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1771 N STREET, N.W,

WASHINGTON, D.C. 20036
NATIONAL ASSOCIATION OF BROADCASTERS

THOMAS B. KELLER
SENIOR VICE PRESIDENT
SCIENCE AND TECHNOLOGY

Dear Reader:

These Proceedings contain many of the papers presented at the
39th Annual Broadcast Engineering Conference held in conjunction
with the NAB Convention in Las Vegas, Nevada, April 13-17, 1985.

The Proceedings contain papers on important technical issues
of concern to all broadcasters (broadcast auxiliary, non-ionizing
radiation, maintenance), timely new papers on recent technical
developments (high definition television, AM technical improve-
ments) and further developments in existing broadcast technology
(multichannel television sound, radio subcarriers, satellite
systems). Special emphasis was placed this year on broadcast
facility maintenance and the state of the art in electronic
television graphics.

Take the time to read and learn from the papers within this
volume, papers which have been prepared with great care by their
authors. To a large extent the technical development of the
future of our industry relies upon your interest and ability to
understand and utilize the concepts and applications described
here. In many respects they are blueprints of our future; a
how-to manual of success and a valuable reference source to
complement the new NAB Engineering Handbook. Further, in the
increasingly diverse and competitive broadcast marketplace,
engineering becomes even more important to the maintenance of
high quality signal transmission and the ability of a station to
compete effectively. The size of these Proceedings reflect that
concern and our efforts to provide broadcast engineers with
important up-to-date technical information,.

We at NAB are proud to publish these Proceedings. Your

comments on any of the papers or on any respect of the '85
Engineering Conference are always welcome.

Best personal regards,

Thomas B. Keller
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CHARTING A COURSE FOR AM IMPROVEMENT

by

Michael C. Rau
Staff Engineer

National Association of Broadcasters
Washington, DC

In October, 1983, NAB's Engineering Advisory Committee perceived a need to
address AM's technical problems on an industry-wide basis. If AM is to be
improved, these engineers believed, it seemed to be a proper responsibility
for NAB and its technical staff to examine the pertinent issues and develop
appropriate solutions and strategies. Accordingly, NAB's AM Improvement
Committee was created to collect, study and analyze current technical problems
facing AM transmission and reception and to develop, to the extent possible,
consensus on ways to improve the technical quality of AM broadcasting. The
Committee had eight meetings in 1984 to consider the vast array of technical
issues. Industry experts across the board were solicited for their views.

We received a great many letters from interested general managers, chief

engineers, and other representatives or participants in the broadcast industry.
A1l submissions to the AM Improvement Committee were considered. Although

AM Stereo is without a doubt an AM improvement, its controversial nature
precluded arriving at a useful consensus of views. AM stereo was therefore

not within the scope of the Committee's work.

There is probably little need to review with the reader AM's assorted
technical problems. Among the ones we identified include AM skywave and the
nature of electromagnetic noise; "narrowband" AM receivers; excessive boosting
of high audio frequencies; "spreading" of communities beyond the intended
interference-free service area of local AM stations; a paucity of centralized
technical information; spurious emissions and/or distortion caused by
transmitter transient distortion; and widespread interference from electrical
devices. Many of these problems are not easily solved; some in fact, may be
beyond solution. But, in response to these identified subjects, the Committee,
after careful thought and extensive consideration, formulated eight specific
suggestions. In brief, these suggestions are 1) to begin an industry wide AM
promotion campaign; 2) to establish a central source for AM technical
information; 3) to urge AM broadcasters to limit boost of audio frequencies
above 12 kHz prior to transmission; 4) to improve AM transmitting antenna
fidelity through broadbanding; 5) to research promising new antenna designs;

6) to research transmitter transient distortion (“TTD"); 7) to work closely
with receiver and integrated circuit manufacturers; and finally, 8) to work

to mitigate existing and potential interference from radio-frequency electrical
devices. Rather than delve extensively into the reasoning that led to these
suggestions, this article instead will focus on what is or will be done to
implement the AM improvement report in order to realize an actual benefit

from the AM Improvement Committee's work. Merely publishing a report will

not of itself improve AM. A reader interested in the discussion and background



of these issues is invited to obtain a copy of the NAB AM Technical Improvement
Report by calling NAB Science and Technology at (202) 429-5339.

I. Commence an Industry-Wide AM Promotion Campaign. For many reasons,
this appears to be one of the most difficult AM improvement suggestions to
implement on a nationwide basis. There is no question that the broadcast
industry could mount an AM listening campaign in general, very similar to the
"Radio is Red Hot" campaign successfully administered by the Radio Advertising
Bureau. However, there are a number of obstacles to the success of such a
"quality oriented" promotion campaign. If the campaign is designed to
sensitize people who are already listening to AM radio that AM can sound
"good", the message implicit in such a campaign is that AM can, indeed, sound
great -- but only on new generation radio receivers. So the listener, in
order to experience quality AM radio, must be enticed into a situation where
he or she could experience how good AM can sound. Here is the proverbial
rub. For unless the radio station undertakes to promote and present quality
AM radio receivers itself, virtually the only place a consumer can listen to
quality radio is in a store that sells them. In other words, a campaign
targeted to increase the quality consciousness of AM radio must, at least in
the beginning, be formulated as an effort to bring consumers into retail
radio receiver outlets. Normally, the encouragement of quality radio sales
is a good thing, and of itself presents no problem. Unless quality radio
receivers sell, the manufacturers' incentive to build such radios will
ultimately be lost. The problem occurs when it is to be decided exactly
which radios are designated to be quality. Who or what will decide which of
many specifications of radio receivers are used and what their minimally
acceptable standards will be? How will a radio station be assured that
nearby retailers will carry such radios and that those radios can be
demonstrated in the retail shop (many retail outlets do not provide for the
reception of AM inside). This is a very sticky problem. It is possible to
establish a "standards setting" committee that would establish guidelines for
the evaluation of AM radio receivers and whose results could be used to
furnish input into a quality radio campaign. But these committees consume
considerable time, financial, and personnel resources. And there is no
assurance that such a committee, once formed, would be successful in its
endeavors. Generally speaking, the more controversial a committee, the less
likely that useful guidelines will be realized.

In sum, promotional issues have not been fully resolved by the AM
Improvement Committee. It is still not clear the extent to which NAB can
create a promotion campaign designed to raise the quality consciousness of
the general public with respect to AM radio. Since the promotional issue has
yet to be resolved, the committee welcomes any ideas stations may have for a
nationally sponsored campaign. Before leaving this issue, however, it
should be noted that several localities, such as New Orleans, have mounted AM
promotion campaigns which promote not only the quality aspects of AM radio in
general, but also the benefits of AM stereo and selected radio receivers. It
may well be that promotional campaigns focusing on AM improvement are best
initiated on a local level.

II. Establish a Technical Reference Center at NAB. As of this writing,
NAB has assembled about half of the technical reference center and has hired
a student intern to complete the remaining work. The technical reference
center is expected to be ready by the NAB Convention. NAB intends to offer
this service to NAB members at no charge. The chief engineer in need of




information on a particular aspect of RF AM engineering will be furnished

with a comprehensive bibliography of materials. He or she need only call

NAB's Science and Technology Department for a copy of the desired article or
paper. Later in the year, NAB intends to assemble a collection of especially
useful articles to publish a "primer" on basic AM radio frequency maintenance.

I11. Limit the Boost of Transmitted Audio Frequencies Above 12 kHz. The
AM improvement report urged AM broadcasters to limit the boost of transmission
of audio frequencies above 12 kHz. The report recognized that many industry
engineers believe "it is not necessary to excessively boost these frequencies
to realize good quality AM reception. A ceiling on transmitted frequencies
above 12 kHz could produce significant interference reducing benefits to the
listenability of AM stations." The report also noted that many current AM
audio processors contain filtering which in effect implements this
recommendation. In brief, without getting into the pros and cons of
establishing a standardized preemphasis curve for AM, a consensus in the
Committee could not be reached on the preemphasis issue. It was agreed,
however, that there are significant interference costs of excessively boosted
audio frequencies above 12 kHz to AM receivers listening on adjacent channels.
And there is little, if any, benefit to the fidelity of co-channel AM
reception. While the worthwhileness of a "standard" preemphasis curve could
not be agreed upon, the committee did not rule out working toward the
establishment of a deemphasis standard for use within AM receivers.

Iv. Improve AM Broadcast Antenna Performance Through Broadbanding. A spot
study of direction antennas on 1300 kHz revealed that many antennas could be
improved through broadbanding. Although techniques for broadbanding have been
known for some time, the skills for doing so are highly technical in nature,
usually requiring services of an expensive engineering consultant. In order
to help station personnel do the jobs themselves, we anticipate that the
technical reference center will have a great deal of material about antenna
broadbanding and would make such material available to NAB members upon
request. The primer, too, would have material on broadbanding. The benefits
from widespread broadbanding are significant and help to greatly improve the
quality of broadcast transmission and reception.

V. Undertake Research of Supplementary Antenna Designs. These antenna
designs offer the potential to significantly attenuate skywave in chosen,
specified directions. Perhaps more than any other AM Improvement Report
study area, this suggestion, not surprisingly, engendered the most interest.
The reason, obviously, is that these designs promise to enhance ground wave
coverage by as much as 15 dB in the areas where that coverage is now limited
because of distant station protection requirements. Currently, a computer
mode] has been developed which attempts to analyze theoretically the
characteristics of such an antenna. A 27 MHz model antenna is also being
developed. When enough work has been done, the Committee will release a
report of its findings and suggestions on implementation. We are reluctant
to “"promise too much" at this point because much of the research is still to
come.

VI. Undertake Research of Transmitter Transient Distortion ("TTD"). The
Committee believes that TTD potentially is causing interference with no
apparent compensating benefit. However, the nature and causes of TTD, and




some of its effects, remain unknown; research into transmitter designs must

be undertaken in order to find "cures" for TTD in existing transmitters.

Some research has been started and more will occur further into the year. A
paper on this subject will be presented at the NAB Convention by Bob Weirather
of Harris Corporation.

VII. Encourage the Development of a High-Quality, Useful and Inexpensive
Integrated Circuit for Use in AM Radios. This suggestion is premised on the
beTief that the IC chip is the most determinative factor in the design of
today's AM radio receiver. This premise, however, is arguable: many IC's
being produced today are capable of far greater quality than the radio which
is built around them. The reasons for this have to do with the increased
expense of incorporating additional components in the radio receiver chassis
in order to take greater advantage of the IC's quality features. The idea
behind this AM Improvement Committee suggestion is to try and influence the
development of the next generation of IC's in a manner favorable to
broadcasters and in a manner that could lower the IC's unit costs to make them
more attractive for use in future generations of AM radio receivers. "Quality"
IC's will only find widespread use if their cost/performance ratio is
especially low.

VIII. Work to Mitigate Existing and Potential Interference from Radio
Frequency Electrical Devices. As everyone knows, interference arising from
electrical devices such as automobile ignition systems, vacuum cleaner motors
and certain electrical fixtures is a pervasive impediment to quality AM
reception, notwithstanding potential noise-blanking receiver improvements.
The committee noted the impending introduction of radio frequency lighting
device technology. These RF lighting devices promise to significantly cut
energy costs by replacing the ubiquitous incandescent lightbulb with RF
devices. Unfortunately, however, many RF lighting devices emit energy at AM
broadcast frequencies, both over the air and through the power line. The FCC
has begun a Notice of Inquiry (Gen. Docket 83-806) to explore 1) the issues
surrounding radio frequency lighting devices, 2) whether or not they are to
be regulated, and 3) what interference protections will be provided to AM
radio listening. But at this point, we do not know whether the prospects of
widespread use of RF lightbulbs would significantly impair the AM radio
listening environment in light of existing electrical interference problems
(no pun intended). Accordingly, NAB has begun a research program to compare
electrical interference to AM reception from existing electrical devices with
likely electrical interference from new radio frequency lighting devices.
Such a study would illuminate these issues for NAB, enabling a nationally
enlightened decision on how best to proceed. If RF lightbulbs would not
significantly increase existing interference, it would seem that opposing
implementation of such technology would not benefit AM broadcasters. Instead
we should find ways to minimize existing electrical interference. On the
other hand, if our study shows that RF lightbulbs would cause significantly
more interference than existing electrical devices, NAB should act to insure
that the FCC adopts regulations carefully designed to protect AM radio
listening. The results of our study will be presented at the Convention in
April. Fiqure 1 is a spectrum analyzer photo of sample emissions from an RF
lighting device. It shows periodic interference "spikes" roughly 10 dB high
throughout the AM band.




Conclusion. The foregoing is a summary of "where things stand" on AM
improvement matters at the time of this writing. NAB is pursuing each of
these options as our time and resources permit. There is no guarantee that
our efforts will be successful; but, the Committee believes, as I do, that the
task of researching AM problems and offering AM solutions is a task that
ought to be performed by the industry's largest trade association. A failure
to address the industry's real problems would be an abdication of NAB's
responsibility to its over 3000 AM radio members.

Comments and suggestions are welcome. Please write the AM Improvement
Committee, care of National Association of Broadcasters, 1771 "N" Street,
N.W., Washington, D.C. 20036.
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opposes nighttime filters; sees some interference resulting
from unstable transmitters at high modulation levels (toyether
with transmitter intermodulation distortion); suggest 8 ways
to improve AM), February 7, 19864.

Wwood, J. Robert, General manager, CHUM Radio, Toronto,
Canada (some AM interference is attributable to "small amounts"
of overmodulation; urges careful monitoring and use of a "soit
clip"), February 7, 1l9v4.

White, James P., VP and General Manager, wSPD Radio, Toledo,
Ohio, Letter to Subcommittee (opposing 5 kHz filters; supporting
the Orban/Gregg standard pre-emphasis curve; supporting kann's
receiver variable sidebana filter circuit), December 2, 1983.
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AM Antenna Broadbanding -- Does Your Station Need It?

Kenneth J. Brown
American Broadcasting Company

New York, New York

INTRODUCTION

In 1949, W. H. Doherty published a landmark article on AM
transmitters loading into narrowband antenna systems (l). Since
then, it has been known that a transmitting antenna must present
an impedance to the transmitter which does not vary much over the
modulated bandwidth in order for the transmitter to be able to put
a high fidelity signal on the air. But until the last few years,
this fact has largely been ignored.

Perhaps this is because FM didn't make a major market impact
until relatively recently, so the competition for an AM station
came mostly from other AM stations, which usually didn’t sound any
better. Perhaps it is also because most of the bigger
nondirectional stations hadn’t refurbished their transmitter
plants for years and simply didn’t expect any better. Most
directional stations were satisfied just to have their patterns in
adjustment -- most of the time -- and didn‘t dare challenge the
status quo. Maybe the biggest reason is that AM radio receivers
have been so bad for so long that almost anything a station puts
out doesn’t sound too bad, because it has been almost impossible
for a station to transmit a signal as badly as the radios receive
it. Of course, the radio makers would have you believe it’s all
the stations’” fault. I particularly remember one article (2) which
swore broadcasters wanted better radio receivers made just to save
money on facilities upgrading, but I°ve never heard of a station
down 6 dB at 2.5 kHz, where most radios are (3)!

Whatever the reasons, those days are gone. FM 1is now major

competition, and there are a few radios in the hands of the public
on which AM sound can compete with FM sound -- if the AM station



is up to it. But most AM stations, even 1if they recognize the
potential problem, don't seem to have any real way to tell if the
antenna is what is strangling the station sound; how serious 1t
1s; or what to do about 1it.

This paper is addressed to that station. Nothing fancy, just
a few simple ways to test your antennas for bandwidth troubles;
and a general idea of what to look for, what to do about it, and
when to leave well enough alone. I will not introduce any new
techniques, just try to bring some concepts together so it all
(hopefully) makes sense for the average station engineer, whose
manager screams about the cost of tubes, let alone test equipment.

THE "FINAL FILTER"

The antenna system of a radio station acts not only as the
radiator of the signal but also as a "final filter" on the
transmitter output. Since the bandwidth of any practical antenna
is limited, the matching networks are designed to optimize the
coupling of transmitter power to the antenna at carrier frequency.
This is supposed to cause higher harmonics to be mismatched, so
transfer of power is inhibited. In the early years of radio, many
transmitters did not contain enough filtering within themselves to
meet the harmonic radiation limits and extra filtering from the
antenna circuits was necessary. More recent transmitters usually
do not have this problem, so additional protection supplied by the
antenna circuits is "gravy."

However, too narrow an RF bandpass in the antenna system will
not only reduce higher harmonics of the carrier but will also roll
of f the audio sidebands. An antenna system having an impedance
that varies greatly across the audio passband (+/- 15 kHz from
carrier frequency) presents a very poor load to the transmitter,
as measured at the plate of the final amplifier. Since the match
usually is good at and near carrier frequency and deteriorates
farther away, where the sidebands of the higher audio frequencies
are, the increasing VSWR reduces the transfer of power of the
higher audio frequencies into the antenna. Thus, good quality
audio going into the transmitter never leaves the antenna. Also,
differing antenna impedances at frequencies above and below
carrier will cause the sidebands to be asymmetrical, which means
the received signal will be distorted in the radio’s envelope
detector (quadrature distortion). Even worse, the particular
tower-network combination may behave strangely enough to actually
reinforce carrier harmonics under some conditions (4).

The problems caused by the antenna system must be fixed at
the antenna system. Merely adding preemphasis will often just
overload the transmitter, which is already struggling with the bad
load, causing distortion (5), overmodulation, splatter, and
sometimes even carrier trips (6). It also wastes modulation
capability (loudness) because transmitter modulation 1s spent on
sound that never gets out of the antenna. Combined with
asymmetrical sidebands and heavy processing attempting to make up
for audio guality lost in the antenna, it 1s guite possible to get



an overmodulation citation from the FCC monitoring truck even when
the modulation monitor at the transmitter shows all is well (7).

These problems exist in both nondirectional and directional
antennas, but since directional antennas are much more complex, 1
will look at nondirectional antennas first.

NONDIRECTIONAL ANTENNAS

There are really only two basic ways to match a transmitter
to a nondirectional, single-tower antenna. One is to use a slant
wire or folded unipole, shunt-fed antenna, where the geometry is
designed to match the transmitter as well as possible at carrier.
Whatever happens at the sidebands is whatever happens. Although
these antennas are sometimes touted as inherently broadband, 1
personally measured a folded unipole in which not only were the
sidebands terrible, due to a sharp reactance slope and a high
residual reactance at carrier, but the resistance didn't transform
to 50 ohms, so a base network was needed anyway. Just having a
folded unipole doesn’'t mean you're safe.

The second method of matching is, of course, a matching
network installed at the tower base, between the transmission line
and the antenna. These can be designed to optimize the match, so
the transmitter sees nearly 50 nonreactive ohms at carrier and
sidebands, but most aren’t.

Probably the most common type of base network is what has
been called the "Howdy Doody" network (don‘t ask me how it got
that name). This consists simply of a long coil connected between
the transmission line and the tower with a capacitor tapped to
ground. It 1is often sold in a box with a choice of two capacitors
(pick the one that works) as a ready-made line terminating unit,
ready to be installed at the tower with a base meter, tuned up by
the consultant, and forgotten. And if it gives you a good match
anywhere but at carrier, it’s not luck, it‘'s a bloody miracle.

With the shunt leg consisting of just a capacitor, with no
trimmer coil, there are no more than two and sometimes only one
way to adjust the thing to match impedances at carrier, because
there 1s no control over the phase shift of the network. You have
to take whatever phase shift you get for the network to match
impedances at carrier, which is usually very far from the -90
degrees where a lag-T network tends to be flattest. So, not only
ls the 1mpedance slope of the tower not flat (it never is), but
the impedance slope of the network may do almost anything. It s
hard to mismatch a tower that is roughly 145 to 170 electrical
degrees tall, but most towers are shorter, in the 60 to 110 degree
range, where mismatch at sidebands is guaranteed with this type of
network. In fact, I calculated some combinations to be even worse
than simple directional array common points.

The easiest way to get at least partway into the ballpark is
to insert a trimmer coil into the shunt leg in series with the
capacitor. This allows the shunt leg to be adjusted, so the whole



network can be recalculated for a more advantageous phase shift.

What phase shift? Remember that reactances are frequency
sensitive. You want the network which will tend to match the
impedances of the tower, at different frequencies within the audio
passband each side of carrier, to the 50+30 the transmitter and
transmission line want to see (8). Note that this is harder at low
carrier frequencies than higher up the band because the audio
passband is a larger portion of the carrier frequency. You can
find the basic equations for several kinds of networks 1n a 1978
BM/E article by George Ing (9), and the measured antenna
impedances for your tower are in your last FCC Form 302
Application for License. Most likely, you will still not be able
to get a good match, but you may be able to improve it somewhat.

A better answer is adding another network (or rebuilding the
base network) to gain more latitude 1n rotating the impedances on
the plates of the final tube to a symmetrical condition as
suggested in many articles (10). By rotating the impedances 1n a
network, you can at least get the final plate load to be
symmetrical on both sides of carrier -- resistances equal and
reactances equal and opposite -- which 1s the minimum distortion
configuration. You may want a second network at the transmitter
end of the transmission line if your matching problem is
complicated by impedance rotation in the transmission line due to
high line loss. You know you have that problem if the impedance at
carrier frequency is markedly different at the transmitter output
than it is at the transmission line output.

The best answer (except in some high line loss cases) 1s to
install a wideband base network in the first place. A lag-T 1s not
the only possible network configuration, and while it is a simple
workhorse, it is often not the best network. A 1978 article by
Lawrence L. Morton in Broadcast Engineering (l11) describes the
design technique, but it will likely entail replacing the entire
base network. The trick is to get the slopes of the network
resistance and reactance to oppose the slopes of the tower
resistance and reactance, so the result is close to 50+30 across
the audio passband. Doing this eliminates any necessity to rotate
impedances at the final PA as well as the extra trouble of
measuring the high impedances there, since it simply presents the
transmitter output with essentially the resistive load it was
designed for.

An important caution: when tearing up any part of your
antenna system, if you are not certain you have the particular
skills and equipment to finish the job before you start, you
shouldn’t try alone. It is all too easy to louse things up so well
you are either worse off than when you started or even off the air
until the consultant arrives. Some consultants love station
engineers who play with their antennas -- particularly
directionals -- it keeps them in business!

13
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DIRECTIONAL ANTENNAS

Pirectional antennas are much more complicated. High "Q"
circuits, high circulating currents, sharp nulls in the pattern
where the carrier is attenuated much more than the sidebands,
negative towers and suchlike all add to the complications.
Sometimes the bandwidth can be improved by a simple redesign of
the input sections of the phasing system, sometimes a complete
phasor redesign is necessary for significant improvement. In some
Cases no complete solution is possible without completely
redesigning the pattern —-- which is usually not possible. Most
stations, however -- one study estimates 66% of directionals and
almost all nondirectionals -- can be improved by some attention to
the design of the antenna phasing and coupling networks (12).

A pattern is formed by interaction of the signals produced by
the various towers. Since each tower "sees" all the others in the
array, the driving point impedance at the base of of each tower
depends oh not just itself (self impedance), but also on how it is
impacted by the presence of the other towers (mutual impedances) ,
and on the interactions of the radiated fields from the other
towers 1nvolved in forming the pattern. But so many physical
factors can cause the mutual impedances to be so far different in
practice from what theory predicts, that trying to design a
broadband phasing system without measuring the mutuals is likely
to be fruitless. I have seen several cases where such a simple
thing as a slope to the ground at the antenna location made the
mutuals so far different from theoretical that the phasor had to
be completely redesigned to get the pattern adjusted.

A good consulting engineer or phasor designer can do a
broadband desiagn, but if he doesn’t start by measuring the mutuals
to determine the actual driving points with your towers, get a
second opinion.

Also consider that the pattern tends to shift with frequency.
Not only do the tower and network impedances vary (13), but the
electrical tower spacings are different at sideband frequencies
than at carrier frequency. Since tower spacing 1is one of the
parameters controlling the formation of the pattern, the patterns
formed at various sideband frequencies may not coincide with the
authorized pattern formed at carrier. This can result in wildly
varying modulation depths, or "null talk," through the null
regions. A very careful phasor design can help make the patterns
at modulating frequencies coincide (14), but it must be explicitly
considered, and it isn’t always possible. Synchronous detectors in
radios would help a lot, being much less sensitive to the missing
carrler in a sharp null than envelope detectors.

There are some cases in which the entire phasor need not be
redesigned to get an acceptable match. I recall one station whose
pattern was simple and nulls were shallow enough that the null
talk wasn’t objectionable, but the common point network and power
divider were so highly resonant that most of the modulation was
erased. The station had a rackfull of audio processing equilpment,



yet still sounded muffled. A simple field redesign of the common
point and power divider networks brought the impedances around to
where a new broadband phasor wouldn’t buy a whole lot more, and
opened up the sound of the station dramatically.

There are some arrays which cannot be made broadband
regardless of the phasor because of the way the pattern is formed
(15) . These are not always arrays with many towers and/or tight
nulls. These are usually high gain arrays where the signal 1s very
suppressed over wide arcs, which are unusually sensitive to small
parameter changes. Some have been designated as critical arrays,
but many have not.

The easiest way to determine if you may have a problem array
is by the RSS/RMS ratio, and you can determine this yourself. If
you have a relatively new pattern, it probably was designed as a
standard pattern, and the necessary numbers should appear
somewhere on the pattern drawing in the FCC Form 301 Application
for Construction Permit. If you have an older station, the
authorized theoretical and measured patterns were probably
converted to a standard pattern during the FCC proceeding of a few
years ago, and the numbers appear on the pattern conversion sheets
released by the FCC. A copy of the sheets (one per pattern) for
your station can surely be obtained cheaply from your consulting
engineer if you don’t have a copy.

Simply divide the RSS by the theoretical RMS (NOT the
standard RMS or measured RMS) . If the resulting ratio is less than
1.5:1, your array should be easily broadbandable. If the number is
more like 2 or 2.5 to 1, the problem is more complex and the
results may not be as good. If the number is much over 2.5 (I have
seen as high as 3.7 and there may be worse), you have my sympathy.
With antennas as difficult as those, even if you might possibly
get something to flatten the common point (16), you can still
expect bad null talk.

THE TESTS

The critical question for the station engineer is, of course,
how to know if the primary cause of bad sound is the antenna
system. There are two simple tests for this.

Possibly the clearest test is to run the audio proof into
both the antenna system -- each pattern -- and into a good,
nonreactive dummy load. If the audio response into the antenna
falls off at higher frequencies (5000-7500 Hz), but the response
into the dummy does not, the antenna is limiting the station
gsound. In severe cases, it may not even be possible to make 100%
modulation at 7500 Hz in the antenna, while it is easily done in
the dummy. Excessive modulator current (or modulator overload) at
higher frequencies in the antenna, but not in the dummy, 1is
another good indication (problems at low frequencies, 100 Hz and
below, are more likely transmitter than antenna). Also look for
eycessive distortion operating into the antenna as compared to the
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dummy load.

A somewhat reactive dummy (like the typical resistor bank
built into lower power transmitters) is also usable, since it is
the difference between the two responses that is important. There
are even a few rare cases where the antenna is slightly flatter
than an expensive, nonreactive dummy.

Don’t have a dummy load? There is a way to take a field meter
into a strong signal area in the major lobe and check the
sidebands with tone against the modulation monitor. This is
discussed in several of the references covering impedance rotation
techniques (17).

Another way to tell if antenna work should be considered for
a directional antenna is to review the common point impedance
plot(s) contained in the latest RF proof of performance. While
impedance runs are also done for nondirectional antennas, these
measurements are made at the tower base or antenna feed point. The
matching networks are between the transmitter and the Non-DA
measurement point, where they will not affect these measurements.
If you have access to an RF bridge and generator, you can run your
own impedance plot. This should be done at the common point for a
DA, and at both the transmitter output point and transmission line
output for a Non-DA. Make measurements at least every 5 kHz over a
range of at least +4/- 15 kHz from carrier.

Convert the data to magnitude of impedance (the square root
of the quantity resistance squared plus reactance squared), and
plot it versus frequency. The impedance magnitude values of a good
antenna will stay within 90% to 110% of the impedance at carrier
over a bandwidth of at least -10 kHz to +10 kHz from carrier. An
acceptable antenna will have impedance magnitudes staying within
80% to 120% of carrier. Resistance and reactance cannot be treated
separately since reactance worsens the effect of resistance being
off, and vice-versa.

A better guide is to Smith Chart the data (18). A good
antenna will stay within the 1.1 VSWR circle; an acceptable one
should stay within 1.2 VSWR over +/- 10 kHz. Note that the numbers
I gave for the extremes on the impedance plot correspond to the
extremes of the VSWR circle on the Smith chart; the Smith chart
takes the interaction of resistance and reactance into account.

The worst common point I have ever heard of was one which,
from 50 ohms resistive at carrier, fell to 10 to 12 ohms only: £2;.5
to 3 kHz each side of carrier. This station simply couldn’t get
much over 90% modulation, and sounded terrible. For good audio,
the impedance needs to be as flat as possible over a 10 to 12 kHz
range each side of carrier.

With a directional antenna, once you know you have a problem
with either common point or null talk, there is a way to determine
which tower or towers may be causing more of the trouble. Ed
Edison discussed the technique in his paper presented at NAB in



1982 (19).
WHICH WAY TO GO?

What you do about your antenna is up to you and your boss. If
you sound good enough on a wideband radio and listener fatigue is
not a problem, and if your competition is mostly AM and doesn’t
sound any better, you might not have to do anything for a while.

If you aren’t happy with the sound and the station 1is
nondirectional, a wideband matching network may cost more than an
impedance rotation network, but it may also do a better 3job. You
can evaluate networks before building anything by solving through
the network equations, correcting the reactances of the components
for the carrier and sideband frequencies. Also remember to treat
each part separately -- don’t lump a capacitor and its trimmer
coil together.

If you have a directional and your problem is null talk, and
your community 1s spreading into the nulls, a phasing system
rebuild might help make that signal more listenable, depending on
the pattern. If you don’t have null talk, a relatively minor
common point fix may help. If you have a high RSS pattern, you
might get some relief from a combination of pattern redesign and
phasor replacement, depending on how badly your format needs help.

A good consulting engineer should be able to advise you
regarding the possibilities, the costs, and any particular
problems relating to your situation, but the station management
will have to make the decisions based on an evaluation of your
market and your competition. Most antenna systems, unless designed
specifically with broadbanding in mind, are capable of at least
some improvement, and broadbanding will usually result in a
noticeable improvement in the air sound.
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Fundamentals of AM Receiver Design

Jon P. GrosJean

Consultant

Woodstock, Connecticut

As with any other consumer product, the design approach for an
AM tuner or receiver is largely influenced by how much the final
product should cost and what it will be competing against. However,
unlike in an FM tuner where it is difficult not to produce a high
fidelity signal with a good signal-to-noise ratio, improvements in
an AM tuner beyond a certain level are sometimes very difficult or
expensive to achieve. Nevertheless, it is often possible to make
improvements in an AM receiver design simply by making slight circuit
changes and by paying attention to those portions of the circuit
which can degrade audio frequency response. Unfortunately, as the
fidelity of an AM receiver improves, so does its susceptibility to
interference, and a compromise may have to be made between the
frequency response and acceptable interference level.

Integrated Circuits

In recent years, the integrated circuit manfacturers have
reduced the trade-offs presented to an AM radio designer. Previously,
with discrete transistor or even tube designs, there was a trade-
off between circuit cost, sensitivity, large signal overload,
maximum signal-to-noise ratio and distortion. Current ICs are
capable of signal-to-noise ratios of over 50 dB and distortions of
less than 1% at 80% modulation whether they are used in a portable
radio or high fidelity receiver. The sensitivity is somewhat poorer
than that possible with discrete devices because the noise figures
of the ICs are higher, but when the choice between large signal
overload and sensitivitv is made, the IC performance is about as
good as discrete designs. For example, if the discrete transistor
input stage is matched to the antenna, whether ferrite or whip,
for optimum sensitivity, it will overload on relatively weak signals.
A typical level might be 10 mV/meter. Consequently, in order to
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enable the receiver to work at 1 Volt/Meter levels, the input to the
device must be reduced and so the sensitivity to weak signals is
degraded. The IC will have several internal circuits to prevent
overloading and so can be matched to the antenna for best sensitivity.
The net result will most likely be that both receivers have the

game sensitivity. Of course, more circuitry could be added to the
discrete design to improve its overload, but then it would cost much
more than the IC design. It must be remembered that the average AM
radio IC costs between 50¢ and $ 1.25 and may even include most of
the FM portion of the radio. Therefore, the most important part of
an AM receiver design is, in most cases, not in the active circuitry
but is in the RF and IF filter design and any other filtering or
processing that may be done on the audio signal.

Filter Basics

The effectiveness of any type of filter is determined by the
arrangement and number of its poles and zeros. A single L-C resonant
circuit has one pole pair, but when considering the region around
the frequency to which it is tuned, only one pole has much effect.

A crystal or ceramic resonator has one pole and one zero. The audio
fidelity, selectivity, and now stereo separation of an AM receiver
are essentially determined by its IF filter and the number of poles
and zeros in it. (Some other factors degrading the audio frequency
response will be discussed under RF circuits.) This is true whether
the tuner is a conventional superhetrodyne, up-converter, dual
conversion or direct conversion. (In direct conversion, the audio
filter is the IF filter.) Unfortunately, there are also constraints
on what can be done in the receiver regardless of the number of
elements in its filter. The first limitation is that the audio
frequency being transmitted is greater than the channel separation.
Because of this, it is impossible to build a receiver with a 15 KHz
audio response and any adjacent channel selectivity since the audio
frequency response is essentially equal to % of its overall 3 dB
bandwidth. If the channel spacing is ignored temporarily, one might
think that any desired performance could be achieved simply by adding
enough poles and zeros to the IF filter. If distortion, audio
frequency response and stereo separation were not important, this
might be true, but good performance in these areas requires good
group delay and enough bandwidth. With the exception of surface
wave filters which presently cannot be made having the required
characteristics for AM Broadcast receivers, good group delay and
good selectivity are not compatible. Figure 1 shows two types of
filter responses.

Figure 1
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The two peaks in the group delay time (GDT) in the Butterworth filter
cause distortion and loss of stereo separation. Breadcasters may have
noticed the same effect when a very sharp cut-off filter is part of
the audio chain in a transmitter. The peaks in group delay cause
ringing in square wave signals. A good compromise between the
Butterworth and Bessel filters is commonly called a transitional
filter and most of the better quality ceramic filters used in AM
receivers are this type. Additionally, these ceramic filters usually
have zeros in their response so they look like figure 2.

These filters have the advantage that

the zeros can be placed at or near an

adjacent or alternate channel, but they

must still be used with coils because -21dB
they have only about 27 dB of attenuation
outside the nulls.

— 0dR

Vﬁa
The second limitation in the IF filter >

design is in the required Q of the /X -50 KNz
resonant elements. As more are added, Figure 2

the required Q for the filter design

increases. For an example, suppose a 40 dB bandwidth of 20 KHz
(required for night time listening) is desired. The table below
for a transitional filter shows what happens:

number of sections maximum 3 dB BW resonator Q
3 3.2 KH=z 211
4 5.0 KHz 180
5 6.7 KHz 238
6 8.0 KHz 322
7 9.1 KHz 411
8 10.5 KHz 483

From this, it is easy to see that regardless of what is desired, the
maximum audio response which can be achieved in a radio suitable for
night time listening is something less than 5 KHz. 1In actual practice,
4 KHz seems to be the practical upper limit with 3 KHz being achieved
in good designs and 2 KHz or less in the not-so-good ones. Obviously,
it is possible to use a wider IF filter for daytime reception, but the
same rules apply to both types. 15 KHz of audio response requires a

3 dB bandwidth of 30 KHz but then a 10 KHz notch filteT is required to
keep the 10 KHz beat from adjacent carriers down, and background noise,
interference and the effects of signal processing increase so much

that they often are too objectionable. A good compromise for daytime
use seems to be an IF bandwidth of 20 KHz and a 10 KHz notch filter.
This results in an audio frequency response of 7 to 8 KHz. It also
produces a dramatic improvement in an AM tuner except in cases where
stations process the audio signals heavily to make the old radios

sound better. In these situations, the listener is almost forced

into switching back to the nighttime mode or turning down the treble
control if the radio has one. There is no way for the radio designer

to make provisions for this situation because no standard similar to
that for FM de-emphasis exists. The growth of AM stereo might provide
an incentive for the AM broadcasters to come up with an AM pre-emphasis
standard which could be incorporated in AM receivers which have wide
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bandwidth modes for improved frequency response. Another thing which
could also be done would be to limit the transmitted frequency response
to less than 10 KHz since very few listeners are able to use a receiver
with a 15 KHz audio response even if they have it.

Input Circuits

Most AM receivers today use two types of antennas: A ferrite
rod or a whip as in car radios. The ferrite antenna is used in
portable sets and most component receivers and has an advantage of
somewhat improved interference rejection. It presents a problem to
the designer of an improved AM receiver, however, The ferrite rod
has a coil wound on it and forms the RF tuned circuit of the receiver.
The induced voltage is proportional to the Q of the resulting tuned
circuit. The image rejection of the receiver is also proportional
to the Q, but at the low end of the AM band, the RF circuit Q will
begin to affect the receiver's audio frequency response adversly.
The following calculations will illustrate this:

A= attenuation at a frequency

Af = Af away from fo
A= ""'(;2& £ fo= center freauency
° Q = loaded Q of the resonant
circuit

A typical loaded Q for a ferrite antenna might be 100. At fo = 600KHz

and af= 3.0 KHz, A = 1.414 20 log A = 3 dB

Thus, the receiver's audio response has been limited to 3 KHz by only

the RF circuit. The IF filtering can only make this worse. The

image rejection at 1510 KHz for this example will be: fo = 600 KHz,
Af= 910 KHz, A = 303, 20 log A = 49.6 dB. This is just acceptable,

but if the Q is lowered to improve the audio response, the receiver

sensitivity and image rejection will become unacceptable.

Currently, the best solution to this problem appears to be to use
a wire or large loop antenna connected directly into an RF stage.
Almost all electronically tuned car radios use this approach, but
further precautions are necessary to avoid having the same problem
occurr in the RF tuned circuits between the RF stage and mixer. One
solution is to use a double-tuned RF circuit with variable coupling
so that the coupling increases as the frequency decreases. Figure

3 shows one approach: < Vot
By careful selection of R, C, , and Co , R C, R

the circuit can be made to have almost ¥

a constant bandwidth across the

AM band. It should be remembered A _l_ "
that the AM band covers a 3 to 1 L.? &
frequency range. This means that I I |

the tuned circuits may have a ' = =

3 to 1 change in impedance across -
the band. Furthermore, the tracking —L-c,

between the oscillator and RF stage Figure 3 :I: -

becomes more critical if the audio =

frequency response around 700 KHz and 1200 KHz is to be maintained.




AM Stereo

Fortunately, adding AM stereo demodulation to an AM tuner often
requires only the addition of a stereo demodulator IC. More atten-
tion must be paid to oscillator phase noise and freedom from
microphonic effects, and some of the synthesizer systems must be
redesigned to reduce oscillator phase variations. It is sometimes
difficult to sufficiently filter the phase detector signal from the
synthesizer IC to the AM local oscillator so that the phase variations
are small, the system is stable, and the time required to seek or
scan between stations is not too long. Additionally, since the signal
passing through the filter circuits of the radio contains phase
information, the group delay characteristics are important if channel
separation is to be maintained. (This is true in the transmitter
also.) Nevertheless, a receiver properly designed for high quality
monophonic AM reception can usually have a stereo demodulator added
and will produce good quality stereo as well. The introduction of
an AM stereo demodulator IC by Motorola has done more than anything
else to make AM stereo receivers practical.

New Developments and Problems

As was mentioned earlier, interference from adjacent channels
will always be a problem if the audio modulating frequency exceeds
the channel spacing. There is no way to eliminate this in a wide-
band set, and use of a 10 KHz notch filter almost dictates a maximum
audio frequency of something less than 8 KHz. Consequently, there
isn't any good reason for an AM broadcaster to push for 15 KHz audio
response in a receiver when a practical one can't receive it.

An even greater problem arising is the increase in man-made
interference in the AM band. This has bectome so severe that many
AM receivers are unusable in some areas. AM noise blankers are
being used and better ones are being developed, but they will not
solve the problem entirely. Synchronous demodulators offer some
improvement because they do not peak-detect noise pulses unless they
overload. The FCC has recently been more active, especially with
computer makers, but the suppliers of devices using SCRs and TRIACs
like light dimmers and some motor controllers seem to have escaped.
Radiated emissions below 30 MHz are not covered, and TV deflection
systems sometimes make AM radios unusable in a home in a rural area.
Now, a new problem is possibly arising; Transmission of high speed
data over phone lines. One system recently described sends data
at 162 KBPS over unshielded phone lines. There are also carrier
current systems which send relatively high speed data over power
lines at carrier frequencies near the AM band. Since total harmonic
distortion is relatively unknown in the digital world, these signals
often are rich in harmonics. The overall result is that AM radios
are becoming useful only in automobiles. On the other hand, the
amount of circuitry which has been added to try unsuccessfully to
make FM reception in cars work without picket fencing, intermodulation,
and multi-path effects exceeds the AM tuner cost by about 10 times.
AM has less fading, much better coverage, and no coverage loss in
stereo. With improvements in noise suppression and better audio
response, it should be possible to build an AM car radio which would
impress even the most sceptical FM listener.
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Synchronous Detectors Improve

MM Receiver Performance

Alfred E. Resnick P.E.
WLS Radio

Chicago, Illinois

Amplitude Mcdulation is the oldest form of transmission of sound by radio.
Since its beginning, its signals have been generated and detected with many
techniques and differing degrees of success.

Amplitude Mcdulated signals are a special case of a class of signals gen-
erally referred to as linear mcdulated signals. These signals include double
sideband and single sideband signals with varying amounts of carrier insertion,
each being derived fram modulation of a continuous carrier wave. For these
signals, the principle of superposition applies.

Techniques used to demcdulate amplitude mcdulated (AM) signals have been
generally of two types: demodulation by rectification which is camon today
and demcdulation by a square-law device, which is rarely found today.

Under certain conditions these techniques yield results which are inferior
to those possible with synchronous detection. The techniques for synchronous
detection will be examined as well as the results which can be expected fram
synchronous detectors.

The Amplitude Modulated Signal

As generated in the laboratory, or in a transmitter, the AM signal consists
of a carrier and upper and lower sidebands. Ideally the sidebands are exactly
equal in amplitude and exactly opposite in phase with respect to the carrier.
The signal is symmetrical in the frequency damain about the carrier; it is
also symmetrical in the time damain about the zero voltage axis.



Mathematically, an AM signal can be represented as a function of time

as:
AM(t) = (1 +M Cos pt) Cos wt (1)
Where:
M = the modulation index
Cos pt = the m.dilating frequency
Cos Wt = the :arrcier frequency

When M=1, 100% modulation occurs. Through trigonametric identities
equation (1) can be expressed differently. Expanding equation (1):

AM(t) =Ceuwl+ M Cos pt Cos wt (2)
Fram: Cos Xx Cosy = 1/2 (Cos (x +y) +Cos (x - y) )
The second term in (2) can be written:
M(t) = Cos wt + 1/2MCos (w+plt +1/2MCos (W-plt (3)

Fram equation (3) the AM signal is seen to be the sum of three camponents.
The first term is the carrier term. The second term is the upper sideband
and the third term is the lower sideband. The superposition principle states
that the response at any point in a linear circuit having more than one
independent source can be obtained as the sum of the responses caused by each
independent source acting alone. The AM signal in equation (3) could be
generated by 3 independent sources. Each source would produce an output which
could be summed together with the others and produce an AM signal. This is
more difficult to do in the laboratory because in equation (3) the parameter
t appears in each term. This implies a phase reference, so if one were to
construct three seperate oscillators, each to supply a term for equation (3),
it is necessary that each oscillator be referenced to a cammon source. Not-
withstanding the difficulty of laboratory construction, the important points
to observe are that an AM signal is the linear sum of camponents, and that
the principle of superposition applies. Implied fram this is that the response
is proportional to the source, or that multiplication of all sources by a
constant, K, increases all the responses by the same factor, K.

Superposition simplifies analysis but does have limitations. It is
applicable only to linear responses. For example, power is not a linear
response and the superposition principle does not apply.

Demodulation

Traditionally, AM signals have been demadulated by envelope detection.
The simplest form of envelope detection is rectification followed by low-pass
filtering. When a carrier signal is half wave rectified, camponents at DC,
the carrier frequency, and even multiples of the carrier frequency are present.

If this carrier signal is modulated when rectified and then low-pass =
tered the DC camponent multiplied by the modulating camponents will be recovered.
The analysis of an envelope detector is cumbersame and awkward when per formed



28

with Fourier camponents. The appendix shows a derivation after Kreyszig to
solve for the Fourier camponents of a half-wave rectified sine wave.

The phasor representation of the camponents in equation (3) appears below
with the carrier term as reference:

<
Vs

'{- i r P‘)t

Cor, uf e
“{' (ﬁa(w— P) t

Re)

The resultant vector lies along the axis of the carrier. An envelope
detector produces an output which is proportional to the resultant vector of
its input signal.

In the theory, the envelope detector is a distortion-free device when
fed signals which meet the parameters of equation (1).

In 1967 the EBU performed measurements of envelope detector performance
in a receiver as the control portion of an experiment. These data are
presented below:

Test Point of Reception Distance k k

Distance 2 3
(miles)  w5rdy  (@3ra)

LABORATORY MEASUREMENTS
1 AM Demodulator without

Selectivity - 0.5 0.2
2 Demodulation in the

Recording Receiver - 0.6 0.3

FIELD MEASUREMENTS

3 Control Location S/ 1.6 0.9
4 Munich 20.5 3ok 123
5 Baden-Baden 163 6.6 2:2
6 Colagne 285 4.8 1157
7 Hanover 296 3.4 1.6
8 Hamburg 376 4.8 1.4

The table above shows the median values of harmonic camponents as a per-
centage of the recovered fundamental frequency for 50% modulation with 1000 Hz.



The selectivity characteristics of the receiver precluded the study of higher
order camponents.

The transmitting antenna for these tests was approximately 0.56 wavelength
high. The transmitter power was 20 KW.

These results show envelope detector performance in the laboratory does
not indicate the performance which can be expected at a listneer's location.
Same would cite the ionosphere as the portion of the propagation path causing
difficulty and argue that for the vast majority of AM broadcast stations in
the US, only the groundwave service areas should be considered. The EBU results
show that the control location is experiencing a median THD value of 1.8% with
a detector in the receiver which measured less than 0.7% THD when connected
to the transmitter. This location was less than four miles fram a 20kW
transmitter. Because of the location, skywave effects are highly unlikely.
How disappointing to take a 0.1% MacArio envelope detector hame and realize
no better performance than a percent and a half distortion at 50% modulation
- and only with stations no greater than four miles distant.

Many phenamena are responsible for changes in signals as they propagate
at medium frequencies. Reradiation fram high-rise buildings and steel tower
power line supports have been known to exhibit reflection coefficients in
the order of 0.2. High-rise buildings seldam occur singly. As an exanple
consider a distant source illuminating a reradiating object.

The resultant will be the vector sum of the transmitted and reradiated
fields. An envelope detector will respond to magnitude of the resultant.
These phenamena can exhibit high Q behavior. Received signals change quickly
as a function of position.

If the carrier amplitude were to be reduced to 80% of its relative value,
but the sidebands remained unchanged, an ideal envelope detector would produce
over 11% THD when the transmitter was modulated 95%. This phenamenon is real
and exists in a large percentage of groundwave coverage areas of AM broadcast
stations.

0.95/2 Cos (wW+ pit

0.8 Cos wt

0.95/2 Cos (w - plt

A 24 point Fourier analysis of the signal recovered fram an envelope detec-
tor under these conditions produces the following coefficients:

Frequency Camponent
(%)
Fundamental 100.
2nd Harmonic 7.00
3rd Harmonic 6.08
4th Harmonic 4.64
Sth Harmonic 3.16
6th Harmonic 2.04
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The same 24 point Fourier analysis of the recovered signal praduces the
following camponents:

Frequency Camponent
(%)
Fundamental 100.
2nd Harmonic 0.137
3rd Harmonic 0.074
4th Harmonic 0.0105
5th Harmonic 0.0337
6th Harmonic 0.0527

Through the 6th Harmonic, THD = 0.167%, which is an indication of the
accuracy of the method. These values would be returned by a synchronous
detector if analyzed by this method as well.

Synchronous Detection

Although a product detector is usually employed as the demcdulator, the
synchronous detector requires that a reference carrier with certain properties
be applied to the product detector.

These properties are:

1. The reference carrier must be free
of modulation - both amplitude and
angle.

2. The reference carrier should have
little or no angular difference
with the carrier which is being
demodulated.

To examine the praducts which are produced by the synchronous detector,
equation (1) is multiplied by Cos wt.

AM(t)OOSu)t=Coswt[(l+Cospt) (Cosujt)] (4)
= Costwt + Cos pt Costuw t (5)
ai1724[ (Conl 5E 4 W) 1000 Bt €553 ot o s pt | 6)
=1/2 [1 + (1 + Cos pt) Cos2 w t + Cos pt] (7))

The synchranous detector produces a modulated carrier at the second
harmonic, 2w t, a DC term proportional to the amplitude of the carrier of
the signal being demodulated and the modulation signal Cos pt.

If the signal with reduced carrier amplitude which was applied earlier
to the ideal envelcpe detector is applied to the synchronous detector, the
following results are obtained:



AM(t) (A + M Cos pt) Cos Wt

AM(t)

A Cos wt + M Cos pt Cos wt

A Cos?w t + M Cos pt Cos?w t

AM(t) Cos Wt

ACostwt +MCos pt (1/2(Cos 2wt + 1) )

A/2 (Cos2wt +1) +1/2 M Cos pt (Cos2 wt + 1) )

A/2 + B/2 Cos2 w t + M/2 Cos pt Cos2 wt + M/2 Cos pt

1/2[A+ (A + M Cos pt) Cos2 wt + M Cos pt]

0.95
0.8

Where: M
A

Note that the output contains a modulated carrier at the second harmonic,
a DC term proportional to the amplitude of the carrier of the signal being
demodulated, and the modulation signal, Cos pt. Note that there are no terms
that are harmonics of the modulation signal. The synchronous detector was
able to recover the modulation signal without distortion. It can be shown
that for any cambination of carrier amplitudes, sideband amplitudes and side-
band phases, the modulation signal can be recovered without distortion. Signals
propagating at medium frequencies suffer these phenamena.

The WLS transmitter is approximately 27 miles fram the studios. Monitor
receivers are located at the studio location, and at the WLS-FM transmitter
on the Sears Tower in Chicago. Each location is well within the groundwave
coverage area of WLS. Each location shows pronounced skywave effects.
Synchronous detectors have been constructed following the techniques described
by Hershberger (1982) and the skywave effects have been minimized.

Receiver Passband Deficiencies

Certain changes, such as those caused by asymmetrical passband response
modify the AM signal.

Examination of the published specifications for a high-quality ceramic
filter show the following data:

_Frequency Filter Attenuation
(kHz) (dB)
452 -2.41
455 -0.31
458 -4.41

31



32

If the signal applied is modulated 90%, the signal recovered after passing
through the filter will be:

IF (t) = 0.965 Cos vt + 0.341 Cos (w - p)t + 0.271 Cos (¢J + pP)t (8)

24 455 x 10° )

Where: W
21 (3 x 103 )

1%

This assures equal time delay through the filter - an optimistic assump-
tion. No published data are available showing the group delay of this filter.
The THD praduced by an envelope detector with the signal IF(t) applied is 0.2%,
primarily second harmonic. This same signal is recovered distortion-free
with a synchronous detector.

Cheng and Giles (1984) camment on group delay characteristics of present
day filters producing distortion levels as high as 4% at a 2 kHz angle
modulating frequency.

IF filtering is samewhat misunderstood. Many designs attempt to realize
an ideally flat passband and infinitely steep skirts. Filters of this nature
exhibit underdamped behavior when excited by frequencies near their cutoff.
Although beyond the scope of this study, the AM receiver designer must be
exceptionally prudent and campletely aware of IF filter behavior. Ringing
at the natural frequency of the filter will be clearly visible with an
oscilloscope and plainly audible especially when music program material is
passed through the filter. Ruston and Bordogna (1966) provide a goad study
of filters as well as Orban and Cuccia (1952).

Inter ference Performance

When an interfering signal is added to the signal to be demodulated

AM (t)

(Ar, + M Cos pt) Cos vt 9)

MM (t) % Cos wt + M Cos pt Cos wt (10)

Adding the interfering signal will produce an amplitude distortion and
a phase deviation

R(t) =AM (t) + A Cos w t (11)
Where: R(t) = The resultant magnitude

A. = The magnitude of the desired carrier

W = The angular frequency of the desired carrier

A/ = The magnitude of the interfering signal

v = The angular frequency of the interfering

signal
M = The desired signal mcdulation index
P = The angular frequency of the modulation signal



R(t) = Ac + M Cos pt Cos wt + A (Cos wt Cosw, _t - Sin wt Sin w t) (12)

R(t) =[AC +M Cos pt + A_ Cos wét:]Coswt
-A( Sinp tSinwt (13)

When the amplitude of the interference is small, the second term in
equation (13)above can be neglected and the output of the envelope detector
can be closely approximated by:

E(t) =M Cos pt + A, Cos w_ t for A« Ac

When the amplitude of the interfering carrier approaches or exceeds that
of the desired carrier, the simplifying assumption above does not apply -
Rewriting the equation (12) yields the experssion:

R(t) = A Cos (w +u )t COS y, t +Sin (w+w,)t Sin ot] 4

+ A, Cos (w +w)t
+MCos pt (Cos (w +wy)t +Cosw t
+ Sin (w+ w.)t Sin w t)

Collecting terms:

R(t) =LAl + A, Cosw.t +M Cos pt Cos w.t ]Cos (w+tw )t
+[A_ Sinw_t + M Cos pt Sin u)Lt]Sin (w+ w ) t (16)

As the interfering amplitude becames much greater than the wanted carrier,
the sine term in the equation above becames negligible. The output of an
envelope detector when neglecting the DC term is approximately:

E(t) = A Cos Wit * M Cos pt Cos w t (17)

Fram this point, several observations can be made. In envelope detectors,
the largest carrier amplitude camponent becames the effective carrier. When
the interfering carrier is small, the desired carrier is the demadulation
carrier. When the interfering carrier gets larger, the effective carrier
can be the interfering carrier. When this occurs, the frequency of the
modulation signal is lost. This degradation of the desired signal is a thres-
hold effect and is a consequence of the non-linearity of the envelope detector.

Detector output spectra:

A for, p\i“‘hu Yol A(‘LLA‘

———————
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In the presence of interference, the ideal synchronous detector is able
to recover the modulation signal frequency when the ideal envelope detector
cannot.

For an excellent treatment of synchronous detector performance with upper
and lower sidebands of unequal amplitudes as well as variable carrier amplitudes,
the reader is referred to Uyttendaele (1975). Although the study was done
for a television demcdulator, the theory remains unchanged for AM broadcast
demodulation as well.

Noise Per formance

Noise is present in various degrees in all electrical systems. Noise
is one of the fundamental physical limitations of transmission of information
by electrical means. In any case, noise must be minimized if high perfor-
mance systems are desired.

Analysis of signal to noise ratios is usually best performed on a power
basis. Envelope demodulation differs fram synchronous democdulation in the
presence of noise because the synchronous demodulator suppresses the quadrature
noise camponent.

The received signal, R(t), at the input to the demodulator is assumed
to be AM(t) plus band limited noise.

R(t) =A_ [ 1 +MCosptlCoswt
+nL (t) Cos wt - n ¢ (t) Sin wt (18)

let: am(t) = M Cos pt

Re-writing R(t) as a magnitude and an angle:

R(t) = r (t) Cos [wt + (Z(t)l (19)
r(t) =J[li\“ L +amt) +nc ] +(ng @] (20)
g(t) = Tan ol - (21)

A LT +am(t)] +n (t)
in an envelope detector, the expression for @ (t) is of no interest.

When the signal to noise ratio is large, the solution is simple as the
n¢ (t) term can be neglected and the result approaches:

r(t) = A, (1 + am(t)) + ne (t) (22)
which is the result cbtained fram a synchronous detector with any signal to

noise ratio. As the signal to noise ratio applied to an envelope detector
becames smaller, the analysis is samewhat more involved. Re-writing the noise



terms in terms of envelope and phase, the input to an ideal envelope detector
can be written:

R(t) =A,‘[l+am(t):\Cos wt+r, (t) Cos (wt +fpn (t)) (23)

n
When the signal to noise ratio is much less than 1, the envelope detector
output is primarily Rayleigh distributed noise and no camponent is proportional
to the signal. As was the case with interference, when the interfering carrier
was much larger than the desired carrier, the interfering carrier was seen
to be acting as the reference for democdulation, so also in this case the noise
is the reference for demodulation. This multiplication of the signal by a
function of noise has a much worse effect than does additive noise. The
camplete loss of signal at low input signal to noise ratios is known as thres-
hold effect and is a result of the non-linear action of the envelope detector.
The synchronous detector produces only additive noise under these conditions.

A very good treatment of signal to noise ratios before and after detection
can be found in Ziemer and Tranter (1976).

Synchronous Detection Techniques

The first synchronous detection techniques were examined by Bell
Laboratories and others in the 1930's. By camparison, the apparatus used
was large and cumbersame. Today's solid state technology has allowed
simplification by making devices such as the varicap diocde available to
designers. An entire synchronous demodulator is contained on a single 14 pin
integrated circuit.

A decade or so ago, the Signetics integrated circuit NES561 was used to
construct a synchronous demodulator. Its performance was sonically superior
to its campanion envelope detector implemented with a semiconductor diode and
post detection low pass filter.

The demodulator was constructed as shown below:
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The circuit was developed directly fram the application notes. The
external phase shift network was implemented with resistors and capacitors.

Modifications were made to increase the loop filter time constants.
This demodulator is in service for monitoring a Class IV local channel station
in the East. Its performance under cochannel interference conditions is very
goad.

Those wishing to perform same construction today should consider the tec-
niques used by Hershberger (1982).
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The author uses CD4053 switches as the active elements in the in-phase
and quaduature demodulator as well as the WO. Other techniques to dbtain
single sideband selectivity are presented as well. This is an excellent
starting point for the study of synchronous detection techniques.

Several manufacturers offer monolithic integrated circuits suitable for
synchronous detection applications. These circuits are the 1496 family, and
bear numbers such as IM1496, MC1496, TCA-240D. Sansui Corporation is
presently marketing a synchronous detector radio which uses the 1496 as the
demodulating element. These devices are capable of exceptionally good per-
formance.

The most pramising development is the SONY CX857 integrated circuit.
Introduced several months ago, it is a synchronous detector when certain
signaling is applied.

No matter how simplistic, a synchronous detector will provide superior
performance to most present implementations of envelope detectors. It is hoped
the reader will experiment with this detection methcod.



Conclusions:

The synchronous detector has been shown to provide performance superior
to an ideal envelope detector in every camparison when real world signals are
presented to its input. The use of synchronous detection techniques are par-
ticularly beneficial in moving vehicles. The use of the synchronous detection
technique is indicated wherever possible for AM signal demcdulation.
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AM PRE-EMPHASIS AND DE-EMPHASIS:
A SYSTEMATIC APPROACH

by and
Robert Orban Greg Ogonowski
Orban Associates, Inc. Gregg Laboratories
San Francisco, CA 94107 Tustin, CA 92680
ABSTRACT

This paper presents a systematic approach to deriving pre-emphasis and de-
emphasis curves for AM transmission and reception to increase consumer
satisfaction with AM. First, the response of an "average" radio is obtained by
measurement and statistical averaging. Next, a family of pre-emphasis curves is
derived to equalize these curves, thus extending the effective high frequency
bandwidth of the radio. Finally, a de-emphasis curve which achieves wider
subjectively-perceived bandwidth but which is compatible with the pre-emphasis
curves is presented. The authors believe that the curves thus derived are the most
effective compromise between the "wideband" and "narrowband" camps. These
curves permit the bandwidth of the receiver to be substantially widened without
introduction of unpleasant stridency or other undesirable effects. Simultaneously,
they are highly effective in improving the perceived high frequency response of
existing narrowband radios. Together, the pre-emphasis and de-emphasis provide
"quasi-high-fi" audio which can sound very similar to FM to the consumer listening
in the car [1].

IN THE UNITED STATES and Canada, AM music programming is dying. Its demise
is being hastened by consumer belief that AM can be nothing more than a low-
quality, monophonic medium, while FM is always high-fidelity and stereo. (Research
has shown that "stereo" and "high fidelity" are often interchangable in the mind of



the naive consumer: he or she doesn’t necessarily realize that "stereo" requires two
channels!)

The consumer’s negative perception of AM is reinforced by narrowband receivers
which provide dull, muffled sound. It is often further aggravated by inappropriate
audio processing at the transmitter.

To the casual observer, AM broadcasters and receiver manufacturers seem to be
at war. The broadcasters accuse the manufacturers of producing cheap, muddy-
sounding radios. The receiver manufacturers accuse the broadcasters of
preemphasizing their signals to the point where splatter and interference demand
highly selective radios to avoid consumer complaints.

This paper attempts to constructively mediate the issue. It shows that the
seemingly incomprehensible and contraproductive practices within the broadcast
industry can be explained by the industry’s economics and politics, and by a lack of
standardization of receiver frequency response. It then presents a proposal for pre-
emphasis and de-emphasis which compromises between the "wideband" and
"narrowband" camps. The authors believe that this proposal offers the "greatest
good to the greatest number".

Why Audio Processing: A colleague of ours is fond of saying: "It’s not high
fidelity, it’s radio! Although the statement is facetious, it contains a grain of
truth. Radio, particularly AM radio, is an entertainment and information medium.

Ideally, the purpose of audio processing is to project the message efficiently
through the medium. In the case of AM, the medium has limited signal-to-noise
ratio, has limited allocated RF bandwidth, is often subject to interference, and is
mostly listened to on highly rolled-off receivers. The broadcaster thus compresses,
limits, and preemphasizes to get his message to the maximum number of listeners.
For the sake of reaching more of the mass audience, this might result in his
processing hard enough to cause some discriminating listeners to tune out. Each
broadcaster must individually judge what the appropriate quality should be.

Fortunately, broadcasters obtain immediate marketplace feedback from the
Arbitron (ARB) audience surveys which are performed in all major and most medium
markets. If the processing (or programming) doesn’t please listeners, they tune out
and the broadcaster’s ARB ratings suffer. Audio processing is widely believed by
broadcasters to have an important influence on ratings. Since many broadcasters
sell time on the basis of the ARB "book", this provides an immediate economic
incentive for them to make the appropriate audio processing decisions.

Then why do so many AM radio stations sound bad? The authors believe that there
are two principal reasons. First, it is very difficult to design compression and
limiting systems which can operate aggressively to increase average sideband power
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without simultaneously introducing unnatural and fatiguing artifacts into the audio.
Such artifacts might include pumping, noise breathing, distortion, and unnatural
frequency balances. While we believe that the latest generation of processino
equipment, when properly adjusted, has finally reduced processor-induced artifacts
below the average consumer’s threshold of perception, many stations are still using
processing equipment which does generate objectionable artifacts.

The second reason is related to receiver design. Typical receivers have become so
narrowband that broadcasters have had to choose between a "broad spot on the
dial" (easy tuning of manually-tuned radios ["MTR “s"] but little pre-emphasis) and a
"narrow spot on the dial" (brighter sound but more difficult tuning). In addition,
even the various narrowband receivers sound different from each other because IF
skirt shapes differ substantially despite an audio frequency response which is quite
consistently -3dB @2kHz. It must be strongly emphasized that a single number like
this, although it specifies the nominal "bandwidth", says almost nothing about the
subjective sound of the radio because it does not specify the shape of the skirts.

Because of this inconsistency from receiver to receiver, it is hard for an AM
broadcaster to achieve an acceptable compromise in his processing adjustments --
he’s essentially groping in the dark. Thus a given broadcaster might use only a few
receivers to "tune" his sound. The program director’s car radio is often used as the
final reference, even if it is quite unrepresentative of the "average" receiver.
Meanwhile, the broadcaster sees his ARB ratings declining consistently, and he is
hard-pressed to find a strategy to stop the losses. One thing is certain: It is going
to take more than stereo alone to revive AM,

The two authors represent competing companies, both manufacturing electronics
for audio processing at the transmitter. Yet it is clearly in our common interest,
as well as in the interest of the broadcasting and receiver manufacturing industries,
to cooperate in the development of standards. The current situation is chaotic --
almost as if FM broadcasters and receiver manufacturers were to use any value of
pre-emphasis they wished instead of the standard 75us. In this paper, the authors
offer a way out: practically-proven pre-emphasis and de-emphasis characteristics
which can produce subjectively improved AM reproduction for the consumer.

One popular proposal for dealing with the dilemma is reducing pre-emphasis and
widening receiver bandwidths (using flattop IF “s). The authors have considered and
rejected this proposal for the following reasons:

1) Radical reduction of pre-emphasis would be unacceptable to most radio stations
because it would make their sound non-competitive on typical existing
narrowband mono radios.

2) Conversely, new wideband radios would sound strident and screechy when
reproducing preemphasized signals.



3) Wideband radios would have to have sharp transitions between IF passband and
stopband to achieve marginally acceptable selectivity. Such an IF characteristic
causes unpleasant coloration and ringing and sounds highly unnatural -- very
dissimilar to FM. In addition, steep-slope filters cannot be successfully equalized
with any amount of practical pre-emphasis.

4) Wideband radios would cause static, impulse noise, and buzz from high-voltage
power lines and Triac dimmers to sound unacceptably edgy and irritating.

In contrast, our proposed de-emphasis is similar to the characteristic presently
found in the better-sounding radios which have succeeded in the marketplace -- just
less extreme. When such receivers are combined with AM stereo, appropriate pre-
emphasis, and creative programming, the authors believe that music programming on
AM can be revived and consumer satisfaction achieved.

These arguments are supported in more detail below.

Several Problems Addressed In Detail

Problem 1: Frequency Allocations And Occupied Bandwidth: FCC Rules and
Regulations and the pattern of AM allocations within the U.S. theoretically permit
occupied bandwidth to extend to +15kHz, achieving 15kHz audio bandwidth.
(Sidebands must be down at least 25dB beyond 15kHz.) In Region 2, however,
channels are spaced at 10kHz intervals. Strong 10kHz carrier beats occur whenever
two carriers 10kHz apart fall within the passband of the receiver IF. This problem
is particularly severe at night.

Carrier power is 3dB above the power in the sum of the sidebands even when the
carrier is 100% modulated with sinewave. However, even if extremely aggressive
audio processing is used, average sideband power is typically 3-4dB below 100%
sinewave modulation sideband power or 6-7dB below carrier. Furthermore, under
program conditions the spectrum of the sidebands is spread out. This causes the
"monkey-chatter" (i.e., the audible interference produced by the frequency-shifted
detection of adjacent-channel sidebands) to be better masked psychoacoustically by
the desired channel modulation. In contrast, the 10kHz carrier beat is not only
6-7dB above the monkey chatter, but it is spectrally pure and is thus not easily
masked.

In theory, monkey chatter from a station 10kHz on either side of the desired
signal (a "first adjacency") can extend 5kHz beyond the desired carrier, causing
marked interference. In the U.S. and Canada, however, channels are allocated to
reduce the probability of such interference. This is untrue in most other parts of
the world, precluding the possibility of a true high fidelity AM service there.
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De-emphasis can help the situation by reducing the level of the carrier beat.
Whether monkey-chatter is reduced depends upon many factors, including whether
the interfering signal is a first- or second adjacency, and how the sideband energy
is distributed spectrally.

Problem 2: Receiver Bandwidths And IF Shape: Despite the theoretical
availability of 15kHz audio bandwidth, almost all present-day receivers are limited
to a -3dB bandwidth of approximately 2kHz. Fig. 1 shows the mean and standard
deviation of the audio response of some fifteen common AM radios as of 1980, as
electrically measured at the loudspeaker or line output. (Loudspeaker acoustic
responses were not included.) The standard deviation is relatively small up to ékHz,
making synthesis of a corrective pre-emphasis curve statistically valid up to this
frequency. (It is possible that the increasing use of sharp ceramic filters in
receivers built since 1980 would change the curve shape and/or increase the
standard deviation if these measurements were repeated in 1985.) Mean response is

approximated within 1dB by a third-order Bessel (maximally-flat delay) lowpass
filter with a -3dB frequency of 2kHz.
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Fig. 1: Mean Measured Response Of Typical AM Radios (circa 1980)



Such a radio sounds dull and lifeless when reproducing music broadcast without
pre-emphasis. Reportedly, this highly rolled-off response was a reaction by receiver
manufacturers to consumer complaints about interference at night under skywave
conditions, about problems encountered when attempting to receive distant stations,
and about sensitivity to static and other forms of impulse noise. In our opinion, the
bandlimiting necessary to make such degraded distant AM signals even marginally
listenable is likely to cause the present-day consumer -- accustomed to high-quality
audio -- to tune out anyway unless the program material is of extraordinary
interest to the listener (like a hometown sports event).

In the auto industry, it is said that the various operating divisions had rejected
wideband radios as proposed by the auto companies” own captive electronic
manufacturers, based on the reasoning that consumers expected quiet cars, and that
static and interference under difficult conditions are not "quiet". By making the
rolloff that extreme, the manufacturers thus sacrificed the interests of millions of
urban listeners in order to avoid complaints from those who were attempting to
receive stations under difficult conditions. The urban listeners didn’t complain that
their AM reception was woolly and muffled -- they simply switched to FM!
According to Arbitron, the percentage of the total radio audience listening to AM
has been declining by approximately 3% per year in the U.S. since the late 1970 °s.
Needless to say, AM broadcasters are deeply concerned about this trend!

In an attempt to make the frequency response of the radios sound better-balanced,
many AM stations began to employ high-frequency boost (pre-emphasis). With FM
listenership increasing yearly, this was (and is) simply a matter of self-defense.

Since no standards exist for pre-emphasis and de-emphasis, some receiver
manufacturers reduced bandwidth even further upon observing that pre-emphasis
tended to increase monkey-chatter. In addition, the ready availability of economical
ceramic filters finally let many RF-oriented receiver designers have, at low cost,
what the textbooks said was desirable: a favorable "shape factor" in IF’s.

In communications, the smaller the shape factor (the ratio between the -6dB and
-60dB frequencies) the better. Unfortunately, many find that such abrupt filters
sound terrible when reproducing music. It has been theorized that a million years
of evolution have taught the ear that "natural" high frequency rolloffs (such as
those introduced by atmospheric absorption) are gentle and preserve time
relationships between spectral components. In contrast, highly selective filters store
energy around the edge of the passband, creating severe ringing and non-linear time
delay. The ear hears this as an sharp, edgy, unnatural, and fatiguing coloration
which is not at all "FM-like" even if the flat-top bandwidth of the IF is wide by
current standards. (Other authors have also commented on the unpleasantness of the
sound of highly selective lowpass filters with cutoff frequencies in the 2-10kHz
region [2,3].)
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Fig. 2 shows the step response of a SkHz Chebychev filter with 0.1dB of ripple in
the passband, which represents a model of this type of behavior in the audio

domain.
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Fig. 2: Step Response Of Sharp Cutoff SkHz Lowpass Filter
(Equivalent To IF Filter With Steep Skirts And Abrupt Transition From Passband)

The ringing due to 5kHz stored energy is clearly visible, and is even more clearly
audible when music is passed through the filter.

This filter response is not dissimilar to some that have been proposed for use in
new AM stereo radios in order to achieve wider bandwidths than the Z2kHz typical
of current radios. In addition to the ringing and coloration, static and impulse noise
will sound far more offensive through such an IF filter because such impulsive
interference will make the filter ring, extending the length of the impulse and
exaggerating its audibility. In addition, IF ringing can cause the detector to see
instantaneous envelope overmodulation. Even though information is not lost (the



envelope "folds around" the zero axis instead of being clipped), the distorted
envelope will be faithfully (and distortedly) reproduced by a conventional envelope
detector, degrading quality. (A synchronous detector, however, will introduce no
such distortion.) When all factors are considered, a +4-6kHz flattop IF, while
"widening the bandwidth", is clearly not the way to compete with FM.

Problem 3: Inappropriate Audio Processing: Today, it is usually the program
director, not the engineer, who controls the "sound" of a radio station. Despite
engineers’ complaining, this is not unreasonable. The program director is ultimately
responsible for the entire "show". As in the case of a stage or motion picture
production, the technical staff is there to assist the director in obtaining the
desired artistic effect. After all, it is the program director, not the engineer, who
gets fired if ratings are not satisfactory!

To meet the severe competition, most program directors evidently believe that
aggressive audio processing is necessary. "Louder!" and "Brighter!" are the rallying
cries. (Unfortunately, "Cleaner!" usually comes in a poor third.)

In AM, the authors recognize the need for maximum loudness consistent with good
sound, since loudness and coverage are directly proportional. However, pressure for
loudness and brightness has often led to processing which is strident, harsh,
distorted, and pumpy -- a true audio chamber of horrors! None of these artifacts
are necessary, and they have been dramatically reduced or altogether eliminated in
the new generation of processors. However, the audiences” impression that AM is
somehow "busy" and overly commercial can only be reinforced by the older
processing style. The authors believe that this negative image can only be overcome
by creating a new FM-like audio quality on AM. Stereo alone is not the answer.

One reason why AM processing can sound harsh and strident (but without "air" and
a truly extended high frequency response) is that first-order (6dB/octave) or
second-order (12dB/octave) pre-emphasis curves are often used to try to
compensate for a third-order (18dB/octave) rolloff in the radio. When this is done,
the lower midrange (1-3kHz) is excessively boosted, while the high frequencies are
not boosted enough. Some have described this sound as "honky". As will be seen
below, our proposed pre-emphasis curve is a third-order curve which does not cause
this problem.

Fig. 6 shows the overall transmitter/receiver frequency response when the
"average" receiver of Fig. 1 is used with 150us (6dB/octave; up 3dB at 1.06kHz)
pre-emphasis. An undesirable lower-midrange boost is clearly seen.
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Other Considerations

Compatibility: The cornerstone of our reasoning is simple: whatever pre-emphasis
is used must be compatible with current AM receivers. Any new pre-emphasis (or

elimination thereof) which causes current mono radios to significantly lose either
loudness or brightness will be rejected by program directors, thus failing in the
marketplace. Idealistic proposals for radical reduction of pre-emphasis with a
simultaneous increase in receiver bandwidths are unrealistic. The millions of
currently-used mono radios will not vanish in a puff of smoke. Current auto sales
patterns indicate that consumers are keeping their cars longer. It seems probable
that most current AM auto radios will be around another 5-10 years.

The Automobile -- The Key Listening Environment: It is improbable that any
amount of improvement to the AM transmission/reception system will significantly
affect home listening habits. Not only does FM stereo have intrinsically wider
bandwidth (theoretically 19kHz for FM vs, 15kHz for AM, and practically 15kHz vs.
12kHz when the need for guardbands is taken into account), but it also offers
vastly superior rejection of many common types of noise that plague AM, such as
static, impulse noise, Triac dimmer buzz, and the like. The most important factor,
however, is consumer conditioning. Consumers are in the habit of listening to FM
stereo at home because they believe that the programming is better, the sound is
better, and because it is the sophisticated thing to do. If AM became better than
FM tommorow, it would still take years to reverse this conditioning!

The automobile is different. FM stereo simply doesn’t work consistently well during
mobile reception. Bursts of severe multipath distortion, "picket-fencing", and signal
dropouts often degrade the signal to well below "entertainment-quality". AM s
essentially immune to these effects, and AM stereo promises to offer better and
more consistent reception in the automobile environment than does FM stereo.
Further, the automobile listening environment seems to minimize the subjective
effect of slightly decreased bandwidth (compared to FM), and renders considerable
audio processing desirable so that radio listening can be enjoyed despite the very
high (by home standards) acoustic noise level in the car.

Even the consumer press is beginning to realize this. Writing in the April 1983
Stereo Review, Christopher Greenleaf observes:

"...Objections to stereo AM on the grounds that AM as such is not
capable of good sound have been gradually quashed. Local broadcasters
have sent out high-quality signals heard at (consumer electronics) shows,
good AM tuners have been made, and the need for long-distance
reception in exurban areas has become apparent. Even in big cities,
where downtown FM reception becomes a bad joke for most of us, AM is



largely unhampered by tall buildings and such. If the less enlightened
broadcasters learn what a good signal can be like, and if a single format
for AM stereo becomes standard, then we’ll see car radio reception gain
an entirely new dimension.,"

A SOLUTION: SUBJECTIVELY-MATCHED PRE-EMPHASIS AND DE-EMPHASIS
CURVES

Genesis Of A Pre-emphasis Curve: Fig. 1 showed the response of an "average"
AM radio. The authors propose that the transmission pre-emphasis follow the inverse
of this curve up to some frequency and then become flat again. While there is
little question that the curve should be up 3dB at 2kHz and rise at 18dB/octave
thereafter, it is not immediately clear how to choose the frequency at which the
pre-emphasis' stops and the shape of the '"nose" of the curve around this stopping
frequency. These matters must be settled by subjective listening tests,
experimentation, and a great deal of experience. A discussion follows.

If the shape of the pre-emphasis curve around 2kHz is correctly chosen, then the
transmitter/receiver system can be modelled as a lowpass filter of wider bandwidth
than the original receiver. Any common third-order lowpass filter characteristic can
be chosen: Chebychev, Butterworth, and Bessel are the three that are best-known.

The choice of a subjectively optimum lowpass filter characteristic is heavily
dependent on the frequency response of the receiver used for listening tests. A
"quasi-Chebychev' response can be chosen to create a slight 'presence peak'" at
5kHz. This choice results in brightest sound and greatest loudness on conventional
narrowband radios typical of the Fig. 1 curve. The Bessel response provides a
substantially smoother sound on radios which are wider-band than Fig. 1,
particularly if flat-top IF “s are used. However, loudness and presence are lost on
conventional narrowband radios.

Peless and Murakami [4] proposed a family of "Transitional Butterworth-Thompson"
lowpass filters whose characteristics vary smoothly between a Butterworth
(maximally-flat magnitude) and Bessel (maximally-flat delay; also known as
"Thompson") characteristic according to an interpolating constant m, where 0<m<1.
If m=0 the filter is Butterworth; if m=1 the filter is Bessel. These filters are
useful in compromising between the needs of the conventional narrowband and
flattop wideband radios.

The three pre-emphasis curves discussed above are illustrated in Fig. 3. It can be
seen that they begin to shelve-off in the region between 4 and 5 kHz. If the boost
continued beyond these frequencies, the extreme high frequency boost would make
manually-tuned radios (MTR“s) difficult to tune, might cause audio processors to
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misbehave, and would cause loudness loss. Fig. 4 shows that when these curves are
applied to the "average" radio, the effective 3dB-down bandwidth of the radio is
extended approximately one octave without midrange coloration.

In order to control occupied bandwidth to meet FCC rules, these curves must be
used in conjunction with a steep lowpass filter following the processing. A fifth- or
higher-order elliptical function filter with a ripple bandwidth of 12.0kHz is
appropriate. The ear is very sensitive to small changes in bandwidth around this
cutoff frequency, and the authors do not recommend reducing the cutoff frequency
of the filter below 12kHz if "quasi-hi-fi" sound quality is to be obtained through
the system. (Even a bandwidth change as small as 1lkHz to 12kHz is easily
perceptible.)

Processors using equalizers which can generate these curves are in use in almost
one thousand radio stations worldwide as of February 1985, with substantially over
five hundred in the U.S.A. (The "quasi-Chebychev" curve is most widely employed.)

With the use of a 12kHz filter and appropriate high frequency limiting, FCC
occupied bandwidth requirements are met by a comfortable margin provided that

the transmitter is properly designed and adjusted.

In addition to plug-in modules which enable the broadcaster to choose one of the
three curves described above (i.e., "quasi-Chebychev", Transitional Butterworth-
Thompson, and Bessel), the processors also provide a "High Frequency Equalizer"
control to permit the broadcaster to vary the frequency at which the pre-emphasis
begins to shelve-off. This control was provided to meet the marketplace demands of
broadcasters for adjustable pre-emphasis, and is adjusted to make tradeoffs between
tuning ease and brightness. The control would probably be unnecessary if receiver
frequency response were standardized as proposed below in this paper.

Fig. 5 shows a typical family of "quasi-Chebychev" curves. Note that the curve
shapes within the family are such that the effective bandwidth of the
transmitter/receiver system is varied without introducing coloration (i.e., peaking or
dipping of the frequency response) in the area below the effective cutoff frequency.

Judging from informal discussions and interactions with many customers, the authors
believe that most stations adjust the equalizer to produce between 12 and 20dB of

ultimate high frequency boost. (A more formal survey would be required to obtain
rigorous statistics.)
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Processing For The Recommended Curves: Receivers which are slightly mistuned
or whose IF bandpass is asymmetrical can produce objectionable distortion if
excessive high frequency energy is received. Such energy can also occupy excessive
bandwidth. To control such potential problems, the pre-emphasis network should be
followed by a high frequency limiter. This means that the transmission frequency
response is identical to Fig. 3 only when the program material contains a relatively
small amount of high frequency energy. When a large amount of high frequency
energy is present, the processing dynamically reduces the high frequency response
as necessary. With pink noise (equal energy per octave) applied to the processing,
the curve is typically up 10dB instead of 18dB as shown in Fig. 3. To achieve
minimum perceived high frequency loss, the authors recommend dividing the
preemphasized frequencies into several bands with relatively steep slopes, and
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processing each band separately.

Alternate Proposals: Several papers have proposed the use of a 75us single-time-
constant pre-emphasis in AM [5,6]. Fig. 6 contrasts the radio’s frequency response
unequalized, as equalized by 75us, and as equalized by the "quasi-Chebychev" pre-
emphasis. It can be seen that the 75us pre-emphasis is well-matched to the radio in
the sense that it causes no midrange peaking. However, it simply changes the radio
rolloff from 18dB/octave to 12dB/octave. While this gives a mild subjective
improvement, the result is in no sense "hi-fi"-sounding. About the only advantages
that the authors can ascribe to this curve (in comparison to our proposal) are a
tendency to reduce adjacent-channel monkey-chatter in difficult reception
situations, and easier audio processing. It would probably be "in the running" if we
could design new AM receivers on a clean slate without having to worry about
compatibility with existing radios. However, given the compatibility problem, the
authors must reject 75us as a half-way measure.
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Subjectively-Matched De-emphasis: At first thought, it might be supposed that a
filter exactly reciprocal to one of the Fig. 3 curves should be used at the receiver
to restore flat response. The authors have experimented with such a filter and have
noted the following problems:

1) When commercially-desirable amounts of multiband audio processing are used,
there is typically a slight depression of midrange energy on current pop records
due to the dynamic frequency response of the processing, which effectively
changes the pre-emphasis curve as a function of program spectral content.



2) The shelf above 5kHz tends to exaggerate any distortion caused by aggressive
audio processing.

3) The reciprocal of the pre-emphasis curve stops rolling off exactly where the
most receiver selectivity is required, exaggerating monkey-chatter problems.

4) Realizing the curve in a practical receiver would require a somewhat complex
audio filter combined with synchronous detection, since realization of the high
frequency shelf in the IF would probably be uneconomical.

The authors therefore decided to perform listening tests with a parametric lowpass
filter in an attempt to obtain a receiver frequency response which would sound
"FM-like" to the average consumer, but which would respect the practical
limitations of the AM channel and the economics of manufacturing. Both second-
and third-order all-pole networks were considered. The '"quasi-Chebychev" curve,
since it is most effective in equalizing a typical common narrowband radio, was
used as the reference pre-emphasis curve in the tests. The de-emphasis curve in
Fig. 7 was eventually accepted as the best compromise, yielding a "quasi-hi-fi"
sound on both small speakers and large studio monitors. The authors believe that
the average consumer would be unable to distinguish this sound from FM, and that
even sophisticated audiophiles would find it easily listenable, well-defined, and
usually preferable to FM in an automobile listening environment (due to lack of
"picket-fencing" and other FM reception problems). This de-emphasis also works
well with the alternate (Transitional Butterworth-Thompson and Bessel) pre-emphasis
curves.

Fig. 8 shows the overall response of the three pre-emphasis curves each cascaded
with the recommended de-emphasis curve. These responses are not flat, exhibiting a
peak in the upper midrange and gently rolling off thereafter. The peak, whose size
depends on the shape of the pre-emphasis curve, compensates psychoacoustically for
the rolloff above 8kHz. It also tends to equalize the dynamic frequency response
changes typically introduced by multiband audio processing. The high frequency
rolloff reduces the effects of monkey chatter and whatever high-frequency
distortion might be induced by aggressive audio processing. Because of its
substantial rolloff in the upper midrange (where the ear is most sensitive), the
curve also substantially decreases the objectionability of static and other impulse
noise -- particularly by comparison to a flat-top wideband IF with steep skirts. Yet
the HF rolloff of the recommended de-emphasis is so gentle that the subjectively-
perceived bandwidth still extends to 1ZkHz.

As the step response curve in Fig. 9 shows, impulse noise will not cause the
recommended de-emphasis to ring. The lack of overshoot in Fig. 9 also indicates
that the recommended de-emphasis is better matched to an envelope detector than
is a steep-slope flattop filter because the recommended de-emphasis cannot induce
envelope overmodulation in the IF.
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A further advantage of such de-emphasis (combined with substantial pre-emphasis)
is that de-emphasis within the IF removes enough sideband energy from the signal
to reduce the percentage of envelope modulation as seen by the detector. The
detector is therefore easier to design and manufacture because linearity
requirements at high modulation are relaxed.

10kHz Notch Filter: As discussed above, the energy of the 10kHz carrier beat is
typically 6-7dB above the integrated energy of all monkey chatter. For this reason,
the 10kHz beat is totally dominant psychoacoustically, and its presence is often the
single most obvious give-away that one is listening to AM. The FCC requires the
carrier frequency to be within +20Hz of nominal. Thus the carrier beat frequency is
predictable +40Hz and can be removed with an extremely sharp notch filter. (A
filter with a "Q" of 15 or higher has no apparent audible effect on program
material.)

Note the sharp notch at 10.0kHz shown in Fig. 7. While the notch could probably
be omitted in low price-point radios, the authors feel strongly that it should be

included in any receiver intended to provide audio quality subjectively competitive
with FM,
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AM Stereo: While the recommended curve can probably be used with any AM
stereo system, receiver design strategy should be different for linear systems than
for non-linear systems.

Linear systems using either quadrature modulation or independent sideband
modulation (without correction for envelope detector compatibility) will exhibit no
problems with pre-emphasis and de-emphasis. Provided that synchronous detection is
used for stereo decoding, the recommended rolloff can be incorporated either in the
IF or after the detector with essentially no change in system distortion
characteristics. There must be enough IF selectivity to avoid potential cross-
modulation due to unavoidable non-linearities in real-world IF amplifiers and
synchronous detectors. The IF bandwidth can be made arbitrarily small with no
degradation other than frequency response rolloff.

In the case of the quadrature system, envelope detector reception in mono will
exhibit some even-order distortion. (The independent-sideband system without
correction for envelope detector distortion is subjectively incompatible with
envelope detector reception because the distortion produced by the envelope
detector consists of high-order terms and is therefore audibly offensive.)

In the case of the quadrature system, de-emphasis after the envelope detector
would tend to emphasize any difference-frequency IM, and the de-emphasis should
therefore be realized in the IF. Fortunately, this is where it is realized in current
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mono radios, and field experience to date suggests that the envelope-detector
distortion is quite innocuous, mainly adding brightness.

The situation with the non-linear systems [Kahn-Hazeltine (ISB), Magnavox (PMX),
Motorola (C-QUAM)] is more complex. Here, IF filtering and audio filtering are not
interchangeable because of non-linear detection. Ideally, the non-linear detection is
the inverse of the stereo encoding, yielding a linear transfer curve from
transmitter input to receiver output. Simultaneously, compatibility with envelope
detectors is assured.

This assumes an infinite bandwidth between transmitter and detector. Limiting this
bandwidth can introduce problems. Take the example of 9kHz and 10kHz applied
simultaneously to a nonlinear system. In addition to tones +9kHz and +10kHz from
the carrier, the RF spectrum will also contain sum and difference tones +19kHz

and +lkHz from the carrier. If such a signal were to be passed through an IF
realizing the recommended de-emphasis, the 9kHz and 10kHz tones would be
attenuated more than 20dB, while the 1lkHz difference-frequency tone would be
essentially unattenuated. When presented to the stereo decoder, the phase and
amplitude relationship between the lkHz, 9kHz, and 10kHz tones would not be the
same as they were at the transmitter. The lkHz difference tone would thus not be
cancelled by the receiver, and would be heard instead as IM distortion. This
observation suggests that the pre-emphasis, de-emphasis and audio processing should
be done in a very specific way to alleviate potential problems.

To preserve loudness equivalent to monophonic transmission, audio processing for
AM stereo should be performed in "sum-and-difference" mode. The processor senses
and controls the L+R (stereo sum) signal, thus achieving maximum envelope
modulation. To meet the overload requirements of the Motorola C-QUAM system, it
is necessary to incorporate additional peak limiting such that the negative
modulation caused by either the left or right channels individually is limited to
-75%, where -100% represents envelope carrier cutoff. Because non-linear effects
of various sorts are increased in the linear quadrature and Kahn/Hazeltine I1SB
systems by single-channel modulation greater than 75%, it may be wise to apply
such limits to these systems as well.

In the case of the non-linear systems, large amounts of energy above 5kHz should
not be transmitted in the L-R (difference) channel to avoid distortion in the
receiver and to minimize the possibility of creating excessive occupied bandwidth.
In practice, the program material causing problems is typically vocal sibilance and
other infrequently-occurring sounds. The authors previously advocated placing a
5kHz lowpass filter in the L-R channel to eliminate potential distortion. However,
this filter eliminates separation above 5SkHz at all times, even when the program
material is benign. The authors have since discovered that a single-channel



modulation limiter, because it operates on the preemphasized signal, detects high-
level high frequency L-R information and attenuates it far enough to eliminate
objectionable distortion or occupied-bandwidth problems.

In addition, the IF bandwidth of the receiver should be flat and approximately
phase-linear throughout as wide a frequency range as possible consistent with
adequate selectivity. This way, correct reconstruction of the audio can occur in the
stereo decoder and difference frequencies will be properly cancelled. Any IF rolloff
beyond the flat, phasc-linear region can be shaped to realize the part of the
recommended de-emphasis located between the end of the flat IF region and
12kHz.

Finally, the audio section after the stereo decoder should contain filters which
realize the part of the recommended de-emphasis which is contained within the

"flat" part of the IF, and which realize the 10kHz notch as well.

While different non-linear AM stereo systems have different sensitivities to the
problem of distortion induced by limited bandwidth before the decoder, the above
strategy should result in cleanest sound with any of them. This strategy’s only
significant limitation is that it is probably impossible to use it to economically
create a variable-bandwidth receiver for the mass-market. However, a reasonable
compromise might be made by use of variable audio rolloff instead of variable IF
rolloff.

WO ZH MOCHHZO>» X

b ——t— T

2 3 4586 810 2 3 456 810
FREQUENCY (HZ)
Fig. 10:

Possible Audio Filter
To Complete Recommended De-emphasis



56

Conclusion

Subjectively-matched pre-emphasis and de-emphasis curves for AM and AM stereo
transmission and reception have been described. These curves take into account the
commercial realities of AM broadcasting while achieving audio quality at the
receiver which is "quasi-hi-fi" and which is essentially indistinguishable from FM to
the average consumer. The pre-emphasis curves do not overtax well-designed audio
processors, are fully compatible with the millions of conventional mono AM radios
in the hands of consumers, and have already received the enthusiastic acceptance
of hundreds of broadcasters as this is written. Laboratory modification of a popular
electronically-tuned radio to create the recommended de-emphasis produced the
expected favorable results, including compatibility with existing broadcast pre-
emphasis practices.

This compatibility is crucial. Our proposed de-emphasis curve is "upwardly-
compatible": Receivers employing the proposed de-emphasis sound even better than
the "average" receiver when receiving pre-emphasized broadcasts, and can also
serve as a reference standard for the broadcaster. Because the new curve is
compatible with existing pre-emphasis practices, the broadcaster is not forced to
choose between old and new radios when adjusting his processing, and can therefore
maximize his audience share.

The authors believe that it is particularly important for the major manufacturers
of automobile radios to lead the industry by adopting the recommended de-emphasis
as their "wideband" standard. If radio frequency response under good reception
conditions becomes predictable, the broadcasters will have much less incentive to
vary their pre-emphasis practices, and we all will come one step closer to
consistently high-quality AM sound.

Use of these pre-emphasis and de-emphasis characteristics will permit the
manufacture of economical AM stereo auto radios which perform notably better
than FM stereo in the automabile environment. While the authers would not expect
a significant change in home FM listening habits, the improved socund in the
automobile environment should return a substantial portion of the large drive-time
audience to AM, reviving the sagging economic viability of AM music broadcasting.

Combined with creative programming and effective consumer education, the
experience of hearing high fidelity AM stereo in the car may just change consumer
listening habits in fixed environments as well.



The authors hope that, just as we have cooperated in the development of this
proposal with the hope that all in the industry will benefit, others will realize that
a standard can only lead to improved economic health for all. Since these curves
are not protected by patent rights and are readily duplicated, nothing about them
can be construed as anti-competitive. Instead, they can be combined with AM
stereo to achieve an AM service which is competitive with FM stereo in the ears
and minds of the mass audience.
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A NEW DESIGN IMFROVES CAVITY BACKED X-DIPOLE

PERFORMANCE FOR FM BROADCAST

A. R. MAHNAD

CETEC ANTENNAS
SACRAMENTO, CALIFORNIA

ABSTRACT

In this paper a new cavity back antenna is introduced. The antenna fea-
tures four flat spiral shape mono-poles arranged coplanar with the cavity

aperture. A circumferential slot in a coaxial feed system excites these mono-

poles. The combination of feed meachanism and the shape of monopoles and a
specially designed coupling system results in an exceptionally lTow VSWR over
a wide band of frequency for each dipole and consequently an excellent axial
ratio performance for the antenna over such a broadband of frequencies. Per-
formance data of this antenna is then compared with the pertinent data
available on similar antennas to emphasize the improvement. Finally it is
noted that the persistant low VSWR and low axial ratio over 20% bandwidth of
this antenna makes it an excellent candidate for mulitplexed FM and/or TV
Broadcast Antenna Systems.

INTRODUCTION

Cavity back cross dipole antennas have been around for quite a long
time. 1,2, This type of antenna in its simplest form consists of an open
ended cavity, excited by a set of dipoles positioned normal to each other
and excited by equal voltages with 90° phase difference.

Over the years, different design features have improved the perfor-
mance of these types of antennas. Introduction of flat dipoles 3, dif-
ferent feeds and baluns/2), and finally "sleeving the dipole" (11, each has
improved the over all performance of the cross dipole to some extent.

(&3]
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In what follows we summarize the performance of these configurations as
measured by actual models and compare the data with the computer generated
results of their mathematical models. A design improvement is then intro-
duced and its input impedance and axial ratio compared with those of the other
designs.

But before we proceed, a few words are necessary to clarify the importance
of true CP operation of circularly polarized antenna elements.

AXIAL RATIO AND CP QPERATION

The term axial ratio, which is almost always used in conjunction with any
CP antenna, is indeed an indication of how close to a true CP an antenna is
operating. A zero dB axial ratio corresponds to an ideal CP operation, where a
rotating plane wave does not go through any change in its magnitude as it
rotates in the plane that is transverse to its direction of propagation.
Furthermore higher values of axial ratio correspond to elliptical or linear
polarizations.

Axial ratio of a CP antenna effects the over all antenna performance in
many ways. One of which is the over all gain in the two orthogonal linear
polarizations, ie vertical and horizontal.

TV and FM receptions are normally linearly polarized, consequently it is
important to optimize the transmission gain in these two polarizations. A
poor axial ratio will directly effect the gain in these planes through uneven

split of power. This effect will deteriorate the over all performance of an
array of such antennas in following ways:

1) For an array of identical elements that are identically
oriented and excited, the gain in one polarization would
be different from the gain of the other.

2) In some arrangments, some of the elements are rotated and
their phase is then compensated by cable length. This is
usually done to improve.

a) The over all bandwidth
b) The over all axial ratio

However, no matter how this rotation is performed, the over all gain would
suffer from this arrangment.

In these cases nonuniformity of the aperture of the array will result
in unwanted null fill or broaden the beamwidth of the array, both of which
will result in reduction of gain.

It is there for of utmost importance to maintain a low axial ratio over
the required bandwidth to minimize the gain deterioration.

CIRCULAR POLARIZATION AND CAVITY BACKED DIPOLE ANTENNA

A rather common technique for producing circularly polarized beam has been
to place two linear dipoles at right angles in front of a reflecting screen or
inside of a circular cylindrical open ended cavity and to feed them with equal



voltage magnitudes and in phase quadrature. The advantages of cavity over the

flat reflecting screen are: greater control over the radiation pattern, simi-
larity of E & H-plane patterns and greater directivity. In short the dipoles
genera?s\the circularly polarized field and cavity controls the field pat-
terns.

Obviously the essential requirement of maintaining circular polarization
over a band of frequencies is that the voltages applied to each dipole be
equal. S This is guaranteed only when the dipole impedances, which are ade-
quately matched, remain the same over that band of frequencies. However, di-
poles are resonant elements and their impedance change with frequency. This
change of impedance, if great enough, can drastically deteriorate the CP
operation of the antenna. To demonstrate this phenomena one can develop a
simple circuit model for cross dipoles fed in quadrature phase as shown in
fig (1). From the input side, each dipole is viewed as a complex impedance
load. Since the impedance of one of the dipoles undergoes an additional ro-

tation in the feed line (of substantially 2/4), the two impedances at the com-
bining junction are not equal. This results in an unequal split of the incident

power divider, if the dipoles are not perfectly matched to the line. Using
simple network theories one can compute the combined impedance as seen by the
incoming wave from generator.

D

3¢

)

Vv

&5 N
// o~
e ~N
Q o
~
~
\ ’
~ ’

~ §>®J

Variable lmpedance

=

Variable
Z in Impedance
Transformer

FIG (1) Cross dipole and its equivalent model.

Variable Impedance

€1



al Patio

dB i

1.0

From the outside however, the field generated in each polarization is
proportional to the current on each dipole which, in turn, is inversely pro-
portional to the dipole impedance. Knowing the phase and amplitude of these
currents then, one can compute the axial ratio of the field produced by such
cross dipole. Based on this theoretical model a mathematical formulation was
derived and a simple computer program was developed to generate the input
impedance of the cavity, the axial ratio, and return loss of each dipole in
terms of real and imaginary parts of the dipole impedance, fig (1).

Fig (2) shows graphs of three sample calculations. Fig (2a) indicates the
results for the case where dipole is finely matched to a normalized impedance
for a single frequency, while fig (2b) and (2c) indicates the same for re-
latively mismatched cases. Note that in all three cases the over all impedance
remains quite acceptable even though the individual dipoles show a rather low
return losses. The axial ratio, on the other hand, increases lTinearly and
drastically and becomes quite unacceptable when the reactance of the dipole
changes. This demonstrates that for proper performance of a cavity back cross
dipole, over a range of frequencies, the impedance of the dipole should be
maintained relatively constant within that frequency range. And that, the
combined VSWR does not always ensure the proper operation of the cross dipole.

Unfortunately, dipoles are not broadband elements, especially when mounted
inside a cavity. Resonance fields of the cavity, and proximity of cavity walls
tends to reduce the operating bandwidth of the dipole. A 10% bandwidth can be
obtained by using flat dipole, this however is not adequate for some of the
broader bandwidth requirements such as community FM antennas where close to 20%
bandwidth is required to provide equal and fair performance for all participat-
ing stations. It may be noted here that the deterioration of axial ratio of
elements of an array would drastically reduce the gain and null fill character-
istics of the antennas and consequently result in unequal coverage for stations
sharing the community antennas. To make a comprehensive study of alternatives,
several cavity back cross dipoles were designed and their performance were
measured in every respect. A summary of the measured and computed data is pre-
sented next.
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CAVITY BACKED SLEEVED FLAT DIPOLE

It has been known for a long time that improvement of bandwidth can be
accomplished by including sleeves under the dipolefl). Fig (3a) gives a
typical VSWR for sleeved dipole mounted inside a cavity. Even though it
indicates an improvement, it is not drastic. Fig (4a) shows the theoretical
and measured VSWR and axial ratio of flat sleeved dipole inside the cavity.
The ratio can either be maintained within 1.5 to 2 dB over the entire band
(20%) or can be reduced at lower valves for a narrower bandwidth 15% (not shown).
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FIG (3) Impedance performance of:
(a) Regular sleeved - flat dipole
(b) Semi-spiral sleeved - flat dipole

Further broadening of the bandwidth required a new idea. Experimental data
indicated that the tip of dipoles should somehow be kept away from the edge of
the cavity. A most elaborate design of the balun feed showed that the further
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broadbanding of dipole cannot be accomplished by changing the width of the di-
pole, so the idea of changing the shape of the dipole to a more geometrically
broadband configuration seemed to be a plausible solution. A new R and D pro-

ject extension lead to the development of semi-spiral shape flat crossed dipole
cavity back antenna (fig 5).

Broadband nature of spiral antennas and minimizing the effect of the wall
on bandwidth of the dipole resulted in a performance superior to any other de-
sign reported to date. Fig (3b) indicates the impedance performance of a single
semi-spiral shape flat sleeved dipole inside cavity. Fig (4b) indicates the
superior axial ratio over the entire 20 percent bandwidth for two typically

tuned antennas. These figures all indicate that measurement and theory are
within reasonable agreement.
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a) measured patterns of a single cavity
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FIG (7) The New Cavity Back Antenna in an Array
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As far as the other characteristics of the antenna such as pattern control
and directivity are concerned, the measurements indicate consistant results
with those of regular flat dipole type(3). Great care should be taken in
positioning the sleeves, since they effectively change the phase reference
of the aperture and consequently effect the combined pattern of several such
cavities around the tower. Fig (6a) shows the element pattern for a 3-way
around model designed for use around triangular towers. Fig (6b) is a typical
pattern for three way around a triangular tower.

CONCLUSIONS

A mathematical model was developed to study the effect of each dipole
bandwidth on the axial ratio and input impedance of a cavity back cross dipole.
It indicated a great necessity for designing a sufficiently broadband dipole
(element). The new design was shown to satisfy the requirement, and measured
and theoretical results agree reasonably well.
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THE EFFECT OF A QUARTER WAVELENGTH STUB ON MEDIUM WAVE ANTENNAS

Jerry M. Westberg
Harris Corporation, Broadcast Transmission Division

Quincy, Illinois

When mounting an FM antenna on a medium wave tower, the coax, which feeds
the antenna, must cross the base insulator of the tower. One popular method of
crossing the base insulator with coax, is to have the coax insulated from the
tower one quarter wavelength up the tower.

There is a common assumption that the performance of an antenna will not be
affected by the bonding of coax one quarter wavelength up on a medium wave
antenna (hereafter referred to as a quarter wavelength stub). It can be shown
by measured and theoretical data that this assumption is not true. The base
impedance of a 204° tower was measured before and after the installation of a
quarter wavelength stub. The base impedance was then measured off-frequency to
determine an equivalent Q for the two antennas. The equation used to compute
equivalent Q is as follows:

Qe = d (/VSWR - _1_)

2AF JVSWR

F = Frequency
A F = Frequency change from F
VSWR = VSWR caused by change in frequency

The base impedance of the tower changed from 58-J138 Ohms to 98-J281 Ohms.
The equivalent Q of the antenna increased from 9.2 to 155 3%

The antenna was then modeled using a "method of moments' technique. For
the analysis, an antenna and coax radius of .48 and .02 degrees, respectively,
were used. The center-to-center separation of the antenna and coax is 1l.14
degrees. The results were comparable to the measured data. The predicted
impedances before and after the installation of a quarter wavelength stub are
54-J204 and 80-J379, respectively. The equivalent Q for each case was computed
to be 13.9 and 18.4.
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VARY TOWER HEIGHT

Six other antennas of different height were modeled. The same radii and
separation was used. Base impedances and equivalent Qs were calculated for each
antenna with and without a quarter wavelength stub. The results are found in
table 1 below. These data are pictured on figures 1-3.

TABLE 1
IMPEDANCE OF
TOWER HEIGHT IMPEDANCE OF Qe TOWER WITH 1/4 Qe
(DEGREES) TOWER (OHMS) STUB (OHMS)
102 104 + J144 4.7 473 - J424 4.7
122 308 + J297 3.9 548 - J589 6.8
143 836 + J19 4.1 328 - J631 9.1
163 398 - J493 5.3 198 - J569 11.6
184 126 - J343 8.9 123 - J484 14.6
194 79 - J269 11.2 98 - J434 16.4
204 54 - J204 13.9 80 - J379 18.4

Tower radius .48°
Stub radius .02°
Separation 1.14°

VARY BONDING POINT

The equivalent Q of every antenna (except for 102°) was increased with the
addition of a quarter wavelength stub. The distance from the ground to the point
where the coax is bonded to the tower was ad justed and the results were recorded.
The results are found in tables 2-5 below.

TABLE 2. 204 DEGREE TOWER

BONDING DISTANCE IMPEDANCE OF
FROM GROUND TOWER WITH STUB Qe
(DEGREES) (OHMS)
112 27 - J213 23.4
102 44 - J278 20.3
92 80 - J379 18.4
82 183 - J573 17.0
71 809 - J1011 15.5
66 2067 - J131 14.6

61 1011 + J1078 15.2



TABLE 3. 184 DEGREE TOWER

BONDING DISTANCE IMPEDANCE OF
FROM GROUND TOWER WITH STUB Qe
(DEGREES) (OHMS)
92 123 - J484 14.6
82 381 - J801 12.6
71 2075 - J290 11.4
66 1072 + J1036 10.9
61 384 + J828 122

TABLE 4. 143 DEGREE TOWER

BONDING DISTANCE IMPEDANCE OF
FROM GROUND TOWER WITH STUB Qe
(DEGREES) (OHMS)
92 328 - J631 9.1
82 1248 - J594 7]
76 1428 - J295 7.0
71 791 + J768 7.3
66 391 + J658 7.4
TABLE 5. 102 DEGREE TOWER
BONDING DISTANCE IMPEDANCE OF
FROM GROUND TOWER WITH STUB Qe
(DEGREES) (OHMS)
92 473 - J424 4.7
87 630 - J344 4.0
82 588 + J226 4.3
CONCLUSION

The impedance of a medium wave antenna is affected by the presence of a
quarter wavelength stub. The magnitude of change in impedance depends on the
tower height.

The bandwidth of an antenna is influenced by the presence of a quarter
wavelength stub. For tower heights above 102 degrees the data suggest that the
stub adversely affects the bandwidth of the antenna. By extrapolating the data
shown in figure 1, the presence of a quarter wavelength stub will increase the
bandwidth of a medium wave antenna of heights less than 102°.

The bandwidth of the antenna with a quarter wavelength stub may be improved
by adjusting the height above ground where the stub is bonded to the tower. For
maximum bandwidth the bonding point of the stub varied from 66° for a 204° tower
to 87° for a 102° tower. It should also be noted that the maximum bandwidth
point of attachment appears to occur when the tower base impedance is close to
resonance. This provides a good benchmark for field adjustment. The bonding
point of the stub to the tower may be lowered until the base impedance of the
tower 1s resonant.
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PROCESS COOLING SYSTEM FOR HIGH-RISE TRANSMITTER PLANTS

Warren G. Shulz

WFYR Division, RKO General Inc.

130 E. Randolph Street, Chicago, lllinois 60601

ABSTRACT - This paper reviews procedures to calculate the heat load of trans-
mitter equipment, sizing of cooling hardware, external considerations, and
closed room cooling method. An installation example is presented for a trans-
mitter room located on an upper floor of a 110-story office building.

Comparison is made between comfort, computer room, and process
cooling systems. In the practical example, a method is shown using an on site
dry cooler that permits a winter economy cooling option.

Methods to deal with building static pressure, heat load, and
installation problems are discussed. Results show transmitter equipment can be
cooled, and at the same time be provided with a clean environment for reduced
maintenance, extended component life, and economic operation.

INTRODUCTION

Cooling of transmitter and support electronic equipment is necessary to
maintain an acceptable environment for year around performance. This perform-
ance can be broken down into short-term daily operation, and long-term compo-
nent life for reduced maintenance. Typically, 20 to 80 percent of the AC
input power to ? transmitter room is dissipated as waste heat in the transmitter
equipment room. The balance of the input power is delivered to the radio
frequency (RF) load made up of the transmission line losses, combiner/filter
losses, and radiated RF power by the antenna. As the power rating for the

transmitter plant increases, cooling of the equipment room becomes increasingly
difficult, and more costly.

Many transmitter installations are scheduled for 24-hour programming. As
a result of these around-the-clock operations the cooling apparatus becomes an
integral component of the transmission system. Full consideration must be
directed to dual, or alternate backup systems in order to maintain interruption
free program schedules. External climate conditions play a vital role in the
overall system plan.



Disposal of surplus heat in winter periods (for northern climates) is relatively
easy and offers energy re-cycling possibilities. While the concepts discussed
are specific for the example presented many of the basic ideas can be applied to
the general transmitter installation. However, this report is no substitute for
competent planning by a mechanical engineer. It is hoped this report will
sensitize both the broadcaster and designer to the transmitter room environment.

OPERATING TEMPERATURE GOAL

What is a reasonable room temperature range for transmitter equipment?
Two broadcast equipment manufacturers, Harris Corp., and Orban Associates Inc.
specify a maximum ambient operating temperature of 1220 F. at sea level.
Integrated circuit manufacturers (making up one of the more heat sensitive
components in use) specify an upper operating temperature of 1550 F. However,
in preparing data sheets for a device, measurements are typically performed at
770 F. with critical parameters specified over the device's temperature range
typically 320 to 1500 F. Under actual operating conditions power dissipation
of many devices compacted to circuit card layouts can become a major source of
heat. This condition becomes more acute when the enclosure is an air tight
container. Under this 'sealed' condition the internal temperature will be much
higher than surrounding ambient conditions. Ovoeration at elevated temperature
may cause temporary malfunctions, or permanent failure of the integrated
circuit component.

Actual observation of temperature increases within convection cooled
equipment rack cabinets have shown an average temperature rise of 100 F. above
the ambient room temperature. The upper safe operating temperature of 1060 F.
can be established when we derate for transmitter operation at 1,800-feet above
sea level, and include a 100 F. equipment rack temperature rise factor. What
we are unable to determine is did the manufacturer consider this upper limit
for short or long term performance, or perhaps the warranty period? It would
appear extended operation requires a substantially Tower upper temperature
1imit for long term performance.

Over the past 10-years of transmitter operation at the site used in this
example, the author has determined an average room temperature of 780 F. is a
good choice for reasonable equipment performance, and acceptable utility cost.

Air moisture content, specified as relative humidity, is of no particular
concern as long as condensation does not occur on the components or circuit cards.

GIVEN CONDITIONS

In this specific example, the transmitter room is located 1,300-feet above
steet level in a 110-story office building. The licensee of the radio station
is a tenant and must resolve transmitter room environmental problems subject to
review and approval by the building's mechanical consultant. For the case of
the WFYR transmitter room the following conditions are given:

A. Room dimensions: 12 ft. wide by 24 ft. long, 13.5 ft. ceiling ht.
288 sq. ft. usable, 3,888 cu. ft. volume

B. A 4-inch waste drain is provided for condensate water removal.
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C. Two high-temperature (1700 F.) sprinkler heads, operated under the building's
life safety system, are provided for fire protection.

D. Floor loading specifications are suitable to permit locating 5-tons of
broadcasting and related equipment to be installed.

E. An air grill to the outdoor provides an opening 52 inches wide by 106 inches
high. The total surface area of this grill is 38 sq. ft.

A1l walls, floor, and ceiling surfaces are adjacent to interior spaces.
Two window glass sections, adjacent to the grill, provide 62 sq. ft. of surface
area. The concrete floor is a source of heat from tenant operations located
on the floor directly below the WFYR transmitter room. The floor above the
WFYR transmitter room is a public observation deck and presents no source of
heat. Figure 1 details the WFYR transmitter room floor layout.

EXTERNAL FORCES

Any design, to be effective, must resolve external forces acting upon the
system. These actions, external to the transmitter room, play a critical role
in the achievement of system performance. Some external forces include: heat
infiltration, adjacent tenant activities, and building static pressure.

High-rise buildings exhibit an interior air pressure displacement called
'stack effect'. This condition is best described as an upper floor air flow to
the outdoors. The stack effect becomes more acute when the indoor-to-outdoor
difference becomes more than 300 F. The mechanical engineer associated with the
project estimated at worst case the static pressure could reach 3.5 inches WC.
The static pressure (stack effect) is at its highest during the winter months
and near a neutral condition during summer periods. The building's design takes
this effect into account by providing elevator lobby areas with passage doors.
In addition, sky lobbies are utilized to breakup long elevator shaft runs, and
all wire shafts are sealed between floors. The adverse results caused by this
upward air movement include: interference with elevator door operation, heat
loss, dirt infiltration, and loss of fire control.3

During summer periods drafts up and down the face of the building can short
circuit the heat exchanger. To reduce this effect, a high discharge velocity
from the heat exchanger is needed. The intake and discharge points should be
separated from each other as much as possible. Another condition to consider is
the effects of adjacent tenant heat discharge actions. In this case the tenant
on the floor below is dissipating about 225 kw-hr from air grills sharing the
same building face.

The UHF-TV operation, on the floor below, does not utilize mechanical
cooling of the transmitter equipment room. While the bulk of the heat is
removed by water cooling the transmitter power stages only outdoor air is
utilized for cooling the balance of the heat generated by the associated trans-
mitter equipment. Under worst case summer condition, it is anticipated the
ceiling temperature of this UHF-TV operation will reach 1050 F. This additional
heat, conducted through the concrete floor, must be included in the load calcu-
lation for summer cooling.



REFRIGERATION BASICS

To begin a brief discussign_of mechanical refrigeration basics some units
of measure need to be defined: 4»

British thermal unit (Btu) - - - This is the measure of heat required, in Btu,
to raise one pound of water one degree Fahr-
enheit (F.) where one degree F. is 1/180th of
the difference between the melting point of
jce and the boiling point of water.

Sensible heat- - - - - - - - - - When a substance is heated and the temperature
rises the increase in the substance temperature
is called sensible heat. All electrical equip-
ment produces sensible heat.

Latent heat- - - - - - - - - - - When energy is added and no temperature change
takes place in the substance, but a change in
state occurs the heat added is called latent
heat. A substance can have two latent heat
values: one from a solid to a liquid, and the
other a liquid to a vapor. For example ice to
water requires 144 Btu/1b; water to steam
(at sea level) requires 970 Btu/ib. People
produce both sensible and latent heat.

The vaporization (boiling point) of a 1iquid can be changed by altering
the pressure. The behavior of latent heat is the basis of mechanical refrig-
eration. When a substance passes from a liquid to a vapor, its heat absorption
is very high. It is this concept that is applied to perform the refrigeration
task. The evaporator coil provides a place where liquid refrigerant is allowed
to expand to a vapor (pressure drop) from its prior liquid state. During this
vaporization process, heat is absorbed by the refrigerant. After the expansion
has occurred, the vapor is drawn into a compressor pump where the low-pressure
vapor undergoes an increase in pressure, causing its temperature to rise. A
condensor is used to remove the heat from the vapor. The temperature reduction
with the increase in pressure causes the refrigerant to liquify for another
pass through the evaporator (cooling) coil. This process continues so long as
the compressor is in operation.

An expansion point (such as a needle valve) is required at the point where
the liquid refrigerant flows into the evaporator coil. This expansion point can
be a simple capillary tube or the more elaborate thermostatic controlled expan-
sion valve. The thermostatic expansion valve is the preferred type of control
having the ability to keep the evaporator coil filled with refrigerant for
various heat load conditions. The temperature controlled valve places the re-
frigerant flow into a feedback loop for best match to the heat load. Capillary
tube systems are fixed flow and most often they are seen in consumer - type
comfort cooling systems.

Two commonly found items in refrigeration equipment are dryers and sight-
glass viewers. The efficient operation of the cooling system, using fluorocarbon
refrigerants, depend on keeping foreign particles, and moisture out of the
system. A moisture content of less than 0.002% of the total system capacity
is a typical requirement.
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The dryer contains a moisture absorbing element to insure the system remains
free of moisture during its service life. At the initial installation the system
is connected to a vacuum pump. A high vacuum is established and any moisture

in the system boils off under the reduced pressure condition. Then the system
is charged with the refrigerant.

The sight-glass viewer is a useful tool to view the refrigerant flow in
the liquid line just prior to the expansion valve. Bubbles appearing in the
liquid Tine flow may indicate a lack of refrigerant. Many sight-glass viewers
include a moisture sensitive color indicator. This relative indicator is cali-
brated to change color when the system's, moisture content exceeds a safe limit.

Refrigerant mediums are selected for a low boiling point, non-reactive
action with humans, and the ability to operate on a positive pressure cycle.
Fluorocarbon based refrigerants were developed in the early 1930's as an answer
for a_safe, efficient medium to replace toxic substances commonly used at that
time.6 One of the major producers of fluorocarbon refrigerants is E. I. DuPont
de Numours. puPont assigned the trade name FREONR (flourine + refrigerant + on)
to those organic compounds. FREON-22, a commonly found refrigerant, and just
one of many compounds, has a boiling point of -410 F. at sea level; it will
change into a liquid when placed under 160 PSI at 86° F. 1In normal operation,
when using FREON-22, the refrigeration cycle will always have a positive pres-
sure with respect to the atmosphere. This positive pressure keeps contaminates
out of the system.

Refrigeration systems are rated by the heat removal capacity expressed in
Btu/hr. Sometimes this is expressed in Tons. The ton notation comes from a
period when ice was used for cooling. Recall that one pound of ice will absorb
144 Btu/1b, then one ton would absorb 288,000 Btu per day or 12,000 Btu/hr.
Therefore, each ton of specified cooling is equal to 12,000 Btu/hr of absorption.

The ratings of machine cooling capacity are complicated by the fact air is
the heat transfer medium. Air contains water vapor as superheated steam at a
very low pressure. As the air is drawn over the evaporator coil cooled below
the dew point (causing water to condense on its surface) then latent heat is be-
ing removed from the air/vapor. If water does not condense only sensible heat
is being extracted. The condensation of the water vapor represents the refrig-
eration system's ability to dehumidify the air. This moisture removal ability
is represented by the latent heat rating of the cooling machine. The refrig-
eration system will have three ratings: sensible, latent, and total (latent +
sensible) heat removal capacity. Comfort cooling systems will have about 1/3
of the total capacity applied to latent (moisture removal) cooling. For a
condition of 780 F. and a relative humidity of 25% the dew point is 400 F.; for
a relative humidity of 70% the dew point is 670 F.

Two important methods used in computer room construction limit the moisture
content. First the conditioned space is vapor sealed from moisture infiltration,
and second a very limited amount of external air is circulated from outdoors.
Meeting these two requirements reduces the latent heat load, and permits accurate
humidity control. The following comparison between tge three types of cooling
arrangements will clarify the different design goals.



COMPARISON BETWEEN THREE TYPES OF COOLING SYSTEMS

A1l three types of cooling systems use the same basic components to achieve
slightly different design goals. These differences can be identified as follows:

The comfort cooling system has a high latent heat removal capacity that can
represent one-third of its total rated capacity. By design the system's air flow
and input air mixture require a high degree of moisture removal. The computer
room or process cooling system deals with a high sensible heat load. The sensi-
ble heat removal capacity represents 95% of the system's total capacity. Little
to no outside air is mixed into the computer room or process cooling conditioned
space. Elimination of the outdoor air mixture allows exact humidity control.

The discharge air from the evaporator coil of the comfort cooling system
is nearly fully saturated vapor. In a computer room cooling system, about 20%
of the intake air is permitted to bypass the evaporator coil. The bypass air
mixes with the evaporator coil discharge air to maintain a relative humidity
of 80% or less. This lower moisture requirement is needed when the discharge
air is directly ducted into electronic equipment. This situation can occur when
the computer room cooling unit is installed with the air discharge directed into
a raised floor plenium. The lower moisture content avoids possible moisture
condensation on electronic circuit components.

For comfort cooling applications the typical occupancy rate is one person
per 150 sq. ft. or more for a theater, restaurant, or meeting room. Ventilation
air, brought fromoutdoors, can make up 20 percent of the total air flow. This
added air is necessary for smoke removal and odor control. The typical computer
room has an occupancy factor from zero to one person per 500 sq. ft. Little
outdoor air is introduced into the computer room. The reduction of outdoor air
into the conditioned space is necessary if accurate humidity control is to be
maintained.

For a typical office type comfort cooling application, air volume in circu-
lation may be 100 cfm per 100 sq. ft. For a computer room the air volume in
circulation can be 6 times higher. In our example transmitter room the air
volume in circulation is 24 times higher or 2,400 cfm per 100 sq. ft.!

The comfort cooling system, when properly applied, does not require a
continuousduty cycle. Heat loads vary with occupancy, heat infiltration, and
conditions of the mix ventilation air brought into the conditioned space. In
a climate where winter conditions permit, the comfort cooling equipment operates
only during summer periods and when the outdoor air cannot be used to maintain
a desired temperature range. Computer room or process cooling equipment can
be a 24-hour, year around operation. In the case of the example presented the
process cooling system is an integral component of the transmission system.

The differences in construction are significant. A partial list of upgrades
typically found in a computer room or process cooling system unit are: fully
monitored safety controls, heavy duty electrical components, deep pleated filters,
excellent fan balance, and a stainless steel condensate pan.

The only difference between a computer room and process cooling system is
the deletion of any moisture control ability for the process cooling system.
Process cooling is sensible heat removal without regards for the moisture
content of the conditioned space. Humidity control is vital for a computer
room operation.
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ilagnetic tape medium and paper change dimensions with the moisture content of
the surrounding air. A good computer room cooling system will maintain the
conditioned space moisture content within a few percentage points of the set
point. For this degree of humidity control the computer room cooling system
is equipped with a humidifier, electric re-heat coil, and associated controls.
The process cooler, by the definition of the task defined in this example,
lacks the humidity controls found in the computer room system. In this case

the process cooler is needed to remove sensible heat from the conditioned space.

HEAT LOAD CALCULATIONS

For the transmitter room example, Table-1 Tists equipment power dissipation.
The total sensible equipment heat load is 15.5 kw/hr. This can be converted to
Btu/hr by using the conversion factor of one kw/hr equals 3,412 Btu/hr. We can
then restate the heat Toad as 53,000 Btu/hr sensible.

Table - 1 Equipment Heat Load (Sensible)

Transmitter dissipation (AC input 22 kva; output 10.5kw RF) 11.5 kw
75 kva, 3-phase, AC voltage regulator 1.0
Equipment racks (600-watts each X 3 ) 1.8
Electrical panels, 480-208v, 50 kva transformer, rm. Tights 0.9
RF transmission line & antenna filters 0.3

Total Electrical Heat 15.5 kw

Two significant areas of additional summer time heat sources are the wind-
ows, and tenant operations on the floor below. Heat transmission from these
surfaces can be determined from tables prepared listing conduction heat gains
through building materials.4s

For the concrete floor (nominal 6-inches thick) the conduction heat gain
is 0.6 Btu/hr/sq ft/ deg F. By applying equation 1 we can calculate the heat
transfer from the tenant operation below.

qg = AU(t2 - t) (1)
Where q = Heat flow, Btu/hr
A = Area, sq. ft.
U = Heat transfer coefficient, Btu/hr/ sq ft
(tp -t1) = Temperature difference in degrees F across barrier

Subsituting the values for the concrete floor:
288 (0.6) (105 - 78) = 4,665 Btu/hr (2)
For the glass exposure of 62 sq. ft. the transfer coefficient, for single

plate glass, is 1.13 Btu/hr/sq ft/ deg F. We will assume a 950 F. outdoor temp-
erature and a conditioned space temperature of 780 F.



Substituting these values into eq. 1 we obtain:
62 (1.13) (95 - 78) = 1,200 Btu/hr (3)

Table-2 summarizes the summer condition sensible heat load for the trans-
mitter room. The change between summer to winter external conditions account
for about a decrease 0f18% when the glass surface heat loss in winter is accounted
for. Using equation 1 we can determine the heat loss from the glass surface
during a winter period when the outdoor temperature is 100 F. Substituting
these values into equation 1 we obtain:

62 (1.13) (10 - 78) = 4,764 Btu/hr (4)

From equation 4 we see a 9% heat loss from the conduction of the glass surface.

Table-2 Summary Of Heat Sources - Summer Operation

Electrical heat from transmitter equipment 53,000 Btu/hr
Floor conduction (UHF-TV operation on the floor below) 4,700
Window conduction 1,200

58,900 Btu/hr

Based on the estimated summer heat load a heat removal requirement of
at least 60,000 Btu/hr sensible is needed. If we desire a 2/3 on cycle the
cooling hardware should be sized to about 50% greater capacity than the known
load. This would indicate we should install a machine canable of 120,000 Btu/hr
capacity. For economical winter operation a method to cool the conditioned
space without mechanical refrigeration would be desirable. In this mode the
compressor and associated mechanical apparatus would not be needed to keep the
room within limits during winter periods. Finally, a dual or alternate system
is required to keep downtime to a minimum.

EQUIPMENT SELECTION

A detailed review of three manufacturers product was made. For each pro-
posed system a full set of installation plans were prepared by the mechanical
engineering firm retained for the project. Each manufacturer's rep was given
an opportunity to tour the transmitter site. After reviewing all three plans
only one met all the desired goals. The selected vendor, EDPAC Corp., Horsham,
PA, markets a computer room air conditioring system that met the design require-
ments. The equipment selected would permit a fully closed room environment year
around. During winter operation the equipment would provide economy cooling
without refrigeration compressor operation, or the necessity of attempting to
bring outdoor air into the conditioned space. This particular feature offered
energy savings, and reduced mechanical wear on the refrigeration compressors.

The selected equipment has a sensible capacity of 103,500 Btu/hr at 800 F.
dry bulb. In particular, the process cooler is adaptive shifting between
economy cooling, and single or dual compressor mechanical refrigeration as the
situation warrants. The EDPAC system uses a microprocessor based controller for
general operations and fault diagnostics.
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The air flow through the cooling equipment was field verified at 7,000 cfm.
The cooling package was designed for installation using a raised floor plenum.
As a result of this construction the air flow is downward.

For this specific application the supplier of the system designed a custom
heat exchanger to make maximum use of the outdoor air grill provided. The heat
exchanger, commonly called a dry cooler, is simply a two by six foot, multiple
row finned coil with a 5 HP driven blower ducted to outdoor air. The heat
exchanger has a capacity of 150,000 Btu/hr with an entering air of 950 F. DB.
Air flow is rated at 6,500 cfm. A deep pleated air filter protects the finned
coil from contamination by outdoor air. (It is more effective to change the
filters than chemically clean the coil.) Antifreeze solution is circulated
through the dry cooler and process cooler by a 2 HP pump. Electrically con-
trolled valves route the antifreeze solution between the room coil (for economy
cooling) or the coaxial tube refrigerant condenser used for mechanical cooling.
The operation of the valves is under control of the microprocessor unit.
Temperature condition of the antifreeze solution, room temperature. and trends
are analyzed, and the most effective mode of operation is selected.

The downward air flow of the equipment required a 2-foot high stand. The
stand was designed as a discharge plenum. Three 20 X 28 inch grills were placed
in the sheet metal walls of the stand. The total discharge surface area is
about 11 sq. ft. The air intake is located nine feet above the floor or 2/3's
of the rooms total height. This has proven to work well since all the temper-
ature sensitive equipment is located in the lower half of the room's elevation.
The transmitter cabinet has a direct air flow heat discharge from which 75%
of the room's heat appears. This air discharge (at about 1300 F.) is directed
towards the ceiling where it mixes with the existing room air. This warm air
mixture is pulled towards the air intake of the cooling system. At the entry
point this intake air is passed through a 12 sq. ft. deep pleated disposable
air filter. The air flow then passes through economy cooling coil, blowers,
evaporator coil, compressor equipment, and out the discharge grills. The trans-
mitter blower pulls its intake area from the floor level, which is the coolest
air mixture in the room. With the warmest room air returning to the top of
the process cooler the refrigeration efficiency rises slightly. The air veloc-
ity at the discharge grill is about 650 fpm or 7.2 mph. This velocity is much
higher than a person would tolerate for comfort cooling, but is not a problem
for an unattended transmitter site.

Economy cooling, for this system, uses the antifreeze solution circulated
between the dry cooler and the 12 row room coil. The manufacturer indicates in
his Titerature about 50% of the time the outdoor temperature is below 550 F.
for the Chicago area. This would indicate a possible economy cooling operation
of 4,800 hours per year. If we assign a 50% duty cycle for compressor operation
an apparent savings of 156 kw-hr per day could be realized if full economy
cooling were to occur over a 24-hour period. Spreading this savings over a
10-year period would result in a sizable energy savings. In addition, mechanical
wear will be reduced as a result of the economy cooling operation.”

A major installation problem was the inability to position a fully assem-
blied unit into position. A major limitation was passing of all the
equipment through a three by seven foot door adjacent to a four toot wide hall-
way. Both the dry cooler and process cooler had to be constructed with full
break apart construction. The units wereshipped fully assembled and tested by
their respective manufacturers.



The local installing contractor then disassembled the equibment, moved all the
equipment into a staging area, and re-assembled the equipment in the transmitter
room. Without this effort it would have been impossible to make the installation.
The labor cost to accomplish the disassembly and reassembly of the components
was a significant portion of the installation labor cost. In this particular
case we were fortunate to have the installing contractor be responsible for the
warranty period and long term maintenance of the cooling equipment. A special
effort was made to make all components of the installation accessible for any
needed maintenance.

As a backup feature an emergency exhaust fan with a 1% low-leakage rate
motorized damper was included into the installation. This fan provides a backup
arrangement should the entire cooling system fail. The fan is independent of
the process cooler and is activated by a local thermostat. Due to a lack of
floor space it was not possible to install a dual system. However, this
system has dual compressors with each having sufficient capacity to carry the
load should one fail.

CONCLUSION

This report presented a method to cool a high-rise transmitter installation
with some very specific problems. Failures caused by air-borne dirt can be
expected to decrease as a result of the closed room approach used. Once the
room is clean it will stay that way. To the satisfaction of the building owner
the stack effect leakage from the transmitter room has been controlled by
sealing the room from the outdoors. This '‘sealed' condition keeps summer humid
air from entering the conditioned space and aids in keeping the heat load
sensible.
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PHOTO - 1

This picture shows a side view of the dry cooler
heat exchanger before the blower and covers were
installed. The dry cooler was being moved into
position for ducting connections to the outdoor

air louver. The heat exchanger coil is 2 ft. wide
by 6 ft. high.



PHOTO - 2

This picture shows the front view of the package
cooling unit with service covers removed. The
air flow is downward; a base with grills direct
the air flow along the floor. The ctangular box
on the top houses the economy cooling coil, and

frame for the air intake filters.
wide by 8.5 ft. high.

The unit is 5 ft.
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TRANSMITTER COOLING SYSTEMS:

DESIGN, OPERATION AND MAINTENANCE

Jeffrey H. Steinkamp, P.E.
Broadcast Electronics, Inc.

Quincy, I1linois

I.  INTRODUCTION

The design, operation and maintenance of broadcast transmitter cooling
systems must be properly addressed by the design engineer, system engineer, and
station engineer to insure acceptable electrical and mechanical performance.
The transmitter design engineer must apply expert thermal management to the
heart of his product, the RF power tube. This internal cooling system must
provide proper airflow around the tube filament stem, ceramic seals and cooling
fins if good performance and long tube life are desired. The system engineer is
responsible for providing an acceptable environment to the transmitter. This
external cooling system is accomplished by the delicate balance of supply and
exhaust air to the transmitter room. Finally, the station engineer must take
the resultant efforts of the design and system engineers and properly operate
and maintain this equipment within the specified limitations on a daily basis.

Using theoretical calculations to determine the amount of airflow required
for power tube cooling presents a problem for the design engineer. The major
obstacles to wusing mathematical solutions are the indeterminate fluid flow
characteristics and heat transfer coefficients of the tube. Due to the complex
nature of the flow path typically found in electronic equipment, pressure drop
calculations do not yield easily to the customary fluid flow equations. Like-
wise, the heat transfer coefficients of tube surfaces and cooling fins are
continually changing with flow velocity. Thus, the designer must resort to
empirical testing to determine tube cooling requirements. This paper will
present a systematic engineering approach to solving the problem of providing
proper cooling for RF power tubes.

The system engineer does not usually have to resort to empirical testing of
the external cooling system. The equipment used in supplying fresh air to the
transmitter and then exhausting the heated air is used quite commonly in HVAC
(Heating, Ventilating and Air Conditioning) systems. Information concerning the



airflow and pressure drop characteristics of standard ductwork components is
readily available and complete. The system engineer must review this data and
then assemble these components in the proper order and function to provide the
correct environment for the transmitter. This paper will explore the approach
used by the system engineer in an example installation.

The station engineer has the task of operating and maintaining this equip-
ment within the given design limitaticis to minimize unnecessary "off-air" time.
This paper will address proper oper-tion and specific maintenance advice for a
typical arrangement of equipment.

IT. DESIGN

The design of transmitter cooling systems consist of two major parts,
internal cooling and external cooling. Internal cooling is concerned with the
thermal requirements of components inside the transmitter (i.e. RF power tube,
rectifiers, resistors, heatsinks, etc.). External cooling deals with the
environmental needs outside the transmitter, namely the temperature control of
the transmitter room.

2.1 INTERNAL COOLING

RF POWER TUBE THERMAL LIMITATIONS - The power tube has certain electrical
and mechanical limitations. The proper voltages and currents applied to the
tube are of utmost importance to the electrical engineer in order to achieve
correct transmitter performance. Likewise, the mechanical engineer must be
concerned with the packaging and cooling requirements of the tube to provide
adequate temperature control during operation. For the engineer to better
understand the thermal limitations of the tube it is best to consult the man-
ufacturer's specification/application sheet. This data sheet will specify the
maximum temperature allowed on the external surfaces of the tube to prevent
destruction of the ceramic to metal seal and thermal warpage of the grids.
Special air directors may be required for localized spot cooling of particularly
hotter portions of the tube. Also contained in this technical literature will
be data for airflow and static pressure requirements for rated plate dissipa-
tion. Since these curves represent just one particular type of tube socket
configuration, they must be used with caution.

RF POWEK TUBE TEMPERATURE MEASURING - The external surface temperatures of
an operating power tube can be safely and successfully measured by the following
methods.

Temperature Sensitive Paints - One of the easiest and reliable
ways to measure tube surface temperature is by the use of temperature
sensitive paints. These paints are available in a range of 125° to
250°C in steps of less than 10°C. Small, thin dots of paint are
applied to the tube surface and if the specified temperature is ex-
ceeded, the paint will melt and change appearance from dull to glossy.
For best results use a group of paint dots with each dot having a dif-
ferent sensitivity. These groups (3 minimum) should be equally spaced
around the tube to compensate for possible temperature gradients.

Thermocouples - The most common electrical method of temperature
measurement uses the thermocouple. When two dissimilar metals are
joined together a DC voltage develops which is proportional to the
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temperature of this junction. If this thermally generated voltage
is carefully measured as a function of temperature then such a
Junction can be utilized for temperature measurements.

The thermocouple can be mechanically attached to the tube fila-
ment stem for direct temperature readings via a data acquisition
system. Caution must be used when making direct contact with any
operating RF power tube because of the potential electrical hazard
and/or RF radiation.

AIRFLOW MEASUREMENT - Airflow can be measured in many different fashions.
Some of the more common methods include calibrated nozzles, orifice plates,
pitot tubes, hot wire aneomometers, and flow meters. In searching for an
accurate, portable, and cost effective transmitter airflow measuring device, the
author has developed a system consisting of a standard blower and a variable
frequency AC generator. By using an AMCA (Air Movement and Control Association)
tested blower with a 3450RPM @ 60Hz AC induction motor and driven by a variable
frequency, generator, the engineer can adjust the motor speed from O to 3450RPM
by controlling the input frequency from O to 60Hz respectively.

To utilize this variable speed blower in airflow measurement, the engineer
must first determine the performance characteristics of this system. Constant
speed blower performance is usually shown graphically by comparing airflow in
cubic feet per minute (CFM) versus the static pressure (SP) against which the
blower is trying to move air. These constant speed performances can be modified
by the following fan laws:

RPM(XXHz)

. o
MXX
%%ﬁ%éﬁﬂi% X SP(60Hz) (EQ. 2)

CFM(XXHz)

SP(XXHz)

These mathematical formulas allow the engineer to generate a complete set
of performance curves for a known blower at any airflow, static pressure or
speed configuration. With this graphical data, the variable speed blower and a
manometer, the engineer now has essential tools for measuring airflow.

SYSTEM RESISTANCE MEASUREMENTS - System resistance is the term used to
define the impedance to airflow presented by a restrictive system. The system
could be a combination of sheet metal ductwork, filters, finned heatsinks, RFI
honeycomb, tubes, tube sockets, etc. The motion of air through electronic
equipment can only be accomplished by the creation of a pressure drop across the
piece of equipment, in the same manner that current can only be caused to flow
through a resistance by the application of a voltage across it. System resis-
tance is usually expressed graphically by the system resistance curve (SRC) with
coordinates of CFM versus SP. The importance of knowing the SRC of a particular
obstructive configuration allows the engineer to better understand the flow
characteristics of that system during the blower selection process.

By operating the blower into the restrictive system at different fre-
quencies, recording the static pressures with a manometer, and using the varia-



ble frequency blower curves to determine the airflow, the SRC can be generated.
Besides this graphical representation, the SRC can be shown by the general
equation of:

sp = K(CFM)" (EQ. 3)

Where K = a constant determined by the characteristics of the system
and n = a constant depending upon the type of flow.

Note that any change in the position or quantity of the restrictive ele-
ments within the test system will cause a change in the system resistance and
should be retested for the correct SRC.

TEMPERATURE/AIRFLOW TEST - Now that the engineer understands the power tube
thermal Timitations and has the equipment to measure airflow and temperature, it
is time to proceed with the actual tube temperature versus airflow test (See
Figure 1).

The engineer first energizes the transmitter at a fixed tube power dissipa-
tion determined by the difference between the RF power output and the DC power
input. Then starting with the maximum airflow, a reading of static pressure and
tube temperature should be recorded. By decreasing the speed of the blower less
airflow will result and an increase in tube temperature will occur. The SP
reading taken at each data point can be used to calculate the airflow in CFM by
using either the system resistance curve or the system resistance equation (EQ.
Sl

At a certain flow rate some part of the tube will reach the maximum allow-
able surface temperature and the test should be terminated to avoid damage to
the power tube. At this point the minimum allowable flow rate should be noted
and as shown in the next section this flow rate will need to be adjusted for
different operating altitude and temperature conditions.

BLOWER SELECTION - The selection of a blower depends upon many factors,
some of which include: Size, weight, noise, mounting requirements, power
consumption, cost and the ability to supply a certain amount of airflow against
a specified pressure. This paper will limit its discussion to the airflow and
pressure requirements.

In the previous section it was determined that a certain amount of airflow
was sufficient to maintain the tube surface temperature at an acceptable level.
This airflow is only adequate at the given environmental test conditions of
altitude and temperature. To provide proper cooling at maximum transmitter
ambient conditions, typically 7500' and 50°C (122°F), an altitude/temperature
correction factor must be applied.

Since the cooling capacity of air is a function of its mass, not volume,
any change in air density will affect this cooling ability. Increases in
altitude and temperature decrease air density and thus reduce the cooling
capacity of air. Therefore, if a tube is to be operated at increased altitudes
or temperatures, a correction factor which is proportional to these density
changes must be applied. Application of this correction factor to the
volumetric flow rate will assure the greater volume of air which is required
when cooling with lower density air. These correction factors are available in
either graphical or tabular form.
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With the adjusted flow rate data in hand, it is a simple matter to select a
blower. First, combine standard blower curves with the system resistance curve
and select the blower whose curve intersects the SRC at or above the required
CFM. At this equilibrium point of operation the pressure available from the
blower to force air through the system is equal to the pressure required by the
system for that flow rate. If the transmitter must operate at various line
frequencies (50/60 Hz) then the selected blower must supply the required air at
the lowest line frequency.

2.2 EXTERNAL COOLING

External cooling of the transmitter consists of two parts, the supply and
exhaust air systems (See Figure 2). The supply eair system provides fresh
unheated air to the transmitter and the exhaust air system removes the heated
air from the transmitter room to the outside world. Although identical trans-
mitters may be used by two different stations it can be a safe bet that the
system engineer will have to design two different unique systems. Numerous
variables such as room size, transmitter position, outside temperature fluc-
tuations, altitude, prevailing wind direction, and budget constraints will
dictate different designs.

SUPPLY AIR SYSTEM - The major component of the supply air system 1is the
supply fan and motor assembly. The function of the supply fan is to provide a
controlled amount of clean airflow to the transmitter room. The system engineer
must size this air mover for adequate airflow at a given static pressure. The
amount of airflow in CFM should be 1.5 to 2 times the amount that actually flows
through the transmitter. Transmitter airflow data is obtained from the manufac-
turer and will specify main blower and flushing fan requirements. The selected
fan must deliver the required flow rate when used in series with the intake
louvers, damper and fiiter. Each of these devices will cause a resistance to
airflow and a corresponding pressure increase. The Tlouvers are designed to
weatherproof the wall opening from rain and snow. The damper is used to control
the amount of airflow at different conditions. The filter, of course, is needed
to keep the intake air as clean as possible. Filter selection by the system
engineer is of utmost importance. With the large selection of filter types
available, from simple disposables to electrostatic precipitators, a careful
analysis of functional requirements is essential. It is strongly recommended
that a local engineering consultanting firm be retained for filter selection. A
consultant that is familiar with the dust and contaminate conditions of your
transmitter site will be invaluable to the proper function of your system.

An often needed accessory to the supply air system is an air conditioning
(A/C) unit. This air cooler may be as simple as the window nmounting type or as
complicated as a large multi-tonnage refrigeration unit. When the transmitter
room temperature exceeds an acceptable 1imit, the A/C unit activates and mixes
cooled air with the incoming outside air. The A/C device may also be used in a
closed loop system where the heated air from the transmitter is not exhausted
outside but recirculated through the A/C unit. In this case, the system engi-
neer would size the A/C equipment by determining the total amount of heat
produced by the transmitter. This data in BTU's (British Thermal Units) is
again available from the manufacturer and would include all of the heat ejected
by the transmitter whether it be by conduction, convection or radiation. Also
added to this thermal load are other sources of heat such as interior lighting,
solar effect, test equipment, station personnel, dummy loads and heat exchanger.
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With this collected information the system engineer can now select the properly
sized air conditioning unit.

EXHAUST AIR SYSTEM - The major components of the exhaust air system are the
capture hood, exhaust fan, by-pass dampers and sheetmetal ductwork. Let's
investigate the function and design of each of these devices.

Capture Hood - The capture hood is a sheetmetal canopy placed
above the transmitter to gather in the heated exhaust air. A
properly designed and positioned hood will effectively remove not
only the direct air blast from the PA tank but also the radiant heat
from the side panels of the transmitter.

Exhaust Fan - The function of the exhaust fan is to remove the
heated air from the transmitter to the outside world via the capture
hood and associated ductwork. The location of this device is usually
as close to the capture hood as possible to keep the ductwork under
positive pressure. Positive pressure ductwork prevents dust from
infiltrating the system. The fan and motor must be able to withstand
elevated temperatures (up to 200°F) so special bearings, windings,
and lubricants may be required. The exhaust fan must have the same
flow rate as the supply fan in order to maintain a balanced flow in
and out of the transmitter room. This flow rate must be provided
against the static pressures created by the complete duct system.
Typical values for pressure drops through air ducts, elbows, transi-
tions, and diffusers are available to the system engineer from the
individual manufacturers.

By-Pass Dampers - The by-pass damper is actually a control gate
used to direct airflow in the exhaust air system. Many broadcasting
stations now recirculate the heated exhaust air to other rooms of the
transmitter building during winter months to reduce energy cost. The
movement of this air is reqgulated by the by-pass dampers. This con-
trol may be automatic or manual and the damper may be electrically,
mechanically or pneumatically positioned.

Sheetmetal Ductwork - The ductwork used in transmitter cooling
systems is the same as used in typical HVAC applications. This sheet-
metal, either round, square, or rectangular, is a passageway for air-
flow from the capture hood to the exhaust louvers. The system engineer
must package this duct system into the transmitter building with care
and consideration. Always employ competent, skilled craftsmen to
fabricate and install this duct system during the construction phase of
the project.

ITI. OPERATION

The operation of the transmitter cooling system is the responsibility of
the station engineer. His understanding of the function of each component will
allow him to properly and efficiently operate this sometimes complicated system.
Let's use the typical cooling system found in Figure 2 and observe this equip-
ment under various operating conditions. Three different outside temperature
conditions will be reviewed with the overall goal of maintaining a transmitter
room temperature between 60° and 80°F.
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CONDITION "A" (OUTSIDE TEMPERATURE RANGE 50°-75°F) - In this condition the
intake damper will be fully opened, the supply and exhaust fans will be on, and
the A/C unit will be off. Both by-pass dampers will be in the down positions so
that all of the heated air will be removed from the building.

CONDITION "B" (OUTSIDE TEMPERATURE LESS THAN 50°F) - At this range of
operation the intake damper begins to close as temperatures decrease and thus
restricts airflow into the building. Both the supply and exhaust fans are
operating. To compensate for the restricted intake airflow, the transmitter
room by-pass damper will begin to rise and allow recirculated air to flow back
into the room. The office area damper will also divert some of the heated air
into that space. Some of the exhaust air will still leave the building until
very low outside temperatures will cause the by-pass dampers to utilize all of
the heated air. At this point, the intake damper will fully close and the
supply fan will be turned off. The operation is now a closed loop system that
uses no outside air. The transfer grilles allow a balance of pressure between
the two rooms and provides a flow path for the return air.

CONDITION "C" (OUTSIDE TEMPERATURE GREATER THAN 75°F) - In this "hot"
condition the intake damper will be fully opened and both the supply and exhaust
fans are operating. The A/C unit will be on and is now mixing cooled air with
the intake air before it is drawn into the transmitter. Both of the by-pass
dampers will be positioned to allow all of the exhaust air to exit the building.
Cooling of the office area must be accomplished by other means and equipment.

The control and functional interaction between the fans, dampers and A/C
unit can be as simple as manually operated or automatically activated by a
microprocessor. In any case, the station engineer must keep this system in
“tune" and properly maintained for reliable performance.

IV. MAINTENANCE

Maintenance of the transmitter cooling system by the station engineer is a
very important responsibility. An aggressive overall maintenance program is the
foundation for a dependable, first class quality transmission system. The
benefits of proper maintenance are knowing that the equipment will function when
needed and in the manner in which it is required. Preventive maintenance
consists of those precautionary measures applied to equipment to forestall
future failures rather than to eliminate failures after they have occurred.
fhese procedures are performed on a regularly scheduled periodic basis, and the
results recorded in a maintenance log. Maintenance of a cooling system falls
predominantly into the category of good housekeeping by cleaning and occasional
lubrication of moving parts. Below is a checklist of maintenance procedures
that should be applied to various key components of the cooling system:

FANS & BLOWERS - Clean dirt and dust from fan blades and blower impellers
as required to prevent reduced airflow performance and unbalanced conditions
that may cause bearing damage to this equipment. If belt driven, check the
system for belt tightness, wear and alignment. Lubricate all fan and blower
motors in accordance with the manufacturer's instructions and use a high quality
lubricant. Motors are cooled by air passing through and around them. 1f airflow
is restricted because of accumulated dust, internal failure may result from
overheating. Mounting bolts should be checked for tightness.




FILTERS - Air filters should be checked once every week and replaced or
cleaned as required. Make certain that disposable type filters are positioned
correctly according to airflow direction and never reverse a dirty filter. Use
only the filter type and quantity suggested by the equipment manufacturer. The
practice of stacking filters does not improve air cleanliness but will restrict
airflow and may cause overheating problems.

DAMPERS - Check dampers for accumulated dust and dirt that would restrict
airflow or impair movement of the louvers. Lubricate all mechanical 1linkages
and solenoids as recommended by the manufacturer.

POWER TUBE - Visually inspect the power tube for blocked air passages
through the fin area. Use a shop vacuum cleaner or high pressure air hose to
remove the obstructions. During routine maintenance it 1is very important to
look for tube and socket discoloration, either of which can indicate overheat-
ing.

CONTROL SYSTEM - The control system of a transmitter cooling operation can
be the most "touchy" component that the station engineer must deal with. A
typical system may consist of thermostats, logic boxes, flow sensors, and servo
mechanisms. Consultation with the system engineer 1is essential for proper
performance of this system. Adjustments to thermostat settings and flow control
should be in accordance with the system engineers instructions and guidance.

V.  CONCLUSIONS

Proper design, operation and maintenance of a transmitter cooling system is
critical to a successful broadcasting organization. The transmitter designer
must empirically test the internal cooling system with a competent and logical
engineering approach. The system engineer must provide an external cooling
system that will produce a proper environment to the transmitter, regardless of
outside temperature changes. The station engineer must understand the operation
and maintenance requirements of his own unique system in order to have a cost
effective and quality transmission signal. And finally, the major purpose of
this paper is to sensitize the broadcast station management to the importance of
a properly designed, operated and maintained transmitter cooling system.

For Further Information On Transmitter Cooling Systems
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Standby Power Systems For

Radio Broadcast Facilities

By Jerry Whitaker

Broadcast Engineering magazine

Overland Park, KS

When utility company power problems are discussed, most people immediately
think of blackouts. The lights go out and everything stops. With the station
of f the air and in the dark, there is nothing to do but sit and wait until the
utility company finds the problem and repairs it. This generally takes only a
few minutes. There are times, however, when it can take hours. In some
remote locations -- like hilltop transmitter sites -- it can even take days.

Blackouts are without a doubt the most troublesome utility company problem
that a station will have to deal with. Statistics show that power failures
are -- generally speaking -- a rare occurance in most areas of the country.
They are also short in duration. Studies have shown that 50% of all blackouts
last 6 seconds or less, and another 35% are less than 11 minutes long. These
failure rates are not usually cause for concern to commercial users, except

where broadcasting is concerned.

A station that is off the air for 11 minutes--or even 5 minutes--will
suffer a drastic audience loss than can take hours (or perhaps days) to
rebuild. Coupled with this threat is the possibility of extended power
service loss due to severe storm conditions. Many broadcast transmitting
sites are located in remote, rural areas, or on mountaintops. Neither of
these Tlocations are well known for their power reliability. It is not
uncommon in mountainous areas for utility company service to be out for days
after a major storm. Few broadcasters are willing to take such risks with
their air signal, and choose to install standby power systems at appropriate
points in the transmission chain.
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The cost of standby power for a broadcast facility (particularly high
power stations) can be substantial, and an examination of the possible
alternatives should be conducted before any decision on equipment is made.
Management should clearly define the direct and indirect costs and weigh them
appropriately.

This cost-versus-risk analysis should include the following:

standby power system equipment purchase and installation price;
exposure of the transmission system to utility company power failure;
alternative transmission methods available to the station;

direct and indirect costs of lost air time due to blackout conditions.

* % * *

The amount of money a broadcaster is willing to spend on standby power
protection is generally a function of how much money is available in the
engineering budget and how much the station has to lose. An expenditure of
$10,000 for transient protection for a major-market station, where spot rates
can run into the hundreds or thousands of dollars, is easily justifiable. At
small or medium market stations, however, justification is not so easy to come
by.

Standby system configurations

The classic standby power system using an engine-generator is shown in
Figure 1. An automatic transfer switch monitors the ac voltage coming from
the utility company line for any power failure conditions. Upon detection of
an outage for a pre-determined period of time (generally 1 to 10 seconds), the
standby generator is started and once up to speed, the load is transferred
from the utility to the local generator.

Upon return of the utility feed, the load is switched back and the
generator is stopped. This basic type of system is widely used in the
broadcast industry and provides economical protection against prolonged power
outages (5 minutes or more).

In some areas, usually metropolitan centers, two utility company power
drops can be brought into a facility as a means of providing a source of
standby power. As shown in Figure 2, two separate utility company service
drops--from separate power distribution systems--are brought into the plant
and an automatic transfer switch changes the load to the backup line in the
event of a main line failure.

The dual feeder system provides an advantage over the auxiliary diesel
arrangement shown in Figure 1 because the power transfer from main to standby
can be made in less than a second. Time delays are involved in the diesel

generator system which 1imit its usefulness to power failures lasting more
than several minutes.

The dual feeder system of protection is based on the assumption that each
of the service drops brought into the facility is routed via different paths.
This being the case, the Tlikelihood of a failure on both power 1lines
simultaneously is very remote. The dual feed system will not, however,
protect against area-wide power failures, which can occur from time to time.
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Figure 1. The classic standby power system using an engine-generator unit.
This system protects a facility from prolonged utility company power failures.
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Figure 2. The dual feeder system of ac power loss protection. An automatic
monitoring system switches the load from the main utility line to the standby
line in the event of a power disruption.
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The dual feeder system is primarily limited to urban areas. Rural or
mountainous regions are not generally equipped for dual redundant utility
company operation. Even in urban areas, the cost of bringing a second power
line into a broadcast facility can be high, particularly if special lines must
be installed for the feed.

Figure 3 illustrates the use of a backup diesel generator for both
emergency power and peak power shaving applications. Commercial power
customers can often realize substantial savings on utility company bills by
reducing their energy demand during certain hours of the day.

Figure 3 shows the use of an automatic overlap transfer switch to change
the load from the utility company system to the local diesel generator. The
change-over is accomplished by a special transfer system that does not disturb
the operation of load equipment. This application of a standby generator can
provide financial return to the station regardless of whether the generator is
ever needed to carry the load through a commercial power failure.

Advanced system protection

A more sophisticated power control system is shown in Figure 4, where a
dual feeder supply is coupled with a motor-generator unit (MGU) to provide
clean, undisturbed ac power to the load. The MGU will smooth-over the
transition from the main utility feed to the standby, often making a
commercial power failure unnoticed by station personnel. An MGU will
typically give up to 1/2 second of power-fail ride-through, more than enough
to accomplish a transfer from one utility feed to the other.

As the name implies, a motor-generator unit consists of a motor powered by
the ac utility supply that is mechanically tied to a generator, which feeds
the load. The addition of a flywheel on the motor-to-generator shaft will
provide protection against brief power dips.

An MGU also offers the user output voltage and frequency regulation, ideal
sine wave output, elimination of common-mode and transverse-mode noise,
elimination of utility company power factor correction problems and true 120
degree phase shift for 3 phase models. The efficiency of a typical MGU ranges
from 65% to 89%, depending on the size of the unit and the load.

The standby power system shown in figure 4 is further refined in the
application illustrated in Figure 5, where a diesel generator has been added
to the system. With the automatic overlap transfer switch shown at the
generator output, this arrangement can also be used for peak demand power
shaving.

Choosing a generator

The generator rating for a standby power system should be chosen
carefully, keeping in mind any anticipated future growth of the broadcast
plant. It is good practice to install a standby power system rated for at
least 25% greater output than the peak facility load. This headroom gives a
margin of safety for the standby equipment and allows future expansion of the
facility without worry about overloading of the system.
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Figure 3. The use of a diesel generator for emergency power and peak power
shaving applications. The automatic overlap transfer switch changes the load
from the utility feed to the generator instantly so that no disruption of
normal operation is encountered.
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Figure 4. The dual feeder standby power system using a motor-generator unit
to provide power-fail ride-through and transient disturbance protection.
Switching circuits allow the MGU to be bypassed, if desired.
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The type of generator chosen should also be given careful consideration.
Generators rated for more than 100kW power output are almost always
diesel-powered. Smaller generators are available that use diesel, gasoline,
natural gas or propane as a fuel source. The type of power plant chosen is
usually determined primarily by the environment in which the system will be
operated.

For example, a standby generator that is located in an urban area office
complex may be best suited to the use of an engine powered by natural gas,
because of the problems inherent in storing large amounts of fuel. State or
Tocal building codes may place expensive restrictions on fuel storage tanks
and make the use of a gasoline-or diesel-powered engine impractical.

The use of propane is usually restricted to rural areas. The availability

of propane during periods of bad weather (which is when most power failures
occur) must also be considered.

Uninterruptable Power Systems (UPS)

A method guaranteed to eliminate the power failure threat is the
rectifier-inverter combination, used in many Uninterruptable Power Systems.
As shown in Figure 6, ac from the utility is rectified to a given voltage,
such as 120 volts dc, across which floats a bank of batteries connected in
series to yield slightly less than 120 volts.

This dc power dives a closed-loop inverter, which provides voltage and
frequency regulation. If the utility voltage should drop or disappear,
current is drawn from the batteries. When the ac power is restored, the
batteries are recharged.

Many UPS systems incorporate a standby diesel generator that is started as
soon as the utility company feed is interrupted. With this arrangement, the
batteries are called upon to supply the operating current for only 10 seconds
or so, until the generator gets up to speed.

The output of the inverter may be a sine wave or pseudo sine wave (really
a stepped square wave). Sine wave units are usually more complicated and
expensive than stepped square wave inverters. The sine wave systems, however,
offer guaranteed compatibility with 1load equipment. Stepped square wave
inverters may require some amount of testing before installation.

Figure 7 shows the output waveshape of a commercially available 1kW
stepped square wave inverter, viewed at the secondary windings of a step-down
transformer. The waveform is a three level step approximation to a sine
wave. The ratio of peak-to-RMS voltages of the wave is nearly that of a sine
wave,

Tests were conducted by the author on the feasibility of using such an
inverter to power broadcast equipment in a standby capacity. Measurements
concentrated on what effects, if any, the three level step wave would have on
the performance of an FM exciter, standard aural STL and digital transmitter
remote control system. It was believed that such applications would
constitute an "acceptance test" for system compatibility.
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Figure 6. A block diagram of a typical Uninterruptable Power System using ac
rectification to float the battery supply. A closed-loop inverter draws on
this supply and delivers clean ac power to the protected load.
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Despite the input waveform, the rectified noise component was quite small
when loaded with even a small value capacitor. Figure 8 shows the stepped
square wave signal of Figure 7 passed through a full wave bridge rectifier.
The 120Hz spikes are approximately equal in amplitude to the AC waveform on
the secondary of the transformer. They are, however, easily filtered out by
adding as little as 0.01uF capacitance across the rectifier output.

Figure 9 shows the rectified output waveform with a 1uF filter capacitor

across the diode bridge. Noise is reduced to a level comparable to that of a
power supply fed with a sine wave.

In actual field tests, no difference in equipment performance could be
detected with the FM exciter, STL receiver or digital remote control system
when powered by a sine wave or the three-level step wave.

It is im?ortant to point out that these tests apply to a three-level step

wave, not a square wave. Square wave inverters should not be used to power
broadcast equipment.

UPS systems are available in the rectifier-inverter configuration (shown
in Figure 6) or in a less expensive switching version, shown in Figure 10,

In the normal mode, the utility company ac line is connected directly to
the UPS output terminals. If the utility supply should drop below a present
level -- or disappear completely -- the inverter will start and feed the load
from the battery supply.

This transfer is generally accomplished in less than one ac cycle. No
disturbance of the load is experienced in most cases.

When the utility feed is restored, the UPS system will switch back to the
primary power source and turn off the inverter. An internal charging circuit
then recharges the system's battery bank.

When shopping for a UPS system, several important points should be
considered:

* The amount of power reserve capacity for future growth of the broadcast
facility.

* The inverter current surge capability, if the system will be driving
inductive loads (such as motors).

* Qutput voltage and frequency stability over time and with varying loads.

* The required battery supply voltage and current. Battery costs vary
greatly, depending upon the type of units needed.

* The type of UPS system (rectifier-inverter or switching) required by
the particular application. Some sensitive loads may not tolerate even
brief interruptions of the ac power source.

* Inverter efficiency at typical load levels. Some inverters have good
efficiency ratings when loaded at 90% of capacity, but poor efficiency
when loaded at 40%.

* Size and environmental requirements of the UPS system. High power UPS
equipment requires a large amount of space for the inverter/control
equipment and Dbatteries. Battery banks often require special
ventilation and ambient temperature control.



Figure 7. The output wave form of a
three level step inverter, measured at
the secondary of a step-down
transformer.

Figure 8. The rectified output of the
waveform shown above (same scope
sensitivity). The 120Hz spikes shown
can be filtered out by a small amount
of capacitive loading.

Figure 9. The rectified output of the
waveform shown in Figure 7 (increased
scope sensitivity) with 1uF capacitive
filtering. The noise lTevel is
comparable with that of a sine wave ac
input.
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Critical system bus protection

A station seeking standby power capabilities should consider the
possibility of protecting key pieces of equipment at a facility from power
failures with small, dedicated, uninterruptable power systems. Small UPS
units are available with built-in battery supplies for microcomputer systems
and other hardware used by broadcasters.

If cost prohibits the installation of a system-wide standby power supply
(using generator or so)id-state UPS technology), consider establishing a
critical load bus that is connected to a UPS system or automatic transfer
geénerator unit.

This separate power supply would be used to provide ac to critical loads,
thus keeping the protected systems up and running. The concept is illustrated
in Figure 11. Unnecessary loads are dropped in the event of a power failure.

A standby system built on the critical 1load principle can be a
cost-effective answer to the power failure threat.

The first step in implementing a critical load bus is to accurately
determine the power requirements for the most important on-air equipment. The

typical power consumption figures can be found in most equipment instruction
manuals.

If the data is not listed in the equipment manual or available from the
manufacturer, it can be measured using a portable wattmeter.

A sample power requirement 1ist for a station with a remote transmitter
follows:

EQUIPMENT POWER CONSUMPTION

CONTROL ROOM 1709W
Audio Console 350
Cart machines (a total of 6) 315
CD players (a total of 2) 60
Air monitor receiver 160
Air monitor amplifier 200
Aircheck cassette deck 24
75 watt floodlights (a total of 8) 600

NEWSROOM 1135W
Audio console 200
Three play cart machine 144
Record-play cart machine 70
Cassette deck 14
Reel-to-reel deck 150
Police scanner 1
Clock/timers (a total of 2) 18
Weather receiver 3
Teletype printers/modems (a total of 3) 225
75 watt floodlights (a total of 4) 300
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TRANSMISSION SYSTEM 2320

EBS encoder/decoder 20
Audio processor/stereo generator 30
Modulation monitor 70
STL transmitter 82
Remote control system 30
TOTAL POWER CONSUMPTION 3076w

With a total power consumption of 3076W for all critical equipment at the
station, a UPS unit rated for 4kW could be used. This would give the station
a reserve capacity of 30%. A UPS system should be chosen that offers a surge
capacity of at least 2 to 1 to prevent overload of the inverter if the UPS
system is dumped onto a "cold" load.

In conclusion

The degree of ac power protection afforded a radio facility is generally a
compromise between the abnormalities that will account for better than 90% of
the expected problems, and the amount of money available to spend on that
protection. Each installation is unique and requires an assessment of the
importance of keeping the system up and running at all times, the threat posed
by the utility company feed and the budget available for standby power devices
and systems.



Lightning Protection for Broadcasters

Roy B. Carpenter, Jr.
Lightning Eliminators and Consultants, Inc.

Santa Fe Springs, California

The Problem

Broadcasters are usually exposed to lightning activity at both the studio
and the transmitter facility. It is, of course, obvious that the transmitter
facility is usually far more vulnerable than the studio. Much of what is said
about the transmitter facility is true of the studio, but to a lesser degree.
The transmitter facilities will therefore be used as the baseline system for
this paper.

It is also true that television, FM and AM transmitters are different, but
have many commonalities. The common features are usually those subject to
lightning activity. Therefore, what is covered with respect to one is true for
most others.

A broadcast, TV or FM, station usually has three points of vulnerability,
some only two. These are illustrated by Figure 1 and include:

1. The antenna/tower system - vulnerable to direct strikes;

2. The power service entrance - vulnerable to line voltage surges
(and other anomalies); and

3. The remote communications system - phone lines, coax lines or
the STL, all subject to induced transients of some form.

Each of these represents a potential source of disastrous anomalies from
lightning activity; but all of them can be protected completely. For the past
14 years, Lightning Eliminators has been servicing the broadcast industry.
During this period, they have developed a complete line of protective equipment
that has been proven to be completely effective in protecting against any light-
ning related phenomena. This paper deals with each of the potential problems
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individually, and presents what has been proven to be an effective solution.
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Figure 1

The Lightning Mechanism

The direct lightning strike is the result of a strong electrostatic field
being partially shorted out by your tower(s). Figure 2 illustrates the pre-
strike situation and Figure 3 illustrates the stroke mechanism. The storm cell
charges up everything beneath it to an equal, but opposite potential. Tall
structures tend to create upward moving ''streamers' that connect with the down-
ward coming "leader", the meeting of the two results in a conductive channel,
referred to as a '"flash". The current surges within that channel are what
causes the damage (stroke current).

Charged Cloud Influence
On Surface Facilities




The Stroke Mechanism
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Figure 3

The stroke is caused by the difference in potential between the two bodies
(the cloud and earth). The strokes is to neutralize that charge; not dump ener-
gy to "mother earth" as commonly believed. The resulting charge motion through
the earth's crust is the cause of many lightning related problems, specifically
earth current transients. The collapsing electrostatic field beneath the cloud
is the cause of atmospherically induced transients.

Dealing with the Direct Strike

Lightning can be dealt with in one of two ways:

1. Remedial - Assume the strike must occur and attempt to divert it
via a '"'safe" path.

2. Preventative - Prevent the stroke (to the transmitter site) by
maintaining pre-strike conditions.

The lightning rod and more recent innovations have all attempted to deal
with the strike before it creates damage by providing a diversionary path. All
have demonstrated an inability to be completely effective for various reasons;
failures have resulted in significant damage.

Fourteen years ago, the Dissipation Array system (DAS) was introduced as a
system that prevents the strike to the protected area; and, the protector. In
contrast to the lightning rod, the DAS leaks the charge off slowly, by point
discharge. Where the lightning rod must handle a deluge of energy in a short
time, the DAS dissipates a little energy, constantly throughout the life of the
storm (the average stroke is equal to only 1/3 ampere for one minute) .

A DAS is composed of three functional subsystems:
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The Ionizer or Dissipator is usually mounted on your tower or protected
structure. It creates the ions and related current flow that dis-
charges the facility. The mechanism is termed "point discharge'". It
may take any one of many shapes.

The Ground Current Collector (GCC) is the inverse of a grounding sys-
tem. The GCC collects the charge induced into the facility and its
surroundings by the storm, providing a preferred path via the service
connections; and Ionizer, out of the facility area.

The Service Connections carry the charge from the GCC to the Ionizer
by some form of safe conductive path.

The resulting protection comes about as a result of a large part of the charge
being drained from the site of concern; leaving it at a lower potential with re-
spect to the storm than its surroundings.

After 14 years of history and nearly 550 array installations, the statics have
shown that DAS installations are over 90% successful the first time, and another
9% were over 90 percent effective the first time. Two forms are illustrated by
Figures 4 and 5.

Note: Failure is defined as not completely eliminating all strikes.

907 effective means less than 10% of the former number of
strikes.

Figure 4
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Most of the failures were subsequently corrected; the remainder were not at the
owners choice - usually because of the negative impact on the facility.

Dealing with Power Line Surges

Most power line surges are created by lightning, the remaining causes are usu-
ally less deleterious. A composite of line voltage anomalies indicate that the
protection requirements for broadcasters are as listed in Table 1. 1In selecting
a protector, all of these must be considered in concert. Any compromises in
these values in the design of the protector, will introduce some risk of losses
due to inadequate protection; the actual risk being related to the compromise
made.

TABLE I

Surge Protector Requirements

Clamping Voltage no more than 1.7 times RMS

Surge Energy* At least 10,000 Joules (watt seconds)
Peak Surge Current 160,000 amperes

Peak Voltages 45,000 Volts (at service entrance)
Response Time < 50 nanoseconds

* Independent of grounding
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Two Protection Concepts are offered:

The Parallel Protector concept is offered in one form or another by most sup-
pliers in this industry. (See Figure 6) They are made up of avalanch diodes,

MOV's, gas tubes or a combination of the above. They all suffer from three
disadvantages:

(1) Because they are parallel, they "share" the surge energy with the
load,

(2) the inductance of the connecting wires create an impedance to the
flow of surge current, and the voltage developed across them add

to the voltage across the load and slow down the effective reaction
time,

(3) the clamping point must be set high to reduce the parasitic power
loss, thereby allowing higher surge voltage to pass on to the
equipment.

The Paraliel Protector

Line

)

N

NG
is

Surge Current

= Inductance of Connections
to line.

Inductance of Ground Connection.

Figure 6

These must always compromise the specifications; they are often less ex-
pensive and easier to install, however, one such unit is unreasonably expensive
for what it provides.

The Series Hybrid concept, made by LEA, is illustrated by Figures 7 and 8.
It overcomes all of the problems that limit the effectiveness of the parallel
devices, is 100% effective, if properly selected with respect to size, and in-
stalled properly.

The Series Hybrid Surge Eliminator (SE) concept is installed between the
service entrance and the power distribution point as illustrated by Figure 8,
thereby acting as an interceptor. Separate ground connections are used to



isolate the effect of the surge current passing through its connections to
ground from the load voltage. The grounding point is used as a reference called
"Common Point Ground" (CPG). The line voltage is controlled with respect to
this point, where the neutral is also comnected.

The Series Hybrid Concept

Service [~ | Surge
Entrance || Eliminator

Reference
Point

Figure 8
The SE functions as follows:

If the line voltage rises to the clamp point, usually 1.7 times nominal
RMS, the Voltage Controller clamps the output to that point within 5 nanosec-
onds. As the input continues to rise, the excess voltage is dropped across the
series impedance and the High Energy Switch (HES) is activating, diverting the
excess energy to the High Energy Dissipator (HED) which dissipates over 100,000
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joules of energy. The High Energy Switch can handle over 200,000 amperes of
surge current without damage. If there is a constant overvoltage due to a util-
ity accident, the HED continues to conduct, forcing the surge fuse to go open
circuit, thus saving the protected equipment and SE from disaster. No customer
has lost protected equipment if the SE was installed correctly in over 8 years.

The SE is designed to match the service entrance impedance. The Series
Hybrid HED must dissipate all the surge energy the service entrance passes.
SE's are available for service currents from 30 to 4000 amperes and voltages of

up to 600 V RMS, three phase. Because of the patented design concept, these are
of reasonable size and weight.

The series impedance used in larger SE's is a Triaxial Inductor, a concept
that allows the SE to carry large currents through a relatively small assembly
and achieve several functions. The phase conductors are superimposed on a com-
mon axis, passing through a magnetic field, resulting in common mode cancella-
tion. The)magnetic field also presents an impedance, individually to any phase
to phase surges. This concept allows the SE to function without the HED and/or
without the Voltage Controller and still prevent the passage of most of the
surge energy. Figure 9 illustrates a typical Series Hybrid Surge Eliminator.

Figure 9

Finally, the tight clamp preserves the reliability of the protected equip-
ment, the fast reaction assures no leak through of energy, the excess energy

handling capability prevents damage to the SE and the protected system; it is
actually 100 percent effective.

Protecting Communications Lines

Communications lines such as remote control, remote voice, coax, high or
low level RF or Video are all subject to induced transients resulting from at-
mospherics on earth currents related to lightning.

These are also protectable using the same basic technology applicable to



the power lines. LEA has developed a series of Transient Eliminators (TE's), a
series hybrid protector, designed to match the impedance of the circuit to be
protected, without introducing significant attenuation. Some of these are il-

lustrated by Figure 10.

Figure 10

There are now available a series of Coaxial Surge Eliminators, a series

hybrid protector applicable for use in high power RF circuits, from the HF
through the UHF bands; these are also combined with notched filters where re-

quired. Some of these are illustrated by Figure 1,

COAXIAL
SURGE ELIMINATOR

Figure 11

For AM broadcasters, LEA has developed the Guy Charge Dissipation Choke.
This device equalizes the potential across the insulators of an AM tower, with-
out significantly influencing the antenna tuming. These eliminate the arcing

across insulators, known as snapping.
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Grounding Considerations

An Integral part of station protection is the grounding system. There are
three characteristics of concern to be considered in the design and installa-
tion:

1. A single point should be used for termination (CPG) of all grounds
in the station.

2. All ties made to the CPG by separate runs of a large size wire, or
copper tubing preferably.

3. A low resistance ground is mandatory.

Low resistance grounds can now be achieved through use of a new development
known as Chem-Rod, Figure 12. This device is a patented concept using a chem-
ical that constantly seeps into the soil, lowering the contact resistance by
factors of from 20 to 100. Within a few months it is possible to achieve re-
sistance levels in less than 1 ohm, even in poor soils.
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Figure 12

In summary, there is no reason why any broadcaster should continue to suf-
fer from lightning related losses of any form. There is positive protection
available for every known situation. However, the complexity of the lightning
and line voltage anomalies related problems faced by broadcasters today are sig-
nificantly greater than only 10 years ago. The field has become a specialty and
good consultation is required.



Selecting and O timizing Components
Fcr A
Broadcast Gra h7cs Creation Center

J.J. Kresnicka
American Broadcasting Company

WLS-TV Chicago

When we selected the first electronic titling system
and video still storage many years ago, it was not realized
that those devices would be the framework components of
today's overall electronic graphic creation systems.

Back in the early 1970's, the A.B. Dick videograph
surfaced as the first early graphic titling system, primar-
ily producing alpha numeric displays for lower third and
full screen insertion in News type programming.

The Chyron I was on the immediate trail of the video-
graph, which then followed the CBS Labs vidifont. WLS-TV's
decision, based on technology and availability at the time
was to embark on a system that was expandable and with the
floppy disc, soon to be available, replacing the 1" tape in
the cartridge termed a "VIDILOOP". This nine track, constant
motion tape with one address and eight data tracks was a
continuous 30" loop of tape that permitted storage of titles.
The introduction of the Chyron II in 1972, and its subsequent
exceptance by WLS-TV permitted the station to create on site
character fonts and custom logos, or symbols, based on the
graphic artists' creative requirements. For the first time,
there was interchange between the ABC Owned Stations and
the Network. For example, the Owned Stations Group use the
Circle '7', and assorted News fonts that give the stations
a uniformed look and recognition factor. A point to keep in
mind is that virtually all of these early devices were single
channel, single user, oriented systems.
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Nine years ago, in 1976, the last NAB in Chicago, a new
exhibitor displayed an existing device that had been updated
and improved from its industrial application. The Arvin EFS-1 had
been utilized as a non-broadcast, non-standard, black and
white still video recorder in medical applications. At Julie
Barnathan's suggestion, this device was modified and improved
for the broadcast industry. Mr. Barnathan felt that a color
still store device with a memory capacity of 400 frames per
removable disc, 200 per side, at an affordable price was
needed by the broadcasters. This device surfaced as the
EFS-2 at the Owned Stations in 1977, and just a bit earlier
on the ABC Network for Sports presentations.

The operational advantage of the removable disc was to
permit Sports production personnel to shoot and store person-
ality faces at the Network's production center in New York,
store them on a disc and then hand carry the disc to the
remote unit for later broadcast playback. The EFS-2, with
an analog recording system was married to complex controllers,
that contained memory for sequential operation of two units
with the option of dissolving or cutting between two video
outputs. This scheme was primarily utilized with early video
compressors to create the over the shoulder graphics box
still used daily on nearly every news broadcast.

On the horizon, in the mid seventies, the Chyron III
surfaced as an interim and less expensive, more portable
field use character generator. It was soon superceded by
todays Chyron IV. The Chyron IV first introduced in 1979,
was billed as an expandable software device.

The Chyron IV along with the Arvin EFS-2 were only two
of many video sources available to production personnel in
the control room. The two devices, housed in engineering
areas with video tape machines, film projectors and slide
drums, are operated as production devices whose outputs were
combined to form a finished product usually in what is
generally called a "pre-pack" session. During a pre-pack
session an art card, produced by a graphics designer is
placed on an easel in the studio, shot by a live studio camera
and fed into the production video switcher. Concurrently,
a title, generated by the Chyron was keyed onto the live cameras
output and the composite output in turn recorded onto the
Arvin recorder. The still store image could then be manipulated
or repositioned in the live video and compressed to the
required size. 1In addition to live camera video sources,
slides and video tape feeds, would also be transferred to
Arvin for still image recording.

What did it take to accomplish this in terms of manpower?
Virtually a complete production crew, both control room and
studio floor. TD, VO, camera, utility, LDE, stagehand and of
course the Chyron and still store operators. These pre-pack



sessions were scheduled immediately preceding the news program,
so all graphic consolidation that had been created by the
artist throughout the day had to wait for the pre-pack session
in the late afternoon or late evening.

In the early 1980's new devices were introduced. The
McInnis Skinner Weathergraphics unit and the MCI Quantel
paintbox permitted freehand manipulation of picture elements
that were about to be stored, and those that have already been
stored. The time had come for the personnel who had always
"free handed" artwork to operate and control the weathergraphics
and paintbox. The two devices are installed in the Graphic
Arts area. By this time the Chyron had expanded to the 4100
series with two independent operating channels, a 10 megabyte
hard disc drive permitting mass font and message storage. But
most important, for the graphics designer, an option on the
Chyron IV called MGM, or multi graphic mode, permitted freehand
creation on the Chyron. This MGM device would be the third
freehand paint system for the artist.

This, with the "EX" expansion option of the 4100, doubled
the CPU and font memory to 64K each, permitting the artist to
utilize 12 fonts "on line", and feature rotation, perspective,
and more complex multi color logo's than previously possible.
This freehand device is also installed in the traditional
graphic arts area. This scheme permits creation of graphics
with limited storage capability. A color graphics camera
mounted on a stand is dedicated to the devices but the means
to dump to external storage and receive video information from
other external sources is now required.

The source most often utilized to receive graphics infor-
mation, as previously described, is the video still store. By
the early 1980's the analog EFS-2 had been replaced by digital
still storage systems at the ABC Stations - the Quantel 6030
and Harris Iris II systems both containing mass disc storage,
both fixed and removable. Because the 6030, as well as the
Iris II, are multi user systems, it was decided to install
one still store work station in the graphics area. The work
station included alpha numeric keyboard, picture monitors, and
necessary wave form monitors and vectorscopes. With the
added assistance of a routing switcher keypad as an input to
the still store, the artist could choose quickly which free-
hand device to input into the still store.

Keep in mind that while inputting takes place in the
graphics area, other still store work stations permit playback
of other stills for preview or air. 1In fact, stills are
created and stored while a playback operator calls stills for
insertion into a live news program. With direct electronic
transfer of graphics to the still store via the routing switcher
operation, it was also possible for 3/4" or 1" tape to record
the outputs of these graphics devices.
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With the increase in sophistication of the graphics pro-
ducts, the artist now required video sources to be fed to the
input of the graphics tool. The camera provided only limited
capability for feeding original information. To this end,
another routing switcher panel was installed on the input to
the freehand devices therefore providing the artist with the
total video universe available within the plant. ©Now stills
produced by the artist, and stored previously, could be
reinputted into the paintbox and updated - colors, numerical
values or other elements of the graphic could be altered and
given a fresh look without having to start from the original
creation.

Yet with all these video source inputs available to the
freehand devices, the artist was still limited in his or her
production capability, when compared to the traditional non-
electronic "cut and paste" methods. Though the Paintbox
electronically performed cut and paste, that is the keying
in graphics on existing images, remove and move images from
one section of a video frame to another, limitations did
still exist. The Harris Iris still store ICS panel also
provides some flexibility to the artist - images can be placed
over existing images - that is multiple sources can be added
to one frame of video repeatedly. In addition, frames can
be compressed and moved within the frame. But to achieve
total flexibility, a video switcher, and in this case it
should be referred to as a "video combiner" was installed
in the graphics work area. The eight input "combiner" has
two program outputs one to the Iris still store input and
the second to a Sony BVU-820 3/4" VCR. 1Inputs now fed to the
combiner include the dedicated still camera, outputs of the
Weathergraphics computer, Quantel Paintbox, Chyron Colorizer,
and a routing switcher panel for selecting any video source
in the house. The BVU-820's output is also fed into one of
the sources. Connected to the key input is the output of the
dedicated still camera, while the downstream keyer is fed the
output of the Chyron colorizer.

With this type of setup, the artist can now create just
about any type of graphic that comes to mind and do it on the
first pass, or first generation.

It must be emphasized, that even with the great deal of
flexability within and around this system, some limitations

or shortcomings exist. Obviously, the artist could go on
forever creating or drawing still images to be stored in the
various still store memories. The paintbox started out with

a 80 megabyte storage capability, then the size of the drives
increased to 160 megabyte and now the 320 megabyte drive with
multiples of the 320 added on to vastly increase its storage
capability. On the other hand, the Iris is limited to eight
total drives in each system, the station having two systems.
Each system has a removable 80 megabyte drive with seven fixed



drives. These fixed drives are also at the 320 megabyte
level, however drives are available, industry wide, up to

the 602 to 800 megabyte level. The limitation of course is
the controller driving the system, and until now the current
controller is a relatively slow speed device, not being able
to keep up with the faster drives, thus skipping images logged
in sequential form on the disc drives. This will be corrected
very soon with the substitution of high speed controllers

with faster transfer rates to match these more powerful drives.

I mentioned earlier that WLS-TV had two still store devices.
One is used for production purposes, the other for on air use.

What's next? Shortly the process of reconnecting equip-
ments with RGB inputs and outputs will begin. The freehand

devices permit RGB in and out as does the Chyron. The input
and output to the still store will also operate on component
signals, and of course the live camera has an RGB output. To

complete this very important phase of improving video quality,
especially when multiple passes of one image occurs, will be
the replacement of the current switcher with a component
switcher. Unfortunately, some sources will have to remain
composite but all efforts are being made to utilize RGB
wherever possible.
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NBC Election '84:

Results By Design

Thomas C. Alfieri

NBC/Computer Imaging Department

New York, New York

Introduction

Election '84: Results by Design was the title given to a commitment by NBC
to present a new on air look for its election night automatic display system.
The system to be replaced had been in existence since the 1976 Presidential elec-
tion. It utilized Chyron II character generators driven by special interfaces
for the automatic display of numerical vote totals on a colored background. This
system had become cumbersome to maintain, but more importantly, was incapable of
utilizing the talents of graphic artists. A graphic artist's ability to enhance
our daily news productions with timely, unique and innovative artwork were quali-
ties wanted in an automated system. The Quantel Paintbox, because it had shown
itself to be a reliable and operationally useful tool was selected as the graphic
display system. To meet the control and development requirements, a DEC VAX
11/750 Computer system was selected.

Accomplishing our goal required the close working relationship of many
various talents. Programmers, graphic artists and hardware engineers toiled for
nine months developing software, creating artwork and implementing hardware.
This paper will present an overview of the systems.

Scope of Project

The scope of the hardware project was to install in a temporary facility
eight Quantel DPB 7000 paintboxes under the external control of two Digital
Equipment Corporation (DEC) VAX 11/750 computers. This facility would have to
suffice as a software development laboratory, graphic artist design area and a
graphics playback area for the Election '84 Broadcast.

Due to a tight time frame, from the installation of the first three systems
the following criteria had to be met:

-Simultaneous use of the facility by programmer anaylsts and



graphic design artists
-All future equipment installations would not allow down time

-Ability for any system to be used by either a programmer
analyst or graphic artist.

-Ability to provide demonstration tapes for project status
review.

With the facility eventually going to air, distribution of program video,
monitoring feeds, timing feeds, control and communication links were required.
Control considerations were also needed for two additional paintbox systems
installed in the WNBC graphics area.

Facilities

Since & temporary facility would be used to house the paintboxes and their
support equipment, all construction changes had to be minimized, thus resulting
in various compromises. Two considerations however, which cannot be compromised
are power and air conditioning. A vacated office area, adjacent to a computer
room met these requirements. It was selected for installation of the first four
systems. This area afforded the additional benefits of a raised computer floor
and a clean air environment. The raised floor allowed for easy cable routing,
thus minimizing cables on the floor and the need to construct costly overhead
cable troughs. It must be noted that with existing fire laws only plenum cables
are allowed to be placed in this type of raised floor. Also, cable bundle size
was limited so as not to restrict the flow of air conditioning. To maintain a
clean air environment, direct proper air flow and eliminate the possibility of
static electricity all carpeting was removed. This 25 by 14 foot area eventually
contained six racks for equipment, four design/development areas containing four
paintbox work stations and six DEC computer terminals, a U-matic video tape
machine and a color camera. Conditioned power was used for all technical equip-
ment. To improve room lighting, a track light on a dimmer control was installed.

The room size was insufficient to separate the people involved with software
and graphic development from the noise generated by the twelve 330 M/B disk
drives. To minimize the ambient noise, a removable, sectionalized enclosure was
erected around the six racks of electronic equipment. The enclosure was con-
structed with acoustic wall cover mounted in aluminum channels and suspended from
a ceiling track. The acoustic wall covering has an unfinished side which exposes
the fiberglass interior. To safeguard against particles of fiberglass being
rubbed loose, a very fine nylon mesh was fastened over the exposed area. To
enable the heat generated by the six racks of equipment to flow from the enclo-
sure, openings were provided at the top and bottom of all panels.

To accommodate the installation of the remaining paintboxes an additional
facility was required. Once again the primary considerations of power and air
conditioning resulted in the selection of 9HC, the original election graphics
display system area, overlooking the 8H studio floor. Benefits available from
this location were equipment racks and work station furniture. With only a
minimal amount of development time remaining, acoustic enclosures were not in-
stalled. Existing technical power for equipment, air conditioning and lighting
were utilized without modification.
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System Requirements - Development Period

Graphic design requirements for Election '84 consisted of developing unique
artwork for Presidential and Congressional contests. Original artwork was also
required for depicting the responses obtained to the various poll and analysis
questionnaires. Included in this design task was defining the look of the anima-
tion display. Approximately five hundred displays were prepared for use during
the election night presentation.

Programmer analysts developed specialized software for use with Quantel
paintboxes and DEC VAX 11/750 computers. The software development included
writing programs for animations, creating new fonts, VAX control programs, sys-—
tem diagnostics and PROM programming.

Four paintboxes systems were utilized for the software and graphic design
requirements of Election '84. Each system contained a Quantel DPB 7000 paintbox,
synchronizing generator, safe area generator, RGB monitor and five disk drives.

Video from each system, both encoded and RGB was routed to a jackfield. The
jackfield allowed for easy routing of video signals from one system's output to
the input of any other system. The design of this facility and the equipment
used, allowed for all picture transfers from system to system to be accomplished
in either a digital or RGB format. Maintaining picture transfers in either these
formats eliminated any concern of picture degradation due to NTSC encoding or
decoding processes.

Included in the equipment was high quality, inexpensive color television
camera, capable of producing both NTSC and RGB video signals. This camera allow-
ed the graphic artist to shoot either 35mm slides or 8x11 photographs of candi~
dates, from the numerous House and Senate contests. The video from the camera
was then captured on a paintbox system in the RGB format. To accommodate the
requirement to shoot from a 35mm slide to an 8xll photograph a #2 close-up
adapter was used on their standard 10xl zoom lens.

All encoded signals used within the room were for either comparison or re-
cording purposes. The comparisons allowed a graphic artist to evaluate the
picture displayed on the RGB design monitor to a NTSC monitor reproduction. Re-
cording of pictures and animation sequences allowed the review of design concepts
and progress of the project.

The RGB signals were used for the transfer of analog video prior to record-
ing onto a disk in a digital format. Once in digital form, picture information
was transferred either by a floppy, RSD or 330 MByte disk. A RSD which holds
approximately 70 pictures was the main means of transferring new information onto
systems.

When a paintbox system was utilized for graphic design development, no
operational changes were required from any manufacturer's specified procedures.
A procedure could have been devised to allow the graphic artist to operate under
the same hardware configuration necessary for software development. The advan-
tages, however, of not having to retrain artists or encumber them with additional
set-up procedures, outweighed the required cabling and switch setting changes.

The hardware requirements for software development, in addition to the equip-



ment previously mentioned were two DEC VAX 11/750 computers and six DEC computer
terminals. The six terminals were connected to the VAX via RS232 links running
at 9600 baud. These terminals were used by the programmer analyst to develop and
execute all necessary programs. During software development these programs were
resident in the VAX 11/750. The paintboxes used with software development were
connected to the VAX 11/750 via a RS232 link running at a 19200 baud rate. The
program residing in the VAX was down loaded to the paintbox by the programmer
analyst utilizing one of the six terminals.

System requirements-Night of Air

The ten paintbox systems used for night of air were divided into four con-
figurations. Each configuration was called a User. The four Users were: Na-
tional Vote employing four systems, Summary, Poll and Analysis and WNBC, each
using two systems. Each User was unique in the type of information which it
displayed. The hardware for each User system was identical.

Each system consisted of a Quantel 7000 Digital Paintbox. National vote
had three on line 330 M/B disk drives, Summary had one, Poll and Analysis had
two, and WNBC had one. Each system within each User's group was identical. The
redundancy was required to allow for back to back displays and accommodate the
pace at which each User was to be incorporated into the live air production.

With the exception of the Poll and Analysis systems, two Digital Equipment
Corporation VAX 11/750 computers called VAX A and VAX B controlled the picture
retrieval process of the eight paintboxes. The four National Vote paintboxes
referred to as Paintbox 1 to 4 were on VAX B. The two Summary paintboxes named
5 and 6 and WNBC local systems named 9 and 10 were on VAX A. A passive 2 x 1
switch at the input to VAX A and VAX B allowed the VAX System Manager to selec-
tively redirect any paintbox to either VAX. Control data was transmitted at a
19.2K baud rate between the VAX and Paintboxes via RS232 or RS422 EIA Standards.
The two standards were necessary to accommodate the various distances between
paintboxes and VAX systems. Beyond 50 ft. RS232 should not be used at 19.2K
baud. Since only National Vote systems were within 50 feet a RS 232 to 422
converter was necessary. The converter is an inline, self powered device which
was installed in the paintbox racks.

Night of air, all paintboxes under the control of the VAX had predetermined
data written on their 330 M/B disks. This data was either pictures of candidates,
symbols, maps or house of senate layouts depending on the User. The VAX obtained
current vote count statistical data of all races via dedicated telephone lines
from the RCA computer center located in Cherry Hill, New Jersey. This data was
used to update the various displays throughout the evening. The determination of
which race was to be called and subsequently displayed involved four terminals.
The terminals referred to as list, release, control and animate were connected
to the VAX via RS232 communication links running at a 4800 baud rate.

The list operator entered data which determined what races were to be aired.
The release operator, released the races stored in the VAX on a first in first
out basis to the next available paintbox which brought up a static background.
The animate operator initiated a command which then modified the existing display
with real time generated dynamic displays such as "Towers", "Sliding Faces' or
"Mushrooms". If a paintbox system had a failure the control operator's function
was to eliminate that paintbox from the release operator's available paintboxes.
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The two systems for Poll and Analysis also referrred to as Chancellors
Statistical Storyboard Package (CSSP) were VAX independent. These systems were
operated by graphic artists from the air studio during the election night tele-
cast. For noise and aesthetic reasons the paintbox mainframe end associated disk
drives were located in room 9HC. The two artist work stations safe area genera-
tors and ancillary computer terminals were on the studio floor. Each work
station was connected to its paintbox control input via a RS422 link. The
computer terminals which were required for shifting between the CSSP and normal
paint modes were connected to the paintbox.

The encoded video output of each paintbox was routed to distribution
amplifiers. The two amplifiers per system supplied the required pre-equalized
program and local monitoring feeds. Paintbox video for the eight network systems
were routed to the central equipment area for appropriate distribution. To meet
timing requirements, eight Sync Procs were used. The Sync Procs were installed
in a rack on the 8H studio floor. They sent a composite black burst reference
signal to each paintbox. The paintbox in turn, sent its video to the Sync Proc
for video processing. After the necessary initial level and timing adjustments
were made at each paintbox, all future rehearsal and night of air level and
timing corrections were made by a transmission engineer at the Sync Proc rack.
With video from the paintbox systems entering their appropriate production
switchers the air requirements for the project was satisfied.
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ASSEMBLING A COMPONENT VIDEO GRAPHICS CREATION CENTER

Karl Renwanz
WNEV-TV

Boston, Massachusetts

This paper is intended to assist a broadcaster in
assembling a graphics creation center that opesrates totally
in the component mode. By remaining in component form, the
integrity of the visual image is maintained throughout
multi-generation manipulation. Because there is little or
no matrix action, degredation through normal encode/decode
processes is eliminated.

HISTORY

In the summer of 1982, WNEV-TV made a major committment
to half-inch component analog technology through a purchase
of Panasonic VM-format equipment. It quickly became apparent
that component aralog technology could benefit our operation
in other areas as well, such as graphics.

Like nearlyv all television stations in 1982, news,
programmirz and promotion graphics were produced through the
tedious 35mm slide process. There were two known broadcast
facilities using cameras, character generators and still
storage equipment in NTSC to generate graphics. While we
very much liked the speed of this electronic process, we
believed, based on our M-format experience, that remaining
in component form througnout the graphics process would lend
nany more generations of quality visuals.

After taking inventory of the hardware we already owned
that mignt enable us to move quickly into component
graphics, we realized we were well on our way with our
Chyron IV B, Harris Iris II still storage system and
Panasonic AK-100 camera. The key to any multi-source
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component system is a component video switcher. The
addition of the newly developed Shintron 390 component
switcher brought the hardware together as a system, capable
of dissolves, effects and keys in the component mode.

The Harris frame synchronizers required a modification
to allow component inputs (now standard equipment), but the
camera and character generator were equipped for component
use.

Our component graphics center was operating RGB in the
summer of 1983. (figure 1) Dirty slides were a thing of
the past. The hours of preparing a complex graphic were
reducec to a few minutes, and a staff of four was now one
person. Along with these obvious economic gains came the
increased visual impact of complex graphics, with the
average graphic consisting of six generations, both analog
and digital, of visual information. (a generation occurs
each time "freeze" is initiated in the still storage system)

While the pictures were visually pleasing, after
numerous generations the frequency response of the RGB
system proved to have peaks and valleys partially due to
timing errors between channels. This was largely due to the
frame synchronizer matrix converting RGB inputs o Yo JRIEY
B-Y for internal operation. When performing an overlay over
an existing visual, two matrix conversions occur, one on the
input and one on the output of the frame synchronizer. This
process forced extra care in level setting or level
variations and frequency response variations would result.

This does not portray the frame synchronizer in poor
light, but rather reminds us how low the distortion nust be
to get ten generations of high quality graphies. You must
have near perfect filter characteristics and exact timing
between all three channels. Whatever the measured
performance of the still storage system, it is simply
multiplied by the number of generations it takes to produce
the final graphic.

CONVERSION TO Y, R-Y, B-Y

After several months of RGB operation we converted the
system to Y, R-Y, B-Y to avoid the double matrix corversion
in the frame synchronizer each time a generation occurred.
More generations at higher quality were the result. The
conversion was accomplished by removing the RGE to Y, R-Y,
B-Y matrix in the frame synchronizer. Chrominance and
luminance, having different filter slopes, can now be
separately optimized.

This conversion required the purchase of matrix
converters for the camera and character generator, allowing



direct inputing of Y, R-Y, B-Y into the still storage
system. (figure 2)

Here are exampnles of typical graphics that are aired in
our newscast:
construction time

5th generation 3 minutes
fth generation 3 minutes
8th generation 4 minutes
10th generation 5 minutes

Material sources for graphic compilation can be as
csimple as a blank piece of paper with handwritten
information, swatches cf cloth or photographs. Video
switcher features such as wipe, dissolve, color background,
border, key and wipe key enhance the visual with relative
ease.

The digital key feature in the Harris still storage
system adds the capability of keying any number of images
into a montage, while preserving first generation quality in
every level of the image. It does this bv processing a key
signal through a unique signal stabilizer to selectively
unfreeze chosen parts of the image, then blending new input
video into these unfrozen areas of the picture. The result
is crisp, clear assembly of the most complex composites, as
well as a variety of unusual new video effects. It offers a
high quality option to put Chyron or camera video over a
previously stored image. It operates in conjunction with
the Shintron 360 switcher or Chyron, essentially as a cut
and paste approach, digitally cutting a hole and replacing
information pixel by pixel.

TECHNICAL MEASUREMENTS

Technical measurements on our system show performance
as folliows:
one generation ten generations

luminance s/n 56db hhdb
chrominance AM s/n 60db 60db
chrominance P4 s/n 62db 62db

H phase stability +/- 10nano +/- 100nano
frequency response lum - .2db - 6db
frequency response chrom - .5db 1 Mhz - 1.5db 1 Mhz

All tenth generation measurements were made utilizing
digital noise reduction within the Harris frame
synchronizer.
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Just to kezp these numbers in perspective, our tests
show that this luminance s/n measurement is equivalent to
third generation one inch type C performance. Tenth
generation type C yields thirty-six db signal-to-noise.

One inch type C chrominance AM and PM s/n measurements
are considerably worse than those shown above fron our
component graphics creation center. Again, these type C
measurements were made 2s a comparison reference because
most broadcasters are familiar with the format.

Chrominance to luminance timing track each other well
in our graphics system. We have found interfield timing
does not exactly track. Field two does not have the same
timing relationships as field one, resulting in a possible
"piano keying" effect.

CONSTRUCTION OF YOUR COMPONENT GRAPHICS CREATION CENTER

If your station owns the following equipment you may
well be on your way:

character generator

camera

still storage system

(units must operate internally in some component form)

These additional purchases put our system on line:

Chyron keyboard, floppy drives, palette
Harris keyboard
Shintron 390 switcher
Shibasoku color monitor
graphics stand for camera
total cost under $30,000

The initial installation of such a system does require
you to overcome certain obstacles. Around every corner
looms a detailed problem you have never faced. The
engineering maintenance department will need to approach
novel and unusual design and optimization problems with
creativity and flexibility. Since errors can be magnified
five to ten times due to multi generations, certain
adjustments become very critical and errors previously
hidden may surface to become objectionable, such as ringing
or poor clamping.

The art director and staff will drag their feet on
implementation of such an electronic system. The unions
will all want jurisdiction.

Fortunately for us, these problems were relatively easy
to overcome. The art director, after immersion in the
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system, became an advocate for component graphics. A
favorable package was negotiated with the union to exclude
the graphics creation center from their jurisdiction.

An artist should have freedom within the system to
transfer the mind's conceptual image to a multi-generation
visual or the system does not meet the most basic objective.
Typical set-up procedures for equipment operation may need
to be re-evaluated or abandoned altogether tc allow creative
minds to function with a minimum number of electronic
barriers.

While we may be in the age of complex graphic systems
that make elaborate, motion filled opens and closes for
television programs, they are not necessarily fast enough to
handle the daily graphics load for news, programming and

promotion.

A component graphics creation center such as the

one operated at WNEV-TV is a practical tool for evervday
production.
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A Microprocessor-Based System Solution
to Increase Access to Character Generators

Maurice R. Baker
The JET Broadcasting Company, Inc. (WJET-TV)

Erie, Pennsylvania

INTRODUCTION

The electronic character generator is a vital component of today's television
production process, particularly in news programming where timeliness of
presentation content is of critical importance. This paper describes a prototype
project intended for the enhancement of operational access to the graphics
system from the television newsroom.

Both the quality and quantity of this access are contributing factors to
overall productivity. The inherent flexibility of today's character generators
requires the operator to reselect many different parameters such as character
color, font style, disc address, etc. throughout the entry process. Not only
is this time consuming and error prone, but it also serves to complicate the
training of new personnel. Since the overwhelming majority of news graphics
conform to a standard pattern, automation of display formatting can be very
effectively provided.

Still, the need of three distinct staffs (news, weather and sports) to
simultaneously enter information into one keyboard often creates a "bottleneck"
during the crucial minutes preceding a newscast. To make matters worse, this
keyboard is almost always located in the control room area some distance from
the news department; personnel are then required to perform a frequent commute
between their desk and the character generator. Multiple remote workstations
for text entry and transmission are clearly desirable.

HARDWARE

In the newsroom, a Commodore 64 computer with 1541 mini-floppy disc
drive, 1525 printer, RS-232 interface, and light pen serves as the desktop
system shown in Figure 1. At current January, 1985 prices, this configuration
would cost approximately $750.00; if hard-copy output is not required at a
particular workstation, the printer may be omitted for a savings of approximately
$250.00. Although immune to radio frequency interference from the numerous
sources around a television broadcast station, some RFI is produced by this
equipment and has, on occasion, interfered with scanning FM receivers nearby.
Careful choice of location has reduced this problem to manageable levels.
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FIGURE 1

COMMODORE 64 WORKSTATION
IN WJET-TV NEWSROOM

FIGURE 2
EASYSCRIPT EDITOR DISPLAY
OF TEXT FILE ENTRY

FIGURE 3
TYPICAL PORTIONS OF
NEWS GRAPHICS FORMAT FILE
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Data communication with the character generator is 1200 baud ASCII over
several hundred feet of twisted-pair cabling. A simple 3-wire interface has
worked very well, with XON/XOFF handshaking to control data flow. While the
prototype implementation contained only one remote station, several manufacturers
sell inexpensive RS-232 switchboxes which can delegate access to the proper
user as required. Alternatively, a "dial-up" network using modems and the
in-house telephone system may become practical for larger organizations where
the multiple desktop stations are not located in the same room.

The graphics system is a 3M/Datavision D8800 with two channels of character
synthesis, dual 8" floppy disc drives and a serial I/0 interface. The software
driver for serial communications contains a buffer which accepts received
characters while the D8800 is still executing earlier commands. When the
buffer is filled, a DC3 (Ctrl1-S) command is sent to the Commodore 64 which
halts transmission until receipt of a DC1 (Ctr1-Q). [1]

Actual use in preparing news graphics has been observed to be disc-
intensive; frequency of access by the two systems to their mass storage,
rather than communications line speed, limits the overall throughput. For
this reason, 1200 baud was chosen over higher available rates as the best
compromise between error immunity and character generator utilization. Every
keyboard operation may be requested through serial transmission of a
corresponding 8-bit character; in addition, several graphic functions not
available from the keyboard (fractional spacing, etc.) are each assigned an
ASCII code. [2] [3]

SOFTWARE

The data formatting/transmission program which runs on the Commodore 64
is written in BASIC, and loaded from the 1541 disc drive when required. Upon
execution, it reads the disc directory and displays each sequential data
(non-program code) file name upon the screen in "menu" fashion. The user
selects, with the light pen, the format file corresponding to the type of text
material to be transmitted. This file is then interpreted by the remainder of
the program to define the sequence of characters and commands sent to the
D8800 character generator. The interpreter provides a rudimentary decision-
making facility, transfer of control within the format file, and selective
incorporation of text/commands from other CBM64 data files. Access to graphic
system mass-storage addressing and wunderlining is greatly simplified,
additionally, the 1525 printer can be used to print a hard-copy listing of
text which has been transmitted.

The interpreter can accept entry of numeric values into specific
spreadsheet-1ike "cells." This data can be converted to ASCII strings for
display on the character generator, used in arithmetic calculation of additional
cell values, or allowed to control repetitive transmission of a particular
character/command. This is similar to CBS News' application of an IBM PC and
Chyron character generator for delegate vote counting at the 1984 political
conventions, under control of a specialized APL routine. [4] Unlike custom-
written software which must be coded and maintained entirely in a high-level
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language, the interpretively-read format file can be created and modified by
teleproduction personnel without special computer skills. Calculations are

easily expressed in straightforward BASIC subroutines within the interpreter
itself, if required.

The first character of each format file entry is examined in order to
determine whether the line is an interpreter command or actual text material

for the direct transmission to the D8800. These command characters are listed
below:

= (Equal Sign): Interpreter ignores the remainder of line. This is useful
for comments included to self-document format files, or as a delimiter in text
files.

% (Percent Sién): Interpreter accepts next character as option selection. %0
(disable hard-copy printing), %1 (enable hard-copy printing), and %2 (prompts
user to preselect sequence of included text file names for "batch" operation)

are the only options implemented at this time. Others may be easily added to
program code.

[ and ] (Brackets): Text material encountered between opening and closing
brackets is underlined when displayed on the D8800. A non-destructive backspace,
and underscore command is sent following each character; specific symbols
(blank, lower-case letters with descenders, etc.) may be chosen according to

Tocal custom for implicit exclusion from underlying. Material to be underlined
may span multiple lines.

# (Octothorp): Followed by single numeric digit from 0 through 9. Allows
user to label a particular step in format file sequence to be referenced by @
(At Sign) command.

@ (At Sign): Followed by single numeric digit from 0 through 9. Interpreter
"jumps" to format file line following corresponding label, and continues
sequential execution.

! (Exclamation Point): Followed by cell number. The numeric value contained
within the cell is converted to an ASCII character string by means of the
BASIC STR$ built-in function, and cosmetic reformatting (comma insertion,
etc.) 1is performed according to pre-programmed rules. The result is then
transmitted to the character generator.

< (Less Than): Followed by cell number, >>(Greater Than) symbol and either
an ASCII character symbol or a hexadecimal constant preceded by $ (Dollar
Sign). If the numeric contents of the cell are zero, the line has no effect
and the interpreter continues with the next format file entry. Otherwise, the
ASCII character or hexadecimal value is sent to the D8800 "N" times, where N
is the integer value stored in the cell.

$ (Dollar Sign): Followed by two hexadecimal digits (0 through F) to form an
8-bit value between 0 and 255 decimal, which is then sent over the serial
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link. Used to transmit control functions to the character generator which
have no keyboard equivalent on the Commodore 64, as well as any other special
character values.

? (Question Mark): Followed by a prompt message to be displayed to the user,
after which the program waits for a response. The keyboard entry is then
submitted to interpretation as though it had come from within the format file.
This allows the entry of text or commands at the time of data transmission.

\(Up-Arrow): If no text file is open, the interpreter either opens the next
file name preselected for automatic sequencing (see %2 above) or prompts the
user with a menu of file names to select with the Tight pen. The next Tine of
data is read from that file, and processed as if it had been present in the
format file. If a "null" 1line is read (containing only a RETURN), and a
character string followed the /\(Up-Arrow) symbol, then that string is
interpreted in a similar fashion. Control is then returned to the format
file. The text file is closed after the last line of data has been retrieved.

/ (Slash)

& (Ampersand): These two commands control the disc addressing of the 08800
system. An 8" floppy disc drive contains 2000 pages of storage numbered 0000
to 1999; a bias of 2000 is added for each additional drive. Consequently, the
dual drive system can access pages 0000 to 3999. In normal use, the desired
address for recording or playback is entered from the character generator
keyboard, and appears on a 4 digit LED display. However, the remote Commodore
64 system has no way of interrogating this value and must independently keep
track of the current disc page.

& (Ampersand) instructs the interpreter to set the D8800 disc
address to the next sequential page according to a counter kept internally in
the program. The counter is then incremented. If the & (Ampersand) is
immediately followed by a number between 0000 and 3999, the internal register
is loaded with that value before updating the D8800 address.

/ (Slash), however, is always followed by a numeric value
within the above range. This command transmits the desired address to the
character generator, but leaves the internal register unaffected. This is
useful when a series of non-related pages are to be retrieved and rerecorded
sequentially while intermixed with the other text; integration of standard
identifying graphics which have been prerecorded in a "Jibrary" area on the
D8800 are a common application within a newscast.

If a non-command line of text within the format file is to begin with one
of the command characters, it must be prefixed by a space which is stripped
before transmission, or the 1line of text will be mistakenly processed as a
command. The situation has occurred infrequently since few of these symbols
make any sense at the beginning of a plain-language text line. The choice of
$ (Dollar Sign) as a command character was an unfortunate holdover from the
author's experience in 6502 assembler language coding.

A1l format and text files contain ASCII strings with each line terminated
by the RETURN character, and can be created or edited by one of the many
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Commodore 64 word processing programs. The Easy Script software product from
Commodore was chosen for use in the prototype installation. This package
works well, and newsroom personnel quickly become comfortable with the fairly

small subset of editing commands actually required for productive use in this
application.

OPERATION

The operation of this system is best illustrated by presenting some
actual hard-copy and video output produced as the text preparation and
transmission sequence progressed.

Figure 2 shows the entry of three news graphics which form a text file
corresponding to a particular story; each character generator page is defined
by four lines followed by a "======" delimiter. The first example is an
identifying "super" for a reporter which will be retrieved from a library
collection on the D8800 disc. The page number of the prerecorded graphic is
entered after the “/" command character in order to load the character generator's
disc address register; the interpreter's internal counter remains at the next
page in the record sequence being assembled. The following line is a description
which will only be echoed on the director's hard copy listing. On the third
line, the "$90" command will cause the character generator to read the previously
addressed library page from its disc. The fourth line, which is empty in this
example, could optionally contain a command code to force the displayed material
against the right or left margin. This is useful when the scene is composed
with the talent off to one side rather than at the center of the screen

The second example is for a four entry graphic. The first two lines will
be displayed centered in the lower third of the raster to identify the subject.
The next two lines will be positioned at the upper left in order to establish
the time and place of the actuality. The final example demonstrates the use
of an optional procedure in the format file. The first two lines are handled
as in the second example. The "®2" command on the third line forces an
interpreter jump to the "#2" label in the format file where special commands
are located which create a "24 File" icon in the upper left corner of the
graphic. The empty fourth line is included to maintain consistency with the
four 1line format; the format file contains a command to read it but it is
effectively discarded. It is much easier to train the user that each text
file group will always contain four lines followed by the "======" delimiter
rather than impose an arbitrary and inconsistent set of rules which depend on
the option chosen.

The text file is then stored on the Commodore 64 disc under a descriptive
user-chosen name relating to the contents. A1l news stories requiring character
generator support are prepared in this manner as their scripts become available.
Figure 3 shows a selected portion of the format file that controls transmission
of news graphics. This file, which includes procedure for creation of the
financial displays (gold and stock prices) as well as identifying "supers" for
news stories, is about 150 lines long in its entirety.
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Figure 4 is the interpreter program's light-pen driven menu display from
which the operator selects the format file and the sequence of text files to
be transmitted. By convention, format file names begin with a "+" and are
displayed in reverse video; all files are grouped by type (format or text) and
presented in alphabetical order. The asterisk preceding each file name must
be touched twice in order to confirm the selection as correct. The sound
synthesizer of the Commodore 64 is programmed to produce chime-line audible
indications during this process. Once the proper format file has been chosen
and the text file order established, automatic transmission begins. Figure 5
is a portion of the hard-copy printout which is supplied to the production
staff; the enhanced print numbers on the left side are the D8800 disc addresses
of the transmitted pages. Figures 6 and 7 show the actual graphics generated
by the second and third groups of the example text file.

ANALYSIS

The system described above is used daily for/ preparation of news graphics
at 6 and 11 P.M. Several advantages over the previous manual entry method
have become evident with regular operation. Most obvious is the reduction in
D8800 time required to compose and record the character generator material.
Where a typical newscast formerly required approximately 30 minutes of 'keyboard"
time for news items, the Commodore 64 typically completes transmission in
under 10 minutes. This allows the weather and sports staffs significantly
more access to the D8800, and enables them to prepare their material with more
care and creativity.

The interpreter program also generates the director's hard-copy listing
which previously had been manually transcribed. Through the precise format
file definition, operational errors such as incorrect selection of font style,
color, and edging have been eliminated. Last, but certainly not least, the
system allows the entry of text material directly from the newsroom and eliminates
the inefficient division of labor between the distant control room and the
user's desk.

One limitation, however, is the lack of feedback from the D8800 to the
Commodore 64 concerning error conditions such as disc faults and composition
problems (checksum errors, running out of room on a line of text or page,
etc.). The operator is essentially "flying blind" during transmission; thus
the stored pages in the D8800 are always checked before the broadcast to
ensure that everything is as expected. In actual use, this process takes
negligible time and would probably be performed anyhow. Perhaps other graphics
systems will more fully support the RS-232 channel by improving software
handshaking with the remote location beyond simple data link control.

CONCLUSION

A microprocessor-based personal computer system may be used for formatting
and transmission of text information to a television character generator.
This combined operation results in greater overall access to the graphics
system, elimination of errors in display formatting and more productive
performance of news personnel.
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Videopticals tm

The Evolution »f a Post-production Facility

Jason T. Danielson
Positive Video

Orinda, California

Videopticals 1s the electronic graphics and effects division of Positive
Video, a leading edge video post-production facility with two locations in the
San Francisco Bay Area. Founded in 1981, the goal of Positive Video has always
been to provide the highest quality post-production equipment and talent avail-
able in the United States. We have always seen ourselves as a high throughput
post facility, steering clear of temptations to become involved in the product-

ion phase of the business. This has allowed us to support independent producers,

production companies, and regional television stations and it has allowed us to
keep abreast of the digital video hardware revolution that continues to change
the face of the television production industry.

This paper will focus on Positive Videoptical's use of digital graphics
and effects systems, the interaction of these systems with one another, and on
the producers' interaction with these systems in the process of creating
motion graphics and effects. The focus will be from a producers point of view,
on the possibilities provided by combining these systems. Individual devices
will be discussed, followed by various combinations of systems needed to create
certain graphic illusions.  *-

In 1980, state-of-the-art electronic graphics meant the creation of type-
styles and one color logos on a Chyron telesystem. Today, there are several
dozen electronic graphics systems available which make the original systems
look like the dark ages in retrospect. To stay abreast, a television station
or facility must continually evaluate the performance of these digital graphics
and effects systems, and their benefits and cost to their operation. As we
have become acutely aware of, no one single digital system solves all of a
post-production environments' needs. The creation of high quality, entertain-
ing, and informative graphics and effects involves the combined use of digital
still stores, switchers, keyers, paint and animation systems, digital video
effects systems, telecines, etc.

Videopticals is the intelligent use of these systems to create television
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graphics and effects beyond what was possible in the video démain at the
beginning of this decade. Digital video equipment can no{ cteate optical

effects that previously were associated only with 35mm fikm fechnology.

We can all dream about owning the newest and greatest system on the block,
but ultimately, a post-production installation must work with what it has or go
out of house. At our facility, videopticals are created with the following
equipment:

Electronic Graphics Systems

° Quantel Paint Box
° Chyron IV with Font Compose

Cameras

° Ikegami HL 79DAL
° Black and White Matte Cameras

Three Dimensional Shape Creation Systems
° Quantel MIRAGE
Effects Systems

° Grass Valley Mark II DVE
Ampex Digital Optics (ADOQ)

° Quantel MIRAGE

° Grass Valley 1600 7K Switcher

Keying Systems

Ultimatte RGB Keyer

Grass Valley Encoded Chroma & RGB Keyers
Grass Valley Analog Borderline Keyers

° Quantel Digital Foreground/Background Keyers

Image Record and Playback Systems
° Sony One Inch Type ''C"

Bosch FDL 60 Film To Tape Transfer Device

° Sony BVW 40 Betacam

° Harris Iris 2 Channel Still Store

° Quantel MIRAGE

(-]

While most of our equipment, including the DVE and the ADO fit nicely
into the framework of an on-line post-production operation, the Paint Box and
the MIRAGE do not. Imagery is generated and developed on these two systems
rather than simply composited. While these systems work quickly, development
is not instant. Their flexibility requires that creative decisions and some-
times even design changes are made during the course of operating them.

The television post-production business is changing. If the equipment



manufacturers continue in the direction of more software based systems as I
believe they will, we will find ourselves with more equipment both in the area
of graphics creat¥on and manipulation that fall into the category of off-line
post-prcduction. It is no longer enough to simply purchase the most enticing
high-end equipment and hire the talent to run it. These systems not only
require specifically trained artists/operators/programmers, (which in the case
of newly released machines do not exist) they also require that the facility
create a more comprehensive feedback loop between its personnel and the pro-
duction group. The success of these new digital systems depends on their
creative and successful use, be that by the stations' production crews, or the
thousands of independent producers and production companies that use the
nations' post facilities. These producers, although well versed in SMPTE
timecode, A-B rolls, switcher effects, etc. are oftentimes naive when it comes
to the creative possibilities that these new digital systems present.

A general knowledge of how we use the systems in our facility and how
they interact is always the first step we take in working with a producer.
The Chyron IV, of course, is the work horse of the graphics systems. It is
invaluable in an on-line session because of its almost instant creation of
text screens. Its ability of keeping text centered while quickly adjusting

the letter spacing and line height usually meets both the financial and creative

concerns of the client. We recommend its use for basic titles, frames needing
more than a few lines of copy, or any scrolling text. We generally key Chyron
text over either live video, freeze frames of live action, or Paint Box
generated backgrounds.

The Quantel Paint Box serves several functions in our post environment.
It is used for high quality titling. Quantel is the only video equipment
manufacturer licensing typefaces from the major typeface houses and the
selection and quality show. Producers with graphic design or print art
direction backgrounds particularly prefer the Paint Box for titling and will
spend the extra time to create a graphics B-roll a day or two before their
scheduled on-line session. Although the Paint Box images can be directly
recorded onto the edited master, this requires the use of both the edit bay
and the Paint Box room. It is considerably more cost effective to keep from
tying up both the Paint Box room and the on-line edit bay simultaneously.

We also create full screen graphics with the Paint Box. Most frames are
created with the help of video camera input. Full screen informational
graphics are the exception. A hardcopy schematic or map need to be recreated
by hand using the stylus and digitizing pad to better fit the aspect ratio or
resolution constraints of video or the color and design requirements of the
art director. Video logo treatments are a common use of the Paint Box and for
these we prefer black and white stats. The Paint Box grabs the live video
frame, in this case a camera focused on the stat, as a 24 bit image, otherwise
referred to as direct color. It then can create an 8 bit stencil of this
image using the picture's luminance value. This stencil then allows the
artist to use masking techniques for adding color, drop shadows, cast shadows,
and glows.

Full color input either from videotape or print artwork turn otherwise
time consuming graphic design problems into quick photo composition tasks.
Most full screen graphics are some combination of black and white stat input,
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full color video input, graphic creation, airbrush retouching, graphic primi-
tives, and text creation.

Another use of the Paint Box is for set design and creation. More and
more on-camera talent for television products are "blue screened' either on
35mm film, or component videotape. Then sets are being either partially or
entirely created on the Paint Box. Using the Ultimatte during the film to tape
transfer, characters or foreground imagery can be cleanly keyed over Paint Box
created backgrounds. The Ultimatte RGB keyer can also be used with the trans-
coded signal from the Betacam Y,R-Y, B-Y component signal to provide extremely
clean chroma keys. When the blue screen is lighted correctly and the art
direction space is well thought out, this is a tremendously powerful and cost-
effective use of the graphics system. This technique, which originated as a
live studio technique for keying weathermen in front of their maps is becoming
a commonplace post-production tool for programming and commercials.

The Paint Box also comes in handy for creating mattes to feed the digital
effects systems and to be used directly for cleaning up edges or creating
special wipes to show motion. The Paint Box also has a very clean digital
foreground/background keyer. This allows us to key color cycle animation,
reflections, or live video behind a full color graphic.

The paint systems' cell animation capacity allows the creation of short
animated flashes, wipe-ons, and glouws. Up to a couple dozen cells can be
drawn to play out in a window within the video frame. This can save the
producer a few hundred to a thousand dollars. Rather than having animation
cells created separately by an animator and then incurring the expense of
filming or single framing the cells onto video, the Paint Box artist can
usually create the animated effect in less than twenty minutes apnd record it
in realtime onto the graphics B-roll at the same time as the stills from that
session are being taped. Another method of animation for mection graphics is to
create keyframes on the Paint Box which when wiped between create the illusion
of motion.

Finally, the Paint Box is used as the painting system for electronic
origami. This is where the two dimensional canvas of the Paint Box is used to
create artwork which will be bent or folded into a three-dimensional shape by
the Mirage. The graphic may look discontinuous or warped when flat, but when
passed through the Mirage it becomes a coherent shape. For instance, a
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