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CHAPTER 1. INTRODUCTION
A. BACKGROUND

Since the beginning days of radio broadcasting, the problem of providing
interference-free reception has been of major concern. In 1921, the broadcast
band consisted of two frequencies ( 730 kHz and 833 kHz ). Anyone wealthy
enough to afford the equipment and operating costs could broadcast on one of
those two éhannels. At the outset, little thought was given to the problem of
interference between competing broadcasters. As the number of brcadcas:iers
grew, however, interference becamﬁe a severe problem. By 1923, the problem
was completely out of hand, and a sclution was urgently needed. Thus, in that
year, the Secretary of Commerce decided to assign separate channels to each
station to help alleviate the interference problem. In 1924, the broadcast band
from 550 kHz to 1500 kHz with channel spacing of 10 kHz was established. The
establishment of this broadcast band, and the desire to provide interference
free broadcasts to consumers, forced upon us the problems of frequency
allocation and interference protection that still remain todaﬁr.

Although in the 1920’s the methods of reducing interference were not as
sophistocated as today, the concept of separating stations using the same
frequency by a considerable distance or by limiting the hours of operation
{time sharing) are still evident. The problem of providing interference
protection to a neighboring station, and still having a sufficiently large
coverage area was one of the most difficult problems faced by early radio
engineers. This problem was compounded by the fact that the antenna systems

of the day were essentially omnidirectional. Thus, any attempt to reduce




~radiation for the sake. of interference in one 'directiori would automatically1
reduce it iﬁ all directioné, hence, 1‘educihg the coverage area and the mé_rket
audience available to the station. This dilemma was solved in 1932 by the
construction of the first directional antenna for broadcast usel. A simple two
tower array was used successfully by WFLA-WSUN in Clearwater, Florida to
prevent interference to WTMJ in Milwaukee, Wisconsin. Thereafter, directional
array { DA ) antennas have been used extensively to limit interference and
efficiently cover desired market areas.

To design antennas to meet specifications of interference level and
coverage area, knowledge of how to compute the radiation from an antenna,
and how this radiation is attenugted as it travels over the surface of the
earth are of vital importance. For the engineers of fifty years ago, methods
were available for predicting the fields radiated by single towers and arrays
of towers. However, the solution to the attenuation problem was
computationally intractable, and even the theoretical solutions were riddled
with errors.

The problem of how the electromagnetic field is attenuated over a lossy
surface was first addressed in a theoretical fashion ‘in 1909 by Arnold
Sommerfeld. Sommerfeld’s original solution contained an error and was the
cause of considerable confusion. It took until 1930 before the mistake was
even recognized, and until 1936 that an acceptable solution was found. Here,
the work of K. A. Norton was used for a solution that was wvalid for short
distances. Later, in 1940, the Federal Communication Commission (FCC)
Groundwave Charts were published. These charts utilized Norton’s solution for
short distances, and the work of Blath van der Pol and H. Bremmer for larger

distances. The solution for middle distances was computationally intractable at




the time, so the FCC fit the curve between the largest distance where the
'NortonAsolu'tion ';«ias valid and the shortest disténce wheré fhe other solution
was considered wvalid. In addition to the obvious error incurred by this
process, there were also systematic errors in the drafting process, whereby
the values at the larger distances were shifted upward. These curves have
been updated several times since 1940, but these problems were not corrected.
In 1979, the FCC attempted to recompute the curves using a computer
program. Again, the middle distance area was not in full agreement with those
of the International Radio Consultative Committee (CCIR) and other theoretical
results. Finally, in 1986, the FCC published a computer program that made
available a reliable and accurate means of computing the attenuation of the
groundwave field strength over a lossy spherical earth?.

Despite the availability of computers and computerized solutions to many
of the problems of antenna radiation and radio wave propagation, there are
still many prdblems to be surmounted by the broadcast engineers of the
1980’s. A brief mention of some of these may be useful to set the stage for
the objective of this report.

One subject that is always of great interest is obtainihg a larger coverage
area for a smaller amount of input power. This problem is usually approached
by designing antennas whose directional properties are such that the largest
portion of their radiation is along the ground. Historically, this was done by
building taller and taller towers. This, however, led to other difficult
problems, not the least of which was the cost of a the tower, and the fact
that it is sometimes impossible to build an exceedingly tall tower in some
locales due to both local zoning laws, and Federal Aviation Administration

(FAA) rules.




Other topics that have been of interest are the bandwidth of ithe antenna, -
and the antenna feed elementrs3v4rr5’6’7'8'9.' The bandwidth is of some,édn’cern-v
for stations bfoadcasting monaural program material and  using DAs, since
cases arise where the carrier frequency is greatly attenuated with respect to
the sideband information. This will result in over-modulation distortion in
receivers utilizing diode detectors. The effects of this type of interference on
AM stereo broadcasts is a troublesome problem that is not yet fully resolved.
Thus, suffice it to say, that a broadband antenna system is usually a goal of
the antenna designer.

Finally, one topic that is of interest to virtually all broadcasters is the
effect of reradiation of energy fr_om parasitic elements ( eg. tall buildings,
electric wutility poles, and other broadcast towers ) 10,11, The constant
modernization and urbanization of once rural areas has forced this problem on
broadcasters who purposely erected broadcast towers far from city structures.
Fortunately, over the years, there have been numerous techniques developed
to detune these parasitic structures, and thus minimize the reradiation of
energy in undesired directions, although this still remains a problem.

In addition to the countless technical problems to be‘ surmounted by the
modern day consulting engineer, there are also other problems with which to
be reckoned. One of the largest problems is obtaining up-to-the-minute
information concerning the licensing status of all the stations that may have
to be considered in an interference study. This can be overcome if the
designer has the funds to obtain a data base of information covering the
entire broadcast band and the time to keep the information organized.
Otherwise, one is forced to make numerous visits to the public information

reading room at the FCC headquarters in Washington, D.C. The engineer is also




responsible for being up to date on all Qf the latest FCC rulings and
~ recommendations. New rulings are cohstantl& appéaring and old ones are being
updated. The new rulings and updates are available on a subscription service,
so that being current is only a matter of reading the material pertinent to the
particular area of consulting with which one is involved.

Finally, even with the data bases and recent rules in hand, there are
very few references available that outline the technical procedures required to
design broadcast antennas in accordance with FCC rules and regulations. This,
at first glance, may seem to be a minor problem in comparison with some of
those mentioned previously; however, for the wuninitiated, this problem can
seem immense. Upon inspection, it does not take long to realize that the
"legalese" contained in the FCC rules and regulations 12 governing the
broadcast services is somewhat confusing. In addition, even though some of
the technical matters seem to be completely specified, others are not, leaving
some question as to the correct procedures. For the broadcaster who wants to
have a radio station, the solution to getting a suitable antenna design is to
contract a consulting engineer to do the job. It seems however, that perhaps
due to intense competition, there is a reluctance for the kﬁowlegable engineers
to publicly reveal all of their methods in designing antennas. Short of trying
to gain employment with these experienced engineers, until now there - has
been no way to learn these engineering techniques. This shortage of
information on actual specification techniques for AM broadcast antenna
patterns will be the focus of this report.

Before jumping in over one’s head, it is useful to discuss the extent and
nature of this documentation shortage. At one time, prior to the availability of

the latest FCC computer program ( See reference 2 ), there was a desperate




need for a new method for Vpredic'ti'ng ground wave figld strengths. Not only
were the old 'grabhs in error, but they were cbmpletely'V'unman‘ageab:lre fér"
serious design endeavors in the modern computer age. Moreover, attempts to
digitize the curves for use in automated design seemed ridiculous in light of
their already apparent shortcomings, but was done none-the-less to speed the
process. A well-documented computer program was needed that would eliminate
the errors contained in the old graphs and put the FCC methods on firm
theoretical ground. Prior to beginning work oan this problem report, it was
thought that a major reworking of the FCC Ground Wave Charts would be the
eventual focus of the report. A few phone calls to the FCC offices in
Washington, D.C. revealed, howevgr, the FCC had already developed a new
program and documented it in a report ( See reference 2 ) published only a
few months prior to the author’s inquires. It should be noted that the new
program is excellent. It is written in a very portable version of FORTRAN, and
requires no specialized mathematical functions, other than those common
functions built into all current FORTRAN languages. The accompanying report
is also excellent. It includes a complete history of the problems associated with
the methods the FCC has used in estimating ground wave field strength, along
with all of the flow diagrams, and a glossary of the wvariables used in the
program and their symbolic counterparts used in the original works of
Sommerfeld and Norton. The program is included in the listing of program
PCMLL2 in Appendix A.

The next part of the documentation problem was determining how to
design the antenna system. The FCC has ruled that the usual assumptions of a
sinusoidal current distribution on the tower be a common starting point for all

computations. This has eliminated the use of the modern method-of-moments




techniques currently employed for most diffi,cglt antenna problems in this
. frequency range. It therré'fore Sreemed: uséléss to rehash the standard array
theory seen in every undergraduate text on antennas. Moreover, the 1949 text
by Smithl3 on the directional antenna system is specifically directed to the AM
broadcast antenna engineer. This superb work is where the uninitiated must
look for discussions of the types of antenna computations necessary for AM
antenna engineering.

Although antenna and groundwave propagation theories are well
documented, explanations of how to use these theories as tools to perform the
interference studies and antenna synthesis are not as well documented., These
explanations are essential for those engineers attempting to file construction

permits with the FCC for AM broadcast stations.
B. OBJECTIVES
The objectives of this project were :

1. Provide documentation on the use of wave propagatién and antenna
theories as tools in performing an interference analysis for AM
broadcast stations operating during daylight hours. The discussion is
limited to operation during daylight hours since the propagation theory
for ionospheric radio paths is not as well understood or as
computationally tractable as the groundwave path, nor is it necessary
for this specific project.

2. Illustrate the use of these wave propagation and antenna theories as

tools in an actual design problem.




C. APPROACH

In an attempt to meet the objecfives, several intermediate steps were
performed. First, a literature search of pertinent subject material was
initiated. This provided the background necessary to undertake the ensuing
design and documentation project. As well as searching the literature for the
theoretical aspects of the problem, several persons knowlegable in the area
were contacted either by phone, or in person. These persons include the
student’s ad;\fisor, Dr. James F. Corum, an experienced radio consulting
engineer; Mr. Wayne Fried, an applications reviewer for the FCC; Mr. Victor
Tawil, an engineer with the FCC Office of Engineering Technology; and Mrs.
Virginia Cannon, manager of the 150wntown Copy Center ( DCC ), Washington,
D.C. { DCC provides support service to consulting engineers for data base and
rule changes ). With pertinent literature and first hand information, some of
the techniques for designing the antennas became clear. The next step was
the development of the computer software necessary to rapidly implement the
antenna and wave propagation theories. The computerization of these design
tools is necessary due to the iterative nature of the interference study.

Simultaneously, with the development of the software, the acquisition of a
data base of antenna information for stations on several frequencies was
initiated. This data base is necessary to perform an interference study
pursuant to the FCC Rules and Regulations, Part 73. As discussed with Dr.
Corum, there were initially five different frequencies and corresponding
locations suggested by employees of station WPLW in Pittsburg, Pennsylvania,
for use as example problems and as potential profit making ventures. The

WPLW engineers were interested in the feasibility of locating a station at these




sites an‘d operating on their specified frequencies. ( For confidentiality, these
locations andr fl‘equéncieé; exéépt for the example problem contaihed iﬁ this
report, will not be disclosed. ) Unfortunately, due to lack of funds, only a
data base of stations on one of the suggested frequencies was obtained.

Throughout the duration of the project, the computer programs were
constantly modified, tested against known examples, and debugged until
accurate and reliable results were obtained for the purpose of proceeding with
an actual design problem. The programs used to analyze antennas had tc be
written from scratch, even though excellent documentation existed ( See
reference 13 ). The program for prediction of field strengths, though available
from the FCC, still had to be keyed in and modified slightly to work on the
West Virginia University IBM mainframe computer. This program was
subsequently enhanced to provide other features necessary for the
interference analysis.

After some unsuccessful attempts at trying to reverse the FCC’s
equivalent distance method, so as to simplify the antenna synthesis part of
the example problem, the real world example problems were attempted.
Unfortunately, it was not possible to locate an antenna in the area suggested
by the clients in Pittsburgh, due to interference from an adjacent channel
station in Buffalo, New York. Thus, the syanthesis problem was not fully
illustrated. Subsequently, in an effort to demonstrate the actual synthesis of
an antenna system, a possible service area was determined on the same
frequency some 50 miles southeast of the original proposed site. At this point,
it may have been possible to proceed with the synthesis had it not been for
lack of time and resources.

Finally, a report describing the methods and tools required to perform an




interference study, and synthesis of an antenna system for use in the AM

"broadcast band was written.
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CHAPTER. II. OVERVIEW OF DESIGN PROCEEDURE

Before embarking on a discussion of numerous theoretical and practical
details, it seems appropriate to first provide an overview of the major steps
involved in designing an AM broadcast antenna.

The primary step in the design of an antenna system is to determine a
suitable service area and frequency of operation. Sometimes, as this report
will illustrate, the location and frequency are given by the broadcaster, who,
after making a market study, has decided that it might be profitable to serve
some particular area. More often, it will probably be the engineer who is
responsible, at least in part, for narrowing the choices of which areas can be
serviced, and on which frequencies this service can be established. Thus, it is
necessary that the engineer be able to determine the pratected service area
( the area within the protected field strength contour ) of existing stations on
the frequency of interest { cochannel ), as well as those on adjacent channeis
( stations on the next higher or lower frequencies ).

Once the service areas of the existing stations are established, it is
possible to determine which areas, if any, can be serviced‘ by the new station.
Many times, it is impossible to provide service to an area on a particluar
frequency, and several frequencies must be examined for interference. With
luck, a desirable service area and suitable frequency can be identified that
will allow a new station to operate without causing objectionable interference v
to either cochannel or adjacent channel stations.

Once the service area and frequency have been established, the location
of the antenna system must be determined. This is a very difficult task which

demands a great deal of attention. The search for the best location must be
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guided by experienqe'and px;actice_. A very limited list of factors to consider
when deciding Where to lé'Cate the_ anﬁenna system would éertaixﬂy include: the
principle and secondary service areas, and their relationship to the protected
service areas of other stations, the blanket area of the station, the
conductivity of the ground at the site, the accessibility of the site, and
whether the site is obtainable for the purpose of installing a broadcast
antenna according to local zoning laws and FAA regulations. The location of
the antenna is a very important and difficult assignment.

Once the engineer and client reach an agreement as to the location of the
transmitter site, it is the engineer’s responsibility to determine what type of
antenna and what power level is required to provide adequate service to the
desired areas, yet not produce interference in the protected service areas of
other stations. The objective is to find the least expensive means of satisfying
the above criteria on service area and interference. Sometimes, the designer
will be fortunate in that a single tower will provide adequate coverage and
not produce interference. More often than not the design will require at least
two, usually three, and sometimes 6, 8, or as many as 12 towers arrayed
together. These directional array antennas are used to pr‘oduce a service area
of the required shape or to limit interference to one or more stations in
various directions from the transmitter site. Usually, the most economical
design is one with the fewest towers of the smallest height.

As one proceeds with the design of the antenna to meet the above
criteria, one quickly realizes the wvalue of a computer. The process is
essentially one of trial and error guided by experience. There are some guides
to learning how the various parameters of the array affect the pattern for

simpler arrays, but for an 8 tower array, the designer is probably on his




own. One reference that is essential for beginning estimates of the array

parameters is the work by Carl Smith14, entitled Directional Antenna Patterns.

This book contains, in a systematic way, over 15,000 array patterns with their
associated parameters for two and three tower arrays. The parameters include
the orientation, spacing, height, sectionalization, loading, and the magnitude
and phase of the current on the towers. Even with this reference, the antenna
design is a very tedious and exhausting process, where experience and fast
computers pay big dividends in time.

Once the énterma design is completed, the engineer proceeds to prepare a
construction permit and submit it to the FCC. The construction permit
indicates all of the essential information about the proposed Ilocaticn,
frequency, antenna parameters and pattern, service areas, etc., as well as a
supporting analysis showing that the proposed service area does not produce

interference to other stations.
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CHAPTER III. INTERFERENCE ANALYSIS TECHNIQUES

With the overview of the process in mind, some of the. particulars will be
addressed. The discussion will begin with details about how to determine the
protected service area of a broadcast station using the FCC ground wave field
strength prediction program ( hereafter referred to as FCCGW ). Then, an
illustration of determining the feasibility of placing an antenna in a given
location will be presented. At this point, assuming there exists a feasible
location, a technique for estimating the maximum radiation in the azimuthal
plane of the new station at the proposed location will be discussed. This
maximum envelope will enable the techniques and patterns presented in the
two works by Smith ( See references 13 and 14 } to be used to their fullest

extent in the synthesis of the antenna.
A, DETERMINATION OF PROTECTED SERVICE AREAS

The protected service area of a station depends upon the class of the
station and the class of the potential interfering station as set forth in the
FCC Rules Part 73, Further, it is also dependent on the power radiated, the
directional properties of the antenna, the frequency of operation, and the
electrical properties of the ground surrounding the antenna.

As far as the influences of the class of the station and the interfering
station are concerned, nothing difficult is involved. The Code of Federal
Regulations ( CFR ) Title 47, Part 73.182 specifies what field strength contour
is considered protected for the various classes of stations. The maximum

allowable interfering signal permitted within the protected service area of the
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station is also defined.

The directional charactex‘istics vof the antenna are ’allso important in
establishing the area within th.e protected contour. There are two general
types of antennas: omnidirectional and directional. For omnidirectional antennas
{ i.e., single vertical towers ), the field strength is equal in all directions in
the azimuthal plane. For a directional antenna, the field strength varies as a
function of the azimuth angle. The radiation alsoc varies ’as a function of
elevation angle for both types of antennas, but this wvariation is not usually
important in the daytime interference study, where the ground wave is the
principle mode of propagation. For both cases, information must be obtained on
the unattenuated radiated field strength at one kilometer ( i.e., the antenna
pattern ).

In the case of the omnidirectional antenna, the pattern is always presumed
circular for the case of interference analysis, even if it might not be perfectly
so in the real world. On file with the FCC is the expected wvalue of field
strength at one kilometer per kilowatt of input power. This wvalue, along with
the licensed power of the station, are necessary for establishing the protected
service area for an omnidirectional antenna.

In the case of the directional antenna, there are several different types of
patterns encountered in interference studies performed in conjunction with
the FCC. The first pattern, the theoretical pattern, is described in detail in
both the FCC rules Part 73.150, and in Smith’s book. Essentially, this is the
pattern given by superposition of the field radiated by each of the towers in
the array. The field includes the effects of FCC specified losses in the tower
and assumes a sinusoidal current distribution on all towers.- The theoretical

pattern is never used in computing interference. It is only used as a
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reference point for establishing what is referred to as the standard pattern.
Th'irs ’pattérn {s eéséntially the same as the theoretiéal pa‘tternr with the
quadrature éddition of some terms which the FCC requires to make the
computed pattern more closely approximate the field strength the actual
antennas tend to produce in the area of pattern nulls. The addition of these
terms also provides some padding so that the field strength predicted should
be larger in all directions than that actually produced by the antenna. This
helps ensure that even for "tight fit" computed contours there will be not
objectionable interference when the actual antenna is installed. Finally, there
is the case of the augmented pattern. A station must file a pattern of this
type when the actual measured rtadiation is significantly different from the
computed standard pattern filed with the construction permit. This is only
acceptable if the deviations from the computed standard pattern are not
significant enough to cause objectionable interference to another station’s
service area. The methods for establishing the augmented pattern from the
standard pattern, and actual measurements are set forth in FCC Rules Part
73.151 and 73.152. The program STDPATRN, used for computation of standard
patterns is listed in Appendix B.

The distance from the transmitter to the protected contour and hence the
protected service area of a station is dependent on the frequency of operation
and the ground parameters, both at the location of the antenna and some
distance from the antenna. The distance to the protected contour increases as
the frequency decreases for a given field strength and set of ground
parameters. It might be noted that only antennas which produce vertical
polarization are used in the AM broadcast band due to the very high

attenuation of the horizontal field component in this frequency range. As such,
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the computer program FCCGW only considers vertically porlarizedr fields.

' At this point, it is useful to discuss the capabilities of the program
FCCGW, and the modifications necessary to predict the distance from the
transmitter site to the protected contour. First, the capabilities of FCCGW will
be discussed. This program requires as inputs the following information:

- The unattenuated field strength in mV/m at a distance of 1 kilometer
from the antenna. This information is tabulated and on file for alil
licensed stations at the FCC.

- The ground conductivity in mS/m over which the signal is tc travel.

- The ground permittivity relative to free space over which the signal is to
travel. Unless proven differently with measurements by the consultant,
this value is always assumed to be 15 for the purposes of interference
computations.

- The frequency in MHz.

- The distance over which the signal is to travel.

With these parameters, the FCCGW program can very accurately compute the
field strength at a given distance from the transmitter. This is very useful,
but not quite what is required to perform an interference analysis. What is
desired, is the distance from the transmitter to some specific value of field
strength ( e.g., the 500 pV/m contour ). Thus, additions to the FCCGW program
are required to solve this problem.

The simplest means of finding the distance to a given contour is to use an
iterative Newton Method of guessing the distance and computing the field
strength. When the computed field strength is very close to the desired
contour level, the distance used in the computation is the desired result. The
subroutine CONTUR { Listed as part of PCMLLZ in Appendix A } was developed
by the author for this purpose, and ‘the program FCCGW was used as a

subroutine to evaluate the field strengths.
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It ,should_ be pointed out- that there are several difficulties encouhtered
with' the iterative technique ‘applied to the field strengtﬁ as a function ofr
distance relationship computed by FCCGW. The first of these is the fact that
Newton’s method will tend in some cases to compute as negative numbers as
new guesses for the distance. This is a problem, since all distances entered
into the FCCGW subroutine must be positive to avoid fatal program errors. The
difficulties can be circumvented by simply checking for to see if the distance
is negative. kIf it is, then simply divide the old guess by two. This is
appropriate since a negative distance is indicating that the next guess must
be smaller. Another problem arises due to the fact that FCCGW uses two
different solution techniques, dependent on the distance from the transmitter
and the frequency. If the distance is less than ( 80.0 / frequency ) 1/3, then
the program implements Sommerfeld’s solution for flat earth with some curved
earth correction terms. For greater distances, a more accurate residue sum
solution is used. The two solutions, do not yield exactly the same results in
the limit as the distance approaches ( 80.0 / frequency ) 1/3, This produces a
discontinuity in the field strength function, which in turn will cause the
program to loop indefinitely between two different guessés for the distance,
one guess on one side of the discontinuity and one guess on the other. This
condition must be detected, and the more accurate residue sum solution used
until the method converges to a wvalue within the desired field strength
tolerance. Both of these problems are already accounted for in the program
listed in Appendix B.

The method discussed above can not account for the case where the
ground conductivity changes as one moves away from the transmitter site. The

effects due to changes in the conductivity must be included in the analysis
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for accurate results. The FCC suggests that. reasonably accurate results can
be obtained By usihg the equivalent distance technique. This is described in
Part 73.183 of the rules and illustrations of its use with the FCC Ground Wave
Charts are pro{fided.

For several years now, the FCC Ground Wave Charts have not been
provided with copies of the Rules and Regulations in the CFR format, despite
the fact that they are referred to in illustrations of interference computations
and the equivalent distance technique! They are available, but at additional
cost. Copies bf older versions of these charts with distances in miles have
been provided for convience in Appendix C. These charts, being photocopies of
the originals, are not sufficient for use in an engineering study, but are
useful when trying to follow the examples contained in the FCC rules and
regulations. They can also provide a guide to the reasonableness of results
obtained using the FCCGW, CONTOUR, and PCMLLZ programs.

The equivalerit distance technique can be used when the unattenuated
field strength at one kilometer ( or one mile if using charts in Appendix C ),
the ground conductivity, and location of discontinuities in the conductivity are
known. The method presumes that the field strength is the same on each side
of the discontinuity, but the equivalent distance to the transmitter changes
abruptly as the wave propagates over the discontinuity. Thus, the location of
the imaginary transmitter can be effectively closer or further away, depending
upon the values of the conductivity.

For example, consider the case of a station with a field in a given
direction of 100 mV/m at 1 mile , operating on a frequency of 610 kHz. The
conductivity is 10 mS/m for the first 10 miles, then abruptly changes to a

value of 5 mS/m for the next 10 miles, at this point it changes again to a
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- value of 15 mS/m. It is desired to find the distance to the 0.5 mV/m contourv

of the station.

If the distance to the first discontinuity is greater than the distance to
the 0.5 mV/m contour using the first value of conductivity, the problem can
be solved using a single value for the conductivity. Using Graph 3 of
Appendix C, one can see that the distance to the 0.5 mV/m contour using a
conductivity of 10 mS/m is approximately 69 miles, much greater than the 10
miles to the first discontinuity. Since the equivalent distance technique is
necessary, the field strength must be computed at the first discontinuity
using a conductivity of 10 mS/m. This field strength is 8.4 mV/m. Now, the
equivalent distance to the 8.4 mV/m _ontour must be established using a sigma

of

5 mS/m. This distance can be read from the curve as about 8.5 miles. The
imaginary transmitter appears to be 1.5 miles from the actual transmitter.
Thus, the imaginary transmitter is closer to subsequent discontinuities in the
conductivity. These distances must then be adjusted by -1.5 miles.

Proceeding as before, one must ascertain whether the distance to the 0.5
mV/m contour is less than the distance to the next discontinuity. The distance
to this discontinuity must be adjusted by the -1.5 miles found above. The
distance to the 0.5 mV/m contour is about 47 miles, much greater than the
effective distance to the next contour of ( 20 - 1.5 ) = 18.5 miles. The field
strength at 18.5 miles must now be found using a sigma of 5 mS/m. This is
about 2.9 mV/m. Again, the equivalent distance to this contour must be found
using a sigma of 15 mS/m. This distance is approximately 29 miles, effectively
11.5 miles more distant than the previous imaginary transmitter. The distance

to all other discontinuities must be adjusted by +11.5 miles. Since there are no

further changes in the conductivity, the next step is to find the distance to
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rthe 0.5 mV/m contour using a sigma of 1‘5.~ ,This distance is 84 miles. va\f, bear
in mind thét this is the -distance from'an imaginary transmitter that is actuélly
- ( 115 - 1>.5 } = - 10.0 miles from the actual transmitter site. Thus, the
distance to the 0.5 mV/m contour from the actual transmitter site is 74 miles.

To simplify the computation of the distance to a given field strength
contour when the equivalent distance technique must be used, a computer
program was written to perform the necessary computations. This program, has
been named PCMLLZ, and is listed in Appendix A. It uses the CONTUR and
FCCGW subroﬁtines to compute the distances and field strengths necessary in
the equivalent distance technique.

With a computerized method for predicting the distance to a field strength
contour it is possible to determine the protected service area of a station. The
conductivity profile as a function of the radial distance from the transmitter
site must be obtained on 35 different bearings { every 10 degrees beginning
at true North ). This information, along with the field obtained from the
standard or augmented pattern, is sufficient to compute the distance to the
protected contour. By plotting these protected contour points on a suitable
map, the service area can be identified as the area with in the envelope of
these plotted points. For convienence, the program PCMLL2 will accept as
input the location ( lattitude and longitude ) of the transmitter site, and
compute the lattitude and longitude of each of the contour points. Plotting of
the points using their lattitude and longitude is sometimes necessary, since
plotting by the use of the bearing and radial distance method can incur
errors due to the inherent distortions of flat maps.

Determination of the ground conductivity is to be made with the use of

FCC map M-3, which shows the conductivity of the soil projected on a map of




the United States. A copy of Map R-3, a less detailed replica of map M—S,'is:
shown in Figure 1. Values ofrcondurctivity Qsed in analyseé submitted to t»hé

FCC should use values from M-3. There have been attempts to digitize Map
M-3, ( See reference 15 ). The FCC allows the use of programs that can
supply soil conductivity information from M-3, and this would be the preferred

method for a determining the conductivity profile along the radials. —
B. SITE FEASIBILITY AND GUIDES FOR PATTERN SHAPE AND SIZE

With the capabiltity to determine the protected contour of one station, it
is just a matter of repetition of the process for many stations to evaluate
whether a particular location is suitable for service on a specific frequency.
To find out what stations are operating on a given frequency, one needs to
obtain a copy of the listing of stations from the FCC in Washington D.C,,
alternatively, the list can be obtained by contacting either the designated FCC
copying firm or the Downtown Copy Center. Using this list, and some common
sense, it is possible to eliminate quickly 80 to 90 percent of the stations from
consideration in an interference study. For example, if one desires to locate a
station in Pennsylvania, there is no need consider a 1 kW Class IV station in
California. It will be necessary to examine the listing carefully on  the
frequency of interest and adjacent frequencies up to 30 kHz away. Once the
culling is complete, the standard / augmented pattern data will have to be
obtained for stations using DAs from the FCC files. Sufficient information on
omnidirectional antennas is provided in the data base Ilisting itself. By
examining the shape of the pattern of the most distant of the stations using

DAs, sometimes a few more computations can be eliminated. For example, if the
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radiation in the direction of the location of interest from statign A'is small, or
on the order of that produced by another station éhat lieé betrv'#eenr station A
and the desired location, then station A can usually be eliminated from further
consideration.

After plotting the protected contour points of stations not culled on a
suitable map, it becomes apparent where it is possible to locate a new station.
If the desired market area is contained within the protected service area of
any station using the desired frequency or adjacent frequencies, then it is
impossible to locate a station at that site, and a new location or frequency
must be chosen. If the protected contours of other stations are some distance
from the desired site, then it may be possible to locate a station at the site.
This is the point in the procedure where a specific location must be chosen
for the antenna.

Once the precise location of the transmitter site is established, the
engineer can attempt to design an antenna such that the desired service area
provides a signal free from interference and fading and will not produce
interference to other stations. At this point, there exits some disagreement
between the work of Smith and the author on how to proceed with the

1"

synthesis. Smith states that the pattern of each station is arranged so that
a minimum of energy is directed toward other stations on the same channel. In
addition, the arrays are located in a position with respect to their primary
service area so that the main lobe of energy covers this primary area as
completely as possible." The latter of these two statements is a well known
technique of locating the antenna, and the author is in full agreement on this

point. The first statement, however, must be clarified, When designing an

antenna for the purpose of limiting interference, it is not necessarily in the
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direction of the other transmitters where hininﬂpm' ehergy -should be Vdirecyevd. :
Instead, rﬁinimufn énérgy shduld be dirr'ectédr toward p-rotebted service ér"eas of
the other stations; | |

What is generally done is to examine the jigsaw—like shape produced by
the overlapping protected contours of other stations around the proposed site.
Based on the shape of this area and the desired service area, the antenna
parameters are estimated which are required to produce a radiation pattern
that will provide service to as much of this jigsaw-like area as possible, yet
not interfere with the other stations. Once the parameters are estimated and
the standard pattern computed, the distance out to the maximum allowable field
strength at the other station’s protected contour is computed. If the point
corresponding to this field strength Ievel' is not within the protected service
area of another station, there is no objectionable interference.

At the beginning of the design, as outlined above, the engineer judges
the parameters based on the shape of the unserviced area. In other words,
the shape of the antenna pattern is assumed to approximate the shape of the
unserviced area. This assumption can be very misleading, since the field
strength at a constant radius about the antenna ( the patt'ern } is not linearly
related to the distance to the protected contour of the other stations.
Moreover, when the conductivity changes greatly from one bearing to the
next, the shape of the unserved area has almost nothing in common with the
shape of the antenna pattern required to provide coverage to it.

Instead of computing the distance on each radial to the maximum allowable
interfering field strength and then ascertaining if objectionable interference
will result for every intermediate antenna change, or using the shape of the

unserviced area as a guide to the pattern shape, the author proposes a




different technique. This ,V-methord, if possible, wibl_l-,_relimrihafer - unnecessary
éomputations aﬁd prbvide‘r the antenna "désighéf with an actual pattern
envelope with whichr to p>roceed with design. In addition, the mefhod will allow
the techniques presented in Smith’s books to be used more effectively, and
hopefully lead to better and faster solutions to antenna synthesis problems.

The main objective of the method is to determine the unattenuated field
strength at one kilometer from the proposed site that will produce the
maximum allowable field strength at the protected contour points of the other
stations. The ‘maximum allowable field strength at the protected contour points
is given in the FCC rules, and as stated previously, is dependent on the class
of the station and whether the sta?ions are operating on the same or adjacent
channels. Typically, the interfering signal should be a factor of 1/20 the
desired signal for cochannel stations. For adjacent channel stations, the level
of the interfering signal can be equal to the level of the desired signal.

Even though the method would be useful, the exact methodology for
solving the problem has not yet been solved for all cases. The method will
work is when the soil conductivity between the transmitter site and the
protected contour point is homogeneous. One must determine the attenuation
resulting from propagation over the homogeneous path using FCCGW, then
divide the maximum allowable field strength at the protected contour point by
this attenuation. When the conductivity between transmitter and contour point
is not homgeneous, the reverse of the FCC equivalent distance method must be
employed. The author has spent considerable time looking at this problem, but
as of yet has not found a solution. It seems that even though an exact
solution is not available, it w;)uld still be better to estimate the pattern size

and shape using the homogeneous case rather than guessing from the shape
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of the service area. One could use the maximum value of conductivity found in-

a given path over the whole pafh, thus providing some margin of protection

from interference in that particular direction.
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CHAPTER IV. EXAMPLE PROBLEMS
A. FEASIBILITY STUDY FOR SMETHPORT, PENNSYLVANIA ON 560 KHZ

Due to the costs of obtaining the directional antenna information required
for the studies, only one location and corresponding frequency was analyzed.
The data base listing for stations on frequencies from 550 kHz to 570 kHz was
obtained, along with all standard / augmented pattern information for stations
using DAs on these frequencies. A feasibility study was performed for
operation in the Smethport market area on 560 Khz.

The culling process described_in the previous section was applied to the
stations in the data base listing until the number of stations involved was
small enough to begin actual computational work. At this point, a guess was
made on which station would most likely prevent the Smethport station from
becoming reality. The guess was WGR, a Class III station in Buffalo, New York.
Class III stations are protected to the 0.5 mV/m contour. This station uses an
omnidirectional antenna during daylight hours with with a power of 5 kW.
From the data base listing, the unattenuated field streng:th at one kilometer
for WGR is 294.51 mV/m/kW, thus the total unattenuated field strength is
1472.55 mV/m at one kiIGMeter. With the field strength established, the next
step was to determine the conductivity profile along the various radials from
the WGR’s transmitter site. Since a copy of Map M-3 was not available,
conductivity values were read from Map R-3. In the area of Buffalo, the
conductivity is given as 8 mS/m which abruptly changes to 4 mS/m in a very
short distance as one proceeds southeast toward Smethport from Buffalo. For

the purposes estimating the feasibility of the location, a sigma of 4 was used
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for j:he entire path. This data was entered into the PCMLL2 program, and,r the
'resulting'.'distanc;e to :'Vth,eVOV.'S mV/m contour of WGR was comp\;xted tb be 186
kilometers. The distance between the the WGR transmitter site, aﬁd the
Smethport location is only about 115 kilometers. Thus, it is impossible to

install a new station in the Smethport area on 560 kHz.
B. POTENTIAL SERVICE AREAS ON 560 kHz IN PENNSYLVANIA

Since the Smethport location was deemed unsuitable, and data were not
available for the other frequencies of interest, it was decided to determine if
there was any location in Pennsylvania that might be suitable for a broadcast
station on 560 Khz. Since the culling process for the Pennsylvania region had
already been performed, the next step was to determine the protected contour
points of these stations and plot them on a suitable map. The stations
remaining for consideration after the culling process were:

1. WGR, Buffalo, New York. 5 kW omnidirectional on 550 kHz.

2. WHLM, Bloomsburg, Pennsylvania. 1 kW direcional on 550 kHz
3. WFRB, Frostburg, Maryland. 5 kW omnidirectional oﬁ 560 kHz.
4. WCKL, Catskill, New York. 1 kW direcional on 560 kHz.

5. WFIL, Philadelphia, Pennsylvania. 5 kW directional on 560 kHz.

7. WYSR, Syracuse, New York. 1 kW directional on 570 kHz.

The protected contours of each of these stations was computed using the
PCMLLZ2 program. The PCMLLZ2 program provides the bearing and distance to
the contour point, the lattitude and longitude of the point, and the bearing
and distance of these points from the proposed site. After several station

contours had been established, thé area around Wwillilamsport, Pennsylvania
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seemed promising as a service area. The program output showing phe location
‘of the protected contour points of each of the stations lristed- abové, and the
bearing and distance of each of these contour points to a possible transmitter
site in the Williamsport area are shown in Appendix D. By looking at the
distance of the contour point to the proposed site, one can find the points
that will be of significance in establishing a maximum pattern envelope. For
example, on a given radial from the proposed site, there may be several
protected contour points that fall within a few degrees of the bearing. There
are always at least two for each station, one corresponding to the side of the
protected contour nearest the site, and the other the side farthest from the
site. Occasionally, there may even be more than two from a single station, and
there are generally be some from other stations as well.

The question arises which of the many contour points are significant in
the interference analysis, and in establishing the. maximum pattern envelope.
In the case of points from the same station, the significant contour point is
the one nearest to the proposed site. When there is more than one station
involved, this is not necessarily the case. The one that will limit the maximum
field stength at one kilometer to the smallest value is tfxe one that is most
significant. In other words, if there is a protected contour point of an
adjacent channel 40 miles from the proposed site, and a cochannel one 50 miles
distanty, the most significant one is probably the cochannel one at 50\mi1es
since the field must be 1/20th the protected contour at this point, and 1t can
equal the protected contour at 40 miles.

Some of the protected contour points in the area around Williamsport are
shown in Figure Al. The maps used for guiding this sketch were from the

United States Geological Survey 1:500,000 series. Maps titled State of
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Pennsyl_van_ia, :and State of New York were necessary.

Again,r due. tro the fact that a cépy of Map M-3 '»;fas uhavailablé, R-3  values
were used. To further simplify the analysis, a conductivify of 4 mS/m was
used to compute the protected contours of all stations except WHLM,
Bloomsburg, Pennsylvania. Examination of Map R-3 will reveal that most of
Pennsylvania has a conductivity of either 2 or 4 mS/m. Thus, by assuming 4,
distances to the protected contour points for paths that traverse through
areas where the conductivity is really 2, will be greater than those computed
if the equivalent distance was precisely applied. This error is of little
significance for a feasibility study of this type. A value of 2 mS/m was used
for computation of the protected contour of WHLM since it was centrally

located in a large area with that conductivity wvalue.
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CHAPTER V. SUMMARY
A. RESULTS

The objectives of the project have been met. The use of antenna and wave
propagation theory as tools for performing interference analyses used in AM
broadcasting has been documented. The objective was not to be all inclusive,
but rather as informative as possible within the confines of the problem
report setting. The illustration of the wuse of the tools of antenna and
propagation theory in a practical design problem has been illustrated to the
extent possible given time and budget constraints. Clearly, by the analyses in
Section III, it is not possible to locate a broadcast station in the Smethport,
Pennsylvania area using a frequency of 560 kHz. Despite the null result, the
problem illustrates a practical example of a real world problem. Secondly, even
though time constraints did not allow the synthesis of a suitable antenna, the
fact that a possible service area has been identified in the Williamsport,
Pennsylvania area on a frequency of 360 kHz is still another demonstration of
the use of antenna and propagation theory for interfefence analyses and

possible antenna synthesis.
B. CONCLUSIONS

The project has served several useful purposes. It should be possible,
with this document, a copy of the CFR Title 47 Parts 73., and the two books
by Smith ( See references 13 and 14), for a senior level electrical engineering

undergraduate to become familiar and productive with the tools of the trade in




— AM broadcast antenna engineering for daytime service.
‘The solutions to the pfactical problems, even though not as immediately -~

profitable as one might like, are demonstrations of the tools of the trade, and

constitude useful information to the WPLW personnel.

C. RECOMMENDATIONS

One suggestion, would be to extend the tutorial to the analysis of skywave
interference. This is a much more involved problem and would be the next
logical step in the work. Also, determination of a solution to the problem of
working the equivalent distance method backwards would be of use in the
engineering community. It might be interesting to find out if there is an
analog to this problem in the case of the skywave propagation. Finally, it is
recommended that the other four suggested locations and frequencies be

evaluated for their potential development for broadcast use.
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APPENDIX A. STDPATRN SAMPLE INPUTS, OUTPUTS, AND PROGRAM 7L-ISTINVG' 7

The program STDPATRN computes the standard and theoretical patterns of
directional array antennas pursuant to the FCC Rules and Regulations. Use is
made of the techniques presented by Smith ( See reference 14 ) in computing
the pattern size, and the driving point impedances when possible. For the
case of antennas with tower heights not equal to 90 electrical degrees,
information on the radius of the tower must be provided, if it is not, the
program computes a pattern without including losses, and no impedance
information in available. The same is true when the towers used are either top
loaded or sectionalized, since analytical formulations are not generally available
for evaluating the base and radiation impedances of these structures.

The program uses a simple card deck for input which can easily be
expanded and modified according to individual needs. The deck should be set
up in the following format.

CM - Indicates that the next card will contain the number of comment
lines. These lines will follow immediately there after.

TR - Indicates that the next card will contain the number of towers in the
array. Immediately following this, will be two cards for each tower in
the array. The first of these cards will contain:

spacing degrees, bearing degrees, field ratio, phasing degrees
The second of these cards will contain:

tower type, A-sect degrees, B-~sect degrees, C-sect degrees,

D-sect degrees, radius degrees ’

PW - Indicates the next card will contain the power in kiloWatts.

PT - Indicates the next card will contain the information on pattern cuts.
This card will contain the following:

theta start, theta step, number theta steps, phi start, phi step,
number phi steps

EN - Indicates end of data set.

A sample data set is shown in Figure Al, and the resulting output is

shown in Figure A2. Following this is the actual program listing.




e~

TR

PT

WCKL S6@ KHZ, CATSKILL, NY DAYTIME PATTERN
3 ELEMENT DIRECTIONAL ARRAY

1.0

3
8.0, 0.2, 1.9,  -149,
1, 9.0, 0.9, 0.2, 2.0,
sa.?, 140.8,  1.%, 3.0

, 9.0, 0.8, 0.2, 0.9,
120.8,  148.9, 1.0, 149.2

1,  90.8, 8.9, 2.2, 0.9,

0.9, 1.9, e, 0.0, 0.0,

Figure Al. Sample Input Deck
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'PILR: WCKE=DA nMTny noo VU/EP CONVEESATIUNAL MONITOR SYSTEM

Sé0 rh/6 PATuKILL By
E.

Figure A2. Sample Output

uLKL YAY PTME BATTERS -
3 FL&“&HT (13} CIIQNAL ARRA\ .
ARNAY INPUT - DnUFk s, ,1.00 K
ARI Ay SPRCTFICAY Lnus H .
TwR & SPACING BEARTING ) FATIN PHASE
1 0,00 00N 1,000, -149,00
2 60 00 140,00 10600 0,00
3 120,00 100 ({14 1.0n00¢ 149,00
T ER SPRCIFICATINGS ¢ i :
TaR » A=-SECT - R=SFCT C=SErT bBSECT RADIUS -
1. 90,00 0,00 [ 0,00 . 0,00
2 0,00 0,00 0,00 n 00 G.00
3 . 90,00 0,00 0,09 To0 0,00
CALCULATFD TOWER BaASt (MPEDANCE
T0ER ¢} 37,5391 21,2871
THeEP 8 2 37.53981 21,2%7175
TOWFR 3 3} 37,531981 : 21,2577%
MUTUAL IMPEDANCE ABETwERM TOWFRS
TOWER #- -1 T 2 28,210,497 -5, 11276
~ytwER ¥ 3 TO 3 10,701 38 -18, 38202
TOwER ¢ 2 Ty 1 28 . F1n97 =5, 71276
TOKER %3 TO 1 160.701438 -, 38202
DRIVING POINT IMPRDANC:
| TOWER & 5 ~lo.3134R Yl HAhk-Y
“'nhfﬂ [§ 12,3347 20,2%4417
r0+ER 3 4,134 2.58116
RF?FRF&PF CUPRFMNY = §,7936n112
POnFR MARIATED 15 0,.436301982
K FACTUR = 316. 66Ny .
THEORFTICAL ERMS 316,679199 MY /M LKK
PATTERN FILLn THIEHSTTY VALUES
/‘\ ( AV/M AT | £t ) :

THETA PH1 THENPETICAL STAHPARD
n_0¢ 0,00 477 .61k 4 901 ,52R809
0,00 10,00 3994308714 41Q.4£75°n
0,00 00 313,.52203490 129198978
0,00 0,69 226 ,80001 4 237 RARPAR
0,00 0,00 145, hepansg 182,973414
0,00 50,00 17, 100%49 A1 ,658371
a,n0 0,00 27.718765 29114094
0,00 0,00 2.17146463 2,208762
0,00 0,00 12,5663 13,194460
0’00 90,00 T.148972 7.506421
0,0y 100,00 R,dadt /8 9,234386 -~
n,00 1%0.00 29.717490 30,699310

e 0,00 120,00 4R 151140 SO0,R73I703
0,00 130,00 6. 0haIY 6S,001A801
0,00 140,00 66, TR0 70, 0848001
n,00 150,00 IR AT L 65,001801
0,00 150,00 48,1%11 11 50,471703
0,00 170,00 29.,2371447 30.699310
0,00 1go,no R 804178 9 244306
0,00 190,00 T.1189712 T.5064%1
0,00 200,00 12.5603 1) 13,194aK0
0,00 210,00 2.;ﬁ16n1 2.20R742
n_oy 220,00 27,716 708 29,134094
0,00 230,00 17,7698 21,658171
0,00 ;40.00 145, niR% 152,9734134
0,00 250,00 226520214 237 ,8462A8
0,09 260,00 I13.50226409 329,19497%
4,00 270,00 390 110474 419,412598
0,00 2906, 0¢ 477 ,nd4nd84 501 ,528809
02,00 290,99 §12.891n02 570,0368133
N, ny 300,00 591 .,849077 621, 126485
0,00 310,00 621 ,4%1 3164 652,.523192%6
0,00 320,00 631 ,5871147 h&3,009400
0.00 330,04y 621 451414 689 £21996
a,00 340,00 811,539 )10 621 126445
0,00 350,00 542,491 002 %70,.036113




f"l!“*t"ttt*"#t‘ t“!*‘t‘tttt‘ﬁ##3“#*7##*0*t*'#t‘#‘#l#*#'*tt"‘###"‘ ‘STHON010

uTnPATRN - THIS PRUGRAY CO"P”TFS THF ST\IDAQD PATTERY FOR -~
A% DIPECTIONAL AROANDCAST ANTEMNASL ACCORDING TN RULFES SET FORTH
%xkgﬂng:gERI' PO’HUHICATIW"Q COHPIQSIﬂﬂ PUILES Aﬁh REGUIATIOHS

IMPLICI™ RFALSA (K), CANPLEX (2)
COMw0ON /7 ARpAY /7 5(10), na&%c)’kFR(’O)' PHI1D)

COMHOM 7 DApM / MT, PKW, ¢
CO¥MON 7 TNwER / xéacrcfn), Acxn), BUIOY, CCI), DC1O), PC1O)
o .nrﬁ?). 2Af.(10)

/
/
coMeOr 7 tMprRy / 2010,10), 2
/ NPHY
/
/

a AN !‘ 0NN

)
PAL ¢ THETAQ, NTHETA, sk A, PH1A, DP
Couuan 7 TROWY 7 M, in

CUMVAN 7 COLST 7 PT, DTR

INTTIALIZF T"PuT™ NuTpUT DRVICES.

In=9%
1o = 6

INJTIALIZE CONSTANTS

PI = 3,141%5927
PTR = PT / 1R

HEAD APRAY PARAMETEPS FROM DATA FILE.
CALL INPUT

1F TOWER HEIGHTY HOT 00D MULTIPLF OF
THEM CANT INCLUDE LOSSES. THUS, ASS

CoMmnOn

‘ann

NN

'

00.0
unE“EEF

nanna NON

rr $ R(Jl .én o o .AND. ACJ) .NE. 90.0 ) THEN

v.u'ro QO
ENULF
S CONTINUF

g COMPUTE RADIATLON AN MUTUML INPEDANCES OF ARRAY FLFKENTS
CALL ZCALC
§ COMPUTE BASE SELF IMPEDANCES OF FACH TOHER
CALL ZBASE ,
§ SOLVE FOR CURPREMT 1IN REFERFNCE TOWFP ASSHMING LNSSFES
SsV =. 0,0 '
(o4 :
(26 ssvzg sSv + #a(u)vrpta) * REAL ( ZRL(J) )

REF = SQRT ( PkW % 1000, / ) ) .
WRITE C [n, * ) arrrbrucr CURRF"T = ' ,REF

C .
g COMPUTE POWER RADTATED BY ARRAY
, MT
AD + REALC 7R(J) ) * ( PP(J) * REF Y *% 2
PRKY = DRAD /7 1000q,
WRITE ( 1IN, * ) 'pnvrr PARIATED: Is ', PRKW
COMPUTF. K FACTOR FUR ARRAY,
50 CALI, KFACTR ( THRMSO )
WRITE ( 10, ¢ ) 'k FACTOR = !, K
COMPUTFE. THENRFTICAL E£RYS TH HORTZOMTAL PLAMFE
THERMS = K * THEMSO .
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