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EXPLANATION OF REVISIONS TO ASAP

Since the issuance of the original ASAP report in December
1974, and distribution of the source program, feedback from many
users and direct assistance from Dr. Robert Bevensee of Lawrence
Livermore Labs, University of California enabled the preparation
of this revised version. During the past 2 years, no additional

discrepencies have arisen and it is now felt that the code can be

safely called "revised".
The nature of the improvements was as follows:

1. To correct the manner in which structures were
treated when elevated over a ground plane.

2. Improvements and corrections in calculating finite

ground plane effects.
3. Text corrections in explanation of ground effects.

4. Instructional changes in the DESCRIPTION, FREQUENCY,
and CHANGE cards.

5. Corrected sample problem outputs.

The user should note that some facilities will experience

printing errors when NEAR FIELDS are called for. Statement 58 in

the MAIN program should be suitably rewritten if that occurs.
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Ie INTRODUCTION

Although many thin-wire computer programs have been
developed for the purpose of analyzing antennas and
scatterers, few of these pfogtans have been directed toward
the student of electro-magnetic theory. The majority of the
programs are directed to the engineer or advanced student
for the purpose of analyzing designed structures or
verifying experimental data.

The purpose of the study is to develop a computer
program by modifying an existing computer code which can be
utilized as an educational method to develop insight into
radiating structures by the beginning student of
electro-magnetic theory.

The modified Ohio State University Antennas-Scatterers
Analysis Program (OSUMOD or ASAP) is directed toward the
beginning student who does not yet have the expertise
necessary to manipulate the input data for proper execution
of the larger more comprehensive analysis program. Even
though ASAP is small in core reguirements and is fast in run
time, it is capable of analyzing structures to assist the
engineer with design probleas.

Since the resulting program, ASAP, is primarily directed
toward students, the program has been limited to structures
which contain less than 50 monopoles (segments), no longer
than one-fourth of a wavelength, and vhich have less than 51
nodes (intersections and endpoints). If a ground plane,
either perfect or finite is present; the stated limits above
are halved due to the gemeration of an image structure.




IIe ORIGINAL PROGRAM

A. THEORY

Reference 1 presents the electro-magnetic theory for the
analysis of antennas and scatterers in an isotropic, linear,
and homogeneous ambient medium. The analysis is performed in
the frequency domain with an excitation caused by either a
generator or an incident wave.

In the analysis, a piecewise-sinusoidal expansion is
used for the current distribution. The matrix equation
Z I =V is generated by enforcing reaction tests with a set
of sinusoidal dipoles located in the interior region of the
wire. Since the current distribution has the same form as
the expansion mode, this formulation is known as the
“"sinusoidal reaction technique".

B. COMPUTER PROGRAM

Reference 2 presents the computer program corresponding

to the theory presented in Ref. 1.

1. 1Input Format

In the program, the input data must specify the
frequency, wire radius, wire conductivity, the parameters of
the exterior medium, coordinates of the points to describe
the shape and size of the wire configuration, a list of the
wire segments, and the indicators for the various outputs.
Table 1 is the input data necessary to analyze a half-wave
dipole.

2. Output Format

In the original form, the only outputs which could
be requested by the input data stream are the following:




a. Antenna Problems

(1) Current Distribution on the Structure.
(2) Input Impedance. '

(3) Radiation Efficiency.

(4) Near-Zone Field.

(5) Far-Zone Field.
b. Backscattering Problenms

(1) Absorption Cross Section.

(2) Scattering Cross Section.

(3) Extinction Cross Section.

(4) Complex Elements of the Polarization
Scattering Matrix

c. Bistatic Scattering Problems

Echo Area.

Table 2 is an example of the output data available for
data of table 1.

3. LIMITATION

Although the program can analyze a structure with up to
50 segments, 55 points and 60 dipoles modes; it can not
analyze a structure in the presence of a finite ground
plane.
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IITe MODIFIED COMPUTER PROGRAM

A. TInput Format

As illustrated in table 1 the format for the input data
cards is not self explanatory. This format can be determined
by referring to the FORMAT statements of the program of Ref.
2. Since the modified program is directed toward the
student, the input data format was changed to allow free
format. Reference 2 was written in a form which permitted
modifications to allow flexibility iu specifying input data
for the analysis program. Appendix B, titled "User's
Manual", discusses the input data cards necessary for proper
execution of an analysis problem. Appendix B is self-
contained and may be used independently of the remainder of

this document.

B. Output Format

In the original computer program, the absence of labels
encumbered the output data and lessened the usefulness of
the program. To improve the usefulness of the modified
version, detailed labels were added to the output data. As
with the input data, Ref. 2 was written in a form which
enabled modification to allow more specific output data for
the analyzed problem. With the addition of the polar
plotting package, the far-zone electric field intensity
polar radiation and reradiation patterns can be plotted. A
sample problem can be found on page 120 in Appendix B,

User's Manual.
C. Finite Ground
To enable the student or the engineer to have an

improved analysis program, the finite ground effects were
added to A5AP. The theory corresponding to the ground
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effects, which utilize Presnel reflection coefficients, is
discussed in Appendix A, titled "System Manual"™. Also
discussed in Appendix A is the modified computer program and
the corresponding theory. The electro-magnetic theory was
developed in Refs. 1, 2, and 3; and it is restated with its
corresponding computer code to assist in the understanding
of the methods applied. Appendix A is self-contained and

may be used independently of the remainder of this document.

IVe CONCLUSION

The addition of ground effect techniques to the original
program did not alter the accuracy or the computational
capabilities of the program. The ground effect techniques
utilized the results of the original program and modified
these results to account for the effects of the presence of

the finite ground.

To verify the numerical results of ASAP, the input
impedances of both a horizontal and a vertical dipole were
compared to the solutions of the exact form of the
Sommerfield's equation. As can be seen in table 3 the
finite ground treatment of ASAP agrees favorably with
Sommerfield's solutions. The ASAP finite ground results are
also in excellent agreement with the previous computer
solutions of Refs. 4 and 5.

Ve RECOMMENDATIONS
Although the program 15 a general analysis tool for
students, several future modifications will enhance the

program as a design tool for engineers. These items include:
varying the wire radius on the structure; incorporation of

12
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non-radiating elements such as transmission lines; varying
the wire insulation radius, conductivity, and dielectric
constant; and a geometry generation package such as dipole
array or helix. One major change that would both improve the
speed and reduce the core requirement is that of symmetry.
No attempt was made to utilize the symmetry in the
admittance matrix when the ground plane is present. If
symmetry were applied, the structure size limit with the
ground plane present would be approximately that of the

structure without the ground plane.

VERTIC IPOLE
FREQUE 3IMHZ
LEOTUS 303 METERS "
DTELECTRIC CONSTANT (RELATIVE) 10
CONDUCTIVITY  HEIGHT/WAVELENGTH ASAP EXACT#
$ .23 123, 5 26.5¢J 83.89
‘ 139 ETRE R R
-3g 87.60+J 35.64 88.500) 46.52
3 78.69¢J 41.79 79.21¢J 52.60
it 3t gl g s
. . 9. Hhle .
o35 §3 2e] 2;52 ohx}u 3s.83
L 103.20¢J 57.99 115.1¢J 73.8
i <33 9?.93.4 alies 38.89¢3 30149
:Jg 82:3843 343 88:9507 3283
4
HORIZONTAL OIPOLE
FREQUENCY 3 MHZ
e
DIELECTRIC CONSTANT (RELATIVE) 10
CONDUCTIVITY  HEIGHT/WAVELENGTH ASAP EXACT®
8 3 > .69 87,7444 41.77
: .3 132:3903 42:89 1al8ey &hial
§ 9.48+) 84.99 40.54¢) 88.7
.001 5 820303 3118 91 4led 30%8
3 l’ «69¢) Qio, ; 0 Qj 62.6
! §;i.j vg.g’ z R 3.9
z . » *
.00001 i . : ;i! ioJ .§
1 "o.ovﬁ 63:07 L67¢3 60,

* COURTESY OF LAWRENCE LIVERMORE ( ABORATORY

TABLE 3
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SYSTEM MANUAL

INTRODUCTION: The Antennas-scatterers Analysis Program
(ASAP) for thin vwire structures in a homogenous conducting
medium performs a frequency domain analysis of antennas and
scatterers. The program is applicable in the presence of a
ground either perfect or finite. This appendix will describe
the computer program which accomplishes this. Although the
program was written for the IBM 360 computer system it can
be executed on another system with minor modifications.

A piecewvise-sinusoidal expansion is used for the current
distribution. The matrix equation ZI = V is generated by
enforcing reaction tests with a set of sinusoidal dipoles
located in the interior region of the wire. Since the test
dipoles have the same current distribution as the expansion
modes, this may be regarded as an application of Galerkin's
method. Rumsey's reaction concept was most helpful in this
development, and therefore the formualtion is known as the
"sinusoidal reaction technigue".

The main routine and each subroutine is discussed
separately in this appendix. The writeups for the
subroutines are arranged alphabetically by subroutine nanme
after the main program. Each of the discussions includes the
purpose of the subroutine, brief description, and a listing.
After the suhroutine writeups is a table of the more common
symbols used in this progranm.

The input data and program limits are discussed in
detail in the next appendix titled "USERS MANUAL".

17
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GROUND EFFECTS: In the modified antenna analysis
computer program finite and infinite ground effects were
added by using the reflection coefficient technique. The
method in which this technique was used required the
generation of an image structure. 1In this section the

reflection technique will be discussed in detail.

In order to apply ground effects to the electric field,
the field for the image structure was first calculated as if
a ground wvere not present. Then, the field was decomposed
into parallel and perpendicular components. (A parallel
component is the component which is parallel to the plane of
incidence. A perpendicular component is one which is
perpendicular to this plane. The plane of incidence is the
plane containing the normal to the reflecting surface and
the incident ray.)

Z 1

18




Consider an image monopole with the electric field in
the 1 direction. The ray, €, is a vector which is
perpendicular to 1 and passes thru the point of interest. To
apply reflection technique, the plane of incident must be
found. It is advantageous to define a new coordinate systen
(ar3,2) where a and B are parallel to the xy plane with a in
the plane of incident and 8 perpendicular.

If the direction cosines (cosx, cosy, and cos.) are
known, it can be shown that the components of the field in

the a8 (xy) plane have the following relationship:

W e Gk
E cos ¢ sin ¢ E
X
EL sin ¢ -cos ¢ E
i o 5 o4 e E

where ¢ = arctan (cosy/cosx) .
Now the reflection coefficients for the interface can be
applied as:

R
EIl( Bl 5 EIl
H

R
El( B " E.l_

A

where Rll and Rl will be defined later in this section.

Applying the matrix equation above yeilds:

19




Pt - f IR
E cos ¢ sin ¢ E
X
(R) : I (R)
E sin ¢ =-cos ¢ ||E
- Y - S — - —

(the square matrix is unigue, in that, the inverse is equal
to the original matrix). Since the image direction is
opposite to the original monopole, that is,

Az = - (I x 2)

& x 4 ’
original image

the z component of the field, which is in the plane of

incident, is given by:

From electro-magnetic theory the reflection coefficients
for the fields in medium (1) at the interface with another
medium (2) are defined as:

for perpendicular

cos 8§ - /&' - sin? @

H cos 8 + /&' - sinZ @

and for parallel

. &' cos & - J/ &' - sin2 @

v &' cos & + / &' - sin2 @

vhere O is the angle of incident as measured from the normal
to the interface and

&' = (6, ¢+ 0 /J0) /(& + 0 /jw)

vhere the subscripts correspond to tane mediums above.
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To determine the relationship betveen R", R and Rv, R

a perfect ground (¢ =0, o=x) was 1nvestigated.
r

"

limit R -1
H

liait R +1

v
But, for a perfect ground the contributions to the field
from the image monopole would he equal to the field of tnhe
original monopole but opposite in sign due to the chosen

reference direction,

11 (R) il il
E = R‘| E

T

g (%
therefore
R = - R
I v
] = R
1 H

In summary, the contribution to the electric field of a

monopole over a ground plane at a given point is given by:

(R) (R) (R) (R)
E = E cosx ¢ E cosy + E cosz
X y z
where
(R)
E = R E cosx + (R - R ) E cosx cos? ¢
X il

+ (R - R ) E cosy sin ¢ cos ¢
I "

21




R
E()

= R
Y
+ (R
(I
R
E( ) s
2

E cosy - (R -~ R ) E cosy cos? ¢
i i L

I - R ) E cosx sin ¢ cos ¢

R E cosz
I

where E is the field without the ground plane present and

- &' cos @ + / &' - sin2 @
€' cos 8 + V/ &' - sin? @

cos 8 - / &' - sin2 @

cos 8 + Vfg. - sin2 6

6' = & - j(0/8 w)
r 1]
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MAIN

PURPOSE: to control the input, output, and the flow of
calculations.
METHOD: The main program controls the flow of the

required calculations by calling only a few subroutines.
These subroutines in turn call other subroutines which
actually do the required calculations. The order of the
calling sequence is diagramed after the listing for the main

program.

The DIMENSION statements at the beginning of the main
routine provides the required storage for a wire structure
with up to 50 segments, 60 nodes and 60 dipoles without the
presence of a ground plane. If a ground plane is present
one-half of the reserved storage is required for the image,
therefore a wire structure with up to 25 segments and 30
nodes can be analyzed.

NM denotes the actual number of monopoles (segments),
INM is the corresponding dimension, and the dimension for |
CG, VG, and ZLD is twice INM. The second subscript for MD
always has a dimension of 4 to correspond to the number of

segments meeting at a given node.
N denotes the number of simultaneous linear egquations
and ICJ is the corresponding dimension. The dimension for C

is (ICJ * ICJ + ICJ) /2.

In the statements above statement 4, the initial

conditions and defaults are established. After calling
subroutine READ to determine the input parameters, the IF
statements output the parameters to be used for the
calculations. In the DO LOOP ending at statement 7, the
the input data of the structure geometry is stored in order

23 4
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to recall 1f the structure is to be moved for ground plane
calculations.

After the image structure is generated and structure
location is moved, subroutine SORT is called to determine
the dipole modes. Prior to calling SGANT, the load and

generator information is established.

Subroutine SGANT is then called to calculate the
elements of the impedance matrix. If FEEDS or GENERATORS
are specified by the input data stream, subroutinz GANT1 is
called to solve for the current distribution due to these

ftorcing functions.

In the DO LOOP ending with statement 29, subroutine
GNFLD is called to calculate the near-zone field for the

current distribution of the subroutine GANTI1.

The subroutine GFFLD is called for the far-zone field of
the current distribution of the subroutine GANT1 in the DO
LOOP ending at statement 35. The subroutine GFFLD is callei
again in DO LOOPs erding at statements 42 and 51, if
bistatic and backscattering calculations are requested by
the input data stream.

CALLS TO: GANT1
GFFLD
GNFLD
POLPRT
READ

SGANT

SORT

24
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BLNK

PURPOSE: to compress data to the left by removal of
the blank spaces on the input data cards.

METHOD: A(I) character is compared to the blank; and
if it is true, the A(I+1) character is shifted to the A(I)
position.

CALLED BY: READ
CALLS TO: NONE
SUBROUT INE BLNK (A) 1
OIMENSION A(BY) 2
DATA BLANK/® '/ 2
¢ K =0 3
0O 1 I=1,80 6,
J =
AIJI . Mél s
¢ 1 IF (ACI).EQ.BLANK) Kekel 10
IF (K.EQ.O0) RETURN 1
A(BL-K) = BLANK l
RETURN s
END
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CBES

PURPOSE: to calculate the quantity B0O1 where

BO1 = J (2) / J (2).

METHOD: If the absolute value of the arqument for the
Bessel function is less than 12, B0O1 is calculated via the
power series expansion for the Bessel function in the DO
LOOP ending at statement 3. If greater than 12, the
asymptotic expression is utilized at statement 4. If the
magnitude of the complex part of the arqument for the Bessel
function is greater than 20, BO1 is set to (0.,-1). If the
complex part of the arqument is negative, the sign of RO1 is
changed prior to returning to the calling progranm.

CALLED BY: SGANT

CALLS TC: NONE

5 (1,4801)
CSet X
FRMJLTERMN ,M224, UN(2)

O 3 NP=L,2
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E=OR==2X
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DSHELL

PURPOSE: to calculate the mutual impedance term
contributed by the dielectric insulation on the surface of a

thin wire.

METHOD: The contribution to the impedance matrix is
calculated utilizing the equation below

(6. - &) 1n(bra)
s » = B F'(l) F'(1) 41 ,
mn 2n jwé&éd m n
2 m,n
where z is defined in subroutine SGANT, 82 is the
mn

dielectric constant of the insulation, b is the outer radius
of the insulation, a is the inner radius, & is dielectric
constant of the external medium, and P is the sinusoidal

expansion function.

CALLED BY: SGANT

CALLS TO: NONE
SamaoT e ety A B ONCRRAHE SR A o1 Lo s
oAl z;::aislsvl 3
;il T UERGLERIRCTARALOCIRN/AND/ (42071 EP205GOSHSGOS) 3
.t}u;ncs?oacoocéososcos? z
ENO
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EQUAL

PURPOSE: to determine position (location) of the equal
symbol on input data card.

METHOD: The character search begins in the column
passed to the subroutine. On returning to the calling
program, the argument passed is the column following the

equal symbol.

CALLED BY: READ
CALLS TO: NONE
B i i
& ;0:|~:'I'.° §§§§
2 F ‘%&,&-N.EQULS. G0 Y0 2 sggi
2 fgduln i)t
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EXPJ

PURPOSE: to calculate the exponential integral with
complex limits.

METHOD: The exponential integral is defined as:
V2
-v
Wiz = e dv = E (VD) - E (V2) + j2nn ,
v
Vi

where the integration path is the straight line from V1 to
V2 on the complex v plane and

-t
E (2) = /ﬂ e dt .
1 o
z

The integration path is a horizontal line in the w plane
or an inclined straight line from V1 to V2 the v plane. The
integer n is zero unless this path intersects the negative
real v axis at a point between V1 and V2. When there is

such an intersection,

a) n 1 if Im(V1) > Im(V2)

b) n

- 1 if Im(V1) < Im(V2).

The term j2nn is caluclated below statement 12.

CALLED BY: GGMM

CALLS TO: NONE
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GANT1

PUKPOSE: to consider the wire structure as a
transmitting antenna and calculate the input impedance and
current distribution.

METHOD: If a wire antenna is driven by a voltage

generator v_ located at one of the current sampling points
2 |

1 and if displacement currents are neglected, Ampere's law
5

yields

¥V =5 P @)
m 3w x

where F 1s the sinusoidal expansion function. Thus, the

excitation voltages V will vanish everywhere except where
m

V. 1s not zero.
i

The DO LOOP ending with statement 2 uses the delta-gap
wodel defined above to determine the excitation voltage
CJ(I) for all the dipole modes. These are stored
temporarily inm CG(I). Then subroutine SQROT is called to
obtain a solution of the simultaneous linear equations.
SUROT stores the solution (the loop currents) in CJ(I).

In the DO LOOP enciny at statement 6 , the complex power
input and input impedance(s) are calculated. The
time-average power input (PIN) is the real part of the

complex power input.

Subroutine RITE is called to make the transformation
from the loop currents to the branch currents. If IWR is a
positive integer, RITE will write out the list of branch

currents.
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Finally,
calling subrouinte GDISS to obtain the time—average power

dissipated in the lumped loads and the imperfectly

conducting wire.

CALLED BY: MAIN

CALLS TO: GDISS

oo o000 00

-

e I,

RITE

I RE RN E N TRTOL T
?"'.‘ﬂt?‘i‘.%&i?i.‘.’féi‘f"i&'.I“'“""‘“"'“‘“

—.—ﬁ])

P

!

XOQ OO0~ »

(i) 80.02.

IsFieveisdi
(1)) Fle=1,
JeFISYGIJI)

l?ofﬂl

MO NNl O
- -
———t——— A
PR ———

OV Ve P, X X T

«0:.0)

)
WL) CGEN®CGEN/2.

O

Gttt o

"'””m ’!:.llol!.l!olO-NOuMl.CJ.CG.IGIDI

GG=2,.*REALIYLIL)
AN CGoCMM D DISSGAM N2 ,SGD2LD1S)
/PIN

.EEE.‘; ii %a{”f”u'.ﬂsgoi%glfpuoe Pal3et IS FIS.T, Y e 0,
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GDISS

PURPOSE: to calculate the time-average power
dissipated in the imperfectly conducting wire and in the
lumped loads.

METHOD: The time-average power dissipated by the wire
is calculated in the DO LOOP ending at statement 1 utilizing
the equation below:

1

R *
P = __Ji-f I F dl
d 2na -

wnere R is the surface resistance of the wire and a is the
s

radius of the wire.

The power dissipat~d by the lumped loads is calculated
by the DO LOOP ending at statement 3. If the wire is
perfectly conducting, CMM <0, the first calculation is

by-passed.
CALLED BY: GANT1
CALLS TO: NONE
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GFF

PURPOSE: to calculate the far-zone field of a

sinusoidal electric monopole.

METHOD: If an electric line source has length 4 and
endpoints at (x1,y1,z1) and (x2'Y2'22)' then the coordinates

of any point on the source are

X = x1 + 1 cosx
Yy =Y + 1 cosy
zZ = y1 + 1 cosz

where cosx, cosy, cosz are the direction cosines of the 1
axis, and 1 is the distance along the source measured from

the endpoint (x1,y1,z1). Let the current distribution on
the monopole be

I sinh y(d - 1) + I sinh )1
I(1) = : et vibianb s, bkl
sinh yd

where 11 and 12 are the endpoint currents. The far-zone

field of this source is

E = (cosx cos® cos¢$ - cosy cosO® sing - cosz sin8) El
EO = (-cosx sin¢ + cosy cos¢) El
where
> X ras yecn>

g
e e -~ sinh yYd - cosh yd) I e
1 4nr (1-92) sinh yd C( ’ 4 i 1

yd . yfe2»
+ (e + g sinh yd - cosh yd) Iz 8
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g

fC1) = x1 sin® cos¢ + y1 sin® sin¢g + z1 cosé

£C2)

X sin® cos¢ + y sin® sin¢g + z_cosé
2 2 2
J = cosXx sin® cos¢ + cosy sin® sing + cosz cos®

and {(r,9,¢) are the spherical coordinates of the observation

point.

In this subroutine the range dependence has been
suppressed. The far field vanishes in the endfire direction

where GK = 0. If a ground plane is present (IGRD > 0) the El

equation above is decomposed into the x, y, and z components

¢

and the reflection coefficients are applied before Ee and E

field components are returned to the calling program.

CALLED BY: GFFLD

CALLS TO: NONE
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GFFLD

PURPOSE: to calculate the far~field for the thin wire
structure.
METHOD: The far-field for the structure is calculated

from the loop currents. The loop currents are either the
currents produced by the transmiiting antenna calculations
of subroutine GANT1 or the currents produced by an incident

plane wave.

If the incident field is generated by a distance source

with spherical coordinates (ro,eo,oo), the excitation

voltages induced by a incident plane wave are

/FE, d1
m h 1

v

where

(o]
n

E ex T-T
i 0 p(y 0 )

where Eo is a vector constant, EO is a vector from the

coordinate origin to the distance source, and T is the

radial vector from the origin to the observation point.

The field EH is generated by test dipole m when
radiating in the homogeneous medium. Using the vector

potential, the field at the distance point (ro,eo,oo) is

yr
jwa e o os
E = - —o— P exp(y T™-f ) dl
m 0

m 4nr
0

u5




where the radial component is to be suppressed. From the
above equations,

Unr yr
vV =-__0 e 0O e e .
m jwu o =a

If an antenna gain calculation is desired, INC is set to
zero. PH and TH denote the spherical coordinate direction
of the distance observation point. The phi-polarized (EPPS)
and the theta-polarized (ETTS) components of the electric
field intensity are returned to the calling progranm.

If INC = 1, a backscattering calculation is desired. In
this case PH and TH denotes the incident angles for the
incident plane wave. These are also the spherical
coordinates of the distance source. The outputs returned to
the calling program include absorption, extinction, and
scattering cross section for each polarization; scattered

electric field; and echo areas.

If INC = 2, a bistatic calculation is desired. In this
case PH and TH denote the spherical coordinate of a distance
observer. Since this calculation uses the induced loop
currents (EP and ET), a backscattering call must preceed
this calculation. The outputs returned to the calling
program consist of the scattered electric field components

and echo areas.

EPP(I) and ETT (I) denote the phi-polarized and
theta-polarized far-zone fieids of dipole mode I with unit
terminal current. In a backscattering situation, the
excitation voltages EP(I) and ET(I) are obtained by
multiplying EPP and ETT by the constant CJI. Then calls are
made to SQROT which stores the solution (the induced loop
currents) in EP(I) and ET(I). RITE is called for the branch
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currents CG(J), and GDISS is called for the time-average
pover dissipated in the imperfectly conducting wire and the
lumped loads. This power is denoted PDISS and TDISS for
phi-polarized and theta-polarized incident waves,
respectively.

In scattering problems, the incident plane wave has unit
electric field intensity at the origin. GGG denotes the
time-average power density of the incident wave at the
origin. ACSP and ACST denote the absorption cross sections
for the phi and theta polarizations.

PIN and TIN denote the time~average power input to the
wire structure, delivered by the equivalent voltage
generators VP and VT at the terminals. PIN and TIN apply for
the phi and theta polarizations, respectivity. The
time-average power input is reqarded as the sum of the
time-average power dissipated and the time-average power
radiated or scattered by the wire. ECSP and ECST denote the
extinction cross sections and SCSP and SCST denote the
scattering cross sections.

The distance field is calculated in the DO LOOP ending
with statement 7 for scattering situations, and in the DO
LOOP ending with statement 9 for the antenna situation.

The radar cross sections (echo areas) SPPM, SPTM, STPHN,
and STTM, are defined as

o = limit U4nr e S /7 8§
L o S i
wvhere S and S denote the time-average power densities in
s i

the scattered and incident fields evaluated at the origin.

For an antenna, the following definition is employed for
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the power gains:

/ 2 2ar
Gp(e,o) = limit 4nr e S(r,9,¢) / P
r-c 1

wvhere P , GG, denote the time-average power input and

»
S(r,9,¢) is the time-average power density in the radiated
field. GPP and GTT denote the power gains associated with
the phi-polarized and the theta-polarized components of the
field, respectively.

The use of the variables JFLAG and KFLAG are described
in subroutine SGANT.

CALLED BY: MAIN

CALLS TO: GDISS
GFF
RITE
SQROT
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GGMM

PURPOSE: to calucate the mutual impedance between two

filamentary monopoles with sinusoidal current distribution.

METHOD: As stated in subroutine SGANT, the mutual
impedance of coupled dipoles may be expressed as sum of four
monopole-monopole impedances. This subroutine calculates the
mutual impedance with closed-form expressions in terms of

exponential integrals.

For skew monopoles it can be shown that the

monopole~monopole mutual impedance is given by:

G
ij 1 12 22

where m= 2/i, n = 2/3 and

3 n

B = . T

16 m sinh &11"5'{:& a

The functions P'k are defined by:
1
gz cos §

i
F, = 2 sinh 4 e B(R. « gz cos § - qt)
ik ! i i

k
wvhere q = (=1) , d1 and d2 are the lengths of the monopoles

being considered. The functions G'k are defined as follows:
i
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G = E(R + gz + 't - ") + E(R + gz + q't + jq"
ik ( 2 q 5 4 jq") ( 5 q 2 q jq")

= E(r1 + q21 ¥ GEE = Ty - E(R1 * 421 * gre + J9%)

where q = (-1)1, q'! = (-1)k, and q" = gb + q'c with

D =ccos § and ¢ = d/sin §. The angle § is the angle formed
by the apparent intersection of the two monopoles. This
will be discussed later in detail.

ik
In the above eguation for G , t denotes the position of

an observation point somewhere on monopole 2. R1 and RZ are

the distances from the endpoints of monopole 1 to this
observation point. Finally, the E functions are defined as
follows:

a ’jq"

Jrg® * Y
e

e dw

E(a + j9") = 2

"
al+jq

vhere a1 and g" are real gquantities with dimensions of
length, a is a function of t, a1 = a(t1), a2 = a(tz) and

Y = jw /ub. The integral above is evaluated by subroutine

EXPJ.
S2

4
4 «--D--»| T2
1
| T2
52 ST sS1 v
\ ' ' \ : i
: S, T‘; : ¥
\/ : R 12"

PARALLEL SKEW

To explain the input data for GGMM, refer to the above
figure. If the monopoles are parallel, then the new
coordinate system is defined such that the new z axis is
parallel to the monopoles. The coordinate origin may be
selected arbitrarily. S1 and S2 denote the 2z coordinates of
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the endpoints of the test monopole, T1 and T2 are the
coordinates of the endpoints of the expansion monopole, and
D is the perpendicular distance (displacement) between the
monopoles. The mutual impedance of parallel monopoles is
calculates in the l.st part of GGMM below statement S.

For skew monopoles, let the test monopole s lie in the
xy plane and the expansion monopole t in the plane z = D. (D
is the perpendicular distance between the parallel planes.)
If the monopoles are viewed along a line of sight parallel
with the z axis, the extended axes of the two monopoles will
appear to intersect at a point on the xy plane. Let s
measure the distance along the axis of the test monopole
with the origin at the apparent intersection. S1 and S2
denote the s coordinates of the endpoints of the test
monopole. Similarily, let t measure the distance along the
axis of the expansion monopole with the origin at the

apparent intersection. T1 and T2 denote the t coordinates
of the endpoints of the expansion monopole. Let § snd T be
unit vectors parallel with the positive s and t axes,
respectively. Then CPSI = Sef = cos ¥. The monopole lengths

are d and 4 .
S t

The output data from GGMM are the impedances P11, P12,
P21, and P22. In defining these impedances, the reference
direction is from S1 to S2 for the current on monopole s,
and from T1 to T2 for the current on monopole t. In the
impedance Pi , the first subscript is 1 or 2 if the test

dipole has terminals at S1 or S2 on monopole s. The second

subscript is 1 or 2 if the expaunsion dipole has terminals at

T1 or T2 on monopole t. The monopole lengths d and dt are
s

assumed positive in defining the input data CGDS, SGD1 and
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SGD2.

For parallel monopoles, CPSI = 1 or -1. S1, S2, T1, and
T2 are cartesian coordinates for parallel monopoles and
spherical coordinates for skew monopoles. For skew
monopoles, the radial coordinates S1, S2, T1, and T2 tend to
infinity as the angle ¥ tends to zero or n. Therefore, if
the monopoles are within 4.5° of beina parallel, they are
approximated by parallel dipoles.

CALLED BY: GGS
SGANT
CALLS TO: EXPJ

| SUEROUTINE GGMM (S1452:T1,T210,CG0S+SG01+SG0ZiCP ST ETALGANPLILPL2 \
yPely
DUUBLE PRECISTON RI,R2,0PQySISsTS1,TS2,ST14ST2,C0,B0CPSSySKeTLL,T 5
WL 2, T01,702,501,0PS1,C0s20 I
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S0 = CEXP(CAM®S) 7
ET]l = (ElPlGlN‘Ts‘ 8
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101 = 11 2
102« T2 3
CPSs = DPs1e0PSI 4
€0 = D0/03QRTIT.00-CPsS) 5
= CD 26
80 = CO®DPSI 7
8 « BO 8
€8 = CEXP(GAMSIMPLX(.048)) 9
c EC = CEXPLGAMSLMPLX(,.0,C)) _,!0
00 1 Kel,2 3
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GGS

PURPOSE: to calculate the mutual impedances between
two filamentary monopoles with sinusoidal current

distributions.

METHOD: The monopole-monopole mutual impedance as
defined by SGANT is calculated using the equations defined
in subroutine GNF. The endpoints of the axial test monopole
s are (XA,YA,ZA) and (XB,YB,ZB), and the endpoints of the
expansion monopole t are (X1,Y1,21) and (X2,Y2,Z2). DS and
DT denote the lengths of monopoles s and t, respectively,
CAS, CBS and CGS are the direction cosines of monopole s,

and CA, CB and CG are the direction cosines of monopole t.

The effects of ground for vertical co-linear monopoles
are applied in a slightly different manner than mentioned
previcusly. As with self impedance calculations, the test
monopole and the expansion monopole are laterally displaced
by the wire radius. This lateral displacement is used to
determine the angle of incident. This technique is applied

at statement 8.

If INT = 0, GGS calis GGMM for the closed form impedance
calculations. Otherwise GGS calculates the mutual impedance
via Simpson's-rule integration with the following number of
sample points: IP = INT + 1. ITf the monopoles are parallel
with small displacement, GGS calls GGMM to avoid the

difficulties of numerical integration.

Since the point (X,Y,2) of subroutine GNF lies on the
expansion monopole t, T is the integration variable and is
measured from (X1,Y1,Z21). C1 is the current at T for the
mode with terminals at (X1,Y1,Z1), and C2 is the current at
T for the mode with terminals at (X2,Y2,Z2). C denotes the

Simpson's-rule weighting coefficient.

L
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Below statement 7, GGS

in preparation for calling GGMM.

performs some analytic geometry

section is concerned with this preparation.

Let S denote a unit vector in the direction from

(XA,YA,ZRA)

toward (XB,YB,ZB).

vector from (X1,Y1,Z1) toward (X2,Y2,22).

Then Sef =

The remainder of this

Also let ¥ denote a unit

cos 8§ = CC where 6 is the angle formed by the axes of the

tvo monopoles.

monopole t lie in another parallel plane Pt

CGD are the

sin 6 which

Let monopole s lie in one plane P and

S

. CAD, CBD

direction cosines of the unit vector d =

and

T.x S/

is perpendicular to both planes. To obtain the

distance DK between the two planes, a vector R“ is

constructed

B sds

11

from (XA,YA,ZA)

to (X1,Y1,21)

A line is constructed from (X1,¥1,21)

and take DK

to the test

monopole, such that the line is perpendicular to the test

monopole. SZ denotes the s coordinate of the intersection of

this line with the test monopole, and the cartesian

coordinates of this intersection are X2z,

YZ, and 22.

direction cosines of S x d are CAP, CBP, and CGP.

From the point

(X1,¥1,21)

in plane Pt'

a line is

The

constructed perpendicular to the point (XP1,YP1,ZP1) in the

- —
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This line is parallel with d@ and has length DK.

S

plane P

Let R represent a vector from (XZ,YZ,2Z) to (XP1,YP1,ZP1).

S1 and T1 are defined in subroutine

P1 denotes R (S x J).

GGMM.

SGANT

CALLED BY

GGMM
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GNF

PURPOSE: to calculate the near-zone electric field of

a sinusoidal electric monopole.

Z E
1
| z
1 e
bocmmea e o e o . E
1 ,—’: (el Z) e
] -
- Cd
: 9 ﬂ"" ,"
: o —"" "
z s § ‘_o' R 2 '/
I"
i § 0 b R 3
1 ,”
Cd
d ",f
'I
z Cd
1
METHOD: An electric line source 1is located on the z

axis with endpoints at z, and z2 as shown in the above

figqure. Let the electric monopole have the following current

distribution:

I sinh y(d ~ 1) +# I sinh Yyl
S % adn R AP e
sinh yd

where L and I2 are the endpoint currents, Yy is the complex

propagation constant of the medium, d = o e is the

source length. The cylindrical components of the field are
E(8) = 0 and
n -YR -YR

E(€) = I e 1 - I e 2) sinh yd
) 4nme sinh yd C 1 2 ) 4

-YR
+ (Il cosh yd - Iz) ey 1 cos 6:

-YR
+ (Iz cosh yd - I‘) e 4 2 cos 92]
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E(z) = 3 T RS T L
4n sinh yd 1 2

% (. - I cosh yd) e-le ]
2 1 R

&

where is the intrinsic impedance of the medium and where

(e,¢,z) denote the cylindrical coordinates in a coordinate

system centered at the endpoint of z .

These expressions exclude the field contributions from
the point changes at the endpoints of the line source, since
these charges disappear when two monopoles are connected to

form a dipole.

Let the coordinate s measure distance along the test
monopole with the origin at (XA,YA,ZA). From any point
X,Y,Z2, a line is constructed perpendicular to the monopole.
Sz denotes the s coordinate of the intersection of this line

with the monopole. The length of the line is the radial

2
coordinate €, and RS denote € . R1 and R2 are the distances

from (XA,YA,ZA) and (XB,YB,ZB) to the point (X,Y,Z).

In the statements above statement 1, the above equations
are solved; and after statement 1, the cartesian components
(E ,E ,E ) of the field are determined. If a ground plane is

X y 2
present (IGRD>0) the reflection coefficients are applied to

the cartesian components before returning to the calling

program.
CALLED BY: GNFLD
CALLS TO: NONE
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GNFLD

PURPOSE: to calculate the near-zone electric field

intensity at a given point.

METHOD: This subroutine calls GNF for the near-zone
field of each wire segment, and sums over all segments to
obtain the near-zone field of the wire antenna. FI is used
in a manner similiar to FI of subroutine SGANT. CJ(I) is the
loop currents calculated by subroutine GANT1.

The use of the variables JFLAG and KFLAG are described
in subroutine SGANT.

CALLED BY: MAIN

CALLS TO: GFF

TR g |
la?:gkgfoﬁJi}llf?oflllffoll!l». 12010y 13010, D(L)y X(LDy YELD, 201 888;
P L th
P g: . !:o;Ign §§ §
YRR o1s
i o1y 10
{A {‘éh L) Y IRA T ZOKAY (KB (YEKB) 5 ZUKD) 1XP5YP 2P AN, DIK D 1CGD 018
1K bs_oaaabzta.énn.sxl.lvl.!!l.!i!-évg.ffi.'&lo.éual 9920
NOK = NDIK)
‘ ot 8 i
: FLg ’
t; ioigzzl:n i ‘
bk Spstndad
e H ke
RETURN
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LEFT

PURPOSE: to determine position (location) of the left
paren symbol on the input data card.

METHOD: The character search begins in the column
passed to the subroutine. On returning to the calling
program the argument passed is the column following the left

paren symbol.

CALLED BY: READ

CALLS TO: NONE
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LINECK

PURPOSE: to insert grid characters on the polar plot.

METHOD: The peroid character (ISM(2)) is inserted in
the proper position in the statements above statement 4. In
the statements after statement 4, the grid numbers labels
are inserted on the horizontal axis.

CALLED BY: POLPLQT

CALLS TO: NONE

SUBROUTINE LINECK (X,Y)

THIS SUBROUTINE INSURES ALL GRID CHARACTORS LIE ON THE POLAR GRID
CCHMMUN ISYM,LINE

INTEGER Y

DIMENSTON ISYM(14), LINE(130)

IF (Y-£EQ.0) GO 10 3

.

1F (X.LT.10.0) GO TO S

SET UP AREAS OF “PERIOD™ POLAR GRID POINT CHARACTERS

[alalal
O®NP NP -

lalaal

=[]
GT.111.0) GO 1O 2

TN G- A -

ZEX 2O Ne 200 e N2> Z
- m—-
.
on

P I T Ll ol
S
m

[ala atal

FILL IN GRID NJUMBER LABELS ON HORJZIONTAL AXIS

PNC VP WNOODNONF W= OOD N NS L N=O O DT NP WN—~O

LINELLL = [SYM(T)
L u(so = [SYM(10)
LINE(Z2L) = [SYM(S
LINEL22) = JSYM(L])
LINEC3O) = [SYM(9 r
LINE(3L) = ISYM(S -
LINEC3Z) = [SYM(LL) 4
LINE(4D) = [SYM(D 4
LINELAL) = [SYM(5 4
LINE(42) = [ISYM(LL) 4
LINE(SO) = [SYm(7 4
LINE(SL) = [SYM(S) L3
LINE(S2) = ISYM(LL) 4
LINE(GL) = [I5YMIIL 49
LINE(TO) = [SYymM(7 50
LINELTL) = JSYM(S 51
LINECT2) = [SYMIL)) 52
LINE(BO) = [SYm(8 53
LINE(BL) = [SYM(S 54
LINE(BZ) = [SYM(LL) 55
LINE( - Yn(9 56
LINE(9 - YM(S ST
LINE(Y = ISYM(LL) 58
L Nﬂlotn . lsvu( Q) 59
LINECLO ; e [SYM 60
L NHP - ‘2" ) 6&
t NECLLL) = [ISym(7 3
S CONTINU 63
RETURN b;
END 6
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NUMB

to place degree numbers on the polar plot.

PURPOSE

The current line which is being printed is

METHOD

If this

these numbers are placed in

passed to the subroutine in the calling argument.

line contains degree numbers,

the correct position by the IF statements.

PTPLOT

CALLED BY

NONE

CALLS TO:

N LN ONDO Ot NN N O D PO NALFV O™ DO O =t £ 40 O M- D O

O ety 3\

THIS SUBKOUTINE PUTS DEGREE NUMBERS ON POLAR GRID
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NUMBER

PURPOSE: to convert alpha-numeric numbers to floating

or fixed point numbers.

METHOD: After initially
number, the DO LOOP ending at
character beginning at N1. The
3 terminates the outer DO LOOP

determining the sign of the
statement 6 scans each
DO LOOP ending at statement

if the character being

compared is not an alpha-numeric number. The DO LOOP ending

at statement 5 converts the alpha-numeric number to an

actual number. Below statement 7, the multiplier correction

is applied to the floating point number before returning to

the calling progranm.

CALLED BY: READ
CALLS TO: NONE
SUAROUT INE NUMBER (NI ¢N2¢X,IX)
COMMUN /A7 ALBO)
BErh Biine N IC ! eau tav g une. Wah e
A B/'0°, 3 4 V70,080,090
0aTa ammostpiubiBolntsbot ied 108 s
DATA AK JAM,AU/'K® "M 0yt
N = NI
NSIGN = 0
§5 & =}
Ix =0
IS5ET = O
[F [A(N)LEQ.PLUS) N=Nel
[F (AIN).NE.AMNUS) GO TO 1
NSIGN = |
¢ N = N¢il
1 DU & I=N,80
iF (ACTI.NE.POINT) 60 TO 2
[SET = |
GU T1C &
c 2 IF (ISEV.EQ.L) 11 = 1]¢]
D0 3 x=],10
IF (ACI).EQ.BIK)) GO TO &
¢ 3 CONTINUE
g G0 Y0 7
4 DD 5 K=1,10
KK = K-|
IF (ACT)LEQ.BIK)) NUMB=KK
& S CONT INUE
IX = NUMB¢|O*IX
N2 = o)
¢ 6 CONTINUE
T IF (NSIGN.EQ.1) IX = ~IX
Y. &8
IF (11.LY,0) Il = 0O
X = Y/(10%*11)
IF (AIN2)LEQ.POINT) N2=N2+|
IF 1.'N2l.£0.ll X = X*1000,
lf AlN l.&o.ln X = xoo.OOA
F lA,N .Eg.lu X = X*0,00000
IFICAINZ) JEQ.AK) LOR.(AIN2).EQ.
Nl = N2
RETURN
END
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POLPRT

PURPOSE: to control the plotting of the polar plot.

METHOD: This subroutine is the main subroutine inmn the
polar plot package and is responsible for calling the

various subroutines of the package.

The scale factor, S, must be changed according to the
printer characteristics. The scale factor in this subroutine
is set for ten, 10, characters per inch for the abscissa and
eight, 8, characters per inch for the ordinate axis.
Therefore S = 10./8.

After initializing DATAX, DATAY, and X, the input data,
Y, is scanned to determine the normalizing factor. If this
normalizing factor is less than 1.E-32, an error statement

is printed and the plotting is abortted.

In the DO LOOP ending with statement 8, each line of
the polar plot is printed after a call is made to PTPLOT to
establish the ploar grid information. The variable, DIM, is
used to as a scaling factor for the polar plot. The value of
1.0 will cause all of input data to be plotted, however, if
only the values less than one-half of the normalizing factor
are of interest, then DIM can be set to .5. This will
enlarge of the center of the polar plot.

CALLED BY: MAIN
CALLS TO: PTPLOT
SART
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SUBROUT INE POLPRT (NAME,Y)
UMMON  1SYM, LINE
MENSION xl;eo:. Yi(360), DATAX(360), DATAY(360), LINE(130), ISYM(

)
L SION TITLAL l‘ TivL2(2)
TITLAZ'PHL *,VTHET' A

11

L e

Ao BN -

O

N
36
= 1.0
-

S LE FACTOR OF PRINTER
1s l CHAR, PER INCH / ORDINATE CHAR., PER INCH

= 10.0/8.0
LERO DATAX AND DATAY

0
1
i
1
CA
S

. V) ﬂZDZCD—Bﬂ

927/180.0

FACTOR IS THE NORMALIZING DIVISOR
FACTOR = v(])

00 2 1A=2,

2 IF (FACTOR .Ll YUIA)) FACTOR=Y(IA)

[F (NAME.EQ.1) TITYLLI=TVITLA(L)

IF (NAME,EQ.2) TITLI=TITLAL2)
15111'7:?Ei§?3"'0“""‘"E'EQ“"D""""E'Eo'7"“"'"‘"E‘E°"" TiTL
l{Slth?Tsig?z?).Ol.(NAnE.EQ.b).0!.4NANE.E°.9D.OR.(N!“E-EO.lOIl T
1;12;:?:75;%?;3,.0..‘N‘“E.EQ.S..0“.‘~‘~E.E°.".0“.‘~‘“E.E°"" rive

IE (UNAME.EQ.4).OR.(NAME.EQ.6) .OR.(NAME.EQ.B) .OR. ( NAME.

1202 Fikis) E.EQ OR.(NAME.EQ.10)) TIT

IF (FACTOR.GI.1.E-32) GO TO

1F (NANE.%E.Z) MRITE (649) Yi' 1

IF (NAME.GE.3) WRITE (6,10) TITL2

RETURN

NCRMALIZE DATA TO ONE

DO 4 [A=1 N
viia) = vliar/eacror

IF (NAME.LE.2) WRITE (6411) TITLL,FACTOR

IF (ANAMELGF ,3) AND.(NAMELLE.6)) WRITE (&,13) TITL2,FACTOR
IF (NAME.GE.7) WRITE (6y02) TITL2,FACTOR

FILL DATAX AND DATAY ARRAY FROM X AND Y ARRAY

005 [Ax],N

OATA x([a] = Y(ialecostxiial)

DATA YelA)= YUIAIOSINIX(IA)

SOMT DATA BY OKDINATE MAGNITUOE

CALL SART (DATAX,DATAY,N)

DATAX AND DATAY ARE SORTED BY DES?NDING MAGNITUDE ON THE DATAY VAL
SET UP FUR PLOTTING POLAR GRID WITH DATA

DO 8 IYY=l,8]

CALL PTPLOT (1IYY,S)

LINE IS RETURNED WITH POLAR GRID INFORMATION
SEY UP 'Y' BIN SIlE UPPER _AND LOWER LIMITS
ULL IS _THE LOWER BIN LIMIT

UL IS THE UPPER BIN LIMIT

8IN = DlNIO

ULL = DIn- (Z'IVV L)*BIN
UL = ULL*2*BIN

CYCLE THROUGH DATA TO FIND WHICH ONES FALL N 'Y' BINS

IF (NST.GT.N) GO TO 7
DO 6 JINST,N

DNC NP WA OOR NIV P WN=OODNOVNPF DN OO DO NS WA OO D~ NP N

PP rrrr

PO OCPC R AN ANNNANNAGA S

PN OCOBNF VNP WN=OODNTNFWwN—~O O

PN P NN OODNO NS WN=OL T~
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PTPLOT

PURPOSE: to establish the grid information for the
polar plot.

METHOD: In the DO LOOP ending at statement 1 the
alpha-numeric characters are transferred to ISYN in order
to pass via COMMON to other subroutines. In the statements
following statement 2, the equations for the plotted
concentric circles are established. Below statement 7 the

grid marks on the 090-270 axis are inserted.

CALLED BY: POLPRT
CALLS TO: LINECK
NUMB
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READ

PURPOSE: to interpret and translate the input data
cards.

METHOD: The program utilizes free format for the data

cards, that is, the program uses character recognition to
determine which parameters are being read. In the IF
statements containing A(1), A(2), A(3), and A(4), the first
four characters on the data card are compared to the first
four letters of the key words. This will determine the type
of parameters that card contains. The other IF statements

determine which parameters are being read.

Subroutine BLNK is called to remove the blank spaces on
the parameter cards. Subroutines EQUAL and LEFT are called
to determine the position of the equal character and the
left paren, respectively. Subroutine NUMBER is called to
convert the alpha-numeric characters to nuabers, either
fixed or floating point. This numerical value is assigned

to the parameter just determined.

A detailed explanation of the data cards is found in
appendix II titled "USERS MANUAL".
CALLED BY: BLNK
EQUAL
LEFT

NUMBER

73

Ty r— - - -




— SN ODPO =N PN O DO O e SN ONDO Ot N O DT Ot M N O D CPO=“NMINONDOO=NMNENO DO NN SN O DP O = NME N O DO =M e ND
e R e 2 TUENDNNNNNNN OOV OO0 000 O c oo

- sam - - w - - - w . w w
@~ - S . z o 0 ¢ - z z z 3
Taurm <a - . « « - - . . . .
—D— - - - » + a & - - - -
I - . - Q0 O - -« - - -~ -
- al <= - - w oW e . - - - -
aa = - - -« o N m w z z z x
O =- - - e - ~ - - z - = - -~
hoee - A e . - m < . -« -« - <
—-——IO - e § < - - . - - - - -
- ol O aZ - c <« <« ~ -« . . . .
- <« a= - . o o “ [ L3 « m
- .. - - . .
Zxes . B 60 = s g % : K 2 2 2
+X IO X «X = z zZ Z 4 . - - - "~
7o - - . < « « o « o w z w
o« .- - ass e b L I (=} -« -« - -
T - - a- © - =~ O . . . . .
ZwWON - .l - . z - W - w w w w
—-2IO - O= N - a « sl z z z z
- w— Z - - . z g & e < . . . =41
O =n W s = . g o m . - - - -
xa X O T « - - W - - ~ ~ ~ ~
Ou b= »® d= o -~ 8 W z - - - -
a Sp -~ - - . z z z z
- < L i, I - — — — ~-
- - - - O L -« -« - -
- - . < « > - - - - -
Iy [ 4 - - < . . » -
— (=} . 0- . - @ < L3 L3
. - .
. = £z x P 5 % < i
- x < <« T o - -~ - -
z z « o« . - - o o
— - - - J - -« < -« <
o - w v o z . . - .
a < - -« < - w w w w -
- . N - B z z z z
w o goow - . - . - . - . -
z WOWO e 4 - -~ - -~ - e - o>~
. . - . - — . —
- - =~ON Py - o0 - oo - [=i=] hd o0
~ - ——— ~ z - z - z - z -
~N - - - a - - = - » - > - >
< <« <O~ < - - 00 - - OO0 = - 00 - - OO0
O¢ — - -0 @ - - - 00 - - o0 - - o0 — - 00
- < d= - Om . . - . - . - - -
o « . emZmO @ @ o —— < x - = o —— < o —
O =2 -~ 0 O~«a = o (=] - o - - o - o - -
S N N aZ Z-~ O . . N oIZ . ~N TZ . ~ T2 . ~n TZ
O ~ wd €o~n0C - - z o« -~ z o= ~ z o« ~ z o«
o o> - o) . e O - < . - a - -y [} - - - -
< ~ € 0O«€Ca Qémim = s@O - - aZ aP - -Z o - -Z €= -~
W -~ - e ZO © O O . - L 2 D T~ s LT I = FL S
« - S OOWW = = Wa= e “wg O« - T o I W ow N me— e W e— b=
- > WeeZOF N @O sl s x5 - ZO x wZ zZO a wZ zZO x wZ zZOo & WX
we AN —— PO O N DUNZAT - v z . — .. - .. o . - ..
Zor oxA@DIZZCe e ZN s 1 i1 OZ e & o Nmes traxO Q = = —-- «m ~— - «aD —~ - Lt -~ - D —~
—adii o D0 o@ cq@e ™~ — s el © . OO~ - ~00 “w ZCT=0% N ZOSTE wariryeme Pl & L Z O D E ety e
RRAN  Heee ® INACE T DB | SO coas mtees AN VeSS -y W QP00 T el =00 KZZT e =00 1D 2T 40 (.u’qmlﬂﬂté
SedT cZwrnEANad. UV—a - T YwaInd -« «@ - - W T —— @ —wZ - R -« —-w -
OB +bamD 2T x= AR S ZA =T —TUOWD Cw=l- +=0X ¢ 4 —-00 - AEITO =D PEEAZO -= AEIO —--mO LE S F =)
XdG ~—i% . udd ~a= Viedd waOndrmimime Q& OO S b J—— - wmdidlew r watadd ew  wmh i N - emGdd - = W
Ba= LT T L o b O —d WX Qe - g Z2 O Ju A - - —— . -tk N . Cisad - VN . a
Thh =P e 30de EZDOZVN R we DXOXC WU L~ €U W € Z wOuw 4 LELC9EXLY O wWeLCEaue D LeauET—ue O wWeLSECLL O -
T SIS EOOEs O i et = ¢ D BOXK = Ko mrs o pomi I E = DN U OV = R OUWm =T O = a0 = ax =T X
—rn -ty - - - - - - - - - -
—ry - oen < - « o
(S © (%] ¢ w (S0

74




~ 236561690235567690l2355618Q0!Zl§567090l234 567800123656789012!§567090!2]‘567090\230567'9 Z
9%%%“0000000 = NNANNANNANNNNAMAMAOA M MMO S S 8 FLLTLINNANNNNNNNNOL DOV 000 OO 01’

R)oOR.(AIN®L) NE.AA).OR.(AIN®2) . NE.AD).OR.(AIN®3).NE

AC) cOR.(A(N®L) .NE.AD).OR.(AIN®2Z) .NE.AN) .OR.(A(N®3) . NE

) oNELAE) JORUAL2) JNELAX) ORLIACI).NELAT)JOR.(A(4).NELAE))
) JORL(AIN®L) oNE.AD).OR, (AIN®2) .NE.AN) cOR.(A(N®3).NE
N).NE.AD) JOR,(AIN®L) cNE.AT).OR.(AIN®2) .NE.AE).OR.(AIN®3),NE
«OR.IAINSL) CNE.ADI.OR(AIN®2) JNELAS).OR.(AING ) NE

VoNELAL) cOR.UAI2) NELAD) JORL(A(3).NE.AA).OR, (A(4).NE.AD))
eNELAL) LOR.(A(2) .NELAMA) cOR.(A(3).NE.AP) OR.(A(S)NE.AE))

- - - - — - -
-~ -~ -~ L o -~ O e~
o oo [=1=] 0‘
o 20
- wm - mm - - ” L i ad " —— - - - mlm -
x x x » x X ax«
- 00 - OO0 - ©o = ©o - oo - - = NN+ OO
- 00 .- 00 - 00 - 0O - V0O — - - O0u OO0
-t — - - - — - -
* -~ o ~— o —— o —— M — x x X OOW ==
- - - > Nein - S - - - HEE -
~ TZ ~ TZ ~ IZ N TIZ ~ IZ N N N ——E IX
z o z o« - z O« z Gu e z Nu mO 5 MN( o«
- - - - w . - v 3 - - — -
<~ =~Z aA - ~Z awn > a«n =z awn ° = £ =w € =T & ZO T Z Ovd =
- — T~ . w T . — - Vo T nm . —— - nw‘n .h'l”( o. . — - —— ~ - 00 ..
W - oW W —— Ow o e - - w z -~ pere)
Z2 %0 U2 20 &« wZ w - ZO &« w ow « wz ZO0s x wZ . ' —aOX x « <« 2%
Nl e e — e v x . U v e - “wooee o N e Profuéa w X v
- - @@ - - QL —~— - - A D ——— - D - - .ED —~—— - - D D — N o~
Ml ZO=DL Nt ZO~DL NNt mtemi ZO=DEIXNN=E ZOOD L =NN=d ZO=DL == —-D PP =NE WX b X X —vty O
—d - ONTDDaZZ o =M IINT L bt € weaD ~IODD ZT 0w «O=O DNZT 4w aO=ITONZT & e N EW. D - LR & S
- € PWwZX =N €« —wZ —-r Z € vl € wwZu—w=N « —-w Z —- o« wwZ ——ry € - 0w IEZm~nZanEs - ——-t
o - CCZO —-=O “EEZO X -0 - AAZO —-= *44ZO -~ seazO - OO D ——Z z e )
ek wmnRdd b= o wmQuadd w= b b el wmCddM—w - wady gt ey o M I 2 O —rErew € ddew SO I DO~ - -
- i i . X " - T [t ) . —d g od N I . - - Outd Qe iSrv JwwT e (R}
WOE weLAeITud O wudedelun O X LOLE waAndt—=uu O u<duw Tud O wAdL<d4Ouuw O C LuOUOLOW wEuN <X «COE=Owu
—_- = MOV == TD = ROV =ZO W UKD = IMOUANmT D = v Lw==ZO ILKCCIIING - EmOE D MU= LT OX T OB EN S T
- —- - - - - - -
© - ~ - * “w e - o > o
- . g - - - — - - — -~

v} 5] (SIS 1] [*] %} 4 [CIEIeTE)

) SR

75

- —




MENONDEO=AMN SN INDROC=NMLPNONDOO=NM SN ODFO=NMENO~DOO
NN A NN AN A M A W AR

SO O00C0O000C

21 KFLAG(Z2&) = -}
LOAD = -1
GO TO &

(CALL) CNELAF) LORL(AI2) .NELAR) JORL(ALD).NELAE).OR.(A(4).NE.AQ))

-
s
-
-
B
-
~
z
-
z
-
-
. ow
> -
9 e
z L D
- -
- ] «O
B -ca.u =
- i d b
¥ LWDOUuCeXD
& =OxUvwd
-
~
~
ST

PLOT

FaNELAPT LORCACZT oNEAL ) oORL(AC3) JNELAOI JORLUALGILNELATII

NELAF) JORLUAINSL) NE.AA).ORL(AING2) NE.AR).OR.(AIN®3).NE
ORLIAINSL) cNELAL).ORLCACN®2) .NELAS).OR.(A(N®3).NE
ELAR) ORL(AINSL) JNE.AA).OR.EAINS2)NELAC).OR.(AIN®3).NE

.
@
“w “«o —
~ o ~
w
= zOo zOo
- o -
— - - - - -
ZO ~NTO = ZTO -
=IO N=OF NeOs

A,

< . < "

—_Z D= O

o O e A B e e O
“ay - —— xo<

LAOLOLETXOw «vVI@
— T O b T D D
- -

-
- w <
~ ~ ~

+EQ.SLANT) GO TO 29

D

CEAEN) CNELAT) CORCUAINPL) JNE.AH)ORLEAINS2) NELAE).OR, (AIN®3) NE

AN PN D DO = £ O DO O NN O DO ety £ 0 S DO O e i O
PLLILTILL LI NDNNNNNNNN IO 00V OO0 0O

NN A N
w
- z
- .
o -
- -« -
~ . -
w z
o F 3 -
- . -
- -
o * &
o -
- (=}
- - .
- . -
— -« v
< (=} -
. . .
w - w
z - z
. - N
- . -
~ - ~
- = -
z & z
- - -
- - -«
- - -
. -« .
4 .- m
-
0. Es .
- o -~
= . -
<« - -
. 2 v
' - w
z . z
- . - w . -
-~ - >~ 2 - -~
- . -
oo - [=l=] - - o9

- - z - —— ~ z - - -~ - -

Py - x -~ — * l * »

—————O € ————OD - -« - e = = OO

- DD - - DD - - - - - - OO

- ¢ m~—r s . . - - el —

B e e & XooOeme o« x » » » o -

T b o B S dtat o o - - - -

NUDDI X * NuUTDTZ . . ~ ~ ~ ~ T

Fagqaava -~ ZTewaaow - - z z R z O«

- e 4 a - -~ (=] (-] - - - - o
C=Z gV’ A= TN < -m -z x x Tz =
MZ v s o P e " e - T = - - s

- e o0 W e e SO w 2w - ow
C x00owZ Z 2090w 2 8= ZO» L3 S a & W
A e e S . . . - v W » s
QL s s ~d T b s s - e e D D Do Dt
CoTadaAnN=IZOIata NN—E - TOD DI M K e T XAty
ODIDU =TT oD~k P T o™ - == D e OW OW ZTZem
WTULDCw—N A w EDw—n - R e W - UZAaNZaNTINZ -
- ZzTea<zO- ZZZa4a<ZIO 2 =00 -y z ®_ 5 «<ZO
- o o d —— - L e wmGA e e e e -
- d - -t . - -t et il I Ll B b .
dadueuwuwuuw Dud<uvuuwun O 2 UDWYE LWdLuQEI «€«I <« «€ITuu O
$1) e ZO=UUm =IO O =OxXU ~ " E=UUAZUATUST O —=TO
(-] - ~
- - -
[C 1 o

76




90!236567&90]2!#561690[23&567090l2)~567890123§56 ~DPO =AML AL~ TP O =ML NI DOO =AM LN D DRO =AM SN G~DO —NAE
©F PO FROIFDODNO00000O R e bh6556555555555566606666!
AN ~ VLT,

«OREAUNSL) JNELAADSOR,(A(N®2) NELAR) LOR, (AIN®3) NE
«ORLOAINSL) SNELAE).OR.({AINS2) NE.AA) . OR, (AIN®3) NE
) oNE.AB) OR. (ACN®L) JNELAA) JORLUAIN®2) NELAC).OR,(AIN®3).NE

NI NELAC) cORLIAIN®L) JNE.AU).OR.EAINS2) (NELAR) OR.(AIN®3).NE

®
o<~ " - ~ -~ ~
- - . P
[=l=] o
- - - - b= o - g - m mm - - - - - o o
» » » » - > » »x ™ > » » » -
- o e o= OO - e o oo - = = = OO0
- - - - OO o - - -0 O Py - - - - VO o o
- ok o el b1 - =T S ~ SR o °
x  x X X - x x x - —~ 3 = » o —
- - - - - - - - O - —— - - - - ey
N N NN IZ - N N N O X TX N NN ~N ITZ B
- z z z z O« - “w z z z S o z z z z Cc« T Z
“ - - - - - z w - - . - - ——— - - - - - o «
«s -2 z z z axwn <o - z z ® -~ x | — -z z z z xn b - “
- T - - - - e T #- ra - P - . . o .. R - - - e & - L3
w - dw w . =3 o o <«ow - ow 2 &
ZOew 3 « @ @ wZ ZOonw = w o o O — - s (=] @ o« 3 & wZ O =g O
.- - w w woooe. - e - W WX W e e Z e - S - w W e - - -
- et D~ Dt Dot D~ - v — @ o © X de= ———— —— - O e D — - Es »
ZCO DIX=I X =L T XN ZO0C D~ o . Lo eEoeExow ~ w — Purieary ZOM DE Ml wX XX NN on S iy .
(bl.CW 4D 4D D ZZ e —wO=muIZa ™ - =D 6D oD WwWaZ - AN ZZ oM —=O~=uTD &2 « e ZZT e = O =D ™~
€ - WZANTANTZANZ S —— @ - W S ZaNTaNT T - ~Z Z - € - WZANZUNT aNT - « - - -
-2 z z z CEZO —-=—Cx «x~0 NdZ T -Z ——aw z= O AXAZL === z z z €«CTO == Nexa= O
Gl d dh dew b = el j—wd - -~ e e S - e - wemdd e e e dhewe = wed C -
LR L ) - & dd W LR L T e "z w - R e b e . T Jx .
WudiUddI <9I 4 «@«luw waLZauT O o 4 «aZ A«ZuZu o OnZew O wduviddaI <« «f <€Tuuw O weau> Ouw w Q
I.KICCPNCPN(!N(‘IING ey ey 4 O=ZURZ > T In———— zo OZ e T D I-ll((PNC'NClNC‘ll“G - g O=ZT—w ©
- -
- - w e ~ ® o o™ - - 4
~ - - ~ L - - * - -
v o [SIS1%) (SIS V] (%] © e ©

nes




S61890!23656189012555bIGQOIZDb567890123#56709012
DCDDDVC O RO RO POO000O00OCOO
\3333)3)33133!!§66bb&6665664664‘65#6664#66666##6

(N)ONELAS) ORCIACNSL) SNELAT) OR(AIN®2) NELAE) LOR. (AIN®3) . NE

JoNELAF) ORL(A(2) NELAE) JOR«(AL3).NE.AE).OR.(AL&).NE.AD))

D oNELAG) JORGIA(2) JNELAE) JORS(A(I).NELAN) LOR, (A(4).NELAE))
N2+1).EQ.BLANK)) GO YO 48

o
-
- X -
-~ _ ”.Q.Il
co = OO0 =00 »
- - -~ - dd =D
> % > = Xxa z
- 00 — [= T - W/FOOA
. O - D e - OX OO ¢
- - - - - W - -
X o~ » - X OO -
- - = - - >R o
~ TZ ~ T~ N ewJIZa El
z va z “ Z zZ wzZaOvCs -«
- - - W= - * C=X=_wn —C)
—-—F xN Z ~x Z Z OVNUTA . -
-~ T - . - o~ . - - . s d L =] -
- . 17V Z a0 DO Fww il
C & wZ . i -xZ W o o <a wWZ - —~ -
——rs e - Portry S W T~ o o
L Dos v z - -~ =DOZ= D= D=t>S>T o~y (-
CoOX it = =M OatPMOLYT Z =T e X > WANNT e s g T
OTD ZZ4m T w@=dedN LD 76D +3 s 1CZTwsyni~ I3
Q@ WZT - a6 €@ - « |-lN-N|ZN-2N- TweaN - o
—— <«azO -OO0=-0w —a T S wZO Ow= O
Al —— = O Q= AT ST T~ lG SO ——— O I
& I f ™ e o e e N " qd—n
WESTUL O W UOLOLOLORALVL _IT _I0A—-Ouuwu Owox <0
- A —— T D b ICICIGKN((NRINLVN B T OB T OO
Ll h 5 a ~ «
- L d . -
v (S8 V] oo

MNINODXCO=NNALNINDOO=NMEN O DFO=NMPNONDOO =M &N ODOO
MIMEMETIETIIITIIIISIIIONNANDNNNNNNLOO OO OO0 00O OMrerarsinie i ©
TLIITIII IV EII I TR I L OO T I LI I EITT LI LI LTIt

(A,NOII.E0.0LANKli GO TO 54

JuNELAD) LORGEAL2) JNEJAE) JOR, (A(3) (NE.AS) . OR.(A(&).NE.AC))
gLAN‘l.ANO.IA,NOID.EO.DLANKD) GO 10 51

SHE LAGE LORLCALZE NELAEY JORLIALIINELAD) JORJIATR) NELANAY)

-~ L and
(=l=] o0 »
- - - - - -0
> > ol o = z
- - OO - - - OOw=
- - OO - - - OO .
- - . - - - -
= - - - > = M ——
- - - [ = - - - -
~ ~N TZ o ~ ~ N I«
z zZ O« -« x z z Owq
- > - -0 - - - -
x zZ xwne > - z z Z &N
— — - sy -~ - — -~ - s
z > [P X~ zr O
z " - x wZ . - - " - « & WX
o ) ol e ou ~ - - e - -
- - D -~ P - - D M DX D~
— N LT =T NNZT=~O e ZTo O > ~NN LuXe X - NNT -
O «h= Wi 1+ D1 ZTw el e ¥ & v = WO EDaeSsZT -
- o - dZ4™ NT w—d™N - D - AO~0 LT NZ W~ —
a «Do0 M wT A€ eZO O W=D W w0 e e 4 )AAINO
O =l Ll N e FOX e - L o SR SIEND dN S Ye—-
A AW - " A" ] Oud_ wbud L Ll .
LWOL 9@ Xd dDuud DWwudg O w W luIdeCeMow de dwiue O
o lle(CJNINClIlINOAI(lNG O lJC(JNthVNClllING
o =3 - ~ -
- w " w Lyl -
e (S8 [V}

78

-

S



|23§567090lZ565670901236567690.1236561590.[2365613 9012)6567ﬂ90l25656189012!65bYGQ.OlZlQ.)b’GQOl).I.Q’b780[23656’3905\.55290.!
DODCDIVDVOC PP RO COCFRFCOOOOSOOO0 ot et e e et N NOAMMMANATRAIISLILIILT LI L ONANANNNN IO OLC OO ITD O i e ® o000 00
LTI LI LI T IT L2 L LT LONDNNANNANRN NANNANNINBRNNANNA AN A O DD DA D AO DA DN N DD DA DD AN DD DN N AN B AN D ANNINON N nn OO NN DN N DN nnn O ©

79

JNE.AL)LOR.UA(2).NE.AN).OR,(A(3).NE.AT).OR.(A(4).NELAE))
«NE.AG) JOR,(AL2) JNELAR) ,OR,(A(3).NE.AD).OR.(A(4).NE.AU))
Pl.ORIAIN®L) cNELAE) .OR.(A(N®2) NE.AR) .OR.(A(N®3) . NE
) JOR.(A(NSL) NE.AD).OR.(A(N®2) . NE.AD).OR.(AIN®3).NE
NE LAP) JOR.(AIN®L) NE.AD) .OR.LA(M$2) JNELAD) OR.(AIN®3) . NE
JoNELAC) SORLIAINSL) cNELAD).OR.(AIN®2).NE.AN).OR, (A(N®3).NE
NE.AD) LORLIAIN®L) CNELAT),OR.CAIN®2) .NE.AE).OR.(AIN®3).NE
JoNEJAS) LORL(AL2) cNELAT) .OR.(AL3).NE.AD).OR.(AL&).NE.AP))

N) oNE.AS) OR.(AIN®L) JNELAE).OR.(A(N+2).NE.AA)) GO TO 61
PeNELAC) cORLUAL2) NEAH) OR.(A(3)NE.AA).OR.IAIS).NELAN))

-
~
o
-
3 =
.
- -
- .
=) -
- -
.
o 2
z -
. v
- “
- -—
~ L 3
<
- o
. <
= -
=3 <
.
- o
x (=]
- - -
. ~ w
- - — w - ~ ~
- -~ -~ -~ ~ z © - (-]
P . ~ N “
o [o]e] o0 oo oY -
z - - — -~ = - - o o ~ ° ™ )
(=] > » > » - ~- - -
e L8 S oo - OO - OO - w =0
- -0 = [T - 0O - VO o o ~ w -z
-« - - - — - o o * - < SV
- = o -~ Ed - » — W — x — - O
(=} ] - - - —— - - - - - o - - e
« o ~ T .1 Iz ~N TIZ N TR - - . e = 5 5
< - ® B z O« z o« z Oa =z - - e e
p— 3 - - - -—_ - - - - 1 - -« - — - - e
- - (%] 2 & a® -« o ~N—T awv e~ an ——r &N - - Y 1 -w .-
«c -~ ——— & et = oM - ° oz— .o OT= oo T s x . - . o Dy
o=~ X z o ZTw w - ow - ow - ow o . - - = O\ ——
—~- =] L s —-ZO zZO O = C «x wz O x wZ C a WX *0 O z . T - Sl &
O~ - “w . - 0wt = O - .. ™ . - .. 'Y . - ) N O™
~— e — -~ P e - e -~ (=] gY: !m - L - — D -~ Be @ ~ L - oo @\ @ - On O VNDO-
* O M U =O=L X X Ve - OOONULTZQ=ZO0 s2ZT +» ¢ 2Z0T2ZCD —_-PU N F O DX M NNt F D DL -y -t ] ~ — - - o = -————
V= O € O NLD=Z~ = ONN Wl O=UOM $wds O-® =002 HKZZarn=O0D ZZ e eI Ox2ZZTenn oD ~ -0n -0n - "R .-

- < > 4 —4Z - C €@ —~—wJad v« « " a " e o @ wT -t d W =N E WT ——-N - - z =« z = & B Gy wN B T o
Ow =0 & =00 R =] m -OSQ — Owmt Ow=mit Owi Ow= VAL ZD—~ QLZ O -~ tewZO Ve xE—- o -0 -OO& - VIVEIX * OO=D Oox Sasss
CX~ et b b e id - e dAC d=mOr -~ Phwm e Prmemadd —— - ——— ) — O =i = - e «S«>4a> Alliw AMU rxrxx
AQ— ¥ - T o AIE -d Wl [=F 2% e +O S dd - " Cddd . aded A - W - - - e oD I Qlulmw

wWoTde O 7 WluddZuD X uwuleuldueODuda—=Dudx—~Dua=Duaae< Ouuw Ouddqd—~uuw Oued<Sexuu O Ou wO o LOUW wWlLW w T e 20
E=BUTO = =A== O === tmOe SUND = CWND= WO s T T O VOOV e T Dre ) s e TS OB ) D = DweE - - ey L Dy ——d e
- - ~ - - — - - - =
- w ° ~ © o (=] - ~ - * w < ~ - o O - ~ - it
w w w w w w © o° < © Py <° © <o o =~ ~ -~ ~ —~————r~
oo LVY (ST wow wo w b S S

—— o co—

e —————————




—_—

RITE

PURPOSE: to generate a list of branch currents from

the input loop currents.

METHOD: The generation of branch currents is
accomplished in the DO LOOP ending at statement 2. The
branch currents are stored in CJ(I) by the 1latter part of
the DO LOOP ending at statement 3. If the branch currents
are requested for output (IWR positive), the DO LOOP ending

at statement 5 accomplishes this.

CALLED BY: GANT1
GFFLD
CALLS TO: NONE
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SART
PURPOSE: to sort data for polar plot.

METHOD: This subroutine sorts the values of the
points to be plotted by the polar plot package starting with
the greatest positive value of y to the greatest negative
value. In the DO LOOP ending at statement 1, the value of

(X ,y ) is interchanged with the value of (x',yj) if yj is
s ! 3

greater than y. .

b
CALLED BY: POLPRT
CALLS TO: NONE
SUBROUT INE SART (DATAX,DATAY,N) i
‘ DIMENSION DATAX(500), DATAY(500) 2
3
t THIS ROUTINE SORTS DATA IN DATAY BY MAGNITUDE g
NN = N-1| 3
c 7 4
DO 2 I=),NN 8
NM = [+] >
C 0
DO | J=NM/N

1F munin.u.muvun 6o T0 1 5
STOR = DATAY(]) 3
OATA Y(1) = DATAY(J) 4
DATA Y(J) = STOR 5

STOR = DATAX(()
DATA lllf = DATAXL D) ?
DATA X(J) = STOR 8
1 CONTINUE 9
- ]
2 CONTINUE 1
- RETURN 1§
END 4
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SGANT

PURPOSE: to calculate the mutual impedance between
filamentary monopoles.

R Congramng L ssesn e 41
P12, ’4”

1 e 1
- & L e $02
P21° o
o" ~‘~
B mmmmnemeeD 2 deccnn—n——] ]
14 ¢ 3
SOURCE RECEIVING
DIPOLE DIPOLE
Z = P11 ¢« P12 + P21 + P22

METHOD: In the induced emf formulation, the mutual

impedance of coupled dipoles is

Zz = - /12 (t) E (1) at

where Iz(t) denotes the current distribution (normalized to
unit terminal current) on dipole 2, and E1(t) is the field

of dipole 1 when it transmits with unit terminal current.
Distance along the axis of dipole 2 is denoted by the
coordinate t. E1 may be expressed as the sum of the fields

from each of the monopoles comprising dipole 1. Furthermore,
the integral is the sum of the integrations over each of the
monopoles comprising dipole 2. Thus, the dipole-dipole
mutual impedance may be expressed as the sum of four
monopole-monopole impedances.

It may be convenient to draw the above figure in terms
of monopoles with the current distribution shown as dotted
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lines. (The monopole letters remain the same.)
A R L c A VP12 D
i { { A\
i 3 '
B |/ P21 AR U O D
‘ / \
3 4 S

The surface impedance is calculated just above statement

2. B0O1 denotes Jo % J1 where JO and J1 are the Bessel

functions of order zero and one with complex argument, ZARG.
It is assumed that all the wire segments have the same

radius, conductivity and surface impedance.

In the DO LOOP ending with statement 3, SGANT calculates
L the segment lengths D(J). DMIN and DMAX denote the lengths
of the shortest and longest segments. If the wire radius or
the segment lengths are clearly beyond the range of
thin-wire theory, N is set to zero at statement 4 followed

by RETURN to the main program to abort the calculation.

At statement 5, the program selects a segment K, and a
few statements below this it selects another segment L. K is
a segment of test diple I, and L is a segment of expansion
mode J. The mutual impedance between segments K and L is

obtained by calling subroutine GGS or GGMM. In statement 18,

this impedance is lumped into C(MMM). The mutual impedance

Z_j between dipoles I and J is the sum of four
i

segment-segment impedances.

The variables IFLAG and JFLAG
plane is present for the calculation of the mutual impedance
If IFLAG is equal to JFLAG, the mutual impedance

are used if a ground

elements.

8u

Nt
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terms will not have the effects of a ground plane since both
monopoles lie on the same side of the ground interface. If
the monopoles are on the opposite sides of the interface
(IFLAG not equal to JFLAG), the reflection coefficient
correction must be applied to the mutual impedance elements.
This same technique is applied in subroutines GNFLD and
GFFLD.

In SGANT, segment K has endpoints KA and KB, and segment
L has endpoints LA and LB. It is convenient to think of KA
and KB as points 1 and 2 on segment K, and LA and LB as
points 1 and 2 on L. The four segment-segment impedances
can be defined as P(IS,JS). The first subscript IS refers
to the terminal point on segment K, and the second subscript
JS refers to the terminal point on L. Thus IS=1 or 2 if
dipole I has its terminal point I2(I) at KA (point 1) or KB
(point 2), respectively. Similarly, JS=1 or 2 if mode J has
its terminal point I2(J) at LA or LB. The impedances
P(IS,JS) are defined with the following reference directions
for current flow: from point 1 toward point 2 on each
segment. If dipole I has this same reference direction on
segment K, PI=1; otherwise FI=-1. Similarly FJ=1 or -1 in
accordance with the reference direction for wode J on
segment L. In statement 18, P(IS,JS) is multiplied by FI and

FJ before its contribution is added to Z_j.
i

Subroutine GGMM calculates the impedances Q (KK,LL) which
are like the P(IS,JS) but have different conventions for
reference directions and subscript meaning. The
transformation from the Q impedances to the P impedances is
accomplished in the DO LOOP ending with statement 13.

If the vire has finite conductivity, the appropriate
modification is applied to the impedance matrix just above
statement 15. The terms arising from the dielectric shell
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on an insulated segment are obtained from subroutine DSHELL
just above statement 16. Finally, the lumped loads, ZLD, are
added to the diagonal elements of the impedance matrix in
the DO LCGOP ending at statement 23.

K is a segment of test dipole I, and L is a segment of
expansion mode J. When the segment numbers K and L are
equal, SGANT calls GGMM to obtain the mutual impedance
between two filamentary electric monopoles. These monopoles
are parallel and have the same length. Monopole K is
positioned on the axis of the wire segment, and monopole L
is on the surface of the same wire segment. Thus, the
displacement is equal to the wire radius. The two monopoles

are side-by-side with no stagger.

when segments K and L intersect, SGANT again calls GGMM
for the mutual impedance between the two filamentary
monopoles. Monopole K is situated on the axis of wire
segment K, and monopole L is on the surface of wire segment
L. The axes of segments K and L define a plane P,and
monopole K lies in this plane. Monopole L is parallel with
plane P and is displaced from it by a distance equal to the

wire radius.

CALLED BY: MAIN

CALLS TO: CBES
DSHELL
GGMM
GGS
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22 JJd = JiB
23 CONTINUE
RETURN

on 0o

33 FSARA ‘ “'u‘ﬂ':; "384203038 10000800 es 2320201000 NuseedfiSs e,
?xcsso LINIT OF THIN WIRE CONDITION, THE RESULTS

!;::I 1 CORRES Y

89

WA= OOD O NS WA= O O® N0 N

e e OO O OOV OOO0 VY OOV OO




SORT

PURPOSE: to define the set of dipole modes.

METHOD: In the DO LOOP ending at statement 3, the set
of dipoles is defined by filling the vectors I1(I) and I3(I)
(the endpoints of dipole I); I2(I) ( the terminal point of
dipole I); and the vectors JA(I) and JB(I) (the monopoles
comprising dipole I) with the node numbers and segment
numbers, respectively. The DO LOOP ending at statement 8
determines MD(J,K) (the list of dipoles sharing segment J)
and ND(K) (the number of dipoles sharing segment J).

CALLED BY: MAIN

CALLS TO: NONE
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SQROT

PURPOSE: to solve the set of simultaneous equations to

determine the currents on the thin wire structure.

METHOD: This subroutine considers the matrix equation
Z2I = V which represents a system of simultaneous linear
equations. NEQ denotes the number of simultaneous equations

and the size of the matrix Z.

On entry to SQROT, S is the excitation column V. On
exit, the solution I is stored in S. Z(I,J) denotes the
symmetric square matrix. Also on entry, the upper-right

triangular position of Z(I,J) is stored by rows in C(K) with

K= (I-1) * NEQ = (LI *#1I) /2+J.

If I12 = 1, SQROT will transform the symmetric matrix
into the auxiliary matrix (implicit inverse), store the
result in C(K) and use the auxiliary matrix to solve the
simultaneous equations. If I12 = 2, this indicates that C(K)

already contains the auxiliary matrix.

The transfromation from the symmetric matrix to the
auxiliary matrix is accomplished in the DO LOOP ending at
statement 5. The solution of the simultaneous equations is

accomplished in the remainder of the program.

CALLED BY: GFFLD

CALLS TO: NONE
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T

ABAP
ABAT
ABIP

ABIT

ACSP
ACST

AFFP
AFFT
AM
BM

CG
CGD
CJ
CMM

ECSP
ECST

EFF

EPPS

EPTS

EP2
EP3
EP4
ERR
ER2

SYMBOL DICTIONARY

characters of the input data cards
backscattering phi plane angle for plotting
backscattering theta plane angle for plotting

bistatic scattering phi plane angle for
plotting

bistatic scattering theta plane angle for
plotting

absorption cross section for phi polarization

absorption cross section for theta
polarization

far-zone phi plane angle for plotting
far-zone theta plane angle for plotting
radius of the thin wire of the structure

outer radius of the dielectric shell of the
insulation of the wire

elements of the open-circuit impedance matrix
branch currents for the structure

cosh yd for a given segment

loop currents for the structure

conductivity of the wire

length o' a given segment

extinction cross section for phi polarization

extinction cross section for theta
polarization

radiation efficiency
loop currents induced by a phi polarized wave

phi-polarized far-zone feild of the dipole
mode

scattered electric field in the phi directi
due to a phi polarized wave

scattered electric field in the theta
direction due to a phi polarized wav:«

complex permittivity of insulatiom
complex permittivity of ambient »:
complex permittivity of g1

EP4/EP3

relative dielectri
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ER3

ERY
ET

ETA
ETPS

ETT

ETTS

EX
EY
EZ
EO
FHZ
FMC
GAM

GG
GPP

GTT

HGT
IA

IB
IBISC
ICARD
ICJ

IFLAG
IGAIN
IGRD
INC

INEAR
INNM

INT

relative dielectric constant of the ambient
medium

relative dielectric constant of the ground

loop current induced by a theta polarized
wave

intrinic impedance of ambient medium

scattered electric field in the phi direction
due to a theta polarized wvave

thgta polarized far-zone field of the dipole
mode

scattered electric field on the theta
direction due to theta polarized wave

near-zone electric field in x direction
near-zone electric field in the y direction
near-zone electric field in z direction
8.854E-12

frequency in hertz

frequency in megahertz

intrinic progration constant of the ambient
medium

time-average power input

power gain associated with the phi polarized
component

power gain associated with the theta
polarized component

height of the structure above ground plane
first node of a given segment

second node of a given segament

indicator for bistatic scatter calculations
indicator for the data cards

dimension corresponding to the number of
simultaneous linear equations

indicator for program termination
indicator for antenna gain calculations
indicator for presence of the ground plane

indicator for the type of far-zone
calculations

indicator for near-zone calculations

dimension corresponding to the number of
mon poles

number of integration steps
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ISC
ISCAT
IWR
I1
I12
I2

I3

JA

JB
KFLAG
KGEN
LOAD
LZD
MAX

MD
MIN

MSG

ND

NGEN
NM
NPL
OMEGA
PH
SCSP
SCST

SGD

SIG2
SIG3
SIGY
SPPH
SPTH
STPH
STTH

indicator for the insualtion

indicator for backscatter calculations
indicator for current distribution output
endpoint node of a given dipole
indicator for auxiliary matrix

terminal node number of a given dipole
endpoint node number of a given dipole
first segment number of a given dipoile
second segment number of a given dipole
print indicator

list of generator/feed locationms
indicator for structure load

list of impedance/load locations

maximum of the number of segments connected
to any one given node

list of dipoles sharing a given segment

minimum of the number of segments that
connected to any one given node

indicator for error printout
number of simultaneous linear equations

total number of dipoles sharing a given
segment

indicator for antenna calculationms

number of segments

indicator for polar plot

angular frequency

phi angle for far-zone calculations
scattering cross section for phi polarization

scattering cross section for theta
polarization

sinh yd of a given segment

conductivity of insulation

conductivity of the ambient mediunm
conductivity of ground

echo area phi incident-phi scattered wave
echo area phi incident-theta scattered wvave
echo area theta incident-phi scattered wave
echo area theta incident-theta scattered vave

97




U

TD2
TD3
TH
TP
uo
VG
VOLT

XNP
XP

YNP
Yp
Yi

ZLD
ZLLD
ZNP
zp
zZs
zZ11

loss tangent of the insulation

loss téngent of ambient medium

theta angle for far-zone calculations
2n (6.28318)

1.2566E-6

antenna complex driving voltages

list of VG's

x-coordinate of each node

list of XP's

x-coordinate for near-zone calculations
y-coordinate of each node

list of YP's

y-coordinate for near-zone calculations
complex power input

z-coordinate of each node

complex load at a given node

list of ZLD's

list of ZP's

z-coordinate for near-zone calculations
surface impedance of the wire

antenna input impedance
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USER'S MANUAL

The Antennas-Scatterers Analysis Prograam (ASAP) for thin
wire structures in a homogenous conducting medium perforas a
frequency domain anmnalysis of antennas and scatters. The
program is applicable in the presence of either a perfect or
a finite ground. This appendix will describe and explain
the data cards necessary to execute the compute progras.
Although the program was written for the IBM 360 computer
system, it can be executed on another system with minor
modifications.

The program utilizes piecewise sinusocidal expansion for
the current distribution with Kirchhoff Current Lav enforced
everywhere on the structure. If the structure contains end
points, the curreants at these points are assumed to vanish.

I. Program Limits

The thin wire assuaptions are questionable and the
accuracy and convergence deteriorate if the radius of wire
utilized for the structure exceeds 0.01 of a wavelength, if
the longest segment is greater tham one-fourth of a
vavelength, if the length ratio of the longest and shortest
segments exceeds 100, or if the total wire length is less
than 30 times the wire diameter. 1If a wire is bent sharply
to fora a small acute angle (less than 30 degrees), the thin
vire model is gquestionable. It is assumed that the wire
conductivity greatly exceeds the comductivity of the ambient
medium. Por insulated wires, the dielectric layer is assuaed
to be electrically thin.

II. Minimum Data

The minimsum data necessary to execute the program is:

101




a. description of structure

b. radius of wire used for the structure

The program will default to the other parameters necessary.
The default parameters are:

a. wire for the structure is copper

b. frequency of operation is 300 mhz

c. homogneous medium is free space

A more detailed explanation of the defaults will be
discussed when the data card for the parameter is described.

III. Outputs

In antenna problems, the output includes structure
currents, impedance(s) of feed(s), gain, polar radiation
plots, and near field calculations. In bistatic scattering
problems, the output includes structure currents, complex
elements of the polarization scattering matrix, polar
reradiation pattern plots, and echo areas produced by a
plane wave. For backscattering problems the output includes
absorption, scattering and extinction cross sections in
addition to the outputs of bistatic scattering. Most of the
outputs are suppressed and must be requested. Since the
program can produce a large volume of output, care should be
exercised until the user is familiar with the outputs.

IV. Data Cards
The Analysis Program utilizes free format for the data
cards, that is, the program utilizes character recognition

to determine which parameters are being read. Data placement
(location) on the input card is not critial. Blank
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characters, on all input cards but the COMMENT data card,
are ignored and may be used at the discretion of the user.
Since character recognition is used, only the first four
characters of the key words must be present and correct.

The format for the COMMENT CARD utilizes standard
FORTRAN format (i.e. 'C' in column 1 followed by at least
four blanks). The COMMENT CARD is the only type of input
card that position in the data block is critial. This
(these) card(s) must be placed at the beginning of a data
block. A data block is a series of related data cards.
Several data blocks may be vsed to define an analysis
problem. This will become clear when the termination cards
(END, STOP, or CHANGE) are discussed. There is no limit to
the number of comment cards that may be used. As a check for
the user, all input data cards will appear on the output as
they appear in the input deck.

The format of other data can be of one of two forams:
a. type of card (option 1/option 2/..ccccc...)

b. parameter (value) .

The type of format to use will be apparent as the individual

data cards are discussed.

The numerical values for the parameters may be stated in
any one of the following forms. The program will translate
the nuaber to the proper form for the specified parameter,
either fixed or floating point. All of the following
examples have the same value.

0.0001" or .0001 or 100.0 or 1000 or .1M or 0.1 or .0000001K

-6 -3 3
0 = 10 n=10 K= 10
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1. WIRE This card is used to define the parameters
associated with the wire utilized by the thin wire
structure. Two options are available and are defined as:

RADIUS=value of the radius of the wire in meters

CONDUCTIVITY=value in megamhos per meters .

The wire data card must appear in the first data block to
define wire radius. The default value of the conductivity

is 50 megamhos/meter (copper).

IRE( RADIUS=.001/ CONDU=28.5)
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associated with the insulation of the wire used for the
structure to be analyzed. If this card is omitted, the
program assumes that the structure is uninsulated. Four
options are available and are defined as:

2. INSULATION This card is utilized to define the parameters

RADIUS=value of outer radius in meters
CONDUCTIVITY=value in micromhos per meter
DIELECTRIC=value of relative dielectric constant
LOSS TANGENT=value .

The conductivity and either the relative dielectric constant

or the loss tangent (but not all three) options may be
stated.

INSULATION( RADIUS=.015/ COND=7./DIEL=5)
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3. EXTERIOR MEDIUM This card is utilized to describe the
homogeneous medium surrounding the structure. If the medium
is free space, this card may be omitted. Three options are
available and are defined as:

DIELECTRIC=value of relative dielectric constant
CONDUCTIVITY=value in micromhos per meter
LOSS TANGENT=value .

As with INSULATION card state either conductivity or loss
tangent.

XTE (LOSS=.45)
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4. DESCRIPTION This card is utilized to describe the shape
of the wire structure to the program. The user must divide
the wire structure into segments of the appropriate length
and number each node starting at one. 2 node is a point
where a segment begins or ends. A maximium of four segmnents
can meet at any given node. An isolated wire must contain
at least two segments and three nodes. Thus the DESCRIPTION
CARD must show at least 3 consecutive nodes for all portions
of the wire structure. The structure is described by
stating the node numbers that each segment connects. The

description of a sguare loop might appear as:
DESCRIPTION (1-2/2-3/3-U4/4-1) .

The description of a dipole and reflector might appear as:
DESCRIPTION (1-2/2-3/3-4/4~5/6~-7/T7-8/8-9/9-10) .

If the description will not fit on one data card continue on
the next card as if the previous card were longer. The
dipole example might appear as:

DESCRIPTION (1-2/2-3/3-4/4-5/

6~-7/7~-8/8-9/9-10) .

Note that the last character omn the card to be continued 1is
a slaat (/). As many cards as necessary may be used. The
maximum number of nodes permitted is fifty. If ground plane
is present, the maximum number is twenty-five. If a ground
plane is present and the structure touches the ground plane,
the lowest node numbers MUST be used for the touching nodes.
That is, if the structure touches the ground plane at two
points, node numbers 1 and 2 MUST be assigned to these
nodes.

/ DESCR(1-2/2~3/3-4/4=1)
'//
i
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5. GEOMETRY This card is used to state the physical location
in rectangular coordinates of each node of the DESCRIPTION
CARD . The rectangular grid is in units of meters. If node 1
is located at x1,y1,z1 and node 2 at x2,y2,z2 and node 3 at
x3,y3,z3,etc., the GEOMETRY CARD might appear as:

GEOMETRY (x1,¥1,21/x2,Y2,22/%X3,Y3,23/cc0cccccccs)

As with the DESCRIPTION CARD, continuation cards are

permitted.

GEOM(.1,0,.1/-.1,0.1/-.1,0-.1/.1,0,-.1)
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6. FEED Por antenna analysis the feed point(s) and
voltage(s) must be stated. In the foremention dipole and
reflector example if the feeds were at node 2 with a voltage
source of .5 at an angle of -90 degrees and at node 4 with a
voltage source of .5 at an angle of +90 degrees the FEED
CARD might appear as:

FEED(2,.5,-90/4,.5,+90)

The order of the information for each voltage source is node
number, magnitude, and phase angle. This order 1s repeated
until all sources are stated. If the source information will
not fit on one card, use another card similiar to the
initial one; that is, repeat the word "FEED". If only one
voltage source is applied to the structure, only the node
number must be stated. In the dipole example, if the drive
is at node 3, the FEED CARD might appear as:

FEED (3)

A default source of one volt at zero degree phase is
assumed. Voltage sources should only be stated for nodes

vith only two segments.

FEED(Z'QS'-QO/“’.S"QO)
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7. LOAD This card is used to describe the loads to be placed
at various locations on the structure. The format for this
card is similiar to that of the PEED CARD, that is, the
word "LOAD" is used in the place of "FEED". The order of
the information on the card is the same. Since this card is
frequency dependent, it must be changed if the frequency of
operation is changed. No default parameters are available.
The structure is assumed unloaded unless this card is used.
Once the structure is loaded, it will remain loaded for the
remainder of the data block series. To unload the structure
the following card may be used:

LOAD (- 1)

LOAD (1,120,-45/3,120,+45)
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8. OUTPUT This card is used to reguest output data. Most of
the output is in tabular form. More than one OUTPUT CARD
is permitted per data block, but not for the same type of
output. If only the antenna input impedance, antenna
efficiency, or time-average power input is of interest, no
OUTPUT CARD is necessary. These parameters are automatically
printed if a FEED CARD or GENERATOR CARD is utilized. One
or more of the following options may be used to request the
various outputs available.

FAR FIELD=phi initial, phi final, theta initial, theta
final

This option gives the components of the electric field
intensity in the far field as phi and theta varies between
limits specified in one degree divisions.

BACKSCATERING=phi initial, phi final, theta initial,
theta final

This option gives the absorption, scattering, and extinction
cross sections, and the complex elements of the polarization
scattering matrix for an incident plane wave illuminating
the structure from the spherical direction of phi, theta as
both vary between limits specified in one degree divisions.

BISTATIC=phi inital, phi final, theta initial, theta
final

This option gives echo area and the complex elements of the
polarization scattering matrix for an incident plane wave
illuminating the structure from the spherical direction phi,
theta final of the backscattering output option, reradiated
in the phi, theta direction as both vary between limits
specified in one degree divisions. A bistatic output request
must be accompanied with a backscattering reguest in the
same data block.

STEP=value in degrees

1
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This option will cause any of the above output options to be
stepped at a different interval size. That is, if one of the
above options is to be stepped at ten degrees intervals, use
this option. This option overrides the one degree stepping.

CURRENT

This option gives the currents on the structure which are
produced by the feed/generator voltages and/or the incident
plane wave of the backscattering request.

NEAR=x1,y1,2z1
or
NEAR=(x1,y1,z1/x2,Y2,22/x3,Y3,23/etC.....)

This option gives the value of electric field components in
the near field for the antenna at the point or points
specified.

OUTPUT (FARP=45,50,25,50)
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9. PLOT This card will produce normalized polar plots in the
specifed piane for the stated option. The plane is
specified by stating either "PHI=____" or "THETA=____ ". The
PLOT CARD overrides the limits of the OUTPUT CARD for the
same option. If only a normalized pattern is of interest,
only a PLOT CARD is necessary. If a table of values and a
normalized pattern is desired, both a PLOT CARD and OOUTPUT
CARD must be used. Only one PLOT CARD 1is permitted per

data block. The following pattern plots are available:
FAR FIELD/plane

This option will plot the far field intensity for each
component of the electric field.

BACKSCATTERING/plane

This option will plot the normalized magnitude of each of
the elements of the polarization scattering matrix.

BISTATIC/plane

This option will plot the normalized magnitude of each of
the elements of the polarization scattering matrix produced
by the incident plane wave stated by final limits of the
backscattering option of the output regquest.

PLOT (FARF/THET=90)
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10. GROUND This card is used to describe the ground
parameters if a ground plane is present. If no ground plane
is present, the structure is assumed to be in free space or
the homogeneous medium of the EXTERIOR MEDIUM data card.
Seven options are available and are defined as:

PERFECT

This option will analyze the structure over a perfect ground
plane.

GOOD

This option will analyze the structure over a good ground
plane where the conductivity of the ground is .02 mhos/meter
and the relative dielectric constant is 30.

POOR

This option will analyze the structure over a poor ground
plane where the conductivity of the ground is .001
mhos/meter and the relative dielectric constant is 4.

SEA

This option will analyze the structure over salt water where
the conductivty of the water is 4. mhos/meter and the
relative dielectric constant is 80.

HEIGHT=value in meters

This option will analyze the structure with origin of the
GEOMETRY card this height above the ground plane. The
lovwest point of the structure must not lie below the ground
plane. It may lie on the ground plane.

CONDUCTIVITY= value in mhos/meter

This option is used to state the value of conductivity of
the ground plane if the default values mentioned above are
not utilized.
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DIELECTRIC= value

This option is used to state the relative dielectric
constant of the ground plane if the default values mentioned
above are not utilized.

GROUND (HEIG=10/COND=.002/DIEL=10)
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11. INTERVAL FOR CALCULATION This card is used to state the
number of intervals to be used for calculating the elements

of the impedance matrix with Simpson's-rule integration. A

large value for the number improves the accuracy at the

expense of greater execution time. FPor most problems a

suitable combination of speed and accuracy
a value of four, the default value. If the
closed-form impedance expressions in terms
exponential integrals is desired, set this

INTERVAL=value

is obtained with
rigiorous

of the

value to zero.

INTE (6)
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12. GENERATOR This card is similiar to the FEED CARD in use,
except that the segment numbers are stated instead of the
node numbers. This is useful if three or four segments meet
at a node. The positive terminal of the generator is
connected to the specified segment such that current is
forced in the the positive direction. The positive direction
of current flow is from the first stated node number of that
segment toward the second stated as ordered on the
DESCRIPTION CARD.

GENE(2,.5,-90/4,.5,+90)
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13. IMPEDANCE This card is similiar to the LOAD CARD in use,
except that the segment numbers are stated instead of the
node numbers. As with the GENERATOR CARD, this is used if
three or four segments are connected to a node. The
impedance will be connected to the positive terminal of the
specified segment. The format of this card is the same as

the LOAD CARD.

IMPE(1,120,-45/3,120,+45)

——— o

megahertz if it is to be other than the default value of 300
MHz.

FREQ(12.5)
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15. CHANGE This card at the end of the data block signals
the program that the following data cards are changes to tne
previously read data, for the next run. If a "CHANGE CARD"
is used, the outputs must be requested again in the next
data block. The "CHANGE CARD" cannot be used to change
“"DESCRIPTION CARD"™ or "GEOMETRY CARD" data when operating
with a "GROUND CARD"™. Use an "END CARD" to make changes when
a "GROUND CARD" is used.

16. END This card signals the program that this is the end
of a data block series and to reinitialize data for the next
problem. An "END CARD" cannot be used with a "CHANGE CARD".

17. STOP This card signals the program that all of the data
cards have been read and to terminate itself when execution
is completed. This card must be used as the last card in
place of the "END CARD" of the last data block series. A
“STOP CARD" cannot be used with an " END CARD" in the same
data block.

119




VOVOOOOOQOOOMUOITOOOO

- Rr-m

TCCTITOCMMMme
P = —-{MunOD
ZUVoVZOVOOIxETM

o000

VC—HX

AN EXAMPLE PROBLEM
V ANTENNA
D
2 £318/0,-.09,+.09/0,0,0/0,0.091.09/0,.18,.18)
27 3/3 474=5
FARF=45,50,65,80/STEP=5)
BIST=45745,45,45/BACK=0,0,10,12)
CURRENT]

CHANGE STRUCTURE SHAPE TO DIPOLE
/07-¢12540/09040/09.125,0/049425,0)
=.25/G000)

oMo
e
™|
mTe
——N
oowWm
IXe
-
O

EDUCE THE OUTPUT ON THE

120

for o




0°08 01 0°S9

00 3000f1°0 00 300081°0
_ocwoooom“w ‘ouwoooownm
10 wooowo. AOiwoomoo.l

NOI1VI01

$33w930 w um SdaLs N1
WO¥d ONTANVA VI3MHL oz<o 065 Ol 0°S% WOWd “NIAUVA IHd ¥04 SCI3Id4 wvd

et D P T T DL T T e
» *
u 0315S3N03¥ 1nd1NO »

*
L T P e L L P T

TME P 171 -6n
S170A wm
S0334 VNN3INY

0°0 € 10-300006°0 10-300006°0 0°0 b4 4
o.w 4 0°0 0°0 w.w m m
0° € 10-300006°0 10-300006° - .
0°0 2 00 w000w~.o 00 300081°- 0°0 1 1
X *ON A X ‘ON omu
300N NO1iv201 300N S
FWNLINYLS 3¥IM
ON _mwb\czm INVId ONNOY¥D
3JvdS 33wd 103w xo“¢thw b
ON ({S3A/0N) OWbca:mz C*x ple
20-300001°0 (S¥313W) SNIOVY 3WIM
B EREREBB P L ERSES RS SRS ¢S
* *
* Viva 1NdN1 *
L d *

FEEREBE SR ER SR BEE R SRR SRR S

.n-&whm\on.no.On.mOlt¢<& s
S-4/9-€/€-2/2
.0—..e—..0\oo..oo..oxo.o.o\oo.o.OOul.O\o-m m w
|—°<¢ x
SO¥Y) viva

SRR S RESL SRS E LSRR R RSB0

. .
* 161 *
L] W00H I cmm M m<>(2 .
* iV m: xom C314100W *
. WY¥90Ud SISAIVNY VNN3IINV *
" ALISY3AINN 31viS O1 "
SEEENEE LSRR ELR LR RE LN SEBS IR ®

B ——
e it .

B




€L6%E56°92 r+ 86828L2°9% S1 3IDNVQ3dK1 VNN3IINV 3HIL

962910°0 SI INdNI ¥3MOd 39v¥3AV-3WILl 3Mi

810E%€ES°66 SI AIN3IJIJd43 NOILVIOVY 3HL

€L69E55°92 r ¢+ 86828L2°9% S € 300N 1V 3INVQ3dWl LNdNI 3H1

FESFS BRI L EX LU AR R TR ST E RN RS

* *
* SNCILYINIIV) *
* VNN3INV *

L4

L d
IR RS R S SR RSS2 22 222 2 2 2 2 2 2 )

122




sS88nns
» -
- -
- -
» »
e »
- *
- -
- v -
* Z #
® Q0 #
® e #
* W
* —a &
. Uy &
- D
. xO &
. ay &
* Uag &
- (S
- o«
- -
- -
- -
- -
- .
» -
- .
LA R R 2 J

ELD INTENSITY

Fl
HETA

-OOPNN—O
We ¢ o000
D2 LVEC oL e L
L et et o ek ek s ek vk
b A s, Ll
L I B I |

00000000
[alalelolelolele]

Z W W
O AODFOSI-
AP O~ OF O
T DDODmiet
O NN A
LRI B I
OOOOO000

00000000
00000000

O L L L U W) W
DL FOT M
X~ OO
e (N et et O P O VN
nninnTe e
R
KT ENYS

PHI

O00N0OO0
[slelalelelaTs I

- L W W W W
qnn$ FP OO
W =~ 0N Mom o
AT OPONM
NN NN NN
e ® a0 8 0 0

X ot et ot et et ek ek
[ I I B |

00000000
00000000

P W WL W
OMNNOVO ~0
annsSO oM
EAuS N F AR
NN eI
L I I

.
COQOO0O00

O vt et et O O et ot
[elslolalelolo 1)
N ) (L)

TOOND= QO
N\ PO O -t
O ) et ot ot $ N

L I

1119 110

0000000
00000000

U U L W W
At N ) et O P et P
Wt O =N O
ADOSNOO N~
NN N
LU
Fe¢ L RN

00000000
cO0000000

— L L W W
T AN et DO Nt
A OM=TONNnMm

000N rmmm

..
QOO000O0

0000000

0000000

d

O w Wwwwuwiww
A UWE OF NNt Ot
IE~NOoWOCT®
= o DU N e i\
N ot et et N O] et ot

IR
00000000

WER GAIN

Q0000000

59792288
w

~ s —————




0°se

*$33w930 0°1 340 Sd3il
a—o.nc!O‘&Qz->¢<><»wxb0140.n0oh om 0( m.w2->¢(> M&

S N
¥0J ONI¥311V3S J11ViSIe
*$33w93 SN
0°21 01 0°01 WO¥3 ONIAYVA ViI3HL ONV 0°0 ¥VA

1
39hsests"ul
1 0°0 WO¥4 ONIA 1Hd MO& u!—MWth AIVe
1 ni
SE2EESEES ISP 2SS IBRSL SRS S
.
L
.
.

*
. 03153n03¥ 1Nd1NO

®
25835588 S0 SEEEEBRR RS

N3wuN L] wis

0°0 10 300001°0 €
AYYNIOVHI RLED ] *CN
S170A 3CON

S0333 VWNN3IINV

uooo.ooooa.ooooooooooouoooooﬂ
* viva 1NdNI u
®

POTT L e T PR I RS L it

wedeing
.N—.O—.o.OIxuc.\nQ.nQ-nO.nolh 1 “ n

SO¥y) vivo

SIONVYHD WO/ONY SNOTLIOOY SNIROTI0S 3IHL HLIA NOILINI3X3I INNTANDD

124




SRS ESELEE RS E IR RERE SRS

*
*
*
*

L d
*
*
*

SEEE RS ISESIREEEEERSAERE SRS RS

26.5534972

46.2782898 ¢+ )

1S

3

THE INPUT IMPEDANCE AT NCDE

ANTENNA BRANCH CURRENTS

WD
Ve s
g
TMNm
A

0O O~O
WO OO0
~NO

- U
--—-0N0
Lt O et
TZoOo®

BR—

$3,5343018

THE RADIATION EFFICIENCY 1S

0.0162564

46.2782898 +J

THE TIME-AVERAGE POWER INPUT IS

THE ANTENNA [IMPEDANCE IS

26.55364973




b -
WO 0o WO wonoo
Ve o0 o (% I ) [ B )
am®OOO OO <ODOO
EEV TN =00
a - | a
Q O~O O O~ 0 O~0
Wwo oo Wwooo wWwooo
~NO ~NO NO
(=] Ll [VVIYVIVY) -y UL (2] — U
. -t =000 -0 . -d b= 0O o
o A NOy a0 — - NO Ny
- XZMOm TZovo - XZmom
xXINO™M X OPMO xOMom
" Qar—=M~O OqP—=~0 " Qar~™~o
o« ZX v 000 ZX o000 o ZX o0 00
L o000 [=l=leTe) - [ol=lelo]
w w
X NN b4 P 4 NNy
- wooo wooo - wooo
ol ol o
o Dwww DWW Q Dwww
z L A b et OO z =0mM-0
a —— —ON N P4 —O NN
Z Ot Za0¢m Z 0 -
o NN [CTLE ) o uNmnmN
. aneEmoO amEne . aMFno
o X o0 00 X o 00, [«] X o0 0o
o000 [=lolele] [elelele)
[ amm F -t " mmm
— >»000 > OO [ >000
L 4 @i al | x AN
a qwwuw < a QWi
Zeom ZNMmN Zono
- —r e w O =0 - - OO0
(%] VO~O > OM=n~ (%] O~
w w 4T < <qouno w w il A
-l > X$oLrO x ZNONO - > X $OvO
(L] L. § e R - e e, (L} L4 Ll B )
z x 1110 a (=N N z x 110
4 w «
o NN ~ T o ~NeN
- w o000 o [wlel=} - w 000
z ~N G < [N 4 ~ [
Snunen w - www « wu w — wuwiw
- * (=] o B - MO o o B Ll
- B — < ar-hsr~ o at e — « ar-i~t~
- » (=] - wrsmh- a wwoo o (&) P wrmh-
- - 4 =] oL =~ oL O$O z o 0L et
- * — a Mmoo < g~ - a nEmo
® . *“ s e 0 [ L) e 0
. O “ w — o000 w 1000 w — [=1lol)
. Zun - p = I x b 5
* —Z - a - - a
; *® O #» onmen QNME N onNmEn
*® U~ » o w w o w" o
* b . o x 4 x z Q I z
* a » w - - 'S -
. aJ » wWows © woEnN 9 woono
*® OUD » [ > WV e e e > [ B (L] > vV e e e
* VO » z @ aom®D @ 400~ z @© <ODWD
® X4 & -t & v I NI - X v
. Ld » o o a (=] a ~ -4 Q a
. QO » w w w w w
* © * - (&) O | [}
@ - - > OO 2 o - > OO
- - < O ow Ooo 0 ow oco L4 o ow oo
@ - (8] zZ wo Z wo | 1> Z wo
- “ v - ND WWWw - ND WWwuw v - ND WwWww
- @ —— Y0V b QOO 3 — OO®
@ - w N = NON VN e DO w WV d= NON
- - > - aZ MmOmM - Z 09O > - aZ mom
tSannen < z Mmo™ z om < z [l
x W XaAOM et~ w QO ot e x W XIOM
' « LR [ 4 X o000 [] o DY)
w x Z O000 x Z O0no w & Z O0O00
z > 2 z =1
< (%] NN () O < (%] NN
p] w ooo w ©oo - w OO0o
a s 14 & ¢4 a Q 1
o www D www N wunw
. - e - N - 4 - Omo
- - s - nNm [ - NN
— Z - Z mOm — Z e
x O NN M MeN x W oum
=T ) qQomeEm aom.s™
o X oo a0 X oo [« « " o
w o000 o000 2 0000
-
< mmm oy < mmm
- > Q?? > OTO — >» 00O
(%] ] [N & 104§
[=} 5 www 5 Www 8 < W
v Z som Z MmN [ Z ono
w — P ~— OO v - o0
< O O~O O I~ < O I~e
; rr» a Oono a e
L OL0¢ ToNnonN w TOsow
- Ll LR L ) - L U
z (=R | 00\ z ol
w w
« . ggg ;o; o« NNg
o
E o 77 & 7S
w www (%] www
- NN - Moe - MM
b 4 -« < o9 b 4 < Long. g
"] VIl w ©0w® g W e~
z o e o« O9¢o o e
omem Ot g = < omem
.00 * 000 s 000
. (=11 1-] =N N-1-] o000
—yen 8-N00 S-NNQ
o o
z z
O=~me (Ll LT 4 O~
W w w
w w w
‘ 126
|
1
|
[ & S —

CURRENTS INDUCED BY THE THETA POLARIZED WAVE
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0.0 AND THETA= 12,0

PHI=

BRANCH CURRENTS ASSOCIATED WITH PLANE-WAVE SCATTERING FOR THE INCIDENT ANGLES,

CURRENTS INDUCED BY THE PHI POLARIZED WAVE

CURRENTS INDUCED BY THE THETA POLARIZED WAVE

TERING MATRIX
:
1
0

x W rr
WZ - www
b )

AN ot g ot ()
P4l o § LR
QaZe 11}
dqSWw
DJOX

127




mo-m~oomo 0 €0-3€01%L°0
T9vwl

€0-31S16
IV 3 OVNWI
VI3HL-Vi3HL

1* €0-3162¢€2°0 10-322286°- 10-382€%1°- 00 345621°-
RiEL VW1 V3 VNI vy
1Hd-Vi3H1 Vi3H1-1IHd IHd-1Hd
(Q3¥311VIS-IN3CIINT)
XI1YlVW ONIY¥311VIS NOILVZINWVIOd G314 II¥id33
JI1viSis ;
0°21 _=V13HL 0°0 =1Hd SI 3JAVM 3INVd
AN3QIONT 3K1 9ONI¥3LLVIS DJIiviSie ¥Od

SRR RLE B RSB EE TR RE S0

* L 4
° SNOT1IVIN)IV) -
- ONT¥311V3S JI1visSIs .
* @

TR SRS S R AR RS S A At ] 2

10-36%€L1°0

0°SY 0°S*
IHd

1N10d
NOI 1¥AY 35 9083
N




36 33328%-9
00 woOMNw.m
NOI1VJ0)

0°06 =1Hd 07314 ¥vd ¥03J 107

ucooooooooohcoooooooooocooooo
L d
L4 031S3N03¥ 1NdiNO "
.
oonoonoooooooooood.oooooooooo

”.o 10 300001°0
AYVYNIOVNWI $170A v3y
$0334 VWNNIINV

m onm 00 weom~mu“

m. 00 300s21°-

m 0°0 00 3co00s2°-
N P4 A

300N NO11VI01

3uWNLINYLS 3VWIN

(SY
-uw~wt\woxt-
3¥) VISN

(3A1av iN
sse S8 980088000 SRE SRS
u Viva 1ndN1 u
"oo ssee oon.ooou

to*sz°*0s0*s21°*0/0'0%0/ o.nnﬁwwam

129

2°=91

sy {l

SQuv) viva

SIONVHI ¥O/ONV SNO111GOV ONIMCTII0I 3HL HAIM NOIANDIX3I 3INNILANOD




6L0LESL 89 e 2€€9821°L6 ST 3IONVO3IIWNI YNNILINV 3H)L

LLTLETN0°O SI INGN1 ¥3M0d 39V¥3AV-3INIL 3HL

$Y962L1°66 S1 AIN3IJI443 NOIIVIOWY 3M)

6L0LESL °89 r + 2€€9821°L6 S1 ¢ 300N 1V 3INVA3IJNT LNINT Mg

S SIS E S S0 eSS SRS

PY s
s SNOILYINDIVY *
" VNN3INV .

.

AT I TR RS R A 22 22 2 ad tdd 2

130




o
o
o

.
L 22 ]
.

*ea

Nonoo..omﬁun'l'co“o

.
00€ i
LR
LR
. .
. L]
. -
L] L] .
. L .
. . .
. . L]
o€e ° ° SES SIS
¢ sss ° 8%
. . ..' . .
= ... . .
. .. . - .
. * . .
. . . . .
. .. - . .
... - . .
° o . .
‘ee . & w
l. . . o K
.. - . . L
l. . . .
. L3 . .
o . . .
. : by :
.ll..".m“'.l‘U".“Nﬂ...l..'“*
. . . .
. . . L]
. . . .
e . . .
.. . . . .
.. . . . .
... . L] .
. . - .
l.. . . .
. '. . . .
K . . . .
. . . .
- .. . . .
. ... - .
. - ... . .
. sse ° 888
0€0 ° ° Ll 2 2l L L I
. . .
. .
0%0 v

90-3€€88Z° =¥OLIVY ONIZITVWYON

e o o .
L .
# 0%z
. .
R
° .
. o . . .
. . .
. . .
. - Ld
LR .
. . .
. . L
. . .
. . . L3
. - Ll
. . .
. .
. "
. . . .
. . Ll .
. '. .. 2 - .‘
. . . - .
. . > . .
. . . . . -
0....l‘0“‘...'...mNN'......aNn.......“
. . . .
.. ° ¥ . .. “ "
L L . . L
.. .. g . “ ”
. . - -
. . . L .
. - - .
. . Ld . -
rits ” .l .. .
. . = .
. . .
.. - ..
. . .
. . .
ll . 2 l.
. . .
& ... i .
. . .
. . .
® @ . . -
. .
.“.
L .
- A °~—

LRI L

*3INVI4 031412345 W04 N¥3 11Vd VNNIINY 0W314

- TP e

c v o012
‘......‘.
.. . om‘

s et 800

Mu1dIN I

1




L] .
. .
00§ s
onm g “ .. . ..
- . . o .
A ‘st sEeeB ERER e il
e sss  ° * seess . *
2 LT T ! 2 e *
.. - - - .. .
¥ LA e 3 ‘ess’
. * . . - . ..
* »s = i . . ss
- .. - . - . ..
. . . - - '. .
“. - . . . '..
. . . . . . %%
.. . k2 . . . . .
.. » . . . ...
.. . - L] . . '.
. . . . . .
. . . . . -
°°° ".000.ll.““".‘l'..““ﬂ..l‘...h““’...ll.m“ﬂO...l.”.
. . . . . .
. . . . . - .’
.. . - . . ...
l“ . . . . - . .
. . . . L - !.
0. . . - . ‘..
. . . . . .. -
. .. . . . . ..
. &% . . . . s
. . . Ll - . .O
. .. . . .'. .
. .. . . . .. -
= sss ° t r sse =
p ses ¢ sess 4 *
i ‘gesess sesseee . e
. . . .
°m° . . . .
. . . - .
. . . .
. . . . ©
0g0 oy

00 30€816° =dW01IV3 ONIZITVWYON

a0 ce s
.

BBB 000 v eses st e

*°
*

o. . oo ” ° o
5 u . . . . . o
”..-o.oﬂwdutc-oooﬂ&Nt.0'0comNﬂlootoilﬂNODOQQCOOOﬂ o8 ”
. . . . - .
L] -. oo .0 : 3ﬁ
. . . -
e o1

*3INVI¢ 031417345 W04 N¥ILIVY YNNILNY O1314 DI¥LI3NI 13ML




2.

(a)

(b)

LIST OF REFERENCES

Richmond, J.H., "Radiation and Scattering by
Thin-Wire Structures in the Conglex Frequency
Domain," Report 2902-10, July, 1973, The Ohio State
Unversity ElectroScilence Labortory, Department of
Electricai Engineering; Rrepared.under Grant NGL
36-008-138 for National Aeronautics and Space
Administration, Langley Research Center, ampton,
virginia 23365.

-

Richmond, J.H., "Computer Program for Thin-Wire
Structures 1n a Homogeneous Conducting Medium,'" NASA
Contractor Report CR-2399, June 1974, for sale by
the,Nat;ongl echnical Informatlgn Service,
Springfield, virginia, 22151, Price $3.75.

Richmond, J.H., "Computer Program for Thin-Wire
Structures 1in_a Homogeneous Conducting Medium,"
Report 2902-12, AuguSt 1973, The Ohio State
Unlver$1t{ ElectroScience Laboratory, Department of
Electrical Engineering_ prepared under Grant NGL
36-008-138 for National Aeronautics and Space
Administration, Langley Research Center, Hampton,
Virginia 23665.

Richmond, J.H. and Geary, N.H., "Mutal Impedance of
Nonplanar-Skew Sinusoidal Di oies,".Repor 2902-18,
August 1974, The Ohio State University )
Eleg¢troScience Laboratory, Department of Flectrical
Engineering.

Miller, E.K., Poggio,A.J., Burle, G.J., and Selden,
B.S.,_  "Analysis of b [

a Conducglng Half Space: Part I. The Vertical
Antenna in Free Space," Canadian Journal of Physics,

50, pp 879-888.

iller, E.K., Poggio,A.J., Burle, G.J., and Selden,
S., "Analysis of Wire Antennas in the
Conducglng Half Space: Part II. The Horizontal

tenna in Free Space, Canadian Journal of Physics,

n
0 pp 2614-2627.

M
E
a
A
5

133

ire Antennas in the Presence of

Presence of




