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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 line. 

2.2 University of Toronto Work  

The final report (Reference 1) covering work to the end of 
the peesent 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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FIGURE 1. Model of 2-tower broadcast array, comprising two quarter wavelength high towers, half 
wavelength apart (scale factor 300; i.e., masts are 9.4 inches high). 



FIGURE 2. Model building (scale factor 300; i.e., model is 
4 x 4 inches, 8 inches high corresponding to 
100 x 100 feet, 200 feet high at 1000 kHz). 
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FIGURE 3. Model power line (scale factor 300; i.e., tower height is 3.3 inches corresponding to 
177 foot towers at 1000 kHz). Spacing between towers X/2 (i.e., 450 feet at 1000 kHz). 
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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 I), 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 line 
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, thafthe 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 frequencies 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. 

(2) 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). 

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

(4) Measurements for single thin towers (heights 200 to 
900 feet in full scale) showed a maximum effect for 
tower heiets slightly less than X/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. 

(5) In connection with experiments relating to the effects of 
power lines, measurements were made for three, five and 
seven towers, the towers being in a straight line 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). 

(6) The effects of power lines are very complicated. The 
effects are dependent on the height and distance between 
the power line 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 
loop). In 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 1/2 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). 

(7) 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  affects, 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 sanie 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 for Current Fiscal Year, 1978/79  

3.2.1 On the NRC Antenna Pattern Ran9e  

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 lines 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 line) 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 omni-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 
application 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 funding 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. Kubinahas developed wire grid 
modelling programs which could allow for modelling of complicated 
structures (building complexes) of considerable size (q,10X). 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 limitations 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 tp 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 line 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 dp tô 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 2 /X 
where d is the horizontal dimensions (in meters if X 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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FIGURE 4. Power line tower with tuning stubs on each leg, to 
reduce currents on tower from nearby AM broadcast station 
(from Engineering Deparbnent, Radio Station CFTR) 
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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 I 

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 
in 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, ydi) and the current 
at the terminals be specified by complex currents ' m i. In addition, 
let the heights of these monopoles above the ground be Hdi. 

The radiated field due to any monopole above the perfectly 
conducting ground plane will have both Ep and Ez  components for the 
electric field at any point in space. However, the only electric field 
component of interest for determining 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 (x 0 ,y0 ,z0 ) due to the ith monopole 
of height Hdi is given as [ 3 ] 

E -j 
30 I mi . e -jkR i i e-jkR2i e -j 1 (>kR  • 

2 cos kHdi ) (1) zi sin kHdi Rli R 2 1  oi 

where 

R  • = /(x di - X 0 )2  + (Ydi - Yo 2 + 
() s
H - z ) di o .  

2 
11 

R 2i = 17(X
di 

- x 0 ) 2 + (ydi  - yo ) vidi o 
2 + 

(H di 
z  )2 

R 0  - ile (x di - x ) oi o 

k = propagation constant = 27r/X 

and 

Ii=1.+j Imai = complex current at the terminal. ni  mri 

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

2 
(Ydi YO )2 Z2  0 
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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 fif 1) e4  iri-ir 

dy 

V 
where i and i l  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 

= L  (vxvx-A-) (4) jwe 

where w = 2uf 

and E = permittivity of the propagation medium. 

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

-"E j4Trwc n XIIVXVX)7)5T1;-U ri l dvj (5) 
1 ^ 

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 longitudinal 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. 

(3)  

v V 

—14 
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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 

-jklr - r i  I 
A = f I(z 1 ) e  z 4u _ 

with I(z 1 ) 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 fonm: 

h 
j(t1 -jkIF - P 

- E iz  (is) = -- ( r k2) I (z") e  4 jwe 1 Ir - 

dz' (7) 

1=1 -h
tl 

with ht .' being the height of the l th  tower abovnthe ground and Il(z') 
being the induced current distribution on the 1" 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 transcendental basis functions have the form given by 

I
n
(z 1 ) = A

n 
+ B

n 
sin k(z 1 - z

n
) + C

n 
cos k(z 1 - z

n
) (8) 

where An , Bn  and Cn  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 

.../5 

(6) 
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equations for the induced currents on m towers. However, it is not 
necessary to use the intégral 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 

I
n
(z 1 ) = An + B n sin 

k(z 1  - z n ) + C n cos k(z 1  - z n ) 

Matching the current at the centre points of two adjacent segments 
z n _i and z n+ 1 leads to the following equations for the currents 

I
n-1 

= An + Bn sin kdn-1 + C n cos kdn-1 (9) 

I
n 

= A
n 

+ Cn (10) 

' n+1 = A + B sin kdel  + Cn cos kd n+1 (11) n n 

where 

and 

d n-1 - z =z n-1 n 

 dn+1 = zn  - zei  

Solving the above equations for the constants An
, Bn and C n leads to 

I
n
(z 1 ) = X n (z')I n-1 + n (z 1 )I n + Z n (z 1 )I n+1 

where 

1 X n (z ) = D- sin kdn+1 + (1 - cos kdn+1)sin  k(z 1  - zn ) • 

sin kd n+1 cos k(z 1  - z n )1 

1 Y n (z ) = [-sin k(dn+ + d n-I  ,) + (cos 
kdn+1 - cos kdn-1 ) • 

sin k(z 1 - zn ) + (sin kd n-1 + sin kd n+1 ) cos k(z I  - z n ) 

(12) 

• • .1 6 
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1 
Z n (z 1 ) = à sin kdn-1 + (cos kdn-1 - 1) sin k(zi - z n ) - 

sin 
kdn-1 

cos k(z 1  - z
n

) 

wi th 

D = sin kdn-1 + sin kdn+1 - sin 
k(dn-1 

+ d 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 = A
n + B sin kAz

n 
+ C cos kAz n n n 

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

ne  (z") = Y
ne

(zl)I
n 

+ Z
ne

(z")I
n+1 

where 

Y
ne

(z') = 1 — I -sin k(dn+1 + Az n ) 
D1 

+ (cos 
kdn+1 - cos kAz

n
) sin k(z' - z

n
) 

+ (sin kdn+1 + sin kAz n ) cos k(z' - z n ) 

1 Zne (z 1 ) = sin kAz
n + (cos Az n -1) sin k(z' - z n ) - 

DI 

sin kAz
n cos k(z' - z n ) 

and D I  = sin kAzn + sin kdn+1 - sin k(dn+1 +  AZ)  

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

Using the expressions for I n (z"), 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 

.../7 
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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,6, 4) 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. 5imilarly, the radiated field 
of thin towers perpendicular to the ground plane has also got only a 
6 component of the electric field. 

It should be noted that the total radiated field will have a 
variation with both e and ,15 co-ordinates of the observation point. 
However, since the main interest in the present work is on the horizontal 
plane pattern, the angle e in the calculations will be assumed to be equal 
to 900 . This value of angle e results in a considerable simplicity of the 
analysis. 

The radiation field of an i
th  monopole of height Hdi, located at 

a position with co-ordinates (xdi,ydi), can be easily found to be given 
by [7] 

E Oi
(6 = 90

o = j60Imiejk( d (I) Yd (P) J D x icos + isin 
e
- . kr x  

tan uHdi 
A 

using the far-field approximations. Therefore, the total field due to 
all the n monopoles is given by 

n 
E D  (e = 91PW = E E D . ( 19 = 900 ,(p) , e i=1 el 

The field radiated by an l th  tower located at a point with 
co-prdinates Yt1' (x t -I is given by '  

EW  (6 = 900 ,(1)) = jwpA
zl el 

.../8 
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where 

1 
Ai 

jk(xticosq, Ytlsin(P) = — e 4u 

h tl 

X f I
1 
 (z i )dz i  

with hti being the height of the 1 th tower above the ground plane. With 
each tower being divided into s segments for the portion above the ground, 
the magnetic vector potential reduces to the form: 

(xticp kr 
zl 

A = 1 ejk cos YtlsiruP) -j 

X E 4z (z n ) 
n=1 

where 

n 
= half width of the n th  segment 

and I
nl

(z n ) = induced current at the centre of the n th 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 
fie1d by the towers is found to be 

(x sq) Ytlsin(P) EW  (6 = , 90o ,(p) = j 30 k e-ikr ejk tic°  

1=1 

(2o) 

Therefore, adding the radiated fields by the towers and the 
broadcast array, the total radiated field at any angle (1) is given by 

E e( e = 90° , (p) =  E rii)  (e  = 900 , (I)) + E W  (e  = 900 , (I)) 

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

(18)  

-h tl 

(19) 

. _ 
)( I nl  (Zn )  
Z  

(21) 

.../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 buildings. 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 line 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 line 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 ndt 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. In 
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 indicate the possibility 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 



APPENDIX I 

- 1 0 - 

REFERENCES  

1. Nagy, A.W., "An Experimental Study of Parasitic Wire Reflectors on 
2.5 Meters", Proc. I.R.E., Vol. 24, No. 2, pp. 233-254, 1936. 

2. Harrington, R.F., "Field Computation by Moment Method", 
MacMillan Co., N.Y., 1968. 

3. Cox, C.R., "Mutual Impedance Between Vertical Antennas of 
Unequal Heights", Proc. I.R.E., Vol. 35, No. 11, pp. 1367-1370, 
1947. 

4. Mittra, R., "Computer Techniques for Electromagnetics", 
Pergamon Press, New York, 1973. 

5. Stratton, J.A., "Electromagnetic Theory", McGraw-Hill Book Co., 
New York, 1941. 

6. Nielsen, K.J., "Methods in Numerical Analysis", MacMillan Co., 
New York, 1964. 

7. Jordan, E.C. and Balmain, K.G., "Electromagnetic Waves and 
Radiating Systems", Prentice-Hall, Toronto, 1968. 



b° 
340°  

320 °  

20 °  

323 0  
40 °, 

120 °  
240 °  240°  

120°  

t o °  
350°  

310 
50° 

300 
60 

60 0 
 \ ZOO" 

230 
70 

col 

too' 

2)' 250 ° ‘.. 
110° 

14o° 
220 °  

210 °  

170 ° 190° 
1800 /Li cr ; 190° 170 0  

22C - 
140 

21D - 
150 

2O0° 
160 °  

tie .1  

10 0  
350 °  

20 °  
340 °  

330 
30°  

30 °  
330 °  

-160 0  
200 °  

- 

r' 

Mett4i4A-P—ot 

)(XXX CeiChditie.A., P62 tteJth 

/ Polar Chart No. 127 0  
SCIENTIFIC-ATLANTA, INC. 

ATLANTA, G ( ORGIA 

APPENDIX I 



APPENDIX I 

S FRoN1 
TWO 13 uILD,,vc S x)(xx 

iar Chart No. 127 0 
SCIENTIFIC•ATLANTA, INC. 

ATLANTA, GEORGIA C— C Sp,Lec/A/ 8 i/vciii-is(20(1 



APPENDIX I 

310 50' 
7.10 

co °  zoo' 

\\ 70' 

7 , 
\ 

10 °,  
L  _ 

220 °  

'/7/118111  
2000 lei MIMI 9 160° 

190° 
170° 

. . 

 

140 °  1 
140 °  220 °  

210'• 
150 °  

18 

330 '  
30° 

340°  
20 °  

L
" 
H  L7717 

.1; i t 
i o„ I 

0 

1. 
t 7 1- 

20 °  
340 °  

/ 

/-17, - 

30 ° 
 330°  

40°  
„„. 

t F77  

r_ (..) 

l , -t 
'ql-4  117  

4,0 .-...._ . \ 

....7.i 
1 -  '- -1 - - - 

/ 
1 10 " 

250 °  

250° 

240' 
120°  

120' 
210 °  

130 °  
230° 

230 °  
130 °  

//t/j 

350°  
10 °  

10° 
350°  

SC/9.  774:-W 

3 
//.?c2 41 77S-7,94,5 

)( X X 
•  ro tivRs  
S prîc/ 4/(9 

,vo 7- 7p et R 

2. S—Al  

Pot:It- Chad  No. 127D 
 SCILN1IFIC-ATLANTA, INC. 

ATLANTA. ( EORGIA 



60° 
 320°  320 °  

300 °  :37)0 

[L.±-11-fti-f 

, I 

, 

130 °  
230 °  

130 
230 °  

340°  
20°  

330°  

350° 
o 

0 
10° 

100 350° 

30 °  
3 ie 

7 ! 

20"/".: 
70727:7_ 

2é!0 °  
Ou", 

2 7 0 _ 
7)-0'1•-• 

- 

160" \-;‘, 

1 10" 

100 
240 °  

140 °  

20 °  
340 °  

310 
50 : 

/ 

/et e ,e.« 

5-  70 INJP,S o rop wiR 

5pAc/Ne -3 (/000 F.; 

Of 574 .e.(-4.;  

SC4 77-c7-pq 

APPENDIX I 

220 °  

210 

140°  

150 °  

dL" "  eionliplpi , 
200 0 Inni 811 

160 190 0  
170 9  

M -ef;LsLut.,2_,L 
XX X 

Polar Chart No. 127D 
SCIENTIFIC-ATLANTA, INC. 

ATLANTA, GEORGIA 

I V 



APPENDIX II 

COMPUTER PROGRAMS FOR 

RE-RADIATION FROM AN ARRAY OF THIN TOWERS 

by 

Rajinder Kumar Chugh 

Communications Research Centre 

Ottawa, Ontario 

April 1978 



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 

TY0-55 
1.000 C PROGRAM FOR SCATTERING PATTERN CALCULATION FPOM AN mAiN0010 
2.000 C ARRAY OF THIN TOWERS DUE 7C AN INCIDENT FIELD mAINOKA 
3.000 C FRoM AN ARRAY OF DIPOLES. THE cAUULAT/ONs ARE BA5ED mA:Nocno 
4.eee c ON TRANSCENDENTAL BASIS FUNCTIONS AND POINT MATCHING MAIH0040 
5.900 C IN THE MOMENT METHOD. MAitiee 
6.000 C feirioel6e 
7.000 C WRITTEN By R.K.CHUGH mAIm0070 
8.000 C ApRIL.1978 IAINOOSO 
9 .000 C mpir-ae9e 
is.ele c iiilkôleo 
11.000 C PARAMETERS MAPiellie 
12.004 C me.I40Ié:0 
13.eae c NDATA NUMBER OF DATA SETS. MAIN0110 
14.000 C NDP NUMBER OF BROADCAST ARRAY ELEMENTS. mAIN014,4  
15.000 C NTT NUMBER OF THIN TOWERS. rAIN01 ,:,, ? 
16.000 C WAVE WAVELENGTH IN METERS. MA:P0160 
I/.eee C xD,YD POSITION OF THE BRCADCAS ELEMENTS. ^p:Nell'e 
18.000 C HG HEIGHT or THE BROADCAST ARRAY ELENENT m44:^,ole 
19.060  C CMDC COMPLEX CURRENT AT THE BASE OF 14N0190 
2e.eee C THE BROADCAST ELEMENTS. lAINO200 
21.000 C XT,YT POSITION OF THE TOWERS. 1AI40210 
22.eee C HT HEIGHT OF THE TOWERS. mAI10220 
23.000 C RI RADII OF THE TOWERS. MAI40230 
24.090 C MA11.240 
25.900 C NAI4e2a 
26.eee C NOTE TWAT ALL DISTANCES ARE IN METERS mAINO260 
27.000 C AND  AL!.  ANGLES ARE IN DEGREES. mA/Ne270 
29.000 C meeinease 
29.000 C MAINO290 
30.000 C NUS NUMBER OF OBSERVATIONS FOR THE SCATTERING PATTERN. MAINe300 
32.eee C THS STARTING ANGLE FOR THE RADIATION PATTERN. 1AINO310 
32.000 C DTHS INCREMENTAL ANGLE FOR THE RADIATION PATTERN. MAIN9320 
33.000 C E5N NORMALIZING FACTOR THE SCATTERING PATTERN. MAINO230 
34.890 C MAI40340 
35.000 C ESN.120.0/(10.0**(-DROP IN DB AT THE MAXIMUM FROM MAINe350 
36.000 C ZER0/20.0)) MAI10360 
37.000 C MAIN07170 
38.000 C MAINO380 
39.000 C mAINO390 
40.000 IMPLICIT COMPLEX(C; MAIN04ee 
41.00e DIMENSION xD(10),YD(10),CMDC(10) MAIN0410 
42.000 DIMENSION XT(10),YT(10),ZT(10,40),DZT(10,40),4710),RT(10) MA:Ne4de 
43.000 DIMENSION mST(10),HD(10),THSD(400) MA:Ne41O 
44.000 DIMENSION CZ(100,100),CSWA(10),C1(100),CE(100; MAI4044a 
45.000 REAL cos I4040 
46.060 REAL CABS MAIN04,33 
47.000 COMMON  'TOUER'  XT,yTaT,DzT.RT mAINO47ê 
48.000 COMMON /DIPOLE/XD,YD,HD 1AiNa480 
49.000 COMMON /005P,  SPHS,PHSC mA:N0490 
50.000 DATA PI,DR,RD/3.141592653589 79,0.01745329252,57.295 77951 , mAIN0500 
5 1.000 C mA:NoSle 
S2.000 C READ AND WRITE vARIOUS PARAmETERS. MA:40520 
53.000 C mAIN953e 
54.000 CJ-CMPLX(0.0E0,1.0(0, . rpIN0540 
$5.009 WRITEC6,480) MAI49S50 

* 
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rvse-lige 
54.040 480 FORMAT( 1H ,5X,'SCATTERING FROM AN ARRAY OF THIN TOWERS DUE TO'/, 
57.004 11H • 5X,'AN INCIDENT FIELD FROM AM ARRAY OF BROADCASY' , / 
58.000 21 14 ,5X,'ELEMENTS BASED ON MOMENT METHOD.'//) 
59.000 READ(5.10)NDATA 
00.004 10 FORMAT(1014) 
61.004 DO aoe ND5 n 1,NDATA 
62.040 READ(5,10)NDP,NTT 
63.004 READ(5,20)WAVE 
64.004 URITE(6,490)UAVE 
65.044 494 FORMAT(1H ,5X,'UAVELENGTH • ',F10.6//) 
66.004 URITE(6,500)NDP 
67.004 URITE(6,510)MTT 
68.000 DO 30 ND•1,NDP 
69.004 20 FORMAT(8F10.6) 
70.000 C 
71.000 C READ AND URITE THE DATA FOR  DIPOLE ELEMENTS. 
72.000 C 
73.000 READ(5,20)XD(ND),YD(ND),HD(ND),CMDC(ND) 
74.000 WRITE(6,520)ND,XD(141)),YD(ND) 
75.004 WRITE(6,525)ND,HD(ND) 
76.040 525 FORMAT(1H .5X,'H(IGHT OF THE DIPOLE ELEMENT NUMBER • 
77.440 1F10.6//) 
78.004 34 WRITU6,534)ND,CMDC(ND) 
79 • 000 C 
80.400 C READ AND WRITE THE DATA FOR TOUERS. 
81.004 C 
82.000 DO 84 NT•1,NTT 
83.000 READ(5,20)XT(M1) 1 Y,(NT),14T(MT),RT(N1) 
84.004 N57(N1).11T(MT)/0.025 
85.000 JRITE(6,540)NT 
86.040 URITE(6,554)NST(NT) 
87.000 ORITE(6,5641XT(NT),YT(NT) 
88.000 U5ITE(6,570)H(M7) 
89.000 URITE(6,580)RT(MT) 
90.000 C 
91.040 C CALCULATE THE CENTRE POINTS AND HALF WIDTHS OF 
92.004 C THE SEGMENTS. 
93.000 C 
94.000 DZ-HT(47)/FLOAT(NST(HT)) 
95.000 ZT(NT,1)-HT(NT)-1:12/2.0E0 
96.000 DZT(NT,1).DZ/2.0E0 
97.000 DO 60 .1•2,NST(MT) 
98.000 ZT(NT..1)-ZT(NT,J- l) -DZ 
99.000 DZTINT,J).DZ/2.0E0 
100.000 60 CONTINUE 
101.000 C 
102.000 C 
103.000 80 CONTINUE 
104.040 C 
105.000 C READ AND MITE THE DATA FOR THE SCATTERING PATTERNS. 
106.000 C 
107. •00 READ(5,10)140115 
108.000 READ(5,20)THS,DTH5 
109.000 READ(5,20)E514 
110.000 WRITE(6.610)N08$ 

MAIN0560 
MAIN05 -'0 
MAIN0580 
MAIN0590 
MAIN0600 
MAINOE13 
MAINOE20 
MAIN0630 
MAIN0640 

MAIN0660 
MAIN067e 
MAIN068e 
MAINOEGO 
MAIN0700 
MAI10710 
MAIN0720 
M4I,10'30 
MA:h0740 
MAINO7Se 
MAIN0760 
MAIN0770 
MAIN0 780 
MAINO7S0 
MAIN0800 
MAIN0810 
MAIN0820 
MAIN0830 
MAIN0840 
MA 1M0850  
MAIN0860 
MAIN0870 
MAIN0880 
MAINO8S0 
MAI N0900 
MAIN0910 
MA: P'0920  
MAIN093O 
MAIN0940 
MAIN0950 
MAIN0960 
m$zimes7a 
MAINOS80 
MAIN095 
MAIN1000 
MAIN1010 
MA:N1020 
mA:Niala 

10 40 
 MAINIOS0 

MAIN1060 
MAIN1070 
MAIN1080 
MAIN1090 
mAimitee 



3 

TV111-145 
111.444 
112.444 
113.444 
114.444 
115.444 90 
116.444 
117.444 95 
118.444 C 
119.444 C 
124.644 C 
121.444 
122.444 
123.101  
124.644 
125.444 
126.844  tel 

 127.444 C 
128.1184 C 
129.444 C 
134.444 
131.444 C 
132.444 C 
133.444 C 
134.444 
135.400 C 
136.440 C 
137.444 C 
134.444 115 
134.440 
144.4441 
141.444 
142.444 
143.444 
144.444 124 
145.444 125 
146.444 144 
147.444 154 
148.404 
149.444 C 
150.044 C 
151.044 C 
152.444 170 
153.000 
154.000  c 
IssAte C 
156.404 C 
157.440 171 
158.444 
159.444 
164.444 
161.444 175 
162.844 177 
163.444 C 
164.444 C 
146.444 C 

URITE(6.624 )  
PROPC n2.41E4*PI/IJAWE 
DO 94 1.1.144 
DO 94 J.1,108 
C2(1,J)-CMPLX(4.4(4,4.4E4) 
DO 95 I.1,N085 
THSD(I) nTWS+DTHSt(FLOAT(I)-1.41(0) 

CALCULATE THE INCIDENT FIELD ON THE  TOUER  sEGNEres. 

NSJ n8 
DO 144 NT..1,11TT 
DO 1411 J.1,N5T(NT) 
N5J.N5J+1 
CALL IFDA(PROPC,NDP,CMDC,XT(NT),YTMT),ZT(NT,J),CE(Ns;), 
CONTINUE 

CALCULATE THE MUTUAL COUPLING MATRIx. 

CALL C2SET(PROPC,NT7,NST,CZ) 

CALCULATE THE INDUCED CURRENTS ON THE TOUER SEGMENTS. 

CALL CSEOCR(CZ,NSJ.144.2,CE,CI) 

CALCULATE THE SCATTER/NG PATTERN. 

URITE(6,6541 
11.4 
DO 125 NT5.1,NYT 
CSUACNT51.CMPLX(41.4E8,11.4E4) 
DO 124 I-1,NST(1475) 

CSUA(NTS)..CSUA(NTS;+ci(II) 
CSWA(NTS).CSUA(NTS)84.88DZT(NT5,1) 
DO 184 NO4 n 1,N085 
SPH5.5114(T145D(N08)8DR) 
PHSC-COS(THSD(N011)8DR) 

CALCULATE THE SCATTERED FIELD DUE TO IROADCAST ARRAY. 

CALL SFDA(PROPC,NDP,CMDC,CSD) 
(SD-CAPSICSD) 

CALCULATE THE SCATTERED FIELD DUE TO TOWERS. 

CSU.CMPLX(4.4E8 4.11E4) 
DO 175 NTS-1,NT1 
PF-PROPC*(PHSCECT(1175)+SPHSXYT(PITS)) 
CFP.C.183.41E11PROPC8CEXP(CMPLX(4.11£0,PF)) 
CSIPCSU+CSWA(NTS)ICFP 
ESU nCASS(CSu) 

CALCULATE THE SCATTERED FIELD . 

MAIN 1110 
mA:N1120 
MAIN1130 
?141r11 140 
MAIN1150 
MAIN116O 
IAIN1170 
NAIN1180 
mAINlige 
mAIN1200 
mA!N1210 

MAI:N:24e 
MAIN1250 
MAIN1260 
MAIN127e 
MAI1:280 
MAIN1E90 
MAIN1300 
MAIN1310 
MAIN1320 
MA:N1330 
MAIN1340 
mAIN1350 
MAIN1360 
PAIN 1370 
MAIN1380 
PAIN 1398 
mAIN14ee 
MAIN 1410 
MAIN1420 
PAIN! 430 
MAIN1440 
MAIN1450 
MAIN1460 
MAIN1470 
MAIN1480 
MAIN:490 
MAIN1500 
MAIN1510 
MAIN1520 
MAIN1S30 
mA:N1540 
PAIN 1550 
MAIN 1560 
mA1N1570 
MAIN1580 
MAINISSO 
MAIN1600 
mAIN1610 
MAIN1620 
NAIN1630 
MAIN1640 
MAIN1650 



OF OBSERVATION POINTS FOR THE RADIATION', 

THE BROADCAST ARRAY 

• ',14//) 
ELEMENT NUNBER',I4,' • 

BASEOF DIPOLE NUMBER',I4, 

,I4//) 
THE TOLER • ',I4/) 
• '.2F10.6/) 
',2F10.6/) 
',F10.6/) 

4 

TY144-221 
166.404 
167.0011 
168.1144 C 
169.046 C 
170.004 C 
171.004 
172.1140 
173.044 
174.044 190 
175.000 180 
176.040 206 
177.600 C 
178.400 500 
179.000 
184.000 514 
181.044 524 
tea.». 
183.000 534 
144.004 
185.000 540 
186.004 554 
187.044 564 
188.0114 570 
189.040 584 
194.060 C 
191.040 C 
194.004 C 
193.000 C 
194.4110 610 
195.040 
196.1140 624 
197.1100 634 
198.044 654 
199.000 
200.000 664 
201.000  
242.004 
243.040 
244.400 C 
245.044 C 
246.004 C 
247.000 C 
208.040 C 
209.000 C 
210.000 C 
211.000 C 
212.000 C 
213.400 C 
214.000 C 
215.400 
216.040 
217.000 
218.». 
819.040 
440.0411 mimeo 

CS•CSD+CSU 
EST•CABS(CS) 

CALCULATE THE SCATTERED FIELD IN 011. 

ES(.1•20.0*ALOGIO(ES11/(SN) 
ESD•20.0tALOGIO(ESD/ESN) 
EST•211.0tALOGIO(EST/EsN) 
WRITE(6 664)THS0(N08),ESw.ESD,EST 
cœmmui 
CONTINUE 

FORMAT(iH ,SX,'NUMDER OF ELEMENTS IN 
114//) 
FORMATI1H ,5X,'NURIIER OF THIN TOWERS 
FORMAT(1H ,5X,'POSITION OF THE DIPOLE 
12F10.6//) 
FORMAT( 18 ,5X, 'MAXIMUM CURRENT AT THE 
1'• ,2F10.6//) 
FORMAT(1H  5K, 'DATA FOR TOUER  NUMBER' 
FORMAT(IN ,SX,'NUMBER OF SEGOENTS ON 
FORMAT( 1N  ,SK, 'POSITION  OF THE  TOUER  
FORMAT(IN ,5X,'HEIGMT OF THE  TOUER  • 
FORMAT(IN ,5X,PRADIUS OF THE  TOUER  • 

FORMAT(114 
1' PATTERN • ',I4/1 )  
FORMAT(1H ,SX,'NORIZONTAL PLANE PATTERN . ////) 
FORMAT(IN ,5X,'WERTICAL PLANE PATTERN , ////) 
FORMAT(1H ,'ANGLE OF OBSERVATION',81(,'TOWERS 
1'DIPOLES FIELD',11X.'TOTAL FULD',/) 
FORNAT(IH ,4f19.8) 
STOP 
END 
SUBROUTINE CZSET(P*OPC.NTT.NST.CZ) CZST8010 

SUBROUTINE TO SET UP THE MUTUAL COUPLING MATRIX FOR THE C25T0020 
INDUCED CURRENTS ON THE TOWERS. 

PROPC PROPAGATION CONSTANT. 
NT? NURSER OF THIN TOWERS. 
NS/ NURSER OF SEGMENTS ON THE TOWERS. 
XT,YT POSITION OF THE TOWERS. 
ZT CENTRE POINTS FOR TOUER  SEGMENTS. 
RT RADII OF THE TOWERS. 
DZT SEGMENT WIDTHS. 

IMPLICIT CONPLEX(C) 
REAL COS 
DIMENSION NST(111),xT(10),VT(10),RT(10),ZT(10.40) 
DIMENSION DZT(10,40),CZ(ie4,100) 
COMMON /CEZ/ CERU,CERL,CJ 
COMMON /EZC/ OIL RU,ZM ZN ZL,ZU,RADS,PROP,DCDZ,DSDZ,RL3,RU3 come« 'TOUER'kT,VT,iTAZT,RT 

FIELD' ,6X,  

P4:1141660 
rAIN1670 
MAIN
mA:misul 
MA 1700  
'1A:N1 7 10 
MAIN1'20 
metini/3e 
MAIN1740 
MAIN17S0 
MAI41760 
MAIN 17 1 2  

• IN 1790  
mAImme 
NAIH1810 
• 1N 820  
MAI4:830 
NA141840 
1101418SO 
MAIN1863 
MAIN1870 
MAIN 1880 
MAIN1890 
PAIN1900 
PAIN1910 
PA:141920 
MAI P41930  
NAIN1940 
MAIN19S4 
PAIN1964 
PAIN1970 
MAIN1980 
MAIN1990 
P0142000 
NAI42010 
NAI42020 

CZST0030 
C2ST0040 
CZSTOOSO 
CZST0060 
CZST0070 
CZST0080 
czsTeesle 
CZST0100 
CZST0110 
CZST0120 
CZST0130 
czsTet4e 
CZSTO1S0 
CZST0160 
CZST0170 
CZST0180 
CZST0190 



C25"0200 
C2570210 
C2510220 
C2510230 
02510240 
:2570250 
02910260 

 C2510270 
C2ST0280 
CO 020 
C250300 
C25'0310 

C2S70330 
C2570340 
025T0350 
02510360 
C2ST337C 
C2570380 
CZ5T03g0 
C2S 70403 
czs-e4le 
C250420 
C250 4 30 
C25 .04 40 
czs -e4se 
C2570460 
C25T04 70 
C2570480 
C25T0490 
curesee 
czsTesie 
CUT0520 
CZST0530 
czsTes4e 
czsTesse 
C25T0560 
C2510570 
C25T0580 
C2510590 
025T0600 
C25T0610 
C2570620 
C25T0630 
C2S70640 
czsTessa 
C25T0660 
CZ5T0670 
C25T0680 
C25T0690 
C25T0700 
C2ST0710 
C2570720 
C250730 
C2570740 
C25 -0750 

222.000 EXTERNAL CCPI,CSFI,CCFI 
223.000 C.I.CAPLX(0.0E0,1.0E0) 
224.000 PROP-PROPC 
226.000 NSI-0 
226.000 DO 160 NT0.1,NTT 
227.000 DO ISO 11.1,1457(NT°) tn..« NSI.MSI41 

2/11-ZT(NTO,II) 
230.000 DO 140 NTS-1,NTT 
231.000 IF(NTS -1)10,10,20 
232.000 10 MSJI-0 
233.000 GO TO 40 
234 PA0 ?.0 m5j/. 0  
235.000 DO 38 IK•1,NTS-1 
236.000 30 MSJI-NSJI.NST(IK) 
237.000 40 RADS-(XT(NTS)-XT(NTO))**2 4.(YT(N7S)-YT(NTO))**2+RT(NTS)**2 
230.000 C 
239.000 C CALCULATE THE TRANSCENDENTAL FUNCTION INTERPOLATION 
240.000 C MATRIX FOR EQUAL WIDTH SEGMENTS. 
241.000 C 
242.000 SO DI....DZT(NTS,1)+DZ7(NTS,2) 
243.000 SIDL.SIN(PROP*DL) 
244.000 SIDReSIDL 
245.000 DCIL•SORT(1.0(O-SIDL*SIDL) 
246.000 DCIR-DCIL 
247.000 DET•SIDL+SIDR-SIDLI*CIR-DCILiSIDR 
248.000 DCDZ.COS(OZT(NTS,I ) *PROP) 
248.000 DSDZ.SIM(DZIUNTS,1)*PROP) 
260.000 60 DO 130 .1.1.2,NST(N1S) 
251.000  C 
262.000 CALCULATE THE CONTRI8UTION OF THE DIFFERENT SEGMENTS 
263.000 C ExCEPT THE END SEGMENTS. 
264.000 C 
256.000 NS>NSJI4JJ 
esam, ZN.ZT(NTS,JJ) 
257.000 ZLeZN-DZT(NTS,JJ) 
258.000 ZU-Z14+DZT(NTS.J..1) 
258.000 80 RL-5ORT(RADS+(ZM-21)**2)*PROP 
260.000 RU-SORT(RADS+c2M-ZU)**2)*PROP 261.eee CERU-CMPLXcCOS(RU),-SIN(RU)) 
262.000 CERL*CMPLX(COSCRL),-SIN(RL» 
263.000 RL3-RL*RL*RL 
264.000 RU3-RU*RU*RU 
265.000 CZX1.(CCPUSIDL)+CSFI(I.OE0 -DCIL) - CCFI(SIDL))/DET 
266.000 CZY1•(CCPP-SIDL*DCIR-SIDR*DCIL)+CSFI(DCIL - DCIRi+ 
267.000 ICCFUSIDL•SIDR))/DET 
268.000 CZZI-(CCP1(5/DR)+C5FI(DCIR-1.0E0)-CCFI(SIDR))/DET 
269.900 C 
270.800 1"; CALCULATE THE CONTRI8UTION OF THE REFLECTION POINT. 
271.000 C 
272.000 ZN•ZN 
273.000 ZI.eZN-DZT(NTS,JJ) 
274.000 ZU-ZN+OZT(NTS,JJ) 
275.000 100 RL•SORT(RADS“2N-ZL)**2)*PROP 
a7s.oele RU.S0RT(RADS*(ZW-ZU)**2)*PROP 
277.000 CERU.CMPLx(c0S(RU),-SIN(RU)) 

.1 
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TY878 -333\5\4 
278.01111 
279.0011 
280.0410 
MILANO 
282.0011 
e13.000 
214.004 
285.0414 
216.000 
287.000 
288.044 110 
289.000 
290.404 120 
291.000 134 
292.000 C 
293.000 C 
294.400 C 
295.000 C 
296.040 
297.000 
291.044 
299.400 
300.000 
341.000 
302.000 
303.000 
344.400 
308.000 
306.000 
307.000 
308.000 
309.000 
310.000 
311.000 
312.000 
313.040 
314.aeo 
315.001  
316.040 
317.000 
318.000 
319.000 
320.000 
321.000 
322.000 
323.000 
324.000 
325.000 
326.000 
327.000 
328.000 
329.000 
334.000 
331.004 
332.000 
333.000 
334.000 

CZST0760 
CZS707 7 0 
. -.731•072e 
czsTe7se 
czsTefte 
CZ570810 
CZT0820 
CZ570E30 
CZ5T0840 
C23702U1 
':2370U0 
ZE702 7 0 

02570E50 
025703r 
C2',T0900 

CALCULATE THE CONTRIBUTION OF THE END SEGMEhT5 OF C2; 7 0910 
THE TOYERS. CZ3 7 0G20 

CZ5 7030 
czs -e94e 
CZS70;50 
C25T0960 
czsun'e 
czsTene 
CZSTO9Ç0 
czsTteee 
czsTiete 
CZST1020 
CZST10:40 
CZST1040 
CZSTIOSO 
czsTte6e 
czsTteTe 
czsTtese 
czsTtege 
czsTitee 
czsTille 
czsT1120 
C2571130 
(Z571140 
C25 7  150 
C75 7  160 
C7::"' 17> 
CZ7 :83 
:257 150 
C27571200 
C7.71210 
C7.57120 
C2 7 1230 
CZS 7 1240 
(75 7 '250 
C237 260 
(757 270 
C77 2?0 
Y:5T1290 
CZ571300 
CZ571310 
C.7371320 

CERtmCMPLX(COS(R1.),-SIN(RL)) 
R1.3411.*Rilltt 
RU341U*RUIRU 
C2X2 n (CCP1(5IDL)+CSF1(1.0E0-OCIL) -CCFUSIDL )) / 1 ET 
CZY2•(CCPIC-SIDUDCIR-SIDRIMCILl*CSFI(DCIL -DCIR )4 

 ICCFICSIDL4SIDR»/DET 
C27.2•(CCPUSID0)+CSFI(DCIR-1.0E0) -CCFUSIDR»/DET 
CZ(K5I,NSJ-1).CZ(NSI,NSJ-1)*CUI 4CZZ2 
C2(KS/,NSJ).CZ(NS1,NSJ)*C2Y1+CZY2 
IF(JJ-N5T(NTS))110,120,110 
CZ(NSI,NSJ+1)-CVNSI,NS.1•1)+C221 4CZX2 
GO TO 130 
C2(NSI,NSJ)•CZ(NSI,NSJ)+CZZI+CZX2 
COKTINUE 

J.1s1 
NS.J.NSJI+JJ 
ZN.ZT(NTS,JJ) 
21..o2N-DZI(NTS,JJ) 
2U.ZI4,DZT(KTS.JJ) 
01.1.1:12T(NTS,JJ)+021(NTS,JJ+1) 
DLR.02T(NTS,JJ) 
SIDFR.SIM(PKOPIDLR) 
SIDFL.SIN(PROPIOLL) 
OCIell.e01 (1.0E0-SIDFRiSIDFR) 
DCIFI.SOR1(1.0£0-SIDFUSIDFL) 
DE,I.SIDFR4SIDFL-SIDFL*DCIFR-SIDFR*DCIFL 
RLeSORT(R4D5.CM-ZL)882)8PROP 
RU.530T(RADS*(ZR-20882)*PROP 
CERU nCKPLX(COS(RU).-SIN(RU)) 
CERL•CMPLX(CO5(R1),-SIN(RL)) 
DCDZ•COS(DZI(NTS,JJ)*PROP) 
DSDZeSIN(DZT(NTS,JJ)*PROP) 
81.3.RUKURL 
RU3.RUSRU*RU 
Crel.(CCPI( -SIDFLIEDCIFR-SIDFR*DCIFL)+CSFI(DCIrL-DCIFR)+ 
1CCFI(SIDFL+SIDFR))/DETI 
UZI•(CCPI(SIDFR)+CSFI(DCIFR-1.0E0)-CCFU5IDFR))/DETI 
ZN--ZN 
ZL•ZN-DZT(NTS,.1.1) 
ZU•ZN+DZT(PITS,JJ) 
SIDLR•SIDFL 
SID1.1•5IDFR 
OCILR•DCIFL 
DCIL1.•DCIFR 
DE12•SIDIR+SIDLL-SIDLUDCILR-SIOLR*DCILL 
RL.SORT(RADS.eaM-210**2)*PROP 
Ru.GoRT(RADs4, (ZM-2U)812)*PROP 
CERU•CMPLX(COStRU),-SIN(RU)) 
CERI.CMPLX(COS(RL),-SIM(RL)) 
DCD2.COS(DZT(NTS,JJ)sPROP) 
DSD2.SINID2T(NTS,JJ)1EPROP) 
RL3.RUPLIUK.. 
RU3.1eUldtaRU 



Tv326 -391 
336.000 CZX2.(CCPUSIDLL)*CSFI(t.0E0-OCILL)-CCFICSIOLL»/DET2 
331.000 C2Y2-(CCPI(-SIDLRIDCILL-SIDLL*DCILR)+CSFI(DCF-L-DCILR) .. 
337.000 ICCFUSIDLL.SIDLR»/DET2 
338.004 CZ(NSI,NSJ).CZ(NSI.NsJ)+CZY1•CD, 2 
379.004 C2(NSI,NSJ+1).C2(mS1,NSJ41)+CZI1+CZX2 
340.004 140 CONTINUE 
341.000 ISO CONTINUE 
342.000 160 CONTINUE 
343.000 RETuRN 
344.000 END 
345.400 coMPLEx FUNCTION CCFI (R/) 
346.000 C 
347.000 C EXACT  INTEGRATION FOR THE COSINE cuRRENT 
348.000 C 
349.000 IMPLICIT COMPLEX(C) 
364.000 REAL COS 
351.004 COMMON /CEZ/ CERU,CERL,CJ 
352.000 COMMON /EZC ,  RL,RU,ZM,ZN,ZL,ZU,RADS,PROP,DCDZ,DSCZ,RL3,RL3 
353.000 CCFI.-CERUKDSDZ/RU-CERLKDSDZ/Rt 
354.000 1-c1.0E04eJtRu)tDCDZ6PROpt(ZPI-ZU)*C(RU/RU3 
355.000 2.(1.0E0+CJUL)68COZSPRoPit(Zm-ZL)10ERL/RL3 
356.000 CCFI.CJ6R113.0EISPROPXCCF1 
367.000 RETURN 
358.000 END 
369.000 CONPLEx FUNCTION CCP1 (RI) 
344.000 C 
381.000 C INTEGRATION FOR THE CONSTANT CURRENT 
362.040 C 
363.004 INPLICIT COMPLEX(C) 
364.000 COMMON /CEZ/ CERU.CERL,CJ 
365.004 COMMON /(ZC/ RL,RU,ZN.ZN.Z1..ZU,RADS.PROP,DC8Z,DSDZ,R13,Ru3 
366.044 ExTERNAL CExPI 
367.040 CALL CGAG(ZL,ZU,CExPI,4,CANS) 
368.004 CANS-CANS+ALOGC(RU/PROP+ZU-Zmw(RL/PROP+ZL-ZN)) 
369.004 CCPI.(1.0E04.CJtRu)tPROPt(ZN-Zu)sCERU/RU3 
3,0.000 -(1.0(0+CJsRL)*PROPt(ZN -ZL)xCERL/RL34.CANS 
371.000 CCPI.-CJ*3.0EixPROPXRItCCPI 
372. 000 RETuRN 
373.000 END 
374.000 SUBROUTINE CGAG(XL,XU,CINT ,MIX,CAMS) 
375.0e0 
3,6.400 C WRITTEN BY R.K.CHUGH 
377.000 C CRC M0V.,1977 
378.000 C 
379.004 C SUBROUTINE TO PERFORM 4UMERICAL 
380.040 C INTEGRATION OF A cOMPLEx FUNCTION cINT 
381.000 C USING GALSS  QUADRATURE ELEuEN POINT F1RMuLA. 
382.000 c 
383.040 c xL LOUER  LIMIT OF imTEGRATIoN INTERwAL. 
384.000 C XU UPPER LIMIT OF INTEGRATION /NTERuAL. 
385.000 C CINT ExTERNAL FUNCTION DEFINING THE INTEGRAND. 
386.000 c Nix NUMBER OF INERwALS FOR THE INTEGRAT/ON RANGE. 
387.000 C CANS ANsuER OF INTEGRATION. 
388.0011 C 
310.1110 INPLIcIT COPIPLEx(c) 
391.1100 DIMENSIoN T(6),w(6) 
381.000 EXTERNAL CINT 

C,1330 
CZST1342 
,'ZeT1352 
c2GT13E.e 
cZST1370 
( ZT1380 
f2511 3e 
:ZST1402 
:ZST14:0 
ZST1420L 
CrF10010 
CCrleet,o 

Cc 7 :024N 
r:22S0 

CIF10243(> 
0.F100'd 
C11082 
UF102, 9 
- cFra:ee 
CCFIO110 
CCFI0120 
,2CF:013,3 
cure140 
CCP:$010 
ccPiae20 
CCPI0030 
CCP 10040  
CCPI0050 
ccPree6a 
ccg, :een 
ccP:eetta 
CCP 10090 
CCP 10100 
CCPIO110 
CCPI0120 
CCPI0130 
CCFIO: 42 
CCFI0:52 
ccAGeale 
CUAG0020 
.:GAG003) 
CGAGO040 
cr,4a003.) 
cGAaeee3.) 
CGAG0072 
CGAG0082 
CCA02,092 
COA00100 
:001:0 
C.7;400:20 
CAO0130 
CGA10140 
ccAael9e 
ccAaelse 
CGA00170 
ccAoelse 
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TV392 -440 * 
398.000 DATA T/0.978228658146067,0.887062599768095, 8 . 730 15200557 4049, C1A00130 
303.000 10.619096129206812,8.2695431SS952345,0.0E0/ C;A00200 
394.600 DATA U/0.556685671161737D-1,6.12SS80369464905,0.186200210927 7 34, r_GP0021e 
305.000 10.233193764591990,0.262804544510247,0.272925086 777901 , CGAQ822e 
390.000  SI DC•NIX Cr4Ge23 
397.000 CSUM•CMPLX(0.0E0,0.6E0) 'GAGO240 
391.000 D1).(XU-XL)/DC 'Go4402c 
399.000 DO 60 L•1,NIX Y...Au02te 
400.000 AA-XL*(FLOAT(L)-1.0E0)1(DD cc,e0-4027(7,  
4•1.008 A8-AA.D0 CGAC4020 
402.060 SCAL1-(AD-AA)/2.0E0 cr.AwEio 
483.600 scAL2.(geepp)/2.0E0  
404.660 DO 60 Ne1,6  
405.0410 P1.-SCALIiI(N)+SCAL2  
406.000 IF(T(M).E0.0.11E6)G0 TO 81  
407.004 82 P2-SCAL18T(N)*SCAL2 :LPtA34e 
408.000 CSI.CINT (PI)e/pc (p2) 7:GegiO3Se 
409.000 GO T083 CGAa360 
410.000 81 CSI.CINT (P1)  
411.000 83 CSUM•CSUM4SCALI6U(N)*CSI CGAW380 
412.606 60 CONTINUE CC4ae3ge 
413.600 CANS•CSUM CC.A304ee 
414.060 RETURN CuA00 4 1a 
415.000 END CGA0e 4 2e 
416.600 COMPLEX FUNCTION CEXPI (ZP) CExPeed 
417.600 C CExP0020 
410.000 C INTEORAKD FOR THE CONSTANT PART CExP0030 
419.000 C CEXP0040 
400.000 IMPLICIT COMPLEX(C) CEXP00S0 
421.600 REAL COS CEXP0060 
482.000 COMMON /CEZ, CERU,CERL,CJ CEXP0070 
423.600 COMMON eEZC, RL,RU,ZM ZN ZL,ZU,RADS,PROP,DCD2,DSDZ,R1.3,RU3 CEXP0080 
424.600 R.SORT(RADS4(8M-2P)88à)8eROP CEXP0098 
425.0041 CEXPI•(CMPLX(CQ6(R),-SIN(R))-1.6(0)8PROP/R cuonele, 
426.000 RETURN CExP0110 
427.000 END CEX00120 
428.666 SUDROUTINE CSEOCR(A,N,M,MM,D.X) csEoeela 
429.800 C CSE00020 
430.060 C URITTEN 8Y R.K.CHUGH CSE00030 
431.800 C CRC NOU.,1977 CSE00040 
432.800 c csEoeese 
433.000 C SUIIROUTINE TO SOLVE COMPLEX CSE00060 
434.060 C SIMULTANEOUS EQUATIONS USING GROUT'S METHOD. CSE00070 
435.000 C CSEGeOSO 
436.606 C [A3(X3.E113 C5E3e090 
437.660 C CÇEG0100 
438.000 C ti NUMBER OF EQUATIONS TO DE SOLVED. CSE2el1e 
439.600 C M MAXIMUM DIMENSION FOR MATRICES A,11,X. CSE00120 
440.000 C MM PARAMETER FOR TYPE OF MATRIX A. csE001.30 
441.606 C MM-1 SYMMETRIC MATRIX A. CsE00140 
448.000 C MM.2 NON -SYMMETRIC MATRIX A. CSE0015@ 
443.000 C c5E0e16e 
444.000 COMPLEX A(M,M),8(M),X(M),CSUM CSE00170 
443.000 A(1,1).A(1,1) CSE00180 
444.000 DO 10 I-2 ,N CSE0019e 
447.000 A(1,1)-A(Z,1) CSE0e2e0 
440.000 10 A(1,I).A(1,I)/A(1.1) CSECA210 
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TV449-505 * 
449.000 8(1).0(1)/A(1,1) CSE,»220 
450.000 DO 100 I..2,N CSE00230 
451.080 II.I-1  
462.800 DO DO .P.2,N CSE)02SO 
453.000 JJ-J- 1 CiJ02t30 
454.000 CSUM-CMPLX(0.0E8,0.0E0) CSE.J027d 
465.000 IF(I-J)20,30,40 (1E)023a 
456.000 20 DO 25 K•I,II  
457.800 25 CSUM-CSUM+A(I,K)*A(K.J) .7,Ninoo 
458.000 A(I,J)-(0(I...1)-CSUM)/A(I,I) , E(;07i: n3 
459.000 GO TO 90 LE.ü0 -.J2P 
460.000 30 DO 35 K•1,II E?  ,;! 
461.000 35 CSUM.CSUM.A(I,K)IA(K,I)  
462.000 ACI  I) •A(I,I)-CSUM  
463.000 co fo 90  
464.000 48 GO TO (46,60),MM  
465.800 46 A(I,J)-A(J,I)*A(J,J)  
466.000 GO TO 90 (;Eue3 -Je 
467.000 60 DO 45 K.I,JJ C'EFGe400 
468.800 45 CSUM•C541M.AII,KMA(K,J) ;5Erie4:e 
469.000 A ( I,J).A(I,J)-CSUM l':EG042e 
470.000 90 CONTINUE :sEr043e 
471.000 C5UM.CMPLX(8.0E0.0.8E0) -_suia442 
472.800 DO 95 K•1,II ',504SP 
473.300 95 CSUM.CSUA.A(1.1)118(K) :sEe.sée 
474.000 l(I)*(11(I)-CSUM)/AII,I; ,:sE.)047e 
475.000 100 CONTINUE ':sude48e 
476.000 x(M).1 (N ) 05EG0490 
477.004 DO 118 .1.1,N-1 r.:sEaeseo 
478.000 I.N- J 05E00510 
479.000 (1(..1.1 05E20620 
480.000 CSUM•CMPLX10.0(8,0.0E0) :5E30530 
481.000 DO 105  K.KK.14 Z 5E20540 
482.000 105 CSUM.CSUM•AtI,()*X(K) 05E 0055 0 
483.000 X(1)-8(1)-CSUM CSE00560 
484.800 110 CONTINUE CSE00570 
485.000 RETURN CSE005S0 
486.000 END CSEG0590 
487.800 COMPLEX FUNCTION CSFI (RI) C5•!000 
488.008 c csF:eou 
489.080 C EXACT INTEGRATION FOR THE SINUSOIDAL CURRENY (S 7 :0030 
490.000 C CS%:0040 
491.000 IMPLICIT COMPLEx(C) C5,10050 
492.000 COMMON /CEZ/ CERU,CERL,CJ ct:F10060 
493.000 COMMON /EZC/ RL,RU,ZM,ZN,ZL,ZU,RADS,PROP,DCDZ,DSDZ,PL3,Ru3 cçrlae7e 
494.000 ::*SFI-DCDZ*CERU/9U-DCDZ*CERL/RL- C.FI008e 
495.000 1(1.0E0+CJIMUnDSDUPROMZN-Zu)*CERu/RU3 05F10090 
496.000 2 - (1.0E0+CJ*RL)*DSD2*PRoPs(ZN-ZL)*CERL/RL3 csrullee 
497.080 CSFI-CJ*RI*3.0E1*PROP*cSFI CSFI0110 
498.000 RETURN csFrelae 
499.000 END CSFI0130 
500.000 SURROuTINE IFDA(PROPC,mDP,CMDC,x0,YO,ZO,C1F) IFDA0010 
501.804 C IFDA0020 
502.000 C FUNCTION TO CALCULATE - THE INCIDENT FIELD 4T ANY OOSERuATION POINIFDA0010 
503.000 C DUE TO A DIPOLE ARRAY. IFDA0040 
504.000 C PARAMETERS IFDA00S0 
505.0641 C IFDA0060 
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SIS. 000 C pROp PROPAGATION CONSTANT. 
507.000 C MOP HUNIER  OF DIPOLES. 
508.000 C XD,YD COORDINATE LOCATION OF THE DIPOLE. 
509.000 C CMDC COMPLEX CURRENT AT THE BASE OF THE DIPCLE 
510.000 C XO,Y0,20 OBSERVATION POINT COORDINATES. 
511.000 C CI  F COmPLEx INCIDENT FIELD AT THE OBSERVATION POINT. 
512.000 C 
513.000 C 
514.000 IMPLICIT COMPLEx(C) 
515.000 REAL COS 
518.000 DIMENSION XD(10),YD(10),HD(10),CMDC(i0) 
517.000 COMMON /DIPOLE/XD,YD,ND 
518.000 CIF.CMPLX(0.0E0.0.0E0) 
519.100 PROP-PROPC 
520.000 DO 70 N-1,NDP 
521.000 XDO.X0(11)-X0 
522.000 YDO.YD(N)-Y0 
523. 111 RHOS.XDOXXDO.eYDO$YDO 
$24.000 R1N.SORT(RHOS.(HD(M)-20)$$2)$PROP 
525.000 R2N.SORT(R140S.114D(N)+20)$$21SPROP 
526.000 R0N.SORT(RHOS+20120)*PROP 
527.000 DCH•COS(PROP*HD(N)) 
521.000 DSH•SIN(PROPSHD(N)) 
sas.egbe X-COSCRIN)/RIN+COS(R2N)/R2N-2.0$COSZRON)$DCH/RON 
330.000 Y.SINCRINleRIM.SIN(R2N)/R2N-2.08SIN(RON)iDCH/RON 
531.000 CIF.CIF+3.0(ISPROP*CMDC(N)$CMPLX(Y,X)/DSH 
532.000 70 CONTINUE 
533.000 RETURN 
534.000 END 
535.000 5UDROUTINE SFDA(PROPC,MDP,CMDC,CSD) 
536.000 C 
537.004 C SUDROUTINE TO CALCULA'E 'HE SCATTERED FIELD  DIE  "C 
538.900 C THE DIPOLE ARRAY. 
539.000 C 
540.000 C PROPC PROPAGATION CONSTANT. 
541.000 C HOP HUNIER  OF DIPOLES. 
542.000 C CMDC COMPLEX CURRENT AT THE BASE OF THE  :POLE ELENAENT. 
543.000 C CSD SCATTERED FIELD AT AN OBSERVA'ION POINT. 
544.009 C 
545.01e C 
545.000 IMPLICIT COMPLEX(C) 
547.060 REAL COS 
548.000 DIMENSION XD(10),YD(10),HDc10),CMDC(19) 
549.000 COMMON /DIPOLE/XD,YD,HD 
550.000 COMMON /OBSP/ SPNS,PHSC 
551.000 PIT-3.14159255358979,2.K. 
552.000 PROPPPROPC 
553.090 CJ-CMPLX(0.0E0.1.0E9) 
554.000 C5D.CMPLX(0.0E0,0.0E0) 
555.000 DO 100 ND-I,NDP 
556.000 PPF-TAN(PROPsHD(ND)/2.0) 
557.000 PF.PROP8(XD(ND)*PetSCI.YD(ND)*SPH5) 
558.000 100  CSD -C8D+CJ$5.0E1IPPFSCMDC(NDI#CEXP(CMPLx(0.0E0,PF» 
559.000 RETURN 
5I5 .0410 END 
--10F NIT AFTER  551 . 

IFDA0070 
IF D003ø  
IFDA00j0 
IFDA0100 
I%DA0110 
1eCA0120 
IFDA01"30 
IFDA014e 
IF1401S0 
IF 
IFDA0170 
Irpuel;?:. 

IrDe4e2ae 
irpAe2le 
uree2ee 
:FEAe2.0 

IFA02E0 
IFDA02e.3 
:FDA0270 
IFDA023;) 
IFDA0230 
IFDA0300 
IFDA0310 
IFDA0)20 
IFDA0330 
IFDA0340 
IFDA03S0 
SFDA0010 
SFDA0020 
SFDA0030 
SFDA0040 
SFDA00S0 
SFDA0060 
SFDA0070 
SFDA0080 
SFDA009e 
SFDA0100 
SFCA011e 
SF- LAO:20 
SFDA013e 
SeDA0140 
5;1)0015 , 

 SÇDA0160 
SFDA0173 
SFDA0180 
SFDA019e 
SFDA0200 
SFDA0210 
SFDA0220 
SFDA0230 
SFDA0240 
svrAeresa 
sFDAeuo 



0 .0 
0.0 

0.25 
0.250 
0.254 

1.0 
1.0 
0.003 

2. Test run 1 

11 

INPUT DATA FOR TEST RUN 1 

1 
2 1 

1.00 
0.25 0.00 
-0.250 0.00 
0.0 2.0 
181 

0.0 2.0 
151.071049 



SCATTERING FROM AM ARRAY OF THIN TOWERS DUE TO 

AM INCIDENT FIELD FROM AN ARRAY OF BROADCAST 

ELEMENTS BASED ON MOMENT METHOD. 

WAVELENGTH • 1.000000 

NUMBER OF ELEMENTS IN THE BROADCAST ARRAN. • 2 

NUMBER OF THIN TOWERS • 1 

POSITION OF THE DIPOLE ELEMENT NUMBER 1 • .250000 .0e8000 

HEIGHT OF THE DIPOLE ELEMENT NURSER 1 • . 25eeee 

melmum CURRENT AT THE SASEOF DIPOLE NUMBER 1 • 1.eeeeee .080000 

POSITION OF THE DIPOLE ELEMENT NURSER 2 • -.25e0e0 .eeeeee 

NEIGH, OF THE DIPOLE ELEMENT NUMBER 2 • .2S0000 

MAXIMUM CURRENT AT THE BASEOF DIPOLE NUMBER 2 • 1.0eeee1 .00eeee 

DATA FOR TOUER NURSER 1 

NURSER OF SEGMENTS ON THE TOUER • le 
POSITION OF THE TOUER  • . eeeeee 2.eeeeee 
WEIGHT OF THE TOUER  • .254000 
RADIUS Of THE TOUER • .003000 

NUMBER OF OBSERVATION POINTS FOR THE RADIATION PATTER4 • 181 

HORIZONTAL PLANE PATTERN 

12  
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AMU OF 086ERUATIO« TIMERS FIELD DIPOLES FIELD TCTAL FIELD 

.0•000004 -21.86145020 -136.55137634 -21.86145020 
2.000•0000 -21.66145020 -62.38383484 -21.8961 7920 
4.00000004 -21.86145020 -50.34434509 -21.85662842 
6.00000040 -21.86145420 -43.30484009 -21.53436279 
8.00000440 -21.06146020 -38.31352234 -20.8844146 7  
1•.00000044 -21.86145421 -34.44592285 -20.07 771301 
12.09000040 -21.86145020 - 31.28929138 -19.35522461 
14.04000044 -21.86145020 -28.62 429810 -18.90730286 
16.00000444 -21.86145820 -26.32008362 -18.86744690 
18.00000040 -21.86145020 -24.29222107 19.35507202 
29.00000000 -21.86145420 -22.48318481 -20.52673340 
22.00000000 -21.86145820 -20.85200500 -22.61840820 
24.00000004 -21.86145820 -19.36856079 -25.69215393 
26.00000000 -21.86145020 -18.01010132 -26.77700806 
28.00000000 -21.16145028 -16.75898743 -22.79414368 
30.00000404 -21.86145420 -15.60137367 -18.73146057 
32.00000000 -21.86145420 -14.52610493 -15.66638184 
34.00004004 -21.86145020 -13.52424812 -13.34482002 
36.00000000 -21.86145020 -12.58838749 -11.55052471 
38.00000000 -21.86145028 -11. 71245193 -10.14826584 
44.40000000 -21.86146020 -10.89133263 -9.05065060 
42.00000000 -21.86145028 -10.12078571 -8.19706/26 
44.00000000 -21.86145828 -9.39720154 -7.54199656 
48.00000000 -21.86145020 -8.71748257 - 7 .04856873 
48.00000000 -21.86145020 -8.87907581 -6.68457317 
58.00000004 -21.86145020 -7.47972965 -6.42018032 
52.00000000 -21.86145820 -6.91751957 -6.22669029 
54.00000004 -21.86145020 -6.39079380 -6.07646561 
56.00000000 -21.86145420 -5.89813709 -5.94363976 
58.80000840 -21.86145820 -5.43832970 -5.80587673 
58 . 900e001e -21.86145020 -5.01930964 -5.64623928 
62.90000404 -21.86145420 -4.61314487 -5.45483589 
64.80000004 -21.86145020 -4.24606514 -5.22923946 
66.09000000 -21.86145029 -3.90837860 -4.97358513 
68.00400004 -21.86145020 -3.59948826 -4.69656944 
70.9900608« -21.86145920 -3.31890202 -4.40915585 
72.00009000 -21.86145929 -3.06617355 -4.12251949 
74.00000000 -21.86145020 -2.84093189 -3.84673691 
76.00000900 -21.86145020 -2.64285851 -3.59009552 
78.00804004 -21.86145020 -2.47169495 -3.35900021 
80.00000000 -21.86145029 -2.32721424 -3.15810680 
82.00000000 -21.86145020 -2.20923519 -2.99064350 
84.00000000 -21.86145020 -2.11761665 -2.85875320 
86.00000000 -21.86145020 -2.05225182 -2.76377964 
88.00000000 -21.86145020 -2.01306152 -2.70652580 
90.00000000 -21.86145020 -2.00000381 -2.68739 700 
92.00000000 -21.86145020 -2.01306152 -2.70652580 
94.00000000 -21.86145820 -2.05224991 -2.76377773 
96.00000000 -21.86145820 -2.11761570 -2.85875034 
98.00000000 -21.86145020 - -2.20923233 -2.99064 159 
101.0.0.0.00 -21.06146020 -2.32720947 -3.15810204 
101.00040400 -21.96145420 -2.47169209 -3.35899639 



* 
104.00000000 -21.86145020 -2.64285564 -3.59008884 
104.00000000 -ai .86145020 -2.84092999 -3.84673119 
108.00000000 -21.86145020 -3.06617069 -4.12251663 
110•00000000 -21.86146028 -3.31889725 -4.40915203 
112.00000000 -21.86145020 -3.59948349 - 4.69656658 
114.00000000 -21.86145029 -3.90837479 -4.97358131 
116.00000000 -21.86145020 -4.24605656 -5.22923756 
118.00000000 -21.86145020 -4.61313534 -5.45482349 
120.00000000 -21.86145020 -5.01028824 -5.64622402 
122.00000000 -21.86145020 -5.43832397 -5.80587006 
124.00000000 -21.86145020 -5.89814377 -5.94364643 
126.00000000 -21.16*45025 -6.39079380 -6.07646561 
128.00000000 -21.86145020 -6.91751480 -6.22669697 
130.00000000 -21.86145020 -7.47972965 -6.42018032 
132.00000000 -21.86145020 -8.07907581 -6.68457985 
134.00000000 -21.86146029 -8.71748257 - 7.04856873 
136.00000000 -21.86145020 -9.39720154 -7.54199696 
138.00000000 -21.86145020 -10.12878571 -8.19706154 
140.00000000 -21.e61450ee -10.89132118 -9.05063820 
142.00000000 -21.86145020 -11.71243477 -10.14824390 
144.00000000 -21.86144020 -12.58838749 - 11.55052471 
146.00000000 -21.16145eee -13.52424812 -13.34482002 
148.00000000 -21.86145020 -14.52610493 -15.66635799 
Ise.gmemegme -21. 1614502e -15.60133457 -18.73139954 
152.00000000 -21.861410E0 -16.75898743 -22.'9415894 
164.00000000 -21.84146020 -18.01010132 -26. 77700806 
156.00000000 -21.84146010 -19.36856079 -25.69218445 
148.00000000 -21.84145020 -20 . 83192171 -22.61840820 
160.00000000 -21.84146020 -32.48318481 -20.52676392 
1e2.mge001e -21.56145020 -24.29231262 -19.3551/780 
164.00000000 -21.86145020 -26.32008362 -18.86744690 
166.00000000 -21.86145020 -28.62429818 -18.90730286 
168.00000000 -21.e61451e0 -31.28929138 -19.35522461 
170.00000000 -21.84145020 -34.44592285 -20.07771301 
172.6.011514, -21.86146020 -38.31352234 -20.88442993 
174.00000000 -21.16143020 -43.30484009 -21.53436279 
176.00000000 -21.861450e. -50.34434509 -21.85662842 
178.00000000 -21.86145020 -62.38383484 -21.89617920 
180.00000000 -21.86145420 -136.65137634 -21.86145020 
182.00000000 -21.86145020 -62.38383484 -21.94099426 
184.08090000 -21.86145820 -50.34434509 -22.18873596 
186.00000000 -21.86145020 -43.30484009 -22.46798786 
188. e000eee. -21.86145820 -38.31352234 -22.44833813 
190.00000090 -21.86145020 -34.44592285 -21.78321838 
192.00000000 -21.86145020 -31.28929138 -20.56831360 
194.00000000 -21.86145020 -28.62429810 -19.17604065 
196.00008000 -21.86145020 -26.32008362 -17.92555237 
198.00000000 -21.86145020 -24.29231262 -16.97434998 
200.00000000 -21.86145028 -22.48318481 -16.38481794 
202.00000000 -21.86145020 -20.85200500 -16.17895508 2•4.00000••• -21.86145821 -19.36856079 -16.37048340 
206.00000000 -21.86146020 -18.01010132 -16.95196533 
218 ...4 1001* -21.86145020 -16.75981794 -17.84429932 
210.00000000 -21.86145020 -15.60137367 -18.73143005 
212.00000000 -21. 86 14562e -14.52610493 -18.8'664795 
814.00000000 -21.86145020 -13.52424812 -17.70523071 
a11.goo1100SS -21.86145020 -12.58838749 -15.70086575 

14  
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218.00000000 -21.86145420 
220.00000000 -21.86145020 
222.00000000 -21.86145020 
224.00400000 -21.86145020 
226.00040000 -21.86145420 
228.00000000 -21.86145020 
230.00000040 -21.86145020 
232.00000000 -21.86145420 
234.00000000 -21.86145080 
236.00090000 -21.86145020 
238.00000090 -21.86145029 
240.00000000 -21.86145020 
242.00000000 -21.86145020 
244.00000000 -21.86145020 
246.00000000 -21.86145020 
248.90040000 -21.86145420 
254.00000000 -21.86145420 
252.00000000 -21.86145020 
254.00000000 -21.86145420 
256.00000400 -21.86145420 
258.00000000 -21.86145020 
260.00000000 -21.86145020 
262.01011011 -21.86145480  
264.00000000 -21.84145020 
266.00000000 -21.84145420 
268.00000000 -21.86145020  
R70.000000041 -81. 16145e2e 
272.00404004 -81.86145020 
274.ime0110e -21.86144480 
276.00000000 -21.86145424 
278. 00088008 -21.86145020 
280.00000000 -21.8614502e 
282.00000000 -21.86145020 
284.00000000 -21.86145020 
286.00010e0 -21.86145020 
288.00000000 -21.86145020 
290.00000080 -21.86145020 
292.00000000 -21.86145020 
294.00000000 -21.86145020 
296.00000008 -21.86145020 
298.00000000 -21.86145020 
300.00004000 -21.86145020 
362.0001811e -21.86145020 
304.00000000 -21.86145029 
306.00000000 -21.86145020 
308.80080011 -21.86145020 
314.90000000 -21.86145020  
312.00900094 -21.86145020 
314.00000000 -21.86145020 
316.00000000 -21.86145020 
318.00000900 -21.86145024 
320.00000000 -21.86145420 
322.00000000 -21.86145020 
324.110008000 -21.86145020 
326.00000000 -21.86145020 
328.00000000 -21.86145020 
330.00800000 -21.86145020 

-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 
-4.24646419 
-3.90837669 
-3.59940826 
-3.1889915 
-3.06617069 
-2.84093189 
-2.64285564 
-2.47169209 
-2.32721138 
-2.20923233 
-2.11761565 
-2.05225182 
-2.01306152 
-2.80000381 
-2.01306152 
-2.05285112 
-2.11781665 
-2.211923233 
-2.32721138 
-2.471692119 
-2.64285564 
-2.84093189 
-3.06617069 
-3.31889915 
-3.59948826 
-3.90837669 
-4.24606419 
-4.61313820 
-5.01029778 
-5.43832588 
-5.89814758 
-6.39079380 
-6.91751957 
-7.47972965 
-8.07907581 
-8.71748257 
-9.39720154 

-10.12078571 
-10.89133263 
-11.71243477 
-12.58838749 
-13.52424812 
-14.52610493 
-15.60137367 

-13.60066986 
-11.72402096 
-10.13377380 
-3.81142807 
-7. 72128201 
-6.82812 786 
-6.10086:55 
-5.51262474 
-5.04003e42 
-4.66242836 
-4.36138725 
-4.12046719 
3.9251E136 

-3.7629966 7 
 -3.62371254 

-3.49938679 
-3.38449478 
-3.27576923 
-3.17192841 
-3.07328320 
-2.98125553 
-2.89794636 
-2.82570076 
-2.766 79993 
-2.72328843 
-2.69642830 
-2.68739796 
-2.69642830 
-2.72328843 
-2.76679993 
-2.825 70076 
-2.89794636 
-2.98125553 
-3.07328320 
-3.17192841 
-3.275 76923 
-3.38449478 
-3.49938679 
-3.62371254 
-3.76299667 
-3.92516136 
-4.12046719 
-4.36138725 
-4.66242886 
-5.04003048 
-5.51262474 
-6.10086155 
-6.82812786 
-7. 72128773 
-8.81142807 
-10.13377380 
-11.72402096 
-13.60059547 
-15.70086575 
-17.70523071 
-18.87664795 
-18.73143005 
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338.00000000 -21.88145020 -16.75901794 
334.00000000 -21.04145020 -18.01010132 
336.00000000 -21.96145020 -19.36856079 
336.00000000 -21.96145020 -20.85200500 
340.00000000 -21.34145e20 -22.48318481 
348.00000000 -81.96145020 -24.29231262 
344.00000000 -21.86145020 -26.32008362 
344.00000000 -21.34145021 -28.62429810 
348.00000000 -21.34144020 -31.28929138 
380.00000000 -2t.3.145020 -34.44592285 
382.00000000 -21.96145020 -38.31410217 
354.00000000 -21.86145020 -43.30484909 
356.00000000 -21. 31145ee0 -50.34434509 
388.00000000 -21.30145020 -62.38383484 
300.00000000 -81.86145020 -136.55137634 

- 17.84429932 
-16.95196533 
-16.37048340 
-16.17895508 
-16.38401794 
-16.97434998 
-17.92555237 
-19.17604065 
-29.56831369 
-21.78321838 
-22.44030762 
-22.46798796 
-22.18873596 
-21.94099426 
-21.86145020 



1.0 
1.0 
0.003 
0.003 

0.25 
0.25 
0.25 

0.0 
0.0 

3. Test run 2 

INPUT DATA FOR TEST RUN 2 

17  

1 
2 2 

1.00 
0.250 0.0 
-0.25 0.0 
0.10 2.0 
-0.10 2.0 
181 

0.0 2.0 
151.07105 



RCATTERING FRON AM MAY OF THIN TOUERS DUE TO 

AN INCIDENT FIELD FROR Am *Raft OF loRodecAsT 

ELEMENTS MOU ON MOIRENT NETMOD. 

UMELENGTH • 1.000000 

MURGER OF ELENENTS IN THE BROADCAST AMY  • 2 

HUNIER OF THIN TOUERS • 2 

POSITION OF THE DIPOLE ELEMENT  HUNIER  1 • .250000 .000000 

HEIGHT OF THE DIPOLE ELEMENT HUMER 1 • .250000 

MAXIMUM CURREN/ AT THE smor DIPOLE  HUNIER  1 • 1.000000 .000000 

POSITION OF THE DIPOLE ELENENT NUMDER 2 • -.atm .000000 

NEIONT OF THE DIPOLE ELEMENT NURSER 2 • .asoodee 

NAMMUM CURRENT AT THE  DASEOF DIPOLE MIMER 2 • 1.000000 .000000 

DATA FOR TOUER HUNIER 1 

NUMA OF SEGMENTS Om  THE TOUER  • 10 

POSITION OF THE TOUER • .100000 2.000000 

HEIGHT Of THE TOUER • .250000 
RADIUS OF THE TOUER  • .003000 

DATA FOR TOUER NUMSER 2 

HUNIER OF SEGMENTS ON THE TOUER • le 

POSITION OF THE TOUER • -.100000 2.000000 

HEM, OF THE TOUER  • .250000 
RADIUS OF THE TOUER  • .003000 

NUNDER OF OOSERuATIoN POINTS FOR THE RADIATION PATTERN • 181 

18  
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HORIZONTAL PLANE PATTERN 

ANGLE OF 089ERVATION TOUERS FIELD DIPOLES FIELD TOTAL FIELD 

.80006006 -20.58770569 -136.55137634 -28.56773621 
2.00000000 -alb. 515ee48e -62.38383484 -20.56685128 
4.60000000 -28.49806213 -50.34434549 -80.38323975 
6.000000011 -20.48606873 -43.34484009 -20.01835632 
8.00000000 -20.46937541 -38.31358234 -19.45776367 

-28.44807434 -34.44592285 -18.88844739 
12. -2..4223175. -31.28929138 - 18.48652649 
14.1140110000 -28.39222717 -28.62429610 -18.44354248 
18.00000000 -211.3580017i -26.32008362 -18.90788923 
18.80400800 -80.31883948 -24.29222107 -28.88789663 
20.008008011 -20.27785410 -22 .4e318481 -22.40658569 
22.011800000 -20.23267446 -20.85280680 -27.88132935 
24.80000000 -20.18319048 -19.36856879 -38.57228088 
20......... -20.13247681 -18.810111132 -26.79718818 
28.011000000 -80.07827759 -16.75898743 -20.36883789 
30.800000011 -28.08171326 -15.68137367 -16.4512.238  
32.00000000 - 19.8831 1951 -14.52418493 -13.76735210 
34.00680080 -19.80175674 -13.58424812 -11.77963543 
36.0008800f -19.84098616 -11.88838749 -10.27063370 
38.00000088 -19.77809143 -11.71245193 -9.12107182 
44.00000000 -19.71443178 -10.89133863 -8.25e52218 
41.80000000 -19.66029907 -10.18078571 -7.62532711 
44.00004MO r19.88408905 -9.38780154 -7.18772411 
46.80804008 -19.58198688 -8.71748257 -8.90961361 
48.08040040 -19.45829773 -8.87987581 -6.758611119 
58.80000000 -19.39543152 -7.47972965 -8.71114694 
52.80000000 -19.p384868 -6.91751957 -6.70045471 

00 54.0110000 -19. 320862 -6.39479380 -6.71754837 
56.00806884 -19.21441651 -5.89813789 -6.71263313 
58.00000008 -19.15751648 -5.43832970 -6.65086937 
68.00060004 -19.10275269 -5.01030064 -6.50859470 
62.00000440 -19.05838452 -4.81314487 -6.27820015 
64.110000004 719....6e561 -4.24606514 -5.96824837 
66.00000000 r18.95368958 -3.90837864 -5.59892941 
68.860080« -18.90975952 -3.59948826 -5.19532776 
70.00006668 -18.84903381 -3.31890282 -4.78166771 
72.00084608 -18.83166504 -3.061117355 -4.37796783 
74.801000000 -18.79788104 -2.84093189 -3.99906901 
76.00006000 -18.7671::: -2.84285861 -3.6551/2357 
78.0110011001 18.741 -2.47166495 -3.35212231 
80.00000000 -18.71870422 -8.32781424 -3.89392738 
82.00000000 -18.70016478 -2.20883819 -2.88219547 
84.00000000 -18.88665369 -2.117611165 -2.71759645 
88.000110000 -18.17524719 -2.85226182 -2.80022163 
88.00080000 .41.sessime -8.11306162 -8.52991295 
90.88108000 -18.66690063 -8.00000301 -2.60649166 
98.6#880880 -18.06808109 -2.01306152 -8.88881295 



--....n11111•1•111111••••.--  
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94.00000000 -18.67584719 
96.00600000 -18.68566369 
98.00000000 -18.70016479 
100.00000000 -18.71871948 
lea.eeeeeeee -18.74122620 
104.00008000 -18.76763916 
106.00000000 -18.79783630 
108.00000000 -18.83166504 
110.00000008 -18.86903381 
118.80000000 -18.90977478 
114.80000000 -18.96370483 
116.00000000 -19.00066613 
118.0000000• -19.05031971 
iv/Atm.», -19.10278380 
laa.eeeeeeee -19.15763174 
124.00000000 -19.21444708 
126.80000000 -19.27325439 
tas.eeeeesee -19.33367120 
138.60080000 -19.39547729 
132.00000000 -19.45831899 
134.06008800 -19.68195740 
138.00800000 -19.58865957 
138.00008000 -19.68034485 
148.00088000 -19.71447754 
142.60000000 -19.77813721 
144.00000000 -19.84103394 
144.000000110 -18.90818161 
148.00060000 -19.98318688 
150.80000880 -20.02177429 Ise.eeeeeeee -80.07830811 
184.0000•080 -80.13858258 
166.00000000 -8048405151 
158.0000•000 -20.23883550 
166.00000880 -2e.271e1514 
162.00000000 -80.31987000 
164.00000800 -20.35806274 
168.00080000 -20.30827295 
168.00000000 -20.48236328 
176.00008000 -20.44812012 
172.00008000 -20.46943665 
174.00000000 -20.48611450 
176.00000080 -20.49812317 

174.== 
-se.ses34ess 

180. -80.50778672 
182.60000000 -20.50534058 
184.00000000 -20.49812317 
186.00000000 -80.48811451  
188.00000000 -20.46943665 
196.00000000 -11 .44812512 
192.00008000 -80.42236321 
194.00000000 -88.39227216 
196.00000000 -80.36806274 
198.00000800 -al. 31917151  
esel::::::: 

-2027798462 
sea. 

.  
-se.asaesese 

114.11111111 -80.18406151 
880.00000000 -80.13252288  

-2.05224991 
2.11761570 

-2.20923233 
-2.32720947 
-2.47169209 
- 2.64285564 
-2.84092999 
-3.06617069 
- 3.31889725 
- 3.69948349 
- 3.90837479 
-4.24605656 
-4.61313534 
-5.01028824 
-5.43832397 
- 5.89814377 
-6.39079380 
-6.91751488 
-7.47972965 
-8.07907681 
- 8.71748257 
- 9.39780154 

- 10.12078571 
-16.89132118 
-11.71243477 
-12.58138749 
-13.52424112 
- 14.62810493 
-15.60133467 
-16.75890743 
-18.01010132 
-19.36854079 
-1e.15192s71 
- 82.48318481 
- 24.89831262 
-es.aseesue 
- 28.62429810 
- 31.88929138 
-34.44592285 
-38.31352234 
- 43.30484609 
-50.34434509 
-62.38383484 

-136.55137634 
-62.38383484 
-58.34434509 
-43.30484409 
- 38.31358234 
-34.44592285 
-31.88989132 
-28.62489810 
-2e. 32ee1362  
-24.29231262 
-22.48318481 
-80.85200500 
-19.36886079 
-18.01010132 

-2.60021496 
-2.71759129 
-2.88218784 
- 3.09391594 
-3.35218896 
- 3.65500736 
-3.99905300 
- 4.37795448 
-4.78165340 
- 5.19531250 
-5.59891987 
-5.96824265 
- 6.27818775 
- 6.50859070 
- 6.65087509 
-6.71266174 
- 6.71757698 
- 6.70649477 
-6.78107555 
-6.75864220 
-6.90964222 
-7.18774033 
-7.82534332 
- 8.25651646 
- 9.18104321 

-10.27066986 
-11.77959538 
- 13.78784815 
-16.45101829 
- 20.30865479 
-86.79676819 
-38.57310486 
-27.88186340 
-22.46687561 
-20.08805847 
-18.96719604 
-18.44363403 
- 18.48666278 
- 18.88049316 
-19.45786945 
-28.01846210 
-28.38330078 
-20.50691223 
- 20.56776672 
-26.56037963 
-28.77449036 
-21.12288764 
-21.37771606 
- 21.15196228 
-26.82987366 
-18.85163879 
-17.42112732 
-16.19776917 
- 15.89293633 
-14.74769878 
-14.58066756 
-14.86750561 
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208.00000006 -20.07832336 
210.80000000 -20.02175903 
212.80000000 -19.94316528 
214.0040000• -19.90280151 
216.00004000 -19.84103394 
218.60000006 -19.77815247 
220.00000000 -19.71447754 
222.00000000 -19.65034485 
224.80000004 -19.58605957 
226.00000000 -19.52195740 
228.00000000 -19.45831299 
230.00008000 -19.39547729 
232.00000000 -19.33366394 
234.00000000 -19.27325439 
236.00604000 -19.21444702 
238.00080000 -19.15754700 
248.00060008 -19.10278320 
242.00000004 -19.05039978 
244.4e011eee -19.00065613 
246.00006000 -18.95368958 
248.00000000 -18.90977478 
250.00408000 -18.86903381 
252.00000000 -18.83164504 
254.00000000 -18.79783630 
256.00000000 -18.76765442 
258.80000800 -18.74124144 
260.00000000 -18.71871948 
ase.m•eo -18.70416479 
864.00000000 -18.88565369 
266.00000000 -18.87524719 
268.00000000 -18.66899109 
270.00804000 -18.66690043 
272.00000000 -18.64899109 
274.00000000 -18.67524719 
276.00000040 -18.68565369 
278.00008000 -18.70016479 
280.00000400 -18.71878422 
282.00800001 - 18.74122626 
284.00000000 -18.76763916 
286.00000000 -18.79782104 
288.80000000 -18.83168504 
290.00000000 -18.86903381 
292.60000000 -18.90975952 
294.00000000 -18.95367432 
296.00000100 -19.00462561 
298.00000000 -19.05038452 
300.00000000 -19.14275269 
302.00000000 -19.15751648 
304.00800000 -19.21443176 
306.00000000 - 19.27320862 
308.00060006 -19.33364868 
318.00060000 - 19.39543152 
312.08600060 -19.45829773 
314.00000000 -19.saisassa 
316.00000000 - 19.50608905 
318.00000000 -19.45031433 
328.00000000 -19.71443176 

-16.75901794 
-15.68137367 
-14.52610493 
-13.52424812 
-12.58838749 
-11.71247482 
-10.89133263 
-10.12878571 
-9.39720154 
-8.71748257 
-8.07907581 
-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 
-2.47169809 
-2.32721138 
-2.20923233 
-2.11761665 
-2.05286182 
-2.01306152 
-2.00000381 
-2.01306152 
-2.05225182 
-2.11761665 
-2.20923233 
-2.32721138 
-2.47169299 
-2.64285564 
-2.84093189 
-3.06617069 
-3.31889915 
-3.59948826 
-3.90837669 
-4.24606419 
-4.61313828 
-5.61029778 
-5.43832588 
-5.89114758 
-6.39879380 
-6.91751957 
-7.47972965 
-8.07917581 
-8.71748257 
-9.39720154 

-10.18078571 
-10.89133243  

-15.44019890 
16.45101929 

-17.63377380 
-18.30245972 
-17.53015137 
-15.55140972 
-13.31844330 
-11.30281067 
-9.60011196 
-8.19069386 
- 7 .03396484 
-6.08732319 
-5.31950092 
-4.70121384 
-4.20847893 
-3.82060528 
-3.51944447 
-3.28886986 
-3.11450768 
-2.98365442 
-2.88531017 
-2.81028843 
-2.75124741 
-2.70273972 
-2.66112328 
-2.62430954 
-2.59152289 
-2.56293106 
-2.53923988 
-2.52139091 
-2.51026726 
-2.50649452 
-2.51086821 
-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 
-3.82e6ee5 1 
-4.2•8472e5 
-4.70119953 
-5.31948185 
-6.08730630 
-7.03383623 
-8.19068525 
-9.60006714 

-11.30275345 
- 13.31838608 
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388.00000000 -19.77809143 -11.7 1243477 -15.55131721 
324.00000000 -18.84098816 -12.58838749 -17.53016663 
386.00000000 - 19.90275574 -13.52424812 -18.30258179 
388.00000000 -19.96311861 -14.52610493 -17.63392639 
336.00000000 -80.02171326 -15.60137367 -16.45114136 
338.00000000 -80.07829285 -16.75901794 -15.44027424 
334.00000000 -20.13247681 -18.81010132 -14.80755615 
336.00000000 -20.18399048 -19.36856079 -14.58068466 
338.00000000 -20.23257446 -20 .e52115ee -14.74771118 
346.00000000 -20.27795410 -22.48318461 -15.29291344 
342.60000006 -20.31983948 -24.29231252 -16.19773865 
344.00000000 -ao.use$171 -26.32008362 -17.42105103 
346.00000000 -20.39822717 -28.62429810 -18.85154724 
348.00008000 -20.4323 1750 -31.28929138 -20.22976685 
356.00060000 -20.44807434 -34.44592285 -21.15185547 
352.00000080 -20.46937561 -38.31410217 -21.37757874 
354.04040004 -20.48606873 -43.30484809 -21.12214661 
356.00080000 -20.48806213-50.34434509 -29.77442932 
358.00008000 -2e.516im1. -62.38383484 -20.56833325 
3*6.00000000 -a. .51770509 -136.55137534 -20.50773621 



4. Test run 3 

INPUT DATA FOR TEST RUN 3 

1 
1 3 

1.0 
0.0 0.0 0.2500 
0.0 0. 5 35 0.238 
—0.248 0.0 0.238 
0.0 —0. 5 3 5 0.238 
181 

0.0 2.0 
151.071049 

23 

0.0 1.0 
0.003 
0.003 
0.003 
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8 

DCATTERING FROM AN ARRAV OF THIN TOUERS DUE TO 

AN INCIDENT FIELD FROR AN AURAY OF DROADCAST 

ELEMENTS BASE» ON NOIENT NETHOD. 

UAUELENGTH • 1.000000 

HUMER OF ELEMENTS IN THE PROADCAST ARRAS. • 1 

NUMOER OF THIN TOUER, • 3 

POSITION OF THE DIPOtE ELEMENT NUMDER 1 • .000000 .000000 

HEIOMT OF THE DIPOLE ELEMENT MIMER 1 • .250000 

NAXIMUM CURRENT AT THE DASEOF DIPOLE NURSE* 1 • 1.000000 .000000 

DATA FOR TOUER MUNIE, 1 

NURDER OF SEOMENTS ON THE TOUER • 9 

POSITION OF THE TOUER • .000000 .538000 

HUON/ OF THE TOUER • .830000 
RADIUS OF THE TOUER • .003000 

DOTA FOR TOUER HUMER 8 

NURDER OF SEGMENTS ON THE TOUER  • 9 

POSITION OF THE TOUER • -.848004 .000000 

HEIGHT OF THE TOUER • .830000 
RADIUS OF THE TOUER • .013004 

DATA FOR TOUER HUMER 3 

NURSE* OF SEGMENTS ON THE TOUER • 9 

POSITION Of THE TOUER • • 000000 -. 535000 
NEIONT OF THE TOUER • .838000 
RADIUS OF /NE TOUER • .003000 

N'UMM OF OSSERUATION POINTS FOR TIC RADIATION PATTERN • 181 



25  

HORIZONTAL PLANE PATTERN 

ANGLE OF OBSERVATION TOUERS FIELD DIPOLES FIELD TOTAL FIELD 

.00000000 -4.06966782 -8.02060223 -.8253489 7  
2.00000000 -4.09452248 -8.02060223 -.83914202 
4.00000000 -4.16901207 -8.02060223 -.88031602 
6.00000000 -4.29285145 -8.02060223 -.94828188 
8.00000900 -4.46555233 -8.02060223 -1.04203415 
10.00000000 -4.98644238 -8.02060223 -1.16021347 
12.00000000 -4.95459747 -8.02060223 -1.30109310 
14.00000000 -5.26887035 -8.02060223 -1.46263599 
16.00000000 -5.62714195 -8.02060223 -1.64253521 
18.00000010 -6.02983093 -8.02060223 -1.83829764 
20.00000000 -6.47290039 -8.02060223 -2.04729176 
22.00000000 -6.95482922 -8.02060223 -2.26688957 
24.00000000 -7.47320652 -8.02060223 -2.49455070 
26.00000000 -8.02547073 -8.02060223 -2.72794342 
28.00000000 -8.60904503 -8.02060223 -2.96506500 
30.00000000 -8.22152233 -8.02060823 -3.20432472 
32.00000000 -9.86088559 -8.02060223 -3.44462872 
34.00000000 -10.52570880 -8.02060823 -3.68540382 
36.00000000 -11.21564579 -2.82888223 -3.92660332 
38.00000000 -11.93157196 -8.02060823 -4.16867924 

44.== 42. 
112.67591248 -8.02060223 -4.41250134 
-13.45316601 -8.02060223  -4.65927696 

44.00000000 -14.26943398 -8.02060E23 -4.91047955 
46.00000000 -15.13300133 -8.02160223 -5.16771984 
48.00000000 -16.05371094 -8.02060223 -5.43269920 
54.00000000 -17.94228210 -8.02060223 -5.70712185 
52.00000000 -18.10815430 -8.02060223 -5.99268150 
54.00000000 -19.25480652 -8.02060223 -6.29104328 
56.00000000 -20.46885681 -8.02060223 -6.60380554 
58.00000000 -21.69750977 -8.02060223 -6.93259716 
60.00000000 -22.81051636 -8.02060223 -7.27903938 
62.00000000 -23.57327271 -8.02060223 -7.64483166 
64.00000000 -23.72753906 -8.02060223 -8.03184509 
66.00000000 -23.20787041 -8.02060223 -8.44212818 
68.00000000 -22.21345520 -8.82958223 -8.87803745 
76.00000006 -21.01237488 -8.02060023 -9.34225845 
70.00000000 -19.78468323 -8.02060223 -9.83795643 
74.00000000 -18.61534119 -8.02060223 -10.36879253 
76.00000000 -17.53399658 -8.02000223 -10.93905735 
78.00000000 -16.54510498 -8.00060823 -11.55364227 
80.00000000 -16.64299683 -8.02060223 -12.21808243 
82.00000000 -14.81870747 -8.02060823 -12.93845844 
84.00000000 -14.06090531 -8.82060223 -13.72094727 
86.00000000 -13.36689663 -8.82*61223 -14.57103348 
88.00000000 -12.78309303 -8.82050223 -15.49138069 
90.00000000 -18.10495136 -8.02060223 -16.47785950 
98.00000000 -11.58899753 -8.02880223 -17.51130676 
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94.00000000 -11.84471884 
86.00000000 -10.56445004 
98.00000600 -10.09334687 
180.00000400 -9.65918255 
102.00000000 -9.25039788 
184.00000000 -8.86594488 
106.00000000 -8.50524044 
100.00000000 -8.16814041 
110.00000000 -7.85483932 
111.00000008 -7.86581402 
114.00800000 -7.30183887 
118.00000008 -7.06387043 
118.00000000 -6.85305814 
120.00000000 -6.87064311 
122.88600006 -6.51803817 
124.00600000 -6.39666176 
181.00000000 -8.30005111 
128.80000000 -6.25368214 
130.00000000 -8.23545118 
132.00000000 -8.25365053 
134.00000000 -8.31048295 
138.00000000 -6,40814213 
138.00000000 -8.54348889 
140.00000000 -6.78063837 
142.00000000 -6.93804850 
144.00000000 -7.10485719 
144.00000000 -7.48782444 
148.00000000 -7.81404485 
150.00000000 -8.18747182 
152.00000000 -1.54o12253  
154.88000000 -8.92139812 
158.00000000 -9.18828835 
158.00000000 -9.08587416 
160.00800000 -9.07873114 
162.00600000 -16.28301 170 
184.60000008 -10.44884155 
166.00000000 -16.82886716 
168.80000000 -10.71719837 
176.00000006 -10.78231670 
172.60000000 -10.77129078 
174.00000000 -10.75897503 
176.60606060 -10.73911478 
178.00000000 -10.72880094 
180.00000000 -18.71830955 
182.00000008 -10.72259617 
184.00000000 -10.73910332 
186.00000006 -10.75894642 
188.00000004 -18.77125645 
196.00000000 -10.788271685 
192.00000600 -16.71714687 
194.00000000 -10.82243178 
196.00000000 -10.46875572 
198.80000000 -16.25290775 
806.00000000 -9.97881578 
808.00000000 -9.88574932 
804.00000006 -9.29815769 
208.00000000 -8.88188486  

-8.62666223 
-8.08060223 
-8.62686223 
-8.62686223 
-8.62686223 
-8.02066223 
-8.02060223 
-8.62886223 
-8.62686223 
-8.62686223 
-8.626mm 
-8.82686223 
-8.02080223 
-8.02686223 
-8.12686223 
-8.02060223 
-8.02080e23 
-8.02080223 
-8.02860223 
-8.08000823 
-smossam 
-8.62686223 
-8.08084823 
-someme3 
-somossam 
-someseem 
-8 

 
-- 8.08000883 
-8.08060803 
-8.08060023 
-8.08060823 
-sommem 
-sommem -sommara 
-8.08080223 
-8.02080223 
-8.62688223 
-8.02080223 
-8.626m23 
-8.82666223 
-8.62686223 
-8.62686223 
-8.02080223 
-8.62686223 
-8.62688223 
-8.02080823 
-8.02880223 
-8.82860223 
-8.82080223 
-8.62666223 
-8.08066823 
-8.62686223 
-8.68686283 
-8.68686283 
-8.08660223 
-8.02066883 

-18.54287720 
-19.47427368 
-20.14884949 
-20.39657593 
-20.14340210 
-19.47627258 
-18.57031250 
-17.58172607 
-16.60800171 
-15.69837379 
-14.87371254 
-14.14067078 
-13.49938679 
-12.94760418 
-12.48241901 
-12.10129738 
-11.80237865 
-11.58458996 
-11.44783497 
-11.39281666 
-11.42161846 
-11.53673363 
-11.74213123 
-12.04278946 
-12.44483280 
-18.96563793 
-13.58329582 
-14.33610058 
-1s.easesm 
-16.23490906 
-17.36042716 
-18.53558726 
-19.62097168 
-20.38365173 
-20.59144592 
-20.21350098 
-19.45516968 
-18.56864929 
-17.72146606 
-16.99523926 
-16.42233276 
-16.01260376 
-15.76741219 
-15.68586349 
-15.76745224 
-16.01268005 
-18.42247e09  
-16.99542236 
-17.72169495 
-18.56892395 
-19.45547485 
-20.21379089 
-20.59161377 
-26.383882es 
-19.82684961 
-18.53530884 
-17.38019897 
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200.00000000 -8.53998947 
210.00000000 -8.16734314 
212.00000000 -7.81391239 
214.00000000 -7.48770428 
216.00000000 -7.19444084 
218.000•0000 -6.93794346 
228.00000000 -6.72053432 
22.2. 111e111$ -6.54336262 
224.00000008 -6.40675640 
226.8.6618.6 -6.31037521 
228.00000000 -6.25347614 
230.00000008 -6.23494726 
232.00000000 -6.25363064 
234.00000000 -6.30799866 
236.00000000 -6.39662266 
238.00000000 -6.51799488 
248.00000000 -6.67061520 
242.80000800 -6.85302925 
244.80000000 -7.06385231 
246.00000000 -7.30182838 
248.00000000 -7.56581402 
250;00000000 -7.85483932 
252.00000000 -8.16814041 
264.00000000 -8.50624616 
256.00000000 -8.86595726 
258.00000000 -9.25041485 
286,"66066e. -9.65920067 
252.14406166 -18.09335804 
264.00000000 -10.55447292 
266.00000000 -11.04473477 
268.8666"61» -11.56702614 
270. -12.12496948 

-12.72311687 

279= 
-13.36691475 

216. -14.46292248 
278.00000000 -14.81871796 
280.08000008 -15.64300728 
282.00000080 -16.54512024 
284.08000000 -17.53399658 
286.00000000 -18.61532593 
288.00040000 -19.78464323 
290.00000000 -21.01235962 
292.80000000 -22.21345520 
294.00000000 -23.20790108 
296.08000000 -23.72766113 
298.00000000 -23.57347107 
340.00000000 -22.81074524 
302.00000000 -21.69776917 
304.00000000 -20.46905518 
306.00000000 -19.25502014 
308.00000000 -18.18838318 
310.00000000 -17.04251099 
312.08000000 -16.05393982 
314.00000008 -15.13320732 
316.00000000 -14.26962948 
318.00000000 -13.45337468 
320.00000008 -12.67618847 

-8.02060223 
-8.02068223 
-8.02060223 
-8.02060223 
-8.02068223 
-8.82060223 
-8.02060223 
-8.02060223 
-8.02060223 
-8.02060223 
-8.82060223 
-8.02060223 
-8.02060223 
-8.02060223 
-8.02064223 
-8.02060223 
-8.02064223 
-8.02060223 
-8.02060223 
-8.02068223 
-8.02060223 
-8.02060223 
-8.02060223 
-8.02060223 
-8.82060223 
-8.82064823 
-8.0E060223 
-8.02060223 
-8.82166223 
-8.62161223 
-8.02060823 
-8. 12866223 
-8.02060223 
-8.82060223 
-8.82060223 
-8.02060223 
-8.82060223 
-8.82060223 
-8.02060223 
-8.82068223 
-8.02060223 
-8.82064223 
-8.02060223 
-8.42060223 
-8.82060223 
-8.02060223 
-8.02060223 
-8.02060223 
-8.02060223 
-8.02060223 
-8.02060223 
-8.02060223 
-8.02060223 
-8.02050223 
-8.6256.223 
-8.02060223 
-8.42060223 

-16.23468018 
-15.22003365 
-14.33587074 
-13.58307838 
-12.95543671 
-12.44466114 
-12.04261017 
-11.74197006 
-11.53658390 
-11.42148018 
-11.39278412 
-11.44772053 
-11.58448696 
-11.80228043 
-12.10121632 
-12.4823436 7 

 -12.94753075 
-13.49933434 
-14.14062500 
-14.87368298 
-15.69836807 
-16.60800171 
-17.58174133 
-18.57032776 
-19.47630310 
-20.14343262 
-20.39657593 
-20.14884949 
-19.47424316 
-18.54284668 
-17.51124573 
-16.47781372 
-15.49133492 
-14.57100487 

 -13.72091293 
-12.93842983 
-12.21806049 
-11.55362606 
-10.93904591 
-10.36879253 
-9.83794975 
-9.34225845 
-8.87804317 
-8.44213963 
-8.03186131 
-7.64485455 
-7.27906799 
-6.93262672 
-6.60383415 
-6.29106712 
-5.99271965 
-5.70716572 
-5.43274879 
-5.16777229 
-4.91052914 
-4.65933514 
-4.41256142 
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322.00008000 -11.93178940 -8.02060223 -4.16874695 
324.80000000 -11.21583080 -8.02060223 -3.92667007 
326.00800000 -1..5e5s97i3 -8.021*1223 -3.68547249 
321.10111egoo -9.86105537 -8.82060223 -3.44470024 
338.00006000 -9.22169971 -8.62060223 -3.20440006 
330.00000000 -8.60920525 -8.02060223 -2.96513681 
334.60000066 -8.62661951 -8.02060223 -2.72801399 
336.00000000 -7.47334480 -6.02060223 -2.49461651 
338.00000000 -6.95496750 -8.02060223 -2.26695728 
340.00000000 -6.47302723 -8.62068223 -2.64739756 
342.06000000 -6.08993481 -8.62060223 -1.83835036 
344.00600000 -5.62793446 -8.62068223 -1.64299052 
346.06000000 -5.21se55e3 -8.02060223 -1.46268177 
348.440004N -4.95414910 -8.02060223 -1.30113697 
760.60000006 -4.68650436 -8.02064223 -1.16624876 
362.00606000 -4.46566001 -8.02066223. -1.04206181 
354.60000800 -4.29288578 -8.62660223 -.94830376 
366.00000000 -4.16963687 -8.62668223 -.88033539 
36*.40,00000 -4.09463683 -8.02066223 -.83915025 
360.86000806 -4.06966871 -8a206s823 -.82535332 



5. Thin tower array re-radiation based on transmission line 

approach 

1.011  C COMPUTER PROGRAM FOR SCATTERING PATTERN CALCULATION FROMMAIN0010 
2.060 C AM ARRAY OF THIN TOWERS DUE TO AN INCIDENT FIELD MAIN0020 
3.000 C FROM THE  •ROADCAST ARRAY. MAIN0030 
4.0110 C TH/S PROGRAM IS BASED ON TRANSMISSION LINE APPROACH. MAIN0040 
5.000 C MAP40050 
5.0100 C WRITTEN ItY R.K.CHUGH mAr40060 
7.040 C APRIL, 1978 mAirleeoe 
8.000 C MA:Ne080 
9.090 C MA:40090 
14.000 C ADATA NuMIER OF DATA SETS. MAIN0100 
ii.000 C ADP NUM8ER OF BROADCAST ARRAY ELEMENTS. MA/1'40110 
12.000 C NTT NUMBER OF THIN TOWERS. MAINal20 
13.000 C xS,Y$ POSITION OF THE THIN TOWERS OR BROADCAST ELEMENT. MAINOlie 
14.000 C HS HEIGHT OF THE THIN TOWERS AND 8ROADcAST ELEMENT. NAI4014e 
15.000 C MAINO1S0 
16.009 C MAIN0160 
17.000 C NOTE THAT XS,YS,NS DATA IS TO BE FIRST SPECIFIED FOR MAIN0170 
18.000 C ADP MURDER OF 8ROADCAST ELEMENTS AND THEN FOR THE MA:1.10180 
19.040 C NTT NUMBER OF THIN TOWERS. MAIN0190 
20.000 C MAINO20e 
21.090 C MAINO210 
22.000 C HORS  NURSER OF OBSERVATION POINTS FOR THE SCATTERING PATTERN.MAINO220 
23.000 C TwS STARTING ANGLE FOR THE RADIATION PATTERN. MAINO230 
24.000 C DTI'S INCREMENTAL ANGLE FOR THE RADIATION PATTERN. MAINO240 
25.001 C MAINO2S0 
24.000 C MAINO260 
27.000 C MAINO270 
28.000 INPLICIT REAL88(A,11,8-14,0-Z),COMPLExffl(C) MAIN9280 
29.000 DIMENSION C2(10,14),CI(10),CE(14),RAC10.10),xM(14,10) NAINO290 
34.000 DIMENSION XS(10),EST(404),YS(10),HS(10),CS(400) MAINO300 
31.044 DIMENSION CSD(400),C$T(404),ESD(400),ES(400) MAINO310 
32.000 REAL*8 CDARS MAINO320 
33.004 COMPLEXi16 DCMPLX MAINO330 
34.000 AR°F.2.00043.14159265358979 MA1NO340 
35.000 C mAINO350 
36.000 C READ AND MITE VARIOUS PARAMETERS. M4INO360 
37.004 C MAINO370 
38.000 URITE(6,490) M4INO380 
39 . 000 490  FORnAT(IN ,Sx.'SCATTERING FROM AN ARRAY OF THIN TOVERS  DUE  TO ',/ M4INO390 
40.000 11H ,SX,'AN INCIDENT FIELD FROM AN ARRAY OF BROADCAST '/, MAIN0400 
41.000 21H ,SX,'ELEMENTS BASED ON TRANSMISSION LINE APPROACH.' , /) MAIN0410 
42.000 READ(5,10)ADATA MAIN0420 
43.000 10 FORMAT(10I4) M0IN0430 
44.000 DO 200  ADS.1,11DATA MAIN0440 
45.000 READ(5,10)NDP,ATT MAIN0450 
46.000 uRITE(6.500)NDP MAI40464 
47.000 WRITE(6,510)14,1 MAIN0470 
48.004 See FORNAT(Im ,sx. , NuMBER OF BROADCAST ARRAY ELEMENTS • ', MAIN0480 
49.004 1 I4//) MAIN0490 
50.000  510 FORMAT(1H ,SX,'NUMBER OF THIN TOUERS • ',I4//) mAIN0500 
51.000 NTE•App.ATT MAINeSie 
52.000 DO 20 1-1,NDP NAIN0520 
53.000 READ(5,15)XS(1),Y$(1),HS(I) mAIN0530 
54.000 uRITEc6.520)1,xS(i),y9(1) 11AIN0540 
55.004 20 WRITE(6,S2S)I,HS(I) MAINOSSO 
54.000 Sao FORMATC1H ,Sx.'POSITIom OF THE DIPOLE ELEMENT NUMBER' MA 1140560  
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a 
87.000 114.' • '.2F1é.4//) MAINO570 
81.808 US FOOMAT(IN AX,'NEIGN/ OF THE DIPOLE ELEMENT negate , NAIN4580 
$9.101 I14,' • ',F10.8//) NAP44590 
DOM. DO aa Iml.NTT MAIN'S.. 
01.000 KIC•I+INOP MAINOSIO 
08.000 READ(5.15)XS(CK).VSU(K),N5(KK) MAIN0620 
83.800 URITE(0,530)I,XSUM)YSOM) MAIM0630 
14 . 000 530 FO*M4T(14  .5X 'POSITION  OF YHE THIN TOUER NURSER • HAD44644 
815.0110 114, ' . ' 2F1O.8//) MAIN4654 
80.060 $0 etTE(6,sis)1ms(00 PAINS660 
87.000  535  FORMAT(tN ,5X,'NEIGMT OF THE THIN TOUER NURSER' MAIN4670 
88.000 1I4,' • .F10.11//) MAIN4680 
59.000 15 FORRAT(W10.4) MAIP44640 
70.844 READ(5,141)NOSS MAIN4704 
71.000 URITE(5,540)NOSS MAIN0710 
72.000 544 FOROATC1M ,5X,'NUNDER OF OSSERUATION POINTS FOR THE' MAIN47240 
73.000 1 'SCATTERING PATTERN • ',I41/) NAIN4730 
74.044 6EAD(5,15)THS,DIMS NAIN1740 
75 . 1110 C NAIN4758 
78.800 C CALCULATE  THE  MUTUAL COUPLING 8ETUEEN THE ELEMENTS. PAZ P40760  
77.800 C RAIN4770 
78.0111 C MAIN0780 
71.004 DO 50 1.1.NTE RAIN47911 
80.800 DO 54 .1.1 9 117£ RAI144804 
11.004 MI-J/88.30.2S MAIN0818 
11.10025 De.D50RTC(X8(I)-X8(J)/8884CYS(1)-VS(J))*88) MAIN8820 
83.000 CALL MCITA(N8CI),N$(.11 ),80,PROP.MA(t.j),XM(I.J)) 'MINOS» 
84.400 CZ(I.J).00NPLX(ANCI.J).101(1.1)) RAIN11844 
16.000 CO TO  SI MAINO$S0 
80.000 30 De.0.18-4 MINIMA 
87.000 CALL NCITA(MS(I).MS(J).DS.PROP.RO(I,J).XM(1..1)) RAINO1170 
18.1100 31 C2(1..1).DCRIM.X(RW(I,J).0.004) MAIN0880 
80.000 CO TO SO NAIND890 
80.005  36 C2(I.J/mC2(J.I) MAIM« 
91.404 44 FORRAT(114 .4018.1) MAIMASIO 
94.400 54 CONTINUE R4 I 140920 
$3.000 DO  OS 1 n 1 NTE MAIN'S» 
$4.005 IF(' -wop)ta,sa,s4 M4 I 140940 
95.00052 CE(I)41CMPU(1.004.0.4DA) M4I14*954 
24.1140 GO TO 411 R4 I 140960  
97.840 54 CE(1)4CMPLX(11.004.0.$110) N4 I 141979 
DS.000 54 CONTINUE M4 I 140980 
99 .404 C MAIM,» 
101.0111 C CALCULATE THE INDUCED CURENTS  ON  THE THIN TOUERRS. 'MINIM> 
101.000 C NAIN1111 
1112.11011 CALL CDSEDICR(CZ.NTE,10,2.CE,CI) MAI 14 1020 
103.000 C M4I 14 1534 
104.004 C CALCULATE  THE  SCATTERED FIELDS. NAI141040 
105.404 C mentese 
1414.140 DO 100 1•1,NOSS NA/N14S4 
IOTA« 7140.TWS4(DFLOAT(I).1.0D4140TWS M4 I 141470 
1411.1100 TNR.T1043.14150445351474/1.1442 1141141515  
100.000 DCS.DCOSCTMR) A4 I 14 1051 
110.000 DSI•DDIN(THR) N4114 1100 
111.1100 C1411.11.8E8 NA1141110 
1 18.000 CSD(I)•8.010 ',Anwar 
118.000 CST(I).0.11E0 NAI 141134 
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* 
114.068 DO 94 NT•NDP+1,14TE rAINI14e 
115.004 PHASE•PROP8(XS(NT)BDCS+YS(NT)*DSI) MAIM1150 
116.000 90 CST(I)•CST(I)+CI(NT)8CDEXP(DCMPLx(0.000.PHASE)) MAIN1160 
117.400 DO 95 NT.i,NDP MAIM1170 
114.040 PHASE.PROPscXS(NT)*DCS+YS(mT)*DSI) MAIN1180 
119.800 95 CSD(I).CSD(I)+CI(NT)BCDEXP(DCMPLx(0.0D0.PHASE)) MAIN1190 
120.000 CS(I)-CSD(I)4CST(I) MAIN1200 
121.000 ESD(1)-CDAIS(CSD(1)) IN1210 
122.000 EST(I)-CDAIS(CST(I)) MAIN1220 
123.000 ES(I)-CDABS(CS(I)) 1AIN1230 
124.000 100 CONTINUE MAIN1240 
125.400 C MAI11250 
126.000 C CALCULATE THE SCATTERED FIELDS IN DD. MAIN12E0 
127.044 C MAIN:270 
124.400 URITE(6,550) MAIN1230 
129.000 550 FORMAT(IH ,'ANGLE OF OBSERVATION',5X,'TOGERS FIELD',3X, MAIN12g0 
134.000 I'DIPOLES FIELD',3X,'TOTAL FIELD'//) MAIN1300 
131.000 ESM.O.0D0 MAIh1310 
132.000 DO 102 I•1,N045 MAINI320 
133.804 IFCES(I).GT.ESMIE5M.E5(I) MAINI330 
134.044 102 CONTINUE 1AIM1340 
135.894 DO 110 I.1,NOBS MAIN1358 
136.004 THD.Tus.(DFLOAT(I)-1.0D0)8DTMS MAIN1368 
137.000 ESA.20.0*DLOGIO(ES(I)/E5M) MAI4:370 
134.004 ESDA.20.04DLOGIO(E5D(I)/Esp) 1AIN1380 
139.000 ESTA.20.08DLOGIO(EST(I)/ES1) MAI41390 
140.000 URITE(8,105 )TNIUSTA.ESDA,ESA MAINI400 
141.000 10S FORMAT(1H .4X,4F14.8) MAIN1410 
148.000 110 CONTINUE MAINI420 
143.000 200 CONTINUE MAIN1430 
144.000 STOP MAIN1440 
145.000 END MAINI4S0 
144.000 SURROUTINE CISI(X,CIX,SIX) CISIO410 
147.000 C CISI5020 
148.000 C SUBROUTINE FOR THE NUMERICAL EVALUATION OF THE CIS10030 
149.000 C SINE AND COSINE INTEGRALS. CI 5 I 0040 
150.000 c cisieese 
151.009 C CI 5 I0960 
152.000 C X ARGUEMENT FOR WHICH COSINE AND SINE INTEGRALS CISI0070 
153.000 C ARE TO OE EVALUATED. CISI0040 
154.000 C CIX ANSUER FOR THE COSINE INTEGRAL OF X. CISI0090 
155.000 C SIX ANSUER FOR THE SINE INTEGRAL OF X. CISI0100 
156.000 C CISI0110 
157.004 C CI 5 I0120 
154.004 IMPLICIT REALUICA-H,0 -Z) CISI0130 
159.040 ExTERNAL DCOSIF,SINIF CI 6 I0140 
160.800 CALL GAOD(0.0D0,X £ DCOSIF„8,ANS1) CIS10150 
161.040 Clx-0.5772156649+DLOG(x)+ANSI CISI0160 
162.000 CALL QA0D(0.0D0,X.SINIF,4,51x) CISI0170 
163.000 RETuRm crsielge 
164.000 END CISI0190 
165.000 DOUBLE PRECISION FuNCTION-DCOSIF(x) COSF00I0 
164.000 C COSF0020 
167.000 C COSF8030 
1611.000 C FuNCTION DEFINING THE INTEGRAND FOR COSINE INTEGRAL. COSF0040 
169.400 c cosFeese 
170.000 C COSF0060 



THE  SINE  INTEGRAL. 
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/71.080 
1711.». 
173.000 
174.000 
175.000 
/76.000 C 
/77.000 C 
178.000 C 
179.000 C 
180.000 C 
181.000 
182.000 
183.000 
184.000 
186.008 
186.008 C 
187.000 C 
188.000 C 
189.000 C 
190.000 C 
191.000 C 
192.000 C 
193.008 C 
104.000 C 
186.000 C 
196.000 C 
/97.000 C 
108.008 C 
198.800 C 
800.008 C 
801.000 C 
808.000 
803.000 C 
104.000 

206.000 
207.000 
208.000 
209.000 
210.000 50 
211.000 
212.000 
213.000 
314.000 
215.000 
216.000 
217.000 
218.000 
219.001 
280.000 
811.000 
1121.000 
213.000 82 
814.008 
881.008 
868.800 81 
887 •808 83 

IMPLICIT REAL*8(A-N,0-Z) 
DCOSIF•(DCOS(X)-.1.01:10)/X 
RETURN 
END 
DOUBLE PRECISION FUNCTION SIN1F(X) 

FUNCTION DEFINING THE INTEGRAND FOR 

IMPLICIT REAL*8 (A-W,0 -2) 
SINIF nDSIN(X)/X 
RETURN 
END 
SUDROUTINE GAOD (XL,XMCNC.NIX,ANS) 

WRITTEN 8V R.K.CHUCH 
NOU.,1977 

SUIROUTINE TO PERFORN NUMERICAL INTEGRATION 
OF A FUNCTION FCMC USING GAUSS QUADRATURE  
ELEVEN POINT FORMULA. 

LOUER LIMIT OF INTEGRATION. 
UPPER LIMIT OF INTEGRATION. 
EXTERNAL FUNCTION DEFINING THE INTEORAND. 
NUNIER OF INTERVALS FOR THE INTEORATION RANGE. 
AMMER OF INTEGRATION. 

IMPLICIT REAL*8 (ON(, 0-2) 

DIMENSION T(6),V(6) 
EXTERNAL FCMC 
DATA 1/0.978220658146057,0.887062599768005,0.730152005574049, 
10.519006129106812,0.269543155962345,0.0110/ 
DATA V/8.5666856711617370-1,0.125500369464905,0.186290210927734, 
12.233193764591990,0.282804544510247,0.27292S006777901/ 
CD•NIX 
SUN.0.0D0 
DD•(XU-XL)/CD 
DO SO L•1,NIX 
CI - L 
AA•XL4'(CI -1.0DO)*DD 
AS•Afte0D 
SCAL1.(A8AA)/2.000 
SCAL2•(All*AA)/2.008 
DO 60 N•1,6 
P1•-SCAL1*T(N)*SCAL2 
ZeCNC(P1) 
IF(T(N).E0.0.000)00 TO 81 
PeSCALl*T(N).SCAL2 
ZZ•FCNC(P2) 
GO TO 83 
2241.800 
SUN•SUPOSCAL1*V(N)*(2.22) 

XL 
XU 
FCNC 
NIX 
ANS  

COSFOO7O 
COSFOOSO 
COSF•A9O 
COSMOS 
SIMF0010 
SINFOO2O 
SINFAA3O 
SINFO040 
SINFOOSA 
SINFO060 
SINF0070 
SIMF0080 
SINFOO90 
SIMMS. 
GAOD01110 
GAOD0029 
GAGDO0341 
GA0D0440 
GAODOOSO 
GAODOO60 
GAGDO070 
GAGDO080 
GAOD0090 
GAODOlOO 
GAIDDO110 
GAODO120 
GAODO130 
GAODO140 
GAODOISO 
00490160 

 GA00017, 
GA004180 
GA0D01510 
GACID0200 
GA0D0210 
GA0D11224D 
GAOD0230 
GAGDO244) 
GAODOESO 
04091260 

 GA0D0270 
GA004280 
GAODO290 
GA0D1134(1 
04095310 

 GA0D11320 
GAOD0330 
GAODO340 
GAGDO3SO 
GMODO364 
GAODO370 
GAODO380 
UO00390 
GA0D0400 
GAGDO410 
04005421 

 GAOD0430 
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221.000  60 CONTINUE GA000440 
229 .400 ANS•SUM ':..A0004S0 
230.000 RETURN GA000460 
231.000 END GA000470 
232.000 SUBROUTINE MCO1A(H1M2,D,PROP,Rm.xm) MCBT0010 
233.000 C McBT0020 
234.000 C mcBT0030 
235.000 C SUBROUTINE FOR CALCULATING THE muTuAL COUPLING mCBTe040 
236.000 C BETWEEN TUO ELEMENT OF HEIGHTS HI AND H2 mCBT005e 
237.000 C DISPLACED BY A DISTANCE D. mcB70060 
238.000 C maTeee 
239.010 C PROP PROPAGATION CONSTANT. mcB70080 
240.000 C RM MUTUAL RESISTANCE BETWEEN THE TWO DIPOLES. MC9T000 
241.000 C XM MUTUAL REACTANCE BETWEEN TUO DIPOLES. MC8T0100 
242.000 C McsTa:le 
243.000 C MCBT0120 
244.000 IMPLICIT REALt8 ( A -H,0 -2) MCBT0130 
245.000 CL-H2+H1 MCBT0140 
246.000 DEL-H2-H1 MCBT01S0 
247.000 UO-PROPt(DSORT(DtWeHltH1) -H1) MCB70160 
248.000 U1-PROPICDSORT(D*D+DELIDEL)+DEL) MCBTe170 
249.044 VO.PROPt(DS0RT(DtD+HIZN1)+H1) AC8 ,0180 
e64.004 Vl•PROPIUDSORTIDtp+DELtDEL) -DEL) MCBT0190 
251.000 WI•PROPMDSORT(DSD.CLtCL)+CL) mosTe2ee 
262.000 Xl•PROP*(DSORT(D*D+CLIgCL)-CL) MCBT0210 
a53.1104 ye-PROPUI mcsT022e 
254.0011 vi.PROPs(DSORT(De»HesN2)1442) MC87023e 
256.000 SI.PROPI(DSOR7(D*ffleete) -42) MC170240 
2506.000 CALL CISI(I.O.CIUO,S1U0) AC8702545 
257.060 CALL CISI(LJI.CIUI,SIU1) MCBT8260 
assme CALL CISI(UO,CIVO,SIVO) MCBT0270 
259.004 CALL CISI(ul,Civi,Slyi) PIC87.280 
MAIN cALL CISI(iii,CIVI.SIMI) MCBT0294 
al..« CALL CISItie1.CIxI,SIX1) MCBT0300 
mambo CALL CISI(YO.CIYO.5IY0) MCBT0310 
263.1100 CALL CISI(Y1,CIYI.SIYI) MCBT0320 
264.000 CALL CISI(SI,CISI,SISI) MCBT0330 
265.000 RM-(1.501/(DSIN(PROPtH1)*DSIN(PROPtH2)))*( MCBT0340 
266.000 IDCOS(PROPtD(L)t(CIUI-CIU0+CIUI-CIV0+2.0D08CIYO-CIY1-CISI) MCBTO3S0 
267.000 2+DSIN(PROP*DEL)t(SIUI-SIUO+SIVO- 5 I91-SlY14.SIS1) MCBTO360 
268.000 3•DCOS(PROP*CL)*(0I91-CIV0+CIXI-CIU0+2.000*CIYO-CIY1-CISI) MCBT0370 
269.000 4+DSIN(PROP*CL)t(SIWI-5I1j0+SIUO-SIXI-SIY1+SI5I)) MCBT0380 
270.000 XM.(1.SDI/CDSIN(PROPINI)IDSIN(PROP*H2)))8( MCBT0390 
271.000 1DCOS(PROPIDEL)t(SIl4-SIU1+SIV4-SIvI+SIY1-2.0DOtSIY0+5I51) MCBT0400 
272.000 2+DSIN(PROPtDEL)t(CIUI-CIU0+CIVO-CIul-CIYIsCISI) MCBT0410 
273.000 3+DCOS(PROP*CL)t(SIVO-SIU1+SIUO-SIXI+SIY1-2.0DO*SIYO+SISI) MCBT0420 
274.000 4.0sIN(PROP*CL)*(CIUI-CIVO*ClUO-CIt1-CIYI+CISI)) MC2T0430 
275.000 RETURN m0IT0440 
276.000 END mCBTO4S0 
277.000 C SUBROuTINE CDSEOCR(A,N,M,AM,O.x) CDS00010 
278.000 C CDS00020 
279.000 C WITTEN BY R.X.CMuGH CDS00030 
28e.000 C CRC NOV.,1977 CDS00040 
281.401  C CDSOOOSO 
282.000 C SUOROUTINE TO SOLVE COMPLEx DOUBLE PRECISION CDS00060 
2ll3.600 C SIMULTANEOUS EOUATIONS USING CROUT'S METHOD. CDS00070 
284.000 C 



n•n 

rY264340 
264.000 C CDS0•080 
266.000 C CRICX>E37 CDS00090 
466.000 C CDS00100 
a17.111  c f4 R OF EQUATIONS TO SE SOLVED. CO500110 
266.000 C M rerelUM DIMENSION FOR MATRICES A.R.X. CDS00120 
249.000 C MA PARAMETER FOR TYPE OF MATRIX A. CDS00139 
»OA» C Mai SYMMETRIC MATRIx A. cDS001+0 
29 1 .000 C MM°2 NON-SYMMETRIC MATRIX A. cpsoelse 
292.000 C CDS0016e 
293.000 SUIROUTINE CDSEOCR(A M.M.MM,C,X) CDS00170 
a « s... COMPLEX*16 A(4.4),8(h),X(M),CSUM C1)500181) 
295.000 A(1.1) • 1(1,1) CDS00190 
296.000 DO 16 I-2,N CDS09200 
297.000 A(I.1)•A(I,1) CDS00210 
m.o.. to /1(1,1)*A(I,I)/11(1,1) CO500220 
299.000 el)°$(1)/A(I P 1) CD500230 
300.000 DO 100 I°2.N CDS00240 
301.000 11°1-1 CDSOO2S0 
302.000 DO 96 .1.2oN CDS00260 
303.000 JP./ -1 CDS00270 
304.000 C5UM•0.0 CDS00260 
305.000 IF(' -J)20.30.42 CDS00290 
306.000 20 DO as K°1.II CDS00300 
307.000 25 CSUMnCSUM+A(I.K)11A( (.J) CD600310 
300.000 ACI j)*(A(1 9 J).°CiUM)/ACI.1) CD500320 
300.000 50 fo ee CD500330 
310.000 30 DO 36 Kel.II CD500340 
311.000 36 CSUNeSUM441(1.E)84(KPI) CD500350 
312.000 ICI I)°11(1.1)CSUM CDS00360 
313.000 .0 fo se CDS00370 
314.000 40 CO TO (46.60).M4 CDS00380 
316.000 46 AU j).A(J,I)2A(J.J) CD500390 
314.000 CO tO 90 CDS00400 
317.000 60 DO 45  KeleJJ CD500410 
310.000 46 CSUM°C5UM+A(14,K)*A(K..1) CD500420 
319.000 A(I.J)°A(I,J)-CSUM CD500430 
320.000 90 CONTINUE CD500440 
321.000 CSUM°0.0 1 CDS00450 
322.000 DO 96 K°1.11 CDS0046• 
323.000 95 CSUM°CSUMSA(1 9K)Ap(4) CDS00470 
324.000 8(I)*(11(I)-CCUN)/A(I.1) CDS00460 
325.000 100 CONTINUE CDS00490 
326.000 X(N)°,(N) CDS00500 
327.000 DO /II .1•1,N-1 CD500510 
328.000 I•N-J CDS00520 
329.111 KK•I+1 CDS00530 
330.000 CSUM°0.0 CDS00540 
331.000 DO 1OS (•KK,N CDS00560 
332.000 105 CSUN•CSUM+A(I,K)*X1K1 CDS00560 
333.000 X(I).11(I)-CSUM CDS00570 
334.000 1I0 CONTINUE CDS00580 
336.000 RETURN CDSOOS90 
336.000 END CDS00600 

°-°E0F MIT AFTER 336. 
* 
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0.0 
0.0 
2.0 

5.0 

1 
2 1 

0.25 
-0.25 
8.0 

73 
8.0 

8.25 
0.25 
0.254 

6. Test run 1 

35 

INPUT DATA FOR TEST RUN 1 



SCATTERING FROM AN ARRAY OF THIN TOUERS DUE TO 

AN INCIDENT FIELD FRON AN ARRAY OF SROADCAST 

ELEMENTS 0ASED  ON  TRANSMISSION LINE APPROACH. 

NURSER OF IROADCAST ARRAY ELEMENTS • 2 

NUM0ER OF THIN TOMS • 1 

POSITION OF THE DIPOLE ELEMENT NUMBER 1 • .250000 .000800 

HEIGHT OF THE DIPOLE ELEMENT  HUNIER 1 • .250000 

POSITION OF THE DIPOLE ELEMENT  HUNIER  2 • -.250000 .008000 

HEIGHT OF THE DIPOLE ELEMENT  HUNIER 2 • .250000 

POSITION OF THE THIN  TOUER HUNIER 1 • .008000 2.000000 

HEIM? OF THE TWIN TOUER NURSER 1 • .254000 

HUNIER  OF ODSERVATION POINTS FOR THESCATTERINC PATTERN • 73 

ANGLE OF OBSERVATION TOUERS FIELD DIPOLES FIELD TOTAL FIELD 

36  

.00000000 - 17.89865813 -294.53542469 
5.00000000 - 17.195165813 -44.30533515 
1•.00000000 -17.89865813 -32.28145000 
15.00000000 -17.89865813 -25.26870673 
20.00000•00 -17.89865813 -20.31865162 
25.90000000 -17.89865813 -16.51837376 
30.00000000 -17.89865813 -13.43682483 
35.00000000 -17.89865813 -10.88393305 
4•.00000000 -17.89865813 -8.72679654 
45.00008000 -17.89865813 -6.88749407 
50.00000000 -17.89065813 -5.31519736 
55.00000000 -17.89065813 -3.97575105 
60.00000000 -17.89865813 -3.84576331 
65.00000000 -17.89865813 -1.90904483 
70.00000000 -17.89865813 -1.15435a61  
75.00000000 -17.89865813 -.57397687 
80.00000000 -17.89865813 -.16867196 
85.00000080 -17.89865813 .08218266 
90.00000000 -17.88865813 .16453665 

-17.89865813 
-17.57990258 
-16.47357760 
-16.85924217 
-22.49190757 
-24.83846601 
-13.00240757 
-8.37636057 
-6.13398351 
-5.23292700 
-5.06038822 
-4.97263431 
-4.41769404 
-3.37825590 
-2.22755406 
-1.25039687 
-.54906027 
-.13580324 
-.00000000 



95.00000000 
100.110008000 
105.00000000 
1111.000000011 
115.00000000 
128.000001100 
125.00000000 
130.00000008 
135.00000000 
140.04000000 
145.00000000 
150.001100000 
155.80000000 
160.000000118 
165.00400000 
170.00089000 
175.800040U 
180.000000118 
185.00000000 
190.00000000 
195.00000000 
aen.•mele 
aos.ememoo 
no.moodeoge 
215.00000000 
eat/a• mo, 
aes.emem 
rybabomm 
235.110000808 
2411.00000040 
245.gegoesgmeee ase.meme 
ess.gememe 
268.00000000 
265.00000000 
270.00000080 
275.00000000 
288.00000000 
285.00080000 
294.80000008 
295.04000000 
304.008001148 
305.000000110 
310.00000000 
315.00000000 
320.00040000 
325.880011000 
330.00000000 
335.00000000 
340.080800011 
345.00800800 
350.00000000 
355.00000000 
368.118000000 

--EOF MIT AFTER 110. 

- 17.81865813 
- 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 
- 17.89865813 
-17.89865813 
-17.89865813 
-17.89866813 
- 17.89865813 
-17.89845813 
-17.89485813 
-17.89865813 
-17.89865813 
-17.818615813 
- 17.89486813 
- 17.89845813 
- 17.89865813 
- 17.89865813 
-17.89065813 
- 17.89865813 
- 17.89865813 
- 17.89865813 
-17.89865813 
-17.89865813 
-17.89865813 
-17.89865813 
- 17.89865813 
- 17.89865813 
-17.89865813 
- 17.89865813 
- 17.89865113 
- 17.89865813 
- 17.89865813 
-17.89865813 
- 17.89865813 
- 17.89865813 
-17.80885813 

.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 
- 32.28145990 
- 44.30533515 

-294.72887941 
- 44.30533515 
- 32.28145008 
-25.26870673 
-20.31865162 
- 16.51037376 
-13.43882483 
-10.88393305 
-8.72679654 
-6.88749447 
-5.31519736 
-3.97576105 
-2.84576331 
- 1.90904483 
- 1.15436261 
-.57397687 
-.16267196 

.88288266 

.16453665 

.08288266 
-.16267196 
-.57397687 

-1.15436261 
-1.90904483 
- 2.84576331 
- 3.97575105 
-5.31519736 
- 6.88749487 
-8.72679654 

-10.88393305 
- 13.43682483 
-16.51037376 
- 29.31865162 
-25.26870673 
-32.28145000 
- 44.30533515 

-294.53542469 

-.13580324 
-.54906027 

- 1.25039687 
- 2.22755406 
- 3.37825599 
-4.41769404 
- 4.97263431 
- 5.06038822 
-5.23292700 
-6.1339835 1 
-8.37636057 

- 13.00240757 
- 24.83846601 
- 22.49190757 
-16.85924287 
-16.47357760 
-17.57990258 
-17.89865813 
-18.30863810 
-18.99383294 
-16.26854933 
-13.04748201 
-11.88618441 
-13.00240757 
- 14.97943774 
-11.82063985 
-7.35066756 
-4.36587671 
-2.527114349 
- 1.43763925 
-.816701095 
-.46548637 
-.25314012 
-.11449586 
-.02943482 
.00000080 

-.02943082 
-.11449586 
-.25314012 
-.46508637 
-.81676095 

-1.43763925 
-2.52794349 
-4.36587678 
- 7.35066756 

-11.82063985 
-14.97943774 
- 13.00240757 
-11.88618441 
-13.04740201 
- 16.26854933 
-18.99383294 
- 18.30863810 
- 17.89865813 
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8.8 
e.e 
2.0 
2.0 

5.0 

1 
2 2 

0.25 
-0.25 
0.18 
-0.10 

73 
8.8 

0.25 
0.25 
0425 
0.25 

7. Test run 2 

38 

INPUT DATA FOR TEST RUN 2 
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SCATTERING FROM AN ARRAY OF THIN TOUERS DUE TO 

AN INCIDENT FIELD FROM AN ARRAY OF 8ROADCAST 

ELEMENTS RASED ON TRANSMISSION LINE APPROACH. 

NUMBER OF 8ROADCAST ARRAY ELEMENTS • 2 

NURSER OF THIN TOUERS • 2 

POSITION OF THE DIPOLE ELEMENT NUMBER 1 • .250000 .000000 

HEIGHT OF THE DIPOLE ELEMENT NUMBER 1 • .250000 

POSITION OF THE DIPOLE ELEMENT  HUNIER  2 • -.250000 .004404 

HEIGHT OF THE DIPOLE ELEMENT NUNIOER 2 • .254000 

POSITION OF THE THIN TOUER NUMBER 1 • .100000 2.040004 

HEIGHT OF THE TWIN TOUER NUMBER 1 • .asme 

POSITION OF THE THIN  TOUER  NUMBER 2 • -.100000 2.000000 

HEIGHT OF THE THIN TOUER NUMSER 2 • .250404 

NUMBER OF OBSERVATION POINTS FOR THESCATTERING PATTERN • 73 

TOUERS FIELD DIPOLES FIELD TOTAL FIELD ANGLE OF OBSERVATION 

.00400000 
5.00000004 
10.00000000 
15.04004000 
20.00000000 
25.00000000 
30.00004000 
35.00000000 
40.00004000 
45.00004000 
S4.00000004 
55.00000004 
40.00000000 

I  

-18.44531227 
-18.43026232 
-18.38567578 
-18.31321553 
-18.21554565 
-18.09618518 
-17.95932524 
-17.80962760 
-17.65202134 
-17.49151113 
-17.33300656 
-17.18117787 
-17.04033886 

-294.78894026 
-44.46951773 
-32.44563257 
-25.43288931 
-20.48283420 
-16.67455633 
-13.60100741 
-11.04811563 
-8.89097911 
-7.05167665 

•  -5.47937993 
-4.13993363 
-3.00994568 

-18.44531287 
-18.06569795 
-16.98758940 
-17.66156040 
-24.54092757 
-22.68230837 
-12.53997766 
-8.25865439 
-6.20912539 
-5.47891837 
-5.47780317 
-5.49711047 
-4.88877155 
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46.06000000 
76.00000000 
76.66000000 
86.00000000 
85.06000600 
90.00000000 
95.00000600 
100.00000000 
105.00000000 
110.00600060 
115.00600000 
120.00060000 
125.06000660 
136.00000000 
135.00000000 
140.00000000 
145.00000000 
166•00060000 
155.00000000 
160.00008000 
165.00000000 
170.00006000 
175.00000066 
186.80000000 
115.00000000 
190.000••000 
115.00000000 
/00.00000000 
805.00000000 
810.00008000 
215•60000000 
880.00000000 
885.08000000 
236.60000006 
235.00000000 
846.00000000 
245.00000000 
266.00000000 
255.60000000 
366.00000000 
265.00000000 
270.00060000 
275.06000000 
286.60000000 
885.00000000 
290.00000000 
295.00000000 
306.00000606 
315.66000000 
310.60660000 
315.00000000 
380.00000600 
385.00000006 
336.00000006 
336.00000•00 
340.06000006 
348.00000000 

-16.91435156 
-16.80659016 
-16.71982704 
-16.65626795 
-16.61749663 
-16.60446577 
-16.61749603 
-16.65626795 
-16.71982704 
-16.80659016 
-16.91435856 
-17.04033926 
-17.18117787 
-17.33300656 
-17.49151113 
-17.65202134 
-17.80962768 
-17.95932524 
-18.09618518 
-18.21554565 
-18.31321553 
-18.38567578 
-18.43086238 
-18.44531817 
-18.43086832 
-18.38567578 
-18.31321653 
-18.21554865 
-18.09618518 
-17.95938514 
-17.80962760 
-17.65208134 

-17.411:4à6: -17.3  
-17.18117717 
-17.04033926 
-16.91435856 
-16.80659016 
-16.71982704 
-16.65626795 
-16.61749603 
-16.60446577 
-16.61749663 
-15. 65626795  
-16.71988704 
-16.80659016 
-16.91435866 
-17.04033924 
-17.18117787 
-17.33300656 
-17.49151113 
-17.65202134 
-17.80968766 
-17.96932524 
-18.09618518 
-18.21554166 
-18.31381663 

-2.07322741 
-1.31854519 
-.73115944 
-.32685453 
-.68129992 
.06035407 

-.08129992 
-.3a685453 
-.73815944 

-1.31854519 
-2.07322741 
-3.00994588 
-4.13993363 
-5.47937993 
-7.05167665 
-8.89097911 
-11.04811563 
-13.60160741 
-16.67456633 
-e9.48213420  
-25.43218931 
-32.44563257 
-44.46861773 
-294.72124094 
-44.46951773 
-38.44563257 
-25.43888931 
-20.48283428 
-16.67465633 
-13.60100741 
-11.04811563 
-8.89017911 
-7.05167665 
-5.47937993 
-4.13993363 
-3.00994588 
-2.07382741 
-1.31854519 
-.73815944 
-.32685453 
-.08129192 
.00035407 

-.08129992 
-.32681453 
-.73815944 
-1.31854519 
-2.07328741 
-3.00994588 
-4.13993363 
-5.47937993 
-7.05167615 
-8.89097911 

-11.04811563 
-13.66100741 
-16.67455633 
,a4.4safflao 
-25.43281931  

-3.69183373 
-2.39940833 
-1.33172630 
-.58033783 
-.14291680 
-.00000060 
-.14291680 
-.58033783 
-1.33172630 
-2.39940833 
-3.69183373 
-4.88877155 
-5.49711047 
-5.4778e317 
-5.47891837 
-6.20912539 
-8.25865439 
-12.53997766 
-22.68236837 
-24.54062757 
-17.66156640 
-16.98758946 
-18.06569715 
-18.44631287 
-18.83683493 
-19.73757141 
-16.98971515 
-13.37891645 
-11.83297688 
-12.53997766 
-14.62651064 
-12.49914665 
-7.90879008 
-4.67157149 
-2.64662295 
-1.43569055 
-.75623106 
-.38218315 
-.18698431 
-.67869956 
-.61963603 
.00000000 

-.01953603 
-.07869956 
-.18698431 
-.38218315 
-.75023106 
-1.43569655 
-2.64682296 
-4.67157149 
-7.90879008 

-12.49914665 
-14.62651664 
-12.53997766 
-11.83297688 
-13.37891645 
-16.98179515 



5114-116 
364.00000080 -18.39567578 -32.44563257 -19.73757141 
355.00000000 -18.43026232 -44.46951773 -18.83683493 
30.mm» -18.44531287 -294.78894026 -18.44531287 

--EOF MIT  FTER 116. 

I 



8. Test run 3 
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INPUT DATA FOR TEST RUN 3 

1 
1 3 

0.0 
0.0 
-0.248 
0.0 

73 
0.0 
* 

0.9 
0.535 
0.0 
-0.535 

5.9 

0.25 
9.238 
0.238 
0.238 



SCATTERING FROM AN ARRAY OF THIN TOUERS DUE TO 

AN INCIDENT FIELD FROM AN ARRAY OF tROADCAST 

ELEMENTS tASED ON TRANSMISSION LINE APPROACH. 

HUNIER OF DROADCAST ARRAY ELEMENTS • 1 

NUMBER OF TWIN TOWERS • 3 

POSITION OF THE DIPOLE ELEMENT  HUNIER  1 • .900000 .000000 

HEIGHT OF THE DIPOLE ELEMENT  HUNIER 1 • .2511400 

POSITION OF THE THIN  TOUER HUNIER 1 • .000000 .535000 

HEIGHT OF THE THIN  TOUER  NUMBER 1 • .238000 

POSITION OF THE TWIN TOUER HUNIER 2 • -.248000 .000000 

WEIGHT OF THE TWIN  TOUER HUNIER  2 • .2311111  

POSITION OF THE TWIN  TOUER HUNIER 3 • .000000 -. 5350110 

HEIGHT OF THE THIN TOUER HUNIER  3 • .238000 

HUMBER OF OBSERVATION POINTS FOR THESCATTERING PATTERN • 73 

ANGLE OF ORSERVATION TOWERS FIELD DIPOLES FIELD TOTAL FIELD 

.00000000 -2.56714927 -6.27488997 .00000000 
5.00000000 -2.70008436 -6.27488997 -.07167720 
10.00000000 -3.09418074 -6.27488997 -.27945196 
15.00000000 -3.73520315 -6.27488997 -.60289897 
20. -4.59948048 -6.27488997 -1.01272660 :::::: -5.95549961 -6.27488997 -1.47817889 
30.00000000 -6.e6811a51 -6.27488997 -1.97609837 
35.00000000 -8.20768346 -6.27488997 -2.49808897 
40.00000000 -9.65697943 -6.27488997 -3.05220578 
45.00••000• -11.20984543 -6.27488997 -3.65887734 
50.00000000 -12.83880709 -6.27488997 -4.34447840 
55.00000000 -14.41110198 -6.27488997 -5.131e2s7e 
64.00000000 -15.55973436 -4.27488997 -6.063a0737 

43  



44  

86.00000004 
70.00040000 
75.04000804 
98.00004000 
85.00000000 
90.00000000 
95.00000000 
100.00000000 
105.00000000 
110.00004000 
115.00000400 
ta.......... 
125.00000000 
130.00000000 
135.00004040 
144.00000004 
145.001100000 
150.08000000 
155.04000008 
160.00000000 
165.00000000 
170.00000000 
175.00000000 
184.00008008 
195.00000000 
198.04000084 
196.04000080 
800.00008080 
208.00000000 
mammies. 
215.00000008 
880.04000800 
2IS  .11115515 
230.00008000 
235.00000400 
244.80004000 
245.11111115 
254.00000900 
265.00040000 
268.08800040 
265.044441040 
878.80000080 
275.00000008 
21$ .01115151 
215.  SUSSØ$  
294.00000000 
206.04000000 
300.00000000 
305.84090000 
310.00000000 
315.04088000 
320.00004000 
325.08008004 
334.04400000 
335.00000000 

345.  

-15.76128436 
-14.94662790 
-13.64576341 
-12.17215106 
-10.83686706 
-9.63945590 
-8.57437147 
-7.62630612 
-6.78579875 
-6.65393506 
-5.44113843 
-1.96459674 
-4.64539789 
-4.568618 18 
-4.56828687 
-4.83813174 
-5.32486113 
-5.99950729 
-8.79666125 
-7.59744065 
-8. 26557464 
-8.47388771 
-8.86636775 
-8.91578142 
-8.96830778 
-8.67388771 
-8.88857484 
-7.89744085 

-5. 38484103 
-4.83813174 
-4.56828687 
-4.56841818 
-4.64539789 
-4.96459874 
-5.44113243 
-6.85393568 
-6.78679875 
-7.82630612 
-8.57437147 
-9.63808596 
-10.83596706 
-12.17215106 
-13.60576301 
-14.94962790 
-15.76128436 
-15.55873436 
-14.41116198 
-12.83880719 
-11.80984643 
-9.65697943 
-8.20768346 
-6.86818850 
-5.85548961 
-4.58048048 
-3.73581315  

-6.27488997 
-6.27488997 
-6.27488997 
-6.27488997 
-6.27488997 
-6.27488997 
-6.27488997 
-6.27488997 
-6.27488997 
-6.27489997 
-6.27488997 
-6.27481997 
-6.27488997 
-6.27488997 
-6.27488997 
-6.27488997 
-6.27488997 
-6.27488997 
-6.27488197 
-6.27488997 
-6.27488997 
-6.27488997 
-6.27488997 
-6.27488997 
-6.27488897 
-6.27488997 
-6.27488187 
-4.27488987 
-4.27488987 
-8.27488997 
-6.27488997 
-6.27488807 
-6.87488997 
-6.27488997 
-6.274811997 
-6.27488997 
-6.27488997 
-6.27488997 
-6.27488997 
-6.27488997 
-6.27488997 
-6.27488997 
-6.27488997 
-6.27488997 
-6.27488997 
-6.27488997 
-6.87488997 
-6.27488997 
-6.27488997 
-6.27488997 
-6.27488997 
-8.87488997 
-6.27488997 
-6.87481997 
-6.27481997 
-6.87488817 
-4.27488987  

-7.15481317 
-8.44911308 
-9.99378815 
-11.83681279 
-13.95579251 
-15.95898107 
-16.61317470 
-15.23881932 
-13.96605548 
-11.05502894 
-9.44120125 
-8.22405953 
-7.37767810 
-6.88438751 
-6.73919914 
-6.95131666 
-7.53336404 
-8.50155485 
-9.85684984 
-11.54959661 
-13.40846982 
-15.07591459 
-16.14681816 
-16.48985145 
-16.14681816 
-15.47591459 
-13.40644982 
-11.54959661 
-9.85684984 
-8.50155485 
-7.53336464 
-6.95131666 
-6.73989984 
-6.81438751 
-7.37767910 
-8.22405953 
-9.44120125 
-11.65562894 
-13.06005548 
-15.23081932 
-16.61317470 
-15.95898107 
-13.95579251 
-11.83681279 
-9.99378815 
-1.44911388 
-7.15481317 
-6.06380737 
-5.13642872 
-4.34447840 
-3.65887734 
-3.05281578 
-2.49868897 
-1.97609837 
-1.47817889 
-1.01278666 
-.64489887 



45  

36•.00000400 -3.09418074 -6.27488997 -.27945196 
368.00000000 -2.70008436 -6.27488997 -.97167728 
344.80008000 -2.56714917 -6.27488997 .90900909 
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