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SUMMARY

Previous thin-wire antenna programs have either been very
* specialized or all—encompassing . A beginning or occasional

user does not need expertise in programming to gain insight

into wire antenna structures , using this general purpose

user—oriented code. The revisions contained herein correct

deficiencies of handling the image problem in the original

code and improve the accuracy of calculations of structures

over finite ground.
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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 f in i te

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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I. INTRODUCTION

Although many thin—wire computer programs have been

developed for the purpose of analyzing antennas and

scatterers, few of these programs have been directed toward

the student of electro— .agnetic theory. The uiajori~~j 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 compu ter 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  Un ive r s i t y  A n t e n n a s— S c a t t er e r s

Analysis Program (OSUMOD or ASAP ) is directed toward the

beginning student who does not yet nave 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

ti•e, it is capable of analyzing structures to assist the

engineer with design problems.

Since the resulting program, ASAP , is primarily di rected
toward students, the program has been limited to structures

which contain less than 50 monopoles (segments), no longer
tha n one—fourth of a wavelength, and w hich have less than 51

nodes (intersections and endpoints). If a ground plane,

eith er perfect or finite is present; the stated limits above
are halved due to the gemeration of an image structure.

7
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II. ORIGINAL PROGRAM

A. T H E O R Y

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 doma in with an excitation caused by either a

generator or an incident wave.

In the analysis, a piecewise—sinusoidal expansion is

u~~ d 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. Input Format

In the  p r o g r a m , the  i n p u t  data mu st  specify t h e

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 , an d 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 whic h could
be requested by the input data strea m are the following:

a I:
-
- ‘-- -- -— ~~~~~~~~~~~



a. Antenna Problems

( 1) Cur ren t D i s t r i b u t i o n  on t h e  S t r u c t u r e .

(2) I n p u t  Impedance .

(3) Radiation Efficiency.

(4 )  N e a r — Z o n e  Field .

(5) Far—Zone Field.

b. Backscatter ing Problems

(1) A bsorpt ion Cross Sec t ion .

(2) Scattering Cross Section .

(3) Extinction Cross Section.

(14) Complex Elements of the Polarization

Scattering Matrix

c. Bistatic Scattering Problems

Echo Area .

Table 2 is an example of the output data available for

da ta  of tab le  1.

3. L I M I T A T I O N

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.

9

— .— -- -.--- - — —---.——---—-- —~~ ---



U-’

z
cx

cx
0

U-’ a cx
cx
0~ -J
—J z
z -~— a~ a)OO~ ~~o or-rn .-.

O r n r’.i c~LA 0 s • .  Q
0 I 000

LU
Ui I
I I-

cx
cx st 0o iL

0 • U.. ~‘J 000
• 0 . . .. <

00Q~ < — 0 000 I- (\1
I-
< L U  o w
0 j

— l~~
LA < ~~0 D ~- ‘OOIA ~ 0. ~~00 0_ c~j n.-i r-
0 • Z .o~oorno ~~• . . . . . • a
0 1 -40

Ui LU
I I
I.-

OLA iL -.Lfl r~4 LAO 0 0
0 o~0.0 ~ 

• I .4 c~J LU . .0000 w
s 0  0 0. . . .  ._J A J Q S • I I  .4

I .-. -4 Q~’ I I 000. a ~~ 1 0000 0.
z

LU LU
LA

z oso ~o z
~o0 < 00,0000 <
lAO 00 • .0
. • • • • • • S S I .00 .IA

(~~~~~~Qr *~Jr fl ..tLA0OO00.~4 00O~~~ 04

00 • 0
00 0 .000Cj .
• .  0 S I S  I I I  0,... .LA

oo—m— r.Jrn 4~O0O00— 0’ I ooo~t

it,



III. MODIFIED COMPUTER PROGRAM

A. Input Format

As illustrated in table 1 the format for the input data

cards is not self explanatory. This forma t c~ zi be ueterwined

by referring to the FORMAT statements of the prog ram of Ref.

2. Since the modified program is directed toward ~he
student , the input data format ~as changed to allow free

format. Reference 2 was written in a form w~-iich permi~ t~ d

modifications to allow flexibility iii specifying input data

for the analysis program. Appendix B , titled “Use r ’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

veLsion , detailed labels were added to the output iata. As

with the input data , Ref. 2 was written in a form which

enabled aodificati~ ci to allow more specific output data for

the analyzed pro blem. With the addition of the polar

plotting packa~j e, the far-zone electric field intensity

polar radiation and reradiation patterns can be plotted. A

samp le 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 anal ysis program , the finite ground effects were

added to A3AP. The theory corresponding to the ground

11 
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effects , which utilize Fresnel reflection coefficients , i~
_

discussed in Appendix A , titled “System Manual ” . Al sj

discussed in Appendix A is the modified comput~~r program and

the corresponding theory. The electro—ma gneti~ theory was

~eveloped 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.

IV. 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 bot h 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

t init .-~ ground treatment of ASAP agrees favorably with

Sommerfield ’s solutions. The ASAP finite ground results are

also in excellen t agreement with the previous computer

solutions of Refs. 14 and 5.

V . RECOMMENDATIONS

Al thou~jh the progra m is a general analysis tool for

students , several future modifications will enhance the

program dS a design tool for engineers. These items include:

varying the wire radius on the structure ; incorporation of

12
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n — .-

non—radiating elements such as transmission lines; varying

the wire insulation radius , conductivity, and dielectric

constant; and a geometry generation package such tis dipole

array or helix. One malor change tha t would both improve tne

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 A L . DIPOLE
FRE QUEN CY 3MHZ
LENGTH .5 WA V E I EPI6TH
RADIUS .005 MEYERS
)IELE CTRI C CONSTANT IR E L A T IV E ) 10

CONDUC TIVITY HE UH T /WAVEL EN G T H AS A P EXAC T’

.1 .25 123 .75 .4  68.30 126.5 .J  83.89
.30 98.62,4 8.26 13 0 .24J  49 .52
.35 87.60.4 ~5.64 8 8 .5 0 4 4  4 6 .52
.45 78.6944 4 1.79  79.21.4  52 .60

7’ • 46.00 1 ~75 1:~:~ ~:~‘t ~~~.35 I~~43.J 39J0 85.41.4 48.93
.45 41.52 80 17,4 54.03

.4 51.99 tt4 .i .j 71.89
.00001 .25 91.1354 41.99 94.0944 50.49

.30 85.90.4 4044 86.01~ 4 49.83.35 86.78.4 43.~ 3 00.72.4 34.63

.45

HOR I ZONTAL DI POLE
FRE

~~

UENCY 3 MHZ
‘ E N  TH .5 W A V E  ENG TH
~ A D US .031 ME~~E RS
D I E L E C T R I C  CONSTAN T ( RE L A T I V E )  10

CONDUCTIV ITY HEIGHT /WAVELENGTH ASAP EXACT S

.1 .5 *4 .20’J 23 .69  87 .7 4 . 4  4~~.t 7
.3  132.43 .4 46.09 136 0.4 6 .91

39.4644 84.99 40 .44 .4  00 .7’
.001 :~ 80.09.4 31.80 9~~.4~~~J S0.a3

.3 111.69.4 42.39 1 O~ ~ 62 6971.0k
3 93 S3’J.00001 ~

?
~:3i~ ~~ 11~”~.3 10.07.4 43.07 .47.4 fl:.~.1

* C O URTESY OF L A W R E N C E  L I V E R M O R E L A B O R A T O R Y

TABLE 3
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SYSTEM MANUAL

I N T R O D U C T I O N :  The Antennas—scatterers Analysis Program

(ASAP) for thin wire structures in a homogenous conducting

mediu m performs a frequency domain analysis of antennas and

scatterers.  The program is applicable in the presence of a
grour,d 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 piecewise—sinusoidal expansion is used for the current

d i s t r i b u t i o n .  The m a t r i x  equat i o n 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 sam e curren t distribution as the expansion

modes, this may be regarded as an application of Galerkin ’s

m e t h o d .  R u m s e y ’s reaction concept was most h e l p f u l  in this

development , and therefore the formualtion is known as the

“sinusoidal reaction technique”.

The main routine and each subroutine is discussed

separately in this appendix. The writeups for the

subroutines are arranged alphabetically by suhEoutine name

after the main program. Each of the discussions includes the

purpose of the sub routine, brief description , an d a l i s t i ng .
After the subroutine writeups is a table of the more common

symbols used in this program .

The input data and pr~ gra. limits are discussed in

detail in the next appendix titled “USERS MANUAL ”.

1± _-----—--- 
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G R O U N D  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 tnis technique was used required the

generation of an image structure. In this section the

r e f l e c t i o n  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 were not present. Then, the field was decomposed

into parallel and perpendicular components. (A parallel

com ponent is the componen t 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 inciden t ray.)

z 1

E

~rTEII1II :: ::~//~
Q 
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\
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r
Consider an image monopole with the electric field in

the 1 direction. The ray, Q, 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 system

(043,z) where a and f3 are pa rallel to the xy plane with a in

the plane of incident and $ p er p e n d i c u l a r .

If the direction cosines (cosx , cosy, and cos.) are

known , it can be shown that the components of the field in

the a$ (xy ) plane hav e the followin g rela tionshi p :

cos $ sin $ E

E
1 sin $ -cos $ E

where • = arctan (cosy/cosx)

Now the reflection coefficients for  the interface can be

ap p lie d as:

I’

E
1
~~ R E

L

I

where R and R will, be defined later in this section.
I I  I

A pplying the matri x equation above yeilds:

19
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(B) 11(8)
8 c~ s $  sin . E
x

(0) 1 (R)
8 sin • -cos $ 8
y

(the square matrix is unique , in that , the inverse is equal

to the original matri x ). Since the image direction is

opposite to the original monopole , that is,

(I x !) • = — (I xi )
o r i g i n a l  image

t h e  z component  of t h e  f i e ld , whic h is in the  p lane  of

i n c i d e n t , is g iven  b y :

(8)
E = — R  E
z II z

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

c o s O —  ~/& ‘ —s in 2 9

H cos 8 + /&‘ — 9

and foL parallel

0 - ~ os 9 — 

~.J & — $j f l 2 9

V 
- 

& ‘ cos 9 + f&’ - sin2 8

where 8 is the angle of incident as measured from the normal

to the interfac e an d

= (& + a /ju)/ (& + c /j c~)

where the subscripts correspond to tae mediums above.

- -~~~~ 
-- 
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To determine the relationship bet w een B , B and B , B
II j V H

a perfect grouni (6 = 0, a=~ ) was investigated.r

limit B = — 1
H

l i m i t  B = +1
V

But , for a perfect ground the contributions to the field

from the image monopole wo~ild be equa l t~~ the fiel.I of tee

origi nal monopole but opposite in sign due to the chosen

reference direction,

I I (B) II I I
E R E = — E

II

= B ~L
I

therefore

B = - R
II V

~j  H

In summary, tn- contribution to the electric field of a

.onopole over a groun d pl3ne at a given point is give n by:

(0) (B) (B) (R)
8 = E cosx + B cosy + E cosz

x y z

w h e r e

(8)
= B F cosx + (p — R ) E cosx C0s2 $

x II

+ (B — 8 ~ 8 cosy sin • cos •II J~

21

j  
____________________________________ ________________________ _ _ _ _ _



(R)
E = B E cosy — (B — B ) F cosy c0s2 •y II II L

+ (8 — B ) E cosx sin $ cos $
II I

(B)
E — 8 8 cosz
z II

where 8 is the field without the ground plane present and

— & ‘ cos ~ + ~/ & ‘  — ~~j~~2 9
B = _________________

II 6’ cos 0 + /
~~~
‘ —

B 
- 

~~~~~~~~~~~~~~ 
~~j f l2 9

cos 9 + / & ‘  - sin 2 9

6’ = & —

r 0

22 
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MAIN

PURPOSE : to control the input , output , and tri e flow of

calculations.

METHOD: The main program controls the flow of the

r equ i r ed  c a l cu l a t i ons  by calling only a few subroutines.

These subroutine s 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 D I M E N S I O N  s t a t eme n t s  at t h e  b e g i n n i n g  of t h e  main

r o u t i n e  provides t h e  requ i red  s torage for  a wi re  s t r u c t u r e
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 ,

t h e r e f o r e  a wire s t r u c t u r e  wi th  up to 25 segments and 30

nodes can be a n a l y z e d .

NM denotes the actual number of monopoles (segments) ,

I N M  is the  co r respond ing  d i m e n s i o n , a n d  t h e  d i m e n s i o n  fo r
CG, VG , and ZLD is twice INM . The second subscript for MD

a l w a y s  h a s  a d im e n s i on  of 1$ to correspond to the num ber of

s e gm e n t s  mee t ing  at  a given node.

N denote~s the number of simultaneous linear e.iuations

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



to recall if the structure is to be moved for ground plane

calcula tions.

A fter the ima;e structure is generated and structure

location is moved , subrou 4 m e  SORT is called to determine

th*~ ciipole nodes. Prior ~o calling SGANT , the load and
genera~~or informa tion is established.

Subroutine SOANT is then called to calculate the

element s of the impedance matrix. If F E EDS or GENERATORS

ar e specified by the input data stream , subroutine G ANT 1 is
called to solve for the current distribution due to these

Zo r c i n g  f u n c t i o n s .

In  the  DO LOOP e n d i n g  w i t h  s t a t e m e n t  29 , s u b r o u t i n e

G N F L D  is called to c a l c u l a t e  the  n e a r — z o n e  f ie ld  f o r  t h e

c u r r e n t  d i s t r i b u t i o n  of t h e  s u b r o u t i n e  G A N T 1 .

The s u b r o u t i n e  GFFLD is called f o r  t h e  f a r — z o n e  f iel d of

t h e  c u r r e n t  d i s t r i b u t i o n  of t h e  s u b r o u t i n e  G A N T 1  i n  t h e  DO

LOOP ending at statement 35. The subroutine GFFLD is callel
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bistatic and backscattering calculations are requested by
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C 04
C 8151* 7  C SCAV T ERI M G 04

45 IF ( Ia  SC I •0I GO TO 54 04
W R ITE 4,~~5 04
WRI TE 6.01 04 0
8* TI 6.71 04
WR TI 6,02  04
W R 78 4 6 , 4 1  C P H I ( L ) . C T I 4 E T 4 L )  04
WI TI 36 .02  04

0433
INC • 2 0 4 3 4
NPL . — * 0 4 3 5
IF 4 P411P.E0.I) GO TO 46 043..
NPH$ • 4PHSF—PHSIU STE P .1 0 4 3 7
NY KS • ITHSP— THSI) /STEP. I 0434
)F (IWI.I8.0) W A I T E  (~~,e7 ) 0413
GO tO 40 04*)

46 IF (*BIT.GT .300.I GO TO 4? 0441
MPL • I 044 2
MPH S • 360 0 4 4 3
MT H S — 1 0 4 4 4
PH$) • 0. 0449
TH SI • *810 044 6
S 1EP • 1. 0 4 4 7
GO TO 48 0 4 4 W

47 NPL • 2 044 9
NPW S • 3 045 0
NTP4 • 360 045*
P.45* — L O I P  0 4 5 2
1HSI • 0. 0 4 5 3
S TEP • I. 04 5 4

4$ PH • PP4SI STEF 0455
C 0456

00 51 6-1 NPHS 0 4 5 ?
F,, — PH.STEP 0458
TM • T H S I — S f t i  0499
IF l ( I 0 R O . C t • 0 . * N D .( IT H . GT .9 0 ) . A N O . 4 T $ .* . Y . 2 7 0 ) ) )  GO TO 51 0460

C 046
DO SI  I (  F4T HS 046
TM • 111.51fF 043.
I. • ( ‘ I  0464
C* L l. C.F F L0 ( l A , l S  INC INN 18* (1  12 13, I12,N0 8,80 NM 4$ ACIP AC IT 0465

I 3. (00 CG,C,)  CM’ ) 0 ICSP ECS T IT,IPP OTT EPPI .EPIS ~TP%,ETTS GO 0466
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 0467
3AN,ENi 1010) 0460
IF IwI.Gt.0) GO TO 4~ 0469
IF NPL.LT .0) W R I T E  (6 .6 3) PH ,Tg 3,$PPN ,$PT N, ST PN,STT N 0470

4~ CP U C L )  • PH 047
0TH 7(1 — TH 04?
COAII 3. — EPPS 0473
GOAT ? I. • O P T S  04
COAT ) I • UPS 04
COAT4 L • 8 7 1 $  04 4
IF 38*1 NE. ) )  GO TO 30 0477
09711*6 - GA SSIEPP S)  042$

~~~~~~~~ 
: :~ic~
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~si j s~ 
“

.~ ~3’~i L’~~.
~~~ DA T Y 4 ~ 6)  — C* B~~~E T T S ~ 8130 IF IN 1 N O . 2 )  TO 1 4

O* T Y I I I  • 098$) EPPS 048
0*192 (I) • C A B S I E P T S  0464
0*193 )3) • CA B $ (ETPS 0485
0* 7 9 4 ( I )  • 0 6 8 5 ( 8 7 0 5  048

SI CONTI NUE 048
C 040

W R I T E  ( 6 . 8 2)  040
(F )NP L.LE ,O ) GO TO 32 0490
C A L L  PO LPAT ( 3 , 0* 1 9* )  049
CA LL POLPAT (4,0*192) 049
CALL POLPIT (5,0*7 93) 049
CIII PO IPR T 16,O*TY4) 0494
IF (R F I*0118). 447.I) GO TO 54 0493

52 W R I T )  (8 . 66 )  0494
C 049?

53 ~~~~~ lb t~~~) C P F 4 I ( l ) , C T H ET ( l I , C O A T I ( I ) , C O * 1 2 ( I ) . C D A T S ( I ) , C 0 A T 4 ( I )
C 0500

54 IF IIFIA G.E O. 1 ) GO to 1 0501
IT C I F LA G .IQ .2 ) STOP R~8~66)1*0.0 ~ 5O
K J )LA G O 930
6MFLAG .0 050
KFI )- LA G 0  050
IF ( K P L A G ( I 3 I . G r . O I  KKFL*G 1 0508
I F CR FLA G(23).Gt .0) KJFIAG .I 0509
IF I KFIA &(34) .GT.O) KMFL*G .1 0510
I F ($.FL*c,(24).GT .0J ~NPLAG .1 0
00 55 l~~l,3O 0

55 6)3*0( 1 ) • — l  0513
C 0

,FL*G (8) • 1 0
6)1*0(20) • 1 05
6)1*6(26) • 1 05
IF (K 6 F L A b • ~.T .0) RFL*G 13 )— 05 8
IF (KJFLA I.. ,T .0) v.FLAG 2 3 ) —  0519
IF (RMFI .*G.ol.0) KFIAG 3 4 ) —  0520
IF (XNFLA G OT 0) F.FLAG 24).
IF (IFLAG .Ea.I ) WAITE 6,6S
IF (IFL*G.EO.4) WRITE 6,11 ) 5OC T0 4 524

So FORMAT (IHO I
57 FORMaT ( IQX, ’THE RADIATION EFFICIENC Y IS • F15.7Il30X,’TH( TINE—A l

IERA GE P08(1 INPUT IS ‘,FIS.UILO X ,’THE ANTENNA 1 00MC( IS ‘,FIS.

2? • ii’ P 1 5 .7 / / I
38 F8RM*T l L OX , • T F E N E A R — F I E L D  EL ECTRIC F I E L D  INTEN SITY AT THE OOSERV

1311CR POINT ‘,EII .S. ’, ,E(l.S,’,’,Ell.S, ’ (X.Y,Z RESPECT IVELY) 1 S T  05 3 1
0 5 3 2

59 FOR MA l ( 2O* , ’ EX. ~~,F 1 5 . 7, ’ •J F15.7/20 3, ’EY•’,F13.7, ’ •J’ ,F15.7/20 0535
19 ‘€2 •~ F15.7,~ .3’ P15.71//li 0514

60 FoRMAT ~3X, FS.I ,2X,~~5 .1,3X ,EI0.4,2X ,E1O.4,2(3 3,))E1O.4 ,2*),F6,I,1X 0533
I ) )  053

61 FOR MA l (T41 ‘FOR OIS T *T IC SCA TTE R ING TIlE INC IOENT’/ T41 , ’PLANE WA V E  033
I iS PHt .’,F4.I • THETA . P5.1//I ) 0530

62 FO R MA l  I’ I NC I O E NT ’  T 2 7  4 EC HO A R E A  SIGM *’ ,T66,’AOSOA PT IOF4’,T90, EX 0539
I T I N C T I UN ,T 1 14, ’ SC A T T E R I P4G’/’ PIANE’ ,T25. ’ (INCID EN T—S C *TT E R EOI • I 0540
2 * o.9ISX , ’ 4USS S E C T I O P4’ ,6*I/’ WAV E  ‘.5Z*•3lI0X .’PO1’.1IX )~~

1 PHI 054
3 T .- E T * ,1. ‘ PH)-P (ll’ 33, ’PHI—THET A ’ ,4*, TM E TA — P M I .2X, THETA—THETA 054
4’ ~)t 9*, ‘ P H! ’  1* , • T H E tA ’  4*) I 054)

63 F 64 4 * T  (lX ,21)5.1 3* ) l0(E1O.4,2XI ) 0544
64 F .44 41*T (T94 ‘ B * C R k I T f E R ( N G ’ / .  INCIO EF4I , T 3 ? , ’ E I E C T R IC  FIELD P0(1* 0543

l I l O T I J N  S I A T I T R I N G  4A TRIX’ / PLANE ’ T49 ‘*I#C IOEN T— SCA TTERED I ’/3* 054
2 ‘w *vL’ t 2 3 , ’PH *—P HI’ ,T49 ,’PM *—T HET * I ,T7S ‘T HETA—PHI •T102 .’T IiETA— 034
31H[1*’/ 1 PHI T HETA ,38.4(3* ‘REAL ’ 8X, IM *G ’,a X I )  0548

45 Ff l R M A T  (13 ,21)5 1,1* )  2* 41811 .5 23 ~ 11.5, 3X)) 0549
66 FuRM A T 1754 ‘8 I SV A T I C /T37 ‘ELECtR IC FIE LD POLARI ZATION SCATTERI NG

I M A T R IK ’ / ’  b8S EAVAI ION ’ T56 ‘IINC .IDEN T— SC *TTE *ED) / ‘  POINT ’ 143
2 FHI— P hI , T4 9 , ’P H I— T H E t A  fib ‘TUEIA—P H I’ .T&OI, THETA—THETA’) ~ 055
341 * T H E T A  4* 4 ( 3 *  ‘ R E A L ’  A *  • IM*G’ I X) )  053)

6 7 FORMAT I’ b8(~~SV *7JON ’ 72f. ’EC HO AA~ A SIGMA’!’ POINT’ T25, ’I)NCI 0334
IOE N T - S C A T T E R E I P ’ / ’  PH) THETA’ T14 , ’PI4I—PUI’ ,T24, ’PH I— TH ITA’ ,T37, 0553
2 ‘311E 14-PMI ’ ,T 48 ‘THETA—THETA ’) 0356

6. F ORMA T o H )  5*,’CONT INU E EX E CUTIO N WITH THE FOLLOWING ADDITIONS AN 0557*0/OR COIAN&ES’//) 055$
69 FOR MA t (54* ‘ELECT R IC F I E L D  IN TON S ITY’ /5X, ’080REES’ IIX .’POW ER GA l 0539

P4’ 28*, TME T *’ 42* PH •/33 ‘THET *’ ,3* ‘PHI’ 73, TUETA’ ,$X , PHI ’,I fl 60!~ ~ISx, ’REAL ’ Ax ‘IN*0 1 .S*, 1 NAGN’ 5X • ’~~HAS~~~J )10 FORMAT *10* • &S•&SEI*OR 18 DATA CARD NJMO E .12, ’ EXECUTION STOP 056
*PEO”a”••’) 0363

7) FOM A T 1 40X, ’8 A WI R E SIGIENT M A YM O T 81 SHARED BY NOP E THAN P0 0364
1UR ‘‘/ 40* ,’’ DIPO LE MODES CHECI OESCIIPTION DITA CA 0565
210 •‘,,OX, ’e EXECUTION STOP PED 056
3 •‘)  05672 FORMAT (40* , ” AM ISOLATED W I R E  MUST HAVE IT LEA ST TWO SEGMENT 056
IS ‘ ‘ /40*  ‘~~ *80 THA EE PO INTS CHECI DESCR IPTIOM DIVA CA 69
liD ‘140*, ’ EXECUTION STOPPED 70
3 ••

73 F0 )AT C)0~~.’A  SACKSC A T T E* IN G CALL MUST BE INCLUDED FDA A I ISTA T I C
I CAIL’//SOX , ’R (OUE$l IGNOToED’~~lI1!) 7

74 P018* 1 3 I’ ,TSO I ll ’s I /T50 ‘0’ T$4,’S’l 14
I 750,” 0810 STAT E UN(~~E1S t* Y  “ F2 T50,’. ANTENNA ANALYSIS PIOGRAN 5’.’ 76

30



BEST AVAI LABLE COPY

T5O~~~S M J D I F I E O  FOR USE AT •‘/ 0517
4 I5O~~’• N A V A L  POSTGRADUATE SCHOOL “F 0578
5 T S Q , ’’ 3 SEPT EM BE R 1973 •‘/ 0579
6 150 ‘ ‘  TAb ‘S’/T50 ~~~~‘s ’~~ 0580

75 FO R MA T I I , T90.29(~~6 I ~~T5O ~0’ 17~ ‘‘‘3 0583
16 FORMA T (r5O, ’.’,LI* ‘ANTENNA’ 178,’*’) O58~71 FO RMAT (T’50.’*’ ,86, CILCULATIONS’ ,T7$,’s’/T5O ,’’’.T7 8,’.’/TSO,29(’ 0583

0584
7$ F CA M A T  (750,’’’ ,9*, ’NEAR F IELD ’ 178 ‘ ‘ ‘)  0585
79 FORMA T ( T 5 O , ’ R ’ ,91. ’ F&R F I E L D ’  178 •‘) 0586
80 F O E M A T  1T 5 0 , ’ S ’ , 7 3 , ’ R A C K S C A T T E R I N ( ,  T 7B  ‘ ‘ ‘ 3  0591
8 1 FORMAT ) T 5 0 , ’’ ’ ,4 * , ’ B I S l * T I C  S C A T T E R I N G  ,T ? $ , ’ ’ I  0588
$2 T0F.M*T (lI/I) 05*983 F O R M A T  I T O O . ’ F R T DU(NCY C MHj ) ’  T8 3 811 3) 0590
$4 FORMA T (T30, ’W(3E RADIUS (METER S ) t e L  8 11 .5)  059
$5 FORMA T (T3O, ’w I’f CJNOUC IIV (IY (ME I ~9M H?IS/MEI’ER)’ ,T $ I , E L I . 5 J  059
$6 FORMA T ( T 3 0 . ’ W (I’ t INSULATED INO/YES)’ ,T85, ’Y8S’) 0593
87 FORMA T ( 130, ’g I T E  INSULATED (MO/YES)’ TIS ‘NO ) 0594
$6 FO R M A T  (T3O , ’LNSCJLA T I O N  RADIUS I M ET E R S ) ’  t a l  El I  5) 0595
$9 FO R M A T  1130 , ’I M S U LA T ION C O N D U C T I V I T Y  (MHOSFM ~ tE R t ’  T 81 ,EII,5) 0596
90 FO RMAT ll30. ’I8~ U LA TIC 1P l D I E L E C T R I C  CONSTANT I R E L A T I V E I ’ .TaL,E ll .S) 0597
9) FOR MA l I73O . ’INSU LA TIDN LOSS T9M GE NT ’ 781  811.5) 0598
9 2 FORMAT ( t ,O , ’ E * T E R I O R  MEDIUM’ T S I , ’FPIE S~~A C E ’ )  0399
93 FOR M A T  (T30, ’E *TE R IO R MEDIUM CON D U CTIVITY (NiOS/MET ER) ’ 781 811 .5) 0600
94 F ORMAT (730, ’E E T E R I O R  MEDIUM DI E LECTRIC CONSTANT (RELATIVE ) ,T8t, 060

I E 1 I . 5)  060
95 FORMAT 1 t 3 0 , ’ E R T E R I O R  MEDIUM LOS S TA NG ENT’ , 0 8 1, 8 1 1 . 5 )  0603
96 FORMAT (T S0. ’ W * R f  ST R U CT U R E ’ / / T 2 0  ‘$80.’ 4 X , 2 ( NOOE’ 191 ‘LOCATION ’ 0604

I 181)/T 21 ‘NO. ’,3X 20 ’ NO. ’ 9* ‘* 13X , 1 Y’ ,I 3x, ’Z’jX) /1TZL ,I2,5x , 0605
22112 ,5 * E 1 1 5 4 6 E11.5 46 E11.5,IX))) 0606

91 FO RM A T t t s o  ‘ L M T 1~NM* FIEDI’ /T40  NO0E’ . L6X , ’V O L T S ’ / T 4 1 , ’N0 .’ ,121, 060?
I ‘RF4I’ ,7X I MA GIN AAV’/(14I,i2,a9 2(4 1, P I * . 5 1 fl 0603

98 FOR MA T  (150 ,’.’, bX, ’OUTPUT RE QUESTEO ’ .T76, ’.’) 0609
99 FOR M A T  (T30, ’ST R UCT URF CURRENTS ’ )  0630

*00 FC RMAV I?30. ’ F A R  FIELDS FOR PHI VARYIN G FRDN ’,)X.FS.I, ’ TO ,F5.1, 03.1
1 ‘AND THETA V A R Y I N G  FROM ‘ F5.1, ’ TO ‘,PS.l/ 061
2T50, ’IM SEEPS OF ‘ F5 1 ‘ DEGREES. ’) 0613

101 FOR MAT (030 BAC KSC A TfERING FOR PHI V A R Y I N G  FROM ‘,FS.I, ’ TO ‘.FS. 0614
Il ‘ ANTS THETA V A R Y I N G  FROM ,F5.1, ’ TO ‘,F5.1/ 06 3
2T50,’I N STEPS OF ‘ F5 .L  DEGREES. ’) 06

302 FOR MA T (Tb BISI AT I C SCATTERING FOR P41 VARY I NG FROM ‘,F5,1, ’ TO 06
I’ F5 I, ’ 1) 16 THETA VARYING FROM ‘,F5.I, TO ‘,F5.I/ 06 $

PO INTS ( X , Y , 7 ) ’ / 3 O ( T 4 0 , 3 ( E 1
* 5.5*) 062

~~ 1~~::~8I 8~ ~ ~(~8 j~~~~~~;F~ ;I.)
£0. FOMA T Tb ,‘PLOT FDA SISTA SCA T EAING-FO* THE TA— ’,FS.)I 424

107 FOR M A l OTT ’) ,’PL U I F- J R B I S T * T I C  S C A T T E R I N G  FOR PHI • ’,F 5.I) 9625
I~ $ FOR MA T (133,  ‘P131 FOR R A C R S C A T T E * IN G  7.4119.’ F5. )1 0828
109 FO RMA T (T 9 J , ’PLJl F ~ B*C R S C A T T E R I N O ,  P 11 ’ I’~~.II Ob~~713 0 FO R MAT C ) 3 ~~,’8O J U T P J 1  OR PLOTS R E Q U E S T E D ’ )  0628
I L L  FORMA T ( 1/ )  0619
112 FORM A T  (T5O, ’3’ ,T76, ’.’ITSO 29)’”)) 0630
113 F O R M A T  (150, ’’’ B* ,’IPIP(J 1 DATA ‘,T7B, ’’’) 061
114 FO RMAT 750,2-3 0 •‘ 1/050, ’’’ ,T7* 5’) 063
( 1 5  F O R M A T  O* ,’S I H C~ TF I IS D A T A  03.0CR DOE S NOT HAV I I T E R M I N A T I O N  CAR Q63

10 A L.~4 O.I *~~.) 3 ASSUMED I 0434
114 FOR MA T 4 / / L O X  ~ .o ’ ’ ’ ) / 1 0*  ‘THE DESCRIPT I ON AND THE GEOMETRY OF THE 0635

I S IR u C T U R E ’ .’t3* ‘MUST BE ~lA TE 0 IN T HE F I R S T  DATA Bt OCR.’/I03,’” 063
2. E*fc.UT IOF , S T IPPED 055 3 063

31? FORMA t 0 / /10 * ‘80 PART OF THE W I R E  S T R U C T U R E  CAN LIE BELOW THE CR0 06
I UNO P ANr. ’,t0* ,~~Se..E*ECUTI0N STOPPED” 06

11$ FORMAT 11 5 1 ,’ ST 4 U C T U R E L O A D S ’ / T 4 0 , ’ NODE’ 16* O!4 M5 ’ /T41, ’NO. ’ ,12X 0.40
I ‘RE AL • 7*, ’ IMA GI NA RY ’ 11T 4 1 12 6* 2(4* 811 .5))) 064

* 1 9  FORM .’ Ih-). ST4UC1URE LO* DS 1/ T I 9, 1SE0.N~~NT •14X, ’O HMS’ /T4 1, ’NO’ , I2 064
I X  ‘R I * L ’ T x , ’ IIIA G INA RY’ /( T 4L I2,e* 2(4* EII.5))) 064

320 FOR M A T  (fSO, .AF4!ENN * FEFOS’/t 39 , $168881 ,1 4X, VOLTS’/T41, ’MO. ’,12 0644
ii ‘)I EA L ’,7* ‘I M AG I)1ARY’ /( T4 1,IZ 61,2 (4* 111 5))) 0645

*21 FOR MAT 0/~~1~~0 ‘T HE NUMBER OF IN~~ERVA L $ JOR CALCU LATI NG THE ELEM ENT 064
1S’/TbO ‘IN Tol l I M P E D ANCE MATRIX WITH SIM PSON S—IULE INTEGRATION 15’ 064
2 /T30 13 ‘. (F CLOSED FOAM IN TECDA* T ION IS REQUIRED SET INT .O’lFI $ 9648
&ORMAf I)  .‘GROIJNO P11)4 NO/Y ‘.78 , MO’ 0649

~~ ~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~I E J O ‘GAOUF ~ CONOt$CTIV ~~~Y (80(05 NETEAI ’ ~II,E 1I.5) as
S F MA T I ,‘ 4 PLAN ‘ T S ‘P RF~ CT 1 06 3f~ ~~ STATIO’/IOX,40 ( s h
I’S’))
END

31



B L N K

I

P U R P O S E :  to compress data  to t h e  l e f t  by r em o v a l  of
the blank spaces on the input data cards.

M E T H O D :  A ( I )  c h a r a c t e r  is com pared to the b l a n k ;  and
if it is t r u e , the  A ( I + 1)  charac te r  is s hi f t e d  to tn e  A (I)
p o s i t i o n .

CA L LED B Y :  READ

CALLS TO: NONE

5 ) l  ‘47 III ~ (A) I
l j M O N S l l ’ 4  A ( 8 ~~ è 2

0* 19  0 1 1 7 13 / ’  ‘I  3

O r) I I’ i ,00 6
3 • 7
9 ) 3 *  • £ 1 1 1  I

I IF C A I ( l . E Q . O L A N R )  k .kP 1

IF C R.EQ. 0) AET UR N  I
*161 -Rh - BLAM I
RI TUR N
END ‘

_ _ _  
_ _ _ _ _ _ _J



CBES

PURPOSE: to calculate the quantity 801 where

801 J (z) / J (z)

METHOD; If the absolute value of the argument for the
Bessel function is less than 12, 801 is calculated via the

power series expansion for the Bessel function in the DO

LOOP ending it  s t a t e m e n t  3. If g rea te r  t h a n  12 , t h e
asymptotic expression is utilized at statement 4 •  I f  the
magnitude of the complex part of the argument for the Bessel

function i~ greater than 20, BOl is set to (0.,—1) . I f  th e
complex part of t h e  a r g u m e n t  is n e g a t i v e , t h e  s ign of 801 is
changed  p r io r  to r e t u r n i n g  to the  ca l l ing  p r o g r a m .

C A L L E D  B Y :  S G A N T

CALLS -rC : NONE

.1 AP~ iT * 8 5  - 5 4 5  1,41* )
- N/I F ‘ i~ . -. ‘. , t 0

(1’”’ . ’ . l ) ( , j  h R M 3 , T E R M R 4 , M 1 24 , J ) 1 1 2 )  1
)A ’A P 1 / 5 . 1 , ) 1/  4

( 5  *3 ‘, l j J  .4 . 4  .12.0) O s )  T~~ 4 5
• 3 , ’)

• ( ( . , ‘l . l  I
• - O . -~~3 ’ /  I

I F A M J • ( , .j ,43 _ ’)) 7
C * 0

fl~ 5 ‘44 ‘1, I I
‘4 • “ - I  * 2j ’. I X P (  • TI°~~J * 5
M — 4 4

I N • M ’j  * 5
T S 5 4 M J • T I  ‘~~ /../T, OA T)MS IN.M)) IX

( 7
I’ I4,P .71- - Ii ) (51
I A )  I Ii - A I ~ .),i/F( 361(M ) (A
T II’ M 54 • ‘ ) 5 ’ l N . 1 7 3 M 3 1 ) A ( _ 11J4 / 0

2 15434)3 x x ’ ,l T I A N J I  21
14 ( 1 R 3 3 k .,1 . 1 . U F — ( U )  GO TO 1 22

3 T I R M I  • 0.501 2 5 4
C 24

001 • .4N ( 1)1 JM ( 2) 2”
RETURN 26

4 I • A I N A C , C 1 )  2 7
IF (ACSIY).GT .Z0 .I GO TO 5 26
AR 0. • (.0 *.)‘l 29
1* • C E X P C A I G )  30
CC •
CS • 1,0 —I  3 0 ( 1 * — I  18*)
.0* • (C~.C~ II(C S— C~ ) 33
REtUR N 34

5 801 • I 0 —I.) 35
IF CV .I. * .6 .) 803 • (.0,1.) 5
RETURN
ENO

‘A 
__________________ _________ 

_____—
- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - 

- - _____‘

~~



DSHELL

P U R P O S E :  to calculate the mutual impedance term

c o n t r i b u t e d  by the dielectric insulation on t he  s u r f a c e  of a

t h i n  w i r e .

METHOD: The contribution to the impedance matrix is

calculated utilizing the equation below

(6 — &) ln(b/a) I
z = — — I F’ (1) F’ (1) dl
mn 2n lw&& J in n

2

where z is defined in subroutine SGANT , & is the
inn 2

dielectric constant of the insulation , b is the  ou te r  rad ius

of the insulation , a is the inner radius, & is dielectric

constant of the external medium , and F is the sinusoidal

e x p a n s i o n  f u n c t i o n .

C A L L E D  B Y :  SGANT

CALLS TO:  N O N E

SV0000 T (N E 0504( 4, 1 (A M , R N ,DIT CGDS ,S GO% 1P2 IF £1A ,GAM ,P II, P I2)
CO MP LE * COD S SODS , EP2 ,EP ,811,GAM , P11 ,~~L 2 ,I

’.O ,LST
O A I A  P ( / 3 , 1 4 t 3 9 /

• GIM SOK
15 1 • I(FZ-(P3’TTA SA 4,9 6(IM /*Nl/1 4 .SPI’EPZ’SGOSS$GDS )
P 4 3  • •Csl’(c.D .SGDS ’CG P

• CSISICO ’CGOSO SGO

INO
UR $

334

- 
—

~~
----- — - - - - 

~
- _ - _



EQU A L

P U R P O S E :  to d e t e r m i n e  pos i t ion  ( loca t ion )  of the equa l

symbo l on i n p u t  da ta  card .

M E T H O D :  The cha rac t e r  search beg ins  in t h e  c o l umn

passed to t h e  s u b r o u t i n e .  On r e t u r n i n g  to the  c a l l i n g

p r o g r a m , the  a r g um e n t  passed is the  c o l u m n  f o l l o w i n g  the

equal  s y m b o l .

CALLED B Y:  R E A D

CALLS TO: N O N E

SUI QVTINE EQUAL IN ) 000
INTEGER A £
(ORRON /A A
DATA EQELSI’— 0004
1 . 8  0005

00 I 1—1.80
N • 101 0006

I IV •IQ.EQULS) ~o TO 2
C 00

8 ~~~~U&N

- -  -~~~~~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 35 ~~~~~
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EXPJ

PURPOSE: to calculate the exponential integral with

c o m p l e x  l i m i t s .

M E T H O D :  The e x p o n e n t i a l  i n t e g r a l  is d e f i n e d  as:

V2
W1 2 = e~~ dv = E ( V i )  — E ( V 2 )  + l2 n n

w h e r e  th .-~ i n t e g r a t i o n  pa th  is t h e  s t r a i g h t  l ine f r o m  V i  to

V2 on t h e  c o m p l e x  v p lane  a n d

x

I —t
E ( z )  = I e dt
1 I t

zJ

The integration path is a horizontal line in the w plane

or an inc l ined  s t r a i g h t  l ine  f r o m  Vi  to V2 the v p l a n e .  The
i n t e g e r  n is zero unless  t h i s  p a t h  i n t e r sec t s  the  n e g a t i v e

r e a l  v ax i s  at a p o i n t  b e t w e e n  Vi  and  V 2 ,  When t h e r e  is
such an i n t e r s e c t i o n,

a) n = 1 if I m ( V 1 )  > Im . ( V2)

b) n = — 1 if I n ( V 1 )  < I m ( V 2 ) .

The ter m j 2 n n  is ca lucla ted  below s t a t e m e n t  12.

C A L L E D  BY:  G G M N

CALLS TO: NONE

I
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GA NT 1

PURPOSE: to consider the wire structure as a

tran smitting antenna and calculate the input impedance and

curren t distribution.

M E T H O D : I f  a wire antenna is d r i v e n  by a v o l t a g e
g e n e r a t o r  v located at one of t h e  c u r r e n t  s a m p l i n g  p o iit s

2.

1 an d  it  d i s p l a c e m e n t  c u r r e n t s  a re  n e g l e c t e d, A m p e r e ’ s law
1.

yil’lds

V = v F (1)
2. m 2.

wne r4. F is the  s inuso ida l  expans ion  f u n c t i o n .  Thus , t h e
ex c i t a t i o n  vo l t ages  V w i l l  v a n i s h  e - v e r y w h e r e  excep t  where

03

v i~~ no t zero.
2.

rhe DO LOOi~ en ding with statement 2 uses the delta—ga j~
&o odel d e f i n e d  a b o v e  to d e t e r m i n e  the  e x c i t a t i o n  v o l t a g e
C J ( I )  f o r  a l l  t h e  di pole modes.  These  a r e  stored
temporarily in CG(I). Then s u b r o u t i n e  SQ~~OT is ca l l ed  to
on t a i n  a so lu t ion  of t he  s i m u l t a n eo u s  l i n e a r  e q u a t i o n s .
S4,~RO T .. tores the  s o l i t on ( t h e  loop c u rr e n t s )  in C J ( I )

In  t he  DO LOOP e L c ~i n j  ~t s t a t e m e n t  6 , the  co m ple x po w er
i n p u t  a n d  i n p u t  im p e d . . :e ( s )  are ca lcu la ted .  The
t i m e — a v e r a g e  power i n p u t  ( P I N )  is the  real part of the
complex power i n p u t .

S u b r o u t i n e  R I T E  i ca l l ed  to m a k e  the t r a n s f o r m a t i o n
f r o m  the  loop c u r r e n t s  to t h e  b r a n c h  c u r r e n t s .  If  I W R  -is a
pos i t ive  in teger , R I T E  w i l l  w r i t e  out t h e  list of b r a n c h
cur r en t s

38 
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5

F i n a l l y ,  GANT1 calcula tes th~
-’ radiation efficiency by

calling subr~~uinte GDISS to obtain the time—average power

dissipated in the lumped loads and the imperfectly

conduc tin :-j wire.

CALLED BY: P~A I N

CALLS TO: GD I SS

R I T E
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GDISs

PU RPOSE: to calculate the tim e—average power

dissipated in the imperfectly conducting wire and in the

lumped luads.

METHOD: ~~~ time-average power dissi pa ted b y the wi re
is calcula ted in the DO LOO P end ing  a t stat em en t 1 u t i l i z i n g
the e q u a t i o n  be low:

1
B ( *

= ___ l I d i
d 2na J -3

w o e r -  R is the  s u r f a c e  res i s tance  of t h e  w i r e  a n d  a is t h e
S

rad ius of the wire.

The power  dissip a t  ~d by t h e  l u m p e d  loads is c a l c u l a t e d

~ y t he  DO LOOP e n d i n g  a t  s t a t e m e n t  3. If t h e  wi re  is
p e r f ect ly co nd uc t i n g ,  CMM <0, the first calculation is

by-pass ed.

L . A L L E D  BY:  GAN T 1

CALLS TO: N O N E
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GFF

P I J R P O S F :  to  c a l c u l a t e  t he  f a r — z o n e  f i e l d  of a

sinusoidal electric nonopole .

METHOD: If an electric line source has length d and

endpoints at (x , y , z ) and (x ,y ,z), then the coordinates

of any point on the source are

x x + 1 cosx

y = y + 1 cosy

z = y
1 

+ 1 cosz

whe rc~ cosx , cosy, cosz are the direction cosines oS the 1
a x i s, and 1 is the distance along the source measured from

the endpoint (x , y , z). Let the current distribution on

the monopole be

I sinh y(d - 1) + I sinh yl
I (1) = - - - -~~ 

2

sinh  yd

where I and I are the endpoin t currents. The far—zone
1 2

field of this source is

E = (cosx cose cost - cosy cose sine — cosz sinO) E

F = (—cosx sine + cosy cost) E

where

-yr
yfcl )

F = - - - - - -  - --  

~~~ 
( (e — g s inh  ~d 

- cosh yd) I e
1 ‘ m r  ( 1 — g 2 )  slnh  yd

yf(2)
+ (e + g s i n h  )‘d — cosh yd) I e ]
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fC I )  = sinO cost + y sinO sine + z cos9

f ( 2 )  = x sine cos, + y sinO sine + z cosO

= cosx sin9 cost + cosy sin9 s ine  + cosz cosO

and  (r ,e,~~) are the spherical coordinates of the observation
poi n t .

In this subroutine the range dependence has been

suppressed. The far field vanishes in the endfire direction

w h e r e  GK = 0. If a ground p l ane  is present (IGRD > 0) the 
~

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

and  the  ref lect ion coeff ic ients  are appl ied before F and Ee 44
f i e ld  componen t s  a r e  r e t u r n e d  to the  ca l l ing  p r o g r a m .

CALLED B Y :  GFFLD

CALLS TO ; [ G ON E
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GFFLD

?U aPOS E :  to ca lcu la te  the  f a r — f i e l d  fo r  the  t h i n  wi re
s t r u c t u r e .

METHOD: The far—field for the structure is calculated

from the loop currents. The loop currents are either the

currents produced by the transmu ting antenna calculations

of subroutine GAN T1 or the currents produced by an incident

plane wave.

If the incident field is generated by a distance source

with spherical coordinates (r ,ø ,$), the excitation

voltages induced by a incident plane wave are

V = [F F dl
m J m i

where

F = F exp(y ?.~i 0 0

where E is a vector constant , ? is a vector from the
0 0

coordinate origin to the distance source, and ~ is the

radial vector from the origin to the observation point.

The f i e l d  F is gene ra t ed  by test dipole  m w h e n

radiating in the homogeneous medium. Using the vector

potential , the field at the distance point (r ,6 ,~~~) is

-yr
0 r

F = — __________ IF exp(Y f-.f ) dl
m 4nr J ii 0

0

‘I
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where  t h e  r ad ia l  com ponent  is tu be suppressed . From the

above equations,

tInE yr
V = —  0 e 0 e e

jwu 0 m

If an a n t e n n a  gain calculation is desired , INC is set to
zero. PH and TH denote the spherica l 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 program.

If INC = 1 , a backscattering calculation s 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 f i e l d ;  and  echo areas .

If  I N C  = 2 , a b i s t a t i c  ca l cu l a t i on  is desired . In th i s
case PH a n d  Til de r lo t e  t h e  spher ica l  coordinate of a distance
observer. Since this calculation uses the  induced loop
c u r r e n t s  (EP and ET) , a b ac k s c a t t e r i n g  call  must  preceed

t h i s  ca lcu la t ion .  The ou t p u t s  r e tu rned  to the  ca l l ing
pr ogr a m  con sist of t he  scat tered e lect r ic  f i e ld  c omp o n e n t s

a n d  echo a reas .

E P P ( I )  a n d  ETT (I)  denote  the p h i — p o l a r i z e d  and
theta—polarized far—zone fields of dipole mode I with unit

terminal current. In a backscattering situation , the

excitation voltages EP (I) and FT (I) are obtained by

multiplying EPP and FTT by the constant CJI.  Then calls are

made to SQROT which stores the solution (the induced loop

c u r r e n t s )  in E P ( I )  and  E T ( I ) .  R I T E  is called for t h e  branch
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cu r r en t s  CG (J) , and GDISS is called f o r  the  t i m e — a v e r a g e
power 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 scatter ing prob lems , the inc ident  p lane  wave  has uni t
electric field int en sity at the origin. GGG denotes the

t i m e — a v e r a g e  power density of the  incident wave at the
ori gi n.  ACSP and ACS T denote  the absorpt ion  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 regarded 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  dis tance f i e ld  is c3lcu late l in  t h e  DO LOOP e n d i n g
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) SPPII, SP?I~, STPI,

and STTM , are defined as

2 2ar
a = limit ‘mnr e S / 3

S

where S and S denote the time—average power densities in
S

t h ~ sca t te red  and  incident fields evaluated at the origin .

For an antenna , the following definition is employed for

“7



the power gains:

2 2ar
C (e,, ) = limit 4nr e S ( r , 9 ,~~) / P
p r— —

whe re P , GG , denote the time—average power input and
1

S(r ,6,~~) 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

fit~ld , respectively.

The use of the variables JFLAG and KFLAG are described

in subroutine SGANT .

CA L L E D  B Y :  M A I N

CALLS TO: GD I SS

GFF

R I T E

SQROT
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GG MN

PURPOSE: to calucate the mutual impedance oetween two

f i l a m e n t a r y  monopoles w i t h  s inusoidal  c u r r e n t  d i s t r i b u t i o n.

METHOD: As stated in subroutine SCANT , the mutual

impedance of coupled dipoles may be ex pressed as sum of four

nonopole—monopole impedances. This subroutine calculates the

mutual impedance with closed—for m ex pressions in terms of

e x p o n e n t i a l  in tegra l s .

For skew monopoles it can be shown that the

monopo le—nonopole mutual impedance is given by:

t —z zj +j  n a in
z = (—1) B (e (F — e  G + e  G )
ij ji 12 22

—t —z z
n in

— e  (F — e  G + e  G ))
12 11 21

where m= 2/i, a = 2/j and

B = — - -  —
~~~~~~~~~~~

—

16 n s inh d sinh d
1 2

The functions F are defined by:
ik

qz cos ~1
= 2 sinh d e ~~(R~ + qz cos ~$ 

— qt )
1 1

k
where  q = (—1) , d and d are the leng th s  of the monopoles

being considered. The functions G are defined as follows:

~ 

- - 

ik 

_____



G = E(R + gz + ~‘t — 
Ig ”) + E ( R  + qz + q ’t + jq ”)

2 2 2 2

— E(r + q z + g ’ t — j q ” )— E ( R + g z + q ’t + j q ”)

i k
where g = (—1) , ~~‘ = (—1) , and qI) = qb + q’c with

= c cos ~ and c = d/sin ~~~. The angle ~ is the ang l e  formed
by the apparent intersection of the two monopoles. This

will be discussed later in detail .

ik
In the above equation for C , t denotes the position of

an observation point somewhere on monopole 2. B and 
2 
are

the distances from the end~.ioints of monopole 1 to this

observation point. FinaLLy, the E functions are defined as

follows:

a +~~~~ “j v q ” ( 2 “
~ —yw

E (a + = e e dw
J

a +jq ”

where ~ and q” are real quantities with dimensions of

length , a is a function of t, a = a(t ), a = a(t ) and
1 1 2 2

y = jw /1I~. The integral above is evaluated by subroutine

EXPJ.

D j  2 :: L/ T2

~ 
Si4 Ti : ‘

V 6 +
P A R A L L E L  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 sonopoles. The coordinate origin may be

selected arbitrarily. Si and S2 denote the z coordinates of

51
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the endpoints of the te~;t m onop li e , Ti and T2 are the
coordinates of the endpoints of the s-xpansion monopole , and

D is the per~’endicular distance (d i s p l a c e m e n t )  be tween  the
mouopo1 .~ ;. The mutual impedance of parallel monopoles is

calcula tes in th e list irt of GGNM below statement 5.

For skew m ono p o L~~ . 1 t th e  test monopole  s l ie  in the
xy plane and the ex :au~ ion 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 tne z axis, the e~tended axes of the two monopoles will

appear to intersect at a point on the xy plane. Let S

m. .isure the distance along the axis of the test monopole

with the origin at the apparent intersection. Si and S2

denote the s coordinates of the endpoints of the test

monopo ic~. Sim i l a r i l y ,  let t measure the distance along the

axis of the expansion monopole with the origin at the

apparen t intersect ion. Ti 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 = = cos ~~~. The monopole lengths

ar€~ d and d
S

The outp ut data from GGMM are the impedances P11 , P12,

P21 , and £~~2 .  In defining these impedancos , the reference

~ir .-ction is from Si to S2 for the current on inonopole s,

and from Ti to T2 for the current on monopo le t .  In the

i m p e d a n ce P , the first subscript is 1 or 2 if the test
i j

dipol e has terminals at Si or S2 on monopole s. The second

subscript is 1 or 2 if the expa~ision dipole has terminals at

Ti or T2 on .onopole t. the monopole lengths d and d are
S t

assumed positive in defining the input data CGDS , SGD1 and
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SGD 2 .

For parallel monopoles , CPSI = 1 or —1 . Si , S2, Ti , and

T2 are cartesian coordinates for parallel monopoles and

spherical coordinates for skew monopoles. For skew

monopoles, the radial coor-linates Si , S2, Ti , and T2 tend to

infinity as the angle V 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

SGA NT

CALLS TO: E X P J
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GGS

PURPOSE: to calculate the mutual impedances between

two filamentary monopoles with sinusoidal current

‘I istr ibutions .

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 ,Yi ,Zi) 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

~tr ’ . applied in a slightly differ ent manner than mentioned

previously. As with self impedance calculations, the test

monopo le and the expansion monopole are laterally displaced

by the wire radiu~~. This lateral displacement is used to

‘~eterm ine the angle of incident. This technique is applied

at state•ent 8.

If INT = 0, GGS calis GGMM for the closed form impedance

calculations. Otherwise GGS calculates the mutual impedance

via SilpEon ’s—rule integration with the following number of

sample points: IP = tNT ÷ 1. If the monopoles are parallel

with small disp lacement , GGS calls GGNM to avoid the

difficulties of nu merical integration.

Since the point (X,Y,Z) of subroutine GNF lies on the

expansion inonopole t, T is the integration variable and is

measured from (Xi ,Y1 ,Z1). Ci is the current at T for the

mode with terminals at (X1 ,’fl,Zl), and C2 is the current at

T for the mode wit h terminals at (X2,Y2 ,Z2) • C denotes the

Simpson ‘s—rule weighting coefficient.
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E~# ’ 1~~) W  ~, t a t e w e n t  7 , ;s pe r f o r m s  some an a l y t i c  g e o m e t r y
4 in preparation f - e l  CC i l l i ng  ~GMM . The remainder of this

section is concerned with this pzeparatio n .

Let ~ denote •i unit v~- tor in the direction from

(XA ,YA ,ZA) toward (XB ,YB ,ZB) • Also let ~ denote a unit

vo- ~ to , from (X1 ,Y1 ,Z1) toward ~C2 ,Y2,Z2) - Then ~.t =

cos 8 = CC whe e 0 is the angle formed by the axes of the

t i C  monopoio’.’~. Let monopole s lie in one plane P and
S

monopole t lie in another parallel plane P.~ CAD , CBD and

CGD are the direction cosines of the unit vector ~ = t x 
~ /

sin ~ which is perpendicular to both planes. To obtain the

distance DK between the two planes, a vector 
~ 

is

constructe~ t r ~i n (XA ,YA ,ZA) to (X1 ,Yi ,Z1) and take DK

~ 11

A ~.ine is constructed from (X1 ,Y1 ,Zi) to the test

monopole , such tha t 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 XZ, YZ, and ZZ. The

direction cosines of ~ x ~ are CAP , CBP, and CGP.

From tho’ point (X1 ,Yi ,Z1) in plane I~~’ a line is

const l -Icteci perpendicular to the point (XP1 ,YP1 ,ZP1) in the
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plane P - This line is parallel with ~ and has length DK.
S

Let ~ represent a vector from (XZ,YZ ,ZZ) to (XP1 ,YP 1 ,ZP1)i .

P1 denotes ~ (~ 
x ~

) . Si and Ti are defined in subroutine

GGMM.

CALLED B!: SGANT

CALLS TO: GGMN

}uøROyTINE oçs ( 4 7 *  YA, 1A ,x~ YB D ’~4 Y~ ~ t X~ y2,12, AM ,DS,cGDS,SGD 003
1~ DI,~~GDV ,(DI r ,Ef6, I~AM,p1 i vtz ~ C1,P~l,t&,,,I6~Ib, 003

CO M P LEX E X 1 , F Y 1 , ( X 2 , E Y 2 , E Z ( , ( j l  0)0
COM PLEX 7111, 71 12 712 1 P22,EJ* Eje (21 (J2 ,(TA,GAM,CI,C2,CST 3004
~OMP l E.74 (GO.CGOS ,SGD$,SGOT,Ea1,(82,(rI,E32 0005
CC HPLEX ERR 000(CR711147 EE,(O x ((9 000
CCMP%.U PP 7147 719 712 0006
CR711147 AR ! R~I2 A473,804,11711,AVL ,1H2 ,4lIV2,$)413 .41V3,47H4,$V4 0009
*T A 7171 /12 .5 6637 /
A • 1 X 2 — X I ) / D T
B • ((2— 911/Of 001?
• lil — Z I t / O T  3013AS • 1 478— 476)/OS 001 4

8$ • ((8—9*1/OS 0015GS • ( Z 8 — i A ) / D S  001~~¶~ 
• ~ A ’C AS:  ~~~~~~~~~~~~~~ LI OQ 3 ) a ~~~~ ( I G A D GT O ) 4  GO TO I

~ 
~F ( A ? Sj C f

GY
~~~9t ?t ~~~2 I~~ t

F I INT .L(.Q) GO TO 1 00MS • 2 S I(PI T /2) 00
F (INS .LT .Z) INS • 2 0023P • (715 .4  0024

OELT • 07/INS 0025
• .0 0026OSI - CCSOEL T 0027711 1 • (.Q,.O) 0028

“2 • (.0,.0I 002 9
P~~1 (.0,.0~ 0030P Z • *.0,.0 0031
*85 • A M S A M  00 325GM • — 1. 0033

C 00)4
C 0035

00 5 171 .1 .171 0036
221 • SI 00 3 7ii? • Si—OS 0036$472 • xl.TsCA— xA— c2. c&~ 003 9(VI - v 1 . T . C e - y * — ~~lS~~i( 0040iii • I •T S C G— *— S L $ C ~ 004

~ :(2* • C(XP l-GAM S*1) 0044
124 • EJ*’IL 0045
AZ • SW *t4*S ,LLZS.Z ) 0046(JO • C lXPl — GA8* 82 0047
122 • (28/82 004$
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• Ei8 ’Se .D .i,1•(
~~

I ’G°S—Z
~~
•
~~~ 

0049
— — . ef)’S7, ’5.I Z2S tJZSCGD S 1 0050

FAC • . ,. 003’
ID 4*S. f77 .A 85) (AC • (GAS47XZ,CI*YYZ.CG*LZZI/$S 0052
F’) • C’ •*122— FJI .Cc,OS).F6C.181 0053

- C~.•(1JL -E JZSCG0SIePA CS IR2 0054
F ( I G* O . L T . O t  00 TO 4 0055

AV f l- (.,0) §85.
*91 • (—1..0) 0
*711 • (—1.,0)

AM • * — t .  0 )  0039
IF iic*o.i 6 . t p  00 Ye) 2 0060
*01 — X I .T~ C A- ** 0064

• Y I ,T *CB~’YA 0062
IC)  • 1 1 .T ’ CG - Z *  0063
47 02 • Z I * I S ( A —* 6  0064

• Y I .ISCB-Y B 0063
202 • ~ L.T’C(~— IB  0066
AG ’ • ~QR T I * e I’XG1•VGI’YGI) 0067

— 504T 14702*Xc,2*Yc,2.YGZI 0068
19 — A T *N ) R G 4 / 2 G I I  0069
T I  • *1AN(R02/jGl ) 0070
(Til l • C0SITT~~)
~ 7,TH1 • S t N * T , t ) ’S I N I T T I )
CT I-42 • (0S 11121 0073
55Tu2 • 5I ’I(IT2J *~~~N11T2) 88~881 — C500T UDk- S

• I( T ,’it-DMt)/(CT p l(,RA I) 0016
A D ’  - I ) R 0 * L T 4 1 AA14/((AA *CTH I ,A *11 0077

- CS., CC ’IIRR-S S THZ ( 0078
74712 . ( C V  -

~~7 4 f l / ( C T H l , A A~~4 0019
749 2 •  - u F 4 F • # T 1~~-8 I ? I F ( E 8  •CTHZ•ARf ) 0080

2 8 0 - S I . , - 1 I I Z D - o A I S ( X $ — X A ) , ( V 8 — Y A ) S  Y B — V A I l  008’
• o 0082
• 0 0083

IF 4* (..LT.I.1—3 2) GO TO 3 0084
CPH • (X8— **I/K1. 0085
$7114 • 4DB -YAl/AG 0086

3 f-O X • II1S CA S 0087
7199 • (T I S C I S  0088
88 • (~~X X S S P H — c Y Y S C P N l S ( R 7 1 1— A V 1 )  0089
~X I • tX47SRV 1*~~ES$PH oo 9o
~ T~ • EYYSR V 1-E1S ~ PH 009 1

• —E? 1•AVI5C~ 009?
— -EXI *CAS— (Y *C8S*E1ISCGS 0093

~
X* • ~T2S CAS 0094

cY Y • ~ T2SC8S 0095
11 • ( E X * ~~SP H—EYY ’ C PHI ’ IRu4 2—RV2 )  0096

(02 — (tIX~ 8V2.EE ’ 7144 
0097

92 • ETY ’RV2 -E8’~~PH 
0098

• —(T2 SCt,S e IV~ 0099
• — T * 2 . C & S — E V 2 S C B S , E 12 *CGS 0100

~ 

- ~ -~~~‘N 8181P (IN.~~Q .I 047.471
C 0 • / 7XPI~4AM*( 

~E~~~~PI C.1. 0103
CI - (*I1GO—1. /E ~~O)/2 . 

0 10 4
EGO • CIX P IGA I .1~ 0 105
(2  — C’II4. 0—1.l( 0)/2 0106
P i t  • P I l ~~(’I’CI 

• 0107
71(2 • P~~2.ET15C 2 0108

01 09712’ • P21.Et2•C 1
P22 - P 2 2 . E T 2 ~~C2 8111T • 1.0/1. 7

— 52 .051  041 2
N • -5071 0113

0114
0115

CS ! • —( TA ~ U (Lt/I3.SFP*$G0S~~SG D Tl 0116
• C S T • P L 4  0 ) 4 7

P1~ — C S T ’ P 1 2  0 ( 4 8
• ( C C f sp~~• ~~~T. P2?

P 1 TU RN
a 5 2 1  4 X 1 X A l * S A S * I Y I _ Y A ) S C S S

~~
L Z I _ Z A ) S c I i

~~(,S,,,,.Z .(jI,.zA,..Sz) .CGS,..OA t - ~~ 4 7 F ( l  9t-%A-SIt.CAS)**Z.(91 9*—So
1112 — 5Z1’OT*~~S• S Q * T ( ( x 2 - , * — S Z 2 . C A S ) . e 2 . I Y 2 — Y A — S Z 2 4 C B S ) * 8 2 • ( Z 2 ZA— SiZ ’ C~~~lS8

• I DA •DRll/2 012$
~ 71 (000.0L2- .eAM .*NO.tNT.GT.O) GO 70 1 0(29
F (O9~~.~~1.6MI ~OQ • AM
A~ L ~~ MM 4.3,0 , 11,SlZ,000,CGOS,SGOS,SGO T ,1.,ITA .GAM.P11,P12.7121 gui

0432
i~ f I~s.~.1t R71T U*M 0 (33
IF ;O TO 8 013 4

C 0 (35
7 

~~~~~ 
SQATI1. -CCSGC ) 0(36
• IcGs~ çe-ces.Cc)/sI•
• (C8~ *CA— C*S*o,SI/S,

OK • *711-X*I SCAO.(Y1 Y*)*CID.1Z1—LA) CGO 0(40
OR • *8540 * ) 0 (44
IF 408.1! *MI OR • AM 0141
XI • XI*S~ SC*5 014,
Vi • Y*.SZ•CS5 0444
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2 • ZA .Si•CGS 0145
XlII • *L-Ok’CAD 014
YPI - Yl—DK ~ C3D 014
L P I  • Z1-ORSCGD 0148
CAP • L BS ’ C 6D—C GS* CB0 0 49
CBP • C G $ . C* o — C A S S C C . D  0 50
COP • CAS ’CBO-CBSSC *O 0 5
Pt • CAP S(X PJ— l)ACBPS(Y PI—YZI ,CGPS(ZP1—LZ) 0 5: 1R~.

AL~ 00MM I~~I .SI .OS,r1,T1.OT ,Qk,CGDS,SOOS ,SGDT ,CC ,ITA,GA8,7114,PIZ , 0155
1P21, P22 )
Al TU* N

0 5$
• *85 • *85*8 0)59

AG • lXL— O6IS(Xl— *A ),IYI—Y *I*IY I—YA) 0460
IF IAG .LT. A N S I 00 • *85 016
06 • S Q R T I I E ) — ZA I s 4 Z l — ZA ) , A G )  016
(PH . A 8 5 1 Z I — Z A I / O G  016
SSPH • R G / ) f l G S D G I 0164
A R) • CSQ&T1€DR-$SPHI 0165
A V I  • — 4 E A P . C P i — 0 R I t / I E A A S C P H . A A I )  016
71 4 1 • — P 1 1 • R V t  016
AG • ( X I — X B I e (* l— X 8 ) , (Y 1 — Y B ) S ( Y l — Y $ I  0168
IF (86.17 685) 80 • LM S 01690 6 —  SQRT ! ( Z I — Z 8 I * l l l — Z 8 ) . R G I  04 70
C Pu . A BS)21—i8J /OG 04 7
SSPH • P(,f000SDGI 017
7481 • L SQ .CCTUO R— $ S PH) 0 73
7491 • — 4ERk.CPN— *Alj/IEAR. CPH.A 741) 0 74
P12 •—P I2S RVL 0 75
*6 • 1X 2 -OA) S IX2 - 47A).(Y2 — VA) S(V 2—YA) 0 76
IF (RG .LT .Al4S) 86 • A NS 011
DO • SQRTII Z2— ZA )’UZ--Z AJ.K G ) 017
CPU • AR S IZ2— IAI/ O G 0479
SSP H • AC ./(OGSOG) 0180
RAt • C SQATI(AR -SSPH I 0 8
*94 • -IERRSCPU—AR1I/IE *ASCP4.A *l) 0 8
P21 •—P21~~A V 1 0 S
AG • l *2— X8ISlXZ— X B),I Y Z— YB I .IVZ—Y$I 0 $4
IF (AG. LT .* MSt KG • AMS 0 85

H. 5 2 j I?~~
22 151 7401

SS#l • AG/IDG ’OGI 0 S
*741 • CSOATIERR-S SPH I 0189
7491 • —4EAA. CPH—** l I l lE * RSCPU.RA I )  0190
7122 -—P225*91 019
*111*8 019

(NO 
0193
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GNF

PURPOSE: to calculate the near— zone electric field of

a s i n u s o i d a l  ~~~e c t r i c  monopole .

z E
z

1- 
_ _~~;~
‘ (e ,z) e

2 .~~~~ 2 /

I / R
0 1

d

z -

1

METHOD: An electric line source is located on the z

axis with endpoints at z and z as shown in the above
1 2

figuoe . Let the electric monopole have the following curren t

distribution:

I sinh )‘(d - 1) + I sinh yi
1(1) = -- — 2

sinh yd

whe:~’ 1 and I are the endpoint currents , )f is the complex

propagation constant of the medium , d = z — z is the

source length. The cylindrical components of the field are

E(9) = 0 and

77 —yR -~ R
E (e) = — ((I e ~ — I e 2)  sinh yd

4nQ sinh )fd 1 2

-yR
+ (I cosh yd - 

2~ 
e ‘ cos

+ (I cosh )fd — I )  e 2 COS
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-yR
E(z) = — [(I — I cosh yd) e

L4~~ sinh yd 1 2 R

-yR
+ (I — I cosh Yd) e 1 ]

where is the intrinsic impelance of the medium and where

(€ ,~~,z) demote the cylindrical coordinates in a coordinate

system centered at the endpoint of z .

These exprebsions 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

wonopole with the origin at (XA ,YA ,ZA) . From any point

X ,Y,Z, a line is constructed perpendicular to the monopole .

S2. denotes the s coordinate of the intersection of this line

w i t h  t h e  monopole.  The l e n g t h  of the  l ine is the  r ad i a l
2

coordinate e , and RS denote Q • Ri 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 z

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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- 4 7 .  -l I ’~’ (. ‘~~ 1 * 8 - 9 8 , 1 8 * 74 98 l8, X . V , i , 8 M , O S , C G O S , S G O S . F T * , G A N . E X  1
1 4 . ’ ( . ~ 1 F~ • Y,’,~ .l , T 1 ~A 9 ~AR~ 2

0.1MPh ’ F~~O .4’, ,0V,’,047 oILRA I,UR2.FE 3
147 447 ,’ “ , JI .0 J~ .181 .(742 ,1S1, 1S2, SGOS.G6M,CST ,CGOS,ET* 4
4 7 4 7  I . V t  ( I i  .0 472,89 2 ,112

D A l I .  ‘ . 4 7 . 0 .1
• 1 .0’ ~A ) / ,
• 1 47I4 O * h / . ~ 8
• ( L ’ 0 - 1 A h i .)’. 9

Si - I . - 4 7 A b ~~~~A , . t Y - A J . D S * l Z — Z A l . 0 c.S t o
i l l  — SI  I I

12
4 7 . . • o ol - ‘ o . I)

• 0 0 4 7  S. • -

2 2 1  — 1 - 1 *  ‘- ‘1.. 1 1
A ’ - • X ’Z’~~,’.’YI.’2,1Z l~~’l IF,
8 1  • ¶,~~‘~l ‘~‘,‘2~~47• $ l) If
4 7 4 7 4 7  - 4 7 O P ( - G A M ~~ R ) J  t o
1.0 1 • (i47l~~t 19
‘ - 7  • ,;e.”~~t~~,; *2i2* ~~2 I 70

• C ’ ’ ~ (— -.A M . R 2 t  2 1
• o ,‘‘‘ .‘ 2 2

1 1 • 47 1 7 -  t i l ~~L .0 S 2)
I • I ii- J2’L .05 24
I°I  • l . J , . -I 25

— I . - . . 0 )  26
47.,; • A~’~~A ’ O 77
I’  V~~~.. .47 ,~~J TO 1 28
0.0 - 470 • .il / ~~1 79
C - - . • l 1 ; / ~~7 DO
1-  • I I  J & ’  ~~~~~~~~~ 147 G L S S C T III— EJB SCTH 2)/RS 31
1- • t —F .06* SO . 5 * 4 7  J ’ . L t . O S S C T H Z — E J * * C T H I ) / R S

1 C ’  • 47 T * /)47 .~~47’ f• ’ ,;~~ ) 33
l o t • C~~- ’ ’ I ’ , l .:as.~~~I • x x 1 I
E4 7 1 .CS I S I F S I . V S * 4 7 N i * Y V Z )
1 2 1  • C S T * ) P S 1 . , S ’ 1  0 1~~111) 347
102 • C S T * ((5Z ’C47S ,(8 2’ *Ki TV
192 • CS! .t152 .CIDS ,6742•YVZ 38
E l /  • CST*IES2 .CG54182 S211 39
IF 410470.11.0) RETURN 40
479 1 • I-I., O) 41
8141 - 1 1 . .O I

• I—I.. ’)) 43
* 1-12 • 1 — 1 .  0) 44
IF 1168 0.80.11 00 TO 2 45
8 1 .  S 0 0 0 I I X 6 — * ) S I X A — X ) , I Y * — Y ) . F Y * — Y ) l  46
8 2 .  S Q O T U X B — * 1 S 1 0 8 - X I . I V B — Y 4 * 1 Y 8 — Y t l  47
T I-I t • A T A N I R I / I i * — f l )  48

1141 - &1471(P//(Z8—ZI) 49
*81 • C$QRT4(D3—511411H1)05141 (TH
748 2 - C S Q P T ( I R I O - S t N ( T H ? ) * S I N ( I H
UV I • — l f R K ~~C 0S(THI —AR1)I4ER *5 TH I) .**1) 5
ROI L • ((G5(T141)— D81 /(COS(1 ’FIIi.RR 5
4792 • — t € 8 P 5 L O S I IP-I 2 —A fl24 / IF **S C O THZ)*AI2) 54
*142 • ICU$lTH2)— RR2 / ( C O S I T H Z ) . * 7 4  55

2 *6 S 0 0 1 T ( l * A — , 8 I 6 ( X A — X B ) . I Y * — Y 8 ) e  V A — Y e ) )  56
(1-0
PU .
F ( A t , . L T . 1 . 1 - 3 f l  GO 70 3 9
P9* • 118—X*)/RG 60
PU — (Y8—V*)I8.., 61

3 I — IEXI .SP II— FV l51PU)8( AH I .AV II
47 1 - —(X(S8V4,(~~S~~PH 6
VI • —EY1 ~ R Vt—I S 7114 64
11 • E l I S I — A V I )  63
I • l IX2 ’ SP* - EVZ SC PI4)S I* NZ—AV Z)  a
*2 • —(X2 *RV�.E ESS P$

• ~ jS*~~Z-~~E*CPl4 AS
I 92
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GNFLD

PURPOSE: to calculate the near—zone electric field

intensity at a given point.

M E T H O D :  This  s u b r o u t i n e  calls G N F  for the near—zone

field of each wire segment , and sums over all segments to

obtain the near—zone field of the wire antenna. Fl is used

in a m a n n e r  sj ailiar to Fl of subroutine SGANT . CJ (I) is the

loop currents calculated by subroutine GANT 1 .

The use of the variables JFLAG and KFLAG are described

in s u b r o u t i n e  SGANT .

C A L L E D  B Y :  M A I N

CALLS TO: GYP

SUBROUTINE GNFLO (‘A,

~~

$,’NM ~~~ ~ I ~M ,N ,ND,NM ,*N ,C ~~~,$GO,fTA.0AM 0004
1 CJ~D~Z~ Y0I ~ VP ~~~ ~ ~~~ oooz

IfGMPLEX E R d Y .~~2 ,lxi. YI,1It,~x~.~vij21ti*,o*i, 0003
COMPI.U ERA 2004
COMP L E* C J t t I

L~~
GO

~ L l f t G O
~~f 1 & *  1 2 ( 4 ) ,  1 3 ( 1 1 ,  D I I I,  4 7 ( 1 1 , 9 4 1 1 ,  i l L  888~DIM E NSION 1*1

11 0007DIMENSION M D ( I N M , 4 ) ,  MDI I I  0005
D ATA Fl TPI3.14159,6 .2531$/ 0009: ~:~‘ 8 ~ 

00)0
0044

El • I.O,.0i 0012
C 001300 2 k .4 .N M 0014

47* • l A I R )  OGISRb • 18(47)
NOAD • JOAD 881~J F (R 1Lt . N M / Z )  I G 7 4 0 • - 1
F,A lt. ~ NF 4 X ( k * 1 3 Y ( K A ) , Z ( K A)

1 4 8 )  , S , . O ( R ) , E T A , u A M , E X I , 1 Y 1 ,  ~~~~~~~~~~~ 
LP, A N,D* RI ,000 821~*81 0020

*6*0 • 710*0 0021NOR • p40(R)
C 88~00 2 11.1 ~~~ 00~4• MO( V , %1 )  - 0023

t ~~~~~~~~~~~~~~~~~~~
88~•

• 
~ :~ 

0030
• ‘~~.JIi) 0034
TO 00)21 iF (47* - I,  1 3 ( 1 ) 4  0 033(47 • 

~

o. I tII~~eCJ4 I 0034

! • Y.F tSIV ‘cii 4 0035
~~• 1.7115(1 •~ J I 0034

2 TINUE
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LE F T

P1J E~P O S E : to determine position (location) of the left

p . i re~. symbol on the input data card.

METHOD : The character search beg ins in the column

passed to the subroutine. On returning to the calling

pLo gra n the argument passed is the column following the left

p-4ren symboL

CALLED E Y :  R E A D

C A L L .~; TO : N O N E

- - . ‘ I ,  I’l l L E F T  (71)
- - MM. 0 /4/ 8(80) 2
- 4 7 4 7 8  PLIFT/’(’/ 3

4
C 5

DO 1 I•47,S0
N • I . 1  7
I A 4* (14.EQ. P L I F t I  GO TO 2 8

I CONY IMUE
C t O

47. — 1 11
2 “0 ~0J *14 I
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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: POLPLOT

CALLS TO: NONE

SUBROUTINE L INECK (47,9)

T~4 7 J5 S084700T 1718 INSURES ALL GRID C I4A RA CTOR S LIE ON THE POLAR GRID 3
c 4

Li”) ‘47 ISYM ,L 1*4 1 5
I ’ .)) 147. y 6
( O I M I  ‘47, 1(047 ISYM) 14) LINEI 130) 7
IF IV.470. O ) 00 10 3 6

9
I F (47.1 7.10.0) 00 TO 5 ID

C I L
C 5 T  UP AREAS OF P1*IOO ” POLAR GRID POINT CUA RA C TE*S 12
C 13

I — 1 7 1 1 1 4 7 )  14
I • 1 * 8 5 1 1 )  II
• 4785)0) lb

IF l I1— I ) .GT .0.5) I•I. 1 11
1 1 8  I1. (T .I0.O.)R.Z.&T.1(I.0) 60 70 2 18

14111 ) • (Soil/I IT
11718 (60) • I S YMIII 20

• (Soil))
47 - 8*1
I F IK .EQ.2) 00 70 2
I • 4 7 2 7 — I  24
GO 17.0 I 25

2 11411 61 ) • 159*121 26
I F  ( D .NE.0) GO rO s 27

C
3 (,r 47 ‘L ’ I t , I I l  29

il’ 4 1 1 4 7 ) 1SYi )21 30
4 1(141 17108 31

C 32
3 )

C F I L L  IN GRID NJN B IR LABELS ON HO II ZON TAL AXIS 34
C

L I N E I I I ) ) SV M I 7 )  36
118(1/01 • I S Y M I I O )  31
11711 )2I) .ISYMIS) 38
L I 1 1 1 1 2 7 ) . I S V M I I I )
1148 1 301 • I SV M I 9 )  40
1 ) 4 1 4 3 1 )  • I S Y M I S )  NI
1 I 8 4 ( 3 / ) • I S Y M ( I I )
1)711 (40) — I S Y M I B )  43
1 1 7 1 1 1 4 1 1  • 157115) 44
1 I 7 1 E 4 4 2 ) .IS V M ( I I )
114 (1 50) • IS YNI?) 46
1 1 7 1 ( 1 5 1 )  • 1 5 9 7 4 1 5 )  4 7
( 1 7 1 1 (5 2 )  • I S Y M I L I )  48

1 1 41161) • I 5911 II 49
1141 )7 0 ) • 15D M )? ) 50
1t 1 -41 (1t) • I S D M I 5 )  SI
1I#1 1 72) .IS Y N I I I )  12
1161 1 80) .15YM18) 53
1141 (811 • I S Y M I S )  04
LI FIE(8/I • IS Y M I I I )
1148(90 ) • I S A M I T )  56
L I N E I T I ) • ISYM (3 4 57
L u llS /I • ISY PI I I I I  58
11 711(100) • ISvMlIO) 59
L I N E I I O I I  • ISYMIS) 60
11 14(1 102) • 1 S T M I I I )  6
1 ) 4 ( 1 1 1 1 )  • (511(7) 6

5 CONTINUE 6)
*ETU*N A
E ND 6
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N U M B

P U R P O S E :  to place degree numbers on the polar plot .

METHOD: The current line which is being printed is

passed to the subroutine in the calling argument. If this

line contains degree numbers , these numbers are placed in

the correct position by the IF statements.

CALLED BY: PTPLOT

CALLS TO: N i N E

!~4IS S~~,.- r~~.f PUTS DEGREE NUMBERS ON P01*8 GRID t
C 4

( O M M f l ’, 1 D” . 710 - 51,47 , 0
_

i, 71
- “ 1 1 7 1 1 , 1171(4130*

4 4 ’ ..’ . 1 ;  10 I 8
( I F I L I D D I  — 4 5 4 7 ” ;!) 47
(711)34) • (5DM))) 10

1 I N F ( D S l .I S D M ) I - )  (1• ( 5 4 7 1 ) 6 )  12(‘.1478- ’ ; • S v M t  1 2 )  (3
3 ‘47 .47 • , 0 M 4 ~~~ ) ( 4

I (0 0 - .- ...; 1 0 2  71
I I ’ - ’ I?) • . , “O F) II-
I. I’o i l l  • l~,4 7 * (I )) II ) 4 7 0  14) — I’,Y”;~ .(
II ‘471)1 47(8 1 • IS ’ ”  I “ - I
1 11-li 109) 15 /M O ~ 21)
1 (711 1 1 0 )  • IST ’4)71)

2 I F 147 .71 47.0) 01) 10 3 2 2
11711 It  • 1501)1) 73
1 11-Il II • u S D 1 4 1 3 4  241 1718 9)  • 15471)61
()04) L I I I  • 15DM) II 73
1(47’) (1 4 7 ) 1547M(4) 247
1114 I ( s )  • ISDM( ~~)3 ))- ( . 4 7 . — 2 1 ) (,O( 1 0 4  2 4 7
I I f ~47 .~ 0 • 154771)6) Ti)
I 1710 - I 47) • 15471) 1)
1(’) (.0 • 1511)6) 37
( ( ‘ 4 7 ) I s ’ o p — ISvM ~~ DI
( ( ‘ * 0 U I )  • ) 5 Y M 4 9 ~
., (F4) I t O )  • ( S / M O D )

4 I F •‘ . ‘- - i ~~ . 3 TO ~
- - - — I S v ” ) ’ ) ) 

81 )71 , ( — 5 y M ~ 1 0 )
II ” ’) • S / M I D )  39
L I D ’ ’ 1 47D ? I  • ; ‘ , y * ; ~~~~l 40
1IP ,~ (#6) • 5 D M ) ’ )  41

— 15476)0 .) 42
S 0 0 7 1 1 ( 4 7 ) 4  49

81 TU F°) 44
E ND 45
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NUMBER

PURP OSE: to convert alpha—numeric numbers to floating

or f i x e d  po in t  n u m b e r s .

METHOD: After initially determining the sign of the

number , the DO LOOP e n d i n g  at  s t a t e m e n t  6 scans each

charac ter beg inning at N i. The DO LOOP ending at statement

3 terninates the outer DO LOOP if the character being

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

at statement 5 con verts the alpha—numeric number to an

actual number. Below statement 7, the multi plier correction

is app lied to the floating point number before returning to

the calling program.

CALLED BY: READ

CAO LS TO: NONE

SI 1~ - D I O D E  NUNBIR I’l l •712 .X , 147) I
47 /47 / 4)60) .47

‘ ( 4 7 4 7  N S h j’ 4  li t t O ) 3
04)47 i i , ’,’ 4’ ’/~~~’7’ ’4’ •5~ 

.v)• • .7’ • ’e.,.S•, 4
,(IT* AM71 ,S,PLU$.POI* jT/ — • , 6 . • F 3
0*1* AI ,AM, AU /’K’ ,~~M ’,’U’/ 6
0. • 71) 1

• 3 A
1 1 . — I  47
I’ • (47
I sI I • 3 I I
II )A )N).1t47.P1)J5) F4.N+1 (2
(F l * l 4 7 ( . N E .AMNLI S ) GO TO I , I )
4 5 ) 0 3  • I ( 4
N — N* t  5

C (71
I 00 ‘- )•N.60

IF ) A l S S .M E . POINT ? GO TO 2 1 6
Is r ’ • I 190,0 T O 6 20

2 IF I I S I T  .80.1) II • (1.1 21
C 22

00 3 4.1,1 0 2)
IF l A l I ) . E Q . B l K ) )  GO TO 4 24

3 CON T I N U E 2 5
C 76

GO to, 1 2!

4 00 5 R~~I , L O
4* • K - i  30
IF ( A l  I) .80.8)4)4 NUMB—KR 31

5 CO NT IN U E  32
C 33

147 • 4 ) M A * 1 0 * ) 4 7  34
N/ — .4 31

6 CON T Io *iU 36
C 31

7 IF IN S I;,N .D j . I )  IX • -‘147 38
Y • 1 X  39
IF 4 1 1 . 1 1 .0) II • 0 40
47 • 47/4 IO~~~I I )  41
I F (AlN/I.IQ •POIN T ) N2•N2.1 42
IF 47164 2 1. E O.474 I • X ’tOOO. 43
4 6  I A ( N / ) . 1 Q . A M I • K•0.00I
IF (A(l/).(I~.AU * • 6•0.000001 45
(F)(*)642),EQ.A4 .OR. (A (F42).EQ.AM).Oft.(AIN2).EQ. *U)I N2 .N261 46
NI • 712 47
RETUR N 48

(*40 4’)
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POLPRT

PURPOSE: to control the plotting of the polar plot.

~‘J T H O D :  This subroutine is the main subroutine in the

pol ar p l o t  p ack age and  is responsible  for  cal l ing  the
var ious subroutines of the package.

Th e scale f ac tor , S, m u s t  be c h a n g e d  according to the
pr i r . t - e r  characteristics. The scale factor in this subroutine

is ~~ t f r t en , 10 , characters per inch for the abscissa and
eight , 8, characters per inch for the ordinate axis.

Therefore S 10./8.

Af t t . initializing DATAX , DATAY , and X , the inpu t data ,
Y, i~ sc-l Im ed to determine the normalizing factor. If this

nor malizing 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 l ine  of
the polar pio~ is prin ted after a ca ll is made to PTPLOT to

establisn the ploa r grid information. The variable , D I M , is
us.--d to -~~~~ a scaling factor for the polar plot. The value of

1.0 viii cause all of input data to be plotted , h o w e v e r , if
oil y the value~ less than one— half of the nornalizing factor

are of jaterest , then DIM can be set to .5. This will

erdarge of the center of the polar plot.

C A L L E D  B Y : M A I N

CALLS TO: PTPLO T

~A R T

68



‘02008 ‘ I I  40.0 )‘O,.PRT (Pl A NT ,!) IMM; 047 )5yM ,LIN( 71 4 7 . 7 1 5 ( 0 7 1  Z )340I, 4 7 ( 3 6 0 1 ,  D A T A E ( 3 6 0 ) , D A T A Y ( 3 6 0 ) ,  1 1 6 * 4 ( 3 0 ) .  114714 3
l I D )

) I M I ’ 4 7 S I ( , D  IIT I, * (/) TIT I/(2)
( ‘A l A T ) I ) A / ’ P F I I .1 T IIET’P 6
71 • 1

- .0 6P I T  • I ‘8
• I tO

S IS SC ALE 0-AC TOR OF P6(641(64 UC * 0 0 5 ( 1 1 7 1 *  C~i*~~. PER I NCH / O R D I NA T E  CHAR. PER INCH 13
C 14

S • 10.0/8.0 45
ZERO DATAT *640 DATA !

IA
to

00 I 16.1, 71 21)
O • I A - I  21U A r R  474)4) • 0.0 2 7
D A T A  VI  I A )  • 0.’) 2)

1 47(1 * ) • O~~3.I4IS9 /1/i8O .O 24
C 2 5
C 26

0*1108 I I  T I-I F ‘#ORMA LIZINC . DIVISOR 2 1
26FACTOR • V I I )  2 47

C 31)
00 2 I A . 2 , t4 3 1

2 II- I F A C T O R . L 1 .y (I a ) )  T A C T O R — Y I I A )  3/
C
c

I F I F-IAME .EQ. I) T I T I 1 • T I T IA ( I )  31IF (NAPP I .EU. 2) T I T L I ~~T IT1 A 42) 37.
I I I tNAMI.8l).31.0R.(N*NE .€Q .41.DR.1N47ME.EQ .7I.O .9.INANE.EQ.8 I )  T I l L  31

12)1) — TI T I A I I )  38
I F IINAM(.EQ.SI.OR.4NAME.EQ .61.OR.(NAME.EQ.9I.O*.(N*ME .E0 .1O) I l IT 39

II2 I()— T I TL A(Z) 40IF  l l N * N E . 8 U . 3 ) . O R . ( NA M E . E Q . 5 1 . O R . ( N A M ( . E Q . T ) . O R . I N A M E E O• , ) )  1(14. 411 2 ( 2 ) — T I 1 1* 1 ) )  4/
I F t(NAME.(0.4).O6.IN AME.FQ. 4).Op .(NAlE.Eq.8),OR_ (N*ME.EQ.I O )) TIT 43

11 2 1 2 ) — T I I L * 4 2 )  44
I F IFAC TO#.&E. 1 .E—3/) GO 10 3 45
IF INAM( .LE .21 W R I T E  (6.9) TITI. 1 47.
IF INAME.GE.3) WRITE (6,10) 11112 47
RE TURF) 48

49
NOR MALIZE DATA TO ONE 50

51
52

3 004 I A I ,F) 5 3
4 T)IA) — 471 1 * 1 /FA CTOR 14

55
56

IF 471 * 60. 1 47 .2) W R I T E  )b.E 1 I T I T L I , F A C T O R  5 7
IF I (DAMU01 .3).*NO.(4AN6.LE.b )) W R IT E  (6,13) TITL/, FACTOR 48
IF (MAME. ,,E.I) W R I T E  46,121 T )TL/, FACTD R 19

C F I L L  08 1 * 4 7  8710 DAT AY A R R A Y  FROM A AND V A R R A Y  60
61
62

00 5 IA.( 474 63
0*1* 47(1 * 1 - 474 r A ) • C O S ( T t Z A j ?  64

3 D A TA 4 7 ( A ) .  47( 1* 4*5104(474 IA ) 65
66
67

Sl A T D A T A  BY O M0 l ’ 4 AT (  MA GNI TOOT 68
C 69

C A L L  S A R I  I O A V A X . D A T A Y ,N)  70
C 71
C 0*1*47 AP4-3 041*47 4*47 SORTED BY 0(5(0401641, MAGNITUDE ON T HE D A T A ! VAt  7?
ç $(T UP FUR PLOTT ING 801*6 GRID WITH DATA 11

14C 771
00 B IY Y•I, AI 76

c 7 7
C A LL PTPLOT 4 0 ’~~,5) 78

79
L I N E  I S  R ( T ’ ) . F ) F O W I T H  POLAR GRID IN F ORMATION 80

SET UP Y B I N  S I Z E  UPPER *640 LOW E R  L I M I T S  82
C ULL IS THE L UW F R  B IN L I M I T  8)

I 8..UL IS THE UPPER 6 1 6 4  11711 
0171

8114 • 011180.0 86
ULL • O I N - I 2 • I Y V — I ) ’ O I N  61
Ut. - U L L . 2 . B I N  A R

tOOC
C Y CLE T HROUGH D A TA  TO PINO WHICH ONES FAI L ~N ‘ 4 7 ’  B I NS  Dl

C 97
C 4733

IF INST .67.1) GO 10 7 - 34
C 971

00 I. JJ .N ST ,N

69
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I ) I D A T 4 I I J J ( . L T .ULL) GO TO 1
— (2 98
- ‘.~.R T t O A T * 4 7 4 J J i * J A T A X ( J J I . D A T A Y I J J ) * O A 1 A Y I J J ) )  99

100
C H E - 4 7  THA T MA(,PII)t J O8 IS NOT OVER DIM 10 1

tO?
I F (&8A , ..- ,1 .OIM I GO 10 6 103

c 104
C O K IS THE FIN AL L IN T P OSITION FOR THE ‘8’ 1071
C lO T

OF. • 0M14 .)J i)~~S.4O.O/OIMI’6l.O (07
I F  I • .~~ T .j~~.07 GO 70 6 lOB

— (~ . ? ( ~~~ ) 109
I - I A D S ( P j  (10
N’ • 34715! ‘1711 I I I

( 4 7  T ( ~ 0-6) .GT. 0.5) 47 .K01 (12
( I !  o .L1.l O .0.j 0.OR.G7 .II1.Q) GO T O o  11 3
( ( I - . O b J  • 154771)4) 114

6 7 1 1 ( 7 1 03 II)
C 116

7 t- 710 IDN I 111
• P 5 7 * 4 7  1 1 6

c I I I
C PP 1641 012 1 ,71E 110447 OF PLOT 120
C (2 1

• P I T J  Ib, 1D ( 117147 12?
• 47_ i 7 1 1 1 7 1 , 4 7 4 7  (23

C 12 4
*1 101 *71 (25

C 126
‘9 1 1 * 4 4 7 1  0 ‘l , I A ’ . • 11)NPO71EI-l1 OF THE E L E C T R I C  FIELD IS 1E71S /10X 121

I ‘ 7 4 7 * 5  ( . 4 7 - 7 1 ~.,  b E  O FF OR E THI S F I E L D  W A S  PlOT /103 ,’PIO T TED . EXEC 128
2(21 ION d I L l  I I ’ !  7 1 4 7 J )  AS 0-4ORMA L.’// ) (29

10 0 - 4 7 * 7 1 * )  ( ( 3 ~ ‘I ’- M A A IMUM VALUE OF THE B I S T A T I C  P A T T E R N  FOR ‘2  130
I ~* ,I Al , ’- , ( A . , • IIN C I O EN T— SCAT TE RE O ) (S LESS THAN / 131
2 47 ‘ I .47 — 0 . )  P04, A R  PLOT NOT CALLED. ’ / 2/ ) 132

II 0 664*1 0 1’ *4 • ELECTRIC FIELD ANTENNA PATTERN FOR SPEC I PIED PtA 133
(PI E • 9* ‘ P 4 ( 4 7 4 7 6 4 * 1  I t  1641, FACTOR - ‘ 1(0.5) 134

12 4 - C A N A l  1 . I 8 I S T A T I C  S C A T T E R I N G  ~A T T E R N  PO P ’  1A4 ‘ — , 1A 4 , ’ I I N C I DE NT -  £ 3 5
151 * 1147 *470 ) PO) * 71I ZA TION. ’ 9* ‘ N O R NA L I L I N G  FA çrO R— ’ 110.5) 136

13 1 4 7 ’ * M* [  ( ‘ I L I A ( k S C A ITERING 11A 111R64 FOR ’ (*4 ’— •(A4, (INCIOENT— SC*11 137
)47 *470 ) P IJL A *I1* T IO FI. ,9*. NORNA II ZIN G P*CTOR — ’,ElO .S) 138

14 0 1 6 7 1 * 1  ) I T , T 4 7 0 0 0 1  I (39
8 640 140

747’)
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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

f o l l o w i n g  s t a t em e n t  2 , the equat ions  f o r  t h e  p lo t t ed

concentric circles are established. Below statement 7 the

grid marks on the 090—270 axis are inserted.

CA L L E D  B Y :  POLPRT

CALLS TO: LINECK

N U M B

71
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SL(BRL*J 1 17147 879(47 ) (IYY ,S)

T h IS 4 7 4 7 0 0 0 0 T  16447 SITS UP POLAR GRID INFORM *I’ION 3
C 4

- ~~D 7 1 j~~~ , ’ ( ( 7 1 4 7  5
7 1 ,  ( 4 7 ’ I~~~~~~’47~ 4 130), 1 5 4 7 6 4 ) 1 4 ) ,  I 547041(4) 6

4 7 ( 4 7  I 4 7 ’ 4 ’ I - ’ ’ , I” . ,1H  , ldW .I H/,tHO ,IHI,lP42,I HI,1H 4 ,IHS.1llb,IHS,1049/ 7
( ‘ 4 7 ( 1  47 * Y , Y 4 7 ,W 8

C 9
C SE) UP (~~~~~M 6 * 4 7 6  ( 5 4 7 0 4  FOR COMMON 10C I I
C 12

01 1 P, . I , I 4  13
1 1 1 6 ( k )  — I S V N) I * ) 14

1 1114) INUI %S
C 17.C I t
C CLEAR L I N E  AND SET TO 81*04k 18
C 19
C 20

- ( 4 7  2 I • I .130 21
2 47 1 7 1 ) 1 1 1  • 17147641 3 1 22

C 23
S — 4 1 1 ) 1 9  24
IF (Y.EC.0) GO TO 7 23

26
C SET UP . b A T  I - ‘~S FOR CONCENTRIC CIRCLES 27

28. 3  • 0 4 7 4 7  29
• 4 7 ’ . .5/2115 30

A • I i - ’  - , J ” T ’ ,’ ’-4 7 4 7 1 .)—l) 31
1 ( 47 4 7 , 4 7 47 ( 4 7 , - j  32

3 y : . ) , . 3 . 47 . T .— 4 7 ?) GO TO 3
P • 6 1 .  ‘ ‘, , . 4 7 J )  71 ) . O - Z )
( - . 1  L I71)~~’ 41 , 4 7 )  35

3 ( Y .( , T . 2 * . k ...4.T . — 2 4 )  GO T O ’ .
47 • * 0 .  • 471, 4 7 4 7 (  (933.0—1) 31

38
4 t O  ( Y .GT . (( .~~‘~.V .LT . l6) GO TO 5

40
47 ( I - l (~ ( * 4 7 )

5 P ( 4 7 . 4 7 , (.).~~II .47.1). -8l GO 10 6
A • b l . 0.513O11147)0- 2)
(*471 1 ( 7 1 ( 0 7 1  47, 47 )

C S IT UP ~~~~~ 3715 FOR M U L T I P L E S  OF 30 DEGREES 45
6 47 - 71I.) ’ I. I32OSISY ’S 46

L A b ) .  1)5( 1 . 71 ( 4 7 ,4 7 )  47
A • 6(.0kY ’S/1.732051 48

7 C * i  1 1 0 4 4 7 - ’  I~~,YI 49
52

C 1 4 7 !  0’. 71. -! *6 4-! J T  N U M B E R  LABELS 711
C 712

4 . A  47 ,~~~~ i (SI 5 4 7
II • I * r - - - 714

C 7171
C T I Ll .  IP) 004  4 7 0 0  !~~~( T  A T 000, 090, 180. *640 270 56
C 57

F IW .N F.4 (l( ( , 4 7  ‘Ii 8 58
( 1 0 4 7 1 5 5  — 114)7 719
LIP ~~)5T • 5 4 7 4 7 ( 2  60
LINE)Y ~ • 5 3 6 ( 2  61
I1 NEI6) ) • SY M I ? 62
I 104 4 7 1 1 5  • ‘ , l ’ b  6 3
4 , 1 0 4 0 1 6 , 1 • 5 4 7 6 4 0 / )  64

• 4 0  ( * . 7 1 7 , 3 f l  1, 0 9 671
1 7 1 1 ) 5  • I 5 ~~~( 2  *7.

‘. 1  “ . 1 5 4 7 1 ) 7 )  67
47, ’ 7 1 1  . 15476)2 68

1 I- .47  I!.. • 1 5 4 7 6 4 ) 2  69
1 II  -~~~‘. — I SY”T 7 70

I 7 1 V M ) 2  7 1
9 (‘..“E.24 ~ (1 .0 10 1 ?

V • ( ‘ ,l M ) / )  73
L I F I L I S ’ — 1 , 3 6 4 7 1  74
LIP4 E160 • I S 4 7 M I Z )  15
I IN) 1712 • I ‘,y~~l 2 4 16
1 147.1 (1, 47 • ( 4 7 , 4764) 2) 77
1 INE(65 • )57M ) 2 4  78

(0 0 )W.FIE.I6) Go 10 (1 79
I 1 6 4 8 1 3 8 )  • I S Y M I Z I  80
L I N E I O O I  — I S Y M I Z I  81
L1F411 62) • IS YN U )  82
4 7 1 6 4 ( 1 6 4 )  • 1 5 4 7 6 4 1 2 )  83

11 II 4 00.041.08) GO TO 12 8’.4 7 ) 6 4 ( 4 39 )  — 1 5 4 7 6 4 1 2 1  85
471641 )6)) • 1 1 4 7 6 4 1 2 1  86

(2 COlT 164111 67
R E T U R N 88
(NO S9
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READ

PURPOSE: to interpret and translate the input data

cards.

METHOD: The progra m 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 (L$), 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

de te rmine  which parameters  are being read.

Subroutine BLN K 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 numbers, 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: BLN K

EQUAL

LEFT

N U M B E R

73
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‘ I P R U U T I N )  P t A )  0* I1l ,IBIS C IC AR O ,IGA IN,IG RD INEAR,IF4 T .ISC *T IWR ,
I I O I A , ; , 71 1 ( A  

,~- 47 , ( O l O , L Z O .M S ~~,NB *P N B I P  N E F F  ~I&EN , ’4M ,NP A BAP ~8*T
7**l ~~,447F T £ 14.’ *31) AM BM .CMM E R2.~~R 3 470 4 EMC HGT PIlAF DHA I P0440 P 3
) , , ( ( , 1.~ ’ f ~~ l’, . ( , , ,Ap hid T H l F . f l I I , THSi .7H~~I.5k2,~~IG3.hG4,fO2,tt~j3 4

I ! , , ,~~71. , , 47. P ,l,ILL Q,ZNP ,$T(Pl 5
47 , 4 7 .~~~71 / 4 7 / 4 7 ( 4 7 - )  7.
- 4 7 4 7 P  V i ! )  T ) ( l , / ( ( 4 7 ) ) I )

- ‘ 8 -  ‘. ‘ ‘, ( 7 1 ) 1 )  1 4 7 ( 0 0 )  • 4 7 1 1 )  4 7 ( 1 )  • 7)1) • KGEFII I) • 601*6(t) 8
~~~ (‘71 47*471’ ! , I ‘ 44-1 1 0  1N~~4 II L iD) II

- A 1 4 7 .  A A , A 00, A1 .A ’ , *I Al Ar ,,*H L I AK L1, *M A .*N AO .AP AQ ,A R *5 AT Lii, ‘0
( A ~~ , * . ,’ L ’ , li’ , ’ 4 7 ’ ,’ ) , E . ’F • 6 ,  H’ . I ’ ,’ k , ’L ’ , M ’ •’N .O ’ . P’ .
2 ’ ,.’ , #’  , ‘ S ’ , ’ V ’  , i -  ‘ 0 0 ’  ‘ 4 7 , 1 2

A l A  p ( A N k ,i’ i(~4M* ,N(N(0S,~~LEF T , PQINT,RlGP1 7,5LA l4T/ ,‘,‘, — ,‘ l , .  3
I • ) • , ‘ / ‘ / 6,

1 4 7 4 7 4 7 1  5 1 . 2 7 1 ’ .1 1 9  5
‘ 4 7 ’  • 00 AD

47 1 )  • — I  I?
- 4 7 ( 7 1  • — I  , 18
71’ A R  • — I  IS

I - - A T • — l  20
.4. • — 1  21
6 ))‘ (A), .) L~.* I GO TO 2 22

4 7 )  (47Y,.711 .0! .0 10 4 23
1 4 7 . 1 1  0 ’ - 76,,f’ ,[J -- I Z )  A - 24
2 I I I A ( f ) . 71f .A ).UR.IA (2I.F4(.B4,*Nk).OR .(Al3)_ F4E .BLANK).OR.lA l4I_ME 25
1. ,~( 8.6 I I - ,- 1’! 3 26

W 447(I) 46,7.. ) 21
47 (47 7)- I 28

3 * * I T (  1 4 7 , 7 5 ) 29
‘ - ( 0 71 6 30

4 4 4 7 , 8 ,) 45, l6,€710 721 A
5 0’ -47 !. - . (1* 47 0 *1

4 7 7 1 , ’ )  (1., 7 H  I(*PO, * 33
I i  I ( M ’ , ) ; . ’4 ( •0 ).A NO.I( A II).EQ. *E ) .AFIO .lA (2) •E Q .A 04l.AN O•4 A 13 ).E Q.AO) 34

I ( l ’ -~ 
0 4 7  UI

4 6’ , ’. II . * 7 1 0 . ) I A ( I ) . E Q , I , S I . A N 0 . l * 4 2 ) . E Q . * T ) . A 6 4 0 . ) A l l ) . ( Q . A O )  36
0 * I ’ . I . 1  .~ .8 E l )  I GO TO 69 37

0 ( 4 8 1 ( 1  .4.0).*~~).ANO,(A( 2).fQ.BLANkt.A ’4D.(* (3) .EQ .BL*i4K).ANO .tA(4) 38
I.)c. p - I A N 7 1 ) I  G) J 70 13 39

10 )“U,.(,T .O( GO TO 4 40
(*01 RINK 4*1 4 1
N • 4 42

C 43
C I N S U l A T I O N  44
C 45

II I l L) 1).F41 •AI). OR.( A 12) .NE.AN). OR.lAl 3 ) . N E . A S ) . O R . 1 A 1 4 1 . N E . A U I ) 46
IG U TO (0
K F)*G420I • I 46

C 
C*I L L I F T )F4 1 49

6 Ii 4 ( 8 1 7 1 4 . 7 1 )  .A R4  .O R.I A IF4,lI .NE.AA 4.OR .l*IN ,2).N€ AO ),OR .IA(N.3),NE Si
1 . 4 7 ) ! !  47 , T,( 1 57I , 53j~~~t F — . a t t~~~I 54A ! )  71 4 7 8 ) 8  (‘l ,P42, A l ,  II) 55

0 I * 1 0 0 2 ) . 3 , a . R l 4 7 H T )  GO 004
I’ 4 * 0 7171 .71) • SL*04T 4 GO TO 11 58
N - ‘.7* ) 59
b.- ~ 60C - 617 IF ) ) A ) N I , I4, , * D ) . O R . l * I N # 1 ) . N E . A I ) .O R . l L l N , f l , N E. A E P . O R . (A ( N .3 )  NE 621 . 8 ( 1 )  ~C TO 8 43

- I 64C A L L  7 Q ~~A~ (NI 65
(AL t 71,,*971 1P4 ,N2, 8 I , I ) p  66( 6 2  • II 67IF  ) A ) 7 1 f l . 4 7 Q , R I  .47) GO TO 4 68IF )*)N2) .N(,5~~* 4 T 4  GO TO 11 69N • ~ 2’1 70GO 1 4 7 0 ,  7c 718 I , t * ) .(.71r .AC).OM.) A 464.I).NE .AO4.OR.(AlN ,2) .F47.A 04).Dp .IAlN.I).N( 73

1 . 8 1 1 1 , ’ TU ‘4 14

~ l I ( -. 1AL  164 ) 77.141 “ 4763100 l’4,’82,*I, I A)
• *( 76

196 )* (‘./).041,5(*71)) GO TO 71 80N • 7 1 2 * 1  8 400 70 6 82
9 IF (4*114) .P)8.AL) .OR.IAIN•I ).NE .A0).OR.IA (N.Z).NE.AS).OR .IAIP) .3).NE
I. AS) ) ,.Ti tO 11 85* 0 4 7 * 6 ) 7 )  — I 86C ALL E QUAL 464 ) 87
~A~ L P46J M6ER IM ,N?,X 1,I * ) 

47

IT l* I N~~$ . l Q . RIG. l 7 l  GO TO 4 90IF 4*1474 ).F41 .SLAP4 TI GO TO ii  96 4 - 6 4 2 . )  9(~O 10 6C 94ç W I R E  F
94
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10 I F ( (A T  1 ) . N 1_ A W L O R . 1 A 1 2 ) NE.Al).OR.(A I3I.NE.**I.OR ,(A )4).F41.A E I) 91
tOO 10 (3 98
C ALL L E F T  4647 ) 99

C lao
(1 I F 11 * 1641.041 .AR) .OR.IA IN ,I1.NE.AA) .OR .(L IN ,2I.NE.AO I.O * .(A IN.3) .NE 101
1.*I)) 00 30 12 102
*61*0 (2) • I 103
CAL L ( UOAL IN) 104
C A L L  N UMPI R l N , 0 4 2 , X I . I X I  (05
£ 1 .1 1 106
IF l 4 7 I 0 4 2 I . 1~e . 8IG)lT) (.0 TO 4 ID?
I F IA (’4fl.*41.$IANT ) GO TO 71 108
N •  N2 •1 409
GO TO II 110

C I I I
12 I F 1 1 * 4 6 4 )  .NE.AC).O ,.l*IN .1).NE.AO ).OR.(A (N.2).NE .*N).O1.11l64.3I.NE 112

l. A D) ) GO TU 71 $ 1 3
K F L A G I Y )  — I ii ’ .
C A L L  1 8047 L IN) (IS
C 47 LL 6.064801 4N ,642,X L.IXI £16
CM I • A l  1 4 1
IF IA I64/).EQ. R 16047) (.0 TO 4 lId
I F (A(N 2I. N (.SLAN) ) GO 10 71 11 9
64 • 04 2 0 1
60 7 0 1 1  1

22
C E X T E R N A L  M E D I U M  (23
C 12 4

I) I F 11 *1 1 ) .NE.AE).O R .16I2) .F4E .AX ).O1.IA* 3) .NE.AT I.OR.(A 141.NE .AE I) (25
I O U  TO 4 7  4 2 6
611*6(8) — I £21
CALL L I FT (N) 128

C 4 2 9
14 IF (1* 1644 .648 .A ),OR.I*IN .1).N (.AOI.OF. (*I N.2).NE.A 64l.OR .(A IN+3).NE 130

1.60)4 GO TO 13 £ 3 1
601*6(9) — I 132
C A L L  EQU AL (F)) 433
CALL NUMBER 1111642, 4 7 1 , 1 4 7 )  134
Sic.) • XI 135
IF ( A ( 6 4 2 ) . E Q . l I C . H T )  GO TO 4 ( . 6
(F (A ( F12) .Nt .SLAN T) GO TO 11 431
N • 642.1 136
GO 70 1 4 (39

C j 40
IS I F 4IA IN ).NE .A)) .0R .(*IN ,II.NE.A I) .Ol. (AIN .2).NE .AE ).0l.(A10463) .NE .41

l. A 1 )) (.0 TO lb £ 4 2
601*6410) • I 143
CALL E QUAL IF) ) 144

CALL 640018 FF 164 ,642,471,147)
El) • 4 7 1  145
IF IA)712).EQ.RIG,41 ) GO TO 4 147J O IA )N 2).N(.SLAI4T) GO TO 71 100 8N • 042.1
GO TO I’. 449

C 150
I SIlb (0  ( I A ( P 4 ) . N E . A ) , ) . O R . I A I N• l ) . N E .A O ) . O R . l L ( N . 2 ) . N ( .*S I . 0 1  IA IN.3$ NE (-5 2l.*5)) (.0 TO 71 • 
IS)*01 *(.( (I) • I

CALL EGU*
~ 

IF)) 154
C A L L  640)46 P 164,642 .471 ,147) 155
TO) • 156

151I F (A (FIfl.(Q .R I G H T J  GO TO 4 4 5 84 6  I A ( 6 4 2 ) . N ( . S L A N T I  GO TO 7 4  $ 5 9N • 042’) 16060 10 14

LOAD 
17.2
(63
464
lbs£ 7 JF I( A )II.NO.A L ).OR.IA (2).NE .*0).0* (A))) NE AA I OR (*44) NE AOl) (66160 TO 18 (61*01 *011 4 ) • I 168GO TO 19 16948 II ( 1 * 1 I).F)I .AI) .OR.IAUJ.NE. *NA ).OR .(A(31.NE.AP) .OR .IA I4).NE .AE I) 170I (.0 70 22

R F L A G ( 2 4 4 • 17 1
19 I • I

C *LL L I F T  to. )
20 C A LL FIUM6IP (64 ~42 *1 

174
II 1 4 4 7 .11.0) 66 16 11 1 7 5
L i G ) I )  • Ix
64 • N2.1 118CAL L NU MB ER (N,NZ,xl.IXI 479RMA (. - * 4  leON • 642.1
1*1 1 6FiI~~ E R iN,N2,xl,)X) $61
1016 • X I  $8 2
088 *1. — R MAG*COS(l 0( Q ,RAO ) ILII MA (. • RMAGS 5II4(IQEG,R A DI $85Z L L O I I ?  — C M P L * ( R I IA L , R I M A G )  1 87.4
I Y? A~ F4J),EQ.RlG 6sTI GO TO 4 (87

I 88IT IAIN 2 4 .N47.54,A F~fl GO 70 71 $89I — 1 .1
N • lI?.1 £90
GO TO 20 £91
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21 0 ’  47 4747 . 1 . 4 7 )  • —I IS)
t t 4 7 -  — 194
))‘47 7)) 4

c 96
Fa) !)tl71 Y 97

C 98
2~ II (I *4) 1 .04E.A F ).OR .IA I Z ) . NE . A R I .O R . ( A 1 3 ) . 0lE.AE),OR,(*( 4) .NE, *Ql) $99

- ‘‘- 200
• I • 201- ‘ ° ) T  (MI 20 2

“VII (64,642, 471,1 * ) 203
7 4 7 4 7  • ‘I 2C4

205
C 206
C PLO )  20?
C 208

23 o’ , t A ( t I . 0 4 )  .AP ) .0K.(A(2I. 6447 ,AL 4.01.4*) 3l.64I.AOS .Ol.(A (41J(.*V iI 2091 ) 4 7 . 0 ) ,  ( 0  2 10
6 ) !  *1 , ) , , )  • 1 II
c A t  ‘~~~0 T  IM )  12

C 
~~ ~ 4 7 ( A I 7 1 ) , N E . A F ) . O R . ( * ( N +l ) . N E .A A ) . O R . ( A ( F 4 . 2 ) . N E . A R I , 0 0 . ( * ( N , ) ) , N E

1. 41(1 . 4 7 4 7  TO 25 215
1(4 7 1 7 1  • 1 24 6
7 1 7 1 0 ” .  1 2 1 ?
(0 ( ‘ 4 7  2 ’  2 48

25 ( 1  )A ) ’ 4 ( . oac .ABI.oR.)AIO4.I).N(.AIt.OR.(AI N ,2 ) .NE .AS).aR.(AIN. 3 ) .NE 219
).AT I) 4 7 - :  It ) 26 220

6 ) 4 7 1  - 47 2
718 14- — I 2

47~ 1 /7 223
20 47 ) 4 7 A I N ) . 7 1 L . *F ) ,OR .(A )N*I ).N(.AA) .QR,(AIFI, 21.NE.LCI.OR _ (A (N,)).NE 2’4I . ’’H 47.. )  TI) 11 725

I ’ - - I 226
• 1 2 2 1

228
C 22 9
C 230

27 03 28 47 N~~8J 231
• )•1 272
4 k  t A l l  ).EQ .SL*NT I GO TO 29 733

26 047.I4II NUE 734
C 233
C 23 6
C 231

It II 238
. 0 4 7 *  * 239

14- l I d! 711 .7171 .60.1 . O * . IA I N O I ) . N E . A H l . 0 0 . ( A 4 $ 0 2 ) . N E . A E ) . D R . ( A ( $ o 3 ) . 0 4 E  240

I .471)) ,,5 10 ~I) 741
, 4 7 L )  I .04747 47 1 1  242
( * 4 7 4 7  71 4)0671 0 8  )71, ’!., A l ,  I X )  243
I’ ‘‘11 ~ .‘,0.1) 4 7 ’ )  I — l I  - 244
(F  - . ) ) ( P . k 0 . ) )  7 1 , ( T . l )  26,5
IF ) ‘ .R A P . 0 3 . l J  A~~-711~~X I 246
0 )  ( A 4 7 1 ’ ) . I,) .P )  ‘ . 0 )  GO TO 4 26,1
II (8I’ .1t.(d ~~,, ’ , a o . T )  GO TO 71 2 008
I’ - • 47~~~

. 2009
0 - — 2710

30 1’ I 4 , ’,(.71).A 1’).OF .(*(N.l).NE’.A H),OR.(474N,,).NE.A4)) GO To ll 251
C A 1  1, 4 7 4 7 4 7 )  I’.I 2712
1* 1 , ‘ - “ “ 0 4 - (71,642 X l , I A )  271 3
IF t ’ ~) ’ P .)~~.lI * I I P .X l  2500
I F  - ‘ , 0 , ( 1 ’ . )  ~ , ( I  A R )  6.1$ 255
II ‘.!47*F’ .I .J.I) O F A P .X I  257.
(F I * (’ ,,4.), o .8I47, ’ i7 )  1,0 7 0 4  2 5 1
I F ) * ) 4 7 , 2 ( . 7 1 l . S L *NT) GO.) TO 11 25 8
04 • 7 1 2 ’ I  259

T I’ 24 260
C 261
C OUTPUT 702
C 263

JI ( F 1)47) J). 716 ,A )tI,OR.IA (2) .N(.A LJ ) .OR,(A(3) NE,AT).OI.(A(4) .NE .LP)) 764
4 7 0 0  265

K ) )  A,.! ‘ /  4 — 1 20 ,6
4 7 4 7 ) 0 .  ( 1 1 ’  71! 27.7

C 268
32 1 I A I M I  .711.478 ) •OR.IA) N .4) .NE. *I ).OR.(*4N.2).NI.*S) .Ol.I*)N .)).NE 269

(. 4 7 4 7 )  0 TO)  33 210
.‘ _ o  ) ( .) • 1 1
11), 1~~~ £ IN) 13 47
(A ) ,  ‘* , 47 ” ) P  lN, 6 4 2 . * 4 , l 4 7 l  2 14
01-1 , 0  - 1 4 7  273
6 4 . 6 4,’ , )
( * 0 . ,  71)1718 )N ,°A 2 , X l , I X )

• ii 278
64 • 647*1 2771
(ALL NUMBER (FI,642,XI,IX( 280
T.icI • *1
6 4 —  642*1 20
CA L L NUMBER (64,642.47 1,1471 263
THS F • XI 784
) F  ) * ) N 2 ( . I Q . 1 I 6 6 4 7 )  GO TO 4 785
(4. I * )N 1 ) . N E . S L A F 4 T )  GO TO 71 281.
N • 042*1 2 1
(.0 T I  3/ 2 8

76

— - — — ,. - - .a — - - . - - - - -



C 289
33 I’ ) IA ( N I J 4 E  .*F) .OR .IA INKL I.NE .AA) .OR .(* (N ,Z). 64E .*I).OR,lL(N ,3).NE 290

I . A F I )  GO TO 74 291
*F LA L.II6I • 1 771216*104 - I 29 3
CALL E CIJAL IN) 294
C ALL NUMBER ( N . 6 4 2 ,X I , I * l  295PIIA I - x i
N • 642.1
C AL ), NUM BER (64,642,471 ,147 ) 298
P44 * 1  - X l 299
N • 6.7+1 300
(ALL NUMBE R (F),N 2 , 47 l . l x )  30)
THA I - Xl 302
N • N2 .t 3071C A L L  NUMBER )N,’42,XL .I* ) 304
T I I A F  • XI 305
IF )AIN2 )dO.R IF ,NT ) GO TO 4 306
I F I A I N 2 J . N E . S L L N T I  GO TO 71
N • $2.1 338
(.0 TO 32 309

C 9 4 0
34 I I I l A I N )  .041 .664) .OR .(A ($.1).NI,*El .OR,(A(N.2I.NE.A *l.Oa.(A (N,3I.N( 3 1 1

GO TO 40 3 12
IOFLL(,(l 9) — I SIT
1641*8 • 7 31 4
CA L L  7100 *0. ( 64 ) 315
IF (A I F A ) . Q.P L E F T )  GO TO 35 3 16
IPAFA F  • 4 3 1 7
I • 1 310

320
GO TO 3 6 349

3 2 4
322

33 00 31 1— 1,30 323
I • 1. 324
N • 64.1 323

34 CALL NUMBER (64,642.471.11) 326
IMP ()( — xi 32 7
N • 642*1 328
CALL NUMBER (N,F)2,XI, I A) 329
YNP (I) • Xl 330
N — 6.201 3 7 1
C ALL NUMBER (N . N 2 , * $ , I X P  332
2 646(I) — 11 3 3 3
IF I I N E A R .t Q.lI GO TO 39 334
1641*8 • L~~l 3 3 5
IF I A I N 2 ) . E Q . R I G I I T )  60 70 36 330,

33 1• °‘° 
- 

33831 CO NT 16401 339C 
~40,41
342GO ‘0 ‘I - 34338 64? - N,’’I S1 6.1 *8 -

39 I F IA )71?).I0.Ri( ’4T) GO TO 4 305
I F (A )47l, ’). P4€ S L A N T P  GO TO II ‘47N - +2.1 348GO UI .12 p 3 4 9

000 IF (I * ) N ) . F 4 ( . * B )  .OR .( A (N F I I  .NE .AA ) .O0.(A(N .ZI.NE .&C) .OI,)A INF3).NE 350
3711I.A k) ) GO TO 41 3521)1 *0 (111 • I 353IS C A T • I 354C A L L  EOU*L IN ) 355CA l L NUMEER IFI ,012, *l,I47 )

6)-lIt - X i  957N • N211 358CALL 64U1 16 (N, N 2,Xl,I 47I 359P44(0 - - 360N • 642+ . 361C A LL NIJMBER (N,642,Xl,IXl 
37.71.111 • Xl 3 1.3N - 04204 364C A L L  N IM B E R  IN , 6 4 2 , 4 7 l , I K )  3671TIlIF • A t 30,6IF ( * ( N 7 ) . 1 9 • F I G I 4 T $  GO TO 4 30,7I F (A IF )2).lft.S L *N TP GO TO 71 
368N • 047s~~ 349GO TO 32 310

4( (F I (A I N I • N l . A C )  .OR . ( A ( N , I l . N E . * U l . O R . ) * ( N 0 0 2 1  .NE.AI I .O R . IA I N , )4 . N E  3 7 1
3 7 2$ . A 0 I )  GO TO 43 373v,I LAG( t S) • 1 3 7 4

76
18* • I 73

‘77
3 7647 R•N 60 379lA ( K).~~Q .IIraI4T) 60 TO ~ 38N • 1.1

IF (A (*I.E Q SLA NTI GO TO 32 38242 CO*lt 16401 
‘463C 364GO 70 7)
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C
4’ IF I ) A ) 7 1 I . .71) .A S ) . U R . ( A ( N + I I . N E . A T ) . .J8 .(* (N ,2).NE.AE ).Oa .(A lN ,3 1. NE 396

• A l’ I ) - ,  - I I --  1 1 3 8 1
- - 7 418

A ) ) ~~t ) ) . 4 IN ,N2, 47l, I XI 339
7 1 1 ) ”  • * 4 7  100
I’  ) A , ’4 .7, 0) . 4 1 4  GO 7 0 4  I’iI
I F I A !  ‘ ‘ ( . 7 1 4  .‘,, A N T I  (.0 TO 11 94/
‘V — 0 4 2 . 0  3 _ Il

0 3? 714
C 7_ i ’,

0 ) 6  - P011-A T 7 *71,
3 9 7

44 )0 l I A ( U . N I .A F).I)R.(A )2).’4E.A ()_QR.(A13) .F4E .AE ).O .(&(4).F4E.AD )) 198
1 0 4 7  1470 4’, 799
+ 4 ( 4 7 ) 0 ’ ! • 1 400

O ..T- 40
‘.5 I) ) I f l l I . 1-lt . A U i . O# .(A( 2) .NE .AF).Og.1 A 13).NE .A P4I. OR.l *14I. N (.A E )) 40

403
ot , . . I, I) * I 434

46 ‘V ’ ’ )  • 40’.
. 4 7 4 7 ,  It . ’ )  I’ , )

47 ‘ b ) )  1 -0 , ” - 8 I’4 ,N2, 1 l . I X) ‘. 1 !
• ‘ • 7 1 * 1  ‘. 1)9

• , 4 7 1 t . ’ V -  ‘ 4 7 )  ‘ IX ‘.34
I ’  ) 4 7 4 9 .’ . . 7 1 . J . R l . H T )  60 TO 4 4 1 h 0

6, 0 1
- , ( )  , 718~~~ ) ) k  l 7 1 , M 7 , X ( , I X )  4 ) 2

— 4 7 0  4 3
71 7 1 _ _

• _ 4 4
47 . ‘V ‘- - 7 1 4 7  (‘0 .9?, A ) , I A ) ‘.o - 4 6

/ 4 7  V I  • 1 4 7 1 • ) 4 7 1 ’, )  I L )  - . / 1 4 A 0 (  4 4-
0 47 - • . 6 4 7  - S 9) 1 4 7 ( 7 1 . / R A n )  4 8

VOL - - 71 - , il ‘ . M t  X I V ’ )  F A L ,  V (NA G ) 4)9
IF R I ’  ) .t ,~~~ ‘- 4 7 . ,.)) - - T O 4 423

l l ’, ) _ 7 1 ) . .I A , ! I  .0 7)) 7 1  4 2 1
4 7 ’  t A t  - - ) . 4  ~~. . )  *1-I l .ANU .IA(F42+&).EQ.BLANFL )) GO TO 40 42?

• .4 7 . ,, , 4 / _ I
‘.0 474

48 -‘*10 4 7 1 . 7 8 )  * 475
4 7 ,  — I L ~~4- ().1 426

0 )  6 , 7 0 )  ( 480,* 4 7 1
0 428

I l ,  7 1 . ’t* (A l 470
! O t  71 ! 4 7 4 7 )

4 1 )
C 432

t O E S C F I P I ( , 7 1  433
C 484

009 )’ ) I * I l ) . N ’ . A t I . O R . ( A ( 2 ) . N E . A E ) . O R . ( 4 ( 3 ) . N ( . A S ) . O R . ( a ( 4 ) . N E • A c ) )  4 3 5
0 - 5 ?  4 4 7 7 0 ,

• 4 3 7
.1 • 10 4 3 8
. 4 7 ! ,  , - F T  464 0 439

50 - - -~ ‘ -  - ‘ - “ 08 I71,642,X(,iXj 440
.1 • i L  441
0, ’* • .3 4 4 2
)A I J )  • 4 ,  4 4 3
6 . ’ ’. ’ ) 46,4
C A t  IF  (64 ,N 2 , * I , I A )  4 4 5

‘ I  ‘ . 47 1,46
0 ’  ( + ) ~~~ . I .IU.PIIG ’-l T l GO TO 4 447

I A )  - , - - ) • 641 - 5! ANT) GO TO 71 4 4 8
I’ ) ‘)“ /). F Q .SLA PIT ) .A NO.(A 1P4+Il.E Q .OLANK ) ) 60 10 51 449
6 4 -  ., , ,

~ 450
0- ‘ - 7 1 ;  4 5)5( 11* ‘, . ) ~~ I ~ 452
I ’ *47 . 47 • h. A k ~~~,(  453

( 1 , )  4 - 0 4 0  ( * 4 7  4 5 4
I 0 0  I 7 . , 7 7 0  1 4 7 8 4 7 1 . 4 7  4 5 7 1

47, - 0 456
- ‘  47 - - 457c 471 8

C ),‘)47 ) T R y  459
c 41.0

712 1’ - ‘ ‘  11.71 ’ .I.I.00 .4&(Z$.$f.II 3 .O*.9A93).$X.AOT.O*.lAt4).ME.&NA)) 461- 571 462, , t , - ) )~~~~ 4 4 1 . 3
1 i •  464

( * 4 7 4  - F T  (44) 4671
53 I 4 7 ) 0  71 .1( 4 ft 164 , 64 2 . 11 • I X )  47.6

. 1 . 0  — 4 6 7
1-4 4 -  • 3) 1*66471.34 ) • X I 469
F, • 642+4 470
CA L L  NUMBER (N.NZ, X I , I X l  471
V ) J J )  • X l 472
Fl • 1-47 . 1  413
(*I,L P 4 03MBFF IN,N 2, Xl,I X I 1*741) 4_ IT • Xi
14- 4~~I~~2 I.EQ. RII.n1) 60 10 4 47
I’ I * t’+ 2),N (.5)ANfl GO 10 11 ,I t  I ’ A I ’ ..).FQ. 54 ANT ) .ANO.( A (N .1).EQ ,OLAF)61. 60 10 34 476
1 - 4 • N / • ~~ 47~(.0) T O ‘13 460

78
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54 8 1*0 (5,16) A 484
I CARI ) — ICARO .I 482
W R i T )  16,17) (*10,6 4 8 3
C A L L  RIN k (*1 484
N • I 495
GO TO 53 486

C 467
I N T F P V A L  4. 01’ C A L C U L A T I O N  488

489
35 1- ((47))) .041.471) .OR.(A)2).N (.AN) .Oft,(* ( 3) .NE .At ).0B.(A (4) .NE.AE )) 490

147. 10 TO 710 491
A F I A G I o I )  • I 492
CALL LIFT IN) 49~C AL L NUM BER (N.N2, Xl, I X )  494
11-4 0 • I X  4971
I F )*)N2).EQ.81..HTI GO 10 4 496

GO T O  71
498

C GROUN D
C - 500

Sb IF (I A (II.N E. A G).OR .(A 12). NE .AR).0R .(A (3 ).NL.A 0I.OR.IA (4),NE.A lJ)) 501
( G O  TO 66 7102
6.FLA&)2 5) — I 503
KILAC,(2#, I • I 504
)‘.I() • 2 5 0 7 1
C A L L  L I F T  III ) 506

37 IF 1 1 * 1  64).N71. AP) .OR.)AIN .l) .NE. AE ).0R• (*IN.2) .NE .ARl.0R.(A(64,3) .NE 507
4 . 4 7 7 ) )  (.110 70 58 508
IGFD • 509

GO TO 1” 5 0 0
36 II ( l A I N )  .NE. * .).OR .(*(64.1).NE.*0).OR.I* (N .2).N1.AO).OR .(* (N ,3 ).NE 7 1 1 1

l. A OII 0470 TO 59 5)2
7 1 * 4  • )0.  5)3
5 11.4 • .102 5)4
Go TO 1 - 4

59 iF 1161641 .718 .AR).0R.(A (N,II.NE .*OLOR.IAIN,2).NE.*Ol.OR.IA (N .31. NE 514
I . * P I 4  GO TO 60 ST

7 4 7 4  • 4. “ I V
711G4 • .001 50 9
(.0 TO 84 520

60 IF I ( A I N ) . l - 4 ( , A 5 ) . O R . I A I N . 1 ) . N E . A E ) . O R ( A ( N . 2 ) . N E . A * ) l  GO TO 6 1 5 2 4 7
71 84 - 80. 522
5)1,4 • 4. 523
(.0 TO 84  524

61 IF I)AIN) .64E.A T’4 ) .0g .tA )N ,l).N(.8E j,OR.( * (N,2) .NE.* (I.0I.(A (N.3) .NE 525
l. A G I )  GO TO 62 526
CALL EQUA L (N)
C A L L  NUMBER 144.64 2 ,4 7 1 , 1 4 7 1

U , T  • Xi 579
IF I A ) ’ V ) . E Q .R I G H T )  GO TO 4 530
II i A I N ,’ ) . NE .SL A I 4 T )  (.0 10 7 1 531
N - 7 1 2 ’ )  572
1,) 1 , 4 7  4 7 7  533

62 II I ) A I ’ .).’0t. A C J .O R .(A( 64.t) NE AO).OR.(A(N ,21.NE.*N) .0*.(A (N.3).NE 534
i. A D l ) ~~ - T n  63 535
CA L l I • ‘AL (1-4) 536
(4771) 71 , INo ,71P  (N.4,? ,XI .IXI 537
SR.4 - X (  538
46 I & ) 7 1 1 0 I . I 0 .R I G o l T )  GO TO 4 539
JR iA )71fl.F071.$ LAN T ) GO TO 71 • 540
N • 1-42.1 541
GO TO 57 542

63 i F ((*1MB .041 .47) 1 .OR .(A (N,l).NE.*IJ,OR. (A (N472l.NE.A E). OR. (A(N. 3 1.NE 543
I. A L)) GO TO ~I 544
CALL F OJAI. (64) 545
(A L L N,JMBEP l6. .’A Z , X I,I * I 546
447 4 • Xl 547
I F )A 1 4 42) .Io. P 1 47:, ’IT) (.0 TO 4 548
I F (*1047) . P4L . 5 L  A1 -+T ) GO TO 71 349
N N2.~ 571 0

552
I,!) TO S . 55 1

571 3
5714

64 00 1.71 K .N,60 555
IF )A )K).E Q .11G047) GO TO 4 551.
N - •* ( 557
I F I A ) ,  I .(Q.SLANT) GO TO 37 7171 8

63 ( ( ‘ V 0~~~’V J ) 5719
C 560

7161
562

60 10 71 7163
564
365

64 ( F  II* ( l ) . N E . A 5 ) . O f t . ( A 1 2 ) . N E . A T ) . O I . ( A (  3 ) . N E . * 0 l . O R . )A ( 4 ) . N E . * P l l  51.6
1(0 II) 67 367
lILA c . .  • 2 560
RETUR N 50,9

C 57 0
67 IF ((*Il) .NE •AC ).OR.(A12).NE.AH).0*.(*( 3).NE.A*).OR.I*)4).NE .AN)l 371

(GO TO 6$ 572
IFLA G • 3 3 7 3
IFTUIP) 574

C
66 17 ((A I1) .NE.AEl.OII.(A(2l.NE. *F4) .O * .(A (3).N1.AOI l GO TO 71

5 7 7l I L A ,  • I 3 7 4 7
RETU I’ 1-l 379

69 4 1 -1* 0 , - 560R E T ,J F N 581
70 IF O . Ao. • 4 562

583
71 M ’I. • I 5414

‘44 * 10 ) 710) • 1(6*0 5871
_ ,,) T _ 4 7 4 547 67 2 1 ~ t 1166.Flf.5 ) W R I T E  (6,70)
IF LA L, • 588RETUR N 7189

C
71 I F L A ~. • 6

ICARO • IC*R0 i
RITU8N 7193

C 59 4
393
39474 F O R M A T  (718 ,80*1) 55775 F O R M A T  I F / / / 5 * , ’OoBTA CARDS’/fl

“9F LjAMWT 16 0*11 
2* S0 A l ~~ C A R D / S T O P  CARD I ISSIF4G•* ’)  400F O R M A T (4, ’.)
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RITE

PURP OSE: to generate a list of branch currents from

~n e inp ut loop currents.

M E T H O D :  Th e genera t ion of branch currents is

accom p l i s h ed in the DO LOOP ending at statement 2. The

branch currents are stored i n  C J ( I )  by the latter part of

the i-O LOOP ending at statement 3. If the branch currents

art’ requested for output (IWR positive) , t he DO LO OP ending
a ~- t - itement 5 iccomplishes this .

CA : LED BY: ~AN T 1

GFFLD

CALLS TO: NONE

S
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‘, , I I IU 4 7 ) 1 ) 7 1 4  R I TI 116 ,18 I NN, 444*, 11 .12 ,13, MO,64D,NM,CJ,(G, IGRO)
J I l l  C C . I I I  C_ IA ,CJB 2

• l’IRI N S I t - N I A I ( l ,  I B L I I ,  1 111 ) , 12 11), I 3 ( I l , M 0(INM, 4 ), N0( l) 1
A M A X  • .0 1’

C 5
C 6

00 3 k-), NM T
(IA • (*48) 0
80 ‘ IB)R ) 9
(4* • (.O,.0) 10
C_ IB - (.0,.Ol 1
NOR • 6.0(6) I

C I)
C 14

002 I 1 I  1-408 071
I . M O( I c , I I )  06
F !  - 1. 17
IF )RB.11. ~.I, ’ ( I ) J  GO TO I 18
IF (RB .) 10. 1 1 ( 1 1 )  F l — — I  • 49
C_ IA • C jA.F I .CJ (II 20
GO TO 2 . 2 1

I I F I R A . ) .. I I ) ! ) )  F l — — I .  2?
(JR — JF ’F ‘C_ I ) ( )  23

2 (081164- i t 24
C 271
C 26

((.16) • C _ I A  21
81-0 • I ’ , FVM 2 ’)
CG)RF.) • ( 4 7 4 6  7<71
A C _ I  • C A B S ) C J A )  10
B C _ I • C A B S ) C _ I S I  4 7 1
IF ) * C J . ( , T . A M A X I * 6 . 6 * — A C _ I  17
IF ) R C J . (, T . A M A X }  AMAX ~~BCJ 7 1 4 7

3 CO N TI NUI 04
C
C I!-

IF l i W R .cLT.O ) GO TO 4
RETURN 31

4 IF IA M*X .LE .O .) AMA X .l.
WRI t E 18,81 40
64MG • 6 4 4 4  4 )
IF (IG RO .GT .O ) NMG • NM/2 47~~10

C ‘3
00 5 k 1  NMG 44
C I A  • ( ((6 )  45
68 • KRF4M 40
C~~B — CG(kk7 4 7
CCJA — C A 8 S IC J A I  48

( 4 7  ‘ <0 • ( 4 4 1~~
) ( J ’ ) )  49

A l  o I 1.J A / V M A )  50
4’ 3 • 1 _ I8/AM~~ S I
7 1 4 7  — . -47 5?
!~ ‘0 • .10 53
I’ A C J ,l.T .).) PA • 51. 29 5 7 6 * A TA F O 2 1 A I M A C . ( C J* ) ,R E A L I C J A ) )  54
I )  Io- C J.,.r .10.) PB • 57 .29578*A TAN 2(*ZM *G (CJB ), RF AL ((J0)7 7171

3 *t’) T 4 (4,, T I L , I A (k l ,(JA ,CCJ* , A C J , PA ,IB ( kl ,CJB, C C JB,B C J, P6 56
C 51
C 58

W R I T E  (6,6) 59
RI TU RN 60

C 61
C 62

7. F O R M A T  ( 1 0 4 0 ) 63
7 F1,RMaT (247 , 1 7 , 2 4 2 4 7 , 12,2 47 ,81 I•5, 1X . 1 I 1.5,lX,El1.5,IX ,EI1.5, lX, F6.I ) 6’.

63
S FO R M A T  ( / 2 4 4 8 X  •N C R M* l_ l l E O ’ , S X ) I  SLC. . 2 ( ’  NODE’ 4* , ’R E*L ’ , b X , ’ IMA 66

I G i 1 -IAI4V ,347, ’MA ,N I T U D I ’ ,347, ’M AC ’NII U OE ’,X X, ’P HASE ’)) 67
8041_I 66
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SA R T

PURt~~SE: 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 createst 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 ,y  ) if y is
i i  i i

grea ter than y .
1

CALLED cY : POLP~tT

CALLS TO: NONE

‘47 ’ I )’ )’0 -‘‘ I < .~ A l  I O A T A X  D A T A Y  N) I
()I”i’’,I)47N ) * ‘ A % 4 7 1 0 3 ) .  6A1~~y(~~0O) 2

C 3
C. 16415 ROUT 11-IF SOR TS ‘ATA III DA T A Y  BY MA &N I TUO E 1’

F 4 N • N- I 4,
C 7

2 J . T ,1-4I4 8
NM - 1 1 - I  9

C 30
1)47) 1 J ’ N M , N 11
)) I L I A T , 0 4 7  4 7 )  .C.I.OAT AY(J)) GO TO 1 12

• 47 1 1 < 1 1 )  03
1 0* 1 *  1) I • 0A T A Y ( _ I )  I’.
A ’ A  Y4 I )  • 570 1

1 0 1 4 7 1  — 0 4 7 1 * 1 4 1 )
( 4 7 1 4 7  1) TI  - OA I*XI J)
))A T * A )  J I  • 5106  l B

1 - .nN TI6.U~ 19
C 20

2 CONTI NUE 21
C 7

RITIJA N 2
(NO 24
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SGANT

PURPOSE: to calculate the mutual impedance between

f i l a m e n t a r y  monopoles.

2 2 
P11 

A ~~~. ~~“ C
P1 2~

I ~~~ .. ___#
2 .0 2

P2 1

B .
~ P22 ~ D

1 1

SOURCE RECEIVING
DIPOLE DIPOLE

2 P11 4. P12 + P21 + P22

METHOD: In the induced ewf formulation , the mutual

impedance of coupled dipoles is

z = - 

f 
I ( t )  E (t) dt

where 1 (t) denotes the current distribution (normalized to

unit terminal current) on dipole 2, and E (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. E may be expressed as the sum of the fields

from each of the monopoles comprising dipole 1. Furthermore ,

the integra l 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

83 
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l ines. (The monopole  . ie t t er s  r e m a i n  t h e  s a m e . )

A ‘-, p 11 C A “ P1 2 D
I I

— —  I —

B 
- 

P21 C B P22 D

The surface impedance is calculated just above statement

2. E~ 1 denotes J / J where 3 and 3 are the Bessel
0 1 0 1

functions of order zero and one with complex argument , ZAR G.

It is assumed that all the wire segments have the same

r a d i u s , cond ucti v i t y  an~ surface impe dance.

In the DO LOOP ending with statement 3, SGANT calculates

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 U followed

by RETURN to the main program to abort the calculation.

At statement 5, the program selects a segment K , and a

f e w  statements below this it selects another segment L. K is

a segment of test diple I, and L is a segment of expansion

mode 3. The mutual impedance between segments K and L is

~< LItd ~~ned by calling subroutine GGS or GGMM. In statement 18 ,

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

Z between dipoles I and 3 is the sum of four
i j

segment—segment impedances .

The variables IFLAG and JFLAG are used if a ground

plane is present for the calculation of the mutual impedance

elements . If IFLAG is equal to JFLAG , t he  mutual impedance

8L4
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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 i n t e r f a c e

(IFLAG not equal to JFLAG) , the reflection coefficient

correction must be applied to the mutual impedance elements.

This same technique is applied in subrout ines 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 12(1) at KA (point 1) or KB

(point 2) , respectively. Similarly, JS=1 or 2 if mode 3 has

its terminal point 12(3) 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 , P1=1 ; otherwise FI=— 1 . Similarly FJ=1 or —1 in

accordance with the reference direction for i~ode 3 on

segment L. In statement 18 , P (IS,JS) is multi plied by Fl and

FJ before its contribution is added to Z
ii

Subroutine GGNM calculates the impedances Q(KK ,LL) which

are like the P(IS,JS) but have different conventions for

reference directions and subscript meaning. The

t r a n s f o r m a t i o n  from the Q impedances to the P impedances is
accomplished in the DO LOOP ending with statement 13.

If the wire has finite conductivity, the appropriate

modificatio n is applied to the impedance matrix just above

statement 15. The terms arising from the dielectric shell
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a~ insulated segment ai ~ obtained f rom ~‘ibroutine DSHELL
just above statement 16. Finally, the lumped loads, ZLD, are

added to the diagonal elements of the impedance matrix in

the ~)u Lu t i P ~< u d i * j at statement 23.

K is a seqmen~ of test di pole I, and L is a segment of

.-xpansion mode 3. When the segment numbers K and L are

e~ ual , SGANT calls GGMM to obtain the mutual impedance

between two filamentary electric monopoles . These monopoles

are paLallel and have the same length. Monopole K is

positioned on the axis of the wire segment , and monopole L

is Oil the :,urface of the same wire segment. Thus, t h e
ii splacement is equal to the wire radius. The two monopoles

are side— by—side with no stagger.

W hen segmen t s  K and L i n t er s ec t, SGA NT again  cal ls  GGN N

for tl.e mutual impedance between the two filamentary

nonopoles. Monopole K is situated on the axis of wire

segment K, and inonopole L is on the surface of wice segmen t

L. The axes of segments K and L define a p l ane  P ,a n d
nonopole K lies in this plane. Monopole L is parallel with

plane P and ic< ui~~placed from it by a distance equal to the

-‘ire radius .

CA L L E D  B Y :  MAI N

CALLS TO: CBES

DSH.ELL

GGMN

GGS
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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 11(1) and 13(1)

(the endpoints of dipole I); 12 (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

n u m be rs, respectively. The DO LOOP ending at statement 8
‘let eum ines MD(J ,K) (the list of dipoles sharing segment 3)

anI ND(K) (the number of dipoles sharing segment J}

CA L L E D  B Y : MAI N

CALLS TO: N O N E
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S U B IOU V I N€ SOR T IIA,I8,I1.I2,I3, JA,JS,NO,NO.NM ,NP,N,MAX, 81LN,ICJ,IN I
IN) 2
D)MPNSION 451120) 3
01811445)044 1 1 1 1 ) ,  1 2 1 1 1 ,  1311), JAIl) , J Il l) 4
DJ MPNS)ON t A l l ) ,  1 1 1 1 1 ,  44011) , 810(44481 ,4) 5
1 - 0  6

C 7
00 3 A ’l,NP 8
MJK O 9

C 90
00 I J 1 , NM - I I
lNO l I A I J I k)SII8I~~

)A) 12
IF l lNO .NE .OI GO 10 13
44410 • N JA’l 14
451144410 ) — 4 144

I CONU 74U E lb
C IT

MOO • 4446-1 18
I F IMOD.IE.O) GO TO 3 19

C 20
00 2 IMD.l,MO0 L I
I • I • 1  22
IF II .GT .ICJ ) GO TO 2 23
lb - IMOF I 24
4* 1  - 4514 MD) 25
. 3 * 1 ) )  • jA) 26
481 • JSP I I PD ) 27
j I l t )  — 481 28
II I ) )  — 1* 4 4 * 1 )  29
)F I IA I J A I ) . E Q . k )  I l l l ) • I IIJ A I )  30
1 2 1 1 )  — K 31
1 3 1 1 )  l A I J

~~
) 32

IF I IAI JB I K ) I E I I ) 111 J 81 ) 3 3
2 CONTINUE 

•

C
3 CONTINUE 36

c
N I  38

C
00 4 4.1 8181 40
P40141  • 6 41

C 42
00 4 8.1,4 43

4 MOI J .k l  • 0 44
c

Ill — N I,?,

IF I N . OT . IC J )  III • ICJ 47
C. 48

‘.1
0 0 8  I — I  I I I  5 )
3 . J A I I I

C 52
00 7 1.1,2 ¶19
NO(J ) • NOIJ )FI
8. — I 55
81 .0

5 8148. - 44044 ,6) 57
IF I M JK.N€ .O ) GO TO 6 ¶18
81 — 1 55
440(4.47) • I 61)

6 4 7
4 F  16 .01.4) (.0 TO 7 7 < ?
II 181 .10.0 ) GO TO 5 7.9

7 3 — J I l l )
C 7 < ’

• CONTINUE
67

81144 • 100 68
81*6 • 0 ~9

C 70
00 , 4 . 1 * 7 1
N~~J • N0l

’) 
72

~ 
.NAX ) PBAX.NOJ

I. .819)8) MlM.$DJ 74
C 

• 
7 5

RETURN 76
(NO
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sQ ROT

PURP OSE: t ’ )  solve the set of simulta neous equations to
d e t e r m i l e  ‘h e  c u r r e n t s  on t h e  t h i n  w i r e  s t r u c t u r e .

METHOD: This subroutine considers the matrix ejuation

ZI = V whic h r—pre sents a system of simultaneous linear

~ - 1uations. NEQ denotes the number of simultaneous equations

a n d  t n ”  i i i z e  of the matrix Z.

On entry to SQROT , S is the excitation column V. On

e x i t , t h e  solution I is stored in S. Z(I,J )  denotes  the

sy mmetric iuare matrix. Also on entry, the upper—ri g h t

trian iul - -ir p ’sltion of Z ( I , J) is s to :e d  by rows in C ( K )  w i t h

K = (I — 1) * MEQ — (I * I) / 2 + J

If 112 = 1 , SQROT will transform the symmetric matrix

i n to  the  a u x i l i a r y  m a t r i x  ( i m p l i c i t  i nve r se )  , s tore  the

r e s u l t  in  C ( K )  a n d  use t he  a u x i l i a r y  m a t r i x  to so lve  t h e

simult aneous eluations. If 112 = 2, t h is i n d icates t h a t  C ( K )

a l r ea d y c o n t a i n s  the a u x i l i a r y  m a t r i x .

The  t r a n s f r om a t i o n  f r o m  t he  s y m m e t r i c  m a t r i x  to  t h e
auxiliary ma trix is accomplished in the DO LOOP ending at

sta tem-’nt 5. The solution of the simultaneous equations is

accomplished in the remaindet of the program.

CALLED BY: G?PLD

CALLS TO: NON E
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SIJ R10C(U TINE 5080! IC S,IWB,Il2 ,NEQ ) I
((JNP) fI C I I ) , S l I ) , S ~ 2
N . ) ) ) )) 44
) F  I 112.10.2) .0 10 6 4
( I I )  • C S Q R T I C I  I I )  5

C 6
00 I K•2 N 7

1 C I K I  — C l K ) f C I 1 )  S
~ 9

If)
00 5 l ’2 ~ N (I
IMO — I —  Il
910 • I.) I S
9 D . l I - I ) • N — l I • l — t ) ~~2 I’ .
II • 10.1 IT

C
0 0 2 1 - I  )M0 

I
!

I I .  ((-1I.’V - 11. *L—L)/2.I S
2 C I I I )  • C I I I  1 — 1 ) 1 1  ) ‘ C I L I )  IS

C 20
( I ll )  • C S O R T I C I I I  I) 2 1
IF I I PO .0I.N ) DO TO S 2

C - 2 3
00 4 j.IPO,N 2’.
14 • 10.4 2 5

C 2 7.
00 3 M .1,IMO 2 7
MD • IM -I)’N—IM *M—M)/ 2 2 10
MI • 440.1 29
Mj • NO.4 30

3 C I I J )  • C I I J I — C I NJ)SC IM I) 91
C

4 C I I J )  • C I I J 1 / C I I I )
C 34

S CONTI N UE 95
C 36

6 S I l l  • S ( L J / C ( I )
C 310

DO S 1—2 ~ N181 0 .1 —  4)
C 41

00 7 l. .I,I MO 42
l. I •  I L — 3 I * N — I L S L — l .)/2 +I 43

7 5 1 1 1 — S I I ) — C I L I ) ’ S l l )  44
C ‘.5

)) 1 1 - I ) • N — I I • l — I I / 2 +t 46
S S It ) • S 1 1 ) I C I I I )  41

C 48

NM • 1lI+ .l)’Nl/ 2 ‘‘3
SI N) • S l N ) / C I N N I
NMU • 74-9 

7 < 1

C -
00 10 I- ,.NMO

IIPO • 47+1
100 -

C “ 1
00 9 1.650, 44 7 < 6

8.1. - 80+1.
9 5 ) 8 )  • S l K ) — C I K L ) ’ S l 0 . )

C
66 • 4 7 0 . 4 7  7<2

10 S I K )  • S (K )~~C 1K8)
C ‘-4

I F IIW R.IE .0) GO TO 13 7<5
CNOR • .0 66

C 6 1
00 I I  I~~1, W 

68

5* — CA I S I S II)l 69
11 IF IS*.GT.C+-4OR) CNOR—S* 10

C 75
IF  IC+I OR. lE.O. )  CNO R- I .  12

C 19
00 12 I• I .N  14
S S •  S I t )  75

4 4 *  • CA ISI SS) 16
SNOR • S*/CNOR • 11
PH • .0 710
IF 4S&.GT .O. ) PH • 57 .2957~~.AtAN 2 IAlM&G l SS ),*EALISS )) 19

12 W R I T E  16 ,14) I,SNOR,SA .P84,)S 80

C 
81

wRI TE 16.15) • 82
13 R(TL.AN 83

C 
$4

14 F O R MAT ll ~~~jl3,1FlO .3,1Fl5.7,1F1O .O,2F15.6) 
85

15 FO R MAT 4 1  86

END
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SYMBOL DICTIONARY

A characters of the input data cards

ABA P backscattering phi plane angle for plotting

ABAT backscattering theta plane angle for plotting
ABIP bistatic scattering phi plane angle for

plotting

AB lY bistatic scattering theta plane angle for
plotting

ACSP absorption cross section for phi polarization

A CST absorption cross section for theta
polariza tion

A FFP far—zone phi pl ane angle for plotting

AFFT far—zone theta plane angle for plotting

AM radius of the thin wire of the structure

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

C elements of the open-circuit impedance matrix

CG branch currents for the structure

CGD cosb ~d for a giv en segmen t

CJ loop currents for the structure

CNN conductivity of the wire

D length o - a given segment

ECSP extinc tion cross section for phi polarization

ECST extinction cross section for theta
polariza tion

EFF radiation efficiency

EP loop currents induced by a phi polarized wave

EPP phi—polarized far—zone feu d of th~ dipole
mode

EPPS scattered electric field in the phi ~ir~ c~ ics m
due to a phi polarized wave

EPTS scattered electric field in th t~ the ’ 4direction due to a phi polarized w a y .

EP2 complex permittivity of insulali ot

EP3 com plex perm it-tiw ity o~ ambi o~ s.

EP4 com plex per m it t iv it y of ~~t o ~~u T

ERR EPI4/EP3

ER2 relative dielectric

p
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ER3 relative dielectric constant of the ambient
medium

relative dielectric constan t of the ground
loop current induced by a theta polarized
wav e

ETA intrinic impedance of ambient medium

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

ETT theta polarized far—zone field of the dipole
mode

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

EX near—zone electric field in x direction

EY near—zone electric field in the y direction

EZ near—zone electric field in z direction

EO 8.85L4E—12

FHZ frequency in hertz
FMC frequency in megahertz

GA~ intrinic progration constant of the ambient
medium

GG time—average power input

GPP power gain associated with the phi polarized
com ponen t

GTT power gain associated with the theta
polarized component

HGT h e i g h t  of the structure above ground plane

IA first node of a given segmen t
lB second node of a given segment
IBISC indicator for bist~ tic scatter calculations

ICA RD indicator for the data cards
ICJ dimension corresponding to the number of

simultaneous linear equations

IFLA~ indicator for program termination

IGA IN indicator for antenna gain calculations
IGRD indicator for presence of the ground plane

INC indicato~ for the type of tar-zonecalculations

INEAR indicator for near—zone calculations

INN dimension corresponding to the number of
mon poles

INT number of integration steps

— 
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ISC indicator for the insualtion

ISChT indicator for backscatter calculations

IUR indicator for current distribution output

I i endpoin t node of a given dipole
112 indicator for auxiliary matrix

12 terminal node number of a given dipole

13 endpoint node number of a given dipole

JA first segment number of a given dipoile

JB second segment nuiber of a given dipole

KFLA G print indicator

KGEN list of generator/feed locations

LOAD in dicator for struc ture loa d

LZD list of impedance/load locations

MAX maximum of the nu mber of segments connected
to any one given node

ND list of dipoles sharing a given segment

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

MSG in d icator for error printou t

N num ber of simul taneous linear equa tions
ND total number of dipoles sharing a given

segmen t
NGE N indica tor for an tenna calculations
NM nu.ber of segments

NP L in dicator for polar plo t
OMEGA angular frequency

PH phi angle for far—zone calculations

SCsP scattering cross section for phi polarization

SCST scattering cross section for theta
polarization

SGD sin h ~d of a given segment

S1G2 conductivity of insulation

SIG3 conductivity of the ambient medium

SIGI conductiv ity of ground

SPPM echo area phi incident—phi scattered wave

SPTM echo area phi incident—theta scattered wave

$TPM echo area theta incident—phi scattered wave

STTM echo area theta incident—theta scattered wave

——

~~~~~~~

—:

~~~~~~~~~~

-

~~~~~~~~~~~~~~~~

——  

97 

-

~~~~~ 

— -



TD2 loss tangent  of the insulat ion
TD3 loss tangent of ambien t  m edium
TH theta angle for far—zone calculations

TP 2n (6 .28318)
uo 1.2566E—6

VG antenna complex driving voltages
VOLT list of YG ’ s
I x—coordinate of each node

XNP list of XP ’ s
XP i—coordinate for near—zone calculations

Y y—coord ina te  of each node
IMP list of YP’s

YP y—coord ina te  for near—zone  calculations
111 complex power input

z z—coordina te  of each node
ZLD complex load at a given node
ZLLD list of ZLD ’ s
ZNP list of ZP ’ s
ZP z—coordinate for near—zone calculations
Zs surface impedance of the wire

Z i l  a n t e n n a  inpu t  impedance
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USER ’S M A N U A L

The Antennas—Scatterers Analysis Program (ASAP) for thin

wire structures in a homogenous conduc tin g medium performs a
frequency domain analysis of antennas and scatters. The

program is applicable in the presence of either a perf ect or
a finite ground. This appendix will describe and explain

the data cards necessary to execute the compute program.
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 sinusoidal expansion for
the current distribution with Kirchhoff Current Law enforced

everywhere on the structure. If the structure contains end

points, the currents at these points are assumed to vanish.

I. Program Limits

The thin wire assumptions 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 segmen t is greater tha n one—fourth  of a
wavelength, if the length ratio of the longest and shor test
segments exceeds 100 , or if the tota l wire length is less
than 30 times the wire diameter. If a wire  is ben t sharpl y
to form a small ac u te angle (less than 30 degrees) , the thin
wire model is questionable. It is assumed that  the wire
conducttvi t y greatly exceeds the conductivity of t h e  ambient
medium. b r  insulated wires, the dielectric layer is assumed
to be electrically thin.

XI. Minimum Data

The minimu m d~ ta necessary to execute the program is:

1



a. description of structure

b. radius of wi re  used for the s t ruc ture

The p ro gram will  d e f a u l t  to t he  other parameters  necessary.
The de fau l t  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 .  Ou t p u t s

In antenna problems, the output includes structure

currents, impedance (s) of feed (s), gain, polar ra dia tion
plots , and near f ie ld  calculations.  In bistatic scattering
problems , the ou tpu t  includes s t ruc ture  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 an~ 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

car ds, that is, the program utilizes character recognition
to determine which parameters are being read. Data placement

(location) on th. input card is not critial. Blank

102 
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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 word s •ust 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 bloc k is a series of related data cards.
Several data blocks may be used to define an analys is
problem. This will become clear when the termination cards

(END , STOP, or CHANGE) are discussed. There is no limit to

the number of commen t 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 forma t of other data can be of one of two forms:

a. type ot card (option 1/option 2/ 

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 fol lowing foris. The program vii] translate

the number to the proper form for the specified parame ter,

either fixed or floating point. All of the following

examples have the same value.

0.0001 or .0001 or 100.U or IOOU or .1M or 0.1M or .0000001K

—6 —3 3
u — b N z l O  K 1 0
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1. ~~~~ This card is used to define the parameters
associated with the  wire utilized by the t h in  wire
structure. Two options are available and are defined as:

RAD IUS = va lue  of the radius  of the wi re  in meters

CONDUCTIVIT Y va 1ue in aeganhos per meters

The wire data card must appear in the f i r s t  data block to
de f ine  wire  radius.  The de fau l t  value of the conductivity
is 50 megamhos/meter (copper).

RADIUS .001/ CONDU=28.5)

I
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2. li ~~1g&flQ! This card is utilized to define the parameters
associated with the insulation of the wire used for the

s t ruc tu re  to be analyzed. If this card is omitted , the
program assumes t h a t  the s t r u ct u r e  is un insu la t ed .  Pour
options are available and are defined as:

RADIUS=value of outer radius in meters

CONDUCTIVITI=value in micro.hos per meter

DIELECTBI~=value of relative dielectric constant

LOSS TANGENT=value

The conductivity and either the relative dielectric constant

or the loss tangen t (but not all three) options may be

stated.

1

/
/~iSULATION ( RADIUS .O15/ COND=7./DIEL 5)
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3. EXTER~Q~ MED~JJ~ This card is utilized to describe the
homogeneous medium surrounding the structure. If the medium

is free space, this card may be omitted. Three option s are

available and are defined as:

DIELECTRIC=value of relative dielectric constant

CONDUCTIVITY=value in aicrouhos per meter

LOSS TA NG ~ N~~~value

As with INSULATION card state either conductivity or loss

tangent.

~
/
c~~ E (LOSS=. 145)
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14. D~~SCRIP TION This card is utilized to describe tae shape

of the wire structur~ to the program. The user must dividt~
the wire structure into segments of the appropriate length

and number each node starting at one. A node is a p o i n t

whe re a segment begins or ends. A maxinium ot four segments

can meet at any given node. An isolated wire must contain

at least two segments and three nodes. Thus the DE~SCRIPTI0N

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 apçear as:

DESCRIPTION (1—2/2—3/3—14/14—1)

The description of a dipole and reflector might appear as:

DESCRIPTION (1—2/2—3/3—4/14—5/6 7/l—8/8 ’9/9’1O) .

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 mignt appear as:

DESCRIPTION (1—2/2—3/3— ~4/14—5/

6—7/7—8/8—9/9— 10)

Note that the last character on the card to be continued is

a slant (/) . As many cards as necessary nay be used. The

max imum numo~ r of nodes permitted is fifty. If ground plane

is present , the maximum number is twenty—~ ive. 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—441(4—1)
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5. ~gO~~~fl This card is used to state the physical location

in rectangular coordinates of each node of the DESCRIPTION

C A R D  . The rec tangular  grid is in un i t s  of meters. If node 1
is located at xl ,yl ,zl and node 2 at x2,y2,z2 and node 3 at

x3 ,y3,z3,etc., the GEOMETRY CAR D might appear as:

GEONETRY (xl ,yl ,zl/z2,y2,z2/x3,y3 ,z3/ )

As with the DESCRIPTION CARD , continuation cards are

permitted.

1/— .1,O.1/— . 1,0— .1/.1,0,-.1)
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6. 
~~~ 

For antenna analysis the feed point (s) and

voltage(s) m ust be stated. In the forenention dipole and

ref lector  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

C A R D  migh t  appear as:

FEED(2, .5, 90/4, .5,490)

The order of the information for each voltage source is node

number , magnitude , and phase angle. This order is repeated

unt il 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 nod e

number must be stated. In the dipole example, if the drive

is at node 3, the PEED 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

with only two segments.

FEED(2 ,.5,—90/’4,.5,+90)
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7. 
~~~~ 

This card is used to describe the loads to be placed
at various locations on the structure. The format for this

card is s imiliar  to tha t of the PEED CARD , that  is , the
word “LOAD ” is used in the place of “FEED ” . The order of
the  i n f o r m a t i o n  on the card is the same. Since this card is
f re quency depen den t, it lust 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 s t ructure  is loaded , it will  remain  loaded for the
r e m a i n d e r  of the da ta  block series. To unload the s t ruc tu re
the following card may be used:

LOAD (—1)

(

/i~OAD(1~~12O.145/3~ 120.+1$5)

L - 
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8. QU~~~~T This card is used to request o u t p u t  da t a .  Most of
the o u t p u t  is in t abu la r  form . More t han  one OUTPUT CARD
is permitted per data block , but  not for  t h e  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 PIELD=phi initial, phi final, theta initial, theta

f i na l

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.

BA CKSCATERING=phi initial, phi final, theta initial,
the ta  f ina l

This option gives the absorption , scattering,  and ext inct ion
cross sections, and  the  complex elements of the polar izat ion
sca t te r ing  matr i x for  an incident  plane wave i l lum i n a t i n g
the structure from the spherical direction of phi, theta as

both va ry  between l imits  specified in one degree divisions.

BISTATIC phi in i ta l ,  phi  f i na l, theta  ini t ial, theta
f ina l

This option gives echo area and the complex elements of the
polarization scattering mat r ix  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 directiofl as both vary between limits
specified in one degree divisions. A bistatic output request

must be accompanied with a backscattering request in the

same data block.

STEPzvalue in degrees

_ _  

_ __ _ L



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 wh ich are
produced by the feed/generator voltages and/or the incident

plane wave of the backscattering request.

NEAR=x1 ,yl ,zl -

or

NEAR= (xl,y1 ,zl/x2 ,y2,z2/X3,y3,z3/etc )

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

/ i ~~UT (PARF 45,50,25,50)

S

112



9. 
~~~~ 

This card will produce normalized polar plots in the

specifed plane 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 OUTPUT

CARD must be used. OnLy one PLOT CARD is permitted per

data block. The following pattern plots are available:

FA R FI ELD/p lane

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

BACKSCATTEB ING/plane

This option viii 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 request.

1

/~
iOT (FARP/THET 9O)
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10. ~~~~ This card is use d 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 opt ions are available and are defined as:

PERFE CT

This option will analyze the structure over a perfect ground

plane.

GOOD

This option will, analyze t he  s t ructure  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.

HE IG R T = va lue  in meters

This option will analyze the structure with origin of the

GEOMETRY card this height above the ground plane. The

lowest point of the structure must not lie below the ground

plane. It may lie on the ground plane. - :

CON DUCTIVITY = value in ihos/meter

This option is used to state the value of conductivity of •

the ground plane if the default values mentioned above are

not utilized.

114
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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.

~
/
~i~UWD (REIG 1O/COND= .OO2/DIEL=1O)
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11. 
~~~ZiliL ZQ~ ~A~~~~&~~Q! This car d 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

lar ge value for the number improves the accuracy at the
expense of greater execution time. For most problems a

suitable combination of speed and accuracy is obtained with

a value of four , the default value. If the rigiorous
closed—form impedance expressions in terms of the

exponent ia l  in tegra ls  is desired , set this value to zero.

I N T E R V A L = va lu e

1

/
/

~~~

E(6)
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12. 
~~~~~~~~ 

Th is 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.

.5 ,+90)
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13. inf&Qj!cE 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

impedanc e will be connec ted to the positive terminal of the
specified segment. The format of this card is the same as

the  LOAD CARD.

(

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

14. FR~QUENç~ This card is used ~o specify the frequency in

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

MHz.

/ FREQ(12.5) 
- 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~

— -



15. ~~~~~ 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 requeste~1 again ~n the next

• data block. The “CHANGE CARD ” cannot be used to zhange

“DESCRIPTION CARD” or “GEOMETRY CARD” data when operating

with a “GROUND CARD” . Use an “EN D CARD ” to make cflanges when

a “GROUND CARD” is used.

16. E!D This card signals the progra. that this is the end

of a data block series and to re in i t ia l ize  data fo r  the  next
problem. An “EN D CARD” cannot be used with a “CHANGE CARD” .

17. 
~~~ 

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.
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C A N E X A M PLE P R O B L E M
C
C V ANTENNA
C
W E RE (RAD IIJS=IM )
GEOM (O,— .18,4.~~8/O,— .Q 9,4 .09/O,O,O/O,O.O9,.O9/O,.18,.18I
DESC (1—2 /2— 3/3—4/4—5 )
FEED ( 3)
OUT PUTLFARF 45, 50,65, 80/STEP=5)
CHANGE
OUT PUT (BLST= 45,45,45,45/BACK=O,O,L0,12)
OUT P UT ( CURR ENT)
C HANGE
C
C CHANGE STRUCTURE 3HAPE TO DIPOLE
C
GEOM (O,— .25 ,0/O,— .125,0/O,0,O/0,.125 ,O/O,.25,O )
PLOT ( FAR F/PH 1= 90)
GROUND ( HEIGHT= .25/GOOD )
STOP

THE ABOV E DATA DECK WILL PRODUCE THE OUTPUT ON THE
FOLLOWING PAGES.
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