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Dear Reader:

These Proceedings contain many of the technical papers presented during
the 40th Annual Broadcast Engineering Conference held in conjunction with the
NAB Convention in Dallas, Texas, April 12-16, 1986,

The Proceedings contain papers of interest to engineers and technicians
in all areas of broadcast radio and television. Subjects covered include AM
improvement, AM-FM-TV engineering, maintenance, new technology, stereo sound for
AM-FM-TV, broadcast auxiliary, non-ionizing radiation, television satellite
news gathering and advanced television systems.

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 on your
interest and ability to understand and utilize the technological concepts and
applications described here. In many respects they are blueprints of our
future; a valuable reference source to complement the Proceedings of past
engineering conferences and the 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.

Note that we have reduced the size of the Proceedings to one of
manageable proportions by using smaller type and arranging the text into two
columns. By doing so we avoided reducing the total number of papers without
sacrificing readability.

We at the NAB are proud to publish these Proceedings. Your comments on
any of the papers or on any aspect of the 1986 Engineering Conference are always
welcome.

Best personal regards,

N hou B (Zellew

Thomas B. Keller
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THE NAB AM IMPROVEMENT PROJECT

Charles T. Morgan, Vice President/Engineering
Susquehanna Radio Corporation
York, Pennsylvania

Michael C. Rau, Staff Engineer
National Association of Broadcasters
Washington, District of Columbia

It was two years ago that the AM
Improvement Subcommittee gave its first
report to this convention. That first report
outlined the Committee's progress in its
attempt to identify the technical problems
that face AM broadcasting. Later that year,
the Committee issued its completed report
and began the task of implementing procedures
designed to resolve these problems.

Of the eight areas originally identified,
all have been addressed. In some areas, our
task has been completed; in other areas, our
work is well underway; while in others, there
is a great deal of work ahead of us.

Through this Committee's work, the NAB
has in operation an "AM Improvement Technical
Reference Center." A bibliography has been
sent to all NAB radio stations listing more
than 250 articles that are available to help
the station engineer understand and ms&intain
the radiation portion of his transmission
system. These articles deal only with the
signal after it leaves the transmitter, and
covers Transmission Lines, Phasors,
Directional Antennas, Broadbanding, and all
facets of the radiated signal. These are
the least understood areas of your technical
facilities, and they are categorized by both
subject matter and complexity. Most subject
matter is covered with both the theoretical
and practical approach, and you can obtain
articles written at a level to meet your
particular need. This is a valuable
resource for any engineer that deals with
AM Radio. It is in place at the NAB and
ready for your use.

One of the main concerns of this
committee is electrical interference to AM
reception caused by electrical devices,
particularly the newly developed R F Lighting
devices. These "new generation" light bulbs
are targeted to replace the present
incandescent light bulbs. They are very
energy efficient, and in an energy conscious
future they could find widespread use in the
home and industry. The problem . . . they
use R F energy to provide light. This R F
energy is particularly harmful to AM
reception.

In August of 1985, the Commission issued
a Report and Order concerning R F Lighting
devices that set limits on interference
conducted through the AC Power Line, but it
did not include limits placed on radiated
interference on AM broadcast frequencies.

This Subcommittee conducted a study of
these R F Lighting devices, as well as other
sources of interference, and the report of
these findings was submitted to the Commission
in support of the NAB's Petition for
Reconsideration of this decision. 1In its
request, the NAB asked the Commission to
adopt interim technical standards to prevent
electrical interference to AM reception from
these devices. This request is presently
being considered by the Commission.

Electrical interference from R F light
bulbs, as well as other interference sources,
is an area where AM Broadcasters must be
constantly vigilant. Ey its very nature, AM
is most susceptible to such interference, and
if we are not constantly on guard we may lose
out to the "hash" of an electric and
electronic environment.

AM can sound good. AM radio can be a
quality medium. This is a fact, but it is a
fact that is not universally accepted or
understood. Yes, AM has its problems. Its
susceptibility to noise and interference, as
well as other factors, has caused receiver
manufacturers to build narrow band and poorer
quality receivers. If the introduction of AM
Stereo does nothing else, it has shown us that
receiver manufacturers can make better quality
receivers. Most of the new generation of AM
Stereo Receivers sound great--not because
they are stereo, but because they are "wide-
tand." This quality improvement holds true
for stations broadcasting in mono, as well as
stereo. The NAB has launched a nationwide
campaign promoting "quality stereo receivers."

The AM Improvement Subcommittee is
sponsoring a series of demonstrations of
"Wide-Band AM Stereo Receivers." This is not
a promotion of stereo, but of quality AM, and
it is presented in "Mono." Those who hear
it, like it, and many are astounded at just
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how good AM can sound. This Subcommittee is
committed to continued promotion of high
quality AM Receivers.

One of the most exciting and particularly
~ewarding areas of AM Improvement is the
ievelopment of new antenna designs. It would
appear that there has been no serious research
or development in the basic design of AM
antennas since the 1930s. Yes, we have
developed more complex directional antenna
systems in order to maximize the number of
stations that we can squeeze into our
broadcast band, but no one has taken a
serious look at how the signal is radiated
from the antenna.

Two engineers working independently,
Richard Biby and Ogden Prestholdt, have
developed preliminary designs which they
believe can increase groundwave signals,
while reducing skywave radiation. These
computer generated designs exist only on
paper, and until working prototypes are
built, there is no guarantee that either of
them will work. As a direct result of this
committee's involvement with these two
engineers, the NAB will fund the
construction of "full scale" prototypes
for both of these designs.

The benefits of these designs are
enormous. Possibly new stations may become
available, but the major benefit is to
existing stations. Daytime stations may
be able to operate at night, and nighttime
directional stations may be able to operate
non-directional, or increase power. You
may be able to "fill the nulls" that now
hamper your nighttime operation.

This may be the technical breakthrough
that AM so desperately needs in order to
remain a competitive media at night. Both
Mr. Biby and Mr. Prestholdt are with us
this morning and will discuss their
respective designs.

It was through the efforts of this
committee that the National Radio Systems
Committee was re-activated in June of 1985.
In our initial meeting our goal was to
determine if there was any common ground on
which receiver manufacturers and broadcasters
could agree, in order to Jointly work towards
developing a wider-band AM broadcast system.
At the meeting, it was acknowledged that we
have a system problem which involves the
broadcaster, the receiver manufacturer, and
the medium itself, and the quality of AM
broadcasting can only be improved by both
sides working together.

In this and subsequent meetings, we
found that not only the engineers but the
marketing representatives of these receiver
manufacturers are interested in wide-band
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receivers. We all know receiver manufacturing
is a market-driven industry, and they now see
a market for wide-band receivers.

Active members of the NRSC include
representatives of most U.S. and off-shore
manufacturers, the members of the AM
Improvement Committee, as well as other
broadcasters and interested parties. A
performance evaluation sub-group, under the
chairmanship of John Marino of Katz
Broadcasting, and Bill Gilbert of Delco,
has been meeting monthly in an effort to
develop a practical pre-emphasis/de-emphasis
curve as a suggested voluntary standard.
This morning they will provide you with a
complete up to date report of NRSC activity.

The need for AM technical improvements
i s obvious. Our committee has received a
great deal of interest and support from the
entire industry.

Through the NRSC, we have the receiver
manufacturers working toward the same goals.
James McKinney, Chief of the FCC Mass Media
Bureau, in a speech to the IEEE in September,
1985, recognized the need for & complete look
at the problems of AM. His office is in the
process of developing a report for the
Commission which will not only identify the
problems, but suggest options for possible
rulemaking proceedings, where applicable, to
overcome these problems. The Advisory
Committee on Radio Broadcasting, a group
composed of both Government and Industry
representatives, has also taken an active role
in trying to bring about improvements in AM
broadcasting. There is a great concern and a
massive effort on all fronts to do everything
possible to bring about technical improvements
to our system of AM broadcasting. You can be
assured that the NAB and this Subcommittee
will continue its efforts in this respect.



HOW THE NRSC IS HELPING TO IMPROVE AM RADIO

John Marino
Katz Broadcasting Company
Bridgeport, Connecticut

INTRODUCTION

As many of you know, the National Radio
Systems Committee has recently been
re—activated for the purpose of studying
and recommending ways to improve the AM
radio service. The Committee is composed
of representatives from the broadcast
industry and the receiver industry.
Indeed, ¢this 1is not the first time these
two industries have met to discuss common
praoblems but, it may very well be historic
in that realizable solutions seem to be
within reach.

HISTORY

If you plot a curve showing AM radio
listeners vs. time, you would probably
find that the peak listenership ¢to the
standard broadcast band occurred during
the 1930°'s. With the exception of a few
minor peaks and valleys, AM listenership
steadily declined and began to 1literally
plummet through the 1970°'s and 1980°s.

Several interesting things happened during
the 1960's which had an impact on AM
broadcasting. From a programming
standpoint, this was the era of the
consul tant. "Top 40" radio was in full
bloom and broadcasters were attempting to
establish a signature for their stations
through the use of various audio
processing techniques such as,
compression, equalization, and reverb.

Those stations that were successful became
legends in the industry inviting a lot of
competition. In their attempts to copy
these "giants" of the industry, many
broadcasters stressed their transmitting
plants to the limits, trying to
"supermodul ate” with transmitters
basically designed for 30% to 40% average
modulation. The results were catastrophic
in many cases, with engineers faced with
numerous transmitter failures.

The AM band became crowded with "splatter"”

of various degrees because those
transmitters which were modified to handle
this highly processed audio were trying to
push it into antenna systems not designed
for this type of service. So, we wound
up essentially with a band loaded with
"garbage". Receiver manufacturers, who
were moving from vacuum tube to solid
state design had their own problems with
filter design and overload protection.
But, with all the "grunge" on the AM dial,
they felt that it may be less
objectionable, to the listener, to narrow
the bandwidth of the radio in an attempt
to eliminate some of the artifacts being
transmitted by broadcasters.

The battle

began with receiver

manufacturers blaming broadcasters and
broadcasters blaming receiver

manufacturers. The ‘"sweet six" six
transistor superhet portable radio was

born, with its hi Q ferrite rod antenna
and lo-fi audio. Every kid had to have
one. It was the age of the personal
radio.

During the 60’'s, broadcasters discovered
FM and promoted its growth. It became the
medium for music and experimental praogram
formats. As FM continued to grow, many of
the best programming people in the
industry moved ¢to the new medium or left
the business. In general, AM was becoming
the stepchild of FM which just a few
years earlier, was mainly wused for
background music. Receiver people were
working on high quality FM receivers naow
and not putting a lot of effort into new
AM designs. AM was all but forgotten.
The backbone of an industry was broken and

laid in a sad state of disrepair. This
continues to be the state of AM radio
today.

THE PROBLEMS
Any significant progress toward

improvement of the AM system must
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start with a definition of the
Since broadcasters and
manufacturers have seldom been able to
cooperate at past meetings, considerable
time has been spent by the NRSC
identifying our common praoblems.

problems.
receiver

Firaet of all, there are in excess of 4000
AM radio stations on the air at the
present time. Interference is the primary
concern of receiver manufacturers. The

average person can only tolerate so much
of 1t before tuning out, or over to
another audio source. Some may say that

we could
problem by

alleviate the interference
eliminating 50% of the

stations. It's not going to happen so, we
must look toward a more practical
approach.

Interference has plagued AM broadcasting
since its beginnings. We have learned to
live with natural electrical disturbances,
such as, lightning. But, with the steady
growth of technology, man—made
interference to the AM service has been
greatly increasing. The NAB recently
petetioned the FCC to take another look at
setting standards for radiated and paower
line coupled interference from industrial,
scientific and medical electronic
equipment. Included here are the new RF
lighting devices, computing devices, and
PBX telephone equipment. Our automaobiles
have become very harsh environments for AM
radio, with the proliferation of
microprocessor control and ignition
systems. Auto receiver manufacturers have
taken considerable pains to make their
radios immune to this interference, in
some cases, even to the point of having
the AM section of the typical car radio
more complex than the FM section.

We cannot stress enough the importance, to
the future of AM broadcasting, of the FCC
taking a hard stand on RF pollution of our
broadcast spectrum.

Another major problem with our AM system
has to do with overmodulation. We all
know what it is but, we must now take
steps to eliminate the interference caused
by overmodulation if our revamping of the
AM system is to be successful. Through
the NRSC, a tutorial is being published

which will address this problem in detail
and suggest ways for broadcasters to
monitor overmodulation products which do

not show up on conventional equipment.
There are many antenna systems in use by
broadcasters that will not handle highly
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processed audio without proper precautions
and adjustments. Maybe you won’'t need to

gspend a fortune rebuilding your antenna
system. Perhaps your audio can be
carefully processed to complement the
filtering effect of the antenna without
creating undesirable artifacts. Let’'s
exercise a little creative engineering.
Everyone knows what a "“dirty" signal

saunds like; now is the time to
up and protect
band.

clean it
your neighbors on the AM

THE PRE-EMFPHASIS/DE-EMPHASIS ISSUE
A POSSIBLE SOLUTION

AM pre—-emphasis and de—-emphasis has been
discussed for many years. There is no
technical advantage +for pre-emphasis on
the AM band, except for the fact that we
have radios with poor high frequency
response. Consequently, we have no
standard and the pre-emphasis curves used
by broadcasters vary with the subjective
judgement of broadcast station management
(conversely, we have the subjective
judgement of receiver manufacturers

defining the de—-emphasis of their

products). It is a futile attempt to make

these "bad" radios sound good that is
causing a 1lot of problems with the AM
system. Several radios in production

today have such sharp filters that there
is no way the audio coming out of them
could be improved by pre-emphasis. As we

mentioned earlier, this cycle of
broadcasters boosting high frequencies and
receiver manufacturers narraowing

bandwidths must come to an early end.
Audio processor manufacturers have given
broadcasters a very wide range of high
frequency audio control but, we must know

how the system will react when we
these upper frequencies.

boost

An NRSC subgroup is now working on a
voluntary standard for pre-emphasis and
de-emphasis for AM broadcasting. We feel
that a standard is necessary to serve as a
starting point for a compatible
transmitter/receiver system. This does
not mean that we are proposing to take
away broadcaster’'s artistic 1license in
tailoring the sound of their station.
Simply put, we are looking for some sort
of benchmark from which audio processor
manufacturers, transmitter manufacturers,
broadcasters and receiver people can start
their design work based upon higher
quality, consistant AM technology.



Future trends in receiver design show most

design effort going into the
Electronically Tuned Radio (ETR). IF
strip tuning adjustments are being

eliminated and
designs are being
new generation

more sophisticated filter

incorporated into the
receivers. Many of these
filters are not tolerant of excessive
pre—emphasis and much distortion and
ringing results when they are excited by
the “"stuff" some of us are transmitting.
It is also intresting to note that with
many of the varactor tuned ceramic filter
receivers on the market today, there are
frequency response errors from one end of
the broadcast band to the other.
Designers are working on ways to solve
this problem. Perhaps they must go to the
sources of their components and demand
tighter tolerances. At least we have
defined the problem.

To gain a better understanding of the
pre-emphasis/de—emphasis issue, we must
first take a look at AM allocations. The
present FCC rules state that the 0.5 mv/m
coverage contours of first adjacent
stations must not overlap. Also, for
second adjacent stations, the 2 mv/m and
the 25 mv/m coverage contours must not
overlap.

If a station is broadcasting with sideband
energy above S kHz, it will overlap the
first adjacent station’'s sidebands. With
sideband energy above 10 kHz, the station
will also overlap into the second adjacent
station’'s sidebands. This process
continues as the frequency increases and
is a very important consideration in the
design of wideband receivers.
determine the

In order to shape of a

pre-emphasis/de-emphasis curve we must
decide how much adjacent channel
interference we can tolerate. There

appears to be a direct dB for dB tradeoff
between adjacent channel protection ratio
and the amount of high frequency energy
transmitted. A typical, present day, auto
radio approaches full quieting with signal
strengths as low as 0.5 mv/m. A study has
been commissioned to tell us at what
signal levels AM listeners "tune out" and
listen to something else. This will give
us a clue as to weighing a pre-emphasis
curve against a given adjacent channel
protection ratio.

The NRSC is researching second adjacent
overlaps as they occur here in the United
States. We can then pinpoint problem

areas and use this information to aid in
the decision making process. The goal
being the widest bandwidth receiver and
the least possible pre-emphasis.

Studies have shown that with most
AM radios, we must use some
pre—emphasis. With flat audio,

typical
sort of
many of

these radios are barely intelligible at
the voice frequencies. Indeed, some are
worse than the standard voice grade

The NRSC feels that as
mcre and more new generation radios are
sold, most of these inferior receivers
will be phased out of the marketplace.

telephone circuit.

This means that our
pre—~emphasis/de-emphasis standard should
be evolutionary, changing with the

propagation of wideband receivers.

Of course, an accurate evaluation of
anything as subjective as audio frequency
response must entail actual, real world
listening tests, not only by trained
professionals but also, by a cross—section
of the general public. The average person
who buys a new radio must hear an
improvement or else all efforts will have
been in vain. Our work is progressing now
in this direction.

Considerable amounts of time and money are
being spent by dedicated broadcasters,
audio processor and receiver manufacturers
to improve the AM service and make it,
once again, profitable to our intertwined
industries, The NRSC must have the
support of all of us to be successful.

SUMMARY

The National Radio Systems Committee, a
Joint committee composed of broadcast
industry and receiver industry
representatives has set the +following
goals:

1. To educate broadcasters as to the
efsects of overmodulation. A tutorial
will be published to help the industry
deal with this interference causing

manufacturer who
study this problem in greater
detail and design a device which will
measure instantaneous adjacent channel
"splatter" is encouraged to do so.

problem. Any equipment
desires to

standard
used by
standard
receiver

2. To establish a voluntary
pre—emphasis curve to be

broadcasters and a complementary
de—-emphasis curve for use by

1986 NAB Engineering Conference Proceedings—5



manufacturers. This standard will be

evolutionary and will change as new
"wideband"” receivers proliferate and older
receivers are phased out. Toward this
goal, two studies have been started. One,
will show areas of the US affected by
second adjacent channel overlap. The

other will attempt to correlate AM
listening habits with signal strength.

These goals are ambitious and somewhat
controversial but, we feel, absolutely
necessary for the survival of the AM
broadcast service. The time is right for
change. Many broadcasters have taken it
upon themselves to clean up their systems
and are broadcasting quality signals along
with quality programming. But, these
efforts must be echoed by the entire
industry if they are going to be of any
value toward AM’s salvation. We, as
broadcasters, have the attention of the
receiver industry, the audio processor
manufacturers, and the FCC. Never has
there been a better time to take a fresh
look at an old system and bring it back to
life.

6—1986 NAB Engineering Conference Proceedings



ASWA—THE ANTISKYWAVE ANTENNA

Richard L. Biby, P.E.
Communications Engineering Services, P.C.
Arlington, Virginia

Medium Frequency AM Broadcast stations depend upon
the propagation of a ground wave, which travels
along (or near) the surface of the earth. Of the
energy radiated from a typical AM broadcast
antenna, about 85% travels outward and upward (the
"skywave™), and only about 15% goes into the
groundwave, During the nighttime period, the
skywave reflects off the ionosphere and can create
extensive interference hundreds or even thousands
of miles from the source. A new antenna design
concept, presented here, may roughly reverse the
percentage of energy flowing into the two waves.
If so, the strength of groundwave signals would be
enhanced, and nighttime interference diminished.
Total performance gain (increase in signal strength
in the service area, and the reduction of inter—
ference) could be on the order of twenty (20)
decibels.

Present Practice

Most, if not all, U.S. standard broadcast stations
use vertical radiators, generally about one—quarter
wavelength high, operated over a ground system
which typically consists of 120 copper wires, one
quarter wavelength 1long. The physical radiator,
along with its image (which is least partially in
the highly conductive copper ground screen), forms

a center—-fed dipole. (See Figure 1.)

The Theoretical Foundation

The problem of radiation from a vertical current
element above an imperfectly conductive earth was
first solved by Sommerfeldl in 1909. Unfortuate—
ly, in at least one version of his papers on the
subject, Sommerfeld inverted the sign of an import-
ant coefficient. That error resulted in sgome very
unattractive behavior, such as oscillations in the
magnitude of the ground wave field strength as a
function of distance. Also, Sommerfeld's equations
were left in forms which were inconvenient for
engineering use.

Kenneth A. Norton, while a member of the Federal
Communications Commission Staff, published a
classic series of articlesZ which present formulas
for the fields generated by various sources over an
imperfectly conductive earth (without the &sign
problem).

In his original work, Sommerfeld stated that the
waves so generated could be divided into a space
wave and a surface wave. Norton's formulas for the
fields generated by a wvertical electric dipole,

Im SIN S(H-

€, » DIELECTRIC CONSTANT
OF AIR

Gaipy= O MHOS/METER

TI77777777 /1' T777 777777777777 777777777777 777727777777
€, = DIELECTRIC CONSTANTY
\ Reflecting OF EARTH MATERIAL
Plane O « CONDUCTIVITY OF EARTH
I MATERIAL {MHOS /METER)

! /
| ' /
I /-— Iy SINBIHen

Image L //

Figure 1

evaluated at distances large enough that terms
containing orders higher than 1/Rl and 1/R2 can be
neglected, become:

EQUATION 1) .
. e
ESpace =j3081 dzcos\P< R)

R -ipR
Lag, € 2)
R

ATION 2 .
EQU ) 2-iOR2

Ry

Egurface = 3081 dz(1-R\)F

JI -2u2+ (cos2 ¥)u? (1 +sin2 —‘g-)

With the geometry as shown in Figure 1 and where:

EQUATION 3)
RELATIVE

€,= DIELECTRIC CONSTANT
OF EARTH MATERIAL

ul =
€r-)x

EQUATION 4)

Lo L8x10%0 0 = CONDUCTIVITY OF
¥ EARTH MATERIAL
(MHOS/METER)

EQUATION 5)

_am
e 8 f = FREQUENCY (MH2)

EQUATION 6)

F[1+iv/Twe® erfe(-jv@))]
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EQUATION 7)
W= jﬂRuz(l-uZCOsZ\y)[ sin ¥ ]
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For an imperfect dielectric (that is, one with
finite conductivity), the skyward field has a
relative magnitude as a function of the vertical
angle (¥ ) similar to that shown in Figure 2.

The magnitude of this field is zero at both the
zenith (W =90 Deg.) and at the horizontal plane
(w=0 Deg.). The zero (null) at the zenith follows
from the direction of current flow in the
conductor; the null at the horizontal plane is due
to the fact that the two terms in Equation 1),
which describe the contributions from the source
(Ry) and from its image (Rz) are equal inm
magnitude. However, the vertical coefficient of
reflection, Ry» has a unique value of -1.0 at the
horizontal plane. Thus, complete cancellation of
these two terms occurs at Y=0.

0 0.2 0.4 0.»

1.2 (N3 2.0

Figure 2

The vertical coefficient of reflection varies
rapidly, in both magnitude and phase, as a function
of Y. Rough graphs of magnitude and phase of R,
vs. ¥V for a typical earth material are shown in
Figures 3-A and 3-B, respectively.

The maximum magnitude in the skyward field pattern
of a short vertical radiator in the U.S. AM broad-
cast band typically occurs about 25 to 30 degrees
above the horizontal.

This skyward energy is, of course, that which
travels outward and upward and, upon reflection
from the ionosphere, returns to earth to possibly
create interference.

8—1986 NAB Engineering Conference Proceedings
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The surface wave, on the other hand, appears to
result only from the image, not from the source
itself. There is no term dependent upon R1 in the
surface wave equation - EQUATION 2).

The term (I‘Rv) equals 2.0 at the horizontal plane,
because (as discussed above) the vertical coeffi-

cient of reflection (for all finite conductivities)
is equal to -1.0 at the angle ¥=0. Because of the
manner in which R, varies with V¥ and the behavior
of the surface wave attenuation term, F, the
surface wave field decreases rapidly with height
above the surface, and in no practical case is it a
source of (broadcast band) ionosphere-reflected
interfering signals.

The surface wave (for a short radiator) has a
vertical plane pattern generally similar to that
shown in in Figure 4. The exact vertical plane
pattern naturally depends upon radiator height

(length), current distribution, earth constants,
etc.

The surface wave has the rather interesting char—
acteristic of traveling outward and downward from
the source. In addition to the vertical electric
field component (which is to be expected, since the
current flows in the vertical direction in the
radiator), there is a horizontal component of
electric field, parallel to the surface of the
earth. Since the earth has a finite conductivity,
there is a flow of energy downward into the earth,
which accounts for the greatly increased atten-
uation of the surface wave as compared with the
skyward wave.

Conventional engineering practice is to assume that
the conductivity of the earth is infinite. In that



case, x becomes infinite, and the reflection factor
for vertical polarization is 1.0 (at a phase angle
of zero) for all angles of incidence greater than
zero.

90° 10° 10° 0° so0°

0°
0 0.2 0.4 0.8 b2 ie .0

MAGNITUDE Of SURFACE WAVE ¥:0° Figure 4

Computer Model

Norton's equations have been used as the basis of a
computer model of broadcast antenna systems. The
model permits the specification of the dimensions
of the radial ground system, discussed earlier, and
of the effective conductivity and dielectric con-
stant of the surrounding earth material. The
electrical characteristics of the ground system are
also permitted to vary, so that the behavior of a
vertical radiator over perfectly conductive earth
can be studied. Sinusoidal current distribution is
90" 80" 20 60" 30"
Figure 5A
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Richard L Biby PE

assumed on the central radiator, whose height can
also be specified.

Figure 5A presents the vertical plane pattern
("slice") for a 90 degree (electrical height)
radiator, operated over a perfectly conductive
earth. As all well behaved computer models should,
this one agrees closely with other theory, and
predicts a field of 313.5 mV/m @ 1 km (194.8 nV/m @
1 mile) for a radiated power of 1 kW.

Also shown on Figure 5A, and those to follow, is
the predicted nighttime interference contributicn
of the antenna system, assuming a radiated power
of 1 kW. The interference prediction is based cn
graphs shown in the FCC's Rules for Class I and II
stations (Figures la and 6 from Section 73.190 of
the Rules.) It has been used here to give some
sense of the performance possibilities of different
antenna systems.

Figure 5B shows what happens when the 90 degree
radiator is operated over a quarter-wave ground
system, where the surrounding earth material has a
dielectric constant of 15 and a conductivity of 4.0
millimhos/meter. A null appears in the skywave
pattern at the horizontal, and a surface wave
appears. Interestingly enough, nothing very
dramatic happens to the skywave interference.
Though not shown on Figure 5B, the drive point
(base) resistance drops from 36.7 ohms to 28.5 ohms
and the horizontal plane field strength at one km
increases from 313.5 mV/m to 354.6 mV/m (220.4 mV/m
@1 mile).

¥ TR Figure 5B
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Desirable Characteristics Of Broadcast Radiators

Conventional broadcast AM radiators actually have
some very desirable characteristics. They are
relatively inexpensive to construct, as compared
(for example) with the earlier "T" radiators, which
required two supporting structures. In fact, they
neatly combine the support structure and the
radiator. They also make excellent building blocks
for directive antenna systems, inasmuch as they
show no variation in the phase or amplitude of the
radiated fields as a function of azimuth.

To be generally useful, a broadcast antenna system
should not unnecessarily discriminate against
coverage in any direction, and it should have
reasonable impedance and bandwidth characteristics.

An antenna system with improved groundwave vs.
skywave characteristics should have these attrib-
utes. If at all possible, the improved antenna
should be so conceived as to permit the conversion
of existing antenna systems at a minimum cost.

In order to be really economically viable, then, an
"antiskywave" antenna design concept must be able
to take the typical, 90 degree vertical (tower)
radiator, with a conventional buried copper wire
ground system, make minimal changes thereto, and
end up with decreased nighttime interference and
improved groundwave signal strength. All the
while, the system should remain non-directive, but
still offer the possibility of being made directive
in the horizontal plane if such were needed.

It is believed that the ASWA antenna, as described
here, will meet all of those design goals.

Earlier Antiskywave Antennas

Efforts to design medium frequency broadcast
antennas with significant reduction of the skywave
fields must depend upon achieving some specific
distribution of current and phase so as to shape
the radiation pattern in the vertical plane. (That
is, to "squeeze" the radiated signal pattern down
as close as possible to the horizontal plane.)

Such attempts have met with varying degrees of
success. In general, it appears that attempts to
drastically improve the vertical plane radiation
characteristics of short (e.g., one half wavelength
or less) radiators have not been particularly
successful. Some improvement in the groundwave/
skywave characteristics have been obtained, but the
magnitude of such improvements has not been great
enough to cause wide adoption of these techniques.

Examples include the patents of Raymond Wilmotte3,
who sought to modify the current distribution of
short antennas so as to place the current loop well
above ground; and the work by W.W. Hansen (and
others)% with arrays of short elements arranged in
circles about a common axis. The latter class of
radiators achieves considerable gain in the horiz-
ontal plane, and corresponding decreases in
radiation above the horizontal, by providing a
large aperture (on the order of a wavelength
squared or over 50 acres in the middle of the AM

10—1986 NAB Engineering Conference Proceedings

band) in the horizontal plane... a very interesting
and very sound idea which becomes impractical in
view of today's real estate prices.

Some larger radiating structures do give good
performance and are capable of generating strong
ground waves while providing considerable suppres-
ion of skyward radiation over at least a range of
vertical angles. The Franklin Antenna, which is a
good example of such large systems, amounts to a
half-wave dipole, standing on end. Since it is on
the order of a full wavelength in height, midband
Franklins are about 1000 Ft. high.

Such designs, however, do not provide as much
suppression of skyward radiation as is desirable
over as wide a range of vertical angles as 1is
needed. Further, these structures are generally
quite expensive to build and maintain.

Description Of The Antiskywave Antenna (ASWA)

The following paragraphs describe the theory behind
an antenna structure intended to be capable of
generating strong ground waves while radiating only
limited amounts of energy skyward.

Figures 6-A and 6-B are sketches of the proposed
antenna design. A monopole (a quarter wavelength
or so in height), operating over a conventional
ground system consisting of perhaps 120 buried
copper radial ground wires about one quarter wave
in length, forms one important element of the
system. Arrayed around the base of the monopole
are several short (one-thirtieth of a wavelength or
so) base-fed radiating elements. Around the entire
array of monopole and short radiators is a circular
electric screen (or "fence"), about one thirtieth

A). Vertical Base fed Monopole
Height = /4 - \/2

B). Collection of Short Base fed Vertical Conductors
About 10% in Height

C). Electric Screen — About 10%in Height

Figure 6A



of a wavelength high and at a distance of about one
quarter wave from the monopole.

As viewed from a distant observation point on the
earth's surface, the electric screen acts to impede
the illumination of the surface of the earth by the
collection of short radiators. Thus, the screen,
in concert with other design factors, decreases the
ability of the short radiators to generate a strong

surface wave. At appreciable
horizon, however, the geometry
permits more and more of the
length of the short radiators to

angles above the
of the structure
current carrying
become effective

in radiating a skyward field.
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Figure 6B

The number and placement of the short radiators,
together with their height and the height of the
circular electric screen ("fence") can be so
designed as to provide a close match in both
amplitude and phase to the skyward radiation from
the taller monopole. By appropriate adjustment of
the phase and magnitude of the currents flowing in
the short radiators, this skyward radiation can be
made to very nearly cancel the skyward radiation of
the taller monopole over wide ranges of vertical
angles. Since the screen, acting with the ground
system, has a drastic effect upon the ability of
the short radiators to generate a surface wave,
while only modestly affecting the surface wave
characteristics of the taller monopole, a strong
ground wave results, even though the skyward
radiation is severely curtailed.

More than one short radiator is used to aid in
obtaining the desired radiation pattern (both in
amplitude and in phase) from the short sources, and
to achieve a gain in efficiency through mutual
impedance effects. For the same reasons, the
effective length of the short radiators should be
increased by top-loading or other appropriate
techniques.

This antenna design should result in greatly
increased ground wave signal strengths (per unit of
input power) as compared with that obtained with
conventional antenna systems. The fields so
generated are on the order of twice those usually
obtained in practice, but exact values are greatly
influenced by frequency, antenna system design, and
the electrical characteristics of the earth.

Computed Performance of ASWA

The computer model, mentioned briefly earlier,
includes all the more important features of the
ASWA antenna, such as height of center (tall)
monopole, the height and number of short radiators,
their distance from the axial center of the system,
the conductivity and dielectric constant of the
material forming the ground system and the
surrounding earth material (soil), the radius and
height of the ground system and the "fence", and so
on.

As an example, the theoretical performance of an
ASWA antenna system built around a conventional
base-fed (tower) radiator, 135 electrical degrees
in height, is shown in Figures 7A through 7D.
Figure 7A shows a vertical plane pattern for the
basic radiator, assuming a perfectly conductive
earth. It's calculated field of 335.7 mV/m @1 km
(208.6 mV/m @1 mile) per kilowatt radiated is in
good agreement with the value calculated using
other, more conventional techniques. The loop
resistance is about 93.0 Ohms.

Figure 7B shows what happens when the same 135
degree radiator is operated over a conventional
(quarter-wave radius) copper ground system, where
the surrounding earth material has a dielectric
constant of 15 and a conductivity of 4 mmhos/m.
The (unattenuated) groundwave field strength is now
401.0 mV/m @1 km (249.2 mV/m @1 mile) and the loop
resistance has become 65.0 Ohms.

Norton's series of articles discusses the fact that
the (unattenuated) groundwave field strengths can
exceed the corresponding values calculated on the
basis of perfectly conductive earth. The results

90" 80 10 60" s0'

Figure 7A
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don't illuminate as much of the earth's surface as
their taller companion. The taller radiator, then,
can be expected to be a better generator of surface
waves than would be the case for the shorter ones.
The relative suppression of the groundwave at the
horizontal plane is to be expected. Also, as would
be expected, the element currents increase.

What would be the attenuation Ve. Distance char-
acteristics of the peculiar "groundwave"? Would it
have a more attractive attenuation characteristic
then is characteristic of ordinary radiators?
Realizing that the very great attenuation of AM
groundwave signals arises from the horizontal
electric field component causing power flow into
the earth, then might not the wave which has most
of its energy above the surface have less attenua-
tion? Unfortunately, even after the enormous
gimplifications provided by Norton, the formulas
which describe the groundwave attenuation factors
are difficult to evaluate. (Truculent is probably
a more apt description.)

The "fence™" is an important design factor, but the
requirements placed upon it depend upon the
circumstances at hand.

Teachings Of The Computer Model

Evaluation of the computational results provided by
the computer model has made several points abun-
dantly clear:

1) As would be expected from the fact that a proper
ASWA design would compress the radiated energy into
the surface wave (with the net result that field
strengths on the surface would be considerably
increased), the total current moment in the radiat-
ing system (i.e., the product of amperes of current
flowing in meters of conductor) must corresponding-
ly increase. However, it is one of the basic
design principles of the ASWA gystem that existing
antenna systems should be (generally) usable as the
basic building block. Therefore, either a way must
be found to provide more length of current carrying
conductor without extending the height of the
existing tower radiator, or the drive point imped-
ances of the system are going to suffer.

Areas which are to be explored regarding this
aspect of ASWA system design include the use of
top-loading (as by connecting the top segment of a
guy strand to the top of the radiator) and multiple
tuning. The latter idea would involve, say, two
outriggers, connected to the ground system at the
bottom (perhaps through an electrical network) and
(each) to one of the two remaining guy strands at
the top. This, of course, is just a variation of
techniques used many years ago to improve the
radiation efficieny of low-frequency antenna
systems.

The short radiators can be effectively top-loaded
by connecting a horizontal wire, one quarter-
wavelength long, to the top of each of the short
radiators. The open-ended trangmiseion lines so
formed have zero ohms impedance as viewed from the
top of the short radiator. Again, this is old art.

The model has been ingistent about one point: the
current loop of the (tall) center radiator should
be above the surface. Somewhere around 45 degrees
above the surface, in fact, seems to be about
optimum.

As would be expected, the dimensions (in terms of
wavelength) of an optimized system, and the ground-
wave fields achievable, are significantly
influenced by the frequency and by the electrical
characteristics of the surrounding earth material.

Conclusions

The proposed ASWA antenna concept offers reasonable
hope of significant improvement in the groundwave
efficiency of gtandard broadcast antenna systems,
with corresponding decreases in nighttime skywave
interference. Significant, but not insurmountable,
design problems do exist with the concept.
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NEW DIMENSIONS FOR THE DESIGN OF MEDIUM WAVE
ANTENNAS

Ogden L. Prestholdt
A.D. Ring & Associates, P.C.
Washington, District of Columbia

ABSTRACT

A new concept for the design of medium
wave directional antennas is proposed.
Significant separate control of ground
wave and sky wave radiation is provided.
The antenna system utilizes separately
excited vertical and horizontal and/or
diagonal elements. The introduction of
non-vertical element provides greater
flexibility in antenna design and permits
optimizing coverage while maintaining
protection to other stations.

1 INTRODUCTION

In the medium wave (AM radio) band
there are two basic modes of propagation,
During both the daytime and nighttime a
ground wave signal is propagated.
Further, during the nighttime a signal is
reflected from the ionosphere and returns
to the earth at greater distances with
significantly less attenuation than that
suffered by the ground wave,

For more than 50 years we have used
combinations of vertical radiators to
make directional antennas. These
directional antennas have been used to
minimize co and adjacent channel
interference to other stations both day
and night and to provide coverage to the
desired areas. These conventional
directional antennas suppress both the
ground wave and the sky wave and
consequently have limited ability to
optimize coverage while minimizing sky
wave interference to other stations.

A horizontal antenna will radiate both
horizontally and vertically polarized
waves at certain azimuths and angles of
elevation. Here it is proposed to use a
combination of vertical, horizontal
and/or diagonal antenna segments to
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obtain significant separate control over
ground wave and sky wave radiation. These
various antenna segments will have to be
excited with carefully chosen current
amplitudes and phases in order to obtain
this control. It has been found that the
currents and- phases associated with "Tee"
or “L" antennas as used in the past have
not provided this choice of amplitude and
phase.

In order to illustrate this concept a
model consisting of a vertical antenna
with a center fed horizontal antenna

supported from the vertical antenna will
be described.

VH ANTENNA MODEL

FIGURE 1t

I1 MODEL ANTENNA

Figure 1 shows the principle features
of the model. A typical base fed
vertical antenna tower and support guy
cables is shown. At a suitable height, a
center fed horizontal antenna is shown.
It is oriented parallel to the Y axis.
Its ends are supported by insulators and
an auxiliary set of transparent guy
cables. The horizontal element would be
fed from a balanced feed network
supported in the tower. This network
would be fed by a coaxial transmission
line supported inside the tower and
insulated from the tower as we do for FM
antennas. A matching and phase control



network would feed the transmission line
for the horizontal antenna. A

conventional matching network would be

provided for the vertical antenna. A

typical combining network would be used

%o combine the antennas for a common feed
ine.

11T CALCULATION OF RADIATION

The radiation from this antenna system
can be analyzed by developing separate
equations for the total radiation from
each element. Sinusoidal current
distribution is assumed. The far field
was calculated by the integration of the
antenna current elements and their images
for each antenna segment.

Figure 2 is a set of cartesian and
spherical coordinates chosen to describe
the model and its radiation
characteristics. The ground plane is the
X-Y plane and the positive Z direction is
toward the zenith. The positive R
direction is out from the origin,
positive Theta is away from the zenith (Z
axis), and positive Psi is counter
clockwise from the X axis.

4

Er
Ey
e Ee

r
Y
v
X
FIGURE 2

Instead of discussing vertical and
horizontal polarization or field
components it is desirable to use the
Theta and Psi components.

For a vertical antenna, there is only
a Theta component of the electric field,
it is given by the following equation:

Eo - j SOV [coS(Bh cos ) - cos B"] V/IM (1)

Ro Sin e

vertical antenna loop
current in amperes

(its phase is assumed to
be zero)

Where 1
v

R_ = distance to observation
point in meters

electrical height of the
vertical antenna

Bh

6 = the angle Theta

Using the same procedure the Theta and
Psi fields (there is no radial component)
from the horizontal wire are given by the

following equations:

__1201Ih r (F1)(M1)(M2)(M3)
R S Jvim @

B s = 1201h [(Fi)(Ml)(M4)(M3)
Y Ro 1-Sire Siny

]V/M (3)

Where Ih = the magnitude of the loop
current in the horizontal
wire

¢ = the phase of the loop
current

F1 = Cos¢ +j Sind
M1 = Sin (Ba Cose )

M2 = Cos® Siny

"

M3 = Cos (Bl Sine Siny ) - Cos BI

Mad = Cosy

Ba = the electrical height of
the horizontal wire

Bl = the electrical half
length of the horizontal
wire

Note that the Ee components in
equations 1 and 2 are in time quadrature,
this may be the reason that the concept
was not previously discovered!

IV CALCULATION OF CONIC SECTIONS

The radiation from the model antenna
is best described with the use of a
series of conic sections. A computer
program was written to perform the
necessary calculations. By means of a
hemispherical integration the total power
flow for both the Theta and Psi
components of field were summed up and a
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multiplication factor established to
correct the assumed currents so that the
radiated fields would be in mV/m at one
kilometer for one watt.

In the model it is assumed that the
vertical antenna has a loop current of
1.00 at a phase of 0 degrees. The
horizontal antenna has a loop current of
5.00 at a phase of 90 degrees. In this
example the calibration factor was found
to be 0.06875. Thus the actual currents
would be 0.06875 amperes for the vertical
antenna and 0.3438 amperes for the
horizontal antenna.

Pertinent conic sections were then
drawn by the computer for the model
antenna. In the following conic section
graphs it is assumed that each antenna is
operating with the current that is
necessary for the combined system to
radiate one watt.

Figure 3 shows the conic sections for
the E(Theta) component from the vertical
antenna alone, as expected they all show
an omnidirectional pattern. Note that
Theta = 90 degrees corresponds to an
angle of elevation of zero.

Ee COMPONENT OF RADIATION
VERTICAL RADIATOR
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FIGURE 3

Figure 4 shows the conic sections for
the E(Theta) component from the
horizontal antenna only. At an azimuth
or Psi angle of 0 and 180 degrees there
is no E(Theta) component because that
direction is at right angles to the
horizontal wire., Also at an azimuth of 90
and 270 degrees (the direction of the
horizontal wire) the Theta radiation is
zero on the ground (Theta=90) and goes
through a maximum at Theta approximately
30 degrees.
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Ee COMPONENT OF RADIATION
HORIZONTAL RADIATOR
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Figure 5 shows the conic sections for
the E(Psi) component from the model
antenna. Note that this is the only
E(Psi) component so it is also the total
E(Psi) component from the model antenna.

Ey COMPONENT OF RADIATION
HORIZONTAL ELEMENT ONLY
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Figure 6 shows the conic sections for
the total E{(Theta) field. For Theta = 90
degrees (on the ground) the field is
omnidirectional. As the angle of
elevation increases (Theta decreases) the
E(Theta) component first decreases, goes
through zero and then increases.

Ee COMPONENT OF RADIATION
VH ANTENNA SYSTEM
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V ALLOCATIONS IMPACT

Figure 7 illustrates the service areas
for two AM stations under several
different operating conditions. They
operate with a power of 1 kW utilizing
190 degree vertical antennas on 1000 kHz.
They are separated by 260 miles in a area
where the conductivity is 10 mmhos per
meter and the dielectric constant is 15.
The illustration shows to approximate
scale the daytime ground wave service,
the nighttime service as it would be
limited by sky wave interference with the
vertical antenna only and the improved
night time service that would result from
the use by both stations of the model
antenna with the horizontal element.

NORMAL DATTIME
SERVICE MANGE

NORMAL MIGNT TIME
SERVICE RANGE
190° HON- DIREC TIONAL
ANTENNA

NIGNTTIME SERVICE
RANGE WiTh 190°
ANTEMNA 8 MORIZONTAL
ELEMEN

FIGURE 7

Figure 8 shows the ground wave field
strength versus distance from both the
vertical antenna alone and with the
addition of the horizontal antenna and
the interference producing sky wave
signal of the other station.

The station is protected during the
daytime to its 0.43 mV/m ground wave
contour. Its 0.5 mV/m contour occurs at
60.5 miles. At night with the same power
and antennas the interference limit is to
the approximate 6.8 mV/m contour which
occurs at 17 miles.

Now with the model antenna which has a
horizontal antenna added with the
appropriate current amplitude and phase
the nighttime 1imit is reduced to the
approximate 1.0 mV/m contour which now
occurs at 33 miles. To obtain this change
in vertical pattern from the model a
ratio of horizontal loop current to
vertical antenna current of 5/1 is
required. A phase of -90 degrees was
required assuming that the horizontal

DISTANCE 1N MILES FROM SECONO STATION
0 20 20

(S ) P R

NIGHT LiMIT
190° ANT

OAY LIMIT
— 190° ANT

pres —o02
[ IS iy IS SN e 1) U I P
180 200 220 240 20 200 300 38

OISTANCE IN MILES FROM FIRST STATION

‘l =i ' VERTICAL ANTENNA 1/Q°
—T HORIZONTAL ANTENNA 3/30°
"o
s
FIGURE 8

wire was parallel to the line joining the
stations and that the reference of zero

degrees corresponds to current flow

toward the other station.

For the same input power to the
combined antenna system this addition of
the horizontal antenna reduced the RMS of
the ground wave to 65 percent of its
former value. In spite of this reduction
in ground wave efficiency the service
radius is nearly doubled.

VI CONCLUSIONS

An antenna system consisting of both
vertical and horizontal radiating
elements has been described. It truly
adds another dimension or perhaps several
dimensions to the design of medium wave
antennas, It is not yet known how
versatile the system will eventually be
but it is anticipated that it will permit
new stations to be added to the spectrum,
for existing stations to improve their
local service and to result in reduced
interference to many stations.
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IMPROVING AM BROADCAST SERVICE BY MEANS OF
SYNCHRONOUS TRANSMITTERS

Oscar Reed, Jr., Ross H. Beville
and Granville Klink, Jr.
Oscar Reed, Jr. & Associates
Silver Spring, Maryland

ABSTRACT

James McKinney, Chief, Mass Media Bureau of
the FCC in his luncheon address to the IEEE Pro-
fessional Group on Broadcast Transmission Systems
on September 20, 1985, indicated that the Commis-
sion was giving considerable thought to improving
AM Standard Broadcast services to the U.S. Among
the techniques being given study was that of
synchronous operation of broadcast transmitters.
In Washington, D.C., during the 1947-49 period,
engineers of Jansky & Bailey demonstrated the
feasibility of an improved technique linking 3
transmitters for WINX on 1340 kilohertz, located
in Arlington, Virginia, downtown Washington, D.C.,
and nearby Bethesda, Maryland. With carriers
locked in to precisely identical frequencies,
and phase stabilization achieved via 936 mega-
hertz links, the practicality of improving ser-
vice to a large metropolitan area utilizing
Class IV local channel facilities was demonstrat-
ed. It would be feasible today to build multiple
AM transmitters (along a narrow corridor from
Washington, D.C. to the North Carolina border)
and provide the daytime travelling public with

continues nevs, entertainment, and travelers in-
formation.

INTRODUCTION

"The congestion in the broadcasting frequency
range is so great that consideration has naturally
been given by various engineers to the possibili-
ties of different stations using the same frequency
for broadcasting. It is hoped that the following
statements may be of some interest in the consider-
ation of this question." Doesn't that sound like a
statement applicable to the recent past as we have
grown past the presence of well over 4000 licensed
AM stations? Well, it certainly is applicable
todav, but the quoted statement was the opening
paragrapn from the 1927 paper presented before the
I.R.E. National Convention in New York, N.Y. on
January 11. Martin, Gillett, and Bemis the
authors were in the Department of Development and
Research of the American Telephone and Telegraph
Company. (Before the Bell Telephone Laboratories).

Glenn D. Gillett, later a part of the Washing-
ton Radio Consultants fraternity, was developing
his early experience in broadcasting. Interference
Between Stations, Frequency Control, and Experi-
mental Data were the three major topic headings of
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the technical paper containing four Figures and
diagrams. References to this paper were earlier
treatments of allied topics by Bown and Gillett in
192k; A.N. Goldsmith in 1926; and L. Espenschied in
1927. The first two were I.R.E. Proceedings papers,
and the latter in A.I.E.E. presentation published
in January issue.

In the March, 1930 I.R.E. Proceedings, appear-
ed a 3-page paper by F. Gerth entitled, "A German
Common Frequency Broadcast System."2 Reference was
to doing away with "wave congestion" by the use of
transmitters "operating on perfectly equal waves."

In 1931 P.P. Eckersley, of the High Frequency
Engineering Co. Ltd., North Acton, W, 3, England
reported in the I.R.E. publication "On The Simul-
taneous Operation of Different Broadcast Stations
on the Same Channel."3 In the same year G.D.
Gillett, now of the Bell Telephone Laboratories,
New York City was reporting on "SoEe Developments
in Common Frequency Broadcasting."* Glenn himself
is pictured in Figure 5 in a corner of the operat-
ing room at station WOC, Davenport, Iowa. The
fascinating thing about some of these early I.R.E.
proceedings is the portrayal of some of the later-
renowned engineering personages in their earlier
years. Even then one could see that Glenn was on
his way to assuming a size suitable for a Chicago
Bears plunging half back like "Refrigerator" Perry.
I can remember him over-filling his chair in the
ninth floor National Press Building offices, right
next to those of Jansky & Bailey in 1940. Come to
think of it even then C.M. Jansky was beginning to
assume pro full-back like proportions. It probably
went with the successful practice of radio consult-
ing engineering and good client entertaining.

WOC was required in those days to share oper-
ating hours equally with WHO in Des Moines on 1000
kilohertz. The stations were 153 miles apart.
Ergo, why not operate them simultaneously by
maintaining the carriers of these two stations
within the limits of "isochronism”? Bell tele-
phone Laboratories, therefore, undertook the neces-
sary development work. Newly developed crystal
controlled oscillators came into their own. Remem-
ber? Figure 3 shows a six-foot rack full of the
crystal-controlled oscillator amplifier unit.
Remote controlled monitoring point receivers check-
ed frequency every ten minutes and maintained the
carriers within an average of two cycles per minute
of absolute "isochronism". Numerous "Ratio of



distortion products to the fundamental," curyes
were included for various field strength ratios.

It remained for Charles B. Aiken, of the same
laboratories, in the September 1933 Proceedings of
the I.R.E. in "A Study of Reception from Syngron-
ized Broadecast Stations,"5 to treat mathematically
the effects of differences in path lengths from the
two transmitters to a receiving point. I@ was shown
that these differences, the effects of tlme.delay
in the program distribution ecircuits, and dif-
ferences in circuit elements in the two trans-
mitters may all be expressed in terms of two
fundamental anglesY and # . ¥ is the phase angle

between the two carriers at the receiving point,
and # is an angle determing the relation between
the side frequencies received from the two stations
He states as follows - "At any given point there
will be a different value of @ for each modulation
frequency. Analyses in these terms yield quantita-
tive descriptions of the distortions present in the
rectified wave. From these results it is possible
to determine how the distortions vary from point to
point in space and upon what significant quantities
they are dependent."

James L. Hollis in the Proceedings of 19uk
described "A Remote-Controlled Ra io=-Frequency
Booster for a Broadcast Station."® In this paper
the conditions prescribed by Charles B. Aiken were
met by using a "Booster Transmitter" fed via a
shielded loop pickup system. This fed a straight-
radio frequency amplifier without detection to
feed the booster. In this case the system was
used to boost the signal in the downtown business
district of Cineinnati. WSAI on 1360 kilocyeles,
in order to meet the requirements for protecting
several other stations on the channel, had to be
located 10 miles from the heart of the city in
order to find sufficient acreage for the multi-
tower directional antenna. This has been a par-
ticular problem for higher frequency regional
stations in the broadcast band, where the S kilo-
watt power limit and higher signal attenuation
over large built up city areas, rendered the pro-
vision of an adequate 25 millivolt per meter
signal for the city business district almost
impossible to achieve.

Ross H. Beville, a co-author of this paper,
was associated with WWDC, a 250 watt Class IV
operation in Washington, D.C., when he had pub-
lished in Electronies in July 1945 an article
entitled, "Broadcast Band Satellite Transmit-
ters."l He was concerned with extending the
coverage of such stations, which today are still
limited by nature of their FCC classification to
1000 watts power, to adequately cover large
metropolitan urban areas having high man-made
ambient noise levels and signal absorption by man
made structures. He pointed out that a low power
station with several strategically located boost-
ers can provide coverage comparable to that of a
much higher-power station.

The article discussed the two different tech-
niques employed at that time by WWDC and WINX to
extend their coverage from central Washington,
D.C., where each was located to reach different
important suburban areas beyond the range of the
centrally located stations. Such suburban areas,
vere even at that time, growing to such an extent
that lower signal values suitable for service to
rural areas, were increasingly inadequate to pro-
vide noise-free broadcast service. The WWDC
booster, located near Chevy Chase and Silver
Spring, Maryland was fed using r-f lines, and the
WINX system located at American University in
North-West Washington was fed via space radiation
as in the WSAI case. Both systems utilized ordin-
ary telephone pairs for remote control purposes.

In the WWDC case, Western Union open wire
line, consisting of 8.75 miles of No. 9 copper
wire, spaced 10.25 inches apart, was used for the
longest run. This presented a space impedance of
approximately 700 ohms. It followed the route of
the B and O railroad to Silver Spring and then
along East-West Highway on telephone line poles.
About 7762 feet of a No. 19 gage pair, in a 26
pair lead cable was used, to reach from the trans-
mitter to the railroad yards. The twisted pair in
the lead cable measured 170 ohms at the 1450 kilo-
hertz frequency. The entire line loss, over
10 miles was 97 dB. Approximately 29 watts was
fed into the line from the final stage of the
main transmitter, with about 2 millivolts being
received at the booster end.

A MORE MODERN OPERATION

Jansky & Bailey, commencing in the spring of
1947, had an opportunity through the interest of
the Washington Post to refine the Satellite
booster technology then in use. The newspaper
publisher had purchased the experimental FM
station, W3X0, from the consulting partnership.
Wayne Coy, newly from the White House Staff
function, was brought into the Post Organization
to develop WINX which had also been purchased.

The way was opened to think of adding satellite
transmitters in both Maryland and Virginia suburbs
of Washington, D.C. using very high frequency
radio links for interconnection of the three faci-
lities. Work over the two-to-three Year period
was filed with the Federal Communications Commis-
sion. The efforts and accomplishments -ere
detailed in documentation referred to in Refer-
ences 8 through 15.

The initial report in the series starts out by
referring to the earlier work of Beville. Origin-
ally the booster had been operated by picking up a
received signal at a point 1000 feet from the
booster transmitter and feeding it through linear
amplifiers directly to the booster. Tuned loops
were used to pick up the received signal from the
main transmitters.

Work on this program was carried out by
Delmer C. Ports, chief engineer of Jansky & Bailey,
with associated staff, under the direction of
Stuart L. Bailey. The following section on Basic
Principles is quoted from Reference No. 8
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"BASIC PRINCIPLES

"The method of synchronization utilizing a very
high frequency link was chosen after a careful
consideration of many possible methods. It was
determined that to be successful this type of
operation is subject to rather rigid requirements
if the booster is to provide good service to a
reasonably large area and at the same time keep
the areas of degraded service to a satisfactory
minimum. The first and obvious requirement to be
fulfilled is the phase stability of the booster
carrier in relation to the main transmitter
carrier.

"In the area between the two transmitters where
the two signals are approximately equal, the re-
sultant signal will be alternately increased and
decreased in accordance with the relative distance
from the two transmitters and, at times, will go
almost to zero at the points of cancellation.
These local areas will receive inferior service
due to lower signal strength and possibly some
distortion. If the relative time phase of the
booster is not maintained absolutely fixed with
respect to the main transmitter, these local areas
will wander aimlessly back and forth, thus inter-
fering at times with the quality of reception
throughout a relatively large area. It is pref-
erable to maintain these points at fixed loca-
tions, thus preserving the good service where it
is available and accepting the poor service at
fixed points where it will exist. This require-
ment automatically eliminates anv tvpe of oper-
ation that does not absolutely control the booster
carrier from the main transmitter carrier. Thus
it eliminates any type of carrier control over
ordinary phone lines.

"It has been determined that if complete car-
rier phase stability can be achieved, it is also
necessary to maintain identical modulation char-
acteristics of the two carriers. This includes
the relative time phase of the modulating.
envelope.(l)

"If the carrier from the main transmitter is
taken as the reference, it may be presented by

E (1 + M cos Pt) coswt

where P is 24times the modulating frequency and
w is 2Mttimes the carrier frequency. The corres-
ponding expression for the booster carrier at the
same point may be given by

e (1 +mcos (Pt +8)) cos Wt +¢)

where 8 is the relative phase shift of the modu~
lating frequency and ¢ is the relative phase shift
of the carrier. The resulting signal is the
instaneous sum of these two quantities.

"The value of @ will, of course, change rapidly
as the position is changed along a line between

(l)Charles B. Aiken, 'Study Of Reception From

Synchronized Broadcast Stations,'Proc. I.R.E.,
vol. 21, pp 1265-1301, September (1933)
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the two transmitters and will assume values from
zero to flas the point is moved one-quarter wave-
length in space. The value of # is subject to any
delay in the audio signal at the booster if modu-
lated separately or to differences 1in modulating
characteristies. It is also a function ot distance
if the modulated carrier of the main transmitter
is conducted over an electrically long path to the
booster because of the slightly different frequen-
cies of the side bands in relation to the carrier.
It has been shown that if the value of # is not
zero or sufficiently small, distortion will result
in the area where the signals are approximately
equal and are not directly in phase. However, if
it is maintained at a satisfactory minimum value,
distortion will not be objectionable except at the
points where the two carriers almost completely
cancel.

"This would completely rule out open wire lines
as a means of conducting the modulated carrier to
the synchronized booster if it were not already
eliminated by previous considerations. It might
possibly eliminate coaxial lines if they were
available.

"Theoretically, it would be possible to achieve
the desired result by conducting the desired audio
over a line to the booster and inserting equivalent
time delay at the transmitter end. Then with the
identical modulators, the appropriate signals could
be broadcast. This would also require a separate
means of carrier control for proper synchronization.
The degree of refinement required of equipment
necessary to perform satisfactorily with this
system is not available from a practical standpoint.

"This leaves as the only feasible method avail-
able, a very high frequency link with the modulated
carrier of the main transmitter conveyed directly
on the high frequency carrier. Two alternative
methods are available with which to accomplish this.
The first, if the bandwidth of the high frequency
link will permit it, is to modulate the link carrier
directly with the output of the main transmitter.
The exact counterpart of the transmitter output is
then recovered at the detector of the high frequen-
cy receiver. The second method, if the bandwith is
restricted, is to heterodyne the modulated carrier
down to a lower frequency then convey this and the
control frequency used in heterodyning on the high
frequency carrier to the receiving point. The
recovered modulation is then restored to the
original counterpart by the reverse process.

"In order to avoid undue complications and since
the available pandwidth at 189 megacycles is suffi-
cient to accomplish the desired purpose, the first
method using the direct modulation of the full
carrier was chosen for this installation.

"The difference in distance from the two trans-
mitters to the area of equal signal is not so great
in this case that relative change in phase between
each carrier and its side bands will be objection-
able as the modulated wave passes along the path
of propagation."

(Ports uses ¢ rather thany)



IMPLEMENTING A SYNCHRONIZED SATELLITE SYSTEM

The following 12 illustrations from the Jansky

& Bailey 1947 through 1949 engineering reports to
the Federal Communications Commission constitute a
synopsis of planning elements and implementation
phases for a satellite system to improve AM broad-
cast coverage on a Class IV local facility channel.
In the late 1940's, and for 30 years thereafter,
the maximum individual transmitter power was 250
watts. We thought of an aggregate power for a 3
transmitter system of 750 watts. Today, we can
think in terms of a power up to 3 kilowatts. This
is quite a substantial difference. We thought of
serving a major metropolitan area with population
in those days of about 1,500,000 persons.

1. Transmitting Tower Considerations

WINX, in 1947, had an FM station in
Arlington, Virginia. From its 350 foot
height it was possible to overlook
Washington, D.C. and the Maryland suburb
near Chevy Chase. Therefore it was made
the main transmitting location and the
other two locations the satellites. A
ground system for 1340 kilohertz was
added at the Garden City, Virginia as
shown on Figure 1. As I recall the
tower was shunt fed. Today, we would
probably use the superior Mullaney
Matching Unipole System.

. Satellites Interconnection Equipment

Figures 2A and 2B show the auxiliary
transmitter and receiver terminal equip-
ment which provide for meeting the "Basic
Principles” requirements. Initially 189
megahertz was used for the VHF carrier
to Chevy Chase from Washington, D.C.
Eighth and I Street Location of WINX.
Finally, with the 3 transmitter system
936 MHZ was used. TV channel 9 had come
in to operation in Washington!

. Diagramatic Layout of System

As the diagram shows the "booster" near
Chevy Chase used the tower formerly used
by WWDC in the pioneering experiments cover-
ed by Ross Beville in the 1945 Electronics
magazine article. A telephone line was
used to interconnect the station studios,
which remained at Eighth and I Streets, N.W.
in Washington, to the relocated Main AM
Transmitter at the Arlington FM site.

. Interference Avoidance

Figure 4 illustrates the protection con-
sideration to WEPM in Martinsburg, West
Virginia at that time. As Class IV power
increases have been authorized in more
recent times across the board, a philosorhy
of increasing signals to urban areas and
relying upon maintaining the equivalency of
signal ratios between stations in rural
areas has become the norm.

. Definition of Existing Service

Figures 5 and 6 illustrate that in the
case of planning for WINX improvement,
measurements were used to define initial
coverage conditions as an aid to planning
for expansion. This process also gives a
sound clue as to desirable areas for signal
reinforcement. Figure 5 shows daytime
reference contours and Figure 6 an approxi-
mation of the nighttime coverage case.

. Step~at-a-Time - The Experiment Stage

If Desired

In the WINX case the Chevy Chase
"Booster" was explored and measured before
the second Satellite was added. The 189
megahertz frequency relay system was the
initial one applied.

. Develop Proposed Contours for FCC Application

Predict 25, night limit, 5, 2, and 0.5
millivolt per meter contours. Figures 8
and 9 show these predictions for the Wash-
ington, D.C. area. Will the costs for "3
stations" and a synchronizing methodology
yield sufficient audience and revenue
potential increase to justify the program?
What is the dimension of immediate popula-
tion coverage gain? Demographic estimates
for future years should also be made.

. Your New 2 to 3 Kilowatt System

Figures 10 and 11 show the measured
"proof of the pudding.”" In areas between
transmitters, where the signals from the
respective units are nearly equal, are the
momentary cancellation bounds sharply
defined and only momentarily noticeable?

Do these zones stay in place and are they

in lightly populated areas compared to the
major portions of the service areas? Again
the daytime and nighttime appropriate refer-
ence contours should be measured and defin-
ed on appropriate coverage maps.

. Coverage Improvement Between Transmitters

Figure 12 contains recordings over the
daylight hours at the Jansky & Bailey Lab-
oratories at 1339 Wisconsin Avenue in a
region between the Eighth and I Street
plant and the Arlington, VA. plant. The
left half of the upper recording is for
Eighth and I only, and the right hand shows
the deflection for the Arlington signal
alone. The middle recording was taken
with both units on the air simultaneously
and the general increase in signal magni-
tude with both signals present can be noted.
Reception was uniformly excellent and fully
coherent in this region where the signals
vere of approximately equal amplitude from
the two transmitters. There were some can-
cellation zones over about a one-mile area

as discussed in the Conclusions section here-
in.
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CONCLUSIONS

In the Jansky & Bailey report of April 22,
1949 (Reference No. 11) the following appears:

"RELATIVE PHASE STABILITY

"Continuing studies have been made for the
past several months of the phase stability of
this type of operation. Some continuous record-
ings have been made, (Note Figure 12 herein),
and it is anticipated that additional recordings
will be made when operation is resumed. It is
planned to submit these to the Commission as
soon as they can be prepared in exhitit form. In
addition to this, observations at almost nightly
intervals during the equipment test period of
several nulls where the signals from Arlington
and Eighth and I Streets have been nearly equal
have been made. One in particular at the corner
of Dumbarton Avenue and Wisconsin Avenue has
been used as a reference. Through a wide var-
iety of circumstances this null appears to be
within ten feet of the original spot. Even
when intentional alterations were made in
adjustments or components known to have an
effect on the relative phase relationship, it
appears to have moved only about 25 feet.

"It is planned to submit further data includ-
ing recordings to evaluate completely the phase
stability of this type of system. This can
only be done adequately by observing the system
under actual operation, and best results will
be obtained with the synchronous operation of
only two transmitters first, then three after
a reasonable interval of time."

These tests were completely successful and
yielded substantial coverage improvements.

The 1947 census estimates indicated 1,205,220
persons in the metropolitan area. This represented
a considerable growth over the 1940 figure of
907,816. The daytime coverage improvement as be-
tween the present and preposed population values
would be substantially more favorable today as
population in the nearby suburbs has burgeoned.

1947 Estimates

Present Proposed
District of Columbia 638,424 676,095
Montgomery County 62,729 90,57k
Prince Georges County 81,028 95,497
Arlington County 6k ,305 72,343

The nighttime coverage improvements were even
more substantial. A nominal 6.6 millivolt per
meter contour was used as a reference.

Present Proposed
District of Columbia 593,902 639,412
Montgomery County 3,379 36,786
Prince Georges County 1,585 6,156
Arlington County 8,038 56,267

221986 NAB Engineering Conference Proceedings

Further listening tests along the path between
Arlington and Eighth and I Streets in Georgetown
where the signals were very nearly equal showed
that the position of the nulls was very stable. As
Aiken had pointed out where one signal began to
exceed the other by a value of approximately 2 to 1
the cancellation effect disappeared. Quoting from
the concluding pages 10 and 11 of reference No. 12:

"They (the nulls) appear to occur with a suf-
ficient degree of cancellation to cause distor-
tion for a distance of approximately one mile.
Within this distance, distortion can be observed
in approximately two-thirds of the nulls. The
extent of the distortion and width of the nulls
is dependent upon the varying signal from both
transmitters and appears to vary in width from
practically zero up to 60 or TO feet. They
occur every 350 feet along the line between the
transmitters.

"If further observations substantiate these
preliminary findings, there will be a degraded
service area approximately one mile in width.
Within this zone, the distortion will be appar-
ent in approximately ten percent of this area.
These distortion areas will remain fixed in
position and are similar in nature, so far as
listening is concerned, to the selective fading
characteristic of skywave signals or the distor-
tion sometimes observed from a single transmit-
ter in the vicinity of street car lines or over-
head power lines.

"The increase in the area of a contour, such
as the 6.6 millivolt per meter contour, for this
type of operation is from LO square miles for a
single transmitter to 126 square miles for the
three synchronized transmitters."

Transmitter performance measurements were made
for the operation and all parameters including the
measured noise level met or exceeded FCC require-
ments. These are reported in Reference No. 15 of
June 6, 1949. The experimental operation was
Judged to be a complete success. Very substantial
coverage improvement was achieved in the Washington
metropolitan area.

The last 3 paragraphs of Charles B. Aiken's
3eptember, 1933 Summary proved to be remarkably
accurate as judged by the Washington, D.C. tests so
far improving service to urban areas is concerned.
There seems little doubt, that his hypothesis re-
garding stations within 25 miles of one another for
creation of an "extended linear" type of coverage
with identical programming, would be any less
accurate.

"On the other hand it is shown that if the
two broadcast stations with synchronized car-
riers are fairly close together, that is,within
about twenty-five miles of each other, there is
no distortion in the middle zone between them
if the modulated waves radiated from the two
stations are identical. There may, however, be
variations in resultant field strength. The
effect of such variations may usually be elimin-
ated by the use of automatic volume control in



the receiving set. An exception must be
noted at points where the resultant field
strength falls below the noise level. At
such points the use of a receiving antenna
having slightly directive properties will
eliminate this difficulty.

YThe results of the analysis suggest an
interesting possibility for supplying ser-
vice to urban areas. Instead of employing
one high power transmitter at a distance
from the region to be covered, it may be
possible to distribute a number of law
power transmitters throughout this area
and to supply each of them with identical-
ly the same modulated wave from a central
point by means of appropriate transmission
circuits. The total rediated power requir-
ed for adequate coverage should be far less
than that required when a single high power
transmitter is used. On this account there
would be a great reduction in the total sky
wave and consequently a great reduction of
interference at distant points. For this
reason several station groups of this kind
could be operated on one channel with the
same geographical separations that would
be required by several individual low power
stations.

"If, within station groups, the program
were to be distributed to the various trans-
mitters at audio frequencies, the require-
ments on transmission time, frequency-
transmission characteristic, and modulation
characteristic would have to be very severe
in order to meet the necessity of identical
radiated waves from all stations in the
group. This technical difficulty would be
avoided if the modulation of a carrier were
effected at a central point and the result-
ing modulated wave distributed to the sever-
al transmitters over high-frequency trans-
mission lines of equal lengths, or distri-
buted directly by radiation through the
ether.” (underscoring supplied)

In final conclusion, I wish to admonish
all of you good radio engineers who may follow
this trail to follow the precepts of Figure
12, "Keep checking your tuning and calibra-
tion." Finis.
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ANALYTIC TOOLS FOR BROADBANDING AM ANTENNAS
FOR HIGH FIDELITY SOUND

William G. Ball
Carl T. Jones Corporation
Springfield, Virginia

ABSTRACT this 'point, is only Qetermiped by the
creativeness of the design engineer.

The use of the general «circuit
parameters is introduced as a easy means

of analyzing AM coupling and phasing "T" NETWORK DESIGN

circuits to improve the station's

fidelity. The conversion from the general ln' designing and r.mving to adjust
circuit parameters to impedance matrixes many single tower coupling networks,many
is shown as a method to allow ease of of which were not my design or that of my
analysis of complicated cireuits firm, 1 came. to the conclusion that in
associated with phasing and coupling order to achieve g good broadband match,
equipment and as a tool in calculating the one had to eonsiden| the' ltotall jphase
total system design parameters. rotation of the system, modify it where

possible and minimize as many undesirable

effects as possible. In the early days of
INTRODUCTION radio, many Antenna Tuning Units (ATU)

were designed simply using the formula of
ant 40 -

There have been many papers in the Xarm
past dealing with the problems of
broadbanding AM antenna systems. There is
little if no dispute that a flat load at <7ANTENNA
the transmitter, lowers distortion, and
permits a higher fidelity sound to be
transmitted at higher levels of average
modulation. If we keep in mind that the
purpose of this paper 1is to aid the =Ly
engineer in the design of wideband
circuits, then a higher fidelity sound Transmisslon
will result. To this end, this paper L@— (oF]
presents a few applied analytical tools, j=:
to permit anyone with a rudimentary
knowledge of algebra and especially matrix FIGURE {
algebra, to be able to design and analyze
networks used to couple transmitters to MATCH ALL NETWORK
transmission line and couple the
transmission lines to the Antenna(s). The
author came upon the use of matrix algebra
for this purpose while learning how to use
hand calculator programs, purchased for
use with a card programmable  hand
calculator., The hand calculator program
has been expanded to include transmission
lines and a complete analysis can be made
with a hand calculator. In order to make Ex . h B h - h
the task easier however, this method has e pe“'?"ce s o Fe
been programmed in high level camputer 1mFlal design §tages of a ATU, the dgsxgn
languages of BASIC, FORTRAN, and PASCAL. engineer  desires. 1.)  The  input
A long discussion of the programs will not resxstan(.:e L L B T s
be made, however the background for them frequenclles should be. equal anq as close
will be presented. Where one goes from as possible to the input resistance at

Ly

The simple "Match All" network
(Fig.1) used by many stations for many
years consisted of a fixed capacitor and a
single long coil. A match between the
source and the load could be obtained,
however no thought was given to the system
bandwidth.
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carrier. Furthermore, one would also like
to find the condition where the input
reactance at the lower sideband frequency
is more positive than at the higher
sideband frequency. An example is given
in Table 1

TABLE 1

Frequency Resistance Reactance

kHz Ohms Ohms
670 47 +j 8
680 50.0 0.0
690 47 =] 7s9

The standing wave ratio referred to
50 ohms is 1.192:1, 1.000:1, 1.190:1 for
6704680, and 690 kHz respectively. These
standing wave ratios can be further
improved by the addition of a series L-C
network. This series network can be
calculated as follows. The total reactance
of the network is given by the formula X;=
XL - Xc. Fram elementary circuit analysis
we know that XL=2*Pi*F*H, and
Xc=1/(2*Pi*F*C). Writing the equations
for 670 and 690 khz we obtain:

Eq. 1 Xyg70= 2*Pi*670,000*H -1
/(2*Pi*670,000*C)

and

Eq. 2 X¢690= 2*Pi*690,000*H -1
/(2*Pi*690,000*C)

From Table 1 the desired X; at 670
kHz is -8 ohms and +7.9 ohms at 690 kHz
(to cancel the reactance at the sideband
frequencies). Solving the equations
simulanteously, one obtains the values of
63.2582 uH for H and 866.0021 pF for C.
Putting these network in series with the
input to the T network, the following
input impedances are obtained.

TABLE 2

Frequency Resistance Reactance

kHz Ohms Ohms

670 47 +j 0.0000
680 50.0 0.0083
690 47 -j 0.0000

The standing wave ratio referred to
50 ohms is now 1.064:1, 1.,000:1, 1.,064:1
for 670,680, and 690 kHz respectively.

The question naturally arises how
does one find the phase shift where these

conditions are fulfilled. Using a simple
computer program TNET, a series of
networks with various phase shifts can be
computed. A sample output fran the
program is shown below (NTET Computer runs
1 & 2). The program TNET calculates "T"
Networks at the carrier frequency while
stepping through a series of phase shifts.
The network calculated uses only a single
component for each leg, 1i.e. if the
reactance is negative, the computer
assunes that there exists a capacitor,
which gives the required reactance. This
is achievable in the real world using a
vacuum variable capacitor. After
evaluating the printout, the design
engineer choses a phase shift and designs
and evaluates a network using the method
of general circuit parameters.

It remains to be mentioned that most
AM installations have a coaxial cable
connecting the transmitter to the ATU.
The program TNET has a provision to
include the effects of the transmission
line in 1its calculations. This gives a
different result as TNET Computer Run #2
shows. The choice of the phase shift at
the ATU may be different when the effects
of the transmission line are considered.

Having an understanding of this
procedure, let us now calculate a
practical example. We have measured
(bridged) a tower and have obtained the
following data, corrected for frequency.

TABLE 3

Frequency Resistance Reactance

kHz Ohms Ohms

670 44.5 +j 53.6
680 47.0 +j 64.2
690 49.5 +j 75.0

Next TNET is run to find the optimum
network meeting the design criteria.

TNET COMPUTER RUN #1

PHASE FREQ R X SWR
-10.0 670 43.80 -10.12 1.2878:1
680 50.00 0.00 1.0000:1
690 57.26 +10.86 1.2758:1
-30.0 670 39.71 -4.16 1.2819:1
680 50.00 -0.00 1.0000:1
690 63.28. +2.51 1.2708:1
-50.0 670 39.55 +2.63 1.2735:1
680 50.00 -0.00 1.0000:1
690 60.42 -7.60 1.2638:1
-70.0 670. 43.31 +8.6% 1.2650:1
680 50.00 -0.00 1.0000:1
690 51.66 -11.61 1.2589:1
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TNET OOMPUTER RUN #1 (continuted)

PHASE FREQ R X SWR
=75.0 670 44.88 +9.86 1.2637:1
680 50.00 -0.00 1.0000:1
690 49.41 -11.45 1.2588:1
-80.0 670 46.69 +10.81 1,2629:1
680 50.00 -0.00 1.0000:1
690 47.30 -10,91 1,2595:1
-85,0 670 48.72 +11.47 1.2628:1
680 50.00 -0,00 1.,0000:1
690 45.37 -10.06 1.2610:1
-90.0 670 50.96 +11.80 1.2636:1
680 50.00 -0.00 1,0000:1
690 43.66 -8.93 1,2635:1

-110.0 670 60.62 +8,68 1,2820:1
680 50.00 -0.00 1.0000:1
690 39.07 -2.69 1.2893:1
-130.0 670 67.31 -1,87 1.3486:1
680 50.00 -0.00 1.0000:1
690 37.56 +5.17 1,3628:1
-150.0 670 65.67 -17.43 1.5012:1
680 50.00 -0.00 1.0000:1
690 39.19 +15.26 1.5209:1
-170.0 670 57.75 -46.44 2.3402:1
680 50.00 -0.00 1.0000:1
690 43.73 +41,01 2.3639:1

LINE LENGTH = 0 DEGREES

The above printout has been edited,
however it is believed that the trend of
the computations 1is clearly shown. The
area of interest has been highlighted.

A second run of the program, taking
into account the 88.5 electrical degrees
of phase shift introduced by the
transmission line, yields the following
print out. Again the printout has been
edited for brevity.

TNET COMPUTER RUN #2

PHASE FREQ R X SWR
-10.0 670 52.86 +12.72 1,2877:
680 50.00 -0.00 1.0000:
690 42.19 -8.05 1.2780:
-30.0 670 61.41 +7.76 1.2819:
680 50.00 -0.00 1.0000:
690 39.46 -1.63 1.2708:
-50.0 670 63.36 =-2.75 1.2735:
680 50.00 -0.00 1.0000:
690 40.71 +5.07 1.2638:
-70.0 670 56.68 -10.61 1.2650:
680 50.00 -0.00 1.0000:
690 46.00 +10.32 1.2589:

-75.0 670 54,36 -11.42 1,2637:
680 50,00 -0.00 1,0000:
690 47.94 +11.11 1,2588:
-80.0 670 52,01 -11.76 1.2629:
680 50.00 -0.00 1.0000:
690 50.11 +11.57 1,2595:
-85.0 670 49.73 -11.66 1.2628:
680 50.00 -0.00 1.0000:
690 52.44 +11.65 1.2610:

L ol ol o o R R e R N SR S R )
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TNET OOMPUTER RUN #2 (continued)

PHASE FREQ R X SWR
-90.0 670 47.57 -11.18 1.2636:1
680 50.00 -0.00 1.0000:1
690 54.88 +11.27 1.2635:1
-110.0 670 40.91 -6.65 1.2820:1
680 50.00 +0.00 1.0000:1
690 63.65 +4.50 1,2893:1
-130.0 670 37.08 -0.07 1.3486:1
680 50.00 +0.00 1.0000:1
690 65.40 -8.87 1.3628:1
-150.0 670 34.96 +8.13 1,5012:1
680 50.00 +0.00 1.0000:1
690 55.56 -21.56 1.5209:1
-170.0 670 25.28 +18.95 2.3404:1
680 50.00 +0.00 1.0000:1
690 30.54 -28.69 2.3639:1

LINE LENGTH = 88.5 DEGREES

As is apparent when one examines the
second computer run of TNET, the
reactances at the transmitter end of the
transmission line have the wrong slope in
the vicinity of the equal sideband
resistance, i.e. at approximately 820 of
phase shift. In this instance, a series L-
C network could be added to the T network
between the "T" and the transmission line.
The addition of this network introduces
another complication in the evaluation of
the network. Fortunately there is a
relatively easy way to calculate the
characteristics of the total network
including transmission line.

Having (finally chosen the desired
phase shift, a network is calculated using
standard T-Network design formulas. In
designing a network, remember that the
output am, i.e. the arm towards the
tower must compensate for the tower
reactance.

The next step is to design a "T"
network to match the antenna given in
Table 3 to a 50 ohm source. The computer
printout for the design of the network is
given below,

NETWORK ANTENNA NO. ATU Table 3

INPUT RESISTANCE = 50

OUTPUT RESISTANCE = 47

PHASE DELAY = 82.5 0

POWER IN NETWORK = 5000 WATTS
Input arm = +j 42,31248 Ohms
Shunt arm = -J 48,8951 Ohms
Output arm = +J 42,70743 Ohms
[uncorrected for load reactance.]
Output Am = -j 21.49257 Ohms
[corrected for load reactance.]
INPUT CURRENT = 10 AMPS

VOLTAGE ACROSS INPUT REACTANCE =
423.1248 VOLTS

SHUNT ARM CURRENT = 13.39618 AMPS
VOLTAGE ACROSS SHUNT REACTANCE =
655.0073 VOLTS

OUTPUT CURRENT = 10.31421 AMPS



COMPONENT SELECTION TABLE 4
L3 c3 X; -Xc
0.00000uH 4786.8066pf -48.8951
2.25105uH 4000.0000pf  -48.8951
6.81605uH 3000.0000pf -48.8951
15,94606uH 2000.0000pf  -48.8951
43.33609uH 1000.0000pf  -48.8951

The input arm (see figures 2 and 3)
will be composed of a single coil L1 with
a value of 9,90329 uH. The shunt arm
could be a single capacitor with a value
of 4786.81 pF (c103, Fig.2).
Unfortunately, this value is not a stock
item (if available at all). Therefore
either a vacuum variable capacitor or a
fixed capacitor and coil combination must
be used (L103, C103, Fig.3).

For the output arm, the arm connected
to the tower, a capacitive reactance is
required to cancel the inductive reactance
of the tower. The required reactance is
10,889.87 pf. This is not a common value.
A table of values which produce the

‘7 desired reactance is given below:
TABLE 5
Lioy C102
—_—YYYY Y YT ' Il L2 C2 X -Xc
H 0.00000uH 10,889.87pf -21.4926
1.05631uH 9,000.00pt -21.4926
" 1.81714uH 8,000.00pt -21.4926
103 4.09964uH 6,000.00pf -21.4926
%

= 5.92564uH 5,000.00pf -21.4926

FIGURE 2 GENERAL CIRCUIT PARAMETERS

"T"“NETWORK WITH IDEALIZED COMPONENTS Having  these combinations  which

produce the necessary overall reactance
for both the output and shunt arms of the
T network, one can easily evaluate their
effect on the circuit. A matrix method
exists for calculating networks. This
method uses the general circuit
parameters. These parameters are also
known as the ABCD parameters. There are
:7 various references to these parameters in
the literature. A two terminal network
is shown in figure 4.

Liog Lio2 Cio2

—h TR T

Lyos

210 Iy Ip

I Ctos A 8

€
{ v
FIGURE 3 ot . Z30
GENERAL "T" NETWORK
c D
f————
inducl2ReE  ahda lclaspt'ascit.acnce inations witf FIGURE 4

produce the desired reactance at the

5 NEA
carrier frequency. LINEAR PASSIVE FOUR TERMINAL NETWORK
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The equations for the network
may be written:

Eq.3 Vi AVg + Blg

Eq.4 Iy

Cvg + DIg

In Matrix form these equations can be
written:

vy A B Vo
Eq.5 = X

Il C D Iy

If more than one two terminal network
exists and they are cascaded together, the
matrix equations may be written as:

Vi A B A" B’ Vo

Iy cC D c' D' I

This process may be repeated as often
as necessary to include all the components
in the coupling system, It has been
incorporated in a computer program called
ABCD. Program ABCD requests as input the
carrier frequency, the load impedances in
rectangular form at the lower 10 KkHz
sideband, at carrier and at the upper 10
kHz sideband. The remaining input give
details of the components in the system,
starting at the load and working back
toward the source (transmitter). The
options are:

Series resistor

SPREsTERAGERS,

e
er?es Bapattor

Shunt Capacitor

Series Tank

Shunt LC (in series with
each other)

9 Transmission Line

10 Pass reject trap

11 Ideal Transformer

W ] & U LD

The Matrixes for Numbers 1,3, and 5,
i.e the series elements are shown in
figure 5.

321986 NAB Engineering Conference Proceedings

—[ ][]

FIGURE 5

SERIES IMPEDANCE

The shunt elements, Numbers 2,4, and
6 are shown in figure 6. The other
elements can be derived from these or be
found in the literature.

[Z_ B 1 o
Y ] =
lg_ D Y i
FIGURE 6

SHUNT ADMITTANCE

Given an ABCD Matrix and a load
impedance, the input impedance to the
whole network is given by:

Eq.7 i, =(A*Z, - B)/(C*Z; - D)

This is a very helpful relationship
which forms the basis of the power of the
General Network Parameter approach to
network analysis.

The following printout is for the
program ABCD, run with idealized
components, the antenna resistance and
reactance given in table 3, and for the
network designed for the ATU with 82.59
of phase lag.

ABCD Parameters Computer Run #1

SERIES CAP. C= 10889.87 PF
SHUNT CAP. C= 4786.807 PF
SERIES COIL L= 9.90329 UH

FREQ R SWR(50)

X
880 2660831 10:0688 1:868643

690 46.30827 -10.52104 1.260114



The calculations compare well with
the interpoled values for 82.50 calculated
by TNET RUN #1. In both cases, the SWR is
on the order of 1:1.26. In order to
achieve the absolute possible match, TNET
could have been run at a much closer
interval, however we are examining a
method of evaluating a network, so the
procedure is of essence. Changing the
series input capacitor from 10,889.87 pf
to 9000 pF and inserting a series coil in
the output arm of 1.05631 uH (values taken
from Table 5) produces the following
computed results:

ABCD Parameters Computer Run #2

SERIES CAP. C= 9000 PF

SERIES COIL L= 1.05631 UH
SHUNT CAP. C= 4786.807 PF
SERIES COIL L= 9.90329 UH

FREQ R X SWR (50)
670 47.57948 11.28097 1.266179
680 50.00001 -0.00000 1.000001
690 46.28026 -10.64107 1.263394

If a combination of 5,000 pF and a

coil of 5.92564 uH as shown in Table 5 are
chosen, the results are:

ABCD Parameters Computer Run #3

SERIES OOIL L= 5.92564 UH
SERIES CAP. C= 5000 PF

SHUNT CAP. C= 4786.807 PF
SERIES COIL L= $.90329 UH

FREQ R X SWR (50)
670 47.11837 11.74754 1.282182
680 50.00001 0.00000 1.000001
690 46.1433 -11.19136 1.278671

By using a 5000pF capacitor (a common
value) and a series coil in the output leg
of the T network, no significant
degradation of the SWR occurs . Next
the design engineer has to investigate the
effects of changing the L-C ratio in the
shunt leg of the network. Table 4 gives
the values of inductance and capacitance
which produce the required reactance.
Starting with a 2.25105 uh coil and a
fixed 4000 pf capacitor, Program ABCD
calculated the following:

ABCD Parameters Computer Run #4

SERIES COIL L= 5.92564 UH
SERIES CAP. C= 5000 PF
SHUNT L-C L= 2.25105 UH
C= 4000 PF
SERIES COIL L= 9.90329 UH

ABCD Parameters Camputer Run #4
(continued)

FREQ R X SWR (50)
670 47.44332 11.90212 1.283128
680 50.00000 0.00000 1.000001
690 45.54013 -11.09125 1.283859

Notice that the upper side band input
resistance dropped. This trend continues
even further as shown in the following two
examples, where C is decreased in value
(increased in reactance) and L s
increased in value (also resulting in an
increase in reactance).

ABCD Parameters Camputer Run #5

SERIES COIL L= 5.92564 UH
SERIES CAP. C= 5000 PF
SHUNT L-C L= 6.81605 UH
C= 3000 PF
SERIES COIL L= 9.90329 UH

FREQ R X SWR (50)
670 48.09254 12.22413 1.286128
680 50.00004 0.00000 1.000001
690 44.32348 -10.86819 1.296575

and

ABCD Parameters Computer Run #6

SERIES COIL L= 5.92564 UH
SERIES CAP. C= 5000 PF
SHUNT L-C L= 15.94606 UH
C= 2000 PF
SERIES COIL L= 9.90329 UH

FREQ R X SWR (50)
670 49.35099 12.90022 1.296018
680 50.00007 0.00000 1.000001
690 41.91882 -10.34291 1.330731

There has been a steady worsening of
the SWR at the upper side band. This is
not a desirable condition. In such cases,
a vacuun variable may be justified. The
next best solution would be to use the
4000pF capacitor and the 2.25105 uH of
inductance. Assuming that we choose the
variable capacitor, the network still can
be further improved. If a series L-C
network is calculated by simultaneously
solving equations 1 and 2 where Xyg79 = -
12.90022 ohms and Xyggg = 10.34291 ohms,
an improvement can be obtained. This is
shown in ABCD Run #7:
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ABCD Parameters Computer Run #7

f=680kH2

I={0A s
SERIES CAP. C= 5000 PF RS- S08teLT o BOOPE

SERIES COIL L= 5.92564 UH
SHUNT CAP. C= 4786.807 PF
SERIES COIL L= 9.90329 UH
SERIES CAP. C= 600.1072 PF

SERIES COOIL L= 91.23841 UH

FREQ R X SWR (50) t=680kHz

670 47.11841 -0.00029 1.061157 Iz:{0OAmps B0.5709ubh 600pf 50.8709uh
680 49.99994 -0.19399 1.003887
690 46.14326 -0.00025 1,083582

A more practical arrangement of
components would be to simply use a 600 pt FIGURE 7
capacitor and to combine the two series
coils in the input arm into one coil. Do
this and running ABCD again, we obtain the
final configuration of the network.

METHOD OF LOWERING VOLTAGE GRADIENT

ABCD Parameters Computer Run #8 In most cases (5 kW or less), this
will not be a problem. Also use of the
SERIES CAP. C= 5000 PF large inductance results in slightly
SERIES OOIL L= 5.92564 UH higher circuit losses due to the
SHUNT CAP. C= 4786.807 PF resistance of the larger coil. For a non-
SERIES COIL L= 101.1417 UH directional station, where the antenna
SERIES CAP. C= 600 PF input power is measured at the antenna
feed point, no problem should be
FREQ R X SWR (50) experienced, since modern day transmitters
670 47.11841 -0.070825 1.061175 have plenty of extra power reserve.
680 49.99996 -0.263536 1.005285
690 46.14331 -0.068799 1.083595 It has been shown , that introducing

the transmission line, (TNET Run #2)
would cause the overall phase shift to be

The standing wave ratio has been such that, no corrections could be easily
reduced below 1.1:1 across the band of under  taken at the input to the
interest. To practically build and transmission line due to the impedance
implement this network on high power slope. The actual transmission line
stations, it may be necessary to break up effects can be evaluated by ABCD. For the
the coil and capacitor combination into present case of the antenna given in Table
smaller coils and larger capacitors in 3, considering the 88.5 degree
series to obtain the net overall L and C. transmission line, the results shown in
This helps prevent corona due to high ABCD Run 9 were obtained.

voltages caused by high currents time
large values of reactance (V =I*X). By
using multiple coils and capacitors, the
voltage gradient is lowered and the risk SERIES CAP. C= 5000 PF

of corona reduced. This is diagramed in SERIES COIL L= 5.92564 UH

Figure 7. SHUNT CAP. C= 4786.807 PF
SERIES OOIL L= 101.1417 UH
SERIES CAP. C= 600 PF
TRANSMISSION LINE Z0= 50 OHMS
88.5 DEGREES

FREQ R X SWR (50)
670 53.0395 0.337774 1.061175
680 49.98906 0.263278 1.005285
690 54.17953  0.040569 1.083595

ABCD Parameters Camputer Run #9
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PARAMETER TRANSFORMAT IONS

By this procedure one can calculate
an entire feed system or branch of a
phasing system using the general circuit
parameters. The entire system can then be
represented by an equivalent "T" network.
Given the ABCD parameters for a system (or
subsystem) the equivalent "T" network
arms (as shown in figure 8) are given
by:

Eq.7 Zy; = A/C
Eq.8 222 = D/C
Eq.9 212 = 1/C
Z4 Zo A ’

i (I

(1+¢24/23) 24/23

923 (L+Z49/723)

L

FIGURE 8

EQUIVALENT "T" NETWORK

If one were to attempt to analyze the
circuit in figure 9 using loop currents,
one faces a long job, possibly fraught
with error.

FIGURE 9

MULTIPLE LOOP

If the components are first "lumped”
together using ABCD, the problem
simplified to that shown in figure 10.

Z4 Z2

-5

]
. I Yo
V1 i Q Vo: Rg :
e 1% 2

nE

FIGURE {0

TWO LOOP EQUIVALENT

It can also be shown that the ABCD
parameters are related to the the
admittance parameters, The equations
defining the admittance parameters are:

Eq.10 I = Y11%E1 + Y19*Eg

£q.11 12 = Y91%E; + Yg99*Eg

The conversion formulae fram ABCD
parameters to Y parameters are:

Eq.12 Yi1 = D/B
Eq.13 Yi9 = -1/B
Eq.14 Yoy = 1/B
Eq.15 Yoo = -A/B

Knowing these relationships is an aid
in analyzing circuits, since parallel
admittances can be directly added
together. For example in a two tower
phasing system, the ABCD parameters for
each feed of the system can be computed,
the admittance matrixes added together,
reconverted to ABCD parameters and then
multiplied by the common point components
to obtain the phasor input impedance.

APPLICATION OF THE GENERAL CIRCUIT
PARAMETERS TO A TYPICAL PHASING
SYSTEM,

The general circuit parameter method
of analysis can be applied in yet another
way to the analysis of directional antenna
phasing and coupling equipment. A two
tower station has the following
parameters.

Twr Field Phase Space Bear. Height

1 1.00 0.00 138.0 83.5 165.0°
2 0.87 45.00 0.0 0.0 165.0°
The station operates with a

directional antenna nighttime and non-
directionally daytime. The self and
mutual impedances of the directional
system were measured using a General Radio
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Bridge driven by an Potomac Instruments
SD-31 Synthesizer/Detector. In addition,
the driving point impedances were measured
with the old phasing and coupling
equipment under load, by varying the
transmitter frequency (again using the SD-
31 generator to replace the transmitter
crystal) and a Delta Electronics
Operating Impedance Bridge. For the
measurement of the self and mutual
impedances, the towers were isolated using
sample line isolation coils to the
condition, in which they would be operated
with the new phasing and coupling system.
The data in Table 5 is based on actual
measured data for the above directional
antenna system.

The calculated antenna drive point
impedances at carrier and at the 10 khz
sideband frequencies for parameters which
produced essentially the same null file
and location at the sidebands as at
carrier are:

TABLE 5
Tower Carrier
1 276.7-j306.0
2 396.9-j476.2
Tower +10 kHz ~10kHz
1 290.5-j324.5 268.5-j288.0
2 455.0-j480.0 350.0-j473.0

A simplified schematic for the night
phasor is shown in figure 11.

ho 2

-4 y
A ey
L
i T

Filoume 11

SIMPLIFIED PHASON SCHEMATIC kD

&+

The values of the components are not
given here in the interest of conserving
space, however the computer printouts were
done with the components which were chosen
to produce the pattern. Calculating the
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resistance and reactance of the number 1
tower phasing system i.e. that part of
the networks up to the actual common
point, one obtains:

FREQ R X SWR (50)
1260 46.63328 5.775081 1.148352
1270 50.00016 0.000335 1.000007
1280 51.17989 -8.062038 1.174562
and for line # 2:

FREQ R X SWR (50)
1260 48.66667 -13.13671 1.30589
1270 50.0012 -0.00179 1.000043

1280 53.68119 14.03995 1.322141

Next the actual common point
impedance was calculated by paralleling
the resistance and reactance of the two
feed systems., This results in the actual
common point impedance given below:

FREQ(KHZ ) R X

1260 24,78 -j1.568
1270 25.00 0.000
1280 27.37 1.166

These impedances may now be used for
the input impedances in ABCD, the common
point network modeled and the following
data obtained regarding the actual common
point.

FREQ(KHZ ) R X
1260 48.31 +j3.52
1270 50.00 0.00
1280 47.39 -j5.57

This common point impedance could be
improved even further by the addition of a
series L-C network to cancel the sideband
reactances.

CONCLUSION

There are many approaches taken in
designing optimum phasing and coupling
networks for higher fidelity sound.
Several techniques have been discussed
with examples, and a method of evaluating
the design given. Because of the
flexibility of the ABCD parameters to be
transformed into other parameters such as
the Z or Y or Hybrid parameters, or to be
used alone, they offer a useful tool to
the design engineer in circuit design.
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FM ANTENNAS WITH MODIFIED INTERBAY SPACINGS
SOLVE DOWNWARD RADIATION AND OTHER PROBLEMS

Joseph T. Semak
Engineering Manager, KWLT(FM)
San Diego, California

INTRODUCTION

Recently, the advantages of certain new FM
antenna designs have become recognized. As a
result, there has been substantial interest in the
use of special antenna designs. The principle
catalyst for these efforts stems from new Federal
regulations limiting the permissible levels of
human exposure to non-ionizing RF radiation in
areas near broadcast towers, a problem that can
usually be solved by application of the correct
antenna. Unfortunately, it is generally unknown
to broadcasters that many other problems occurring
at the transmitter site such as RFI/EMI, antenna
coupling, and pattern distortion can be controlled,
reduced, or eliminated through the appropriate use
of a specially designed antenna.

This report will familiarize the FM broad-
caster with the various operational concepts,
design, and construction applicable to all FM
broadcast antennas; this is necessary to fully
understand the specialty antenna. The application
techniques and performance characteristics of the
specialty antenna are thoroughly covered, with em-
phasis on pratical situations.

ANTENNA DESIGN OVERVIEW

For many years now, the FM transmitting anten-
na has seen relatively few changes in its design al-
though many different styles of antenna bays (rad-
iating elements) have appeared, they are almost
always integrated into an array using a standard
vertical separation of one wavelength (one lambda).
This applies to both the side mounted ring type
antennas as well as (reflector) panel types.

All FM antenna systems (except single bays)
utilize the broadside array principles to develop
gain over a single bay of the same type. This is
true regardless of the type of bay used: side moun-
ted rings, directionalized rings, or panels. A
standard broadside array for broadcast applications
consits of a number of identical bays stacked vert-
ically along the same axis at some fixed separa-
tion, all of the bays being supplied the same
amount of RF power at an identical phase angle.

(In the cases of null fill or beam tilt, there are
small variations of the amplitude and phase, re-
spectively, in the RF currents fed to the different
bays.) This arrangement will produce a certain

amount of gain over a single bay due to the concen-
tration of power in the plane normal to the axis of
the antenna array (coverage area). This concentra-
tion of power is called the main beam (beam max-
imum). As the overall length of the antenna is in-
creased, the width of the main beam narrows propor-
tionately, thus increasing the concentration of
power and producing more gain. See Fig. 1 below.

Antenna gain

Definition.--Antenna gain is simply described
as the amount of power concentrated in the main
beam of an antenna as compared to the amount of
power concentrated in the main beam of the ref-
erence antenna, assumming that both have equal in-
put power. For FM broadcast, the FCC has adopted
the reference constant as a one-half wavelength
linear dipole with a one kilowatt input power.

For convenience, gain can be computed given the
equivalent E field (field strength) values at a
fixed reference distance, such as one mile.

Controlling parameters.--It is important to
understand that the gain of a broadside array is
not in direct proportion to the number of bays (on
the antenna) as is commonly believed. Gain is pri-

marily a function of
-~ the effective length
] or aperture of the
! antenna in wave-

\ 14 lengths as measured
\ | from the centers of
s j the two outgrmost
4 bays; assuming that
| A
deqal the bays are spaced
j 4 at least every 1.5

S,

wavelengths along

" e "f this length. The
/ nu-n nnv)

number of bays con-
tained within any
l ] given antenna aper-
\ 'R,f\ ture will vary with
\ \ different interbay

k \

-\ spacings; however,

71
i

=1

the resulting
changes in beamwidth
and gain will be
rather small as long
as the antenna's effective length (aperture) re-
mains unchanged.

Fig 1, -—Polar plot of array
pattern. Note main beam and
minor lobes. (6 bays @ 0.5MN)

It is interesting to note that the maximum
amount of gain for a given length of antenna

1986 NAB Engineering Conference Proceedings—39



aperature generally occurs when the bays are sep-
arated by five-eighths to three-fourths of one
wavelength; however, other considerations over-
shadow this slight advantage, dictating bay separ-
ations based on the economy of one wavelength spac-
ing, or the necessecity of radiation supression;
calling for one-half wavelength bay spacing.

The directivity possessed by each of the bays
in the antenna array is the final contributing
factor to the gain of the array. The influence
that the individual bay has on the overall system,
and the relationships involved are discussed in
detail later in the text.

Determination of gain.--The broadcast industry
is used to describing (incorrectly) the gain of an
antenna simply by the number of bays that is has.
Presumably, this is because it is convenient with
antenna systems using one wavelength interbay
spacings. However, this will undoubtably result in
considerable confusion with the introduction of
specially modified antennas.

It is suggested that it is appropriate to
characterize an antenna by the effective length of
the array--the first bay through the last bay--in
wavelengths. This is not difficult, and by doing
S0 a person can estimate an antenna's gain regard-
less of the number of bays or the separation used.
For example: a three wavelength (effective length)
antenna that is omni-directional and circularly
polarized will have a power gain of approximately
two regardless of its bay separation. Refer to
Eq. (1). Note that in this equation, the antenna's
effective length is essentially divided by two;
this takes into account the power division that
takes place in a circularly polarized antenna.

2

¢ = length in wav;lengths + one (1)

«
I

antenna power gain for the case
of omni-directional, circularly
polarized broadside arrays.

Exact antenna gain can be determined through
various mathematical and graphic procedures that
are available in the antenna design textbooks.

One method, known as the Poynting vector method,
models the antenna array in the center of a large,
imaginary sphere; thus allowing the power flowing
out of the sphere to be determined in terms of
density per unit of area. From this, the total
power equivalent density and peak (main beam) power
density can be determined. Relating the two power
density figures will yield the concentration of
power in the main beam relative to the total input
power, and therefore, the gain of the antenna over
an isotropic radiatior. This figure has to be cor-
rected if a different gain reference is desired.
When referencing to a half-wave dipole, the gain of
the dipole--2.15 dB--has to be subtracted from any
gain figure that has been referenced to an isotro-
pic source.

Another method, algebraically derived, pro-

jects gain based on the knowledge of the RF cur-
rents flowing in the array. When using this
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method, the mutual impedances of every bay into
every other bay must be known in order to establish
the radiation resitances within the array. This is
not practical though, as it is very difficult to
accurately determine the mutual impedances through
any type of analysis.

Unfortunately, no simple formula for gain for
gain exists that will give exact results.

Measurement of gain.--Gain can be determined
through controlled measurements of an actual ant-
enna. If performed with care, measuring the eleva-
tion pattern (and azimuth pattern, if necessary) of
an assembled antenna on a good antenna test range
is considered an acceptable method of determining
gain, and is often done on television antennas. As
an off-shoot method, one could measure the eleva-
tion pattern of a single bay (of the type to used
on the antenna) and multiple the results by a cal-
culated array pattern. This will yield an accurate
gain figure if properly done, and can be acommodat-
ed on the smaller test range.

Radiating elements

Most common FM antenna bays (radiating ele-
ments) are based on the use of one or more half-
wave dipoles configured in such a way as to produce
the desired polarization, power handling, and band-
width characteristics. Recently, quite a bit of
attention has been centered around the design of
the bay, (radiating element) and if it's a panel
antenna, the reflector as well. Different types of
bays can produce substantially different radiation
patterns; thus, the selection of a bay design is
critical and plays a key role in the way the over-
all antenna will perform in virtually all aspects.

Radiation characteristics.--Ideally, an anten-
na bay for all side mounted ring type arrays and
most panel types should posses the same relative
field distribution for the elevation pattern as a
perfect half-wave linear dipole and/or short hori-
zontal loop located in tree space. The radiator
used as the reference depends upon the polariza-
tion(s) used. If the mode is vertical polariza-
tion, a vertically oriented linear dipole is the
reference; for horizontal polarization the compar-

ison is made against a horizontal loop. A perfect
2
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Fig. 2.--E field patterns for reference radiators.

linear half-wave dipole radiates an electric field
that is proportional to the cosine of the angle of
radiation as compared to any point normal to the
axis of the dipole. See Fig. 2a. The short



horizontal (end-loaded) loop illustrated in Fig. 2b
has a donut-shaped field pattern (distribution)

that is substantially the same as a linear dipole's,
but it is horizontally polarized. The horizontal
loop is formed from a linear dipole to effectively
provide the omni-directional, horizontally polar-
ized coverage that cannot be obtained from a linear
dipole located with its axis parallel to the
earth's surface.

Operating impedance.--Antenna bays must be de-
signed to present correct and equal impedances
within any array. This is generally accomplished
through gamma matching and/or transmission line
type matching principles applied on or inside the
bay's feed stem, respectively. This adjusts the
dipole's characteristic (low) impedance up to the
proper level for correct RF distribution. Addi-
tionally, any reactance (undesirable) must be re-
moved from the antenna in order to provide a purely
resistive load at the operating frequency. This is
done in several ways, the most common method is
trimming the element length for proper resonance
during manufacture. The bays used in modified ant-
enna designs are usually identical to those used in
the standard model antennas; however, there are
sometimes differences in the way the operating im-
pedance is determined and adjusted.

Mutual impedance.--The mutual impedances that
result from the coupling of antenna bays is an area
of particular concern when special antenna designs
are approached. This is because the bays in most
modified antennas are separated by less than a full
wavelength. At large (one wavelength or greater)
bay separations there is an insignificant amount of
coupling among the elements; however, this situa-
tion rapidly changes as the bay separation is re-
duced to one-half wavelength. At this point, sig-
nificant amounts of coupling will occur causing
changes in the bays' radiation resistances that are
related to both the magnitude and phase of the
coupled energy. Changes in a bay's radiation re-
sistance will produce similar changes in its input
impedance. This will, in turn, affect the amount
of power the various bays will radiate.

Because mutual impedances result from the
close physical presence of other bays, it is a non-
uniform effect over the length of the antenna. The
bays assigned to the center of the array will be
affected to a greater extent than those at the ends
of the array. Obtaining even power distribution
throughout the entire array is the primary obstacle
to overcome when large amounts of mutual impedance
are present. To this end, the manufacturer must
determine to what extent an array is (or will be)
impacted by mutual impedances and correct the pow-
er distribution by setting the individual bays'
input impedances so that each bay assumes the cor-
rect level when operating in the array. For one-
half wavelength bay separations, the center bays
will tend to have a lower radiation resistnace
than the outer bays; therefore, the center bays
will receive more power. Power distribution within
a specialy modified antenna must be carefully con-
trolled, otherwise the desired effect can be ruined.

Feed systems

Standard applications.--When employing a one
wavelength antenna configuration .the manufacturer
simply taps the main feed line at each bay location,
resulting in an array with all of the elements fed
in phase. This allows antennas to be produced ra-
ther simply and economically. The amplitude of the
RF input to each of the bays shunted across the
main feedline is dependent upon the impedance that
each bay presents to the feedline. The bays are
typically the same impedance in any one array, and
thus the power for an eight bay antenna will divide
across the bays in the same way it would across
eight resistors, of equal value, connected in
parallel.

Special applications.~-There are unique varia-
tions to the feed systems of antennas that bay sep-
arations other than one wavelength. Uniform, in
phase operation (RF exicitation, not spacing) of
the antenna's bays is requisite in any broadside

array. In order to
TSR TR achieve this, several var-
ﬁHﬂEﬂL‘\»] AL iations upon the standard

:F%E% 7 feed schemes can be used.
In the case of one-half
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%;{I _*_ wavelength separations, a
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used as shown in Fig. 3,

_L. or the elements can be
shunted directly across

L the main feedline at half-

25h e wavelength intervals by
inverting every other bay.
1.0} The latter method corrects
N the phase inversion inher-

l o ent at every other feed-

L line tap point by rever-

sing the side of the di-
- | %’ pole receiving the RF ex-
Fig. 3.-- Illustration Citation; effectively

of antenna with one-half restoring the bay to in-
wavelength bay spacing. phase operation.

It is recommended that the sub-feeder type of
system be used to avoid compromise in antenna per-
formance due to the assymetry present in most bay
designs. For the cases of bay separation greater
than one-half wavelength, the common branch feed
system is recommended as the most practical means
of achieving the proper RF distribution.

Branch feeds.--When it is inconvenient to
shunt bays or sub-feeders directly across the main
feediine, as is the case with most panel antennas
and certain modified antennas, a branch feed is
used. A branch feed consists of a power divider
at the input to the antenna from which individual
feedlines--branches--run to their respective bays.
This allows the proper phasing to be maintained
simply by keeping the lengths of the branches a
multiple of one wavelength.

Impedance matching.--There are different phil-
osophies among the various manufacturers as to what
the cptimum impedance distribution within an ant-
enna's feed system should be. Questions arise as
to where the transformations should take place in
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the antenna in order to achieve proper impedance
matching and power distribution, while obtaining a
standard 50 ohm input. Several different systems
have been used to meet these requirements in the
many different available antennas, and although
each has its advantages, they will not be reviewed
here since the subject is well covered in other
publications addressing broadcast antennas. It is
mentioned so that the reader is reminded of these
differences, and the ways they may impact the
methods described in this text.

Basis for alternative antenna designs

In practice, even the best antennas never
quite perform the way they theoretically should--
the way they really need to. This is best illus-
tated by recalling the discussion of the ideal ant-
enna bay and the dough-nut shaped field pattern
that it should have. (Previously shown in Fig. 2.)
Now imagine that the nulls in the fields above and
below the antenna are not very deep. Lets say
there is about 10 dB less radiation (approximately
0.3 relative E field) in the general directions of
0° and 180° (the zenith and nadir of the elevation
pattern, respectively) as compared to the beam max-
imums at 90° and 270°. The resulting pattern would
tend to resemble that in Fig. 4.

Unfortuntely,
this depicts what
the author has typ-
ically field measur-
ed from the ''good"
antenna bays. This
is the primary source
of the excessive
radiation that is
present below many
FM broadcast ant-
ennas.
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At this point,
it should be appar-
ent that if practic-
al antenna bays
could radiate power as hypothetically they do in
their ideal equivalent form, there would be no
downward radiation. There would be no need for
many unusual bay separation; one wavelength bay
spacing would work fine. This is because the over-
all field distribution characteristics, i.e., the
azimuth and elevation patterns, from a broadside
array are the product of the same patterns for both
the individual radiators and the array.

Fig. 4.--Typical E field
pattern from a practical
transmitting antenna bay.

Interbay spacing is an important parameter of
the broadside array, and as a variable, is incorp-
orated into all of the modified antenna designs
considered in this report. In theory, interbay
separation can (and may) be any value from infin-
itly close to over a wavelength apart; all values
included will allow gain from the array. Changing
the number of bays within a fixed aperture will
change the arrcy pattern. The array pattern is
defined as the full elevation pattern of a broad-
side array that substitutes (imaginary) isotropic
radiators (equal radiation in all directions) in
place of the bays actually used. The array pattern
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is calculated. Fig. 5 shows a bay pattern (a), an
array pattern (b), and the resulting product of the
previous two (c). It is the array pattern that
generally determines what useful applications a mod-
ified antenna will have. This will be considered in
further detail elsewhere in the text.
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Fig. 5a.--Elevation pattern of a single bay.

Fig. Sb.--Array patterns for indicated antennas.
(6 bay is rectangular form of case in Fig. 1.)
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THE MODIFIED ANTENNA
AND ITS APPLICATION

Modified antennas fall into two general cate-
gories: The first group consists of those antennas
designed to reduce the extraneous RF fields, which
represents the majority of current applications.
Group two is made up of antennas designed for a spe-
cific application requiring other than RF radiation.
There are significant differences among these groups
in both construction and end result.

Antennas for RF radiation suppression

The requirement for antennas falling into this
group is primarily the reduction or elimination of
undesired downward RF radiation from the antenna.
Referring back to the discussion on antenna bays,
the principle cause of radiation along the axis of
an antenna is due to the imperfect characteristics
of a practical transmitting antenna bay. In an ant-
enna with bays spaced at one wavelength the array
pattern is such that the radiation from all bays
will add in phase along the axis of the array, form-
ing an end-fire effect. Consequently, this augments
the undesirable aspects of each bay. This is shown
in Fig. 6. Since it is unlikely that anyone is
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Fig. 6.--Illustration showing broadside and end-
fire as predominant modes of a conventional antenna,

going to devise and implement the perfect radiator,
any approach taken to control unwanted downward
radiation must take into account and compensate for
the shortcomings of the individual bays.

Technique.--A suitable approach to the elimi-
nation of excess downward radiation involves modi-
fying the spacing of the bays along the length of
the array in such a manner that the location of the
radiators causes a phase cancellation of signals
above and below the array. This method can be re-
ferred to as space-phasing (of the bays) and does
nothing more than achieve the desired array pattern.
Locating bays every one-half wavelength along the
length of the antenna will satisfy the above requir-
ment provided the antenn's total number of bays is
an even number. (Assumes correct phasing of input.)
Referring to Fig. 7, an antenna with one-half wave-
length separations, it can be seen that waves trav-
eling from the antenna and normal to its axis add
in-phase as in any other broadside array; however,
at the waves from a bay radiate along the axis
(vertically) of the antenna they traverse the ad-
jacent bays where a virtually complete cancellation
takes place as a result of the 180° electrical
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Fig. 7.--Illustration of one-half wavelength an-
tenna showing space-phasing cancellation on axis.

distance between the bays.

Other space-phasing schemes are possible, and
depending upon your requirements, may be worthy of
investigation. These alternatives can offer similar
characteristics to the one-half wavelength system at
reduced cost. For example, three-fourths wavelength
bay separation could be utilized on antennas with
four, or multiples of four bays. This type of ant-
enna will have similar RF suppression as the one-
half wavelength case, although not to the same
degree. Expect the downward RF supression of a
three-fourths wavelength antenna to be at least 3 dB
less than that of a one-half wavelength type of
equal gain. Cancellation within an array using
three-fourths wavelenth separations takes place
across every other bay. 1In a similar fashion, other
antenna system designs are possible if they too are
configured to have every bay on the array out of
phase with another bay along the array. An exam le
of this would be the use of ten bays in conjuncticn
with 0.9 wavelength interbay spacings.

The primary reason for considering a special
antenna system with other than one-half wavelength
bay separations would be either lower required per-
formance and/or lower cost. (Applies to group one
antennas only.) A half-wavelength type configura-
tion will typically use about twice as many bays for
the same amount of gain as a standard model antenna,
and the feed system is complex; making this antenna
expensive. It is, however, the best choice for a
difficult transmitter site situation.

When contemplating specially designed antenna
systems other than the one-half wavelength style,
careful planning is necessary because of the exten-
sive feed systems, particularly on the larger ant-
ennas. A branch feed is probably the only practical
method of feeding these antennas, and with a large
branch feed installation, special attention must be
directed towards integrating the feed system onto
the tower. This could partially offset any cost
savings provided by these latter antenna systems.
Don't forget to take tower windloading into consi-
deration anytime an antenna with increased windload
is contemplated.

Application.--An antenna used for RF radiation

reduction must be properly applied to yield the best
results. The gain of the array as well as the
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arrays location on the tower are important consid-
erations that must be chosen to provide the desired
cone of silence. The cone of silence as defined by
this author, encompasses the area below (and above)
the antenna that has RF radiation supressed by at
least 20 dB relative to the main beam, measured at
an equal distant point. The depression angle that
defines the cone of silence can be found by refer-
ring to the proper elevation pattern for the anten-
na in question, and locating on it the point for
which the relative field falls below 0.1 (~20 dB)
and remains below this level through -90°; the
nadir of the elevation pattern. (This applies to
the complementary side of the pattern, the zenith,
as well.) See Fig. 8. ('"Cone'" appears in inset.)
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Fig. 8.--Derivation of the cone of silence from
an elevation pattern. (8 bays, 3/4A separation.)

Once the depression angle defining the cone of
silence (relative to the horizontal plane) is
known, the radius of the cone of silence can be
found using Eq. (2), which takes into account the
height of the antenna above the ground level. In
a similar fashion, the radius of the cone of
silence can be selected as required, and a tower
height assigned using Eq. (3).

h
E = tan £d (@
h = r tan £4d (3)
Where: d = depression angle defining cone.
h = effective height of antenna AGL.
r = radius of the "cone of silence".

Obviously, the area contained within the cone
of silence is directly related to the antenna
height and antenna gain. It is stongly recommend-
ed that the broadcaster take whatever steps neces-
sary to obtain as much antenna height above ground
level as possible and use it in conjunction with
as much antenna gain as is practical. In this way
it is possible to minimize the downward radiation
from the system. The additional height increases
the space losses and in many cases requires a re-
duction in station ERP. Both effects benifit the
overall effort.

The cone of silence is not the only area that
requires careful attention when there is concern
about excessive downward radiation. The minor
lobes radiated from the antenna can contain a

44—1986 NAB Engineering Conference Proceedings

substantial amount of energy even when using a mod-
ified antenna. The amplitude and location of these
lobes can be determined from the elevation pattern
in much the same way as the cone of silence was
determined. The antenna height and gain are, again,
the controlling factors. Fortunately, when maxi-
mizing the area within the cone of silence, the pro-
bability of an objectional amount of radiation from
the minor lobes will be reduced. Exercise caution
though, in instances where the ground elevation
rises substantially in the vincinity of the trans-
mitter site, and/or low gain antennas are used.

Once the excess downward radiation has been re-
duced to an acceptable level, the RF fields from the
antenna's minor lobes that strike the earth near the
transmitter site will then, most likely, be the pro-

dominate source of strong ground reflections. Keep
this in mind when estimating probable field
strengths near ground level at any site. These re-

flections can add 6 dB to a calculated E field value
at a point of a 100 percent amplitude, in phase
reflection.

When either null fill or beam tilt is used on
any antenna, the downward radiation situation is
further complicated by the effects that these op-
tions have on the power distribution in the minor
lobes. When null fill is used, there will be addi-
tional radiation directed into the first (and some-
times second) null, but there will also be more
total power radiated towards the ground at virtually
all angles below the main beam. See Fig. 9. The use
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Fig. 9.--A conventional 10 bay anteunna with 15 per-
cent null fill.

of beam tilt, on the other hand, results in a redis-
tribution of energy among the minor lobes. (Fig.
10.) Although the total energy (in the minor lobes)
does not significantly increase when beam tilt is
used, the existing energy can be redirected into a
undesired location. When null fill and beam tilt
are used together, expect combined effects exceeding
those illustrated for either option independently.

All of this is not to say that null fill and
beam tilt are bad options that should never be used;
much to the contrary, they are very useful tools
when properly applied. What is stressed, however,
is that null fill and beam tilt should not be indis-
criminately applied.



There is an interesting point to note about
the way an antenna's calculated nulls occur in
practice: When in an array near field, i.e., at
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Fig. 10.--A conventional 10 bay antenna with 0.75°
beam tilt. Note amplitude of minor lobes.

the transmitter site, the nulls actually encounter-
ed are generally quite shallow (if any exist at
all) compared to those suggested by the (far field)
elevation pattern. For planning purposes, it is
practical to ignore the nulls altogether and con-
sider the minor lobes as one broad lobe, defined by
the maximas of all the minor lobes. (This is also
shown on Fig. 8.)

Improvements resulting from use of a special
antenna.--Within the cone of silence, a 10 dB to
20 dB reduction of field strengths over those
transmitted from a conventional antenna (of the
same gain, ERP, and location) are generally obtain-
ed. The author has observed real nulls (as opposed
to ground reflection induced nulls) exceeding 30 dB
directly below a modified antenna. All of these
figures represent a very substantial reduction.

Because of the presence of tower re-radiation
and ground reflections, it is unlikely that the
improvements theoretically possible beyond the
levels given above can be realized. The elevation
patterns suggest that complete supression is avail-
able at certain depression angles, but don't count
on this phenomenon in practice, i.e., at your site!

There are secondary mechanisms that further
assist the modified antenna in achieving radiation
reduction: When the tower is excited by a conven-
tional antenna, the tower's structural members will
radiate a substantial amount of energy towards the
ground via the same phase additive process that
occurs on the antenna itself. 1If the tower is in-
stead excited every one-half wavelength, the re-
radiation from the tower members will tend to
cancel itself as it would on the antenna; although
the affect will not be as complete.

Likewise, when parasitic elements are mounted
near an antenna bay for pattern correction pur-
poses, they too can radiate a (very) substantial
amount of energy towards the ground. This is par-
ticularly true if they are horizontally polarized.
And once again, a very desirable reduction in

the electric fields present below the antenna can be
realized when the parasitics' undesired radiation is
subject to cancellation through space-phasing.

With all of that power no longer wasted on the
ground and up into space, it can be concentrated
in the main beam; where it belongs. 1In fact, most
antennas never realize there rated (generally cal-
culated) gain due to various losses; those discussed
in this text included. The chances of getting
closer to ideal are definitely improved through the
employment of a modified antenna design. The typ-
ical antenna can lose 0.5 dB to 1.0 dB of gain in
all polarizations due to radiation in unwanted di-
rections (excluding radiation normally present in
the minor lobes), relative to a one-half wavelength
type modified design. With an extremely poor bay,
loss of gain due to excessive undesired radiation
can substantially exceed these levels.

Additional applications for group one ant-

ennas.--The inherit characteristic of an antenna

designed to suppress unwanted RF radiation makes it
an equally poor receiving antenna in the same dir-
ections it was designed to protect, under most cir-
cumstances. (The law of reciprocality, as applied
to antennas.) Because of this, a special antenna
is an ideal tool to increase the coupling loss
(i.e., reduce the coupling) into other antennas at
many transmitter sites. This, of course, will re-
duce the likelihood of spurious emission products.

The reduction in antenna coupling that can be
achieved for a given situation is not easily de-
fined. Many aspects influence the antenna coupling
equation, including: antenna gain, antenna separa-
tion, the geometry of the separations, the presence
of the tower(s), the polarizations used, frequen-
cies involved, etc.. As a general guideline, when
one of the coupled antennas is a one-half wave-
length type of design, a nominal 15 dB improvement
in coupling losses can be expected compared to
those figures attainable with a regular antenna
under the same set of circumstances (assumed to be
somewhat ideal). The range of improvement to be
found under most reasonable circumstances will pro-
bably be 10 dB to 20 dB. The use of two similar
special antennas will further improve this figure.

The above guidelines regarding the use of a
special antenna must be qualified: The maximum
amount of loss will occur when the antennas are (1)
stacked vertically, e.g., one directly above the
other; (2) have a relatively large distance (more
than a wavelength) between the two closest bays,
and (3) are close in frequency. Note that this
last parameter does not apply when two conventional
antennas are used.

An undesired increase in coupling will occur
whenever one of the parameters described in the
above paragraph is compromised. Individual sta-
tions' antenna systems should not interleave or
partially overlap one another on the same tower.
This can lead to incurable coupling problems (among
other things) regarless of the type of antenna
employed, standard or special. When antennas are
adjacent to each other on separate towers located
a few hundred feet apart, the antennas with large
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aperatures will generally exhibit less coupling
than their smaller counterparts. Antenna coupling
can be further reduced by employing a reverse sense
of polarization (cross polarization) for one of the
transmitting antennas. This will yield a small to
medium improvement (3 dB to 10 dB) in coupling loss.

Maximizing antenna coupling losses from the
beginning can result in substantial benifits for a
station that is located physically close to another
station(s) that is close in frequency; e.g., 800kHz.
When situations like these arise, along with the
spurious emmissions, the filtering requirements can
get very tough--if not impossible. 'Not convinced.
Ask someone who has really battled one of these
cases and you will probably change your mind. 1In
cases where every dB of coupling loss counts, a
properly applied modified antenna is an excellent
place to start.

Finally, the last application for a category
one special antenna, to be mentioned here, is so
obvious that it is often overlooked. The reduction
or elimination of RFI (radio frequency interfer-
ence), and EMI (electromagnetic interference) at
the transmitter site can be readily accomplished
with a special antenna. Needless to say, this is
a direct result of the reduction of downward radi-
ation. Remember, best results are obtained when
the transmitting equipment is located near the base
of the tower, the antenna is located on a high tow-
er, and has a relatively large amount of gain.

ANTENNA APPLICATIONS NOT REQUIRING
RF RADIATION SUPPRESSION

General.--There are applications for special
antennas that are not bound by the same configura-
tions that radiation suppression requires. This
allows us to build an antenna with modified inter-
bay spacings, but without regard to exacting re-
quirements necessary for proper space-phasing can-
cellation. These are the group two antennas refer-
ed to previously.

The fact that these antennas are not specifi-
cally designed for RF supression does not suggest
that the antenna will have a large amount of down-
ward radiation. Whenever an antenna is modified so
its interbay separation is a value other than one
wavelength, a certain amount of space-phasing can-
cellation will always take place. In some cases,
this advantage can be significant even though it
is not a design goal.

There are potentially many cases where an ant-
tenna could be custom built to suit a particular
requirement. The one application that will be dis-
cussed is a situation that will probably prove to
be popular. This case involves the use of a
special antenna to substantially improve the cover-
age of a station through improved ability to con-
trol the azimuth pattern of the antenna.

The problems of pattern distortion, and the
corresponding methods of correction are quite com-
plex. It is beyond the scope of this paper to
cover the intricacies of antenna patterning; hence,
it is assumed that the reader is already familiar
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Illustration of tower section showing bay elevations
used to obtain the following patterns (a) thru (e).

Pattern resulting from bay elevation (b).

Fig. 11.--Horizontal plane patterns depicting pat-
tern distortion as a function of bay mounting loca-
tion as shown at top. Figure continued next page.
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with the subject, or can gain access to material
that treats antenna patterning in-depth. Therefore,
this discussion is limited to background needed
to understand the application of the antenna design.

Problem.--Whenever a ring type FM antenna is
side mounted on a tower, the azimuth pattern (hori-
zontal plane pattern) actually transmitted from the
from the antenna is usually severely distorted.
Variations in the relative field strengths at dif-
ferent directions of azimuth will typically exceed
10 dB, and will have different patterns for the
horizontal and vertical polarizations. This type of
problem can vary from moderate to intolerable de-
pending upon tower size, structural design, antenna
mounting location, stand-off from tower, operating
frequency, etc..

Several manufacturers have pattern development
programs that allow the customer to purchase an an-
enna that has been modeled on a tower replicating
that used by the station. The engineers develop
the pattern as best they can according to the re-
quirements, e.g., omni-directional, directional,
etc.. Occasionally, parasitic elements are used to
aid obtaining the desired pattern. Testing is done
either full scale or with scale models. A single
bay is usually employed and is generally tested at
several points of elevation along the sample tower
section to determine what effects the tower's struc-
tural members' locations will have on the azimuth
pattern, relative to the antenna bay. The manufac-
turer then takes these patterns and attempts to
arrive at an average pattern representative of how
the antenna is expected to perform once installed.
Since an antenna's bays rarely fall at the same
regular interval as the tower's repetitive structural
members, the technique of pattern averaging to
arrive at a final pattern has been considered a
reasonable and proper approach.

Research on the part of at least one manufac-
turer has revealed that this pattern averaging pro-
cedure can introduce large descrepancies between
the projected pattern and the actual "installed"
pattern. This suggests that the final pattern is
generally not the simple average of several patterns
given practical circumstances. And there is no
known mathematical function or relationship that
can be applied in each case to arrive at the correct
result. Obviously, the use of pattern averaging to
predict the final pattern is inherently flawed, and
cannot be relied upon unless the various patterns
involved are quite similar to begin with. This is
usually not the case when pattern distortion is suf-
ficient to warrant correction. The typical
changes that can result to an antenna's azimuth pat-
tern as a function of bay location is shown Fig. 11.
It should be evident that it would be difficult to
quantify the final pattern for an antenna with n
number of bays, and the array arbitrarily attached
to the tower.

Solution.--A unique approach can be taken to
eliminate the uncertainty of averaging the patterns
for the various bay elevations, allowing arrival at
the correct pattern with considerable confidence.
The technique requires an antenna with altered
interbay separation, and is very simple: Just place
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each bay at a position along the tower that concurs
with the repetitive nature of the structure. In
this manner, it is possible for each of the bays to
illuminate the tower in the exact same way, and in a
relative bay location that yields the best overall
pattern. Obviously, each bay will radiate the same
azimuth pattern, and as a result the final predicted
pattern will be equivalent to the bay pattern.

The exact bay separation required to achieve
the above set of circumstances is dependent upon
the tower. Virtually every tower has girders and
braces located every few feet, and it should be
possible to locate the bays anywhere from one-half
wavelength to one full wavelength apart. Only in
rare cases should it be necessary to exceed this re-
commendation. All bays must be fed in phase, as
required by a broadside array, and this can most
conveniently be done with a branch feed under most
circumstances.

The gain of the antenna is determined after the
bay separation and total aperture have been select-
ed. The necessary figures can be derived from the
total number of bays to be used, and knowing their
respective locations on the tower. Recalling the
earlier discussion on gain, it can readily be seen
that this is all that is necessary to determine the
array pattern, and thus, the gain over a single bay
of the same type. How this is translated into the
ultimate gain figure is dependent upon the exact
antenna configuration (directional, non-directional,
etc.) and the methods preferred by the antenna man-
ufacturer. Approximate gain can be determined
through the use of Eq. (1), presented earlier in
this text.

Resulting benifits.-~An antenna employed in
the above manner will provide the best overall
pattern control possible on a medium or large size
tower, without resorting to the use of a costly
panel antenna system. These special antennas will
produce beamwidth and gain that is similar to that
of a conventional antenna of the same approximate
length, and will yield some suppression of downward
RF radiation. The exact amount of which can be
be determined from the antennas specifications.

CONCLUDING REMARKS

The author has had the opportunity to research,
design, and have built, a specially modified antenna
which made an important transmitter site available
to a station that was previously precluded from the
site due to operational difficulties.

In this particular instance, a special antenna
designed and used as outlined under the group one
antenna guidelines in this text, solved several
"insurmountable'" problems and turned a virtually
hopeless situation into one of the best signals in
the market. This serves to illustrate one of
the many cases where a special antenna could provide
the means for solving a difficult problem, a solu-
tion that might not be available in any other form.
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A modified antenna is best thought of as a
tool that can be used to solve a specific problem
(or problems), should it be in an existing instal-
lation or for one that is on the drawing board.

Tt is urged that any station interested in
utilizing a special antenna first carefully eval-
uate the exact needs for the particular instal-
lation in question. A modified antenna should not
be arbitrarily installed, as the results may be
both disapointing and costly.

In order to obtain the best results with any
antenna installation, the utmost attention to detail
is required during all phases of planning, manufac-
ture, installation, operation, and maintenance.

This cannot be overstated.

Finally, on a topic as intricate as that
presented in this text, it is difficult, if not
impossible to cover every potential aspect. In
order to keep this paper at a reasonable length,
it was not possible to address every situation; such
as the use of a modified antenna for multiplexed
stations, etc. The author wishes to apologize for
any omissions, and hopes that any errors discovered
in the text will be brought to his attention so
that they may be corrected.
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USING A MICROCOMPUTER TO STUDY FM SHORTSPACING
INTERFERENCE

Jon Banks
Chief Engineer
WLTT, W-Lite Radio
Bethesda, Maryland

This paper covers the development of a micro-
computer based system to predict the interfer-
ence effects of shortspacing on FM station
coverage. An overview of the shortspacing prob-
lem is given and techniques necessary to adapt

the problem for computer processing are detailed.

Some examples are given.

SHORTSPACING PROBLEMS

When FM stations on the same frequency are too
close to each other, their signals will inter-
fere. A listener can't get good reception if
the interference is bad enough. The same thing
happens if the frequencies are close but not
exactly the same. The problem can be serious;
some stations lose 407 of their coverage area.
But other stations are hardly affected, and
many stations are not shortspaced at all.

The problem started when FM stations were allo-
cated, and there weren't enough to go around.
Cities aren't evenly spaced, either, so the
allocation problem became an impossible jigsaw
puzzle. By short-spacing stations here and
there, the FCC was able to fit more stations
into the heavily populated parts of the country.

The amount of interference depends on the power
and height of the stations involved and the
frequency difference between them. Most short-
spacing is between co-channel, and first- and
second-ad jacent channel stations. If your
station is in or near a top 30 market, the
chances are good that it's shortspaced.

I began to study the problem when I was Chief
Engineer of WLTW in New York City. Several
adjacent channel stations were nearby, and we
had reception problems near their transmitters.
I found the criteria for interference in sec-
tion 73.509 of the FCC Rules:

ratio
spacing, kHz undesired/desired
0 1" &10
200 10612
400 105 81
600 1@, 03Mc

(the 600 kHz standard has been deleted)

For example, two full facility class B stations
on the same frequency need to be 145 miles

apart to be interference free at their 0.5 mV/m
contours. Class C stations would need 210 miles
of separation.

Drawing the areas of interference onto a map by
hand was very tedious work; after finishing the
first one, I decided to adapt this problem to
run on my Apple computer.

PROGRAM DEVELOPMENT

The first step in writing any computer program
is to understand, in great detail, the problem
and the methods that will solve it. A computer
follows commands blindly, so the program has to
anticipate all possibilities and cover every
detail of the problem solving sequence.

The Apple's graphic screen is organized on a
rectangular coordinate system. Using 115 points
(pixels) horizontally and 190 pixels vertically
gives a square map field with about one pixel
per mile resolution. The aspect ratio of a
pixel is not 1:1.

The station being analyzed would always appear
at the center of the screen. The central sta-
tion’s coverage would normally extend in
roughly a circle to the 0.5 mV/m contour. For
each pixel within that circle, the computer
would calculate the strength of the central
station; then compare that value to the calcu-
lated strength of each interfering station at
that same pixel (adjusting for the desired to
undesired ratio). If any interfering station
had a stronger signal the computer would plot
that pixel in color to show that it was a
problem area.

The program did work in this early version, and
it gave accurate results. But it was slow.
Calculating the distance to each station, and
the field strength at that distance for every
one of the 21,850 pixels in the display took
almost twelve hours. Now the real programming
began -~ streamlining the code to improve speed
without compromising accuracy.

The first speed enhancement was gained by using
a compiler. This translates the program into a
simpler computer language that executes about
three times faster.
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Another improvement was made by scanning every
fifth pixel instead of every one. If the compu-
ter crosses a boundary between an interference-
free area and one with interference then it
backs up and tests each pixel to pinpoint the
boundary location. This cut the runtime to an
hour.

A computational problem like this can be adapt-

ed to take advantage of the computer's strengths.

Computers process integers quickly. Floating
point real numbers are handled much slower.
Addition and subtraction are the fastest opera-
tions, then multiplication and division.
Trigonometric and exponential functions are
much slower. When a function is performed in

a program loop thousands of times, it's very
important to optimize the code in this way.

For example, the formula for computing screen
distance (D) from the horizontal (H) and vert-
ical (V) coordinates of a point to the center
of the screen is:

02 + v2

Z
D=+12

This will execute faster in this form:

Z=HxH+VxV

choose A, to approximate -/ Z

1
Ay =2/ A
A3 =4.( Al + A2 Y/ 2
Ay =2/ Ag
Ag = ( A, + Aq ) /2
D

Alast

Multiplying H by itself is faster than raising
H to the power of two. And the successive
approximation method is faster than the square
root function. With a good estimate for A
only two iterations are needed to get accuracy
within 0.1 miles. These shortcuts doubled the
program's speed.

The last improvement incorporated a precalcu-
lated look-up table of field stremgth vs. mile-
age. This table only has to be set up once for
each station. The computer refers to the table
instead of calculating the field strength at
each pixel. Also, the field strengths were
stored as dBu x 10, which can be represented
using only integer numbers, and the desired to
undesired ratio, in dB, was added to each int-
erfering station's values when the table was
created. The execution time was down to just
five minutes.
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OTHER FEATURES

Making the system fast wasn't enough. It had to
be easy and convenient to use, too.

Eventually all the station data was kept on disc
in a file format, so it wouldn't have to be ent-
ered each time the program was run. This sta-
tion library has to have certain utilities, to
add and delete stations, examine or print the
contents of the library, and enter and examine
directional patterns. These utilities take a
lot of time to program effectively, and they
don't really contribute to the engineering re-
sults the system produces, but they are
essential.

The computer was programmed to search the sta-
tion data file and identify all potential in-
terfering stations on its own. A special al-
gorithm used the distance to each station's
1.0 mV/m contour and the frequency offset to
determine if there was even a chance of inter-
ference. A 257 built-in factor insures that
any marginal cases will be tested in detail.

A map system was developed so the coverage pat-
terns could be related to geographical areas,
even by non-technical personnel. It had to be
relocatable, so that it could be centered on
the latitude and longitude of any central sta-
tion chosen. The map scale and coverage pat-
tern scale were automatically selected, based
on the coverage radius of the central station.

Adapting the video display of the coverage pat-
tern and map to print in gray shading on a
common printer was a problem. The video pixels
were not square, and the printer's dots were
not evenly spaced horizontally and vertically,
so it was difficult to keep the scales true on
both. Printing the picture sideways was the
key to accurate scales on both displays.

As the program developed, it became a system of
several programs, most of which were dedicated
to features and conveniences. In final form,
there were eight separate programs and over
1800 lines of code.

RESULTS

Four maps are shown to illustrate the kind of
information that interference studies reveal.
Not shown is the text summary which goes with
each map; it lists the stations in the study,
whether or not they caused interference,
their powers and heights, their distance and
bearing from the central station, and their
frequency.

The map calculations are accurate + one mile.
Like all coverage maps, these are not absolute.
A knowledgeable engineer familiar with the area
can judge when terrain blockage and other fac-
tors may reduce or aggravate interference. The



population density determines how many listen-
ers will be affected, and the interference will
vary with the quality of thereceiver. But in
general, the maps seem to be quite accurate.

WLTW has much less of a shortspacing problem
than WCBS. The difference in coverage is
dramatic. WCBS is shortspaced to a co-channel
station in Philadelphia, only 82 miles away.
(and to stations in Connecticut and upstate
New York) Both stations broadcast from the
Empire State Building.

WZFM is a class A station just north of New York
City. Note the different map scale. WZFM's
coverage to the south is limited by a second-
ad jacent channel station in the City and a co-
channel south of the City.

The last example is WPKX, a directional station
near Washington, DC. WPKX reduces power to the
northeast, protecting a Baltimore station.
This is clearly shown, along with the small
amount of interference that still exists. If
the stations reached an agreement to both op-
erate non-directionally, the area of inter-
ference would increase dramatically.

Interference studies can answer many what-if
questions that broadcasters ask:

* What if we move the transmitter?

* What if an adjacent channel station gets
a power increase?

* What will happen if Arbitron adds new
counties to the survey area? Will that
help some stations more than others?

* What about a format change? Will our cover-
age be better than stations already in
that format?

Interference studies can reveal major differ-
ences in the coverage of stations that seem to
have equal facilities. This is a competitive
advantage for engineers that understand and
use the information.
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COMBINING NETWORKS FOR FM MULTIPLEXING

D. Stephen Collins, Chief Engineer, George M. Harris, P.E., Project Engineer
and Robert A. Surette, Manager, RF Engineering
Shively Labs
A Division of Howell Laboratories, Inc.
Bridgeton, Maine

ABSTRACT

Broadcasting FM signals at different
frequencies from a single broadband an-
tenna requires the use of a combining
network. These combiners can be cate-
gorized as branch or star-point in one
case, and as constant-impedance, hybrid
or balanced in the other. A comparison
is made between branch and balanced
systems, explaining their relative ad-
vantages. Balanced combiners, in turn,
may employ either reject or pass filters.
A comparison is drawn between the two
types. Shively Laboratories recently
completed installation of three-channel
and eight-channel balanced combiners
using pass filters. A theoretical anal-
sis of their performance is given. The
predicted performance is compared to

the measured performance of the in-
stalled systems.

INTRODUCTION

The FCC's recent adoption of Docket 80-90
has caused a flurry of activity in the
world of FM broadcasting, as license hol-
ders scramble to meet power and antenna
height requirements. Beyond the basic
high cost of a Class C facility, broad-
casters face increasing difficulties in
satisfying federal agencies such as the
FAA and the EPA, as well as state and lo-
cal authorities and citizens' groups.

An increasingly popular solution to this
dilemma is for two or more broadcasters to
share a transmitting facility. This ap-
proach reduces construction costs and
usually allows the participants to share
higher-quality facilities, in terms of
tower and antenna.

A shared transmitting plant is implemented
by combining the outputs of several trans-
mitters into a single large transmission
line, and feeding it into a high power
broad-band master antenna. In order to
implement such a system, two major build-
ing blocks are required. One is the mas-
ter antenna which is designed specifical-
ly not only to handle the high power of
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several transmitters combined, but also
to provide excellent VSWR and radiation
pattern characteristics across the entire
FM band. The other major block in the
system is the transmitter combiner. This
interesting network is responsible for
connecting each transmitter to a single
transmission line for routing to the
master antenna, while at the same time
providing high isolation between all of
the transmitters in the system.

In any combined operation, the isolation
between transmitters must be high enough
to prevent the energy from one transmitter
from entering another. Because of the
non-linear nature of transmitters, if

this isolation is too small, the units may
begin producing high power intermodulation
or conversion products that are radiated
on frequencies other than those assigned
by the FCC. Many broadcast engineers

are well familiar with the problems that
are caused by transmitter intermods.

The FCC's regulation states that inter-
modulation and spurious emissions or
"spurs" from transmitters must be at least
80 dB below the level of the nominal
transmitter's output power. That's a max-
imum signal power level only one ten-
millionth that at carrier!

SOME NETWORK PROPERTIES

When designing a large high power trans-
mitter combining system of this type,
there are several important considerations
that must be addressed. First, as we just
mentioned, there is a minimum transmitter-
to transmitter isolation figure that must
be met. The reason for this is that when-
ever two or more signals are impressed on
any non-linear network, such as a trans-
mitter final amplifier, spurious signals
will be produced that vary in amplitude,
depending on the level of the impressed
signals, and other criteria such as the
degree of network non-linearity in the
amplifying systems of the transmitter.

The difference in the amplitude of these
spurious signals and the amplitude of the
signals from the transmitters in the sys-



tem at carrier is called the conversion
factor, and is expressed in dB. This num-
ber is generally on the order of 35 dB or
more. However, as the active elements in
the transmitter such as tubes age, the
normal process of gas diffusing across the
envelope of the tube will alter the unit's
transconductance properties, affecting the
amplifier's linearity. This may in turn
cause the transmitter conversion factor to
change, perhaps increasing its propensity
to generate intermods. The amplitude of
these intermod products produced depends
on the amount of signal power entering the
transmitter's output from other transmit-
ters in the system. It is the combiner's
job to not only provide a proper impedance
match between each transmitter output and
the antenna, but to also insure that there
is enough isolation between transmitters
so that the intermods produced are within
FCC specifications.

A properly designed combining system must
provide enough isolation to insure FCC
compliance with a good safety margin, re-
gardless of amplifier linearity drift
within the transmitters. For this reason,
we feel that a good stable design mandates
a minimum isolation between any two trans-
mitters in the system of 50 dB. 1In order
to achieve this, combining systems usually
consist of highly selective filtering net-
works working in conjunction with each
other through other components such as
transmission line junctions or high power
couplers that route the signal from each
transmitter to the antenna.

Another very important design considera-
tion is that the combiner must not intro-
duce any degradation of the transmitted
signal whatsoever. This means that the
system cannot significantly alter its
signal transmission characteristics from
the transmitter to the antenna as the
frequency varies with modulation within
the channel, including stereo and SCA's.

Wnenever a signal is passed through any
transmission medium or network, there will
always be a certain amount of time re-
quired for the signal to make the trip
from input to output. Also, there will

be a reduction in the amplitude of the
output signal compared to the input due to
losses in the network. The amount of time
required for the signal to get from the
input to the output is called the delay,
and the reduction in the signal amplitude
at carrier as it passes through is called
the insertion loss of the network.

These are transmission characteristics of
a network at a single frequency. 1In FM
broadcasting, any network, such as a fil-
ter or coupler, used in a combiner must
be completely characterized over a close-
ly-spaced group of frequencies within the

FM channel. A filter, such as those used
in an FM combiner, is a network whose
transmission characteristics, by design,
change according to the frequencies being
passed through it. Filters are made to
offer one set of characteristics to signals
at one group of frequencies, while at the
same time presenting quite a different set
of transmission characteristics to signals
at other frequencies.

The delay of a group of signals flowing
through a filter is termed group delay.
Because of the energy storage nature of

the filters used in combiners, the group
delay becomes significant, and will change,
even within the closely-spaced group of
frequencies of an FM channel. The over-
all group delay is relatively unimportant,
however, the difference between the delay of
signals at the lower end of an FM channel and
the delay at the upper end of the same
channel is termed group delay difference in
the channel band, and that is extremely
important. If great care is not taken in
the design of these filters, a high degree
of group delay difference within an FM
channel will probably occur. This could
cause insertion phase variations with mod-
ulation, especially at the low and high

end of the FM channel. The result could

be phase distortion and incidental phase
modulation. These in turn, may create
stereo and SCA cross-talk and fuzzy audio.

The losses in a filter over the same group
of frequencies must also be completely
characterized. Again, because of the fre-
quency sensitive nature of a filter, the
loss through it will change with frequency,
and therefore, the amplitude of the signals
appearing at the output will change as the
frequency varies with modulation. The
amount of loss through the filter result-
ing in signal amplitude variation over
frequency in the channel band is termed
the frequency response of the network.
Again, unless extreme care is taken in the
filter designs to insure a relatively flat
frequency response over the channel, other
problems such as an increased level of in-
cidental AM could result.

Clearly, these systems must be carefully
designed to insure that they do not in-
troduce any significant signal transmis-
sion alterations anywhere in the channel,
including multiple SCA's. Good design
parameters should also include a substan-
tial safety margin on either side of the
channel.

TYPES OF SYSTEMS

A combining technique popular in the past
was the so-called run-out system. Still

in use at several sites, it is now consi-
dered obsolete. Currently, there are two
major types of combining systems. First,
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a less involved network, usually reserved
for facilities where only two or three
transmitters will share a common site, 1s
called a branched or starpoint combiner.
The second, a much more elaborate and ex-
pandable approach, generally used in an
application where there are several sta-
tions, (up to nine or more), at a common
site is called a balanced or constant im-
pedance combining system.

BRANCHED COMBINING SYSTEMS

A branched system is composed of a net-
work of high power band-pass and/or band-
reject filters that are all connected
through tuned lengths of transmission
line that match impedances to a common
transmission line junction that is then
routed to the station antenna, as shown
in Figure 1 below,

Band-Pass or

The operating frequencies of these addi-
tional stations may or may not be known
at design time. In a branched system,
the tuned transmission line sections that
connect the filter networks of the com-
biner to the matched junction of one
branch in the system will interact with
the tuning of the line section from an-
other. This tuning is done at the fac-
tory when the unit is being fabricated
and set up. Since each tuned line sec-
tion will influence the tuning of every
other, the addition of future stations
to the system once the unit is tuned

and in place is a formidable operation.

A second reason is that the filters in

a branched system are tuned and coupled
to accommodate a particular transmitter
frequency spacing. This is done to pro-
vide the required specifications for iso-
lation, group delay difference in chan-

(Tuned Line Length)

TX 1 Band-Reject
Filters

—
TXE

Band-Pass or : +

3 Tuned Line Length
X 2 Band-Reject ( g g TX 2
Filters
Matched Junction
to Antenna
FIGURE 1: Branched Combining System Schematic

Here, the output from each transmitter in
the system is passed through filter net-
works in its branch. These filters are
designed to provide all of the necessary
isolation between transmitters in the sys-
tem, while providing an unaltered trans-
mission patch from each transmitter to
the station master antenna.

This approach is a good one, as mentioned

earlier, when designing a smaller facility.

With this type of system, the transmitter
frequencies determine some of the very
basic design parameters of the network,
such as the lengths of transmission line
between the filter outputs and the matchec
junction to the antenna. These and other
basic constraints make this approach good
for smaller facilities. However, in a
large system, such as Guy Gannett Broad-
casting Service's "441 Site" in Miami,
Florida where an original five stations
sharing a common facility have grown to
eight, and with another to be added in
the future, a branched combiner is en-
tirely impractical. One reason for this
is that large systems are generally de-
signed for the addition of several more
stations at some point in the future.
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nel, frequency response and insertion

loss at carrier. The addition of another
branch to the network once this is done
will, in most cases, completely upset
these important design parameters, affect-
ing the operation of all stations in the
system.

For these reasons, larger systems demand
a much more interesting approach to FM
combiner design.

BALANCED OR CONSTANT IMPEDANCE COMBINERS

A truly elegant, flexible and expandable
approach is the balanced or constant im-
pedance combining system. With this de-
sign, the system is built in modular form,
so the addition of more stations to the
facility may be made at any time, even
though the frequencies of future partic-
ipants are not known. Each time a new
station is added, all that is required is
the addition of another module to the sys-
tem. These additions may be made without
fear of interaction with other modules in
the combiner network.



In a balanced network, each module is com-
posed of specially designed filters work-
ing in conjunction with high power quad-
rature hybrid networks. 1In the discussion
that follows, an attempt will be made to
explain, in some detail, the operation of
this fascinating design.

In order to understand how a balanced com-
biner works, it would first be instruc-
tive to examine some of the basic proper-
ties of hybrid networks.

A hybrid is a 3 dB transmission line
directional coupler with four connecting
ports, as shown schematically in Figure 2
below.

Port 1 Port 3
Port 2 // Port 4
FIGURE 2: Hybrid Divider Schematic

If a signal from a transmitter is connect-
ed to Port 1 of the hybrid above, due to
the nature of the network, this signal
will split and divide equally between Port
3 and Port 4. Here, Port 2 of the hybrid
is isolated from Port 1 because of the
fact that the unit is a directional net-
work. This "transhybrid isolation” is on
the order of 30 dB, if Ports 3 and 4 are
terminated in matched loads. The mag-
nitude of the signals coming out of Ports

3 and 4 is equal and just one half of

what it is going in at Port 1. And, since
the signal from the transmitter is a sine
wave, there is not only a magnitude as-
sociated with these signals, but a rel-
ative phase angle as well., In a quadra-
ture hybrid, as used in a balanced com-
biner system, the phase angle of the sig-
nal at Port 4 lags approximately 90 de-
grees behind the signal at Port 3. Now,
if the matched loads at Ports 3 and 4 are
replaced by short or open circuits, the
signals coming from Ports 3 and 4 will re-
flect from these shorts or opens, and go
back into the network in such a way that
they will combine in Port 2. In order for
this to occur, the short or open circuits
must be placed at equal distances from

the hybrid, producing what is termed
"balanced reflections".

Consider now, a second hybrid connected
to the first, with Ports 3 and 4 of the
first connected to Ports 1 and 2 of the
second, as shown in Figure 3, below,

In this configuration, if the same signal
from the transmitter is applied to Port 1
of Hybrid #1, it will split into two sig-
nals, just as before, and enter Hybrid #2.
There, these signals will each be equal

in magnitude, with their phases related to
each other by 90 degrees because of Hybrid
#l1. Due to the phase relationship of the
two split signals from Hybrid #1, they
will combine in Port 4 of Hybrid #2. Here,
Port 2 of Hybrid #l1 and Port 3 of Hybrid
#2 are now isolated.

Port 1 — / /- Port 3
Port 2 ——/ / Port 4
Hybrid #1 Hybrid #2
FIGURE 3: Hybrid Network
Filter #1
Port 1 Port 3
Port 2 t— Port 4
Hybrid #1 Filter #2 Hybrid #2
FIGURE 4: Balanced Combining System Schematic
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If the same two hybrids are connected to-
gether as before, except that this time,
two frequency-selective filters are placed
at equal distances in the interconnecting
transmission lines between the hybrids, a
single module of a balanced combiner will
result.

This is shown in Figure 4.

BALANCED BAND-REJECT SYSTEMS

Here, if the filters are the band-reject
type, they will reflect signals at their
center frequency, and pass signals through
at all other frequencies. If the two fil-
ters are tuned identically to reflect Fre-
quency A, and a transmitter operating on
Frequency A is connegted to Port 1 of the
system above, the filters will produce
balanced reflections back toward Hybrid #1
just as the short or open circuits did
earlier. These balanced reflections would
cause the signals from the transmitter to
combine in Port 2. If a second transmit-
ter operating at Frequency B is now con-
nected to Port 3 of the system shown in
Figure 4, the signals will split in Hybrid
#2, and since the filters reflect signals
only on Frequency A and pass other signals
straight through, the signal from the
second transmitter on Frequency B will
combine in Port 2 with Frequency A. 1In
this system, the input of Transmitter A is
isolated from that of Transmitter B by on-
ly about 30 dB. This is because the only
isolation available is the transhybrid
isolation. Note that the isolation of B
from A will be higher, because of the con-
tribution of the filters.

Because the filters have a finite Q, and
because the hybrids have finite directiv-
ity, a small amount of signal will appear
at Port 4 of the system. For this reason,
a termination load is connected to Port 4
to absorb this small amount of signal
power. If the system is analyzed, it is
easy to see what happens if the frequency
of either of the two inputs is varied. 1In
the case of Frequency A, the signals will
begin to transfer from the output at Port
2 to the termination load at Port 4. 1In
the case of Frequency B, since the filters
are band-reject and reflect only the sig-
nals at Frequency A, this second transmit-
ter would always be routed to the output
at Port 2, except in the case when this
second transmitter is operating on Fre-
quéncy A. In this case, the signals would
be transferred to the termination load at
Port 4. It should be apparent that in no
case with this design, at any frequency,
is either transmitter presented with an
impedance other than the termination load,

or the impedance at the output at Port 2. The

impedance presented to the transmitters on
the system is constant over frequency, and
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hence the name, "constant impedance" com-
biner. This is a good feature, as the
transmitter is never presented with off-
channel loads of other than the system's
characteristic impedance. This will pre-
clude the build-up of resonances in the
transmission line connecting the transmit-
ter to the combiner system. When a third
frequency is to be added to this system,
another module identical to the one shown
in Figure 4 is added. In this case, Port
2 of the first module containing the com-
bined outputs of the first two transmit-
ters is connected to Port 1 of the second
module, as shown in Figure 5 below:

In this case, the filters in this second
module are tuned to Frequency C. A third
transmitter operating at Frequency C is
connected to Port 3 of the second module.
These filters produce balanced reflections
at Frequency C as before, and the signal
from this third transmitter will combine
at Port 4. At the same time, the first
two signals, combined in the first module
pass through the filters in the second
module, and they also combine at Port 4.
This port now contains the outputs of all
three transmitters. In this second mod-
ule, a reject termination is connected to
Port 2, thus providing a constant impe-
dance load over frequency to the third
transmitter in the system. A fourth
transmitter operating at Frequency D may
be added to the system at any time by
simply adding a third module, its filters
tuned to Frequency D, and connecting it to
the system as before.

This design is embodied in the Senior Road
system in Houston, Texas.

The system just discussed is a balanced
system using band-reject filters in the
interconnecting transmission lines between
the two hybrid couplers. This is a good
design compared to the branched combiners,
discussed earlier in this paper. However,
the band-reject style does have some rath-
er distinct disadvantages. One of this
system's major liabilities is that each
time another transmitter is added to the
network, the combined power of all the
transmitters must be passed through the
filters and both hybrids in the modules.
This poses the problem of building larger
and larger networks capable of handling
the combined transmitter powers as the
system is expanded. A second problem
with this design approach is that if the
transmitter frequencies are closely
spaced, 800 kHz for example, the group
delay in a particular FM channel may be
increased at one edge of the channel due
to presence of the filters in another
module of the system. This could lead to
group delay differences in the channel
tnat are unacceptable.



Filter #1

Port 1

Port 3

Transmitter 1——e=

———— Transmitter 2

(Frequency A)

(Frequency B)

Port 2 Port %
Reject Load
Hybrid #1 Filter #2 Hybrid #2
Frequency A
+
Frequency B
Filter #1
Port 1 Port 3
[ Transmitter 3
(Frequency C)
Port 2 Port 4
Reject Load Frequency A
+
Hybrid #1 Filter #2 Hybrid #2 Frequency B
+
Frequency C
FIGURE 5: Balanced Band-Reject Combiner Schematic

A third problem concerns isolation. As
noted above, each transmitter in the chain
is isolated only by hybrid isolation of
about 30 dB from its neighbors. This is
radically lower than the 50 dB dictated

by prudent specifications.

BALANCED BAND-PASS SYSTEMS

A system design that addresses all of
these problems is the balanced band-pass
network., Here, the band-reject filters
shown in Figure 4 are replaced with fil-
ters that pass only the signals in the FM
channel of the transmitter connected to
that module. Referring to Figure 4, if
the filters are tuned to pass Frequency A,
and a transmitter operating on this fre-
quency is connected to Port 1, the signal
from this transmitter will split as be-
fore, pass straight through the filters,
and combine in Port 4. 1In this system,

a termination load is connected to Port 2,
and will absorb any reflections from the
filters at frequencies other than the

pass frequency. Again, the transmitter

is always presented with a constant im-
pedance load.

A second transmitter operating on Frequen-
cy B is added to the system by simply
adding another module, its filters tuned
to pass Frequency B, and connecting Port

4 of this module to Port 3 of the first
one. Here, the signal from the second
transmitter on Frequency B exits Port 4 of
the second module and enters Port 3 of the
first. It then splits as before and heads
for the filters tuned to pass Frequency A.
There, because the filters are tuned to
pass only Frequency A, it is reflected
back and combined in Port 4 of the first
module with Frequency A. A third fre-
quency is added in exactly the same way as
the second. Then a fourth, fifth and so
on, as shown in Figure Six below,

Another transmitter may also be connected
to Port 3 of the first module; however, it
is good practice to leave that port avail-
able for the emergency connection of a
transmitter in the unlikely event of fail-
ure of one of the modules in the sytem.
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Filter #1

Port 1 Port 3
Transmitter 3— ~*—  Emergency
(Frequency A) Transmitter
Input
Port 2 Port 4
Reject Load
Hybrid #1 Filter #2 Hybrid #2
Filter #1
Port 1 Port B
Transmitter 22—
(Frequency B)
Pgrt 2 Port 4
Reject Load Frequency A
+
Hybrid #1 Filter #2 Hybrid #2 Frequency B
FIGURE 6: Balanced Band-Pass Combiner Schematic

It can be seen that here, the only net-
works that must handle the combined trans-
mitter power are the module output hybrids
and the output filter coupling structures
in the first modules of the system.

Still another important advantage is that
because the transmitters are band-pass
filtered, any spurs or intermods from the
transmitters will not pass through the
filters. Instead, they will be reflected
back and absorbed by the reject load con-
nected to Port 2 of the transmitter input
hybrid. This is not the case in a system
implemented with band-reject style fil-
ters.

SYSTEMS IN THE FLESH

A couple of examples of a balanced band-
pass combining system may be found at two
shared facilities owned by the Guy Gannett
Broadcasting Service in Miami and Orlando,
Florida. These two systems were designed
and built by Shively Labs in Bridgton,
Maine.
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At the Miami site, eight 20 kilowatt
transmitters are combined to share a mas-
ter antenna, with the possibility of a
ninth one on the way. The Orlando site
currently has three 30 kilowatt transmit-
ters, with the capacity for a fourth.

Figure Seven is a photo of a model of the
eight-channel system at Miami. Figure
Eight is a scene in the combiner room of
the transmitter facility.

These systems were carefully designed and
built to offer a minimum of 50 dB isola-
tion between transmitters, spaced as
closely as 0.8 MHz. Even though the spec-
ification called for a rigorous 50 dB, the
minimum observed was 58 dB, and that be-
tween channels only 800 kHz apart. The
isolation of more widely-spaced channels
ran 80 to 90 dB. Also, particular atten-
tion was paid to group delay difference

in the FM channel. The specification
called for the group delay to vary no more
than 50 nanoseconds at any frequency plus
and minus 150 kHz from carrier. This
parameter was achieved or topped in every



case. In fact, within plus or minus 100
kHz, delay differences were typically 30
to 35 nanoseconds, even in the case of
channels spaced only 800 kHz apart. In-
sertion loss of each module in the system
was 0.4 dB or less at carrier. The spec-
ification required frequency response
parameters less than 1.0 dB at frequencies
plus and minus 200 kHz from carrier. Mea-
sured values ranged from 0.08 dB to a max-
imum of 0.5 dB.

These impressive numbers insure a clear
distortionless path from each transmit-
ter in the system through the networks
to the antenna.

The systems were implemented using large
high power hybrid couplers in six and

nine inch line at the output end of each
module, with three inch couplers at each
input. In order to meet the stringent de-
sign requirements for low insertion loss,
symmetrical, low group delay difference in
band and high isolation, very special fil-
ters were designed. The application
called for natural-convection cooled four-
pole modified Tchebyscheff band-pass net-
works. These units consisted of single
four-pole assemblies, iris coupled for the
required broad-band Hilbert transformation
between resonators in the network to im-

plement the Tchebyscheff design. The
four-pole design was selected for the
steep susceptance slopes it provides.
This control is absolutely essential to
meet the tight isolation limits for
close-spaced frequencies. In addition,
this design makes possible the extra-
ordinary group delay difference per-
formance.

They were fabricated with aluminum for
light weight and minimum floor loading,
good electrical characteristics and ease
of construction. All networks in the
system were built with EIA flanged trans-
mission line. The system was also pro-
vided with patch panels, allowing any
module in the network to be patched out
of the system for any reason, while at
the same time routing the transmitter of
that module to the emergency input, Port
3, of the first module, to be back on
the air in a matter of minutes.

Combining transmitters at a common site
is certainly an effective way to reduce
the cost of operating from a premium
transmitter site. And, with balanced
band-pass transmitter combining systems
of the type just discussed, many years

of clear, undistorted station performance
can be insured and enjoyed.
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FIGURE 8: View of Combiner Room in
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DESIGNING VOA ANTENNA SYSTEMS BASED ON
BROADCAST AREA COVERAGE REQUIREMENTS

George Lane
Robert L. Everett
Office of Engineering and Technical Operations
Voice of America
Washington, District of Columbia

ABSTRACT

Under the current modernization of the Voice
of America, new high frequency radio broadcast
stations are being designed with the aid of
computer simulation of the broadcast area
coverage requirement. The procedure develops
the power gain and beam illumination
requirement of the broadcast antenna by
working backwards from the language service
area through the ionosphere to the transmit
site, The long-term variations of the
ionosphere, as well as the depth of the
service area, provide the vertical width of
the illumination window and its frequency
dependence. A description of the process and
the computer programs being used is provided.

INTRODUCTION

The Voice of America (voa) is the
International broadcasting arm of the United
States Information Agency. As such it is one
of the principal instruments of foreign
diplomacy of the United States Government.
The VOA currently broadcasts about 1000
program hours per week in 42 languages.
Although the VOA operates some Medium Wave
broadcasting stations, its principal mode of
signal dissemination 1is via High Frequency
(HF) broadcasting.

The VOA is currently undergoing a major
modernization and expansion program. In this
program, the number of VOA transmitting
stations will be increased, and existing
facilities wupgraded and renovated. Some
fourteen or more broadcast facilities of the
VOA will operate in an integrated broadcast
network providing over lapping coverage of up
to sixty language regions around the world.

An integral part of the planning in
preparation for the construction of a dynamic
HF broadcasting network of worldwide
proportions involves the generation of an
orderly procedure for establishing the design
requirements for the individual radio
stations. These design procedures must be
established so that a signal of a specified
quality will be delivered to a language

service area (audience) in a given part of the
world, with a determined reliability.

BACKGROUND

MF vs. HF Broadcasting

HF broadcasting is a broadcasting technique
considerably different than MW broadcasting.
Its primary mode of signal delivery is by way
of ionospheric wave propagation (Sky Waves),
rather than the very reliable but distance
limited mode of ground wave signal delivery
most often used by MW radio transmitting
stations. The great difficulty with the use
of HF ionospheric wave propagation for signal
delivery is due to its variability with the
time of day of the broadcast, the season, and
the state of solar activity during its eleven
year  cycle. One  conseqguence of this
variability is that different frequencies in
the international broadcast bands must be used
for transmissions. The choice of band for a
given broadcast depends on the time the
season, and the solar activity. Another
consequence is that the signal attenuation
between the transmitter and a given point in
the signal delivery area is highly variable,
depending on the state of the ionosphere.

The VOA 1is required to deliver reliable
signals of high quality to the broadcast
service areas. The planning of its
transmitting stations must allow for each
station to be equipped so that these signals
can be delivered, through the expected
variation of the ionosphere, during the entire
useful life of the station.

Point-to~Point System Planning

An appreciation of the difficulty in the
design of HF broadcasting stations can be
gained in contrasting the point-to-point
communication system case to the broadcasting

case. The systematic design of HF
point-to-point communication systems, is in
itself, complicated, because each

point-to~point communication path on the globe
is unique. For a given hour, season and level
of solar activity, an ideal frequency exists
band for each circuit operation. This band is
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dependent, not only on the state of the
ionosphere, but also on the specific locations
of the transmit and receive points. At this
ideal band, the path attenuation for the
signal is the lowest possible. An increase of
transmit frequency above this band puts one at
the maximum usable frequency (MUF), above
which ionospheric reflection rapidly fails,
and the signal penetrates the ionosphere and
goes off into space. Decreasing the frequency
below this 1ideal band eventually puts one
below the 1lowest wuseful frequency (LUF).
Ionospheric absorption and higher noise levels
below this frequency significantly reduces the
reliability and quality of signal delivery of
the transmission system involved. Thus, in
the design of a point-to-point transmission
system, one must specify the bands in which
the communications 1link will be operated to
achieve the required reliability, the antenna
beam specifications at each band, and the
transmitter power which will be necessary for
operation in each band. If guaranteed signal
delivery quality is demanded, the design
specifications must meet the worst-case
requirements to be encountered over the entire
useful lifetime of the system.

Area Coverage Planning

The design of a transmitting station used for
broadcast purposes is considerably more
difficult than that of a point-to-point
system. A language service area is an
aggregate of points; with each path from the
transmit site to all point within the service
area having a unique ideal transmit frequency
and a different path attenuation for the
signal. If the service area is small and
relatively close to the transmit site, there
are few complications, and each point within
the area may be effectively and reliably
served by operation inside a given frequency
band, for a given broadcast time, season and
solar activity, using reasonable and
economical transmitting equipment.

However, as the size of the service area, and
its distance from the transmit site increase
so do the complications of the analysis
required to define its operating parameters
and equipment requirements. Up to a certain
size and distance from the transmit site, a
single band may suffice for operational
coverage of the area, for a given time, season
and solar activity. However, this band will
be a compromise, different than the ideal for
any given point. The compromise frequency
must be chosen with care so that the desired
grade of signal delivery can be accomplished
with reasonable and economical transmitting
equipment. Over the wuseful 1life of the
station a variety of transmit frequencies will
have to be utilized, and, of course, the
transmitting equipment must accommodate them.

The above picture is further complicated by
increases in the area size and distance from
the transmit point. This can be explained as
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follows. The behavior of the ionosphere is
such that the closer points in the service
area usually require the lower frequencies.
To reach points farther out in the same
coverage area normally one would like to use
higher frequencies. However, if the spread of
points is large, at certain distances, there
may be no acceptable compromise band of
operation which would use reasonable and
economical transmitting equipment. This
results because the lowest usable service band
for the farther out points exceeds the MUF for
the closer-in points.

In this case, service to the farther points
can be accomplished by multiple-hop signal
transmission. In this transmission mode, a
signal is refracted from the ionosphere down
to earth, reflected from the earth, and
refracted again from the ionosphere down to
the earth, etc., until the signal reaches the
farther points of the service area. The
steeper angle of incidence at the ionospheric
layer for the multiple mode requires the use
of the lower frequencies as it did for the
close in points in the one hop portion of the
service area. In this way it may happen that
much of a large service area can be served by
a single band, during a given time, season and
sunspot activity, despite one part being
served with a single-hop transmission, and
another part with a two-hop transmission.
However, there is a certain part of the area,
between the one-hop and the two-hop areas, in
which the signal is weak or distorted. Also,
in this case, the transmission system
requirements may be unreasonable. Often,
there is no single compromise band for an
entire service area, and multiple broadcast
transmission systems are required, each
operating on different frequencies.

VOA SYSTEM PLANNING

Approach

The VOA has implemented a system planning
procedure which operates much along the lines
of the preceding discussion. In this
procedure, propagation conditions for the
broadcast times, all seasons, and the extremes
of sunspot activity are calculated for all the
paths from a proposed transmit site to a large
array of points describing the projected
language service areas. From the data
acquired from the propagation predictions, an
orderly process of data reduction is pursued
so that the worst-case equipment requirements
and transmission parameters can be extracted
from the broadcast hours over the entire
useful lifetime of the broadcast station.

The VOA Test Point File

For the purpose of propagation prediction
calculations, all of the VOA worldwide
broadcast service areas are broken down into a
set of discrete points. Within language areas
of highly populated regions in the mid- and



low latitude regions, the points are arranged
in a more-or-less even grid of 2 degrees in
latitude by 2 degrees in longitude; the
periphery of the area is delineated with
special. In the more sparsely populated
regions in the higher latitudes, a coarser
grid is used. This density of test points is
selected because it represents spacing between
test points for which the propagation
conditions are semi-correlated. Thus, it can
be reasonably expected that propagation
conditions are, thereby, determined over the
entire langquage  service area with no
unpleasant surprises to be discovered after
system design and construction,

This layout of points allows for relatively
accurate calculation of the width and depth of
the language area, as seen from the various
transmit sites under consideration. Test
points in the interior of the area serve two
purposes. One 1is to force the propagation
model, which is a point-to-point model, to
assess the ionospheric tilts that come into
play when illuminating the area during the
sunrise and sunset transition periods. The
other is to allow for consideration of the
demography of the area. For each test point
in the VOA test ©point file, there is
information with respect to the local
population density, and a 1list of all the
languages spoken around the test point. This
test point file can be sorted and used to list
the pertinent locations and demography of any
lanquage area to which the VOA broadcasts. It
encompasses most of the populated part of the
earth and 1is designed to supply input
information to the radio propagation
prediction model used by the VOA.

VOA Transmission Quality Standard

The VOA specifies that the minimum acceptable
standard of transmission quality in an
unjammed environment is a signal-to-noise
ratio of 73 dB/Hz at the receiver input. This
is a signal-to-noise ratio of 36 dB within the
bandwidth of a typical short-wave receiver.
The specified signal-to-noise ratio shall be
attainable at a minimum of 90% of the language
service area, at a minimum of 90% of the time.

VOA Radio Propagation Prediction

The VOA has selected and specified the
Ionospheric Communications Analysis and
Prediction (IONCAP) programl/ as the model
which must be used in the analyses and design
of all VOA broadcast stations. This
propagation prediction model is implemented in
the form of a computer program, and is a
product of the Institute for Telecommunication
Sciences, of the National Telecommunications
and Information Administration, under the U.S.
Department of Commerce.

This program is wused to calculate the
ionospheric propagation modes, their takeoff
angles associated transmission loss for each

hour of the day, for the four seasons, and for
the extremes of 10 and 120 in the
International Smoothed Sunspot number. This
program produces 1,728 transmit-to-test-point
path predictions, and accounts for the
diurnal, seasonal and solar cyclical
variations expected to occur over the lifetime
of the broadcast station. This program, used
with the VOA Test Point File produces all of
the information required to characterize
propagation from a given transmit site to an
entire language service area.

Most Reliable Mode Calculation

The IONCAP program cormputes the most reliable
mode for a given hour, season, sunspot number
and frequency band on a circuit specified by
the location of the transmit site and the test
point. The most reliable mode is defined as
the mode (i.e. number of hops and the
ionospheric layer concerned) having the
highest probability of achieving the
signal-to-noise ratio specified by the user of
the program.

The IONCAP program defines the propagation
probability and predicted performance
parameters of a given transmission system
Thus important input system descriptors are
the pattern of the receive antenna, that of
the transmit antenna, and the power delivered
to the transmit antenna by the transmitter.

Transmission Path Angles

The IONCAP computes the takeoff angle of the
ray from the transmit site to the test point
for the most reliable mode. In addition to
this, it computes the azimuthal angles of the
great circle routes between transmit and test
point locations. A takeoff and azimuth angle
pair are computed for each possible frequency
band and at each hour of the broadcast.

The Receive Antenna

Any precise knowledge of the receive antennas
used by the various worldwide VOA listeners
cannot be realistically obtained. Therefore,
for planning purposes the VOA uses a model of
a typical receive antenna, a short monopole
located above a small ground plane, located on
the earth's surface. This antenna displays
some vertical directivity, with half-power
points at 6 and 55° above the horizon. This
pattern is applied only for signal reception.

Noise Reception by the Receive Antenna

Noise pickup by the antenna is assumed to be
integrated from all angles equally. Thus the
signal-to-noise ratio at the receiver input is
the same as the ambient ratio of field
intensities in the reception area, with the
exception that signals arriving at extremely
low angles are be penalized by the directivity
of the receive antenna. In IONCAP, noise
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calculations take into account man-made,
atmospheric and galactic noise sources.

The System Planning Transmit Antenna

As a system planning tool, the VOA inputs to
IONCAP the characteristics of the transmit
antenna, which is defined as an isotropic
radiator for all angles above 49, At less
than 49, a cutback factor is applied to the
isotropic pattern to effectively simulate the
physical low-angle limitations of typical
transmitting antennas the VOA is 1likely to
use. For vertical beam takeoff angles of more
than 49, IONCAP with this input will select
the least loss mode as the most reliable
mode. The cutback factor at angles less than
40 penalizes modes requiring beam takeoff
angles which are not efficiently excited by
transmitting antennas available to the VOA.

The cut-back factors in the transmit and
receive radiation patterns combine to force
the transition between the one and two hop
modes from the F) layer of the ionosphere to
occur at ranges of 2600 to 3300 km. This is
typical of HF broadcast system performance.

Required Power Gain

The required power gain is the gain, expressed
in dB, required relative to the system
specified an the input to the IONCAP program.
This is the gain needed to achieve the
required signal-to-noise ratio with an hourly
circuit reliability of 90%. The customary
parameters used as input to the IONCAP program
during system planning activities are the
isotropic transmit antenna, as previously
specified, and a 500 kW transmitter, with a
-1.5 dB loss factor applied to take into
account typical transmission line losses. The
usual interpretation of the required power
gain expressed by IONCAP is in terms of
antenna gain requirements, given constant
transmitter power of 500 kW. Each computed
required power gain value has an associated
most probable mode, takeoff and azimuth angle
pair, frequency, hour, month and sunspot
number.

The Best Frequency Band Selection Algorithm

In order to enforce minimum power requirements
needed to achieve the design goal, it is
necessary to assume that the system is
operated at the best frequency band. 1In the
case of a point-to-point communication
circuit, it is simple to determine the best
frequency band, because it corresponds to the
frequency having the lowest computed required
power gain. For area coverage which consists
of a number of point-to-point calculations,
the frequency selection process 1is one of
compromise.

Ideally, one would examine the required power

gains for each hour and point in the listening
area, and select all the of frequencies which
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meet or exceed the signal-to-noise
requirement. From this set of possible
frequencies, one would find the subset of
usable frequencies which are common to all of
the test points at the hour, season and
sunspot number. The common frequency or the
highest common frequency would represent the
best frequency band for broadcasting under the
prescribed conditions.

In reality, and especially during the sunrise
and sunset transition periods, no single
frequency is found which satisfies the design
goal over all of the test points in the
listening area. Therefore, a best frequency
selection algorithm is needed which finds the
best frequency under the ideal conditions, and
which minimizes the gain requirement for the
majority of the listening area when less than
ideal conditions prevail.

The VOA procedure is to find the test point,
which during a given hour, season and sunspot
number, is the hardest to satisfy, even when
the best frequency for that point is used.
The required power gain needed to satisfy this
point, at its best frequency is recorded.
This is called the minimum worst-case value.
The other eight frequency 1lists of required
power gains for all points are surveyed and
eliminated if the hardest to reach point in
each frequency list exceeds the minimum
worst-case value by more than 6 dB. Thus, the
candidate best frequencies are all of those
which are within 6 dB of the hardest to reach
point, at its best frequency.

Again, the required gain values for the
candidate frequency bands are checked against
the value of the of the minimum worst-case
power gain. Any value which is less than 6 dB
below the minimum worst-case power gain is
readjusted to exactly 6 dB less than that of
the minimum worst-case power gain. This is
done so that when the required power gains are
summed, a single point having a very low
required power gain does not weigh heavily in
the frequency selection process.

For each of the remaining candidate
frequencies, the adjusted required power gains
to all of the test points in a given hour,
season and sunspot number are summed. The
frequency having the lowest sum is the best
frequency band, as defined by the VOA. If a
tie occurs, the highest frequency band is
selected.

In spite of its apparent complexity, the above
process is simply a way to pick a frequency
band that will cover the area well, without
denying reception to any one or set of points
in the service area. The path requirements
for the selected best frequency bands define
the gains which the transmit antenna must
satisfy.



Transmit Antenna Design

The functional design requirements of the
transmit antenna are the minimum required
antenna power gain and the illumination window
i.e., vertical and horizontal angles) through
which the required antenna gain must be
obtained. From the above described
propagation information, these antenna design
parameters can be computed for the worst case
extremes over a twenty plus year lifetime of
the system. The basic process involves
running IONCAP, as described, for all the
paths between the transmit point and all of
the language test points, for the expected
broadcast hours, four seasons, 9 possible
frequency bands, and the sunspot extremes.
The best frequency algorithm is then applied.
What is left, at the best frequency band, is
information about the required system power
gain, with associated vertical and horizontal
ray path angles, for the effective coverage of
every test point within the language service
area, for each hour of broadcast, for the four
seasons and the two sunspot numbers., This
data can be displayed to give the radiation
flux and the angles over which it is required
to fulfill the broadcast requirements assuming
the use of the best freguency band at each
broadcast hour. The required power flux and
its associated angles are called the beam
illumination requirements.

The required power gain data is arranged in
arrays for each of the best frequencies. Each
best frequency array has the required power
gain values, the associated most reliable
mode, elevation and azimuthal angles for each
test point in the language service area.
These arrays provide the beam illumination
requirements at each of the best frequency
bands. The arrays contain all of the required
power gains needed to satisfy the
signal-to-noise requirements at every point in
the language service area. They may contain
data for one or more hours, seasons or sunspot
numbers. The beam illumination requirements
for the lowest and the highest frequency bands
are the more reliable requirements, since only
the extremes of sunspot numbers are used in
the propagation analyses. Intermediate
frequency bands may have sparse or no data, if
that band was not selected by the best
frequency algorithm. This does not
necessarily  mean that the intermediate
frequencies are not needed. In fact, they
probably are needed during intermediate
periods in the solar cycle.

Some of the required system power gains in
these arrays can be extremely high, since one
frequency, albeit the best for the area, does
not reach all points equally well. In order
to arrive at an achievable system design, the
required power gain value is relaxed to the
value that will satisfy the design goal on 90%
of the path-hours, where path-hours are the
product of the number of broadcast hours, the
4 seasons, 2 sunspot numbers and the number of

test points in the language service area. The
relaxed gain value is arrived at by selecting
the upper decile of the entire population of
required power gains for all of the best
frequencies. The ten percent of the required
power gains that exceed the upper decile value
are reduced to this value.

The minimum acceptable antenna design,
according to the VOA design procedure, is
taken to be this (upper decile) system power
gain, effective over all of the angles,
vertical and horizontal identified in the
above procedure. This requires that the
antenna be capable of providing the specified
minimum acceptable gain at the required
elevation and azimuthal angles from the lowest
to the highest of the identified frequency
bands. Such an antenna will satisfy the VOA
Engineering Standard for the signal level
requirements.

DESIGN APPLICATIONS

IONSUM

The VOA, in conjunction with the Institute for
Telecommunication Sciences, has prepared a
computer  program, called IONSUM  (IONCAP
Summary  Program). This program is a
computerized implementation of the design
methodology  described in the preceding
section. It formats the voluminous IONCAP
ouctput into easy to use tables and charts.
The program is user friendly, in that it
allows the user to interact easily with the
large IONCAP files. The input functions are
as follows:

1) Select the proper IONCAP files for
the transmit site and language
service area;

2) Select the subset of points in the
reception area to be serviced by the
antenna. These points will be used
in the best frequency band algorithm;

3) Place points in the spill-over
region. This is optional and points
in the spill-over region will not
affect the best frequency selection
process. The spill-over is used for
difficult reception areas where mode
splitting may occur;

4) Input the time blocks (hours) of the
broadcast;

5) Set the list of freguency bands to
be considered.

The output tables which IONSUM produces are as
follows:

1) Table of Circuit geometry (great
circle route distances and azimuths);
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2) Table of required power gain as a
function of elevation angle and
frequency for all broadcast hours,
seasons and sunspot numbers;

3) As above, except for each broadcast
hour ;

4) Table of the Best Frequency Bands,
selected for each time block, season
and sunspot number;

5) Table of the Most Reliable Modes by
test point (showing total
distribution of mode selection and
angle range by mode) ;

6) Table of Occurrence of Required
Elevation Angles and Frequencies for
all hours, seasons and sunspot
numbers;

7) Table of Circuits Having the Highest
Required Power Gain by time block,
season and sunspot number;

8) Table of the Highest Required Power
Gain by hour, season and sunspot
number ;

9) Tables for each Best Frequency Band,
showing required power gain as a
function of elevation and azimuth
angle;

10) A similar set of tables for the
spill-over region if that option was
chosen.

EXAMPLE DESIGN

In the design of the new VOA broadcast station
south of Tangier, Morocco, it is desired to
provide broadcasts to the Hungarian-speaking
population of Europe. In the VOA test point
file, there are 10 test points designating the
location of these people. Nine of the points
are in Hungary, and one is in central
Romania. The nine points in Hungary are
placed in the main reception area, and the one
point in Romania is placed in the spill-over
region for IONSUM.

The main coverage region is found to fall
between 47 degrees and 54 degrees East of True
North, as seen from Tangier. The distance
requirements are ranges from 2244 km to 2746
km, while the point in Romania is 2900 km, at
55 degrees from True North.

The required power needed to illuminate
Hungary on 90% of all path hours is found to
be 9 dBi (dB relative to an isotropic
source). The elevation angles range from a
minimum of 2 to a maximum of 14 degrees above
the horizon, with an azimuthal extent of 7
degrees. This gain is needed on frequency
pands ranging from 6 to 21 MHz. For 97 % of
all path-hours considered, the one hop (1F2)
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mode is the most reliable. The occurrence of
modes is such that 96 percent of the
path-hours are predicted to require elevation
angles from 4 to 10 degrees, with 42% of the
occurrences in the 6-7 degree range.

The antenna design requirement to provide at
least 9 dBi from 4 to 10 degrees above the
horizon and across 7 degrees of azimuth seems
modest. However, from the highest required
power gain it is shown that the post-dawn
hours of the summer months in low sunspot
years require an additional gain of 10 to 14
dBi at 7 degrees above the horizon. Also, the
point in Romania, having some 3 million
Hungarian speaking residents requires an
antenna gain of 21 dBi from 2 to 3 degrees
above the horizon and at an azimuth angle of
55 degrees. Radiation at these angles is
predicted to provide coverage into the
spill-over region on 76% of the hours.
Post-dawn and pre-sunset hours (the remaining
24% of the hours)are almost exclusively 2 hop
with elevation angles ranging from 14 to 20
degrees.

Taking these points from the IONSUM analysis
into account, the optimum antenna at Tangier
for coverage of the Hungarian service area 1is
deemed to be one having a main beam gain of 23
dBi at 7 degrees above the horizon, with
vertical quarter-power points at plus and
minus 4 degrees about this angle. The main
beam axis should be at 52 degrees from True
North, to favor the harder to reach points in
Hungary and Romania. The beamwidth in the
horizontal plane should be plus and minus 7
degrees between quarter power points. The
antenna system must be operable from 6 to 21
MHz. For the main region of Hungary, an
antenna of this gain should permit a reduction
in transmitter power from the assumed 500 kW
to 100 kWw. However, during periods of jamming
or for daytime broadcast requirements, the use
of the full 500 kWw from a variable power
transmitter would be quite advantageous.

DISCUSSION AND CONCLUSIONS

The process consisting of simulation of the
receiver system use of IONCAP and
interpretation from  IONSUM, allows  VOA
engineers to establish the long-term beam
illumination requirements for a particular
language service area. The beam illumination
requirement in terms of gain values, elevation
angles and azimuth angles for the lowest and
highest frequency bands is used to select an
appropriate antenna design. Due to the nature
of program scheduling, it may be desirable to
combine several language illumination
requirements when specifying an antenna design
and its beam slewing capacity.

The technique in its present form is a more
detailed procedure than previously used by
VOA; however, it is not a radical departure
from the manual process. The IONSUM program



provides the beam illumination requirement
that will satisfy the modernization goals over
90% language service area on 90% of the
broadcast hours. The technique is based on a
statistically large sampling of the broadcast
hours in the two years representing the
extremes of solar activity, on a sufficiently
large number of point-to-point paths in the
area to be covered such that the adjacent
paths are semi-correlated. The resultant beam
illumination requirement is essentially the 11
year "window®" that must be satisfied by the
transmit antenna for that language service
area.

Several areas of improvement in the VOA design
procedure are being considered. It is desired
to know what the hourly broadcast illumination
windows are so that slewable beam antennas can
be effectively used in the VOA network. Also
improvements need to be made in the prediction
model to account for ionospheric anomalies
near the equator and in polar regions.
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SIDEBAND ANALYSIS OF MEDIUM WAVE
BROADCAST ANTENNA SYSTEMS

Jerry M. Westberg
Harris Corporation/Broadcast Group
Quincy, lllinois

Most AM directional stations are concerned
with improving the quality of the sound
received by their listening audience.
Although there are several factors which wmay
contribute to an AM directional station
achieving a high quality sound, common point
impedance bandwidth and sideband pattern
bandwidth are among the most significant.
This paper will give results of computer
analysis done on different power dividers
connected to antenna systems of different

sensitivity. Alternate phasing schemes will
be investigated for optimum common point and
pattern bandwidth. The following analyses

will show that the common point impedance
bandwidth and the sideband pattern bandwidth
may be significantly improved by a properly
designed phasing system.

Common point impedance bandwidth may be
defined as the amount of change in the common
point impedance as the frequency is varied
from the carrier frequency. Under ideal
conditions when a transmitter is modulated
1002 with a sine wave, one sixth of the
transmitted power is delivered to each
sideband. If the loading impedance at the
plate of the transmitter changes greatly as
the frequency varies from the carrier, the
transmitter will not deliver the required
power to each sideband. This results in the

high audio frequency components being
attenuated. On a receiver the station will
sound dull, lacking both brilliance and

crispness.

If the loading impedance at the plate of the

transmitter 1is asymmetric, the transmitter
will deliver more power into one sideband than
the other. This will result in a distorted

audio signal. VSWR at the 10 kHz sidebands
was chosen as a measure of common point
impedance bandwidth.

Sideband pattern bandwidth may be defined as
the amount of change seen in the antenna
pattern as the frequency varies from carrier.
(1 MHz 1is the carrier frequency for all
analyses.)
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If the patterns produced at the sideband
frequencies varies greatly from the carrier
pattern, the received carrier and sideband
power may. not be in the proper proportion.
The listener will hear a distorted signal.
This 1is generally referred to as null talk
because the effect is usually greatest in the

null area. The Pearson product moment r was
chosen as a measure of correlation between 10
kHz sideband and carrier patterns. To

correlate patterns a sample of field was taken
every 10 degrees in the horizontal plane.

Four power dividers were analyzed while
connected to 50 ohm resistances. Figure 1
shows schematic drawings of each of these
power dividers «circuits. The VSWR at the
sideband frequencies can be found in Table 1.
Also 1included is the adjustability of each
network. Adjustability is defined as the
amount of degree change in current phase when
changing the power adjustment to produce a
current magnitude change of 1%, and the
percent change in current magnitude when
changing the phase adjustment to produce a
current phase change of one degree. The power
and phase adjustment components are specified
on Figure 1. Maximum adjustability is
achieved when: ) 5 there is no change in
current phase when changing the power
adjustment and 2. there 1is no change 1in
current magnitude when changing the phase
adjustment.
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Table 1 is a summary of the analysis. It
should be noted that some power dividers may
perform differently with different power
distributions. For example, the shunt power
divider will have very little or no change in
phase when the power division is such that the
tap falls in the center of the divider coil.
The power division of 2900W and 2100W was
chosen to compare these results with the
results of the same dividers operating in a
directional antenna system.

CHANGE IN CURRENT CHANGE IN CURRENT

POWER VSWR AT 10 kHz PHASE FOR 1% CHANGE MAGNITUDE FOR 1° CHANGE
DIVIDER SIDEBAND FREQUENCY IN CURRENT MAGNITUDE IN CURRENT PHASE
SHUNT 1.0081:1 1° .252

*EOR 1.0066:1 0° 0442

PI 1.0087:1 .57° .00181

TEE 1.0087:1 .58° .022
* EQUAL AND OPPOSITE REACTANCE.

TABLE ]

All of the above power dividers have
exceptional impedance bandwidth. The EOR
power divider has the best adjustability while
the shunt divider did not perform as well in
this category. It should be noted that in the
field a power divider is not connected to 50
ohm resistors, but to antennas that change
impedance when adjustments in current phase or
magnitude are made. The following analysis
points out this fact.

A shunt divider and an EOR divider were
analyzed while connected to a phasing system
and tower array model. The power distribution
is the same as in the previous analysis. The
results of the adjustability analysis can be
found in Table 2.

CHANGE 1IN CURRENT CHANGE IN CURRENT
POWER PHASE FOR 1% CHANGE MAGNITUDE FOR 1°CHANGE
DIVIDER 1IN _CURRENT MAGNITUDE IN CURRENT PHASE
SHUNT o .81
EOR .6° 1.752
TABLE 2

It can be seen that although the EOR power
divider showed superior adjustability into 50
ohm resistors it is not necessarily true that
the divider will perform better under normal
field conditions. By wvarying the phasing
design using an EOR or shunt power divider the
adjustability characteristics will change.
The above analysis assumes the transmission
lines are matched. Under normal field tuning
this is generally not the case.

The ratio between the root-sum-square (RSS)
and the root-mean-square (RMS) gives a good
indication of the common point and pattern
bandwidth to be expected from an antenna
system. Arrays with low RSS/RMS ratios (less
than 1.2) tend to have good common point and
pattern bandwidth. Arrays with large RSS/RMS

ratios (above 1.5) have tendencies to exhibit
poor common point and pattern bandwidth.

Table 3 shows the antenna design parameters of

an array with an RSS/RMS of .91.

TOWER HEIGHT FIELD PHASE SPACING
1 90° 1 0* 0°
2 90° 1.433 135.6° 165°
3 90 1.934 274.° 330*
TABLE 3

Phasors were designed for this array

ORIENTAT ION
5
oF

0°

employing

5 different power divider types. Figures 2-6
(See Page 3) show the schematic drawings of

these designs.

Each design was analyzed to determine

the VSWR

at the 10 kHz sideband frequencies. A
correlation was run between the patterns at

the 10 kHz sideband frequencies

and the

pattern at the carrier frequency. The results
of this analysis are summarized in Table 4.

CORRELATION COEFFICIENT

POWER DIVIDER VSWR (1.0:1 BEING IDEAL) __ Q.o
210 kitz
Z0R 1.07:1 9974
SERIES 1.12:1 .9976
SHUNT 1.12:1 .9962
TEE 1.12:1 .9993
) 1.08:1 9994
TABLE &

BEING IDEAL)

+10_khz
.9976
.9975
.9965
.9992

-9991

The results of the analysis show only slight

differences in common point and

pattern

bandwidth using different phasor designs. All
designs have excellent common point and

pattern bandwidth.

Table 5 shows the antenna design parameters of

an array with an RSS/RMS of 2.2.

TOWER HEIGHT FIELD PHASE SPACING
1 90° 1 145° (0
2 90° 2 0* 60°
3 90° 1 -145° 120°
TABLE 5

Phasors were designed employing
different types of power dividers.
7-11 (See Pages 3 & 4) show the

ORIENTAT 10N
I
v

0°

the 5
Figures
schematic

drawings of these designs. An analysis was

done on each design. The results are
Table 6.

CORRELAT
POWER DIVIDER VSWR (1.0:1 BEING IDEAL) ~ _thzo
10 kHz =10 kHz =10 _kHz
EOR 1.89:1 1.68:1 .998
SERIES 1.22:1 4.05:1 .987
SHUNT 1.25:1 3.45:1 .996
TEE 1.28:1 2.96:1 .996
PI 1.39:1 3.08:1 .996
TABLE 6

found in

ION COEFFICIENT

BEING IDEAL)
+10 kHz
.9999
113
464
.876

.879
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Different phasor designs for this antenna
system produce very different common point and
pattern bandwidths. All designs exhibit poor
common point impedance symmetry with the
exception of the design employing the EOR
divider. The 10 kHz sideband patterns for the
above designs can be found in Figures 12-16.
All designs show poor correlation between
sideband and carrier patterns on the upper
sideband except for the design using the EOR
divider. To explain this phenomenon the
properties of a quarter wavelength
transmission line will be examined.

CALCULATED HORIZONTAL FIELD PATTERN CALCULATED HORIZONTAL FIELD PATTERN
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CALCULATED HOR1ZONTAL FIELD PATTERN

'éﬁﬁﬂﬁﬁﬂ%@ﬁ%ﬁy}
VLN,
FRERLAAN 2

“3&%*”? e

SRR

CALCULATED HORIZONTAL FIELD PATTERN

Shunt Oivider Shunt Dtvider

<10 Mz Pattern vi ~10 M1 Pattera ve

Corrfer Fattern Corrier Pattern
LR e 99

FIGURE 14A FIGURE 148

CALCULATED HORIZONTAL FIELD PATTERN CALCULATED HORIZONTAL F1ELD PATTERN

] i
LIS,

Tee Divider Tee Otvider

10 kM Pattern vi

Carvier Pattern
e .99

«10 LMz Pattern v3
Corrter Pattern
-8

FIGURE 154 FIGURE 158

CALCULATED HORIZONTAL FIELD PATTERN

CALCULATED HORIZONTAL FIELD PATTERN

P Otvider #4 Dividee

<10 ¥Hz Pattern ve <10 kM2 Pattern vs

Careter Pattern Carrier Pattern
LICIN 1 4] P 9%

FIGURE 164 Fiouee 168

72—-1986 NAB Engineering Conference Proceedings

Figure 17 below shows a quarter wavelength
transmission line loaded with its
characteristic impedance Z,.

-90° ] ~-90°

) -
V0% Lo
1L 1=V 1

FIGURE 17

When loaded in this way the output current
lags the input voltage by 90°.

Figure 18 shows a quarter wavelength

transmission line loaded with an unknown
impedance.

S 1 ~-90°

-90
V0% ()
_: 1=y, =:

FIGURE 18

Although the load impedance is unknown, the
current magnitude 'I' and the phase shift of
-90° was preserved. This is not the case for
transmission lines that differ from lengths of
an odd multiple of 90° (i.e. 90°, 270°, 450°,
etc.).

For simplicity a 180° transmission line is
studied to demonstrate this point.

Figure 19 shows a half wavelength transmission
line loaded with its characteristic impedance.

-180° SN 1o)

—

V0 Lo
1=V,

FIGURE 19




CORRELATION COEFFICIENT

When loaded with 1its characteristic 1mpedance POWER _DIVIDER vsWwR (1.0:1 BEING IDEAL) (1.0 BEING IDEAL)
the current phase going into the load lags the +10 WHz -10_kHz =10 kHz +10 Wz
3 o
input voltage phase by 180°. T

SHUNT 1.83:1 1.86:1 .9993 .9983
This is not the case when the 180° PROPERLY PHASED s

1 1 i q g 8 5% . .998

transmission line is loaded with an unknown TEE 1.71:1 1.75:1 9995
impedance. POORLY PHASED

EOR 1.35:1 3.65:1 .995 .677

TABLE 7

(=) / o)
O l= (180 —¢)>
— As the above data suggest, for this antenna
system high correlation between sideband

I;.‘l/ j'z 2 @ patterns and the carrier pattern could be

v£0°

/ achieved using any of the five mentioned power
e Vyfz divider schemes it proper phasing is

employed. On the other hand, poor sideband

and carrier pattern correlation could also
S JCLEER result from any of the dividers if phased
incorrectly. Pattern bandwidth is a function
of the total antenna system. Phasing and
matching networks, power divider scheme, and

I

For a 180° transmission line the phase of the
c::::nt°§o1:§e1nfo Z Loas 1; difend;niion ;:e the transmission line size and type can all
zurrent 'tlgpe avce g tde Oack he contribute to or detract from good pattern

magnitude 18 ependent on the bandwidth. Figures 21-23 show the pattern

magn1t?de' et 'the URKROER)  GlUpeCaices hor plots at the 10 kHz sideband frequencies of
transmission lines of length other than odd .
the above designs.

multiples of 90° the magnitude and phase of
the current going into a load 1is typically
different than the magnitude and phase of the
current entering a load of Z,.

For this antenna system it 1is desirable and
practical to rephase the feeder system to
improve the correlation between sideband and

. . . carrier patterns.
Consider the antenna system described in Table =

5. Tower 2 contributes more than the other
towers in forming the pattern. Tower 2 has
more power and radiates more field than towers
1 or 3. If the current going into tower 2 was
fixed at the sideband frequencies, the
patterns at the sideband frequencies will have

However, this 1is not always the «case.
Although quadrature phasing a tower may have
significant results as in the previous
example, there are many antenna systems where
rephasing will not produce the desired

. results.
a tendency to correlate more favorably with
the pattern at the carrier frequency.
It was noted earlier that the design employing CALCULATED HORIZONTAL FIELD PATTERN CALCULATED HOR1ZONTAL FIELD PATTERN
the EOR power divider gave far greater T i
sideband pattern correlation than the other <L s\“x\ A

dividers. The phase shift from the branch
point of the phasor to tower 2 is -279° which
is very close to an odd multiple of 90°. All i
other designs did not have this characteristic.

As the frequency varies from the carrier vl 4
frequency, the impedance of all the towers A PR e
change. In the case of the EOR design, the N RN e 5 3§f
current going into tower 2 relative to the T 'w'\u»;?

voltage at the branch point of the phasor will T g &Y

Change l ltt l e. Properly Phaved Shunt Divider Properly Phased Shunt Divider
+10 ¥HE Pattern vy — <10 MMz Pattern vy - —
Carrier Pattern Corrier Pattern ]
r - .998 roe 999

Table 7 is the result of the analysis done on
three alternate designs. The first two employ
a shunt and tee power divider rephased so the
phase shift from the branch point to tower 2
is an odd multiple of 90°.

FIGURE 21A FIGumg 218

The third design uses an EOR power divider
with the sum of the phase shifts from the
branch point to tower 2 being 0°.
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CALCULATED HORIZONTAL FIELD PATTERN CALCULATED HORIZONTAL FIELD PATTERN

Figure 24 shows the sideband pattern plots
when the phase shift from the branch point to
tower 2 is an odd multiple of 90°., The
pattern at -10 kHz shows fair correlation to
the carrier pattern. The pattern at +10 kHz
has two unwanted deep nulls and the main lobe
is smaller than that of the carrier pattern.
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CALCULATED HORIZONTAL FIELD PATTERN

Table 8 shows the antenna design parameters of
an array with an RSS/RMS of 2.43.
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Figure 25 is the pattern plots of the 10 kHz
sideband frequencies when 3

tower is
quadrature phased. For this solution the -10
kHz pattern showed poor correlation while the

+10 kHz pattern gave fair correlation.
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TOWER HEIGHT FIELD PHASE SPACING ORIENTATION "Iiﬁi‘i&@ﬁ >

v 50° 1 0° 0 0° k]
2 90° 2.56 -159° 90° 0"
3 90° 3.22 4se 180° o
4 90° 2.44 -114° 270° 0° Tower 3 Phaged 90° Tower 3 Pheted 90°

<10 WMz Pattern vy =10 &Mz Pattern vy ey

h:f:ttq;:lum t‘:v:::;);lum

TABLE 8 [ —
FIGURE 25A Floume 2%

Although the RSS/RMS of above array is close
to the RSS/RMS of the array described in Table
5 there is no one dominant tower controlling Another factor to be considered 1is how
the pattern. Towers 2 and 3 radiate the most sensitive the sideband patterns are to
field and are the high power towers. Only one misadjustment and seasonal variationm. When
tower can be phased so that the phase shift the phase from the branch point to each tower
from the branch point to that tower is an odd was changed as 1little as 2°, there was
multiple of 90°. significant changes in the sideband patterns.
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CALCULATED HORIZONTAL FIELD PATTERN

CARRIER
TOWER 2 © |.Sx_ —l61.1°

Tower 3 Phased 88° Tower 3 Phaved 92°

Carerer ratiern Gherter oatiern ™ o TS
e e .90 l Y J +10 KHZ
FIGRE 264 TR 262 TOWER 2 o |.K;ZC_|6OQO
NULL 90_Q°\ NULL
L ~ L
257,60 1 < 02070 1
Figure 26 shows the -10 kHz sideband patterns TOWER | o | x~0°
when the phase shift from the branch point to
tower 3 is 88° and 92°. These plots can be
compared to Figure 25B. The plots show how
rapidly the sideband patterns are changing
with only slight adjustments in the phasing
system.
—10 KHZ
This is not the case for the antenna system
described in Table 5. Figure 12 shows TOWER 2 o !1.5x_ —161.3°
sideband pattern plots of the EOR divider e
design. As mentioned earlier the phase shift ; U )
from the branch point to tower 2 in the EOR 2,57Né)°LLT é’/ Esl’ggul‘o T
divider design is 9° different from an odd : TOWER | o | x~0° -
multiple of 90°. The sideband patterns vary
slowly as changes are made in the phasing
system.
FIGURE 27
Another approach to designing a phasing system
for good pattern bandwidth is to begin by
finding the ideal sideband field and operating
parameters. The problem of designing for good Figure 27 is a diagram of the first pair. The
pattern bandwidth will become more visible by nulls for the first pair are at 102.1° T and
using this approach. Also, each set of 257.99 T. To maintain the nulls in the same
networks between the branch point of the direction as the frequency 1is changed, the
phasor design to a tower can now be analyzed phase of the pattern pair must also be
separately. Adjustments can then be made for adjusted. Table 10 shows the desired pattern
each tower run separately before analyzing the pairs for *+ 10 KHz.
system. For the previous example, this can be
done by decomposing the pattern into its three
pattern pairs. If the pattern is such that it FREQUENCY FIELD PHASE SPACING
will not decompose into pattern pairs, using R 5 B 4
the carrier field ratios as the field ratios +10KHz 1.5 -160.9° 90.9°
for the sidebands is a good approximation.
TABLE 10

Table 9 shows the three pairs for the array
described in table 8.

If this process is repeated for each of the

e Emnst EIELD SPACING three pattern pairs of Table 9, the desired

L -16l.1 1.5 90° field parameters can be constructed at the
8. o L] b o

§ E:If i; 330 sideband frequencies.

TABLE 9
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Table 1088
parameters

parameters.

gives
at the

Also

the

reconstructed
and

carrier
frequencies along with the predicted operating
is the VSWR's of
each tower's drive point impedance.

included

field
sideband

-10 KHz
TOWER HE IGHT PHASE FIELD SPACE
1 89.1 0.000 1.000 0.000
2 89.1 200.810 2.587 89.100
3 89.1 44.513 3.260 178.200
4 89.1 245.340 2.441 267.300
TOWER BASE R BASE X CURRENT VOLTAGE POWER VSR
1 17.227 46.583 6.058 300.880 632.215 1.32:1
2 8.201 61.381 15.670 970.418  2013.804 1.89:1
3 4.330 86.892 19.749 1718.189  1688.862 4.00:1
4 3.043 82.406 14.785 1219.185 665.119 5.72:1
CARRIER
TOWER REIGHT PHASE FIELD SPACE
1 90 0.000 1.600 0.000
2 90 201.000 2.560 90.000
3 90 45.000 3.220 180.000
4 90 246.000 2.440 270.000
TOWER BASE R BASE X CURRENT VOLTAGE POWER VSWR
1 18.238 51.399 5857 319.453 625.731 1.0:1
2 8.588 66.823 16.995 1010.250  1931.097 1.0:1
3 4.688 93.645 18.861 1768.436  1667.672 1.0:1
4 1.797 89.069 16.292 1274.130 775.500 1.0
* 10 KHz
TOWER HEIGHT PHASE FIELD SPACE
1 90.9 0.000 1.000 0.000
H 90.9 201.176 2.53% 90.900
3 90.9 45.473 3181 181.800
4 90.9 246.660 2.441 272.700
TOWER BASE R BASE X CURRENT VOLTAGE POVER VSWR
1 19.282 55.370 5.662 331.986 618.207 1.24:1
2 8.995 71.425 14,347 1032.833  1851.565 1.68:1
3 5.067 99.623 18.010 1796.530  1643.622 3.20:
4 4.642 94.955 13.819 1313.797 886.605 3.74:1
TASLE 11

It should be noted that towers
drive point impedances that are changing very

rapidly.

quadriture phased.

3 and 4 have

Recall that only one tower may be

Also recall that the desired current magnitude
delivered

and phase

quadriture phased tower

impedance.

will be

However,

quadriture

only to the

independent of tower

phasing any

-10 XHz
TOWER HE [CHT PHASE FIELD SPACE
1 89.1 0.000 T.000 0.000
2 89.1 201.803 1.756 89.100
3 89.1 45.326 2.35 176.200
6 89.1 245.340 1.086 267.300
TOWER BASE R BASE X CURRENT VOLTAGE POWER
! 22.986 41,59 5.081 DI1.551  1895.404
2 -0.372 73.132 15.943 1165.961 -94.522
3 11.791 82.890 21317 1789.747  5387.838 .69:1
4 -22.498 90.358 9.863 918.441  -2188.759 1.40:
CARRIER
TOWER HE IGHT PHASE FIELD SPACE
1 90. 0.000 1.000 0.000
2 90. 202.008 1.729 90.000
3 90. 45.811 2,33 180.000
6 90. 246.000 1.086  270.000
TOWER BASE R BASE X CURRENT VOLTAGE POWER VSWR
! .12 46.235 8.779 ©57.764  1858.217 1.0:1
2 -0.484 79.225 15.181 1202.762  -111.479 1.0:1
3 12.588 89.295 20.511 1849.59¢  5295.756 1.0:1
s -22.461 97.957 9.536 958.359  -2042.495 1.0:1
+ 10KHz
TOWER HE IGHT PHASE FIELD SPACE
1 50.9 0.000 T.000 0.000
2 90.9 202,19 1.703 90.900
3 90.9 46.289 2.319 181.800
4 90.9 246.660 1.086  272.700
TOWER BASE R BASE X CURRENT YOLTAGE POWER VSWR
1 25.283 50.020 8.468 ©75.716 1821446 1.17:1
2 -0.619 84.518 16.452 1221.505  -129.326  106.40:1
3 13,64k 94.898 19.681 1886.317  5207.472 1.56:1
TABLE 12
The impedance of tower 2 changes extremely
rapidly as the frequency is varied from the

carrier frequency.

The VSWR at the sideband
frequencies are 232.0:1 and 106.4:1.

However, the impedances of towers 1, 3,

change
quadriture
impedances
network; thus
of tower
towers will
phases
low on
phasor

relatively
phased,
will be

impedance
receive

slow.

the

If tower
rapidly

compensated for by

changes.

current

The

2
changing
this
delivering the proper current,
magnitude and phase to the tower

and 4

was

independent

other
magnitudes

close to the desired since the VSWR is
the networks going to those towers.

3

and

A

one of these towers could not be expected to
compensate for the rapidly changing impedances
of the other three towers. This 1is why
satisfactory results were not obtained by
quadriture phasing towers 2 or 3 previously.

Recall that the field ratio of each pattern
pair could be inverted and still produce the
desired pattern. For the above problem, there
are eight sets of field parameters that will
yield the desired pattern.

Table 12 gives one of the eight alternate sets
of field and operating parameters along with
the associated sideband parameters.
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was designed employing these principles.

Figure 28 shows the pattern plot at the 10 KHz
sideband frequencies. This plot shows high
correlation between carrier and sideband
patterns.
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CONCLUSIONS

There are three concepts that can be concluded
from this study.

The first is that the performance of a power
divider scheme 1is dependent on the entire
antenna system. Transmission line lengths and
types, antenna coupling circuitry, phase
shifters and array operating parameters all
affect the adjustability of a power dividing
scheme. A power divider may exhibit different
characteristics into 50 ohw resistors than
into an antenna system.

Second, pattern bandwidth is a function of the
phasing and matching system. By changing
phasor designs different sideband pattern
characteristics can be expected.

Third, high correlation between carrier and
sideband patterns can be achieved in many
antenna systems by carefully designing the
phasing and matching system. There are two
design techniques described in this paper to
aid in designing phasing equipment for higher
correlation between carrier and sideband
patterns. The first is to quadrature phase
one of the towers in the array. This
technique will allow little change between the
ratio of branch point voltage and base current
in a tower. This will tend to increase the
correlation between carrier and sideband
patterns. Secondly, it is desirable to look
at the desired operating parameters at the
carrier and sideband frequencies. This
technique, many times, will make the problem
of designing a phasor for good pattern
bandwidth more visible. Each set of networks
between the branch point of the phasor design
to a tower can be analyzed separately. A
phasing system can then be designed based on
the analysis of these data.
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REDUCING RERADIATION AND PATTERN DISTURBANCES
OF AM BROADCAST SIGNALS CAUSED BY POWER LINES

C.W. Trueman
S.J. Kubina
Concordia University
Montreal, Canada

ABSTRACT

This paper reviews computer-based
tools and techniques for the assessment of
the distortion of an AM broadcast antenna's
pattern by reradiation from a steel-tower
power line. "Detuning” to suppress that
reradiation and so restore the station's
pattern is discussed, by the method of
isolating selected towers from the overhead
skywire. A comprehensive case study is
presented, comparing computer predictions
with full-scale measurements of the azimuth
pattern and of the RF current flowing
on the bases of the power line towers, for
a directional antenna operating at 680
kHz. It is shown that the computer model
is helpful in evaluating the magnitude
of a reradiation problem, in designing
"detuning" for the power line, and in
assessing the reduction in the reradiated
field to be expected when that detuning is
installed.

INTRODUCTION

In recent years computer modelling has
been helpful in assessing the distortion of
an AM broadcast array's pattern by reradia-
tion of the station's signal from a steel
tower power line(l). Computer programs
have been used to predict the pattern
distortion to be expected from a power line
proposed for construction(2), from a power
line which has already been built and is
suspected of being a reradiator, and in
designing and assessing the effectiveness
of "detuning" to suppress the reradiation
from a power line(3). Reference (4) is a
survey of the available literature on
reradiation, both from power lines and from
other structures, such as free-standing
towers, or buildings. This paper briefly
reviews the use of computer modelling for
the prediction of reradiation from a power
line, and for the suppression of
reradiation by isolating towers from the
skywire. The methods described here are
presented in more detail in Reference (5).
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Fig. 1 Straight power line illuminated by
an omnidirectional broadcast

antenna.

ANT BEHAVIO

The configuration of Fig. 1 has been
used to investigate the resonant behaviour
of power lines. A straight power line with
uniformly-spaced towers 50.9 m tall and
274 m apart is situated 448 m from an omni-
directional broadcast antenna. The power
line is resonant when the closed-loop path
which includes two adjacent towers, the
interconnecting skywire, and their images
in ground, is close to an integer multiple
of the wavelength. For the line of Fig. 1,
the path length is 4x50.9 + 2x274 =
751.6 m, which is one free-space wavelength
at 400 kHz, two at 800 kHz, and three at
1200 kHz, and the power line is expected to
show resonant response near these frequen-
cies. The antenna of Fig. 1 would have
a uniform or "omnidirectional" azimuth
pattern in the absence of the power line,
but reradiation from the power line intro-
duces lobes where the scattered signal from
the power line adds to the broadcast anten-
na's field, and minima where the scattered
field tends to cancel the antenna's field.
It is convenient to quantify the amount of
reradiation in the azimuth pattern as
the ratio of the largest field strength
to the smallest, in 4B, called the



max-to-min ratio. Fig. 2 shows the meas-
ured frequency dependence from 300 to 1400
kHz, obtained with a 600 scale factor model
of the power line of Fig. 1, with 13
towers, operating over highly-conductive
ground(Refs. 6,7). The graph shows three
distinct resonance regions, in which the
max~-to-min ratio takes on values as large
as 15 dB, due to minima in the pattern,
indicating poor coverage over parts of the
service area. The first resonance, termed
"one-wavelength loop resonance" occurs
between about 400 and about 520 kHz, when
the closed-loop path described above is
roughly equal to one wavelength. The meas-
ared response has three distinct peaks in
this frequency range. "Two-wavelength loop
resonance" is seen from about 780 to about
1000 kHz. In this range the measured data
is incomplete. "Three-wavelength loop
resonance" is seen from about 1100 to about
1400 kHz. Power lines of span length and
tower height different from that of Fig. 1
would display resonance at frequencies dif-
ferent from those of Fig. 2, but a similar
one-, two-, and three-wavelength loop reso-
nance response would be expected.

A simple, useful estimate of the fre-
quencies of resonance is given by

R (1)
n loop path length

where "c" 1is the free-space speed of light,
and n is the number of wavelengths which
roughly "fit" the loop length at the reso-
nant frequency. With the path length equal
to about 752 m, Egn. 1 estimates the reso-
nant frequencies at about 430, 860 and 1290
kHz, which is in reasonable agreement with
the measured data of Fig. 2. A useful,
rough estimate for the bandwidth of reso-
nance is that resonance extends from about
60 kHz below the resonant frequency of

Egqn. (1), to about 60 kHz above that
frequency.

COMPUTER PROGRAMS

The Numerical Electromagnetics Code
(NEC,8) gives the user precise control over
the details of the model used to represent
the power line tower, but requires a large
computer system such as a Cyber 835 to
analyse a power line with a realistic
number of towers, say 30 or more. NEC has
been used extensively with quite simple
representations of the power line towers,
such as that of Fig. 3. Fig. 2 compares
the performance of such a NEC model against
the measured pattern data, and shows that
the model predicts the fine structure of
the response in the one-wavelength reso-
nance frequency range quite well, and
traces out a narrower peak than the meas-
urement in the two-wavelength resonance
range. However, the NEC model predicts

——  MEASURED DATA
— — = NEC PROCRAM
----- AMPL PROCRAM
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Fig. 2 Max-to-min ratio of the azimuth

pattern of the omnidirectional
antenna operating near the straight
power line of Fig. 1, with 13
towers.

three-wavelength loop resonance centered
around about 1300 kHz, whereas the measure-
ment model shows resonance centered at 1200
kHz. Thus the NEC model tends to be poorer
toward the top of the frequency range of
interest.

The AM Power Line program (AMPL,9)
uses transmission-line theory to model the
power line, and can be run on a "personal
computer". The FORTRAN version of the pro-
gram uses about 10 minutes of CPU time with
25 towers, using an IBM-PC with an 8087
math coprocessor. Fig. 2 compares the per-
formance of the AMPL model against NEC and
the measured data. AMPL predicts resonance
at frequencies which are somewhat low in
the one- and two-wavelength loop resonance
regions, but predicts the frequency of
three-wavelength loop resonance much better
than does the NEC model. With no ground
losses, AMPL tends to predict a larger
response than does NEC or the measurement
model. Thus AMPL appears to be closer to
the measurements toward the top of the
frequency range of interest.

GROUND CONDUCTIVITY

The actual conductivity of ground
usually lies in the 5 to 20 millimho/metre
range, with a relative permittivity of
about 15. The effect of less-than-perfect
or non-infinite ground conductivity is to
introduce losses into the resonant loop
path, due to dissipation of energy in the
ground. Thus ground conductivity "damps"
the resonant response shown in Fig. 2, so
that, although the frequency of resonance
remains about the same as with "perfect"
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Computer model of a power line
tower connected to an overhead
skywire.

Fig. 3

ground, the magnitude of the RF current
flow on the power line towers is reduced,
and so the magnitude of the reradiated
field is also reduced. The most economical
means for including losses due to ground
conductivity in the computer model is to
include a lumped "footing impedance" at the
base of each tower(10,11). The footing
impedance usually amounts to about 10 ohms
resistive plus 5 ohms reactive at the base
of each power line tower. It is shown
below that inclusion of the "footing imped-
ance" at the base of each power line tower
considerably improves the agreement of
computer model predictions with full-scale
measurements.

INITIAL ASSESSMENT

Fig. 4 shows the directional CHFA
broadcast array operating at 680 kHz, sit-
uated near the "north" power line, and
will be used as a "case study" to illus-
trate the application of computer modelling
to reradiation from steel-tower power
lines. When a power line is first proposed
for construction, the line is specified by
its route and a "nominal" or average value
for the height of the towers and for the
distance between towers or "span length",.
To use a computer model to evaluate the
power line as a potential reradiator, pre-
cise tower positions are required, and are
simply not available at this stage. Ref.
(2) discusses this "initial assessment"
problem. Unfortunately, resonance of the
individual spans of the power line is
strongly dependent on the lengths of the
spans, for which only a "nominal" value is
given. On real power lines, the span
length is usually quite variable. The pre-
diction of the amount of reradiation to be
expected tends to amount to the prediction
of how many resonant spans the power line
is likely to have.
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Fig. 4 The CHFA directional array and
the "north" power line.

If a span is taken to be "resonant" if
its frequency of resonance lies within 60
kHz of CHFA's operating frequency of 680
kHz, then using the "nominal" span length
of 363 and "nominal"tower height of 32.6 m
for the "north" line, Eqn. 1 can be used to
calculate that spans from 372 to 457 m are
"resonant", with a span of length 411 m
being resonant exactly at 680 kHz. It was
demonstrated in Ref. (2) that the distrib-
ution of span lengths is well approximated
by a "normal" or "Gaussian" probability
distribution with standard deviation 46 m.
The "normal" distribution model can be used
to estimate the fraction of the spans which
are likely to lie in the resonance range
from 372 to 457 m in length, by the methods
of Ref. (2). Thus evaluating Eqn. (2) of
Ref. (2) indicates that the probability
that any individual span on the "north"
line is resonant is about 40 percent, and
so, on a length of 20 spans, there are
likely to be on the average 8 resonant
spans. Table 1 uses Eqn. (5) of Ref. (2)
to estimate the probability that at least
"k" of the spans are resonant on the 20
span segment. Thus there will almost cer-
tainly be several resonant spans, but it
is not likely that there will be more than
14 resonant spans on a 20 span segment of
the power 1line.

To estimate how strong the reradiated
field is likely to be when there are "k"
resonant spans, it is necessary to do a
computation of the reradiated field
strength from one resonant-length span
located at a distance of 3500 m from the
CHFA antenna, being the closest approach of
the power line to the array. Accordingly,
a computer file describing the CHFA array,
and a power line of one 411 m span centred
on the position of tower # 171 in Fig. 4,
was set up. The CHFA-plus-span config-
uration was analysed with AMPL to determine
the largest possible scattered field from
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Fig. 5 Diagram showing the actual span PROTECTION >
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line. Spans from 372 to 457 m in
length are estimated to be "two-
wavelength" resonant at 680 kHz,
and are marked with "R".
the span, which was found to be about Fig. 6 (a) Azimuth pattern of the CHFA

35 mV/m at one mile. The R.M.S. level of
the scattered field pattern was estimated
to be about 23 mV/m. Ref. (2) uses this
data to estimate the value of the rerad-
iated field from the whole power line

according to
A -~ E

net RMS

and results in the field strengths in mV/m
at one mile given in Table 1. The table
compares the probability of having at least
k resonant spans with the likely value of
the reradiated field from k resonant spans,
and shows that there is a high probability
of as many as 7 resonant spans, with a
reradiated field of 62 mV/m, but not a very
high probability of, say, 12 resonant spans
with a reradiated field of 81 mV/m. The
station's protection requirement is at a
level of about 17 mV/m and hence an estim-
ated reradiated field strength of as much
as 62 mV/m is serious cause for concern.
Below it is shown that for the "as-built"
power line, there are about 5 resonant
spans in the 20 spans closest to the
antenna, but the reradiated field strength
predicted by the computer model is about

115 mV/m.

At the "initial assessment" stage it
is sometimes useful to set up a computer
model of a power line with perfectly
evenly-spaced towers, and analyse it for
the given mean span length, and for the
nearest resonant value of span length, to
obtain sample radiation patterns. Thus if
all the spans are of resonant length, it
would be expected that a "worst case" pat-
tern would result. Also, as described in
Ref. (2), it is possible to carry out a
computer simulation involving the construc-
tion of "sample" power lines following the

array operating near the "north"
power line.

TABLE 1
For a power line with 20 spans, of mean
span 363 m, and standard deviation 46 m,
this Table estimates how likely it is that
there will be at least k resonant spans,
and how strong the reradiated field is
likely to be from k resonant spans.

Number of Probability Estimated
Resonant Spans that at least Reradiated
k k out of 20 Field from
spans are k resonant
resonant spans
1 99.99 % 23 mV/m
2) 99.95 33
3 99.7 40
4 98.5 47
5 951! 52
6 87.8 577
7 75.5 62
8 59.1 66
9 41.1 70
10 25,0 74
11 13.1 77
12 5.9 81
13 .2 84
14 0.7 87

given route, with randomly-chosen span
lengths which conform to the given statis-
tics for mean span length and standard dev-
iation. By analysing a set of, say, 40
such power lines, the possible changes in
the radiation pattern that the power line
might give rise to can be explored. Gener-
ally, some patterns will be "good" with
little reradiation, some will be "terrible"
with high reradiation, and most will re-
flect the figures of Table 1. Thus, such a
study would serve to confirm the rough
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Fig. 6 (b) Field strength in the pattern
minimum in comparison with the
protection requirement.

estimate of Table 1, and to "flesh out" its
details more fully.

Once an "initial assessment” has
alerted the broadcaster to a potential
problem, the pattern of the antenna before
the power line is built should be measured
as closely as possible. Then, after the
power line is built, a further pattern
measurement shows the extent of the changes
in the pattern. The computer model can
help to pinpoint the towers on the power
line responsible for those changes.

AS-BUILT POWER LINE

After the power line has actually been
constructed, the precise tower positions
can be obtained from the hydro utility. For
CHFA, the tower positions and hence the
span lengths were determined from maps sup-
plied by Trans-Alta(Ref. 12), and are shown
in Fig. 5. The power line design can now
be inspected for resonant spans. As dis-
cussed above, spans of length 372 to 457 m
are "two-wavelength" loop resonant within
60 kHz of CHFA's frequency of 680 kHz, and
so might respond to CHFA's signal with
large currents on the power line towers.
Fig. 5 has such spans marked with an "R".
The span from tower 160 to tower 161 is
especially long, and is "one-wavelength"
loop resonant at 680 kHz. Spans 164-165,
167-168, 175-176, and 177-178 are not only
resonant, but are also quite close to the
broadcast array. The key question is how
strongly these resonant spans reradiate.

The tower positions on the "as-built"

power line can be used to compute the pqt-
tern of the CHFA broadcast array operatlng
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Fig. 7 Comparison of the measured and

computed RF current flow on the
bases of the towers of the "north"
power line.

near the actual power line, which is shown
in Fig. 6(a). The NEC program, using
highly-conducting ground was used for the
computation. The station's protection
requirement is substantially exceeded.

Fig. 6(b) shows the field strength in mV/m
at one mile throughout the angular region
of the protection limit. As discussed
above, modelling the ground as highly-
conducting exaggerates reradiation

effects. The effect of "real" ground, of
conductivity typically 5 to 20 milli-
mhos/metre, is to dissipate RF energy
coupled into the power line, and thus
"damps" the resonance effect. The reso-
nances occur at much the same frequency

as over highly-conductive grouad, but the
magnitude of the resonant response is
reduced by losses in ground. The computa-
tion was repeated using a ground conductiv-
ity of 10 millimhos/metre, by incorporating
a "footing impedance" at the base of each
power line tower, as discussed above. The
value of the footing impedance is readily
computed from the formula in Ref. (10), and
with a ground conductivity of 10 milli-
mhos/metre at 680 kHz, equals 9.38 + j 4.50
ohms. Fig. 6(b) shows that the computation
including ground conductivity "predicts"
the measured azimuth field strength (Ref.
13) quite well throughout this angular
region, and both the measurement and the
computation indicate that the station's
protection requirement is substantially
exceeded. There is substantial reradiation
into the pattern from 180 degrees to 235
degrees azimuth.

The computer model determines the RF
current flow on the towers of the power
line, as shown in Fig. 7, and the current
flow readily identifies those towers prin-



cipally responsible for the reradiated
field as towers 164, 165, 166, 167, 168,
and 169. The spans which carry significant
RF current flow correlate well with the
spans which are resonant in Fig. 5. Spans
164-165, and 167-168 are resonant and
respond strongly. Note that towers adjac-
ent to resonant spans, such as tower 166
and 169, often have significant RF current
induced on them, and that this current dis-
appears if the nearby resonant span is
"detuned". The actual current flow on the
towers of the "north" line were measured
(Ref. 14) for comparison, and correlates
well with the computation when the effect
of ground losses is included in terms of
the "footing impedance". There is some
disagreement on towers 174 and 176, which
may be due to a nearby parallel power line,
which was not included in the computer
model, as discussed in Ref. (5). The meas-
urement confirms towers 164-169 as the
sources of reradiation. Thus the computer
model provides a useful assessment of both
the amount of RF current flow and of the
distortion to be expected in the azimuth
radiation pattern.

DETUNING BY RESONANCE
RESSION

The reradiation seen in Fig. 6(b) is
primarily due to a few spans of the power
line which are of resonant length at the
operating frequency of 680 kHz. For these
spans, the closed loop path consisting of
two adjacent towers and the skywire con-
necting them together, and a return path
in ground, is close to two wavelengths in
length. The resonant frequency of each
span is readily estimated with Egqn. 1, and
can be charted as shown in Fig. 8, for
towers 164 to 170. Any span resonant
within about 60 kHz of 680 kHz is a poten-
tial reradiator, and in fact towers 164
through 169 are strong reradiators, due to
resonant spans 164-165 and 167-168. The
simplest approach to "detuning" such reso-
nant spans is to break the resonant path by
"open-circuiting" it. The loop path is
readily broken by insulating the overhead
skywire from the top of one of the two
towers. Although this breaks the path for
a lightning strike to be grounded from the
skywire via the tower, the "security" of
the power line is not seriously degraded
provided no more than two or three towers
in a row are "isolated” from the skywire in
this manner.

"Isolating" a tower from the skywire
creates a loop-path spread over two spans
which can itself be resonant at the oper-
ating frequency, and can thus carry strong,
resonant RF current flow. Thus isolating a
tower could potentially make a reradiation
problem worse than it was with the tower
connected to the skywire, and so in select-
ing towers for isolation, the creation of

TRIPLE SPAN RESONANT FREQUENCIES

635 717 615 755 621 710 i
DOUBLE SPAN RESONANT FREQUENCIES
713 681 789 676 133 605 616
| |
SINGLE SPAN RESONANT FREQUENCIE
866 801 666 522 764 ' 719 )
170 169 168 167 166 165 164
Fig. 8 Resonance chart for the power

line from tower 170 to tower 164.

such "double-spans" which are of resonant
length must be avoided. Eqn. 1 can be used
to estimate the resonant frequency of "dou-
ble-spans”, with the results shown in

Fig. 8. Thus isolating tower number 167
will not "cure" the reradiation from the
resonant span 167-168, because the
"double-span" 166-168 is resonant at 676
kHz, and towers 166 and 168 will carry
large RF currents. A better choice is that
of isolating tower 168, because the result-
ing double-span from tower 167 to 169 is
resonant at 789 kHz, and will not carry
significant RF current flow at 680 kHz.

Isolating two adjacent towers from the
skywire creates a three-span loop path, or
"triple-span" which can also be resonant at
the operating frequency. Fig. 8 shows that
if towers 167 and 168 were isolated to sup-
press the resonant response of span 167-
168, then the resulting triple-span from
tower 166 to tower 169 is resonant at 615
kHz, which is far enough away from 680 kHz
to be "safe". Fig. 8 is a partial "reso-
nance chart" for the north line, and Refs.
(3), (5) and (15) present the full "reso-
nance chart" and describe in detail a pro-
cedure for its use to select towers for
isolation from the skywire so that no reso-
nant "double-" or "triple-spans" are
created. Thus to "treat" all the possibly
resonant spans, towers 150, 153, 158, 161,
165: 167' 168: 174: 176' 178' 182 and 184
on the "north line" should be isolated from
the skywire. The list can be pared down by
selecting those towers from the list which
actually carry strong RF currents in Fig.
7, rather than treating all possible reso-
nant spans.

DETUNED POWER LINE

When the set of towers specified above
is insulated from the skywire, then the NEC
computer program predicts that the azimuth
pattern will for the most part meet the
protection requirement, as shown in Fig. 9.
Clearly a large improvement in the azimuth
pattern is expected. The value of ground
conductivity does not affect the computed
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Fig. 9 Field strength in the pattern
minimum with the specified set of
towers isolated from the overhead

skywire.

curve very much, because the power line
with the specified towers isolated has

no resonant response to be "damped" by
ground losses. Thus the computation was
repeated with various "footing impedance"
values, with no change in the resulting
tower currents or azimuth pattern. The
specified towers were insulated from the
skywire by the hydro utility, and Fig. 10
shows the predicted power line tower base
currents in comparison to the actual meas-
ured values(Ref. 16). The anticipated
reduction in the tower base currents is
actually seen in the measured values, and a
large improvement has been achieved. 1In
practice, the azimuth pattern may not im-
prove quite as much as anticipated, because
there will often be reradiators other than
the power line. These have to ke identi-
fied and "treated" to suppress RF current
flow, partlcularly if a deep null is
required in the azimuth pattern, as is the
case for the CHFA broadcast array.

CONCLUSION

This paper has summarized the use of
computer modelling for the assessment of
the reradiation to be expected from a given
povwer line, and for the design of "detun-
ing" for the power line by the isolation of
selected towers from the overhead skywire.
The "life-cycle" of a reradiation problem
has three phases, namely the "proposal" for
the construction of a power line, the act-
ual construction, and the "detuning" of the
pover line. At the "proposal" stage, the
exact tower positions are not known, and so
resonant spans cannhot be pinpointed, and
the exact field strength that the power
line will reradiate cannot be determined
preclsely. The computer model can be used
to obtain an estimate of how strong the
field strength is likely to be, which
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of the power line with the
specified set of towers isolated
from the skywire.

depends primarily on how likely there are
to be resonant spans on the power line.
After the power line is constructed, and
the exact tower positions are known, the
computer model "predicts" a radiation pat-
tern for the broadcast array operating near
the power line which, for the case of the
CHFA antenna, is reasonably in agreement
with the actual measured azimuth pattern.
Also, the current flow on the towers of the
pover line is "predicted" with reasonable
accuracy by the computer model. A simple
technique has been presented for "detuning"
the power line by isolating selected towers
from the skywire, and is based on an under-
standing of the resonant behaviour of power
lines. The "resonance chart" does not re-
quire major computer resources to con-
struct, and can readily be used to select
towers for isolation to "detune" the power
line. When the specified set of towers was
isolated on the "north" power line near
CHFA, a substantial reduction of the meas-
ured tower base currents was found. The
computer model's prediction of the amount
of reduction was in reasonable agreement
with the measurement.

The present "state-of-the-art” in
modelling power lines by computer analysis
allows a computer model to "predict" the
azimuth pattern of a directional broadcast
antenna operating near a power line with
reasonable precision provided that a number
of conditions are satisfied. First, care
must be taken that the actual azimuth pat-
tern of the broadcast antenna is close to
its design values. Thus the pattern must
be verified by measurement before the power
line is built. Also, in using the NEC pro-
gram, tower base voltages must be specified
for exciting the array, rather than tower
base currents, and some adjustment of the
excitation may be required before the NEC



code yields the expected base currents and
radiation patterns. The second condition
which must be met is that the precise
locations of the power line towers must be
known relative to the broadcast array.

Thus surveying the site may be necessary.
Since knowledge of the precise span lengths
on the power line governs the correspon-
dence of the computer model's resonant
behaviour to that of the actual power line,
precise data on the tower locations is im-
portant. Third, the user must be prepared
to "run" the computer model for a variety
of ground conductivities, since the actual
ground conductivity is not usually known
precisely, and the available "footing im-
pedance" model is somewhat approximate. If
these conditions are met then it is ex-
pected that both the AMPL program, and the
NEC program can be used with some confi-
dence to assess the power line as a rerad-
iator. Also, the NEC code can then be used
with reasonable confidence to predict the
effectiveness of measures for "detuning"
the power 1line.

When a power line is proposed for con-
struction near a broadcast array, the com-
puter model serves to alert the broadcaster
to a potential problem. If reradiation is
anticipated, it is recommended that the
antenna's radiation pattern be measured as
accurately as possible, before actual con-
struction begins. This can reveal devia-
tions from the antenna's "design" which are
not due to the power line and so cannot be
eliminated by "detuning” after the line is
constructed. Then, after the line 1is
built, the pattern should again be meas-
ured, to assess the degree of change that
has taken place, in comparison with the
predictions of a computer model using the
as-~built tower positions. The computer
model indicates which power line towers are
likely to carry strong current flow, and
actual measurement of the tower base cur-
rents can confirm that those towers are the
culprits. The "resonance chart" is used to
select towers for isolation, and the com-
puter model predicts the degree of improve-
ment to be expected. Finally, after tower
isolation, further pattern measurement and
possibly tower base current measurement
reveals whether the problem has been re-
solved satisfactorily. 1In this way com-
puter modelling and full scale measurement
are used together to assess and then
resolve reradiation problems.
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MICROCOMPUTER APPLICATIONS IN
AM ANTENNA SYSTEM ANALYSIS AND ADJUSTMENT

Karl D. Lahm, P.E.
A.D. Ring & Associates, P.C.
Washington, District of Columbia

ABSTRACT

Today's personal computer technology
revolutionizes the way AM directional
antenna systems are analyzed and adjusted.
With appropriate hardware and software,
the engineer supervising antenna system
adjustment can have available, on site if
necessary, the computing power only
available in the past from expensive and
inconvenient timeshared mini and mainframe
computers. Small computers are especially
useful in performing different analyses of
measured data quickly, providing answers
to “"what if?" questions. Through the
employment of appropriate modeling
techniques, the antenna system adjustment
procedure may be changed from a "trial and
error" procedure involving days of field
work to an optimum synthesis problem
solved in minutes by computer. The proof
of performance report preparation process
itself may be automated, as well,

PREPARATORY APPLICATIONS OF MICROCOMPUTERS

Most AM directional antenna field work
involves the initial adjustment or later
readjustment of the antenna pattern to
comply with the groundwave field strength
requirements of the Federal Communications
Commission (FCC). Prior to conducting any
extensive work in the field, the project
engineer must first plan the efforts
required on site. Computers are useful
tools in the selection of measurement
radial bearings and field map layout.

Radial Bearing Determination

If the work involves a readjustment of
the antenna pattern culminating in the
filing of a partial proof of performance
to justify new operating parameters
(antenna monitor readings, base current
ratios, and/or monitor point field
strengths), the radial bearings along
which field strength measurements are

required were established during the last
full proof of performance and are not
subject to review. However, in the case
of a new station proof or new full proof
for an existing station (recommended after
a major antenna system rehabilitation),
the measurements must be taken along all
bearings corresponding to pattern minima
(usually specified by the FCC in the
station construction permit), other
bearings corresponding to pattern maxima,
and several other pertinent directions, in
accordance with Section 73.151 of the
Commission's rules.

The radial bearings along which
measurements are to be taken could be
determined by inspection of a graphical
plot of the radiation pattern. Figure 1
illustrates one particular six-tower
theoretical radiation pattern, with the
radial bearings corresponding to pattern
inflections shown.

(FIGURE 1:  SIX TOWER RADIATION PATTERN)
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The accuracy of the graphic plot is
dependent upon drafting errors if it was
prepared manually or registration errors
if it was prepared by a digital plotter
under computer control. A better approach
to accurately determining inflection
bearings is to employ numerical methods
using a computer. The bearings actually
shown on Figure 1 were determined using a
computer program which resolves them to an
accuracy of 0.1 degree. The output from
the program is a simple list of inflection
bearings and corresponding radiations.

Since it is desired to find these
bearings to the nearest 0.1 degree, it
would seem logical to write a program
which sweeps the pattern over 360 degrees
in 0.1 degree increments. The first row
of the following table shows the
performance of a such a program written
for different combinations of BASIC
language and hardware, run on the same
IBM-PC compatible computer employing an
Intel 8088 processor operating at a clock
rate of 5 megahertz. The second row shows
the corresponding times for a program
which achieves the same answers by means
of a search algorithm which greatly
reduces the number of calculations
required. The third row shows the
performance improvement factors solely
associated with source code efficiency.
Timing improvements achieved by the
compiled versions of the programs, with
respect to the interpreted versions, are
shown by the fourth and fifth rows. This
table illustrates the principle that
greater degrees of performance improvement
are generated by writing efficient code
than by using faster languages and
hardware.

GWBASIC 1BM BASIC B7BASIC
Code Yiming Comparison Interpreter Compiler Compiler
0.1-0egree Sweep Vime 2:59:07 0:29:39 0:21:44
Inflection Finder Time 0:17:37 0:02:07 0:01:08
Code Efficiency Gain 1017% 1401% 1918%
Sweep Improvement (REF) 604% 8243
Inflection Improvement (REF) 832% 1554%

(Tabte 1: Radiation Computation Performance)

Field Map Layout

Once radial bearings have been
selected, measurement maps must be laid
out for use in locating points in the
field. This can be done by graphical
means, with reasonable accuracy. However,
when theoretical radiation in a particular
direction is highly suppressed, very small
errors in map drawing and point selection
can make substantial differences in
measured field strength. Using small
computers, the radial lines can be laid
out readily by computing the points of
intersection of the radial lines and
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topographic map borders. The process is
considerably more accurate than graphical
methods and involves no more time.

Map layout can be taken one step
farther. Although we have not yet
attempted to do so, it is at least
theoretically possible for the actual map
layout to be performed by a computer
driven digital plotter, further minimizing
time and chance for errors.

ON-SITE APPLICATIONS OF MICROCOMPUTERS

The project engineer adjusting an AM
directional antenna system in the field is
continually faced with the question,
"where are we," the answer to which must
be known before the question, “how do we
get this job done," can be considered.

It is in these areas that the application
of small computers can have the greatest
impact. Field strength measurement
analysis provides most of the clues to
determining the behavior of the antenna
system. Optimum parameter synthesis
programs can be used to determine the
adjustments necessary to complete the
project. Operating impedance analysis can
be used to anticipate the much-dreaded
"ambivalent" tower.

Field Strength Measurement Analysis

An entire presentation could be devoted
to the nuances of measurement analysis.
Contrary to widely held beliefs, it is not
an area where judgment and experience are
the only useful tools. Small computers
may be used to perform numerous
statistical and other analyses of measured
data in order to sharpen the precision and
accuracy of an engineer's judgment. The
closer the analysis of data is to reality,
the faster the pattern adjustment problem
can be solved.

Several factors may affect field
strength readings and the resultant
measurement analysis. Reradiation may
cause so-called standing wave patterns to
be evident along a radial bearing. Wide
interelement spacing, high suppression,
and/or low operating frequency may result
in substantial geometric proximity
effects. Power line crossings may result
in the field strength meter reading the
residual AM station current in the power
line rather than the electric field
radiated by the station. Road
availability and geological formations may
result in nonuniform point spacing,
perhaps resulting in numerous measurement
points being closely spaced with large
gaps between such "clusters" of locations.



A1l these effects may be compensated for
in the analysis of measurements. However,
to do so manually would involve
substantial amounts of time.

Small computers allow the on-site use
of analysis programs which go far beyond
the simple graphical or ratio analysis
methods specified by Section 73.186 of the
FCC's rules. The analysis may be
performed using integration methods which
eliminate analysis weighting caused by
nonuniform measurement point spacing.

Such a method has been proven to be quite
useful in resolving true radiation levels
in the presence of reradiation and/or in
those situations where topography requires
clusters of closely-spaced measurements.
Geometric proximity effects may be
accounted for by convergence approximation
methods which cannot be performed in any
reasonable amount of time by manual or
programmable calculator means. Points may
be selectively deleted from analysis, to
consider anomalies expected due to the
effects of power lines, water tanks, other
stations' transmitter sites, etc.
Statistical methods may be used to
identify and exclude atypical measurement
results from analysis, reducing confusion
caused by anomalous scatter.

While the variety of analysis methods
available may seem overwhelming, the
appropriate method to employ is, in
practice, usually obvious after a few
parameter trials. The following table
illustrates the application of five of
twelve possible analysis methods to a
particular set of real radial data. As
can be seen, the result is quite dependent
upon the analysis method employed. Since
the ultimate achievement of a correct
pattern adjustment is a function of
measurement analysis results, finding a
solution to the pattern adjustment problem
may be entirely dependent upon the
analysis method used. Therefore, the
prudent project engineer should test
several scenarios and prepare alternative
analyses based thereon, especially in
those cases where data behavior is not
obvious. To do this efficiently, a small
computer is required.

Log Proportionate Proximity Statistical Measured
Ratio 1Integration Correction Exclustion Field

N N N N 330

Y N N N 314

Y L} N Y 333

Y N Y Y 3

Y Y Y N/A 358
(Teble I1: Measured Field Results for Different Analyses)

Operating Parameter Synthesis

The most challenging part of a
directional antenna field adjustment
project, and, therefore, the most
satisfying part, is the synthesis of a set
of array operating parameters that results
in optimal field strength analyses along
all important radial bearings.
Traditionally, this has required a time
consuming, one-step-at-a-time approach.
The complexity of adjustment and time
required expands with the tower count, as
illustrated below.

Number of Towers: 2 3 4 5 6
Parameters Variable: 4 6 8 10 12

Only for arrays of two towers is the
evaluation of parameter changes that
result in radiation compliance with FCC
requirements simple and straightforward.
For arrays of more than three towers, it
is difficult, at best, to evaluate by
inspection a sequence of parameter changes
that will solve the pattern. This is
especially true for asymmetrical tower
layouts.

- |

1 J
o 250 500 750
(mv/m)

(FIGURE 2: SIX TOWER VECTOR DIAGRAM)
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Figure 2 illustrates the vector diagram
in one radial direction for the six-tower
array of Figure 1. The origin is shown by
the "o" at the intersection of the X and Y
axes. The tip of vector "E" represents
the coordinates of the present resultant
field vector, which is the additive
product of all tower vectors plus the
error vector. The latter represents the
difference between measured field strength
and that calculated from the operating
parameters shown on the station's antenna
monitor. The desired resultant
coordinates, to which the array should be
adjusted, is shown by point "X."

There are, in this case, 7 radial
bearings along which radiation is highly
suppressed. If one wishes to evaluate the
effects of parameter changes, one must
consider 7 such vector diagrams when
evaluating the effects of discrete
changes. The difficulty in visualizing
the effects of a succession of parameter
changes is fairly obvious. Furthermore,
as parameter changes of more than one or
two degrees or percent are made, the
pattern multiplying constant will change,
modifying the length (size) of each vector
shown. Graphical methods cannot readily
take into account this effect.

Another approach to performing the same
evaluation is to establish a vector
sensitivity matrix. The table below
illustrates the this matrix for the same
radial direction as the previous vector
diagram. The values shown represent the
anticipated change in measured field
strength for a 0.01 change in monitored
sample ratio or a one degree change in
monitored sample phase. Parameter choices
can be made based on an inspection of such
a table. Once again, several tables need
to be constructed and evaluated,
complicating the analysis. Furthermore,
when the resultant vector magnitude
approaches zero, sensitivities can rapidly
change magnitude and sign, requiring
establishment of new matrices after each
discrete parameter change. The amount of
work involved can be truly overwhelming.

Tower Amplitude Phase
1 -5.3 my +4.0 my
2 +5.6 mV -4.3 mv
3 -5.7 mv +0.3 mv
4 +2.9 my +5.6 mv
5 -1.9 mv -12.2 mv
6 +0.9 my +6.4 mvV

(Table 111: Radiation Vector Sensitivities)

This kind of situation is an ideal
candidate for computer modeling and
solution. The number of calculations
required is substantial and the chance
for error is significant when manual
methods, including programmable
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calculators, are used. An appropriate
computer program can test all scenarios
and select those parameter changes which
result in greatest error reduction.
Algorithms which operate on such an error
minimization basis are known as “steepest
descent" methods.

The matrix construction shown by the
previous table and the evaluation thereof
by the process discussed are implemented
readily within a computer program. The
computer can evaluate the effects of
parameter changes swiftly, with full
attention to changes in multiplying
constant and sensitivity. A steepest
decent control algorithm will usually
find the fastest route to a solution,
especially if it is modified for error
sensing and reversal.

A computer-modeled solution procedure
has been used by the author in array
adjustment for the past two years.
Supercomputers or minis are not required
to achieve a solution in a reasonable time
frame. 1In one case, a borrowed bootleg
Apple ][ was used, with modest success,
although IBM-PCs and clones are better and
the performance of 8 MHz 8086/8087
machines is comparatively awesome. The
following table illustrates the time
required by various combinations of
hardware and software to solve the six-
tower example of Figure 1 and a triangular
three-tower array. Compiled BASIC was
used in all cases shown.

6 Towers 3 Towers
Computer Processor Clock 4 Radials 7 Radials
Apple ][+ (CP/M) 12BO 2 MHz. 25:45 6:00
ATAT PC-6300 BOB6 8 MHz. 1:13 0:16
AT&T PC-6300 BOB6+B0OB7 B MHz. 0:55 0:12
Corona PPC-22 8088+8087 5 MHz. 2:35 0:33
Oata General One BOCBB 4 MHZ. 2:41 0:38
IBM-PC 8088 4.8 MHz. 2:34 0:34
IBM-PC B80BB+BOB7 4.8 MHZ. 1:49 0:24

(Table v: Parameter Optimization Performance)

Operating Impedance Prediction

A set of operating parameters desired
to be achieved on the antenna monitor
which solves the antenna adjustment
problem may have been generated quickly.
However, actually implementing that
parameter set using the antenna phasing
and coupling equipment on hand may be
another matter entirely. Parameter
changes, sometimes even small ones, can
cause towers to change from positive to
negative resistance or vice versa. If
proper precautions have not been taken in
equipment design, this may cause much
trouble and delay in achieving a desired
set of operating parameters.



When an operating impedance computation
program adequately takes into account most
relevant factors concerning antenna
behavior, such as apparent velocity of
propagation, non-sinusoidal current
distribution, and effective shunt
capacitance across the tower base,
reasonably accurate predictions of
impedances and power division will be
obtained. Use of such a program to test
prospective operating parameter sets
before adjustment is attempted allows the
project engineer to anticipate problems
before they occur.

Once again, the small computer is a
useful tool. The table below shows
running times for the author's BASIC
impedance approximation program, using
various combinations of hardware and
software. The first row shows performance
in GWBASIC for a modified version of the
program which does not eliminate redundant
calculations. The second row is for the
actual redundancy-avoiding code, in
GWBASIC. The remaining times (in seconds)
are for compiled BASIC. Once again,
writing efficient code results in a
significant performance improvement.

Computer Type CPU Type Clock Time

Corona PPC-22 8088 S MHz. 1:49
Corona PPC-22 8088 S MHz. 1:30
Apple ][+ (CP/M) 180 2 MHz., 1:16
AT&T PC-6300 8086 8 MHz, 0:05
ATST PC-6300 8086+8087 8 MHz. 0:02
Corona PPC-22 8088 5 MHz. 0:15
Corona PPC-22 8088+8087 5 MHz, 0:07
Oata General One 80C88 4 MHz, 0:11
I18M-PC 8088 4.8 MHz. 0:10
IBM-PC 8088+8087 4.8 MHz, 0:05

(Table VI: 1Impedance Calculation Performance)

Results

The project engineer adjusting a
directional array in the field must make
complex decisions, all of which take time,
in several areas. Measurements must be
accurately analyzed. The error vector
must be determined when the antenna system
exhibits any degree of complexity.

Lastly, an optimal set of operating
parameters, to be read on the antenna
monitor, must be determined.

The application of appropriate
microcomputer hardware and software
generally leaves the derivation of the
error vector as the only activity
requiring substantial effort and
judgment on the part of the project
engineer. Since computer applications
in other areas have lessened fatigue,
the accuracy of the engineer's
evaluation of the error vector is
enhanced, resulting in a more accurate
model of the array, leading to a rapid
solution of the problem. While the

computer takes a few minutes or moments
to generate a solution, time can be
devoted to more relaxing pursuits, such
as coffee, lunch, or the latest station
gossip.

Experience to date indicates that the
time saved in antenna system field
adjustment by using a microcomputer on
site is from 33 to 67 percent of the total
time involved in similar adjustments
performed with programmable calculator
assistance. Generally, this means an
adjustment of the antenna pattern is
achieved in three to five working days,
with little effect of tower count on
adjustment time. Obviously, this
procedure is overkill for two tower
arrays, where little time saving would
result, but is indispensable for arrays of
six or more towers,

PROOF OF PERFORMANCE REPORT PREPARATION

There are numerous mundane tasks
involved in the proof of performance
report preparation process which are
readily adapted to computer aided
implementation. Time is saved and
accuracy is improved if much of the
report is generated by appropriate
hardware and software.

1f the computer is used for data
analysis in the field, measured data can
be stored on disk for later use back at
the office. The analysis result report
can be "printed to disk" and incorporated
into the written report document by
popular word processing programs,

Raw measurement data may be plotted on
field strength graph paper using a digital
plotter. Even the graphical analysis of
measured data by computer aided means is
possible. The results of analysis can be
stored or otherwise transferred to pattern
plotting programs for automated generation
of measured radiation patterns. The
automation of drafting work has only
recently begun, so the efficiency gains
are unknown at present.

The tabulation of data need not be done
by a custom program written in a high-
level language, such as BASIC.

Popular spreadsheet programs can be
used for data tabulation and
statistical analysis, although they do
not lend themselves as well to more
complicated analysis methods involving
integration or proximity correction
convergence.,

Word processing methods involving
“model" forms and report text can be used
to greatly reduce report writing and
typing time. Although we have only begun
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to explore the use of such methods, we
have been able to reduce the secretarial
time required for report preparation by 50
to 75 percent, in a situation where
engineering workstations and word
processors are not compatible and files
must be transferred over wires.

CONCLUSION

Strategic use of small computer
hardware and software has been proven to
substantially reduce the time required for
directional antenna field adjustment and
proof of performance report preparation.
Popular hardware and software provide most
of the features required, at inexpensive
cost unimaginable ten years ago. The
application of small computer technology
to the AM antenna adjustment and reporting
process represents a significant AM
improvement, one that requires no
governmental action or receiver industry
cooperation,
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MAKING THE BEST USE OF ENGINEERING TIME AND TALENT

Michael D. Callaghan
KIS AM/FM - Los Angeles, California

ABSTRACT: This paper advances ideas to improve
organization., workflow, communication, and save
time within engineering dapartments.

It used to be that many stations had so
many engineers on staff that they could get
everything done just in the process of trying
to keep busy. The fewer engineers of today
don't have to try to keep busy --- problems and
the projects seem to come looking for them.

As the number of engineers we have has
decreased, the complexity of our plants has
increased. We have more work to do with fewer
people. Here are some ideas to help improve
efficiency and to extend the amount of the work
we can get done with the staffs we do have left.

In the rush to take care of immediate day
to day problems, it's easy to lose track of the
progress we make in solving them. A good,
productive way of keeping tabs on the extent
and progress of these tasks is important. This
may be done in a number of ways - but one of
the best is to generate an effective technical
discrepancy form to report equipment problems
and to make sure information about them gets to
the right people.

Figure 1 is a sample of the form we have
evolved - it allows the operator room to
clearly indicate what problems he is having and
it also allows the engineer taking charge of
the repair to provide feedback to the
originator. The form includes spaces where the
parts required for the work may be entered,
along with the order number, scheduled delivery
and the state of the work.

When the work is done and the project
complete, the engineer signs off the form as
the person responsible for the integrity of the
work. Copies of the finished form are then
passed out to the originator, the chief
engineer, and the programming people so that
they may be aware of the extent of the work,

any special problems it may have involved, and
most importantly, the fact that the work is
completed.

We have carefully established in the
minds of the air staff and those using this
report that they must be as explicit as
possible - nothing is more frustrating than to
have a piece of gear reported out of service
with a generic note (" It doesn't work!") and
then find the equipment fully operational when
the discrepancy report is acted on.

In the rush to take care of immediate day
to day problems, it's easy to lose track of the
longer term projects. A modest computer
database program can be a tremendous help in
tracking projects - making sure the engineering
staff members are reminded of the work they
have left, and in keeping abreast of the total
work load. It needn't be run on an expensive
computer - even a Commodore 64 with a disc

drive will be able to handle it. Any of a
number of programs will do the job.
Figure 2 is an example of the daily

printout. At the start of his shift each
engineer gets a current copy of the projects he
has on-line, along with appropriate itemized
information. This includes phone numbers,
names, circuit numbers, and other facts he
needs to move ahead with the work. As each
part of a project is completed, he notes the
progress on the sheet and these are entered
into the database. Some projects may occupy
more than one engineer - these are noted by the
plural names at the right of the listing.,

At the bottom of the sheet, information
for the entire technical staff is related -
this helps insure that all technicians are
aware of forthcoming remotes, network feeds,
and other general information.

When a project in the database is
finished, it's moved into a 'DONE' file. These
are purged each month, stored on disc, and a
hard copy is printed for future reference.
This lets us go back and review the start and
stop dates at some point in the future.
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The same program may be used with
different files to store and sort specific
vendor promised delivery dates and back orders,

and for other 'time-intensive' filing tasks.
And because it is a database, it will store and
sort telephone loop numbers, equipment

inventories, and other filing functions.

A second important way of saving time is
the documentation of equipment performance
using automatic test gear to go through and
confirm the performance of various pieces of
equipment. An assortment of this new breed of
test equipment is attainable for a wide range
of prices. Our specific choice, the Audio

Precision System One, is based on an IBM (or
compatible) computer. It allows individual
tests to be written and run, as well as

procedures that will automatically 1link and run
a series of different tests to find if the
various parameters of a piece of studio
equipment are performing within specifications.

The computer may include provisions for
'hard disc' storage of measurements, so that
previous test results of a piece of gear may be
compared with present performance to see if
deterioration is setting in.

Instructional prompt displays may be
written into the procedures so that even
unskilled help may be instructed about how to
hook up various test leads and fixtures - then
when the setup is correct, the operator starts
the procedure and the tests are performed
automatically. The operator needn't understand
the operation of the equipment to develop a
full set of measurements. A dot matrix printer
provides hard copy of the test results for
later evaluation by more experienced
technicians.

The number and the length of trips to the
transmitter may be drastically reduced by
expanding the number of metering channels
brought back on the remote control. When the
transmitter is actually visited, most of the
time 1it's just to check readings that aren't
available  through the control system, to
physically look at the transmitter, and to
listen to it. If a full set of transmitter
readings (all the way down to driver currents,
and exciter outputs) are telemetered back, then
the weekly trudge to the transmitter may be
avoided, and yet , the transmitter will still
be better monitored because all the transmitter
parameters may be easily checked at the studio.

A full set of these detailed readings
needn't be printed on the log or displayed on
the terminal -- they'd probably frighten the
air staff if they did appear. We show just

enough for the operator to insure the power,
phase angles, and frequency are right. The
detailed values, including all the driver

941986 NAB Engineering Conference Proceedings

parameters, are printed on the hard copy every

midnight, or more often if desired. A special
concealed 'engineers menu' with all the
metering channels may be brought up when
needed. This display has real value - if the

power is dropping or something else 1is wrong
the engineer will have enough data to start
thinking over and diagnosing the problem as he
drives to the transmitter.

To make the best use of the staff that
remains, a development program should be
instituted -- just a series of sessions to go
over new equipment and trace out new and
unfamiliar circuitry. This will  upgrade
technical knowledge and prepare for the day
when the intricate equipment we seem to be
endeared to these days is in need of help.

The classes needn't be

formal; snap
quizzes don't apply here -- it's

just a matter

of setting aside the time to allow different
staff members to share what they have
learned. Time invested in these sessions

will be well spent - and the returns frequently
occur when you least expect them.

Most of these ideas aren't anything new
—- but sometimes it's good to clear the air and
insure we are getting the greatest performance
from the staff members we do have - anything
that helps us stay organized an save time will
be of benefit, and these steps seem to help.



TECHNICAL DISCREPANCY REPORT

Person Reporting Problem ¢> L. dT-Dat,e 2—/"' Time _LO_A'_ Location ppo_m

Nature of Problem (Describe in Detail) NA/SG [ N TT #/
CERT CHANNEL = LOUNDS <cicE AR i

Engineer Accepting Report, Date & Time : MDC  2/12 11:30

A ENGINEERING FOLLOWUP I T I

Analysis of Problem: Apparently bad opamp in Russco preamp,

Also found too much ripple in power supply.

Parts Needed to be Ordered: MC 5532 1.C.'s

P.0. Submitted Date/Time : 2/12 Approval Date/Time: 2/12 2:15 PM
Parts Ordered Date/Time : 2/12 3 PM Vendor's Rep. Name: Cindy / Hamilton
Estimated Arrival Date : 2/17 Followup(s) Due

Date P.0. Complete E ] 2-’ Date Parts Installed: 9—( bl

Work Done: Replaced with spare preamp from syndication room: they won't

need it unti] 2/19.

** Replaced bad MC 5532 2/21 - Replaced filters in Power Supply

S.N.R. now -66 db.

O T T S T S R S SR SR R R S S S S S S Y

Date/Time Finished 2/21 Engineer Completing Project MDC
Copy Provided to Person Reporting Problem - Date/Time 2/21 4:30 PM
FIGURE 1

Completed Technical Discrepancy Form
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#*%# Qeorge **

Project Summary

TASKS/TXT Mon, Dec 23, 1985 10.38.23

7 Document parameter sample points inside FM transmitters for new R/C; need Final Eg2; I92i Igl { 1 George
Driver loi; I92i €92 Ik - & VSWR

b)) Decide priorities for AM R/C - do we need another phone line ? [ ] George
Check w/ Ron Trophich (882} 343-7619 for installed cost.

in Finish up R/C interface; document needs & parts; order what’s needed [ 1 George
System due 12/277 install next week

21) Replace audio patch bay at AM TX. [ ] George

Use bays from KIIS-AM upstairs Needs completion by 1/21 at latest!

22) Order relays for studio tape deck interface - check MCI manual for contact configurations
P/R interfaces not avail in time

29) Check w/ Hallikainien re: new R/C channel assignments
KIIS - FM and KFSG should match as closely as possible

30) Pull wires in for new R/C terminal in FM
Place on counter next to in/out boxes

[ 1 Mike/George

[ 1 George

[ 1 Jerry/George

31) Order tower flasher fm: Lauderdale Elect. (8@@) 327-3793 [ ] George
Need FedEx tomorrow - center tower isn’t flashing

34) Need new {K722's for Mike Preamps - check Allied Radio Chicago { ] George
5532’5 too noisy

15) For air conditioning repairs call Trane Service @ (<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>