The blind
seer was honored for his refined ability to
“see” the future.

Radio provides the means for listeners to
see other worlds and lives.

People vote with their feet; listeners vote
with their ears. The greatest success story in
broadcast radio during the last 20 years
may be NPR and the rise of its affiliate sta-
tions. They have been enjoying real growth
against a backdrop of shrinking commercial
radio numbers.

The executives of commercial radio may
well be ignoring the fact that there is a deep
hunger for something other than talking
heads with loud opinions — “junk food for
the ear.”

The magnitude of this hunger may

MARKETPLACE

tinally be quantified with the advent of the
PPM measurement system, which could
transform a “stealth audience” into hard
numbers. Even if some people dismiss pub-
lic radio for its supposed “leftist and intel-
lectual” bias, it may nevertheless manifest a
deep understanding of the power of the
imagination and the appeal of a good story.

CONTENT CAPTURES
AN AUDIENCE

Broadcast radio is far more than a piece
of technology. The news stories on NPR

academic for an industry required to make
profits, consider the evidence. In 1958,
Stan Freberg wrote a six-minute 35-second
spot to help Butter-Nut’s instant coffee
overcome a five-year lag in entering the
tough southern California market. The
spot, called “Omaha!”, was a spoof on the
musical “Oklahoma.” The product name
was not mentioned until the very end of
the story. Listeners simply enjoyed the
humor and entertainment. As a result of the
spot, Butter-Nut sales quadrupled, and the
company’s product became a featured story

Leave the ultra-conservative bureaucrats

to sit in the waiting room until there is

something of value to be managed.

and various other radio shows paint pic-
tures in sound through the use of sound
effects, ambience gathered on location and
production sensibilities that place the lis-
tener in the story.

With National Geographics radio pro-
grams, you float down the Amazon River,
hear the water rushing and become aware
of birds flying overhead. You hear the dis-
tinct sounds of the wooded soundscape in a
forest. Listeners enjoy hearing these worlds
transported to them by radio.

Lest you think that this argument is 100

Staco FirstLine SNMP

available at www.staco-news.com.

www.stacoene rgy.com.

Staco FirstLine Three-Phase
UPS Adds SNMP

Output voltage is regulated to +/-1 percent of nominal at full load. Detailed specs are

Transformer-less power technology provides blackout protection and power condi-
tioning. Front-end harmonic correction eliminates the need for additional filtering.
Robust double-conversion technology protects the connected load from sags, swells,
noise and voltage imbalances without going 10 battery operation.

A control panel located on the front of the freestanding NEMA 1 enclosure includes
an alarm and remote monitoring through an RS-232 connection.

For more information, contact Staco Encrgy Products at (937) 253-1191 or visit

Staco Energy Products added SNMP
communications capabilities to its
FirsiLine three-phase uninterruptible
power supply. These models, available
for 10, 15 and 20 kVA applications,
allow users 10 network this UPS with
their manufacturing and management
systems.

SNMP capabilities enable Web-
browser based visual readings, alarm
notification and a 48-hour system his-
tory, as well as client shutdown soft-
ware for most popular operating
systems.

FirstLine is a true online, double-
conversion UPS that, despite its small
footprint and low weight, has a stan-
dard internal battery run-time of up to
30 minutes (with optional batteries for
virtually unlimited run time).

Models offer input voliage of 208,
220 and 480 VAC, and a range of
+10/-20 percent (166-229 VAC).

Input frequency is 60 Hz +/-5 per-
cent. Full load walk-in from 25 percent
to 100 percent of rated load in 10 sec-
onds. Inverter output distortion is s5
percent THD for non-linear loads, and
s 2 percent THD for linear loads.

in the Los Angeles Times.

At a recent NTS Aircheck’s Talk Media
Conference, Paul Harvey ]r., creator, pro-
ducer and writer of the longest-running
series on radio, “The Rest of the Story,”
asked the audience, “How many stations
here have full-time writers on staff?” One
hand went up. Anyone who has ever lis-
tened to “The Rest of the Story” will
instantly recognize how a master who
knows how to write for the audio broad-
cast medium can turn spoken word into
pure storytelling.

A TESTED PATH
FOR SUCCESS

In the mid-1960s, when radio was dom-
inated by the top 40 AM powerhouses, FM
was without any apparent economic value.
Radios that could receive FM broadcasts in
automobiles would only become standard
equipment some 10 years later. Without
being able to immediately monetize the
new technology, executives and managers
allowed a “bunch of kids” 1o experiment
with FM.

Left alone, they reinvented radio con-
tent, which then begat a large number of
new listeners, thereby creating value that
now dwarfs the original golden goose, AM
broadcasting,

A half century later, the analogy of FM is
HD Radio.

Look at the current value for some other
industries that began as play toys: personal
computers, video games, search engines and
even digital audio. We are confident that
HD Radio would attract a new audience if
the next generation were given the opportu-
nity to combine their innate understanding
of social networking and Web connectivity
with the power of our aural medium.

In our view, the industry must enfran-
chise creative talent, be they writers, come-
dians, aural artists or enthusiastic kids.
Leave the ultra-conservative bureaucrats to
sit in the waiting room until there is some-
thing of value to be managed. Content is
king. Long live the king.

Dr. Barry Blesser is director of engineering
for 25-Seven Systems. W
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THE LAST WORD

Radio Was Once ‘The Hot Medium.'What Happened
To the Visionaries, Daring Execs Behind That Title?

This article was co-authored by 25-Seven
Systems President Geoff Steadman.

famous but oft-forgotten media theorist,

communications scholar and social
critic, wrote “Understanding Media,” where
he introduced us to the idea that the
medium is the message. Buried inside that
five-word phrase is the essence of radio.

McLuhan observed that the means of
delivering a message dominates content of
the message. Each medium, be it a written
novel or a 3D cinema in surround sound,
has properties that emphasize one aspect of
a message and suppress others.

In analyzing electronic media technology
of the 1960s, McLuhan concluded that
“radio was hot” and that “television was
cold.” He further goes on to explain that
radio, at least at the time when he was writ-
ing, was hot because sound has high infor-
mation content. An entire world can be
created just from a compelling soundscape
that contains people, social interactions,
physical events and an aural environment
of ambience and acoustics.

Perhaps the sad part of radio history is
that the industry moved from being a cul-
tural leader to a passive follower. Where are
the creative visionaries who understand the
power of sound, and where are the network
executives who are willing to give those
aural visionaries a playground to be creative?

If nothing else, history also teaches us
that creative innovation and artistic risk can
create fortunes, as the movie empire of
Walt Disney and the radio empire of David
Sarnoff demonstrate.

In the 1960s, Marshall McLuhan, the

DESIRE FOR ESCAPE

The economic success of the Harry
Potter stories proves that people in our
modern culture are still hungry for a way to
escape into a world of fantasy.

Even though the printed word is the old-
est medium, the most recent Harry Potter
book sold more than 8 million copies in the
first 24 hours. A high-tech medium can still
be overpowered by a traditional medium,

in this case print.

Similarly, radio need not cede the high
road 1o the techno-wizardry of the Internet
and computers.

Claude Lévi-Straus, the French anthro-
pologist, suggested that story telling reflects

by Barry Blesser

Radio Must Enfranchise Creative Talent

the fundamental structure of the human
mind. We are not computers that store data;
rather we retain experience of ourselves and
others in the form of a sequence of events
and emotions. We empathize and sympa-
thize by building an internal replica of an
external world. The mind recreates life.

A good journalist will embed facts into
an event that comes alive in the minds of
readers or listeners. Facts and life are not

What's the big idea? Radio is lacking the creative visionaries who dared to be different.

An entire world can
be created from a
compelling sound-
scape with people,
social interactions

and an aural environ-
ment of ambience

and acoustics.

mutually exclusive but mutually dependent
on each other.

There is a sad, yet notable, example of
how modern media use our imagination:
peddling of fear and anxiety.

Doomsday weather forecasts describe
massive storms, which usually prove to be
nothing more than rain. Sound bites of
political figures argue that the world is
doomed unless some other agenda is
accepted. And there is the old standby of
terrorists threatening massive destruction to
our way of life, which they have been doing
for more than 10 years.

What about all the other forms of imagi-
nation that comfort and warm our souls?
Where is that hunger being satisfied?

DRIVEWAY MOMENTS
Harry Potter is a rich form of “theater of
the mind.” So too are the radio dramas of

©iStockphoto,com/Felix Misckel

the 1930s, 1940s and 1950s.

Radio of the 2Ist century also has its
“theater of the mind,” but it is found mostly
on the public radio network in such pro-
grams as “Prairie Home Companion” and
“All Things Considered.” In these examples,
good stories with rich soundscapes trans-
port listeners into their imagination.

Attending to these aspects of the aural
experience has contributed to the popular-
ity and growth of public radio. It is not
radio drama of the 1930s but it is built
from the same principles.

Public radio executives refer to the “the
driveway moment,” when the program is
so compelling that people sit for several
minutes in their driveway to listen to the
end of a story — even when their com-
mute is over and dinner is getting cold.
History repeats the dual themes of the
Golden Age of radio: transporting the lis-
tener to a virtual world, and drawing them
in so deeply that they stay.

On commercial radio, there are a few
shows that harness this power. Live sports
broadcasts, for example, are “theater of the
mind.”

A basehall game, with the excitement of
the announcer, the crack of the bat and roar
of the crowd, places you in the “ballpark in
your head,” all in real time. You are in the
story, you are in the grandstands and you
have been transported out of stalled traffic.

Even a traffic report broadcast live from
a helicopter gives you the feeling of looking
down at the roads from on high. The report
is more than just information.

THE MOST IMPORTANT SENSE
Radio has more than its share of para-
doxes. In public broadcasting, the program
content often has wonderful imagery, while
the underwriting announcements are as dry
as toast. Conversely, on commercial talk
shows, most announcers are disembodied
voices floating out of automobile dashboards,
while the shows commercial spots are often
the most creative components in the hour.
Good commercials can stand alone as
miniature stories, dramas or narratives that
do not focus just on a product or service.
SEE THE LAST WORD, PAGE 37

to come up with a beautiful concept for
our new studios.”

“The Omnirax design makes these studios
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“Within a short amount of time Omnirax was able
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- cross-country completely unscathed

~ *I wholeheartedly recommend Omnirax

P. O. Box 1792 Sausalito, CA 94966 800.332.3393 415.332.3392 FAX 415.332.2607

www.omnirax.com info@omnirax.com
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LIKE THE GOOD OLD DAYS...
ONLY DIGITAL!

AUDIOARTS ENGINEERING W-12 — Like no

other digital console, the new W-12 won’t require you to use a
computer or force you to deal with any cryptic digital baggage.
It's SIMPLE: you just wire to your analog or digital inputs (and
since it’s modular, you choose the combination), set some dip-
switches on the back panel (no disassembly required) and you're
ready to go. Just like the good old analog days—only now with
performance of over 135 dBFS and virtually unmeasurable cross-
talk and distortion. Get Wheatstone’s leading edge technology!

for more info go to www.wheatstone.com/W12.htm
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See Wheatstone at NAB Booth # N7612




Don'’t Just Bring Your HD Channel Along for the Ride

The VORSIS AP-1000 has a completely separate fine grained
processor dedicated just to HD, so you can tweak your HD
sound to deal with bit reduced audio while leaving your FM
sound uncompromised.

Here’s what professionals who've tried the
AP-1000 have to say:
“By far the best processor I've ever used.”

“It achieved greater loudness with a smoother
sound right out of the box.”

“Your GUI is so well designed | didn’t even need
to read the manual to get started.”

“Love the box!!! The sound of the station is vastly ‘

improved...it's loud, wide and clear.”
See Wheatstone at NAB Booth #N7612
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