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SUMMARY 

With the advent of monolithic microwave integrated circuit (MMIC) tech
nology, the phased array has become a key component in the design of advanced 
antenna systems. Array-fed antennas are used extensively in today1s multiple 
beam satellite antennas. In this report, a computer program based on a very 
efficient numerical technique for calculating the radiated power (Romberg 
integration), directivity and radiation pattern of a phased array is described. 

~ The formulation developed is very general, and takes into account arbitrary 
~ element polarization, Eand H-plane element pattern, element location, and 
~ complex element excitation. For comparison purposes sample cases have been 

presented. Excellent agreement has been obtained for all cases. Also included 
in appendixes A and B are a user guide and a copy of the computer program. 

INTRODUCTION 

One of the most important radiation characteristics of an antenna system 
is the directivity. Accurate determination of this parameter is essential for 
the analysis and design of advanced antenna systems. In general, for most 
commonly used array elements such as open-ended waveguides, horns, or micro
strip patch antennas, an analytical expression of the (cos o)q-type can be 
used to properly tailor actual element patterns (ref. 1). Experimentally 
measured element patterns could include mutual coupling, which may be signifi
cant in large arrays. Expressions for the directivity and array radiation 
pattern of a single element and a rectangular array using (cos o)q-type 
element patterns have been reported (refs. 2 to 11). 

It is the purpose of this work to generalize these results and obtain an 
efficient numerical technique for computing the directivity and the antenna 
radiation pattern of the generalized array. The generalized array characteri
stics used in this report includes arbitrary element location, element pattern 
«cos O)q-type, other analytically describable functions or experimentally 
measured), element polarization and element excitation. 

ARRAY RADIATION PATTERN 

The geometry of the generalized array is shown in figure 1. Given the 
array geometry and element characteristics, the generalized array problem can 
be defined as: (1) to determine the power radiated and directivity at a given 
observation point (this is usually taken in the far-field zone), (2) to deter
mine the co-polarization and cross-polarization component of the electric field 
(using Ludwig1s criterion (ref. 12». In solving this problem, two sets of 
coordinate system are used. Figure 2 shows a typical element coordinate 
system and the reference coordinate system, with the z-axis in the same 



d1rect1on. For an array of H elements located arb1trar11y 1n the reference 
coord1nate system (f1g. 1). the mth element rad1ated f1eld 1s g1ven by 
equat10n Al.l: 

->'{-J.1) [e-jkr~ A 

Em\rm = 1m 1 6 I UEm(61) 
rm 

(Al.l) 

for 0 < 61 < ~/2. where 
1m - Hfh element complex exc1tat1on coeff1c1ent 
UEm.UHm Hth element E and H plane pattern 
am.bm.Wm Hth element polarization parameters (see table I) 
K wave number 2~/A 

r~.61.~' spher1cal coordinates in the element coordinate system 

The element pattern UEm.UHm can be described with an analytical 
expression «cos 6)q-type or other functions) or with experimentally meas
ured data (discrete). If measured data are used. the pattern may 1nclude 
mutual coupling effects. The polar1zat1on parameters in table I are subject 
to the normalization describe by 

(A1.2) 

The electric field described by equation (Al.l) is 1n the element coordinate 
system. The total electric field due to all H elements is the superposition 
of the electric field of each element of the array. The total electric field 
is given by 

H 

E(r) = L Em(r) (Al.3) 

m=l 

where the vector fields fer) and Em(r) are def1ned'1n the reference coor
dinate system. A transfE!m~t1on of ~(r~) (eq. (Al.l» in the element 
coordinate system into Em(r) in the reference coordinate system is described 
next. Figure 3 shows a detailed descr1pt1on of these coordinate systems. The 
transformation of coordinates for this problem only involves a translation. 
The transformation procedure is outlined as follows. Knowing the observation 
coordinates (r.6.~) and mth element location (xm.Ym.zm). the observation 
point in the primed coordinate system is found by using: 

x = r sin 6 cos ~ 
Y = r sin 6 sin ~ 
z = r cos 6 

Xl = X - Ym yl = Y - Ym z 1 = Z - zm 
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(Al.4a) 

(Al.4b) 



I ~ 12 2 Zl2 rm = x + yl + 

a l -1 L (A1 . 4c) = COS I 
rm 

<pI tan -1 'L. = Xl 

With equation (A1.4c) computed, all parameters on equation (A1.1) can be 
calculated. The vector transformation is obtained by using: 

ERm sin a cos <p sin a sin <p cos a sin a l cos <pI cos a l cos 

Earn = cos a cos <p cos e sin <p -sin a I sin a l sin <pI cos a l sin 

E -sin <p cos <p 0 cos a l -sin a l 
<pm 

0 
I 

<pI 

<pI 

X Earn (A1.5) 

I 
E <pm 

where I is the identity matrix (3 x 3). 
.......,lrr. ......lrr.1 .......,lrr. .......,lrr. 

Equation (A1.5) transformed Em(rm) into Em(r) in the reference coor-
dinate system. This process is repeated for each array element. Notice that 
no constraints have been put into equation (A1.3) regarding the observation 
distance. This expression (eq. (A1.3» is valid everywhere except at the 
location of the source itself. This formulation assumes that each pattern 1s 
boresighted in the +z direction. However, the identity matrix 1 in equation 
(A1.5) could be replaced by a rotation matrix (Euler matrix of transformation) 
to account for arbitrary pointing. 

The array radiation pattern is usually d1vided 1nto two orthogonal polar
izations. Equation (A1.3) may be written: 

M M 

=L Eam(r)~ + L. E<pmCr); (A1.5a) 

m=l m=l 

which can be expressed as: 

(A1.5b) 

The orthogonal components described in equa\ion (A1.5b) are the usual 
spherical components. Another way of dividing the electric field into two 
orthogonal polarization is by using Ludwigls definition 3 (ref. 12). The 
following polarization vectors are introduced: 
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-sin <pI 

cos <pI 
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R = ~(aej1j1 cos cp'" b sin cp) + ;(-ae-j1j1 sin cp + b cos cp) (Al.Sc) 

C = ;(ae-j1j1 sin cp - b cos cp) + ;(ae-j1j1 cos cp + b sin cp) (Al.Sd) 

The reference polarization and cross polarization expressions of E(r) are: 

Reference polarization of E: ER = E • R* (Al.Se) 

Cross polar1 zation of E:' EC = E • C* (Al.Sf) 

With these expressions equation (Al.5a) can be rewritten as: 

(Al.Sg) 

The parameters a, b, and 1j1 can be obtained from table I. 

POWER RADIATED 

The total power radiated (time-averaged) by the array is given by: 

Prad =Q Re(E x 11*) • ds ( B.1) 

where 

Ii} x E = -jWlJoH Maxwell equation 
ds arr2 sin e de dcp differential surface area 
S a sphere of radius r 

In the far-field of the array (usually taken at 262/A, 6 is maximum 
array dimension), the power radiated given in equation (B.l) can be simplified 
to: 

P -11 E{r) • E*([) r2 sin e Qe d(9 rad - Z 
S 0 

(Z is free space impedance) 
o 

Substituting equation (Al.3) into equation (B.2) gives: 

(B.2) 

e de dcp (B.3) 

In general, the above expression does .not have a closed form solution and 
is evaluated numerically using a Romberg integration algorithm (ref. 13). 
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Us1ng far-f1eld approx1mat1ons, equat10n (Al.l) can be s1mp11f1ed as follows: 
(Th1s w1ll restr1ct the observat1on d1stance to be only 1n the far-f1eld of 
the array.) 

where 

e 

~ ~ 

Em(r) 

·t m 

un1t vector, s1n e cos. i + s1n e s1n • 9 + cos e 2 
pos1t1on vector, x i + y y + z i m m m ,. 

'm array factor component 
~ ~ 

E (r) 1n equat10n (B.4) 1s g1ven by: m, 

= I _e __ e1u (e l ) -Jkr [. 
m r Em 

( 11\1 arne m cos cpl + b m s1n 

+ 
. (1W cpl U (e l ) -a e m cos 

Hm m 

.) 

.,' + b
m 

'slo .. )] 

(B.4) 

(B.5) 

WHh these far-f1eld approx1mat1ons all posH1on vectors rm are parallel, 
mak1ng (el,~I) equal (e,~). No further coord1nate transformat1on 1s 
requ1red. Subst1tut1ng equat10n (B.4) 1nto equat10n (B.2) produces: 

(6.6) 

where 

A(e,cp) [(UEmU;naman.J(Wm - wn) + UHmU~nbmbn) co~2 .. + (UEmU;nbmbn 

+ UHmU~n aman• J (wm - • n») s 1 n 2 .. + (UEmU~n - UHmU~n) (ambn• JWm 

s1n .. cos .. ] 

By def1n1ng 

ju· (t -t.) 
A(e,cp)e .m n s1n e de d. (6.7) 
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the equation (B.6) can be expressed in the matrix form: 

(B.8) 

The coefficient Rmn in equation (B.7) is a M x M matrix. The evaluation 
of Rmn is time consuming and it takes the most computer time in the analysis. 
Reference 10 shows a closed form solution to equation (B.7) for special case of 
the array element located in the x-y plane having identical polarization 
parameters. 

DIRECTIVITY 

The directivity is defined by 

D(e,~) is known as total directivity. Also the reference directivity and 
the cross directivity can be easily obtained (ref. 14). 

Reference directivity: 

A 2 
-' 

411 1 E • RI r2 
Zo 

DR(e,~) = Prad 

Cross directivity: 

~ 
A 2 

411 1 E • CI r2 
Z 

Dc(e,~) 
0 

P rad 

NUMERICAL RESULTS AND DISCUSSIONS 

(C.l ) 

(C.1a) 

(C.lb) 

This section presents some numerical results'to demonstrate the applica
tions of the computer program. In order to substantiate the accuracy of the 
generalized array formulation and computer program, detailed comparisons were 
made with the results presented by King and Wong (ref~ 2) and experimental 
data obtained at NASA Lewis (ref. 15). King and Wong reported on an N x N 
planar array configuration with symmetrical element patterns of the cos 
(e)q-type. They used direct integration to compute the radiated power. 
The examples considered were an array of 2 x 2 elements for various element 
spacings and a 3 x 3 array for which element pattern and frequency were 
varied. In the NASA Lewis experimental case, a 2 x 2 array of rectangular 
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horns was used. In th1s case element pattern were measured 1n the array 
env1ronment (to account for mutual coup11ng). 

Very good agreement was obta1ned 1n all cases. The 2 x 2 array 
reported by K1ng and Wong assumed a symmetr1cal E-H-plane patterns w1th a q = 
3.54. F1gure 4 shows a graph1cal descr1pt10n of the d1rect1v1ty as a funct10n 
of element spac1ng for th1s array. The 3 x 3 array example used a sym
metr1cal pattern but the performance 1s descr1bed as a funct10n of element 
pattern, (cos (e)q, vary1ng q) and operat1ng frequency. ' Table II shows 
the results from both approaches. In the NASA Lew1s exper1mental case the 
2 x 2 array was 1nvest1gated relat1ve to far-f1eld patterns. These patterns 
were measured at three d1fferent scan angles (bores1ght, 3° and 5°). The ele
ment spac1ng and frequency were f1xed (S = 2.5 ~, frequency = 30 GHz). These 
results are presented 1n f1gures 4(a) to (e). 

A user gu1de for the programs developed 1s presented 1n append1x A. The 
1mplementat10n of equat10ns (Al.3), (B.8), and (C.l) (antenna pattern, power, 
and d1rect1v1ty, respect1vely) w1th a computer program 1s g1ven 1n append1x B. 
Th1s program (append1x B) can be eas1ly 1nterfaced w1th ava1lable plott1ng 
rout1nes for d1splay1ng the far-f1eld antenna patterns. The numer1cal tech
n1que used to solve for equat10n (B.8) 1s not un1que 1n any sense, but 1t was 
found to be faster than just us1ng d1rect 1ntegrat1on. Many other techn1ques 
can also be used, and eas1ly 1mplemented 1n the computer program (append1x B). 

CONCLUDING REMARKS 

One of the advantages of th1s genera11zed array formulat10n 1s that 1s 
does not break-down for spec1al cases as m1ght occur 1n approx1mat10ns us1ng 
closed forms. Also the formulat10n developed does not l1m1t the pattern obser
vat10n to the far-f1eld zone. Th1s can be very u~eful 1f the genera11zed for
mulat10n 1s g01ng to be used w1th analys1s programs for dual reflector con
f1gurat10ns. The program developed can be eas1ly mod1f1ed to be 1mplemented 
1n the analys1s of reflectors w1th phased array feeds. , . 

Th1s computer program 1s one of the key research tools at the NASA Lew1s 
for analyz1ng advanced space commun1cat10n antenna systems. The genera11zed 
formulat10n and computer program prov1des complete flex1b1l1ty 1n analys1s of 
array conf1gurat10ns and 1n the accurate analys1s of exper1mental data. 
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APPENDIX A 

USER GUIDE 

Program Description 

Given an angle phi and an array of sources, each with its 
current magnitude and relative phase, this program 
calculates the cross polarization, reference polarization, 
and the far field magnitude for a series of angles theta. 

Inpu~ (FTOS) 
X,Y,Z:coordinates of each source (in meters). 

AtlPL: current amplitude for each source (in amperes). 
APHA: relative phase for each source (in radians). 
H: total number of sources. 
POL: denotes polarization 

1: linear polarization (x-direction) 
2: linear polarization (y-direction) 
3: right-hand circular polarization 
q: left-hand circular polarization 

QE,QH: exponent of the cosine fUnction that is used to 
approximate the element pattern in the analytic for~. 
INZT: interval between each elevation angle theta. 
I: 1+phi, parameter to set for desired cut. 

Extraneous Input: (to be changed accordingly) 
line 2000 AUAVE=3EB/(frequency) 
line 2S00 ZETA=(-(total range of 
angles)+(j-1)*INZT)*PI/IBO 

Output: 
(FTOB) 

AlETA: value of theta at which the field values are 
taken (units degrees). 
ERAD: far field magnitude. 

(FT01) 
AlETA: (see FTOB) 
Ar~F: reference polarization magnitude 

(FT06) 
AlETA: (see FTOB) 
ACR: cross polarization magnitude 

Using the Program 

Create an input file assigned to FTOS and output files 
assigned to FT06,FT01, and FTOB. Running the program will 
fill FT06,FT01, and FTOB with data that can be used in the 
program ZPLOTl to plot the appropriate graphs, while also 
printing the number of points calculated. 
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To run: 

DDEF FTOSFOOl,VS,INl 
DDEF FTOGFOOl,VS,P~OUT3 
DDEF FT07FOOl,VS,P~OUT2 
DDEF FT08FOOl,VS,P~OUTl 
P~CALl 

Example of Hll: 

CINPUT X=.OlS,-.OlS,-.OlS,.OlS Y=.OlS,.OlS,-.OlS,-.OlS 
AMPL=l,l,l,l APHA=O,O,O,O H=q,QE=22,QH=lG,INZT=.1,I=1 CEND 

Program Description 

This program takes a series of sources with different 
amplitudes and phases, and determines the power via 
two methods. 

Input (FT09): 
H: number of sources XX,YY,ZZ: x,y and z coordinates of 
source (meters) A: amplitude of source PHI: relative 
phase of source. 
IPOL: denotex polarity 

1: X-linear polarized 
2: Y-linear polarized 
3: circularly polarized 

QE,QH: exponents of cosine functions •• 
Output: 

(FT1S) YPOWER: the power using direct integration method. 
This serves as an input to P~TV. 

Program Description 

This program requires the input file to PAA! as well as the 
output file and then calculates the peak directivity. 

Input: 
(FT09) Input to PAAl 
(FTlS): Output to PAAl 

Output (FTOG) 
DIR: peak directivity 
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Program Description 

This program is designed to plot either the far-field, 
reference polarization, or cross polarization as calculated 
in PACAL1. 

Input: 
(FroG) 

X(I),Y(J) (meters) 

These values are the output of the previous program 
PACAL1. If the plot of the far field is desired, the 
file which was assigned. to FT08 in Pl\CAL1 should now 
be assigned to unit G. Similarly, if the plot of the 
reference or cross polarization is desired, the file 
assigned to FT07 or FTOG, respectively, should now be 
assigned to FTOG. 

Extraneous Input: 

lines 1200,1250 
IVl\RS=NP=total number of points-1 

(This can be obtained from the output of PACAL1) 

lines 3500,3GOO 

Vl\RS (q) =lower boundaroy of angles to be plotted. 
Vl\RS(5)=upper boundary of angles to be plotted. 

Using the Program 

After running pnCAL1, there will be data in the files 
assigned to FT08,FT07, and FT(lG, which in this case will be 
denoted as A,B,and C. Assign Edther A,B,orC, to FTOG (after 
releasing (FT08,FT07, and FTOG), depending on whether the 
far field, reference, or cross polarization plots are desired 

Then, run the program with the appropriate plotting 
device (sidecar Q015) and the plot 1-rill appear. 

To run: 

RELEl\SE FT08 
RELEl\SE FT07 
RELEl\SE FTOG 
DDEF FT06F001,VS,PAOUl1 
ZPLOTl 

If this routine is executed after that shown in the PACALI 
section, the far field will be plotted. 
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PROCDEF PArLOTl 

This procdef runs the programs PACALl and 
succession while defining the necessary input 
devices. 

ZPLOTl in 
and output 

As it is listed, file P~llq should contain the input to 
PACALl. After assigning the devices FTOB;FT07, and FT06 to 
files P~OUTl, PAOUT2, and PAOUT3, respectively, running 
PACALl will fill the respective file with the far field, 
reference polarization, and cross polarization magnitudes. 
After running PACALl, setting the device FT06 to PAOUTl will 
cause ZPLOTl to plot the far field magnitude. 

The Procdef: 

ERASE PAOUTl ERASE PAOUT2 ERASE PAOUT3 DDEF 
FTOBFOOl,US,PAOUTl DDEF FT07FOOl,US,PAOUT2 DDEF 
FT06FOOl,US,PAOUT3 DDEF FTOSFOOl,US,PAllq PACnLl 
RELE~SE FTOB RELEASE FT07 RELEASE .FT06 RELEASE FTOS 
GRAPH2D DDEF FT06FOOl,VS,PAOUTl ZPLOTI 
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APPENDIX B 

C*****THIS PROGARM WILL CALCULATE THE TRAHVERSE ELECTRIC FIELD********* 
C*****AND THE REFERENCE/CROSS POLARIZATION COMPONENTS OF THE FIELD***** 

0000100 
0000200 
0000300 
0000400 
0000500 
0000600 
0000700 
0000800 
0000900 
0001000 
0001100 
0001200 
0001300 
0001400 
0001500 
0001600 
0001700 
0001800 
0001900 
0002000 
0002100 
0002200 
0002300 
0002400 
0002500 
0002600 
0002700 
0002800 
0002900 
0003000 
0003100 
0003200 
0003300 
0003400 
0003500 
0003600 
0003700 
0003800 
0003900 
0004000 
0004100 
0004200 
0004300 
0004400 
0004500 
0004600 
0004700 
0004800 
0004900 
0005000 
0005100 
0005200 
0005300 
0005400 
UUU!)jUU 
0005600 
0005700 550 
0005800 
0005900 
0006000 
0006100 600 
0006200 
0006300 
0006400 
0006500 650 
0006600 
0006700 

C*****DIMENSION STAMENTSft********************************************** 

REAL IHZT 
DIMENSION XCl00),Y(100),AMPL~100),APHAC100) 

C*****INPUT DATA: XCI) iX-COORDINATE OF HORN I,YCI) iY-COORDINATE OF**** 
C*****HORN I.AMPLCI) i AMPLITUDE OF I HORN, APHACI) i PHASE OF THE I *** 
C*****HORN,M i NUMBER OF HORN5,POL i 1=X-POL,2=Y-POL,3-RHCP,4=LHCP.**** 
C*****QH i EXPONENT H PLANE, QE iEXPONENT OG E-PLAHE****************** 

NAMELIST/INPUT/X,Y,Z,AMPL,APHA,M,POL,QH,QE,INZT,I 
READC5,INPUT> 
INPH=l 
J=O 
AWAVE=3E8/10E9 
PI=4.*ATANCl.) 
AKO=2. *PI/AWAVE 

C*****SET THE ANGLES FOR THE PLOT************************************** 

310 CONTINUE 
J=J+1 
ZETA=C-88.+CJ-1)*INZT)*PI/180. 
APHI=CI-1)*INPH*PI/180. 

AZETA=ZETA*180./PI 
AAPHI=APHI*180./PI 
IFCAZETA.GT.88.)GO Tr. il 
IFCAAPHI.GT.180.)GO TO 999 

RAZP=O. 
AIMZP=O. 
DO 20 K=l,M 

C*****START THE ARRAY FACTOR SUMATION********************************** 
ANG=APHACK)+XCK)*SINCZETA)*COSCAPHI)+YCK)*SIHCZETA)*SINCAPHI) 
ANG=AKO*ANG 
RAZP=RAZP+AMPLCK)*COSCANG) 
AIMZP=AIMZP+AMPLCK)*SIHCANG) 

20 CONTINUE 
C*****5ET POLARIZATION PARAMETER5************************************** 

IFCPOL.EQ.l.)GO TO 500 
IFCPOL.EQ.2.)GO TO 550 
IFCPOL.EQ.3.)GO TO 600 
IFCPOL.EQ.4.) GO TO 650 
GO TO 999 

500 AI=!. 
A2=0. 
:,1=0. 
GO TO 800 
Al=O. 
A2=1. 
51=0. 
GO TO 800 
AI=1./5QRT<2.) 
A2=1./SQRT<2. ) 
SI=PI/2. 
GO TO 800 
A1=1./SQRT<2.) 
A2=1 ./SQRT< 2. ) 
SI=-PI/2. 

12 



0006800 
0006900 
0007000 
0007100 
0007200 
0007300 
0007400 
0007500 
0007600 
0007700 
0007800 
0007900 
0008000 
0008100 
0008200 
0008300 
0008400 
0008S00 
0008600 
0008700 
0008800 
0008900 
0009000 
0009100 
0009200 
0009300 
0009400 
0009S00 
0009600 
0009700 
0009800 
0009900 
0010000 
0010100 
0010200 
0010300 
0010400 
0010S00 
0010600 
0010700 
0010800 
0010900 
0011000 
0011100 
0011200 
0011300 
0011400 
0011S00 
0011600 
0011700 
0011800 
0011900 
0012000 
0012100 
0012200 
0012300 
0012400 
0012S00 
0012600 
0012700 
0012800 
0012900 
0013000 
0013100 

800 CONTINUE 

C*****START THE ELEMENT PATTERN CALCULATION**************************** 
AUE=CCOSCZETA»**QE 
AUH=CCOSCZETA»**QH 
IFCAUE.LT.IE-3)AUE=lE-3 
IFCAUH.LT.IE-3)AUH=lE-3 
REEZL=Al*COSCSI)*COSCAPHI)+A2*SINCAPHI) 
REEZL=AUE*REEZL 
AIMEZL=Al*SINCSI)*COSCAPHI) 
AIMEZL=AUE*AIEMZL 
REEPH=A2*COSCAPHI)-Al*SINCAPHI)*COS(SI) 
REEPH=AUH*REEPH 
AIMEPH=-l*Al*SINCAPHI)*SINCSI) 
AIMEPH=AUH*AIMEPH 

c****START THE TOTAL FIELD CALCULATION AT ZETA PHI OBSERVATION********* 

AREZE=RAZP*REEZL-AIMZP*AIMEZL 
AIMZE=AIMZP*REEZL+RAZP*AIMEZL 
AREPH=RAZP*REEPH-AIMZP*AIMEPH 
AIMPH=RAZP*AIMEPH+AIMZP*REEPH 
AEZ=AREZE*AREZE+AIMZE*AIMZE 
AEP=AREPH*AREPH+AIMPH*AIMPH 
ERAD=AEZ+AEP 

C*****START THE CALCUlATION FOR Ck0SS POL AND THE REFERENCE POL******** 
ABl=Al*COSCSI)*t03CAPHI)+A2*SINCAPHI) 
AB2=-1.*Al*SINCSI)*COSCAPHI) 
AB3=-1.*Al*COSCSI)*SINCAPHI)+A2*COSCAPHI) 
AB4=Al*SINCSI)*SINCAPHI) 
ABS=Al*COSCSI)*SINCAPHI)-A2*COSCAPHI) 
AB6=Al*SINCSI)*SINCAPHT) 
AB7=Al*COSCSI)*COSCAPHI)+A2*SINCAPHI) 
AB8=Al*SINCSI)*COSCAPHI) 

c***START THE CROSS AND REr:~ENCE COMPUTATION************************** 
REER=CAREZE*ABI-AIMZE*AB2)+CAREPH*AB3~AIMPH*AB4) 
AIMER=CAREZE*AB2+AIMZE*ABl)+CAREPH*AB4+AIMPH*AB3) 
RECR=CAREZE*ABS-AIMlE*AB6)+CAREPH*AB7-AIMPH*AB8) 
AIMCR=CAREZE*AB6+AIMZE*ABS)+CAREPH*AB8+AIMPH*AB7) 
AREF=REER*REER+AIMER*AIMER 
ACR=RECR*RECR+AIMCR*AIMCR 
WRITEC8,400)AZETA,ERAD 
WRITEC7,400)AZETA,AREF 
WRITEC6,400)AZETA,ACR 

400 FORMATCSX,ElS.S,SX,ElS.S) 

GO TO 310 
11 WRITEC12,888)J 
888 FORMAT(SX,'TOTAL NUMBER OF POINTS',IS) . 

999 STOP 
END 
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C 
C 

DIMENSION XXCI00),YYCIOO) 
DIMENSION AMATCI00,100),YAMATCIOO,100) 
DIMENSION GGXHCIOO),GGXECIO~) 
DOUBLE PRECISION BECIOO,lOJ),BHCIOO,lOO),CECIOO,lOO),CHCIOO,lOO) 
DIMENSION CDE CIOO,100),CDHCIOO,100),PHICIOO),ACIOO),THETA(lOO,100) 
DIMENSION ARCIOO),AICIOO) , 
DOUBLE PRECISION QE,QH,PCIOO,lOO),XK,XXE,XXH 
DOUBLE PRECISION BESECIOO,100),BESH(100,lOO) 
DOUBLE PRECISION ARHO 
REAL LAMDA 
DOUBLE PRECISION 
DOUBLE PRECISION 
DOUBLE PRECISION 
DOUBLE PRECISION 
DOUBLE PRECISION 

YBEC100,lOO),YBHCIOO,100),YCECIOO,lOO),YCHCIOO,lOO) 
ZACIOO),ZB 
XTHETA,DTHETA 
APl,AP2 
AF11, AF12 

C*****THIS ARE THE INPUTS TO POWER CALCULATION************************* 

0000100 
0000200 
0000300 
0000400 
0000500 
0000600 
0000700 
0000800 
0000900 
0001000 
0001100 
0001200 
0001250 
0001260 
0001270 
0001300 
0001400 
0001500 
0001600 
0001700 
0001800 
0001900 
0002000 
0002100 
0002200 
0002300 
0002400 
0002500 
0002600 
0002700 
0002800 
0002900 
0003000 
0003100 
0003200 
0003300 
0003400 
0003500 
0003600 
0003700 
0003800 
0003900 
0004000 55 
0004100 
0004200 89 
0004300 
0004400 
0004500 
0004600 
0004700 
0004800 
0004900 
0005000 
0005100 
0005110 
0005120 
0005130 
0005140 
0005150 
0005160 
0005200 
0005300 
0005400 
0005500 
0005600 
0005700 
0005800 
0005900 

C NAMELIST/INPUT/M,XX,YY,ZZ,A,PHI,IPOL,QE,QH 
READ C9,INPUT) 
FREQ=30E9 
lAMDA=3. E8/FREQ, 
PI=4.*ATANCl. ) 
XK=2*PI/LAMDA 

C*****THIS SECTION WILL CALCULATE THE DISTANCE AND ANGLE M,N*********** 
DO 40 JA=l,M 
DO 50 IA=l,M 
IFCCXXCIA).EQ.XXCJA».AND.CYYCIA).EQ.YYCJA»)GO TO 55 
ALl=CXXCIA)-XXCJA»*CXXCIA)-XXCJA» 
AL2=CYYCIA)-YYCJA»*CYYCIA)-YYCJA» 
ABl=SQRTCALl+AL2) 
AAl=CXXCIA)-XXCJA»/ABl 
AA2=CYYCIA)-YYCJA»/ABl 

THETACIA,JA)=AAl*AAl-AA2*AA2 
PCIA,JA)=ABI 
GO TO 89 
PCIA,JA)=O. 
THETACIA,JA)=l. 
CONTINUE 

50 CONTINUE 
40 CONTINUE 

C*****THIS SECTION WILL COMPUTE THE BESSEL AND GAMMA FUNCTIONS********* 
XXE=QE+.5 

70 

XXH=QH+.5 
CALL GMMMACXXE,GXXE,IER) 
CALL GMMMACXXH,GXXH,IER) 
AFll=XXE+l 
AF12=XXH+l 
CALL GMMMACAFll,AREl,IER) 
CALL GMMMACAF12,ARHl,IER) 
RA TE=GXXE/ ARE1 
RATH=GXXH/ARHI 
DO 60 JB=l,M 
DO 70 IB=l,M 
ARHO=XK*PCIB,JB) 

BESECIB,JB)=BESJP!ARHO,XXE) 
BESHCIB,JB)=BESJPCARHO,XXH) 
CONTINUE 
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60 
C 

CONTINUE 

C*****THIS SECTION WILL CALCULATE THE BECI,J) AND BHCI,J) COEFICIENTS** 

0006000 
0006100 
0006200 
0006300 
0006400 
0006500 
0006600 
0006700 
0006800 
0007000 
0007100 
0007150 
0007155 
0007180 
0007200 
0007300 
0007400 
0007500 
0007600 
0007610 
0007650 
0007655 
0007659 
0007660 
0007680 
0007681 
0007700 
0008000 
0008300 
0008600 
0008900 
0009315 
0009320 
0009400 
0009500 
0009600 
0009700 
0009800 
0009900 
0010000 
0010100 91 
0010200 
0010250 
0010255 
0010300 
0010400 
0010500 
0010600 
0010700 
0010800 
0010900 
0011000 
0011100 
0011200 
0011300 
0011400 
0011500 
0011600 
0011700 
0011800 
0011900 
0012000 
0012100 
0012200 
0012300 
0012400 
0012500 
0012600 
0012700 
0012800 
0012900 
0013000 

806 

800 

90 
80 

C 

DO 80 JH=l,M 
DO 90 IH=l,M 
OTHETA=Pl/200 
YBECIH, JH) =0 
YBHCIH,JH)=O 
YCECIH,JH)=O.O 
YCHCIH,JH)=O.O 
IFCIH.EQ.JH)GO TO 91 
00 800 IL=1,100 
XTHETA=OTHETA*CIL-1) 
ZACIL)=ABsecoseXTHETA» 
ZB=XK*PCIH,JH)*SINeXTHETA) 
IFCCOSCXTHETA).LT.1E-10)GO TO 800 
IF CZB .LT. lE-10) GO TO 806 
FACT1=ZAeIL)**e2*QE) 
FACT2=ZAeIL)**C2*QH) 
AP1=0. 
AP2=2. 
ABE1=BESJPCZB,AP1) 
ABE2=BESJPCZB,AP2) 
YBECIH,JH)=YBECIH,JH)+FACT1*ABE1*SINCXTHETA)*OTHETA 
YBHCIH,JH)=YBHCIH,JH)+FACT2*ABE1*SINCXTHETA)*OTHETA 
YCECIH,JH)=YCECIH,JH)+FACT1*ABE2*SIHCXTHETA)*OTHETA 
YCHCIH,JH)=YCHCIH,JH)+FACT2*ABE2*SINCXTHETA)*OTHETA 
GO TO 800 
YBECIH,JH)=YBECIH,JH)+FACT1*SINCXTHETA)*OTHETA 
YBHCIH,JH)=YBHCIH,JH)+FACT2*SINCXTHETA)*OTHETA 
CONTINUE 
IF CIH .EQ. JH) GO TO 91 
BB1=C2**(QE-.5»*GXXE/(CXK*PCIH,JH»**XXE) 
BB2=(2**CQH-.5»*GXXH/CCXK*PCIH,JH»**XXH) 
BECIH,JH)=BB1*BESECIH,JH) 
BHCIH,JH)=BB2*BESHCIH,JH) 
GO TO 90 
BECIH,JH)=.5/XXE 
BHCIH,JH)=.5/XXH 
YBECIH,JH)=.5*RATE 
YBHCIH,JH)=.5*RATH 

CONTINUE 
CONTIHUE 

C*****THIS SECTION WILL CALCULATE THE CHCI,J) AND CECI,J) COEFICIENTS** 
C 

130 

00 100 JC=l,M 
DO 110 IC=l,M 
CECIC,JC)=O 
CHCIC,JC)=O 
DO 120 KK=1,12 
K=KK-1 
FACT=l 
DO 130 L=l,KK 
FACT=FACT*L 
XE=FLOATCK)+QE+1.5 
XH=FLOATCK)+QH+1.5 
CALL GMMMACXE,GXE,IER) 
CALL GMMMACXH,GXH,IER) 
IF CPCIC,JC) .EQ. 0) GO TO 225 
CC1=GXXE/CC4**K)*FACT*GXE) 
CC2=CXK*PCIC,JC»**C2*K) 
COECIC,JC)=CC1*CC2 
AK=FLOA T( K) 
IF CAMOOCAK,2.) .HE. u) COECIC,JC)=-COECIC,JC) 
GO TO 226 
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225 
226 

235 
236 
120 

llO 
100 

C 
C 

CDECIC,JC)=O 
CECIC,JC)=CECIC,JC)+.5*CDECIC,JC) 
IF CPCIC,JC) .EQ. 0) GO TO 235 
DDl=GXXH/CC4**K)*FACT*GXH) 
DD2=CXK*PCIC,JC»**C2*K) 
CDHCIC,JC)=DDl*DD2 
IF CAMODCAK,2.) .HE. 0) CDHCIC,JC)=-CDHCIC,JC) 
GO TO 236 
CDHCIC,JC)=O 
CHCIC,JC)=CHCIC,JC)+.5*CDHCIC,JC) 
CONTHIUE 
CHCIC,JC)=CHCIC,JC)-BHCIC,JC) 
CECIC,JC)=CECIC,JC)-BECIC,JC) 
CONTINUE 
CONTINUE 

C CALCULATIHG THE POWER 
C 

0013100 
0013200 
0013300 
0013400 
0013500 
0013600 
0013700 
0013800 
0013900 
0014000 
0014100 
0014200 
0014300 
0014400 
0014500 
0014600 
0014700 
0014800 
0014900 
0015800 
0015900 
0015940 
0015950 
0016000 
0016100 
0016200 
0016300 
0016400 
0016500 
0016600 
0016700 
0016800 
0016850 
0016900 
0017000 
0017100 
0017200 
0017300 
0017400 
0017450 
0017500 
0017600 
0017700 
0017800 
0017900 
0018000 
0018050 
0018100 
0018200 
0018300 
0018400 
0018500 
0018600 
0018620 
0018650 
0018700 
0018800 
0018900 
0018940 
0018960 
0019000 
0019100 
0019800 
0019900 
0019950 
0019960 
0020000 
0020050 
0020100 C 

310 

150 

330 
320 

151 

230 
220 

152 

430 
420 
160 

530 
520 

ZREAL=O. 
ZIMAG=O. 
YZREAL=O 
YZIMAG=O 
DO 310 ID=l,M 
ARCID)=ACID)*COSCPHICID» 
AICID)=ACID)*SINCPHI(ID» 
IFCIPOL.EQ.l)GO TO 150 
IFCIPOL.EQ.2)GO TO 151 
GO TO 152 
DO 320 J=l,M 
DO 330 I=l,M 
AMATCI,J)=BECI,J)+BHCI,J)+THETACI,J)*CCH(I,J)-CE(I,J» 
YAMATCI,J)=YBE(I,J)+YBHCI,J)+THETACJ,J)*CYCHCI,J)-YCECI,J» 
CONTINUE 
CONTINUE 
GO TO 160 
DO 220 J=l,M 
DO 230 I=l,M 
AMATCI,J)=BECI,J)+BHCI,J)+THETACI,J)*CCECI,J)-CH(I,J» 
YAMATCI,J)=YBECI,J)+YBHCI,J)+THETACI,J)*CYCECI,J)-YCHCI,J» 
CONTINUE 
CONTINUE 
GO TO 160 
DO 420 J=l,M 
DO 430 I=l,M 
AMATCI,J)=BECI,J)+BHCI,J) 
YAMATCI,J)=YBECI,J)+YBHCI,J) 
CONTINUE 
CONTINUE 
CONTINUE 
DO 520 J=LM 
DO 530 I=l,M 
PREAL=CARCI)*ARCJ)+AI(I)*AICJ»*AMATCI,J) 
YPREAL=CARCI)*ARCJ)+AICI)*AICJ»*YAMATCI,J) 
YPIMAG=CAReJ)*AICI)-ARCI)*AIeJ»*YAMATCI,J) 
PIMAG=CARCJ)*AICI)-ARCI)*AICJ»*AMATCI,J) 
ZREAL=ZREAL+PREAL 
ZIMAG=ZIMAG+PIMAG 
YZREAL=YZREAL+YPREAL 
YZIMAG=YZIMAG+YPIMAG 
CONTINUE 
CONTINUE 
ZREAL=Cl/120.)*ZREAL 
ZIMAG=C!/120.)*ZIMAG 
YZREAL=Cl/120.)*YZREAL 
YZIMAG=Cl/120.)*YZIMAG 
POWER=SQRTCZREAL**2+ZIMAG**2) 
YPOWER=SQRTCYZREAL**2+YZIMAG**2) 
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0020200 C 
0020300 
0020400 
0020450 
0020500 
0020600 
0020700 
0020800 
0020900 
0021000 

500 

501 

0021100 
0021200 502 

POWER OF SINGLE ELEMENT 
SINGLE=CQE+QH+1)/C60*(2*QE+1)*C2*QH+l» 
RATIO=POWER/SINGLE 
YRATIO=YPOWER/SINGLE 

WRITE(6,500)SINGLE 
FORMAT(5X,'POWER OF A SINGLE ELEMENT=',lX,EI5.5) 
WRITEC6,501)RATIO,YRATIO 
FORMATC///5X.'CLOSED FORM RATIO=',lX,EI5.5,'DIRECT INT RATIO=', 
lX,IEl5.5) 
WRITE(6,502)POWER,YPOWER 
FORMATC///5X,'CLOSE FORM POWER=',i~,·E15.5,'DIRECT INT POWER=',lX, 
EI5.5) 
WRITE (15,600) YPOWER 
WRITE (16,600) POWER 

0021210 
0021220 
0021230 
0021300 
0021400 
0021500 
0021600 
0021700 
0021800 
0021900 
0022000 
0022100 
0022200 
0022300 
0022350 
0022355 
0022358 
0022359 
0022400 
0022500 
0022600 
0022700 
0022800 
0022900 
0023000 
0023100 
0023200 
0023300 
0023400 
0023500 
0023600 
0023700 
0023800 
0023900 
0024000 
0024100 
0024200 
0024300 
0024400 
0024500 
0024600 
0024650 
0024750 
0024800 
0024900 
0024950 
0025000 
0025100 

600 FORMAT (E15.5) 

0025200 
0025300 

C*****SPECIAL CASES FOR CHECKING RESULTS PREVIOUSLY CALCULATED********* 

C*****LARGE SPACING CASE 6 LAMDA OR GREATER**************************** 

550 

810 
811 

503 

POWER1=0. 
DO 550 I=l,M 
POWER1=POWER1+A(I) 
CONTINUE 
POWER1=SINGLE*POWER1 
IFCIPOL.GE.3) GO TO 810 
GO TO 811 
POWER1=2.*POWERI 
CONTINUE 
WRITEC6,503)POWERI 
FORMATC5X,'LARGE SPACING POWER=',lX,EI5.5) 

C*****SYMMETRIC PATTERN QH=QE POWER CALCULATION************************ 
RECF=O. 

561 
560 

710 

711 

510 

REDI=O. 
RIMCF=O. 
RIMDI=O. 
DO 560 J=1,M 
DO 561 I=l,M 
CA22=CARCI)*ARCJ)+AICI)*AIC I»*BECI,J) 
CA33=CARCI)*AR(J)+AI(I)*AI'v»*YBECI,J) 
CA44=(AR(J)*AI(I)-ARCI)*AI(J»*BE(I,J)· 
CA55=CAR(J)*AICI)-ARCI)*AICJ»*YBECI,J) 
RECF=RECF+CA22 
REDI=REDI+CA33 
RIMCF=RIMCF+CA44 
RIMDI=RIMDI+CA55 
CONTINUE 
CONTINUE 
POLPCF=SQRT(RECF**2+RIMCF**2)*(1/60.) 
POLPDI=SQRT(REDI**2+RIMDI**2)*CI/60.) 
IFCIPOL.GE.3)GO TO 710 
GO TO 711 
POLPCF=2.*POLPCF 
POLPDI=2.*POLPDI 
CONTINUE 
WRITE(6,510)POLPCF,POLPDI 
FORMATC///5X,'POWER CLOSE FORM SYM=',IX,EI5.S,'POWER D I SYM=',IX, 
ElS.S) 
STOP 
END 
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DIMENSION 
DIMENSION 
DIMENSION 
DIMENSION 
DIMENSION 
DIMENSION 

THETACI00),PHICI00),ETHETACI00,100),XXCI00) 
YYCI00),AMPCI00),PHASECI0rr) 
ARCI00,100),AICI00,100),AACI00,100) 
XRADICI00,100),EPHICI00,100) 
UECI00),UHCI00),XIlCI00,100) 
AClOO) 

0000100 
0000200 
0000400 
0000500 
0000550 
0000560 
0000600 C 
0000700 C 
0000800 C 
0000900 C 
0001000 
0001100 
0001105 
0001110 
0001115 
0001120 
0001125 
0001130 
0001200 
0001300 
0001400 
0001500 
0001600 
0001700 
0001800 
0001900 
0002000 
0002100 
0002200 
0002300 
0002400 
0002500 
0002600 
0002700 
0002800 
0002900 
0003000 
0003100 
0003200 
0003300 
0003400 
0003500 
0003600 
0003700 
0003800 
0003900 
0004000 
0004100 
0004200 
0004300 
0004400 
0004500 
0004600 C 
0004700 
0004800 
0004900 C 
0005000 
0005100 
0005200 C 
0005300 
0005350 
0005360 
0005370 
0005380 
0005400 
0005450 
0005460 
0005470 
0005480 

READING VARIABLES 

NAMELIST/INPUT/M,XX,YY,ZZ,QE,QH,A,PHI,IPOL 
READ C9,INPUT> 
DO 130 I=l,M 
AMP C I> =A C I> 
PHASECI)=PHICI) 

130 CONTINUE 
READ CI5,131) POWER 

131 FORMAT CE15.5) 
C 

C 
C 

PI=4.*ATANCl.) 
FREQ=29.5E9 
XlAMDA=3.E8/FREQ 
XK=2lEPIIXlAMDA 
ZO=377 

C TESTING POLARITY 
C 

C 
102 

C 
103 

105 
C 
C 

IF CIPOl 
C=l 

.NE. 1) GO TO 102 

B=O 
PSI=O 
GO TO 104 

IF CIPOl 
c=o 

.NE. 2) GO TO 103 

B=1 
PSI=O 
GO TO 104 

C=I/SQRTC2. ) 
B=lISQRTC2. ) 
IF CIPOl .NE. 
PSI=PII2 
GO TO 104 
PSI=-PII2 

3) GO TO 105 

C SOLVING EQUATIONS 
C 

104 DO 100 1=1,100 
DO 101 J=l,lOO 

THETACI)=CFlOATCI-l)/99)lEPI-PI/2 
PHIeJ)=CFLOATCJ-l)/99)*PI-PI/2 

UECI)=CCOSCTHETACI»)**QE 
UHCI)=CCOSCTHETACI»)*lEQH 

AAl=UECI)lEUECI) 
AA2=CClEC)*CCOSCPHICJ»*COSCPHICJ») 
AA3=CBlEB)lECSINCPHICJ»lESINCPHICJ») 
AA4=2.lEClEBlECCOSCPSI)lECOSCPHICJ»*SINCPHICJ») 
ETHETACI,J)=AAl*CAA2+AA3+AA4) 
BBl=UHCI)lEUHCI> 
BB2=ClEClECSINCPHICJ»lESINCPHICJ») 
BB3=CB*B)lECCOSCPHICJ»*COSCPHICJ») 
BB4=AA4 
EPHICI,J)=BBllECBB2+BB3-BB4) 
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no 
C 

101 
100 

C 
C 

XILCI,J)=ETHETACI,J)+EPHICI,J) 
ARCI,J)=O 
AICI,J)=O 

DO no K=l,M 
CCl=XK*CXXCK)*SIHCTHETACI»*COSCPHICJ») 
CC2=XK*CYYCK)*SIHCTHETACI»*SIHCPHICJ») 
EEXP=CCl+CC2 
OREAL=AMPCK)*COSCPHA5ECK)+EEXP) 
AIMAG=AMPCK)*SIHCPHASECK)+EEXP) 
ARCI,J)=ARCI,J)+ORE~L 
AICI,J)=AICI,J)+AIMAG 

COHTIHUE 

AACI,J)=AICI,J)*AICI,J)+ARCI,J)*ARCI,J) 
XRAOICI,J)=AACI,J)*XILCI,J) 

COHTIHUE 
COHTIHUE 

C SORTIHG 
C 

0005500 
0006000 C 
0006100 
0006200 
0006300 
0006400 C 
0006500 
0006600 
0006610 
0006620 
0006800 
0006900 
0007000 
0007100 
0007200 
0007300 
0007350 
0007400 
0007500 
0007600 
0007700 
0007800 
0007900 
0008000 
0008100 
0008200 
0008300 
0008400 
0008500 
0008600 
0008700 
0008800 
0008900 
0009000 
0009100 
0009200 
0009300 
0009400 
0009500 
0009600 
0009650 
0009651 
0009700 
0009710 
0009800 
0009900 
0010000 
0010100 

121 
120 

C 

122 
C 

973 

123 

DO 120 IA=l, 100 
DO 121 JA=2,100 
IF CXRADICIA,l) .GE. XRADICIA,JA» GO TO 121 
XA=XRAOHIA,l) 
XRADICIA,l)=XRADICIA,JA+l) 
XRADICIA,JA+l)=XA 
COHTIHUE 
COHTIHUE 

DO 122 IB=2,100 
IF CXRADICl,l) .GE. XRAOICIB,l» GO TO 122 
XB=XRADHIB,l) 
XRAOICIB,l)=XRAOIC1,l) 
XRADICl,l)=XB -
COHTIHUE 

WRITEC8,973)XRAOIC1,l) 
FORMATC5X, 'THIS IS THE PEAK VALUE',3X,E15.5) 
DIR=4.*PI*XRAOICl,l)/CPOWER*ZO) 
OIR =10.*ALOG10CDIR) 
WRITE (6,123) DIR 
FORMAT C5X,'DIRECTIVITY=',E15.5) 
STOP 
EHO 
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0000100 
0000101 
0000103 
0000200 
0000300 
0000400 
0000401 
0000402 
OOOOSOO 
0000600 
0000700 
0000800 
0000900 
0000901 
0001000 
0001001 
0001100 
0001200 
00012S0 
0001310 
0001410 
0001S10 
0001610 
0001710 
0001810 
0001910 
0002000 
0002100 
0002200 
0002300 
0002400 
0002410 
0002420 
0002S00 
0002600 
0002700 
000270S 
0002710 
0002720 
0002740 
0002800 
0002900 
0003000 
0003100 
0003200 
0003300 
0003400 
0003S00 
0003600 
0003700 
0003800 
0003900 
0004000 
0004100 
0004200 
0004300 
0004400 
0004S00 
0004600 
0004700 
0004800 
0004900 
OOOSOOO 
OOOSOOI 
000S002 
000S004 
000S100 
000S200 

IZPLOT11 

C*****THIS PROGRAM CAN BE USED TO PLOT THE ANTENNA 
C*****FAR-FIElD PATTERN.(E-PlANE OR H-PlANE CUTS) 
C*****BY R.J. ACOSTA 

DIMENSION XCSOOO),Y(SOOO),IVARS(20),VARS(20),RTNARR(2) 

DIMENSION XTITlE(S),YTITlECS) 
lOGICAl*l IAXIS 
INTEGER*2 N1 

DATA XTITlE/'ElEV','ATIO','H AN','GlE ','DEG.'I 
DATA YTITlE/'RElA','TIVE',' AMP','lITU','DE 'I 
CAll TITlE(4,20,lS,XT!TlE) 
CAll TITlE(3,17,15,YTITlE) 

IVARS(l)=2 
IVARS(2)=1760 
NP=1760 

Nl=NP 

DO 15 J=l,NP 
READ(6,300)X(J),Y(J) 

300 FORMAT(5X,E15.5,5X,E15.5) 
15 CONTINUE 

CALL SCLBAK(.FAlSE.,Nl,Y,RTNARR). 
VMAX=RTNARR(2) 

DO 16 J=l.NP 
Y(J)=Y(J)/VMAX 
IF(Y(J).LT.IE-8)Y(J)=lE-8 
Y(J)=10.*ALOGI0(Y(J» 

16 CONTINUE 

VARS(l)=9. 
VARS(2)=8. 
VARS(3)=0. 
VARS(4)=-90. 
VARSCS)=90. 
VARS(6)=6. 
VARS(7)=2. 
VARS (8) =-l. 
VARS(9)=0. 
CALL XAXIS(-l.,-l.,VARS) 
VARS(2)=9. 
VARS(3)=90. 
VARSCS)=O. 
VARS(6)=8. 
VARS(4)=-80. 
CALL YAXIS(-l.,-l.,VARS) 
CALL GPLOT(X,Y,IVARS) 
CALL DISPLA(l) 

READ(9,993)XYZ 
993 FORMATCIAl) 

CALL TERM 
STOP 

END 

20 



REFERENCES 

1. Rahmat-Sam11, Y.; Cramer, P.; Woo, K.; and Lee, S.W.: Re11zable 
Feed-Element Patterns, for Mult1beam Reflector Antenna Analysis. IEEE 
Transactions on Antennas and Propagat., vol. AP-29, no. 6, November 1981, 
pp. 961-963. 

2. King, H.E.; and Wong, J.L.: D1rect1v1ty of a Uniformly Excited N x N 
Array of Directive Elements. IEEE Transactions on Antennas and Propagat., 
vol. AP-23, no. 3, May 1975, pp. 401-444. 

3. Forman, B.J.: Direct1vity Characteristics of Scanable Planar Arrays. 
IEEE Transact10ns on Antennas and Propag., vol. AP-20, no. 3, May 1972, 
pp. 245-252. 

4. Forman, B.J.: A Novel D1rect1v1ty Expression for Planar Antenna Arrays. 
Radio Sci., vol. 5, no. 7, July 1970, pp. 1077-1083. 

5. Lo, Y.T.; Lee, S.W.; and Lee, R.Q.: Optimization of Directivity and 
Signa1-to-Noise Ratio of an Arbitrary Antenna Array. Proc. IEEE, vol. 54, 
no. 8, August 1966, pp. 1033-1045. 

6. Sahalos, J.; Me11d1s, K.; and Lampou, L.: Optimum Directivity of General 
Nonuniformly Spaced Broadside Arrays of Dipoles. Proc. IEEE, vol. 62, 
December 1974, pp. 1706-1708. 

7. King, H.E.: D1rectivity of a Broadside Array of Isotropic Radiators. 
IEEE Transactions on Antennas and Propag., vol. 7, 1959, pp. 197-198. 
(Primary source - Rahmat-Samii, Y.; and Lee, S.-W.: Directivity of Planar 
Array Feeds for Satellite Reflector Applications. IEEE Transactions on 
Antennas and Propag., vol. AP-31 , no. 3, May 1983, pp. 463-470.) 

8. Tai, C.T.: The Optimum Directivity of Uniformly Spaced Broadside Arrays 
of Dipoles. IEEE Transactions on Antennas and Propagat., vol. AP-12, no. 
4, July 1964, pp. 447-454. 

9. Chang, O.K.: Optimization Technique for Antenna Arrays. Proc. IEEE, 
vol. 59, no. 12, December 1971, pp. 1664-1674. 

10. Lam, P.T.: On the Calculation of the Directivity of Planar Array Feeds 
for Satellite Reflector Applications. IEEE Tra~sactions on Antennas and 
Propag., vol. AP-33, no. 5, May 1985, pp. 570-571. 

11. Rahmat-Samii, Y.; and Lee, S.W.: Directivity of Planar Array Feeds for 
Satellite Reflector Applications. IEEE Transactions on Antennas and 
Propag., vol. AP-31 , no. 3, May 1983, pp. 463-470. 

\ 

12. Ludwig, A.C.: The Definition of Cross Polarization. IEEE Transactions on 
Antennas and Propag., vol. AP-21 , no. 1, January 197~, pp. 116-119. 

13. Carnahan, B.; Luther, H.A.; and Wilkes, J.-O.: Applied Numerical 
Methods. Wiley, 1969, pp. 90-92. 

14. P.T.C. Lam, S.W. Lee and R. Acosta, "Secondary Pattern Computation of an 
Arbitrary Shaped Main Reflector," NASA TM-87162, November 1985. 

21 



15. Smetana, J; and Acosta, R.: Preliminary Evaluation of MMIC Array Antenna 
Performance. Presented at the 1985 Antenna Applications Symposium, 
Sept. 18-20, 1985, Monticello, IL. (Cosponsored by the Univ. of IL and 
Rome Air Development Center.) 

2~ 



TABLE I. - POLARIZATION PA~AMETERS 

Polar1zat1on am bm I\1m 
type 

L1near-X 1 0 0 
L1near-Y 0 1 0 
RHCpa 1/ 2 1/ 2 0.5 1f 

LHCpb 1/ 2 1/ 2 -0.5 1f 

aRHCP (r1ght-hand c1rcular 
polar1zed). 

bLHCP (left-hand c1rcular 
polar1zed). 

TABLE II. - COMPARISON OF DIRECTIVITY RESULTS WITH THOSE OBTAINED BY 
KING AND WONG (ref. 2) 

Frequency, S/}.. Element Pattern, K1ng-Wong K1ng-Wong, NASA 
MHz pattern cosq (e) measured dB Lew1s, 

HPBW, qE = qH d1rect1v1ty, calculated dB cal-
deg dB culated 

\ 

450 0.687 86.0 1.11 17 .1 17 .3 17 .10 
500 .763 92.0 0.96 17 .9 18.0 17 .83 
600 .916 89.4 1.02 18.,8 18.5 18.45 
700 1.068 94.0 0.91 18.0 17 .4 17.69 
800 1.220 94.0 0.91 17 .4 16.9 17 .25 
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