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ABSTRACT 

Four tasks, related to reflector antenna technology, 

are carried out in the present study. The first task is the 

implementation of reflector antenna software developed under the 

Radarsat program on to the CRC CP-6 computer. In all, four programs 

have been transfered and modified, ready for use. For the_seçond_- 

task, the theory behind the analysis of communication satellite typbt 

reflector antenna is deve_loped. Associated computer programs are 

written. They are capable of treating different reflector confi-

gurations fed by a variety of horn types. The reflector may be 

offset in either or both North-South and East-West directions. 

For central-fed reflector, aperture blockages may be specified. 

The - far-field observation frame is the rectangular elevation-azimuth 

grid. These programs are fairly efficient in terms of execution 

times. The third task requires using the implemented programs to 

generate shaped beams. Two different techniques are investigated. 

The first involves stepping the reflector surface to generate sector] 

beams. The second makes use of a planar array of horns, disposed 

about the reflector focal region, to produce DBS beams for Canadian 

coverage. The last task is on the assessment of the accuracy of 

the present software and recommendations, for future software 
— 

development. 
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1 
1.0 TRANSFER AND IMPLEMENTATION OF ANTENNA DESIGN SOFTWARE 

DEVELOPED UNDER RADARSAT PROGRAM. 

The reflector programs, written in FORTRAN and 

developed under Radarsat Study #17, have been transfered and 

modified to run on the CRC CP-6 computer. Their implementation 

has been rather straight forward by and large. Only the input and 

output statements and the random number generation subroutine need 

be altered. The names of these programs are: PANRFL SIF, 

FACRFL SIF, GENODE1 SIF, GENODE2 SIF. They reside under the same 

account number as the rest of the programs developed for this study. 

The first program PANRFL_SIF analyses a multi-horn 

array-fed parabolic reflector with rectangular aperture. The 

reflector surface may be broken up into a number of rectangular 

parabolic strips. The positions and orientations may be arbitrarily 

specified by the user or take on random values generated internally. 

Both uncorrelated errors, such as those arising from alignment or 

deployment process, and correlated errors, like thermal distortions, 

may thus be introduced to the panels. Random surface deviations 

arising from manufacturing errors may also be simulated through 

the displacements of surface integration points of the diffraction 

field integral. This program has been used in the design of four 

shaped beams for Radarsat. •Data input to the program is through 

a data file named PAREFL DAT. Far field observation is restricted 

to elevation and azimuth cuts only. The observation frame has since 

been enlarged to cover a two dimensional elevation and azimuth 

grid. Such a modification has been implemented in a separate 

program named RECRFL_SIF and the corresponding input data file is 
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1. 

RECRFL DAT. The output from either program is directed to the 

user's terminal. It contains information on the feed - reflector 

configuration as well as panel and surface distortion statistics, 

spillover efficiency, co-polar and cross-polar gain patterns. 

The second program treats a different kind of surface, 

one in which the desired shape is approximated by an assemblage of 

flat triangular elements or facets. The positions of the nodes of 

these elements are assumed to be known. Since the program deals 

only with basic elements, there is no restriction on the shape or 

type of surface that can be analysed. Deviations of nodes from 

their ideal positions may be specified by the user or generated 

internally, to simulate mechanical errors. Input data are to be 

provided in two separate files. The first file, FACRFL_DAT1, 

contains data of the horn configuration, feed excitations, reflector 

integration and far field observation frame. The second file, 

FACRFL DAT2, contain the locations and numbering of the facet nodes 

forming each triangular element. Output from the program contains 

statistics of the node displacements, surface error, spillover 

efficiency and co- and cross-polarized gain patterns. 

The last two programs GENODEl-SIF and GENODE2-SIF 

are explicitly written for the purpose of generating node locations 

and numbering of triangular elements in the discretization of a 

parabolic reflector with rectangular aperture. Two different 

schèmes, • that give the same performance, are available. The 

criteria used for determining the nodes locations is equal or 

nearly equal chord lengths for the longerons and  ribs of the surface 

forming structure. The facets end up being equilateral triangles. 

The output will P roduce file FACRFL_DAT2 for the reflector 



analysis program. 

The descriptions, usages, restrictions and listings 

of the above programs are not included in this report. All these 

. details together with the underlying theory can be found in the 

Radarsat report on Study #17. 

3 



2.0 GENERATION OF REFLECTOR ANTENNA DESIGN SOFTWARE 
4 

developed. 

be linearly 

Three reflector antenna analysis programs were 

The first programé-PAREFC -s-7.;) employs feeds that can 
or circularly or elliptically pOlarised. The class of 

feeds that falls into this description includes the single-moded 

or multi-moded pyramidal and conical horns. The second program, 

PAREFM SIF,  allows the user to enter measured  data to represent 

the feed's radiation patterns The third, PAREFL SIF, is strictly 

for linearly polarised feeds:where special loading of the feeds' 

apertures are used to improve the secondary gain by reducing spi117s, 

over loss. 

A by-product from the feed moder development is a 

program, HORNPAT SIF, to compute E- and H-plane patterns of pyramidal 

and conical horns. It may be used to view the primary illumination 

patterns of horns with known physical dimensions. 

Among the output from the reflector programs is a 

co-polarized gain matrix. Gain contour plots may be obtained from 

this matrix by using program(DSCRPLT SID) Plots represented by 

discrete symbols are produced on a .  line printer. The resolution 

is dependent on the printer's characteristics. 
fee- 

The theory behind these programs eje given in the 

sections below. Program usage, description and listing are provided 

in the appendices. Names of source programs have the suffix SIF 

while data files have the same name but a different suffix of DAT. 

2.1 PHYSICAL OPTICS METHOD 

The electromagnetic field at any point in a source- 

free region V is uniquely specified once the fields on the surfaces 



(2.1) 

ttJE[ 5-3.7i7Y}ds g(61 U- 
s 

••••• 
.■P 

where 

bounding this region are known. In the reflector problem, the 

region is bounded by the sphere at infinity where the field is zero 

and by a closed surface S enclosing the reflector and its feed as 

shown in Figure 2.1. Assuming that there is no contribution from 

the feed, which is a valid assumption since the back radiation from 

the feed is small as compared to the direct radiation from the 

reflector, S may be taken to be the same as the reflector surface. 

The field at any point Q within the region V is then given by the 

vector Kirchoff diffraction  integral  in terms of the equivalent 

h)c.p.,9e4 a4,4«  

,o 

sources on the reflector. 

If S is a perfectly conducting surface, then the 

magnetic current sources, â sm , vanish, leaving only the electric 

current sources, âs 

-fl x = jsm  = 0 (2.2) 

1 
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Figure 2.1 Scattering from Antenna Structure. 

Substituting (2.2) into (2.1), and performing the 

vector operations indicated, the following equation results. 

E(a) f  
LiTT • -jw),( 0)--s  + + • 3 kb- + 3 /,-.9 ( 

w É 

ik > 
j; kfr +  

(2.3) 

However, if one is only interested in the far-field, the above 

equation can be further reduced to give 

- A 

E(61) =   ea F 
3 — . RJj s 

5 
(2.4) 



js = 0 on the shadow side, 

on the illuminated side J = 2t1 x H. Inc 

and, 

(2.6) 

7 
In this expression, there is a radial component which is not only 

small but also drops out when the above field is resolved into its 

co-polarized and cross-polarized components because of orthogonality. 

The final form of the equation that is used to give the radiation 

from the reflector then becomes 

— le.ft 
kj)•k\  

 e É(&)  
5  

(2.5) 

A 
where JD is the vector from 0 to a point on the surface and R is 

a unit vector in the direction of the far field point. 

To obtain the induced currents, js , one applies the 

physical optics principle which states that 

I 
I 

where i1 is a unit normal vector to the surface and I  H. nc  is the 

incident magnetic  field.  from the feed. Hence, knowing the radiation 

from the feed and the reflector configuration, the far-field can 

be  determined. 

2.2 REFLECTOR MODEL 

The geometry  of .the  reflector system is shown in 

Figure 2.2. A global co-ordinate system, X Y Z, is defined at the 



Y ry 
Figure 2.2 Co-ordinate Systems for Reflector Analysis 
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Figure 2.3 Co-ordinate System for Surface Integration 



The capability of moving the field reference system is useful if 

one is interested in removing the far- ue 17.4-14-.S1 

ce should be 

1 

focal point of the reflector, 0. Input quantities such as reflector 

offsets and feed displacements are refered to this system. Apart 

1 from the global system, three other local co-ordinate systems are 

I 

used. The first, X q Y Z r is for the far-field observation point. g g 

The second, XrYrZr' is for the feed. The third, X1Y1Z 1' is for the 

1 integration over the reflector surface and is parallel to the global 

system. The origin 0 1  of X 1Y 1 Z 1  is located at the centre of the 

II projected aperture on the focal plane. 

I The reflector is part of a parent parabola with 

focal length F. Its aperture can be offset in the X- and Y-directions. 

1 
in Figure 2.3. The shape of the projected aperture is elliptical 

with principal axes equal to SX2 and SY2. In refering the scattered 

11 field to the X Y Z observation system, which is parallel to the 

global system, eqn. (2.5) needs to be augmented by an additional 

phase term leading to 

ik el c 0 0 

JÇ
A 

 e .Z kid E a ) = 4° e s otS 4m k 

where 0 0 is the displacement vector of the observation system. 

9 

These displacements of 0 1  from 0 are AX and AY as given 

(2.7) ' 

A A ^ 
00= Xdg X+Y î l-ZZ dq _ dq (2.8) 

1 to parallax error. If such is the case, the origin 0 
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z i  

located close to the phase centre of the reflectOr. Let the 

spherical co-ordinates of the observation point Q be (R , G , q q  

Then the phase term, obtained by taking the dot product, becomes 

--- A  0 0 •R = Xdq sin G cos 0 + Ydq sin G sin 0 + Z dq cos G 

(2.9) 

In order to evaluate the integral, the inward pointing 

unit surface normal vector  fi and the elemental surface area, ds' 
are required. If the surface is represented by 

( X 1  + AX)
2 

+ (Y1  + AY ) 2 

4f 
(2,10) 

then, from differential geometry, 

X + AX Y + LY 1 1  dS = [1+ ( ) 2 + ( ) 2 ] h dX dY. 2f 2f 1 i 

(2.11) 

Making a further substitution using the polar co-ordinates of Fig. 2.3, 

ir X1  = r1  cos 01  

''----- 

Y I.  = r1  sin 01  

the elemental area becomes 

as = El r,  cosOi \1. 

2f + 54:11S1 ,e( 
24' ) ctX, 011, 

(2.12) 
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95 (4  
) 61 rbet (2 .15 ) 

6142 ,  eyx  
2  d (8x1 5.(.11 ( 1)2. ( \f#1, CO5491'  

S'X2 SY2 

2) (sx:tsik% ) 2' -4- C s)1,1. cos(/' 1 

11 

The unit normal may be written as 

1 -q2d A A A , 

e ii  = L 1  + (  r, cos 4,, 4 ill f  ri si:4 1 +  ie .)- i [ A ÷ 11, ,i  + z i  
+ ( 

T atç i( -c) 

f ri  (0501 4nn ) 
n = — + A r It et T 

( 

 

r11  + aY 
1.'‘,4  = — 

à 62-e • ) 
(2.13) 

The surface integration is performed in (r- 0 ) 1 , 1 
co-ordinates. For zero blockage, the integration limits are 

01 = 0 
2 

5-'0., • SYZ  
r = 0 4,-.1a (2.14) 1 

1(e5;(,2, Sim 41  Y1 (Z cos)  j 

With spar and central blo .ckages, the limits change to 

As defined above, there are n spar sector blockages where O> - 
1 limits of the i th blockage are Obi  and Obi  . The central 

blockage is elliptical with principal axes equal to BX2 and BY2. 

These limits together with the integration formula used, will 

determine the locations (X1 ,  Y1, Z 1 ) of the integration nodes on 

the reflector surface. They are converted to global co-ordinates 

using 



x = x + Ax 

Y =  Y1 +  AY 

Z = Z 1  

The phase term in the exponential within the integrand can now be 

evaluated, giving 

12 

j.  if‘& = Sin, a cos  ¢ + Sin ± Z Cos e 
(2.16) 

In the absence of blockages, the program automatically divides the 

01- region into four quadrants. Within each quadrant, the same 

number of quadrature points are used for the 01- and r 1 - integrations 

2.3 FEED ARRAY DESCRIPTION  

The local co-ordinate system for the n th horn in 

the feed array is (Xrn , Yrn , Zrn ) as shown in Fig. 2.4. This 

system is translated from the global co-ordinate system by ( Arn' 
cry

rn
, OrZ rn ) and then rotated about the translated axes Xtn , 

Ytn and  Z tn in turn by angles 0( rn , Prn and Yrn respectively. 

Given a point (r1 , 01 , Z l ) on the reflector, its spherical co-

ordinates (0 , e, e ) in the n th feed's rotated jrn rn rn  

reference system are needed to find the incident field. They are 

determined by carrying out the following sequence of transformations. 

(i) Transform from (r1 , el , z 1 ) to (X,Y,Z) 

X = r1 1 cos 0 +  LX (2.17) 

Y = r1  sin 01  + 



Figure 2.4 Feed Co-ordinate System 
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Figure 2.5 Field Observation Co-ordinate System 



-1 = Cos [(z- Qrzrn)/,frn)] 

J'Yr )/(X_ crxrn )] 
- = tan 1  [(Y- 

(2.18) G
tn 

r6tn 

(iii) Transform from ( ,p,, et, ot) r' 0r ) t ° 

f
rn Y tn 

nn••••• 

s in Orn cos 01. 111 
Sill. ern  S'ev‘ Ç6r. o.  

cos ern,  
41n• 

The incident electric field from the n th horn at this surface point 1 

fen  
ern ) O'rn °rY1 

-n E. Inc FI ( (t)i ry 

1 

•il ) TransfOrm 

2 
frn 

from (X,Y,Z) to ( • e
t't ) 

= (x- (xrn ) 2 + (Y- dyrn ) 2 + (Z- crz
rn

) 2 

14 

P/MMOO. 

(Os pret  Cospn, 

(OÇrn. St'n grn  

S t:1112 1,n  

Sin Ot ryt  St:n(3ra.  CoS 

1. Cos cl r.n.  S'inern.  

cos dyn.  Cos pyt, - 

Çietol•rit St:v« prn rryt 

-sinct r.vt  Cosp rn,  

Sirtarn.Si:eid/i-tt 

- toS'Ll-rtçi;nPrn 

Cos d•rn  Sinprn.  9 4 61 er,t 

CoSP-n, 

cos ok COs r ret ryt,  

rsin8
cos  

in CI 
S ikl atn5int,t  

CoS Obt  
n•••nnn1 

(2.19) 

may be represented by 

(2.20) 

where Fln and  F2n are the theta- and phi- components of the 

electric field. Sicne the reflector 

horn feed, TEM propagation may be assumed. In which case, - 

electric field may be obtained from eqn. (2.20). 

is in the far field of the 

the 
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-n H. inc 

1 
T - 1:an ( çin  T2,4 - F2nTzeil ) Z 1 

CoSphi  CoS (b.vt  - Cos prnSivt (rrn -sill 8 int 

Sivtotréus(?rrt  

—cosd,pyril  

r cos 

aS 
Girn 

Stile  

(2.22) 

er` 

TK e n 

Tle n  

;Om 

ilmea 

T zyn 

(2.21) 

The transformation functions, T, convert horn local spherical 

co-ordinates to the global co-ordinates 

11•••••• 

Sin Ze(r. 1.1•14 COS vt 

C°.S (5ervt, 

5iA Sill XN.I. 
- cvs4n.çf: Prite°frrt 

crn, C°5  P 11- 

ci.rvi5c:ilf3r.n.  SL' ,\ 

cos drn. St..nPrn  th  

+ Sin 0(rvt C"Prt 

— Cos prn  Cospn  

ivn Glyn ryi CO5  n  

1•  Cos ck r.n.  

S i.:Ot C2 1-11.  5s; 11 ïpvt  

(OS Glyn  ÇI:b113.evi C ÔS (ljerY% 

— Cospret  Sol pn  

CoS Oisryt  (OS s f ri,t.  

• ndnrvt  Sinp ryt Siel 

cos sty st ryt rrk irrn 
ci.rn.  cos  (ryt  
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If all the horns in the arrays are excited simultaneously, the total 

incident magnetic field is the sum of the component fields given by 

eqn. (2.21). 

2.4 FAR-FIELD GAIN PATTERN COMPUTATION 

With the incident magnetic  field known, the induced 

current is derived from eqns. (2.6) and (2.13). 

L t ,2+.e..nX t. •ft2+4,AY  )2. 1.s  =_ .2 4`_..•d 

frIl 1 h.1 

\([n CF T -F T )-n (F T — F )1 in z¢bet 211 zen z IA et A .2n ley, 

 (c  Tx4vt rgn 1-Xen (Fin TZlIn {:k% TZen )] 

i [nK ( Fi n Tyin Ç.avi Tr% )  — .1k1 Tan - Tx9n )] 

= E Isx Tsz 
(2.24) 

The feed array has N horns. Substituting eqn. (2.24) into (2.7), 

the electric field at observation point Q becomes 

( Q) = — [- k C X0(4 Vi  cosci Yd_c:04 + cos  9/. )] 

A • f -3« + y «Ssz  z ep [i.jk  (x S 6 (0544  + n't;1134Sitli+Zcos04 )]. sx 
ri dr, d¢i 

(2.25) . 



É (Q) = .111M 

Eqn. (2.25) is written in a more concise notation to give 
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• è:*.M .  
R E (eu l) 

 r  , A 
g Lg 7( Et Ez 

(2.26) 

The next step is to resolve the secondary radiated 

field into its co- and cross-polarized components. The polarization 

of the radiation from a Huygen's source is used as the reference. 

Let Vx be the unit vector parallel to the electric field from a 

sou-----s\rce wh ose electric dipole is directed along the X-axis. 

Similarly, let V
Y 
 be the unit vector parallel to the electric 

field from a Huygen's source whose electric dipole is directed 

along the Y-axis. These two vectors are orthogonal and are used 

to define the principal polarization directions. 

AA 
Vx  = cos 0 G - sin 0 = [1 - cos 20 (1 - cos G cl )]X 

cl cl cl  
A

A 
- sin G cos 0 Z - (1 - cos G )sin 0 cos 0 Y 

cl ci 4 cl cl 

A A A A 
V = sin 0 G + cos 0 0 = -(1 - cos G )sin 0 cos 0 X 
Y cl cl cl q cl 

2 A A 
+ [1 - sin Ø(l  - cos G

cl 
 )IY - sin G

cl 
 sin 0q  Z cl  

(2.27) 

If the electric field is linearly polarised, its 

vertically , E' , and horizontally, E' ' polarized components are vx vy 

obtained by the dot products of eqns. (2.26) and (2.27). 



(2.30) 
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_ A 
k-1 = E'.v = [-(1 - cos G )sin 0 cos 0 ]E' - sin G sin 0 E' vy Y cl cl q x cl q z 

+ [1 - sin2 0 (1 - cos G )JE' 
cl cl Y 

(2.28) 

E' = = [1 - cos 2 0 (1 - cos G )]E' - sin G cos 0 E' x vx q x q z 

- (1 - cos G )sin  0qcos  0 E' 
cl Y 

If the electric field is circularly polarised, it may 

be resolved into its right, E' and left handed, E' ' rcp' lcp 
as follows. 

components 

E' rcp 
A A 

= "É l  (Vx iVy )/117 

= (E l  A- jE 1  u,r1 vx vy 

(2.29) 

A A 
E' = E' • (Vx - jV )/erl lcp Y 

= (E' -jE' )/eri vx vy 

The axial ratio of the Cl' wave is 

IE'lEicp l rcp  AR - 
1E' 1 - lEicp 1 rcp 

while the tilt angle of the polarization ellipse.is  givgn.by 

- arg(E' - )} /2 (2.31) rcp 
The tilt angle is the angle between the reference direction and 

the major axis of the ellipse when viewed in the direction of 



Pr(ek ,04 ) 
G(G q  , q ) =  Pt  

19 
propagation. The reference direction for establishing the ellipse 

A 
orientation is arbitary but 8  is commonly accepted as the reference. 

For horn feeds that are rotated about its own local 

Z r -axis by angle , the principal polarization vectors must also 

be rotated by the same amount. 

A A 
v' = vx  cosy+  v  sin '  y 

A A 
V' = -V sin  i)/ + x V cos 
Y Y 

(2.32) 

The electric field is resolved into these new directions. 

• The gain of the reflector in any direction (9q , ) qf q 

is defined as 

where 

- (2.33) 

= power radiated per unit solid angle 

= é buo  ) 1/2  R2  1 E 2  /2 

P t = total power radiated by the feed. 

The gains for the various polarizations may be obtained by substituting 

the polarized components of , eqn. (2.26), into (2.33). 

Gx (eq , eq ) = 2 "ri ( 604 0 )1/2  IE:ix 1 2  

G (0 e ) = 2 T ( 61/14 ) 1/2 2 lE i I / ( P t ) y q, q vy 

(2.34) 
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1 
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1 
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Grcp  (Gcl , 0q) = 2 Y ( 6/A 0  ) 1E' 1 2/(Pt
2 ) rcp 

Glcp (Gq'q ) = 2e ( &/A, ) 1/2 1E , 1 2 /(p 2 )  
lop t 

The total power radiated by the feed array may be found by inte- -------- 
grating the feedoynting vector either over the forward 
hemisphere or just across the horn apertures. The former procedure 

is followed in programs PAREFC SIF and PAREFM SIF while the latter _ _ 
is employed in program PAREFL_SIF. For the same reflector-horn 

configuration, gain computed by PAREFC_SIF differs from that 
computed by PAREFL SIF due to feed power difference. This gain _ 
difference ranfl.s from nil for horn sizes 7 3 ?\ to  0.25  dB1)for 

( 

4111111111lb l horn si. Gain computed by the first procedure is pf.444.,e/  

leYJKAC 

2.5 FAR-FIELD  OBSERVATION  CO-ORDINATE SYSTEM 

The field co-ordinate system that is used in the 

analysis is the spherical system (R , , 0 ). For some applica- 

tions,  it is preferable to use the elevation and azimuth co-ord. system 

instead. This system is illustrated in Fig. 2.5. Its relationship 

to the spherical system is expressed by 

G = cos-1 [cos (El) cos (Az)] 

(2.35) 
0 =  tan (Az) / tan (El)] 

higher than that from the second procedure. 

the 

In the programs, (El, Az) are used to describe the location of the 
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far field point but they are converted to (G , fe5 ) for the gain 

calculation. 

nee. 

E.  Inc 

k1:2 1 77, [c Fi v% T T)(ch,) H.  Inc 

2.6 SPILLOVER CALCULATION 

The power captured by the reflector is found by 

integrating the incident field Poynting vector over its surface. 

To achieve this, the electric and magnetic fields are written as 

elk"' r f, LC To, + rh,T, e„) S‹ A-P,T }(‘( n 3'314 

(2.36) + (Fe  T24, ,  + ) 

= • eez  

Fi n FÂh -reh \I\( qn Tzin "r2eh) 

= + P i + Ne2. 1) 

(2.37) 

The power incident on the elemental area dS is obtained by substituting 

the above expressions into the following 

A 
1/2 Re f x (-n) dS inc inc 



— Étb ke: ri 0(71 c(f `ki (2.38) 

1 
q s = Pc lei ( 2 . 3 9. ) 

1 

1 

1 

, 
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• 

The negative sign is used because n is an inward pointing vector. 

1 
1 P(- = ff {(t) 1-1 c*2 — ei-2. 1-Ii*  ) nx  + ( Éc , 1-1 (: ), — E„ He: ) n 

1 
* 

S 
1 

1 

Spillover efficiency is expressed as the,ratio of the power captured 

to the power transmitted. 

The total power captured, P c , is given by 

2.7 NUMERICAL INTEGRATION 

In computing the scattered fields, integrals that 

need to be evaluated are of the form 

f
l(k„r-t 

-Ç ) 0) arG4 
çbf.  

where the two dimensional integration is taken over a rectangular 

domain. To facilitate its evaluation, the following substitutions 

are made to normalise the interval of integration, 

r = (ru  + r1 )/2 + (ru  - ri ) r'/2 

0 = (Ou  + 931 )/2 (93u - Ø1 ) 5:672  

(2.40) 



1 

1 
1 
1 
1. 
1 

1 

e.77 tit)rY) 



(93u - ej l ) ( ru - r 1 )  f(r,0) dride i (2.41) 2 2 I - 2 2 

(ru- ri) 
C., 2 

I = 
L 

yielding 
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+1 

The resulting integral may now be evaluated „1_...1.si,ng_tbpoduct. Gauss-

Legendre formula. Of all the numerical integration schemes, the 

Gaussian quadratures have the highest degree of precision. For 

instance, if the integrand can be represented by a polynomial with 

no higher degree than 2n-1, then the integral can be evaluated with 

zero error using a n-point formula. However, if the integrand is 

of higher degree than 2n-1, the error resulting from using a n-point 

formula is minimum with Gaussian quadrature. In the evaluation of 

eqn. (2.41), a J-point formula is used for r' and a M-point formula 

for 0', then the equation may be rewritten to give 

\A/W ei) 
m A 

(2.42) 

The variables r and 0' are th.Q._ab_a_gi_s_U2_2L.  the Gaussian 

formulas while W. and W are the corresponding weight functions. 

Their values may,:_be,f_Opnd  tabulated  in various mathematical hand-__ 
books. The integration procedure now reduces to a double summation 

of the integrand evaluated at the specified locations and multiplied 

by the appropriate weights- . 

Next, the matter of determining the required number 

of integration points is presented. Numerical experiments have 

shown that the required degree of polynomial approximating the 

integrand is about three times the number of roots the integrand -  

has within the integration interval. So if the integrand displays 



L half cycles, there will be L+1 zeroes, thus necessitating a 

3(L+1) degree approximating polynomial and a [3(L+1) + 11/2 - point 

formula. To apply this, let us assume that the size of the antenna 

aperture in the direction of integration is 'a', then the radiation 

from this aperture at angle G measured from broadside, is simply 

24 

E (9) 

+ah 
.4 • ks si4e 

Acs) e d d.S 
4/2 

ka S i  sill° 
+.(1 

AC Q 

(2.43) 

-t 

The aperture illumination function,  A(s), in most instances is .  

slowly varying. Only the exponential term shows the oscillatory 

behavior. In this case, there are (2a/ h )sin G half cycles, a 

number that is dependent on the angle of observation measured from 

the peak of the beam and the size of the aperture. The number of 

integration points required is conservatively estimated at 

le = Integer [(3a sin G) + 1.5 ] (2.44) 

The process of selecting the appropriate quadrature 

formula is automated in the program. A search is made to find the 

largest angle between the peak of the component beam and the edge 

of the observation frame. Substitution of this worst case angle 

into eqn. (2.44) gives the required formula. 
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rised fields are accurately predicted but not Ihe_cross-polarised 
H_-_----/ fields. With this formulation ) known as the0Chu model„ the co-pola-fields. With this formulation ) known as the0 Chu model„ the 
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2.8 MODELING FEED HORN RADIATION PATTERNS  

Feed horns for the reflector programs were purposely 

divided into two groups. The first group Consists of linearly pola-

rized horns and is used in program PAREFL_SIF. The radiation patterns 

from these horns are computed using the aperture field  model and 

the vector diffraction integral. Both transverse electric and _  
magnetic fields across the aperture are used to compute the radiated/' ) 

4,\) _ 

components. Power flow from the horn is obtained by the integral 

of Poynting's vector across its aperture. It may be readily 

evaluated in closed form . ( Gain computation based on this radiated 

power from the horn tends to be conservative, erring on the low 

side. A built-in margin therefore exists with this model. 

The second group comprises horns that are suitable 

for both linear and circular polarizations. Again the aperture 

field method is used to compute the radiation patterns. However, 

a choice of two aperture field models is provided, the Chu and the 

E-field models. The latter model makes use of only the electric 

field with a conducting plane across the aperture. It provides good 

prediction for the co-polar patterns and reasonable approximations 

to the cross-polar patterns of horns with sizes in the range of 1.0 

1.3  ?\ To compute the power radiated, a different approach 

is used whereby the Poynting's vector is integrated over the for- 

ward hemisphere. Gain computation using this method of computing 

power from the horn array tends to be slightly optimistic _ . 

The method of computing patterns from horn apertures 



the Chu model are obtained from the following equations. 

l'kee f'4,e4edid 

26 

is first presented, followed by evàluation of patterns front the 

two horn groups. Excitation of the orthogonal ports of the horn 

to produce circular polarization is then discussed. 

2.8.1 RADIATION FROM HORN APERTURES 

To find the radiation from the horn aperture, the 

vector Huygen's principle is applied by enclosing the horn with a 

surface that includes the aperture, exterior surface of the horn 

and the sphere at infinity. There is no contribution from the 

sphere at infinity. The t.ans'en.t_i_al_electric field over  the horn 

Purfqce_is zero while the_surface tangential magnetic_field is 

,neglected. This leaves only the tangential electric and magnetic 

fields across the horn aperture. One could then postulate that 

sources across the .aperture consist of electric and magnetic currents 

given by 

• 

A 
je = n x Ht 

A 
jm Et x n 

This model for the horn radiation is thè,Chu model. For horns 

whose sizes  are in the range ofL122 ... 1.3 Me  the fields are strong 
at the periphery and the model gives reasonable agreement with 

co-polar measured patterns. As the horn aperture increases, the 

contribution from external currents would become proportionate 

smaller. The agreement with co-polar measurements becomes better. 

Also for multimode horns where the fields are zero at the periphery,  

the Chu model gives good prediction of the patterns. Patterns from 



TEmn modes 

R•k • 
E G  = —Lf ok cos 191 (1\1;4  Cos 

) .1?%k 

27 

(2.45) 

— —; e.è 
E0— (J oz mz. [cos e 4 .51, if AI  

"x sc:>q Nt4  cos0 
(2.46) 

where 

= S'  [+ (ik s e cos + sin )1 
apEr 

Ét = ( I  t r)( ) 

= kit — P ) TMmn modes 
p 

(E ). is the incident electric field and p is the phase constant t mn 

for the given mode. The reflection coefficient P is small and 

usually set to zero. Very often  d.  is set to one in arriving at 

a Huygen's source. 

An alternate model may be used for 1.0 - 1.3 ?% 

horns. The Huygen's surface is continued through the aperture of - 
the horn to form an infinite electric conducting ground plane. 

Only the electric field needs to be specified, leading to magnetic 

currents of 

jm = 2(Et x 

= 0 

over aperture 

elsewhere 



EG  
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Fairly good agreement with measurements is obtained for both co-

polar and  crojszpolar patterns. Eqns. (2.45) and (2.46) are modified 

for this E-field model with  O&  = 0 and Fi replaced by  2,  giving 

(2.47) 
Y 

-j exp(-jkR)  cos G (N sinsin e - N cos e) (2.48) y 

j exp(-jkR)  (N cos 0 + N sin 0) D 
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2.8.2 FEEDS SUITABLE FOR LINEAR POLARIZATION 

In the reflector analysis program PAREFL SIF, various 

types of rectangular horns may be used to feed the reflector. The 

horn types allowed are tabulated in Table 2.1 together with the 

assumed aperture distributions. In addition, quadratic phase error 
-- 

may be present at the horn aperture since the feed waveguide size 

is equal to or smaller than the horn. The expression for this phase 

error may be obtained as follows: 

Consider a principal cut through the horn as shown 

in Figure 2.6. The flare length of the horn is 1 1 1  while the 

aperture dimension is 'd'. Assuming that a spherical wavefront is 

emanating from the phase centre P, the deviation from the phase 

front at a point X on the aperture is 

d' px . - [1 + (X/1) 2 _ (0.5 d/I ) 2 1 1/2 

(2.49) 

- (0.5 X/,t) 2 + (0.125  

This  quadratic phase error is used in the feed modeling. 

With the appropriate aperture distribution and 

phase error, the radiation pattern from the horn is computed using the 



Table 2,1 Aperture Distributions for the Various Rectangular 
Horn Types 

30 

Horn Types  E-Plane Distribution H-Plane Distribution 

Pyramidal Uniform Cosinusoidal 

Dielectric Loaded Uniform Uniform 

Corrugated Cosinusoidal Cosinusoidal 

Dielectric Loaded 
Corrugated Cosinusoidal Uniform 

Dielectric Loaded 
Trifurcated Binomial Uniform 

Trifurcated Binomial Cosinusoidal 



+d/2 

-d/2 

Figure 2.6Aperture Phasel Error. 

Figure 2.7Pyramidal Horn. 
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Figure 2-.8Die1ectric Loaded Trifurcated Horn. 



aperture field method. Horizontal and vertical polarizations 

may be prescribed for the horn. In the program, the vertica3, 

polarization vector is parallel to the X-axis while the horizontal 

polarization vector is parallel to the Y-axis Expressions for 

the radiation patterns of the different types of horns are given 

below. 

Vertically Polarized Pyramidal Horn  

The fundamental TE mode is assumed to be the 10 

only propagating mode. By assuming that the mode propagation 

constant is equal to that of free space and the reflection 

coefficient is zero at the horn aperture, the field distribution 

for the horn of Figure 2.7 may be written as 

Ex — = A cos(—Z) exp[-jk(X2/21E + y
2/21H )] a 

a2 b2
. „ exp[ jk ( UT UTE H 

where 

A = amplitude constant (2.50) 

1E = E-plane flare length 

1H = H-plane flare length 

a = H-plane dimension 

32  



b = .E-plane dimension 

= free space impedance 

_Bitrom eqns. (2,45) and (2.46), tha.thetà and phi-components of 

the radiation' pattern can be readily shown to be 

33  

\ k = é . 

e—ike 
tor Ps 

ab_ 

t cose]  Cos 0 A 

(2.51) 

[1 + cose] sin0 A e ...''' °L  Mt\  

çs 
x'  + -, *ll  ) e+ik(xsOcosii+ 

--- 61, 

Nx  

t L2' 
A. ÷ 

-Lk(iT ) = e d e 

As can be seen, the polarization vector for the above pattern is 

= cos 0 - sin 0 0 

which is equal to the Huygen's source. The prediction for the 



// 

cross-polarization response, which is zero, is unrealis ic and 

is brought about by assuming the propagation constant is that of 

free space. Such a situation is realised only when a » ?\. since 

1() .?\ 
2 

- [ 1 (  ) 2a . A more accurate model for 
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the cross-polarization pattern is the electric field model. The 

present model ) however, gives very good co-polarization pattern 

prediction. 

The horn co-ordinate system (XYZ) is rotated about 

the X-axis by 180 0  to give (X'Y'Z') as shown in Figure 2.7.The 

newsystem is consistent with the reflector co-ordinate system. 

This co-ordinate transformation is done here to reduce the number 

of transformations required later. To perform the rotations, the 

following substitutions are entered into equation (2.51) 

X  = X' Y = - Y' 
A 
G = /sà -0 ,  

Sin G = Sin G' Cos 9  = -Cos 9' 

Sin 0 =-Sin 0' Cos 0 = Cos 0' 

giving 

+ - kce 
eà  LI cosel cos 0 1  A e a  Nx ,  E e , = v  eoTe  

-k 
+W 

E0 ,  = [ I Cosel s'010` A eu 

(2.52) 



Nx , 

J , 

apt- 

4( 
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'z ,2 
C°sCifi--) t tet,  

kit9( 

To convert the integral Nx , into a form suitable 

for Gaussian integration, the following further substitutions are 

made. 

y' = ya/2 x' = x b/2 

As a result, the term N '  in equation(2.52)
,  becomes 

x 

z Z. „ till I 
N - 4 11)- (0s(14-)&ec--- k (4-21 ens- Jej x. J 

(2.53) 

( 102x 1  .î ce 
 

E- (Ç p[k( co Sid COeh drx 

8-point integration formula is sufficient to evaluate the above 

integral for horn sizes up to 4 wavelengths. 
Normally, the power input to the horn is specified. 

In order to evaluate the pattern, the amplitude constant A must 

be known. The power flow across the horn aperture is first 

obtained by integrating the Poynting's vector and is equal to 



-1kR 
Eeo  = ;,0`- [L  — cos el]  in ~ ' A "P' 

iorR (2.56) 

the input power, P i . 
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a 1  
Pi  - 711: x otx Gt 4.-1 (2.54) 

As can be seen, the amplitude A can now be readily obtained from 

the input power. 

Derivations for the rest of the horn types are similar. Only the 

aperture field distribution, radiation patterns and power radiated 

expressions are given. 

Horizontally Polarized Pyramidal Horn 

Aperture field distribution: 

Ey  = A COS(14.-( ) UP El k (.2 )÷: _a. )] exp[4j k ° 1 ] (2.55) 

x = — E„ 

Radiation patterns: 

-•kA 
• k ea 

E 93 . = El — Cos e' cos A  

ti 
cize CO( / 

Ny  = (0.5 Cr)  .eY p [-1 -]eyfEjk e cos 

--1 
ti 

elc io 
—1 

)(p Lik, 101-2 S i . 11 0 1 10(j 



ab 2 
P i = l A l (2.57) 

-1kR 
 L i  — Cos OI ] Sin I  A ea 

[. t4, 1-  Si  O lSivn 0( 
,... 

e'P[Ik ct8 H  

E
0 1  

Nx 

Power radiated: 

P.  
1 

(2.60) 

Power radiated: 
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Vertically Polarized Dielectric Loaded Horn 

Aperture field distribution: 

2 2 
Ex = A exp [-jk(Y— + exp [+jkol] 21H  21E  

Ex H = 
Y 

Radiation patterns: 

-•14A. 
+*kol. 

EG' . =   D cosel]  Co 50 A E.' NA  R. 

(2.58) 

(2.59) 

—t 

e i cosO l i 

—1 



x2 
_ 

2 
E = A exp 
Y 

[-jk( n„  + 
H 

(2.61) 

E G' 

0' 

Y ,  

Horizontally Polarized Dielectric Loaded Horn 

Aperture field distribution: 

38  

Hx = - -X 

Radiation patterns: 

= [ — (me '  Siq '  A 
k 2kg  1 —  Co S ] Cos A ê 1 \ 

/1+1 
= «la Z Z 

-k  
g 

ev? [« T exi) s 

(2.62) 

e‘ cos016tiç • 

t I 

î.ey Lik à lE ]  eyr  k 1 12 si„,01] 

Power radiated: 

P. ab 2 
-275 1A1 (2.63) 



Nx 

Vertically Polarized Corrugated Horn 

Aperture field distribution: 

2 
Ex = A cos( -- x  â-) cos (-7  y-5-) exp [-jk(k.

H

;

.E)] 

(2.64) 
• exp [+jk ] 

Hy  = Ex/ 
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Radiation patterns: 

--kR 
-I< eà r  

E  e ' ' tp r R L I - Cas e' ] Cin0 1  A -e.' N, 
—kR 

- k et)
t.a  / 

E . 
.0' 4fiz  [i - Cas e'] Çt'n0 A e Nx 

÷, 
2. 2. 

Cos()  et) E .  ;,t m  eXI9 [ <c-S‘t'lle 15(141 0 1] 
-1 
1-I 

ICoe-) bio k k-if<  st'heCose]dx 

(2.65) 



(2.66) P. 

nnn 

E
Y  (2.67) 

Hx 

Power radiated: 
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Horizontally Polarized Corrugated Horn 

Aperture field distribution: 

2 - x I.  Y ) exp[-i ( x
2 

+ Y ) e p[+jk0(.1  ] E = A cos(  e  ) cos( - k- 21H ' 21E Y a 

Radiation patterns: 

rL 1 — cos 61 sill 0' N E G , 

—.k ij"  r 
EgY L 1 — (OS O ' ]  Co so 1  A N, 

errig- ,1 

N /Ilk\ r k 
Y 717 2 ) .g4 

(2.68) 

• E ctx sol o cv, 0L 

r 1 
cos( 11) exP [1 1' k St'ile i51'hOl 



ab 1„12 P. = 1 2g 
(2.69) 

Power radiated: 

Vertically Polarized Dielectric Loaded Corrugated Horn 

Aperture field distribution: 

2 2 
= A cos( -fr x/a) exp [-jk( ).4T )] exp[jkopC "H  

Radiation patterns: 

r i tikd 
E =  G' z LI œ Cos e j cot(' s 

R. t • ko<I  

E0 =
k edk 

 [ 1 — c. os 5'64' N, 
fz. 

,41 

N 
2. Z. 

= 
x ee [-> k e-1— Jee [jk .4 

d -/v 

(OS( ) Elk  K. i -brEj k  le- Sc'nO icoseic6( 

Ex 
(2.70) 

(2.71) 

Power radiated: 

(2.72) 



.k +. 
= [ —  E 9 ,  (2.74) 

Horizontally Polarized Dielectric Loaded Corrugated Horn 

Aperture field distribution: 

2 2 
E = A cos( y/b) exp[-jk( + Y— )] exp [ jke< ] Y 21H 21E 

(2.73) 

Radiation patter 
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-. k . 

• k  e,.. -f- ko'. 
E0 ,  ' ..) 4.iiiz LI — foS. 64 1 1 cos qf A €j Al,  

+1 
y  N = _ 7  4_ .._. ) , , , { . _ . . k _ _c ( ' x ' } ,„ e  [ k ai -( siklbic054' jb • ?) î' 14  

-1 

192 2. 

cas(1))-ex io[i k je.  -ey[ -f s k s-ilki e 

Power radiated: 

(2.75) 



Vertically Polarized Dielectric Loaded Trifurcated Horn 

The trifurcated horn has a non-uniform (binomial) 

aperture illumination in the E-plane. The amplitude ratio of 

1:2:1 is achieved by introducing vanes into the horn which split 
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the energy entering at the horn throat. The aperture area is also . 

divided in a binomial fashion. For a dielectric loaded aperture, 

as shown in Fig. 2- 8 / the field distribution becomes 

Ex = A exp[jkA ] b/2 x b/4 Region 1 

= 2A exp [jkA b/4 x :7 -b/4 Region 2 

= A exp [jkA ] -b/4 es> x -b/2 Region 3 

(2.76) 
where 

2 x Y 
2 a b 

E H 

2 A - _ + + 
2 

21 21 81H 81E 

By combining the radiation from the three subapertures, the theta 

and phi-components of the resultant pattern may be written as 

follows: 

. - . 1z2 d  

Ee — (ael9 1 3 cosP(/ A e) 
1- a 

_ .k t .k.ai! 
E 0  , L I - co& el siki0 A e 1\1  

tiff R 

(2.77) 



P. = 1A1 2 
4 § (2.78) 

2. 2. h 

N -76—`4 6  \ eYe [. " 1‹ sihe'sihe [ -HC] ot 

eXr[ 
_.141)1.(3+)01  €,D k ? -frx ) o lcosel 

ps / 5 I d 
—t 

k 3) r L n ± .ese [j - T1,  eicosej wa  

2- 

.eye elf sc'ho lcosd dx 
-1 

Power radiated is obtained by summing the power flowing across 

each subaperture. 
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Horizontally Polarized Dielectric Loaded Trifurcated Horn 

Aperture field distribution: 

E = A exp [jk4 
Y 

= 2A exp[jk 41 

= A exp [jk21 ]  

b/2 Y 15/4 

15/4 "7.-> Y - 15/4 

- 15/4 Y - 15/2 

(2.79) 



Vertically Polarized Trifurcated Horn 

Aperture field distribution: 

Tr y  
E A cos( ) exp(jkA ) b/2 X s'e.  b/4 a 

f = 2A cos(-i Y-) exp (jk3 ) b/4 -b/4 

= A cos(  gaY)  exp (jk3) -b/4; X)  -b/2 
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(2.80) 

Radiation patterns: 

-'kR 

E =  L — case J cos0 He NA (2.81) 

— . k   
Egs L 1 — (0s et] A _ed 

Nx re„„firq'\ 6‘.-(4 

/6 (.tib j  

152;a 3g+t )7- 1 .e.y[j4 (31- X) sine l cos 0J x 

—t 

.eye  Ek (1( 3)-8b— e' Cos O i b;C:g74321  I c x 

2. 

t 4  l'exe  [7.,1( ] xkbz.-?L̀ - sine' cos0 1.10(x 
Power radiated: 

x io k - st'h e ist rh o( • 

(2.82) 



E
G' (2.83) 

= r  
4-FiR L I ] 5i110 1  A - -efjkeriN 

Radiation patterns: 
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â + .ko(i  
E0 = LI—  Cos '  coW A .ed 

Cdo 2. 

j çtil e CD 5 0 jaY 
14 

-1 
+ 1 

e)( rE,jk r 3) ho' Px10[1k(1-3)2.6z
J 

d 
d LUTE..  

+1 

.Up[11<(1+3
2.

.*.2-1.-E.J.exio[k(r. Sir\ O'S'in(13 1 .1 

4-( 

k -exi9 E— k jà4- ]GfG 
6 u  

- 

Power radiated: 

p.  
1 (2.84) 



cos,9 1 1 91,4 1  A e (2.86) E
G' 

Horizontally Polarized Trifurcated Horn 

Aperture field distribution: 

E = A cos(  11 x/a) exp(jk4 ) b/2 s.;> y ;› b/4 Y 

= 2A cos( -ir x/a) exp(jk4à ) b/4 7, y -;d7/ -b/4 

= A cos( Ti x/a) exp(jkA ) -b/4 e. y -b/2 

(2.85) 

Radiation patterns: 
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k , , 
E0, 

g L — 
COS 01 Cdsd A e' 

+1 
ctz )(2.. 

Ny  = Cos()e ?Elk Tri+  

+1 

).QXp U<  c  - 3)-br "j.e?Elk (t -3)217Îer.  
- n 

+1 
ey[ik(e3)21olea. ex io[ jk(V-3 )-122- sitie'Çifric i l 

-1 
r -002' 1  .1.. 14.f 1 nxe çin e iSM   

--1 

Power radiated: 

(2.87) 



1 
1 
1 
1 cos (m+1)q/  i e- j.j(j0 ) 

(2.88) 

1 
exP [ - j iT (f  )] = exp [-jk  (1„02 /12 - 4)] 1 (2.89) 

1 

1 
1 

1 2.8.3 FEEDS SUITABLE FOR LINEAR AND CIRCULAR POLARIZATION 
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--CeICAL HORN PATTÉIÏÏB  

The tangential electric fields appearing across the 

aperture of a conical horn excited with the 

as: 

TEmn nipde may be written 

Ex  = A(jkinn/2)[Jm_ 1 (k ran f ) .sin(m-1)(71/ + Jra+1 (kmnjo ). 

sin(m+1) ] e -ie ( JD)  

E = A(jk mn mn /2)  {J (k(k 
Y ) cos(m-l)U m+1 J (k jp ) mn 

The characteristic values kmn satisfy the relationship J' (k a) = 0, m mn 

where a is the radius of the aperture. The radial and angular 

variables at the aperture are JD and (1)  respectively. Flaring 

of the horn_produces a phase front deviation from planar across the 

opening by an amount expressed by 

where /a is the axial length from the apex to the aperture. The 

phase is referenced to the horn centre. Eqn. (2.88) is substituted 

into eqns. (2.45) and (2.46) where the cartesian integration variables 

are converted into cylindrical ones. Performing the 0-integration, 

the resulting expressions for the N functions become 
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NG = Nx cos 0 + N sin 
Y 

• m r  
= —CH" 1-1 ) A K m>, e° L- kf  se)  + 

o 

( k 0) 3  (k Silirm0 (2.90) 
" elvij 

N, = Nx sin 0 - j N cos 0 
Y 

k2) r 
= CI+Oli A LI(k,f)  3 ( kfsivie) 

Th1+1 ( Teiti kr:11 e)ifel! Cas rel9j  ( 2 . 91) 

The above integrals can be evaluated analytically provided if)(3) 

is zero. Otherwise, they have to be calculated numerically. The 

power flow across the circular aperture is calculated by integrating 

the Poynting vector. For the TEmn  

tole 

mode, power radiated is found 

(L
=  pv, - pi ' ) A' E ( kmnŒ)1 — P = w/ti érn 

Ém  = 1 for m = 0 

= 2 for m + 0 

Ale  2. 
 rt = k2 - k2 
mn a

2 

(2.92) 
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When the horn is excited with TMmn mode, the 

aperture distribution takes on the following form 

Ex  = (-j Bkmn/2)[Jm_ 1 (kmn iD ).cos (m-1)(1) - Jm+1 (kmnj0  ) 

-cos (m+i) y) ] (JD ) 

E = (j Bkmn/2) [Jm-1 (kmn Y 
)-sin (m-1)y, + Jm+1 (k0  ) 

• sin  (m+l)C1U ] (Jo ) 

Thé eigenvalue, kmn ,yatisfies the relationship  - — 
Substitution of the above field distributions into the radiation 

equations result in the N .  functions below. 

N G = Nx cos e N sin 
Y 

m-1 
) [J .  mn ..Ç (k i ) fl  = (l+p) TrjBkmn (M+1) e!  j 

jm_ 1 (kp sin 9) + J111+1  (kmnje ) Jm+1  (kjp sin 0)]flf cos m0 

(2.94) 

N = N sin 0 - N cos e o x  
Y 

(m+1) e 1 (2 ) 
= (1+P)ejBkmn j { j (k (kmnjo )e 

Jm_ 1 (klo sin G) - Jm.1.1  (kmnjO )  J sin G)] )poifp sin m0 

(2.95) 

(2.93) 



6,, = 1 , m = 0 

= 2 m+  

the fundamental 

+ 11••n• 

Power flow for a TMmn mode across the circular aperture may be 

readily obtained as before, resulting in 
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P = 
r â --I 
1. 1—  1P ) b16 K ynel  Q; J e, ( k, e10,) (2.96) 

The most frequently used modes in a conical horn are 

d the combination of TE11 and TM11 

modes. Substituting for m=l  and n = 1 in eqns. (2.94) and 

(2.95) gives the radiation from a TMil  mode horn that is X-axis 

polarized. Similar substitution in eqns. (2.90) and (2.91) results 

in a TE11 mode pattern that is Y-axis polarized and may be rotated 

to align with the TM11 mode polarization. These two modes can then 

be combined to provide Y-axis polarized patterns that have low side- 

lobes and are defined by 

-ja 

E = A k [ I 
• .2?n K " H  

E i c k /pile ) c os e] (am ) kne N a  cos 

ikg 
E0 -A cos o cp„,, to] Not, - [cose (klp„,)]• 

(s/A)(k,,, I Ne *1/4  (2.98) 



N 

where 
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N
GH 

N' = GE 

' = N E  

[ ( joia. ) ckisin e) ( k itHJI(' )  

k aisiKe)] 

ë.3 [ (kla)3. ( kiksiktO) kla) • 
0 

To  ( kick se)li 
z  

çie  E so  ckil , j0 ,00 kjoicLsine) + C fico 
0 

çihe)if i o!f i  
- [-- 3:2,c k n,fict) (kjoic(51:0) + so  (k„..ida.) • 

o 

C k joja. 

kllH  a  = 1.84118 , k11E  a = 3.83171 , k = 2 7r / 

D  2 k2 - k2 
r 
n  2 

r 11H = 11H ilE = k2 - k2 
11E 

The ratio (B/A) determines the amplitude and phase of the TM11  

component relative to the principal TEll  mode. The higher order 

TM11 mode affects the E-plane only and does not modify the H-plane 

pattern. The high E-plane sidelobes can thus be indepently reduced. 

The mode content should be chosen so as to equalise the E- and H- 

plane beamwidths down to the -10 dB level. By setting the ratio to 

zero, the dominant mode patterns are obtained. The E-field radia-

tion model could also be derived by putting the propagation constant 

ratios ( 11H /k) and (k/11E)  to zero. 



Ex 

Ex 
(TiX 

(2.100) 

") () (os cos I, E
Y  

AR 
AH 

2 tv/A. a 
= b r  12 (2.101) 
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Pyramidal Horn Patterns  

To reduce E-plane sidelobes gor_A_pyramidal horn, ____ - --- ,_—___----------- ----------- 
the higher order mode pair TE12  and TM_12  is excited./

/  The _   
aperture distribution for the TE I2  mode may be written as 

klu  (3 Ai, S(:" (nc) s" ( .* ) 
(2.99) 

rjte. /7.1- 1( 
"5  UTC-I E

Y  
Iz 

while the distribution for the TM12 mode may be presented as 

These two modes should be combined such that the cross-polarized 

E is cancelled. This condition is obtained when 



Adding the two modes produces 
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E = [ 41,2_ 
I + 17- j Cos 

Y 142' et 

2Titi  
= Cos ( ) cos ( 

b

d )  

Co5 (V) 

(2.102) 

The fundamental mode excitation resultS in an aperture distribution 

of 

IX   E = A cos ( )  
Y a (2.103) 

By exciting all three modes, the aperture distribution becomes 

E = A [1 + cl 12 *cos ( 2  "n" Y) cos ( ) y a (2.104) 

where e, 12 is the ratio of TE/TM12 mode pair to TE10  mode. 

For similar E- and H-plane patterns, 0( 12 ranges from .50 to 

.67. The aperture field may be similarly integrated to give the 
ereeere,  

far-field patterns. 

(Chu Model: 

A-ke 
E = —e-sj  A [i  + cos e] cos.0 Aix  G /61i R 

(2.105) 

éje  
E0  = —  3- g A [1 + Cos 0]sik,0 N •  (2.106) 



E-Field Model: 
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k 
1:4 

E = 4-- — A cos N, /6 Tr IZ (2.107) 

. ketla 
E0  = à-- — A  161 R (2.108) 

+ • k (4/2) x cos 
X 

Nx = CoS (, -7%.  ) 
\ 

+:,kcv,2) 1 5,iosiqi 1' E t  + 0cos(u)] e 



2.8.4 FEED PATTERNS FROM MEASUREMENTS  

Most feeds may be adequately represented by its 

E- and H-plane far-field patterns Ee (G) and E0 (G). For example, 

the X-axis polarised feed pattern may be represented by 

-É.(9,0) = E (G) cos 0  G - E (G) sin 0 ifj (2.109) 

Here the 0 = 0 o plane corresponds to the E-plane while the 0 = 90 o 

plane is the H-plane. Given the angle G, the field at any 0-cut can 

thus be easily found from the azimuthal cos0 - sin0 description. 

In the program(PAREFM SIFÀ the amplitude and phase of each point 

defining the principal plane patterns are entered in dB and degrees 

respectively. The angular points Gn , n=1,2  ..... N are assumed to be ---- -*— 

equally spaced. Quadratic interpolation ia used to find the field 

at the in-between points. The field at points outside the range 

i.e. G:›GN is set to zero. 
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2.8.5 EXCITATION OF FEEDS  

Let us assume the feed, with diagonal symmetry, has 

two orthogonal ports labeled 'X' and 'Y', which are aligned with 

the respective axes. Exciting port 'X' with voltage excitation 

coefficient C a radiated pattern of 
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A A 
Éx = Cx A[ E (G) cos 0 G - E (G) sin 0 0 ] G 0 (2.110) 

where EG and E, are the E- and H-plane patterns respectively. 

Exciting port 'Y' with coefficient Cye
+ft gives rise to 

= AC eel  [E (G) sin 0 +  E0 (9) cos e ØI1
Y Y G 0 (2.111) 

The E- and H-plane patterns of the orthogonal ports are the same 

since the feed is symmetric. The two ports may be simultaneously 

excited to produce an elliptically polarized wave, 

A 
= A (CxEG cos 0 + C e 

'+ • EG sin 0) G - A (CX  E sin e - 
Y e 

-Fi te . E
0  cos 0) di1/4  C à e 

Y 
(2.112) 

Phase reference has been taken with respect to the 'X' port. 

For RCP, (ill  is egual_toz22° and C, is equal to  C,. For LCP, 

equal . to_±90 ° . Linear polarization may also be simulated 

by setting either  C C
Y 
 to zero. Associated with the 

patterns is the constant A which is proportional to the amplitude 

of the horn aperture excitation. It is related to the input power. 



O 

= ( 61/4 )
1/2, 

IT x 
+ Eci  1 2°  ] code  

P. 2 I A I  2 
(Cx + C

2
y ) Ph 

(2.114) 

— 
= 1/2 (6//t ) 2  II [1E9 1 2 1E0 1 2  ] sin G de .  Ph 

The power radiated by the horn is 

r r 
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= lEI s.ivte ds9 4 

(2.113) 

Equating the input power P i , which is known, to the radiated power, 

the excitation constant A is found to be 

where 

If the feed is not diagonally symmetric such as a pyramidal or 

elliptical horn, then exciting the 'X' and 'Y' ports will yield 

an elliptically polarized radiated pattern of 

A 
+ j(/' 

A 
= G [CxExe cos 0 + C e • E sin 0] - 0 [C E sin 0 - 

Y x x0 

C el-  • E
O 
 cos 0] 

Y Y 



Here, the E- and H-plane patterns of the two ports are not the 

same and must be supplied by the user or calculated separately. 

The freedom to choose C , C and (e also allows X y 

the user to simulate the effects of non-ideal polarizers on the 

cross-polarization performance of the secondary beam. 
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Figure 2.9 Weighted Quadratic Interpolation 
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2.9 CONTOUR PLOTTING PROGRAM 

Output from the reflector analysis program is a gain 

matrix computed on a rectangular elevation - azimuth grid. The 

grid is usually coarse to reduce the number of observation points. 

To get a quick idea of the shape of the secondary beam, gain contour 

plots over the coverage area on a line printer are desirable. 

Program SCRPLT_SIF has been developed for this purpose. Its usage 

and listing are given in Appendix E. 

The gain matrix is first expanded on a finer grid 

using a method of interpolation in which the function and its 

first derivative are continuous at all points. The gain function _  

in an elevation . or azimuth cut is known at a series of given spatial 

points X1 , X2' X3 ----. The classical solution is to pass a 

polynomial through a number of points near the interpolated value of 

X. This leads to discontinuity in the curve. Instead, two smoothing__ 

polynomials are found over any given interval and a weighted average 

is taken. The weighting W is a function of the independent varia- 

'pies and it vanishes with zero slope at the end of the interpolation 

interval. The idea of this method is illustrated in Figure 2.9. 



F (X) = WFn (X) + (1 - W) Fn+1 (X) (2.115) 

=0  

W = 1 -  32  0( + 2 cc( 3 

X - Xn 
X -X  n+1 n  

where 

(2.117) 

(X-X n _ 1 )( X-X n ) 
fn+1 (Xn+1 -Xn-1 )(Xn+1:: -X )  n 

(2.118) 

In the range Xn and Xn+1 ' two econdvdrder 

polynomials may be used, the first, Fn  , fitting exactly en-1 
fn fn+1 and the second, Fn+1 ,fitting exactly fn  n+1 

The weighted average at X is then 
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where W is a function of X such that 

dW dW W (Xn ) = 1 , W (Xn+1 ) = 0 , dx xn = dx I  x n+1 

(2.116) 

The function W, satisfying the above conditions of eqn. (2.116), 

takes on the form 

The two interpolation polynomials may be readily written as 

(X-Xn n-1 + 
)(X-X ) (X-X)(X-X ) n+1 n+1  Fn (XI f = en-1 (x _x )(x  _x ) n (x  _x )(x  _x  

n-1 n n n+1 n n-1 n n+1) 

(X-X )(X-X n) (X-Xn )(X-Xn+2) 
F (x)  n+1 n+4 f T  = fn n+1  ) 

) 

n+1 
(x

n-Xn+1)(Xn -Xn+2 )  (X -X )(Xnfl-Xn+2' 



94-eiletZjw,(1,-di 

' ete, 1.41LIvel-e",11 Af.0 

/7/ hel(1 ,4e, 
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Employing this interpolation technique, the grid 

interval of the original gain matrix is divided into smaller 

intervals, i.e. additional rows and columns are added to the matrix. 

The line printer is a discrete plotting device. The 

smallest step across the page is determined by the number of 

characters per inch (Cpi) setting of the printer. Similarly, the 

smallest step along the page.is  fixed by the number of lines per 

inch (lpi) setting. The printer starts plotting by making the 

first cut across the page. This cut may be an elevation or azimuth 

cut, depending on the orientation of the plot and is at one end of 

the observation frame. A quadratic polynomial is fitted through 

each group of points in turn and progressively across the cut. 

The intersections of this curve with the gain contour lines define 

the locations of the gain contour points, which are then plotted. 
- 

The relative positions of these points depend'on the across page 

axis scale and the printer Cpi setting specified. The printer then 

advances to the next cut along the page. The location of this cut 

is dependent on the.along page axis scale and the lpi setting. The 

gain values for this cut are obtained from the new gain matrix. 

A similar search across this cut is made to locate the contour 

points. The whole process is repeated till the printer head has 

reached the other end of the observation frame. The results of 

this plotting are gain contours defined by discrete symbols. 
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3.0 SHAPED BEAM ANTENNA DESIGN STUDY  

The computer programs developed in the previous 

sections were utilised in the design study of shaped beam antennas 

using two different techniques. The first method makes use of the 

reflector surface while the second employs multiple feeds to 

produce the required beam shape. 

3.1 SHAPED BEAM FOR RADARSAT APPLICATION 

With a reflector antenna, there are two principal 

methods of generating shaped beams. The most frequently used 

method is to dispose a linear or planar array of horn feeds in 

or near the focal plane of a parabolic reflector and then exciting 

them with the appropriate amplitude and phase. Each feed produces 

a component beam and these overlapping beams are combined to form 

a shaped sector beam. In other words, these horn feeds are used to 

produce a sin X/X type illumination across the reflector aperture. 

Fourier transform of this type of distribution gives the required 

shaped secondary beam. 

Instead of using the feed to produce the required 

aperture distribution, one coùld also use the reflector for this 

purpose. For instance, a simple method of producing a sector beam 

is to divide the reflector into an inner ring and an outer ring. 

A cross-section through this reflector will have three parts. The 

two outer parts have a focal length that is A/4 longer or 

shorter than the centre part so that illumination of the outer 

sections of the aperture is 180 deg. out of phase with that of 

the centre region. However, all sections have the same focal point i.e. 



they are confocal. With the horn feed .producing a normal primary 

pattern, stepping of the reflector in such a manner will produce 

a crude approximation to the sin X/X illumination. If this method 

of generating a scanned sector beam is successful, then a flat 

lens surface with  dipôle  elements may be used in place of the 

reflector. The phase shift in this case will be provided by con-

trolling the lengths of the dipoles. This is the main reason for 

investigating this type of reflector. 

To analyse a stepped reflector, the original para-

bolic reflector program for rectangular apertures may be used after 

some modifications. Since this program already has the capability 

of dividing up  the aperture  into a number of segments, then by add-

ing the option of specifying the focal length for each section, the 

performance of such composite reflectors can be readily evaluated. 

The radiation pattern of the feed horn (E-plane = 12", 

H-plane = 2.25") used to illuminate the baseline Radarsat reflector 

(X-dim = 80", Y-dim = 550", f = 236") is drawn in Fig. 3.1. Angle 

subtended by the edge of the reflector is G = 9.7 °  . The E-plane 

secondary patterns from the stepped or composite reflector for an 

on-axis feed are plotted in Fig. 3.2, together with the pattern 

from a perfect parabolic surface. The percentage referred to in 

the figures is the percentage of the total aperture that is anti-

phased with the centre aperture. The greater the percentage, the 

wider the beam but also the higher the sidelobe level. This side-

lobe level may be reduced at  •the expense of complexity by using 

more rings. 

When an array of three of these horns is used to 

illuminate the reflector on-axis, the sector beam produced in the 
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E-plane or elevation plane is shown in Fig. 3.3. The gain at the 

edge of coverage is approximately the same as that from a perfect 

parabola. As this array of horns is moved off-axis to provide a 

scanned beam, the beamwidths of the individual component beams 

become narrower as depicted in Fig. 3.4. On-axis, the 3-dB shaped 

beamwidth is 2.8 ° . At 10 o off-axis, the half-power beamwidth 

has decreased to 2.5 0 . The beam from the perfect parabola, on the 

other hand, has widened. Couple this with their higher peak gain, 

the scanned beam from the perfect parabola has slightly better 

performance than that from the composite reflector as depicted in 

Fig. 3..5. The sensitivity of the beamwidth to scanning in the 

stepped reflector is due to the departure from the anti-phase 

condition at the aperture. From the above results, it can be seen 

that there is no particular advantage in using a stepped reflector 

in situation where the focal length is necessary long. 

The performance of a centre-fed stepped reflector 

with a shorter F/D (=.1) was next investigated. The reflector has 

a square aperture of 70" by 70" and a focal length of 70". The 

frequency of operation is 11.803 GHz. The components beams from 

this reflector for an on-axis and off-axis feed are shown in Fig.3.6. 

The E- and H-plane dimensions of the feed horn are 1 and 2.25 ?\ 

respectively. Three of these horns are combined to give the sector 

beam of Fig. 3.7. The distance  between beams is not large enough 

to take advantage of the broadened component beams. As the E-plane 

horn dimension is increased, the higher the edge gain or broader 

coverage resulting from a stepped reflector is clearly demonstrated 

in Fig. 3.8 and 3.9. In fact to produce the same coverage from a 

perfect parabolic reflector, four horns with E-plane dimension of 
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1.12 ins are needed as shown by the pattern of Fig. 3.10. 

This investigation has indicated that for shaped 

beams with small scan, the shaped reflector does reduce the number 

of feeds required. But the added complexity of a shpaed reflector 

may off-set this advantage. Since the effect of beam broadening 

or shaping is dependent on path length constraint, moving the feed 

off-axis destroyed this condition. The improved performance for 

an on-axis beam does not carry over to a wide scanned beam. In the 

case of a reflector with a large F/D, large horns are also required 

for efficient illumination. To minimise quadratic phase errors 

across the horn aperture, either a very long horn length or a phase 

correcting device in the form of a dielectric lens is required. 

It may be easier to break-up the large horn aperture into an array 

of smaller horns. One can conclude that for Radarsat purpose, the • 

stepped reflector does not offer better gain performance nor does 

it lead to any great simplification of the feed network. 

The broadened component beam from a shaped reflector 

is not necessary a positive feature when it comes to forming a 

composite beam. This is because the phase is varying across each 

beam and it is not possible to have all the beams add up in-phase 

everywhere within the space spanned by these beams. This invariably 

results in both constructive and destructive interference between 

the beams leading to observed large ripples and less than expected 

increase in coverage. In the case of the perfect parabolic reflector, 

the faster fall-off and lower sidelobes of the component beams cause 

less interference. Hence a smoother beam results. 
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3.2 DESIGN OF SHAPED BEAMS FOR CANADIAN BROADCASTING SATELLITE 

Two of the direct broadcasting satellite (DBS) coverage 

areas assigned to Canada have the most probability of their coverage 

beams producing interference into adjacent countries. In other words, 

there are the worst case beams. CAN101 beam from a satellite located 

at Long. 138 °  W covers British Columbia and Alberta. It has the 

potential of its illumination over USSR exceeding the permited 

level. Similarly, CAN504 beam  from  Long. 910  W, which covers the 

Atlantic provinces, might over illuminate Iceland. The goal here 

is to design the two shape beams with minimum interference into 

adjacent areas. 

The first step in any communication or broadcasting 

satellite antenna design _is to plot the coverage areas as seen by 

the satellite. These .maps are drawn in Figures 3.11 and 3.12. 

The triangles in the plots define the service areas. The stars 

and circles are representive points in Regions 1 and 2 respectively 

at which the eirp must not exceed a given level. Those points 

that are close to the service coverage are potential problem areas. 

Next, the size of the reflector,-its focal length and 

locations of the horns must be determined. A large reflector is 

required to ensure that_the_sidelobes degaz_a_fuu..rate,. At the 

same time, too large a reflector would require too many component 

beams. By considering the extent of the coverages, component 

beams with 0.55 °  half-power beamwidths are found to provide the 

required beam shape as shown by the beam layout in Figures 3.13 

and 3.14. The beams are arranged in a triangular lattice. This 

component beam size dictates a 106 ins diameter reflector (112 ?\ 

at 12.45GHz). For circular polarization application, it is 
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1 

1 design here, F is chosen to lo.e...21n!„.where G 0  becomes 26.6 

The proposed reflector cônfiguration is shown in Figure 3.15. 

for the TM11 mode is approximatel (1.24 ins) diameter. 

The remaining parameters, focal length F and feed tilt angle, G o 

 can be obt, 'ned from the approximate equation a\ 

\ 

d = spacing between feed horn or feed diameter 

where 

2F  

(3.1) 

advisable to use the multimode conical (Potter) horn as feed to 

minimise cross-polarization due to mutual coupling. The minimum 

horn aperture size that one could use without getting too dispersive 

D = projected offset reflector diameter 

F = focal length of paraboloid 

G = feed tilt angle 0 

?\ = free space wavelength. 

This relation is for horn spacing where there is a small cancellation 

of the secondary pattern sidelobes between adjacent horns. For the 

Horn locations for CAN101 beam are tabulated in 

Table 3.1 together with the power excitations. All phases have 

been set to zero. This is not optimum but close enough for our 

purpose. The resultant contours over the service area and regions 

1 and 2 are drawn in Figures 3.16 and 3.17. The gain and eirp at 

the various designated locations are tabulated in Tables 3.2 and 3.3. 

As can be seen, the minimum eirp at the service area is easily met. 
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Feed network loss 34 calculated to be 0.7 dB 41 Tablé 3.4, Gain 

margins attained could be equalised among the service areas. 

EIRP at points outside are below the maximum specified with a 

comfortable if not substantial margin. It is found that sidelobes 

are low and decay rapidly when using a large offset reflector. 

The locations and excitations of horns for the CAN504 

beam are tabulated in Table 3.5. The phases of all horns except 

one are set to zero. Horn #24 is phased so as to produce a null 

over Iceland. This can be seen in Figure 3.18 where contours over 

the service and surrounding areas are depicted. Contours over 

adjacent regions 1 and 2 are drawn in Figure 3.19. The required 

eirp over the service points can be easily met while the radiated 

power in the interference regions is well below the maximum permitted 

except over Iceland where the margin is reduced to abot . 4.0 dB. 

The net eirp at the various reference points are tabulated in 

Tables 3.6 and 3.7. 

These two worst case examples have shown that it is 

feasible to design shaped DBS beams with low inter-regional 

interference by using an array-fed offset reflector. 
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DES BEAM CANADA 101 (POTTER FEED HORNS ) 
START AND STOP VALUES OF SCAN RANGE (DEG) AND NUMBER OF COMPUTED POINTS 
AZS = -1.75 AZE = 1.75 NAZ = 15 
ELS = -1.00 ELE = 1.00 NEL = 9 

AZIMUTH AXIS SCALE = .50000 DEG/INCH 
ELEVATION AXIS SCALE = .50000 DEG/INCH 
BORESIGHT AZ = .00 EL = .00 DEG 

CONTOUR SYMBOLS AND CORRESPONDING DB VALUES 
SYMBOL 
DB VALUE 41.00 40.00 39.00 38.00 37.00 35.00 32.00 
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Table 3.1 Horn Locations and Excitations for CAN101  Beam 

Horn # X(ins) Y(ins) Power Phase 

1 1.610 .500 .015 0.0 

2 1.610 -.740 .080 

3 1.610 -1.980 .060 

4 1.610 -3.300 .110 

5 0.530 2.360 .0250 

6 0.530 1.120 .110 

7 0.530 -.120 .050 

8 0.530 -1.360 .070 

9 0.530 -2.600 .010 

10 -0.550 2.980 .090 

11 -0.550 1.740 .045 

12 -0.550 0.500 .055 

• 13 -0550 -.740 .060 

14 -0.550 -1.980 .010 

15 -1.630 3.600 .040 

16 -1.630 2.360 .070 

17 -1.630 1.120 .090 

18 -1.630 -0.120 .0100 0.0 

Horn Aperture = 1.240 ins dia. 

Input Waveguide = 0.700 ins dia. 

Horn Length = 5.00 ins 
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Computed 
Gain(dBi) 

Net Gain 
(dB i) 

1 EIRP 
(dBW) 

Spec. Min 
(dBw) Margin2  

38.3 

37.5 

37.6 

37.3 

37.6 

38.3 

37.3 

37.6 

1 39.0 

2 38.2 

3 38.3 

4 38.0 

5 38.3 

6 39.0 

7 38.0 

a 38.3 

57.5 

56.7 

56.8 

56.5 

56.8 

57.5 

56.5 

56.8 

/iv  7 7.• 
e 

0 dIM 

90 

Table 3.2 Service Reauirements and EIRP for CAN101 Beam from 138 °W 

Point 

55.8 

55.8 

56.1 

55.9 

56.2 

56.2 

56.2 

1.7 

0.9 

0.7 

0.6 

0.6 

1.3 

0.3 

0.6 

ffl 
Note: (1) It is assumed here that 84 watts (19.2 dBw) fare available 

at the antenna port interface. 

(2) The gain can be equalised to give an overall margin 

of 0.7 dB everywhere. 



Point Computed Gain Net Gain 
(dEi) (dBi) 

EIRP Max. 
(dBW) Spec. (dBW) 

16.5 

12.5 

3.6 

16.5 

23.5 

37.2 

37.5 

28.7 

37.8 

31.2 

EIRP 
(dBW) 

Max. 
Spec. (dBW) 

Table 3.3 Inter-Regional Requirements and EIRP for CAN101 Beam 

91 

Region 1 Requirements  

1 -2.0 -2.7 

2 -6.0 -6.7 

3 -15.0 -15.7 

4 -2.0 -2.7 

5 +5.0 +4.3 

Margin 
(dB)  

20.7 

25.0 

25.2 

21.3 

7.7 

Region 2 Requirements  

Point Computed Gain Net Gain 
(dBi) (dBi) 

Margin 
(dB) 

1 -10.0 -10.7 8.5 24.0 15.5 

2 - 9.0 - 9.7 9.5 23.5 14.0 

3 +18.0 +17.3 36.5 48.4 11.9 

4 -5.0 - 5.7 13.5 34.3 20.8 

5 -11.0 -11.7 7.5 30.5 23.0 

6 -12.0 -12.7 6.5 28.6 22.1 

7 -10.0 -10.7 8.5 31.6 23.1 

8 -15.0 -15.7 3.5 32.2 28.7 

9 - 3.0 - 3.7 15.5 33.8 18.3 

10 - 1.0 - 1.7 17.5 49.2 31.7 



Table 3.4 DBS Feed Network Insertion Loss 

dB • 
5 levels of couplers 0.25 -- 

1 polariser 0.05 

71/2 ft. wg (WR75) 0.30 ---- 

0.012 ins rms surface error 0.11 -- 

0.71 
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0.0 

0.0 
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Table 3.5 Horn Locations and Excitations for CAN504 Beam 

Horn # X(ins) Y(ins) Power Phase 

1 2.160 0.960 .027 

2 2.160 -.280 .053 

3 2.160 -1.520 .038 

4 2.160 -2.760 .030 

5 1.080 1.580 .060 

6 1.080 0.340 .050 

7 1.080 -.900 .048 

8 1.080 -2.140 .055 

9 1.080 -3.380 .054 

10 0.000 2.200 .053 

11 0.000 0.960 .049 

12 0.000 -.280 .050 

13 0.000 -1.520 .048 

14 0.000 -2.760 .049 

15 -1.080 2.820 .041 

16 -1.080 1.580 .047 

17 -1.080 0.340 .051 

18 -1.080 -.900 .041 

19 -1.080 -2.140 .0092 

20 -2.160 3.440 .039 

21 -2.160 2.200 .049 

22 -2.160 0.960 .044 

23 -2.160 -.280 .014 

24 -0.540 -4.300 

Horn Aperture = 1.240 ins diameter 

Input Waveguide = 0.700 ins diameter 

Horn Length = 5.000 ins 
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Table 3.6 Service Requirements  and EIRP for CAN504 Beam from 91°W 
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Point Computed Gain Net Gain(dBi) EIRP (1) Min. Spec. 
(dBW) (dBW) (dBi) (dBi) 

. (2) Margin 
(dB) 

1 37.5 36.8 57.0 

2 37.6 36.9 57.0 

3 37.3 36.6 56.8 

4 38.0 37.3 57.5 

5 37.6 36.9 57.1 

6 38.3 37.6 57.8 

7 37.6 36.9 57.1 

8 38.2 37.5 57.7 

9 38.0 37.3 57.5 

10 38.0 37.3 57.5 

__- 
In computing EIRP, it is assumed that  105  Watts (20.2 dBW) 

are available at the input to the antenna interface. 

(2) The gain margin could be equalised to give an overall 

system margin of 0.7 dB. 

Note: (1) 
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Table 3.7 Inter-Regional Requirements and EIRP for CAN504 Beam 

Region 1 Requirements  

Point Computed Gain Net Gain EIRP Max. Spec. Margin 
(dBi) (dBi) (dBW) (dBw) 

1 -15.0 -15.7 4.50 31 26.5 

2 -15.0 -15.7 4.50 31.2 26.7 

3 1.0 + 0.3 20.5 24.5 4.0 

4 -15.0 -15.7 4.5 34.9 30.4 

Region 2 Requirements  

Point CoMputedGain Net Gain EIRP Max. Spec. Margin 
(dBi) . (dBi) (dBW) (dBW) 

1 -5.0 -5.7 14.5 32.5 18.0 

2 -5.0 -5.7 14.5 29.1 14.6 

3 -7.0 -7.7 12.5 29.8 17.3 

4 -5.0 -5.7 14.5 27.8 13.3 

5 0.0 - .7 19.5 33.0 13.5 

6 -3.0 -3.7 16.5 32.0 15.5 
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4.0 PRESENT AND FUTURE SATELLITE ANTENNA DESIGN SOFTWARE 

4.1 SURVEY OF REFLECTOR ANTENNA DESIGN SOFTWARE FOR SATELLITE 

SYSTEMS. 

Most antenna design software used in industry are 

proprietary and do not appear in the open literature. A survey 

turns  •up three references on general reflector software which are 
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written for government agencies.  _ - -------- 

The first is a numerical code on reflector antenna 

written by Rudduck and Lee of Ohio ate Universit for the 
 - ----------------- 

Navy department. This code was created as part of a larger effort' 

to develop computer models for simulating antennas at UHF and 

higher frequencies in a complex ship. The theoretical approach for 

computing the fields of the reflector is based on a combination of 

a erture integration (AI) and geometrical theory of diffraction 

(GTD) techniques. The reflector could have a general rim shape 

but it must be a. parabola. AI is used to compute the main beam and ---------- 

near-in sidelobes while GTD is used to compute wide-angle sidelobes 4  

and the backlobes Feed pattern description is either through i.  
,e  

feed must be located at the focus and have a constant phase pattern. 

It is possible to include the effects of scattering from struts. 

The second computer program was written by TICRA 
--------- 

for ESA and goes under the name of GRASP. Both GTD and physical 

optics techniques are used to compute radiated fields from reflectori 

surfaces which are either perfect or distorted. Dual reflector 

systems may be analysed. Feed and strut blockages could also be _ 

specified by ignoring shadowed areas. Either internal mathetical 

measured data or CosN 9 type mathematical model. However, the 
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models or measured values may be employed to describè the feed 

patterns. The system may be linearly or circularly polarized. 

The good features offeAly this program are the ability to analyse 

dual reflector systems and the use of GTD for sidelobe computations. 

The bad features are the use of only a single feed at e 

illuminate the reflector and the choice of iptegration scheme for\ 14 

the reflector surface which is inefficient. Basically, the surface-4- e  eet.,V" 

is divided into a large number of patches by a rectangular grid 

in G and e . Such a scheme may facilitate analysis of distorted 

surfaces, but increasesthe computation times for perfect surfaces. 

In other words, this program would not be ideal  for  analysing shaped - 

beam DBS antennas. 

The third reflector program was developed by Kauffman, 

Croswell and Jowers for NASA. This program makes use of Al technique 

in which the aperture  is first divided into a rectangular grid. 

By means of geometric optics, the intersection points of the 

reflected rays from the feed with the aperture plane are determined. 

The field values at these points are then interpolated to find 2,41f;i4J 

the aperture distribution at the grid points which are subsequentr 

integrated to give the far field pattern. Feed pattern description 

which mugt_he  linearly polarised_,_is  entered into the program by 

the user. Provisions were not made to model the feed internally 

nor is the possibility of taking aperture blockages into account. 

Because of the rather inefficient method of integration, the NASA 

program is slower which is borned out by the computer times quoted. 
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4.2 PRESENT SOFTWARE ACCURACY 

Accuracy of most of the reflector programs in use 

to-day are limited by their modeling of feed radiation patterns. 

If only a single horn feed or measured feed pattern is used to 

illuminate the reflector, then the predicted pattern agrees very 

well with measurements as shown in Figures 4.1 to 4.4. These 

measurements were taken on the Anik-C reflector which has a 

projected diameter of 72 ins and a focal length of 70 ins. It 

was fed by a single horn 8 ins long with E- and H-plane aperture 

dimensions of 1.60 and 2.2 ins respectively. Predicted and measured 

on-axis gains agree within± 0.2 dB and there is almost exact agree- 

AM ment for the main beam. For sidelobes between the -20 to -30 dB 

level, agreement is within the range of .±. 1 dB while for sidelobes 

between -30 and -40 dB, the agreement is poorer between the bounds 

of ± 3 dB. The same ranges of accuracy also go for the X-polar 

patterns. Such good agreement is possible because the primary 

pattern is known fai.rly well. 

However, when an array of feeds is used to produce 

a shaped beam, the co-polar agreement over the coverage area is 

about .5 dB for simple beams with six or less component beams. 

For more complex shaped beams, the agreement between measured and 

predicted falls to ±. 1 dB at certain worst case locations consti-

tuting about 5% of the coverage area. The gain over the remainder 

of the area is still predictable to + .5 dB. The increased discrep-

ancy is càused . by  the inability of the simple model to predict feed 

pattern in an  array environment where mutual Coupling plays an 



important role. . This is especially manifested by the,X-polar 

pattern where 10 dB or more deviation from prediction is not 

99 

uncommon. However, this is at measured x-polar isolation level of 

less than -30 dB 
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Figure  4.1 E-Plane Patterns of ANIK-C HP Reflector at 11.70 GHz. 
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Figure 4.2 E-Plane Patterns of ANIK-C HP Reflector at 11.95 GHz. 
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Figure 4.3 E-Plane Patterns of ANIK-C HP Reflector at 14.00 GHz. 
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Figure 4.4 E-Plane Patterns of ANIK-C HP Reflector at 14.50 GHz. 
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4.3 ANTENNA .DESIGN SOFTWARE REQUIREMENTS FOR FUTURE SATELLITES  

The following is a list of suggested software for 

future development together with a short description and justifi-

cation for their adoption. Only software related to satellite 

antenna systems have been proposed. 

(a) GTD Capability for Single Reflector Program  

,e The present reflector analysis program should be 

enhanced with GTD capability. This is needed to improve the - 

prediction of wide .angle sidelobes especially for DBS applications 

where interference into adjacent  • egions must be controlled. 

Stringent sidelobe isolation requirements are also found in multiple 

beams communication satellite systems employing TDMA concepts. In 

this scenario, high spacial isolation has to be maintained between 

closely spaced beams. Hence, accurate field computation is needed 

in both the near-in and far-out regions. To do, this, the physical 

optics field is extended to include the edge diffracted  fields 

through the addition of a fringe current component. The field radiated 

by this fringe current is derived from the canonical problem of a 

half-plane illuminated by a plane.wave. 

(h) Fast Computation of Radiation Patterns of Large Antennas  

At least four to five points per lobe must be computed 

in order to reconstruct the sidelobe contours in conjunction with 

quadratic interpolation. This amount of work could be reduced 

considerably by resorting to sampling theory to reconstruct the 

complete radiation pattern. Using the existing or extended program 

as suggested in (a), the radiated field is first computed in 

2 (7)  
, 



n 



prescribed saMpled space directions (u,v), amounting roughly to one 

dlreçtione. Then the far field at any given point is found 

from the following double summation. 

-É- ( 0 ,0 ) E ( ) sin ((k --  Yln) s;b1( V—  rn -Ti) 
m nm 

 

(u. —rITT) (V- PvIli) 

46/1'49-vax4e4i.ewm-t ,  
where enm and nm are the prescribed directions. The savings 

041. 
in computation  times is obvious. This feature e readily incor-
porated into the existing program. e» 

(c) Optimization of Feed Excitations for Reflector Antenna 

When the number of feeds used in illuminating the 

reflector is more than a handful, the process of determining their 

appropriate excitations manually is long and tedious. This type 

of computation is best done on the computer with an optimization 

routine. One starts by defining the locations of a number of points 

surrounding the coverage area and also areas where the radiated  fieldà 

are required to be low. Then the fields at these points are coMputed 

using the existing program with one feed at a time, all other feeds 

are not excited. The co-polar gains and phases are stored. Next, 

a gradient optimization routinefiI used to find_the best excitations. 

The objective function to be minimised here is the summation of the 

deviation of the gain at each point from the desired raised to the 

p th power. P is an even number. This is the least p th method. 

Since the objective function is not a unimodal function, a number 

of different starting points should be used to ensure that the best 

rn 

possible solution arrived at. 

k/40 
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(d) Dual Reflector Antenna Analysis Software  

Dual offset-fed reflector antennas can provide low 

sidelobes, folded optics and good beam scanning. They should be 

investigated for future satellite applications especially at the 

higher frequency bands. Again a combination of physical optics and 

geometrical theory of diffraction may be used to accurately predict 

the radiation patterns. The program should be general so that 

both numerically and analytically defined sub and main reflector 

surfaces may be analysed. The locations and orientations of the 

feed elements must also be completely unrestricted. With this 

software, one can then obtain a better understanding of the antenna 

overall performance. 

(e) Advanced Feed System Analysis Software  

At present the prediction of co-polar patterns from 

an array-fed reflector is fair while the agreement between computed 

and measured cross-polar patterns are poor. This is a result of 

neglecting the effects of mutual coupling in the feed array, 

internal scattering in the feed network and interaction between 

the feed array and the feed network. Further, 1979 WARC has 

allocated additional bandwidth to the fixed satellite services at 4 

and 6 GHz. These wider bandwidths impact the design of feed network 

and feed radiators. Ultimately, the goal is to develop a quantitative 

prediction capability to assess the effects of mutual coupling, 

bandwidth, mismatches and excitation errors on the overall feed 

network. Two software packages are envisaged here, one is for the 

network and the other is for the horn array. The mutual interaction 
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between - network and array can be dealt with by feeding the output 

of one as input to the other since S-parameters will be used for 

characterisation. The embedded patterns of the horn feeds in an 

array environment including the effects of feed network can then be 

obtained and may be input to the reflector analysis program. The 

co- and x-polar patterns can now be accurately predicted. The 

network program could also be used to determine feed network and 

components specification and assist in the analysis and development 

_efr_jewEorpn_onents-4---For instance, this software could be used to 

modify amplitude and phase at the excitation ports by either adding 

more components or modifying current components. This type of 

interactive design is easily done at  the terminal rather than on 

the bench with substantial savings in costs. Further, this program 

allows a final check on the performance of the eventual feed network 

layout before it is built. 

(f) Multi-Beam Phased Array Antenna Design 

Phased array antennas, utilised either in a direct 

radiator configuration or as feed system for a near-field dual-

offset reflector system, potentially offer an attractive alternative 

in the 11/14 and higher frequency bands to the use of conventional 

single offset reflector technology. In a multi-beam, frequency 

reuse environment, the full complement of radiators can be used to 

form each beam providing enhanced beam shaping capabilities. To 

do this, a multi-input port and multi-output port beam forming net-

work (BFN) is required to feed the radiators. Such BFN may take 

the form of a Blass matrix, Butler matrix or Rotman lens. Clearly 
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then, software is required for beam shaping where the independent 

variables are the amplitude and phase excitations as well as the 

spatial distribution characteristics of the elements. With the 

excitations known, further software is required to synthesise the 

BFN network chosen. If the network is implemented in a lossy format, 

transmit/receive modules may be incorporated to form an active array. 

(g) Design of  a( Multi-mode Horn Feed 

For applications in circularly polarised, frequ9my 

reuse reflector antenna systems, there is a need for software to  

e4-tà 
design a multi-mode circular horn feed. Given the band of operation, 

input and output apertures, the program should produce the number 

and degrees of flares together with the lengths of the sections 

needed for good input match and low cross-polarization performance. 



APPENDIX A 

A.1-Description of Computer Program PAREFC_SIF 

IDENTIFICATION: PAREFC SIF 

PURPOSE: 

The program calculates the field radiated by a 

parabolic reflector antenna with projected ellip-

tical aperture using the method of phy2lEal_22I1E .  

(surface currents). Various feed models, single 

or dual-mode pyramidal or conical horns, may be 

used to illuminate the reflector. Either linearly 

or circularly polarized secondary beam may be 

specified. 

AUTHOR: 

K. K. Chan, 

Chan Technologies Inc., 

26 Calais Circle, 

Kirkland, Quebec, H9H 3V3. 

Tel. No. (514) 697-6419. 

DESCRIPTION: 

The geometry of a general reflector antenna system 

is shown in FigureAl. A global co-ordinate system, 

XYZ, is defined at the focal point, 0, of the 

reflector. All input quantities are refered to 

this co-ordinate system. Besides this global 

system, three other local co-ordinate systems are 

also used. The first, X1Y 1 Z 1  , is for the inte- 
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gration of currents over the reflector surface 

and has its origin located at the centre of the 

projected aperture in the focal plane. The second, 

X Y Z , is used to describe the feed while the r r r 

third, X Y Z is the far field observation qqq r 
<2 nnnna

nnnnnn
n.,*w.., 

co-ordinate system. 
- - . .---- - 
The reflector is a parabola with focal length F 

and its projected aperture can be off-set in the 

X- and Y-direction. The offset distances of the 

centre of the projected aperture from the focal 

axis are AX and AY as shown in Figure A2. 

The projected aperture is assumed to be elliptical 

with major X- and Y-axes equal to SX2 and SY2 

respectively. 

There are two ways of specif'ying the position and 

orientation of the feed in the program. The most 

frequently used approach, eÉpecially when a horn 

array is involved, is to position first the horn 

feeds on the X-Y plane (focal plane). The entire 

horn array is then rotated about the global X-

and Y-axes as shown in Figure A. The rotation, 

d„ about the X-axis is carried out first, followed 

by rotation, p , about the rotated Y-axis. If 

required, one can further rotate each feed about __— 

its own local Z r-axis by y . Hence if this 

approach is selected, the X-, Y- and Z- displace- 

110 
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ments given by ( J4X
r

, cry
r' 

• z r
=0) on the 

focal plane have to be specified together with 

the rotations. This ensures that the apertures 

of the feeds lie on the same plane without any 

obscuration. 

The other approach is to position and orientate 

each feed individually. The feed is first trans-

lated from the global system by ( Ar , 
(
yr ,  - 

crZ r ) and then rotated about the translated 

1  X t -, Yt- and Z t- axes in turn by di. , p r r 
1 

and ler respectively as shown in Figure Al. 1 

, 
This method allows for complete freedom in locating 

the feed. 

The far-field observation system may be displaced 
\ 

from the global system by (Xdq' Ydq Z dq ) when 

one is interested in phase parallax correction. 

I/ 
 If one is only interested in co- and cross- 

- 
polarized gain, the displacement may be set to 

zero. Location of the far-field point is defined 

by its elevation and azimuth co-ordinates as 

shown in Figure A4. Elevation angle is positive 

when measured upwards from the Y 
q 
 -Z

q 
 plane while 

the azimuth angle in the Y 
q 
 -Z

q 
 plane is positive 

when measured from the Z -axis towards the Y - 
(21 

axis. 



Far-field computations are carried out as follows. 

A suitable Gaussian integration formula is first 

obtained by taking into account the reflector 

size in wavelength, furthest observation angle 

and extreme feed position. This formula determines 

the locations (rl ' Ø) of the surface integra- 1 

tion points. At each point, the incident fields 

from the feeds are found,summed and stored. Next, 

the field at each of the observation point is 

obtained by adding the contribution from all the 

integration points. Knowing the field intensity 

and the total power radiated by the feeds, the 

co- and cross-polarized gain may be calculated 

for the observation point. 

The built-in feed models are: 

- conical horn excited in the fundamental TE11 

mode. 

- conical horn excited with TE 11 and TM11 modes. 

- pyramidal horn excited in the fundamental TE 10  

mode. 

- pyramidal horn excited with TE lo  and TE/TM12 

 modes 

These horns may be excited either with linear 

polarization or circular polarization. To visualise 

the excitation arrangement, consider the feed of 

Figure A5,which has a Xr-axis and a Yr-axis 

directed probe. For VP, only the Xr-probe is 

112 
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excited. Similarly, for HP, only the Yr-probe 

is excited. To prodlice a RHCP (LHCP) secondary 

beam, the excitation of the X r-probe is  C .  00 

and the excitation of the Yr-probe is CY 
 / 90 °  +q/ 
 — 

(C /-90 °  + (11/ ). For perfect CP, Cx = C = 1.0 Y — Y 
and W = 0° . To simulate realistic condition, 

the amplitude imbalance ratio, C y  /C  x  , and the 

departure from phase quadrature, q/ , may be 

specified. 

REMARKS: The dimensions of the horns are checked to ensure 

that the fundamental and/or higher order modes could 

propogate. ExecutiOn_i.e_terminated_if the modes_a_re__ 

below cut-off. Program does not check for over---, 

lapping of- Èeeds. User must ensure that this does 

not occur. 

The output gain matrices are with respect to an 

elevation-azimuth co-ordinate system whose bore- 

sight axis is parallel to the RF-axis of the 

reflector. This means that the user has to position 

the gain contours over the coverage area to obtain 

the best possible boresight direction. 

In order to speed up the computation of the feed 

illumination, two computations saving features are 

incorporated. The first involves a search through 

the list of entered horns and separates them into 

different groups. Within each group, the horns 

have the same dimensions. Hence patterns need to 



----- 
• 

be computed only for one horn  from eacÉ group. 

The second time saving feature is obtained by 

computing only the E-plane and H-plane patterns 

of the designated horn atil_p_oints equally spaced 

between G = 0 °  and 90 o . Any in-between points 

within a phi-plane are obtained by quadratic inter-

polation while points between phi-planes are found 
---------- 

by Cos Ø  - Sin 0 interpolation. 
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USAGE (INPUT): 

The input data required by the program are to be 

supplied in a file named PAREFC_DAT. Data may be 

written in free format and follow the sequence 

laid out below. Data input is list directed. 

IHEAD(I)- Header describing the particular run. Maximum 

of 60 characters. Limitation due to array size. 

FREQ- Frequency in GHz. 

NHORN- Number of horns in feed array. See Restriction. 

ITYPE- Type of built-in feed. All horns must either be 

pyramidal or conical. A mixture is not allowed. 

= 0, pyramidal horn. 

= 1, conical horn. 

AM- Amplitude ratio of the higher order mode relative 

to the fundamental mode. 

= 0.0, for basic mode operation. 

= 0.100 ", 0.125, for small dual mode cbnical horns.•

= 0.670, for small multi-mode pyramidal horns. 

These are only suggested values for mode content 

and are found to equalise the beamwidths down to 

the -10 dB point. 

PM- Relative phase in radians of the higher order mode. 

= 0.0, normally. 

B(I)- E-plane horn aperture dimension in inches. Pyra- 

midal horn option only. An entry must be provided 

for each feed. B(I) should not exceed 7.5 ?\ 
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A(I)- H-plane horn aperture dimension in inches. 

Pyramidal horn option only. An entry must be 

provided for each feed. A(I) 7.5 ?‘ . 

WGB(I)- E-plane dimension of input rectangular waveguide 

in inches. Pyramidal horn option only. An entry 

must be provided for each feed. WGB(I) 

WGA(I)- H-plane dimension of input rectangular waveguide 

in inches. Pyramidal horn option only. An entry 

must be provided for each feed. WGA(I) A(I). 

AR(I)- Radius of circular horn aperture in inches. 

Conical horn option only. An entry must be 

provided for each feed. AR(I) 8 ?‘ 

WGR(I)- Radius of input waveguide in inches. Conical 

horn option only. An entry must be provided 

for each feed. WGR(I) AR(I). 

HRNLTH(I)- Horn length between input guide and aperture in 

inches. An entry must be provided by each feed. 

MODH- Choice of aperture field model for horn pattern. 

= 0, Electric field model. Good approximation 

to measured results for horn sizes between 

0.95 and 1.30 ›\ 

= 1, Chu model. Conservative model that can be 

used for all horn sizes. 

OPTH- Option for specifying feed positions and rotations. 

= 0, Collective movement and rotation of feed 

array. 

= 1, Individual movement and rotation of feed horn. 
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DX(I)è Displacements of component feeds in inches from 

DY(I), focal point. A set of values must be provided 

XZ(I) for each feed. 

ALPHA(I),- Rotations about X-, Y- and Z- axes in degrees. 

BETA(I) , See text for definition. If the option of 

GAMMA(I) collective movement is chosen, only one set of 

values need be provided. Otherwise, a set must 

be provided for each feed. 

IPOLA - Polarization of secondary beam. 

= 1, Vertical polarization. (VP). 

= 2, Horizontal polarization. (HP). 

= 3, Right hand circular polarization. (RHCP). 

= 4, Left hand circular polarization. (LHCP). 

CXY(I) - . Amplitude imbalance of Yr-port relative to Xr

-port. CP only. An entry must be provided for 

each feed. 

PSI(I) - Departure from phase quadrature of the Yr-port 

in degrees. CP only. An entry must be provided 

for each feed. 

HPWR(I) Power input to each feed in watts. 

HPHASE(I) - Relative phase excitation of each feed in degrees. 

F - Focal length of parabolic reflector in inches. 

SX2 - X-dimension of elliptical reflector aperture in 

inches. 

SY2 - Y-dimension of elliptical reflector aperture in 

inches. 
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DELTAX - X-offset of aperture centre in inches. 

DELTAY - Y-offset of aperture centre in inches. 

OPTB - Option for specifying limits of integration. 

This feature may be used to simulate aperture 

blockage. 

= 0, Limits are generated by program. No 

blockage is assumed. 

= 1, Limits are specified by user. 

NREG - Number of regions of - integration. In the 

program this number is set equal to 4. 

PHL(I), Lower and upper limits of 1 - integration for 

PHU(I) the I th region in radians. 

BX2, BY2 - X- and Y-dimension of central elliptical blockage 

in inches. 

OPTQ - Option of specifying number of integration points. 

= 0, Determined by program. 

= 1, Specified by user. 

NQR - No. of integration points in the radial-direction 

(r1  ). Choose from: 3,4,6,8,10,12,14,16,20,24,28,34,40 

NQP No. of integration points in the phi-direction 

(01 ). Choose from: 3,4,6,8,10,12,14,16,20,24,28,34,40 

AZS - Start of azimuth cut in degrees. 

AZE - End of aximuth cut in degrees. 

NAZ - Number of azimuth points. See Restriction. 

ELS - Start of elevation cut in degrees. 

ELE End of elevation cut in degrees. 
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NEL - Number of elevation points. See Restriction. 

XDQ, YDQ,- X-, Y- and Z- translation of field co-ordinate 

ZDQ - system from global system in inches. 

PVR - Angular rotation about Z-axis of field pola- 

rization vector in degrees. It is used to 

rotate the linear polarization vector in cases 

where minimising rain attenuation is important. 

For CP application, it has the effect of rotating 

the polarization ellipse. In most situations, 

it is set equal to GAMMA. 

In the above input list, all variables beginning 

with the letter I through N as well as OPTH, OPTB and 

OPTQ, are integer variables. The flow chart for the data 

input section is shown in Figure A6. 

OUTPUT: 

All input data are printed out for the purpose 

of verification and run identification. The 

spillover efficiency of the reflector is printed 

out next, followed by the co-polar component 

gain, cross-polar component gain, and co-polar 

component phase. The gain, expressed in dBi and 

the phase in degrees are presented in a tabular 

form. A column corresponds to an elevation cut 

while a row gives the azimuth cut. In addition to 

this output which is directed to file PAREFC DUM , 
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the co-polar gain matrix together with the header 

and angular information on the observation frame 

(AZS, AZE, NAZ, ELS, ELE, NEL) are written into 

a file named GNMAT. This gain file can be assessed 

later for contour plotting purposes. 

CODING INFORMATION: 

Program is written in FORTRAN 77 for use on the 

CRC Honeywell CP-6 computer system. 



Restriction: 

The restriction on the antenna configuration that 

can be analysed is solely due to array dimensions. In order to 

minimise the demand on computer resources, the arrays have been 

dimensioned to cover many of the cases usually encountered. In 

certain situations such as DBS application where the number of 

feeds required or the number of integration points needed or the 

field of view exceeded those envisaged, the pertinent arrays 

must be changed according to the following prescription. 

To Increase the Number of Horn Feeds 

The program has been set to allow a maximum of 50 

feeds. To increase the number of feeds, the following changes 

have to be made. 

MAIN PROGRAM: (i) Change the dimensions of the following arrays 

to the value of NHORN - 

A, B, WGA, WGB, AR, WGR, HRNLTH, DX, DY, DZ, 

GAMMA, BETA, ALPHA, HPWR, HPHASE, AN, CXY, 

PSI, PWR1, W11, W12, W13, W21, W22, W23, W31, 

W32, W33, CX, CY, IND, IGP. 

(ii) Change the value of MAXHRN in the data state- 

ment to the value of NHORN. 

SUBROUTINE SOURCE: 

Change the dimensions of the following arrays to 

NHORN - AN, HPHASE, CX, CY, PSI, IGP. 
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To Increase the Number of Horn Groups  

Eventhough the number of horn feeds is set by 

MAXHRN, the number of different horn sizes within the array must 

not be more than MAXHGP which, at present, has a value of 10. 

MAIN PROGRAM: Change the value of MAXHGP in the data statement 

to reflect the new value. . 

SUBROUTINE PAT: Change the second dimensions of arrays EPA, 

EPP, HPA and HPP to MAXHGP. 

SUBROUTINE PYRHRN: Change the second dimensions of arrays EPA, 

EPP, HPA, HPP to MAXHGP. 

SUBROUTINE CONHRN: Change the second dimensions of arrays EPA, 

EPP, HPA, HPP to MAXHGP. 

SUBROUTINE PTNORM: Change the second dimensions of arrays EPA, 

EPP, HPA, HPP to MAXHGP. 

To Increase Array Sizes to Accomodate Larger Number of Integ. Points. 

The maximum number of integration points allowable 

in the radial or phi-direction is given by the variable MAXQ. 

MAXQ is set equal to the larger of the two numbers, NQR and NQP, 

which determines the dimension requirement. At present, the value 

of MAXQ 

MAIN PROGRAM': (i) Change the value of MAXQ in the data statement 

to reflect the new value. 

(ii) Change the first dimensions of arrays RDL and 

RDU to the value of MAXQ. 

(iii) Change the dimensions of the following arrays 

to 4*MAXQ*MAXQ 

XG, YG, ZG, RJX, RJY, RJZ. 



SUBROUTINE FIELD: (i) Change the dimensions of the following 

arrays to 4*MAXQ*MAXQ - 

X, Y, Z, RJX, RJY, RJZ. 

To Increase Frame of Observation 

The field of observation is defined by a rectangular 

grid of elevation and azimuth cuts. The number of grid points 

in the elevation direction is given by NEL and its maximum is 

set by MAXEL. Similarly, the number of grid points in the 

azimuth direction is given by NAZ and its maximum is set by 

MAXAZ. At present the values of MAXEL and MAXAZ are 49 and 49 

respectively. 

MAIN PROGRAM: (i) Change the values of MAXEL and MAXAZ in 

the data statement. 

(ii) Change the dimension of array EL and AZ 

to MAXEL and MAXAZ respectively. 

(iii) Change the dimensions of arrays CGN, 

CPH and XGN to the value given by 

MAXEL*MAXAZ. 
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Figure Al. Geometry of Reflector Antenna System. 
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Figure A2. Projected Aperture in the Focal Plane. 
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Figure A3. Collective Translation and Rotation of 

Feed Array. 
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Figure A4. Elevation and Azimuth Co-ordinates of 

Observation Point. 
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Figure A5. Excitation of Horn Feed. 



YES _I"— NO 

Pyramidarn Conica 

Aperture H-plane Dim. 

A(I), I = 1, NHORN 

Figure A6. Flow Chart of Input Data File. 

Header 

Frequency, FREQ 

No. of Horns, NHORN 

Type of Horn, ITYPE 

Amplitude Ratio, Bel. Phase of 

Higher Order Mode, AM, PM 
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Aperture E-plane Dim. 

B(I), I = 1, NHORN  

Aperture Radius 

AR(I), I = 1, NHORN 

Ip. Wg. Radius 

WGR(I), I = 1, NHORN 

Ip. Wg. E-plane Dim. 

WGB(I),I = 1, NHORN 

Ip. Wg. H-plane Dim. 

WGA(I), I = 1, NHORN 
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Horn Length 

HRNLTH(I), I = 1, NHORN 

I  
Aperture Field Model, MODH 

Feed Location and 

Orientation Option, OPTH 

Feed Displacements 

DX(I), DY(I), DZ(I), I=1, NHORN 

Feed Rotations 

ALPHA(I), BETA(I), GAMMA(I), 
I = 1, NH 

Polarization of Sec. Beam 

IPOLA 



Power, Phase Horn Excitation 

HPWR(I), HPHASE(I), I=1, NHORN 

Reflector Parameters 

F, SXZ, SYZ, DELTAX, DELTAY 

CP 

Ampl. Imbal., Phase Error 

CXY(I), PSI(I), I=1, NHORN 

50 

Integ. Limits Option, OPTB 

Spec. enerate 
user by progr 

No. of Reg. of --integ. 

NREG 

Limits of integ. 

PHL(I), PHU(I), I=1, NREG 

X- and Y- Dim. of Central 

Blockage, BX2,  812 

• 

60 

131 



1 
1 

1 
1 
1 
1 

1 

Observation -Frame 

AZS, AZE,  NAZ I  ELS, ELE, NEL 

Integration Formula Opt. 

OPTQ 

Transl. of Field Co-ord. Sys. 

XDQ, YDQ, ZDQ 

Rotation of Polar Vector 

NO YES  IS OPTQ Spec. Spec. 
by user by 

prograff 

No. of radial and phi-intei 

pts., NQR, NQP 

1 
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A . 2 PROGRAM  LISTING 

1,000 PROGRAM PAREFC 
2,000 * 
"2.000 * PHYSICAL OPTICS ANALYSIS OF A PARABOLIC REFLECTOR FEB  BY A 
4.000 * MULTI-HORN ARRAY. 
5.000 * THE REFLECTOR HAS AN ELLIPTICAL APERTURE AND IS OFF-SET IN THE 
6.000 * X- AND Y- DIRECTION. FAR FIELD CO-POLARISED AND CROSS-POLARISED 
7.000 * GAIN MATRICES ARE COMPUTED OVER A RECTANGULAR ELEVATION - AZIMUTH 
8.000 * GRID* 
9.000 * MAIN FEATURES OF THE PROGRAM ARE THE FOLLOWING - 
10.000 * MULTIPLE HORN CAPABILITY. 
11.000 * CHOICE OF HORN TYPE Y CONICAL OR PYRAMIDAL. 
12,000 * HORNS MAY BE EXCITED WITH A COMBINATION OF BASIC AND HIGHER ORDER 
13.000 * MODES, PYRAMIDAL HORN MAY CONTAIN TE10 AND TE/TM12 MODES. 
14.000 * CONICAL HORN MAY CONTAIN TEll AND TM11 MODES. 
15.000 * CHOICE OF HORN APERTURE FIELD MODEL. 
16.000 * MODELING OF APERTURE BLOCKAGE BY FEED AND STRUTS, 
17.000 * AUTOMATIC SELECTION OF INTEGRATION LIMITS AND FORMULAS. 
18.000 * CHOICE OF CIRCULAR OR ROTATABLE LINEAR POLARISATION. 
19.000 * FOR CIRCULAR POL. 'ABILITY TO SPECIFY AMPL. AND PHASE IMBALANCE 
20.000 * IN THE EXCITATION OF THE ORTHOGONAL PORTS. 
21.000 * 
22.000 * WRITTEN BY CHAN TECHNOLOGIES INC.  
23,000 * REVISION 0 Y MAY 1984. 
24.000 * 
25.000 
26.000 
27.000 
28.000 
29.000 . 

 30.000 
31,000 
32.000 
33.000- 
34.000 
35.000 
36.000 
37.000 
28.000 
39.000 
40.000 
41.000 
42.000 
42.000 
44,000 * 
45.000 * THE FOLLOWING ARE PRESET LIMITS DUE TO ARRAY DIMENSIONS. 
46.000 * MAXG - MAX. NO. OF,INTEGRATION PTS. PERMITTED 
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CHARACTER*4 IHEAD(15) 
DIMENSION A(50),B(50),WGA(50),W0B(50),AR(50)1WGR(50)1HRNLTH(30) 
DIMENSION DX(50),DY(50),DZ(50)1GAMMA(50)1BETA(50),ALPHA(50) 
DIMENSION HPWR(50),HPHASE(50),AN(50),CXY(50),PSI(50),PWR1(50) 
DIMENSION W11(50),W12(50),W13(50)7W21(50)7W22(50),W23(50) 
DIMENSION W31(50),W32(50),W33(50),CX(50)7CY(50) 
DIMENSION PHL(4)1PHU(4)pRDL(28,4),RDU(28r4) 
DIMENSION X6(3136),YG(3136),Z0(3136) 
DIMENSION CGM(2401),CPH(2401),XON(2401)'EL(49)/AZ(49)7TETA(46) 
COMPLEX EX,EY'EZ,EXPNeETHETA'EPHI,FTX,FTY'FTZ'HX,HY'HZ 
COMPLEX RJX(3136),RJY(3136),RJZ(3136) 
INTEGER OPTI4OPTH'OPTO'IND(50)IIGP(50) 
COMMON/VAL1/PI,RAD'RK'ZETA 
COMMON/VAL2/AN'HPHASE'CX7CY,PSI'IPOLA'IGP 
COMMON/BLOCK/OX(219)ffl(219) 
COMMON/CURENT/RJX7RJY7RJZPXG'YG,ZG 
COMMON/VAL3/NREG,NOR,NOP'PT,XDO'YDOPZDO7CPVR'SPVR 
COMMON/PATPAR/NPP'PAI'TETA 
DATA PI'RADIZETA/3.14159265,57.2957795,376.99111/ 

47.000 * MAXHRN 
48.000 * MAXHGP 
49.000 * MAXEL 
50.000 * MAXAZ 
51.000 * 
52.000 

- MAX, NO, OF HORNS PERMITTED 
- MAX. NO. OF HORN GROUPS PERMITTED 
MAX. NO, OF EL GRID PTS. 
MAX. NO. OF AZ GRID PIS. PERMITTED 

DATA MAXO'MAXHRN'MAXHGP,MAXEL'MAXAZ/28,50,10,49,49/ 



53.000 * 
54.000 * START OF DATA INPUT 
55.000 * 
56.000 * INPUT DATA ARE READ FROM FILE PAREFC-DAT 
57.000 OPEN(UNIT=57NAME= 1 PAREFC-DAT'7STATUS='OLD'7USA6E=IINPUP) 
58,000 * OUTPUT DATA ARE WRITTEN INTO FILE PAREFLJUM 
59.000 0PEN(UNIT=67NAME=WREFC-DUMIISTATUS=IOLD'7USAGE= 1 OUTPUP) 
60.000 * 
61.000 * HEAD - HEADING FOR COMPUTER RUN* MAX. OF 60 CHARACTERS. 
62.000 * 
63+000 READ(5,10) (IHEAD(I),I=1715) 
64.000 10 FORMAT(15A4) 
65.000 * 
66.000 * DATA DESCRIBING HORN ARRAY 
67.000 * 
68.000 * FRED FREQUENCY IN GHZ 
69.000 * 
70.000 READ(57*) FREI/ 
71.000 * 
72,000 * NHORN NO. OF HORNS. 
73.000 * 
74.000 READ(57*) NHORN 
75+000 IF (NHORN.LE.MAXHRN) GO TO 14 
76+000 WRITE(6712) MAXHRN 
77.000 12 FORMAT(1X7'EXECUTION TERMINATED* NO. OF HORNS EXCEEDED MAX. OF' 
78.000 4.7I3) 
79.000 STOP 

• 80.000 14 CONTINUE 
81.000 * 
82.000 * ITYPE - TYPE OF HORN • 
83.000 * = 07 PYRAMIDAL 
84.000 * = 17 CONICAL 
85.000 * 
86,000 * IT IS ASSUMED THAT ALL HORNS IN THE ARRAY ARE OF THE SAME TYPE. 
87,000 * 
88.000 . READ(57*) ITYPE 
89.000 * • 
90,000 * 'SPEC.  OF  HIGHER ORDER MODE CONTENT OF HOR.N. 
91.000 * FOR CONICAL HORN, THE HIGHER ORDER MODE IS TM11. 
92.000 * FOR PYRAMIDAL HORN-THE HIGHER ORDER MODE PAIR IS THE TE/1M12t 
93.000 * AM = AMPLITUDE RATIO OF THE HIGHER ORDER MODE. 
94+000 * PM = REL. PHASE (RAD) OF THE HIGHER ORDER MODE. 
95.000 * 
96.000 READ(57*) AM Y PM 
97.000 IF (ITYPE.EQ.1) GO TO 20 
98.000 * 
99+000 * IF CIRCULAR POLARIZATION IS SPEC , B.OTH E- AND H-PLANE DIM. OF THE 
100.000 * PYRAMIDAL HORN MUST BE THE SAME I.E. SQUARE HORN ONLY. 

- E-PLANE DIMENSION OF HORN APERTURE IN INS. 

READ(57*) (B(I),I=17NHORN) 

.H-PLANE DIM* OF HORN APERTURE IN INS. 

READ(57*) (A(I)7I=17NHORN) 
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101.000 * B 
102.000 * 
103.000 
104.000 * 
105.000 * A - 
106,000 * 
107.000 
108.000 * • 
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109.000 * WGB E-PLANE DIM. OF INPUT WAVEGUIDE IN INS. 
110.000 * 
111.000 READ(5.*) (WGB(I),I=1.NHORN) 
112.000 * 
113.000 * WGA - H-PLANE DIM. OF INPUT WAVEGUIDE IN INS. 
114.000) * 
115+000 READ(57*) (WGA(I),I=1.NHORN) 
116.000 GO TO 30 
117.000 * 
118.000 * AR - 
119.000 * 
120.000 20 
121.000 * 
122.000 * WOR 
123.000 * , 
124.000 
125.000 * 
126,000 * HRNLTH HORN LENGTH IN INS. 
127.000 * 
128.000 30 READ(5.*) (HRNLTH(I),I=1.NHORN) 
129.000 * 
130.000 * MODH - CHOICE OF APERTURE FIELD MODEL 
131.000 * = 0 9 ELECTRIC FIELD MODEL 
132.000 * = 1 1 CHU MODEL 
133.000 * 
134.000 READ(5.*) MODH 
135.000 * 
136,000 * OPTH - OPTION FOR SPECIFYING FEED POSITIONS AND ROTATIONS. 
137.000 * = 07 FEED . POSITIONS ARE SPECIFIED BEFORE ROTATION.THE WHOLE 
138.000 * 
139.000 * 
140.000 * 
141.000 * 
142,000 * 
143.000 * 
144+000 * • 
145+000 * 
146.000 * 
147.000 * 
148.000 * 
149.000 * 
150,000 READ(514) OPTH 
151.000 * 
152.000 * DISPLACEMENTS OF COMPONENT FEEDS IN INCHES FROM FOCAL POINT 
153.000 *, 
154+000 READ(5.*) (DX(I).DY(I).DZ(I),I=1.NHORN) 
155.000 * 
156.000 * ALPHA - ROTATION ABOUT EITHER THE GLOBAL OR LOCAL X-AXIS IN DEG. 
157.000 * BETA - ROTATION ABOUT EITHER THE GLOBAL OR LOCAL Y-AXIS IN DEG. 
158.000 * GAMMA - ROTATION ABOUT LOCAL Z-AXIS IN DEG. 
159.000 * _ 
160.000 . NH = 1 
161.000 IF (OPTH.NE.0) NH = NHORN 
162.000 READ(5.*) (ALPHA(I).BETA(I).6AMMA(I),I=1,NH) 
163.000 * 
164.000 * IPOLA - POLARISATION OF SECONDARY BEAM FROM REFLECTOR SYSTEM+ 

CIRCULAR HORN APERTURE RADIUS IN INS. 

READ(5.*) (AR(I),I=1.NHORN) 

- INPUT WAVEGUIDE RADIUS IN INS. 

READ(5.*) (W6R(I),I=1.NHORN) 

FEED ARRAY IS ROTATED ABOUT THE GLOBAL X-AXIS BY ANGLE 
ALPHA FOLLOWED BY ROTATION ABOUT THE NEW Y-AXIS BY ANGLE 
BETA.FINALLY EACH FEED IS ROTATED ABOUT ITS OWN LOCAL Z-
AXIS BY ANGLE GAMMA.THIS OPTION ALLOWS FOR THE COLLECTIVE 
MOVEMENT OF THE ARRAY,ONLY THREE VALUES NEED To BE SPECI-
FIED FOR THE ROTATIONS. 

= 1. FEED DISPLACEMENTS SPECIFIED ARE THE FINAL POSITIONS.THE 
ROTATIONS TO FOLLOW ARE ABOUT THE INDIVIDUAL FEED LOCAL 
X.Y AND Z-AXES.THIS OPTION ALLOWS FOR INDEPENDENT ROTATION 
AND POSITIONING OF THE FEEDS.THREE ROTATION ANGLES MUST BE 
ENTERED FOR EACH FEÈD. 
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165.000 *- - VP=1 Y HP=2 Y RHCP=3 Y LHCP=4 
166.000 * 
167.000 READ(5,*) IPOLA 
168.000 IF (IPOLA.LE.2) GO TO 50 
169.000 * 
170.000 * FOR NON-IDEAL CP FEEDS, AN IMBALANCE EXISTS IN THF, AMPLITUDE 
171.000 * EXCITATIONS OF THE ORTHOGONAL PORTS AS WELL AS DEVIATION FROM THE 
172.000 . * PHASE QUADRATURE CONDITION. PORT 1 IS ASSOCIATED WITH THE X-PORT 
173.000 * AND PORT 2 WITH THE Y-PORT. 
174.000 * 
175.000 * CXY(I) = AMPLITUDE IMBALANCE OF Y-PORT RELATIVE TO X-PORT, 
176.000 * PSI(I) = DEPARTURE FROM PHASE QUADRATURE IN DEG OF THE Y-PORT.  
177.000 * 
178.000 READ(5r*) (CXY(I),I=1rNHORN) 
179.000 READ(5r*) (PSI(I),I=1INHORN) 
180.000 * 
181.000 * HPWR - .POWER INPUT TO EACH FEED IN WATTS.' 
182.000 * HPHASE - . RELATIVE PHEIGE EXCITATION OF EACH FEED IN DEG. 
183.000 * 
184.000 50 READ(5,*) (HPWR(I),HPHASE(DrI=1INHORN) 
185,000 * 
186.000 * DATA DESCRIBING PARABOLIC REFLECTOR CONFIGURATION. 
187.000 * 
188.000 * F - FOCAL LENGTH OF PARABOLIC REFLECTOR IN INCHES. 
189 ..000 *  5X2 - X-DIMENSION OF ELLIPTICAL REFLECTOR APERTURE IN INCHES 
190,000 * SY2 Y-DIMENSION OF ELLIPTICAL REFLECTOR APERTURE IN INCHES 
191.000 * DELTAX X-OFFSET OF APERTURE CENTRE IN INCHES 
192.000 * DELTAY - Y-OFFSET OF APERTURE CENTRE IN INCHES. 
193.000 * 
194.000 READ.(57*) FY  8X2r  8Y2r DELTAX, DELTAY 
195+000 * 
196.000 * OPTB - OPTION FOR SPECIFYING LIMITS OF INTEGRATION TO SIMULATE BLOCKAGE* 
197,000 * = 01 LIMITS ARE GENERATED BY PROGRAM FROM INPUT REFLECTOR 
198+000 * DATA, NO  APERTURE BLOCKAGE IS ASSUMED+ 
199.000 * .= 1, LIMITS ARE DERIVED BY THE USER AND READ INTO THE PROGRAM* 
200.000 * 
201.000 READ(5,*) OPTB 
202.000. : IF (OPTB.E0.0) GO TO. 60 . 
203+000 . * 
204.000 * NREG - NUMBER OF REGIONS OF PHI-INTEGRATION. 
205,000 * 
206.000 READ(5,*) NREG 
207.000 * 
208.000 * HL( I) LOWER LIMIT OF PHI-INTEG FOR THE I TH REGION IN RADIANS. 
209.000 * NU( I) -.UPPER LIMIT OF PHI-INTEG FOR THE I TH.REGION IN RADIANS. 
210.000 * 
211.000 READ(5r*) (PHL(I)1PHU(I),I=1eNREG) • 
212.000 * 
213.000 * BX2 - X-AXIS DIMENSION OF CENTRAL ELLIPTICAL BLOCKAGE IN INS* 
214.000 * BY2 - , Y-AXIS DIMENSION OF CENTRAL ELLIPTICAL BLOCKAGE IN INS: 
215.000 * 
216.000 READ(5,*) BX2r BY2 
217.000 * 
218.000 * OPTG - OPTION FOR SPECIFYING  NO. OF INTEGRATION POINTS. 
219.000 * = Or NO. OF INTEGRATION POINTS IS DETERMINED BY PROGRAM. 
220.000 * = 11 SPECIFIED BY USER. 
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221.000 * 
222.000 60 
223.000 
224.000 * 
225.000 * 

READ(St*) OPTO 
IF (OPT11.E11,0) GO TO 70 

DATA FOR SURFACE INTEGRATION. 

- START OF ELEV CUT IN DEG 
- END OF ELEV CUT IN DEG 
- NO. OF ELEVATION GRID POINTS. (NO. OF AZ CUTS) 
- START OF AZIMUTH CUT IN DEG 
- END OF AZIMUTH CUT IN DEG 
- NO. OF AZIMUTH GRID POINTS. -(NO. OF ELEV CUTS) 

READ(57)10 AZS7AZErNAZ7ELS7ELE7NEL 
IF (NELJ-E.MAXEL) GO TO 74 
WRITE(6,72) MAXEL 
FORMAT(1X7'EXECUTION TERMINATED. NO. OF ELEV PTS EXCEEDED MAX. OF' 
+7I3) 
STOP 
IF (NAZiLEAAXAZ) GO -  TO 78 
WRITE(6,76) MAXAZ 
FORMAT(1X7'EXECUTION TERMINATED ,  NO, OF AZ PTS EXCEEDED MAX.  OF  
+713) 
STOP 
CONTINUE 

X-TRANSLATION OF FIELD CO-ORDINATE SYSTEM FROM GLOBAL SYSTEM.(INS) 
- Y-TRANSLATION OF FIELD CO-ORDINATE SYSTEM FROM GLOBAL SYSTEM.(INS) 
- Z-TRANSLATION OF FIELD CO-ORDINATE SYSTEM FROM GLOBAL SYSTEM.(INS) 

READ(5,*) XDO7YDG7ZDO 

,- ANGULAR ROTATION OF - FIELD POLARISATION VECTOR IN DEGREES ,  

226.000 * NOR - NO, OF INTEGRATION POINTS IN THE RADIAL-DIRECTION.  . 
227+000 * NOP - NO. OF INTEGRATION POINTS IN THE PHI-DIRECTION. 
228,000 * CHOOSE FROM THE FOLLOWING LIST 3747678,10712714716720724728734740 PTS 
229.000 * 
230.000 READ(57*) NOR7NOP 
231.000 * 
232.000 * DETERMINE .LOCATION OF THESE INTEGRATION FORMULAS. 
233.000 * .- 
234.000 CALL APOUAD(NOR7I,LOR) 
235.000 NOR 1r- 
236.000 CALL APOUAD(NOP,I7LOP) 
237.000 NOP rm . 
238.000 * 
239.000 * READ IN DATA FOR FAR FIELD OBSERVATION 
240.000 * 
241.000 * ELS 
242.000 * ELE 
243.000 * NEL 
244.000 * AZS 
245..000 * AZE 
246.000 * NAZ 
247.000 * 
248.000 70 
249.000 
250,000 
251.000 72 
252.000 
253.000 
254,000 74 
255.000 
256.000 76 
257.000 
258.000 
259.000 78 
260.000 * 
261.000 * XDO 
262.000 * YDO 
263.000 * ZDU 
264.009 * 
265.000 
266.000 - 
267.000 * PVR 
268.000 * 
269.000 READ(57*) PVR  
270.000 * 
271.000 * DATA INPUT COMPLETED 
272.000 * 
273.000 80 
274.000 90 
275.000 95 
276,000 

FORMAT(12I5) 
FORMAT(12F10.4) 
FORMAT(1X715A4) 
WRITE(6795) (IHEAD(I),I=1715) 



277.000 
278.000 100 
279.000 
280.000 . 
281.000 110 
282.000 
283.000 
284.000 115 
285.000 
286.000 
287.000 120 
288.000 
289.000 
290.000 
291.000 125 
292.000 
293.000 
294.000 130 
295.000 
296.000 
297.000 135 
298.000 
299.000 
300.000 140 
301.000 
302.000 . 
303.000 145 
304.000 150 
305.000 
306.000 
307.000 155 
308.000 
309.000 160 
310.000 165 
311.000 
312.000 
313.000 170 
314.000 
315.000 
316.000 
317.000 175 
318.000 
319.000 
320.000 
321.000 180 
322.000, - 
323.000 
324.000 
3256000 
326.000 185 
327.000 
328.000 
329.000 190 
330.000 
331.000 
332.000 195 

WRITE(6,100) 
FORMAT(1X,'FREOUENCY IN GHZ') 
WRITE(6,90) FREQ 
WRITE(6,110) 
FORMAT(1X.'NO OF FEED HORNS') 
WRITE(6.80) NHORN 
WRITE(6.115) 
FORMAT(1Xe'HORN TYPE - (»PYRAMIDAL 7 1=CONICAL') 
WRITE(6,80) ITYPE 
WRITE(6,120) 
FORMAT(1X.'AMPL, AND PHASE (RAD) OF HIGHER .  ORDER MODE') 
WRITE(6,90) AM 7 PM 
IF (ITYPE.E0.1) GO TO 145 
WRITE(6.125) 
FORMAT(1X,'E-PLANE DIM ,  OF HORN APERTURE IN INS. 1 ) 

• WRITE(6.90) (D(I),I=1.NHORN) 
WRITE(6.130) 
FORMAT(1X,'H-PLANE DIM. OF HORN APERTURE IN INS.') 
WRI•E(6,90) (A(I),I=1.NH0RN) 
WRITE(6,135) 
FORMAT(1X.'E-PLANE DIM. OF INPUT WAVEGUIDE IN INS.') 
WRITE(6.90) (WGB(I),1=1INHORN) 
WRITE(6.140) 
FORMAT(1X,'H-PLANE DIM. OF INPUT WAVEGUIDE IN INS:') 
WRITE(6,90) (WGA(I)7I=1,NHORN) 
GO TO 160 
WRITE(6.150) 
FORMAT(1X.' , RADIUS OF. HORN APERTURE IN MS.') 
WRITE(6,90) (AR(I),I=1,NHORN) 
WRITE(6.155) 
FORMAT(1)(7'RADIUS OF INPUT WAVEGUIDE IN MS.') 
WRITE(6.90)(WGR(I),I=1,NHORN) .  
WRITE(6,165) 
FORMAT(1X.'HORN LENGTH IN INS') 
WRITE(6.90) (HRNLTH(I),I=1,NHORN) 
WRITE(6,170) 
FORMAT(1X.'HORN APERTURE FIELD MODEL - 0=E-FIELD 1 =CHU ' L .  
WRITE(6,80) MODH 
IF (OPTH.E0.1) THEN 

WRITE(6,175). 
FORMAT(IX.'OPT. CHOSEN - INDIVIDUAL DISPLACEMENT AND ROTATION', 

+ 1  OF HORNS') 
ELSE 

- . WRITE(6.180) 
FORMAT(1)(1 1 OPT. CHOSEN - COLLECTIVE MOVEMENT AND ROTATION OF', 

-I.' HORN ARRAY') 
END IF 
WRITE(6,80) OPTH 
WRITE(6.185) 
FORMAT(1X,'DISPLACEMENTS OF FEEDS IN INS.') 
WRITE(6.90) (DX(I),DY(I).DZ(I),I=1.NHORN) 
WRITE(6,190) 
FORMAT(lXI'ROT. OF FEEDS ABOUT X-7Y-1AND Z-AXIS IN DEG.') 
WRITE(6.90) (ALPHA(I),BETA(I),GAMMA(I),I=1.NH) 
WRITE(6,195) 
FORMAT(1X,'POLAR. OF SECON. BEAM - VP=1.HP=2.RHCP=3,LHCP=4') 
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WRITE(6,80) IPOLA 
IF (IPOLA.LE.2) GO TO 210 
WRITE(6,200) 
FORMAT(1Xe'AMPL IMBALANCE OF Y—PORT  REL ,  TO X—PORT') 
WRITE(6r90) (CXY(I)1I=1,NHORN) 
WRITE(6,205) 
FORMAT(1X,'PHASE DEPARTURE OF Y—PORT FROM QUADRATURE IN DEG.') 
WRITE(6,90),(PSI(I),I=1,NHORN) 
WRITE(6r215)f 

. FORMAT(1X,'POWER(W) AND PHASE(DEG) OF FEED EXCITATIONS') 
WRITE(6190) (HPWR(I),HPHASE(I),I=1,NHORN) 
WRITE(6t220) 
FORMAT(1Xe'FOC LTH.rAPER, X—DIMeY—DIM AND X—r Y—OFFSET IN INS.') 
WRITE(6,90) FeSX2eSY2rDELTAXeDELTAY 
IF (OPTB.LE.0) GO TO 260 
WRTTE(61230) 
FORMAT(1WNO. OF REGIONS OF PHI—INTEG = '112) 
WRITE(6180) NREG 
WRITE(6,240) 
FORMAT(1)WLOWER AND UPPER LIMITS OF PHI—INTEG IN RADIANS') 
WRITE(6,90) (PHL(I),PHU(I),I=leNREG 
WRITE(6,250) 
FORMAT(1X,'X—AND Y—DIM. OF CENTRAL ELLIPTICAL BLOCKAGE IN INS') 
WRITE(6,90). BX2,BY2 
IF (0P10.LE.0) GO TO 275 
WRITE(6,270) 
FORMAT(1Xe'INTEG, PTS. SPEC. BY USER FOR RADIAL AND PHI—VAR.') 
WRITE(6,80) Nffer NOP 
WRITE(6r280) 
FORMAT(1)(e'STARTISTOP AND NO, OF PTS, FOR AZrEL SCAN') 
WRITE(6,290) AZSIAZErNADELSrELErNEL 
FORMAT(2(2F10.5rI5)) 
WRITE(6r300) • 
FORMAT(1X- r.q— ,Y — ,Z—TRANSLATION OF FIELD CO—ORD. SYSTEM IN INS') 
WRITE(6,90) XDQ 7 YBQ Y ZDO 
WRITE(6,310) 
FORMAT(lXr'ROTATION OF FIELD POLARISATION VECTOR IN DEGREES') 
WRITE(6,90) PVR 
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333.000 
334.000 
335..000 
336,000 200 
337.000 
338,000 
339,000 205 
340.000 
341.000 210 
342.000 215 
343.000 
344.000 
345.000 220 
346.000. 
347.000 
348,000 
349.000 230 
350.000 
351.000 
352.000 24 0  
353 . .000 
354.000 
355.000 250 
356.000 
357.000 260 
358.000 
359,000 270 
360.000 
361.000 275 
362.000 280 
363.000 
364.000 290 
365,000 
366.000 300 
367.000 
368.000 
369.000 310 
370,000 
371,000 * 
372,000 * COMPUTE WAVELENGTH 
373.000. * • 
374.000 WAVE = 29,97925/(2.54*FREQ) 
375.000 RK = 2.0*PI/WAVE 
376,000 IF (OPTH,NE.0) GO TO 325 
377.000 * 
378,000 * COMPUTE FINAL LOCATIONS .  OF HORNS AFTER COLLECTIVE ALPHA AND BETA ROTATIONS. 
379,000 * 
380,000 SA = SIN(ALPHA(1)/RAD) 
381.000 CA = COS(ALPHA(1)/RAD) 
382.000 SB = SIN(BETA(1)/R4D) 
383,000 CB = COS(BETA(1)/RAD) 
384.000 SG = SIN(GAMMA(1)/RAD) 
385.000 CG = COS(GAMMA(1)/RAD) 
386.000 DO 315 I = leNHORN 
387.000 ARG1 = DX(I) 
388,000 4R02*= DY(I) 



389.000 
390,000 
391.900 
392.000 
393.000 315 
394.000 * 
395.000 * COMPUTE TRANSFORMATION FUNCTIONS OF COLLECTIVE HORN ROTATIONS 
396.000 * 
397,000 
398.000 
399.000 
400.000 
401.000 
402,000 
403.000 
404,000 
405.000 
406.000 
407,000 
408.000 
409.000 
410.000 
411.000 
412.000 
413.000 
414.000 
415,000 
416,000 . 
417.000 320 
418.000 
419.000 * 
420.000 * COMPUTE TRANSFORMATION FUNCTIONS OF INDIVIDUAL HORN ROTATIONS. 
421.000 * 
422.000 325 
423.000 
424.000 
425.000 . 
426.000 
427.000 
428.000 
429.000 
43M00 
431.000 
432.000 
433.000 
434.000 
435.000 
436.000 
437.000 
438.000 330 
439.000 * 
440.000 * CONVERT DEGREES INTO RADIANS AND DB INTO VOLTAGE. 
441,000 * 
442.000 335 DO 340 I = 1,NHORN 
443,000 HPHASE(I) = HPHASE(I)/RAD 
444.000 340 CONTINUE 
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ARG3 = DZ(I) 
DX(I) = ARG1*CB  4  ARG3*SB 
DY(I) = ARG1*SA*SB ARG2*CA - ARG3*SA*CB 
DZ(I) = -AR61*SB*ÇA ARG2*SA ARGUCA*CB 
CONTINUE 

14 11(1) = CB*CG 
1412(1) = SA*SB*CG CA*SG 
1413(1) = -CA*SB*CO SA*SG 
1421(1) = -CB*SG 
1422(1) = -SA*SB*SG CA*CG 
1423(1) = CA*SB*SG SA*CG 
1431(1) = SB 
1432(1) = -SA*CB 
1433(1) = CA*CB 
IF (NHORN.EQ.1) GO TO 335 
DO 320 I = 2eNHORN 
14 11(I) = 1411(1)' 
14 12(I) = 14 12(1) 
14 13(I) = 14 13(1) 
1421(I) =  1421(1) 
1422(I) =  1422(1) 
1423(I) =  1423(1) 
1431(I) = 1431(1) 

. 1432(I) = 14 32(1) 
1433(I) = 1433(1) 
CONTINUE 
GO TO 335 

DO 330 I = 1,NHORN 
SB =:SIN(BETA(I)/RAD) 
CB = COS(BETA(I)/RAD) 
SA = SIN(ALPHA(I)/RAD) 
CA = COS(ALPHA(I)/RAD) 
SG = SIN(GAMMA(I)/RAD) 
CG = COS(GAMMA(I)/RAD) • 
14 11(I) = CB*C0 
14 12(I) = SA*SB*CG CA*SG 
1413(I) = -CA*SB*CG SA*SG 
1421(I) = -CB*S0 
1422(I) = -SA*SB*SG CA*CG 
1423(I) = CA*SB*SG SA*CG - 
1431(I) = SB 
1432(I) = -SA*CB 
1433(I) = CA*CB 
CONTINUE 
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445.000 * 
446.000 * SORT HORNS INTO DIFFERENT GROUPS ACCORDING TO SIZES 
447.000 * 
448,000 * NGP = TOTAL NO , OF GROUPS 
449.000 * IND(N) = INDEX OF HORN THAT IS REPRESENTATIVE OF THE N TH GROUP. 
450.000 * IGP(I) = INDEX OF GROUP TO WHICH THE I TH HORN BELONGS. 
451,000 * 
452.000 IND(1) = 1 
453.000 IGP(1) .= 1 
454.000 NGP = 1 
455,000 IF (NHORN,EQ.1) GO TO 354 
456.000 DO 352 I = 2/NHORN 
457.000 IF (ITYPE.EQ.1) GO TO 344 
458.000 * RECTANGULAR APERTURE 
459.000 . DO 342 J = 1/NGP 
460.000 IF (ABS(A(I) A(IND(J))).LT.0.001.AND.ABS(B(I)-B(IND(J))).LT. 
461.000 +0.001) GO TO 350 
462.000 342 CONTINUE 
463.000 GO TO 348 
464.000 * CIRCULAR APERTURE 
465.000 344 
466.000 
467.000 346 
468.000 348 
469.000 
470.000 
471.000 
472.000 350 
473.000 352 
474.000 * 

DO 346 J = 1/NGP 
IF (ABS(AR(I) - AR(IND(J))).LT,0.001) GO TO 350 
CONTINUE 
NGP = 
IND(NGP) = I 
IGP(I) = NGP 
GO TO 352 
IGPCI) = J 
CONTINUE 

475.000  *MAXIMUM  ALLOWABLE NUMBER OF DIFFERENT HORN GROUPS IS DEFINED BY MAXHGP, 
476.000 IF (NOP.LE.MAXHGP) GO TO 354 
477.000 WRITE.(6/353) NOP, MAXHGP 
478.000 353 FORMAT(1X,'EXECUTION TERMINATED. NO , OF HORN GROUPS IS '/I2/ 
479.000 -1. 1 . MAXIMUM ALLOWABLE IS '/I2) 
480.000 STOP 
481.000 * 
482.000 * COMPUTE E- AND H-PLANE PATTERNS OF EACH HORN GROUP 
483.000 * 
484.000 * NPP = NO. OF OBSERVATION POINTS SPANNING O TO 90 DEG,. 
485.000 * THIS HAS BEEN ARBITRARILY SET TO 46. 
486.000 * PAI = EQUAL SPACING OF OBSERVATION POINTS. 
487.000 * 
488.000 354 CONTINUE 
.489.000 NPP = 46 
490.000 PAI = 1.570/(NPP - - 1) 
491.000 DO 356 I =11NPP 
492.000 TETA(I) = PAIMI-1) 
493.000 356 CONTINUE 
494,000 IF (ITYPE.EQ.1) GO TO 360 
495.000 DO 358 J = 11NGP 
496.000 I = IND(J) 
497.000 CALL PYRHRN(A(I),B(I)/WGA(I)/WGB(I)/HRNLTH(I)/AMIPM/MODH/RK/J) 
498.000 358 CONTINUE 
499.000 GO TO 365 
500.000 360 DO 362 J = 1/NGP 
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501.000 I = IND(J) 
502,000 CALL.CONHRN(AR(I),WGR(I)tHRNLTH(DIAMtPMIMODH,RKPJ) 
503.000 362 CONTINUE 
504.000 * 
505.000 * SPECIFY EXCITATIONS OF ORTHOGONAL PORTS OF EACH HORN. 
506.000 * 
507.000 365 DO 390 I = 17NHORN 
508.000 GO TO (370e375,380,385), IPOLA 
509.000 * 
510.000 * VERTICAL POLARIZATION 
511.000 * 
512.000 370 
513,000 
514.000 
515.000 
516.000 * 
517.000 * HORIZONTAL POLARIZATION 
518.000 * 
519.000 375 
520.000 
521.000 
522.000 
523.000 * 
524,000 * RIQHT HANDED CIRCULAR POLARIZATION 
525.000 * 
526.000 380 CX(I) = 1,0 
527.000 CY(I) = ÇXY(I)*CX(I) 
528.000 PSI(I) = PSI(I)/RAD 1,5707963 
529.000 GO TO 390 
530.000 * . 
531.000**.LEFT HANDED CIRCULAR POLARIZATION 
532.000 * 
533.000.  385 
534,000 
535,000 
536,000 390 
537.000 *. 
538.000 * COMPUTE VOLTAGE NORMALISATION CONSTANT AN t FOR EACH FEED. 
539.000 * 
540.00Q DO 395 J = ltNGP • 
541,000 CALL PWRFED(JIPWR1(J)) 
542.000 395 CONTINUE 
543.000 DO 400 I = 17NHORN 
544.000 AN(I) = (CX(I)*CX(I) CY(I)*CY(I))*PWR1(IGP(I)) 
545.000 400 CONTINUE 
546..000 - DO 415 J = 1tNHORN 
547.000 AN(J) = SORT(HPWR(J)/AN(J)) 
548.000 415 CONTINUE 
549.000 * 
550,000 * TAKE SINE AND COSINE OF FIELD VECTOR ROTATION ANGLE. 
551,000 * 
552.000 CPVR = COS(PVR/RAD) 
553.000 SPVR = SIN(PVR/RAD) 
554.000 . po T0 '425 
555.000 * 
556.000 * INTERNAL DEFAULT INTEGRATION LIMITS. 

CX(I) = 1,0 
CY(I) = 0.0 
PSI(I) = 0.0 
GO TO 390 

CX(I) = 0.0 
CY(I) = 1.0 
PSI(I) = 0.0 
GO TO 390 

CX(.1) = 1,0 
CY(I) = CXY(I)*CX(I) - 
PSI(I) = PSI(I)/RAD - 1.5707963 

. CONTINUE 
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557.000 * APERTURE IS DIVIDED INTO FOUR REGIONS FOR PHI-INTE6. 
558.000 * LIMITS OF THESE REGIONS ARE SET BELOW. 
559,000 * 
560.000 . 
561.000 
562.000 • 
563.000 
564.000 
565.000 
566.000 420 
567.000 * 
568.000 * THERE IS NO CENTRAL BLOCKAGE« 
569..000 * 
570.000 BX2 = 0.0 
571.000 BY2 = 0.0 
572.000 425 IF (OPTO.GT,O) GO TO 455 
573.0.00 * 
574.000 * SELECTION OF THE APPROPRIATE QUADRATURE FORMULA 
575.000 * . 
576.000 
577,000 
578,000 
579.000 
580.000 
581,000 
582.000 
583.000 
584.000 IF (DY(I).LT,YMIN) YMIN = DY(I) 
585.000 430 CONTINUE 
586,000 - * FIND -THE LARGEST ANGLE BETWEEN COMPONENT BEAMS AND FIELD 
587.000 * OBSERVATION POINTS. 
588.000 - ARG1 = ABS(ELE/RAD + ATAN(XMAX/F)) 

.ARG2 =ABS(ATAN(XMIN/F) + ELS/RAD) 
ARG3 = ABS(AZERAD + ATAN(YMAX/F)) 
ARG4 = ABS(ATAN(YMIN/F) + AZS/RAD) 

.ARG1= AMAX1(ARG1pARG2) 
ARG3 = AMAX1(ARG3/ARG4) 
NOR = (SIN(ARG1)*8X2/WAVE + 1.0)*1.50 
NQP= (SIN(ARG3)*SY2/WAVE + 1.0)*1.50 
NOR = MAXO(NURINQP) 

CALL APQUAD(NOReNQPILOP) 
NOR = HOP 
LOR= LOP . _ 
WRITE(6/450) 

. - FORMAT(1X,'NO.OF INTEG, PTS, SELECTED FOR RADIAL AND PHI-VAR.') 
- WRITE(6/80) NOR/NOP 
IF (NOR.LEAAMAND.NOP.LE.MAX0) GO TO 459 
WRITE(6,457) NOR/N0P • - - 
FORMAT(1XI'EXECUTION.TEMINATED. INCREASE ARRAYS SIZE TO', 

+I ACCOMODATE FOLLOWING RADIAL  AND  PHI INTEG, PTS,-',2I3) 
STOP 
CONTINUE 

NREG = 4 
PHL(1) .  = 0.0 
PHU(1) = 1.570796327 
DO 420 I = 2/NREG 
PHL(I) = PHL(I-1) + 1.570796327 
PHU(I) = PHU(I-1) + 1.570796327 
CONTINUE 

XMAX = -99999.0 
XMIN = +99999,0 
YMAX= -99999.0 
YMIN = +99999.0 
DO 430  I = 1/NHORN 
IF (DX(I),GT.XMAX) XMAX = DX(I) 
IF (DX(I).LT.XMIN) XMIN = DX(I). 
IF (DY(I),GT.YMAX) 'MAX rim) 

589.000 
590.000 
591.000 
592.000 
593.000 
594.000 
595.000 
596.000 
597.000 * 
598.000 
599.000 
600.000 
601.000 
602.000 450 
603.000 
604.000 455 
605.000 
606.000 457 
607.000 
608.000 
609.000 459 
610.000 * 
611.000 * COMPUTE SEMI-AXES DIMENSIONS FOR REFLECTOR AND BLOCKAGE APERTURES, 
612.000 * 



I. 

CI  

_KOUNT .= 0 
. DO 470 L = 1lNREG 
DO 465 J = 17NOR 
DO 460 I = 17N0P 
KOUNT = KOUNT 4. 1 
RJX(KOUNT) = (0.0,0.0) 
RJY(KOUNT) = (0.0,0.0) 
RJZ(KOUNT) = (0.0,0.0) 
CONTINUE 
CONTINUE 
CONTINUE 

•nnn 
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613.000 
614.000 
615.000 
616.000 
617.000 * 
618.000 * INITIALISE CURRENT MATRIX RJX,RJYpRJZ 
619.000 * 
620,000 
621.000 
622.000 
623.000 
624.000 
625.000 
626.000 
627:000 
628.000 460 .  
629.000 465' 
630,000 470 
631.000 * 
632.000 * COMPUTE CURRENT MATRIX 
633.000 * AT THE SAME TIME COMPUTE POWER INTERCEPTED- BY REFL 
634.000 * 
635.000 PWR = 0.0 
636.000 * 
637.000 * L = INDEX FOR .REGION OF PHI- INTEGRATION. 
638.000 * 
639.000 KOUNT = 0 
640.000 DO 520 L = lYNREG 
641.000 * 
642.000 * I = INDEX FOR PHI-INTEG 
643.000 * 
644.000 DO 510 I = lyN0P 
645.000 PHII = (PHL(L)+PHU(L))*0.504.(PHU(L)-PHL(L))*0.50*0X(I+LOP) 
646.000 CPI = COS(PHII) 
647,000 SPI = SIN(PHII) 
648.000 * 
649.000 * FIND THE LIMITS OF RADIAL-INTEGRATION GIVEN PHII 
650.000 * 
651.000 CALL RABLIM(CPIISPIrSX2,SY2YBX2IBY2yRDL(IIL),RDU(IpL)) 
652.004, FAC = (PHU(L)-PHL(L))*(RDU(IeL)-RDL(I7L))*0.25 
653.000*  
654.000 * J = INDEX FOR RHO-INTEG.. 
655.000 * 
656.000 DO 500 J = 17NeR 
657.000 RDJ = (RDL(I,L)+RDU(I'L))*0.50-F(RDU(I:L)-RDL(IrL))*0.50* 
658.000 0X(J+LOR) 
659.000 KOUNT KOUNT 4. 1 
660.000 * 
661.000 * STORE REFLECTOR SURFACE POINTS 
662.000 * 
663.000 XG(KOUNT) = RDJ*CPI DELTAX 
644.000 YG(KOUNT) = RDJ*SPI DELTAY 
665.000 ZG(KOUNT) = (X13(KOUNT)**2 Y6(KOUNT)**2)*0.25/F - F 
666.000 * 
667.000 * COMPUTE COMPONENTS OF SURFACE NORMAL 
668.000 * 

8X2 = SX2*0.50 
SY2 = SY2*0.50. 
BX2 = BX2*0.50 
SY2 = B12*0.50 
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669.000 RNX = -X6(KOUNT)*0,50/F 
670.000 RN? = -YO(KOUNT)*0.50/F 
671.000 * 
672,000 * K = INDEX FOR FEED HORN 
673,000 EX = (0;0,0.0) 
674.000 EY = (0.0,0.0) 
675.000 EZ = (0.0,0.0) 
676.000 HX = (0.0,0.0) 
677.000 HI  = (0.0,0.0) 
678.000 HZ = (0.0i0.0) 
679.000 DO 490 K = 1INHORN 
680.000 * THE FOLLOWING TRANSFORMATIONS CONVERT SURFACE POINT 
681.000 * COORDINATES TO HORN COORDINATES. 
682.000 * TRANSFORM (RHO,THETAIPHI) TO (RHOT,THETATIPHIT) • 
683.000 RHOT = SORMXG(KOUNT) DX(K))**2 (YG(KOUNT) DY(K))**2 
684,000 (ZG(KOUNT) DZ(K))**2) 
685.000 CTT = (ZG(KOUNT)-DZ(K))/RHOT 
686.000 SIT = ACOS(CTT) 
687.000 SIT  = SIN(STT) 
688,000 SPI  = ATAN2((Y6(KOUNT)-DY(K)),(X13(KOUNT)-DX(K))) 
689.000 CPT =.COS(SPT) 
690.000 SPI  = SIN(SPI) 
691.000 * 

• 692.000 * TRANSFORM (RHOT,THETAT,PHIT) TO (RHORITHETARIPHIR) 
693.000 - STSP = STT*SPT 
694.000 STCP = STT*CPT 
695.000 CTR = STCP*W31(K) STSP*W32(K) CTT*W33(K) 
696. .000 THETAR = ACOS(CTR) -  
697,000 SIR  = SIK(THETAR) 
698,000 SPR = STCP*W21(K) W22(K)*STSP-4- W23(K)*CTT 
699.000 CPR = STCF'*W11(K) STSP*W12(K) CTT*W13(K) 
700.000 SPR = ATAN2(SPRICPR) 
701,000 CPR =«COS(SPR) 
702.000 SFR . = SIMPR) 
703.000 CTCP = CTR*CPR 
704.000 CTSP =.CTR*SPR 
705.0.00 * 
706,000 TXT = CTCP*W11(K) CTSP*.W21(K) - STR*W31(K) 
707.000 TYT = CTCP*W12(K) - STR*W32(K) CTSP*W22(K) 
708.000 •TZT = CTCP*W13(K) CTSP*W23(K).- STR*W33(10 
709.000, TXP = -SPR*W11(K) CPR*W21M 
710.000 TYP = -SPR*W12(K) CPR*W22(K) 
711,000 TZP = -SPR*W13(K) CPR*W23(K) 
712.-000 * 
713.000 PT = RK*RHOT 
714..000 EXPN = CMPLX(COS(PT),-SIN(PT))/RHOT :- 
715.000 * COMPUTE FEED ARRAY FIELDS AT (RHOR,THETAR,PHIR) 
716,000 CALL SOURCE(THETAR,SPR,CPR,ETHETA,EPHI7N) 
717.000 
718.000 
719.000 
720,000 
721,000 
722.000 
723,000 
724.000 

ETHETA = ETHETA*EXPN 
EPHI = EPHI*EXPN 
FTX = ETHETA*TXP EPHI*TXT 
FI?  = ETHETA*TYP EPH/*TYT 
FTZ = ETHETA*TZP - EPHT*TZT 
RJX(KOUNT) = RJX(KOUNT) FTZ*RNY -  FI?  
RJY(KOUNT) = RJY(KOUNT) FTX FTZ*RNX 
RJZ(KOUNT) = RJZ(KOUNT) FTY*RNX - FTX*RNY 



EX = EX -1.-ETHETA*TXT EPHI*TXP 
EY = EY ETHETA*TYT EPHI*TYP 
EZ = EZ ETHETA*TZT EPHI*TZP 
HX = FTX 
HY =  HI  4. Fit' 
HZ = HZ 4.FTZ 
CONTINUE 
FACW = FAC*RDJ*OW(I4LOP)*OW(J-FLOR) 
RJX(KOUNT) = RJX(KOUNT)*FACW • 
RJY(KOUNT) = Re(KOUNT)*FACW 
RJZ(KOUNT) = RJZ(KOUNT)*FACW 
PWR = PWR (REAL(EY*CONJ8(HZ) - EZ*CONJ8(HY))*RNX 

REAL(EZ*CONJG(HX) - EX*CONJG(HZ))*RNY 
REAL(EX*CONJ8(HY) - EY*CONJG(HX)))*FACW 

CONTINUE 

725.000 * 
726.000 * COMPUTE COMBINED FEED PATTERN FOR SPILL-OVER CALCULATION 
727.000-  * 
728.000 
729.000 
730.000 
731.000 
732,000 
733,000 
734.000 490 
735,000 
736.000 
737.000 
738,000 
739.000 
740,000 
741.000 
742.000 500 
743.000 510 CONTINUE -.- 
744.000 520 CONTINUE 
745.000 * COMPUTATION OF CURRENT MATRIX COMPLETED 
746,000 * 
747.000 * COMPUTE SPILL-OVER EFFICIENCY - ETAS 
748.000 * PWR = POWER CAPTURED BY REFLECTOR 
749.000 * 
750.000 PWR = PWR*0.50/ZETA 
751.000 * PT = TOTAL POWER RADIATED 
-752.000 PT = 0,0 
753.000 . DO 530 K = 17NHORN 
754.000 530 PT = PT 4. HPWR(K) 
755.000 ETAS. = PWR/PT 
756,000 WRITE(6,540) ETAS 
757,000 540 FORMAT(///r1XeiSPILL-OVER EFFICIENCY =',F7.37/) 
758.000 PT = PT*60.0*WAVE*WAVE 
759.000 * 
760.000 * COMPUTE GAIN AND PHASE OF CO-POLAR AND >POLAR COMPONENTS 
761.000 * 
762.000 
763.000 
764.000 
765.000 
766,000 
767.000 550 
768.000 
769,000 560 
770.000 
771.000 
772.000 . 
773.000 
774.000 
775.000 

- 776.000 
777.090 
778.000 
779.000 570 
780.000 580 
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,ELIN = ELE ELS 
IF (NEL.GT .1) ELIN = ELIN/FLOAT(NEL - 1) 
AZIN = AZE. AZS 
IF (NAZ.GT .1) AZIN = AZIN/FLOAT(NAZ - 1) 
DO 550 1 = 17NEL 
EL(I) = ELE - ELIN*(I-1) 
DO 560  1 = lyNAZ 
AZ(I) = AZS AZIN*(I-1) 
KOUNT = 0 
DO 580 I = 1,NEL-
110  570 J = 1,NAZ 
KOUNT = KOUNT 1 
CALL CONV(EL(DIAZ(J)ISTOYCTII,SPO:ffl) 
CALL FIELD(STO,CTG,SPO,CPOYIPOLAyCGNO7XGNOICPHO) 
CGN(KOUNT) - = CONO 
XGN(KOUNT) = XGNO 
CPH(KOUNT) = CPHO 
CONTINUE 
CONTINUE 



781.000 * OUTPUT FAR FIELD OBSERVATION CUTS. 
782.000 * 
783.000 WRITE(6,710) 
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784.000 710 
785.000 
786.000 720 
787.000 
788.000 730 
789.000 
790.000 
791.000 735 
792.000 • 
793.000 
794,000 
795.000 740 
796.000 750 
797.000 

FORMAT(////750XpICO-POLAR GAIN IN BB') 
WRITE(6,720) 
FORMAT(48Xy23(1H-)) 
WRITE(67730) (AZ(I)YI=1,NAZ) 
FORMAT(//71X,' ELEV * 1 ,50Xp'AZIMUTH (DEG)'7/11Xe' (DEG) Cy 
+20F6.2) 
WRITE(6,735) 

-FORMAT(IX,65(2H *)) 
DO 740 I = 1yNEL 
KOUNT = (I-1)*NAZ .1. 1 
KOUNT1 = KOUNT NAZ - 1 
WRITE(67750) EL(I)1(CON(J),J=KOUNT7KOUNT1) 
FORMATUY8X,1H*7/P1X,F7.371H*,20F6.27/18XY1H*) 
WRITE(6,760) • 

798.000 760 FORMAT(////750)WX-POLAR GAIN IN DB') 
799.000 
800.000 
801.000 
802.000 
803.000  
804,000 
805.000 770 
806,000 765 
807.000 
808.000 775, 
809.000 
810.000 • 
811.000 
812.000 
813.000 
814.000 . 
815.000 780 
816,000 
817.000 
818.000 . 
819.000 
820.000  
821;000 
822.000 790 
823.000 800 
824+000 
825.000 

WRITE(6r720) 
WRITE(6,730) (AZ(I)II=1,NAZ) 
WRITE(61735) 
DO 770 I = 1,NEL 
KOUNT = (I-1)*NAZ .1. 1 
KOUNT1 = ÉOUNT NAZ - 1 
WRITE(6,765) EL(I)7(XON(J)y,J=KOUNT:KOUNT1) 
FORMAT(//8)(y1H*p/r1X,F7.3,1H*,20F6.1Y//8XY1H*) 
WRITE(6/775) 
FORMAT(/////49Xt'CO-POLAR PHASE IN DEG') 
WRITE(6,720) 
WRITE(6,730) (AZ(I)2I=1,NAZ) 
WRITE(6,735) 
DO 780 . 1 = 1,NEL 
KOUNT = (I-1)*NAZ 4. 1 
KOUNT1 . = MOUNT NAZ - 1 - 
WRITE(6,765) EL(I),(CPH(J)eJ=KOWITyKOUNT1) 
OPEN(7,FILE= 1 GNMAT',STATUS= 1 OLD',USAGE='0UTPUTI) 
WRITE(7y10) (IHEAD(DrI=1Y15) 
.WRITE(7,290) AZS,AZEYNADELS,ELEINEL 
DO 790 I = lyNEL . 
KOUNT = (I-1)*NAZ • - 
KOUNT1= KOUNT NAZ - 1 
WRITE(7,800) (CON(J),J=KOUNT,KOUNT1) 
FORMAT(10F8.2) 
STOP 
END 

826,000 SUBROUTINE RADLIM(CPYSP,A1Y817A2,827RLIRU) 
827.000 * 
828.000 * COMPUTES LOWER AND UPPER LIMITS OF RADIAL VAR. INTEG. FOR A GIVEN 
829.000 * PHI. 
830.000 * 
831.000 
832.000 
833.000 
834.000 
835.000 
836.000 

RU = A1*B1/SORT(A1*A1*SP*SP BUBUCP*CP) 
RL = 0.0 
IF (A2.LT.1.0E-04.0R.B2.LT.1.0E-04) RETURN 
RL = A2*B2/SORT(A2*A2*SP*SP B2*B2*CP*CP) 
RETURN 
END 
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837.000 SUBROUTINE SOURCE(THETARYSPICP,ETHETA/EPHIIK) 
838.000 * • 
839.000 * COMPUTES ETHETA AND EPHI COMPONENTS OF FEED HORN 
840.000 * 
841.000 • COMPLEX ETHETArEPHI7CONSTX7CONSTY7EXT7EXP 
842.000 COMMON/VAL2/AN(50),HPHASE(50),CX(50),CY(50)7PSI(30),IPOLAtIGP(50) 
843.000 * 
844.000 CONSTX = AN(K)*CMPLX(COS(HPHASECK)),SIN(HPHASE(K))) 
845.000 CONSTY = CONSTX*CY(K)*CMPLX(COUPSI(K)),SIN(PSI(K))) 
846.000 CONSTX = CONSTX*CX(K) 
847.000 THETA = 3.14159265 THETAR 
848.000 KK = IGP(K) 
849.000 CALL PAT(THETA,ETHAIETHPYEPHArEPHPYKK) 
850.000 . EXT = ETHA*CMPLX(COS(ETHP),SIN(ETHP)) 
851.000 EXP = EPHA*CMPLX(COS(EPHP),SIN(EPHP)) 
852.000 ETHETA = -CONSTX*EXT*CP - -1- CONSTY*EXT*SP 
853.000 EPHI = -CONSTY*EXP*CP - CONSTX*EXP*SP 
854.000 RETURN 
855.000 END 
856.000 SUBROUTINE PAT(THETAyETHAYETHPFEPHArEPHPYJ) 
857.000 * 
858.000 * INTERPOLATES INPUT PATTERN DATA. 
859.000 * 
860.000 COMMON/PATERN/EPA(46,10),EPP(46,10)7HPA(46710)7HPP(46r10) 
861.000 COM11ON/PATPAR/NPPIPAIYTETA(46) 
862.000 * 
863,000 * STATEMENT FUNCTION DEFINING SECOND ORDER LAGRANGIAN INTERPOLATION. 
864.000 * 
865.000 FX(X1,X2,X3tY1PY2/Y3,X) = Y1*(X-X2)*(X-X3)/((X1-X2)*(X1-X3)) 
866.000 . .1. Y2*(X7X1)*(X-X3)/((X2-X1)*(X2-X3)) 
8e.000 Y3*(X-X1)*(X-X2)/((X3-X1)*(X3-X2)) 
8611.000 * 
869.000 X =-THETA 
870.000 N = X/PAI 
871.000 Ni  = N + 1 
872.000 IF (N1.EQ.(NPP-1)) Ni  = Ni  -- 1 
873.000 IF (Nl.GEAPP) GO TO 10 
874.000 X1 = (Ni  - 1)*PAT 
875.000 X2 = NUPAI 
876.000 X3 = (N1 1)*PAI 
877.000 N2 = Ni  A- 1 
878.000 N3 = Ni  .1. 2 
879.000 Y1 = EM(N17J) 
880.000 Y2 = EPA(N2,J) 
881.000 Y3 = EPA(N37J) 
882.000 ETHA = FX(X1,X27X3,Y17Y27Y3,X) 
883.000 • Y1 = EPP(N1rJ) • 
884.000 Y2 = EPP(N27J) 
885.000 Y3 = EPP(N37,1) 
886.000 ETHP = FX(X1,X27X3,Y1,Y2,Y37X) 
887.000 Y1 = HPA(N17,1) 
888.000 Y2 = HPA(N2,J) 
889.000 Y3 = HPA(N3,J) 
890.000 EPHA = FX(X17X27X31Y1,Y2,Y3,X) 
891.000 • Y1 = HPP(N17J) 
892,000 Y2 = HPP(N27J) 
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893.000 Y3 = HPP(N3/J) 
894 4 000 EPHP = FX(X1yX2YX3,Y11Y2IY3yX) 
895.000 RETURN 
896,000 10 WRITE(6,20) 
897.000 20 fORMAT(1XY'PATTERN INTERPOLATION IS OUT OF RANGE OF DATA') 
898.000 STOP 
899.000- END 
900.000 SUBROUTINE PWRFED(KPPWR) 
901.000 * 
902.000 * INTEGRATES POYNTING'S VECTOR TO OBTAIN POWER RADIATED BY THE K TH 
903.000 * HORN. 
904.000 * 
905.000 DIMENSION THL(2),THU(2),POW(2) 
906.000 COMMON/VALl/PIYRADIRKYZETA 
907.000 COMMON/PATPAR/NPPYPAIrTETA(46) 
908.400 COMMON/BLOCK/GX(219)ffl(219) 
909.000 * 
910.000 * RANGE OF THETA-INTEGRATION IS DIVIDED INTO TWO REGIONS. 20-PT 
911.000 * GAUSS-LEGENDRE FORMULA IS USED FOR EACH REGION, 
912.000 * 
913.000 * LOC = LOCATION OF FORMULA 
914.000 * 
915.000 LOC = 73 
916.000 TINC = (NPP - 1)*PAI*0.50 • 
917.000 PWR = 0,0 
918.000 DO 20 N = 1/2 
919.000 POW(N) = 0.4 
920.000 THL(N) = ( 4-1)*TINC 
921.000 THU(N) THL(N) TINC 
922,000 DO 10 I = 1120 
923.000 THETA = (THL(N) THU(N))*0,50 (THU(N) - THL(N))*0.50*GX(I+LOC) 
924.000 CALL PAT(THETA/ETHAIETHPIEPHArEPHP/K) 

' 925.400 POW(N) ='POW(N) (ETHA**2 EPHA**2)*SIN(THETA)*O4(I+LOC) 
926.000 10 CONTINUE 
927.000 PWR = POW(N)*(THU(N) - THL(N)) PWR 
928.000 20 CONTINUE 
929.000 PWR = PWR*0.25*PI/ZETA 
930.000. RETURN . 
931.000. END 
932.000 SUBROUTINE CONV(ELYAZYSTYCT,SPYCP) 
933.000 * 
934.000.* CONVERTS (ELYAZ) TO (THETAYPHI) CO-ORD. 
935.000 * 
936,000 * ST = SIN(THETA) • 
937.000 * CT = COS(THETA) 
938,000 * SP = SIN(PHI) 
939.000 *  CF  = COS(PHI) 
940.000 * 
941.000 COMMON/VALl/PIrRADyRKYZETA 
942.000 * 
943:000 CT = COSEL/RAD)*COS(AZ/RAD) 
944.000 ST = SORT(1,0 - CT*CT) 
945.000 IF (ABS(EL),LT.1.0E-07) GO TO 10 
946.000 SP = COS(EL/RAD)*SIN(AZ/RAD)/ST.. 
947.00 0r CP = SIN(EL/RAD)/ST_ 
948.000 RETURN 



965.000 
966.000 . 
967.000 
968.000 
969.000 
970.000 * 
971.000 * SUM UP CONTRIBUTIONS FROM ALL PANEL CURRENTS. 
972.000 * 
973.000 
974.000 
975.000 
976.000 
977.000 
978.000 
979.000 
980.000 

.981.000 
982.000 
983.000 
984.000 
985.000 
986.000 
987.000 
988.000 10 
989.000 20 
990.000 30 
991.000 
992.000 
993,000 
994.000 
995.000 * 
996.000 * SHIFT REFERENCE TO FIELD CO-ORDINATE SYSTEM 
997.000 * 
998.000 
999.000 
1000+000 
1001.000 . ' 
1002.000 
1003.000 40 
1004.000 

FTX = (0.0,0.0) 
FTY = (0.0,0.0) 
FTZ. = (0.0,0.0) 
STCP = STO*CPQ 
STSP = STO*SPQ 
KOUNT = 0 
DO 30 L = 1rNRE6 
DO 20 .1 = 1,NOP. 
DO 10  1  = 1,NOR 
KOUNT = KOUNT .4 1 
ARO = (X(KOUNT)*STCP Y(KOONT)*STSP Z(KOUNT)*CTO)*RK 
EXPN = CMPLX(COS(ARG),SIN(ARO)) 
FTX = FTX RJX(KOUNT)*EXPN 
FTY = FTY Re(KOUNT)*EXPN 
FTZ = FTZ RJZ(KOUNT)*EXPN 
CONTINUE 
*CONTINUE 
CONTINUE • 
POL1 = (1.0 - (1.0 - CTO)*CPQ*CPQ)*FTX - (1.0 - CTO)*SPO*CPUFTY 
- STCP*FTZ 

POL2 = -(1.0 - CTO)*SPO*CPO*FTX .4 (1.0 - SPQ*SPQ*(1.0 CTO))*FTY 
- STSP*FTZ 

ARO = (STCP*XDO STSP*YDO CTO*ZDO)*RK 
EXPN = CMPLX(COS(ARO),-SIN(ARO)) 
FTX = (POLl*CPVR POL2*SPVR)*EXPN 
FTY.= (POL2*CPVR POL1*SPVR)*EXPN 
GO TO (40,50,60,70), IPOLA 
COPOL = FTX 
XPOL = FTY 

COMPLEX FTX,FTY,FTZIRJX(3136),RJY(3136),RJZ(3136) 
COMPLEX EXPN,POL1,POL2,COPOL,XPOL 
COMMON/CURENT/RJX,RJY,RJZ,X,Y,Z 
COMMON/VALUNREG,NOR,NQP,PTIXDO,YDO,ZDO,CPVR,SPVR 
COMMON/VAL1/PI,RAD,RK,ZETA 

949.000 10 
950.000 20 
951.000 
952.000 
953.000 30 
954.000 
955.000 
956.000 40 
957.000 
958.000 
959.000 
960.000 
961.000 * 
962.00 0  * COMPUTE FIELD COMPONENTS OF REFLECTOR AT (THETAO,PHIO) 
963.0.00 * . 
964.000 DIMENSION X(3136),Y(3136),Z(3136) • 
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IF(AZ) 20,30,40 
SP = -1+0 
CP = 0.0 
RETURN 
SP = 0.0 
CP = 1.0 
RETURN 
SP = 1.0 
CP = 0.0 
RETURN 
END 
SUBROUTINE FIELD(STO,CTO,SPQ,CPQ,IPOLA,CON,XON,CPH) 
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1005.000 GO TO 80 
1006.000 50 COPOL = FTY_ 
1007.000 XPOL = FTX 
1008..000 GO  TO 80 
1009.000 60 COPOL = 0.70710678*(FTX CMPLX(0,0.1.0)*FTY) 
1010.000 XPOL = 0.70710678*(F1X - CMPLX(0.0.1.0)*FTY) 
1011.000 GO TO 80 
1012.000 70 GOPOL = 0.70710678*(FTX - CMPLX(0,0.1.0)*FTY) 
1013.000 XPOL = 0.70710678*(FTX CMPLX(0.0.1.0)*FTY) 
1014.000 80 CON = 10.0*ALOG10(CABS(COPOL)**2/PT) 
1015.000 )(ON = 10,0*ALOG10(CABS(XPOL)**2/PT) 
1016.000 CPH = ATAN2(AIMAG(COPOL),REAL(COPOL))*RAD 
1017,000 RETURN 
1018.000 END 
1019.000 SUBROUTINE PYRHRN(A,B,W8AIWGBYHRNLTHYAM.PMIMODH,RNYIG) 
1020.000 * • 
1021,000 * COMPUTES PATTERNS OF SINGLE MODE OR MULTIMODE PYRAMIDAL HORNS, 
1022.000 * 
1023.000 DIMENSION EPA(46.10),EPP(46710),HPA(46,10)eHPP(46710),THETA(46) 
1024.000 COMPLEX HAR(24),EAR(24).Al2,HSUMIESUM,CSUM.EF 
1025.000 COMMON/PATERN/ÉPArEPP.HPA.HPP 
1026.000 COMMON/PATPAR/NPT.PAI.THETA 

• 1027.000 COMMON/BLOCK/OX(219)Y0W(219) 
1028.000 * 

• 1029.000 * TE10 MODE CUT-OFF CHECK 
1030.000 * . 
1031.000 IF  (RKÏLE,(3,14159/A)) GO TO 90 
1032.000 IF (AM.LT.1.0E-02) GO TO 5 
1033,000 * 
1034.000 * TE/TM21 MODE CUTIi-OFF CHECK 
1035,000 * 
1036.000 IF (RK.LE.(6,28318*SORT(1.0 (.50*A/B)**2)/A)) GO TO 100 
1037.000 * 
1038,000 * COMPUTE HORN AXIAL LENGTHS 
1039.000 * 
1040,000 5 ALE = 999.0 
1041.000 ALH = 999.0 
1042.000 IF (B.GT.WGB) ALE = HRNLTH*B/(B WOB) 
1043+000 IF  (A.13T,W8A) ALH = HRNLTH*A/(A - WGA) 
1044.000 * 
1045.0001c COMPUTE MODE COEFFICIENTS 
1046.000 * 
1047.000 Al2 = AM*CMPLX(COS(PM),SIN(PM)) 
1048.000 * 
1049.000 * SELECTION OF APPROPRIATE QUADRATURE FORMULA 
1050.000 * ARRAYS HAR AND EAR ARE DIMENSIONED TO ACCOMODATE HORN SIZES LESS 
1051.000.*.THAN OR EQUAL TO 7.5 WAVELENGTHS, 
1052.000:* 
1053,000 ARG = AMAX1(A,B) 
.1054.000 IQ = RK*ARG/3,141592 -I. 1.0 
1055,000 1 0 = (I0+1)*1.40 
1056.000 IF (10.81.24) GO TO 70 
1057.000 CALL APQUAD(IOYNOILOC) 
1058.000 * 
1059.000 * COMPUTE INTEGRAL INVARIANT WITH OBSERVATION ANGLE 
1060,000 * 



1061:000 
1062.000 
1063.000 
1064.000 
1065,000 
1066,000 
1067.000 
1068.000 
1069.000 
1070.000 
1071.000 
1072.000 10 
1073.000 * 

HSUM = (0.010c0) 
ESUM = (O .0/0.0) 
DO 10 I = 1/NQ 
ARG = RK*((0X(I+LOC)*A*0,50)**2)*0.50/ALH 
HAR(I) =,CO8(1.5707963*OX(I+LOC))*CMPLX(COS(ARG),-SIN(ARG))* 

4.0W(I+LOC) 
HSUM = HSUM HAR(I) 
ARG = RK*((0X(I+LOC)*B*0.50)**2)*0.50/ALE 
EAR(I) = (1.0 4. Al2*COS(3.1415926*0X(14.LOC)))* 
-1-CMPLX(COS(ARG)r-SIN(AR3))*GW(I+LOC) 
ESUM = ESUM EAR(I) 
CONTINUE 
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1074.000 * COMPUTE E-PLANE PATTERN 
1075.000 * 
1076.000 .D0 40 I = 1/NPT 
1077.000 ST = RK*8*0.50*SIN(THETA(I)) 
1078.000 . CSUM = (0.010.0) 
1079.000 00.30 J,= 1/N0 
1080,000 ARG = ST*OX(J-FLOC) 
1081.000 CSUM = CSUM EAR(J)*CMPLX(COS(ARG)/SIN(ARG)) 
1082.000 30 CONTINUE 
1083.000 EF = HSUM*CSUM 
1084.- 000 IF (MODH,E11.1) EF = EF*(1,0 COS(THETA(I))) 
1085.000 EPA(IPIG) = CABS(EF) 
1086.000 EPP(I'eU) = ATAN2(AIMAG(EF)/REAL(EF)) 
1087.000 40 CONTINUE 
1088+000 * 
1089+000 * COMPUTE H-PLANE PATTERN 
1090,000 * 
1091.000. 
1092.000 . 
1093..000 
1094.000 
1095,000 
1096.000 
1097,000 50 
1098.000 , 
1099.000 
1100.000 
1101+000 
1102.000. 
1103.000 60 
1104.000 * 
1105,000 * NORMALISE PATTERNS 
1106+000 * 
1107.000 -CALL PTNORM(IG/NPT) 
1108.000 .RETURN 
1109.000 * ERROR DIAGNOSTICS 

DO 60  1 = 11NPT 
ST = RK*A*0.50*SIN(THETA(I)) 
CSUM_= (0.0/0.0) 
po 59',J . 1/N0 
ARG = STUX(J+LOC) 
CSUM = CSUM HAR(J)*CMPLX(COS(ARG)/SIN(ARG)) 
CONTINUE 
CSUM = CSUM*ESUM 
EF = COS(THETA(I))*CSUM . . 
IF (MODH.E0.1) EF = EF CSUM' 
HPA(I/IG) = CABS(EF) 
HPP(I/IG) = ATAN2(AIMAG(EF),REAL(EF)) 
CONTINUE 

1110.000 70 
1111,000 80 
1112.000 
1113+000 90 
1114.000 95 
1115.000 
1116..000 

WRITE(6/80) 
FORMAT(1)WHORN APER, DIM. IS TOO LARGE. EXECUTION TERMINATED.') 
STOP 
WRITE(6,95) 

- FORMATUX,IPYRAMIDAL HORN DIM. IS BELOW TE10 MODE CUT-OFF,', 
4. 1  EXECUTION IS TERMINATED.I) 
STOP 
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DIMENSION EP,A(46,10)7EPP(46,10),HPA(46,10)IHPP(46,10),THETA(46) 
COMPLEX HJ0(14),HJ2(14),EJ0(14),EJ2(14),ESUMTrESUMPtHSU1T, 
+HSUMP,B111EF 
COMMON/BLOCK/OXC219)YOW(219) 
COMMON/PATERN/EPArEPPYHPAYHPP 
COMMON/PATPAR/NPTIPAIITHETA 

1117.000 100 
1118.000 105 
1119.000 
1120.000 
1121.000 
1122:000 
1123,000 * 
1124.000 * COMPUTES PATTERNS OF CONICAL HORNS. 
1125.000 * E- AND H-PLANE NORM. AMP. ARE STORED IN ARRAYS EPA AND HPA RESP. 
1126.000 E- AND H-PLANE NORM ,  PHASES ARE STORED IN ARRAYS EPP AND HPP RESP. 
1127.000 * 
1128.000 
1129.000 
1130.000 
1131.000 
1132.000 
1133.000 
1134.000 * 
1135.000 * TEll MODE CUT-OFF CHECK 
1136.000 * 
1137.000 IF (RK.LE.1.84118/AR) GO TO 80 • 
1138.000 IF (AM.LT.1,0E-02) GO TO 5 
1139.000 *. 
1140.000 * TM11 MODE CUT-OFF CHECK 
1141.00C* • 
1142.000 IF (RK.LEs3.83171/AR) GO TO 90 
1143.000 * 
1144.000 * COMPUTE AXIAL LENGTH 
1145.000 * 
1146.000 5 . AL = 999.0 
1147.000 IF (AR.GTAGR) AL = HRNLTH*ARMAR WU) 
1148.000 * 
1149.000 * COMPUTE MODE COEFFICIENT 
1150.000 * 
1151.000 B11 = 2.08116*AM*CMPLX(COS(PM),SIN(PM)) 
1152.000 * 
1153.000 * SELECTION OF APPROPRIATE QUADRATURE FORMULA 
1154,000 * ARRAYS HJOPHJ2YEJO AND EJ2 ARE . DIMENGIONED TO ACCOMODATE HORN 
1155.000 * DIAMETERS LESS THAN 8 WAVELENGTHS. 
1156.000 * 
1157.000 IQ = MAR/3.141592 I. 1.0 
1158.000 IQ = (I0+1)*1.40 
1159,000 . IF (IO.GT.14). GO TO 50 
1160.000 CALL APQUAD(MNOYLOC) 
1161.000 * _ . 

1162.00.0 * COMPUTE INTEGRAND INVARIANT WITH OBSERVATION POINTS. 

WRITE(67105) 
FORMAT(1)WMULTI MODE PYRAMIDAL RN . DIM, IS BELOW TE/TM21 1 7 

+MODE CUT-OFF. STOP.') 
STOP 
END 
SUBROUTINE CONHRN(ARYWGR,HRNLTH.AMIPM,MODHIRKYIG) 

1 

1 

1163.000 * 
1164.000 
1165.000 
1166.000 
1167.000 
1168.000 
1169.000 
1170.000 
1171.000 
1172000 

. DO 10 I = 
RHO = 0.50*(1.0 QX(I+LOC)) 

•ARG1 = RK*RHO*RHO*AR*AR*0$50/AL 
ARG2 = 1.84118*RHO 
CALL BESSEL(AR62,Bj0,BJ2) 
ESUMT = CMPLX(COS(ARG1),-SWARG1)) 
HJ2(I) = BJ2*RHO*ESUMT*QW(IiLOC) 
HJO(I) = BJ0*ESUMT*OW(Ii-LOC)*RHO 
IF (MODE.EQ.1) GO TO 10 

1 



I .  
1173,'.600 ARG2 = 3.83171*RHW: 
1174.000 CALL BESSEL(ARG2rBjOrBJ2) 
1175.000 . EJO(I) = BJ0*ESUMT*QW(I.ÉLOC)*RHO 
1176.000 EJ2(I) = BJ2*ESUMT*GW(I-FLOC)*RHO 
1177.000 10 CONTINUE 
1178+000 * 
1179.000 * COMPUTES E- AND H-PLANE PATTERO 
1180.000 * 
1181.000 DO 40 I = 1,NPT 
1182.000 ST = RK*AR*SIN(THETA(I)) 
1183.000 HSUMT = (0.0,0.0) 
1184.000 HSUMP = (0+0,0.0) 
1185+000 ESUMT = (0+0,0+0) 
1186.000 ESUMP = (0.0,0.0) 
1187.000 DO 20 J = 1,NO 
1188.000 ARG = ST*0,50*(1,0 OX(J+LOC)) 
1189.000. CALL BESSEL(AR6rBarBJ2) 
1190.000 HSUMP = HSUMP - HJ2(4)*BJ2 - HJO(J)*BJ0 
1191.000 HSUMT = HSUMT HJ2(J)*BJ2 7,HJ0(J)*BJ0 
1192.000 IF (AM.LT*1.0E-02) GO TO 20':;  
1193.000 ESUMP = ESUMP EJ2(J)*BJ2 EJ0(J)*BJ0 
1194+000 ESUMT = ESUMT EJO(J)*BJ0 EJ2(J)*BJ2 
1195.000 20 CONTINUE 
1196.000 BKH = 0.0 
1197.000 BKE = 0.0 
1198,000 . IF -(MODH.EG.0) GO TO 30 
1199.000. . BKH-= S1RT(RK**2 (1.84118/AR)**2)/RK 
1200.000 . . IF (iiM.LT.1.0E-02) GO TO-30 
1201000 BKE = RK/SORT(RK**2 (3.83171/AR)**2) 
1202.000.30 CT = COS(THETA(I)) 
1203.000 EF = (1A BKH*CT)*HSUMT (1.01-BKE*CT)*B11*ESUMT 
1204.000. = CABS(EF) • 
1205.000 EPP(IrIG) = ATAN2(AIMAG(EF),REAL(EF)) 
1206+000 EF = (CT BKH)*H$UMP - (CT+BKE)*B11*ESUMP 
1207.000 HPA(IrIG) = CABS(EF) 
1208.000 HPP(IrIG)= ATAN2(AIMAG(EF)IREAL(EF)) 
1209.000 40 CONTINUE 
1210.000 * 
1211.000 * NORMALISE PATTERNS - 
1212.000 * • 
1213.000 CALL PTNORM(IGrNPT) 
1214.000 RETURN 
1215.000 * ERROR DIAGNOSTICS . 
1216.000 50 WRITE(6,60) . 
1217.000 60- ...FORMAT(IX,'CONICAL HORN APER. RAD. IS TOO LARGE* EXECUTION TERM.") 
1218.000 STOP 
1219.000 80 WRITE(6r85)- 
1220.000 85 FORMAT(1WCONICAL HORN DIM. IS BELOW TEI1- MODE CUT-OFFe'r 
1221+000 -1." EXECUTION IS TERMINATED.") 
1222+000 STOP 
1223.000 90 WRITE(6r.95) .  
1224+000 95 FORMAT(1X,'DUAL MODE CONICAL HORN DIM. IS BELOW TM11 MODE 1 7 

1225.000 -1.'CUT- OFF.  STOP.") . 
1226,000 STOP 
1227.000 END 
1228.q00 . SUBROUTINE PTNORM(IG,NPT) 
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1229.000 * 
1230.000 * NORMALISES AMPLITUDE AND PHASE PATTERNS. 
1231.000 * 
1232.000 DIMENSION EPA(46,10),EPP(46710)7HPA(46,10)7HPP(46,10) 
1233.000 COMMON/PATERN/EPA,EPPYHPAIHPP 
1234.000 * 
1235.000 ANORM = EPA(lyIG) 
1236.000 PNORM = EPP(1,IG) 
1237,000 EPA.(1PIG) = EPAUYIGUANORM 
1238.000 EPP(1rIG) = EPP(1,IG) PNORM 
1239.000 HPA(1,IG) = HPA(1rIG)/ANORM 
1240,000 . HPP(11I6) = HPP(1,IG) PNORM 
1241,000 - IF (NPT.EQ.1) RETURN 
1242.000 DO 10 I = 2,NPT 
1243.000 EPA.IIIIG) 74: EPACIYIGUANORM 
1244.000 HPA(IIIG) = HPA(IYIG)/ANORM 
1245.000 EPè(IYIG) = EPP(IYIG) - PNORM 
1246.000 PDIF = EPP(IrIG) EPP(I-1,IG) 
1247.000 IF (PDIF,GE#3,141592) EPP(I7IG) =-EPP(I/IG) 6283185 
1248.000 IF (PDIF.LE.-3.141592) EPP(ItIG) = EPP(IIIG) .1. 6.283185 
1249.000 HPP(IYIG) = HPP(I;IG) PNORM 
1250.000 PDIF = HPP(IYIG) - HPP(I-1,IG) 
1251.000 IF (PDIF.SE.3.141592) HPP(I7IG) = HPP(IIIG) -6.283185 
1252.000 IF (PDIF.LE.-3.141592) HPP(I7IG) = HPP(IYIG) 6+283185 
1253.000 10 CONTINUE 
1254.000 RETURN 
1255.000 END 
1256,000 SUBROUTINE BESSEL(ARGaJO,BJ2) 
1257.000 * 
1258.000 * COMPUTES BESSEL FUNCTION OF THE FIRST KIND 7 ZUO(Ba) AND 
1259.000 * SECOND(BJ2) ORDER+ ARG IS THE INPUT ARGUMENT, 
1260.000 * . . 
1261.000 IF (ARG.GE.3.0) GO TO 10 
1262,000 * 
1263.000 * 0 < ARG < 3 
1264.000 * 
1265.000 X2 = (ARG/1.0)**2 
1266.000 X4 = X2*X2 

• 1267.000 X6 = X4*X2 
1268.000 X8 = X6*X2 - 
1269.000 X14 = X8*X2 . 
1270.000 . .X12 = X10*X2 
1271.000 BJ0 =  10 -2.2499997*X2 1.26•6208*X4 .3163866*X6 
1272.000 +04.44479*X8 - .0039444*X10 .0002100*X12 
1273+000 BJ2 =  0,5. - .56249985*X2.-1- *21093573*X4 - .03954289*X6 
1274.000 •00443319*X8 - .00031761*X10 •00001109*X12 
1275+000 BJ2 = 2.0*8J2 - BJ0 
1276.000 RETURN 
1277+000 *. 
1278.000 * ARG > 3 
1279.000 * 
1280.000 10 X = 3.0/ARG 
1281,000 X2 = X*X 
1282.000 X3 = X2*X: 
1283,000. X4 = X3*)(:. 
1284.000 X5 = X4*X - 



1 
HI 

1 
LI  

1 • 

1285.000 X6 = X5*X 
1286+000 THETA = ARG .78539816 - .04166397*X - •00003954*X2 
1287+000 .00262573*X3 - .00054125*X4 - .00029333*X5 .00013558*X6 
1288.000 F = .79788456 --.00000077*X .00552740*X2 - ,00009512*X3 
1289.000 1- .00137237*X4 .00072805*X5 .00014476*X6 
1290.000 * BJ0 = F*COS(THETA)/SORT(ARG) 
1291.000 THETA = ARG - 2.35619449 -I-  •12499612*X.-1. .0000565*X2 
1292.000 - •00637879*X3 .00074348*X4 ,00079.824*X5 - .00029166*X6 
1293.000 BJ2 = F*COS(THETA)/(ARG*SORT(ARG)) 
1294.000 BJ2 = 2.0*BJ2 - BJ0 
1295.000 RETURN 
1296.000 END 
1297.000 SUBROUTINE APQUAIMIQINO,LOC) 
1298.000 * 
1299.000 * FINDS THE NEAREST QUAD. FORMULA - TO THAT REQUIRED+ 
1300.000 * THE AVAILABLE FORMULAS ARE STORED IN ASCENDING'ORDER IN ARRAY 
1301.000 * IQF.  NUE  IS THE NUMBER OF FORMULAS STORED IN THE BLOCK DATA. 
1302.000 •,eoTH IOF AND NOE ARE DEFINED IN THE DATA STATEMENT BELOW. 
1303.000 * . I0 = IQ POINT FORM. REQ. 
1304.000 * * NO = NEAREST AVAIL, IS NO POINT FORM. 
1305.000 * LOC = LOCATION OF FORM. 
1306.000 * 
1307.000 INTEGER IQF(13) 
1308.000 . DATA NOF,I0F/13,3,4,6,8,10,12,14,16,20,24,28,34,40/ 
1309.000*  
1310.000 DO 10 I = 1,NQF 
1311.000 IF (IO.LE,I0F(I)) GO TO 30 
1312.000 10 CONTINUE 
1313.000 . WRITE(6,20) 
1314.000 20. FORMAT(1X,IQUADRATURE FORMULA REQUIRED IS LARGER THAN THAT 1 7 

1315.000 + 1 AVAILABLE IN THE BLOCK DATA. SEE DOCUMENTATION. EXECUTION', 
1316.000 IERMINATED') 
1317.000 . STOP 
1318.000 30 NO = I0F(I) - - 
1319.000 CALL ORLOC(NO,LOC) 
1320.000 RETURN 
1321.000 END 
1322.000 SUBROUTINE ORLOC(NO,LOC) 
1323.000 * 
1324.000 * PURPOS'E - DETERMINE LOCATION OF INTEGRATION FORMULA.IN  BLOCK DATA 
1325,000 * BLOCK DATA IS ASSUMED TO CONTAIN THE FOLLOWING FORMULAE. 
1326.000 * 3,4,6,8110,12,14,16,20,24,28,34,40 PIS. 
1327.000 * 
1328.000 - 34) 10,170,180 
1329.000 10 - 24) 20,150,160 
1330.000 20 IF (NO  - 16) 30,130,140 
1331.000 30 IF (NO - 12) 40,110,120 
1332.000.40 IF (NO - 8) 50190,100 
1333.000 50 IF (NO - 4) 60,70,80 
1334.000 60 LOC = 0 
1335.000 RETURN 
1336..000 70 LOC =- 3 
1337.000 RETURN 
1338.000 80 )LOC = 7 
1339.000 . 'RETURN 
1340.000 90 LOC = 13 
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• 1341.000 RETURN 

1342.000 100 LOC = 21 
1343.000 RETURN 
1344.000 110 LOC = 31 
1345.000 RETURN 
1346.040 120 LOC = 43 • 
1347.049 RETURN 
1348.000 130 LOC = 57 
1349.000 . RETURN 
1350.000 140 LOC = 73 
1351.000 RETURN - 
1352.000 150 LOC = 93 
1353.000 RETURN • 
1354,000 160 LOC = 117 

• 1355,000 RETURN 
1356.000 170 LOÇ = 145 
1357,000 RETURN 
1358.000  180 LUC  = 179 
1359.000 RETURN 
1360,000 END ' 
1361,000 BLOCK DATA 
1362.000 COMMON/BLOCK/OX(219),OW(219) 
1363.000 * 3 PTS 
1364.000 DATA (OX(1),1=1,3)/-.774596669241,0.000000007+.774596669241/ 
1365.000 - DATA (QW(I)y1=1,3)/.55555555557.8888888888887 4 555555555555/ 
1366.000 * 4 PTS 
1367.000 DATA (OX(1),I=4,7)/-.861136311594,-.33998104358481.33998104358487 
1368.000 +.861136311594/ _ 
1369.000 DATA (OW(1),1=4,7)/.3478548451377.652145154862s.652145154862e 
1370,000 +.347854845137/ 
1371.000 ** 6 PIS, 
1372.000 DATA (0X(1)71=8/13)/.93246951420315,666120938646626, 
1373+000 +,23861918608319, 
1374.000 +- .23861918608319,-.66120938646626,-,93246951420315/ 
1375.000 DATA (OW(I),I=8,13)/.17132449237917p,360761573048147 
1376.000 +.46791393457269, 
1377.000 +.46791393457269,t36076157304814,,17132449237917/ 
1378.000 * 8 PIS. 
1379.000 DATA (QX(1),I=14,21)/-.9602898564,-,7966664774?-.52553240991 
1380.000 +- .1834346424Y+1834346424,.52553240997.7966664774p.9602898564/ 
1381.000 DATA (OW(1),1=14Y21)/..1012285362,,22238103447.3137066458, 
1382.000_ +,3626837833,.36268378337.3137066458,.2223810344,.1012285362/ 
1383.040* 10 PIS. 
1384.000' 
1385.000 
1386.000 
1387.000 
1388.000 

DATA (OX(1)71=22731)/-.9739065285,-,8650633666,-.6794095682, 
+-.4333953941,-.1488743389i 
+.1488743389,.4333953941,.6794095682,.8650633666Y.9739065285/ 

DATA (QW(1),1=22,31)/.0666713443t.1494513491,.21908636257 
+.2692667193,.2955242247, 

1389,000 +,29552422477.26926671937.2190863625,.1494513491,.0666713443/ 
1390,000 * 12 PIS. 
1391.000 DATA (QX(1),I=32,43)/-.981560634246,-,90411725637,-.7699026741947 
1392+000 +- .587317954286, - ,367831498998,-.125233408511Y.125233408511, 
1393,000 +.367831498998,.587317954286/.769902674194,.904117256370p 
1394.000 +.981560634246/ 
1395.000 DATA (OW(1),1=32,43)/.047175336386,.106939325995,.1600783285437 
1396+400 . +.203167426723+23349253.65387.249147045813,.2491470458131 
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1397.000 +,233492536538,.203167426723,.160078328543,.106939325995, 
1398.000 +.047175336386/ 
1399.000 * 14 PIS. 
1400.000 DATA WX(1),I=44,57)/-.986283808696,-.928434883663,-.827201315077 
1401.000 
1402.000 
1403.000 
1404.000, 
1405.000 
1406.000 

+-.687292904811,-.515248636358,-.319112368927,-.108054948707, 
+.1080549487071.319112368927,4515248636358,.687292904811, 
+.8272013150691.9284348836631.986283808696/ 

DATA (OW(1)11=44,57)/.035119460331,.0801580871597.121518570687, 
+.157203167158,.185538397477,4205198463721,.215263853463, 
+.215263853463,.205198463721,.185538397477,.157203167158, 

1 
1407.000 +,121518570687,.080180871591.035119460331/ 
1408.000 * là PIS, 
1409.000 DATA (8X(1),I=58,73)/-.989400934991,-.944575023073,-.865631202388, 
1410'000 
1411,000 
1412.000 
1413,000 
1414.000 
1415.000 
1416.000 
1417.000 

+- .755404408355,-.617876244403,-.458016777657,-,281603550779, 
+-.095012509837,.095012509837,.281603550779,.458016777657, 
+.6178762444031.7554044083551.865631202387,.944575023073, 
+.989400934992/ 

DATA (014(1),1=58,73)/,0271524594127.0622535239387.095158511682, 
+.1246289712551.149595988816,,169156519395,.182603415045, 
+.189450610455,.189450610455,.1826034150457.1691565193957 
+.149595988816,.1246289712557.0951585116827,062253523938, 

1418.000 +.0271524594117/ 
1419.000 * 20 PIS. 
1420.000 DATA (/X(1),I=74,93)/-.9931285991,-,9439719272,-.9122344282, 
1421.000. +-.8391169718, . 
1422.000 +-.7463319064,-.6360536807,-,5108670019,-.3737060887,-,22778585111 
1423.000 4-.076526521137.076526521137.2277858511,.3737060887,.5108670019, 
1424.000 . .+.6360536807,, 
1425.000 +,7463319064,.8391169718,.9122344282,,9639719272,.9931285991/ 
1426.000 DATA (OW(1),1=74,93)/.01761400713,.04060142980,,06267204833, 
1427.000 +.08327674157, 
1428,000 +.1019301198,.1181945319,.1316886384,.1420961093,,14917298à4, 
1429.000 +.1527533871, 
1430,000 +.1527533871,.1491729864,.1420961093,.1316886384,.1181945319, 
1431.000 4,1019301198, 
1432.000 +.08327674157,.06267204833,.04060142980,401761400713/ 
1433.000 * 24  PIS. 
1434.000 
1435.000 
1436.000. 
1437.000 
1438.000 
1439.000 
1440.000 
1441.000 
1442,000 
1443.000 

DATA (GX(I),I=94,117)/-.9951872199,-.9747285559,-.9382745520, 
+-.8864155270,-.8200019859,-.7401241915,-.6480936519, 
+-.5454214713,-.4337935076,-.3150426796,-.1911188674, - 
f-.06405689286,4064056892867.1911188674,.310426796,.4337935076, 
+.54542147137,6480936519,.7401241915,48200019859,.8864155270, 
+.9382745520,.9747285559,.99518721991 

DATA (OW(1),1=94,117)/.0123412297942853138862,.04427743881, 
+.05929858491,.073346481411,08619016153,.09761865210,.1074442701, 
+.1155056680,.1216704729,.1258374563,..1279381953,.1279381953, 
+.1258374563,.1216704729,.1155056680,.10744427017.0976186521, 

1444.000 +.086190161531.07334648141,s05929858491,.044277438817 
1445.000 +.02853138862,.01234122979/ 
1446.000 *  28-PIS. 
1447.000 DATA (QX(1),I=118,145)/-.9964424975,-.9.813031653,-.95425928067 
1448.000 : +-.9156330263,-.8658925225,-.8056413709,-.7356108780, 
1449.000 +-.6566510940,-.5697204718,-.4758742249,-,3762515160, 
1450.000 . +-.2720616276,-.1645692821,-.055079289881.05507928988, 
1451.000 +.1645692821,.2720616276,.3762515160›.4758742249,,5697204718, 
1452.000 +.6566510940,.73561087807.8056413709,.8658925225e.9156330263, 

I 
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1453.000 +.9542592806/.98130316531.9964424975/ 
1454+000 DATA (QW(1)/1=118/145)/.009124282593/.02113211259,.03290142778, 
1455.000 +.044272934757.05510734567/.06527292396/.07464621423, , . 
1456.000 +.08311341722/.09057174439/.096930657997.10211296751.1060557659/ 
1457.000 +.1087111922/.1100470130/.1100470130/.10871119221.1060557659/ 
1458.000 +.10211296757.09693065799,+09057174439/.08311341722/.07464621423/ 
1459.000 +.06527292396,.05510734567/.044272934757.03290142778/ 
1460.000 +.02113211259/.009124282593/ 
1461.000 * 34 PTS. 
1462.000 - DATA- (0X(1)/1=146,179)/-.99757175371-.9872278164,-.9687082625e 
1463.000 .+-.9421623 974,-.9078096777,-.8659346383,-.8168842279, 
1464.000 +-.7610648766,-.6989391132,-.6310217270,-.5578755006/ 
1465.000 +-.4801065451,-.3983592777,-.3133110813,-.2256666916, 
1466.000 +-.13615235721-.04550982195/.04550982195/.1361523572, • 
1467.000 +.22566669167.31331108137.3983592777/.48010654511.55787550061 
1.468.000 +.63102172707.69893911.32/.76106487661.81688422797.86593463831 
1469.000 +.9078096777/.9421623974/.9687082625/.98722781641.9975717537/ 
1470.000 DATA (OW(1)11=146/179)/.0062291405557.014450162741.022563721987 
1471.000 
1472.000. 

+.03049138063/.038166593791.04552561152/.05250741457/i05905413582, 
+.06511152155/.07062937581/.07556198466/.07986844433/.08351309969, 

1473.000 +.08646573974 .08870189783,.09020304437.09095674033+09095674033  
1474+000 .++09020304437/.08870189783/.08646573974/.08351309969/.07986844433, 

• • 1.475.000 - +.07556197466/.07062937547.06511152155/.059054135821.052507414577 
1476.000 - +.045525611527.03816659379/.030491380637.02256372198/.014450162747 
1477.000 +.006229140555/ 
1478.000 * 40 PTS. 
1479.000 DATA (GX(1)/1=1807219)/-.9982377097,-.99072623867-.9772599499/ - 
1480.000 +-.9579168192,-.9328128082,-.9020988069,-.8659595032/-.8246122308, 
1481.000. +-.7783056514,-.7273182551,-.6719566846,-.6125538896r-.5494671251 .  
1482.000 +-44830758016,-.4137792043,-.3419940908,-.2681521857-.19269758071 
1483.000. +-.1160840706.0387724175,.0387724175,.1160840706/.1926975807, 
1484.00 0 +..2681521854.3419940908/.41377920437.4830758016/.5494671251 
1485.000 +.6125538896/.6719566846/.7273182551/.7783056514/.82461223081 
1486.000 +.86595950321.9020988069,.9328128082/.9579168192/.9772599499, 
1487.000 +.9907262386/.9982377097/ 
1488.000 . DATA (GW(1),1=186,219)/,00452127709/.0104982845/.0164210583/ 
1489.000 +.02224584911.0279370069/.0334601952/.0387821679/.0438709081, 
1490.000 +.0486958076/.0532278469e.0574397690/.0613062424/.0648040134, 
1491.000 +.0679120458/.0706116473,,0728865823/.07472316901.0761103619, 
1492.000 +.07703981817.0775059479/.0775(559479/.07703981817.07611036191 
1493.000 +.07472316901.07288658231.0706116473/.0679120458/.06480401347 

. 1494.000 +.0613062424/.0574397690/.05322784697.04869580761.0438709081, 
1495.000 +,03878216797.0334601952/.0279370069/.0222458491/.01642105837 
1496.000 _4.0104982845/.00452127709/ 
1497.000 END  
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I I 
1 
1 
\I 

1*000 -DBS BEAM CANADA 504 (POTTER FEED HORNS ) 
2.000 12.450 
3.000 24 
4.000 1 
5.000 .100 0.0 
6.000 *62 .62 .62 .62 .62 .62 .62 *62 * 62 .62 *62 .62 .62 .62 ,62 .62 *62 .62 
7.000 462 *62 .62  • 62..62 .62 - 
8.000 .35 .35 .35 .35.35 .35 .35 .35 .35 .35 .35 .35 .35 .35 .35 .35 .35 
9.000 .35 .35 .35 .35...35 .35 .35 
10.000 5.0 5.0 5,0 5,0 5.0 5.0 5.0 5.0 5.0 5,0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 
11.000 5.0 5.0 5.0 5.0 5.0 5.0 . 
12.000 0 - 
13.000 0 
14.000 2.16 *96...0 2.16 -.28 .0 2.16 -1.52 *0 2.16 -2.76 .0 
15.000 1.08 1.58 .0 1.08 *34 .0 1.08 -.90 .0 1.08 -2,14 ,0 1.08 -3.38 .0 
16.000 .0 2.2 .0 *0 .96 .0 .0 -.28 .0 .0 -1.52 .0..0 -2.76 .0  
17.000 -1.08 2.82..0 -1.08 1.58 *0 -1.08 .34 *0 -1.08 -.90 .0 -1.08 -2.14 .0 
18.000 -2.16 3.44 *0 -2.16 2.20 .0 -2.16 .96 .0 -2.16 -.28 *0 
19.000 -.54 -4.30 .0 
20.000 0.0 -26.6 0.0. 
21.000 3 
22.000 1.0 1.0 1.0 1.0-1.0 14.0.1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0* 1.0 1.0 1,0 
23.000 1.0 1.0 1.0 1.0 1.0 1:-0 • 
24,000 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
25.000 0.0 0.0 OA 0.0 0.0 0.0 - 
26.000 .027 .0 .053 .0 .038 .0 *030 .0 .06U *0 .050 .0 *048 .0 .055 .0 .054 *0 
27.000 .053 e0 .049 .0 .050 .0  .048.0  .049 .0 .4,41 .0 *047 .0 .051 . 
28.000  .041 e0 .0092 *0 *039 40 *049 .0 .044 .0 .014 .0 .0008 49.0 
29.000 124.0 106.0 106.0 60.0 0.0 
30.000 0 
31.000 0 
32.000 -1.50 +1.50 13 -1,0 +1.0 9 
33.000 0.0 0.0 0.0 
34.000 0.0 

Ill 
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A.4 SAMPLE OUTPUT  

1.000 DBS BEAM CANADA 504 (POTTER FEED HORNS ) 
2.000 FREOUENCY IN GHZ 
3.000 12.4500 
4.000 NO OF FEED HORNS 
5.000 24 
6.000 HORN TYPE - 02PYRAMIDAL 12CDNICAL 
7.000 1 
8.000 AMPL. AND PHASE (RAD) OF HMI-1ER ORDER MODE 
9.000 .1000 .0000 

10 4000 APEReURE RADIUS OF HORN APERTURE IN INS. 
11.000 .6200 .6200 , .6200 .6200 .6200 .6200 .6200 .6200 .6200 .6200 .6200 .6200 
12.000 .6200 .6200 .6200 .6200 .6200- .6200 .6200 .6200 .6200 .6200 .6200 .6200 
13,000 RADIUS OF INPUT WAVEGUIDE IN INS. 
14.000 .3500 .3500 .3500 .3500 .3500 .3500 .3500 .3500 .3500 .3500 .3500 .3500 
15.000 .3500 .3500 .3500 .3500 .3500 .3500 .3500 .3500 .3500 .3500 .3500 .3500 
16.000 HORN LENGTH IN INS 
17.000 5.0000 5.0000 5.0000 5.0000 5.0000 5.0000 5.0000 5.0000 5.0000 5.0000 5.0000 5.0000 
18.000 5.0000 5.0000 5.0000 5,0000 5.0000-., 5.0000 5.0000 5.0000 5.0000 5.0000 5.0000 5.0000 
19.000 HORN APERTURE FIELD MODEL - 02E-FIELD 1=Cjiti 
20.000 0 
21.000 OPT. CHOSEN - COLLECTIVE MOVEMENT AND ROTATION OF HORN ARRAY 
22,000 0 
23.000 DISPLACEMENTS OF FEEDS IN INS ,  
24.000 2.1600 .9600 .0000 211600 ,-.2800 .0000 2.1600 -1.5200 .0000 2.1600, -2:7600 .0000 
25.000 1.0800 1.5800 .0000 1.0800 .3400 .0000 1.0800 -.9000 .0000 .. 1.0800 -2.1400 .0000 
26,000 1.0800 -3.3800 .0000 .0000 2 42000 .0000 .0000 .9600 .0000 +0000 -.2800 40000•
27.000 .0000 -1.5200 .0000 .0000 . -2.7600 .0000 -1.0800 2.8200 A000 t1.0800 1.5800 .0000 
28.000 -1.0800 .3400 .0000 -1.0800 -.9000 .0000 -1.0800 -2.1400 -40000 -2.1600 3.4400 .0000 
29.000 -2.1600 2.2000 .0000 -2.1600 .9600 .0000 -2.1600 -.2800 .0000 -.5400 -4.3000 .0000 
30.000 ROT, OF.FEEDS ABOUT X-e-t AND. Z-AXIS IN DEG. 
31.000 .0000 -26.6040 .0000 
32.000 POLAR, OF SECON. BÉAM VP-21,HP22tRHCP23,LHCP24 
33.000 3 
34.000 AMPL IMBALANCE OF Y-PORT REL. TO X-PORT . 
35.000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 . 1.0000 1.0000 1.0000 1.0000 -1.0000 1.0000 
36.000 1.0000 1.0000 1.0000 14000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 
37.000 PHASE DEPARTURE OF Y-PORT FROM QUADRATURE IN DEG. 
38.000. .0000 .0000 .0000 ::.0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 
39.000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 *0000 .0000 .0000 
40.000 POWER(W) AND PHASE(DEG).OF FEED EXCITATIONS 
41.000 .0270 .0000 .0530 .0000 .0380 .0000 .0300 .0000 .0600 .0000 .0500 .0000 
42.000 .0480 .0000 .0550 .0000 .0540 . .0000 .0530 .0000 .0490 ..0000 .0500 .0000 
43.000 .0480 .0000 .0490 .0000 .0410 .0000 .0470 .0000 .4510 .0000 .0410 .0000 
44.000 .0092 .0000 .0390 .0000 .0490 .0000 .0440 .0000 4140 .0000 *0008 49.0000 
45.000 FOC LTH.APER. X-DIM,Y-DIM AND X-t Y-OFFSET IN INS. 
46.000 124.0000 106.0000 106.0000 60.0000 .0000 
47.000 START,STOP AND NI OF.PTS.  FOR  ADEL.SCAN 
48.000 -1.50000. 1.50000 -  13 -140000 1.00000 9 
49.000 X-1Y-d-TRANSLATION OF FIELD  CO-ORD. SYSTEM IN INS 
50.000 .0000 .0000 .0000 
51.000 ROTATION OF FIELD POLARISATION VECTOR IN DEGREES 
52.000 .0000 
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- - -- 
1.000* 34,34 36.57 36.72 35.92 35.16 3405 32.52 27.58 15.49 9.78 11.23 5.53-15.48 

.750* 35.37 38.46 39.22 38.66 37.91 37.49 36.73 34,48 29.92 22.73 15.55 11.82 4.59 

.500* 32.49 37,26 39.00 38.89 38.22 38.09 38.27 37.66 35.67 32.38 28.25 22.74 11.64 

.250* 25.41 34.16 37.67 38.40 37,86 37.55 37.95 38.23 37.72 36.46 34.56 31.36 25.00 

38.29 37.49 37.17 37.40 37.77 38,06 37.85 

39,15 38.51 37.56 37.09 37.52 38.65 39.45 

39.02 39.35 38.76 37.98 37.89 38.83 39.72 

36.84 38 ..56 38.86 38.32 37.79 38.00 38.34 

31.77 35.04 36.25 36.06 35.27 34.78 34.38 

36.21 31.81 

38.66 35.14 

39.10 35,72 

37,32 33.47 

32,65 27,62 

- XPOLAR GAIN IN DB 

53.000. NO. OF INTEG, PTS. SELECTED FOR RADIAL AND PHI-VAR. 
54.000 12 12 
55.000 
56,000 
57.000 
58.000 SPILL-OVER EFFICIENCY r: ..724 
59,000 
60.000 
61,000 
62.000 
63.000 
64.000 
65.000 
66.000 
67.000 
68.000 ELEV * 
69.000 (DEG) -1,50 -1.25 -1.00 -.75 -.50 -.25 .00 .25 
70.000 * * * * * * * * * * * * * * * * * * t * * * * g * * * 

* * * * * 
71.000 
72.000 
73.000 
74.000 
75.000 
76.000 
77.000 
78.000 
79.000 
80.000 
81,000 
82.000 
83.000 
84.000 
85.000 .000* 13,08 30.74 36.57 38.47 
86.000 
87.000 
88.000 -.250* 9.45 27.12 35.29 38.49 
89.000 
90.000 , 
91,000 -.500* 15.12 19,22 34,95 37.01 
92.000 
93.000 
94.000 -.750* 17.30 12.00 23,95 32.86 
95.000 
96.000 
97.000 -1.000* 
98.000 
99.000 

100.000 
101.000 
102.000 
103.000 

12.37 1409 5.04 24.88 

AZIMUTH (DEG) 

•

.50 .75 1.00 1.25 1.50 
* * * * * • * * * * * * * * * * * * * * * * * *-* * * * * * * * * 

CO-POLAR GAIN IN DB 

104.000 
105.000 
106.000 ELEV * 
107.000 (DEG) * -1.50 -1.25 -1.00 -.75 

AZIMUTH (DEG)-- - 
-.50 -.25 .00 .25 .50 .75 1.00 1.25 1,50 
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1 

1 

1 
1 
1 

163 * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 
• * 

1,000* -27.0 -38.1 -31 40 -27.5 -32.1 -37.4 -30.4 -28.5 -31.2 -37.2 -39.4 -35.5 -38.8 

.750* -28.5 -29.9 -29.8 -25.2 -24.7 -26.2 -29.6 -42,3 -34,0 -31.0 -30.9 -30.9 -32.7 

.500* -33,4 -26.9 -27.1 -35,8 -30.2 -26.2 -25.1 -29.0 -41.1 -39.8 -32,3 -28.5 -27.7 

.250* -319 -27.0 -21,8 -24.5 -31,3 -40 4 7 -35.3 -30.4 -28.7 -29.9 -39.6 -31.1 -25.7 

*- 
400* -25.5 -41.3 -24,0 -24.9 -28.5 -27.2 -31.0 -44.4 -30.0 -26.0 -27.9 -36.5 -27.3 

-.250* -22.9 -27.5 -29.9 -27.2 -35,7 -37.9 -31.6 -32.4 -45.3 -32.0 -29.4 -35.7 -31.3 

-.500* -24.8 -25.3 -33.4 -25.2 -24,2 -27,2 -34.4 -50.9 -31.7 -31.8 -46.0 -38.8 -30.3 

• 
-.750* -30.3 -25.8 -3145 -37.7 -29.5 -2742 -27.3 -27,3 -24.2 -24,4 -31,7 -37.4 -28.0 . - 

* 
-1.000* -44.4 -28.2 -25.8 -26.2 -28.7 -38,4 -33.7 -26.5 -24,8 -27,2 -38.0 -29.1 -26.3 

£0-POLAR PHASE IN DES: 

ELEV * . AZIMUTH (DEO) 
(DEG) * -1.50 -1.25 -1.00 -.75 -.50 -.25 40 .25 .50 .75 1.00 1.25 1.50 
* * * * * * * * * * * * * * * * * * *-* *-* * * * * * * * * * * * * * * * * * * * t * * * * * * * * * * * * * * * * * * 

108.000 
* * * * * 

109.000 
110,000 

I 111,000 
112.000 
113.000 
114,000 
115400 
116.000 
117.000 
118.000 
119.000 
120.000 
121.000 
122,000 
123,000 
124.000 
125.000 
126.000 
127.000 
128.000 
129.000 
130.000 
131,000 
132.000 
133.000 
134,000 

I 135.000 
136.000 
137,000 
138,000 
139,000 
140,000 
141,000 

I 142.000 
143.000 
144.000 
145.000 

à• 146,000 
* * * * * 
147.000 
148,000 
149.000 1.000* 169,9 171.1 174.5 177.8 
150.000 
151,000 
152.000 .750* 74,3 72,9 74.5 77,4 
153.000 
154.000 * 
155.000 .500* -21.6 -25.3 -24.7 -22 41 
156.000 
157.000 
158.000 
159.000 
160.000 
161.000 

17747 174.9 173.5 175.3 

78.8 77.7 76,8 78.1 

-19,8 -20 4 1 -21.2 -20.7 

178.8 23.7 47,6 88.7-177.7 

80.2 75.2 43.6 10.0 -41.6 

-19.2 -19.1 -23.1 -29:9 -39.5 

.250*-113.1-121.5-122.0-120.0-117.5-1174-118.3-118.4-116.9-115.8-116,3-117.5-118.1 

•000*-179.3 144,8 142 43 143.0 144.9 146.1 145.8 145.8 146,8 147.1 146.3 145.3 144.5 

1 



162.000 
.163.000 . * 
164.000 -.250*-174.6 
165,000 
166.000 
167+000 -.500* 122.6 
168,000 
169.000 
170.000 -.750* 34,5 
171.000 
172.000 
173.00.0  -1,000* -54;6 

* 

51.6 46.7 46.0 46.7 47.8 48.7 49,4 49.5 48.4 46,7 46.3 46.0 

-38.0 -48,5 -50.8 -51.3 -51+2 -50,7 -50.1 -50.5 -51.9 -52.8 -52.4 -51.2 

13.7-139.9-146.2-148.4-149J-149.6-149,7-150,4-151.5-151,2-149,1-145.5 

-66.4-155.6 122.3 116.8 114.7 1118 113,4 112.4 111,7 113,2 117.8 126.5 

164 



APPENDIX B 

B.1 Description of Computer Program PAREFM_SIF 

IDENTIFICATION: PAREFM_SIF 
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AUTHOR: 

The program calculates the field radiated by a 

parabolic reflector antenna with projected 

elliptical aperture using the method of physical 

optics. The radiation patterns of the feeds are 

provided by the user. Either linearly or circularly 

polarized patterns may be specified. 

K. K. Chan, 
Chan Technologies Inc., 
26 Calais Circle, 
Kirkland, Quebec, 
H9H 3V3. 

PURPOSE: 

Tel. No. (514) 697-9400 
(514) 697-6419 

DESCRIPTION: The geometry of the general reflector antenna system 

is the same as that treated by program PAREFC_SIF. 

The co'-ordinate systems used are the same. The 

only difference here is that the primary radiation 

patterns of the feeds are provided , by the user. 

This capability allows the user to enter either 

measured amplitude and phase patterns of feeds or 

computed patterns of specialised feeds predicted 

by different programs. 

It is visualised that each feed has two orthogonal 

input ports, Port land Port 2. In LP systems 

only one port, Port 1, is used. In this case, 



FREQ 

NHORN 
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Port 1 is the co-polarized port and may be 

designated as either the X-port (parallel to the 

local X-axis) for vertical polarization or the 

Y-port (parallel to the local Y-axis) for 

horizontal polarization. In CP systems both ports 

are used. If the feed has principal and diagonal 

plane symmetry, only the E- and H-plane patterns 

for Port 1 are required. If the feed does not 

have diagonal planes symmetry_t  such as a rectangular 

horn, and is used in a CP system, then E- and H-

plane patterns for both Port 1 and Port 2 must 

be entered. Feed patterns are thus assumed to 

possess at least a Sin 0 - Cos gs symmetry i.e. 
symmetric about the principal planes. Patterns 

are to be provided at equally spaced intervals 

starting from the broadside direction with 9 = 

0 deg. Quadratic interpolation is used to find 

the fields for the in-between points. 

USAGE (INPUT): Input data required by the program are to be 

supplied in a file named PAREFM_DAT. Data is 

read in free format and must follow the sequence 

laid out below. Data input is list directed. 

MEAD( I:) - Header describing the particular run. Maximum of 

60 characters. Limitation due to array dimension. 

- Frequency in GHz. 

- Number of feeds in array. Maximum determined by 

array dimensions. See Restriction. 
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OPTH 

DX (I) 

DY (I) 

DZ (I) 

ALPHA (I) 

BETA (I) 

GAMMA (I) 

IPOLA 

ISYMM 

- Option for specifying feed positions and rotations. 

See description for program PAREFC_SIF. 

= 0, Collective movement and rotation of feed array. 

= 1, Individual movement and rotation of feed 

element. 

Displacements of component feeds in inches from 

- focal point. A set of values must be provided 

for each feed. 

Rotations about the X-, Y- and Z- axis in degrees. 

- If option of collective movement is chosen, only 

one set of values need be provided. Otherwise, a 

set must be provided for each feed. 

- Polarization of secondary beam. 

= 1, Vertical polarization (VP). 

= 2, Horizontal polarization (HP). 

= 3, Right hand circular polarization (RHCP). 

= 4, Left hand circular polarization (LHCP). 

- Parameter to indicate if feed has diagonal plane 

symmetry in addition to principal plane symmetry. 

= 0, YES. 

= 1, NO. 

NPP - Number of equally spaced points per principal plane 

describing pattern. See Restriction. 

PAI - Angular increment of pattern points in degrees. 

ISAME - Parameter to indicate whether all the feed patterns 

are the same. 
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= 0, Identical. . 

= 1, Not identical. 

EPA (I,J,K)  7 E-plane amplitude (dB) and phase (deg) patterns 

EPP (I,J,K) . of Port 1. In LP system, this port corresponds 

to the co-polarized port. In  CF  system, this 

11 port corresponds to the X-port. NPP pairs of 

values are to be provided. 

HPA (I,J,K) H-plane amplitude (dB) and phase (deg) patterns 

HPP (I,J,K) of Port 1. Above comments apply.' HPP pairs of 

values are to be provided. 

, If all the feeds are not the same •, ISAME = 1, 

then the above information must be provided for 

each feed i.e. 2*NPP pairs of values per feed. 

If for CF  system, the feeds do not possess diagonal• 

11 symmetry, the above data must be provided for the 

second port. 

I is the index for the pattern points. 

J is the index for the feeds. 

K is the index for the orthogonal ports. 

CXY (I) - Amplitude imbalance of Y-port relative to X-port 

1 CF  only. An entry must be provided for each feed. 

II PSI (I) — Departure from phase quadrature of the Y-port 

relative to the X-port in degrees. CP only. 

II An entry must be provided for each feed. 

I HPWR (I) - Power input to each feed in watts. 
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HPHASE(I) - Relative phase excitation of each feed in deg. 

F - Focal length of parabolic reflector in ins. 

SX2 - X-dimension of elliptical reflector aperture in ins. 

SY2 - Y-dimension of elliptical reflector aperture in ins. 

DELTAX - X-offset of aperture centre in inches.' 

DELTAY - Y-offset of aperture centre in inches. 

OPTB Option for specifying limits of integration. 

This feature may be used to simulate aperture 

blockage. 

= 0, Limits are generated by program. No 

bIbckage is assumed. 

= 1, Limits are specified by user. 

NREG - Number of regions of - integration. In the 

program this number is set equal to 4.. 

PHL(I), Lower and upper limits of et - integration for 1 

PHU(I) - the I th region in radians. 

BX2, BY2 - X- and Y-dimension of central elliptical blockage 

in inches. 

OPTQ - Option of specifying number of integration points. 

= 0, Determined by program. 

= 1, Specified by user. 

NQR - No. of integration points in the radial-direction 

(r1  ). Choose from: 3,4,6,8,10,12,14,16,20,24,28,34,40 

NQP - No. of integration points in the phi-direction 

(01 ). Choose from: 3,4,6,8,10,12,14,16,20,24,28,34,40 

AZS - Start of azimuth cut in degrees. 

AZE End of aximuth cut in degrees. 

NAZ Number of azimuth points. See Restriction. 

ELS - Start of elevation cut in degrees. 

ELE End of elevation cut in degrees. 
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NEL - Number of elevation points. See Restriction. 

XDQ, YDQ,- X-, Y- and Z- translation of field co-ordinate 

ZDQ - system from global system in inches. 

PVR - Angular rotation about Z-axis of field pola- 

rization vector in degrees. It is used to 

rotate the linear polarization vector in cases 

where minimising rain attenuation is important. 

For CP application, it has the effect of rotating 

• the polarization ellipse. In most situations, 

it is set equal to GAMMA. 

In the above input list, all variables beginning 

with the letter I through N as well as OPTH, OPTB and . 

OPTQ, are integer variables. The flow chart for the data 

input section is shown in Figure El. 

OUTPUT: 

All input data are printed out for the purpose 

of  verification and run identification. The 

spillover efficiency of the reflector is printed 

out next, followed by the co-polar component 

gain, cross-polar component gain, and co-polar 

component phase. The gain, expressed in dBi and 

the phase in degrees are presented in a tabular 

form. A column corresponds to an elevation cut 

while a row gives the azimuth cut. 

In addition to the above output to the line printer, 
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the co-polar gain matrix together with the header 

and angular information on the observation frame 

(AZS, AZE, NAZ, ELS, ELE, NEL) are written into 

a file named GNMAT. This gain file - can be assessed 

later for contour plotting purposes. 

CODING INFORMATION: 

Program is written in FORTRAN 77 for use on the 

CRC Honeywell CP-6 computer system. 
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RESTRICTIONS: 

The restrictions on the antenna configuration 

that can be analysed is solely due to array dimensions. In order 

to minimise the demand on computer resources, the arrays have been 

dimensioned to cover many of the cases usually encountered. In 

certain situations such as DBS applications where the number of 

feeds required or the number of integration points needed or the 

field of view exceeded those envisaged, etc.; the pertinent arrays 

must be changed according to the following prescriptions. The 

preset limits of these arrays are defined in the DATA statement at 

the beginning of the main program. 

To Increase the Number of Feeds (NHORN) 

The program has been set to allow a maximum of 30 

feeds. If NHORN exceeds this number, the following changes are 

necessary. 

MAIN PROGRAM: 

(i) Change the dimensions of the following arrays to 

the value of NHORN - 

DX, DY, DZ, GAMMA, BETA, ALPHA, HPWR, HPHASE, AN, 

CXY, PSI, W11, W12, W13, W21, W22, W23, W31, W32, 

W33, CX, CY, 

(ii) If all the component feeds are the same, the 

second dimension (J) of the following three 

dimensional arrays can be set to unity - 

EPA(I,J,K), EPP(I,J,K), HPA(I,J,K), HPP(I,J,K) 
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If the feeds are not identical, then the second 

dimensions of the above arrays must be set equal 

to the value of NHORN. 

(iii) Change the value of MAXHRN in the data statement 

to the value of NHORN. 

SUBROUTINE SOURCE: 

Change the dimensions of the following arrays to 

the value of NHORN - AN, HPHASE, CX, CY, PSI. 

SUBROUTINE PAT: 

Same as step (ii) under MAIN PROGRAM. 

To Increase the Number of Points Describing Feed Pattern (NPP) 

The program has been set to allow a maximum 

(MAXNPP) of 46 points to describe a principal plane of a feed 

pattern. If NPP exceeds this value, then incorporate the following 

changes. 

MAIN PROGRAM: 

(i) Change the first dimension of the following 

arrays to the value of NPP - 

EPA, EPP, HPA, HPP. 

(ii) Change the value of MAXNPP in the data statement 

to the value of NPP. 
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SUBROUTINE PAT: 

(i) Change the first dimension of the following arrays 

in the common statement to the value of NPP - 

EPA, EPP, HPA, HPP. 

To Increase Array Sizes to Accomodate Larger Number of Integration 

Points. 

The maximum number of integration points allowable 

in the radial (NQR) or phi-direction (NQP) is given by the variable 

MAXQ. At present, the value of MAXQ is 24. With the available 

quadrature formulas contained in the BLOCK DATA, MAXQ may be set 

to a miximum value of 40. If NQR or NQP exceeds MAXQ, make the 

following changes. 

MAIN PROGRAM: 

(i) Change the value of MAXQ in the data statement 

to NQR or NQP, whichever is larger. 

(ii) Change the first dimensions of arrays RDL and RDU 

to the value of MAXQ. 

(iii) Alter the dimensions of the following arrays to 

4*MAXQ*MAXQ - 

XG, YG, ZG, RJX, RJY, RJZ 

SUBROUTINE FIELD: 

(i) Alter the dimensions of the following arrays to 

4*MAXQ*MAXQ - 

X, Y, Z, RJX, RJY, RJZ. 
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To Increase Frame of Observation 

The field of observation is defined by a rectangular 

grid of elevation and azimuth cuts. The number of grid points in 

the elevation direction is given by NEL and its maximum is set by 

MAXEL. Similarly, the number of grid points in the azimuth direction 

is given by NAZ and its maximum is set by MAXAZ. At present, the 

values of MAXEL and MAXAZ are equal to 41. 

MAIN PROGRAM: 

(i) Change the values of MAXEL and MAXAZ in the data 

statement to NEL and NAZ respectively. 

(ii) Alter the dimensions of arrays EL and AZ to MAXEL 

and MAXAZ resPectively. 

(iii) Alter the dimensions of arrays CGN, CPH, and XGN 

to the product MAXEL*MAXAZ. 



Feed Lotations 
ALPHA(I), BETA(I) 
GAMMA(I), 
T = 1, NH 

Polarization of Sec. 
Beam, IPOLA 

Header, IHEAD 

Frequency, FREQ 

No. of Horns, NHORN 

Feed Location and 
Orientation Option, 
OPTH 

Feed Displacements 
DX, DY, DZ 

NH = 1 NH = NHORN 

Figure B.1 Flow Chart of Input Data File for PAREFM_DAT 
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Symmetry Parameter, 
ISYMM 

No. of Pattern Pts, NPP 
Angular Interval, PAI 

Pattern Similarity Parameter, 
ISAME 

IPORT = 1 IPORT = 

Are patterns 
— identical ? 

NF = NHORN 

Ali.....«•n••• nn•n•n••. 

r- 
FeedlLoop 
J=1, NF 

Amplitude and Phase Patterns 
EPA(I,J,K), EPP(I,J,K), I=1, NPP 
HPA(I,J,K), HPP(I,J,K), I=1, NPP 

Port Loop 
K=1, IPORT 

1  



Power, Phase Horn Excitation 

HPWR(I), HPHASE(I), I=1, NHORN 

Reflector Parameters 

F, SXZ, SYZ, DELTAX, DELTAY 

CP 

Ampl.-Imbal., Phase Error 

cxy(i), psi(i), 1=1, NHORN 

5 

Integ. Limits Option, OPTB 

NO IS OPTB .EQ. 0? YES  

Spec. b enerate 
user by progr 

No. of Reg. of Sh --integ. 

NREG 

Limits of 0- integ. 

PHL(I), PHU(I), I=1, NREG 

X- and Y- Dim. of Central 

Blockage, BX2, BY2 

60 
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Integration Formula Opt. 

OPTQ 

NO YES IS OPTQ .EQ. 0? 
by use-r-------"\ __________./ Spec. 

by 
Spec. 

program 

No. of radial and phi-int g. 
pts., NQR, NQP 1 

•  Observation Frame 

AZS, AZE,  NAZ I  ELS, ELE, NEL 

Transi. of Field Co-ord. Sys. 

XDQ, YDQ, ZDQ 

Rotation of Polar Vector 

179 
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B . 2 PROGRAM  LISTING 

1.900 
2.000 * 
3.000 * PHYSICAL OPTICS ANALYSIS OF A PARABOLIC REFLECTOR FED BY A 
4.000 * MUtTI-FEED ARRAY. 
5.000 * THE REFLECTOR HAS AN ELLIPTICAL APERTURE AND IS OFF-SET IN THE 
6.000 * X- AND Y- DIRECTION. FAR:FIELD CO-POLARISED AND CROSS-POLARISED 
7.000 * GAIN MATRICES ARE COMPUTED OVER A RECTANGULAR ELEVATION - AZIMUTH 
8.000 * GRID. 
9.000 * MAIN FEATURES OF THE PROGRAM ARE THE FOLLOWING - 
10.000 * MULTIPLE FEED CAPABILITY. 
11.000 * USER:.SUPPLIED MEASURED OR COMPUTED FEED PATTERN DATA. 
12.000 * PATTERNS CAN EITHER BE FROM FEEDS WITH PRINCIPAL PLANES SYMMETRY 
13+000 *  OR.  FROM FEEDS .WITH BOTH PRINCIPAL AND DIAGONAL PLANES SYMMETRY. 
14.000 * MODELING OF APERTURE BLOCKAGE BY FEED AND STRUTS. 
15,000 * AUTOMATIC SELECTION OF INTEGRATION LIMITS AND FORMULAS. 
16.000 * CHOICE OF CIRCULAR OR ROTATABLE LINEAR POLARISATION. 
17.000 * FOR CIRCULAR POL.* 'ABILITY TO SPECIFY AMPL, AND PHASE IMBALANCE 
18.000 * IN THE EXCITATION OE:THE ORTHOGONAL PORTS. 
19.000 * 
20.000 * WRITTEN BY K. K. CHAN CHAN TECHNOLOGIES INC. 7 MARCH 1994 
21.000 * 
22.000 CHARACTER*4 IHEAD(15) 
23.000 DIMENSION DX(30),DY(30),DZ(30)76AMMA(30)7BETA(30)7ALPHA(30) 
24.000 . DIMENSION EPA(46,30t2),EPP(46130,2),HPA(4613012),HPP(46,30,2) 
25.000 DIMENSION HPWR(-30),HPHASE(30),AN(30),CXY(30),PSI(30) 
26.000 . DIMENSION W11(30),W12(30),W13(30)1.W21(30)7W22(30)W23(30) 
27.000_ DIMENSION W31(30),W32(30),W33(30X(30)1CY(30) 
28.000 DIMENSION PHL(4),PHU(4)1RDL(24,4j,RDU(24'4) 
29.000 DIMENSION XG(2304),Y0(2304),Z0(2304) 
30.000 DIMENSION CON(1681),CPH(1681),XGN(1681.),EL(41)'AZ(41) 
31,000 COMPLEX EX,EY,EZrEXPN,ETHETArEPHI'FTX' . FTY'FTZeHX'HY'HZ 
32.000 COMPLEX RJX(2304),RJY(2304),RJZ(2à04) 
33.000 . INTEGER OPTE4OPTHOPTO,N0(13) 
34.000 COMMON/VAL1/PI,RAD'RK,ZETA 
35.000 COMMON/VAL2/AN'HPHASEeCX,CY,PSI:IPOLAYISYMM'ISAME 
36.000- COMMON/BLOCK/QX(219),QW(219) 
37.000 , COMMON/CÜRENT/RJX,RerRJDXGIYGIZG 
38.000 COMMON/VALUNREGINOR'NerPTrXDO,YDOPZDQ,CPVR'SPVR 
39.000 COMMON/PATERN/EPAIEPP,HPA'HPPAPP,PAI 
40.000 DATA PI,RAD,ZETA/3.14159265,57.2957795'376.99111/ * 
41.000 * NOF - NO, OF QUADRATURE FORMULAS AVAILABLE IN THÉ 'BLOCK DATA. 
42.000 * NO - NO. OF POINTS IN THE QUADRATUREFORMULAS. 
43.000 DATA NU,N0/13,3,476,8,10,12114,16,20,24,28,34,40/ 
44.000 * 
45.000 * FOLLOWING ARE PRESET tIMITS DUE  TU  ARRAY DIMENSIONS 
46.000 * MAUI - MAX, NO. OF INTEGRATION PTS. 

- MAX.. NO. OF FEEDS. 
- MAX. NO. OF PATTERN PTS. 
MAX. NO. OF EL GRID pre. 
MAX* NO. OF AZ GRID US. 

51.000 * 
52.000 DATA MAXO'MAXHRN,MAXNPP,MAXEL,MAXAZ/24,30,46,41141/ 

PROGRAM PAREFM 

47.000 * MAXHRN 
48.000 * MAXNPP 
49.000 * MAXEL - 
50.000 * MAXAZ - 



FEED ARRAY IS ROTATED ABOUT THE GLOBAL X-AXIS BY ANGLE 
ALPHA FOLLOWED BY ROTATION ABOUT THE NEW Y-AXIS ,eY ANGLE 
BETA.FINALLY EACH FEED IS ROTATED ABOUT ITS OWN:LOCAL Z-
AXIS BY ANGLE GAMMA.THIS OPTION ALLOWS FOR THE COLLECTIVE 
MOVEMENT OF THE ARRAY.ONLY THREE VALUES NEED TO BE SPECI-
FIED. FOR THE ROTATIONS. 

= 1, FEEDDISPLACEMENTS SPECIFIED ARE THE FINAL POSITIONS.THE 
ROTATIONS TO FOLLOW ARE ABOUT THE.,INDIVIDUAL FEED LOCAL 
XrY AND Z-AXES.THIS OPTION ALLOWSFOR INDEPENDENT ROTATION 
AND POSITIONING OF THE - FEEDS,THRÉE ROTATION ANGLES MUST BE 
ENTERED FOR EACH.FEED. 

81.000 * 
82.000 * 
83.000 * 
84.000 * 

* 
86400 * 
sf.000 * 
88.000 * 
89.000 * 
90.000 * 
91.000 * 
92.000 * 
93.000 READ(5,*) OPTH 
94.000 * 

53.000 * 
54,000 * START OF DATA INPUT 
55.000 * 
56.000 OPEN(UNIT=5 , NAME= 1 PAREFM_DArrSTATUS='OLD'rUSAGE= 1 INPUT 1 ) 
57.000 * 
58.000 * HEAD - HERDING FOR COMPUTER RUN. MAX. OF 60 CHARACTERS. 
59.000 * 
60.000 READ(5,10) (IHEAD(I),I=1,15) 
61.000 10 FORMAT(15A4) 
62.000 * 
63.000 * DATA DESCRIBING FEED ARRAY 
64.000 * 
65.000 * FREQ - FREQUENCY IN GHZ 
66.000 * 
67.000 READ(5,*) FREI/ 
68.000 * 
69.000 * NHORN - NO. OF FEEDS. . 

70.000 * 
71.000 READ(5r*) NHORN 
72.000 * 
73.000 IF (NHORN.LE.MAXHRN) GO TO 14 
74.000 PRINT 12 Y MAXHRO' 
75.000 12 FORMAT(1X,'STOP, 40. OF FEEDS EXCEEDED LIMIT OF ',I2) 
76.000 STOP 
77.000 14 CONTINUE 
78.000 * 
79.000 * OPTH - OPTION FOR SPECIFYING FEED POSITIONS AND ROTATIONS. 
80.000 * = Or FEED POSITIONS ARE SPECIFIEDBEFORE ROTATION.THE WHOLE 
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95.000 * DISPLACEMENTS OF COMPONENT FEEDS IN INCHES FROM FOCAL POINT 
96.000 * 
97,000 READ(5,*) (DX(I),DY(I),DZ(I),I=1,NHORN) 
98.000 * 
99.000 * ALPHA - ROTATION ABOUT EITHER THE GLOBAL OR LOCAL X-AXIS IN DEG. 
100.000 * BETA - ROTATION ABOUT EITHER THE GLOBAL OR LOCAL Y-AXIS IN DEG. 
101.000 * GAMMA - ROTATION ABOUT LOCAL Z-AXIS IN DEG. 
102.000 * 
103.000 NH = 1 
104.000 IF (OPTH.NE.0) NH = NHORN 
105.000 READ(51*) (ALPHA(I),BETA(I),GAMMA(DrI=1,NH) 
106.000 * 
107.000 * IPOLA -  POLARISATION OF SECONDARY BEAM FROM REFLECTOR SYSTEM, 
108.000 * - VP=1 Y HP=2 RHCP=3 Y LHCP=4 



109.000 * 
110.000 
111.000 * 

READ(5,*) IPOLA 

- PARAMETER TO INDICATE WHETHER ALL THE FEED PATTERNS ARE THE 
SAME. 
0 Y FEED PATTERNS ARE IDÉNTICAL, ONLY ONE SET OF FEED 

PATTERNS NEED TO BE SUPPLIED. 
. 1 FEED PATTERNS ARE NOT IDENTICAL* NHORN SETS OF PATTERN 

NEED TO BE SUPPLIED. 
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112,000 * DATA DESCRIBING FEED PATTERNS. 
113,000 * 
114,000 * FEED PATTERNS ARE ASSUMED TO POSSESS AT LEAST SIN(PHI)-COS(PHI) AZ 
115.000 * SYMMETRY I.E. FEEDS ARE SYMMETRIC ABOUT THE PRINCIPAL PLANES, ONLY 
116.000 * THE E- AND H-PLANE PATTERNS NEED TO BE READ IN AT EQUALLY SPACED 
117.000 * POINTS STARTING WITH THETA.0.0 DEG. A COARSE SPACING, MAY BE 
118.000 * SUFFICIENT SINCE QUADRATIC INTERPOLATION IS USED TO FIND THE FIELDS 
119.000 * FOR THE IN-BETWEEN POINTS. 
120.000 * 
121.000 * 
122.000 * ISYMM - PARAMETER TO INDICATE WHETHER FEED HAS DIAGONAL PLANE SYMMETRY 
123,000 * = 0 Y FEED POSSESSES DIAGONAL PLANES SYMMETRY* 
124.000 * = 1 r FEED HAS NO DIAGONAL PLANES SYMMETRY, 
125.000 * 
126,000 READ(5,*) ISYMM 
127.000 * 
128.000.* NP.I..!..= NUMBER OF EQUALLY SPACED PATTERN POINTS, 
129.000 * PAI, = ANGULAR INCREMENT OF OBSERVATION POINTS IN DEGREES. . 
130.000 * 
131.000 READ(5r*) - NPPYPAI 
132.000 * 
133.000 IF (NPP.LE.MAXNPP) GO TO 18 
134.000 PRINT 16 y MAXNPP 
135.000 16 F0RMAT(1XY'STOP. NO. OF FEED PATTERN PTS.,EXCEEDED LIMIT OF', 
136.000 -I. 13) 
137.000 STOP 
138.000 18 .CONTINUE 
139,000 * 
140.000 * ISAME 
141.000 * 
142.000 * • . 
143.000 * 
144.000 * 
145.000 * 
146.000 * 
147.000 READ(51*) ISAME;;  
148.000 * 
149.000 X IT IS VISUALISED THAT EACH FEED HAS TWO INPUT  PORTS, PORT 1 AND 
150.Q00 * PORT 2. • IN  LP SYSTEMS ONLY ONE PORT(PORT 1) IS USED. PORT 1 IS 
151,400 * THE CO-POLARISED PORT EITHER THE X- OR THE Y-PORT. IN CP SYSTEMS BOTH 
1549.00 * PORTS ARE USED, IF THE FEED HAS PRINCIPAL AND DIAGONAL PLANES SYMMETRY 
153.000. * ONLY  THE. E-  AND H-PLANE PATTERNS FOR PORT 1 ARE REQUIRED. IF THE FEED 
154,000.*  DUES  NOT HAVE DIAGONAL PLANES •SYMMETRY AND IS USED . IN A CP SYSTEM, 
155.000*  TtiEN E- AND H-PLANE PATTERNS FOR BOTH PORT 1 AND PORT 2 MUST BE 
156. 000 X ENTERED. 
157.000 * 
158,000 * EPA(I,J,K) = E-PLANE AMPL(DB) PATTERN FOR PORT K OF THE J TH FEED 
159.000 * AT  THE I TH OBSERVATION POINT. 
160.000 * EPP(I1JyK) ,17 E-PLANE PHASE(DEG) PATTERN FOR PORT K OF THE J TH FEED 
161.000 * AT THE I TH OBSERVATION POINT, 
162.000 * HPA(IIJ,K) = H-PLANE AMPL(DB) PATTERN FOR PORT K OF THE J TH FEED 
163.0.00 * AT THE I TH. OBSERVATION POINT.. 
164,9Q0 * HPP(I,J,K) . H-PLANE PHASE(DEG) PATTERN FOR PORT K OF THE J TH FEED 
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165.000 * AT THE I TH OBSERVATION POINT. 
166.000. * 
167.000 IPORT = 1 
168..000 IF (IPOLA.GE.3.AND.ISYMM.NE .0) IPORT = 2 
16 9. 000 NF = 1 
176.000 IF (ISA1IE.NE.0) NF = NHORN 
171.000 DO 30 K = lrIPORT 
172.000 DO 20 J = 17NF 
173.000 READ(57*) (EPA(I7J7K)7EPP(I7J7K),I=17NPP) 
174.000 READ(57*) (HPA(IrJrK),HPP(I7J7K),I=17NPP) 
175.000 20 .CONTINUE 
176. 000 30 CONTINUE 
177.000 IF (IPOLA.LE.2) GO TO 50 
178.000 * 
179,000 * FOR NON-IDEAL CP FEEDS, AN IMBALANCE EXISTS IN THE AMPLITUDE 
180.000 * EXCITATIONS OF,THE ORTHOGONAL PORTS AS WELL AS DEVIATION FROM THE 
181.000 * PHASE QUADRATURE CONDITION, PORT 1 IS ASSOCIATED WITH THE X-PORT 
182.000 * AND PORT 2 WITH THE Y-PORT. 
183.000 * 
184.000 * CXY(I) = AMPLITUDE IMBALANCE OF Y-PORT RELATIVE TO_X-PORT. 
185.000 * PSI(I) = DEPARTURE FROM PHASE QUADRATURE IN DEG OF THE Y-PORT, 
186..000 * 
187.000 READ(5>*) (CXY(I),I=17NHORN) 
188.000 READ(57*) (PSI(I),I=17NHORN) 
189,000 * 
190.000 * HPWR - POWER INPUT TO EACH FEED IN WATTS. 
191.000 * HPHA.SE  - RELATIVE PHASE EXCITATION OF EACH FEED IN DE6. 
192.000 * 
193.000 50 READ(57*) (HPWR(I)7HPHASE(I),I=17NHORN) 
194.000 * 
195.000 * DATA DESCRIBING PARABOLIC REFLECTOR CONFIGURATION. 
196,000 *. 
197.000 * F - FOCAL LENGTH OF PARABOLIC REFLECTOR IN INCHES+ 
1.98.000 *  8X2 X-DIMENSION OF ELLIPTICAL REFLECTOR APERTURE IN INCHES 
199.000 * SY2 - Y-DIMENSION OF ELLIPTICAL REFLECTOR APERTURE IN INCHES 
200.000 * DELTAX X-OFFSET OF APERTURE CENTRE IN INCHES 
201.000 * DELTAY - Y-OFFSET OF APERTURE CENTRE IN INCHES. 
202.000 * 
203.000 READ(5:i.*) F7 SX27 BY27 DELTAX, DELTAY 
204.000 * - 
205.000 * OPTB - OPTION FOR SPECIFYING LIMITS OF INTEGRATION TO SIMULATE BLOCKAGE, 
206,000 * = 07 LIMITS ARE GENERATED_BY PROGRAM FROM INPUT REFLECTOR 
207.000 * DATA. NO APERTURE BLOCKAGEIS ASSUMED. 
208.000 * = 17 LIMITS ARE DERIVED BY THE USER AND READ INTO THE PROGRAM+ 
209.000 * 
210.000 . READ(57*) OPTB 
211.000 IF (OPTB.EQ.0) GO TO 60 
212.000 * 
213.000  * NREG NUMBER OF REGIONS OF PHI-INTEGRATION. 
214;000 * 
215.000 READ(57*) NREG 
216.000 * 
217.000 * PHL(I) - LOWER LIMIT OF PHI-INTEG FOR THE I TH REGION IN RADIANS. 
218,000 * PHU(I) - UPPER LIMIT OF PHI-INTEG FOR THE I TH REGION IN RADIANS, 
219.000 * 
220.000 READ(57*) (PHL)7PHU(I),I=17NREG) 



- X-AXIS DIMENSION.,OF CENTRAL ELLIPTICAL BLOCKAGE IN INS, 
- Y-AXIS DIMENSION OF CENTRAL ELLIPTICAL BLOCKAGE IN INS ,  

READ(57*) BX27 BY2 

READ(5,*) AZS7AZE,NADELS,ELE7NEL 

IF (NEL.LE.M4EL) GO TO 74 
PRINT 72 7 MAXEL .  
FORMAT(1)(7 1 STOP. NO. OF EL GRID PIS. EXCEEDED MAX. OF '7I2) 
STOP 
IF (NAZ.LE.MAXAZ) GO TO 78 
PRINT•76 Y MAXAZ 
FORMAT(1X7'STOP, NO. OF AZ GRID PTS. EXCEEDED MAX. OF '712) 
STOP 
CONTINUE 

- X-TRANSLATION OF FIELD CO-ORDINATE SYSTEM FROM GLOBAL SYSTEM.(INS) 
- Y-TRANSLATION OF FIELD CO-ORDINATE SYSTEM FROM GLOBAL SYSTEM.(INS) 
- Z-TRANSLATION OF FIELD CO-ORDINATE SYSTEM  FROM GLOBAL SYSTEM.(INS) 

READ(57*) XDOIYDO7ZDO - 

- ANGULAR ROTATION OF FIELD POLARISATION VECTOR IN DEGREES. 

221.000 * 
222.000 * BX2 
223.000 * BY2 
224.000 * 
225.000 
226.0001c 
227.000*  OPTO - OPTION FOR SPECIFYING NO. OF INTEGRATION POINTS. 
228.000 * = OY NO. OF INTEGRATION POINTS IS DETERMINED BY PROGRAM. 
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229.000 * 
230,000 * 
231.000 60 
232.000 
233.000 * 
234.000 * 

= 17 . SPECIFIED BY USER. 

READ(57*) °PTO .., 
IF (OPTO.EQ.0) GO Tg 70 

DATA FOR SURFACE INTEGRATION. 
235.000 * NOR - NO OF INTEGRATION POINTS IN THE RADIAL-DIRECTION. 
2,36.000 * Nap - NO OF INTEGRATION POINTS IN THE PHI-DIRECTION. 
237.000 * CHOOSE FROM THE FOLLOWING LIST - 374767871071214,16720724,28734740 PTS 
238.000 * 
239.000 READ(57*) NOR,NOP 
240.000 * 
241.000 * READ IN DATA FOR FAR FIELD OBSERVATION 
242.000 * 
243.000 * ELS - START OF ELEV CUT IN DEG 
244.000 * ELE - END OF ELEV CUT IN DEG 
245.000 . * NEL .7NO. OF ELEV POINTS • 
246.000 • AZS - START OF AZIMUTH CUT IN DEG 
247.000 AZE - END OF AZIMUTH CUT IN DEG 
248.000 * NAZ NO. OF AZIM POINTS 
249.000 * 
250.000 70 
251,000 * 
252.000 
253.000 • 

- 254.000 72 
255.000 
256.000 74 
257.000 
258.000 76 
259.000 
260.000 78 
261.000 * 
262.000 * XDO 
263.000 * YDO 
264.000  * ZDO 
265.000 * 
266.000 - 
267.000 * 
268.000 * PVR 
269,000*  
270.000 READ(51*) PVR 
271.000 * 
272.000' *  DATA INPUT COMPLETED • 
273.000 * 
274.000 80. FORMAT(12I5) 
275.000 90 FORMAT(12F10.4) 
276.000 95 FORMAT(1X715A4) 
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277.000 . 
278.000 
279.000 100 
280.000 
281.000 
282.000 110 
283.000 
284.000 
285.000• 
286.000 120 
287.000 
288.000 
289.000 
290.000 125 
291.000 
292.000 
293.000 
294,000 
295.000 130 
296.000 
297.000 
298.000 140 
299.000 • 
300.000 
301.000 145 
302.000 
303.000 
304.000 150 
305.000 
306,000 
307.000 
308.000 155. 
309,000 
310.000 
311.000 160 
312.000 
313.000 
314.000 165 
315.000 
.316.000 
317.000 
318.000 170 
319.000 
320.000 
321.000 175 
322.000 
323.000 
324.000 
325.000 
326.000 180 
327.000 
328.000 
329.000 
330.000 185 
331.000 
332.000  

PRINT 95 r (IHEAD(I),I=1,15) 
PRINT 100 
FORMAT(1Xy'FREQUENCY IN GHZ') 
PRINT 901FREO 
PRINT 110 
FORMAT(1X,'NO OF FEED RADIATORS') 
PRINT 80,NHORN 
IF (OPTH,E0.1) THEN 

PRINT 120 
FORMAT(1Xy'OPT, CHOSEN - INDIVIDUAL DISPLACEMENT AND ROTATION', 

-1- 1  OF FEEDS') 
ELSE 

PRINT 125 
FORMAT(1X,'OPT. CHOSEN - COLLECTIVE MOVEMENT AND ROTATION OF', 

+ 1  FEED ARRAY') 
END IF 
PRINT  80,  OPTH 
PRINT 130 
FORMAT(1X,'DISPLACEMENTS OF FEEDS IN INS.') 
PRINT 90e(DX(I),DY(I)rDZ(I),I=1,NHORN) 
PRINT 140 
FORMAT(1X,'R0T., OF FEEDS ABOUT X- ,Y-r AND  Z-AXIS IN DEG.') 
PRINT 90y(ALPHA(I),BETA(I),GAMMA(I),I=1,NH) 
PRINT 145 .  

- FORMAT(1X','P0LAR. OF SECON. BEAM - VP=1,, HP=2,RHCP=3,LHCP=4') 
PRINT 80/IPOLA 
PRINT 150 
FORMAT(UriFEED SYMMETRY - PRINCIPAL 1. DIAG. PLANES = 0', 
+ 1  Y PRINCIPAL PLANES ONLY = 1') 
PRINT 80 Y ISYMM .  
PRINT 15p 
FORMAT(1X,INO. OF PIS. DESCR. PATTERNS AND ANGULAR INCREMENT', 

OF POINTS') 
PRINT 1607 NPPyPAI 
FORMAT(I5rF7.2) • 
DO 175 J = 1rNF 
PRINT 165 Y J • 

FORMAT(1X,'PORT 1 E-PLANE AMPL(DB) AND PHASE(DEG) PATTERNS', 
+ 1  FOR FEED NO. 'rI2) .  
PRINT  90,  (EPA(IrJy1)rEPP(I,J11),I=17NPP) 
PRINT 170 r J - 
FORMAT(1Xy". PORT 1 H-PLANE AMPL(DB) AND PHASE(DEG) PATTERNS'? 

I.' FOR FEED:NO. 'II2) 
PRINT 90 r (HPA(IrJ71)yHPP(IrJ,1),I=1,NPP) 
CONTINUE 
IF (IPOLA.LE.2) GO TO 210 
IF (ISYMM.M0) GO TO 195 
DO  190 J = 1rNF . 
.PRINi.  180 I J 
FORMAT(EWPORT 2 E-PLANE AMPL(DB) AND PHASE(DEG) PATTERNS', 

-1. 1  FOR FEED NO. 'rI2) 
PRINT 90 Y (EPA(I,Jr2),EPP(IrJr2),r=1,-NPP) 
PRINT 185 I J 
FORMAT(1WPORT  2H-PLANE  AMPL(DB) AND PHASE(DEG) PATTERNS', 

-I.! FOR FEED NO. "I 1 2) 
PRINT 90 (HPA(IrJ,2)rHPP(IrJ,2),I=1,NPP) 
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CONTINUE 
PRINT 200 
fORMAT(1•AMPL IMBALANCE OF Y-PORT REL. TO X-PORT.') , . 
PRINT 90 Y (CXY(I),I=1,NHORN) 
PRINT 205 
FORMAT(1XY'PHASE DEPARTURE OF Y-PORT FROM QUADRATURE IN DEG.') 
PRINT 90 y (PSI(I),I=1,NHORN) 
PRINT 4.5 
FORMAT(..1X1IPOWER(W) AND PHASÙDEG) OF FEED EXCITATIONS') 
PRINT 90, (HPWR(I),HPHASE(I),I=1,NHORN) 
PRINT 220 
FORMAT(1)WFOC LTH.APER. X-DIMyY-DIM AND X`, Y-OFFSET IN INS.') 

. PRINT 90 r FrSX2y8Y2rDELTAX,DELTAY 
IF (OPTB.LE.0) GO TO 260 
PRINT 230 
FORMAT(lXr'NO. OF REGIONS OF PHI-INTEG = ',I2) 
PRINT-80-r NREG 
PRINT  240.. .- 
FORMAT(1XY'LOWER AND UPPER LIMITS''OF PHI-INTEG IN RADIANS') 
PRINT 90 r (PHL(I),PHU(I),I=1,NREâ) 
PRINT 250 
FORMAT(1XY/X-,AND Y-DIM -* OF CENTRAL ELLIPTICAL BLOCKAGE IN INS') 
PRINT  90, BX2YBY2_ 
IF (OPTO.LE..0).GELTO 275 „ 
PRINT 270 
FORMAT(1Xr'INTEG. PTS* SPEC. BY USER FOR RADIAL AND  PHI-VAR.', 

1-/y1XriMUST BE MEMBERS OF FOLLOWING SET -314,6,8,10,12,14,161'y 
.P20/2428.04,40') 
PRINT  80. . P  NOR, NOP 
PRINT 280 . 
FORMAT(lXr'START,STOP AND NO. OF PIS , FOR AZ,EL SCAN') 
PRINT  290, AZSrAZEy.NAZrELSYELEyNEL 
FORMAT(2(2F10.5rI5)) 
PRINT 300 -, 
FORMAT(1Xe'XyY- ,Z-TRANSLATION.OF FIELD CO-ORD ,  SYSTEM IN INS') 
PRINT 90 r  (DO  Y YU Y 2 11 0 
PRINT 310 
FORMAT(IXY'ROTATION OF FIELD POLARISATION VECTOR IN DEGREES') 
PRINT  90, PVR 

379.000 * COMPUTE FINAL LOCATIONS OF HORNS AFTER COLLECTIVE ALPHA AND BETA  ROTATIONS t 
380.000 * 
381.000 SA = SIN(ALPHA(1)/RAD) 
382.000 CA = COS(ALPHA(1)/RAD) 
383.000 SB = SIN(BETA(1)/RAD) 
384.000 CB = COS(BETA(1)/RAD) 
385.000 SG = SIN(GAMMA(1)/RAD) 
386.000 CG .= COS(GAMMA(1)/RAD) 
387.000 DO 315 I = lyNHORN 
388.000 ARG1 = DX(I) 

333+000 190 
334+000 195 
335.000 200 
336.000 
337.000 . 
338.000 205 
339.000 . 
340.000 210 
341.000 215 
342.000 
343.000 
344.000 220 
.345.000. 
346.000 
347.000 
348.000 230 
349,000 
.350.000 
351.000 240. 
352.000 
353.000 
354.000 250 
355.000 
356.000 260 

.'357.000 
358.000 270 
359.000 
360.000 
361.000 
362.000. 275 
363,000 280 
364.000 
365.000 290 
366.000 
367.000 300 
368.000 
369.000 . 
370.000 310 
371.000 
372.00q,* 
373,000 .À* COMPUTE WAVELENGTH 
374.000 * 
375.000 WAVE = 29.97925/(2.54*FRE0) 
376.000 RK = 2.0*PI/WAVE 
377.000 IF (OPTH.NE .0) GO TO 325 
378.000 * 



422.000 *. 
423.000 325 ' 
424.000 
425.000 
426.000 
427.000 
428.000 
429.000 
430.000 
431.000 
432.000 
433,000 
434.000 .  - 
_435.000 . 
436.000 
437.000 
438.000 
439.000 130 
440.000 * 
441,000 * CONVERT DEGREES INTO RADIANS AND DB INTO VOLTAGE. 
442.000 * 
443.000 335-- DO 340 I = 1,NHORN • 
444.000 HPHASE(I) = HPHASE(I)/RAD 

DO 330 I = 17NHORN 
SB = SIN(BETA(I)/RAD) 
CB = COS(BETA(I)/RAD) 
SA = SIN(ALPHA(I)/RAD) 
CA = COS(ALPHA(I)/RAD) 
SG = SIN(GAMMA(I)/RAD)- 
CG =,COS(GAMMA(I)/RAD) 
14 11( 1 ) = CB*CG 
1412(I) = SA*SB*CG + CA*SG 
1413(I) = -CA*SB*CG + SA*SG 
1421(I) = -CB*SG 
1422(I) = -SA*SB*S6 + CA*CG 
1423(I) = CA*SB*SG + SA*C6 
1431(I) = SB 
1432(I) = -SA*CB 
1433(I) = ÇA*CB 
CONTINUE 
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389.000 ARG2  =111(1)  
390.000 ARG3 = 
391.000 DX(I) = ARG1*CB + ARG3*SB 
392,000 DY(I) = ARG1*SA*SB + AR82*CA AR63*SA*CB 
393,000 DZ(I) = -ARG14B*CA + ARG2*SA + ARG3*CA*CB 
394.000 315 CONTINUE 
395,-000 * 
396.000 * COMPUTE TRANSFORMATION FUNCTIONS OF COLLECTIVE HORN ROTATIONS 
397.000 * 
398.000 
399.000 
400.000 
401.000 
402.000 
403.000 
404.000 
405.000 
406.000 
407.000 
408.000 
409.000 
410.000 
411.000 
412.000 
413.000 
414.000 
415.000 
416.000 
417.000 
418.000 320 
419.000 
420,000 * 
421.000 * COMPUTE TRANSFORMATION FUNCTIONS OF INDIVIDUAL HORN ROTATIONS. 

W11(1) = CB*CG 
1412(1) = SA*SB*CG +-CA*SG 
14 13(1) .7=: -CA*SB*CG + SA*SG 
1421(1) = -CB*SG 
1422(1) = -SA*SB*SG + CA*CG 
1423(1) = CA*SB*SG + SA*CG 
1431(1) = SB 
W32(1) = -SA*CB 
W33(1).= CA*CB 
IF (NHGRN.EG.1) GO TO 335 
DO 3201   = 2,NHORN 
1411(I) =  14 11(1) 
1412(I) =  14 12(1) 
1413(I) =  14 13(1) 
1421(I) =  1421(1) 
1422(I) = 1422(1) -. 
1423(I) = 1423(1) 
1431(I) =  1431(1) 
1432(I) = 1432(1) 
1433(I) =  1433(1) 
CONTINUE 
GO TO 335 

1 • 



CONTINUE 

PAI = PAI/RAD 

DO 350 J = 11.NF 
BO 345 I = 1rNPP 
EPA.(IrJr1) = 10.0**(EPA(19J71)/20.0) 
HPA(IrJr1) = 10.0**(HPA(IrJr1)/20.0) 
EPP(Irjr1) = EPP(IrJr1)/RAD 
HPP(IrJr1) = HPP(IrJr1)/RAD 
CONTINUE 
CONTINUE 
IF (IPOLA.LE.2..OR.ISYMM.H.0) GO TO 365 
DO 360 *.C= 1rNF 
00 355  i = 1,NPP 
EPA(IrJr2) = 10.0**(EPA(IrJr2)/20.0) 
HPA(IrJr2) = 10.0**(HPA(IrJr2)/20.0) 
EPP(IrJr2) = EPP(IrJr2)/RAD 
HPP(IrJr2) = HPP(IrJr2)/RAD 

CONTINUE 

445.000 340 
446,000 * 
447.000 
448.000 * 
449.000 
450.000 
451.000 
452.000 
453.000 
454. .000 
455.000 345 
456.000 350 
457.000 
458.000 
459.000 
460.000 
461.000 
462.000 
463,000 
464.000 355 
465.000 360 
466.000 lc. 
467.000 * SPECIFY EXCITATIONS OF ORTHOGONAL PORTS. 
468.000 * 
469.000 365 DO 390 I = 1rNHORN 
470.000 GO TO (370,375,3801385)r IPOLA 
471.000 * 
472.000 * VERTICAL. POLARIZATION 
473.00.0 * 
474. 000 370 
475.000 
476.000 
477.000 
478.000 *- 
479.000 * HORIZONTAL POLARIZATION 
480+000 * 
481.000 375 CX(I) = 0.0 
482..000 CY(I) e 1+0 . 
483.000 PSI(I) = 0.0, 
484.000 GO. TO 390 
485.000 * 
486.000 * RIGHT HANDED CIRCULAR POLARIZATION 
487.000*  
488.000 380 CX(I) = 1.0 
489.000 CY(I) = CXY(I)*CX(I) 
490.000 PSI(I)/RAD + - 1.5707963 

. 491.000 GO TO. 

.492400 * 
493.000 e LEFT HANDED CIRCULAR POLARIZATION 
494.000 * 
495.000 385 
496+000 
497+000 
498.000 390 
499.000 * • 
500.000 * COMPUTE VOLTAGE NORMALISATION CONSTANT r AN r FOR EACH FEED. 
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CX(I) = 1.0 
CY(I) = 0.0 
PSI(I) = 040 
GO TO 390 

CX(I) = 1.0 
CY(I) = CXY(I)*CX(I) 
PSI(I) = PSI(I)/RAD - 1.5707963 
CONTINUE 



501.000 * 
502.000 
503,000 
504.000 
505.000- 
506.00 
5.07.000 
508.000 395 
509.000 400 
510.000 
511.000 
512.000 
513.000 405 
514,000 410 
515.000 
516.000 415 
517.000 * 
518.000 * TAKE SINE AND COSINE OF FIELD VECTOR ROTATION ANGLE. 
519.000 * 
520.000 CPVR = COS(PVR/RAD) 
521.000 SPVR = SIN(PVR/RAD) 
522.000 IF (OPTBAT.0)  GO  TO 425 
523.000 * 
524.000 * INTERNAL DEFAULT INTEGRATION LIMITS: 
5254000 *APERTURE IS DIVIDED INTO FOUR REGIONS FOR PHI-INTEG: 
526.000 CLIMITS OF THESE REsipils ARE SET BELOW. 
527.000 
528.000 
529,000 
530.000 ' 
531.000 
532.000 
533.000 
534.000 420 
535.000 * 
536.000 * THERE IS NO CENTRAL BLOCKAGE. 
537.000 * 
538.000 8X2 =  0 r0 
539.000 BY2 = 0.0 
540.000 425 IF (OPTO.GT.0) GO TO 455 
541.000 * 
542.000 * SELECTION OF THE APPROPRIATE QUADRATURE FORMULA 
543.000 * 
544:000 
545.000 
546,000 
547,000 
548.000 
549.000 
550.000 
551.000 
552.000 
553.000 430 
554.000 * FIND THE LARGEST ANGLE BETWEEN COMPONENT BEAMS AND FIELD 
555000* OBSERVATION POINTS. 
556.000 ARG1 = ABS(ELE/RAD , + ATAN(XMAX/F)) 
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DO 400 J = 17NF 
CALL PWRFED(J/11PWR1YMPPIPAI) 
IF (IPOLA.LE*2.0R.ISYMM.EQ.0)  GO  TO 395 
CALL PWRFED(J,2,PWR2,NPP,PAI) 
AN(J) = CX(J)*CX(J)*PWR1 + CY(J)*CY(J)*PWR2 
GO TO 400 
AN(J) = (CX(J)*CX(J) + CY(J)*CY(J))*PWR1 
CONTINUE 
IF (ISAME,EG.1,0R,NHORN,EG.1) GO TO 410 
DO 405 J = 2,NHORN 
AN(J) = AN(1) 
CONTINUE 
DO 415 J = 1,NHORN 
AN(J) = SORT(HPWR(J)/AN(J)) 
CONTINUE 

NREG = 4 
PHL(1) . 0.0 
PHU(1) = 1.570796327 
DO 420  I  = 2INREG 
PHL(I) .,PHL(I-1) + 1.570796327 
PHU(I) + 1,570796327 
CONTINUE.  

XMAX = -99999.0 
XMIN = +99999,0 
YMAX = -99999+0 
YMIN = +99999.0 
DO 430 I = 1INHORN 
IF (DX(I).GT.XMAX) XMAX DX(I) 
IF (DX(I),LT.XMIN) XMIN ='DX(I) 
IF (DY(I),GT.YMAX) YMAX = DY(I) 
IF (DY(I),LT.YMIN) YMIN = DY(I) 
CONTINUE 
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557.000 
558.000 
559.000 
560.000 
561.000 
562.000 
563.000 
564.000 
565.000 * 

ARG2 = ABS(ATAN(XMIN/F) ELS/RAD) 
ARG3 = ABS(AZE/RAD ATAN(YMAX/F)) 
ARG4,•= ABS(ATAN(YMIN/F) AZS/RAD) 
ARG1= AMAX1(ARG1IARB2): }, 
ARG1 = AMAX1(ARG3,ARG4) 
NOR = (SIN(ARG1)*8X2/WAVE 1.03*1.50 
NOP = (SIii(ARG3)*SY2/WAVE 1.0)*1.50 
NOR = MAXO(NORACIP) 

566.000 * SEARCH FOR THE CLOSEST,AVAILABLE QUADRATURE FORMULA 
567.000  * THE AVAILABLE F0RMULA8 . ARE STORED IN ASCENDING ORDER IN ARRAY NO. 
568.000  * NOF IS THE NUMBER OF FORMULAS. BOTH NO AND NQF ARE DEFINED IN DATA 
569.000 * STATEMENT ABOVE. 
570.000 * . 
571.000 DO 435 = 17140F 
572.000 IF (NOà.LE.NO (I)) GO TO 445 
573,000 435 - CONTINUE.. 
-574.000 PRINT 440- , 
575.000 440 F0RMA1(1X,'QUA13RATURE FORMULA REQUIRED IS LARGER THAN AVAILABLE' 
576.000 THE PROGRAM, EXECUTION IS TERMINATED') 
577.000 STOP • 
578.000 445 NOR = -NMI) 
579.000 NOP = NOW 
580.000 . PRINT 450 
581.000 450 FORMAT(1X,'INTEG. PTS. SELECTED FOR RADIAL AND PHI-VAR.') 
582.000 PRINT 80 N0R7NOP 
583,000 * 
584.000 455 IF (N0R.LE.MAXO.AND.NOP.LE,MAX0) GO TO 458 
585.000 PRINT  457 ,  NOR,NOP • 
586.000 457 FORMAT(1X,ISTOP, INCREASE ARRAYS DIMENSIONS TO ACCOMODATE', 
587.000 FOLLOWING NOR AND NOP PTS, RESP. - '7213) 
.588.000 STOP 
589.000 *. _ 

- 590.000 * DETWMINE LOCATION OF QUADRATURE FORMULA 
591.000 * 
592.000 458 CALL ORLOC(NOR,LOR) 
.593.000 CALL ORLOC(NOP,LOP) 
594.000 * 
595.000 * COMPUTE SEMI-AXES DIMENSIONS FOR REFLECTOR AND BLOCKAGE APERTURES 
596.000 * 
597,000 8X2 = SX2*0.50 
598.000 SY2 = 8Y2*0.50 
599..000 BX2 = BX2*0.50 
600.000 BY2 = BY2*0.50 

.601.000 * . 
602.000 * INITIALISE CURRENT MATRIX RJX,RJY,RJZ 
601.000 * _ 

KOUNT = O. 
. DO 470 L = 17NREG 
DO 465 J = 1,NOR 
DO 460 I = 1,NQP 
KOUNT = KOUNT 4. 1 
RJX(KOUNT) = (0.00.0) 
RJY(KOUNT) = (0.0,0,0): 
,RJZ(KOUNT) = (0.0,0.0) 
CONTINUE 
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604.000 
605.00.0 

 606.000 - 
607.000 
608.000 
609.000 
610.000 
611.000 
612.000 460 
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613.000 465 CONTINUE 
614.000 470 CONTiNUE 
615.000 * 
616.000 * COMPUTE CURRENT MATRIX 
617.000 * AT THE SAME TIME COMPUTE POWER INTERCEPTED BY REFL 
618.000 * 
619.000 PWR = 0.0 
62,000  * 
62 1 *à00 * L = INDEX FOR REGION OF PHI- INTEGRATION. 
622 ..000 * 
623.000 KOUNT = Q 
624.000 * DO 520 L = 1,NREG 
625.000 * 
626.000 * I = INDEX FOR PHI-INTEG 
627.000 * 
628.000 DO 510 I = 1,NOP 
629.000 PHII = (PHL(L)-1-PHU(L))*0.504.(PHU(L)-PHL(L))*0.50*GX(I-FLOP) 
630,000 à CPI = COS(PHII) 
631.000 SPI = SIN(PHII) 
632.000 * 
633,000 * FIND THE LIMITS OF RADIAL-INTEGRATION GIVEN PHII 
634.000 * 
635.000 CALL RADLIM(CPIrSPI,SX2,SY27BX2eBY2yRDL(I,L),RDU(I,L)) 
636.000 FAC = (PflU(L)-PHL.(L))*(RDU(IlL)-RDL(I,L))*0.25 
637.000 * 
638.000 * J = INDEX FOR SMO-INTEG. 
639,000 * 
640.000 DO 500 J = 1,NOR 
641.000 RDJ = (RDL(I,L)+RDU(I,L))*0.50-1.(RDU(I,L)-RDL(I,L))*0.50* 
642,000 GX(J.I.LOR) 
643.000 KOUNT = NOUNT.+ 
644.000 * 
645.000 * STORE REFLECTOR SURFACE POINTS 
646.000 * 
647,.000- XG(KOUNT) = RDJ*CPI DELTAX 
648.000 . YB(KOUNT) = RDJ*SPI DELTAY 
649.000 ZG(KOUNT) = (XG(KOUNT)**2 YG(KOUNT)**2)*0.25/F F 
650.000.*  
651,000,* COMPUTE COMPONENTS OF SURFACE NORMAL 
652.000 i 
653.000 RNX = -XG(KOUNT)*0.50/F ' 
654.000 • RNY = -YG(KOUNT)*0.50/F 
655.000 * 
656.000 * K = INDEX FOR FEED HORN . 

657.000 
658.000 
659.000 
660.000 
661.000 
662.000 
663.000 

EX = (0.0,0.0) 
EY = 
EZ = (0.0104): 
HX =  (0.0,0.0) 
H?  = (0.0,0.0) 
HZ = (0.0:0.0) 
DO 490 K = 10.1HORN 

664.000 * THE FOLLOWING TRANSFORMATIONS CONVERT SURFACE POINT 
665.000 * COORDINATES TO HORN ÇGORDINATES. 
666.000 * TRANSFORM (RHOrTHETA,PHI) TO (RHOTyTHETATIPHIT) 
667.000. RHOT = SGRT((XG(KOUNT) DX(K))**2 (Y6(KOUNT) DY(K))**2 
668.000 (ZG(KOUNT) - DZ(K))**2) 



ri 
C I 
ri 

1 

LI  

1 

CI  

669.000 = (ZG(KOUNT)-DZ(K))/RHOT 
670.000 = ACOS(CTT) 
671.000 SIT  = SIN(STT) 
672.000 SPI  = ATAN2((Y6(KOUNT)-DY(K)),(XO(KOUNT)-DX(K))) 
673+000 CPT = COS(SPT) 
674.000 SPI  = SIN(SPT) . 
675.000 * , • . 
676.000 * TRANSFORM (RHOT,THETAT,PHIT) TO (RHORYTHETAR,PHIR) 
677.000 STSP = STT*SPT • 
678.000 
679.000 
680.000 
681.000 
682.000 
683.000 
684.000 
685.000 
686.000 
687.000 
688.000 
689.000 *. 
690.000 
691,000 
692+000 
693.000 
694.000 
695,000 
696.000 * 
697.000 

STCP = STT*CPT 
CTR = STCP*W31(K) STSP*W32(K).-1- CTT*W33(10 
THETAR = ACOS(CTR) 
SIR  = SIN(THETAR) 
SPR.= STCP*W21(K) W22(K)*STSP W23(K)*CTT 
CPR = STCP*W11(K) STSP*W12(K) CTT*W13(1) 
SPR = ATAN2(SPRICPR) 
CPR = COS(SPR) 
SPR = SIN(SPR) 
CTCP = CTR*CPR 
CTSP = CTR*SPR 

- TXT = CTCP*W11(K) CTSP*W21(K) - STR*W31(K) 
TYT = CTCP*W12(K) - STR*W32(K) CTSP*W22(K) 
TZT = CTCP*W13(K) CTSP*W23(K) - STR*W33(K) 
TXP = -SPR*W11(K).-.1. CPR*W21(1Ç) 
TYP = -SPR*W12(K)-1. CPR*W22(10 
TZP = -SPR*W13(10 -4 CPR*W23(K) 

PT = RK*RHOT 
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6?8.000.. EXPN = CMPLX(COS(PT)YrSIN(PT))/RHOT 
699.000 * COMPUTE FEED ARRAY.FILD8 AT (RHOR,THETAR,PHIR) 
700.000 CALL SOURCE(THETARY8P,R,CPR,ETHETA,EPHI,K) 
701.000 ETHETA = ETHETA*EXPN 
702+000 EPHI = EPHI*EXPN 
703.000 FTX = ETHETA*TXP - EPHI*TXT 
704.000 ET?  = ETHETA*TYP - EPHI*TYT 
705.000 • FTZ = ETHETA*TZP - EPHI*TZT 
706.000 . RJX(KOUNT):,= RJX(KOUNT) FTZ*RNY -  FI?  
707,000 . Re(KOUNT) = Re(KOUNT) FTX - FTZ*RNX 
708.000 Re(KOWIT) - = RJZ(KOUNT) FTY*RNX FTX*RNY 
709.000 * 
710.000 * COMPUTE COMBINED FEED PATTERN FOR SPILL-OVER CALCULATION 
711.000 *, 
712.000 . ,:-.'„ EX = EX -I. ETHETA*TXT EPHI*TXP 
713.000 EY = EY ETHETA*TYT EPHI*TYP 

EZ = EZ ETHETA*TZT EPHI*TZP . 
HX = HX FTX .  
HY = HY. FTY 
HZ = HZ FTZ 
CONTINUE  C.  
FACW = FACÙDJ*OW(I-I-LOP)*GW(J-FLOR) 
RJX(KOUNT) = RJX(KOUNT)*FACW -
RJY(KOUNT) = RJY(KOUNT)*FACW 
RJZ(KOUNT) = RJZ(KOUNT)*FACW 
PWR = PWR (REAL(EY*CONJG(HZ) EZ*CONJO(HY))*RNX 

REAL(EZ*CONJO(HX) EX*CONJG(HZ))*RNY 

714.000 
715.000 
716.000 
717.000 
718.000 490 
719.000 
720.000 . 
721.000 
722.000 
723.000- 
724.000 
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725.000 REAL(EX*CONJG(HY) - EY*CONJG(HX)))*FACW 
726.000 500 CONTINUE 
727.000 510 CONTINUE 
728.000 520 CONTINUE 
729.000 * COMPUTATION OF CURRENT - MATRIX COMPLETED 
730.000 * 
731.000 * COMPUTE SPILL-OVER EFFICIENCY - ETAS 
732.000 * PWR = POWER CAPTURED BY REFLECTOR 
733.000 * 
734.000 PWR = PWR*0.50/ZETA 
735.000 * PT = TOTAL POWER RADIATED 
736.600 PT = 0,0 
737.000 DO 530 K = lyNHORN 
738,000 536 PT = PT -I- HPWR(K) 
739.000 ETAS = PWR/PT 
740,000 PRINT 540 Y ETAS 
741.000 540 FORMAT(///y1XY'SPILL-OVER EFFICIENCY =',F7.37/) 
742.000 PT = PT*60.0*WAVE*WAVE 
743.000 *. 
744.000 * COMFUTE GAIN AND PHASE OF CO-POLAR AND X-POLAR COMPONENTS 
745.000 * 
746.000 ELIN = ELE ELS 
747.000 IF (NEL.13T,1) ELIN = ELIN/FLOAT(NEL - 1) 
748.000 AZIN = AZE -.AZS 
749.000 IF (NAZ.GT .1) AZIN = AZIN/FLOAT(NAZ - 1) 
750.000 DO 550 I = lyNEL 
751.000 550 EL(I) = ELE - ELIN*(I-1) 
752.000 DO 560 I = lyNAZ 
753,000 560 AZ(I) = AZS AZINCI-1) 
754.000 KOUNT = 0 
755.000 
756.000 
757.000 
758.000 
7594000 
760.000 
761.000 

DO 580 I = lyNEL 
DO 570 J = 1,NAZ 
KOUNT = KOUNT 1, 
CALL CONVIEL(I)YA±(J),STOYCTO,SPOICP0) 
CALL FIELD(STOICTOySPO,CPOyIPOLA,CGNO,XGNOICPHO) 

_ _CGN(KOUNT) = CONO 
XGN(KOUNT) = XGNO 

76240.00 . CPH(KOUNT) = CPHO 
763 . 000  570 CONTINUE 
764.000- 580 -CONTINUE 
765.000 * OUTPUT FAR FIELD OBSERVATION CUTS. 
766.000 * 
767.000 • PRINT- 710 
768.000 710 FORMAT(////y5OXy'CO-POLAR GAIN IN DB') 
769.000 PRINT 720 . .. 
770.000 720 . FORMAT(48Xy23(1H-)) - • . . 
771.000 PRINT 730 Y (AZ(DYI elYbiAZ) 
772,000 730 FORMAT(//71X,' ELEV * 1 150Xy'AZIMUTH (DEG)/y/y1Xyl(DEG) *',20F6.2) 
773.000 PRINT 735 
774.000 735 FORMAT(1X,65(2H *)) 
775.000 DO 740 I =. 1rNEL. 
776.000 KOUNT = - (I-1)*NA4 4. 1 
777.000 KOUNT1 = KOUNT  4.  NAZ - 1 
778.000 740 PRINT 750 EL(I),(CON(J),J=KOUNTYKOUNT1) 
779.000 750 FORMATUY7Xy1H*Y/Y1XIF6.271H*,20F6,2y/y7Xy1H*) 
780.000 PRINT 760 



COMPLEX ETHETA.EPHI,CONSTX.CONSTY.EXT,EXP.EYT.EYP 
COMMON/VAL2/AN(30).HPHASE(30),CX(30).CY(30).PSI(30),IP3LArISYMM 
IISAME - 

CONSTX = AN(K)*CMPLX(COS(HPHASE(K)).SIN(HPHASE(K))) 
COMSTY. = COUGTX*CY(K)*CMPLX(COS(PSI(K)),SIN(PSI(K))) 
CONSTX.= CONG,TX*CX(K) 
THETA = 3.14159265 - THETAR 
KK = 1. 
IF (ISAME.NE.0) KK = K 
IF (IPOLA.LE.2.0R.ISY1IM.E0,0) GO TO 10 

781.000 760 
782.000 
783.000 
784.000 
785.000 
786.000 
787.000 
788.000 770 
789.000 765 
790.000 
791.000 775 
792.000 
793.000 
794.000 
795.000 
796.000 
797.000 
798.000 780 
799.000 * 
800.00Q * 
801.000 * 
802.000 * 
803.000 * 
804.000 * 
805.000 *790 
806.000 *800 
807.000 

FORMAT(////.50X,"X-POLAR GAIN IN DB') 
PRINT 720 
PRINT 730 Y (AZ(I),I=1.NAn 
PRINT 735 
.D0-7-770  1 = 1,NEL 
KOUNT = (I-1)*NAZ .1. 1 
KOUNT1 = KOUNT NAZ - 1 
PRINT 765 7 EL(I).(XGN(J).J=1ÇOUNT,KOUNT1) 
FORMAT(/.7X.1H*./.1X..F6.2.1H*720F6.17/77X.1H*) 
PRINT 775 
F0RMAT(////.49X.'CO-POLAR PHASE IN DEG') 
PRINT 720 
PRINT 730 (AZ(I),I=17NAZ) 
PRINT 735 
DO 780 I = 1,NEL 
KOUNT = (I-1)*NAZ 
KOUNT1 = KOUNT NAZ - 1 
PRINT 765 7 Et(I),(CPH(J),J=K0UNT.KOUNT1) 
OPEN(7.FILE=IGNMATi.STATUS="OLD'rUSAGE='OUTPUT') 

WRITE(7.10) (IHEAD(I),I=1.15) 
WRITE(7,290) AZS.AZE.NAZ,ELSIELE.NEL 
DO 790 I = 1INEL 
KOUNT = (I-1)*NAZ .1- 1 
KOUNT1= KOUNT NAZ - 1 . 
WRITE(7.800) (CGN(J).J=KOUNT.KOUMT1) 
FORMAT(11F7.2) . 
STOP 
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808.000 END 
809.000 SUBROUTINE RADLIM(CP,SP.A1.B1.A2.B2.RL.RU ) 
810.009 * 
811.000 * COMPUTES LOWER AND UPPER LIMITS OF RADIAL VAR. INTEG. FOR A GIVEN 
812..000 * PHI. 
813.000 * 
814.000 
815.000 
816.000 
817.000 
818.000 
819.000 
820.000 
821.000 * 
822.000 * COMPUTES ETHETA AND EPHI COMPONENTS OF FEED RADIATOR 
823.000 * 
824.000 
825.000 
826.000 
827,000 * 
828,000 
829.000 
830.000 
831.000 
832.000 
833.000 
834.000 
835.000 * 
836.000 * FEED  15  CIRCULARLY POLARISED AND  18  SYMMETRIC ABOUT THEtPRINCIPAL 

RU = AUB1/SORT(A-1*AUSP*SP B1*B1*CP*CP) 
RL = 0.0 
IF (A2.LT.1.0E-04.0R.B2.LT.1.0E-04) RETURN 
RL = A2*B2/SURT(A2*A2*SP*SP B2*B2*CP*CP) 
RETURN 
END_ 
SUBROUTINE SOURCE(THETARISP,CP.ETHETA.EPHIIK) 



(Il 

1 
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837.000 * PLANES AND NOT ABOUT THE DIAGONAL PLANES. 
838.000 * 

II 839.000 
840.000 

CALL PAT(THETAYETHAYETHPrEPHA,EPHP,10(11) 
EXT = ETHA*CMPLX(COS(ETHP),SIN(ETHP)) 

841.009 EXP = EPHA*CMPLX(COS(EPHP),SIN(EPHP)) 
842.000 CALL PAT(THETA,ETHAYETHP,EPHA,EPHPYKK72) 
843.000 EYT = ETHA*CMPLX(COS(ETHP),SIN(ETHP)) 
844.000. EYP = EPHA*CMPLX(COS(EPHP)7SIN(EPHP)) 
845.000 ETHETA = -CONSTX*EXT*CP_A- CONSTY*EYT*SP 
846.000 EPHI = -CONSTY*EYP*CP -CONSTX*EXP*SP 
847.000 RETURN 
848.000 * 
849.000 * FEED HAS SYMMETRY ABOUT PRINCIPAL AND DIAGONAL PLANES 
850.000 * 
851,000 10 CALL PAT(THETAIETHAYETHP,EPHArEPHP,KK:1) 
852.000,, EXT = ETHA*CMPLX(COS(ETHP)7SIN(ETHP)) 
853.000 EXP = EPHA*CMPLMOS(EPHP),SIN(EPHP)) 
854.000 ETHETA = -CONSTX*EXT*CP CONSTY*EXT*SP 
855.000 EPHI = -CONSTY*EXP*CP CONSTX*EXP*SP 
256.000 RETURN 
857.000 END 
858.000 SUBROUTINE PAT(THETA,ETHA,ETHPrEPHArEPHP,J,IPORT) 

-11 860.000 * INTERPOLATES INPUT PATTERN DATA. 
859.000 * 

B61.000 * 
862.000 _ COMMON/PATERN/EPA(46,30,2),EPP(46,30,2),HPA(46,3072),HPP(46,3072) 
863.000 ,NPP7PAI 
864.000 *  
865.000 * STATEMENT FUNCTION DEFINING SECOND CRDER LAGRANGIAN INTERPOLATION. 

CI 866.000 * 
867.000 FX(X1rX2,X3,Y1,Y27Y3,X) = Y1*(X-X2)*(X-X3)/((X1-X2)*(X1-X3)) 
868.000 4- Y2*(X-X1)*(X-X3)/((X2-X1)*(X2-X3)) 

(' I :g : 00001:00 + Y3*(X-X1)*(X-X2)/((X3-X1)*(X3-X2)) 

X = THETA 
872.000 
873.000 

N = X/PAI 
Ni. = N 1- 

874.000 IF (N1.E0.(NPP-1)) Ni  = Ni  - 1 
875.000 IF (Nl.GE,NPP) GO TO 10 
876.000- - X1 = (Ni  - 1)*PAI - 
877.000 X2 = 
878.000 X3 = (N1 4- 1)*PAI 
879.000 
880.000 

N2 = Ni 1 
N3 = Ni  I. 2 

881.000 Y1 = EPA(N1,J,IPORT) • 
882.000 
883.000. 

Y2 = EPA(N27J/IPORT) 
Y3 = EPA(N37J,IPORT) 

884.000 ETHA = FX(X11)(443,Y1,Y2,Y3/X) 
' 885.000 Y1 = EPP(N1JIPQRT) 
.886.000 Y? = EPP(N2,J,IPORT) 

 

• 887.000 Y3 = EPP(N31,11IPORT) 
888.000 ETHP = FX(X1YX2,X3eYlrY2,Y3,X) 

-. 11 
889,000 - Y1 = HPA(N1/J,IPORT) 
890.000 Y2 = HPA(N2YJYIPORT) 
891.000 Y3 = HPA(N3,J,IPORT) 

- 11 
892.000 EPHA = FX(X1YX2,X3,Y1,Y2rY3,X) 

1 

1 
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893.000 Y1 = HPP(N1rJ,IPORT) 
894.000 Y2 = HPP(N2/JIIPORT). 
895,000 Y3 = HPP(N3y,J,I'PORT) 
896.000 EPHP = FX(X1rX2rX3,Y1,Y2,Y3rX) 
897.000 RETURN 
898.00-0 10 PRINT 20 
899.00 20 FORMAT(1X,'PATTERN INTERPOLATION IS OUT OF RANGE OF DATA') 
900.000 STOP 
901,000 END 
902.000 SUBROUTINE PWRFED(KrIP,PWR,NPP,PAI) 
903.000 * 
904.000 * INTEGRATES POYNTING'S VECTOR TO OBTAIN POWER RADIATED BY THE K TH 
905.000 * FEED AT PORT IPt 
906,000 * 
907.000 DIMENSION THL(2),THU(2),POW(2) 

- II 908.000 COMMON/VALl/PI,RADFRK,ZETA 
909.000 C0MMON/BL0CK/OX(219),OW(219) 

- 910.000 * II 911.000-* RANGE OF'THETA-INTEGRATION IS DIVIDED-INTO TWO REGUNS, 20-PT 
912.000 * GAUSS-LEGENDRE FORMULA IS USED FOR EACH REGION. 
913.000 e 

915.000 * - II 
914.000 * LOC = LOCATION OF FORMULA 

916.000 . LOC = 73 
917.000 

, - 
TINC = (NPP - 1)*PAI*0.50 

918.000 PWR. = 0.0  
919.000 DO 20.N =  1,2  .•,,, 

• 

..920.000 
921.000 

POW(N)-= 0.0 
THL(N) = (N-1)*TINC 

922.000 . THU(N) = THL(N) TINC 
923.000 DO. 10'1 .  =. 1,20 

- 
924.000 . THETA =.4THL(N) THU(N))*0.50 (THU(N) - THL(N))*0.50*OX(I+LOC) 
925.000 . CALL.PATTHETAYETHA,ETHPIEPHAIEPHP,KrIP) 
926.000 POW(N) = POW(N) (ETHA**2 EPHA**2)*SIN(THETA)*OW(I-FLOC) 
927.000 10 CONTINUE 
928.000 

 
PWR = POW(N)*(THU(N) THL(N)) PWR 

. 929,000 20 CONTINUE 
930.000 PWR = PWR*04 25*PI/gETA 
931.000 . RETURN 

-.932.000 END 
933.000 SUBROUTINE CONV(EL,ADST,CT,SP,CP) 
934.000 e 
935.000 * CONVERTS . (EUAZ) TO (THETA,PHI) .CO-ORD. 
936.000 e. 
937.000 * ST. = SIN(THETA) 
938.000 * CT = - COS(THETA) - 
939.000 * SP =.SIN(PHI). 
940.000 * CP = COS(PHI) 
941,000 *  
942.000 COMMON/VAL1/PI,RAD,RK,ZETA 
943.000 I: .  . 
944.000 CT = COS(EL/RAD)*COS(AZ/RAD) - 
.945.00.0 ST = SORT(190-- CT*CT) 
.946.000 .I.FAABS(EL).LT.1.0E-07) GO TO 10 
947.000 _  S=  COS(EL/RAD)*SIN(AlRAD)/ST 
948.000 CP = SIN(EL/RAD)/ST 

1 
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949.000 RETURN 
950.000 10 IF(AZ) 20,30,40 
951,000 20 SP = -1.0 
952.000 CP = 0.0 
953.000 RETURN 
954,000 30 SP  
955.000 . CP = 1,0 
956.000 RETURN 
957.000 40 SP = 1.0 
958.000 CP = 0.0 
959.000 RETURN 
960.000 END 
961.000 SUBROUTINE FIELD(STOICTO,SPO,CPOTIPOLAICON,XGN,CPH) 
962.000 * 
963.000 * COMPUTE. FIELD COMPONENTS OF REFLECTOR AT (THETAO,PHIO) 
964.000 * 
965.000 DIMENSION X(2304),Y(2304),Z(2304) 
966.000 COMPLEX FTX,FTY,FTZ,RJX(2304),RJY(Z304),RJZ(2304) 
967,000 COMPLEX EXPN,POL1,POL2,COPOL,XPOL 
968.000 ,, COMMON/CURENT/RJX,RJY,RJZ,X,Y,Z 
969.000 COMMON/VAL3/NREG,NOR,NOPePT,XDO,YDO,ZDO,CPVR,SPUR 
970.000 COMMON/VALIIPIIRAD,RKIZETA 
971.000 * 
972.000 * SUM UP CONTRIBUTIONS FROM ALL PANEL CURRENTS. 
973.000 * 
974.000 FTX = (0,010.0) 
975.000 ET?  = (0.0,0.0) 
976,-000 FTZ = (0.0,0.0) 
977.(500 STOP  = STO*CPO 
978,000 STSP = STG*SPO 
979.000 KOUNT =- 0 
980.000 DO 30 L = 1,NREG 
981.000 DO 20 J. = 1,NOP 
982..000 - DO 10  I  = 1,NOR 
9814.000 KOUNT = KOUNT 4. 1 
9844000 ARG = (X(KOUNT)*STCP Y(KOUNT)*STSP Z(KOUNT)*CTO)*RK 
985.000 EXPN = CMPLX(COS(ARG)7SIN(ARG)) 
986.000 FTX = FTX RJX(KOUNT)*EXPN 
987.000 . FTY =  FI? Re(KOUNT)*EXPN 

. 988.000 - FTZ = FTZ RJZ(KOUNT)*EXP1C 
989.000 10 CONTINUE 
990..000 20 CONTINUE_ 
991.000 30 CONTINUE 
992.000 POL1 = (1.0. - (1,0 - CTO)*CP.O*CP0)*FTX - (1.0 - CTO)*SPO*CPO*FTY 
993.000 - STCP*FTZ 
994.000 POL2 = -(1.0 - CTO)*SPG*CPO*FTX (1.0 - SPO*SPQ*(1,e- CTO))*FTY 
995.000 - STSP*FTZ 
996.000.* 
997.000 * SHIFT REFERENCE TO FIELD CO-ORDINATE SYSTEM 
998.000 * 

-999.000 ARG = (STCP*XDO STSP*YDO CTO*ZDO)*RK 
1000.000 .EXPN =,CMPLX(COS(ARG),-SIN(ARG)) 
1001.000 .FTX =POL1*CPYR POL2*SPVR)*EXPN 
1002,000 FTY = -(POL2*CPVR.- POLl*SPVR)*EXPN 
1003.000 GO TO (40,50160,70), IPOLA 
1004+000 40 COPOL = FTX 



1 
1 
1 

1 
1 
1 

IF (NO  - 34) 10,170,180 
IF (NG 24) 20,150,160 
.IF (NG - 16) 30,130,140 
IF (NG 12) 40,110,120 
IF (NO  - 8) 50.00,100 
IF (Nil.  - 4) 60;*0,80 
LOC  =0  
RETURN 
LOC = 3 
RETURN 
LOC = 7 
RETURN 
LOC = 13 
RETURN 
LOC =.21 
RETURN 
LOC = 31 
RETURN 
LOC = 43 
RETURN 
LOC = 57 
RETURN. 
LOC = 73 
RETURN 
LOC = 93 
RETURN 
LOC = 117 
RETURN 
LOC = 145 
RETURN 
LOC = 179 
RETURN 
END 
BLOCK DAT 
COMMON/BL 

A - 
OCK/GX(219)ffl(219) 

1005.000 
1006.000 
1007.000 50 
1008.000 
1009.000 
1010.000 60 
1011,000 
1012.000 
1013 +000 70 
1014400 
1015400 80 
1016.000 
1017.000 
1018.000_, 
1019.00 0 .!, 
1020,000 -.  
1021.000 * 
1022.000 * PURPOSE - DETERMINE LOCATION OF INTEGRATION FORMULA IN BLOCK DATA 
1023.000 * BLOCK DATA IS ASSUMED TO CONTAIN THE FOLLOWING FORMULAE. 
1024.000 * 3,4,6,8,10,14,16,20,24,28,34;40 PTS* 
1025400 * 
1026.000 
1027.000 10 
1028.000 20 
1029.000 30 
1030.000 40 
1031.000 50 
1032.000 60 
1033.000 
1034.000 70 
1035.000 
1036,000 80 
1037.000 
1038+000 90 
1039.000 
1040.000 100 
1041.000 
1042.000 110 
1043.000 
1044:000 120 
1045.000' 
1046.000 130 
1047.000 
1048.000 140 
1049,000 
1050.000 150 
1051.040 
1052.000 160 
1053.000 
1054.000 170 
1055.000 
1056.000 180 
1057.000 
1058.000 
1059,000 
1060.000 
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XPOL = FTY 
GO TO 80 
COPOL = FTY 
XPOL = FTX 
GO  TO 80 
COPOL = 0.70710678*(FTX CMPLX(0.0,14)*FTY) 
XPOL = 0.70710678*(FTX CMPLX(04,14)*FTY) 
GO  TO 80 
COPOL = 0.70710678*(FTX - CMPLX(0.0,14)*FTY) 
XPOL = 0.70710678*(FTX CMPLX(04,14)*FTY) 
CON = 10.0*ALOS10(CABS(COPOL)**2/PT) 
XON = 10.0*ALOS10(CABS(XPOL)**2/PT) 
CPH = ATAN2(AIMAS(COPOL),REAL(COPOL))*RAD 
RETURN 
END 
SUBROUTINE GRLOC(NG,LOC) 

1 
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1061.000 * 3 PT8 
1062,000 . DATA (QX(1),1=1,3)/-,774596669241p0.000000007+.774596669241/ 
1063,000 DATA .888888888888, .55555555i 
1064.000 * 4 PIS 
1065,000 DATA (QX(1),1=4,7)/-.861136311594,-.3399810435848,.33998104358487 
1066.000 +.861136311594/ 
1067,000 DATA (OW(1)71=4,7)/.347854845137,.652145154862,6652145154862, 
1068.000 +.347854845137/ 
1069.000 * 6 PTS, 
1070.000 . DATA (UX(1)11=8,13)/.93246951420315,,66120938646626, 
1071.000 +. 23841918608319, 
1072.000 +-.23861918608319,-.66i20938646626,-.93246951420315/ 
1073.000 DATA (QW(1),I=8,13)/.171324492379177.36076157304814. 
1074.000 ' +.46791393457269r 
1075.000 +.46791393457269,.36076157304814,,17132449237917/ 
1076.000 * 8 PIS. 
1077.000 DATA (OMI),1=14,21)/-.9602898564,-.79666647747-.5255324099, 
1078,000 +-.1834346424Y.1834346424,.5255324099,.7966664774p,9602898564/ 
1079.000 DATA (QW(1),1=14,21)/.1012285362,,22238103441.3137066458r 
1080 000 +.3626837833,,3626837833,,3137066458,.2223810344..1012285362/ 
1081.000 * 10 PIS, 
1082.000 DATA (GX(1)71=22,31)/-.9739065285.-.8650633666,-.6794095682, 
1083.000 • +-.4333953941,-.1488743389 
1084.000 +.1488743389r.4333953941,.4.794095682,..86506336667.9739065285/ 
1085.000 DATA (OW(1),I=22,31)/.067134437,1494513491,,2190863625, 
1086.000 +.2692667193r.2955242247, 
1087400 • +.2955242247,.26926671937A190863625,.14945134911.0666713443/ 
1081.000 * 12 PIS. 
1089.'000 DATA (GX(1)71=32,43)/-.981560634246t-.90411725637,-.769902674194y 
1090.000 +-.587317954286,-.367831498998,-.1252334085117.1252334085111 
1091.000 +.267.8314989987.587317954286..769902674194y.904117256370, 
1092.000 +.9815606246/ . 
1093.000 DATA (QW(1),1=32,43)/.047175336386,.106939325995,,1600783285437 
1094.000 +.203167426723,.233492536538,.249147045813Y.249147045813/ 
1095,000 +.23492536538.203167426723 ,160078328543,.106939325995 
1096,000 +,047175336386/ 
1097.000 * 14. PU. 
1098.000 DATA (0X(1),1=44,57)/-.986283808696,-.928434883663Y-.82720131507, 
1099.000 +-,687292994811,-.515248636358y-.3191123689277r.1080549487077 
1100.000 +.108054948707,,319112368927,.515248636358!..68#',92904811, 
1101.000 +.827201315069:.9284348836637.986283808696/ 
1102.000 DATA (GW(1),I=44,57)/.035119460331P.080158087159,4121518570687y 
1103.000 +,1572031671584185538397477,.2051984637217.2152638534639 
1104.000 +.21526385346.205198463721Y.1855383974771.157203167158Y 
1105.000 +,121518570687.0801580871591.035119460331/ 
1106.000 * 16 PIS. 
1107.000 DATA (0X(1)71=58,73)/-.98940093.4991,-.944575023073,-.8656312023887 
1108.000 . +-.755404408355,-.617876244403it.458016777657,-.281603550779! 
1109.000 . .+-.0950125098377.095012509837,.281603550779Y.458016777657Y - 
1110.000 +.6178762444031.755404408355r.865631202387y.9445750230737 
1111.000 +.989400934992/ 
1112.000 ' DATA (OW(1)/1=58,73)./.027152459412,4062253523938,4095158511682, 
1113.000 +.1246289712557.149595988816,.169156519395,.182603415045, 
1114.000 +.189450610455,.189450610455/.182603415045,,169156519375, 
1115.000. +,149595988816,.1246289712551.095158511682,.062253523M37 
1116,000 +.0271524594117/ 
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1117.000 * 20 PH. 
1118.000 DATA (QX(1)71=74/93)/-.9931285991,-.9639719272,-.91223442827 
1119.000 4.-.8391169718/ 
1120400 .1.-.7463319064,-.6360536807/-.5108670019/-.3737060887,-.22778585117 
1121,0,00 4.-.076526521137.07652652113/.22778585117.3737060887,.5108670019, 
1122.000 +.6360536807, 
1123 4000 - +.7463319064/.8391169718,69122344282/.9639719272,.9931285991/ 
1124.000 DATA (OW(1)11=74/.93)/.017614007137.04060142980/.06267204833, 
1125+000 +.08327674157i 
1126.000 +.1019301198/.1181945319,.1316886384/.1420961093/.1491729864, 
1127.000 +.15275338717 
1128...000 +.1527533871/.14917298647.14209610931.1316886384,.1181945319/ 
112.000 +.1019301198/ . 
1136:000 +.08327674157,46267204833,.04060142980/.01761400713/ 
1131.000 * 24 PIS. 
1132.000 DATA (GX(I),I=94,117 )/-.9951872199,-.9747285559,-.9382745520, 
1133+000 
1134.000 
1135.000 
1136.000 
1137.000 
1138.000 
1139.000- 

• • 1-.844155270,-.8200019859,-.7401241915/-.6480936519/ 
+-.5e4214713 /-.4337935076/-.3150426796 7-.1911188674/ 
+-.06405689286,.06405689286p .1911188674 / .3150426796 .4337935076/ 
+.5454214713/ .6480936519 .740124 1915/ .8200019859, . 88641552701 
+.9382745520/ .9747285559r .9951872199/ 
DATA (GW(1) I 1=94,117 )/ .012341279 .02853138862r .04427743881Y 

+.05929858491/ +07334648141 .08619016153 / .09761865210 / .10744427011 
1140.000„. +.1155056680/.12167047291.1258374563,41279381953/.1279381953, 
1141.000 k  

1142.000 +.08619016153/407334648141/..059298584917.04427743881, 
1143.000 +.02853138862/.01234122979/ 
1144.000.* 28  PIS, . • ---- 
1145+000 . DATA (OX(1)71=118,145)/-.9964424975,-;...98130316537-.9542592806/ 
1146.000 -1-.9156330263,-.8658925225,-.80564137 19,-.73561087807 
1147.000 - -1-.6566510940,-.5697204718,-.47587422491-.3762515160, 
1148.000 . +7..2720616276,-.1645692821,-.055079289887.055079289887 
1149.000 +.1645692821/.2720616276/.3762515160,.4758742249r.5697204718p 
1150.000 t. 6 .566510940/.7356108780/.8056413709,68658925225/.9156330263, 
1151.000 ++9542592806/.9813031653/.9964424975/ 
1152.000 DATA (QW(1)11=118/145)/.009124282593/.02113211259603290142778/ 
1153.000 . +.04427293475/.05510734567/.06527292396,.07464621423, 
1154.000 +.08311341722,.09057174439/.09693065799/.1021129675/.1060557659, 
1155.000. . +.1087111922/.1100470130/.11004701301.10871119221.1060557659/ 
1156.000 - t.10211296757.09693065799/.09057174439/.083113417221.07464621423/ 
1157.000 +.06527292396/.05510734567/,04427293475/.03290142778, 
1158.000 +.02113211259/.009124282593/ 
1159.000 * 34 PIS. 
1160,000 DATA (GX(I),I=146,179)/-,9975717537,-.9872278164,-.9687082625 
1161.000 
1162.000 
1163.000 
1164.000 
1165.000 
/166.000 
1167.000 
1168.000 
1169.000 
1170.000 
1171.000 
1172.000 

1.-.9421623974:-.9078096777,-.8659346383,-..8168842279, 
4-.7610648766/-.6989391132,-.6310217270,-.55787550061 
ri-,4801065451,-.3983592777,-.3133110813,-.2256666916/ 

à7.1361523572,-.0455982195,44550982195/.1361523572, 
+.2256666916/.3133110813/.3983592777/.4801065451/.5578755006/ 

-4..6310217270/.6989391132/.7610648766/.8168842279/.86593463831 
+.9078096777/.9421623974/.9687082625r.9872278164/.9975717537/ 

DATA  (QW(1)/1=146/179)/.0062291405557.01445016274,.02256372198/ 
+. .030491380637.03816659379/.045525611527.05250741457,405905413582e 
+.06511152155/.07062937581,.075 561984667.079868444337.08351309969/: 
4.08646573974/4088701897831.09020304437/.096956740337.09095674033, 
+.09020304437/.08870189783/.08646573974/.083513099697.07986844433, 
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1173.000 +.07556197466e.07062937581,.06511152155p.05905413502..05250741457, 
1174.000 +.04552561152,.03816659379,.03049138063,.02256372198/.014450162747 
1175.000 .F.006229140555/ 
1176.000 * 40  PIS. 
1177.000 DATA OX(1)71=180,219)/-.9982377097,-.9907262386,-.9772599499, 

- 1178.000 4—.95791,68192.-.9328128082.-.9020988069.-.8659595032,-.8246122308r• 
1179.000

,  
+-.7783056514,-.7273182551,-.6719566846,-.6125538896,-.549467125, 

1180.000 -1—.4830758016r-44137792043,-.3419940908,-.268152185.-.1926975807, 
1181.000 4—.1160840706,387724175..0387724175,.1160840706r.1926975807. 
1182.000 +.268152185..3419940908r.4137792043..4830758016Y.549467125, 
1183.000 +.6125538896,.67195668461.72731825511.77830565141.8246122308, 
1184.000 +.8659595032..90209880654.93281280821.9579168192Y.9772599499,. 
1185.000 +.9907262386..9982377097/ 
1186.000 DATA (014(1),1=180,219)/.00452127709..0104982845,.01642105837 
1187.000 +.0222458491,,0279370069..0334601952..0387821679,.0438709081. 
1188.000 +.0486958076,.0532278469y.0574397690,.0613062424Y.06480401347 
1189.000 +.0679120458,6070i;116473,.0728865823..0747231690›.0761103619y 
1190.000 -1-.0770398181Y.0775059479..0775059479,.0770398181,.07611036197. 
1191.000 +.07472316907.0728865823,.0706116473..009120458,.06480401347, 

»1192.000 +.0613062424,.0574397690t.0532278469..04869580761.0438709081, 
1193.000 +.0387821679..0334601952,.02793700691.0222458491Y.0164210583, 
1194.000 +,0104982845,.00452127709/ 
1195.000 . END 

* Eg hit geter 1195.000 
.* • 



B.3 EXAMPLE OF INPUT DATA FILE PAREFM-DAT  

1.000 ARABSAT r RECEIVE BEAM 
2.000 6.175 
3.000 6 
4.000 0 
5.000 1.970 -2.036 0+0 .840 -..10 0.0 -.175 -2.698 0.0 .1.357 -.780 0.0 
6.000 -1.180 1.453 0,0 .220 3.250 0.0 
7.000 0.0 -48:0 0.0 
8.000 4 
9.000 0 ,.. 
10.000 29,4.0 
11.000 0 • 
12.000 0.0 0.0 **07 0.0 -.27 0.0 -.550 0.0 -.95 0.0 -1.55 0.0 -2+20 0.0 
13.000 -3.0 0,0.-3+9 0.0 -5.3 0.0 -6.6 0,0 -8,0 0.0 -9.75 0.0 -11,75 0,0 
14,000 -13.7 0.0 -15.3.0.e -17.1 0.0 -18.8 0.0 -20+5 0,0 -21.8 0.0 -23.1 0.0 
15.000  -.24.2 0.0 *25:2 0.0 *26.0 0,0 .-26,6 0.0 -27.4 0.0 --2748 0.0 -28.2 0.0 
16.000 -28.6 0.0 
17.000 0,0 0.0 -*.06 0;0 -.24 0.0 -,46 0.0 -.88 0.0 -1.45 0.0 -2.1 0.0 
1 8.000.,72.8 0.0 -3.7 0.0 -4.9 0,0 -6.0 0,0 -7,3 0.0 -8.4 0.0 0.0 
19.00011.0 0.0 -12.25 0,0 -13.75 0.0 -15.4 0.0 *16.8 0.0 *18.2 0.0 -19.8 .0 
20.000 0.0 *24.0 0.0 -25+4 0+0 -27.0 0.0 -29.0 0,0 -31.5 0,0 -33+5 0,0 
21.000 -35.5 0.0. 
22.000 1.0 1.0 1.0 1+0 1.0 1,0 
23.000 0...0 0.0 0.0 0.0 0.0 0.0 
24.000 .12. - 20,0 .18 .-10.0 .20- 0.0 .16 0.0 .17 60:0 .16 80.0 
25.000 27+0 40.0 35.0 25.5 0.0 
26.000 0 
27.000 0 
28,000 -6.0 +6.0 13 -4.0 3.0 8 
29.000 0«0 0.0 0.0 
30.000 0.0 
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B . 4 SAMPLE OUTPUT 

ARABSAT RECEIVE BEAM 
FREQUENCY IN GHZ 

6.1750 • 
NO OF FEED RADIATORS 

6 
OPT. CHOSEN - COLLECTIVE MOVEMENT AND ROTATION OF FEED ARRAY 

0 
DISPLACEMENTS OF FEEDS IN INS, 

1.9700 -2,0360 .0000 .8400 -.1000 .0000 -.1750 -2.6980 .0000 -1.3570 -.7800 .0000 
-1.1800 1.4530 .0000 .2200 362500 .0000 

ROT. OF FEEDS ABOUT X-/Y-7 AND  Z-AXIS IN DEG. 
.0000 -48.0000 . .0000 

POLAR. OF SECON. BEAM - VP=1.HP=2YRHCP=3,LHCP=4 
4 

FEED SYMMETRY -  PRINCIPAL  DIAS. PLANES = 0  i PRINCIPAL PLANES ONLY = 1 
0 

NO , OF PIS ,  DESCR. PATTERNS AND ANGULAR INCREMENT OF POINTS 
29 4.00 

PORT 1 E-PLANE AMPL(DB) AND PHASE(DEG) PATTERNS FOR FEED NO. 1 
meo . moo -.ono .0000 -.2700 .0000 -.5500 .0000 -.9500 .0000 -1.5500 . .0000 

-2.2000 b0000 -3.0000 .0000 -3.9000 .0000 -5.3000 .0000 -6.6000 :0000 -8.0000 .0000 
-9,7500 .0000 -11.7500 .0000 -13.7000 .0000 -15.3000 .0000 -17,1000 .0000 -18.8000 .0000 
-20.5000 .0000 -21.8000 .0000 -23.1000 .0000 -24.2000 .0000 -25.2000 .0000 -26.0000 .0000 . 
-26.6000 . .0000 -27.4000 .0000 -27.8000 .0000 -28.2000 .0000 -28.6000 .0000 

PORT 1 H-PLANE AMPL(DB) AND PHASEGEG) PATTERNS FOR FEED NO. 1 
.0000 .0000 -.0600 .0000 -.2400 40000 -.4600 .0000 -.8800 .0000 -1.4500 .0000 

-2.1000 .0000 -18000 .0000 -3.7000 . ..0000 -4.9000 .0000 -6.0000 ,0000 -7.3000 .0000 
. -8.4000 .0000 ,9.7000 .0000 -11.0000 .0000 -12.2500, .0000 -13.7500 .0000 -15.4000 .0000 
-16.8000. .0000 -18.2000 .0000 -19.8000 .0000 -21.30e. .0000 -24,0000 .0000 -25.4000 .0000 
-27.0000 .0000 -29.0000 .0000 -31.5000 .0000 -33.5000 .0000 -35.5000 .0000 
AMPL IMBALANCE OF Y-PORT REL. TO X-PORT 

. 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000: • 
PHASE DEPARTURE OF Y-PORT FROM  QUADRATURE  IN DEC.  

.0000 Adoo .0000 moo .0000 
POWER(V) AND PHASE(DEG) OF FEED EXCITATIONS 

.1300 -20.0000 .1800 -10.0000 .2000 .0000 .1600 .0000 .1700 60.0000• . .1600 80.0000 
FOC LTH.IAPER, X-DIM.Y-DIM AND X-. Y-OFFSET IN INS, 
27.0000 40.0000 35.0000 25.5000 .0000 

START,STOP AND NO. OF PIS. FOR AZ,EL SCAN 
-6.00000' 6.00000 13 -4.00000 .3.00000 8 
X-e-d-TRANSLATION OF FIELD CO-ORD..SYSTEM IN INS 

.0000 .0000 .0000 
ROTATION OF FIELD POLARISATION VECTOR IN DEGREES 

.0000 
INTEG. PIS. SELECTED FOR RADIAL AND PHI-VAR, 

8 8 
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SPILL-OVER EFFICIENCY .646 

CO-POLAR GAIN IN DB 

ELEV * AZIMUTH (DEG) 
(DEG) * -MO -3.00 -240 -1.00 AO 1.00 100 3.00 4.00 5+00 MO 
* * * * * * * * * * * * * * t * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

3.00* 12.14 17.44 21.00 22.78 23.31 23.19 23.07 23,17 23.0822.37 20.74 18.07 14.38 

2.00* 19,08 22.73 24.84 25465 25.52 25.08 25.08  25.55 25.88 25.58 24.42 22.28 19.09 

1.00* 22.77 25.25 26.39. 26.41 25.68 25+09 25,53 26.60 27.36 27.36 26.45 24.51 21:44 

* 
A0* 23.87 25.54  25.88  25,09 23.79 23.57 25.06 26.80 27.89 28,07 27+23 25,27 22,00 

*. 
-1.00* 22.67 23:70 23.20 21.49 20,16 21.70 24.41 26.53 27.73 27,95 27.08 24.94 21.21 

-2.00* 19.01 14+35 17,80 15.38 16.69 20,40 23.42 25,58 26.85 27.10 26,18 23:83 19453 

-3.00* 12.28 11.27 7.58 8.30 13,81 17,75 20.86 23.33 24,91 25.38 24.55 22.14 17,45 

-4,00* 3.78 -1.89 -9.12 1.68 5:93 10.21 15.09 18.98 21.44 22.46 21,99 19.74 14.97 

1(-POLAR GAIN IN DB 

ELEV * AZIMUTH (DEG) 
(DEG) * -6.00 -5.00 -4,00 -3.00 -2.00 -1.00 +00 1400 2.00 3.00 MO 5.00 6+00 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

100* -21.3 -20.6 -22.6 -27.1 -32.1 -27.3 -22.4 -20,2 -20,5 -23,5 -29.9 -31.7 -28.6 

2.00* -15.7 .16.6 -20,2 -26.3 -37,2 -31.8 -23:2 -200 -21.1 -252 -35,7 -34,2 -29.1 
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1.00* -14.5 -16.5 -20,3 -23.2 -2601 -38,8 -26.6 -23,0 -24.1 -27,8 -30.5 -35.8 -34.5 

• 

.00* -17.4 -20,1 -21.3 -21.1 -24.0 -35.7 -31.9 -29.6 -29.5 -25.1 -24.3 728.9 -39,3 

-1.00* -23,4 -21.6 -19.6 -20.8 -26.8 -32.0 -28.2 -34.6 -29,9 -24.0 -24.3 -30.1 -32.1 

-2.00* -20.0 -17.7 -17,8 -21.3 -33,5 -30.5 -27,1 -28.4 -25.9 -25.2 -29.7 -31.0 -26.5 

-3.00* -19.0 -17.8 -18.8 -22.9 -324 i-37,2 -30.7 -25.6 -24.2 -27.9 -29.5 -23.3 -22.6 

-4.00* -21.7 -21.8 -2440 -216 -35.9 -32.6 -24.4 -21.2 -21.8 -25.1 -22.7 -20,2 -21.6 

CO-POLAR PHASE IN DEO 
*1.01.W. nnn 

ELEU * AZIMUTH (DEO) 
(DEO) * -6,00 -5.00 -4.00 -3.00 -2.00 -1,00.. .00 .1.00 2,00 3.00 4.00 5.00 MO 
* * * * * * * * 1 * * *•* * * * * * * * * * * * * * * * * * * * * * * * * * * *.* * * * * * * * * * * * * * * * * * * * 

3.00*-165.2-142.1-139.0-143.4-152,8-166.7 177.1 163.1 154.1 149.4 146,6 142.8 133.6 

2.00* 138.9 144,7 143.5 137.8 127,5 112.3 95.0 81.4 73.7 70 .44 69.1 67.7 64.2 

* 
1.00* 64.6 65.2 62.2 55.5 43,5 25,3 6.4 -5.9 -11.3 -12.8 -12..6 -12.3 -12.8 

*- 
.00* -13.2 -15.8 -20.8 -29.8 -46.4 -70.1 -88.8 -97.1 -99.0 -98.2 -96.5 -94.8 -93.2 

-1.00* -90.4 -96,5-104.9-119.9-147.6-175.3 173.1 171.4 173.2 175.9 178.5-179.1-176.6 

* 
-2.00*-164.0-175.1 169,4 138,3 97.4 81.1 80,3 84,1 88,2 91.5 93.9 95.7 97.5 • 

-3.00* 133.7 113,9 79,4 13.2 -10.4 -9.5 -2.4 4.1 8.1 10.2 11,1 11,5 11.3 .  

* • - 
-4,00* 109.7 101,3-153.7-121,6-105.2 -82.8 -69.6 -65,8 -66.0 -67.3 -68,5 -69.2 -69,9 
*STOP* 

• 
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APPENDIX C 

C.1 Description of Computer Program PAREFL_SIF 

IDENTIFICATION: PAREFL_SIF 

PURPOSE: 

The program calculates the field radiated by 

a parabolic reflector antenna with projected elliptical aperture 

using the method of physical optics. Only linearly polarised feeds 

are permitted. A choice of pyramidal horns or a variety of specia-

lised horns is available. 

AUTHOR: 

K. K. Chan, 
Chan Technologies Inc., 
26 Calais Circle, 
Kirkland, Quebec, 
H9H 3V3. 

Tel: (514) 697 -6419 

DESCRIPTION: 

The geometry of the reflector system analysed 

here is the same as that treated by program PAREFC SIF. Only 

linearly polarized feeds may be specified. There is a choice 

between ordinary pyramidal, E-plane dielectric loaded, E-plane 

corrugated, dielectric loaded plus corrugated, dielectric loaded 

trifurcated, and trifurcated only horns. These horns are not suit-

able for circular polarization. Aperture loading is used either to 

increase aperture efficiency in a particular plane or reduce side- 

lobes. Computed gains uSing linearly polarised rectangular pyramidal 
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feed horns from this program differ slightly from the results 

calculated by PAREFC_SIF. This difference ranges from nil for 

large horns 3.0 .?\ to ,N.,.25 dB for small horns <  1 ?\ 

It is due to the two different methods of calculating power radiated 

by the horns. Further, the Chu model is used to calculate the horn 

patterns. Mixture of horn types is permitted. 

USAGE (INPUT): 

Input data required by the program are to be 

provided in a file named PAREFL_DAT. Data may be written in free 

format and must follow the sequence as given in the program listing. 

Input variables are defined in the input section of the listing. 

Additional comments on the same variables as used in programs 

PAREFC SIF and PAREFM SIF can be found in their respective usage 

sections of Appendix A and B. 

OUTPUT: Same as for PAREFC SIF. 

CODING INFORMATION:  Honeywell CP-6 FORTRAN 77. 

RESTRICTIONS: 

The restriction on the antenna configuration 

that may be analysed is solely due to array dimensions. In order 

to minimise the demand on computer resources, the arrays have been 

dimensioned to cover many of the cases usually encountered. In 

situations where the number of feeds required or the number of 

integration points needed or the field of view exceeded those 

envisaged, the relevant arrays must be changed according to the 

following prescriptions. 
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To Increase the Number of Horn Feeds 

The program has been set to allow a maximum 

of 25 feeds. To increase the allowable number, dimension changes 

to affected arrays have to be made. 

MAIN PROGRAM: 

(i) Change the declarations of the following arrays 

to the value of NHORN - A, B, WGA, WGB, HRNLTH, 

DX, DY, DZ, GAMMA, BETA, ALPHA, ITYPE, HPWR, 

HPHASE, HMAG, HFL, EFL, W11, W12, W13, W21, 

W22, W23, W31, W32, W33. 

(ii) Change the value of MAXHRN in the data state-

ment to the value of NHORN. 

SUBROUTINE RECAP: 

(i) Change the dimensions of the following arrays 

to the value of NHORN - 

A, B, HMAG, HPHASE, HLT, ELT, ITYPE, LQH, NQH. 

(ii) Change the second dimensions of the following 

arrays to the value of NHORN - HAP, EAP, AP1, 

AP2, AP3, AP4. The last four arrays, AP1, AP2, 

AP3, and AP4, need be modified only if there 

are more than 25 dielectric loaded trifurcated 

or trifurcated only horns. The first two arrays, 

HAP and EAP, need be modified only if there are 

more than 25 of the rest of the horn types. 
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SUBROUTINE APINT: Same as for SUBROUTINE RECAP. 

To Increase Array Si,zes to Accomodate Larger Number of Integration Pts. 

The maximum number of integration points 

allowable in the radial or phi-direction is given by MAXQ. At 

present the value of MAXQ. is 24. 

MAIN PROGRAM: 

(i) Change the value of MAXQ in the data statement 

to reflect the new value. 

(ii) Change the first dimension of arrays RDL and 

RDU to the value of MAXQ. 

(iii) Change the dimensions of the following arrays 

to 4*MAXQ*MAXQ - 

XG, YG, ZG, RJX, RJY, RJZ. 

SUBROUTINE FIELD: 

(i) Change the dimensions of the following arrays 

to 4*MAXQ*MAXQ - 

X, Y, Z, RJX, RJY, RJZ. 

To Increase Frame of Observation 

The field of observation is defined by a 

rectangular grid of elevation and azimuth cuts. The number of grid 

points in the elevation direction is given by NEL and its maximum 

is set by MAXEL. Similarly, the number of grid points in the 

azimuth direction is given by NAZ and its maximum is set by MAXAZ. 



At present, the values of MAXEL and MAXAZ are 41 and 41. 

MAIN PROGRAM: 

(i) Change the values of MAXEL and MAXAZ in the 

data statement. 

(ii) Change the dimensions of arrays EL and AZ 

to MAXEL and MAXAZ respectively. 

(iii) Change the dimensions of arrays CGN, CPH and 

XGN to the value gjwen by MAXEL*MAXAZ. 
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CHARACTER*4 IHEAD(15) 
DIMENSION A(25)7B(25)7HRNLTH(25)7WOB(25)7WGA(25)7ALPHA(25) 
DIMENSION DX(25),DY(25)711Z(25),GAMMA(25)7BETA(25),ITYPE(25) 
DIMENSION HPWR(25),HPHASE(25),HMAG(25),HFL(25);ÈFL(25) 
DIMENSION_W11(25)7W12(25),W13(25)1W21(25),W22(25)7W23(25) 
DIMENSION1431(25)7W32(25)7W33(25) 
DIMENSION PHL(4),PHU(4)7RDL(24,4)7RDU(2474) 
DIMENSION XG(2304)7YG(2304)7Z0(2304) 
DIMENSION CON(1681),CPM(1681),XGN(1681)7EL(41)7AZ(41) 
COMPLEX EX7EY7EZIEXPN7ETHETArEPHI,FTX7FTY,FTDHX7HY7HZ 
COMPLEX RJX(2304),RJY(2304)7RJZ(2304) 
INTEGER OPTB7OPTH7OPTO 
COMMON/VAL1/WAVE7PIrRADIRK 
COMMON/VAL2/A7B7HMAG7HPHASE7HFL7EF47ITYPEPIPOLA 
COMMON/BLOCK/QX(219)7QW(219) 
COMMON/CURENT/RJX7RJY7RJZIXG7YG7Z0 
COMMON/VAL3/NREG,NORPNQP7PT7XDO7YDQ7ZDO7CPVRISPVR 
DATA PIrRAD7ZETA/3,14159265757.29577957376.99111/ 

1 

T I  

1 
1 

li  
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C .  2 .; P ROGRAM  LISTING 

1.1000 PROGRAM PAREFL 
2.000 * 
3.000 * PHYSICAL OPTICS ANALYSIS OF A SOLID REFLECTOR FED BY A MULTIHORN ARRAY. 
4.000 * THE REFLECTOR HAS AN ELLIPTICAL APERTURE  AND  IS OFF-SET IN THE 
5,000 * X- AND Y- DIRECTION. FAR FIELD CO-POLARISED AND CROSS-POLARISED 
6.000 * GAIN MATRICES ARE COMPUTED OVER A RECTANGULAR ELEVATION - AZIMUTH 
7.000 * GRID. . 
8.000 * MAIN FEATURES OF THE PROGRAM ARE THE FOLLOWING - 
9.000 * MULTIPLE FEED HORN.CAPABILITY. 
10,000 * MODELING OF FEED HORN WITH QUADRATIC APERTURE PHASE 'ERROR. 
11,000 * CHOICE OF DIFFERENT HORN TYPES. 
12.000 * X- AND Y- OFFSET OF REFLECTOR. 
13.000 * MODELING OF APERTURE BLOCKAGE BY FEED AND STRUTS* 
14,000 * AUTOMATIC SELECTION OF INTEGRATION LIMITS AND FORMULAS. 
15,000 * ROTATABLE LINEAR POLARISATION. 
16.000 * 
17.000 * WRITTEN BY K. K. CHAN 7 CHAN TECHNOLOGIES INC. Y FEB 1984 
18.000 * 
19.000 
20.000 
21.000 
22.000 
23.000 
24.000 
25,000 
26.000 
27,000 
28 000 
29,000 
30.000 
31.000 
32.000 
33,000 
34.000 
35.000 
36,000 
37,004 . * • 
38.00Q - * THE FOLLOWING ARE PRESET LIMITS CONSISTENT WITH PRESENT ARRAY 
39.000 * DIMENSIONING. 
40.000 * 
41.000 * MAX0 - 
42.000 * MAXHRN 
43.000 * MAXEL 
44.000 * MAXAZ 
45,000 * 
46.000 DATA MAXQOAXHRNIMAXEL7MAXAZ/24725741,41/ 
47.000 * 
48.000 * START OF DATA INPUT 
49,000 * . 
50.000 OPEN(UNIT=57NAME= 1 PAREFL-DAT 1 7STATUStYOLD'70SAGE= 1 INPUT') 
51.000 * 
52,000 * IHEAD - HEADING FOR COMPUTER RUN. MAX, OF 60 CHARACTERS. 
53.000 * 

MAX. NO* OF INTEGRATION PTS. PERMITTED. 
MAX.MO. OF HORNS PERMITTED. 

- MAX,  NO. OF EL GRID PTS. 
- MAX,  NO. OF AZ GRID PIS. 
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54-.000 
55.000 10 
56.000 * 

READ(5,10) (IHEAD(I),I=1,15) 
FORMAT(15A4) 

READ(5,*) NHORN 
IF (NHORN4LE.MAXHRN)G0 TO 14 
PRINT 12 r MAXHRN 
FORMAT(1Xr'STOP. NO. OF HORNS EXCEEDED LIMIT OF ',I2) 
STOP 
CONTINUE 

-_E-PLANE DIMENSION OF HORN APERTURES IN INCHES 

READ(5,*) (B(I),I=1,NHORN) 

- H-PLANE DIMENSION OF INPUT FEED GUIDE IN INCHES 

READ(5,*) (WGA(I),I=1,NHORN) 

FEED ARRAY IS ROTATED ABOUT THE GLOBAL X-AXIS BY ANGLE 
ALPHA FOLLOWED BY ROTATION ABOUT THE NEW Y-AXIS BY ANGLE 
BETA.FINALLY EACH HORN IS ROTATED ABOUT ITS OWN LOCAL Z-
AXIS BY ANGLE GAMMA.THIS  OPTION  ALLOWS FOR THE COLLECTIVE 
MOVEMENT OF THE ARRAY.ONLY THàÉE VALUES NEED TO BE SPECI-
FIED FOR THE ROTATIONS. 
HORN DISPLACEMENTS SPECIFIED ARE THE FINAL POSITIONS.THE 
ROTATIONS TO FOLLOW ARE-ABOUT THE INDIVIDUAL HORN LOCAL 
XpY AND Z-AXES.THIS OPTION ALLOWS FOR INDEPENDENT ROTATION 
AND POSITIONING OF THE HORNS.THREE ROTATION ANGLES MUST BE 
ENTERED FOR EACH - FORN. 

READ(5r*) OPTH 

57.000 *  DATA  DESCRIBING FEED HORNS 
58.000 * 
59.000 * FREQ - FREQUENCY IN GHZ 
60.000 * 
61.000 READ(51*) FREQ 
62.000 *' 
63.000 * NHORN - NO. OF FEED HORNS. 
64.000 * 
65.000 
66.000 
67.000 
68.000 12 
69.000 
70.000 14 
71.000 * 
72.000 * B 
73.00Ô * . 
74.000 
75.000 * 
76.000 * A - H-PLANE DIMENSION OF APERTURES IN INCHES 
77.000 * 
78.000 READ(5r*) (A(I),I=1,NHORN) 
79.000 * 
80.000 * WGB - E-PLANE DIMENSION OF INPUT FEED GUIDE IN INCHES 
81.00 * 
82.000 READ(5,*) (WGB(I),I=1,NHORN) 
83.000 * 
84.000 * WGA 
85.000 * 
86.000 
87.000 * 
88.000 * HRNLTH - AXIAL HORN LENGTH IN INCHES 
89.000 * 
90.000 READ(5r*) (HRNLTH(I)11=1,NHORN) 
91.000 * 
92.000 * OPTH - OPTION IN SPECIFYING HORN POSITIONS AND ROTATIONS. 
93.000 * = Or HORN POSITIONS ARE SPECIFIED BEFORE ROTATION.THE WHOLE 
94.000- * 
95.000 * 
96.000 * 
97.000 * 
98.000 * 
99.000 * 

100.000.* 
101.000 *. 
102.000 * 
103.000 * 
104.000 *. 
105.000 * 
106.000 
107.000 * 
108.000 * DISPLACEMENTS OF FEED HORN IN INCHES FROM FOCAL POINT 
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109.000 * 
110,000 
111.000 * 

READ(5,*) (DX(I),DY(I)elinI),I=leNHORN) 

READ(5,*) Fe SX2e  8Y2, DELTAX, DELTAY 

- OPTION FOR SPECIFYING LIMITS OF,INTURATION TO SIMULATE  BL OCAGE.  
= 0. LIMITS ARE GENERATED BY PROGRAM:FROM INPUT REFLECTOR 

DATA. NO APERTURE BLOCKAGE IS ASSUMED. 
= 1. LIMITS ARE DERIVED BY THE USER AND READ INTO THE PROGRAM' 

READ(5,*) OPTB 
IF (OPTB.LE.0) GO TO 30' . 

- NUMBER OF REGIONS_OF PHI-INTEGRATION. 

READ(51*) NREG 

112.000 * ALPHA ROTATION ABOYT EITHER THE GLOBAL OR LOCAL X-AXIS IN DEG+ 
113,000 * BETA - ROTATION ABOUT EITHER THE GLOBAL OR LOCAL Y-AXIS IN DEG+ 
114.000 * GAMMA - ROTATION ABOUT LOCAL Z-AXIS IN DEG. 
115.000 * 
116.000 . NH = 1 
117,000 IF (OPTHAT.0) NH = NHORN 
118.000 RE4D(5.*) (ALPHA(I).BETA(I).GAMMA(I),I=1.NH) 
119.000 * • 
120.000 * IPOLA POLARISATION OF FEED HORN AND REFLECTOR SYSTEM, VP=1 e HP=2 
121.000 * 
122.000 READ(5,*) IPOLA 
123.000 * 
124.000 * ITYPE --TYPE OF HORN Y 0=ORD. PYRAMIDAL Y 1=DIEL / 2=CORRUG 
125.000 * 3=BOTH(1t2) Y 4=DIEL TRIF r 5=TRIF ONLY 
126.000 * 
127,000 READ(5.*) (ITYPE(I),I=1eNH0RN) .  
128.000 * 
129.000 * HPWR - RELATIVE POWER EXCITATION OF EACH HORN IN WATTS. 
130.000*  HPHASE RELATIVE PHASE EXCITATION OF EACH HORN IN DEG. 
131.000 * 
132.000 READ(5,*) (HPWR(I)1HPHASE(I),I=1,NH0RN) 
133.000 * 
134.000 * DATA DESCRIBING PARABOLIC REFLECTOR  CONFIGURATION.  
135,000 * 
136.000 * F - FOCAL LENGTH OF PARABOLIC REFLECTOR IN INCHES. 
137.000 *  8X2 X-DIMENSION OF ELLIPTIC( L REFLECTOR APERTURE IN INCHES 
138.000 * SY2 Y-DIMENSION OF ELLIPTICAL REFLECTOR APERTURE IN INCHES 
139.000 * DELTAX X*OFFSET OF APERTURE CENTRE.IN INCHES 
140.000 * DELTAY Y-OFFSET OF APERTURE CENTRE IN INCHES' 
141.000 * 
1.42.000 
143,000 *- 
144.000 * OPTB 
145.000 * 
146.000 * 
147.000 * 
148.000 * 
149.000 
150..000 
151.000 * 
152:000 * NREG 
153.000 * 
154.000 
155.000 * 
156.000 * PHL(I) - LOWER LIMIT OF PHI-INTEG FOR THE I TH REGION IN  RADIANS. 
157.000 * PHU(I) - UPPER LIMIT OF PHI-INTEG FOR THEI TH REGION IN RADIANS. 
158.000 * 
159.000 READ(5.*) (PHL(DePHU(I),I=1,NREG) 
160.000 * 
161.000 * BX2 - X-AXIS DIMENSION OF CENTRAL ELLIPTICAL BLOCKAGE IN INS. . 
162.000 * BY2 - Y-AXIS DIMENSION OF CENTRAL ELLIPTICAL BLOCKAGE IN img 
163.000 * 



READ(5,*) &TO 
IF (OPTG.LE.0) GO TO 60 

DATA FOR SURFACE INTEGRATION. 

- START OF ELEV CUT IN-DEG 
- END OF ELEV CUT  INDES  
- NO. OF ELEV POINTS - 
- START OF AZIMUTH CUT IN DEG 
--END OF AZIMUTH CUT IN DEG 
- NO. OF AZIM POINTS 

REAU5e*) AZS,AZE7NADELS7ELErNEL 
IF (.NEL#LE.MAXEL)  60.10  
PRINT 72 r MAXEL 
FORMAT(1X7'STOP. NO. OF EL GRID PTS, EXCEEDED MAX. OF '712) 
STOP 
IF (NAZ.LE.MAXAZ) GO TO 78 
PRINT-76 I MAXAZ - 
FORMAT(1X7'STOP. NO. OF AZ GRID PTS. EXCEEDED MAX. OF 'YU) 
STOP 
CONTINUE - 

- X-TRANSLATION OF FIELD CO-ORDINATE SYSTEM FROM GLOBAL SYSTEM.(INS) 
- Y-TRANSLATION OF-FIELD CO-ORDINATESYSTEM FROM GLOBAL SYSTEM.(INS) 
- Z-TRANSLATION OF FIELD CO-ORDINATE 'SYSTEM FROM GLOBAL SYSTEM.(INS) 
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164.000 READ(5,*) BUY BY2 
165.000 * 
166.000 * OPTO - OPTION FOR SPECIFYING NO: OF INTEGRATION POINTS. 
167+000 * e OF NO: OF INTEGRATION POINTS IS DETERMINED BY PROGRAM, 
168.000.* e 1, SPECIFIED BY USER. 
169e000-* 
170.000 50 
171.000 
172.000 * 
173.000 * 
174.000 * NOR -7. NO OF INTEGRATION POINTS IN THE RADIAL-DIRECTION. . 
175.000 * NOP - NO OF INTEGRATION POINTS IN THE PHIIIRECTION, 
176.000 * CHOOSE FROM THIS LIST - 3747678710712714716720724728734740 PTS 
177,000 * 
178.000 READ(57*) N0R7N11P 
179.000 * 
180.000 * CHECK AND DETERMINE LOCATION OF THESE FORMULAS 
181..000 * 
182.000 CALL APGUAD(NOR/Ie-40R) 
183.000 NUR I 
184.000 CALL 'APOUAD(NOP,I,LOP) 
185.000 NCIP = I 
186.000 * 
187.000 . * READ IN DATA FOR FAR FIELD OBSERVATION 
188.000 * 
189.000 4 ELS 
190.000 * ELE 
191+000 4NEL 
192.000.* AZS 
193.000 * AZE 
194.000 * NAZ 
195.000 * 
196.000 60 
197..000 
198.900 
199.000 72 
200.000 
201.000 74 
202.000 
203.000 76 
204.000 
205.000 78 
206.000 * 
207,000 * XDQ 

 208.000*  YDO 
209,000 * ZDO 
210.000 * 
211.000 READ(57*) XDOPYDG7ZD0 
212.000 * -, -- 
213.000 * PVR - ANGULAR ROTATION OF FIELD POLARISATION VECTOR IN -DEGREES. 
214.000 * 
215+000 READ(57 .4) PVR 
216.000 * 
217.000 * DATA INPUT COMPLETED 
218.000 * 
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219.000 80 
220+000 90 
221.000 95 
222.000 
223.;.000 
224.000 100 
225.000 
226.000 
227.000 110 
228,000 
229+000 .  
230.000 120 
231,000 
232.000 
233.000 130 
234.000 
235.000 
236.000 140 
237.000 
238.000 
239.000 150 
24.0.000 
241.000, 
242.000 155 
243.000 
244.000 
245.000 
246.000.  160 
247.000 , 
248.000 
249.000 
250.000 165 
251,000 
252.000 
253 ..000 
254.000 
255.000 170 
256.000 
257.000 
258.000 180 
259.000 
260.000 
261.000 190 
262.000 
263+000 
264.000 200 
265.000 
266..000 . 
267.000 
268.000 210 
269.000 
270.000 
271.000 220 
272.000 
273.000 

FORMAT(12I5) 
FORMAT(12F10.4) 
FORMAT(1X,15A4) - 
PRINT 95 r (IHE4D(I),I=1,15) 
PRINT 100 
FORMAT(1)WFREG1iENCY IN GHZ') 
PRINT 90rFRE9 
PRINT 110 
FORMAT(1)(r 1 NO OF HORNS') 
PRINT  SOiNHORN 
PRINT 120 
FORMAT(1)WE,PLANE HORN APERTURE DIM - B IN INS*') 
PRINT 90,(B(i),I=11NHORN) 
PRINT 130 
FORMAT(1)WH-PLANE HORN APERTURE DIM - A IN INS* 1 ) 
PRINT  90, (A(I)1I=1,NHORN) 
PRINT  140 
FORMAT(1X,'INPUT WAVEGUIDE DIMENSION B(E-PLANE) IN INS*') 
PRINT 90,(WGB(DrI=1INHORN) 
PRINT 150 
FORMAT(1WINPUT WAVEGUIDE DIMENSION A(H-PLANE) IN INS*') 
PRINT 901(WGA(I),I=1,NHORN) 
PRINT 155. 
FORMAT(1X,'AXIAL HORN LENGTH IN INS* 1 ) 
PRINT 90r(HRNLTH(1),1=1,NHORN) 
IF (OPTH*EG*1) THEN 

PRINT 160 
FORMAT(1X,'OPT* CHOSEN - INDIVIDUAL DIPLACEMENT AND ROTATION', 

.1. 1  OF HORNS') 
ELSE • 

PRINT 165 
FORMAT(IXe'OPT* CHOSEN - COLLECTIVE MOVEMENT AND ROTATION OF'r 

HORN ARRAY') 
END IF 
PRINT SO, OPTH 
PRINT 170 
FORMAT(1X,'DISPLACEMENT OF HORNS IN INS*') 
PRINT 90,(DX(I),DY(I)IDZ(I),I=1,NHORN) 
PRINT 180 
FORMAT(lXr'ROT* OF HORNS ABOUT X-rY-IAND Z-AXIS IN DEGi") - 
PRINT 90r(ALPHA(I),BETA(I),GAMMA(I),I=1INH) 
PRINT 190 
FORMAT(lXr'POLAR* OF ANTENNA SYS* - VP(X-AXIS)=1rHP(Y-AXIS)'.2') 
PRINT 80rIPOLA 
PRINT 200 
ORMAT(IXr'HORN TYPEr0F=ORD,1=DIELe2=CORR:3=BOTH(11.2)r4=DIEL TRIF' 
Wr5=TRIF") 
PRINT 80r (ITYPE(I),I=1,NHORN) 
PRINT 210 
FORMAT(1Xr'REL* POWER(W) AND PHASE(DEG) OF HORN EXCITATIONS') 
PRINT 907 (HPWR(I)7HPHASE(I),I=1,NHORN) 
PRINT 220 
FORMAT(1X,IFOC LTH*1APER* X-DIM1Y-DIM AND X-OFFSET IN INS* 1 ) 
PRINT 90 r Fr5X2rSY2rDELTAXrDELTAY 
IF (OPTB*LE*0) GO TO 260 
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274.000 
275.000 230 
276.000 
277.000 
278.000 240. 
279.000 
280.000 
281.000 250 
282.000 
283,000 260 
284.000 
285,000 270 
286.000 
287.000 
288.000 
289..000 275 
290.000 280 
291.000 
292.000 290 
293.000 
294,000 300 
295.000 
296.000 
297.000 310 
298.000 
2994000.* 
300,000 * COMPUTE WAVELENGTH 
301.000 * 
302.000 WAVE = 29.97925/(2.54*FREO) 
303,000 RK = 2.0*PI/WAVE 
304,000 * 
305.000 *.COMPUTE FLARE LENGTHS OF HORNS 
306.000 * 
307.000 DO 340 I = liNHORN 
308,000 If (B(I),GT.WGB(I)) GO TO 320 
309,000 EFL(I),= 999.0 
310.000 SO TO:.:330 
311.000 320 EFL(I) = 0.50*B(I)*SORT(1.01.(2,0*HRNLTH(I)/(B(I)-W8B(I)))**2) 
312.000 330 - IF (A(I),GT,WGA(I)) GO TO 340 
313.000 HFL(I) = 999.0 
314.000 GO TO 350 
315.000 340 HFL(I) = 0.50*A(I)*SORT(1.0+(2,0*HRNLTH(I)/(A(I)-WO(I)))**2) 
316.000 350 CONTINUE 
317.000 IF (OPTH.GT .0) GO TO 365 . 
318.000 * 
319 4 000 * COMPUTE FINAL LOCATIONS OF HORNS AFTER COLLECTIVE ALPHA AND BETA ROTATIONS. 
320.000 * . 
321,000 
322.000 
323.000 
324.000 

 325.000 
326.000 
327.000 
328.000 

PRINT 230 
FORMAT(1X,'NO. OF REGIONS OF PHI-INTEG = ',I2) 
PRINT 80 Y NREG .  
PRINT 240 
FORMAT(1Xe'LOWER ANDiPPER LIMITS OF PHI-INTEG IN RADIANS') 
PRINT 90 Y (PHL(I)rPHU(I),I=1,NREG) 
PRINT 250 - 
FORMAT(1X,'X-AND Y-DIM. OF CENTRAL ELLIPTICAL BLOCKAGE IN INS') 
PRINT  90,  BX2,BY2 
IF (OPTO.LE.0) GO TO 275 
PRINT 270 .. 
FORMAT(liNTEG. PTS. SPEC, BY USER FOR RADIAL AND PHI-VAR.', 
iir1X,'MUST BE A MEMBER OF THIS SET - 3,4e6,8r10112,14,16720, 1 , 
1.'24,28,34,40') 
PRINT 80 Y NOR, NOP 
PRINT 280 
FORMAT(1X,START,STOP AND NO. OF - PTS. FOR ADEL SCAN') 
PRINT  •290, AZS,AZE,NAZ,ELS,ELE,NEL 
FORMAT(2(2F10,5,I5)) 
PRINT 300 
FORMAT(1X .riX-,Y-,Z17TRAN9LATION OF FIELD CO-ORD, SYSTEM IN INS') 
PRINT 90 r XDO opp e ZDO 
PRINT 310 
FORMAT(lXriROTATION OF FIELD POLARISATION VECTOR IN DEGREES') 
PRINT  90,  PVR 

': • r 

SA =.SIN(ALPHA(1)/RAD) 
CACOS(ALPHA(1)/RAD) 
SB = SIN(BETA(1)/RAD) 
CB = COS(BETA(1)/RAD) 
SG = SIN(GAMMA(1)/RAD) 
CG = COS(GAMMA(1)/RAD) 
DO 355 I = 1,NHORN 
ARG1 = DX(I) 



329.000 
330.000 
331.000 
332.000 

ARG2 = t'Y(I) 
ARG3 -= DUI) 
DX(I) = ARG1*CB + ARG3*SB 
DY(I) = ARG1*SA*SB + ARG2*CA ARG3*SA*CB 
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333,000 DZ(I) = -ARGUSB*CA + ARG2*SA + ARG3*CA*CB 
334.000 355 CONTINUE 
335.000 * 
336.00 * COMPUTE TRANSFORMATION FUNCTIONS OF COLLECTIVE HORN ROTATIONS 
337,060 * 
338.000 W11(1) = CB*CG 
339,000 W12(1) = SA*SB*CG + CA*SG 
340.000 
341.000 
342.000 
343.000 
344.000 
345.000 
346.000 
347.000 
348,000 
349.000 
350.000 
351.000 
352.000 
353.000 
354.000 
355.000 
356.000 . 
357,000 
358.000 360 
359.000 
360,000 * 
361.000 * COMPUTE TRANSFORMATION FUNCTIONS OF INDIVIDUAL HORN ROTATIONS. 
362.000 * 
363000 365 

365.000 
366,000 
367.000 
368.000 
369.000 
370.000 
371.000 
372.000 
373.000 
374.000 
375.000 
376,000 
377.000 
378.000 
379.000 370 
380.000 * 
381,000 * CONVERT DEGREES INTO RADIANS 
382.000 * 
383.000 375 DO 380  1  = 1:NHORN 

W13(1) = -CA*SB*CG + SA*SG 
W21(1),= -CB*S0 
W22(1)-= -SA*SB*SG + CA*C0 
W23(1)'= CA*SB*SG + SA*CG- 
W31(1) = SB 
W32(1) = -SA*CB 
W33(1) = CA*CB 
IF (NHORN.EO.1) GO TO 375 
D0_360 I = 2I4HORN 
W11 .(I) = W11(1) 

= W12(1) . 
W13(I) = W13(1) 
W21(I) = W21(1) 
W22(I) = W22(1) 
W23(I) = W23(1) 
W31(I) -  = W31(1) 
W32(I) = W32(1) 
W33(I) = W33(1) 
CONTINUE 
GO TO 375 • 

DO. 370 I = 1,NHORN - 
SB = SIN(BETA(I)/RAD) 
CB = COS(BET4(I)/RAD) 
SA = S.IN(ALPHA(I)/RAD) 
CA = COS(ALPHA(I)/RAD) 
SG = SIN(GAMMA(I)/RAD) 
CG = COUGAMMA(I)/RAD) 
W11(I) = CB*ÇG 
(412(1)  .= SA*SB*Ce + CA*SG 
W13(I).= -CA*SB*CG + SA*SG 
W21(1) = -CB*S0 
W22(I) = -SA*SB*SG + CA*CG 
W23(I) = CA*SB*SG + SA*ÇG 
W31(I) = SB 
,W32(I) = -SA*CB 
4433(I) = CA*CB 
CONTINUE 
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384.000 HPHASE(I) = HPHASE(I)/RAD 
385.000 380 CONTINUE 
386.000 * 
387,000 * TAKE SINE AND COSINE OF FIELD.VECTOR ROTATION ANGLE, 
388.000 * 
389.000 CPVR = COS(PVR/RAD) 
390.000 SPVR = SIN(PVR/RAD) 
391.000 * 
392.000 * COMPUTE HORN APERTURE EXCITATION 
393.000 * 
394.000 
395.000 
396.000 
397.000 
398,000 
399.000 
400.000 390 
401.000 . 
402.000 * 
403.000 * INTERNAL DEFAULT INTEGRATION LIMITW. 
404.000 * APERTURE IS DIVIDED INTO FOUR  REGIONS.  FOR  PHI-INTEG. 
405.000 * LIMITS OF THESE .,eGIONS ARE SET BELOW. 
406.000 * 
407.000 
408.000 
409.000 
410.000 . 
411.000 
412.000 
413.000 400 
414,000 * 
415.000 * THERE IS NO CENTRAL BLOCKAGE. 
416.000 * 
417.000 BX2 = 0:0 
418,000 BY2 = 0.0 
419,000 405 IF (OPTO.GT,O) GO TO 430 
420.000 * 
421.000 * SELECTION OF THE APPROPRIATE UUWATURE FORMULA 

DO 390.1 = 1,NHORN 
HMAG(I)..= SORT(4.0*HPWR(I)*ZETA/(A(I)*B(I))) 
IF (ITYPE(I).EG.1) HMAG(I) = HMAG(I)/1.4142 
IF (ITYPE(I).E0.2) HMAG(I) = HMAG(I)*1.4142 
IF (ITYPE(I).EG.4) HMAG(I) = HMAG(I)/2.236068 
IF (ITYPE(I).EQ;5) HMAG(I) = HMAG(I)/1.581139 
CONTINUE 
IF (OPTB.GT .0) GO TO 405 

NREG = 4 
PHL(1):= 0.0 
PHU(1) = 1.570796327 
DO 400 I = 2,NREG 
PHL(I).= PHL(I-1) +.1.570796327 
PHU(I) = PH1J(I-1) + 1.570796327 
CONTINUE 

422.000 * 
423.000 
424.000 
425.000 
426.000 
427.000 
428.000, 
429.00C. 
430.000 
431.000 
432.000.410 
433.000.. 
434.000 
435.000 
436,000 
437.000 
438.000 

XMAX = -99999.0 
XMIN = +99999.0 
YMAX = -99999,0 
YMIN = +99999.0 
DO 410 I = 1, -NHORN 
IF (DX(I),GT.XMAX) XMAX = DX(I). 
IF (DX.(I),LT.XMIN) XMIN = DX(I) 
IF (DY(I),Gr.YMAX) YMAX = DY(I) 
IF (DY(I).LT.YMIN) YMIN = DY(I) 
CONTINUE 
ARG1 = ABS(ELE/RAD +.ATAN(XMAX/F))- 
ARG2 =-ABS(ATAN(XMIN/F).:+ ELS/RAD) 
ARG3. = ABS(AZE/RAD + ATAN(YMAX/F)) 
ARG4 = ABS(ATAN(YMIN/F)- + AZS/RAD) 
ARG1 = AMAX1(ARG1pARG2)- 
ARG3 = AMAX1(AR133,ARG4) 
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439.000 NOR = (SIN(ARG1)*8X2/WAVE 1.0)*1.50 
440.000 'NOP = (SIN(ARG3)*8Y2/WAVE 1.0)*1,50 
441.000 . NOR = MAXO(NORINOP) 
442.000 * 
443.000 * SEARCH FOR THE CLOSEST AVAILABLE QUADRATURE FORMULA. 
444.000 * 
445.000 
446.000 
447i000 
448.000 
449.000  427 
450.000 
451.000 430 
452.000 
453.000 435 
454.000 
455.000 
456.000 440 
457.000 * 
458.000 * COMPUTE SEMI-AXES  DIMENSIONS FOR  REFLECTOR AND BLOCKAGE APERTURES. 
459.000 *. 
460.000 
461.000 
462.000 
463.000 
464.000 * 
465.000 *INITIALISE CURRENT MATRIX RJX,ReeRJZ 
466.000 *n 
467.000 
468.000 
469.000 
470,000 
471.000 
472.000 
473.000 
474.000c 
475.000 460 
476.000 470 
477,000 480, 
478.000 * 
479,000 * EVALUATE INTEGRAND REQ. FOR CALCULATING HORN RADIATION PATTERNS. 
480.000 * 
481.000_ . CALL APINT(NHORN) 
482.000,* 
483.000.* COMPUTE CURRENT MATRIX 
484.000 * AT THE SAME TIME COMPUTE POWER INTERCEPTED ey REFL 
485.000 * 
486.000 PWR = 0.0 
487.000 * 
488,000  *.L  = INDEX FOR REGION OF PHI- INTEGRATION. 
489.000  * - 
490:400 KOUNT = 0 
491.000 DO 520 L = leNREG 
492.000 * 
493,000 * I = INDEX FOR PHI-INTEG 

CALL APOUAD(NORINGPeLOP) 
NOR = NOP 
LOR = LOP 

. PRINT 427' 
FORMAT(1Xe'INTEG.  PIS.  SELECTED FOR RADIAL AND PHI-VAR,') 
PRINT SO r NOReNOP 
IF (NOR.LE.MAXO-,AND4NOP,LE.MAX0) GO TO 440 
PRINT 435. e NOReNOP 
FORMAT(1X,'STOP. CAHNQ.E MAXG. INCREASE ARRAYS DIMENSIONS TOP 

 .ke ACCOMODATE FOLLOWING RADIAL AND PHI-INTEG PTS. ee213) 
STOP 
CONTINUE 

8X2 = SX2*0,50 
8Y2 = SY2*0.50 
BX2 = BX2*0,50 
BY2 = BY2*0.50 

KOUNT = 0 
DO 480 L = 1eNREG 
DO 470  J  = 1,NOR 
DO 460 I = leNOP 
KOUNT = KOUNT 1- 1 
RJX(KOUNT) = (0.0/0.0) 
RJY(KOUNT) = (0.0,0,0) 
RJZ(KOUNT) = (040,0.0) 
CONTINUE 
CONTINUE 
CONTINUE 



494.000 * 
495.000 
496.000 
497.000 
498.000 
499.000 * 

DO 510 I = 1,NOP 
PHII = (PHL(L)-1-PHU(L))*0.50-1.(PHU(L)-PHL(L))*0.50*OX(I+LOP) 
CPI.= COS(PHII) 
SPI  := SIN(PHII) 
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500.000 * FIND THE LIMITS OF RADIAL-INTEGRATION GIVEN PHII 
501.000 * 
502.000 CALL RADLIM(CPIrSPI,SX2,SY2,BX2,e2,RDL(I,L),RDU(I,L)) 
503,000 FAC = (PHU(L)-PHL(L))*(RDU(I,L)-RDL(I,L))*0.25 
504.000 * 
505.000 * J = INDEX FOR RHO-INTÉG. 
506;000 * 
507.000 DO 500 J = 11.NOR 
508.000 RDJ = (RDL(I,L)+RDU(I,L))*0.50-1-(RDU(I,L)-RDL(I,L))*0•50* 
509.000 OX(J+LOR) 
510.000 KOUNT = KOUNT 4. 1 
511.000 * 
512.000 * STORE REFLECTOR SURFACE POINTS 
513,000 * 
514.000 XG(KOUNT) = RDJ*CPI DELTAX 
515,000 YG(KOUNT) = RDJ*SPI DELTAY 
516.000 ZG(KOUNT) = (X0(KOUNT)**2 YG(KOUNT)**2)*0.25/F F , 
517.000 * 
518.000 * COMPUTE COMPONENTS OF SURFACE NORMAL 
519.000 * 
520.000 RNX = '-.XG(KOUNT)*0.50/F 
521.000 RNY = -YG(KOUNT)*0.50/F 
522.000 * 
523.000 * K = INDEX FOR FEED HORN 
524.000 EX = (0.0,0.0) 
525.000 . 
526.000. 
527.000 
528..000 
529.000 

EY = (0.0r0.0) 
..E2 = (0.0,0.0) 
HX = (0,0:0.0) 

-HY = (0.0,0.0) 
Hz = (0.0,0.0) 

530.000 DO 490 K = trNHORN 
531.000 * THE FOLLOWING TRANSFORMATIONS CONVERT SURFACE POINT 
532.000 * COORDINATES TO-HORN COORDINATES. ... 
533.000 * TRANSFORM (RHO,THETArPHI) TO (RHOT,THETATIPHIT) 
534.000 R HOT = SORTUXG(KOUNT) - DX(K))**2 (YG(KOUNT) - DY(K))**2 
535.000 .1. .1. (ZG(KOUNT) DZ(K))**2) 
536.000 CTT = (ZG(KOUNT)-DZ(K))/RHOT 
537.000 STT..=_ACOS(•TT) 
538.000 STT =,SIN(STT) - 
.539.000 SPI  = ATAN2((YG(KOUND-DY(K)),(XG(KOUNT)-DX(K))) 
540.000 CPT = COS(SPT) 
541.000 SPT = SIN(SPT) 
542.000 * 
543.000 * TRANSFORM (RHOT,THETAT,PHIT) TO (RHORITHETAR,PHIR) 
544.000 STSP = STT*SPI 
545.00 STCP = STT*CPT 
546.000 CTR = STCP*W31(K) STSP*W32(K) +.CTT*W33(N) 
547.000 SIR = ACOS(CTR) 
548.000 SIR = SIN(STR) 
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549.000 SPR = STCP*W21(K) W22(K)*STSP W23(K)*CTT 
550,000 CPR = STCP*W11(K) STSP*W12(K) CTT*W13(K) 
551.000 SPR = ATAN2(SPR,CPR) 
552.000 CPR = CoS(SPR) 
553.000 SPR = SIN(SPR) 
554.000 CTCP = CTR*CPR 
555.000 CTSP = CTR*SPR 
556,000 * 
557,000 TXT = CTCP*W11(K) CTSP*W21(K) - STR*W31(K) 
558.000 TYT = CTCP*W12 .(K) - STR*W32(K) CTSP*W22(K) 
559.000 TZT = CTCP*W13(K) CTSP*W23(K) STR*W33(K) 
560,000 TXP = -SPR*W11(K) CPR*W21(K) 
561.000 TYP = -SPR*W12(K) CPR*W22(K) 
562.000 TZP = -SPR*W13(K) CPR*W23(K) 
563.000 * 
564.000 Pi = RK*RHOT 
565.00,9 EXPN = CMPLX(COS(PT),-SIN(PT))/RHOT 
566,000 * COMPUTE FEED ARRAY FIELDS AT (RHOR,THETARIPHIR) 
567.000 CALL RECAP(STRyCTR.SPRYCPRYETHETA,EPHI,K) 
568.000 
569.000 
570.000 
571,000 
572.000 
573.000 
574.000 

ETHETA,:. = ETHETA*EXPN 
EPHI = EPHI*EXPN 
FTX = ETHETA*TXP -.EPHI*TXT 
FTY = ETHETA*TYP - . EPHI*TYT 
FTZ = ETHETA*TZP EPHI*TZT 
-RJX(KOUNT) = RJX(KOUNT) f FTZ*RNY FTY ., 

,«RJY(KOUNT) = RJY(KOUNT) FTX FTZ*RNX 
575.000 RJZ(KOUNT) = RJZ(KOUNT) FTY*RNX FTX*RNY 
576.000 * 
577.000 * COMPUTE COMBINED FEED PATTERN FOR SPILL-OVER CALCULATION 
578.000 * 
579+000 
580..0()0 
581.000  
582.000 
583.000 
584.000 
585.000 490 
586.000 
587+000 
588.000 
589.000 
590.000 
591.000 
592.000 
591.000 500 CONTINUE 
594.000 510 CONTINUE 
595.000 520 CONTINUE 
596.000 * COMPUTATION OF CURRENT MATRIX COMPLETED 
597,000 * 
598.000 * COMEi,UTE SPILL-OVER EFFICIENCY - ETAS 
599.000 * PWR = POWER CAPTURED BY REFLECTOR 
600.000 * 
601.000 PWR = PWR*0,50/ZETA 
602.000 *  Pi = TOTAL POWER RADIATED 
603.000. PT = 0.0 

EX = EX 4. ETHETA*TXT t.EPHI*TXP 
EY = EY ETHETA*TYT EPHI*TYP 
EZ = EZ ETHETA*TZT 'EPHI*TZP - 
HX = HX FTX 
HY = HY Fil  
HZ = HZ FTZ 
CONTINUE _ 
FACW = FAC*RDJUW(IfLOP)*OW(J-FOR) 
RJX(KOUNT) = RJX(KOUNT)*FACW 
RJY(KOUNT) = RJY(KOUNT)*FACW. 
RJZ(KOUNT) = RJZ(KOUNT)*FACW 
PWR = PWR - (REAL(EY*CONJUMZ) - EZ*CONJO(HY))*RNX 

REAL(EZ*CONJO(HX) - EX*CONJO(HZ))*RNY 
REAL(EX*CONJG(HY) - EY*CONJG(HX)))*FACW 
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604+000 
605+000 530 
606+000 
607+000 

DO  530K 1,NHORN 
PT = FT.+ HPWRŒ) 
ETAS = PWR/PT 
PRINT 540 Y ETAS 

608.000- 540 FORMAT(///y1Xy'SPILL-OVER EFFICIENCY =',F7.3y/) 
699.000 PT = PT*60.0*WAVE*WAVE 
610.000 * 
611.000.* COMPUTE GAIN AND PHASE OF CO-POLAR AND X-POLAR COMPONENTS 
612.000 * 
613.000 ELIN = ELE ELS- , • 
614.000 IF (NEL.GT .1) ELIN = ELIN/FLOAT(NEL - 1) 
615,000 AZIN = AZE - AZS 
616.000 IF (NAZ.GT .1) AZIN = AZIN/FLOAT(NAZ 1) 
617.000 ,.D0 550 I = lYNEL 

= ELE - ELIN*(I-1) 
DO 560 I = 17NAZ 
AZ(I) = AZS AZIN*(I-1) 
KOUNT = 0 
DO 580  1 = lyNEL 
DO 570 J = 1,NAZ 
KOUNT =KOUNT 1 
CALL CONV(EL(I)YAZ(J),STO,CTOYSMCP0) 
CALL FIELD(STOrCTOYSPOYCPGYIPOLAyCONOYXGNOYCPHO) 
CGN(KOUNT) = CGNO 
XGN(KOUNT) = XGNO 
CPH(KOUNT) = CPHO 

PRINT. 710 • 
FORMAT(////:50Xy'CO-POLAR GAIN IN DB') 
PRINT 720 
FORMAT(48)(123(1H-))  
TRINT 730 Y (AZ(I),I=1,NAZ) 
FORMAT(//,1X,' ELEV *',50Xy'AZIWiTH (DEG)/y/t1X, 1 (DEG) *',20F6.2) 
PRINT 735 
F0RMAT(1X,65(2H *)) - 
DO 740 I = lyNEL 
KOUNT = (I-1)*NAZ 1. 1 
KOUNT1 = KOUNT NAZ 
PRINT 750 r EL(I),(CON(j),J=KOUNTyKOUNT1) 
FORMATUY7XY1H*Y/y1XYF6.2y1H*,20F6.2Y/77XY1H*) 

647.000 . PRINT 760 
648.000 760 -FORMAT.(////y.50-POLAR 'GAIN IN DB') 
649,000 PRINT,720 . • 
650.000 . PRINT730 y (AZ(I),I=17NAZ) 
651+000 PRINi 735 
652+000 DO 770.1 = leNEL 
653.000 _KOUNT = (I-1)*NAZ 1 
454.000 KOUNT1.= KOUNT -17.NAZ - 1_ . . 
655.000 770 PRINT 765 Y EL(I),(XGN(J)1J=K0UNTYK0UNT1) - 
656.000 765 FORMAT(/77XY1H*i/Y1X,F6.2,1H*Y20F6.17/y7XY1H*) 
657.000 PRINT 775 
658.000 775 FORMAT(////y49Xy'CO-POLAR PHASE IN DEG') 

618,000 550 
.619+000 
620+000 560 
621+000 
622+000 
623+000 
624+000 
625+000 
626+000 
627+000 
628,000 
629+000. . 
630,000 570 CONTINUE 
631.000 580 CONTINUE 
632.000 * OUTPUT FAR FIELD OBSERVATION CUTS. 
633.000 * 
634.000 
635.000 710 
636.000 
637.000 720 
638.000 
639.000 730 
640,000 
641.000 735 
642.000 
643.000 
644.000 
645.000 740 
646.000 750 



-DIMENSION A(25),B .(25),HMAG(25),HPHASE(25),HLT(25)1ELT(25) 
..DIMENSION ITYPE(25)./LQH(25),NQH(25) 
:COMPLEX ETHETArEPHIHAP(14,25),EAP(14,25) 
COMPLEX AP1(14,25),AP2(14,25YrAP3(14,25)rAP4(14,25) 
COMMON /HEAP/ HAPrEAPrAP1rAP2rAP3rAP4ILOHINOH 
COMMON/BLOCK/QX(219),0W(219) 

. 00MMON/VAL1/WAVErP1rRAD,RK 
COMM0N/VAL2/ArBIH1AG,HPHA3ErHLTrELTrITYPErIPOL 

LC = LQH(K) 

659.000 
660,000 ' 
661.000 
662..000 
663-1.900 
664,000 
665.000 780 
666,000 
667.-000 
668.00e 
669,000 
670.000 
671.000 
672.000 790 
673.000 800 
674.000 
675,000 

PRINT 720 
PRINT 730 Y (AZ(I),I=1rNAZ) 
PRINT 735 
DO 780 I = lrNEL 
KOUNT = (I7..1)*NAZ 1 
KOUNT1 = KOUNT NAZ - 1 
PRINT 765 r EL(I),(CPH(J)rJ=KOUNTrKOUNT1) 
OPEN(7IFILE= 1 GNMAT'r8TATUS=I0LD'rUSAGE= 1 OUTPUT') 
WRITE(7,10) (IHEAD(1. ),I=1,15) 
WRITE(7,290) AZS,AZErNAZrELSrELErNEL 
DO 790 I = 1rNEL 
KOUNT = (I.-1)*NAZ 1 
KOUNT1= KOUNt NAZ -  1.  
WRITE(7,800) (CGN(J),J=KOUNTrKOUNT1) 
FORMAT(11F7.2) 
STOP 
END 
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676.000 SUBROUTINE RADLIM(CPr8P7A1rBlrA2,B2rRL,RU) 
.677.000 * 
678.000 * COMPUTES LOWER AND UPPER LIMITS OF RADIAL VAR , INTEG, FOR A GIVEN 
679.000 * PHI. 
680.000 * 
681.000 RU = A1*B1iSORT(A1*A1*8P*SP B1*B1*CP*CP) 
682.000 RL = 0.0 
683.000 ' IF (A2.LT.1.0E-04,0R,B2.LT.1.0E-04) RETURN 
684.000 RL = A2*B2/80RT(A2*A2*SP*SP B2*B2*CP*CP) 
685.000 RETURN - 
686.000 END 
687.000 SUBROUTINE RECAP(STrCTrSPrCPrETHETArEPHIrK) • 
688,000 * - 
689.000 * CUMPUTE ETHETA AND EPHI COMPN. OF X- OR Y-POL REC. APER, 
690.000.* 
691.000 
692.000 
693.000 
694.000 
695.000. 
696.000 . 
697.000 
698.000 
699.000 * 
700.000 
701,000 * 
702.000 IF(IPOL.E0.1) GO.TO 90 • 
703.000 * Y-AXIS POL. -  APERTURE+ PHASE ERROR INCLU. 
704.000 * 
705.000 . . IF (ITYPE(K),LT.4) GO TO 60 
706,000 * TRIFURCATED OR DIELECTRIC LOADED TRIFURCATED HORNS 
707.000 . RB = RK*B(K)*ST*SP*0.125 
708.000 RA = RK*A(K)*ST*CP*0,50 
709.000 ETHETA.= (0.0t0.0) • 
710.000 . DO 10 I = 1rNOH(K.)-, . • 
711.000 X = RB*(3.04.QX(I+LC)) • • 
712+000 10 ETHETA = ETHETA CMPLX(COS(X)ISIN(X))*AP2(IrK) 
713.000 00  20  1  = 1rNQH(K) 



714.000 
715.000 20 
716.000 
717.000 
718.000 30 
719.000 
720.000 
721,000 
722.000 40 
723,000  
724.000 
725.000 

X = RBCOX(I-FLO) -3.0) 
ETHETA 7 ETHETA CMPLX(COS(X).SIN(X))*AP3(I.K) 
DO 30 I:= 1INQH(K) 
X = RB*0X(Ii-LC)*2.0 
ETHETA = ETHETA CMPLX(COS(X),SIN(X))*AP4(I73() 
EPHI = (0.070.0) 
D0,40 I = lYNGH(K) 
X = RA*OX(Ii-LC) 
EPHI = EPHI CMPLX(C0.8-(X)YSIN(X))*AP1(I,K) 
ETHETA = (1.0 - CT)*ETHETA*EPHI 
.EPHI = ETHETA*CP 
ETHETA = -ETHETA*SP 
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726.000 RETURN 
727.000 * PYRAMIDAL HORNS 
728.000 60 ETHETA = 
729.000 DO 70 I 1,NOM(K) 
730.000 
731.000 70 
732.000  
733.000 
734.000 , 
735.000 80 
736.000 
737.000 
738.000 

X = A(K)*PI*OX(I+LC)*ST*CP/WAVE 
ETHETA = ETHETA CMPLX(COUX),SIN(X))*HAP(IYK) 
EPHI = (0.0,0+0) 
DO 80 I = 1,140H(K) 
X = B(K)*Pl*QX(I+LC)*ST*SP/WAVE 
EPHI = EPHI CMPLX(COS(X)18IN(X))*EAP(I./K) 
ETHETA = (1.0-CT)*ETHETA*EPHI 
EPHI = ETHETA*CP 
ETHETA = -ETHETA*SP 

739.000 RETURN 
740,004,.* X-AXIS POL. APERTURE. PHASE ERROR INCLU, 
741.00C* 
742.00090 IF (ITYPE(10.LT,4) GO TO 170 
743.000 * TRIFURCATED OR DIELECTRIC LOADED TRIFURCATED HORNS 
744.000 ETHETA = (0,00+0) 
745.000 DO 130 I =1,NOH(K) 
746.000., - 
747.000'130 
748.000 
749+000 
750+000 140. 
751.000 
752.000 
753.000 150 
754.000 
755.000 
756+000 
757.000 160 
758.000 
759.000 
760.000 . 

X = PI*B(K)*(3.0144X(I+LC))*ST*CP*0.250/WAVE 
ETHETA = ETHETA CMPLX(CO5(X)YSIN(X))*AP2(IYK) 
DO 140 1 = 1,NOH(K) 
X = PI*B(K)*((X(I+LC) 3.0)*ST*CP*0.250/WAVE 
ETHETA = ETHETA CMPLX.(COS(X),SIN(X))*AP3(IYK) 
DO 150 I =1,NOH(K) 
X = PI*B(K)*OX(I+LC)*ST*CP*0.50/WAVE 
ETHETA = ETHETA CMPLX(COS(X),SIN(X))*AP4(IY1) 
EPHI = (0.0,0.0) 
DO 160 I=1,NQH(N) 
X = PI*A(K)*OX(I+LC)*ST*SP/WAVE 
EPHI = EPHI ÇMPLX(COS(X),SIN(X))*AP1(Ii() 
ETHETA = (1.0 -CT)*ETHETA*EPHI 
EPHI = ETHETA*SP 
ETHETA = ETHETA*CP 

761+000 RETURN 
762.000 * PYRAMIDAL HORNS 
763.000 170 . ETHETA 
764.000 DO 180.1 = 1,NOH(K) 
765.b00 X = PI*A(K)*GX(I+LC)*ST*SP/WAVE 
766+000 180 ETHETA = ETHETA CMPLX(COS(X)YSIN(X))*HAP(IYK) 
767.000 EPHI = (.0.0,0.0) 
768.000 DO 190  I  = 1,NOH(K) 



TI  
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769.000 X = PI*B(K)*QX(I+LC)*ST*CP/WAVE 
770,000 190 EPHI = EPHI CMPLX(COSCX)ySIN(X))*EAP(IIK) 
771.000 ETHETA = (1.0 - CT)*ETHETA*EPHI 
272.000 EPHI = ETHETA*SP 
773.000 ETHETA = ETHETA*CP 
774.000 RETURN 
775.000 END . . 
776,000 SUBROOINE APINT(NHORN) 
777.000 * 
778.000 * COMPUTE PART OF INTEGRAND WHICH IS DIRECTION INDEPENDENT FOR ROUTINE RECAP 
779.000 * 
780.000 DIMENSION A(25)7B(25)7HLT(25)7ELT(25),HMAG(25),HPHASE(25), 
781.000 ITYPE(25),N0H(25),LQH(25) 
782.000 COMPLEX C0NST,EAP(14725)7HAP(14725) 
783.000 COMPLEX AP1(14,25),AP2(14,25),AP3(14P25)7AP4(14725) 
784.000 . COMMON /HEAP/ HAPYEAP,AP1rAP2rAP37AP4ILQH,N0H 
785.000 COMMON/VAL1/WAVEYPIPRAD,RK  
786e000 COMMON/VAL2/AB,HMAG,HPHASE/HLTYELTYITYPEYIPOL 
787,000 ' COMMON/BLOC1Ç/QX(219),QW(219) 
788,000 * 
789.000 * TEI0 MODE CUT-OFF CHECK 
790.000 * 
791.000 DO 10  1  = 17NHORN 
792.000 IF (RK,LE.(PI/A(I))) GO TO 90 
793..000 10 CONTINUE 
794.000 * 
795.0000 le SELECT APPROPRIATE. QUADRATURE FORMULAS FOR HORN PATTERNS. 
796.000 * ARRAYS HAVE BEEN DIMENSIONED TO ACCOMODATE HORN SIZES LESS THAN . 
797.000 * OR EQUAL TO 4,5 WAVELENGTHS. 
798,000 * 
799.000.. . 
800.000 . 
801 ,000 
802.000 - 
803.000 - 
804.000. 
805.000 
8040)00 
807.000 20 
808.0.00 * 
809..000 . 
810.000 
811.000 
812.000 
813,000 
814.000 
815.000 
816.000 
817.000 
818.000 
819,000 
820.000 
821,000 
822,000 
823.000 

20-1y,=.17NHORN 

IF -(ITYPE(I).GE.4) BB = 0.50*BB 
AMAX1(A(I)IBB) 

--IQ = 2,0*AR6/WAVE 4- 1.0 
In = (IQ + - 1)*1.30 - 
IF (IOAT.14) GO TO. 70 
CALL APQUAD(IQYNOH(1„),LQH(I)) 
CONTINUE 

DO 60 I = 17NHORN 
CONST = HMAG(I)*CMPLX(COS(HPHASE(I))1SIN(HPHASE(I)))*A(I)*B(I) 

4. *0.125/WAVE 
ARG. =.(A(I)**2/HLT(I). B(I)**2/ELT(I))*RK*0.125 
CONST = CONST*CMPLX(COS(ARUSIN(ARG)) 
KP = ITYPE(I) 
LC = LOH(I) - 
IF(KP,GE,4) GO TO 40 
DO 30 J = 1,NQH(I) 

=.PI*A(I)*A(I)*OX(J+LC)*OX(J+LC)/(4,0*HLT(I)*WAVE) 
HAP(J,I) = C0S(PI*UX(J+LC)*.5)*CMPLX-(C8S(ARG),-SIN(AR6))*QW(J+LC) 
IF (KP.EQ.3) HAP(JYI)=HAP(JYI)*CONST/COS.(..5*(1X(J+LC)*PI) 
IF (KP.E0.1) HAP(J,I)=HAP(J,I)/COS(.5*UX(J+LC)*PI) 
ARG = PI*B(I)*B(I)*QX(,JM.LC)*QX(J+LC)/(4.0*ELT(I)*WAVE) 
EAP(J,I) = CMPLX(COS(ARG),-SIN(ARG))*CONSTUW(J+LC) 



844.000 80 
845+000 
846+00090  
847.000 100 
848.000 
849.000 
850.000 
851.000 * 
852.000 * CONVERTS (EL,AZ) TO (THETA,PHI) CO-ORD. 
853.000 * . . 
854.000 * ST = SIN(THETA) 
855.000 * CT = COS(THETA) 
856.000 * SP = SIN(PHI) 
857.000 * CP = COS(PHI) 
858.000 * 
859.000 
860.000 
861.000 
862.000 
863.000 
864.000 
865.000 
866.000 10 
867.000 20 
868.000 
869.000 
870.000 30 
871.000 
872.000 
873.000 40 
874.000 
875.000 
876.000 
877.000 
878.000 * 

FORMAT(1X,'HORN NO. '7121' IS TOO LARGE. STOP.') 
STOP 
PRINT 100, I. 
FORMAT(1)Cy'HORN NO , IS BELOW CUT-OFF. STOP.') 
STOP 
END 
SUBROUTINE CONV(EL,AZ,ST,CT,SP,CP) 

RAD = 57.29577951 
CT = COS(EL/RAD)*COS(AZ/RAD) 
ST = SURT(1.0 r..CT*CT) . 
IF (ABS(EL).LT.1.0E-07) GO TO 10 
SP = COS(EL/RAD)-*SIN(AZ/RAD)JST 
CP = SIN(EL/RAD)/ST 
RETURN 
IF(AZ) 20,30,40 
SP = -1.0 
CP = 0.0 
RETURN 
SP = 0.0 
CP = 1.0 
RETURN. 
SP = 1.0 
CP = 0.0 
RETURN - 
END. - 
SUBROUTINE FIELD(STO,CTOregpCPG,IPOLAICON,XGN,CPH) 

824.000 
825.000 
826.000 30 
827.000 
828.000 40 
829.000 
830.000 . 
831.000 
832.000 -  
833.000 
834.000 
835.000 
836.000 
837.000 
838.000 
839.000 50 
840.000  6 0 
841.000 

IF (KPfEO.3) EAP(JYI)=EAP(Jr1)*COS(è5e1X( -J+LC)*PI)/CON3T 
IF (NP.E11f2) EAP(J?I)=EAP(J/I)*C0S(s5UX(J-FLC)*PI) 
CONTINUE 
GO TO 60 
CONST = CONST*0.250 
DO 50 J = 1,N1H(I) 
ARG = PI*A(I)*A(I)*QX(J+LC)*GX(J+LC)/(4.0*HLT(I)*WAVE) 
AP1(J,I) = CONST*CMPLX(COS(ARG),-SiN(ARG))*°W(J+LC) 
IF (KP.EQ.5) AP1(JII)=AP1(J,I)*COS(0.5*GX(J-FLC)*PI) 
ARG = PI*B(I)*B(1)*((3.0-111X(J+LC))**2)/(64.0*ELT(I)*WAVE) 
AP2(J,I) = C1PLX(COS(AR6)F-81N(ARG))*QW(J+LC) 
ARG = PUB(I)*D(I)*((0X(J+LC)-3.0)**2)/(64.0*ELT(I)*WAVE) 
AP3(Jy1) = CMOLX(COS(ARG),-SIN(ARG))*OW(J+LC) 
ARG = PI*B(I)*B(I)*OX(J+LC)*GX(J+LC)/(16.0*ELT(I)*WAVE) 
AP4(JeI) r+.  CMPLX(COS(ARO),-SIN(ARO))*1114(FFLC)*4.0 
CONTINUE 
CONTINUE' 
RETURN 
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842.000 * ERROR DIAGNOSTICS 
843.000 70 PRINT 80 
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879,000 * COMPUTE FIELD COMPOMENTS OF REFLECTOR AT (THETAQ,PHI0) _ 
880.000 * 
881,000 . DIMENSION X(2304),Y(2304),Z(230•) 
882.000 COMPLEX FTX,FTY,FTZ,RJX(2304),RJY(2304),RJZ(2301) 
883.000 COMPLEX .EXPN,POL1APOL2,COPOL,XPOL 
884.000 COMMON/CURENT/RJX;RJY,RJZ,X,Y,Z 
885.000 COMMON/VAL3/NREG7NQR,NQP,PTIXDO,YDQ,ZDQICPVR7SPVR 
886.000. COMMON/VALl/WAVE,PI,RAD,RK 
887.000 *- 
888.000 * SUM UP CONTRIBUTIONS FROM ALL PANEL CURRENTS. 
889.000 * 

FTX = (0.0 7 0.0) ; 
FI?  = (0.0 7 0.0) 
FTZ = (0.0,0.0) 
STCP = STO*CPQ 
STSP = STQ*SPQ 
KOUNT = 0 
DO 30 L = laREG 
DO 20 J = 1,NOP 

. DO 10 I = 1,NQR' 
KOUNT = KOUNT + 1 
ARG = (X(KOUNT)*STCP Y(KOUNT)*STSP Z(KOUNT)*CTQ)*RK 
EXPN = CMPLX(COS(ARG),SIN(ARG)) 
FTX = FTX RJX(KOUNT)*EXPN 
FTY = FI?  Re(KOUNT)*EXPN 
FTZ = FTZ .RZ(KOUNT)*EXPN 

. CONTINUE - - - 
CONTINUE 
CONTINUE 
POL1 = (1.0 -  (1.0-  CTO)*CPQ*CPQ)*FTX - (1.0 - CTO)*SPQ*CPUFTY 
- STCP*FTZ  

POL2 = -(1.0 - CTO)*SPQ*CPUFTX 4. (1.0 - SPO*SPQ*(1.0 - CTQ))*FTY 
- STSP*FTZ 

914.000 * 
915+000 
916+000 
91.7.000 
918.000 
919.000 
920.000 
921.000 
922.000 GO-T 0-50- . 
.923.000 40, - COPOL =.POL2*CPVR--. POLUSPVR 
924.000....  - XPOL = PUL1*CPVR POL2*SPVR 
,925.000 50. CON = 10.0*ALOG10(CABS(COPOL)**2/PT) 
926.000 . XGN..= 10.0*ALOG10(CABS(XPOL)**2/PT) 
927,000-- . -CPH.= ATAN2(AIMAG(COPOL),REAL(COPOL))*RAD 
_928.000, . RETURN 
929.000 . - .END - 
.930,000- • SUBROUTINE APQUAD(IO,NO,LOC) 
931.000 * 
932.000 * FINDS  THE.  NEAREST QUAD. FORMULA TO THAT REQUIRED. 
933.000 * THE AVAILABLE FORMULAS ARE STORED IN ASCENDING ORDER IN ARRAY 

890.000 
891,000 
892,000 
093+000 
894.000 
895.000 
896+000 
897.000. 
898.000 
899+000 
9004000 
901,000 
902.000 
903.000. . 
904.000 
905.000 10 
906.000 20 
907.000 30 
908.000 
909,000 
910,000 
911.000 
912,000 * 
913.000 * SHIFT REFERENCE TO FIELD CO-ORDINATE SYSTEM 

_ . . 
ARG = .(STCP*XDQ. 4.--STSP*YD0 CTO*ZDO)*RK 
EXPN_.= CMPLX(COUARG),-SIN(ARG)) 
POL1 = POLl*EXPN 
POL2 =f0L2*EXPN. - 

- IF (IPOLA..EQ.2). GO 10 40  
COPOL = POLl*CPVR POL2*SPVR 
-XPOL = fOL2*CPVR - POL1*SPVR 



IF (NO -7. 
IF (Na  

-IF  •-(NO - 
IF. (NO - 
IF (NO - 
IF (NO - 
LOC = 0_ 

. RETURN 
LOC = 3 
RETURN 
LOC = 7 
RETURN :- 
LOC = 13 
RETURN 
LOC = 21 
RETURN - 
LOC = 31 
RETURN 
LOC = 43 
RETURN 
LUC  = 57 
RETURN 
LOC = 73 
RETURN - 
LOC = 93 
RETURN 
LOC = 117 
RETURN 

34) 10,170,180 
24) 20,150,160 
16) 30,130,140 
12) 40,110,120 
8) 50,90,100 
4) 60,70,80 

934.000 * IOF. NOF IS-THE NUMBER OF FORMULAS STORED IN THE BLOCK DATA. 
935.000 i BOTH IOF AND NOF ARE DEFINED IN THE DATA STATEMENT BELOW+ 
936.000 * IQ = IQ POINT FORM. REQ. 
937,000 * NO = NEAREST AVAIL. IS NO POINT FORM. 
938.000 * LOC = LOCATION OF FORM. 
.939.000 * 
940.000 INTEGER IOF(13) 
941+000 DATA NOF,I0F/13,3,4,678,10,12,14,16,20,24,28,34,40/ 
942.000 * 
943.000 
944.000 
945.000 10 
946.000 
947.000 20 
948.000 
949.000 
950,000 
951.000 30 
952.000 
953.000 
954.000  
955.000 
956.009 * 
957.000 * PURPOSE - DETERMINE LOCATION OF INTEGRATION FORMULA.IN  BLOCK DATA 
958.000 * BLOCK DATA IS ASSUMED TO CONTAIN THE FOLLOWING FORMULAE. 
959.000 * 3,4,678,10,12,14,16,20,24,28,34,40 PTS, 
960.000 * 
961.000. 
962.000 10 
963.000 20 .  
964+000 30- 
965,000 40. 
966.000 50 
967.000 60 
.968.000 
969.000 70 
970.000 
971.000 80 
972.000 
973.000 90 
974.000 
975.000 100 
976.009 
977.000 110 
978.000 
979.000 120 
980.000 
981.000 130 
982.000 
983,000 140 
984.009 
985.000 150 
986.000 
987.000 160 
988.000 

228  

DO 10 I = 17NOF 
IF (IO,LE.I0F(I)) GO TO 30 
CONTINUE . 
PRINT 29 
FORMAT(1X,'QUADRATURE FORMULA REQUIRED IS LARGER THAN THAT 1 7 

+/AVAILABLE IN THE BLOCK DATA. SEE DOCUMENTATION, EXECUTION', 
+ 1  TERMINATED') 
STOP. 
NO-= IOF(I) 
CALL OR40C(NO,LOC)

•  RETURN 
END - 
SUBROUTINE ORLOC(NO,LOC) 



229 

989.000 170 LOC = 145 
990.000 RETURN 
991.000 180 LOC = 179 
'992.000 RETURN 
993.000 END 
994.000 BLOCK DATA 
995,000 'COMMON/BLOCK/OX(219),OW(219) 
996.000 *  3  PTS  
997.000 DATA (QX(1),I=1,3)/m-.774596669241,0.000000007+,774596669241/ 
998.000 DATA (1W(1),1=1,3)/.55555555557.888888888888,.555555555555/ 
999.000 * 4 PIS 
1000.000

-  
DATA (OX(1)71=4,7)/-.861136311594,-.3399810435848Y.3399810435848? 

1001..000 +.861136311594) 
1002.000 DATA (OW(1) -e1=4,7)/.3478548451377.652145154862,.6521451548627 
1003.000 +.347854845137/ - 
1004.000 * 6 PTS. _ _ 
1005.000 DATA (0X(Dr1=8,13)/.93246951420315,.66120938646626e 
1006.000 +.23861918608319, 
1007.000 +-423861918608319,-.66120938646626,-.93246951420315/ 
1008,000 DATA. (OW(1)71=80..3)/.17132449237917,.360761573048147 
1009+000 ... +.46791393457269r> . 
1010.000 +.4091393457269,.36076157304814,.17132449237917/ 
1011.000 * 8 PTS. - - 
1012.000. DATA-(0M1111=14,21)/-.9602898564,-.7966664774,-.5255324099Y 
.1013,000- .+-.183434642414,834346424,,52553240997.7966664774,.9602898564/ 
-1.()144000 . --DATA.(UW(1)71=f4l21)/.10122853627.22238103447.3137066458, 
1015.000 ' .+,3626837833,036268378337.3137066458,42223810344Y.1012285362/ 
1016.000 *10 PIS. 
10174000 DATA (M1),I=22,311/-.9739065285P-.8650633666,-.6794095682, 
1018.000 +-.4333953941,-,1488743389, 
1019.000 +.14887433897.4333953941,.6794095682,.8650633666r.9739065285/ 
1020.000 DATA (OW(1),1=22,31)/,0666713443,.14945134917.2190863625, 
1021.000 +.2692667193Y+2955242247: 
1022.000 +.2955242247,.2692667193,.2190863625#.1494513491,60666713443/ 
1023.000 * 12 PTS4 
1024,000 DATA (0X(1)11=32,43)/-.981560634246.90411725637,-.769902674194, 
1025.000 
1026,000 
10274000 
1028.000 
1029.000. 
1030.000 

+-.587317954286,-,367831498998,-.125233408511Y+1252334085117 
+.3678314989987.5873179 54286, + 76992674194,.904117256370; 
+.981560634246/ - 
DATA (OW(I),I=32,43)/,0471753363867.106939325995y.1600783285437 
+4203167426723Y+2334925365381.249147045813,.2491470458137 
+.233492536538Y+203167426723,.+160078328543)-.106939325995, 

1031.000 +.047175336386/ . 
1032,000 * 14 PIS. 
1033.000 DATA. (.OX(I)Y1=44,57)/-,986283808696,-,928434883663,-,82720131507, 
1034+000 ..,-.+-,687292904811,-.5152486363581-.319112368927,-.108054948707, 
1035+000 +.108054948707,.319112368927y4515248636358,.687292904811, 
1036.000 . +.82720131t069/.928434883663,.986283808696/ • 
1037+000 DATA (QW(1.),1=44,57)/.035119460331r.080158087159/.121518570687, 
1038.000 +,157203167158,.1855383974777.2051984637211.215263853463, 
1039.000 +.215263853463,.205198463721,.18553839 74777.157203167158, 
1040.000 +.1215185706877.080158087159Y*035119460331/ 
1041,000 * 16 PIS. - - 
1042,000' DATA (OX(1)71=58773)/-'.989400934991,-.9445750230731-.865631202388P 
1043.000 +-,755404408355,-,617876244403,-.458016777657,-.281603550779Y 

Il'....,... -  
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1044.000- +-.095012509837/.095012509837/.281603550779/.458016777657/ 
1045.000 +.617876244403,+755404408355/9865631202387/.944575023073, 
1046.000 +.989400934992/ 
1047.000 DATA (QW(1)/1=58173)/.027152459412/.062253523938/,095158511682/ 
1048.000 +.124628971253/.149595988816/,169156519395,.1826034150451 
1049.000 +.189450610455/.189450610455/.1826034150457.169156519395, 
1050,000 +.1495959888167.124628971255/.095158511682/.0622535239381 
1051+000 +.0271524594117/ ,.. 
1052.000 * 20  PIS. 
1053.000 
1054,000 
1055,000 
1056.000 
1057,000 
1058.000 
1059.000 
1060.000 
1061.000 
1062+000 
1063.000 
1064.000 

DATA (QX(1)71=74/93)/-.9931285991,-.9639719272,-.9122344282, 
+-.8391169718, 
+7.7463319064/-.636053680717,5108670019,-.3737060887,-.2277858511, 
+-.07652652113/.07652652113/..22778585117.3737060887/.5108670019, 
++6360536807/ 
+;7463319064/.8391169718/,9122344282/.9639719272/.9931285991/ 
DATA (041(1)/1=74193)/.01761400713,,04060142980/.06267204833, 

+.08327674157/ ' 
+.10193011981.11à1945319/.13168863847.14209610937.1491729864, 
+.1527533871/ 
+.15275338717.1491729864,,14209610931.1316886384/.1181945319, 
+.1019301198Y 

1065.000 +.08327674157/.06267204834.040601429807.0. 1761400713/ 
1066.000 * 24 PIS ,  
1067,000 DATA (0X(1)717-94,117)/-.4951872199,-.97472855597-.9382745520, 
1068,000 
1069.000 
1070.000 
1071.000 
1072,000 
1073.000 
1074.000 
1075.000 
1076+000 
1077.000 

+-.8864155270,-.8200019859,-.7401241.9157-.6480936519, - 
+-.5454214713,-.4337935076,-.3150426796,-,i911188674, 
+-406405689286/.064056892867.1911188674,.3150426796/.4337935076, 
+.545421.4713,.6480936519/.74012419151.8200019859,.88641552707 
+.9382745520/.9747285559/.9951872199/ 
DATA (QW(1)/1794/117)/. .01234122979/.02853138862/.04427743881, 

+.059298584911.07334648141/.08619016153,.09761865210/.1074442701, 
+.11550566801.1216704729/..1258374563/.12793819537.1279381953/ 
+,1258374563/.12167047297.11550566807.1074442701/.0976186521/ 
+.08619016153/.07334648141/.05929858491/.04427743881, 

1078.000 +.02853138862/.01234122979/ 
1079.000 * 28 PIS. 
1080.000 DATA (GX(1),1=118/145)/-.99644249751-.98130316531-.9542592806; 
1081.000 +-.91563302637-.8658925225,-.8056413709,-.7356108780/ 
1082.000 - +-.65665109407-.5697204718,-.4758742249,-.3762515160, 
1083.000 +-.2720616276r-.1645692821,-.0550794988/.05507928988, 
1084.000 +.1645692821/.2720616276/.3762515160/.4758742249:+5697204718, 
1085.000 +.6566510940t.73561087801.8056413709,.8658925225,.9156330263, 
1086.000 +.9542592806/.9813031653/.9964424975/ 
1087.000 DATA (OW(1)/1=118/145)/.009124282593/.02113211259/.032901427781 
1088.000 +.04427293475/.055107345677.065272923967.07464621423/ 
1089.000 +.08311341722/.090571744397.09693065799r,1021129675/.1060557659/ 
1090.000 +.1087111922/.1100470130/.1100470130/.10871119227.1060557659, 
1091.000 +.1021129675/1096930657991.09057174439/.083113417221.07464621423, 
1092.000 +.065272923967,05510734567/.04427293475/.03290142778/ 
1093.000 +.021132112591.009124282593/ 
1094.000 * 34 PIS. 
1095.000 DATA (QX(I),I=146/179)/-.9975717537,-.9872278164,-.9687082625/ 
1096+900 +-.9421623974,-.9078096777,-.8659346383,-.8168842279/ 
1097,000 +-.7610648766,-.6989391132/-,6310217270,-.55787550061 
1098.000 +-.4801065451,-.3983592777,-.3133110813/-.22566669161 



231 

+—.1361523572,—.04550982195,.045509821951,1361523572e, 
+.2256666916,.3133110813,.3983592777,.4801065451,,5578755006, 
+.6310217270,469893911327,7610648766,.8168842279,.8659346383, 
+.9078096777,.9421623974r.96870826251.9872278164,.9975717537/ 
DATA (GW(1)11=146,179)/.0062291405551.014450162747.02256372198, 
+.030491380637.038166593797.045525611527.052507414577,05905413582, 
+.06511152155,.070629375817.075561984667.079868444337.08351309969, 
+.08646573974r.088701897831.09020304437,.090956740337.09095674033, 
+,090203044377.088701897837.08646573974,.08351309969,.07986844433, 
+ 4 07556197466, 4 07062937581,.065111521551.05905413582,,05250741457, 
+.04552561152,6038166593797.03049138063,.02256372198,,01445016274, 

1110,000 +.006229140555/ 
1111.000 * 40 PTS. 

1099,000 
1100.000 
1101,000 
1102.000 
1103.000 
1104..000 
1105.000 , 
1106.000 . 
1107.000 
1108.000 
1109.000 

1112.000 
1113.000 
1114,000 
1115.000 
1116.000 
1117.000 
1118,000 
1119.000 
1120.000 
1121.000 
1122.000 
1123..000 
1124,000 
1125.000 
1126.000 
1127,000 
1128.000 
1129.000.. 
1130400 

* 

DATA (QX(1),I=180,219)/—.9982377097,—,9907282386,—.9772599499, 
+—.9579168192,—.9328128082,—,9020988069,—,$65959503282461223081 
+—,7783056514,—.7273182551,—.6719566846,—.6125538896,—.5494671257 
+—,4830758016,—.4137792043,—.3419940908,—.2681521851926975807, 
+—.1160840706,—.0387724175,.Q387724175,411608407061.1926975807, 
+.268152185,43419940908,.41377920437.4830758016,.549467125, 
+.61255388961,6719566846,,7273182551,.7783056514,.8246122308, 
+.86595950321.9020988069,.93281280821.9579168192,49772599499, 
+.9907262386,.9982377097L 
DATA (041(1),I=180,219)/,004521277091.0104982845,60164210583, 
+.0222458491,.0279370069,.0334601952,,03878216791.0438709081, 
+,0486958076,.0532278469e.0574397690,.0613062424,.0648040134, 
+.06791204587,07061164737.0728865823,,0747231690,.0761103619, 
+.07703981817.0775059479,.0775059479,.07703981817.07611.03619, 

—+.0747231.690,.0728865823,.0706116473,.0679120458,60648040134, 
• -.+.0613062424,.05743976907.05322784697.0486958076,.0438709081, 
+,0387821679,.03346019527.02793700691.0222458491e.0164210583, 
+.0104982845,600452127709/ 
END 
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C.3 EXAMPLE OF INPUT DATA FILE PAREFL_DAT 

ANIK-C: HP REFLECTOR 
11.950 
1 
1.60 
2.20 
.375 
.750 
8+0 
0 
0.0 0+0 0,0 
0.0 -28.80 0.0 
•-) 

0 
1.0 0.0 
70e0 72.0 72.0 36+0 0.0 
0 
1 
88  
0.0 2,0 9 Oa 2.0 9 
0.0 0.0 0,0 
0.0 - 

• 
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C . 4 SAMPL E  OUTPUT  

ANIK-C HP REFLECTOR 
FREQUENCY IN GHZ 

11.9500 
NO OF HORNS 

1 
E-PLANE HORN APERTURE DIM - B IN INS. 

1.6000 
H-PLANE HORN APERTURE DIM - A IN INS. 

242000 
INPUT WAVEGUIDE DIMENSION B(E-PLANE) IN INS. 

.3750 
INPUT WAVEGUIDE DIMENSION A(H-PLANE) IN INS. 

.7500 
AXIAL HORN LENGTH IN INS* 

8.0000 
OPT. CHOSEN - COLLECTIVE MOVEMENT AND ROTATION OF HORN ARRAY 

DISPLACEMENT OF HORNS IN INS. 
+0000 .0000 .0000 

ROT. OF HORNS ABOUT X- ,Y-,AND Z-AXIS IN DEG. 
.0000 -28.8000 .0000 

POLAR, OF ANTENNA SYS. - VP(X-AXIS)=1YHP(Y-AXIS)=2 

HORN TYPE,O=ORD,1=DIELl2=CORR,3=BOTH(14-2),4=DIEL TRIF,5=TRIF 
o  

REL. POWER(W) AND PHASE(DEG) OF HORN EXCITATIONS 
1.0000 .0000 - 

FOC LTH.,APER. X-DIM,Y-DIM AND X-OFFSET IN INSt 
70.0000 72.0000 72+0000 36.0000 .0000 

INTEG. PTS. SPEC. BY USER FOR RADIAL AND PHI-VAR. 
MUST BE A MEMBER OF THIS SET - 314,678,10,12r14t161.20.24,28,34,40 

8 8 
START,STOP AND  NO. OF PIS ,  FOR_AZYEL SCAN 

900000 2.00000 9 .0.0000 -2.00000 9:- 
X-YY-,Z-TRANSLATION OF FIELD  Ci-ORD._SYSTEM IN INS 

.0000 .0000 .0000 - 
ROTATION OF FIELD POLARISATION VECTOR IN DEGREES 

.0000 

SPILL7OVER EFFICIENCY = .821 

CO-POLAR GAIN IN DB 

ELEV * AZIMUTH (DEG) 



1.25* 17.98 19.01 20.75 21.09 18.4 7.70 10.92 16.07 13.86 I 

1  

1 

I 
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(DEG) * .00 .25 .50 .75 -1.00 1.25 1.50 1.75 2..00 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

2.00* 11.59 12+42 14.20 15+66 15.85 13.87 7.11 -.05 10488 

1+75* 13.28 11.65 4.05 4.06 13.33 15.98 14.98 8.69 .13 

1.50* 21.69 21.33 19.88 16+05 3:02 10.77 15.87 14+99 6.99 

1.00* 26.22 24.15 16.06 16.68 20.84 18.37 2.33 13.59 15.92 

.75* 36.83 35.61 31.53 21.84 16.50 21.09 15.93 5.17 15.80 

.50* 42 4 19 41.20 37.98 31.41 13.81 20.82 19.89 3.64 14.41 

.25* 44.98 44+07 41.16 35.47 23.30 19.10 21.43 11.44 12.65 

.00* 45.85 44.96 42.13 36.66 25.45 18.05 21.83 13.09 11.80 

X-POLAR GAIN IN DE 

ELEV * AZIMUTH (DEG) - 
(DEG) * .00 .25 .50 .75 - 1.00 1.25 1.50 1+75 2.00 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

2.00*-105+2 -19.7 -16.5 -20+1 -22.5 -11.3 -7.5 -7.6 -12.9 

1.75*-103.9 -13.6 -8.5 -7+1 -9+3 -21.8 -11.9 -6+4 -6.7 

1.50*-110.7 -16.9 -9.2 -4+8 -3.2 -5+3 -16.3-10.6 -5.3 

1.25*-106.1 -11.0 -11+1 -13.6 -4+0 -1.4 -4.1 -20.8 -7.5 

1.00*-102.0 .8 3.7 +9 -11:8 -2.6 -.4 -5.5 -16.3 
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CI  135+7 

•75*-108.9 6.9 10.5 9+5 3.6 -12+3 .1 -1+0 -14.4 

* 
.50* .16.5 10.6 14.5 14.0 9.9 -2.2 -1.6 1.0 -6.4 

.25* -96.7 12.6 16.6 16.4 12.8 3.6 -4.6 1.6 -3:6 

.00* ...92.8 13.2 17.2 17.1 13.7 5+1 -6+4 1.7 -2.8 

CO-POLAR PHASE IN lEG 

ELEV * AZIMUTH (DEG) 
(DEG) * .00 .25 - .50 .75 1.00 1.25 1.50 1.75 2.00 
* * * * * * * * * *,* * * * * * * * * *•* * * * * * * * * * * * * * * * * * * * * * * * 
2.00*-119.3-120.8...123.3-124.6-124.4-123.1-120.3 58.5 63.7 

1.75* -14.2 -14.5 -18.4 178.8 175.2 176.4 178,6-178.3 

* . 
1.50* -65.7 -65.6 -.65.2 -64.2 -59,1 115.5 118.6 121.4 124.4 

I *  1,25*-106.4-110.4-116.3-119.7-120.7-119.5 59,9 62.4 64+9 

t.  1.00* -25.8 -284 .-.53.1-160.4-177.1 179:8 172.4 5.2 6.3 

* 
.75* -74+9 -75.2:;-76.8 .-86.9 136.3 121.3 118.1. -42.9 -51.5 

.50*-130.8-130.8.-130.9-.132.4-157.3 63.5 59.9 42.4-108.6 

.25* 172+4 172.5 172.7 172.6 168.5 5.9 1.8 -3.0-165,8 

• c' 
+. 

.00* 115 .*6 115.7 116.0 116.4 114.9 '-52.8 -55.9 -5 
ST131?, 

! 



APPENDIX D 

D.1 Description of Computer Program HORNPAT_SIF 

IDENTIFICATION: HORNPAT_SIF 
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•  The program computes E- and H-plane patterns 

of single mode or multimode pyramidal and 

conical horns. 

K. K. Chan, 
Chan Technologies Inc., 
26 Calais Circle, 
Kirkland, Quebec, 
H9H 3V3. 

Tel: (514) 697-6419. 

The radiation patterns of the following horn 

PURPOSE: 

AUTHOR: 

DESCRIPTION: 

models are computed by the program: 

- Single mode conical horn excited in the 

fundamental TE 11 mode. 

- dual mode conical horn excited with TE 11 

and TM11 modes. 

- single mode pyramidal horn excited in the 

fundamental TE10 mode. 

- multimode pyramidal horn excited with TE 10  

and TE/TM12 mode pair. 

This program allows the user to view the 

patterns of horns whose dimensions are known. One can also observe 

the effects on patterns by changing the amplitude ratio and phase 

of modes in a multimode horn. 



ITYPE 

AM 

PM 

A 

WGB 

USAGE (INPUT):  

The input data required are to be supplied in 

a file named HORNPAT_DAT. Data may be written in free format and 

follow the sequence laid out below. Data input is list directed. 

IHEAD (I) Title of run. Maximum of 60 characters. 
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Type of horn. 

0, pyramidal horn. 

1, conical horn. 

Amplitude ratio of the higher order mode 

relative to the fundamental mode. 

0.0, for fundamental mode operation. 

0.10 - 0.125, for small dual mode conical horn. 

0.670 for small multimode pyramidal horns. 

These are only suggested values for mode 

content. For a given horn, a value should be found that will 

equalise the beamwidths down to -10 dB point. 

Relative phase in radians of the higher order 

mode. 

0.0 (small horn feeds). 

E-plane horn aperture dimension in inches. 

(pyramidal horn only) B 8 ?'n 

H-plane horn aperture dimension in inches. 

(pyramidal horn only) A 8 ?‘ 

Input waveguide E-plane dimension in inches. 

(pyramidal horn only) WGB :; B. 
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WGA Input waveguide H-plane dimension in inches. 

(pyramidal horn only) WGA 4 A. 

AR Circular horn aperture radius in inches. 

(conical horn only) AR 8 ..?\ 

WGR Input circular waveguide radius in inches. 

(conical horn only) WGR AR. 

HRNLTH Horn length in inches. 

MODH Choice of aperture field model. 

0, electric field model. 

1, Chu model. 

FREQ Frequency in GHz. 

NPT No. of observation points between 0 and 90 deg. 

OUTPUT: All input data are printed out for verification 

and run identification. This is followed by 

the normalised E- and H-plane amplitude and 

phase patterns between the angular range of 

0 °  and 90o . 

CODING INFORMATION:  Program is written in FORTRAN 77 for use on 

the CRC Honeywell CP-6 computer. 

RESTRICTIONS: The number of observation points between 0 o 

and 90 °  is restricted to 91 equally spaced 

points, i.e. at 10  interval. To increase 

this number to NPT, make the following changes. 

MAIN PROGRAM: Change the dimensions of arrays EPA, EPP, HPA, 

HPP and THETA to NPT. 
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SUBROUTINE PYRHRN: Change the dimensions of arrays EPA, EPP, 

HPA, HPP and THETA to NPT. 

SUBROUTINE CONHRN: Change the dimensions of arrays EPA, EPP, 

HPA, HPP and THETA to NPT. 

SUBROUTINE PTNORM: Change the dimensions of arrays EPA, EPP, 

HPA, HPP. 
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D . 2 PROGRAM  LISTING 

1.000 PROGRAM HORNPAT 
2.000 * 
3.000 * PROGRAM COMPUTES E- AND H-PLANE PATTERNS OF SINGLE MODE AND 
4.000 * MULTIMODE PYRAMIDAL AND CONICAL HORNS. 
5.000 * SINGLE MODE PYRAMIDAL HORN CONTAINS TE10 MODE. 
6.000 * MULTIMODE PYRAMIDAL HORN CONTAINS TE10 r TEI2 AND  1M12 MODES. 
7.000 * SINGLE MODE CONICAL. HORN CONTAINS TE11 MODE. 
8.000 * MULTIMODE CONICAL HORN CONTAINS TEll AND  1M1I MODES. 
9.000 * WRITTEN BY CHAN TECHNOLOGIES INC. Y APRIL 1984. 

10.000 * .- 
11.000 DIMENSION EPA(91)rEPP(91),HPA(91),HPP(91),THETA(91),IHEAD(15) 
12.000 COMMON/PATERN/EPArEPP,HPArHPPrNPT,THETA 
13.000 * 
14.000 OPEN(UNIT5rNAME='HORNPAT-DA1'ISTATUS='OLD'rUSAGE= 1 INPUT 1 ) 
15.000 * 
16.000 * IHEAD = HEADING. MAX. 60 CHARACTERS. 
17+000 * 
18.000 READ(5,10) (IHEAD(I),I=1,15) 
19.000 10 FORMAT(15A4) 
20.000  * 
21.000 * ITYPE = TYPE OF HORN 
22,000 * = 0 PYRAMIDAL HORN 
23.000 * = 1 t CONICAL HORN 
24.000.* 
25.000 • READ(51*) ITYPE 
26.000 * 
27.000 * SPEC. OF HIGHER ORDER MODE CONTENT IN ADDITION TO THE BASIC MODE. 
28.000 *: FOR CONICAL HORN, THE HIGHER ORDER MODE IS TMII. 
29.000 * FOR PYRAMIDAL HORN, THE HIGHER ORDER MODE PAIR IS TE/TM12. 
30.000 * AM = AMPLITUDE RATIO OF HIGHER ORDER MODE. 
31.ÔÔO * PM = REL. PHASE OF HIGHER ORDER MODE IN RADIANS. 
32.000 * 
33.000 READ(50*) AM t PM 
34.000 * MODE = 1 e SINGLE MODE (FUNDAMENTAL) 
35.000 * = 2 Y MULTIMODE (FUNDAMENTAL -FAIGHER ORDER) 
36.000 * 
37.000 • MODE = I • 
38.000 IF (AM.GT.1.0E-02) MODE = 2 
39.000 * 
40.000 IF (ITYPE.E0.1) GO TO 20 
41.000 * 
42.000 * A = H-PLANE HORN : APERTURE DIMENSION IN INCHES. 
43.000 * B = E-PLANE HORN APERTURE DIMENSION IN INCHES. 
44.000 * 
45.000 READ(5,*) BrA 
46.000 * 
47.000 * WGA = INPUT WAVEGUIDE H-PLANE DIMENSION IN INCHES.- 
48.000 * WGB = INPUT WAVEGUIDE E-PLANE DIMENSION IN INCHES. 
49.000 * 
50.000 READ(5,*) WeBrWGA 
51.000 GO TO 30 
52..000 * 
53.000 * AR = CIRCULAR HORN APERTURE RADIUS IN INCHES. 



54.000 * WGR = INPUT CIRCULAR WAVEGUIDE RADIUS IN INCHES+ 
55.000 * 
56.000 20 READ(500 ARrWOR 
57.000 * 
58.000 * HRNLTH = HORN LENGTH IN INCHES. 
59.000 * 
60.000 30 READ(5,*) HRNLTH 
61.000 * 
62.000 * MODH = APERTURE FIELD MODEL 
63.000 * = 0 ELECTRIC FIELD MODEL 
64.000 * = 1 CHU MODEL 
65.000 * 
66+000 READ(5,*) MODH 
67.000 * 
68.000 * FREO = FREQUENCY IN GHZ 
69.000 * 
70.000 READ(5,*) FREO 
71.000 * 
72.000 * NPT = NO. OF OBSERVATION POINTS BETWEEN 0 AND 90 DEO. 
73.000 * 
74.000 READ(5,*) NPT • 
75.000 * 
76.000 * END OF INPUT DATA 
77400 1(' 
78 . 000 PRINT . 10 Y (IHEAD(I),I=1,15) 
79.000 PRINT 40 
80.000 40 FORMAT(1WHORN TYPE - 0=PYRAMIDAL 7 1=CONICAU) 
81.000 PRINT 50 r ITYPE 
82.000 50 FORMAT(lXII2) 
83.000 PRINT 60 
84.000 60 FORMAT(1WAMPLITUDE. AND PHASE (RAD) OF HIGHER ORDER MODE') 
85.000 PRINT 70 r AM 7 PM 
86.000 70 FORMAT(1X72F7.3) 
87.000 IF (ITYPE.EQ.1) GO TO 100 
88.000 PRINT 80 
89.000 80 FORMAT(1WE- AND H-PLANE RECT , APER. DIM.  1N  INS, 1 ) 
90.000 PRINT 70 Y AYB 
91.000 PRINT 90 
92.000 90 FORMAT(1)(r/E- AND H-PLANE INPUT WG. DIM. IN INS. 1 ) 
93.000 PRINT 70 Y WGArWGB 
94.000 GO TO 120 

- 95.000 100 PRINT 110 - 
96.000 110 FORMAT(1;WCIR. HORN AMR. AND INPUT WG. RADII IN INS. 1 ) 
97.000 PRINT 70 Y ARrWOR 
98.000 120 PRINT 130 
99.000 130 FORMAT(lXr(HORN LENGTH IN INS. 1 ) 
100.000 PRINT 70  t  HRNLTH 
101.000 . PRINT 140 
102.000 140 FORMAT(1X,'HORN APETURE FIELD MODEL - =OrE-FIELD =1,CHUJ) 
103.000 PRINT 50 Y MODH 
104.000 •PRINT 150 
105.000 150 FORMAT(1)(r/FREQUENCY IN GHZ') 
106.000 • PRINT 70 r FREQ 
107+000 PRINT 155 
108+000 155 FORMAT(Ur'NO. OF FIELD OBSERVATION POINTS FROM 0 TO 90 DEG.') 

241 



150.000 * 
151.000 
152.000 
153.000 
154.000 
155.000 * 
156.000 * COMPUTE HORN AXIAL LENGTHS 
157.000 * 
158,000 
159.000 
160.000 
161.000 
162.000 * 
163.000 * COMPUTE MODE COEFFICIENTS 

DIMENSION EPA(91),EPP(91),HPA(91)rHPP(91),THETA(91) 
COMPLEX HAR(25),EAR(25),Al2rHSUMrESUM,CSUMIEF 
COMMON/PATERN/EPArEPPrHPArfflrfflrTHETA 
COMMON/BLOCK/U(118)10111(118) 

ALE = 999.0 
ALM = 999.0 
IF (B.GT.(4GB) ALE = HRNLTH*Bf(e - WGB) 
IF (A.GT.WGA) ALH = HRNLTH*A/(A WGA) 
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109+000 PRINT 50 r NPT 
110.000 * 
111.000 * COMPUTE OBSERVATION POINTS 
112.000 * 
113,000 
114.000 
115.000 
116.000 165 
117.000 
118..000 
119.000 
120.000 
121.000_170 
122.000 * 
123.000 * CONVERT AMPLITUDE INTO DB AND PHASE INTO DEG. 
124.000 * 
125.000 180 
126.000 
127.000 
128.000 , 
129.000 
130.000 
131.000 190 
132.000 
133.000 200 
134.000 PRINT 210 
135.000 210 FORMAT(18Xr15(1H-3,11X,15(1H-)) 
136.000 . PRINT 220 
137.000 220 FORMAT(1)WTHETA(DEG) 1 ,4X,'AMPL(DB) 1 5/4WPHASE(DEG)',4X, 
138.000 4.'AMPL(DB)',4X,'PHASE(DEG)') 
139.000 PRINT 230 
140.000 230 FORMAT(1X,65(1H-)) 
141.000 , 00 240 I = 1/NPT 
142.000 PRINT 250 Y THETA(I),EPA(DrEPP(I),HPA(I),HPP(I) 
143.000 240 CONTINUE 
144,000 250 FORMAT(4X/F5.2,1X14(6X,F7.2)) 
145.000 STOP 
146.000 END 
147,000 SUBROUTINE PYRHRN(ArBrbiGArbiGB,HRNLTHrAM,PM,MODHrRK) 
148.000 * 
149.000 * COMPUTES PATTERNS OF SINGLE MODE OR MULTIMODE PYRAMIDAL HORNS 

TINC = 1.5797963/(NPT - 1) 
DO 165 I = 1,NPT 
THETA(I) = TINC*(I-1) 
CONTINUE .  
RK = 0.532344*FREO 
IF (ITYPE.E(1.1) GO TO 170 
CALL PYRHRN(ArB4GArWGB,HRNLTHIAM,PM,MODHIRK) 
GO TO 180 
CALL CONHRN(AR,WGR/HRNLTHrMODErAM,PM,MODH,RK) 

DO 190 I = 1,NPT 
HPA(I) = 20.0*ALOG10(HPA(I)) 
EPA(I) = 20.0*ALOG10(EPA(I)) 
HPP(I) = HPP(I)*57.295779 
EPP(I) = EPP(I)*57.295779 
THETA(I) = THETA(I)*57.295779 
CONTINUE 
PRINT 200 
FORMAT(//118>,  ' E-PLANE PATTERN"r1lXr'H-PLANE PATTERN') 



164+000 * 
165+000 Al2 = AM*CMPLX(COS(PUYSIN(PM)) 
166.000 * 
167.000 * SELECTION OF APPROPRIATE QUADRATURE FORMULA 
168.000 * 
169.000 ARG = AMAX1(A/B) 
170.000 IQ = RK*ARG/3.141592 1.0 
171.000 IQ = (I04.1)*1.40 
172.000 CALL APQUAD(IQPNQYLOC) 
173+000 PRINT 1 Y NO P LOC 
174.000 1. FORMAT(1X,'QUADRATURE FORMULA = 1 ,I3,5X,'LOCATION = ',I3) 
175.000 * 
176.000 *. COMPUTE.INTEGRAL INVARIANT WITH OBSERVATION ANGLE 
177.000 * 
178.000 HSUM = (0.0,0.0) 
179.000 ESUM = (0.0,0.0) 
180.000 DO 10 I = 1,MQ 
181.000 ARO = RK*((0X(ItLOC)*A*0.50)**2)*0.50iALH 
182.000 HAR(I) = COS(1.5707963*QX(I-FLOC))*CMPLX(COS(ARG),-SIN(ARG))* 
183.000 tQW(I.FLOC) 
184.000 HSUM = HSUM HAR(I) 
185,000 . ARC  = RK*((QX(Ii-LOC)*B*0.50)**2)*0.50/ALE 
186.000 EAR(I) = (1,0 .1. Al2*COS(3.1415926*QX(I+LOC)))* 
187.000 1-CMPLX(CO3(ARG),-SIN(ARG))*QW(I+LOC) 
188.000 ESUM = ESUM EAR(I) 
189.000 10 CONTINUE 
190.000'* 
191.000 * COMPUTE E-PLANE PATTERN 
192.000 * 
193,000 DO 40. I. = 1./MPT 
194.000 ST = RK*B*0.50*SIWTHETA(I)) 
195.000. CSUM = (0.0,0.0) 
196.000 • DO 30 J = 1.,MQ 
197.000 ARC  = . ST*OX(J+LOC) 
198.000 . CSUM = CSUM EAR(J)*CMPLX(COS(ARG),SIMARG)) 
199.000 30 CONTINUE 
200.000 • EF = HSUM*CSUM 
201.000 IF (MODH.EQ.1) EF = EF*(1.0 COS(THETA(I))) 
202.000 EPA(I) = CABS(EF) 
203.000 EPP(I) = ATAN2(AIMAG(EF),REAL(EF)) 
204.000 40 CONTINUE 
205.000 * 
206,000 * COMPUTE H-PLANE PATTERN 
207.000 * -- 
208.000 DO 60 I = 1YMPT:. 
209.000 ST = RK*A*0.50*SiN(THETA(I)) 
210.000 CSUM = (0.0,0,0) 
211.000 DO 50 J = 1,MQ 
212.000 ARC  = ST*QX(J.FLOC) 
213.000 CSUM = CSUM HAR(J)*CMPLX(COS(ARG)TSIN(ARG)) 
214.000 50 CONTINUE 
215.000 CSIIM = CSUM*ESe 
216.000 EF = COS(THETA(i))*CSUM 
217.000 IF' (MODH.EQ.1) EF = EF CSUM 
218.000 HPA(I) = CABS(EF) 
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219.000 HPP(I) = ATANZ(AIMAG(EF),REAL(EF)) 
220.000 60 CONTINUE 
221.000 * 
222.000 * NORMALISE PATTERNS 
223.000 * 
224.000 CALL PTNORM(EPAYEPP,HPAIHPP:NPT) 
225.000 RETURN 
226.000 END 
227.000 SUBROUTINE CONHRMARIWGR,HRNLTHIMODEFAMYPM,MODHPRK) 
228.000 * 
229.000 *,COMPUTES PATTERNS OF CONICAL HORNS. 
230.000 *.E- AND H-PLANE NORM. AMP. ARE STORED IN ARRAYS EPA AND HPA RESP. 
231.000 *'E- AND H-PLANE NORM ,  PHASES ARE STORED IN ARRAYS EPP AND HPP RESP. 
232.000 * 
233.000 DIMENSION EPA(91),EPP(91),HPA.(91),HPP(91),THETA(91) 
234.000 COMPLEX HJ0(25),HJ2.(25),Ea(25),EJ2(25)YESUMTFESUMPYHSUMT, 
235.000 i-HSUMPFB11,EF 
236.000 COMMON/BLOCKYOX(118)4W(118) 
237.000 COMMON/PATERN/EPAPEPPYHPAYHPPYMPT,THETAINQYLOC 
238.000 * 
239.000 * COMPUTE AXIAL LENGTH 
240,000 * 
241.()40 AL = 999.0 
242.'000 IF (AR.GT .WGR) AL = HRNLTH*AR/(AR - WGR) 
243.000 * 
244.000 * COMPUTE MODE COEFFICIENT 
245.000 * 
246.000 B11 = 2.08116*AM*CMPLX(COS(PM),SIN(PM)) 
247..000 * 
248.000 * SELECTION OF APPROPRIATE QUADRATURE FORMULA 
249.000 * 
250.000 III  = MAR/3.141592 1.0 
251.000 IQ = (I0+1)*1.40 
252.000 CALL APOUAD(IQPNO,LOC) 
253.000 PRINT lYNQYLOC 
254..000 1 FORMAT(1X.'QUADRATURE FORMULA = ',I375X.FLOCATION = ',I3) 
255..000 * 
256.'000 * COMPUTE INTEGRAND INVARIANT WITH OBSERVATION POINTS. 
257.000 * 
258.000 DO 10 I = 1INQ 
259.000 RHO = 0.50*(1.0 4. QX(I.FLOC)) 
260.000 AR61 = RK*RHO*RHO*AR*AR*0.50/AL 
261.000 ARG2 = 1A4118*RHO 
262.000 CALL BESSEL(ARG2,BA,B,12) 
263.000 ESUMT = CMPLX(CO5(ARG1),-SIN(ARG1)) 
264.000 HJ2(I) = BJ2*RHO*ESUMT*OW(I-FLOC) 
265.000 HJO(I) = Be*ESUMT*OW(I-FLOC)*RHO 
266.000 IF (MODE tEQ.1) GO TO 10 
267.000 ARG2 = 3.83171*RHO : 
268.000 CALL BESSEL(ARG27BA,B,12) 
269.000 EJO(I) = BJ0*ESUMT*OW(I-FLOC)*RHO 
270.000 EJ2(I) = Ba*ESUMT*QW(I.FLOC)*RHO 
271.000 10 CONTINUE 
272.000 * 
273.000 * COMPUTES E- AND H-PLANE PATTERNS 



274,000 * 
275.000 DO 40 I = 1,NPT 
276.000 ST = RK*AR*SIN(THETA(I)) 
277.000 HSUMT = (0.0,0.0) 
278,000 HSUMP = (0.0,0.0) 
279.000 ESUMT = (04,04) 
280.000 ESUMP = (0.0,0.0) 
281.000 DO 20  J  = 13410 
282.000 ARG = ST*0.50*(1.0 GX(J+LOC)) 
283.000 CALL BESSEL(ARGIBJO:BJ2) 
284.000 HSUMP = HSUMP - HJ2(J)*BJ2 HJO(J)*110 
285.000 HSUMT = HSUMT HJ2(J)*BJ2 HJO(J)*BJ0 
286.000 IF (MODE.EG.1) GO TO 20 
287.000 ESUMP =-_ESUMP EJ2(J.)*BJ2 EJO(J)*BJ0 
288.000 ESUMT = ESUMT EJEJ)*BJ0 EJ2(J)*BJ2 
289.000 20 CONTINUE 
290.000 BKH = 0.0 
291.000 BKE = 0.0 
292.900 IF (MODH.EG.0) GO TO 30 
293.000 BKH = SGRT(RK**2 (1.84118/R)**2)/RK 
294.000 IF (MODE.EG.1) GO TO 30 
295.000 BKE = RK/SGRT(RK**2 - (3.83171/AR)**2) 
294.000 30 CT = COS(THETA(I)) 
297.000 EF = (1,0 BKH*CT)*HSUMT (1.0+BKE*CT)*B11*ESUMT 
298.009 EPA(I) = CABS(EF) 
299,040 EMI) = ATAN2(AIMAG(EF),REAL(EF)) 
300.000 EF = (CT -I- BKH)*HSUMP (CT+BKE)*B11*ESUMP 
301.000 HPA(I) = CABS(EF) 
302.000 HPP(I) = ATAN2(AIMAG(EF),REAL(EF)) 
303.000 40 CONTINUE 
304.000 * 
305.000 * NORMALISE PATTERNS 
306.000 * 
307.000 CALL PTNORM(EPA,EPP,HPA,HPP,NPT) 
308.000 RETURN 
309.000 END 
310.000 SUBROUTINE PTNORM(EPAIEPP,HPAFHPP,NPT) 
311.000 * 
312,000 * NORMALISES AMPLITUDE AND PHASE PATTERNS. 
313 t000 * 
314.000 DIMENSION EPA(91),EPP(91),HPA(91),HPP(91) 
315.000  * 
316.000 ANORM = EPA(1) 
317.000 PNORM = EPP(1) 
318.000 • PA (1) = EPA(1)/ANORM 
319.000 EPP(1) = EPP(1) PNORM 
320,090 HPA(1) = HPA(1)/ANORM 
321.000 HPP(1) = HPP(1) - PNORM 
322.990 IF (NPT.EG .1) RETURN 
323.000 DO 10 I = 21NPT 
324.000 EPA(I) = EPA(I)/ANORM 
325.000 HPA(I) = HPA(I)/ANORM 
326.000 EPP(I) = EPP(I) 7 PNORM 
327.000 PDIF = EPP(I) EPP(I-1) 
328,000 IF (PDIF.GE.3,141592) EPP(I) . = EPP(I) - 6.283185 
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329.000 IF (PDIF.LE.-3.141592) EPP(I) = EPP(I) + 6.283185 
330.000 HPP(I) = HPP(I) PNORM 
331.000 PDIF = HPP(I) HPP(I-1) 
332.000 IF (PDIF.GE.3.141592) HPP(I) = HPP(I) -66283185 
333.000 IF (PDIF.LE.-3.141592) HPP(I) = HPP(I) + 6,283185 
334.000 10 CONTINUE 
335.000 RETURN 
336.000 END 
337.000 SUBROUTINE BESSEL(AR6,EIJOYBJ2) 
338.000 * 
339.000 * COMPUTES BEssEL FuleTioN OF THE FIRST KIND Y ZERO(BJ0) AND 
340.000 * SECOND(BJ2) ORDER. ARG IS THE INPUT ARGUMENT, 
341.000 * 
342.000 IF (ARG.GE.3.0) GO TO 10 
343.000 * 
344.000 * 0 < ARG < 3 
345,000 * 
346.000 X2 = (AR1313.0)**2 
347,000 X4 = X2*X2 
348.000 X6 = X4*X2 
349.000 X8 = X6*X2 
350.000 X10 = X8*X2 
351.0*00 X12 = X10*X2 
352,000 BJO = 1.0 -2.2499997*X2 1.2656208*X4 - .3163866*X6 
353.000 •0444479*X8 - .0039444*X10 •002100*X12 
354.000 BJ2 = 0.5 - .56249985*X2 •21093573*X4 - .03954289*X6 
355.000 +,.00443319*X8 - .00031761*X10 .00001109*X12 
356,000 BJ2 = 2.0*BJ2 BJO • 
357.000 RETURN 
358,000 * 
359.000 * AR8 > 3 
360,000 * 
361.000 10 X = 3t0/ARG 
362:000 X2 = X*X 
363,000 X3 = X2*X 
364.000 X4 = X3*X 
365.000 X5 = X4*X 
366,000 X6 = X5*X 
367.000 THETA = ARG - .78539816 - *04166397*X - •00003954*X2 
368.000 .00262573*X3 - .00054125*X4 .00029333*X5 + .00013558*X6 
369.000 F = .79788456 - •00000077*X - •00552740*X2 - •00009512*X3 
370.000 + + .00137237*X4 .00072805*X5 + .00014476*X6 
371.000 BJ0 = F*COS(THETA)/SORT(ARG) 
372.000 THETA = ARG - 2,35619449 + .12499612*X + .0000565*X2 
373.000 .00637879*X3 + .00074348*X4 + .00079824*X5 - •00029166*X6 
374.000 BJ2 = F*COS(THETA)/(ARG*SGRT(ARG)) 
375.000 BJ2 = 2,0*BJ2 - BJ0 
376,000 RETURN 
377.000 END 
378.000 SUBROUTINE APGUAD(IGING,LOC) 
379.000 * 
380.000 * MATCHES THE NEAREST GUAD. FORMULA TO THAT REGUIRED. 
381.000 *  10  = IG POINT FORM. REG. 
382.000 *  NO  = NEAREST AVAIL. IS NO POINT FORM. 
383.000 * LOC = LOCATION OF FORM. 
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1 
1 

1 
1 

1 

1 

INTEGER IGF(10) 
DATA N0FtIOF/10,3,4,6,8,10,12,14,16,20,25/ 

DO 10 I = 1,NOF 
IF (IO.LE.IOF(I)) GO TO 30 
CONTINUE .- 
PRINT 20 
FORMAT(1X,'HORN IS TOO LARGE ,  GUAD. FORM ,  REG ,  IS LARGER THAN', 

-1. 1  AVAIL. IN PROG, EXECUTION TERMINATED, 1 ) 
STOP 
NG = IGF(I) 
CALL ORLOC(NO,LOC) 
RETURN 
END 
SUBROUTINE ORLOC(NOILOC) 

384.000 * 
385,000 
386.000 
387.000 * 
388.000 
389.000 
390.000 10 

(T. 1 391,000 
392+000 20 
393.000 
394.000 
395.000 30 
396.000 ' 
397.000 
398.000.  
399.000 
400.000 * 
401.000 * PURPOSE - DETERMINE LOCATION OF INTEGRATION FORMULA IN BLOCK DATA 
402.000 * BLOCK DATA IS ASSUMED TO CONTAIN THE FOLLOWING FORMULAE. 
403,000 * 3,4,698,10,14,16,20,25 PTS.% ' 
404.000 * 
405.000 
406.000 20 
407.000 30 
408.000 40 
409.000 50 
410.000 60 
411.000 
412.000 70 
413.000 
414.000 80 
415.000 
416+000 90 
417.000 
418+000 100 
419.000 
420.000 110 
421.000 
422.000 120 
423.000 
424.000 130 
425.000 
426.000 140 
427.000 
428.000-  150 
429.000 
430.000 160 

II . 431,000 
- 432.000 

433.000 
434.000 - 
435.000 * 3 PTS 
436,000 DATA (0X(I),I=1,3)/-.774596669241,0.00000000,+.774596669241/ 
437.000 DATA (0W(1),I=1,3)/.5555555555,.888888888888t.555555555555/ 
438.000 * 4 PIS. 

fF (No - '25) 20,150,160 
IF (NG - 16) 30,130,140 
IF (NG.- 12) 40,110,120 
IF (NG - 8) 50,90,100 
IF (NO - 4) 60,70,80 
LOC = 0 
RETURN 
LOC = 3 
RETURN 
LOC = 7 
RETURN 
LOC = 13 
RETURN 
LOC = 21 
RETURN 
LOC .  = 31 ,  
RETURN 
LOC = 43 
RETURN 
LOC = 57 
RETURN 
LOC = 73 - 
RETURN 
LOC = 93 - 
RETURN 
LUC  = 118 
RETURN 
END 
BLOCK DATA 
COMMOM/BLOCK/GX(118),OW(118) 

1 
1 
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439.000 . DATA (QX(I),I=4,7)/-.861136311594,-.3399810435848,.3399810435848, 
440.000 +.861136311594/ 
441.000 DATA (GW(1)11=4,7)/.347854845137,.652145154862,.652145154862, 
442.000 +.347854845137/ .  
443.000 * 6 PTS. 
444.000 DATA (QX(I),I=8,13)/.93246951420315,.66120938646626, 
445.000 
446.000 
447.000 
448.000 

+.23861918608319, 
+-.23861918608319,-,66120938646626,-.93246951420315/ 
DATA (041(1)1.1=8113)/.17132449237917,.36076157304814, 

+.46791393457269, 
449.000 +.467913934572654.36076157304814,.17132449237917/ 
450.000 * 8 PIS. 
451.000 DATA (GX(1),I=14,21)/-.9602898564,-.7966664774,-.5255324099? 
452.000 +-.18343464241.18343464247.5255324099,.7966664774,.9602898564/ 
453.000 DATA (W(1),I=14,21)/.1012285362,.22238103441.3137066458, 
454.000 +.3626837833,43626837833,431370664587.22238103441.1012285362/ 
455.000 * 10 PTS. 
456.000 .. DATA (0X(1),1=22,31)/-.9739065285,-.8650633666,-.6794095682, 
457.000 +-.4333953941,-.1488743389, 
458.000 +.1488743389,64333953941,.6794095682,.86506336661.9739065285/ 
459.000 DATA (OW(1),I=22,31)/.0666713443,.1494513491,.2190863625, 
460.000 +.2692667193,.2955242247, 
461.000 +.2955242247,,26926671937.2190863625,.1494513491,.0666713443/ 
462.000 * 12 PTS. 
463.000 
464.000 
465.000 
466.000 
467.000 
468.000 
469.000 

DATA (GX(I),I=32,43)/-.981560634246,-.90411725637,-.769902674194, 
+-.587317954286,-.367831498998,-.125233408511v .125233408511, 
+.367831498998/.587317954286,.769902674194,.904117256370, 
+.981560634246/ 
DATA (OW(1)11=32,43)/.047175336386,.10693932599574160078328543, 

+.203167426723,.2334925365387.249147045813,.249147045813, 
+.233492536538,.203167426723,.160078328543,.106939325995, 

470.000 +.047175336386/ 
471.000 * 14 PIS. 
472.000 DATA (0X(1),1=44,57)/-.986283808696,-.928434883663,-.82720131507, 
473.000 
474.000 
475.000 
476.000 
477.000 
478.000 

+-.687292904811,-.515248636358,-.319112368927,-,108054948707, 
+.108054948707,.319112368927,.515248636358,.687292904811, 
+.827201315069,.928434883663,.986283808696/ 
DATA (OW(1),144,57)/.035119460331,.080158087159,.121518570687, 

+.157203167158?.185538397477,.205198463721,.215263853463, 
+.215263853463,.205198463721,.185538397477,.157203167158, 

479.000 +.121518570687e.080158087159,6035119460331/ 
480.000 * 16 PIS. 
481.000 DATA (QX(I),I=58,73)/-.989400934991i ,-.944575023073i-.865631202388, 
482.000 
483.000 
484.000 
485.000 
486.000 
487.000 
488.000 
489.000 
490.000 

+-.755404408355?-.617876244403,-.458016777657,-.281603550779, 
+-.095012509837? 095012509837 .281603550779, .458016777657, 
+.617876244403, .755404408355, .865631202387,4944575023071y 
+.989400934992/ 

DATA (OW( I) IF 1=58,73 )/.0271524594127.0622535239381.095158511682, 
+.124628971255, 149595988816, f 169156519395, .182603415045r 
+. 1 8 9 4 5 0 6 1 0 4 5 5 , .189450610455? .182603415045 .169156519395, 
+.149595988816, 4124628971255, 0 9 5 1 5 5 1 1 6 8 2 .062253523938, 
+.0271524594117/ 

491.000 * 20 PTS. 
492.000 DATA (0X(1) ,I=74,93)/-.9931285991,-.9639719272,-.9122344282, 
493.000 +-.8391169718, 
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494.000 1-.7463319064,-.6360536807,-.5108670019,-.3737060887,-.2277858511, 
495.000 4-,076526521131.076526521131.2277858511,.3737060887,.5108670619, 
496.000 +.6360536807, 
497.000 +.7463319064,.8391169718,.9122344282,696397192727.9931285991/ 
498.000 DATA (OW(1),1=74,93)/.017614007131.04060142980,.06267204833, 
499.000 +.08327674157, 
500,000 +.1019301198,.11819453197,1316886384,.1420961093,.1491729864, 
501.000 +.1527533871, 
502.000 +.1527533871,,14917298641.14209610937.13168863841.1181945319, 
503.000 +.1019301198, 
504.000 +.08327674157,.062672048337.040601429801.01761400713/ 
505.000 * 25 PIS ,  
506.000 DATA (0X(1),1=94,118)/-.9955569697905,-.97666392145952, 
507.000 4-.9. 4297457122897, 
508.000 1-.89499199787827,-.83344262876083,-.75925926303735, 
509.000 4-.67356636847347, 
510.000 +-.57766293024122,-.47300273144571,-.36117230580939, 
511.000 4-.2438668837209, 
512.000 1-.12286469261071,.000000000000001.12286469261071, 
513.000 +.24386688372099, 
514.000 +.361172305809397.47300273144571,457766293024122, 
515.000 +.67356636847347, 
516.000 +.75925926303735,.83344262876083,489499199787827, 
517.000 +.94297457122897r 
518.000 +.97666392145952,.9955569697905/ 
519.000 DATA (OW(1),1=94,118)/.01139379850102,.026354986615032, 
520.000 +.04093915670130, 
521..000 • +.054.904695975835,.06803833381235,.0801407003350, 
522.000 +.09102826198296,. 
523.000 +.10053594906705,.1085196244742631.114858259145711, 
524.000 +.119455763535784, 
525.000 +.12224244299031,,123176053726715,.12224244299031,.119455763535784, 
526.000 t.114858259145711,6108519624474263,.10053594906705, 
527.000 +.09102826198296, 
528.000 +.080140700335,.06803833381235,.05490469597583, 
529.000 +.0409391567013, 
530.000 4..026354986615032,.01139379850102/ 
531.000 END 
. 7-- - - 

* °
• 



D.3 EXAMPLE OF INPUT FILE HORNPAT_DAT 

DUAL MODE CIRCULAR HORN 
1. 
.100 0.0 
.620 .350 
5,0 
o 

46 
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D.4 SAMPLE OUTPUT 

UAL MODE CIRCULAR HORN 
HORN TYPE - 0=PYRAMIDAL 1=CONICAL 
1 

AMPLITUDE AND PHASE (RAD) OF HIGHER ORDER MODE 
.100 .000 

CIR. HORN APER. AND INPUT WG. RADII IN INS. 
.620 .350 

HORN LENGTH IN INS. 
5,000 

HORN APETURE FIELD MODEL - =0,E-FIELD, =1,CHU 
0 

FREQUENCY IN GHZ 
. 12.450 

NO. OF FIELD OBSERVATION POINTS FROM 0 TO 90 DEG, 
46 
QUADRATURE FORMULA = 4 LOCATION = 3 

1 E-PLANE PATTERN H-PLANE PATTERN 

, 
THETA(DEG) AMPL(DB) PHASE(DEG) AMPL(DB) PHASE(DEG) 

I .00 .00 +00 :00 ,. .00 , . 
2.00 -.02 -.00 -.02 .00 

.- • 4,00 
.03 

-.08 
-..18 

_ 
.01 

i 6.00 
••.08 .01 
-..17  .01 

8,00 ...31 :.05 -.31 - .03. 
10.00 -..48 .08 -.49 _.04 
12.00 -.69 .11 -.70 .06 
14.00 - -.93 - .15 ...96 .08 

18.00 -1.53 .26 Al 
16.00 -1.21 

' 
.20 -1.25 

-1.57 
•11 
.14 .  

20.00 -.1.89 .33 -1.94 .17 
I 22+00 ..-2.28 .40 -2,34 +20 

I 
26.00 3:17 -3.26 .29 
24.00 -2.71 .48 

- .57 
-2.78 

- 
.24 

28.00 -3,66 .68 -3.77 .34 

:I.1 32.00 -4,75 +92 
30.00 -4.19.  .79 -4.31 

-4.89 
+39 
.45 

34+00 -5.35 1.06 -5.50 .51 
36.,00 .-5.97- 1+21 -6.15 .57 • , 
38.00 - . - -^6.62 1.38 - - -6.83 -.64 
40.00 -7,30 1.57 -.-7.54 ' .72 
42..00 .,. -8.01 1.78 -8.28 .80 
44+00 -8.75 2.01 -9.05 .88 
46+00 - -9.51 2,26 -9,86 .97 

. 48.00 -10.30 2.54 -.10,69 1.07 - 

' I 
50.00 -11.11 2,85 *11.55 1.16 
52.00 -11.92 

- 
3.18 

- 
-12.45 1.27 ., 

54.00 -12+76 '3+56 -13.37 1.38 
.-2 • 

Il 
56.00 
58.00 -.14+51 

-13.63 , 3+98 -14.31 1.49 
4.44 -15+29 1.61 
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1.73 
1.85 

+ 97 
2.10 
2.22 
2.34 
2.46 
2.57 
2+68 
2.77 
2.86 
2.93 
2.99 
3.03 
3+06 
3+07 

- 16.30 
-17.34 
- 18.41 

-20+68 
-21.89 
- 23.16 
- 24.52 
- 25+98 
- 27.39 
-29+40 
- 31.54 
- 34.19 
- 37.82 
-43.91 

-149.01 

4.93 
5.51 
6.12 
6.79 
7.52 
8.30 
9.13 

10+00 
10.89 
11.77 
12.62 
13.40 
14.06 
14.58 
14.90 
15.01 

-15.39 

-17.18 
-18+08,- 

-19+83 

- 21.47 
- 22.22 
-22.9'2. 
-23.53 
- 24.07 
-24.50 
-24.81 
-23.00 
-25.07 

60.00 
62.00 
64.00 
66.00 
68.00 
70.00 
72.00 
74.00 
76.00 
78.00 
80.00 
82.00 
84+00 
86.00 
88.00 
90.00 

*STQF* 



APPENDIX E 

E.1 Description of Computer Program DSCRPLT_SIF 

IDENTIFICATION: DSCRPLTSIF 

253 

The program obtains the specified gain contours 

from an input gain matrix and plots them on a 

line printer using discrete symbols. The gain 

matrix is on a rectangular grid. 

K. K. Chan, 
Chan Technologies Inc., 
26 Calais Circle, 
Kirkland, Quebec, 
H9H 3V3. 

PURPOSE: 

AUTHOR: 

Tel: (514) 697-6419. 

The program reads in the gain matrix and 

augments it with additional rows and columns 

through an interpolation method in which the 

curve and its derivative are continous. The 

scale or angular interval per inch defined by 

the user for the axis that is along the paper 

is divided into a number of subintervals that 

is equal to the number of lines per inch (Lpi). 

The number of lpi is printer dependent. The 

larger the number, the finer is the contour 

map. Along each line which is either on 

azimuth cut or an elevation cut, depending on 

the map orientation, the gain is known at a 

number of equally spaced points from inter- 

DESCRIPTION: 



polation. The gain curve is approximated 

locally by a quadratic equation. The 

intercepts of this curve with the specified 

gain levels locate the contour points that 

are to be plotted. The resolution crosswise 

is determined by the number of characters per 

inch setting of the printer. By searching 

along each line for the contour points and 

plotting them when found, a contour map is 

created. 

USAGE (INPUT): Two input files are required. The first is 

named DSCRPLT_DAT and the data required are 

listed below. 

AZSCALE Azimuth scale in degrees per inch. 

ELSCALE Elevation scale in degrees per inch. 

KPI Characters per inch, 10 or 12. 

LPI Lines per inch, 6, 8, or 12. 

IAXIS Plot orientation parameter 

0, Azimuth axis is along paper and elevation 

axis is across paper. 

1, Elevation axis is along paper and azimnth 

axis is across paper. 

NCONT Number of contours. Maximum is 18. 

CONT(K) Contour levèls in dB. 

AZB Azimuth co-ordinate of boresight. 

ELB Elevation co-ordinate of boresight. 
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The following are data to be provided in a 

second file named GNMAT. These data are usually generated by the 

reflector analysis programs. 

IHEAD(N) - Header of run. 

AZS - Azimuth start angle in degrees of coverage. 

AZE - Azimuth stop angle in degrees of coverage. 

NAZ - Number of azim th points. 

ELS - Elevation start angle in degrees of coverage. 

ELE - Elevation stop angle in degrees of coverage. 

NEL - Number of elevation points. 

GN(I,J) - Gain matrix entered row wise corresponding 

to an azimuth cut. 

OUTPUT: All input data are printed out for reference, 

followed by a plot of the gain contours. 

CODING INFORMATION: 

Program is written in FORTRAN 77 for use on 

the CRC Honeywell CP-6 computer. 

255 

There is a restriction on the size of the gain 

matrix. With the present array dimensions, 

the maximum gain matrix size is 49 by 49. 

To increase the matrix size that can be treated, 

the dimensions of ZO and GN must be changed in 

the main program as well as in the subroutine 

MATINT. 

First and second dimension of ZO = Larger of 

the two integers NEL and NAZ. 

RESTRICTIONS: 



First dimension of GN = NEL + (NEL - 1) NAR 

Second dimension of GN = NAZ + (NAZ 1) NAC 

NAR = No. of additional rows to be added 

per interval. 

NAC = No. of additional columns to be added 

per interval. 

NAL and NAC are defined in the DATA statement located at the 

beginning of the main program. They have been set to unity. As 

a result, the dimension of GN is 97 by 97. 
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E.2 PROGRAM LISTING 

1.000 PROGRAM DSCRPLT 
2.000 * 
3.000 * PROGRAM PLOTS SPECIFIED GAIN CONTOURS FROM A GAIN MATRIX ON A LINE 
4.000 * PRINTER. MATRIX MUST BE ON A REGULAR RECTANGULAR GRID. 
5.000 * PLOTS ARE MADE UP OF DISCRETE SYMBOLS. 
6.000 * 
7.000 * WRITTEN BY K. K. CHAN Y CHAN TECHNOLOGIES INC., FEB 1984. 
8.000 * 
9+000 DIMENSION ZO(49,49),GN(97,97),CONT(18) 
10.000 DIMENSION XLABEL(75),YLABEL(13)1ROOT(2)yLINE(121) 
11..000 INTEGER IHEAD(70)eSYMB(18) 
12.000 DIMENSION LAZ(9),LEL(9),LXL(9),LYL(9) 
13.000 * SYMB = SYMBOLS FOR CONTOURS 
14.000 DATA (SYMB(K),K=1718)/1HtelH-y1H*e1H$y1H@e1H&y1H-Fylny 
15.000 
16.000 
17.000 

-1.1H=r1HAy1HBy1HCr1HDr1HEe1HF,IHGy1HH71HI 1  
DATA (LAZ(N),N=1y9)/1H y1HAelHZ:1HIyiHM71HUx1HTelHHelH / 
DATA (LEL(N),N=1,9)/1HEelHLelHEy1HVy1HAY1HTelHIelHOelHN/ 

18+000 * NAR = NO. OF ADDITIOONAL ROWS GAIN MATRIX TO BE INCREASED BY. 
19.000 * NAC = NO. OF ADDITIONAL COLS GAIN MATRIX TO BE INCREASED BY. 
20.000 DATA NAReNAC/171/ 
21.000 * 
22.000 * FIRST INPUT DATA FILE 
23.000 OPEN(1,FILE= 1 DSCRPLT-DAT'ySTATUS= 1 0LD'eUSAGE= 1 INPUT 1 ) 
24.000 * AZSCALE = AZIMUTH SCALE IN DEG PER INCH 
25.000 * ELSCALE = ELEVATION SCALE IN DEG PER INCH 
26.000 * N.B. SCALE FOR THE HORIZONTAL AXIS SHOULD BE CHOSEN SUCH THAT THE 
27.000 * RESULTANT ACROSS PAGE PLOT SIZE TIMES NO. OF CHARAC. PER INS. DO 
28.000 * NOT EXCEED 121. E.G. WITH 12 CPI e MAX. ACROSS PAGE PLOT SIZE IS 
29.000 * 10 INS. THERE IS NO RESTRICTION.TO  ALONG PAGE (TOP TO BOTTOM) PLOT 
30.000 * SIZE. 
31.000 READ(1,*) AZSCALEyELSCALE 
32.000 * KPI = CHARACTERS PER INCH Y 10 OR 12 
33.000 * LPI = LINES PER INCH Y 6 x 8 OR 12 
34.000 * N.B. PRINTER SETTINGS MUST BE COMPATIBLE WITH KPI AND LPI SPECIFIED. 
35.000 READ(1,*) KPIeLPI 
36.000 * IAXIS = PARAMETER WHICH DETERMINES ORIENTATION OF PLOT 
37.000 * IAXIS = 0 y AZ-AXIS IS ALONG PAPER AND EL-AXIS IS ACROSS PAPER 
38.000 * 1AXIS = 1 Y EL-AXIS IS ALONG PAPER AND AZ-AXIS IS ACROSS PAPER 
39.000 READ(1,*) IAXIS 
40.000 * NCONT = NUMBER OF CONTOURS. MAX. 18 
41.000 READ(1,*) NCONT 
42.000 * CONT = CONTOUR LEVELS IN DB 
43.000. READ(1,*) (CONT(K),K=leNCONT) 
44.006 .* AZB = AZIMUTH co-oeD OF BORESIGHT 
45.000 * ELB = ELEVATION CO-ORD OF BORESIGHT 
46+000 READ(ly*) AZBYELB 
47+000 * SECOND  INPUT DATA  FILE. 
48.000 OPEN(2,FILE= 1 GNMAT'ySTATUS= 1 OLD'eUSAGE='INPUT 1 ) 
49.000 * IHEAD = HEADER OF RUN 
50.000 . READ(2,1) (IHEAD(N),N=1,70) 
51.000 1 FORMAT(70A1) 
52.000 * AZS = AZIMUTH START ANGLE IN DEG. 
53.000 * AZE = AZIMUTH STOP ANGLE IN DEG. 
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54.000 * NAZ = NO. OF AZIMUTH.PTS. (NO. OF EL CUTS) 
55.000 * ELS = ELEVATION START ANGLE IN DEG. 
56.000 * ELE = ELEVATION STOP ANGLE IN DEG. 
57.000 * NEL = NO. OF ELEVATION PTS. (NO. OF AZ CUTS) 
58.000 READ(2,*) AZS,AZE,NAZ,ELSrELE,NEL 
59.000 DO 10  I = 1,NEL 
60.000 READ(2,*)' (GN(I,J),J=1,NAZ) 
61.000 10 CONTINUE 
62.000 PRINT 15,(IHEAD(N),N=1,70) 
63.000 15 FORMAT(//,20Xr70A1) 
64.000 PRINT 20 
65.000 20 FORMAT(irlOXr'START AND STOP VALUES OF SCAN RANGE (DE0) 1 , 
66.000 AND NUMBER OF COMPUTED POINTS',/) 
67.000 PRINT 25, AZSrAZE,NAZ,ELS,ELE,NEL 
68.0002S FORMAT(10X,'AZS = ',F6.2,3X,'AZE = ',F6.2,3X,'NAZ = ',I2r/i910X, 
69,000 -1. 1 ELS = ',F6,2,3Xr'ELE = ',F6.2,3X,'NEL = 1 ,12r/i9 
70.000 PRINT 30 
71.000 30 FORMAT(10X,'GAIN MATRIX (DB)',/) 
72.000 DO 40 I = 1,NEL 
73.000 PRINT 35, (GN(I,J),J=1,NAZ) 
74.000 35 FORMAT(5X,21F6.2) 
75.000 40 CONTINUE 
76.000 PRINT 45, AZSCALE, ELSCALE 
77.000 45 FORMAT(//110Xr'AZIMUTH AXIS SCALE = ',F10.5, 1  DEG/INCH',10X, 
78.000 +//r10X,'ELEVATION AXIS SCALE = ',F8.5,' DEG/INCH') 
79.000 PRINT  50,  AZB, ELB • 
80.000 50 FORMAT(/,10X,'BORESIGHT',7XPIAZ = lrF6,2,3X,'EL = ',F6.2, 
81.000 1. 1  DEG') 
82.000 PRINT 55 
83.000 55 FORMAT(//r10X,'CONTOUR SYMBOLS AND CORRESPONDING', 
84.000 DB VALUES': !) 
85.000 PRINT  60,  (SYMB(N) rk=1,NCONT) 
86.000 60 FORMAT(10X,'SYMBOL -  ',18(4XrA1r1X)) 
87.000 PRINT 65, (CONT(K),K=1,NCONT) 
88.000 65 FORMAT(/,10X,'DB VALUE ',18F6.2) 
89.000 IF (IAXIS.GT .0) GO TO 85 
90.000 IF (NPIMELE-ELS)/ELSCALE.GT .121) GO TO 85 
91.000 XSCALE = AZSCALE 
92.000 YSCALE = ELSCALE 
93.000 XS = AZS 
94.000 XE = AZE 
95.000 NX = NAZ 
96.000 YS = ELS 
97.000 YE = ELE 
98.000 NY =NEL -  • 
99.000 XB = AZB 
100.000 YB = ELB 
101.000 DO 75 I = 1,NY 
102.000 DO 70 J = 1,NX 
103.000 ZO(IrJ) = GN(I,J) 
104.000 70 CONTINUE 
105.000 75 CONTINUE 
106.000 DO 80 N = 1,9 
107,000 LXL(N) = LAZ(N) 
108.000 LYL(N) = LEL(N) 
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109.000 80 
110.000 
111+000 85 
112+000 
113+000 
114.000 
115+000 
116.000 
117.000 
118.000 
119.000 
120.000 
121.000 
122.000 
123.000 
124.000 
125.000 90 
126*(300 95 
127.000 
128.000 
129.000 
130.000 100 
131.000 * 
132+000 * ENLARGE GAIN MATRIX TO A FINER GRID 
133+000 * ADDITIONAL ROWS (NAR) AND COLUMNS (NAC) ARE ADDED PER GRID INTERV. 
134.000 * 
135+000 105 
136.000 
137.000 
138.000 
139+000 
140.000 
141.000 
142.000 
143,000 
144.000 
145.000 
146.000 
147.000 
148,000 
149+000 
150.000 110 
151.000 
152.000 
153.000 
154.000 115 
155.000 
156.000 
157.000 
158.000 
159,000 
160.000 120 
161.000 
162.000 
163.000 

CONTINUE 
GO TO 105 
IF (KPI*(AZE-AZS)/AZSCALE.GT.121) GO TO 260 
XSCALE = ELSCALE 
YSCALE = AZSCALE 
XS = ELE 
XE = ELS 
NX = NEL 
YS = AZS 
YE = AZE 
NY = NAZ 
XB 7 ELB 
YB = AZB 
DO 95 I=1YNY 
DO 90 J = 1,NX 
ZO(I,J) = ON(JrNY4.1-I) 
CONTINUE 
CONTINUE 
DO 100 N= 1,9 
LXL(N) = LEL(N) 
LYL(N) = LAZ(N) 
CONTINUE 

CALL MATINT(ZO,NYYNX,NARYNACYGN) 
DELTAX = ABS(XE-XS)/(NX-1) 
DELTAY = (YE - Y8)/(NY-1) 
DX = XSCALE/LPI 
NLINES =-ABS(XE-XS)/DX 1.5 
IF(NLINES1LT.LPI+1) GO TO 240 
DY = YSCALE/KPI 
NCHAR = (YE --YS) / DY -1- 1.5 
IF(NCHAR •LT. KPI 1) GO TO 250 
IMAX 7 NY - 2 
JMAX = NX - 2 
LBLX = ABS(XE - XS) / XSCALE 4- 1.5 
DO 110 LBL=1,LBLX 
XLABEL(LBL) = XS (LBL -1) * XSCALE 

• IF (IAXIS,GT.0) XLABEL(LBL) = XS.- (LBL-1)*XSCALE 
CONTINUE 
.LBLY = (YE - YS) YSCALE 1.5 
'DO 115 LBL=1,LBLY 
'YLABEL(LBL) = YS (LBL 1) * YSCALE 
CONTINUE 
Ni (NCHAR - I) / 2 - 4 
N2 = Ni 1 
N9 = Ni  4. 9 
DO 120 N=1,141 
LINE(N) 7 IH 
CONTINUE' 
DO 125 N=N2, N9 
M = N N1 
LINE(N) = LYL(M) 



260 

164.000 125 CONTINUE 
165.000 LINE(NCHAR) = IH 
166.000 PRINT 130 
167.000 130 -FORMAT(//) 
168.000 - PRINT 1357 (LINE(N), N=17 N9) 9 

169.000 135 FORMAT(8X7121A1) 
170.000 IF(KPI •E0. 10) PRINT 1377 (YLABEL(LBL)7 LBL=17 LBLY) 
171.000 IF(KPI .EQ. 12) PRINT 1397 (YLABEL(LBL)7 LBL=17 LBLY) 
172.000 137 FORMAT(2X713(4X7F6.2)) * 
173.000 139 FORMAT(11(6X7F6.2)) 
174.000 DO 140 N=17NCHAR 
175.000 LINE(N) = 1H- 
176.000 IFMN-1)/KPI) * KPI •EQ. (N-1)) LINE(N) = 1H+ 
177.000 140 CONTINUE 
178.000 DO 225 L=17 NU ES . 
179.000 X = (L -  1)*  DX 
180.000 LBL = X / XSCALE + 
181.000 J = X / DELTAX + 1 
182.000 IF(J..GT. JMAX) J = JMAX 
183.000 INT = J - 1 
184+000 XP = X/DELTAX - INT 
185.000 X = XS + X 
186.000 RANGE = 1.0 
187.000-* 
188.000 * LOCATE CONTOUR POINTS BY FINDING INTERCEPTS OF QUADRATIC 
189.000 * GAIN CURVE WITH CONTOUR LEVEL. 
190.000 * 
191.000 DO 180 I =  1,  IMAX 
192.000 F1 = (XP 1.0)*(XP - 2.0) 
193.000 f2 = XP*(2.0.- . XP) 
194.000 F3 = XP*(XP 1.0) 
195,000 FX1 = 0.25*Fl*GN(I7J) 4 0.5*F2*GN(I7J+1) + 0.25*F3*GN(I7J+2) 
196.000 FX2 = 0.5*F1*GN(I+1,J) + F2*6N(I+1,J+1) + 0.5*F3*GN(I+17J+2) 
197.000 FX3 = 0425*F1*GN(1+2,J)+0.5*F2*GN(1+27J+1)+0.25*F3*GN(1+2,J+2) 
198.000 A = FX1 FX2 + FX2 
199.000 B = -3.0*FX1 + 240*FX2 FX3 
200.000 C = 2.0*FX1 
201.000 D = C 
202.000 DO 175 K = 17 NCONT 
2 03.000 C = D CONT(K) 
20,4.000 IF (ABS(A).LT.1E-10) GO TO 155 
205.000 FACT = B**2.- : 460*A*C 
206.000 IF(FACT) 17571457150 
207.000 * ROOTS ARE EQUAL 
208.000 145 ROOT(1) = 0.5*B/A - 
209.000 ROOT(2) = ROOT(1) 
210.000 GO TO 165 . 
211.000 * ROOTS ARE REAL AND UNEQUAL 
212.000 150 ROOT(1) = 0.5*(-B + SQRT(FACT))/A 
213.000 ROOT(2) = 0.5*(-B - SQRT(FACT))/A 
214 ..000 GO TO 165 - 
215.000 155 IF(ABS(B).LT.1E-10) GO TO 160 
216.000 * INTERSECTION OF A STRAIGHT LINE WITH CONTOUR LEVEL 
217.000 . ROOT(1) = 
218.000 ROOT(2) = ROOT(1). 
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219.000 GO TO 165 
220.000 160 IF(ABS(C).GT.0.0001) GO TO 175 
221.000 ROOT(1) = 0.9 
222.000 ROOT(2) = 0.0 
223.000 165 IF(I.EQ.IMAX) RANGE = 2.0 
224.000 DO 170 II = 1, 2 
225.000 IF(ROOT(II).LT.0.0  • 0R. ROOT(II).GT.RANGE) GO TO 170 
226;000 Y = YE - (I-1)*DELTAY - ROOT(II)*DELTAY 
227.000 NDY = (Y - YS)/DY 4- 1.5 
228.000 LINE(NDY) = SYMB(K) 
229.000 170 CONTINUE 
230.000 175 CONTINUE 
231.000 180 CONTINUE 
232.000 IF(ABS(X XB) .GE. DX 1 3.0) GO TO 185 
233.000 NDY = (YB -.YS)/DY -I. 1.5 
234.000 LINE(NDY) = 1HX 
235.000 185 LX = IH 
236.000 NL = (NLINES - 1) 12 - 4 
237.000 IF(L.LE.NL  • 0R. L.GT.(NL-1.9)) GO TO 190 
238.000 LX = LXL(L NL) 
239.000 190 IF(L.E0.1 .0R. ((L-1)/LPI)*LPI.E0.(L-1)) GO TO 200 
240.000 PRINT 195r LX, (LINE(N),N=1,NCHAR) 
241.000 195 FORMAT(lXr1A1,7X,121A1) 
242.000 GO TO 210 
243.000 200 LINE(1) = 1H+ 
244.000 LINE(NCHAR) = 1H+ 
245.000 PRINT  205,  LX,XLABEL(LBL),(LINE(N),N=1,NCHAR) 
246.000 205 FORMAT(lXr1AlrF6.2,1X,121A1) 
247.000 210 DO 215 N = 1,NCHAR 
248.000 LINE(N) = la 
249.000 215 CONTINUE 
250.000 LINE(1) = 1HI 
251000 LINE(NCHAR) = 1HI 
252.000 IF (L.NE.NLINES-1) GO TO 225 
253.000 DO 220 N = 1,NCHAR 
254.000 LINE(N) = 1H- 
255.000 IF ((.(N-1)/KPI)*KPI.EG.(N-1)) LINE(N) = 1H+ 
256.000 220 CONTINUE 
257.000 225 CONTINUE 
258.000 IF (KPI.E0.10) PRINT 137,(YLABEL(LBL),LBL=1rLBLY) 
259.000 IF(NPI.EG.12) PRINT 139,(YLABEL(LBL),LBL=1rLBLY) 
260.000 DO 230 N = 1,N1 
261.000 LINE(N) = IH 
262.000 230 CONTINUE 
26.000 DO 235 N = N2 Y N9 
264.000 M = N Ni  
265.000 LINE(N) = LYL(M) 
266.000 235 CONTINUE 
267.000 LINE(NCHAR) = 1H 
268.000 PRINT  135,  (LINE(N), N=11NCHAR)' 
269.000 STOP 
279.000 240 PRINT 245 
271.000 245 FORMAT(///r10X,IX-AXIS SCALE TOO LARGE') 
272.000 STOP 
273.000 250 PRINT 255 
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274.000 255 FORMAT(///:10X,'Y-AXIS SCALE TOO LARGE') 
275.000 STOP 
276.000 260 PRINT 265 
277.000 265 FORMAT(///,10Xy'AXIS SCALES TOO SMALL') 
278.000 STOP 
279.000 END 
280.000 SUBROUTINE MATINT(ZO,NRO,NCOyNARYNAC,ZN) 
281.000 * THIS ROUTINE ENLARGES THE INPUT MATRIX THROUGH THE ADDITION OF 
282.000 * INTERPOLATED VALUES - 
283.000 * ZO = INPUT .GAIN MATRIX 
284.000 * ZN = AUGMENTED OUTPUT SAIN MATRIX 
285.000 DIMENSION ZO(49,49),ZN(97,97) 
286,000 * 
287.000 * INTERPOLATE ACROSS EACH COLUMN OF THE OLD MATRIX 
288.000 * 
289.000 NAR1 = NAR I- 1 
290.000,, NR2 = NRO - 2 
291.000, NRI = NRO - I 
292.000 NACI = NAC -I. I 
293.000 NC2 = NCO - 2 
294.000 NCI = NCO - I 
295.000 DELX = 1.0/FLOAT(NAR1) 
296.000 , DO 80 J = lYNCO 
227,000 JJ = I (J-1)*NAC1 
298,000 KOUNT = I 
299.000 * 
300.000 * INTERPOLATE ACROSS THE FIRST INTERVAL OF THE J TH COLUMN. 
301,000 * 
302.000 ZI = ZO(1,J) 
303.000 Z2 = ZO(2,J) 
304.000 Z3 = ZO(3,J) 
305.000 ZN(KOUNT,JJ) = ZI -- 
306.000 IF (NAR1.EU.1) GO TO :20 
307.000 DO 10 L = 2YNAR1 
308.000 KOUNT = KOUNT 4. 1 
309.000 X = (L-1)*DELX 
310.000 ZN(KOUNT,JJ) = FUNCX(0,0,1.072.0,21,Z2,Z3,X) 
311.000 10 - CONTINUE 
312.000 * 
313.000 * INTERPOLATE FROM THE SECOND TO THE LAST BUT ONE INTERVAL 
314.000 * FOR THE J TN COLUMN. 
3.15.000 * 
316.000 20 IF (NR2.E0.1) . 00 TO 50 
317.000 DO 40 K = 2,NR2 
318.000 ZI = ZO(K-1,J) 
319.000 Z2 = ZO(K,J) 
320.000 Z3 = ZO(K+1,J) 
321.000 Z4 = ZO(K-1-2,J) 
322,000 KOUNT = KOUNT .1- I 
323.000 ZN(KOUNT,JJ) = Z2 
324.000 IF (NAR1fE0.1) GO TO 40 
325.000 DO 30 L=2rNAR1 
326.000 KOUNT = KOUNT .1- I 
327.000 X = 1.4 4- (L-1*DELX 
328.000 EN  = FUNCX(0.0,1.0,2.0,Z1,Z2YZ3,X) 
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329.000 FNI = FUNCX(1.0,2.073.0,22,Z3,Z4,X) 
330.000 ALPHA = X - 1.0 
331.000 W = 1.0 - 3.0*ALPHA**2 2.0*ALPHA**3 
332.000 ZN(KOUNT,JJ) = W*FN (1.0-W)*FN1 
333.000 30 CONTINUE 
334.000 40 CONTINUE 
335.000 * 
336.000 * INTERPOLATE ACROSS THE LAST INTERVAL FOR THE J TH COLUMN 
337.000 * 
338.000 50 ZI = ZO(NR1-1,J) 
339.000 Z2 = ZO(NR1,J) 
340.000 Z3 = ZO(NR1+1,J) 
341.000 KOUNT = KOUNT.-1- I 
342.000 ZN(KOUNT,JJ) = Z2 
343.000 IF(NAR1,E0.1) GO TO 70 
344.000 DO  60 L = •,NAR1 
345.000 .KOUNT = KOUNT -1- I 
346,000 . X = 1.0 (L-1)*DELX 
347.000 . ZN(KOUNT,JJ.) = FUNCX(0.0,14,2.0,4,Z2,Z3,X) 
348.000 60 CONTINUE 
319,000 70 KOUNT = KOUNT 1 
350.000 ZN(NOUNT,JJ) = Z3 
351.000 80 CONTINUE 
352,000 NRN = KOUNT 
353.000 * 
354.000 * UPDATE NO. OF ROWS 
355.000 * 
356.000 NRO = NRN 
357.000 * 
358.000 * INTERPOLATE ACROSS EACH ROW OF THE AUGMENTED MATRIX 
359.000 * 
360.000 IF (NAC1,E11.1) RETURN 
361.000 DELX = 1.0/FLOAT(NAC1) 
362.000 DO 140 I = lyNRN 
363.000 * 
364.000 * INTERPOLATE ACROSS THE FIRST INTERVAL OF THE I TH ROW 
365.000  * 
366.000 KOUNT = I 
367.000 JJ1 = 1 - 
368.000 JJ2 = JJI NACI 
369.000 ' JJ3 = JJI 2*NAC1 
370,000 ZI = ZN(I,JJ1) 
371,000 Z2 = ZN(IYJJ2) 
372.000 Z3 = ZN(I,JJ3) 
373.000 , 110.90 L = 2,NAC1 
374.000 KOUNT = KOUNT 4- I 
375.000. X = (L-1)*DELX 
376.000 ZN(IYKOUNT) = FUNCX(0.0,1.0,2.0,Z1,Z2,Z3,X) 
377.000 90 CONTINUE 
378.000 * 
379,000 * INTERPOLATE FROM THE SECOND TO THE LAST BUT ONE INTERVAL FOR 
380.000 * THE I TH ROW. 
381.000 * 
382.000 IF (NC2,E0.1) GO TO 120 
383.000 DO 110 K = 2,NC2 



384.000 
385.000 
386,000 
387.000 
388.000 
389.000 
390.000 
391.000 
392.000 
393. .000 
394.000 
395.000 
396,000 
397.000 
398.000 
399.000 

 400.000 
401.000 
402.000 
403,000 
404.000 
405,000 
406.000 
407,000 
408,000 
409.000 
410,000 
411.000 
412.000 
413.000 
414.000 
415.000 
416.000 

 417.000 
418.000 
419.000 
420.000 
421.000 
422.000 
423.000 
424.000 
425.000 
426.000 
427,000 
428.000 
429.000  

.JJ1 = 1 4- (K-2)*NAC1 
JJ2 = JJ1 NAC1 
JJ3 = JJ1•2*NAC1 • 
JJ4 =-JJ1 3*NAC1 
Zi = ZM(I,JJ1) 
Z2 = Ze4(I,JJ2) 
Z3 = ZN(I,JJ3) 
Z4 = ZN(IFJJ4) 
KOUNT = KOUNT + 1 
DO 100 L = 2INAC1 
KOUNT = KOUNT + 1 
X = 1.0 (L-1)*DELX 
FN = FUNCX(0.0,1.0,2,07Z1,Z2,Z3,X) 
FN1 = FUNCX(1.0,2.0,3.0,Z2,23,Z4YX) 
ALPHA = X - 1.0 
W = 1,0 - 3.0*ALPHA**2 2.0*ALPHA**3 
ZN(I1KOUNT) = W*FN (1.0-W)*FN1 
CONTINUE 
CONTINUE  
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100 
110 

* INTERPOLATE ACROSS THE LAST INTERVAL FOR THE I TH ROW. 

120 JJ1 = 1 -I- (NCI. 2)*NAC1 
JJ2 = JJ1 NAC1 

= JJ1 2*NAC1 
Z1,= ZN(I,JJ1) 

- Z2 = ZN(I,JJ2) 
Z3 = ZN(I,JJ3) 
KOUNT = KOUNT -I- 1 
DO 130 L = 2,NAC1 
KOUNT = KOUNT 4. 1 
X = 1.0 4. (L-1)*DELX 
ZN(IYKOUNT) = FUNCX(0.0,1.0,2.07Z1,Z2,Z3,X) 

130 CONTINUE 
KOUNT = KOUNT -I- 1 

140 CONTINUE 
* UPDATE NO. OF COLUMNS 

NCO = KOUNT 
RETURN 
END 
FUNCTION FUNCX(T1i. 
FUNCX = V1*(T-T2)* 
V2*(T-T1)*(T-T3)/ 
(( .1. 3-T1)*(T3-T2)) 

RETURN -
END 

12,73,V1,V2PV3,T) 
(T-T3)/((T1-T2)*(T1-T3)) 
( ( 1. 2-T1)*(T2-T3)) V3*(T-T1)*(T-T2)/ 



E.3 EXAMPLE OF INPUT FILE DSCRPLT_DAT AND GNMAT  
DSCRPLT_DAT  
.50 .50 
12 12 
0 
8 
41.0 40.0 39.0 38,0 37.0 35.0 32.0 28.0 
0.0 0.0 

GNMAT  

DDS BEAM CANADA 101 (POTTER FEED HORNS ) 
-1.75000 1.75000 15 -1.00000 1.00000 9 
26,08 30.36 31.46 31.41 31.73 31.95 30.30 24.20 -.70 18 4 23 
16.35 9.11 .85 1.04 .19 
31,60 36.50 38.29 38.48 38.16 37.53 35.94 32.52 26.83 19.72 
15.85 15.13 11,85 10.18 11.24 
32.47 38.12 40,42 40.85 40.39 39,52 38.21 36.30 33.92 31.19 
27.65 21.89 11.51 -6.33 10.04 
28.95 36.25 71. .46 40.49 40.35 39.70 38.89 38.12 37.22 35.54 

J 31.95 24.10 .14 17.97 13.94 
19.8 30.87 36.02 38.37 39.20 39.28 39.22 39.29 39.16 38.08 
35,2 5 29.76 18.75 11.48 17.49 
15.31 22.97 30.24 34,86 37.19 38.35 39.14 -  39.90 40.28 39.79 
38.26 4.90 32.90 28.64 21.28 
12.30 10.61 20.62 28.87 33.05 35.52 37.42 39.01 39.93 40.00 
39.56 39.08 38.28 35.93 30.20 

-23.40 10.77 9.31 13.71 22.60 27.98 32:27 35.41. 37.05 37.48 
37.67 38.30 38.55 36.87 31.51 
6 01 1.71 13.12 16.38 16.65 8,73 18,99 27.33 30.10 30.11 

30.03 31,82 33.43 32.39 26.63 
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• & % 7.*  -I. 1- 

&& J. 
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%
% & & @ % @ $ $ @@ & 

I.  4+ & t m@t$ * * 

450  ELEVATHN 00 -1,7 

-1.25 

-.75 

1 

nn•n 

.75 

1.25 

1.75 

E.4 SAMPLE  OUTPUT 266 
DBS BEAM CANADA 101 (POTTER FEED HORNS ) 

START AND STOP VALUES OF SCAN RANGE (DEG) AND NUMBER OF COMPUTED POINTS 
•AZS = -1.75 AZE = -1,75 NAZ = 15 
ELS = -1.00 ELE = 1.00 NEL = 9 

GAIN MATRIX (DB) 
3. psq F Q' 

 31 '4.q ,)7,sip .... se 1 6.fl Usg5 ji g.14 1  1 ::- : 4 :4  1 :4i 
:f 1

ï: 
t. 

:50 
È :t". p. .q 4eAg e.g e. i.%: .i'- :id" t2-' ,)tl n-,e0 10É. 10 

,3:h ni :A iiA ",9, hi9 .1',/iU Uid '6i Y Uifl !./iii.. lqi ›Ii§ 

1 
1 
1 

1 
1 

g' ft g 
,@ $ 

*** 
.m $ * 

- i t I telt i t * 
- .25 It 1 It * 

le 

AZIMUTH AXIS SCALE = .50000 DEG/INCH 
ELEVATION AXIS SCALE = .50000 DEG/INCH 
BORESIGHT AZ = .00 EL = .00 DEG 
CONTOUR SYMBOLS AND CORRESPONDING DB VALUES 
SYMBOL t - * $ @ & .1. % 
DB VALUE 41.00 40,00 39,00 38,00 37.00 35.00 32.00 28.00 

;4» e R5s  t 
s 

%- &- @I 7* 
R e $ * 

t && We 
ietq 

* 
* * $' t 
$ 0 5 5' & I e 
$5 

$ & •/
i 5 5 î t • a 

3 && =+ - 7-  i î &a Ï 1. t;4. 2  
@ e z .  t ,5 &« 4. 4 

— .- i .t %• 
- -2 ,t -4 

ee & 4' 4  
* $ *' $-@- &+1.  

&& 7.  zi* 

' @++ • % 
@ 4 ,+ 

r,m g 14% 
* 

t@ t,z 
$'5 g/ e Y @ 4' 
s 

---:te tu 1;00 
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