








INTERIM REPORT NO. 3

THE EFFECTS OF RE-RADIATION FROM HIGHRISE BUILDINGS, TRANSMISSION
LINES, TOWERS AND OTHER STRUCTURES UPON AM BROADCAST DIRECTIONAL ARRAYS

(DOC Project No. 4-284-15010)

CONTENTS

1. Introduction
2. Progress to Date
3. Future Work
3.1 Review of Progress to Date
3.2 Work Planned for Current Fiscal Year, 1978/79

3.3 Requirement for a New Antenna Pattern Range

APPENDIX I An Analytical Model for the Scattering Pattern
Calculation from an Array of Thin Towers

APPENDIX II  Computer Programs for Re-Radiation from
an Array of Thin Towers

18 May, 1978 John S. Belrose
Radio Communications Laboratory
Radio and Radar Research
Directorate
Communications Research Centre
Department of Communications



1. INTRODUCTION

This is the third interim report describing a research
investigation into the effects of re-radiation from highrise
buildings, transmission lines, towers and other structures upon the
directional pattern of AM broadcast antennas. It describes work that
has been carried out during the period 2 February, 1978 until 18 May,
1978 and is prepared for the seventh meeting of a Working Group
(Chaired by DOC) on Re-Radiation Problems in AM Broadcasting, scheduled
for 18 May, 1978. Reference should be made to the first two interim
reports before reading this one.

The overall objectives of the research project, which have
been described in the earlier reports, remain the same; viz.: (1)
to measure the magnitude of the effects; (2) to numerically model the
various experimental situations, the ultimate objective being to pre-
dict pattern distortion effects; and (3) to evaluate possible ways and
means of alleviating such problems.

The research planning for carrying out these objectives has
been in terms of a phased approach, the scope of future phases of the
program to be re-assessed after completion of the current phase.

The first phase (in which we are currently working) is to
investigate the magnitude of the re-radiation effect employing existing
facilities (the NRC antenna pattern range but also measurements made in
the University of Toronto's anechoic chamber); to begin work on the
initial theoretical/computational approach to the problem; and to plan
for the development of a larger antenna pattern range (one that is five
times larger than the NRC range).

The second phase is to develop such an antenna pattern range.

The third phase is to utilize the new facility to better study
the magnitude of re-radiation from extended structures (power lines and
groups of buildings); and to investigate ways and means of reducing or
eliminating the effects of re-radiation on the directional pattern of
AM broadcast arrays; and to complete the work on the development of a
numerical method to predict pattern distortion.

Work on Phase One of the project will continue during the
current fiscal year. It is expected that the planning for the develop-
ment of the larger antenna pattern range will be sufficiently advanced
such that a proposal for funding in 1979/80 fiscal year can be pre-
sented to DOC Management by September and that if approved in principle,
engineering design for the facility can be completed during the winter
of 1978/79. It is assumed that the need for such a facility will
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be endorsed at the forthcoming meeting of the Working Group on
AM Re-Radiation Problems. The requirement for the proposed new
facility is reviewed in Section 3 of this report, after a review
of progress to date.

2. PROGRESS TO DATE

2.1 NRC Work

Since the NRC facility is an outdoor ground level antenna
pattern range, it cannot be used during winter months. Therefore,
work during this reporting period has been spent in organizing the
measured patterns and in constructing models. The modelling of
buildings to date, on the NRC antenna range, has been restricted
to buildings having a square cross-section, viz. 100 x 100 feet
(4 x 4 inches for a scale factor of 300). Highrise buildings do
not usually have a square cross-section, in fact, typically one or
both of the side dimensions is that for a city block. A dimension
of 100 x 400 feet was mentioned at the last Working Group Meeting,
and therefore, a family of buildings, ranging in height from 50-400
feet (2 to 16 inches for a scale factor of 300) have been constructed.

At an earlier Working Group Meeting, photographs of the NRC
models were presented. For completeness, Figures 1 to 3 of this
report show: the two-element broadcast array, a building, and the
modelled power Tine.

2.2 University of Toronto Work

The final report (Reference 1) covering work to the end of
the present contract, has been prepared, and copies of it were dis-
tributed to all members of the working group. The report contains a
summary of most of the measurements that have been made. Comparison is
made with the radiation pattern measurements carried out by the CBC,
DOC and Ontario Hydro at the Hornby antenna site (CBL/CJBC), and a
start was made on a numerical/computational approach to the problem.
The results obtained on the magnitude of the re-radiation effects are
closely similar to those measured on the NRC antenna pattern range,
which provides confidence in the measurements made. Further
reference to this work is included in Section 3.1 (to follow) where
we review the progress made so far in the project.

2.3 CRC Work
Some further work has been carried out by Dr. R. Chugh to

extend his analytical approach so that a larger number of towers can
be handled, by improving the computational efficiency of the computer
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program. This work is described in Appendix I, and Appendix II gives
a listing of the computer programs that have been developed during the
course of this work.

In the Second Interim Report (Appendix III) we showed that
there was a good agreement between the analytical results and the
measured results for single thin towers. In the present report
(Appendix 1), this work has been extended to include single and two
buildings, even .though buildings are not "thin monopoles”. The good
agreement probably is because the measurements were made for "resonant"
building heights. When the work is extended to more than two structures,
three and five power line towers (with no top wire) this good agreement
between computed and experimental results is absent ... the experi-
mental results show re-radiation effects that are too large for the
small (with respect to a quarter wavelength) height of the power 1ine
towers (0.18 wavelength). Further work will be necessary to resolve
this difficulty.

3. FUTURE WORK

3.1 Review of Progress to Date

The NRC pattern range has proved to be more than adequate for
making measurements of re-radiation effects from scale model buildings
and transmission lines. These measurements are directly analagous
to the real situation, that the directional pattern of a broadcast
array has been measured in the far field without and with re-radiating
structures. Scale factors of 300 and 600 have been employed and
re-radiation from model buildings and from transmission lines have been
measured, for full scale distances of up to a mile (distance of the
re-radiator(s) from the broadcast array). Frequencies of 300 and
600 MHz were employed to simulate effects at full scale for an AM
frequency of 1000 kHz. The University of Toronto work, while somewhat
more difficult to relate to the full scale situation, has utilized
swept frequency techniques in an anechoic chamber. A scale factor of
1000 was employed, that is freguencies of 500 to 1000 MHz were used
which correspond to full scale frequencies of 500 to 1000 kHz. The
technique has been shown to be very useful for studying resonance
effects and the magnitude of the re-radiation effects was found to
be the same as that measured in the far field on the NRC pattern

range.

Initial numerical modelling work has been started at CRC by
Chugh (Interim Report No. 2 Appendix III) and this report (Appendix I)
and by Balmain at the University of Toronto (see his report,

Reference 1).
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The various results achieved are summarized below:

(1)

Buildings having a fixed cross-sectional dimension,
100 x 100 feet in full scale or 4 inches x 4 inches
for a model scale factor of 300 have been modelled,
and the resonant height has been determined. The
various experiments on the NRC antenna pattern range
have been made for resonant building heights (200 feet
or 8 inches) and a series of measurements have been
made for buildings in the main beam of the antenna,
measuring the magnitude of the null filling, of the
directional array. The directional array was two
quarter-wave monopoles, one half wave-length apart,
fed in phase to produce a figure-8 pattern with

null depths > 40 db.

Single buildings have been modelled for distances up
to four wavelengths from the antenna array (4000 feet).
The buildings were located in the main beam of the
antenna array, and scatter signals in db relative to
the main beam of -12 to -25 db were measured. The
scatter into the array null for two buildings, with
various spacings between the buildings was measured
for distances up to one wavelength (1000 feet in
full scale). The observed effects were as might have
been anticipated; i.e., by considering the buildings
as a two-element antenna array. The buildings were
symmetrically placed with respect to the centre of
the main beam (that is they were excited in phase),
and the scatter into the null was a minimum for
half-wave length spacing (500 feet) and a maximum
for wavelength spacing (1000 feet). The magnitude
of the effects was found to be closely predictable
using a procedure given by Lavrench in the first two
interim reports, and by a more rigorous, analytical
method given by Chugh in the second interim report
and in this one (Appendix I).

Similar experimental measurements were reported by
Balmain (1) who studied resonance effects, and since
similar magnitudes of the re-radiation effects were
measured s this provides confidence in the two sets
of measurements.

Measurements for single thin towers (heights 200 to
900 feet in full scale) showed a maximum effect for
tower heights slightly less than A/4 and 3/4x. These
experimental results were closely predicted by the
numerical method of Chugh (Interim Report No. 2).

The numerical results predict that the tower would
have to be located at a distance of > 24 wavelengths
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(4.5 miles) in order to have a null fill effect
smaller than -40 db.

In connection with experiments relating to the effects of
power Tines, measurements were made for three, five and
seven towers, the towers being in a straight Tine and
situated in the main beam, employing various orientations
of the row of towers. At the present stage of this work,
the measured effects are much larger than are predicted
by the method of Chugh (see Appendix I of this report).

The effects of power lines are very complicated. The
effects are dependent on the height and distance between
the power Tine suspension towers and the distance and
orientation of the row of towers with respect to the
directional antenna array. The measurements have so
far shown that effects are a maximum when the towers,
the connecting skywires and the return path through

the ground plane are a full wavelength (a full wave
Toop). 1In addition, for certain orientations "specular
reflection” from the power line is clearly evident
(that is, for an orientation such that a ray from the
directional array is reflected from the power line to

a receiver located in the null direction, such that the
incident and reflected angles of incidence with respect
to the plane containing the power line are equal.

Scale transmission lines of 3 to 7 towers, with tower
spacing ranging from % to 1 wavelength (500 to 1000
feet) at distances of 2 to 5 wavelengths (2000 to

5000 feet) from the array have been used. Several
orientations of the line relative to the broadcast
array have been used. In all cases, the tests were
carried out with and without the top wire (skywire)
attached to the towers. Tower heights for the NRC
measurements were 3.3 inches (177 feet for a scale
factor of 600).

The measured effects clearly demonstrate that removing
the skywire completely, or isolating the skywires from
some of the towers does not necessarily reduce re-
radiation effects, in fact, in some situations the
result is exactly opposite to that expected.
Broadcasters have to date believed that isolating

the skywires from the towers would reduce the
re-radiation effects. It is clear from our work

to date that this method, although widely used,
requires a much greater degree of understanding

for more effective application. This procedure can,
in fact, reduce re-radiation effects and shift their
resonant frequencies, but at the same time, it can
introduce strong new resonances at other frequencies.
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(8) It has been demonstrated that power-carrying wires
can have significant effects. The effect is par-
ticularly noticeable on the additional resonances
created by isolating towers from skywires, and the effect
takes the form of a decrease in the apparent Q (the
sharpness of the resonance and its magnitude) of the
resonance. Presumably, this effect is due to wave propa-
gation along the power-carrying wires away from a resonant
cell, but the question remains as to whether or not this
effect would be noticeable if ground losses were taken
into account.

(9) Computation of re-radiation from power lines has so far
indicated only qualitative agreement, but this work has
hardly begun (Reference 1).

3.2 Work Planned far Current Fiscal Year, 1978/79

3.2.17 On_the NRC Antenna Pattern Range

The modelling of buildings, to date, on the NRC pattern range
has been restricted to buildings having a square cross-section,
viz. 100 x 100 feet (4 x 4 inches for a scale factor of 300). Highrise
buildings are usually not square, the long dimension is typically that
for a city block. A dimension of 100 x 400 feet was mentioned at the
last Working Group Meeting, and a family of buildings of heights
50 - 400 feet (2 to 16 inches in height) have been constructed, and
a series of measurements as for the 100 x 100 foot buildings will be
made ... to determine first the resonant height.

While power Tines have been modelled, the towers and conducting
skywires were not modelled very realistically. Power line towers are
very complicated structures, see front piece, which shows a photograph
of an exact model of a 500 KV (Type VIS) suspension tower employed by
Ontario Hydro. These towers are the ones used near the CBL/CJBC
station. A scale factor of 200 was used, i.e., a 177 foot tower
becomes a 10.6 inch tower for the model. For a tower spacing of
900 feet (4.5 feet for the model power 1ine) only about 3 towers
could be placed on the 20 foot turntable. For a scale factor of 600,
power line towers cannot be modelled very realistically, however, further
measurements on power lines will employ somewhat more realistic towers,
and the effects on an gmni-directional radiator for power lines located
similar to those for the CBL/CJBC situation will be measured. Power
line towers would have a square cross-section of about 0.15 x 0.15
inches at the top, 0.56 x 0.56 inches at the bottom, and the top cross-
arm to which the skywires are attached would be 1.7 inches for a scale
factor of 600. The tower height as before would be 3.3 inches.

The loss resistance due to a finitely conducting earth, and
imperfect connection of re-radiators to the earth is the most difficult
parameter to model. A series of measurements will be made for thin
towers in which real resistors will be used (simulating ground-loss
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resistance referred to the base of the antenna). While such a model
is not entirely realistic, nevertheless, such measurements should give
some insight into the dependence of re-radiation on the ground loss
resistance. ' '

These and other measurements will be made on the NRC pattern

range, and a final report, including the results of all measurements
will be made.

3.2.2 University of Toronto Work

As a minimum program for 1978/79 fiscal year, it is planned
to extend work already started at the University of Toronto. In
particular, the proposed work would concentrate on the numerical/
computational approach to the problem, which was just begun and on
app11cat1on of this approach to power lines, with and without skywires.
While the work will not be limited to analysis of existing data only,
the measurement of new data will be limited (determined primarily by
the fupd1ng available) and will be related to the proposed area of
emphasis of the numerical work.

3.2.3 Concordia University

It is planned to undertake some numerical modelling work at
Concordia University. Prof. S.J. Kubimahas developed wire grid
modelling programs which could allow for modelling of complicated
structures (building complexes) of considerable size (vIOA). In
addition, provisions can be made for the use of Fresnel coefficients
to describe interaction of re-radiating structures with ground sur-
faces. The proposed work would utilize measurements made on the
NRC pattern range, as well as specific measurements suggested by the
work. These situations would be numerically modelled, to establish
the validity and potential of moment methods for this application.
Any inherent Timitations of theory would be identified and practical
methods for its extension would be outlined. The work will comple-
ment that at the University of Toronto.

3.2.4 CRC

It is planned to continue with analytical work already
started, and to prepare for more realistic measurements on modelled
power lines. The front piece of this report shows a photograph of a
modelled transmission Tine tower employing a scale factor of 200.

The model stands 10.6 inches high. Fifteen of these towers are being
built by the CRC Model Shop. In the absence of a suitable antenna
pattern range (see following), it is planned to make measurements of
tower impedance, and impedance measurements of a row of towers con-
nected by skywires.
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3.3 Requirement for a New Antenna Pattern Range

We have already discussed the inadequacy of the present
range to make measurements for models having considerable extent,
power lines and groups of buildings, unless the scaling factor is
high. In the case of power line towers which are 177 feet high, we
consider that scaling factors must be <200 if the tower is to be
realistically modelled ... not only to measure re-radiation effects
but to investigate what can be done to reduce re-radiation effects.
For a scale factor of 200, the modelled tower is 10.6 inches high,
and for 900 foot spacing between towers, the model towers would be
4.5 feet apart. For a twelve tower power line, the horizontal
extent of the model would be 49.5 feet.

The NRC pattern range is useful for making measurements of
power lines comprising up to 5 towers (7 towers for making measure-
ments of power lines close to the broadcast array). A scale factor
of 600 is employed and the towers are only 3.3 inches high. If
instead, a scale factor of 200 is employed and if twelve towers
are to be modelled, the antenna pattern range must be 600/200 x 12/7 = 5
times as large. The NRC antenna pattern range is 70 x 200 feet, and,
therefore, the proposed new range should be 350 x 1000 feet. We have
examined the relationship for far field requirements, viz., 2d?/x
where d is the horizontal dimensions (in meters if A is in meters)
of the antenna and the re-radiators, and we have concluded that the
NRC range seems to be optimumly designed. Thence, the proposed new
range should be a copy of it, but larger. The new range would be
for azimuthal pattern measurement only.

An important requirement for the new range is that the ground
screen underneath the 100 foot turntable be elevated, so that it is
possible to get underneath the model to make impedance measurements,
to make adjustment (on the antenna array for tuning and on re-radiators
for detuning). For example, an antenna array is adjusted to provide
a pattern having a null of a specified depth in a certain direction.
The matching networks are adjusted in accordance with calculations
for multi-tower arrays that assume no re-radiators. If the antenna
is tuned in this way, what is the pattern distortion. This can be
measured. If one now adjusts the current in one or more towers of
the array to provide a smaller null field in the "critical direction",
how does this affect the total pattern. These kinds of measurements
could be made with the new range, but not presently. How best can we
detune power lines? If the model is realistic, we can model practical
proposed ways to detune power lines and measure the effect (c.f. the
method suggested in Appendix VIII of Interim Report No. 1, or
detuning stubs which have been tried, see Figure 4 of this report).
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A new antenna model range five times as large as the present
NRC range is going to be expensive to construct. Preliminary cost
estimates for the range alone, and a building to house the instru-
mentation and turntable control, but not including this instrumentation
or the motor to rotate the turntable amount to $80 to $250,000 (depending
upon the site preparation ... paving or grass seeding) plus engineering
and labour costs to construct it. However, if results are to be
obtained which will lead to methods of reducing or eliminating the
effects of re-radiation, resources to construct such a new facility
must be found. I know of no other or no better way to tackle the
problem.
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APPENDIX 1

ANALYTICAL MODEL FOR THE SCATTERING

PATTERN CALCULATION FROM AN ARRAY OF THIN TOWERS

ABSTRACT

This report summarizes the progress made in developing an
analytical model for the re-radiation from an array of thin towers
1n_the close vicinity of a broadcast array. The results obtained by
using this analytical model are compared with the measurements made
on the NRC antenna modelling range. As indicated in Figures 1 and 2,
the theoretical results provide a good agreement with the measured
values. For three towers scattering, the analytical model provided
a good agreement with the measurements performed by Nagy [1].
However, the agreement for the cases with more than two towers does
not seem to be very good with the measurements performed on the NRC
pattern range. This discrepancy between the results cannot be
explained until some more measurements are performed on the NRC range.

INTRODUCTION

The determination of the re-radiation from an array of thin
towers requires a knowledge of the induced currents on the towers.
These currents are induced due to an incident field from a broadcast
array. Since the towers are not in the far-field zone of the broad-
cast array, the incident field on the towers corresponds to an antenna
field in the close vicinity. These incident fields are used to cal-
culate the induced currents on the towers by using the integral
equation obtained by matching the boundary condition. The solutions
of the integral equation, to determine the induced currents, can be
obtained by using the method of moments [2]. The numerical procedure
of the moment method has the advantages of being able to analyze any
number of towers of any heights and at any arbitrary distances from
the broadcast array. The calculated values of the induced currents,
by using the method of moments, can then be used to calculate the
scattered field from the towers.

The calculation of the overall radiation pattern due to a
broadcast array and an array of towers can, for simplicity, be divided
into the following three steps.

(1) Determination of the incident field from the broadcast
array at any point on the towers.

(2) Determination of the induced currents on the towers due
to an incident field from the broadcast array. And

(3) Calculation of the scattered field at any observation
point due to the broadcast array and thin towers.

These steps are discussed in more detail in the following sections.
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INCIDENT FIELD CALCULATION AT ANY POINT
DUE TO THE BROADCAST ARRAY

The broadcast array for the formulation is assumed to be
consisting of an array of monopoles above the perfectly conducting
ground. These monopoles can have any arbitrary currents at their
terminals to provide a particular radiation pattern. The elements
of the broadcast array can be located at any position with respect
to a preselected origin. Let the n elements of the broadcast have
their position specified by co-ordinates (xdi, yqj) and the current
at the terminals be specified by complex currents Ipj. In addition,
Tet the heights of these monopoles above the ground be Hqi.

The radiated field due to any monopole above the perfectly
conducting ground plane will have both Ep and E, components for the
electric field at any point in space. However, the only electric field
component of interest for determ1n1ng the re-radiation from the towers
perpendicular to the ground plane is E;. The incident electric field
E}i at any point P with co-ordinates (xo,yo,zo) due to the ith monopole
of height Hqi is given as[3].

. 30 T . -jkR 14 -JkR i -JkR g5
i . mi e e e
E.. = - — + -2 cos kH,. (1)
zZi sin kde R11 Rzi Roi di
where
- 2 2 2
Ruj = /g = xg)2 + gy = 9)™ + (g = 7,)
= 2 2 2
Ryq =/ xgs = %g)® + {ygy = ¥g)? + (Hgy + 2)
= - 2 _ 2 2
RO'i = /(Xd_] XO) + (yd-] yO) + ZO
k = propagation constant = 2mn/\
and
Imi = Imri + ] Imai = complex current at the terminal.

Then the total field at point P due to all the n elements of the
broadcast array is given by

o ] Z , 30 Im1 o-JKR 14 . IR ) 3R g
z Xo2Yp2% sin kH R11 R21 Roi
X cos kHgys (2)
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DETERMINATION OF THE INDUCED CURRENTS ON THE TOWERS

The basic principle used to calculate the induced currents on
the towers is to formulate an integral equation in terms of the
induced current and the incident field on the tower. The magnetic
vector potential due to a volume current distribution J(r!) is written

as
Sy eIk - T
2 /// (r .)4;,'? T (3)
v

where r and r! are the position vectors for the observation and source
points, respectively. The electric field due to the above magnetic
vector potential at any point in space is given by

1

where w = 2nf
and ¢ = permittivity of the propagation medium.

If the current is induced by an ingident electric field F'i, then the
boundary condition of zero tangential electric field at the surface of
the scatterer along with Equations (3) and (4) gives

S .« ~ J/71 o —-—l )
-nXE]=j—43—TZ)—EnX vxvx]]]%i_.%?l_eﬂlr gy (5)
v

where n is the unit vector normal to the surface. Thus knowing the
incident field on the scatterer, Equation (5) can be solved to provide
the induced currents on the scatterer.

Limiting the attention to thin towers of circular cross-section
having a diameter small as compared to the wavelength, the following
approximations can be made to simplify the analysis.

(1) Azimuthal current flow around the tower may be neglected.

(2) The 1ongitudinél current is independent of the azimuth
and may be represented as a filament along the tower axis,

and (3) The surface integration can be replaced by a line integral
along the tower.
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If the tower axes are along the z-axis, then the above
approximations lead to a magnetic vector potential having only a
z-component given by

: I
AZ = H I(Z ) *—[-F—_—?:l—]-—* dz (6)

with I(z') being the current along the tower axis. With the above form
of magnetic vector potentials, the integral equation for the induced
currents on m thin towers reduces to the following form:

m ht] .

e - 12: 52 ) le-JkIr-rldl ,
"tz (r) = AT ine 5z v kK I](Z ) F o Rl z (7)
1=1

'hﬂ

with h{y being the height of the 110 tower abov% the ground and Iy(z!)
being the induced current distribution on the 1 h tower.

The above integral equation is solved numerically to determine
the induced currents on the towers. A numerical solution may perhaps be
best undertaken using the method of moments. This is a well-founded
mathematical technique for finding the unknown by forcing the integral
equation to be satisfied in some prescribed fashion over the range of
the integral operator. The basic idea for the method of moments
can be found in a book by Harrington (1968).

The proper choice of weight functions and basis functions as
well as the subsections of the integral operator is not an obvious one.
Although there is some leeway in the matter, a careful consideration of
the physics of the problem and the nature of the expected solution will
show that some representations will be more efficient as compared to
others in terms of computer time and accuracy. It is found from the
literature survey that perhaps the best choice for the basis functions
are the transcendental functions [4 ], In the present formulation, the
transcendental functions are used with the delta functions as the
weighting function to obtain the solution for the induced currents on
the towers.

The transcendeﬁta] basis functions have the form given by

In(zl) = An + B, sin k(z!- zn) + Cn cos k(zi- zn) (8)

where A, B, and Cj are the constants. If each tower is divided into
s number of segments, then substituting the above equation into
Equation (7) with delta basis functions leads to 3 sm simultaneous
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equations for the induced currents on m towers. However, it is not
necessary to use the integral equation to find the extra unknowns
introduced by the sine and cosine functions. Two of the three
constants for each segment may be obtained by requiring the current
in the adjacent segments to satisfy some specified mutual conditions.
In the present work, the extrapolated current from a given segment is
forced to match at the centre current values in two adjacent segments.
This can be done for all segments except the end segments on a par-
ticular tower due to the absence of adjacent segment on one side.

At these end segments, the boundary condition of zero current at

the end can be used to calculate the other constants, as shown below.

The current on any segment n of a particular tower is written

as
1y - i L. + L
In(z ) = An + Bn sin k(z Zn) Cn cos k(z Zn)

Matching the current at the centre points of two adjacent segments
zp-1 and zp,) leads to the following equations for the currents

I = A, * B, sin kd _; *+ C, cos kd 4 (9)

In = An + Cn (10)

T4y = An + B, sin kd . + C, cos kdn+] (11)
where dn-] =2, " %, |
and dne1 = Zn 7 2l

(2" = X (@01 3+ Y (2D + 2, (291, (12)

where _

X (z') = %- sin kdn+1 + (1 - cos kdn+])sin k(z! - zn) .

. ’ 1
sin kdn+1 cos k(z! - zn)}

Y (2}) = |-sin k(d ,q + d

.

) + (cos kdn+1 - cos kdn—l) .

n+l n-1

sin k(z!- zn) + (sin kdn-] + sin kdn+1) cos k(z! - zn)]
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1 e
Zn(zl) ol [s1n kdn—] + (cos kdn—] - 1) sin k(z! - zn) -

1 1 2
sin kdn_] cos k(z zn)]

with

D = sin kdn-] + sin kdn+1 - sin k(d +d

n-1 n+1)

The above equations are valid for all segments on a particular
tower except the end segment. Equating the end current of the segment
equal to zero leads to the following equation instead of the equation
for I .

n-1

0 = An + Bn sin kAzn + Cn cos kAzn . (13)

where Az, is the half width of the first segment. Equation (13)
when solved along with Equations (10) - (11) leads to

nelzt) = Yne(zl)In + Zne(zl)1n+] (14)
where
Yne(zl) = %ﬁ_ [ -sin k(dn+1 + Azn)
+ (cos kd ., - cos kAzn) sin k(z! - Zn)
+ (sin kd ,q + sin kAzn) cos k(z! - Zn)]
Z o (z1!) = %;- sin kAzn + (cos Azn-1) sin k(z! - zn) -
sin kaz ~cos k(z! - zn)
and D, = sin kAzn + sin kdn+1 - sin k(dn+] + Azn)

for the current in the end segment of a particular tower.

Using the expressions for In(zl), given by Equations (12) or (14),
depending upon the segment under consideration, in Equation (7) with delta
basis functions leads to sm simultaneous equations for the induced currents
on m towers. It should be noted that the resultant Equation (7) is forced
to satisfy at the centre points of the segments. Thus, knowing the
incident field at the centre points of these segments, sm simultaneous

.17
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equations so obtained can be solved to provide the induced currents on
each of these segments.

It should be noted that the integrals for each of these segments
can be performed in the closed form for the sine and cosine currents.
The basic principles for the evaluation of these integrals can be found

in a book by Stratton (1941).

The simultaneous equations for_the induced currents have been
solved by using the Crout's method [6]. The currents thus obtained are
used to calculate the scattered field due to an array of thin towers by
using the procedure given in the following section.

TOTAL RADIATION FIELD CALCULATION

The electric field strength at any observation point with
co-ordinates (r,0,¢) is a sum of the fields radiated by the towers and
the broadcast array. The radiated field from an array of n monopoles has
only a 6 component for the electric field. S$imilarly, the radiated field
of thin towers perpendicular to the ground plane has also got only a

® component of the electric field.

It should be noted that the total radiated field will have a
variation with both o and ¢ co-ordinates of the observation point.
However, since the main interest in the present work is on the horizontal
plane pattern, the angle § in the calculations will be assumed to be equal
to 90°. This value of angle 6 results in a considerable simplicity of the

analysis.
The radiation field of an ith monopole of height Hqj, located at
a position with co-ordinates (Xdjs¥di), can be easily found to be given
by [7]
b, i . + P _§
D (6 = 90°,¢) = j6or, eIk (dicose + yaising) o-gkr
r

tan ﬂHSi \ (15)

using the far-field approximations. Therefore, the total field due to
all the n monopoles is given by '
D 0 S D 0
Eg (6 = 90°,0) = 12::1 Eg; (6= 90%,0) (16)
The field radiated by an 1%

t 0 tower located at a point with
co-prdinates (Xt1’yt]) is given by

W _ an0 .
Eo1(6 = 907,0) = Juuh,, (17)

../8
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where
AL = 1 ejk(xt1cos¢ + yt15ine) e—jkr
z1 i
r
n1 ' »
X/ I](zl)dz1 (18)
Ny |

with hg1 being the height of the 1th tower above the ground plane. With
t]

each tower being divided into s segments for the portion above the ground,
the magnetic vector potential reduces to the form:

A . =1 Gdk(xgicose + yysing) -jkr
z1 4’n
r
s
X s 4pz Inl (Zn) (19)

where

Azn = half width of the nth segment
and Inl(zn) = induced current at the centre of the nth segment.

Using the above expression for the magnetic vector potential in Equation (12)
and adding the total contribution of all the m towers, the total radiated
field by the towers is found to be

m
E% (0= 90% ) = j 30 k e7IK" E oJk(xg1cosd + yrysing)
r
1=1

X ; 4Azn In1 (Zn) (20)

Therefore, adding the radiated fields by the towers and the
broadcast array, the total radiated field at any angle ¢ is given by

E (0= 90%¢) = Eg (0= 90%,4) + EY (0= 90°,0) (21)

The above expression for the radiation field has been used to
calculate the results given in the next section.

o /9
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RESULTS AND DISCUSSION

The analytical model of the preceding sections has been used to
calculate the radiation patterns for a number of test cases. The first
case considered corresponds to the scattering from a single thin tower
of height 10" or 0.254x at a distance of 2 meters or 2x from a two
element broadcast array. As indicated in Figure 1, the results obtained
by using the present model provide a good agreement with the measurements

performed at NRC ship range.

The second case considered, for testing the analytical model, is
that of re-radiation from two thick bqi]dings. These buildings have
equivalent heights of quarter-wave thin towers and are placed parallel
to the broadcast array axis at a distance of 2 meters.. The spacing
between the two buildings is 20 cms. The results obtained by using
the present analytical model (Figure 2), similar to the first test
case, have a good agreement with the measurements performed at the
NRC ship range. Comparing the agreement of Figure 2 with the agreement
of Figure 7 of Interim Report 2, using the transmission 1line approach,
shows the superiority of the present analytical model over the trans-
mission line approach. However, it is felt at this stage that the
transmission 1ine approach might not work very well for the towers
of heights other than the quarter-wave resonance. This limitation is

not there in the present analytical model.

The above two test cases provided a good agreement of the
analytical model results with the measurements performed.on the NRC
modelling range. However, the agreement for the cases with more than
two towers does not seem to be good (Figures 3 and 4). A careful
examination of the analytical model does not indicate any reason
for its failure for cases where there are more than two towers. 1In
order to test the analytical model's validity some more measurements
will be performed at the NRC ship range during this summer.

CONCLUSIONS

The first two test cases clearly 1ndicqte the possibi]i?y.of
analyzing the re-radiation from an array of thin towers by utilizing
the present analytical model. .However at this stage, there is some
discrepancy between the analytical model results and the measurements
for the re-radiation from more than two towers.

Dr. R.K. Chugh

Radar and Radio Research
Communications Research Centre
Ottawa, Ontario
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FOREWORD

This report gives the Fortran listing of the
computer programs for obtaining the results presented

in the report titled "Analytical Model for the Scatte-

ring Pattern Calculation from an Array of Thin Towers'.

The theory involved in preperation of these programs
can be found in the above mentioned report. After each
program listing, a number of test runs are provided in
order to check these programs. Wherever possible, a
number of comment statements are included to add to
the explanation of the logic used in the preperation
of these programs. It is anticipated that these feat-

ures will help the reader to use these programs more

efficiently. \
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1. Thin tower array re-radiation based on moment method
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PROGRAR FOR SCATTERING PATTERN CALCULATION FROM AN
ARRAY OF THIN TOWERS DUE YC AN INCIDENT FIELD

FROM AN ARRAY OF DIPOLES. TKRE CALCULATIONS ARE BASED
ON TRANSCENDENTAL BASIS FUNCTIONS AND POINT MATCHING
IN THE MOMENT METHOD.

WRITTEN BY R.K.CHUGH

APRIL, 1978
PARAME TERS
NDATA NUMBER OF DATA SETS.
NDP NUMBER OF BROADCAST ARRAY ELEMENTS.
NTT NUNBER OF THIN TOWERS.
UAVE VAVELENGTH IN METERS.
XD, YD POSITION OF THE BRCADCAS™ ELEMENTS.
D HEIGHT OF THE BROADCAST ARRAY ELEMENT
CADC COMPLEX CURRENT AT THE BASE OF

THE BROADCAST ELEMENTS.
X7, YT POSITION OF THE TOWERS.
HT HEIGHT OF TWE TOWERS.
RT RADII OF THME TOVERS.

NOTE THAT ALL DISTANCES ARE IN METERS
MND ALL ANGLES ARE IN DEGREES.

NCBS MUMBER OF OBSERUATIONS FOR THE SCATTERING PATTERN.

THS STARTING ANGLE FOR THE RADIATION PATTERN.

DTHS INCREMENTAL ANGLE “OR THE RADIATION PATTERN.

ESN NORMALIZING FACTOR THE SCATTERING PATTERN.

ESN=120.0-/(10.0XX(-DROP IN DB AT THE MAXIMUM FROM
ZERO0/20.0))

INPLICIT COPPLEX(C

DIMENSION XD(1@),¥YD(1@),CMDC(10)

DIMENSION XT(10),vT(10),2T(10,40),DZT(10,40),4T7:10),RT(13?
DIMENSION NST(18),HD(10), THSD(409)

DIMENSION CZ(1090,100),CSUA(18),C1(1008),CE( 00"

REAL COS

REAL CABS

COMMON /TOUER/ XT,vT,2T7,DZT,RT

COMMON /DIPOLE/XD,YD,HD

COMMON /Q0BSP/ SPHS, PHSC

DATA P1,DR,RD/3.14159265358979,0.01745329252,57.2957795L/

READ AND URITE UARIOUS PARAMETERS.

CJ=CMPLX(0.0E0,1.0€0)
URITE (6, 480)

MAIN@GR1Q
MAINQ@cd
MATNAG RS
MA NG 40
Maltdadsa
]l NOO6e
MAINGO7Q
MATNOBBY
MaIndese
RiMoIee
MAlNOLiy
MLiNeglce
rFalNO 130
FAINDGI 4
MYINQ ISR
My NQ1BA
malNaL 7R
MaINGLRe
MAINSLSD
MAINO2 OO
MAalve21d
MATYee22
Ma ] vec32
MelNec42
rAINegcoa
Mal%@co®
MeIN@2 TR
MAINECBO
reINB2I0
MAINes00
MAIN@31e
MAIN@320
MAIN@Z32
MAIN@340
MAINOG=S2
MAING262
MWAIN@37O
nAIN@38¢
MQIN@ISQ
MAINQ4ee
MAINI410
MmAINC4Ze
MPAINC470
rPAINe449
MRAIND 453
MAINOG4G2
MAaINJ47 2
MAINJ480O
MAIND49Q
MQINdS Q0
MAINGSte
Ma 40520
MAINOS IO
FRINGS 49
MAINOSSe
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480 FORMAT (1M ,5X, 'SCATTERING FROM AN ARRAY OF THIMN TOUWERS DUE TC’// MAIMOSEE

114 ,SX, AN INCIDENT FIELD FROM AN ARRAY OF BROADCAST’ -,/ MAIN@S7Q

214 ,SX, 'ELEMENTS BASED ON MOMENT METHOD. /) MAIN@SEO

READ(S, 10 INDATA NATIN@SSO

10 FORMAT(10]4) MAINOGOD

DO 200 NDS-1, NDATA MAINOGG12

READ (S, 10 INDP NTT MAalNGECQ

READ (S, 20 ))WAVE MAINGE39

WUWRITE(G, 490 )UAVE MAINGG40Q

49¢ FORMAT(IH ,5X, ‘WAVELENGTH -~ ' ,F1@.6//) MAaIinNaE5Se

WRITE (6, 500 INDP MAaIN@G6Qd

WRITE (6,510 INTT MAINOG?e

DO 30 NDe«1, NDP “AIN@GER

20 FORMAT(8F10.6) MAINOBSC

c MAIN@TOQ

c READ AND URITE THE DATA FOR DIPOLE ELEMENTS. FAINg710

o FAING720

READ(5,28)XD(ND),¥YD(ND ), HD(ND),CADC(ND) MAINR Y30

WURITE(6,520)IND,XD(ND),YD(ND) MAINAT7 40

WURITE(6,525)IMD,HDIND) nainNeg?5e

525 FORMAT (1H ,5X, ‘HEIGHT OF THE DIPOLE ELEMENT NUMBER ',I4,’ = -, maiNe76e

1F10.67/) Mmaine?7e

30 WRITE (6,530 )MD,CMDC (ND) MAINITER

c MAIND7SO

C READ AND URITE THE DATA FOR TOWERS. MAaINQdBee

c ' MAINGBI O

DO 80 NT=1 NTT MAINIB2O

READ(S,20 )XT(NT),YT(NT) HT(NT),RT(NT) MAINGB30

NST(NT)*HT(NT)/0.028 MAINGB49Q

JRITE (8,540 )NT MA INOBSO

URITE(6,550 INST (NT) MAaIN3BGO

JRITE (6,560 )XT(NT),YT(NT) MaINo879

URITE(6,570 )HT(NT) MAINQBBD

URITE(E,SBOIRT(NT) MAINGBSO

[of MAINDDQO

c CALCULATE THE CENTRE POINTS AND HALF WIDTKS OF MAING910

C THE SEGMENTS. MAINO920

c MAINO93e

DZ=HT(NT)/FLOAT(NST(NT)) FAINQI 4L

ZTINT,1)=HT(NT)-DZ/2.0EQ FAIN@GISO

DZT(NT,1)DZ/2.0E@ MAINCI6@

DO 60 J=2,NST(NT) MR INOS 7D

ZTINT ,J)=2T(NT,J-1)-D2 MAINOGRD

DZT(NT,J)~DZ2/2.0E0 NAINRISD

6e CONT INUE MAIN1000

(o MAINIO10

c MAIN12320

:1 ] CONTINUE maIN1d30

C MFAIN1049

c READ AND URITE THE DATA FOR THE SCATTERING PATTERNS. FAIN1IOSO

c FAIN106Q

READ(S,10)NOBS MAIN1O70

READ(5,20)THS, DTHS MAIN1@8Q

READ(S, 29 )ESN MAIN1OGe
WRITE(6,610)N0BS

MAIN110e
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(g .0ES,0.0E0)
HS+DTHSZ (FLOAT(I)-1.0E@)
CALCULATE THE INCIDENT FIELD ON THE TOWER SEGMENTS.

N5J=0

DO 108 NT=1,NTT

DO 100 J=1,NST(NT)

NSJNSJ+1

CALL IFDA(PROPC,NDP,CHDC XT(NT),YTI(NT),ZT(NT,J),CE(NS. )
CONTINUE

CALCULATE THE MUTUAL COUPLING MATRIX.

CALL CZSET(PROPC,NTT NST,C2)

CALCULATE THE INDUCED CURRENTS ON THE TOWER SEGMENTS.
CALL CSEQCR(CZ,NSJ,100,2,CE,CI)

CALCULATE THE SCATTERING PATTERN.

??ITE(G .650)

DO 125 NTSe)1
csuat~rs;-ca§Lx(o 0€0,0.060)

DO 124 I-1,NST(NTS)

111141

CSWA (NTS ) «CSUAINTS 3+CI(I1)
CSUA(NTS ) «CSUA(NTS )54, 9ED2T (NTS, 1)
DO 180 NOB-1,NOBS
SPHS«=SIN(THSD(MOB ) XDR )

PHSC = COS ( THSD(NOB JXDR )

CALCULATE THE SCATTERED FIELD DUE TO BROADCAST ARRAY.

CALL SFDA(PROPC,NDP,CADC,CSD)
ESD~CABS(CSD)

CALCULATE THE SCATTERED FIELD DUE TO TOUERS.

CSU=CAPLX (8. 0E0,0.0€0)
DO 175 NTSe1,NTF

PF = PROPCE (PHSCEXT (NTS )+SPHSEYT (NTS))
CFP+CJ33.0E 1XPROPCECEXP (CAPLX (0. 0E0, PF ) )
CSU=CSW+CSUAINTS ) SCFP

ESUCABS(CSW)

CALCULATE THE SCATTERED FIELD .

MAIN1110
MmAINYIICO
MAalmit30
Malnii49
MalNyi5e
MAINLLBR
MAINLIT7O
MNAIN118¢
raiNtiQQ
MRINYI2eO
MaTN1210
Taltite2a
MaIh1E 30
Math124e
MaINg 262
MAINI2€EQ
MaiNi2Te
MR INLCBY
MAINICI2
MRIN1322
MAIN1Z:0
MAIN1320
PaIN1 330
FAINI 340
rFalng 350
FAINY 36
PaINg3?0@
rFAlN] 3BE
PAIN]I39C
RAIN140C
RAIN14:0
MPAING 420
MAIN1430
FAIN]44@
RAIN145Q
MRAIN1450
MAIN1470
MAIN] 480
MAINI49d
MAIN1IGOO
MAINLIGl@
MAINISCE
MaInN1S3e
MAINIC 40
MAIN1SSO
MAINIS6O
MAINIG?@
MRINISRD
MAINLISSO
MAINIGOOe
Malnigie
MAINTIG2O
MAaIN1G30
MAIN1G 40
MAIN1GSO
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CS=CSD+CSY MAINLE6O
EST=CABS(CS) FrAINIGT70O
FAIN1EBO

CALCULATE THE SCATTERED FIELD IN DB. :A::}?gg

ar

ESU=20.02ALOGLO(ESU/ESN) MAINTITLO
ESD=20.08ALOG1IOCESD/ESN) MAINI720
EST-20.08ALOG10(EST/ESN) malni73e
YRITE(G,66@)THSD(NOB)  ESYU,ESD,EST naINI740
CONTINUé PAINLT7GO
CONT INUE BAIN1IT762
PAINIT772

FORMAT (1N ,SX,  NUMDER OF ELEMENTS IN THE BROADCAST aRRAY = -, raIN1TOe
114/77) maini7T9e
FORMAT (1M ,S5X,  MURBER OF THIN TOUWERS = °,l4//) MAINL1BER
FORMAT(IH ,5X, POSITION OF THE DIPOLE ELEMENT NUMNBER',I14,’ = ', mMAIniBle
12F10.6//) MAINIBZO

FORMATC(1H ,5X, ‘MAXINUM CURRENT AT THE BASEOF DIPOLE NUMBER',l4, nalN:I83Q
© e ¢ 2F10.677)

RAIN1IB4D

Format (1M .5X. 'DATA FOR TOUER NUMBER’,14//) nAIN1BSO
FORMAT(1H .SX. ‘NMUMBER OF SEGMENTS ON THE TOWER = ’,I4/) MAIN186D
FORMAT(IM .SX, ‘POSITION OF THE TOWER = *,2F10.6/) rAIN1870
FORMAT(IH .SX. HEIGHT OF THE TOVER » °,2F10.6/) EAIN1880
FORMAT(1H ,SX, ‘RADIUS OF THE TOUER « *.F10.6/) rAIN1B90
RAIN1920

MAIN19:0

PAIN1IS20

rAINi93e

FORMATC1H ,5X, ' NUMBER OF OBSERUATION POINTS FOR THE RADIATION', RMAIN1940
1° PATTERN = *.14//) PAIN19SE
FORMAT(1H ,5X, ’HORIZONTAL PLANE PATTERN'////) PAIN1D6O
FORMAT (1M ,5X, VERTICAL PLANE PATTERM’////) PAIN197Q
FORMAT (1M . ‘ANGLE OF OBSERUATION',8X, TOWERS FIELD’,6X, PAIN1980
1’DIPOLES FIELD’,8X, 'TOTAL FIELD’/~) RAIN199O
FORMAT(IM ,4F19.8) RAIN200O
STOP PAINZO10
END RAINCO20Q
SUBROUTINE CZSET(PROPC,NTT,NST,C2) C25T0010
SUBROUTINE TO SET UP THE MUTUAL COUPLING MATRIX FOR THE CZST0029

INDUCED CURRENTS ON THE TOWERS. £2570030

, 22570040

PROPC PROPAGATION CONSTANT. $Z5T10050
NTT  MNUMBER OF THIN TOWERS. CZsT0060
NST NUMBER OF SEGMENTS ON THE TOWERS. cZ25Te07e
XT,¥T POSITION OF THE TOWERS. CZ5To080

27 CENTRE POINTS FOR TOWER SEGMENTS. cZsToe90

RT . RADII OF THE TOUERS. czsTe100
DZT  SEGMENT UIDTHS. CZST110
czsTe12e

INPLICIT COMPLEX(C) czsTe130
REAL COS cZsTe14e
DIMENSION MST(10),XT(10),YT(10),RT(10),27(10,40) C25T0150
DIMENSION DZT(10,40),CZ(i00,100) C25T0160
COMMON /CEZ/ CERU, CERL,CJ c2sTe17e
COMMON /E2C/ RL,RU,ZM, 2N, ZL,2U,RADS,PROP, DCDZ, DSDZ, RL3, RU3 CZST0180
COMMON /TOMER, XT,VT,2T,BZT.RT CZsT0190
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100

EXTERMAL CCPI,CSFI,CCFI
CJ=CNPLX(9.0E0, 1.0E0)

PROP =PROPC

NSI-@

DO 160 NTO=1,NTT

DO 150 I1-1,NST(NTO)

NS1sNSI+1

ZM-ZT(NTO,11)

DO 140 NTE-1,NTT

IF(NTS-1)10,10,20

NSJI=9

GO TO 40

NG JT =0

DO 30 IK-1,NT5-1

NSJT=NSJI+NST (1K)

RADS = (XT (NTS )-XT(NTC ) )82+ (YT(NTS )-VT(NTO ) )X22+RT (NTS 1282

CALCULATE THE TRANSCENDENTAL FUNCTION INTERPOLATION
RBATRIX FOR EQUAL WIDTH SEGMENTS.

DL<DZT(NTS,1)+D2T(NTS,2)
SIDL-SIN(PROPEDL)

SIDR=SIDL
DCIL-SORT(1.0E®-SIDLESIDL)
OCIR-DCIL
DET=SIDL+SIDR-SIDLEDCIR-DCILRSIDR
DCDZ=COS (DZY(NTS, 1 )SPROP)
DSDZ+SIN(DZT(NTS, 1 )SPROP)

DO 130 J1J=2,NST(NTS)

CALCULATE THE CONTRIBUTION OF THE DIFFERENT SEGMENTS
EXCEPT THE END SEGMENTS.

NSJeNSJITI+J)

ZN=ZT(NTS,JJ)

ZL+ZN-DZT(NYS, J))

ZU=ZN+DZT (MTS,JJ)

RL=SORT (RADS+ (ZN-ZL ) xX2 ) XPROP

RU=SQRT (RADS+ (ZM-ZU)X82 )2PROP

CERU=CMPLX(COS(RU), -SIN(RY))
CERL-CMPLX(COS(RL),~SIN(RL))

RLI=RLERLIRL

RU3=RUSRUSRY
CZX1=(CCPI(SIDL)+CSFI(1.0E@-DCIL)-CCFI(SIDL)II/DET
CZY¥1=(CCPI(-SIDLEDCIR-SIDRXDCIL)+CSFI(DCIL-DCIR)+
L1CCF1(SIDL+SIDR))/DET
CZZ1=(CCPI(SIDR)I4CSFI(DCIR-1.0E@)-CCFI(SIDR))/DET

CALCULATE THE CONTRIBUTION OF THE REFLECTION POINT.

ZN--2N

ZL=2ZN-DZT(NMTS,JJ)
ZU=ZN+DZT(NTS, JJ)
RL=SORT(RADS+(ZM-2ZL )12 )SPROP
RU=SORT (RADS+(ZN-ZL) )2 %2 )XPROP
CERU-CMPLX(COS(RU) ,-SIN(RY))

C257T0200
C2570210
c2570220
€2570230
72573240
zZ5Tecse
2573260
C25Ta270
CZsTe2ge
C2579299
C2Z57@309
rZsTe3le
rZiTesae
CZ5T@330
C257d34e
22579350
(2578360
C257337¢
€2<Te13890
C2570379
C25704902
cz2sTe41@
C2570420
2570430
(2570440
CZ57 0450
(2570460
C25Te47e
€257048¢
CZ257049¢
cZstesee
czstoes:ie
cZsve52@
CZ570530
2570540
cZsTesse
cz257056¢
CZ57057¢
€z57T0580
C25T0599
CZST0608
cZ257061@
22579620
C25Te63e
CZSTO640
CZ5Te€5d
C2570660
CZSTe672
C25T0680
C2570690
CZ257@7¢0
c2s70e7:@
C2579720
€z57e730
C257e740
C257e75¢
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CERL=CMPLX(COS(RL),-SIM(RL))

RLI=RLIRLIRL

RU3-RUIRUSRY
CZX2=(CCPI(SIDL)+CSFI(1.9€0-DCIL)-CCFI(SIDL))/DET
CZY2+(CCPL(-SIDLIDCIR-SIDREDCIL)I+CSFI(DCIL-DCIR)+
1CCFI(SIDL+SIDR))/DET

€222+ (CCPI(SIDR)4CSFI(DCIR-1.0E@)-CCFIISIDR))/DET
CZ(NSI,NSJ-1)=CZ(NSI ,NSJ-1)4C2ZX14C222
CZ(NSI,NSJ)*CZ(NSI,NSJ)+C2Zv1+C2ZYE

IF(JI-NST(NTS) 110,120,110

CZ(NS] ,NSJ+1)=CZ(NSI,NSJ*+1)+4C221+4CZX2

G0 Y0 130

CZ(NSI,NSJ)=CZ(NSI,NSJ)I+C2ZZ1+CZX2

CONT INUE

CALCULATE THE CONTRIBUTION OF THE END SEGMENTS OF

THE TOWERS.

JIst

NSJ=NSJI+JJ

ZN=2T(NTS, JJ)

ZL+2N-DZT(NTS, JJ)

ZU=ZNeDZT(NTS. JJ)

DLLSDZT(NTS, JJ)+DZT(NTS, JJ+1)
DLR<DZT(NTS, JJ)

SIDFR«SIN(PROPSDLR)

SIDFL+SIN(PROPIDLL )
DCIFR=SORT(1.0E0-5IDFRESIDFR)
DCIFL-SQRT(1.0E0-SIDFLESIDFL)
DET1<SIDFR+SIDFL-SIDFLSDCIFR-SIDFREDCIFL
RL-SQRT (RADS + ( ZN-ZL Y852 ) SPROP

RU=SQRT (RADS + (ZN-ZU ) 232 )2PROP
CERU=CMPLX(COS (RU), -SIN(RU))
CERL=CMPLX(COS(RL). -STN(RL))
DCDZ=COS(DZT (NTS, JI)TPROP )
DSDZ=SIN(DZT(NTS, JJ)SPROP )

RL3*RLERLERL

RU3=RUSRULRU
C2¥1+(CCPI(-SIDFLADCIFR-SIDFREDCIFL)+CSFI(DCIFL-DCIFR)+
1CCFI(SIDFL+SIDFR))/DETY
;5212;CCPI(SIDFR)4CSF1(DCIFR-1.OEO)-CCFI(SIDFQ))/D€71
ZL~2ZN-DZT(NTS, JJ)

ZU=ZN+DZT(NTS, JJ)

SIDLR-SIDFL

SIDLL-SIDFR

DCILR=DCIFL

DCILL=DCIFR
DET2-SIDLR+SIDLL-SIDLLEDCILR-SIDLREDCILL
RL=SGRT(RADS+ (ZA-2(, ) KX2 ) XPROP

RU-SGRT (RADS + ( ZM-ZU )32 ) APROP
CERU=CMPLX(COS(RY), ~SIN(RU))
CERL=CPMPLX(COS(RL ), -SIN(RL)Y)

DCDZ +COS ( DZT (NTS, JJ 1XPROP )

DSDZ<SIN(DZT (NTS.JJ)tPROP)

RUI=RLERLERL

RU3=RUSRUSRU

cZsTevee
cZsTe77e
1725T@73¢
£25TR7Ge
C2sTe8ed
czsTeg1e
nZ57e8ce
CZSTOERD
r2570840
LZ5TRECe
125TR%60
LZeTRBTe
{Z¢Tegge
T2iTeRye
rZsve3ee
C227d51e
nZ57e522
CZ579%539
Cz257e34@
£Z5Te3s5e
rZs7e36e
t2Z5Te37e
cZ57038¢
225T896e
CZST100e
£ZsT101e
2571320
2257:03
C2ST1040
TZ5T105@
C25T10¢€0
C2Z571070
gZsT108¢e
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(zZsT1128e
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(2571140
C257115¢@
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CZX%2=(CCPI(SIDLL)+CSFI(1.0EQ-DCILL)-CCFI(SIDLL))/DETE
CZY2=(CCPI(-SIDLREDCILL-SIDLLADCILR)+CSFI(DCILL-DCILR)+
1CCFI(SIDLL+SIDLR))/DET2
CZ(MSI,NSJ)=CZ(NSI NSJ)+CZV1+4C2ZVR
CZ(MSI, NSJI+1)eCZ(NSI NSJ+1)+4CZZ1+4CZX2
COMT INUE

CONTINUE

CONT INUE

RE TURN

END
COMPLEX FUNCTION CCFI (RI)
EXACT INTEGRATION FOR THE COSINE CURRENT

INPLICIT COMPLEX(C)
REAL COS
COMMON /CEZ/ CERU,CERL,CJ
COMMON /E2C/ RL,RU,ZN,2ZN,ZL,ZU,RADS,PROP,ICDZ,DSCZ,RL3,RL3
CCFI=-CERURDSDZ /RU-CERLEDSDZ/RL
1-(1.0E0+CJIERU)ISDCDZEPROPE (ZM-ZU)XCERU/RUJ
2+ (1.0E0+CJSRL )ISDCDZEPROPE( ZM-ZL )SCERL/RLI
CCFI=CJERIZ3.0C 1SPROPECCF]
RE TURN

END
CONPLEX FUNCTION CCPI (RI)
INTEGRATION FOR TME CONSTANT CURRENT

IMPLICIT COMPLEX(C)
COMMON ~CEZ/ CERU, CERL,CJ
COMMON /EZ2C/ RL,R(,2M,%N,2L,2u,RADS, PROP, DCDZ, DSDZ, RLI, RL3
EXTERNAL CEXP]
CALL CGAG(ZL,ZU,CEXPI,4,CANS)
CANS -CANS +ALOG ( (RU/PROP+2U-ZM )/ (RL/PROP+ZL-ZN) )
CCPI=(1.0E@+CJIERU )SPROPE (ZN-ZU ) ECERU/RU3
1-(1.0E0+CJISRL )3PROPS (ZN-2L ) SCERLRLI+CANS
CCPI+-CJE3.0E1IPROPERISCCPI
RE TURN
END

SUBROUTINE CGAQ(XL,XU,CINT ,NIX,CANS)

URITTEN BY R.X.CHUGH
CRC NOVL.,1977

SUBROUTINE TO PERFORM NUMERICAL
INTEGRATION OF A COMPLEX FUNCTION CINT
USING GAUSS QUADRATURE ELEVEN POINT FORMULA.

XL LOUER LIMIT OF IMTEGRATION INTERUVAL.

XV UPPER LIMIT OF INTEGRATION INTERUVAL.

CINT EXTERNAL FUNCTION DEFINING THE INTEGRAND.

NIX NUMBER OF INERVALS FOR THE INTEGRATION RANGE.
CANS ANSUER OF INTEGRATION.

IMPLICIT COMPLEX(C)
DIMENSION T(6),W(6)
EXTERNAL CINT

(ZeTi3ze
CZ5T1142

NG O IO Y Y
YA DI NI
MAM AT A TMANNGNY
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1e27¢
“CF[o08e
~(F13d9¢
ICFlaiee
CCFIOite
CrLFlO12@
C(Flo132
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cCPle01d
(Crlee2e
CCPI@e3d
CCPI0R42
CCPleese
CCPIOOGD
Ccpioe?o
CCP.ee8d
ccPIeege
cCPIO100
cCcPIO11d
ccrPlelcd
cCPloil?
CCFlo.42
CCFlO.S¢
CGAGAALY
ciAaGoace
.GAGOO3Y
CGAGeo 40
(GA3¢05
CGAQeRnA
CGAQGAR
CGAQIRE
JGRQIOGE
CGAGO1 00
J3Age1:e
€5RG0120
€3aG0e138
CGA0140
CGAJ0150
CGRI0160
cGAQe170
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e

]



Y

23
-

g
o
&
®
g

RaE2aEE314R
3111

»
[
»

»
-
-
MR

..

ga3iissasizatizae

-

abhad

adhadh

AW
PR

»
»
[ ]
MRS

1

82

81
60
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000000

10

b
DATA 7/0.978223658146057,0.887.62599768095 9.730152005574049,
..519.961292.6'12...289543155952345 9.6E
DATA U/0.556685671161737D-1,60. 125580369464905 .186290210927734
10. 33319376459!99. 0.262804544510247,0 0.272925086777901 /

DCeNIX
CSUN=CMPLX(9.0€0,0.0E0)
DD~ (XU-XL)/DC
DO 60 L-1,NIX
AA=XL¢ (FLOAT(L)-1.0€0)2DD
AB=AA+DD
SCAL1=(AB-AR)/2.0E0
SCAL2~ (AB+AN)/2.0E0

DO 60 N-1,6 i
P1+-SCAL13T(N)+SCALR
IF(T(N).EQ.0.0E0)C0 TO 81
P2=SCAL1XT(N)+SCAL2
CSI=CINT (P1)+CINT (P2)
GO T083

CST=CINT (P1)
CSUN=CSUR+SCALIZU(N)IICS]
CONTINUE ‘

CANS=CSUn
RE TURN

END :
COMPLEX FUNCTION CEXP] (2ZP)
INTEGRAND FOR THE COMSTANT PART
INPLICIT COMPLEX(C)
REAL COS

COMMON /CEZ/ CERU, CERL CJ

COMMION /EZC/ RL,RU 2L, 2U, RADS, PROP, DCDZ, DSDZ, RL3, RU3
n-smmnosuzn—zmné ThaoP

CEXPI= (CMPLX(COS(R),~SINC(R))-1.0E0)XPROP/R
RE TURN 98
END

SUBROUTINE CSEQCR(A,N.R,MM,B,X)

URITTEN BY R.K.CHUGH
CRC  NOU.,1977

SUBROUTINE TO SOLUE COMPLEX
SIMULTANEOUS EQUATIONS USING CROUT’S METHOD.

CAJCX]-CB)

N NUMBER OF EQUATIONS YO BE SOLUVED.
n MAXINUM DIMENSION FOR MATRICES A,B,X.
" PARAMETER FOR TYPE OF MATRIX A.

AMa=q SVHHETRIS MATRIX A.
MRe2  NON-S TRIC MATRIX A.

COMPLEX AN, M), B(M), X(N),CSUN

DO
A1, 1)eA(],1)
ACL,I)eA(L, T)/AC1,1)

ChAQe132
CGAGBCAY

, GAgazie

cGaGgecce
ChAGeZ3e
S GAGoZ4e
TGAnR2ce
LGAwece e
CGRUBZTR
CGRGocHe
CHA79e e
Ca=Q@Rze.
AR sl
L5RUB3cEe
TuRne37e
CGRuA34R
CGRGAIJSE
CGROBIER
CGauBITY
CGA20389
CGAGe39e
CGAQ0400
CuAage412
CGAQes2e
CEXP@OLe
CExPeeze
CEXPRO3Q
CEXP@040
CExPe0Se
CEXPOO6E
CEXP0979
CExXP@oge@
CEXP@@30
CExXP0O120
CEXP@110
CEXP0120
CSEQOe19
CSEQeece
CSEQ039
CSEQd040
CSEGORSe
CSEQO6¢
CSEGR970
CSEqQeoBe
CSEQ0099
cczle100
CSE20110
CSEGQR129
CSEQO130
CSEQQ1 40
CSEQ015@
CSEQR160
CSEQO179
C5£00180
CSEQO190
CSeQocee
CSEGe21@
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B(1)=B(1) /R(l 1)
D? 100 I-2,N

1
J=2,N
=J-1
UH-CHPLX(. OE0.0.0EO)
(I-J)E..
c
)

K Il
SUH*Q(I K)SA(K,J)
= (A(I, J) CSUH)/Q(I 1)

x
]
.-
—
-

n(x+é)-n(x.1)-csuﬂ

GO TO (46,69),™"
Q‘I,J)-A(J.I)IQ(J, }

GO TO 90

DO 45 K={,JJ
CSUNCSUM+AL] K)SA(K, J)
Al,J)-A(],J)-CSUN

CONT INUE
CSUN-CHPLX(0.0£0,0.0E0"°
DO 95 K-i,1I
CSUR-CSUM+AC(T, )2B(K)
BCI s (B(1)-CSUN)I/ACL, ]
CONT INUE

X(N)=B(N)

DO 110 J=1,.N-1

I=N-J

KKeJet
CSUM:CRPLX(0.0£0,0.060)
DO 105 K+KK,N
CSUM=CSUM+A(],X)EX(K)
X(1)-B(1)-CSUR

CONT INUE

RE TURN

END
COMPLEX FUNCTION CSFI (RI)

EXACT INTEGRATION FOR THE SINUSOIDAL CURRENT

IMPLICIT COMPLEX(C)
COMMON /CEZ/ CERU,CERL,CJ

COMMON ,EZ2C/ RL, RU 2N, 2N,2L,2U,RADS,PROP,CCDZ,DSDZ,PLI,RU3
CSFle. DCDZ!C(RU/QU DCDZECERL /RL-
1(1.0€0+CIERU)ISDSDZIPROPX(ZN-ZU)IXCERU/RUI

2-(1.0E0+CJIRL )2DSDZXPROPX(ZM-2ZL )SCERL/RL3

CSF1CJXRISI.OE 12PROPXCSF]
RE TURN

END
SUBROUTINE 1FDA(PROPC,NDP,CHDC, X0,Y0,20,C1F)

9

Cstaddee
CSEQA2 19
TSEQdC4
€St 208259
<t 4026
LSE @279
it iec’a
riinecl’o
L afuede
PLEhe3le
LobGo2e
[ PY- I
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TEEGe420
“SELO4e
“GEGo4ce
ISER34ze
TS5EGJ440
“SE 234%e
C5EuR4Ee
.SEJ047¢
TSEGO48e
TSEQR4GY
LSEQ0509
CGEQ0St1?
CSEQ20528
CSEJ0530
CSEQ0540
CSEQASSe
C5E£GA560
CSEQOS70
CSEQOSEe
CSEGAST0
CsFleele
CSFiea29
20@30
S0040
9ece
086
207
a08¢
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10110
SFle1ce
C5F10130
IFDROD 12
1FDAdace

FUNCTION TO CALCULATE -THE INCIDENT FIELD AT ANY OBSERUATION POINIFDAQOQ

DUE TO A DIPOLE ARRAY.

PARAMETERS

[FDRODA 40
IFDROASE
IFDrOGEO
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$60.
;-!W HIT AFTER

PROP PROPAGATION CONSTANT.

NDP NURBER OF DIPOLES.

XD,¥YD ' COORDIMATE LOCATION OF THE DIPOLE.

CHDC COMPLEX CURRENT AT THE BASE OF THE DIPCLE
X0,v0,20 OBSERVATION POINT COORDINATES.

CIF COMPLEX INCIDENT FIELD AT THE OBSERVATION PGINT.

INPLICIT COMPLEX(C)

REAL COS

DINENSION XD(10),YD(10),HD(10),CNHDC(10)

COMMON /DIPOLE/XD,YD,HD

CIF=CAPLX(9.0E0,0.0E0)

PROP=PROPC

DO 70 Ne«i NDP

XDO=XD(N)-X0

vDOYD(N)-Y0

RHOS «XDOXXDO+YDO2ZYDO

RIN=SORT (RHOS+ (HD(N)-20)%32 ) SPROP

R2M=SART (RHOS+ (HD(N)+20)352 )SPROP

RON+SORT (RHOS+Z08Z0 )SPROP

DCH=COS (PROPENHD(N))

DSH=SIN(PROPEHD (N3 )
X=COS(RIN)/RIN+COS(R2N)I/REN-2.08COSI{RON)XDCH/RON
YeSIN(RIN)/RINSIN(REN ) /RSN-2.0XSIN(RON IXDCH/RON
CIF=CIF+3.0E1XPROPECADC (N)ISCHPLX(Y, X )/ DSH

CONT INUE

RETURN

END
SUBROUTINE SFDA(PROPC,NDP,CADC,CSD)

SUBROUTIMNE TO CALCULATE THE SCATTERED FIELD DLE ~C
THE DIPOLE ARRAY.

PROPC  PROPAGATIOM COMSTANT.
NDP NUMBER OF DIPOLES.

(o, )1 1% COMPLEX CURRENT AT THE BASE OF THE DIPOLE ELEMAENT.
csd SCATTERED FIELD AT AN OBSERVATION POINT.

IMPLICIT COMPLEX(C)
REAL COS

DIMENSION XD(10),YD(16),HD 10),CMDC(10)
COMMON /DIPOLE/XD,YD,HD

COMMON ~OBSP, SPHS,PHSC
PIT-3.14159265358979/ 2. 0€0Q
PROP » PROPC

CJ=CMPLX(0.0E0,1.90E0)
CSD=CMPLX(8.0EQ,0.0E0)

DO 100 ND=1,N

PPF « TAN (PROPIHD (ND)/2.0)

PF «PROPE ( XD (ND ) XPHSC + VD (ND ) 8SPHS
ggg-csnochs.ot:xrvrxcnoc<np)xct

)
XP(CHPLX(®.0EQ,PF

10

1FDroO7@
1F DRO3Q
IFDARGOIQ
1FDARO109
1*DRO1:1Q
1fLrOL2®
[FDRO1 20
IFLAQ: 42
[FTAJ.5a
itohReF
1¢DARB: 7R
IFDhre12:
I Daelse
I7Dhag2de
iFpRE2 ¢
[FlLAB22¢
IFLARI2CR
IFIAJdc4v
IFLAQECe
1FJ40cERD
1FJAa0c7Te
1FDagc32
1FDAg230
1FDRO332
i{FDAR310
i Dae329
1F pAR33e
1FDAC 34
1FDR@35Q
SFDAGG .0
SFDREO20
SF DAY 30
SFDARO 40
SF DAQOSO
SF DAQO6R
SF DAQe?e
SF DQees?d
SFDARC39
SFPABYRe
SFLARL1Q
SFLAdice
SFDAR1LJe
STDRO1 40
S DRG1S A
ScDAG163
SFDAR172
SFORG18e¢
SFDAR13¢
SF DAeeee
SFDRB2ie
SFDReC2
SFDRe239
S*DARC 40
SFDARCES?
SFDABRE?
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Test run 1

1

=] 1
1.00
0.25
-90.250
0.0

181

0.0
151.071049

INPUT DATA FOR TEST RUN 1

0.00 0.25 1.0
0.00 0.250 1.0
2.9 0.254 0.003
a.e

Y

o0

11
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SCATTERING FRON AN ARRAY OF THMIN TOUWERS DUE TO
AN INCIDENT FIELD FROM AN ARRAY OF BROADCAST
ELEMENTS DASED ON MOMENT METHOD.

UAVELENGTH - 1.000000

MUMBER OF ELEMENTS IN THE BROADCAST ARRAY = 2

NUMBER OF THIN TOUERS - 1

POSITION OF THE DIPOLE ELEMENT NUMBER 1 - .258000 . 000000
HEIGHT OF THE DIPOLE ELERENT NUMBER 1 - .250000

MAXIMUM CURRENT AT THE BASEOF DIPOLE MNUMBER { - 1.000000 . 030000
POSITION OF THE DIPOLE ELEMENT NUMBER 2 - -.250000 . 000000
HEIGNT OF THE DIPOLE ELEMENT NUMBER 2 - . 250000

PAXIMUM CURRENT AT THE BASEOF DIPOLE NUMBER 2 - 1.000000 . 0000239
DATA FOR TOWER NUMBER 1

NUMBER OF SEGMENTS ON THE TOUER - 10
POSITION OF THE TOWER = . 000000 2.000000

HEIGHT OF THE TOWER =  .254000
RADIUS OF THE TOMER = . 003000

NUMBER OF OBSERVATION POINTS FOR THE RADIATION PATTERN » 181

HORIZONTAL PLANE PATTERN




ANGLE OF OBSERVATION TOVERS FIELD DIPOLES FIELD TCTAL FIELD

. 00000000 -21.86145020 -136.55137634 -21.86145020
2. 00000000 -21.8614502¢ -62.38383484 -21.89617929
4.00000000 -21.86145020 -50.34434509 -21.85662842
6. 00000000 -21.86145020 ~43.30484009 -21.53436279
8. 00000000 -21.86145020 -38.31352234 -20.8844146”

10. 00000000 -21.86145020 -34.44592285 -290.07771301
12. 00000000 -21.86145020 -31.28929138 -19.3552z451
14. 00000000 -21.86145020 -28.62429819 -:8.98730286
16 . 00000000 -21.86145029 -26.32008362 -18.8674469@
18. 00000000 -21.86145020 -£4.29222107 -19.355@7202
20 . 00000000 -21.86145020 -22.48318481 -290.52673340
22. 00000000 -21.86145020 -20.85200500 -22.61849820
24. 00000000 -21.86145020 -19.36856079 -25.69215393
26. 00000000 -21.86145020 -18.91010132 -26.77700806
28 . 00000000 -21.86145020 -16.75898743 -22.79414368
36. 00000000 -21.8614502¢ -15.60137367 -18.73146057
32. 00000000 -21.86145020 ~14.52610493 -15.66638.84
34. 00000000 -21.86145029 -13.52424812 -13.34482002
36. 00000000 -21.86145020 -12.58838749 -11.55052471
38. 00000000 -21.86145020 -11.71245193 -19.14B26584
40. 00000000 -21.96145020 -10.89133263 -9.05065060
42. 00000000 -21.86145020 -10.12078571 -8.19706726
44. 00000000 -21.86145820 -9.39720154 ~7.54199656
46.. 00000000 -21.86145020 -8.71748257 -7,04856873
48. 00000000 -21.86145020 -8.07997581 -6.68457317
50. 00000000 -21.8614502¢ -7.47972965 -6.42018032
52. 00000000 -21.86145020 -6.91751957 -6.22669029
54. 90000000 -21.8614502¢ -6.390793860 -6.9764656 1
56 . 00000000 -21.86145020 -5.89813709 -5.94363976
$8. 00000000 -21.86145620 -5.43832970 -5.80587673
60. 20000000 -21.86145020 -5.01030064 -5.64623928
62.00000000 -21.86145020 -4.61314487 -5.45483589
64.00000000 -21.86145020 -4.24606514 -5.22923946
66. 00009000 -21.86145920 -3.90837869 -4.97358513
68.00000000 -21.86145020 -3.59948826 -4.69656944
70.00000000 -21.86145020 -3.31890202 -4.40915585
72.00000000 -21.86145020 -3.96617355 -4.12251949
74.00000000 -21.86145020 -2.84€93189 -3.84673691
76. 00000000 -21.86145029 -2.64285851 -3.590809552
78. 000069000 -21.86145020 -2.47169495 -3.35500021
30. 00000000 -21.86145020 -2.32721424 -3.15810680
82.00000000 -21.86145020 -2,20923519 -2.99864350
84.00000000 -21.86145020 -2.11761665 -2.85875320
36. 00000000 -21.86145020 -2.05225182 -2.76377964
88. 90000000 -21.86145020 -2.91306152 -2.70652580
90.00000000 -21.86145020 -2.00000381 -2.68739709
92.00000000 -21.86145020 -2.01306152 -2.70652580
94.00000000 -21.86145020 -2.05224991 -2.76377773
96 . 00000000 -21.86145020 -2.11761579 -2.85875034
98. 00000000 -21.86145020 - -2.20923233 -2.99064159
100. 00000000 -21.86145020 -2.32720947 -3.15810204
102. 00000000 -21.86145620 -2.47169209 -3,35899639
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186 . 00000000
188.00000000
19€. 00000060
192.00000000
194. 30000000
196.00000000
198.00000000
200.0000000¢

00000000

~21.861 46020
~21.86145020
-21.8614502¢
-21.86145020
-21.8614502¢
-21.86145020
-21.86145620
-21.86145020
-21.86145020
~21.86145020
-21.86145020
~21.86145020

-21.86145020

-21.86145020
-21.86145020

-2.64285564
-2.84092999
-3.06617069
-3.31889725
~-3.59948349
-3.90837479
-4.24605656
~-4.61313534
-5.01028824
-5.43832397
-5.89814377
-6.3907938¢0
-6.91751480
~7.4797296S
-8.079€7581
-8.71748257
~-9,.39720154
-10.12078571
-190.89132118
-11.71243477
-12.58838749
~13.52424812

~-16.7589874)

-50.34434509
-62.38383484
136.55137634
-62.38383484
-50.34434509
~-43,.30484009
-38.31352234
~34. 44592285
-31.28929138
-28.62429810
-26.32008362
-24.29231262
-22.48318481

-20.85200500

-19.36856679
-18.01610132
~16.75961794
-15.69137367
~14.5261049)
-13.52424812
-12.58838749

-3.59008884
-3.84673119
~-4.12251663
~4.40915203
-4.69656658
-4.9735813%
~-5.22923756
-5.45482349
-5.64622402
-5.8058700¢6
~5.94364643
~-6.07646561
-€.226696S7
-6.42018032
~-6.68457985
-7.0485687)
~7.54199696
~8.16706154
-9.0506382¢
~10.14824390
-11.5505247
~13.34482002
-15.66635799
-18.73139954
-22.79415894
-26.77700806
~-25.68218445
-22.61840820
-20.52676392
-19.35511 780
-18.86744690
-18.90730286
~19.3552246:
-20.907771301
-20.88442993
-21.53436279
-21.85662842
-21.89617920
-21.86145020
-21.94099426
-22.1887359¢6
-22.46798706
-22.449033813
-21.78321838
-20.56831360
-19.17604065
-17.$25%5237
-16.97434998
-16.38401 794
-16.17835508
-16.37048340
-16.95196533
-17.844299832
~18.73143005
-18.87664795
-17.70523071
-15.7698657S
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232. 00000000
214.00000000
236 . 00000000
238. 00000000
240. 00000000
242.00000000
244. 00000000
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252. 00000000
284,
256
es8.
260 .
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302.00000000
3904, 00000000
306.00000000
308.00000000
310.00000000
312.00000000
J314.00000000
316.00000000
318.00000000
320.00000000
J22.00000000
J24.00000000
326.000
328.00000000
330. 00000000

~21.86145020
-21.86145020
~-21.86145082¢
~-21.86145020
-21.86145020
-21.86145020
-21.86145020
-21.8614502¢
-21.86145020

-21.86145020
-21.86145020
-21.86145020
~-21.86145020

-21.86145020

~-21.8614502¢
-21.86145020
-21.86145020
-21.8614582¢
-21.86145020
-21.86145020
-21.86145020
-21.86145020
-21.86145020

-21.86145020 -

-21.86145020
-21.86145020
-21.86145020

-11.71247482
-10.89133263
-10.12078571
-9.39720154
-8.71748257
-B.07997SB:

-7.47972965

-6.91751957
-6.39079380
-5.89814758
-5.43832588
~5.01029778
-4.61313820
-4.24606419
~3.90837669
-3.59948826
-3.31889915
-3.06617069
-2.84093189
~2.64285564
~-2.47169209
-2.32721138
-2.20983233
-2.11761665
-2.05225182
-2.01306152
0000038

1
-2.01306152
-2.05225182
-2.11761665
-2.20823233

-2.32721138
-2.47169209
-2.64285564
-2.84083189
-31.06617069
-3.31889915
-3.59948826
~-3.90837669
-4.24606419
-4.61313820
-5.01029778
-5.43832588
-5.89814758
-6.39679380
-6.91751957
-?.47972965
-8.07997581
~-8.71748257
-9.39720154
~-10.12078571
-10.89133263
-11.71243477
-12.58838749
-13.52424812
-14.52610493
-15.68137367

-13.60066986
-11.72402096
-19.13377380
-3.81142807
-7.72128201
-6.82812786
-6.10086:55
~5.51262474
-5.04903¢48
-4.66242836
-4.36138726
-4.12946719
3.9251€136
-3.76296667
-3.62371254
-3.49938679
-3.38449478
-3.27576923
-3.1719£841
-3.0732832¢
-2.98125553
-2.89794636
-2.82570076
-2.76679993
-2.72320843
-2.69642830
-2.68735796
-2.6954c83¢
-2.72320843
-2.76679993
-2.82570076
-2.897946136
-2.98125553
~-3.07328320
-3.17192841
~-3.287576923
~3.38446478
-3.49938679
-3.62371254
-3.762956867
-3.82516136
-4,12046719
-4.36138725
-4.66242886
-5.04003048
-5.51262474
-6.1008615S5
-6.82812786
-?7.72128773
-8.81142807
-10.13577380
-11.72402096
~13.60059547
-15.70086575
-17.79523@71

-18.87664795

-18.731430e5

15
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-21.08145020

-21.8614502¢

-16.75901794
-18.01010132
~19.36856879
-20.85200500
-22.48318481
-24.29231262
-26.32008362
-28.62429810
-31.289291138
-34. 44592285
-38.31410217
-43.30484009
-50.34434599
-62.38383484
-136.55137634

-17.84429932
-16.95196533
-16.37048340
-16.178955e8
-16.38401794
-16.97434998
-17.92%55237
~19. 17604065
~20.56831360
-21.78321838
-22.44930762
~22.46798706
-22.18873596
-21.94099426
-21.86145%020

16
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3. Test run 2

INPUT DATA FOR TEST RUN 2

1

2 2

1.00 ,
e.250 0.0 .25 1.0 0.9
-9.25 0.9 .25 1.0 0.0
°.10 2.0 @.25 .003
-0.10 2.9 9.25 ©.003

181
0.0 2.0
151.07105

X
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SCATTERING FRON AN ARRAY OF THIN TOWERS DUE TO
AN INCIDENT FIELD FROM AN ARRAY OF BROADCAST
ELEMENTS BASED ON MOMENT METHOD.

UAVELENGTH =  1.000000

NURDER OF ELEMENTS IN THE BROADCAST ARRAY = 2

NUBDER OF THIN TOUERS - 2

POSITION OF THE DIPOLE ELEMENT NUMBER 1 - .250000 .000000
HEIGHY OF THE DIPOLE ELEMENT NUNDER 1 - . 250000

RAXIMUN CURRENT AT THME BASEOF DIPOLE NUMBER 1 « 1.000000 .000000
POSITION OF THE DIPOLE ELEMENT NUMBER 2 - -.250000 .000000
MEIQGHMT OF THE DIPOLE ELEMENT NUMBER 2- «-250000

PAXIFRUR CURRENT AT THE BDASEOF DIPOLE NUMBER 2 =  1.000000  .000000
DATA FOR TOVER MUMBER 1

NUNBER OF SEGMENTS ON THE TOVER - 10
POSITION OF THE TOUER - 100000 2.000000

HEIGHT OF THE TOWER « . 250000
RADIUS OF THE TOUER = . 003000

DATA FOR TOUER NUMBER 2

NUMBER OF SEGMENTS ON THE TOWER - 10
POSITION OF THE TOUER = -.100000 2.000000

HEIGHT OF THE TOUER - . 250000
RADIUS OF THE TOWER = - 003000

NUMBER OF ODSERVATION POINTS FOR THE RADIATION PATTERN « 181




HORIZONTAL PLAME PATTERN

TOTAL FIELD

ANGLE OF OBSERVATION

TOVERS FIELD

DIPOLES FIELD

. 00000000 ~-29.50770569 -136.55137634 -20.59773621
2.00000000 -20.5052048¢ -62.38383484 -20.50685120
4. 00000000 -20.49806213 -50.34434509 ~20.38323975
6 . 00000000 -20.49606873 ~43.30484009 -20.91835632
1. 00000000 -20. 46937561 -38.313%2234 -19.45776367
u.m -20.44807434 -34.44592285 -18.88044739
12. -20.42231750 -31.28929138 -18.48652649
14.00000000 -20.39222717 -28.62429810 -18.44354248
16.00000000 -20.35800171 -26.32008362 -18.90708923
18. 00000000 -20.31983948 -24.29222107 -20.087899063
20. 00000000 27795410 -22.48318481 -22.40658569
22. 00000000 -20.23257446 -20.95200500 -27.08132935
24. 00000000 -20.18390048 -19.36856079 -38.57228088
26 . 00000000 -20.13247681 -18.01010132 -26.79718018
28. 00000000 -20.07827759 -16.75898743 -29. 378
30. 00000000 -20.08171326 -15.60137367 ~16.45120239
32. 00000000 -19.%1 -14.5261049) -13.76735210
34.00000000 -19. 4 -13.58424812 -11.77963543
36. 00000000 -19. 16 -12.58838749 -10.27063370
38. 00000000 -19.77809143 -11. na‘su: -o.zaunaa
40. 00000000 ~19.71443176 -10.89133283 -8.2665221
42. 00000000 -19.65029907 -u.:arns'u -7.5:532711
44, 00000000 ~19. 50602908 -9.39720 -7.18772411
46 . 00000000 ~-19.52192688 -a.‘numv -6.90961361
48. 00000000 -19. 45829773 m -6.75860119
50. 00000000 -19.39643152 7.4 72965 -6.70104694
52. 00000000 -19.33364868 -6.91751967 -6.70045471
S4.00000008 -19.27320862 -6.39079380 -6.71754837
S6 . 00000000 -10.2144165¢ -5.89813709 -6.71263313
58. 00000000 -19.15751648 -5.4383297¢ -6.65086937
60. 00000000 -19. 10275269 ~5.01030064 -6.50859070
62.00000000 -19.05038452 -4.61314487 -6.27820015
64. 00000000 r19. 561 -4.24606514 -5 .96824837
66 . 00000000 +18.95368958 -3.908 -5.59892941
68 . 00000000 -18. 90975952 -3.59948826 -5.19532776
70. 20000000 -18.86903381 -3.31 -4,78166771
72 . 00000000 -u..aa“su -3.066173565 -4,37796783
74. 59000000 -18.79782104 -2.04093189 -3. 921
76 . 90000000 -u.nw -2.64285 -3.65502357
78 . 00000000 ~18.741 -2.47169495 -3.35212231
89. 00000000 -18.71870422 -2.32721424 -3.09392738
$2. 00000000 ~18.70016479 -2.20923519 -2.88219547
84.00000000 -18.68865369" -2.311761665 -2.71759605
£6. 00000000 -18.67824719 -2.06225182 -2.60022163
g.m ~18. 109 -g.umasg -g.smsfzg
92. 00000000 -u.utmiusE ~-2.013081852 -2.52991295




282

- s b 0
[ I ¥ 1 J

el el et el el ekt

288

»
NIEEEEREERERENSNN

TRSRRTRERE

pnu:ap-—n
FESFEEEEL

00000000
00000000
00000000
00000000
- 90000000
00000000
00000060
00000000
00000000
162. 00000000
164 .00000000
166. 00000000
163. 00000000
170.60000000
172.00000000
174. 00000000
;;g......‘.‘
150, 96400000
182. 00000000
184. 00000000
186. 00000000
138. 00000000
190. 00000000
192. 00000000
194. 00000000
196 . 00000000
£09. Sossssee
203 S000e0es
555 S000ess
- 00000000

-18.67524719

-18.71871948
-18.74122620
-ll.76763916
-18.79783630
-18.83166504
-18.836903381

27832
~19.15753174
~19.21444702
-19.27325439
-19.33367920
-19.39547729

-19.77813721

-20.49812317

=20.50534058

-20.50776672
- 50534058
~-20.49812317
-20.48611450

~20.46943665

-20.44812012
36328

-2.05224991
-2.11761570
-2.20923233
-2.32720947
-2.47169209
-2.64285564
-2.84092999

-3.90837479
-4.24605656
-4.61313534
-5.01028824
-5.43832397
-5 0."1‘377
-6.39079380
-6.91751480
-7.47972965
-8.07907581
-8.717482%7
-9.39720154
-10.12078571
~-10.89132118
-11.71243477
-12.58838749
-13.52424812

758987
-18.01010132
- 3‘85“7’
-20.85192871
-a2. 4.31!481

29231262

-136.55137634
-62.38383484
~50.34434509
~43.30484009
-38.31362234

62
-24.29231262
-22.48318481
-20.85200600
-19.36856079
~-18.01010132

~-2.60021496
-2.71759129
-2.88218784
-3.09391594
~3.35210896
-3.65500736
~3.99905300
-4.37795448
-4.78165340
-5.19531250
-5.5989198?
~5.96824265
-6.27818775
-6.50859070
-6.65087509
-6.71266174
~6.71757698

-7. 18774033
-7.82534332
-8.25651646
-9.12104321
-10.27060986
~11.77959538
-13.76724815
-16. 45101929
-20.30865479
-26.79676819
-38.57310486
~-27.08186340
'22.‘“.755!
~-20.08805847
~18.90719684
~18.44363403
-18.48660278
-18.88049316
-19.4578094S
-20.01840210
~-26.38330078
~-20.50691223
-3. 50776672
.56037903
-2. 77449036
-21.12220764
~21.37771606
-21.15196228
-20.22987366
~-18.85163879
-17.42112732
-16.19776917
-15.29293633
~14.74769878
~14.58066758
~14.80750561

20




-20.07832336
~20.02175903
-19.96316528
-19.90280151
-19.84103394
~19.77815247
~19.71447754
-19.65034485
~19.58605957
~19.52195740
-19.45831299
-19.39547729
~19.33366394
-19.27325439
~19.21444702
-19.1575470¢
-19.10278320

-18.76765442
~-18.74124148
-18.71871948
-18.70016479
-18.68565369
-18.67524719

-18. 76763916
-18.83166504

~16.759901794
~15.60137367
-14.52610493
~13.52424812
-12.58838749
-11.71247482
-10.89133263
-10.12078571
-9.39720154
~-8.71748257
~-8.07907581
-7.47972965
-6.91751957
-6.39079380
~5.89814758
-5.43832588
-5.01029778
~4.61313820
-4,24606419

- L
-2.01306152
-2.00000381
-2.01306152
~-2.06225182
-2.!17‘1‘65
-2.209232

-2.3272!138
~2.47168209
~-2.64285564
~-2.84093189
-3.06617069
-3.31889915
-3.59948826
-3.90837669
-4,24606419

-6.3067938¢0
-6.91751957
~-7. 47972965
-8.07907583
-8.71748257
-9.39720154
-10.12078571
~10.89133263

~15.44019890
-16.45101929
-17.6337738¢
-18.30245972
-17.53015137
~15.55140972
-13.31844332
-11.30281067
-9.60011156
-8.190693886
-7.03306484
-6.08732319
-5.31950092
-4.70121384
-4.20847893
-3.82060528
~3.51944447
~-3.28886986
~3.11450768
-2.98J65462
-2.88531017
-2.81028843
~2.75124741
-2.70273972
-2.66112328
~2.62430954
-2.59152889
-2.56293106
-2.53823988
~-2.52139091
-2.51026726
-2.50649452
-2.51026821
-2.52139187
-2.53924084
-2.56293392
-2.59153366
-2.62431717
-2.66112995
~-2.70274830
-2.75125504
-2.81029415
~2.88531971
-2.98366165
-3.11451530
-3.28887463
~-3.51944542
-3.82060051
-4.20847225
-4.70119953
~5.31948185
-6.087309030
~7.03303€23
~-8.19086525
~9.6000671 4
-11.30275345
-13.31838608

21
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-20.44907434
-20.46837561
~-20.48606873
-20.4980621)

50629438
~20.50770669

-11.71243477
-12.58838749
~13.52424812
~14.52610493
~15.60137367
~16.75903 794
~18.01010132
-19.36856079

85200500

-20.
~22.48318481
-34 . 3323313‘2

-38.31410217
~43.30484009
~-58.34434509
-136.56137634

-15.55131721
-17.53016663
-18.30258179
-17.63392639
-16.45114136
-15.44027424
-14.80755615
-14,.58068466
-14.74771118
-15.29291 344
-16.1977386S
-17.42105103
-18.85154724
-20.22976685
-21.15185547
-21.37757874
-21.12214661
-20.77442932
-20.56033325
-20.50773621



4, Test run 3

INPUT DATA FOR

0.e
©.535
000
-0.535

c.o

23

TEST RUN 3
e.250e i.0 0.0
8.238 0.003
0.238 0.003
9.238 e.0083
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SCATTERING FROM AN ARRAY OF THIN TOUERS DUE TO
AN INCIDENT FIELD FROM AN ARRAY OF BROADCAST
ELENENTS BASED ON MOMENT RMETHOD.

UAVELENGTH =  1.000000

NUNBER OF ELEMENTS IN THE BROADCAST ARRAY - 1

MURBER OF THIMN TOMERS - 3

POSITION OF THE DIPOLE ELEMENT NUNBER 1 - 000000 . 000000
l‘lﬂﬂ OF THE DIPOLE ELEMENT NUMBER 1 - . 250000

RAXINUN CURRENT AT THE DASEOF DIPOLE NURBER 1 = 1.000000 .000000

DATA FOR TOMER MUNDER 1

MNBER OF SEGRENTS ON THE TOVER - 9
POSITION OF THE TOVER - 000000 .535000
MEIQGHY OF THE TOMER - .

RADIUS OF TME TOVER - .m

PATA FOR TOMER NUMBER 2

MURBER OF SEGCMENTS ON THE TOVER - 9
POSITION OF THE TOUER = -.249000 .000000
HEIGHT OF THE TOMER - . 239000

RADIUS OF THE TOUER - - 003000

DATA FOR TOUER NUMBER 23

NURBER OF SEOMEMTS OM THE TOUER - 9
POSITION OF THE TOUER - 000000 -.535000

MEIGHT OF THE TOWER « . 238000
RMADIUS OF THE TOUER « - 003000

MADER OF OBSERVATION POINTS FOR THE RADIATION PATTERN - 183



HORIZONTAL PLANE PATTERN

AMGLE OF OBSERVATION DIPOLES FIELD TOTAL FIELD

TOVERS FIELD

. 00000006 -4.,06966782 -8.02060223 -.8253489?
2.00000000 -4.09452248 -8.02060223 -.83914202
4.00000000 -4,.16901207 -8.02060223 -.88031602
6 . 00000000 -4,29285145 ~-8.02060223 -.94828188
8 . 060000004 -4.4655%5233 -8.02060223 -1.04203415

10. 00000000 -4.68644238 ~-8.02060223 -1.16021347
12. 00000000 -4,95459747 -8.02069223 -1.301093:0
14.00000000 -5.26887935 -8.02060223 -1.46263599
16. 00000000 -5.62784195 -8.02060223 -1.64253521
18.06000000 -6.42983093 -8.02068223 -1.83829784
20. 00000000 -6.47290039 -8.02060223 -2.04729176
22. 00000000 -6.95482822 -8.02060223 -2.26688957
24. 00000000 -8.02068223 -2.49455079
26 . 50000000 -8.02547073 ~-8.02060223 -2.72794342
28. 00000000 -8.60904503 -8.02060223 -2.96506500
30 . 00000000 -9.221528233 -8. 02060223 -3.20432472
32. 00000000 -9. 86088559 -8.020680223 -3.44462872
34.00000000 -10.52570820 -8.02060223 -3.68540382
36 . 00000000 ~11.21564579 -8.02068223 -3.92660332
38. 00000000 -11.93157196 -8.02060223 ~-4,16867924
“.m 712.275 48 -8.02060223 -4,41250134
42. -13.4531 1 -8.02060223 -4.65927696
44. 00000000 -14.26943398 -8.02060223 -4.91047955
46 . 00000000 -15.13300133 -8.02060223 -5.16771984
48. 00000000 ~16.05371094 -8.02060223 -5.4326992¢
50. 060000000 ~17.04228210 -8.02068223 -5.70712185
S2. 00000000 -18.10815430 -8.02060223 -5.992681580
S54. 00000000 ~10.25480652 -8.02060223 -6.29104328
56 . 00000000 -20.46885681 -8.02060223 -6.60380554
S8.00000000 -21.69750977 -8.02060223 -6.93259716
60 . 00000000 -22.81051636 -8.02068223 -7.27903938
62. 00000000 -23.97327271 -8.02060223 -7.64483166
64 . 00000000 -23.7275390e6 -8.02068223 -8.03184509
66 . 90000000 ~-23.20 48 -8.02060223 -8.44212818
68 . 90000000 ~22.21345520 -8.02060223 -8.87803745
70. 00000000 -21.01237488 -8.02060223 ~-9.34225845
72. 00000000 ~-19.78468323 -8.020966223 -9.83795643
74 . 90000000 -18.61534119 -8.02060223 -10.36879253
76 . 60000000 ~17.53399658 -8.02060223 -10.93905735
78 . 060000000 -16.54510498 -8.02060223 -11.55364227
0. 00000000 ~16.64299683 -8.02060223 -12.21808243
82 . 00000000 ~14.8187074? -8.02060223 -12.93845844
84. 00000000 ~14.06290531 -8.020602213 -13.72094727
86 . 00000000 -13.36689663 -8.0206022) -14.57103348
28. 00000000 -12.72309303 -8.02060223 -15.49138069
90. 00000000 -13.134951“ -8.02060223 -16.47785950

. 00000000 -11. -3. 02060223 ~-17.5113067¢
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-11.04471684

-10.55445004

~10.09334087

-9.65018255
258

-8.5401
-8.92139912
29828836

-10.771256486
-10. 76227665
~10.71714687
-10.82243176
~10.46875572
~-10 -mm
-8.97981576
-9.20815769
-8.92126856

-18.54287720
-19.47427368
-20.14884949

-19.47627258
-18.57031256¢
-17.58172607
-16.60800171
-15.6983737¢
~14.87371254

-12.94768418
-12.48241901
-12.10129738
-11.80237865
-11.58458996
~11.44783497
~11.39291000
~11.42161846
-11.5367336)
-11.74213123
~12.04278946
-12.44483280
-12.95563793
-13.58329582
-14.33610058

22028065

-20.59144592
~-20.21350098
-19.45516968
~-18.66864929
~17.72146606
-16.99523926
~16.42233276
-16.91260376
-15.76742219
~15.68586349
~15.76745224
-16.01268005
-16.42247009
-16.99542236
~17.72169495
-18.56892395
~19.45547485
-20.21379689
-20.59161377

-20.38368225

-17.36019897
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294. 00000.00
296. 00000000
298.00000000
30..00000000

-8.53998947
-8.16734314
-7.81391239
-7.48770428
-7.19444084
-6.93794346
-6.72053432
-6.54338262
-6.40675640
-6. 1037521
5347614
-6 .23498726
-6.25363064
-6.30799866
-6.39662266
-6.51799488
-6.6706152¢
-6.85302925
-7.06385231
-7.30182838
-7.56581402
-7.85483832
-8.16814041
-8.506524616
~-8.86595726
-9.25041485
-9.65920067
-19.09335804
~-10.55447292
-11.04473877
-11.56702614
-12.12496948
-12.72311687
-13.36691475
-14.06292248
-14.81871796
-15.64300728
-16.54512024
~-17.53399658
-18.61532593
-19.78468323
-21.01235962
-22.2134552¢0
-23.20790100
-23.72766113
-23.57347107
-22.81074524
-21.69776917

-!8 10838318
-17.04251099
-16.05393982
-16.13320732
-14.26962948
-13.45337868
-12.67618847

-8. 02060223
~8.02060223
~8.02060223
~-8.02060223
-8.0206022)
-8.02060223
~8.02060223
-8.02060223
-8.02060223
-8.02068223
-8.02060223
-8. 223

-8.02060223
-8.02060223
-8.02060223

-8.02060223
-8.02060223
-8.02060223
-8.02060223
-8.02060223
-8.02069223
-8.02060223

-16.23468018
-15.22003365
-14.335870¢74
-13.58307838
-12.9554367:
~12.44466114
~12.04261017
-11.74197006
~11.53658390
-11.42148018
~11.39278412
-11.44772053
~11.58448696
-11.80228043
-12.10121632
~12.48234367
-12.9475307S
~13.49933434
~14,.14062590
~14.87368298
~15.69836897
-16.60800171
-17.58174133
-18.57032776
-19.47630310

-20.14884949
-19.47424316
-18.54284668
-17.51124573
-16.47781372
-15,.49133492
-14.57100487
-13.72091293
-12.93842983
-12.218069049
-11.55362606
-10.93994591
-10.36879253
~9.83794875
-$.34225845
-8.87804317
-8.4421396)
-8.03186131
-7.64485455
-7.27906799
-6.93262672
-6.60383415
-6.2910671¢&
-5.9927196S
-5.70716572
~5.43274879
-5.16777229
-4.91052914
~4.65933514
-4.41256142
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-11.93178940
-11.21583080
-10.52589703
-9.86106637
-9.22169971
-8.60920525

-8.02068223
-8.02060223

-8.02060223

-4.16874695
-3.92667007
-3.68547249
-3.44470024
~3.20440006
~2.96513081
-2.72801399
~2.49461651
-2.266957

-1.46268177
-1.30113697
-1.16924876
-1.04206181
~.94830376
-.88033539
-.83915025
-.82535332
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Thin tower array re-radiation based on transmission line

approach

1.000 C COMPUTER PROGRAM FOR SCATTERING PATTERN CALCULATION FROMMAIN@@10
2.000 C AN ARRAY OF THIN TOUERS DUE TO AN INCIDENT FIELD nAINOR20
3.000 C FROM THE BROADCAST ARRAY. MAINO30
4.000 ¢ THIS PROGRAM IS5 BASED ON TRANSRISSION LINE APPROACH. MAINOR 49
5.0080 C MaINORSD
6.000 C WRITTEN BY R.K.CHUGH FAINGOSD
7.000 C APRIL, 1978 FaINee?o
8§.000 C MAIN@OBO
9.000 C , MAINOB90
190.000 C NDATA NUMBER OF DATA SETS. MAIND1Q0
11.600 ¢ NDP NUMBER OF BROADCAST ARRAY ELEMENTS. MAING110
12.000 C NTT NUMBER OFf THIN TOUERS. nAIN2:2e
13.000 C XS,¥YS POSITION OF THE THIN TOWERS OR BROADCAST ELEMENT. MATNOL 50
14.000 C HS HEIGHT OF THE THIN TOWERS AND BROADCAST ELEMENT. MAINGI 42
15.000 ¢ FAIND1SD
16.000 ¢ MAIN@169
17.000 € NOTE THAT X5,YS,HS DATA IS TO BE FIRST SPECIFIED FOR MAIN@170
18.000 € NDP NUMBER OF BROADCAST ELEMENTS AND THEN FOR THE mAINO1BO
19.006 ¢ NTT NUMBER OF THIN TOUERS. MAING:90
20.000 C : maINe2ee
21.000 C MAIN321@
22.900 C NOBS  NUMBER OF OBSERUATION POINTS FOR THE SCATTERING PATTERN.MAINO22Q
23.000 ¢ THS STARTING ANGLE FOR THE RADIATION PATTERN. MAIN@230
24.000 C DTHS  INCREMENTAL ANGLE FOR THE RADIATION PATTERN. MAINO240
25.900 C MAIN®2S2
26.9000 ¢ MAINO26Q
27.000 ¢ MAINO270
28.000 IMPLICIT REALSS(A,B,D-N,0-2), COMPLEXX16(C) MAINOG280
29. 000 DIMENSION C2(10,18), c (10),CE(10),RN(10,10),XN(10,18) HA INO290
30.900 DIRENSION XS(10),EST(408),v5(10),HS(10).CS(400) MAING 300
31.000 DIMENSION CSD(408),CST(400),ESD(400),ES(400) MAING310
32.000 REALEE CDABS MAINGI20
33.000 COMPLEXE16 DCMPLX MAIN®II0
34.000 PROP=2.0D9%3.14159265358979 MAINOGI4Q
35,000 ¢ £

. READ AND URITE UARIOUS PARAMETERS. AN

37.008 C AD ARETE maInNed7e
38.000 URITE(6, 499) MAINOIBe
39.000 4990 FORMAT(IM ,5X, 'SCATTERING FROM AN ARRAY OF THIN TOUERS DUE TO ’// MAIN®3J9@
49.000 11H ,SX, AN _INCIDENT FIELD FROM AN ARRAY OF BROADCAST ‘// MAINO 480
41.000 21H ,5X, ELEMENTS BASED ON TRANSMISSION LINE APPROACH.//) MAIN@410
42. 000 READ(S, 10 )NDATA MAIN@ 420
43.000 10 FORMAT(1014) MAING4 30
44,000 DO 200 ND5=1,NDATA MATNG440
45.000 READ(S, 18 INDP, NTT MAINO45Q
46.000 - JRITE(E,500 INDP MAINO460
47.000 URITE(6,510)NTT MAINOG 470
48.000 500 FORMAT(1H ,SX, 'NUMBER OF BROADCAST ARRAY ELEMENTS = -, MAIN@480
49.000 1 14/7) MAING49Q
$0.000 5i¢ FORMAT(1H ,sx, NUMBER OF THIN TOMERS « ’,14//) MAINOS@Q
51.000 NTE=NDP+NT MAINOGS10
52.000 DO 20 1-1, u DP MAINOS 20
53.000 READ(S,15)X5(1),¥YS(1),H5() MAING@S30
$4.000 URITE(G 520)1, XS(I) VS(I) MAINOS40Q
ss.::: 20 WRITE(6,525)1,HS(1) MA IN@55@

[+ ) FORMT(!H +5X, “POSITION OF THE DIPOLE ELEMENT NURDER- MAINOSEe
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§7.000 114,’ » ', 2¥10.6/7) MAINGS?79
gl.m $S25 FORMAT(1M ,SX, MEIGHT OF THE DIPOLE ELEMENT NUMBER ° nAINOSS0
9.000 114,’ » *,F10.877) MAINOS90
80.000 DO 22 11, NTT MAINOGOO
61.000 KK =1 +RDP ‘ MAINDS10
5 000 T R R T A nAIneea0
. )1,
64.000 530 FORMAT(iN ,S5X.‘POSITION OF THE THIN TOVER NUMBER ° NAINGE 40
3 RO R 4 maineezs
$6.000 22  URITE(6,535)1,MS(
67.000 535 FORMAT(1M ,5X, ‘MEIGHT OF THE THIN TOUER NUMBER’ MAING670
68.000 114,’ = ’,Fi0.8/7) MAINOESO
65.000 15 F Y(8F10.6) MAINOEDQ
76.000 READ(S, 10 )W03S MAING?00
71.000 URITE (6,540 NOBS NAING?10
72.000 540 FORPAT(IH ,5X, ‘MUMDER OF OBSERVATION POINTS FOR THE’ nAING720
73.000 1,'SCATTERING PATTERN « *,14//) RAING730
7a.008 READ(S,15)THS, DTHS naIne740
76.000 C CALCULATE TNE NUTUAL COUPLING BETUEEN THE ELEMENTS. :2%::3?:
77.000 C
78.000 ¢ PAING780
79.000 D0 58 I-1,NTE MAING 7990
26.000 DO 58 Jei.NTE NAINGB00
82.000 25  DS-DSORT((XSC1)~XS(J)IBER+ (VS (I )-¥§(J))ER2) nAINGB2e
£3.000 CALL MCBTACHS (L), HE(J),D6,PROP, RA(T, ), XN(I,J)) MAINGSIe
84.000 €2(1,J)=DCAPLX(RACT, J).XN(1,d)) RAINOB4S
25.000 GO TO 50 PAINGESE
96.000 30  DS+0.10-6 RAINOSEE
£7.000 CALL MCBTA(HS(1),HS(J),DS,PROP,RR(1,J),XN(1,J)) RAINGSTE
$8.000 31 CZ(1,J)-DCAPLX(RA(1,J).0.6D0) NAINOBSS
19.600 ¢0'T0 Se PAINOSDS
$1.000 40  FORMAT(1IN ,4D16.6) BAINGS10
92.000 50  COMTINUE PAINGS2S
93.600 DO 60 I=1,NTE PAINGSI9
94.000 1F (1-wop 82,82, 54 FAINGD40
96.000 S2  CE(I)«DCHPLX(1.0D0,0.0D8) NAING9SE
96 . 000 ¢0 TO 690 nA 1 NODES
$7.000 5S4  CE(1)sDCMPLX(8.0D8,8.0D8) MAING970
£8.000 60 CONT INUE NAING9SO
99.900 C NA INODDO
100.900 C CALCULATE THE INDUCED CURENTS OM THE THIN TOWERRS. nAIN1 060
101.000 C MAINLOLO
102.000 CALL CDSEGCR(CZ NTE,10,2,CE,CI) AAINLOCE
163.000 C PAIN1O3O
104.000 C Ch}m THE SCATTERED FIELDS. MAIN1O40
105.000 C nAINLIOSe
106 . 000 DO 100 I+1,MNOBS nAIN1060
107.6000 THD=THS+(DFLOAT(1)-1 .8DO )SDTHS RAIN1970
108.000 THR=THD33. 1 4159265358979/ 1 . B0D2 MAIN1 980
109.000 DCS=DCOS (THR ) RAIN1990
110,008 DS1-DSIN(THR) MAIN 109
111.000 C$(1)+0.0E0 MAIN1116@
112.000 C8D(1)-0.080 BAINL1CO
113.000 CST(1)<0.0E0 RAING 130
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114.000 DO 9@ NT-NDP+1,NTE FAIN1149
115.000 PHASE *PROPE (XS (NTISDCS+YS(NT )XDSI) MAINT 160
116.000 9¢ CST(I)=CST(I)4+CI(NTIZCDEXP (DCHPLX(0.08D@, PHASE ) PAINT 160
117.000 DO 95 NTe1,NDP FAIN117@
118.000 PHASE "PROPR(XS(NTIEDCS+YS(NT)IXDSI) MAIN1130
119.600 95 CSD(I)=CSD(I)+CI(NT)ISCDEXP(DCMPLX (0 .0DO, PHASE ) maiNi19@
120.000 CS(1)=CSD(I)14CST(1) MaIN1200
121.000 ESD(1)=CDABS(CSD(I)) mAIN1210
122.000 EST(1)-CDABS(CST(I)) MaINg 320
123.000 ES(1)=CDABS(CS(I)) MaInt23e
124.000 100 CONTINUE MAIN1240
125.000 C MARINI2Se
126.900 C CALCULATE THE SCATTERED FIELDS IN DB. MAINI2ED
127.000 C MAINIE?D
128.000 JRITE(E,5508) MAIN1ZRD
129.000 550 FORMAT(IH ,’ANGLE OF OBSERVATION’,SX,’ TOWERS FIELD‘,3X, mAIN1290
130. 000 1°DIPOLES FIELD’,3X, TOTAL FIELD'//) MAIN]300
131.000 ESN-9.0D0 MAIN1310
132.000 DO 102 I+1,NOBS mAIN132¢
133. 008 IF(ES(1).GT. ESMIESR-ES(I) MAIN1330
134.000 102 CONTINUE MAIN1340
135.000 DO 110 1-1,NOBS MAIN1350
136.000 THD=THS+(DFLOAT(I)-1.0D@ ) )2DTHS MaIN360
137.000 ESA=20.03DLOGIO(ES(])/ESN) mAINII70
138.000 ESDA=20.03DLOG1O(ESD(I)/ESN) NAIN1382
139.000 ESTA=20.0XDLOGCIO(EST(])/ESR) MAIN1390
140.000 URITE(G, 105)THD,ESTA, esnn ESA NAIN1 400
141.000 105 FORMAT(IH , 4X,4F16.8 nAIN1410
142.000 110 CONTINUE RAIN1420
143.000 206 CONT I NUE MAIN1430
144.000 STOP NAIN1440
145.000 END RAIN14S0
146.000 SUBROUTINE CISI(X,CIX,SIX) c1siee10
147.000 C 1510020
::g-g:: g §?=:ogzgngoggzer?sruunsnlcaL EVALUATION OF THE g%g}:gg:

. EGRALS .
150.000 C clsleese
122009 ¢ S1¢10076

. X ARGUEMENT FOR WHICH COSINE SINE INTEGRALS c
153.000 C ARE TO BE EVALUATED. AND cIlsloege
igg-g:: E g}; :nsut: FOR THE COSINE INTEGRAL OF X. g}g%g?gg

. ; NSUER FOR THE S NTEGRA
156.008 C € SINE INTEGRAL OF X cisie11@
157.000 C cISsle12d
158.000 IMPLICIT REALXB(A-H,0-2) cIslei13e
159. 000 EXTERNAL DCOSIF,SINIF CcISI0140
160. 000 CALL GAGD(8.0D®,X,DCOSIF,8,ANST) cIsle1se
161 . 000 CIX-O.S77215664905L06<X)faNS! CIS10160
162.000 CALL GAQD(®.0D®,X,SINIF,8,5IX%) CIisloi7e
163.0 RETURN C1510180
164.000 END CIS1e19@
165.000 DOUBLE PRECISION FUNCTION -DCOSIF(X) COSFeo10
166.000 C COSFeo20
167.000 C COSF @038
168.000 C FUNCTION DEFINING TWE INTEGRAND FOR COSINE INTEGRAL. COSFee40
1690.000 C COSF 0050
170.000 C COSF o862
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INPLICIT REALSS(A-H,0-2) COSFe07e
DCOSIF«(DCOS(X)-1.0D8)/X COSF 0980
RETURN C05Fee90
END COSF 0100
DOUBLE PRECISION FUNCTION SINIF(X) SINFB010
c SINF020
¢ SINFE30
C FUNCTION DEFINING THE INTEGRAND FOR THE SINE INTEGRAL. SINFOQ40
C SINFOOSO
¢ SINF 0260
INPLICIT REALES {A-M,0-2) SINF@O70
SINIF =DSIN(X ) /X SINFO080
RETURN SINF 9090
END SINFO100
SUBROUTINE GAGD (XL,XU,FCNC,NIX,ANS) GAQDee16
¢ . GAGDee29
¢ URITTEN BY R.K.CHUGH GAQDE939
¢ nOV. , 1977 GAQADOI49
¢ GAQDOOSE
¢ SUBROUTINE TO PERFORM MUMERICAL INTEGRATION GAQDO0GE
¢ OF A FUNCTION FCMC USING GAUSS QUADRATURE GaGDee7e
¢ ELEVEN POINT FORMULA. GAGDOOSS
¢ GAGDO 100
¢ XL LOVER LINIT OF INTEGRATION. GAQDe110
¢ XU UPPER LINIT OF INTEGRATION GAQDe129
¢ FONC  EXTERMAL FUNCTION DEFINING TME INTEGRAND. GAQDO130
¢ NIX  NUMBER OF INTERUALS FOR THE INTEGRATION RANGE. GAQDO1 49
¢ ANS  ANSUER OF INTEGRATION. GAQDO1S0
¢ GAQDO169
¢ GAQDO170
INPLICIT REALES (A-H,0-2) GAQDO180
¢ GAQDO199
DINENSION T(6),U(6) GAQDE20o
EXTERNAL FCNC GAQDe210
DATA 7/0.978228658146057, 0.887062599769095 , 0. 7301520055 74049, GAGDe220
10.519096129206812, 8 . 269543155952345 , 6. 009 GAQDE230
DATA U/0.556685671161737D-1, 0. 125580369464905 o.zcsaooaxnanaa GAQDO240
10.233193764591990, 0. 26280454 4510247, 9. 272925086 77799 GAGDE2Se
S0 CDeNIX GAQDO260
SUM=9,0D0 ’ GAQDOe270
DD= (XU-XL)7CD GAQDe280e
DO 60 Lei,NIX GAADE299
Cl=L GAQDe30e
AR=XL+(CI-1.0D0)XDD GAQDOI19
AB=AR+DD ¢AaDe320
SCAL1=(AB-AR)/2.0D0 GAGDOIIE
SCALZ- (AB+AR )/2. 0D8 GAGDOI4e
DO GO N GAQDO3Se
1--scaunm»scna GAQDE360
Z=FCNC (P GAQDE370
TFCTh) £0.0.0D8)G0 TO 81 GAQDE380
82  P2:SCALIZT(N)+SCAL2 GAQDO39e
2Z-FCNC(P2) GAGDE400
G0 70 83 GAGDE410
81 2Z-0.009 GAGDO420
$3  SUM-SUR+SCALISU(NIB(Z+22) GAGDE430
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CONT INUE
ANS=SUM
RETURN

END
SUBROUTINE MCBTA(HL,H2,D,PROP,RM,XM)

SUBROUTINE FOR CALCULATING THE MUTUAL COUPLING
BETUEEN TWO ELEMENT OF HEIGHTS H1 AND H2
DISPLACED BY R DISTANCE D.

PROP  PROPAGATION CONSTANT,
RM MUTUAL RESISTANCE BETUWEEN THE TWo DIPOLES.
XM MUTUAL REACTANCE BETUEEN TUO DIPOLES.

IMPLICIT REALXS (A-H,0-2)
CL=H2+H1

DEL-H2-H1
U@=PROPI (DSQRT (DED+H1XH1 )-H1)

U1 =PROPS(DSQRT (DSD+DELIDEL )+DEL)
VO «PROPI (DSORT (DED+HI BH1 ) +H1 )

V1 «PROPX (DSORT (DSD+DELXDEL ) -DEL)
¥1-PROPI (DSORT (DED+CLECL)+CL)

X1 =PROPE(DSORT (DSD+CLECL)-CL)
Y8=PROPLD

Y1 =PROPE (DSQORT (DSD+H2EM2 ) +H2)
S1=PROPS(DSORT (DED+HRINZ ) -H2)

CALL CISI(U®,CIU®,SIUS)
CALL CISI(UL,CIUl,SIUL)
CALL CISI(US,CIVe.SIVe)
CALL CISI(U1,CIVi.SIV1)
CALL CISI(w1,CIvi.SIut)
CALL CISI(X1.CIX1.SIxX1)
CALL CISI(ve.CIYe.SIYe)
CALL CIST(Y1.CIY1.S1V1)
CALL CISI(S1.CIS1,5151)
RM=(1.5D1/ (DSINCPROPSH1 )SDSIN(PROPEH2) ) )% (

1DCOS(PROPEDEL )X(CIU1-CIUO+CIV1-CIVO+2.0DOXCIYO-CIVI-CIS1)
2+DSIN(PROPEDEL )X(S1U1-S1UO+SIV@-SIV1-S1Y14S1S1)
3+DCOS(PROPICL)X(QIW1-CIVQ+CIXi-CIU@+2.0DO2CIYO-CIY1-CIST)
4+DSIN(PROPICL)IX(SIWL-SIVO+SIUO-SIX1-SIY1+5161))
XM=(1.5D1/(DSIN(PROPEH1 )XDSIN(PROPEH2 ) ) ) 8(
1DCOS(PROPIDEL IS (SIUG-SIU1+SIVE-SIV14SIY1-2.0DORSIV@+SIST)
2+DSIN(PROPSDEL )X (CIUI-CIU@+CIVO-CIVI-CIY14CIS1)
3+DCOS(PROPXCL)Z(SIVO-SIUL+SIUO~SIX1+SIY1-2.0DOXSIVO+SIS1)
44DSIN(PROPECL )3(CIVLI-CIVO+CIUO-CIX1-CIY14CIS1))
E5
SUBROUTINE CDSEQCR(A,N,M, MM, B, X)

URITTEN BY R.K.CHUGH
CRC NOV.,1977

SUBROUTINE TO SOLVE COMPLEX DOUBLE PRECISIONM
SIMULTANEOUS EQUATIONS USING CROUT’S METHOD.
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GAQDO440
GAQDO4Se
GARQDO 460
GAQDO470
"CBT0010
NCBT@O2O
MCETO030
MCBTO040
FCBTOOSR
rFCBTOO6R
F.BTe970
M{BT@OBG
M(BTe¢030
MCBT2100
MCBT2:1@
NCBTO120
nCBTO130
RCBTO149
MCBTO1S0
MCBTA160
MCBTR170
nCpTo180
FCBTR190
ncpTe20e
ncpTO210
MCBTO22O
MCBTe230
nCBTOC40
neBTO2S0
nCBTO260
nceto27e
nCpTo280
MCBTO290
MCBTOI00
mCBTR31@
rCBTO320
mMCBT@330
MCBTA340
MCBTO350
MCBTO360
MCBTR37@
MCBTO380
MCBTR3S@
MCBT0400
MCBTO4l0
MCBTO420
MCBTO430
MCBTO440
nChTO450
CDSQee10
CDSQe020
CDSQo030
CDSQ0040
CDSQo0se
CDSQ0e6e
cDSQeo7e
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TY284-340
284.000 ¢ CDSG0e8e
285.000 C CAICXI-C33 CDSGee90
286.000 ¢ CDSGo 109
287.000 ¢ N R OF EQUATIONS TO BE SOLVED. CDSQe11e
288.000 C n NAXIMUN DIMENSION FOR MATRICES A,B.X. cDsQeiz2e
289.000 ¢ "~ PARAMETER FOR TYPE OF MATRIX A. C0SGe130
209.000 C AM-1 SYMMETRIC MATRIX A. CDSQ0140
201.000 C N2 NON-SYMRETRIC MATRIX A. chsae15e
202.000 C cDsQe1s6e
293.008 SUBROUTIME CDSEQCR(A,N,M, MM, B, X) CD508170
294.000 COMPLEXS16 ACM, M), B(R),X(N),CSUM cDsqe18e
295.000 A(1,1)=A(1,1) CDSGO190
206.000 DO 10 1-2,N £DSG0200
297.000 a1, 1)eact, 1) ¢DSa9210
298.000 10 AL, )AL, T)/AC3,1) CpSae220
299.000 B(1)=B(1)/A(1,1) €D5Ge2 30
300.000 DO 190 1-2,N CDSQ02 40
301.00¢ I1-1-1 CDS@ease
302.000 DO 90 J-2.M CDSG2Ee
303. 000 JIeJ-1 CDSQe9270
304.000 CSUN+0.0 CDSGO280
305.000 IF (1-J)29,30,40 CDSQE250
206.000 20 DO 25 Ke1,1l CD5Qe30e
307.000 25 CSUM=CSUMHA(1,K)ZA(K, J) cDSQe31e
208.000 AT, J)=(ACT,J)-CSUM)ZA(T, 1) CDSQ0329
200. 000 c0 fo 9e CDS00330
210.000 30 DO 36 K+1,I1 CDSQe340
311.000 3% CSUM-CSUMHA( T, K)IZA(K, 1) C05Q035¢
312.000 AT, 1)=A(T, 1)-CSUN cDSQe
313.000 ¢0 0 ge CDS0837¢
214.000 % G0 TO (46,60),MN CDS00380
315.000 46 AT, J)eA(d, 1)8ACJ, D) CDSQe390
316.000 ¢o fo ge CDS00400
317.000 60 DO 45 Ke1,JJ) CDSQ0410
318.000 45 CSUMSCSUNA (T, K ISA(K, J)
319.000 AT, J)ea(1,J)-Coun CDSQ0430
320.000 S¢ CONTINUE . CDSGo44e
321.000 CSUM=90.0 ' ¢DSQ045e
322.000 DO 95 K+1,11 CDSQO460
323.000 95 CSUM«CSURSA (T, K)EB(K) CDSGe479
324.000 BCI)e(BCI)-CSUM)/ACE, 1) CDSQ0480
325.000 100  CONTINUE €DSQ0496
326.000 X(N)B(N) ' CDSQ0See
327.000 DO 110 Je=1, M-} CDSQ9S19
328. 000 TeN-J CDSQ8520
329.000 KKe1+1 CDSGO53¢
330.000 CSUN=9. CDSQe549
331.000 DO 166 K=KK,N CDSQe550
332.000 105  CSUR=CSUM+ACT, KIEX(K) CDSQ0560
333.000 X(1)=B(I)-CSUR CDSQe579
334.000 110  CONTINUE CDS0E580
:m.g RETURN CDS00S:

90
8. END CDSQ0690
;’!w HIT AFTER 336. A :



6.

Test run 1

0.25
-0025
0.0

N e o
L] * L]
® o0

INPUT DATA FOR TEST RUN 1

.25
.25
0.254
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SCATTERING FROM AN ARRAY OF THIN TOVERS DUE TO
AN INCIDENT FIELD FRON AN ARRAY OF BROADCAST
ELEMENTS BASED ON TRANSAISSION LINE APPROACH.

MURBER OF BROADCAST ARRAY ELEMENTS - 2

NUMBER OF THIN TOUERS - 1

POSITION OF THE DIPOLE ELEMENT MUMBER 1 - .250000 . 000000

HEIGHT OF THE DIPOLE ELEMENT MUMBER 1 - . 250000

POSITION OF THE DIPOLE ELEMENT NUMBER 2 = -.250000 .000000

HEIGHT OF THE DIPOLE ELEMENT NUMBER 2- . 250000

POSITION OF THE THIN TOUER MUMBER b

HEIGHT OF THE THIN TOUER MUMBER 1 -~ - 254000

NURBER OF OBSERUATION POINTS FOR TMESCATTERING PATTERN = 73

ANGLE OF OBPSERVATION TOVERS F.IELD DIPOLES FIELD

- 00000000 -17.89865813 -294.53542469
5. 00000000 ~-17. 813 -44.30533515
10.00000000 -172. 5813 ~-32.28145000
15.00000000 ~17.89865813 ~-25.26870673
20 . 60000000 -17.89865813 -20.31865162
25 . 00000000 ~17.89865813 -16.51037376
30. 90000000 ~17.89865813 -13.43682483
35. 00000000 ~-17.89865813 -10.88383305
48. 000900000 ~17.89866813 ~8.72679654
45. 00000000 -17.89865813 -6.88749407
50. 00000000 -17. 813 -5.31519736
S5 . 09000000 ~-17.898656813 -3.97675105
60. 00000000 ~-17.89865813 -2.84576331
€5 . 00000000 -17.89865813 -1.90904483
70. 00000000 -17.89865813 -1. 1543361
75 . 00000000 -17.89865813 -.57397687

- 00000000 -17.39865813 -.18267196

. 00000000 -17.89865813 . 08288266

. 00000000 -17.89965813 . 16453685

TOTAL FIELD

-16.47357760
-16.85924287

-5.3329270.
-5.06038822

~4.97263431
-4.41769404
-3.37825590

36
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Nodh 381\3-
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170.00000000
175. 00000000
189.
185. 00000000
}gg.oooooooo

fun
e
"ne

© o s 6 e s o

¥333958

"
.

l\llg 3
de
;E

%

§§§§
1]

--E0F MIT AFTER 110.
s

-17.898658123
~-17.89865813
-17.89865813
~-17.89865813
-17.89865813
-17.89865813
-17.89865813
-17.89865813
-17.89865813
~17.89865813
~17.89865813
-17.89865813
-17.89865813
~17.89865813
~17.89865813
-17.89865813
-17.89865813
-17.89865813
-17.89865813
-17.89865813
-17.89065813
-l?.l"‘ﬁl:;

-17?. 5813
-17.89865813
-17.89865813
-17.89865813
-17.89865813
-17.89865813
-17.89865813
-17.89865813
-17.89865813
-17.89865813

-17.839865813

.88288266
-.16267196
-.57397687

-1.15436261
-1.90904483
-2.84576331
-3.97575105
-5.31519736
-6.88749407
-8.72679654
-10.88393306
-13. 43682483
-16.51037376
-20.31865162
-25.26870673
-32.281 45000
-44.30533515
-294.72887941
-44.30533615
-32.28145000
-25.26870673
-20.31865162
-16.51037376
-13.4368248)
-10.88393306
-8. 72679654
-6.88749407
-5.31519736
-3.97575106
-2.84576331
-1.90904483
-1.15436261
-.57397687
-.16267196
.08288266

- 16453665
.08288266
-.16267196
-.57397687
-1.15436261
~1.90904483
-2.84576331
-3.97575105
-5.31519736
-6.88749407
-8. 72679654
-10.88393305
-13.43682483
-16.51037376
-20.31865162
-25. 26870673
-32.28145000
-24.30633515
-294.53642469

-.13580324
-.54906027
-1.25039687
-2.22755406
-3.37825599
-4.417694¢4
-4.97263431
-5.06038822
-5.23292700
~6.13398351
-8.37636057
-13.00240757
-24.83846601
-22.49190757
-16.85924287
-16.4735776@
-17.57990258
-17.89865813
~18.30863810
-18.99383294
~16.26854933
-13.04740201
~11.88610441
-13.00240757
~14.97943774
~11.82063985
-7.35066756
~4.36587678
~2.52704349
-1.43763925
-.81670095

- . 46508637
-.25314012
-.11449586
-. 02943082

. 00000000

-. 02943082
~-.11449586
-.25314012
~. 46508637
~-.81670095
-1.43763925
-2.52704349
~4,36587678
-7.35066756
-11.8206398S
-14.979437174
-13.00240757
-11.88610441}
-13.04740201

~-18.99383294
-18.30863810
-17.89865813
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7. Test run 2

INPUT DATA FOR TEST RUN 2

e e
.25 0.0 0.25
‘0.25 0.0 0.25
0010 2.0 0‘025
-0.10 2.0 .25
73
0.0 5.0



SCATTERING FROM AN ARRAY OF THIN TOUERS DUE TO
MM INCIDENT FIELD FROM AN ARRAY OF BRORDCAST
ELEMENTS BASED ON TRANSRISSION LINE APPROACH.

NUMBER OF BROADCAST ARRAY ELEMENTS = @

NUMBER OF THIN TOUERS - 2

POSITION OF THE DIPOLE ELEMENT MUMBER 1 - .250000 . 000000
HEIGHT OF THE DIPOLE ELE'E”T NUMBER 1 - .250000

POSITION OF THE DIPOLE ELEMENT NUMBER 2 » -.250000 .00000¢
HEIGHT OF THE DIPOLE ELEMENT NURBER 2- .250000

POSITION OF THE THIN TOWER MNUMBER 1 - 100000 2.000000
HEIGHT OF THE THIN TOUER MUMBER 1 - . 250000

POSITION OF THE THIN TOUER MUMBER 2 -.100000 2.000000
HEIGHT OF THE THIN TOMER NUMBER 2 » . 250000

NUMBER OF OBSERUATION POINTS FOR THESCATTERING PATTERN » 73

ANGLE OF OBSERVATION TOWERS FIELD DIPOLES FIELD

- 00000000 -18.44531287 -294. 78894026
5.00000000 ~18.43826232 -44.46951773
10.00000000 -18.38567578 ~32.44563257
15.00000000 -18.313215%) -25.4328891
20.00000000 -18.21554565 -20.48283420
25. 00000000 -18. 18518 -16.67455633
30.00000000 -17.065932524 -13.60100741
35.00000000 ~17.80962760 ~11.04811563
40 .00000000 -17.65202134 -8.89097911
45 . 00000000 -17.49151113 -7.05167665
60 . 00000000 -17.33300656 -5.47937993
55 . 00000000 -17.18117787 ~4.13993363
60.00000000 -17.04033926 -3.00094

TOTAL FIELD

-18.44531287
-18.06569795
-16.987589490
~17.66156049
-24.54002757
-22.68230837
-12.53997766
~-8.25865439
-6.20912539
-5.47891837
-5.47780317
~5.49711047
-4.8887715%
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IEEEEEREX

FORBUVITUNRE

00000000
00000000
00000000
00000000
00000006
00000006
00000006
00000000

75 . 00000000
200 . 00000000
285 . 00000006
290 . 00000000
295 . 00000000
300 . 00000000
305 . 00000000
310.00000000
315 . 00000000
320 . 00000000
385 . 00000006
230 .. 00000000
340  Sosseese
- 00000000
345.. 00000000

~16.91435856

-16.60446577

-17.18117787
-17.33300656
-17.49151113
-17.65202134

8.0‘276.

-17.0403

-16.61749603
~16.60446577
~16.61749603

6 795

-17.0403392¢
~17.18117787
-17.33300656
-17.49151113
-17.65202134

80962760

-17.96938624
-18. .O‘ll‘ll
-18.21554665
~18.31321$83

-2.07322741
-1.31854519
-.73815944
-.326854523

-.32685453
-.73815944
-1.31854519
-2.07322741
-3.00994588
-4.13993363
-5.47937993
-7.95167665
-8.89097911
-11.04811563
~13.60100741
-16.67455633
426

-44 46951773
« 44563257
-!5 43288931
- 48283420

-15-87455633
~13.60100741
-11.04811563

-1.31854619
=.73815944
-. 32685453
-.08129992

- 00035407
-.08129992
-.32685453
~. 73815944

-1.31854519

-2.07322741

-3.00994588

-4,13993363

-5.47937993

~16.674556319
-20. 48283420
-35.43288931

3
-3.69183373
-2.39940833
-1.33172630

-.58033783
~-.14291680
-. 00000000

-.14291680
-.58033783
-1.33172630
-2.39940833
-3.69183373
-4.88877155
-5.49711047
-5.47780317
-5.47891837
-6.2091253%
-8.25865439
-12.53997766

-7.90879008
~4.67157149
-2.64662295
-1.43569055

-.75023106
~.38218315

869956
~-.18698431
-.38218315
~. 75023106

-1.43569055
-2.64662295
-4.687157149

920879008

-12.49914665
-14.62651064

40



Si14-120

.

;—50' HIT AFTER 116.

-18.396567578
-18.43026232
-18.448312%7

~32.44563257
-44.46951773
-294. 78894026

-18.73757144
-18.83683493
~18.44531287

141



8.

~0.248

Test run 3

INPUT DATA FOR TEST RUN 3

0.9
0.535
0.9
-0.535

5.0

.25

0.238
0.238
0.238

42



SCATTERING FROM AN ARRAY OF THIN TOUERS DUE TO
AN INCIDENT FIELD FROM AN ARRAY OF BROADCAST
ELEMENTS BASED ON TRANSMISSION LINE APPROACH.

NUMBER OF BROADCAST ARRAY ELEMENTS - 1

NUMBER OF THIN TOUERS - 3

POSITION OF THE DIPOLE ELEMENT NUMBER { = . 900000 . 000000
HEIGHT OF THE DIPOLE ELEMENT NUMBER 1 - .250000
POSITION OF THE THIN TOUER NURBER 1 - . 000000 .535000
HEIGHT OF THE THIN TOWER MNURBER 1 - .238000

POSITION OF THE THIN TOUER NUMBER 2 -.248000 . 000000
HEIGHT OF THE THIN TOVER NUMBER 2 - .238000

POSITION OF THE THIMN TOUER MNUMBER 3. 000000 -.535000
HEIGHT OF THE THIN TOUER NUMBER 3 - 238000

NUNBER OF OBSERUVATION POINTS FOR THESCATTERING PATTERN = 73

ANGLE OF OBSERUVATION TOUERS FIELD DIPOLES FIELD TOTAL FIELD

. 00000000 -2.56714927 -6.27488997 . 900000090
5.00000000 -2.70008436 -6.27488997 -.07167720
10.00008000 -3.09418074 -6.27488997 -.27945196
15.00000000 ~3.73520315 -6.27488997 -.60289897
20.:.“.0.. -4.59942048 -6.27488997 -1.01272660
25.00000000 -5.05542861 -6.27488997 -1.47817889
30 . 00000000 -6. 16260 -6.27488997 -1.97609837
35. 00000000 -8.20768346 -6.27488997 -2.49808897
40 . 900000060 -9.6 -6.27488997 ~-3.0522057
45 . 00000000 -11. 46543 ~6.27488997 -3.65887734
50 . 00000000 -12. -6.27488997 -4.34447840
65 . 00000000 -14.41110188 -6 .27488097 -5.13862872
60 . 00000000 -16.5567343¢ -6.27488997 -6.06320737



05. 00000000
79. 00000000
75. 00000000
90 . 00000000
£5. 00000000
90 . 00000000
95 . 00000000

100 00000000
105 . 00000000
110. 00000000

115.00000000
120 . 00000000
125 . 00000006
130 . 00000000
135. 00000000
140. 00000000
145. 00000000
150 . 00000000
155 . 00000000
160. 00000000
165 . 00000000
170 . 00000008
175 . 00000000
180 . 00000000
185 . 00000000
190 . 00000000
195 . 00000000
200 . 00000000

206 . 00000000
210. 00000000
215 . 00000000
220 . 00000000
225 . 00000000
230 . 00000000
235 . 00000000
240. 00000000
245 . 00000000
250 . 00000000
255 . 00000000
260 . 00000000
265. 00000000
2760.00000000
275 . 00000000

%.s“’ﬁ......."
290 . 00000000

296 . 00000000
300 .00000000
305 . 00000000

310.00000000

315 . 00000000
326 . 00000000
326 . 00000000

330 . 00000000

336 0000000

395, 0os00s0s

-15.76128436

94962790
~-13.60576301
~12.17215106
-10.833686706

-9.63905590
-3.5743‘“4;

-4 . 96459674

-5.32450103
~-4.83813174
~4.58628687
-Q-Wl.i.
~4.64539789
~4.96459674
-5.44113243
-6.05293506
-607'579.75
-7.826306812
~8.57437147

590

~-6.27488997
27488997

-6.27488997
-6.27488997
-6.27488997

-6.27488997
-6.274889%7
-6.27488997
-6.27488997

488997

3

-6.27488997
27488997

X
-7.15481317
~-8.44911308

-16.958981607
-16.6131747¢
-15.23081932
~13.06005548
-11.95502894
-9.44120125

-8.22405953

-7.377670160

-6.88438751

-6. 73989984

-6.95131666

-7.53336404

-8.50155485

~9.85684984

~11.54968601
-13.40846982
-15.07591459
~16.14681816
-16.48986145
~16.14681816
~-15.07591459
982

~9.44120125
-11.05502894
-13.06005548
-15.23081932
-16.61317470
-15.958981 07
-13.95579251
-11.83681279
-9.99378815
-8.44911308
-7.15481317
-6.06320737
-5.13662872
-4.34447849
-3.65887734
-3.05220578

-2.49808897
-1.97699837
~1,.47817889
-1.01272660

-.60289897

44




-3.09418074
-2.70008436
-2.56714927

-6.27488997
-6.27488997
-6.27488997

~.27945196
~-.07167720
. 00000000

45
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