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ABSTRACT

A software package for fast computation of radiation patterns
from reflector antennas has been developed. A sampling technique
is used for pattern reconstruction so that énly slightly more than
one sample per sidelobe is needed. A finite double sinc series then
gives the field values at the in-between points from the minimum
data set. The set.6f sample values are calculated using an efficient

surface currents integration technique.
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ANTENNA SIDELOBE PATTERN INTERPOLATION SOFTWARE

1.0 INTRODUCTION

The computational effort required to reconstruct the
radiation patterns from antennas is directly proportional to the
number of discrete data points used. If one is interested only in
the main beam which is slowly varying, a small number of data points
may be used in conjunction with quadratic or cubic interpolation
to represent the pattern. However, in the sidelobe region which
is fast varying, at least four to five points per lobe are needed
with polynomial interpolation to give a good approximation of the
peak. More points-are required if accurate null prediction is
attempted. The amount of work can be drastically réduced by resorting
to sampling theory to reconstruct the pattern. A sampling criterion
is presented in the following which gives the minimum number of
points required to ensure that the pattern is completely specified.
It amounts to slightly over one sample per lobe. A considerable
saving in effort is thus realised. After the minimum data set point
is calculated using a suitably modified existing antenna program,
an efficient Fourier interpolation technique is used to compute any
desired number of far field points. This interpolaﬁion scheme is
impleﬁented in a separate program where one may use to generate

points either on a one- or two~dimensional observation grid.



2.0 SAMPLING THEORY APPLIED TO ANTENNA PROBLEMS

Consider the planar aperture of Figure 1, which has
X- and Y-dimension of 2a and 2b respectively. The far-field
electric field, E in the direction (8, @) is proportional to the

Fourier Transform (FT) of the aperture distribution E(X,y):
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where ~-Q -b

u = sin 6 cos ¢

Vv = sin 6 sin @&

The field outside the aperture is assumed to be zero. Let us expand
the aperture distribution in a Fourier series on the fundamental

period -a £ x < a, -b Ly £ b.
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Multiplying both sides of egn. (2) by exp[+j (nx/a + my/b) T 1 and

integrating, one finds that the complex constants, Smh , are given by
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Figure 1

Planar Aperture and Co-ordinate Systems




4
Thus Smn is a sample of the far-field pattern E(u,v) at u = nT /ka,
V=m T /kb. Substituting egn. (2) into (1), exchanging integration

and summation, and using egn. (3), one gets

e - S 5 E(Ea) lenn) salkbeenD
u,v) = ' ka ) kb (kaw =nT) (kbv=mT)

Nz=%® mz=09

(4)
From egn. (4), one can see that the far-field pattern

is completely described by knowing its values at a series of points
with spacing of T /ka in U-space and T/kb in V-space. Both
amplitude and phase are required for the description. The point
separations may be written as

Au = A/2a

Av = A/Zb

These separations are approximately the 3-dB beamwidths of an uni-

(5)

formly illuminated aperture or the null-to-null width of a sidelobe.
The minimum number of samples is thus about one per sidelobe.

We will now apply this sampling theory to the
reflector antenna. The far-field of the reflector is unfortunately
not the FT of the induced surface currents. This problem can be
circumvented by placing an arbitrary plane in front of the aperture.
If this aperture is sufficiently large so that all scattered fields
from the reflector pass through it, then the far-field can be obtained
from the FT of the aperture distribution. Enlarging the aperture
by a factor X is equivalent to increasing the sampling rate.

From numerical experiments on pattern reconstruction for communication

satellite antennas, which tend to be electrically large, the appropriate



value for ¥ is found to be 1.2 ~ 1.3.

In the case of an offset-fed reflector shown in Figure
2, the aperture of the reflector is inclined at angles @& and §g
with respect to the X- and Y—axis. The inclined aperture dimensions,

needed to determine the sampling points, are expressed as

a, = a/cos fsx
(6)
bi = Db/cos % y
where
JAY.N
tan §> = -—¥—
. A (7
tan ‘;y = 7{?;—
f = focal length
Substituting a; for a in egn. (4) and using the
enlargement factor, we find that the electric field becomes
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3.0 CO~ORDINATE SYSTEM FOR FIELD OBSERVATION AND SAMPLING

The co-ordinate system of choice for communication
satellite antennas is the rectangular elevation - azimuth grid of
Figure 3. Their relationship with the spherical co-ordinates are
shown in Figure 1, and defined aé follows:

sin2 e = sin2 El + cos2 El sin2 Az

(9)
tan @ = sin Az/tan El

Given the co-ordinates (El, Az) of the field point, the sphericai
co-ordinates are determined from egn. (9) and used in (8) to give
the electric field. A two-dimensional gain matrix for points with
arbitrary spacing in the El-Az plane can be readily generated. A
contour plot with fine resolution may in turn be produced.

The alternative method of displaying data is to make
pseudo-phi cuts, j{ , in the El - Az plane as shown in Figure 3.
The length of the radial vector from the origin is the pseudo-theta
angle, C) . These pseudo-angles are defined using (El, Az) co-

ordinates as

®) =/\/E12+A22

tan § = Az/El

For small elevation and azimuth angles, often encountered in satellite

antennas, the spherical angular co-ordinates (©,@) may be written,

from egn. (9) , as
" 2 -
6 &~ /Bl + az® = @
(11)
tan @ & Az/El = tan _g



By comparing egns. (10) and (11l), one can see that the spherical
co~ordinates are approximately equal to the pseudo-angles in the
El - Az plane. Thus making a _é—cut, where i? is measured from

the El-axis, is equivalent to that of a spherical g-cut with ()

equal to 6.
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10

4.0 SAMPLING WINDOW

The double infinite series of egn. (8) has to be
truncated for computation purpose. The number of terms to be
retained depends on the sampling window which in turn is determined
by the observation window. The sampling window is larger than the
observation window by one or two guard samples at the periphery.

The sampling window must include the entire main beam in addition

to the area of interest so that all the high energy samples are

taken into account. Thus even if the observation window is centred

in the sidelobe region or includes part of the main beam, the sampling
window must be enlarged aécordingly. |

If the observation window already includes the main
beam, the sampling window can be defined to be the séme when using
the pattern reconstruction program. The program internally enlarges
the sampling window to include the guard samples. As a result, the

limits of the N-summation may be given by

lower limit, Ny ((%q (S&\Ei //TT - d
(os'S,

W\(:V\ ( 12 )
kk&(' ) /— - 2
imi = Stn, Ef f| 3
upper limit, N (053( ax

while the limits for the M-summation are

o k . ’ o
lower limit, Ml = 7“0 <COS l‘—‘«( Sty Az) i /’ - ;2/
cos mn
d (13)
upper limit, M = !Elb (COS EL s AZ) /'IT + 2/

d
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The subscripts min and max denote the smallest and largest value
of the expression enclosed in brackets and evaluated for the
window. Two guard samples are used in the above equations.

A substantial saving in computational effort is
realised through the sampling approach because a much smaller
number of simpler function evaluations need be carried out to
obtain the field pattern. The total number of samples is

(M, = My + 1)=(N, = Ny + 1)

1

In defining the sampling window and observation

grid for the program, the user must ensure that the entire main

beam is bounded by the sampling window. The observation grid must

be equal to or less than the size of the sampling window. Accurate

reconstruction of the pattern within the observation grid is then

assured.
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5.0 SOFTWARE IMPLEMENTATION AND USAGE

An existing reflector program was modified to accomodate
an observation grid in U - V space as well as a procedure for internal
generation of the number and positions of the sample points, given
the sampling window. Also the automatic selection of quadrature
formula for the reflector currents is made less conservative to
speed up the computation. The modified program is renamed REFC_SIF.

A program listing, program description and examples of its input ahd
output files can be found in Appendix A. The input to the program

is through file REFC DAT. The output is dumped into file REFC_DUM.

The reflector program has the option of computing gain on a rectangular

El-Az grid. In which case, the gain matrix is written to file GNMAT.
For the purpose of pattern reconstruction, the program can also compute
field points on a U-V grid. 1In this case, the complex co-polar and
cross-polar fields are written to file SAME DAT together with the
sampling information.

The pattern reconstruction method is implemented in

"a separate program RECON_ SIF whose listing and program description

are included in Appendix B. Part of the data input is through file

RECON DAT. The rest of the data concerning sampled filelds are read

from file SAME DAT. The output is directed to the user's terminal,

if requested, while the co-polar and cross-polar reconstructed gain

matrices are written to files CGNMAT and XGNMAT respectively if

the rectangular observation grid is chosen. If the pseudo-phi cut

option is chosen instead, the gain values are written to CGNSEC and

XGNSEC. Both options may of course be exercised, one after the other.
The procedure to follow for a fast and accurate

reconstruction of the pattern is summarised in the following steps.



(1)

(ii)

(iii)

(iv)
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Define reflector and feed configuration. Build data file
REFC_DAT.

Using the rectangular El-Az grid option and automatic quadrature
selection, compute gain with REFC _SIF at the four corners of

the observation window. Then recompute using lower number of
quadrature points and manual selection. Compare gain values.
Repeat, if necessary, to obtain the minimum number of integration
points on the reflector for‘aﬁ @qcépaablefleyglﬁ9£ gain error.
Compute fields on the U-V grid Spanniné the sampling window
which must include the main beam.

Reconstruct pattern from samples by running program RECON_SIF.

Steps (i) and (ii) need be carried out only once for

a particular class of problem.
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6.0 RESULTS

| The example chosen to test the program was the design
for CANS504 DBS beam because'it embodies a number of worst case
features. The reflector is eleptrically large, 111.8 N . It has
twenty-four horn feeds/component beams forming a shaped beam with
a null region directed towards Iceland. This antenna configuration
is defined in the output data of Appendix A.

The observation window chosen is from 0° to 4° in
azimuth while the elevation window extends from -1.25° to + 1.256.
The sampling window has to be enlarged in azimuth, covering -1.5°
to +4° to include the remainder of the main beam. Total number of
samples used is 209. The reconstructed pattern on a rectangular
El-Az grid is given in Table 1. To check the accuracy of the recon-
struction, the "exact" values based on direct computation with the
reflector program are shown in Table 2. Good agreement can be seen..
With 209 samples, a very dense set of points with accurate gain
values can be generated, if required, for contour plotting.

Next, two pseudo-phi cuts are computed with g = 83.25°
and 90°. The former cut goes through Iceland. The gain values are
ﬁabulated in Table 3, and plotted in Figures 4 and 5. As caﬁ‘be
observed, slightly over one sample per lobe is used to recreate
accurately the sidelobe structure. Quite clearly, polynomial
interpolation of the sample points would not have reproduced the

same pattern.
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Table 1 Reconstructed Gain Values for CAN504 Beam

RECONSTRUCTION OF LIRS BEAH CANADA 504
REd = 4517521

RRB = 43%,0844

HO., OF SAMPLE PTG, IM U-SPACE = 11

N0, OF GAMPLE PTS. IN U-BPACE = 19
TOTAL HO. OF BAMPLES IN U-V SPACE = 209

RECONSTRUCTED CO-POLAR GAIN PATTERM

EL (DEB) =  1.230
AZ(DEG) GN (DB} AZ(DEGY EN (DB) AZ(DEG) GN (DB) AZ(LEG) GN (DR) AZ(DEB) GM (DB) AZ(DEG) GMN (DR) AZ(DEG) GN (DB) AZ(DEG) GN (DR)

0 &2 LE00 15,85 750 13.49 1,000 -2449 1,250 9,99 1,50
0 494 2500 -.83 2730 -3.22 000 -2,75 0 3,290 12 350

000 23,95,
2,000 6.48
4,000 -5.38

eI |
L W

0 30?7 1&?50 “t
0 ~10.45 30750 =22

]
Pad el
L=

EL (DEG) =  1.000
AZ(UEB) BN (DR} AZ(DEG) GN (DE) AZ(DEGY GN (DB) AZ(DEG) GN (DB) AZ{(DEG) GMN (DB) AZ(LEG) GN (NB) AZ(DER) GN (DB) AZ(DEB) GN (DR

290 246,52 00 1246 7300 1L,00 1,000 B.44 1,280 4,72 1,300 1072 1,750 9.79

000 32,21
2,000 1,52 2250 -3 20500 391 2750 351 3000 -8.09 3.2 -.37 3,500 244 37E0 -9.03
4,000 -3,7%9
EL (DEG) = +730
AZ{DEG) BN (DB) AZ(DEE) GN (DB) AZ(DEG) GN (DB) AZ(DEG) GN (DB) AZ(DEG) &M (DB) AZ(DEG) BN (DR) AZ(DEG) GN (DB} AZ(DEG) GN (DE)
£00 3431 L2530 34,31 500 30,37 S0 2397 0 L000 12460 1250 -.43 1,500 04 1,750 8.8
2,000 10,77 2,350 743 2,500 -11.8% ua150 230 3.000 39 3,250 -10.86 3,500 -1,77 3750 -19.44

4000 -5e67

EL (DEG) = +300
AZ(DEG) BN (DB) AZ(DEG) GN (DB) AZ(DEB) GM (LB) AZ(DEG) GN (DB) AZ(DEG) GN (DB} AZ(DEG) GN (DB) AZ(DEG) GN (IB) AZ(DEG) GN (LE:

000 37,91 2
2,000 742 2.2
4.000 -13.01

30 37,30 500 36,08 790

2 ?1 1000 26,80 1,230 15,23 1500 921 1,790 13

3*000 92 3-}250 “10050 35590 '6;1? 3!750 "‘10.11 ‘
\
\
|

EL (DEB) = 250 '
AZ(DEG) BN (DR) AZ(DEG) GN (DE) AZ(DEG) GN (DB) AZ(DEG) GN (D) AZ(DEG) GN (DB) AZ(DEG) GN (DR} AZ(EG) GN (DE) AZ(DEG) GN (I®)

D00 37.65 .2
2,000  2.47 2.2
4,000 -18.07

30 ¥7.86 300 3777 730 36,50 1,000 3316 1250 26490 1,500 15,94 1,730 -3
30 484 2300 457 2,730 -3.35 0 3.000 -7,48  3.250  -G.45 3,500 -17.11 3750 -7.89
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Table 1 cont'd

EL (DEG) = +000
AZ(LEG) BN (DE) AZLDEG) GN (DB) AZ(DEG) GM (DB) AZ(DEG) GN (DB) AZ(DEG) GN (LB) AZ(DEG) GN (DB) AZ(DEG) 6N (DB) AZ(DEG) GN (DR)
000 37440 D0 37,37 300 37,69 L7500 37,99 1,000 37,07 1,250 34,31 1,500 29,08 1,750 1945

2,000 -3.04 2,250  4.61 2,500 -10.83 2,750 16 3000 -9.37 3250 -4,10 3,500 -8,77  Z,750  -7,%0
4,000 -2,44 '

EL (DEG) =  -,280
AZ(DEG) GM (DB) AZ(DEG) GN (DB) AZ(DEG) GN (DB) AZ(DEG) GN (DR) AZ(DEG) GN (DB) AZ(DEG) GN (DB) AZ(DEG) GM (DB) AZ(DEG) GN (DR

000 37.67 42300 37,60 \500 37,84 750 3878 1,000 39,32 1,250 38,22 1,500 ZA.41 0 1,750 27,10
2,000  B.36 2,250 10.53 2,500 1,84 2,750 2,20 3,000 ~1.63 3250 -2.05 3500 -~3.4B 3,730 -5.25
4,000 -3.94 )

EL (DEG) =  -.500
AZ(DEG) GN (DB) AZ(DEG) GN (DB) AZ(DEG) GN (DB) AZ(DEG) GN (DB) AZ(DEG) GN (DB) AZ(DEG) GN (DB} AZ(DEG) GN (DB) AZ{DEG) GN (DE)
000 28,57 250 38,55 500 3876 7B0 39.20 1,000 39,78 1,250 39,11 1,500 35,90 1,730 28.47
2,000 10,90 2,200 9,70 2,300 372 2,730 4,42 1,000 A1 3,230 37 3500 -2.03 3730 -2,24
4,000 -4.00

EL (DEG) =  -.730
AZ(DEG) GH (DE) AZ(DEG) GN (DB) AZ(DEG) GN (DB) AZ(DEG) GN (DB) AZ(DEG) GN (DE) AZ(DEG) GN (DB) AZ(DEG) GMN (DB) AZ(DEG) GN (IR}

000 39,08  .250 3902
2:.000 %20 2,230 B.74
4:.000  -3.356

38.36 1.000 38.07 1,250 3
?

B8 6:92  1.500 3323 1.730 24.78
394 2.000 a7 3230 2.2t

3,300 -1.44 3,750  -.B8

EL (DEGY = -1.000
AZ(DEG) GN (DE) AZ(DEG) GN (DR) AZ(DEG) GN (DB} AZ{(DEG} GN (DB} AZ(DEG) GN (DB) AZ(DEG) GN (DE) AZ{DEG) Gﬂ (DR) AZ(DEG) BN (IE)

000 34,85 250 36,94 (500 34,82 730 35,40 1,000 3 A3 1,230 30,80 1,500 23,27 1,750 13.3%
2000 14,% 2,230 5,38 2,500 7.8 750 450 000 1,83 3250 2,12 3000 -1.42 0 7500 -1.08
4000 -3.49

EL {DEG) = ~1,230
AZ(DEG) GN (DB) AZ(DEG) GN (DB} AZ(IEG) GN (DB) AZ(DEG) GN (DR} AZ(DEG) GN (DB) AZ(DEG) GN (DB) AZ{DEG) GM (DB) AZ(DEG) GN (D®)

000 297.46 3300 29,69 LS00 30,
2,000 11,05 2,250 - 70 2,500 7
4000 -2,20

02,750 28,36 1.000 2372 1,330 1855 LS00 2,47 L7300 13,88
Q6 2730 -7.4% 0 30000 4077 3250 -2.02 3500 1,19 3,750 2.3

RECONSTRUCTED X-FOLAR BAIM FATTERN

EL (DEG) = 1,230
AZ(DEG) GN (DR) A’(DEG) GN (DRB) AZ(DEG) GN (DB} AZ(DEG) GN (IB) AZ(DEG) BN (DR) AZ(DEG) SN (DR} AZ(DEG) GN (DR} AZ(DEG) GN (DR)

000 -23,03 250 -24.84 L300 -32.2B 0 4750 -39.17  1.000 -d6.61 1,250 -39,44 1,500 -37.74 1,730 -41;65
2,000 -41.47 LOLSO ~30.60 2,500 -G0.91 2,750 -45.30 3000 -43.41 0 3230 -5L1 3500 -4694 0 3,730 04,24
1,000 -42.74
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Table 1 cont'd

EL {DEGY = 1.000
AZ(DEG) GN (DB} AZ(DEG) GM (DB) AZ(DEG) GN (DB} AZ(DEG) GM (BB) AZ(LEG) GN (DB) AZ(DEG) GN (DR) AZ{DEG) GN (DB) AZ(DEG) GN (IR}

000 -32,70 ,230 -28,38  ,300 -29.48 730 -36.21 1,000 -43,70 1,230 -44,53 1,500 -47.99 1,750 -52.58

2,000 -44.09 2,230 -42,75  2.500 -43.91 2,750 -52,58  3.000 -41.18 3,230 ~30.28 3,500 -42,87 3,730 -47,29
4,000 ~45.77

EL (DEB) = +730 A
AZ(DEG) GN (DB} AZ(DEG) GM (DB) AZ(DEG) GN (DR) AZ(DEG) GM (DB) AZ(DEG) GMN (LR) AZ{(DEG) GM (DB) AZ{(DEG) GN (DB) AZ(DEG) GN (IB)

000 ~23,35 250 -30.83 500 -29.4B 7GR0 -27.24 1,000 -29.39 1.
2,000 ~46,16 2,250 -30.68 2,500 -41.1F 2,730 -49.B3 3,000 -~43.63 3,
4,000 ~32.93

230 -334 1,500 -39.23 1,730 -42.43
250 ~45.79 3500 -47.87  3.730 -d4.08

EL (LEG) = 300
AZ(DEG) GM (DB) AZ(DEG) GN (D) AZ{DEG) 8N (DB) AZ(DEG) GM (DR) AZ(DEG) GN (DB) AZ(DEG) GN (DB) AZ{LEG) GN (DB) AZ(DEG) BN-(DR)

SHA

000 -19,95 230 -24.08 .G00 -30.%4 730 -26.64 1,000 -253.87 1,230 -28.16 1,500 -33.25 1,730 -41.04
2,000 -41.54 2,250 -47,32 2,500 -46,26 2,750 -45,51 3,000 -S540 3,250 -46,36 3,500 -59.24 3,750 ~47.80
4.000 -64,54

t

EL (REB) = 230

CAZ{IEG) GN (DB) AZ(DEG) GM (DB) AZ(DEG) GN (B) AZ(DEG) GH (DR) AZ(DEG) GN (DB) AZ(IEG) GN (DB) AZ(DER) GN (DR) AZ(IEG) G (DE)

000 -27.08 L350 ~26.06  LE00 -27.31 750 -32.10 1,000 -31.41 1,230 -28.08 1,500 -27.94 1,790 -30.84
2,000 -35.93 2,230 -41,27 2,500 -~48.18 2,780 -47.3% 3,000 -54,98  3.250 ~50.75 3,500 -57.18 3,750 -55.09
4,000 -53.30

EL {DER) = <000
AZ(DEG) GM (DE) AZ(DEG) BN (DB} AZ(DEB) GN (DR) AZ(DEG) BN (DB} AZ(REG) GM (DR} AZ(DEG) GN (DB) AZ(DEG) GN (DR) AZ(DEG) &M (IR)

000 -29.47 250 -38.11 w00 ~25.40 730 2432 1,000 -30.72 1,230 -33, 1 1500 -27.20 1730 -27.40
2,000 -31.76 2,250 -39.81 2,500 -~44,57 2,750 -G1.94  E.000 -~30.27 3,250 -59.45 4,500 -§0.37 3,750 -79.24
4000 -32.13

EL (DEB} = ~,250
AZ{DER) GN (DB) AZ(DEG) G6M (DB} AZ{DEGy GN (DR} AZ(DEG) GN (DB) AZ(DEG) GN (LB) AZ(DEG) GM (DR} AZ{DEG) BN (DB} AZ{DIEG) GM (DI}
Q00 =260 250 -31,80 (500 -29.32 750 -24.37  L.O00 -27,27 1,230 -49.50 1,500 -27,55 1,750 -25.42
2,000 -29.63 2,330 -3%.26 2,500 -44.73 2,730 -G1,42 3,000 -47.06 3.250 ~43.44 3,500 -4B.0B 3,730 -98.92
4,000 -48,33

EL (DEG) = -.300
AZ(DEG) GM (DB) AZ(DEG) GN (DB) AZ(DEG) GN (DB) AZ(DEG) GN (DE) AZ(LEG) BN (DB) AZ(DEG) GN (DE) AZ(LEG) GH (DE) AZ{DEG) BN (DB}
L00 -26,16 250 -22.78 (500 -26,59 750 -32.47 0 1.000 -32140 1,230 4176 10500 -24.41 1,750 -23.99
2,000 -28.17 2,250 ~37.93  2.500 -44,30 2,750 -47,53 3,000 -47.44 3250 -GRE° L.G0D -4B.41 0 3,780 -52.00

'Qi\')O\') "47i71

EL (DEGY =  -.730
AZ(DEGY BN (DB) AZ(DEG) GN {IR) QZ(HEG) GN (DB} AZ(DEG) GN (DB) AZ(DEG) GN (DE) AZ(DEG) GN (BB) AZ(DEG) GN (DB) AZ(DEG) GN (DB)

000 -24,47 230 20,19 500 -20.49 750 -23,33 L0000 -24.B1 1,250 -34,53  1.500 -28.10 1,730 -24.33
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Table 1 cont'd

2,000 -28,73 2,250 -39,30 2,500 -42,90 2,750 -41.94 3,000 -51.22 3,230 -45.28 3.300 -47.98 3,750 -48.12
4;000 “47078

EL (DEG) = -1.,000
AZ(DEG) GM (DB) AZ(DEG) GN (DE) AZ(IEG) GM (DB) AZ(DEG) GN (DR) AZ(DEG) GN (DR} AZ(LEG) GN (DB) AZ(DEG) GN (DB) AZ(DEG) GM (DE)

000 -39,82 250 -2S,12 500 -22,63  .750 -23.76 1,000 -75.59 1,250 -32,09 1,500 -27.28 1,750 ~25.54
2,000 -31,44 2,250 -38,74 2,500 -37.78 2,730 -40.02 3,000 -50.21 3,250 -42,13 I,500 -52.40 3,750 ~45.14
4,000 -48.97

EL (DEG) = -1.,230
AZ(DEG) GN (DB) AZ(DEG) GN (DR) AZ{DEG) GN (DB} AZ(DEG) GN (DB) AZ(LEG) GN (UB) AZ(DEG) GN (DR) AZ(DEG) GN (DR) AZ(DEG) GN (DR)

(000 23,37 250 -25.05 500 -22,03  .730 -34.28 1,000 -42.66 1,250 -30.71 1,500 -27.09- 1.750 -29.41
2,000 -39,67 2,230 -35.52 2,300 -37,25 2,730 -40.98 3000 -41.14 3,250 -41.93 3,500 -48.74 3730 ~42,60
4*000 ‘57016

FETORY.
|
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Table 2 "Exact"Gain Values for CAN504 Beam

CO-POLAR GAIM IN IE

AZINUTH (LEG)
00 25 W50 475 100 1,25 1,30 4,75 2,00 2,25 2,50 275 300 3,25 3,50 3,75 4400
¥

EEE IR R R O I ¢

L250% 23,90 5064 15,94 13,88 -4.59 9.89 4,40 ~1.09 6,48 4,86 404 -3.55 -2,40  .23-10,42 2,98 ~5,79

¥
1.000% 3

B

2425 26,59 15:01 10,22 7,78 4,82 10.4% 8.88 .08 -1.34 Z,41 3.24 -7,91 -5 -2,91 -B.B2 -Z.83

¢730% 34,50 34,29 30,36 23,93 12,30 -.37 .01 8,76 10,86 7.40-12,28 2.85 .19 -9.38 -2.07-19.21 -4.27

\{n

b300% 37,87 37,47 36,06 32.8% 26,72 15.15 3.8 -.72 7,90 10,63 5.24 -9,40  .04-11.26 ~6.56 -9,34-14.44

W

1 250% 37,67 37,88 37,80 36,54 33,18 26,93 15.88 ~0.36 315 4,91 4,83 2,04 -B,39 -5,27-25,29 ~7,95-18.83

¥

000% 37

¥

43 37,37 37,69 17,99 37.07 3431 29,08 19,44 ~2,26  £,53-10.81 .04 ~9.24 ~4,14 B85 -7, 10 ~9.38

~+250% 37,63 37,58 37,81 38,76 39,31 38,22 34,487 27,48 9,03 10,52 2,18 1,79 -1.74 -2.13 -4,07 4,91 -6,04

i

-, 300% 38,59 38,58 3B.78 39.22 39.79 39,11 35.87 28.44 10.63 V.98 3,56 4.98 A7 A9 -1 -6 -4 5L

¥

~+730% 39,09 37,04 39.04 38,57 38,09 36.92 33,23 24,76 .23 8,94 1,94 4,22 30 2,25 ~2.06 ~1,02 ~4.04

%

~1.000% 36,79 36,88 36,77 35.56 33.42 30.80 25,35 13.62 14,74 4,79 7,06 3,84 2,11 2.04 ~1.41 =-,46 ~3,9%

b

~1.250% 29,23 29,74 20,08 28,41 23,74 16,56 2,71 14,09 13,30 -,37 7,90 -7.63 4,253 =2,15 .43 2,06 2,90
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Table 2 cont'd

X-FOLAR
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GAIM IM DE

ELEV X
(DEGY & .00 .23 .50 .75 1.00 1,25
PAERRKRRR RS KRR KB R K

1,50 1.73
LSS IR I A I 5 O 2 3K 98

¥
1,250% -23.0 -24.9 -32.3 -3%.7 -45.4 -39.8 -37,5 -42.1

¥
1,000% -32,9 ~2B.6 -29,5 36,3 -43.6 -45:1 -47,5 -56,0

X
J30% -23.44 ~30,9 -29.3 -27.2 -29.4 -33,5 -39,5 -43,0

¥
000% =20.1 -24,1 -30.3 24,6 -25,8 -28.2 -33.4 -40.2

¥
$200% ~27,1 -26,2 -27,6 -32.1 -31,1 -28,0 -28.0 -30.%

¥
»000$ "29&? “38&& ”25@4 - AES '301? ‘33&9 -2?*2 ”2?#4

X
- 250% -27.0 -32.3 -29,2 -24,4 =275 -48,3 -37.3 -208

¥

~300% -33.9 -22.6 -24,3 -51,7 -32.5 -41.1 -26.4 -24.0

%
- 730% -24.4 -20.2 -20,5 -23.3 -24.8 -34,5 ~28,2 -24.3

-1,000% -41,2 -25.9 -23.0 -23,9 -25.5 -31.9 -27.3 -25.7

X
=1:250% <23.6 ~25.9 -37,0 -33.9 -41.% -30.7 -27,0 -29.4

{0-POLAR

AZIRUTH (DEG)
2.00 2, 75 ¢59 2:7% 300 3,25 3,30 3.9 4,00
SRR RS S SRS S X LR R IR I 0 20 05 10 3 3505 O

~42,1 -30.1 -32,8 -44,% -44.,4 -50.5 -42,9 -53.8 -43'»7
=45,9 ~42.7 -44.6 -32,0 -42,0 52,9 -43.8 -46.é ~46.9
-84 -49.1 -41.4 -51.3 -44.2 45,9 -49,1 -45,6 -54.7
=413 ~48. 4 44,4 -46.0 -53.0 -44.6 ~62,0 -47,7 -44.7
-3&.1 -41.5 -50,4 -48,1 -58.7 =510 57,7 3.2 -85.7
-31.8 -2%.7 -44.7 -51.9 —Sieﬂ -3%.3 -51,3 -70.3 -53.1
-2%.6 -390 -43,9 -53.2 -47.1 704 -49.4 34,0 47,4
-28.2 -38.0 -44,2 -34.4 ~46.% -52.2 -47.4 -52.4 ~47.7
=28.7 -39,2 42,5 -41.7 -50.4 -45.1 -47,7 -43.4 -47,7

~32.¢ 39,5 -38.2 -40.4 -48,7 -42.3 -58,3 -44.2 50,2

=39.3 ~35.9 -37.2 -41.9 -41.4 -42.3 -49.4 -42.8 -41,3

FHASE IN DEG

ELEV & -
(DEB) & .00 258 30
PRE XA R R R AN Y

3180 1,35 1,50 1,75
CRER AR R R AR AR RN R E K n

AZIMUTH (DEG)
2»00 2:35 2,30 2,73 3,00 3,25 3,50 3,75 4.00
IS S SRS SN SEEEEE EEEPE R RS RN



Figure 4 RECONSTRUCTED DBS CAN304 PATTERN CUT
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Table 3 Reconstructed @— Cuts for CAN504 Beam

RECOHSTRUCTION OF LES BEAM CANADA 504
RKd = 451,752

RER = 439,0844

HO. OF SANFLE PTS. IM U-SPACE = U4

pO. OF SAFLE FTE. IN Y-8PACE = 1%
TBTAL HD. OF BAMPLES IN U-V SPACE = 20%

RECONETRUCTED CO-POLAR GAIN PATTERN

PHI (DEGY =  B83.23 )
THETA (I GAIN (DB} THETA (D) GAIN (DB) THETA (D) GAIN (DB) THETA (I) GAIN (BB) THETA (D) GAIN (DR) THETA (D) GAIN (DR)

Q00 37,43 040 3749 +080 37,44 +120 37,42 140 37,4 1200 37,40
240 3740 + 280 3742 +320 37,44 +360 7.5 +400 37.37 +440 3784
480 .7 320 37,78 +a80 37.82 600 37,83 1640 37,84 +680 3780
720 37,71 760 37,597 +800 37,18 +840 37.14 +880 36,83 920 3647
60 36:03 1.009 35,33 1,040 34.94 1,080 34,31 1.120 33.99 1.160 3278
1,200 21.88 1,240 30.8% 1,280 29.81 1.320 28441 1.360 27,30 14400 23.87
1

1:440 24,28 1.480 22,53 1.320 20,59 1.360 18.41 1.500 3.9% 1,840 13,10
1,480 2.73 1.72) 3:59 1780 A0 1.800 -4.:1% 1:840 -2.82 1,880 - 25
1.920 1,4 L9466 2:14 2:.000 256 2,040 2.81 2.080 3.07 2,120 3:43
2180 1.9 2,200 4:34 2,240 3.4 2,280 G142 2,320 §.01 2380 6323
2,400 633 2,440 £:22 2,480 3,92 2320 3:40 2.380 4:63 2,800 1.8
284 2:28 2,580 -3 2,720 -1.83 24780 -53:12 2.800  -10.02 LB 146,50
2,080 -12.47 2,930 -7.94 2960 -3.18 3.400 ~3.98 3,040 =239 3,080 -2.19
3,120 ~2:23 3.140 =37 3,200 =371 3,240 -3l 3,280 =7 3320 -10.85
3.380 -18.83 3,400 -38.34 3440 12,47 3.480 -12.16 3520 -8.32 1,560 ~7.89
3600 -4,81 Z.640 =431 3,480 =670 3750 -7.39 3,760 -B.42 .80 -10.,33
3840 ~13.4G 1.880 -iB.2@ 3,920 -29.21 2960 -2%.93 4:.000 -17.03

PHI (DEGY =  90.00
THETA (D) GAIN (DR) THETA {D) GAIM (DE) THETA (D) GAIMN (DR: THETA (D) GARIN (DB) THETA (D) GAIN (DB} THETA (L) GAIM (IR)

000 3745 049 37443 +080 37,44 120 3742 140 37:40 200 1738
240 37,37 2280 37,38 320 37,40 340 7.4 400 37.49 A4 3706
480 3784 +a20 3773 1360 37.81 600 37,48 620 37.94 + 680 37.%8
720 28,00 5760 37,98 809 37.93 -840 17,84 880 zn 920 37,54
250 37.33 1.000 37.07 1:040 36.77 1.080 641 1,120 26,00 1. 160 33.95
1,200 35,03 1.240 34.44 1,280 33,83 1,320 3313 1,340 32.37 1:400 31.33
1440 3062 1.480 29,81 1,320 28,32 1,560 27,31 1,400 253.98 1,640 24,30
1.680¢ 2284 1,720 A0 1,760 18.89 1,800 15,41 1.840 13.43 1.880 g.62
1,920 4,25 1:9460 =434 2000 ~3.0% 2,040 2,94 2,080 3:24 2:120 b6l
2,160 7:20 2,200 7.3 2240 5,79 2,289 372 2,320 4.39 2:360 2.72
2,400 15 24440 ~3.47 2.480 ~B.33 2,520 -10.94 24540 -4.84 2,400 -3.59
2,649 ~1.60 2.680 - 44 2,720 108 24740 +13 2.800 =37 2,840 -1.10
3»880 "2b39 20920 *‘3.31 2»?50 "5950 36{1\00 "‘-7‘937 3«040 -11,1¢ 3*080 —1‘\-}608
3,130 =594 3:160 -6.13 3,200 -4.92 2 240 -4,21 2,280 -3.94 3,329 -4.04
3,360 -4,53 34400 -S540 3:440 ~6.58 3480 -8.02 3.520 =749 3:550  -10.49
3,600 -10.53 3640 =974 3.480 -8.70 3720 -7.80 30750 =747 3,800 -46+84

3.840 -6.82 3.880 ~7.0% 3,920 ~7.64 3560 =84 4.000 =944
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Table 3 cont'd

RECOMSTRUCTED X-FOLAR GAIN FATTERN

THETA (D) GAIN (DB) THETA (D) GAIN (DR) THETA (D) GAIN (DR) THETA (D) GAIH (DB) THETA () GAIN {DB} THETA (L) GAIN (DR}

+000

240

480

+720

+ 960
1,200
1,440
1.480
1.920
2,140
2:400
24640
2,880
3,120
3350
3,600
3.3%0

-29.67
"36*?6
~25.76
-26:16
-14.47
-31.30
-27.37
-28.41
-33.34
-38.81
'Q6i93
-45,7%
”50*?8
“50&31
‘50}0q
-3 67
-49,27

1040
» 280
+320
740
1.000
1:240
1.480
1.720
1.960
2,200

Od T G O PO a3 B2
-
o~
L=

'31a66
”32;93
~29.34
~26,96
~35,43
'30+11
-27.29
'29019
-34.31
“3?&?2
-48,88
~46,30
~34,24
~48.8%
-52¢06
-31.98
-39 26

~0

-3940
'28;66
-3.10
-29.08
-34,32
-28.47
~27.49
~10.43
-36,21
-41,91
~49.94
~46,5%
=607
-47.84
-4, 45
-49.29

”54&27

+140

+A400

640

+880
1,120
1,360
1:400
1.840
2,080
2,320
2560
2,800
3.040
3,280
2.520
3:740
4,000

-91.95
-27.37
-23.27
-30,38
-34,33
-27.93
-27:76
"31147
'37910
‘43#32
-48.,87
-47.42
”56-15
“48&06
~63.41
-48.82
-58.00

+200
+A40
+480

+920

1,160

-

-

Gl O Exd Od 53 PO PO PO
PR - «
D L Erd < 0O O B

-44.17
-26,42
~23.62
~32,4¢
-32.78
=37.5%
‘2Be13
~12.38
“37;95
~45,00
-47,68
-QSiBE
~32,38
-48a7£
‘5?#15
"48982

THEYA (D) GAIN (DR) THETA (1) GAIM (DB} THETA (I} GAIN (DR} THETA (B} GAIN (DB) THETA () BAIN (D) THETA (D) BAIN (IE}

» 000
280
450
720
960
1200
1440
1,480

FET0FY
!

”29:67
~39,461
=23.77
-24,30
‘29905
~34.75
-27.93
"2608?

10 Q3

”35;68
‘qgtgo
‘47i92
-31.38
‘53;6?
-53.13
'52:33
~37:67

Q40

+ 280

+220

W
1,000
1,240
1.480
1720
1.950
2200
2,440
2,680
2,920
3,140
2,400
3.640
3.880

~4% 40
-50.48
~5%, 25
—al &4
~04,32
-54.83

PHI (DEGY = 83,95
080 -34.97 120
,320 ”30}43 0360
Wa60 -23:12 +400
800 -27.87 +B4d
1;040 '3?*25 1»080
1,280 -2%7.18 1,320
L5200 -27.33 1,540
1,760 -29.84 1,800
2.000  -35.27 2,040
2:240 -40,73 2:280
2480 -30,11 24520
2,720 -45,22 2750
2,960  -GB.99 1.000
3:200  -48.11 3:240
24040 -35.22 3,480
3,680 -90.29 3720
3920 -31.84 2740
PRI {DEG} = 90,00
080 -33.21 120
30 3148 I
sa80 -24.59 600
L2800 -25.10 940
1,040 -3TR 1.080
1,280 -22.4% 1,320
1,820 -27.02 1,540
1,760 -27.50 1,500
2,000 -31,7¢ 2:.040
3:240 -39,48 2:280
2:480 -44,29 2,520
2.730 0 -E0.90 2,780
2,940 -30.28 2000
3.200 -37.93 3,249
J.440 =50, 3:480
3,680  -57.54 3,730
3920 -53.20 3.940

12 57
~37:33

29,53

-14,27
-25.76
-35:24
-30.84
~26.81

27,95

i

-32.84
~40.7¢
-44.88
-52.18
~50,27
'5?&5

-i0.37
-63,34

~02:33

NE
400
640
, 580
1,120
1,389
1:600
1,840

- 2:080

2:320
2,340
2:800
3,040
3,280
3,520
3:769
4,000
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APPENDIX A
PROGRAM REFC SIF




APPENDIX A

A.l-Description of Computer Program ' REFC_SIF

IDENTIFICATION: “REFC_SIF

PURPOSE:

AUTHOR :

DESCRIPTION:

The program calculates the field radiated by a
parabolic reflector antenna with projected ellip-
tical aperture using the method of physical optics
(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.

K. K. Chan,

Chan Technologies Inc.,

26 Calais Circle,
Kirkland, Quebec, H9H 3V3.

Tel. No. (514) 697-6419.

The geometry of a general reflector antenna system
is shown in Figure Al. A global co-ordinate system,
XY¥%, 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, Xllel , 1s for the inte-

Al




A2

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,
errZr , is used to describe the feed while the
third, X Y Z , is the far field observation

9949
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 S$X2 and SY2
respectively. |
There are two ways of specifying the position and
orientation of the feed in the program. The most
frequently used approach, especially when a horn
array is involved, is to position first the horn
feeds on the X-Y plane (focal plaﬁe); The entire
horn array is then rotated about the global X-

and Y-axes as shown in Figure A3. The rotation,

K, about the X-axis is carried out first, followed

by rotation, ﬁ , about the rotated ¥Y-axis. If

required, one can further rotate each feed about
its own local Z _—axis by X . Hence if this

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




A3

ments given by ( Jkr’ J}r' J}r=0) on the
focal plane have to be specified together with
the rotations. This ensures that the apeftures
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 ( Jkr’ JEE,
cfzr> and then rotated about the translated
Xe=r ¥ = and Zt— axes in turn by . ﬁr’
and 'Xr respectively as shown in Figure Al-‘
This method allows for complete freedom in locating
the feed. |
The far-field observation system may be displaced

from the global system by (xdq’ Y., qu) when

dq
one is interested in phase parallax correction.

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 quzq plane while
the azimuth angle in the quzq plane is positive

when measured from the Zq—axis towards the Yq—

axis.
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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 ’ ¢l) of tﬁe surface integra—.
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 TEll

mode.

- conical horn excited with TE and TMll modes.

11

- pyramidal horn excited in the fundamental TE g
mode. .

- pyramidal horn excited with TElO 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 AS, which has a Xr~axis and a Yr-axis

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




REMARKS:

A5
excited. Similarly, for HP, only the Yr-probe
is excited. To produce a RHCP (LHCP) secondary

beam, the excitation of the Xr-probe is CX,L 0°

and the excitation of the Y _-probe is C  / 90° +
(Cy 1-90O + QV ). For perfect CP, Cx = Cy = 1.0
“and W = 0°. To simulate realistic condition,

the amplitude imbalance ratio, Cy/cx' and the
departure from phase quadrature, ¥ , may be

specified.

The dimensions of the horns are checked to ensure
that the fundamental and/or higher order modes could
propogate. Execution is terminated if the modes are
below cut-off. Program does not check for over-
lapping of feeds. 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 coveraée 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
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be computed only for one horn from each group.
The second time saving feature is obtained by
computing only the E-plane and H-plane patterns

of the designated horn at 46 points equally spaced
o

between € 0

and 90° . Any in-between points
within a phi-plane are obtained by quadratic inter-
polation while points between phi-planes are found

by Cos @ - Sin g interpolation. Because of this

azimuthal interpolation, the ratio of the H-plane

dimension to the E-plane dimension of a pyramidal

horn should be greater than 0.7 but less than 2.8

i.e. 0.7<<a/b<2.80. Such a restriction is necessary
to prevent interpolation errors which will occur
when the beamwidths are too different in the principal

planes.
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USAGE (INPUT):

IHEAD(I)~-

FREQ-
NHORN-

ITYPE-

The input data required by the program are to be
supplied in a file named REFC_DAT. Data may be
written in free format and follow the sequence
laid out below. Data input is list directed.
Header describing the particular run. Maximum

of 60 characters. Limitation due to array size.
Frequency in GHz.

Number of horns in feed array. See Restriction.
Type of built-in feed. All horns must either be
pyramidal or conical. A mixture is not allowed.
= 0, pyramidal horn.

= 1, conical horn.

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 conical 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.

Relative phase in radians of the higher order mode.
= 0.0, normally.

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 A\ .




A(I)-

‘WGB(I)~-

WGA(I)~-

AR(I)~

WGR(I)~-

HRNLTH(I) -

MODH-

OPTH~-

H~-plane horn aperture dimension in inches.
Pyramidal horn option only. An entry must be
provided for each feed. A(I) £ 7.5N .
E-plane dimension of input rectangular waveguide
in inches. Pyramidal horn option onl?. An entry
must be provided for each feea. WGB(I) £ B(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).
Radius of circular horn aperture in inches.
Conical horn option only. An entry must be
provided for each feed. AR(I) £ 8 N .
Radius of input waveguide in inches. <Conical
horn option only. An entry must be provided
for each feed. WGR(I) & AR(I).
Horn length between inpuﬁ guide and aperture in
inches. An entry must be provided by each feed.
Choice of aperture field model for horn pattern.
= 0, Electric field model. Good approximation
to measured results for horn sizes between

0.95 N and 1.30 A .

l, Chu model. Conservative model that can be

used for all horn sizes.
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), Displacements of component feeds in inches from
DY (I), focal point. A set of values must be provided
pz(1) - 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.




DELTAX -
DELTAY -

OPTB -

NREG -

PHL (I),

PHU (I) -

BX2, BY2 -

OPTQ -

NQR -

NQP -

IGRD -

For U - V grid:

ELS, ELE -

A7ZS8, AZE -

Al0
X-offset of aperture centre in inches.

Y-offset of aperture centre in inches.

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, Limit. are specified by user.

Number of regions of ¢l - integration. 1In the program

this number is set equal to 4.

Lower and upper limits of ¢l - integration for

the I th region in radians.

X~ and Y-dimension of central elliptical blockage in

inches.

Option of specifying number of integration points.

= 0, Determined by program.

= 1, Specified by user.

No. of integration points in the radial-direction

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

1) -
No. of integration points in the phi-direction.
(¢l). Choose from: 3,4,6,8,10,12,14,16,20,24,28,34,40.

Choice of far field observation grid.

0, Rectangular elevation-azimuth grid

1, U - V grid. Required for pattern reconstruction.

Elevation start and stop angles in degrees defining
the elevation width of the sampling window.
Azimuth start and stop angles in degrees defining

the azimuth width of the sampling window.



All
CHI -~ Aperture or sampling rate enlargement factor.
Typical value is around 1.25.
For El-Az grid:
AZS -~ Start of azimuth cut in degrees.
AZE - End of azimuth cut in degrees.
NAZ - Number of azimuth points. See restriction.
ELS - Start of elevation cut in degrees.
ELE - End of elevation cut in degrees.
NEL - Number of elevation points. See Restriction.
PVR - Angular rotation about z-axis of fiéld polarization

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 1s 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 displayed next, followed by the co-polar component
gain, cross-polar component gain, and co-polar component phase.

All this output is directed to file REFC DUM. If the U-V grid
option is chosen, the complex co-polar and cross-polar fields at

the sample points are written into a file named SAME DAT together
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with the sampling information. For the El—Az.grid option, 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

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. 1In
certain situations such as DBS application where the number of
feeds required or the number of integration points needed or fhe
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: (1) 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, PWRL, Wll, W12, W13, wW2l, W22, w23, wW3l,
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

A13
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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 siies 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 statemént

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
Oﬁ MAXQ is 28. |
MAIN PROGRAM: (i) Change the value of MAXQ in the data statement
to refiect 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, 2G, RJX, RJY, RJZ.
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SUBROUTINE FIELD: (i) Change the dimensions of the following
arrays to 4*MAXQ*MAXQ -

X, ¥, 2, 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.

For the U-V grid, the maximum number of samples in

U- and V-space is governed by MAXU and MAXV respectively. The

required numbers of samples for the user defined window, are determined

by the program. If an error message appeared regarding the number

of samples, then carried out the following changes.

Main Program: (1) Change the values of MAXU and MAXV in data state-

ment to new limits, MAXU £ MAXEL  , MAXV & MAXAZ

(ii) Redimension arrays, CPEF(MAXV, MAXU) ,XPEF(MAXV,MAXU)
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Geometry of Reflector Antenna System.
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Projected Aperture in the Focal Plane.

Figure A2.
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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.

AZ
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Figure A5. Excitation of Horn Feed.



Figure A6. Flow Chart of Input Data File.

Header

Frequency, FREQ

Y

No. of Horns, NHORN

Type of Horn, ITYPE

\
Amplitude Ratio, Rel. Phase of

Higher Order Mode, AM, PM

~E2 1S ITYPE .EQ. 02
Pyramidal™ Conical

Aperture E-plane Dim.

Aperture Radius

B(I), I = 1, NHORN AR(I), I = 1, NHORN
Aperture H-plane Dim. ¢
A(I), I = 1, NHORN Ip. Wg. Radius

y WGR(I),

| Ip. Wg. E-plane Dim.

I = 1, NHORN

WGB(I), I = 1, NHORN

v

Ip. Wg. H-plane Dim.

WGA(I), I = 1, NHORN

I —
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Y

Horn Length

HRNLTH(I), I = 1, NHORN

{

Aperture Field Model, MODH

!

Feed Loeation and

Orientation Option, ORTH

Y

Feed Displacements

DX(I), DY¥(I), DZ(I), I=1, NHORN

¥
a

Y

Feed Rotations
ALPHA(I), BETA(I), GAMMA(I),

I =1, NH
Y

Polarization of Sec. Beam
IPOLA
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= IS IPOLA -.LE. 2?
cp -
4

CXYy(I), PSI(I), I=1, NHORN

NN N

Ampl. Imbal., Phase Error \

\5;’/ )

Power, Phase Horn Excitation

HPWR(I), HPHASE(I), I=1, NHORN

¥

Reflector Parameters

F, SXZ, SYZ, DELTAX, DELTAY

Y

Integ. Limits Option, OPTB

~_YES _

__ Is OPTB .EQ. 02 e
D Generate

‘ by progr

1

No. of Reg. of ¢ —integ.
NREG

Limits of gb - integq.
?HL(I), PHU(I), I=1, NREG

y

X- and Y- Dim. of Central

Blockage, BX2, BY2

l -
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Program or User Selection of
Integration Formula.
~ OPTQ

Is OPTQ..EQ. 0 ?
Specified by Q--£Q

User

Radial and Phi-integration pts.

NQR , NQP
l

| Specified by
Program

(62"
\ﬁ

Choice of Observation Grid
Rect. E1-Az or U-V
IGRD

No
. Is IGRD .EQ. 0 ?

Yes

U - V Grid Chosen
ELS , ELE
AZS , AZE , CHI

Rect. ET1-Az Grid Chosen
AZS , AZE , NAZ
ELS , ELE , NEL

(78)

\\Tﬁﬂ

Rotation Angle of Polarization
Vector PVR

End
Data Input
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A.2 PROGRAM LISTING

1000
2.000
2,000
4.Q00
G.000
6.000
7.000
B.000
2,000
10.000
11.000
12,000
12:000
14.000
15,000
15.000
17:000
18.000
18.000
20,000
21.000
22,000
23,000
24,000

¥
¥

s

D¢ B B 2 ¢ s BE a8

W 3¢

25,000 ¥

- 26,000
27.000
C28.000
29,000
30.000
315000
32000
33.000
34,000
33,000
36,000
37.000
38,000
32,000
40.000
41,000
42,000
42,000
44,000
A45.000
45,000
47000
48,000
49,000
90000
31,000
B2, 000

%
kS
w
¥
b
¥

FROGRAM REFC

A25

FHYSICAL OFTICS AMALYSIS OF A FPARAROLIC REFLECTOR FED BY A

HULTI-HORN ARRAY.

THE REFLECTOR HAS AM ELLIFTICAL AFERTURE AMD IS OFF-SET IN THE
0. FAR FIELD CO-POLARISED AND CROGS-FOLARIBED

Y- AND Y- DIRECTI

GAIN HATRICES ARE COMFUTED OVER A RECTAHGULAR ELEVATION - AZINMUTH

GRID. IT #AY ALSO BE COMPUTED DVER A U -V
OF FIELD RECONSTRUCTION.

MAIN FEATURES OF THE PROGRAN ARE THE FDLLDUTNG -
HULTIFLE HORN CAPARILITY.

CHOICE OF HORM TYFE » CONICAL OR PYRAMIDAL.
HORNS #AY BE EXCITED WITH A& COMEINATION OF BASIC AND HIGHER ORDER

GRID FOR THE FURFOSE

MORES. FYRANMIDAL HORN MAY CONTAIN TE10 AND TE/TM1I2 HODES.
COHICAL HORHN HAY CONTAIN TELL AND THM11 WODES.

CHOICE OF HORN AF

ERTURE FIELD MODREL.

HODELIMG OF AFERTURE BLOCKAGE BY FEED ANDN STRUTS,

AUTOMATIC SELECTION OF - INTEGRATIOM LIMITS AND FORMULAS.

CHOICE OF CIRCULAR OR ROTATABLE LINEAR FOLARISATION.

ABILITY TO SFECIFY AMFL., AND PHASE IHBALANCE
IN THE EXCITATION OF THE ORTHOGONAL FORTS.

FOR CIRCULAR POL.

WRITTEW EY CHAM T
REVISION 2 » A

CHARACTER®4 I

DIMEMSION A(T0YrB(S)) +HUGACSO) rHER(A0) yARC(HD) s WBR (G0 s HRMLTH(5G)

ECHNOLOGIES INC,
RCH 1984,

HEADCLIE)

DIMEMBSTION DX(S0):DY{S0) 1 DZ(30)  GAHMAC(SO) »BETA(D0) r ALFHA(SG)

DINENSION HFWR(S0) (HFHASE(SO) s AN(SC) »CXY(D0) 2 FEI(S0) s PURL (502

DIMENSION Wii(30)sW12(502 s WI3(E0) - WIL{T0)-WRR{50) rHWIT(ED)
DIMEMSION W31{G0) WI2(50)yH3Z(G0):CX(50),0Y (50
DIMENSION PHL(4)sPHUCA) »ROLC28y4) rRDUL2E54)

DIMENSION XG(

21365 YG(3136),26(31346)

COMPLEY EX-EY sEZsEXPN-ETHETAYEFHIvFTAFTY s FTZsHX s HY o HE
s XFOLsCREF(34:34) s XFEF{34534)

CORPLEY COPOL
COMFLEX RJX(3
IMTEGER OFTER:
CORNON/VALL/F

13&YsRAY(ILIEY 2 RIZ (3136
OFTHsOFTR. IND(H0) » XGF (50
I+RADSRKZETA

COMHOH/VAL2 /BN HFHASE CXHCY s FEI, IFOLAS LGP

COMHOMN/BLOCKS

BXL219):QW{219)

COMMON/CURENT/RJIX s RIY s RJIZy XG5 YB 1 26
REGyNORsNAFFTXDQ-YDQ,ZDD,CPVRyEFUR
COMMON/PATFAR/NFFFALSTETA

COMMONSVALESN

COMMON/EFC/CO
1aTa FIyRADSZ

FOLy XFOL
ETA/3.1415926557,29577959,

THE FOLLOWING ARE FRESET LINITS DUE TO ARRAY DIMENSIONS,
% MAXH - HAX. HO. OF INTEGRATION PTS., FERMITTED

HAXHRN - MAX. NO.
HAXHGE - MaX. NO,
MAXEL - HAX. NO.

OF HORNS FERMITTEL
OF HORMN GROUFS FERHITTEDR
OF EL GRID FTE.

)
3

DIMEMSTION COM(ZA01YsCPHIZ2401) s XGN(2401):ELC4R) s AZ(49) v TETA (A
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9%.000
94000
853,000
G6,000
97000
98000
52,000
50,000
41000
62,000
43,000
64,000
865,000
66,000
67.000
68.000
49,000
70.000
71,000
72,000
73000
74000
75000
74,000
77000
78,000
79,000
20,000
81,000
B2:000
B3 000
B4,000
85,000
84,000
87.000
88,000
g9.000
20,000
21.000
2,000
73,000
24,000
25,000

95.000 %
97,000 %

78,000

F92.000
100.000
101.000
102,000
103.000
104,000
10G.000

A26

HAXAZ - MAX. NO. OF AZ GRID PTS. PERMITTED
MAXU = MAX, NO, OF SAMFLED FIELI FTS, IM U-SPACE. MUST BE ,LE. WMAXEL
MAXY = HAX, N0, OF SAMPLED FIELR FTS, IMN V-SFACE. MUST BE .LE. MAXAZ

= 3¢

S

DATA HAXQy HAXHRN: HAXHGFy HAXEL y HAXAZ s MAXU s MAXV/ 282505105491 49134
+ 34/

% START OF DATA INFUT

¥ INFUT DATA ARE READ FROM FILE PAREFC.DAT
OFEN(UNIT=3yNAME='REFC_DAT'sSTATUS="0LD’ s USAGE="INFUT")
¥ OUTFUT DATA ARE WRITTEN INTO FILE REFC_DUM
OFEN(UNIT=6sNAME="HEFC_DUH’ »8TATUS="0LD’ s USAGE="0UTFUT")
X
% IHEAD - HEADING FOR COMFUTER RUN, MAX, OF &0 CHARACTERS.
*
READ(G10) (IHEADR(I)sX=1:15)

10 FORMAT (13443
E
¥ DATA DESCRIBING HORN ARRAY
i
¥ FREQ - FRERQUENCY IN GHZ
X

READ{G,X) FRER
E
% NHORM - MO, OF HORNS. #AX. NO. IS 1¢ DUE TO DIMENSION RESTR.
b3

REAR{T %) NHORN

IF (NHORM.LE.HAXHRN) GO TO 14

WRITE(4v12) MAXHRN
12 FORMAT(LXy "EXECUTION TERMIMATED, NO. OF HORNS EXCEEDED #AX. OF°

+:13)

g§yar
14 CONTINUE
kS
¥ ITYRE - TYPE OF HORN
b4 = Oy FYRAHIDAL
¥ = 1y COMNICAL
b
¥ IT IE AGSUMED THAT ALL HORME IN THE ARRAY ARE OF THE SAME TYPE.

){( .
READ(I X)) ITYPE

¥ SPEC. OF HIGHER ORDER MODE COMNTENT OF HORH.

¥ FOR CONICAL HORMs THE HIGHER ORDER MODE IS TH1l.

% FOR FPYRAMIDAL HORM THE HIGHER ORDER MODE FAIR IS THE TE/TH1I2.
# AM = AWPLITUDE RATID OF THE HIGHER ORDER HODE.

¥ =

¥ PM REL. FHASE (RAI) OF THE HIGHER ORDER MODE,
¥
READ(S %) AM » PM
IF (ITYFE.EQ.1)Y GO TO 20
»
¥ IF CIRCULAR POLARIZATION IS SFEC. BOTH E- AND H-FLANE HIHe 0F THE
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106,000
107060
108,000
106.000
119.000
111,000
112,000
113,000
114,000
145.000
116,000
117.000
118.000
119,000
120.000
121,000
132.000
123,000
124,000
135. 000
126,000
127.000
128,000
129.000
130,000
131.000
132.000
133.000
134,000
135.090
134,000
137.000
138,000

139.000 %

149.Q00
141,000
142,000
142,000

144,000 %

145,000
146.000
147,000
148,000
149,000
130,000
151,000
152,000
133.000
154:000
133,000
156,000
157.000
138.000
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¥ PYRAMIDAL HORM MUST RBE THE SAME I.E. SQUARE HORM ONLY.
¥ B~ E-FLANE DINMENSION OF HORN AFERTURE IM INS.

X

¥

READCI %) (B(I)»I=1»NHORN)

® A - H-FLAME DIN., OF HORN AFERTURE IMN INS.

;4

¥

¥

READ(Is %) (A(I)»I=1»NHORN)

WGR - E-PLANE DIH. OF INPUT WAVEGUIDE IN INS.

READCG %Y (WGB(I)sI=1oNHORMN)

¥
% WGA - H-FLANE DIM. OF INFUT WAVEGUIDE IN INS.

1

o

X

READCG %) (WEACI) s I=1,NHORN)
G0 TO 30

¥ AR ~ CIRCULAR HORMN AFERTURE RADIUS IN INS.

X
20
¥

READCSs %) (AR{TY2 I=17NHORN)

¥ WOR - INPUT WAVEGUIDE RADIUS IN ING.

X

Q

P oag G e b

HOLH

o

X
k4
X
X

N4

READCE %) (WER(I) s I=1,MNHORN)

REATI(S

H

1

1

HRHLTH - HORN LENGTH IN INS.

p¥) (HRMLTH{I)»I=1,NHORM)

CHOICE OF APERTURE FIELL WMODEL
0 » ELECTRIC FIELD MODEL
» CHU HMOREL

READ(G%) t10DH

=

¥ OFTH - OFTIOM FOR SPECIFYING FEED FOSITIOMS AND ROTATIONS.

FEED FOBITIONS ARE SBFECIFIED BEFORE ROTATION.THE YHOLE
FEED ARRAY I8 ROTATED ABOUT THE GLORAL X-AXISE BY ANGLE
ALFHA FOLLOWED BY ROTATION AROUT THE HEW Y-AXIS BY ANGLE
BETA.FINALLY EACH FEED IS ROTATED AROUT ITS OWN LOCAL Z-
AXIS BY ANGLE GAMMA.THIS OPTIOH ALLOWS FOR THE COLLECTIVE
MOVEMENT OF THE ARKAY.ONLY THREE VALUES MEEDR TO BE SFECI-
FIED FOR THE ROTATIONS.

FEED BISFLACEMENTS SPECIFIED ARE THE FINAL FOSITIONS. THE
ROTATIONS TO FOLLOW ARE ABOUT THE INDIVIDUAL FEED LOCAL
Lo AND Z-AXES.THIS OFTION ALLOWS FOR INDEFENDENT ROTATION
ANDY FOSITIONIMG OQF THE FEEDS.THREE ROTATION ANGLES MUST BE
ENTERED FOR EACH FEED.

REARB(S. %) OFTH

* DIGFLACEMENTS OF COMFONENT FEEDS IN INCHES FROM FOCAL FOINT
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15%.000
160,000
161,000

162,000 %

163.000

164.000 X%
165,000

166.000
167,000
168,000
169,000
170000

171.000 ¥
172,000 3

173,000
174,000
175,000
176,000

177,000 3
178.000 %

179,000

181,000

182,000 3
183,000 %

184,000
185000

184,000 %
1B7.000 x
188,000 ¥
182.000 %

190,000

191,000 %
192,000
193,000 %
154,000 ¢
195.000 %
¥ BY2 -~ Y-DIMENSION OF ELLIFTICAL REFLECTOR AFPERTURE IN INCHES:
# DELTAX - X-OFFSET OF AFERTURE CENTRE IN INCHES

198,000 %

194,000
197.000

199.000
200.000

201.000 %
¢ OFTRE - OFTION FOR SFECIFYING LIMITS OF INTEGRATION TO SIMULATE BLOCKAGE.
203,000 %

202,000

204.000

25,000

206,000 %

207000
208.000

209,000
210,000 ¥
211,000
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READ(S %) (DX(D)yDYCI) s DZCI) s I=1y HHORN)

ALFHA - ROTATION AROUT EITHER THE GLOEAL OR LOCAL X~-AXIS IN DEG.
EETA - ROTATION ABOUT EITHER THE GLOBAL OR LOCAL Y-AXIS IN DEG.
GAMMA ~ ROTATION AROUT LOCAL Z-AXIS IN DEG.

NH = 1
IF (OFTH.NE«0) NH = NHORN
REAT(S %) (ALFHACT) »BETACL) yBAMHACIY 2 I=1 1 NH)

IFOLA - POLARISATION OF SECONDARY BEAM FROM REFLECTOR SYSTEN.
-~ UR=1 5 HP=2 s RHCF=3 s LHCF=4

READ(S%) IFDLA
IF (IFOLA.LE.2) GO TO 50

¢ FOR NON-IDEAL CF FEEDSy AN IMBALANCE EXISTS IN THE AMPLITUDE
EXCITATIONS OF THE ORTHOGONAL FORTS AS WELL AS DEVIATION FROM THE

FHABE QUADRATURE CONDITION, FPORT 1 IS ASSOCIATED WITH THE X-FORT

. AND PORT 2 WITH THE Y-FORT,
180.000 %
CCXYA(D) = AMPLITURE IMEALAMCE OF Y-FORT RELATIVE TO X-FORT.

FEIC(I) = DERPARTURE FROM PHASE QUALIRATURE IN DEG OF THE Y-PORT.

READCG« %) (CXY(I)»I=1sNHORN)
READC(Gy %) (PEICI) 7 I=1sNHORN)

HFWR - FOWER INFUT TO EACH FEED IN WATTS.
HFHASE - RELATIVE PHASE EXCITATION OF EACH FEED IN DEG.

READCG %) (HFWR(I) +HFHABE(I): I=1sMHORN)
DATH DESCRIRING FARAROLIC REFLECTOR COMFIGURATION.
F - FOCAL LENGTH OF FARARDLIC REFLECTOR IM IMCHES.
EX2 - X-DIMENSION OF ELLIFTICAL REFLECTOR APERTURE INMN IHCHES
DELTAY - Y-OFFSET OF APERTURE CENTRE IN INCHES,

READCG,R) Fy SX2¢ SY2, LELTAXs DELTAY

= 0y LINITE ARE GEMERATEDR BY FROGRAHM FROM INPUT REFLECTOR

DATA, NO AFERTURE BLOCKABE IS ASSUMEDR.
= 1y LIMITS ARE DERIVED BY THE USER AND READ INTO THE FROGRAM.

READ{I» %) DPTH
IF (OFTE.ERQR.Q) GO TO 40

NREG -~ NUMBER OF REGIONS OF FHI-IMTEGRATION,
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212,000
213,000
214,000
215,000
214,000
217,000

218000

219,000
220,000
221,000
222,000
223,000
224,000
225.000
226.000
227,000
228.000
229,000
230,000
231,000
232,000
233,000
234,000
235000
234,000
237,000
238,000
239,000
240,000
241.000
242,000
343,000

244,000 ¢

215,000
246,000

247,000 ¢

248,000

A29

READ(S s %) NREG

¥ OPHLCL)Y - LOWER LIHIT OF PHI-INTEG FOR THE I TH REGION IN RADRIANS.
¥ FHUCI) - UFFER LIMIT OF FHI-INTEG FOR THE I TH REGION IN RAUIANE.
%
REAR(Sy %) (FHL(I) »FHUCI) s I=1,NREG)
X
¥ BX2 - X-AXIS DIMENSION OF CENTRAL ELLIFTICAL RLOCKAGE IN ING.
¥ BY2 - Y-AXIS DIMENSION OF CENTRAL ELLIFTICAL BLOCKAGE IN INS.
X
READ(S.%) BX2: BYZ
k
¥ OPTR - OFTION FOR SPECIFYING NO. OF INTEGRATION POINTS.
¥ = 0y NO. OF INTEGRATION FOINTS IS RETERMINED BY FROGRANM.
¥ = 1y SPECIFIEDN BY USER.

40 READCG,¥) OPTQ
IF (OPTQ.ER.0) GO TO &2

e

IATA FOR SURFACE INTEGRATION.

¥ NOR - MO, OF INTESRATION FOINTS IN THE RADIAL-DIRECTION.

¥ NQF - MO. OF INTEGRATION FOINTS IN THE FHI-DIRECTION.

% CHOOGE FROM THE FOLLOWING LIBT - 3:45658:10:12+14716020524,28,34540 FT8

X
REATI(T %) NQRyNOF
x
¥ DETERMINE LOCATION OF THESE INTEGRATION FORMULAS.
CALL APQUATIINGR,I.LORD
NRR = I
ChLL AFQUADCNRF, I-LQP)
NRF = 1

% READ IN DATA FOR FAR FIELD OBSERVATION

3 CHOICE OF OBRSERVATION GRID
b = 0 » RECT. EL - AZ GRIN

-
1
E
=
i

248,000 % =1 s 4 - ¥ GRID (REQUIREDR FOR FIELD RECONSTRUCTION)
230.000 %

251,000 42 READCSs %Y IGRD

282.000 IF (IGRD.ER.0) GO TO 79

253,000 % "

254,000 % DATA OF U - ¥ WINDOW FOR FIELD SAMPLING :

255,000 % ELS » ELE = ELEVATION START ANDI STOF ANGLES (DEG) DEFINING ELEV.
2036.000 % WIDTH OF WINDOW.

2G7.000 % AZS s AZE = AZIHUTH START AND 8TOF ANGLES (DEG) DEFINING AZ. WINTH
238.000 % OF WINDOW.

259,000 %

260.000 READCS-X) AZS » AZE

261.000 READCE,®) ELS » ELE

262,000 ¥

263,000 % CHI = APERTURE OR SAMPLING RATE EMLARGEMENT FACTOR

264,000 % RECOMMENDED VALUE OF CHI IS5 AROUND 1.20
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265,000
266,000
247,000
268,000
269,000
270,000
271.000
272,000
273,000
274,000
275,000
276,000
277000
278,000
279,000
280,000
281,000
282,000
283,000
284.000

285.000 7

286000
2B7.000
288.000
289,000
220,000
291.000
292.000
293.000
294,000
295,000
296,000
297,000
298.000
297,000
300,000
201,000
302:000
303,000
304,000
305,009
304.000
307,000

308,000

30%:.000
310,000

311,000

312000
313,000
314.000
315,000
3144000
317.000

b
b
¥
%
¥
X
X
&
¥
70

72

10

11

A30

READ(S %) CHI
GO 1O 78

DATA FOR RECT. EL - AZ OBSERVATION GRID

ELS
ELE
NEL.
AZE
AZE
NAZ

FUR

0

0

- 8TART OF ELEV CUT IN DEG

ENDC OF ELEV CUT IN DEG

NO. OF ELEVATION GRID POINTS., (NO. OF AZ CUTS)
- START OF AZIMUTH CUT IN DEG

END OF AZIMUTH CUT IM DEG

NO. OF AZIMUTH GRID' POINTS. (MO. OF ELEV CUTS)

§

!

READ{T» %) AZSsAZEsNAZYELSSELESNEL

IF (NEL.LE.HAXEL) GO TO 74

WRITE(A:72) HAXEL

FORMATC(LX, ‘EXECUTION TERMIMNATED. NO. OF ELEV FTS EXCEEDED MAX. OF
tyI3) :

8TOF

IF (NAZ.LE.HAXAZY GO TO 78

WRITE(S,74) HAXAZ

FORMAT(IXy “EXECUTION TERMIMATED. NO. OF AZ PTS EXCEERED MAX. OF
ty I3

STOoF

CONTINUE

- ANGULAR ROTATION OF FIELD POLARISATION VECTOR IM DEGREES.

READCD,¥) FVUR

FORMATC(IRIS)

FORNATCLI2F10.4)

FORHAT(1X,15484)

WRITECSy?5) (THEAD{I) s I=1,15)

WRITE (471000

FORMAT(1X: 'FREQUENCY IN GHZ')

WRITE(65%0) FRER

WRITE(H7110)

FORMAT(L1Xy *NO OF FEED HORNE")

WRITE(4580) NHORN

WRITE({&-115)

FORMAT(1X» "HORN TYFE - O=FYRAMIDAL » 1=CONICAL7)
HRITE(A:80) ITYPE

WRITE(H7120)

FORMAT(1Xy “AMPL . AND FHASE (RaD) OF HIGHER DRDER MODE")
WRITE(6:20) AN 5+ FPH

IF (ITYFE.EQ.1) GO TO 145

WRITE(A5123)

FORHATC(IXs “E-PLANE DIM. OF HORN AFERTURE IN INS,")
WRITE(Hs90) (BOI)yI=1,NHORN)

WRITE(H5130)
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318,000
319.000
320,000
321.000
322,000
323.000

330,000
331,000
332,000
333,000

334,000

335,000
336,000
337,000

338,000

33%.000
340.000
341000
ZAZ, 000
343.000
344,000
345,000
344,000
247,000
148,000
349,000
336,000
351,000
382,000

3534000

354000
353,000
394,000
357000
238,000
359,000

340,000 3

361,000
362,000
343000
264,000
365,000
365,000
367,000
368.000
369.000
370,000

140

14a
150

170

180

A31

FORMAT(1Xy 'H-FLAME DIM, OF HORN APERTURE IN INS.)
WRITE(6s90) (ACI)sI=1sNHORN)

WRITE(4,135)

FORMAT(1Xs ‘E-FLANE DI, OF INFUT WAVEGUILE IN INS,’)
WRITE(4,90) (WBR(I)sI=1, NHORN)

WRITE(45140) v

FORHAT (1X7 ‘H-FLANE DIK, OF INFUT WAVEGUIDE IN INS,)
WRITE(6:90) (WBACT)sI=1y NHORN)

GO TO 140

WRITE (47150)

FORMAT(1Xy /AFERTURE RADIUS OF HORN AFERTURE IN INS.’)
WRITE(6790) (ARCI) s I=1yNHORN)

WRITE (47155)

FORMAT(1X:/RADIUS OF IMPUT WAVEGUIDE IN INS,®)

WRITE(4:90) (WBR(I)sI=1sNHORN)

WRITECr165)

FORMAT(1Xs ‘HORN LENGTH IN INS’)

WRITE(4590) (HRNLTH(I)sI=1sNHORN)

WRITE(4s170}

FORMAT(1Xs ‘HORN AFERTURE FIELD MODEL - 0=E-FIELD s 1=CHU®)
WRITE(6,80) HODH

IF (OFTH.EQ.1) THEN

WRITE(47175) ~

FORMAT(1Xs *OFT. CHOSEN - IMDIVIDUAL DISFLACEMENT AND ROTATION':
+7 OF HORNS')

ELSE

WRITE(4:180)

FORMAT{1Xs ‘OFT. CHOSEM - COLLECTIVE MOVEMENT AND ROTATION OF 5
+0 HORN ARRAY?) ’

EMD IF

WRITE(6:80) OFTH

WRITE (45 185)

FORMAT (1Xs ‘DISFLACEMENTS OF FEEDS IN IHS.®

WRITE(6:90) (DX(I)eDY(I)sDZ{I) s =1y NHORMNY

WRITE(65190)

FORMAT(1Xs ‘ROT, OF FEEDS ARBOUY X-rY-pAND Z-AXIS IN DEG.')
WRITE(&520) (ALFHACT) sBETACI) s BANMACT) yI=1,NH)

WRITE (45195) :

FORMAT(1X; ‘FOLAR, OF SECOM. BEAM - VP=1,HP=2;RHCF=3;LHCP=4")
WRITEC4580) IFOLA

IF (IFOLALLE.2) GO TO 210

WRITE (45200}

FORMAT(1X> ‘AMFL IMBALANCE OF Y-FORT REL. TO X~PORT’)
WRITE(6590) (CXY(I)sI=1,NHORN)

WRITE (65205)

FORMAT(1Xs ‘PHASE DEFARTURE OF Y-FORT FROM QUADRATURE IM DEG.”)
WRITEC6790) (FSICI)sI=1sNHORN)

WRITE (65 215)

FORMAT(1Xs ‘FOVER(Y) AND FHASE(DEG) OF FEED EXCITATIONS)
WRITE(6:90) (HPURCI) sHPHASE(TY s I=1sNHOKN)

WRITE(45220)

FORMAT(1Xs/FOC LTHsAFER, X-DIMsY-DIN AND X-» Y-OFFSET IN INS.%)
WRITE(6790) FySX255Y2s DELTAXs DELTAY
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271000
372,000
373,000
374,000
375,000
376000
377000
378,000
379,000
A80. 000
381,000
382.000
AB3 000
284,000
385,000
384,000
3B7.000
388,000
389,000
J90.,000
391,000
J92.000
393,000
394,000
393 Q00

194,000

197,000 ¢

AFE000
1¢7.000
AQRL 000
AQL. 000
402,000
403,000
404,000
A% 000
405,000
407,000
408.000
AQ9.000
A10:000
411:000
212,000
413000
414,000

413,000

416000
417.000
418.000

419,000

420,000
421.000
A22.000

423,000

A32

IF (OPTR.LE.O) GO TO 260
WRITE(4:230)
230 FORMAT(IXs ‘MO, OF REGIONS OF FHI-INTEG = ‘+12)
WRITE(4¢807 NREG
WRITE{6:240)
240 FORMAT(IXy/LOWER ANDY UFFER LIMITS OF PHI-INTEG IN RADIANS )
WRITE(&590) (FHLCI)sPHU(I) sI=1sNREG)
WRITE(6:250)
230 FORMAT(LX,/X-AND Y-DIM. OF CENTRAL ELLIFTICAL BLOCKAGE IH INS')
WRITE(6,90) BX2:RBY2
260 IF (OFTR.LE.O) BO TO 271
WRITE(6:270)
270 FORMAT(1Xy’/INTEG. FTS, SPEC. RY USER FOR RADIAL AND FHI-VAR.)
WRITE(6:80) NORy NOQF
271 IF (IGRD.EQ.O) GO TO 275
WRITE(&s272)
272 FORMAT(1X. AZ START,STOR AND EL START,GTOP ANGLES (DEG) OF ‘»
+ ‘BAMFLING WINDOW,. ‘)
WRITE(A6:90) AZSyAZESELSyELE
WRITE(6:273)
273 FORWAT(1Xs AFERTURE OR SAHFLING RATE ENLARGEMENT FACTOR. ")
WRITE(&y20) CHI
GO TO 295
275 WRITE(&652803
280 FORMAT(1X, "START,STOF AND NO. OF FYS. FOR AZsEL SCANT)
WRITE(6:290) AZS,OZEsNAZsELSsELESNEL
290 FORMAT(2(2F10,5:18))
299 WRYITE(&5310)
210 FORMATC(IX, "ROTATION OF FIELD POLARISATION VECTOR IN DEGREEE’)
WRITE(E&:70) FUR

¥
¥ COMFUTE HMAVELEMGTH
L4
WAVE = 2%.979257(2.54%FREQ)
RE = 2.0%PI/MAVE
¥
¥ HOVE ORIGIN OF OBSERVATION FIELD CO-ORUIMATE SYSTEH TO CENTRE OF

% REFLECTING SURFACE. XO@s YDRs AN ZDQ ARE THE TRANELATIONS FROM
% THE ORIGIM OF THE GLOBAL SYSTEW LOCATEL AT THE FOCAL POINT.
X

XD = DELTAY

YOG = DELTAY

ID0 = {DELTAXXDELTAX + DELTAYSDELTAY)0.25/F - F°

¥

IF C(IGRD EG. 0) GO TO 314
¥ DETERWIME SAMPLE POINTS IM U-V SFACE
X

ZETAX = ATAN(O.SOXDELTAX/F)
ZETAY = ATANCO.SOXBELTAY/F)
RKNA = RRKXCHI%O0.50%8X2/C08(ZETAX)
RRKE = RR¥XCHIXO0,350X8Y2/CO8(ZETAY)
ARGL = RKAXSINCELS/RAIN/FI




= BN ¢

Lar

424,800
125,000
425,000
427000
428,000
439000
A%0, 000
AZ1,000
132,000
433.000
434,000
435,000
434.000
437000
438,000
439000
440,600
441.000
442,000
143.000
444,000
445,000
446,000
A47,000
442.000
449,000
A5¢. 000
431.000
ul. oha
453,000
454,000

4561000
452,000
463,000
454,000
453,000
166,000
467,000
A48, 000

489,000

470,000
471.000
472,000
473,000
474.000
A75.000

76.000

A33

ARG2 = REAXEINCELESRAD) ARI

ARG = AMINL(ARGL:ARG2)

HL = BIGM{1.0:NRGYFCARE(ARG) + 2,50
% INCREASE RAMGE OF SUHMATION AT THE LOWER LIMIT BY IHCLUDING THO
¥ EXTRA BUARD BAMNFLESR.

ML = ML - 2

ARG = AHAXI(ARGL,ARGZ)

NU = SIGNCL.0+ARGIR(ABS(ARG) + Q.30)
% IMCREASE RANGE OF SUMMATION AT THE UFPER LIMIT BY IMCLUDING Twi
¥ EXTRA GUARD SAMFLES.

MU = NU + 2
ARGY = RKBXCOS(ELS/RADIXSIN{AZS/RAIN/FI

ARGE = RKEXCOS(ELS/RAIYSIN(AZE/RADI/PT
ARG = RKBRCOS(ELE/RADIXEINCAZS/RADI/PT

ARG4 = RRBRCOS(ELE/RAIDXSINCAZE/RATY/FI
ARG = AMINLI(ARGLARGIyARGI-ARGAD
HL = SIGN{L1.07ARGIY(ARB(ARG) + 0.51)
ML = ML - 3 '
ARG = AMNAXI(ARGLARG2,ARGTARGY)
AU = GIGN(L.0-ARGIR(ARS(ARE) + 0.50)
HU = WU + 2
MB = NU - NL + 1
HE = MU - ML + 1
IF (HS.GT.MAXU)Y THEN
WRITE{S:3127 NE
312 FORMAT (1Xy "HO. OF SAMPLING FTE. IM U-SPACE .GT. MAX, LINIT. M8 =’

trla)

ETOF

ELEE IF (M5 .BT. MAXY) THEH

WRITE(6:312 ME :
313 FORMATCOIX, “ND. OF SAMPLING PTE, IN U-SPACE ,GT. MAX, LIMIT. #¥8 =/

ty I

syorR

ENIl TF o
314 IF (OFTH,ME.C) GO TO 323

X

¥ OCONPUTE FINAL LOCATIONS OF HORME AFTER COLLECTIVE ALFHA AND BETA ROTATIONS.

b

EA = SINCALPHA(LY/7RALN

Ch = COB(ALFHACLY /RAIN

5R = SIMNCRETA(LIY/RAD

CR = COE(BETALL) /RAID

86 = SIN(GANMACLY /RALDD

LG = COS(GARMACL) /RAD

0 21% I = 1sNHORN

ARGL = IX(I)

AREZ = DY(I)

ARG = BZ(D)

(I = ARGLIXCR + ARG3RER

DY{I) = ARGINSA%SE + ARG2XCA - ARGILEANCE
DZ{I) = ~ARGL¥EEXCA + ARGIXEA + ARGIXCAXCE
CONTINUE

3 Lad
Pl
n
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477,000 ¥ COHFUTE TRANSFORMATION FUNCTIONS OF COLLECTIVE HORN ROTATIONS

478,000
479,000
280,000
481,000
482,000
483,000
484,000
485,000
484,000
487.000
488,000
489 . 000
490,000
421,000
492.000
493,000
494,000
495.000
A496.000
497,000
AR 000
459000
JOO 000
S01.000
a02.,000
G303, 000
904,000
G03:000
306000
207000
GO8,000
309,000
310,000
311,000
G12.,000
313.000
314000
913009
314,000
L7000
918.000
319000
20000
321000
a22.000
$23. 000
324.000
G25.,000
324,000
927.000
328.000
329000

¥

330
L4
b4
¥
33

340

b

% SORT HORNS INTO DIFFERENT GROUFS ACCORDING TO SiZES

%

no 330 1
S8k = GIN(
OB = CO8(
8 = BIN(
Ch = COS(

EG = §INC
L6 = COS8¢
Wil(I) =
WL2(I}
Wid(1)
Y2
Ha2(I) =
W23(I)
W31 (D)
W32 (1)
W33<1)
COMTINUE

H T

)

oo

o 340 I
HFHASE(T)
COMTINUE

W11(1) = CRXCEB
W12(1) = SAXSEXCE + CAXSE
W1Z(1) = ~CAXSEXCE + SAXSE
W21(1) = ~CE%SG _
W22(1) = -SAXSRKSE + CAXCG
W23(1) = CAXSBXSH + SAKLE
W3L(L) = §B

W32(1) = -BAKCE

W3F(1) = CAXCE

IF (NHORN.EQ,1) GO TO 335
D0 320 I = 2;NHORN

WILCD) = Wii(1)

I2¢I) = W12(1)

WI3(I) = W13(1)

M2L(I) = W21(1)

W22(I) = W22(1)

W23(I) = W23(1)

W3LCI) = W3L(1)

W32(I) = W32

W3Z(I) = WII(1)

CONTINUE

80 TO 335

CDMFUTE TRANEFORMATION FUNCTIOMS OF INDIVIDUAL HORM ROTATIONS.

= 1yNHORN
BETA(I}/RADD
BETACI)Y/RAD)
ALRPHACI) /RAID
ALFHA(I) /RADD
GANMACI) /RADD
GAMMA{I)Y/RAD
CR%CE

SAKSEXCE + CA%SE
~CAXSRYCE + SA%SH
-CRX8G

-SAXSR%86 + CA%CGH
CAXGEXEE + SAYCE
SH

-SAXCE

CAYCE

CONVERT DEGREES INTO RADIANS AND BB INTO VOLTAGE.

= 1yHHORM
= HFHABE(I)/RAD

A34
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330000
931,000
ad2, 000
233,009
354,000
335,000
336,000
2374000
G38.000
439000
340,000
341,009
942,000
43,000
344,000
24%., 000
344,000
347,000
548,000
49,000
330,000
SEL. 000
932,000
\.d3 »000
554,000 ;
259:000
336000
Wiz . 000
G58.000
AR . 000
360,000
961,000
562,000
363.000
564.000
Séé.OOO
no7.000
568,000
349 e'I)OO
370,000
471000
S’EeOOO
973000
974,000
37%.000
97464000
W77.000
578,000
379.000
980,000
281,000
382,000

A35

=

NGF = TOTAL NO. OF GROUPS
ININN) = INDEX OF HORM THAT IS REFRESENTATIVE OF THE N TH GROUP.
IGR{T) = INDEX OF GROUF TO WHICH THE I TH HORN RELONGS.

B

2%

X

INDCLY = 1

I6F(L) = 1

NGP = 1

IF (NHORN.EQ.1) GO TO 354

o 332 I = 2:NHORM

IF (ITYFPE.EQ.1) GO TO 344
% RECTANGULAR AFPERTURE

B0 342 J = 1yNGF

IF (ARS(AC(I) - ACINDCI)) Y LT.0.001 ANDLARS{R(I)-RCIND(I)) ), LT.

+0.001) GO TO 330
342 CONTINUE

GO TO 348
% CIRCULAR APERTURE
J44 D0 3446 J = 1sNGP

IF (ABRS(ARCI) - ARCINDCGHI ) .LT.0.001) GO TO 350
346  CONTIMUE
348 NGP = NGF + 1
INDENGF)Y = 1
IGF(I) = NGF
G0 TO 352
IGR(TY = U
CONTINUE

i‘eC"

&
33

éé%{-\.dud

MAXIMUN ALLOWABLE NUMRER OF DIFFEREMT HORH GROUFS IS DEFINED BY MAXHGF,
IF (NGF.LE.NAXHGF) GO TO 354
WRITE(A,353) NGFs MAXHGF

353 FORMAT(1Xy ‘EXECUTION TERWINATED. NO. OF HORM GROUFS IS ‘12

¢, MAXIMUM ALLOWAELE IS /,12)

STOP
)ll
¥ COMFUTE E- AMD H-PLANE FATTERNS OF EACH HORN GROUF
X
% NPP =MD, OF ORSERVATION FOINTS SBPANNING O TO 90 DEG,
X THIS HAS BEEN AREITRARILY SET TO 4é.
¥ FAI = EQUAL SFACING OF OBSERVATION FOINTS.
b 4
354 CONTINUE

NFF = 46

FAT = 1,570/ (NFF - 1)

DO 356 1 = LiNFF

TETACI) = FAI¥(I-1)
356  CONTIMUE

IF (ITYFE.EQ.1) GO TO 340

D0 358 J = 1rNGF

I = INDCD

CALL FYRHRNCACI)sEC(I) rWBACI) rWBE(I) sHRHLTHI) 7 AN FHyHODH KKy .0
358 CONTINUE
, G0 TO 345
360 DO 362 J = LyNGF
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583,000
584,000
585,000
564,000
587,000
588,000
589,000
590,000
591,000
592,000
593,000
594,000
595,000
594,000
567,000
598,000
599,000
600,000
501,000
£02,000
403,000
504,000
505,000
406,000
407,000
508,000
508, 000
10,000
611.000
412,000
513,000
514,000
515,000
816,000
417,000
618,000
£19.000
420,000
£21.,000
§22,000
£23,000
624,000
625, 000
526,000
627,000
628,000
629,000
630,000
531,000
432,000
433,000
534,000
635,000

I = INIKJ)

CALL CONHRM(ARCD) »WGROI) yHRNLTHCI) » AMo FMyMODH Y RK s J)

362  CONTINUE

¥

% SFECIFY EXCITATIONS OF ORTHOGONAL FORTS OF EACH HORM.
3,: .

3

4% DD 390 I = 1yNHORN

G0 TO (3705375:380:385), IFOLA
¥
¥ VERTICAL POLARIZATION
370 XLy = 1,0
CY(I) = 0.0
FEI(LY = 0.0
GO TO 390
%
% HORIZONTAL POLARIZATION
%
275 CXC{IY = 0.0
CY(I) = 1.0
FEI(I) = 0.0
G0 TO 390
% RIGHT HAMDED CIRCULAR FOLARIZATION
¥
280 CX(I) = 1.0
CYCIY = CXYCIYROX(ID
FSI(I) = FSI(IY/RAD + 1.5707943
GO TO 390
¥
X LEFT HANDED CIRCULAR POLARIZATION
o .

i

385 CX(I)y = 1.0
CY(I) = CXY(I)®CX(I}
FEICI) = PEICIY/RAD - 1,8707943

390 CONTINUE
¥
% CONFUTE YOLTAGE NORMALISATION CONSTANT : AN ; FOR EACH
¥
D0 395 J = 1sNGF
CALL FURFEDCJrPURL(JY)
395 CONTINUE

DO 400 1 = 1sNHORN

ANCIDY = (CXCIXRCXC(I) + CY(IIRCY (I IRPURICIGRIIN)
400  CONTINUE

00 41% J = 1:HHORN

AN(JY = SARTCHPURCDY ZaN(d))
413 CONTINUE
&
¥ TAKE SINE AMD COSINE OF FIELD VECTOR ROTATION AMGLE.
b4

CRUR = COS(FYR/RAL)
§FVR = SIN(PVR/RAID

FEED.

A36
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434,000
637,000
638,000
639,000
440,000
641.000
642,000

- 643,000

444,000
445,000
§46.000
547,000
648,000
649,000
650,000
451,000
632,000
433,000
854,000
699,000
696.000
57,000
$498.000
43%.000
640,000
481.000
62,000
663,000
664,000
665,000
686,000
647000
568.000
66%.000
670000
871,000
E72:000
473,000
474,000
473.000
§746.000
677.000
478,000
679.000
480,000
581,000
482,000
683,000
684,000
483.000
684,000
687,000
688,000

A37

IF (OFTE.GT.0) GO TO 425
A INTERNAL DEFAULT INTEGRATION LIMITS.
X APERTURE IS DIVIDED INTO FOUR REGIOHS FOR PHI-INTEG.

. LIMITS OF THESE REGIONS ARE SET RELOW.
¥

NREG = 4

FHL{LY = 0.0

FHUCLY = 1.970796327

O 420 I = 2-NREG

FHL(IY = PHL(I-1) + 1.,570794327

FHUCI) = FHUCI-1) + 1.570794327

420  CONTINUE
®

¥ THERE IS MO CENTRAL RLOCKAGE,

¥
EX2 = 0,0
BY2 = 0.0
425 IF (OPTQ.GT.0) GO TO 435

¥
¥ SELECTION OF THE APPROFRIATE QUALDRATURE FORMULA
x
XMAX = -99%99.0
IMIN = +99999.0
YMAX = -999%9.0
YNIN = 199999.0
D0 43¢ I = 1sNHORN
IF (DXAI).BT.XMAX) XHMAX
IF (IXCTY L LT CAMIND XMIN
IF (BY(I).BT.YHAX) YHAX
TF (DYCIY.LTYMINY YMIN
430 - CONTINUE

o oHon

BX(I
nxden
ny(n
ny(I)

L1 T I

% FIND THE LARGEST ANGLE BETWEEN COMFONENT BEAMS AND FIELD
* OBGERVATION FOINTS, THIS ANGLE TOGETHER WITH THE AFERTURE SIZE WILL
% DETERMINE THE NUMBER OF INTEGRATION FOINTS. TO CALCULATE REAH
% DISPLACEMENT. A BDOF FACTOR OF 0.%0 I8 UBED.
¥
ARGL = ABS(ELE/RAL + O, 20¥ATANCXMAN/FY)
ARGZ = ARS(O.Z0XATANCXMIN/F)Y + ELS/RADD
ARGE = ARS{AZE/RAD + O, POXATANCYNAX/F))
ARGY = ARS(O.FOXATANCYMIN/F) + AZ8/RADD
ARGL = AMAXI(ARGLsARG2)
ARGZ = AMAX1 (ARG3 ARGA)
MOR = (SIMGARGIIXGX2/7UAVE 4 0.6466)%1.50
NRF = (SIM(ARGIIXSY2/WAVE 4+ 0.6646)2%1.50
HOR = HAXO(HOR:NQF)
%
CALL AFQUATICNAR NQF.LAF)
NQR = NQF
LaR = LaF
WRITE (&4:450)
430 FORMAT(1Xy“NO. OF INTEG. FTS, SELECTED FOR RADIAL AND FHI-VAR.’)

WRITE(46:80) NQRsNQF
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£89,000
£90.000
91,000
92,000
573,000
694,000
695,000
696,000
697.000
498,000
599,000
700,000
701.000
702,000
703,000
704.000
703,000
706,000
707.000
708,000
709.000
710,000
711,000
712,000
713.000
714.000
713.000
7146.000G
717,000
718,000
719.000
720,000
721,000
732,000
723.000
724,000
735,000
724,000
737.000
728.000
729,000
730.000
731.000
732,000
733,000
734,000

23.000

T736.000

737,000
738,000
739,000
740,000
741,000

A38

e
o
o

TF (NOR.LE.HAXQ ANDLNOP.LE.HAXTR) GOQ TO 459
WRITE(45457) NQRsNQF _
437 FORMATC(1X, "EXECUTION TERMINATED, INCREASE ARRAYS BIZE TO':

+7 ACCOMODATE FOLLOWING RADIAL AND FHI INTEG. FT8.-/,21I3)

8TOF

159  CONTINUE
¥
X COMPUTE SEMI-NXES DIMENSIOMS FOR REFLECTOR AND RLOCKAGE APERTURES.
b

»

EXa2%0.30
SY2%0.30
BX2%0.50
BY2%0.30

§X2
8Y2
BX2
RY2

R L (|

®
% IMITIALISE CURRENT MATRIX RJX:RJY:RJZ
¥
EOUNT = @
0 470 L = 1sNREG
o 445 J 1y NOR
o 460 1 12 NQF
KOUNT = KOUNT + 1
RJXCROUNT) (D4050.02
RJY CRKOUNT) (0:.0:0,0)
RJZ{RKOUNT) (0+0:0.0)
460  CONTINUE
A&5  CONTINUE
470 CONTINUE
b
¥ COMFUTE CURRENT MATRIX
% AT THE SAME TIME COMPUTE POWER INTERCEFTER BY REFL

it

H
b

1o

*
FUR = 0.0
¥
% L = ITHDEX FOR REGION OF PHI- INTEGRATION.
¥
KOUNT = ©
Do 820 L = 1syNREG
X
% I = INDEX FOR FHI-INTEG
b 4
D0 510 I = 1sNQF
FHIT = (FHLOL)YAPHUCL) %050+ (FHUCL Y -PHL(L) Y X0 . SO¥QR(IHLOR)
CFI = COS{PHID
BFT = BIN(PHII)
¥
¥ FIND THE LIMITS OF RADIAL~INTEGRATIOM GIVEN FHII
k4 :
CALL RADLIM(CFI BFIsSX2,8Y2yBX2,BY2yRIL(I L) yRDUCTIPLY))
FAC = (PHUCL)Y-PHLL D) S(RDULTI»LY-RDOL(TIS L)) %0.25
X
X J = INDEX FOR RHO-INTEG.

D 500 J = 1sN0OR
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742,000
743000
744,000
745,000
744,000
747,000
748,000
749.000
750,000
751,000
732,000
753.000
754,000
733,000
786,000
737,000
738.000
759.000
760,000
761.000
762,000
763,000
764.009
745,000
746,000
747,000
768,200
7469000
770:000
771000
772,000
773,000
774,000
775,000
776.000
777000
778.000
J7%.000
780,000

© 781,000

782,000
783,000
784,000
78G.000
786,000
787000
788.000
789,000
790.000
791,000
792,000
793,000
794,000

% W o

X

b

=

B

RO = (RDLAIsL)+RDUCI L) %0, 50+ (RDUCISL)-RDL(I,L) IX0,50%
+ QX CJHLARY
KOUNT = KOUNT + 1

STORE REFLECTOR SURFACE POINTS

XGLKDUNT) = RDJYCFI + DELTAX
YGIROUNT) = RIJ¥SFI + DELTAY
ZGORKOUNT) = (XG(KOUNTIX%2 + YG(ROUNT)IX%2)%0.25/F - F

COWFUTE COMFONENTS OF SURFACE NORMAL

RNX
RNY

~XGKOUNTIRO . 30/F
~YG(ROUNTI®0.50/F

i

K = INDEX FOR FEED HORM
EX = (0.0,0.0)
EY = (0.0:0.0)

EZ = (0,0:0.,0)
HX = (0.0+0.,0)
HY = (0.050.0)

HZ = (0:090.0

g 4920 K = 1yHHORN
THE FOLLOWING TRANSFORMATIONS CONVERT SURFACE FOINT
COORDINATES TO HORN COORDINATES.
TRANSFORH (RHOsTHETA,PHI) TO (RHOT:THETAT/FHIT)

RHOT = BORTC((XG(KOUNT) - IX(KIIR¥2 + (YGIKOUNT) - DY(RIIK§2

+ 4+ (ZGCROUNT) - DEZCRYI#xR)

CTT = (ZGCKOUNTI-DZ(K)I/RHOT

8TT = ACOS(ETT)

8TT = EIN{STT)

SFT = ATANZCOYG(ROUMT) -DY (KD Y » AXGEROUNT Y -DX (KO )
CFT = COB(EFT)

8FT = BINISFT)

TRANEFORM (RHOT:THETAT.FHIT) TO (RHORsTHETAR.FHIR)
S5TEF = BTTXSRT
STCF = BTTRCFT
CTR = STOFRUIL(K) + STEPRWI2(K) + CTTHWIZ(KD
THETAR = ACDB(CTR)
8TR = BIN(THETAR)

PR = STCPRH2L(KY + W22(KIXETEF + W2I(KIRCTT
CFR = STORPXMLILIKY + STERPRWI2(K) + CTTRW13IL0
8FR = ATANZ(SFRyCFR)

CFR = COB(SFR)

PR = BIN(SFR)

CTCP = CTR¥CFR
CTEF = CTRX8FR

TET = CTCPRWILCR) + CTSPRUW2L(K) - STREWILLD
TYT = CTCPRWI2(K) - STRIWIZ(K) + CTEFW22(K)
TZT = CTOPXWIZLR) + CTOPAUW2B(R) - BTRRWIZ(K)
TXF = ~8PRYWLIC(RY + CFREUW2LIK)

A39
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793,000 TYF = -8PR¥NI1I2(KY + CPRRU2ZIKD
796,000 TZF = -8FREWLIZ(KY + CPRIWZZ(K)
797.000 X
798.000 FT = RKXRHOQT
799,000 EXFN = CHPLX(COB(PT)~-BIN(PT))/RHDT
800,000 % COMPUTE FEED ARRAY FIELDS AT (KHORsTHETAR:FHIR)
BO1.000 CALL SOURCE(THETAR:SPRCFRyETHETAyEFHIsR)
802,000 ETHETA = ETHETAXEXPHN
803,000 EPHI = EFHIXEXPN
B04.000 FTX = ETHETAXTXF - EFHIRTXT
BOS.000 FTY = ETHETAXTYF - EFHIXTYT
804,000 FTZ = ETHETAXTZF ~ EPHI¥TZIT
807,000 RIXCROUNT) = RJX(KDUNT) + FTIRRNY - FTY
808,000 RJY(KDUNT) = RJY(KOUNT) + FTX - FTZ¥RNX
809,000 RJZ(KOUNT) = RJZ(KOUNTY + FTYRMX - FTX¥RNY
810.000 %

811,000 % COMFUTE COMRINED FEED PATTERN FOR SFILL-OVER CALCULATION
812,000 %
213,000 EX = EX + ETHETAXTXT 4+ EFHIXTXF

814,000 EY = EY 4 ETHETARTYT + EFHI%TYF

315,000 EZ = EZ + ETHETAXTZT + EPHIXTIP

814,000 HX = HX + FTX

817,000 HY = HY + FTY

818.000 HZI = HZ + FTZ

81%.000 490  CONTINUE

B20.000 FACW = FACRRDJQRWCILLAR Y $QH (JHLARD

821,000 RIXCROUNRTY = RJIXTKOUNTY$FACY

822,000 RJY(KOUNT) = RJY(RKDUNTYRFACY

B23.000 RJZCROUNT) = RJZ(OKDUNT YRFACY

B34.,000 FUR = PUR - (REAL(EY#CONJG(HZ) - EZYCOHJG(HY)}RRNX +
B25.000 + REAL(EZXCONJG(HY)Y - EX¥CONJG(HZ)YIRRNY +
B26.000 + REAL (EX¥COMNJG (HYY - EYXCOMJGOHY) ) YRFACH

B27.000 500  CONTINUE

B28.000 510  CONTINUE

B2?.000 520 CONTINUE

830,000 % COMFUTATION OF CURRENT MATRIX COMPLETED
831,000 %

833,000 % COMFUTE SFILL-DVER EFFICIENCY - ETAS
B33,000 ¥ FWR = POWER CAFTUREDN BY REFLECTOR
534,000 X%

835,000 FUR = PURXC.30/7ETA

836,000 % PT = TOTAL FOWER RARIATED

837,000 FT = (.0

838,000 Do 530 K = 1yMHORM

839,000 330 PFT = FT + HPFWR(R)

B40.,000 ETAE = PHR/FT

B41.000 . WRITE(A6:540) ETAS

842,000 540  FORMAT(///:1Xy"SFPILL-OVER EFFICIENCY =/3F7.3:/)
BAZ, 000 FT = PTRAO.OXWAVEXWAVE

B44.,000 IF (IGRD.EQ.1) GO TO 810

B845.00C¢ %
846,000 ¥ COMPUTE GAIN AND FHASE OF CO-FOLAR AND X~-FOLAR COMPONEMTS
847,000 % IN RECTANGULAR EL - AZ GRII.
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848,000
849,000
830,000
#51.000
B32.000
£833.000
854,000
255,000
836.000
B57.000
838,000
839,000
840.000
841,000
B62.000
843,000
844,000
8465.000
B64.000
B&7.000
68000
869.000
£70.000
871,000
872,000
B73,000
474.000
875.000
876000
877,000
878.000
879.000
880,000
281,000
HE2.000
883,000
884.000
885.000
886.000
887,000
8e8.000
889.000
820,000
891,000
B92.000

893,000

B94,000
B95.000
894.000
897,000
B98.000
899,000
200,000

s
ko

ELIN = ELE - ELS
IF (NEL.GT.1) ELIN
AZIN = AZE - AZS
IF (NAZ.GT.1) AZIN
D0 550 I = 1sNEL ,
550  EL(I) = ELE - ELINK(I-1)
10 560 I = 1sNAZ
560 AZ(I) = AZS + AZINS(I-1)
KOUNT = 0
D0 580 I = 1sMEL
D0 570 J = 15MAZ
KOUNT = KOUNT 4+ 1
CALL CONV(EL(I)sAZ{J)sSTRsCTRsSFQsCFR)
CALL FIELI(STRyCTRsSFA»CFQs IPOLA7CGNO s XGNOYCFHO)

i

ELIN/FLOAT(NEL - 1)

AZIN/FLOAT(NAZ - 12

i

CON{ROUNT) = CGNO
XGN(ROUNTY = XGNO
CPH(RDUNT) = CPHO

570 CONTINUE

280  CONTINUE

¥ QUTRUT FAR FIELD AT OBSERVATION GRID.

¥
WRITE(6:710)

710 FORMATC(////7950Xs ' CO-FOLAR GAIN IN DLR‘)
WRITE(4:720)

720 FORMAT(48X»23(1H-))

WRITE(&»730) (AZ{I):I=1,HNAZ)
730 FORHAT(//51Xy’ ELEV %‘:50X: AZINHUTH (DEGY’s/r1Xs’

+20F46.2)
WRITE(4:735)
735 FORMAT(1X»65(2H %))
o 740 I = 1sNEL
KOUNT = (I-1J%NAZ + 1
KOUNTL = KOUMT + HAZ - 1
740 WRITE(6:730) EL(I)y (CGM{L) v J=RKOUNTROUNTL)

750 FORMAT(/sBXslHRs /2 1XsF7 30 1HE 20F 4.2+ /28X 1HY)
WRITE(4:760)

760 FORMAT(////7:50Xy “X-FOLAR GAIN IN LDB‘)
WRITE(Ay720)
WRITE(6y730) (AZ(I)»I=1yNAZ)
WRITE(4:735)
00 770 1 = 1sNEL
ROUNT = (I-1)XNAZ + 1
KOUNT1 = KOUNT + NAZ - 1

770 WRITEC(A9765) EL(I) 2 (XGN(J)y J=KOUNTKOUNTL)

765 FORHAT(/+BXolH¥» /9 1XsF7. 39 1HX920F 6. 1y /28Xy LHY)
WRITE(6:775)

773 FORMAT(////7949Xy 'CO-FOLAR FHABE IN DEG’)
WRITE(As720)
WRITE(H:730) (AZ(I)2I=1sNAZ)
WRITE (41735)
Ho 780 I = 1yNEL
ROUNT = (I-1)RNAZ + 1

(DEG)Y ¥®':
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701.000
702,000
703:000
204,000
205,000
06,000
207.000
208,000
909,000
710000
211,000
?12.000
213,000
914.000
215,000
214,000
217,000
218.000
719,000
720.000
21,000
922,000
923,000
924,000
925,000
736,000
227.000
928,000
39.000
230,000
31,000
932,000
933,000
934.000
935,000

P35.000

937,000
738.000
239,000
240,000
£41.000
243,000
43,000
244,000
745.000
246.000
947,000
248.000
247,000
250.000
251.000
932,000
953000

ROUNT1 = KDUNT + NAZ - 1
WRITECAy765) EL(I) 2 (CPH(J) y J=RKOUNT ;EDUNTLY
DPENCUNIT=7sFILE="GNMAT ' ySTATUS='DLD’ » USAGE="0UTFUT ")
WRITE(7510) (IHEAD(I}sI=1s18)
WRITE(7:290) AZByAZE'NAZSELSsELEZNEL
0o 790 I = 1.NEL
KOUMT = (I-1)%NAZ + 1
KOUNT1= RKOUNT + NAZ - 1
790 WRITE(7:800) {(CGN(J)»J=KOUNT:KOUNTL)
800  FORMAT(10F8.2)
5TOF

~J
o
Lol

¥

¥ COMFUTE GAIN AND FHASE OF CO-POLAR AND X-POLAR COMFONENTS ON U-V

b
% LOOF THROUGH ALL U-COWPONEMTS.
¥
810  KDUNT = 0
0o 830 NF = 1sN&
N =NL+ NF -1
EL(NF)Y = N
%
% LOOP THROUGH ALL U-COMPOMENTS
b
0 B20 WP = 1,48
H =ML+ HMPF - 1
AZ(HF)Y = M
IF (M.EQ.0 .AND. MJ.ER.O0) THEM
sTR = 0.0
£ra 1.0
SFQ = 0.0
CFQ 1.0
ELSE
5FQ
CFa

o i

HYXPI/RKE

NEFT/RKA

570 SORT(SPAYXSFA + CPARCPQ)

CTa SRRT(1.0 - STO¥ETO

SFQ = SPR/STR

CFQ = CRO/STR

END IF

CaLl FIELDC(STR:CTQsSFRCPO-IFDLASCGMOs XGNOsCFHO)
ROUNT = ROUNT + 1

CGN(ROUMNT) = CGNO

XGH(KOUNT) = XGNQ

CPHROUNT) = CPHO

CPEF (1P s NF) CorOL

KPEF (MF#NF) XFOL

820  CONTINUE

830 CONTINUE

X

® OUTRFUT GAIN VALUEE AT SAMFLING POINTS
kN

g0t i

ih

WRITE(A:B40)
840  FORNAT(////:40Xy,’CO-POLAR GAIN (DR} OF SAWPLING FOINTS, ")
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254.000 WRITE(4:850)
9959:000 B30  FORMAT(A0X,346(1H-))
?56.000 WRITE(467860) RKA:RKE
¥97.000 8B40  FORMAT(/,40Xs'RKA = ‘“»F10,4,8Xs'RKE = ‘yF10,4)
758,000 RO 210 NP = 1sNB
259,000 ROUNT = (MF ~-1)%ME
240,000 WRITE(&7B70) EL(NP)
?61.000 870  FORHAT(/947Xs 'U/FT = "yFb. 1)
262,000 WRITE(465880)
262,000 880  FORMAT(B(1Xs’ U/PT /s2Xs "GN(DIR)'))
264,000 WRITE(4:870)
965.000 8920  FORMAT(B(1XsboH-~ow-- 72Xy GH-m e B
964,000 WRITE(S:200) (AZ(MP) sCON(ROUNTHHE) sHiP=1.H8)

967,000 200  FORMAT(A(IXsF& 171XsF7.2))

268,000 910  COMTIMUE

769.000 WRITE(65920)

?7G.000 920  FORHAT(////:40%:"X-FOLAR GAIN (DR) OF SAMFLING FOINTS.’)
971.000 WRITE (6:8B50)

773,000 WRITE(&5860) RKAs RKE

F73.000 DO 930 NP = 1s4NS

274,000 KROUNT = (NP -1)%M8

§79.000 WRITE(6:870) EL(NF)

P746.000 WRITE(6+880)

?77.000 WRITE(SyB20)

?78.000 WRITE(A:900) (AZ(HF) :XCGHIRKOUHTHNF) $HP=1,H8)

979,000 230  CONTINUE
?80.000 % WRITE SAMFLED DATA INTO FILE EBAME_DAT

981,000 OFEN (UNIT=7¢FILE='SANE.DAT/STATUS=0LD’ sUSABE=OUTFUT)
282,000 WRITE(7990) RKAs RKER

983,000 WRITE(7580) MLsHUs NSy HLs MU HE

984,000 WRITE(7:940) ((CPEF (MFoNF) o HE=1sH8) s NF=1sNE)

985,000 WRITE(7:940) ({XPEF (MFyNP) rHF=15H8) s NF=17NS)

984,000 940  FORMAT(L10F12.6)

987,000 STOF

968,000 ENT

929,000 SURRKOUTINE RADLIM(CFsSFrALsBLsA2 B2sRLRU)

950,000 % _ '
991,000 % COMPUTEE LOWER AN UFFER LIMITS OF RARIAL VAR, INTEG. FOR A GIVEN
992,000 % PHI,

§93,000 %

994, 000 RU = ALYE1/SORT(AL¥ALXSFYER 4+ RINBLYCRRCR)

995,000 RL = 0.0

994,000 IF (A2,LT+1.0E~04,DR.E2.LT.1,0E~04) RETURM

997,000 RL = A24E2/SORT(AZYAZXEFXSF + E2XR2IRCFECR)

998,000 RETURN

299,000 ENI

1000.000 SURROUTINE SOURCE(THETARsSP:CPrETHETAsEFHISK?

1001.000 #
1002.000 % COMPUTES ETHETA AND EFHI COMFONENTS OF FEED HORM

1003.000 %
1004,000 COMPLEX ETHETA:EFHIyCONSTX:CONSTY sEXTsEXP

1005, 000 COMHOM/YALZ/ANCS0) sHFHASE (50) yCX(50) 2 CY(S50) yFEI(50) s IFOLA» IGF(50)
1006.000 %
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1060,000
1061.000
1062,000
1063,000
1064.,000
1065,000
10464.000
1047,000
10468.000
1069.000
1070,000
1071.,000
1072.000
1073,000
1074.000
1075,000
1076.000
1077000
1078.000
1079, 000
1080.000
1081.000
1082.000
1083,000
1084.000
1085,000
1086.000
1087,000
1088.6G00
108%.,000
1090.,000
1091.000
1092,000
1093.000
10%94.000
10753.000
10946.000
1097.600
1098000
1099,000
1100.,000
1101.000
1102, 000
110%,000
1104.000
1105.000
1106,000
1107000
1108.000
1109.000
1110,000
1111,000
1112.000

10
20

10

i i

A45

i

ETHF = EFF(NL1sd)

EFHA = HPA(NL,J)

EFHE = HFF(NL1sJD

RETURN

WRITE(&:20)

FORMAT(1Xy 'FATTERN INTERFOLATION IS OUT OF RANGE OF DATAY)
§TOF '

END

SUBROUTINE FHRFED(KsFPYR)

it

INTEGRATES FOYNTING’S VECTOR TO ORTAIM FOWER RADIATED BY THE K TH
HORN.,

DIMENSION THL{Z2)yTHUCZ) s POU(R)
COMMON/VALL/PLsRALRKSZETA
COMNON/FATFAR/NPFFAT-TETA(44)
COMMON/BLOCR/QX(21%),QU(219)

RANBGE OF THETA-INTEGRATION IS DIVIDED INTO TWD REGIOMS. 20-FT
GAUSS~-LEGENDRE FORMULA IS USED FOR EACH REGION.

LOC = LOCATION OF FORMULA

Lac = 73
TING = (NFF - LYRPAIX0.50
FR = 0.0

D0 20 N = 1,2

POM(N) = 0.0

THL(N) = (N~1)XTING

THU(H) = THL(M) + TING

I0 10 1 = 1+20

THETA = (THLEN) + THUGN)YD%0,50 + (THU(H} - THLOM))HO,SO0%0X(I4LOCY
CALL FAT(THETAyETHAsETHF sEFHAsEFHE KD

FOW(N) = POW(NY + (ETHAXX2 + EFHARSZ)XSIM(THETAYSOH(I+LOD)
CONTINUE

PUR = FOMCH)¥CTHUSH) - THLON)) + PUHR

CONTINUE

PUR = FURE0.25%FI/ZETA

RETURN

ENI

SUBROUTINE COMU(ELsAZsST-CTsBF/CF)

CONVERTS (EL:AZ) TO (THETA:FHI) CO-ORD.

SINCTHETA)
LOS{THETA)

= BIN(FHI)
= LOB(FHID

COMMON/VALL/FIsRADRKYZETA

o)
8T

COB(EL/RADIXCOS(AZ/RADD
SART(1.0 - CTXET)

i
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1007.000 COMBTX = AN(K)YCHFLX(COS(HFHASE (K) ) s SIN(HFHASE(R) )
1008.000 CONSTY = CONSTX¥CY(K)XCHPLX(COS(PSI(K))rSIN(FSI(K)))
1009,000 CONSTX = CONSTXXCX{K)
1010.000 THETA = 3,1415%9285 - THETAR
1011.000 KK = IGP(K)
1012.000 CALL FAT(THETASETHAsETHPyEFHAYEFHFsRK)
1013.,000 EXT = ETHAYCHPLX(COSCETHR) ySIN(ETHE))
1014.000 EXF = EFHAXCHPLX{COSCEFHP) s SINCEFHF))
1015,000 ETHETA = —~CONSTXXEXTHCF + CONBTYXEXT%SF
1016.000 EFHI = -COMSTYSEXF)CF -~ CONSTXXEXFPXSF
1017.000 RETURM
1018,000 ENTI
1019.000 SUBROUTINE FAT(THETAYETHASETHPyEFHAIEFHF )

1020,000
1021.000 % INTERFOLATES INFUT FATTERN DIATA,
1022,000 %

1023:000 COMMON/PATERN/EPACA6 10 rERP{A4010) s HPACAG 10 Y s HRF (8410
1024,000 COMMON/FATRFAR/NFRPALSTETA(4S)

1025.000 %

1026.000 & STATEMENT FUNCTION DEFIMING SECOND ORDER LAGRANGIAN IMTERFOLATION.
A0R7.000 %

1028,000 FARXTX22X3sYLsY25Y3:X) = YIR(X=-X2)H(X=XTY /({X1~E220%(X1-X3))
102%9.000 b YRROI-XIVROE-X3) 702X (X2-X3)) +
1030000 T OYIRIX-XDIROX~Z2) /7 COXB-X 1R (X3-X2 )
1031.000 % :

1032,000 ¥ = THETA

1033,000 M = X/FAT

1034.0090 NI = N+ 1

1035.000 IF (N1 -~ HFF) 125210

1034.,000 1 IF (N1 EQ. (NFF-1)) NI = N1 - 1
1037.,000 X1 = (N1 - 1)%FAI

1038,000 X2 = MIY¥FAI

1039.000 Y& = (N1 + 1)%PAT

1040,000 N2 = NI + 1

1041000 HE = N1 + 2

1942.000 Y1 = EFA(NLyJ?

1042,4000 Y2 = EFA(NZ. 0

1044,000 Y3 = EFA(NIsJY

1045000 ETHA = FX{(X1sX27X3:Y1o¥Y29Y30

1046000 Y1 = EPF(NL+J)

1047,000 Y2 = EFF(N2:))

1048.000 Y3 = EFF(N3s )

1049, 000 ETHF = FX{X1eX2:X3:Y1sY2sY3X2

1050.000 Yi = HFA(NLsJ)

1051.000 Y2 = HRPA(NZ D)

1052,000 Y3 = HPRA(NIy 1Y

1093,000 EFHA = FX{X1sX2:X32Y1sY2:Y3:2X)

1054.000 Y1 = HPF(N1sJ?

1055,000 Y2 = HRF(N2:J)

1056,000 Y3 = HFP(N3s.J)

1057.000 EFHF = FX{X19X22X39Y1sY27Y3:X)

1058.000 RETURN

10%9.000 5 ETHA = EFA(NL-J)
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1113.600
1114.000
1115.000
1116.000
1117.000
1118.000
1119.000
1130.000
1121.000
1122,000
1123.000
1124,000
1123,000
1136.000
1127,000
1128.000
11329.000
1130.000
1131.000
1132,000
1133,000
1134.000
1135.000
1136000
1137.000
1138.000
1139000
1140,000
1141.000
1142.400
1143.000
1144,000
1145.000
11446.000
1147.000
1148.000
1149, 000
1150.000
1151.000
11532,000
1153.000
1154.000
11533.000
1156.000
1157.000

1138.000 2
1159.000 3

1160.000
1141,000
1142,000
1143.000
1164,000
118&5.000

10
20

30

40

3 e s

X

A46

IF (ARS(EL).LT.1,0E-07) GO TO i0
SF = COS(EL/RAIZSIN(AZ/RALN/SY
CF = BINCEL/RADD /ST

RETURN
IF(AZ) 205303540
SR = ~1.,0
CF = 0.0
RETURHN

SF o= 0.0
CF = 1.0
RETURN

SF = 1,0
CP = 0.0
RETURN
END

SUBROUTINE FIELD(STQ-CTO-8FQ:CFQRyIFOLAsCONrXENLFH)

COMFUTE FIELD COMPONENTS OF REFLECTOR AT (THETAQ,FHIMD

U

DIMENSION X(3136),Y(3138),Z(3134)

COMFLEX FTXoFTYFTZyRJIX{3138)sRIV(3136)sRIZ (134
COMPLEX EXFNsFOLLsFOL2,COFOLsXFOL

COMHON/ CURENT/RJXRAY s RIZy X2 Y5 2
COMMON/VALZ/NREGrHRRNQF s FTy XD YIR ZDR CPUR s SPVR
COMKON/VALL/FISRADYRR-ZETA

COMMON/EFC/COROL s XFOL

UF CONTRIEUTIONS FROH ALL FANEL CURRENTS.

FTX = {0,050.0)
FTY = (0.0+0.0)
FTZ = (0.050.0)
STCF = ETQ%CRA
STSF = STQESPQ

ROUNT = &
00 30 L = 1yNREG
BO 20 J = 1sNGP

00 10 I = 1,NGR

ROUNT = ROUNT + 1

ARG = (X(KDUNT)XETCF + Y(NOUNT)I%ETSF + Z(KOURTIXCTRIRRK
EXFN = CHPLX(COB{ARG)sSIN(ARG))

FTX = FTX + RJX(RKOUNT)REXFN

FTY = FTY + RJY(KOUNT)SEXFN

FIZ = FTZ + RJZ(KOUNTIXEXPN

CONTINUE

COMTINUE

CONTINUE

FOLL = (1.0 - (1.0 - CTOIXCRONCFOINFTX - (1.0 — CTR)XSPOXCROYFTY

o i

+ - STCP¥FTZ

FOLZ = =(1.,0 -~ CTQIXEPOQXCFOYFTX + (1.0 - SPOXSFA¥C(L.0 - CTMIRFTY

+ — STSP¥FTZ

% SHIFT REFERENCE 7O FIELD CO~ORDINATE 8YSTEHM
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1146.000 %

1167.000
1148.000
116%9.000
1170.000
1171.000
1172.,600
1173.000
1174000
1175.000
1176, 000
1177.:000
1178.000
1179.000
1180.000
1181000
1182.000
1183.000
1184.000
1185.000
1184.000
1187.000
1188, 000
118%.000
1190.000
1191,000
1192,000
1193.000
1194.000
1195.000
1196000

1197.000 %
TELQ MODRE CUT-OFF CHECK

1198,000

1199.000

1200.000
1201.000

1202.000 %
1203.000 ¢
1204.000 X%

1205.000

1206.000 %
CCOMPUTE HORN AXIAL LENGTHS

1397.000

1208.000

1209.000
1210.000
1211.000
1212.000

1213.000 3
1214.000 %

1215.000
1214.,000

1217.000

1218.000

o e

b

A47

ARG = (STCFRXDQ + STSFHYDQ + CTOXZD0)%RK

EXFN = CHFLX(CDS(ARG) s-SIN(ARG))

FTX = (POLIYCFVR + POL2KSPYR)XEXFN/SART(FT)
FTY = (FOL2%CFVR - POLIXSPVR)XEXFH/SRRT(RT)
GO TD (40:50:40:,70)s IFOLA

COFDL = FTX '

YFOL = FTY

GD TO 80

COFOL = FTY

XFOL = FTY

B0 TO 80 :

COPDL = 0.7071067BX(FTX + CHPLX(0,0s1.0)%FTY)
XFOL = 0,70710678%(FTX - CHPLX(0.0s1,0)%FTY)
G0 TO BO

COFOL = 0.707104678%(FTX ~ CHPLX(0,0s1.0)YXFTY)
XFOL = 0.70710878%(FTX + CHPLX(0.0s1,0)%FTY)
LGN = 20,0%ALOGLO(CARS(CORDLY)

XGM = 20, 0%ALOGLO(CARS (XFOL))

CFH = ATANZ(AIMAG(COPOL) sREAL(COFDL) YXRAD
RETURN

END

SUBROUTINE PYRHRM(AsByUBA;WBB HENLTHs AHFHyMODHRR 16D

COMPUTES PATTERNS OF SINGLE MODE OR MULTIMODE PYRAMIDAL HORNS.

DIMENEION EFA(A46,10) sEFP(46510) s HPAL4E510) s HFF (4671002 THETA(4S)
COMPLEX HAR(Z24)EAR(Z4)5AL12,HSUMESUMCOUMEF
COMMON/FATERN/EFAEFF s HFASHER

COMHON/FATFAR/MFT - FAL: THETA

COMMON/ELOCK/RX(Z19) s QU(2LR)

I (RRGLE.(3.14159/74)) GO TO 90
IF (AMLLT.1.0E~02) GO TO &

TE/THi21 WODE CUTXi-OFF CHECK

IF (RK.LE. (6, 2B318%EQRT(L.0 + (.50%A/RI%K2)/4)) GO TO 100

ALE = 999.0
ALH = 999.0
IF (B.GT.UGR) ALE
IF (ABT.WGAY ALH

Ho#

HRNLTH%E/ (B - WBE)
HRNLTH%A/ (A - HEN)

i

COMPUTE MODE COEFFICIENTS

Al2 = AMKCMFLX(COB(PH) ySIN(FMY)

SELECTION OF AFPROPRIATE QUADRATURE FORMULA
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1219.000 % ARRAYE HAR AND-EAR ARE DIMENSIONED TO ACCOMODATE HORN SIZES LESS
1220,000 % THAN OR EQUAL TO 7.5 WAVELENGTHS:
1221,000 %
1222.000 ARG = AMAX1(AIRD
1223.000 I@ = RN#ARG/3. 141592 + 1.0
1224.000 IO = (IQ+1)%1,40 )
1225,000 IF (IQ.GT.24) GO TO 70
1226.000 CALL APRUAD{IQyNGQsLOC)
1227.,000 %
1228,000 % COMPUTE INTEGRAL IMVARIANT WITH ORSERVATION AMGLE
1229.000 %
1230.000 HEUM = (0.,050.0)
1231.G00 ESUN = (0.0+,0.0)
1232.000 g 10 I = 1,00
1233.000 ARG = REKM((AX(I+LOC)XAX0.S0IUX2I%0.50/ALH
1234.000 HAR(I) = COS(1.5707943%QAX(I+LOC) Y HCMPLX(COS(ARG) r~SIN(ARG) IX
1235.000 FRWCIHLOG) '
1236.000 HEUM = HSUM + HAR(I)
1237.000 ARG = RRK¥C(AX(ILLOCI¥RYO.S0IXE2IN0 . 50/ALE
1238.000 EARCIY = (1,0 + AL12%COB(3.1415926%AX(I4+L0OC)Y ) )%
13239,000 HOMPLX(COS(ARG) r~SIM(ARG) YKQW( I4LOC)
1240,000 ESUM = ESUM + EAR(I)

1241,000 190 CONTINUE

1242,000 %

1243,000 % COMPUTE E-FLAME PATTERN
1244.000 %

13245.,000 RO 40 I = 19NPT

1246,000 ST = RRKYBRO.SOXEIN(THETA(I))

1247.000 CEUN = (0,0:0.0

1248,000 ng 20 J = 1.N0

124%,000 ARG = ETHRX(JILOG)

1230.000 CSUM = CSUM + EARCJIRCHPLX(COS(ARGYSIN(ARG))
1251.000 30 CONTINUE

1252.000 EF = HEUMKCSUHN

1353.000 IF (MODH.EQ. 1Y EF = EF%(1.0 + COS(THETA(L)))
1254,000 EFA(IyIG) = CABECEF)

1255.000 EFF(IIE) = ATAN2{AIMAG(EF) REAL{EF))

1256.,000 40 CONTINUE

1257.000 %

1258.000 % COMFUTE H-FLANE FATTERN
1259, 000 %

1260.000 O 60 T = 1sMNPT

1261.000 ST = RESAXQ.S0XEIN(THETA(IL))

1242,000 Cour = (0.0,0.0)

1263,000 0o 30 J = 1isMQ

1264.000 ARG = STRAXCJ4LOD)

1265.000 C8UM = CSUNM + HAR(CJ)IRCMPLX(COS(ARG) »SIN(ARG))
1246,000 30 CONTINUE

1267,000 CEUH = COUMXESUM

1268.000 EF = COS(THETA(I))XCSEUH

1269.000 IF (MOIH.EQ.1) EF = EF + CSUM
1270.,000 HFA(T,I6) = CARS(EF)

1371.,000 HEFCIZIGY = ATAMNZC(AIMAGIEF ) yREAL(EF))
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12722.000
1273.000
1274,000
1275000
1276.000
1277.000
1278.000
1379.000
1280.000
1281.000
1282,000
1283,000
1284000
1285.000
1286,000
1287.000
1288, 000
1289.000
1290.000
1291.000
1292.000
1293, 000
1294.000
1295.000
1296.,000
1297.000
12%98,000
1299.000
1300.000
1301,0060
1302,000
1303,000
1304.,000
130%5.000
1304. 000
1307.000
130G8,000
1309000
1310000
1311.,06060
1312.000
131,000
1314,000
1315, 000
1316,000
1317.000
1318,000
1319,000
1320,000
1321.000
1322,000
1323.000
1324, 000

A49

50 CONTINUE

¥

% NORMALISE FATTERNS

¥
CALL PTNORMCIGYNFT)
RETURN

% ERROR DIAGNOSTICS

70 WRITE(6:BO)

80 FORMAT(1X, "HORN APER. DINM. IS TOO LARGE. EXECUTION TERMIMATED.")
STOF

20 WRITE(6y93)

25 FORMATC(1Xy "PYRAMIDAL HORN DIM. I8 BELOW TEiQ MODE CUT-OFF. 'y
+/ EXECUTION IS TERMIMNATEL.")
STOF

100 WRITE(S62105)

105 FORMATC(IXe ‘MULTI MODE FYRAMIDAL RM DIM. IS BELOW TE/TM21 ‘.

+/MODE CUT-~GFF. STOP.Y)

8TOF

END

SURROUTINE COMHRN(AR:UGRyHRNLTH: AN-FMeMODHRRy I

COMFUTES PATTERNE OF CONICAL HORNS.
E~ AND H-FLANE NORM. AMF. ARE STORED IN ARRAYS EFA AND HFA RESF.
E~ AND H-FLANE NORM. PHASES ARE STORED IN ARRAYS EFF AMD HPFF RESF.

DTMENSION EFA(44710)EFF(46510) s HFACAE710) s HFRF(A4510) » THETALES)
COMPLEX HJOCL14)-HUZ2{L14)»EJO(14) s EJ2(14) sESUNT y ESUNF s HEUMT »
THEUNF s B11EF

COMMON/RLOCK/GX(219):QW{219)

COMHON/PATERN/EPAYEFF s HFAZHFF

COMMON/FATFAR/NFT s FAT s THETA

s

TEL1l WODE CUT-OFF CHECK

IF (RK.LE.1,84118/7AR) GO TO 20
IF (AMJLT L, 0E~-02) 60 TO 3

i TH11 HWODE CUT-OFF CHECK

' IF (RKLLE.3,83171/74R) GO TO 90
"

; CORFUTE AXIAL LENGTH

g Al = 999.0

IF (AR.GT.WGR) AL = HRNLTHYAR/(AR - WGR)

3

COMPUTE WODE COEFFICIENT

Bil = 2,0811&6%AMKCHPLXC(COS(FN) rSIN(FH)?

% BELECTION OF APFROFRIATE QUADRATURE FORMULA
X ARRAYS HJO-HJ2,EJ0 AND EJ2 ARE DIMENSIONED TO ACCOHOUDATE HORN
¥ DIAMETERS LESS THAN 8 WAVELENGTHS.
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1325.000 %

1324,000 I = RRK%¥AR/3,141592 + 1.0
1327.000 In = (I0410%1.40

1328,000 IF (1Q.67.14) GO TO %50
132%.000 CALL APRUAD(IGsNRsLOD)Y
1330.000 %

1331,000 % CONFUTE INTEGRAMD INVARIANT WITH OBSERVATION FDINTS.
1332.000 %

1333.000 o 10 I = 1sNQ

1334,000 RHO = 0,50%(1.0 + QX(I+LOC))
1335,000 ARG = RK&RHOXRHOXAR¥AR®0.50/4L
1336.000 ARG2 = 1.B84118%RHD

1337,000 CALL BEBSEL(ARGZyRJO»RI2)
1338.000 ESUNT = CHPLX{COS(ARGL)s-8IN(ARGL))
1339000 HJ2(I) = BJ2RRHOYESUMTROAW(IHLOC)
1346.000 HJO(I) = BJOXESUMTHOW(I+LOC)%RHO
1341.000 IF (MODE.EQ.L) GO TO 1¢

1342.000 ARG2 = 3,83171%RHO

1343.000 CALL BESSEL(ARGZ,BJO0BJIZ)
1344,000 EJO(I) = BJOKESUMTHOW(IFLOCY XRHD
1345.000 EJ2(1) = BJ2RXESUNMT*OWC(ILLOC)ERHO

1346,000 10 CONTINUE

1347.000 %

1348.000 % COMFUTES E- AMD H-FLANE FATTERNS
134%9.000 %

135¢.000 D0 40 I = LsNFT

1351:000 BT = RK¥ARXGIN(THETA(I)?

13G2.000 HEUNT = (0.0:0.07

1353.000 HBUNF = (0.0+0.0)

1354, 000 EBUNT = (0,0+0.0)

1365.000 ESUMF = (0.050.0)

1256. 000 Dg 20 J = 1sN0

1357.000 ARG = 5T¥0.50%(1,0 + axX{J+Lon))
1338.000 CALL BEBSEL(ARG:BJOSBID)

13579,000 HEUMP = HBUMP - HJ2(DRBI2 - HIOCJYERID

1340.000 HSUNT = HBUNT + HJ2(RBJ2 - HIOCDI%RID
13461.000 IF (AM.LT.L1.0E-02) GO TO 20

13462.000 EGUHF = ESUMF - EJ2(DRRBJIZ + EJOCDEENO
13463.000 ESUNMT = ESUNT + EJOCDREJIO + EJ2(JI%ERI2
1364.000 20 CONTINUE

1365.Q00 BKH = 0.0

13464.000 EKE = 0.0

13467.000 IF (MODDH.EQ.0) GD TO 30

1368.000 BRKH = SBORT(RR¥%2 - (1.B4118/ARYN27/RK
1369,000 IF (AM.LT.1,0E-02) GO TO 30

1370,000 BRKE = RK/SQRT(RRY%X2 - (3,83171/AR)I%%2)
1371,000 30 CT = COS(THETA{IY)

13722.000 EF = (1.0 + BRHYXCT)RXHSUHT - (1,0+BREXCTIRE1L1¥EBUNT
373,000 EFACIIG) = CARB(EF)

1374,000 EFF(I,I6) = ATANZ(ATHAG(EF ) sREAL(EF))
1375.000 EF = (CT + BRKHYXHBUMP - (CY+BRE)%XBI1KESUMP
1376000 HFA(I2I6) = CARS(EF)

1377.600 HPF(I2IG) = ATANZ{AINAG(EF):REAL(EF)?
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1378.000
1379.000
1386.000
1381.000
1382.000
1383.000
1384,000
1385.000
13846.000
1387.000
1388,000
1389.000
1390.000
1391.,000
1392.000
1393.000
1394.000
1395.000
1396.000
1397.000
1398.000
1399, 000
1400,000
1401.000
1402,000
140%,000
1404,000
1405. 000
1404,000
1407.000
1408.,000
1409.000
141G.000
1411.000
1412,000
1413.000
1414,000
1415,000
14146,000
1417.000
1418.000
1419.000
1420,000
1421.000
1422.000
1423.000
1424,000
1425,000
1426000
1427.000
1428.000
142%9.000
1430.000

A51

A0 CONTINUE
X
¥ NORMALISE FATTERMS
¥
CALL PTNORM(IGsHNFT)
RETURN
¥ ERROR DIAGNDSTICS
30 WRITE(&49460)
40 FORMAT(1X, ‘CONICAL HORN AFER., RALI. IS TOO LARGE. EXECUTIOM TERM.")
STOF
80 WRITE(A785)
85 FORMAT (1X- 'CONICAL HORN LIM. IS BELOW TE1i1 MODE CUT-OFF.’:
1+ EXECUTION IS TERMINATED:’)
STOF
20 WRITE{(&795)
25 FORMAT(1Xy 'DUAL HODE CONICAL HORN LIM, IS RBELOW THii HMODE ‘»
+/CUT-0FF. STOF.")

STOF

EMR

SUBRDUTINE FTNORM(IG:NPT)
W
¥ NORMALISES AMPLITUDE AND FHASE FATTERNG.
¥

DIMENSION EPﬁ(Qéle)vEPP(46710)yHPﬁ(4é;10)yHFF(46310)
COMMON/PATERN/EFASEFFsHPASHFF

ANORM = ERA(L:IG)

FHRORH = EFF(1+16)

EFACLyIG) = EPACLIG)/ANORH

EFF(1,16) EFF(1,IG) - FNORHK

HFA(LyIG) = HPA(LsIG)/ANORHM

HFF(116) HFF(1,I6) - PNORH

IF (NFT.EQ.1) RETURN

00 10 T = 2:NPT

EFACISIG) = EFACI-IG)/ANORH

HFACIvIG) = HPACIFIG)/ANDRHM

EFF(IIG) = EFF(I2IG) - FNORM

POIF = EPF{ISIG) ~ ERFCI-1,16)

IF (FDIF.GE.3.141592) EFP(I-IG) = EFP(I IB) -~ &,283183

IF (PDIF.LE.-3.141592) EPFF(I,IG) = EFF(IsIG) + 4.283183

HFF(IIG) = HPP(I-IG) - PNORM '

FOIF = HPF(I,IG) - HPFF(I-1,71G6)

IF (PDIF.GE,3.,141592) HFF(I+IG) = HPRF{I,IG) ~4,2B3185

IF (PRIFLE.~3,141592) HPF(IsI6) = HFF(I;IG) + 6.283185
10 CONTINUE

RETURN

END

SUBROUTINE BESSEL(ARGsEJOsRJI2)

HoH

[E

*
% COMFUTES BESSEL FUNCTION OF THE FIRST RIMD » ZERB(EJO} AND
% SECOND(RJZ) DRDER. ARG IS THE INPUT ARGUMENT.
®
IF (ARG.GE.3.0) GO TO 10
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1431.000
1432,000
1433.000
1434,000
143%,000
1436,000
1437.000
1438.000
1439.000
1440,000
1441.000
1442,000
1443,000
1444.000
1443.000
1446.000
1447.,000
1448.000
1449,000
1450.000
1431.,000
1452,000
1453,000
1454, 000
1455.000
1434.000
1457000
1458.000
1439000
14560,000
14461,000
1442,000
1463,000
1464, 000
1465,000
1446.000
1467.000
1458, 000
1446%.000
1470.000
1471.000
1472,000
1473,000
1474,000
1475,000
1476.000
1477000
1478, 000
1479.000
1480.000
1481,000
1482.000
1483,000

A52
¥
¥ 0 < ARG < 3
¥
X2 = (ARG/Z, 0 %2
X4 = X2%X2
X& = X4%X2
X8 = Xé&iX2
X10 = X8%X2
X12 = X10%X2
BJO = 1.0 -2.2499997%X2 + 1,24656208%X4 - ,3143846%X6
o+ 20444479%X8 = L 0039444%K10 + . 0002100%X12 .
BJ2 = 0.5 - .56249985%X2 + ,21093573%X4 - 03954289%X4
t + 00443319448 ~ ,00031761%X10 + ,00001109%X12
BJ2 = 2,0%RJ2 ~ BJO
RETURN
b
X ARG » 3
¥
10 X = 2.0/ARG
X2 = XxX
X3 = X2%X
X4 = X3IKX
X3 = X4%X
Xé& = XIxX
THETA = ARG - 785397816 ~ ,041443978X ~ . 00003954%X2
T+ (00262573%X3 - 200034125%X4 ~ ,00029333%KXT + 0001355B%N6
F o= 797884546 - +00000077%X ~ ,00552740%X2 - .00009512%X3
T+ J00137237%X4 - Q00728053%X3 + 000144748%X4
BJO = FXCOB(THETA)/S0RT (ARG
THETA = ARG - 2,33619449 + ,12492412%% + 00005465842
o= GO0&37879RXT + L00074348%X4 + J00079B24%XT ~ S000291466%N4
RJ2 = FRCOB(THETAY/(ARGXSART (ARG))
BJ2 = 2.0%EJ2 - BJO

RETURN
ENI
SURROUTIMNE APQUATI(IQsNG,LOD)

FINDES THE NEAREST Quali, FORMULA TO THAT REQBUIRED.

THE AVAILAERLE FDRMULAS ARE STORED IN ASCENDING ORDER IN ARRAY
IQF . NGF IS THE NUMBER OF FORMULAS STORED IN THE RLOCK DATA.
ROTH TIQF AND NUF ARE DEFINED IN THE DATA STATEHENT BELOW.

I8 = I8 POINT FORM. RER. .

NG = NEAREST AVAIL, I8 N& FOINT FORM.

LOC = LOCATION OF FORM.

INTEGER IQF(13) _
DATA NQF IQF/13:394:4:8510,12:14914920524528534,40/

D 10 I = 1¢NQF
IF (IQ.LE.IQF(IY) GO TO 20
10 COMTIMNUE
WRITE(Sy20)
20 FORMAT (1X» ‘QUADRATURE FORMULA REQUIRED IS LARGER THAN THAT /»
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1484.,000 +7AVAILARLE IN THE BLOCK DATA, SEE DOCUMENTATION., EXECUTIOM'y
1483.000 +7 TERMINATED')
1486.000 STOF
1487.000 30 IF (I.EQ.1) THEN
1488.000 NR = IQF(I)
1489.000 ELSE IF ((IQ - IQF(I-1)).LE,(IQF(I) - I@))} THEN
1490, 000 NR = TAF(I-1)
1471.,000 ELSE
1492.000 N@ = IQF(I)
14923.000 ENDY IF
1494.000 CALL QRLOC{NQ.LOL)
1495,000 RETURN
14%96,000 END
1497.000 SUBRGUTINE QRLOC(MA,LOC)

1498.000 %

1499.000 % PURFOSE - DETERMINE LOCATION OF INTEGRATION FORMULA IN ELOCK DATA
1500.000 % BRLOCK DATA IS ASSUMED TO CONTAIN THE FOLLOWING FORWULAE.

1501.000 % 3:456+8,10,12514516520924528534540 FTS,

1502.000 %

1503.000 IF (NGB
1304,000 10 IF (NQ - 24) 2051505140
1505.000 20 IF (NG 16) 3051305140
1504.000 30 IF (HR - 12) 40,1105120
1307.000 40 IF (NG - 8) 30,9205100
1508.000 S0 IF (NGt - 4 60:70+80
150%.000 40 LOc = 0

34) 105170:180

1510.000 RETURN
1511.000 70 Loc = 3
1512.000 RETURN
1513,000 80 LOC = 7
1514.000 RETURN
1515.000 90 LoC = 13
1516,000 RETURN
1517.000 100 LOD = 2%
1518, 000 RETURN
1519.000 110 LOC = 31
1520.000 RETURN
1521.000 120 LOC = 43
1522,000 RETURN
152%.000 130 LOC = 57
1524.000 RETURN
1525,000 140  LOC = 73
1526000 RETURN
1527.000 150 LOC = 93
1528.000 RETURN
1529,000 160 LOC = 117
1530.000 RETURN
1931,000 170  LOC = 145
1532,000 RETURM
1533.000 180  LOC = 179
1534.000 RETURN
1535,000 END
1536,000 BELOCK DATA
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15 7.000

338,000
1539;000
1940.000
1541.000
1542,000
1343.000
1544,000
1545.000
1546.000
1547.000
1548.000
1549,000
1550:000
1531, 000
1552,000
1533.000
1534.000
153%.000
15%66,000
1557,000
1558.000
15%9.000
1580, 000
15361.000
15462000
1563.000
1564,000
1365.000
1364, 000
1567.000
1548,000
1569.000
1570,000
1571.000
1973:000
1573.000
1374.,000
1575,000
15746000
1577000
1578,000
1579,000

1580.000

1581,000
15382.000
1983,000
14584,000
158%.000
15846.000
1587,000
1588, 000
1589.000

X

o

A54

COMMON/BLOCK/QX(219) 2 QW{219)
FTg
DATA (OXC(I)yI=1,3)/-,774596669241:0,0000000054+.7745964649241/
DATA (QW(IY:I=1,3)/.555%555555 , 80BC8BBBRERE, , 555555555555/
4 FTS
DATA (OX(I)sI=4,7)/~,8611386311594,-,3399810435848, 3399810435848,
+,861136311594/ '
DATA (QW(I)>1=477)/,347854845137y . 452145154862, 652145154842y
+.347854845137/
6 PTS,
DATA (OX(I1)yI=8:13)/.93246951420315,6612093B646424+
+.23B419186083195
- 038619184083 19,-,4661209384464265—-,93246951420315/
DATA (QH(I) s I=8y13)/.171324492379175.36076157304814,
+, 4679139345726
FoA67R1393457249, ., 36074157304814,,17132449237917/
8 FTS.
DATA (AX(I)rI=14521)/- . 946028585645 ~.7966464774,—,5255324099,
1= 1834346424, 1834346424, ,5255324099y, 79666647745 .9602898%564/
DATA (QW(I)yI=14521)/,10122853625.2223810344,,31370466458,
136268378335, 362683708335, 3137064458y 22238103445, 1012285362/
10 FTS.
DATA (QX(I):1= hhy31)/—697390652853—;8650633666y~.6794095682x
-, 4333953941 5~, 1488743389
R 148874338?:.4?w49559413ea??409q6829.86q0633666va°?3°06q28 7
DATA (QW(I)sI=22s31)/.0666713443,,1494513491,,2190843425,
L R490864719%,, 2955242247,
FoROSGR42047 2492647193, ,2190863425:, 1494513491 :,.0644713443/
12 P78,
DATH (QAX(1)sI=32+43) /-, 9B154604634246:~.204117254371~,76
-, G87317954284 5~ 3676831498998, -, 125233408511, , 125232408
+. 3467831498998 (5R7I179542845 . 7699026741945, 904117256370
1,981540434244/
DATA (QHC(I)»I=32:43)/.0471753363865,106939225995,, 1460078228543
+, 2031674267235 . 233492556538, . 249147045813, ,24914704581 3
.,“33402535558¢q2031674*5/ku, 160078228543, ,106939325995,
0471753346388/
14 PT8.
DATA (QX(1):1=44,57)/-.,98462838086%67~, 9284 348835637~,837ﬁ01315 7y
e 687292904811y~ 515248636358, ~,319112368927:~. 108054948707
+,108054948707: . 312112368927, ,51524R46363585 . 687292904811y
L BR720L3L5069y . 9284?48836639e°86”85808696’
DATA (QW(TIryI=44:57)/,0351194602315,0B0158087159:. 121518570487,
+ﬁ15720316?158y#1855383974??5.205198463721:.215263853463s
215243853443y ,205198443721, ., 1855383974775, 157203147158,
+ 1215185706872 ., 080158087159,, 035119460331/
146 PTS.
DATA (OX(T) I=58,73)/-,989400924991,~.9445750230735~.865431202388;
=, 755404408355, ~, 5178746244403y~ , 4580147774657, - . 281403550779,
+-, 095012509837y . 095012509837 281403550779y AS0LE7774657,
1 4178762484035 (755404408355, 865631“0“3877,9445750“3073y
+,989400934992/
DATA (DW(I)»I=58y73)/.,027152459412,,062253523938, 095158511482,

[
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1590.000
15%1.000
15392.000
1593, 000
1594.000
159%.000
1896.000
1597.000
1598, 000
1599.000
1600,000
1501,000
1602.000
1603.,000
1604.000
1605.000
1606.000
1607.000

1608.000 ¥

1507,000
1610.000
1411.000
1612.000
1613.000
1614.000
1515.000
1616.000
1617,000
1618.000
1619.000
L&20 000

1621.000

1623,000

33,000
16245000
1625.000
Lé624.000
1627.,000
1628.000
1629.000
1630.000
1631:000
1632.000
1633.000
15634.000
1635.000
1636000
1637,000
1638.000
163%.000
1£40.000
1641.000
1642.000

% 20

X 34

A55

+e124628971255y . 1495959888145, 1621046519395, 1824603415045
+.189450610455y 189450610455, ,182603415045, 167156519395y
0149390988816, . 124628971255, ,0951585911482,.,062253523938;
+.0271524594117/

FT8.

DATA (AX(I1)yI=74523)/-.9931285991:-.94639719272,-.2122344282y
F-.837116%718;
= 74633190645, 6360536807, -.5108670019y-,3737060887,~,2277858511,
- 07602652113y 076526521135 ,22778585117,3737060887,.5108670019»
+6360936807, :
+074633190645,8391169718,,2122344282,,9639719272,,99312859921/

DATA (QUWCI)»1=745%93)/.01761400713,.04060142980:.0624672048335
+.08327674157
+.10193011985,118194531%9,.13148843847,1420961093,.,1491729864,
+.1527533871
+e 15275338717 41491729864y 14209610937 1314BB63B4s, 1181945319y
+.1019301198>
+.083276741575 . 04267204833, ., 0404601429805, 01761400713/

FTS,

DATA (AX(I)»1=94,117)/~,9951872199y~,9747285559,-,9382745520,
+-.+8864155270y~.820001%985%9,-,7401241915,-,4480936519;
= 3454214713y -+ 43379350765 431504267965 ~-,1911188674+
1064056872847 . 064055892865 . 191118874y, 3150424796 ,4337935074
tea454214713, 6480934519 ,7401241915,,820001985%5 BB641GE270,
+.9382745520,, 9747285559, , 9951872199/

DATA (QUCIYsI=94,117)/.01234122979,.028531328R42,.04427743881+
+, 00929858491, ,07334648141 5. 0B&19016153y,097618452105.1074442701
+e 11550536680 1216704729, . 1258374563, . 1279381953, . 1279381953,

T 12G837404635 12167047295, 11550546680,, 1074442701, ,0976184521 s
T.08619016153y.0733446481415,0392968584%915.04427743881
+.028531388582,.01234122979/

FTS.

DATA (OX(I)»I=118+145)/-,9964424975,-.9B13031453,-.9542592804;
T 91063302635~ BEIBIRG225y -, 80564137095~ 7354108780+
T~ 6364010740y~ 3697204718, -, 47987422495 ~-,.3782515140;

F= 2720616276y -, 16434692821, -, 05507728988, . 05507928988,

+e 1640692821y, 2720616276y,37625151405, 4798742249, ,.5497204718,
+e 60665109405 7356108780, .8056413709, . 8458925225, 7154330243y
T FhA25928046, 7813031653, 9944424975/

DATA (BW(IY,T=118+145)/,0091242825935,021132112595,03220142778
o 04427393470y 005107345675, 065272923967 . 074564621423,
1083118417325, 09007174439, 0946930485799, 10211294757 10605874659
+41087111922y 1100470130y .1100470130,,1087111922,,10480557559,
+o1021129675, . 096930657997, 09097174439y, 083113417225 074464621423,
Fe 060272923962, 0055107345467 04427293475, ,03290142778y
+e021132112539,., 009124282593/

FT5.

DATA (QX(I)rI=146+179)/-,9975717537:-.9872278144:~.96B7082425,
104214623974y~ R07BOP6777 5. BOOPI46383 -, 8168842279,
1761056487645 -, 6989391132y, 63102172705~.55787550064+
- 4801085451y~ 3PB3GP2777 . 31331108135~ 2256666914y
P 1361523572y, 04550982195, ,045509B2195, . 1361523572y
1. 22566669165,3133110813, 3983592777, . 4801065451y .55787550064;
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1643,000
1644, 000
16435.000
1546.000
1647.000
1448,000
1649.06G0
1450,000
1651,600
1632.000
1653.000
1654.000
1655.000
1656.000
1657.000
1658, 000
1659.000
1666.000
1661.000
1662, 000
1663,000
1664.000
1565.000
1666.000
1667.6G00
1868.000
1669.000
1676.000
1671.0090

1672000

X 40
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To6310217270, 6989391132y ,74610448786y 8168842279, ., 8659344383,
T R078096777y.9421623974 9687082625y, 9872278144 ,9975717537/

DATA (QUW(I)»I=146,179)/,006229140555,,01445016274,,02256372198;-
+,03049138063y,03B164609379y.¢45525611527 052507414575, 05905413582,
4065311152155, ,070629375817.07556198446,,07986844433,, 08351309969
108646573974, . 0BB701B9783,.090203044377.090956740335. 09095474033
1.09020304437, . 08870189783 . 0B6AE5739745 08351309969, 07986844433,
++073561974665 070629375815, 06511152155y, 05905413582, . 052507414575
+. 04352561152, ,0381466593795 . 03049138063y ,022563721985,01445016274»
+. 006229140555/

FTE.

DATA (QX(I)rI=180,219)/~.29B23770977~:99072623864r~,9772599499
= 9579168192y -,9328128082,-,9020988069y-.8659595032,~,82446122308,
T 77820560149, 7273182551 y~,6719566B465~. 61255388965 ~.54944671 25y
- 4830758016y~ 41377920435~,3419940%08,~,26B152185,~, 19246975807y
- 11508407065 -.0387724175, ,03877241757. 11608407045 .,1926975807:
+:268152185,,3419940908,,4137792043,,483075801467,549467125,
216120038896y .6719564B44, . 7273182551y, 77830546514y,82446122308;

. 8659595032, .9020788069,,9320812B082,,9579168192,.97725994%%,
T PRG7262386 9PR237FORT/

DATA (QW(I)»I1=180,219)/.00452127709y.0104982845,,0164210583,
+.0222458491, . 02793700695, 0334601952y, 03878214679,,0438709081
T 0ABEPTB0T S, 00322784469, 05743976907, 05130624245 . 06480401345
+: 0679120458y 0706116473, ,07288858235.07472316907,0761102619;
0770398181, . 0775059479, ,0775059479,,0770398181,,07561103619;
+. 0747231690y . 0728845823, . 07061156473y, 046791204585, 0548040134
++0613062424,,0574397690y,0532278446%y 04869580765 ,0428709081,

T+ Q387816799 0334801952, 027937004675, 0222458491 y,0164210583
+.0104982845,, 00432127709/
EXD




N

- - - - ’(- ."- - -:‘:

A.3 INPUT DATA FILE REFC_DAT

DES BEAX CANADA 504 (POTTER HORNS)
12,450
24
1
1100 0,0 _
VB2 062 62 462 62 182 162 162 162 162 W82 162 162 462 162 62 162
102 W82 (82 62 162 162 162
v36 035 .35 .35 L35 .35 .35 435 435 435 .35 435 .35 435 .35 L35 35
V35 035 435 435 .35 W35 35
500 540 540 500 5.0 540 50 5.0 5.0 5.0 5.0 540 5.0 5.0 5.0 5.0 5.0
540 500 540 5.0 5.0 5.0 5.0

< S

2:16 494 0 2016 -28 +0 2.16 '1052 O 2,18 -\ 74 0

1;08 1;58 .0 1&08 o34 00 1008 ‘090 ’0 1008 'ueiq 90 1.08 —3’38 {0

W0 262 +0 00,96 ,0 40 .28 ,0 0 -1,52 40 .0 -2,78 0

-1.08 2082 {0 “1008 1058 N —ioOB 34,0 “1108 90 +0 -1.08 ”2014 0
=2:16 3044 40 -2,16 2,20 20 -2,16 .95 .0 -2.16 -.28 D

=54 4,30 .0

000 -2646 0,0

3

1,0 1,0 1,0 1,0 1.0 1,0 1,0 1.0 1,0 1,0 1,0 1,0 1.0 1.0 1.0 1,0 1,0
1,0 1.0 1.0 1.0 1,0 1.0 1.0

0.6 0.0 0.0 0,0 0,0 0,0 0.0 0.0 0.0 0,0 0,0 6.0 0.0 0.0 0,0 0,0 0.0
0,0 0,0 0,0 0,0 0.0 0.0 0,0

+0388 11,8 ,0512 0,0 0499 20.9 0143 -22.0 0442 9,0 0337 2.9

a0546 20, ? §0611 17 3 »0610 —21 6 i0446 —? 0 001?1 llih |05G8 37 5
0588 -9.0 0245 -22,0 0423 0.4 0467 -11,3 0456 8.6 0452 ~7.3
0072 7,9 20397 5.9 0384 -3.3 0489 -5.3 0109 1,3 0006 47,6
124,0 106,0 106.0 60,0 0.0

0

0

1

13
-1,2
23

Lo
00
|

A57
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A.4 OUTPUT FILE REFC DUM

>BBS BEAH CANADA 504 (POTTER HORNS)
FREQUENCY IN GHZ

12,4500
NG OF FEED HORMS

24
HORH TYPE - O=FYRAHIDAL » 1=CONICAL

1
AHPL. AND PHASE (RAD) OF HIGHER ORDER MODE
+1000 +0000

AFERTURE RADIUS OF HORM APERTURE IN INB.

+6200 16200 +6200 +6200 16200
+6200 +6200 +6200 +6200 6200
RADING OF INFUT WAVEGUIDE IN INS,
+ 3600 +3300 + 3300 +3300 +3300
+ 3300 +3300 +3300 +3300 + 35300
HORN LENGTH IN INS
3:0000 53,0000 5.0000  5.0000  5.0000
30000 5.0000  5.0000  5,0000  5.0000

HORN APERTURE FIELD MODEL - O=E-FIELD » 1=CHU
0

OFT. CHOSEN - COLLECTIVE HOVEHMENT AND ROTATION OF HORN ARRAY

0
NIGPLACEMENTS OF FEEDS IN INS,

2,14600 9600 0000 2.1400  -.2800
1.0800  1,5800 0000 1.0800 +3400
1.0800 -3,3800 0000 +0000  2,2000
0000 -1.5200 +0000 0000 -2,7400
-1,0800 <3400 0000 -1.0800  -.9000
-2.44800  2.2000 0000 -2,1400 +9600

ROT. OF FEEDS ABDUT X-rY-:AND Z-AXIS IN JEG.
10000 ~26.6000 +0000
FOLAR. OF SECON. BEAN - UP=1,HF=2,RHCF=3sLHCF=4
3
AMFL IMEALANCE OF Y-PORT REL. TO X-FORT

10000 1,0000  1,0000  1.0000  1.G000
10000 1.0000  1.0000  1.0000 @ 1.0000
FHASE DEFARTURE OF Y-PORT FROM QUADRATURE IN DEG.
0000 0000 0000 0000 +0000
0000 0000 20000 +0000 + 0000
FORER(W) AN PHASE(DEG) OF FEED EXCITATIONS
0388 -11.8000 0912 +0000 + 0499
0546 20,2000 611 17,3000 0810
10358 -9.0000 +0243  -22,0000 10423
+0072  7.5000 L0397 5.9000 » 0384

FOC LTH. oAPER. X-DIMsY-DIH AND X-y Y-OFFSET IN INS,
124,0000 104.,0000 104,0000 40,0000 + 0000

16200
6200

+3500
» 3300

30000
3.0000

+0000
0000
» 0000
0000
+0000
» 0000

1,0000
1,0000

0000

0000

20,9000
-21.:6000
+4000
-3,3000

15200
+6200

+ 3500
+3300

340000
53,0000

2,1500
1.0B800
0000
-1.0800
-1.0800
-2:15600

1.0000
1.0000

+0000
+0000

40143
10444
0467
0489

AZ START,STOF AND EL START,STOP ANGLES (DEG) OF SAMFLING WINDOW.

-1.3000  4,0000  -1,2500 1,200
APERTURE OR SANPLING RATE ENLARGEMENT FACTOR.
12500

46200
+6200

+3300
+3300

3,0000
3, 0000

-1.5200
-:9000
+7400
2.8200
-2:1400
=+2800

1:0000
1.0000

+0000
+0000

~22,0000
~2.:0009
-11,3000
~3:3000

16200
+6200

3300
+3300

3.0000
3.0000

+0000
+0000
+ 0000
+0000
0000
20000

1.0000
140000

0000
+0000

0442
0471
10436
10109

+6200
16200

+3500
+ 3300

3:0000
30000

2.1600
1.,0800
0000
-1.0800
-2:14600
~+ 3400

1,0000
£:0000

+0000
0000

-9,0000
11,2000
8.6000
13000

A58
16200 +6200
16200 16200
,3500 +3500
+3500 43500

5,0000  5,0000 !
5.0000  5.0000 |
~2,7400 L0000
-2,1400 L0000

-+ 2800 , 0000
1,5800 ,0000
7.,4400 +0000
-4,3000 , 0000
1,0000  1,0000

< 1,0000  1,0000
+0000 +0000
+0000 L0000
20537 2,9000
20508 37,5000
0452 -7,3000
0006 47,4000
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ROTATION OF FIELD FOLARISATION VECTOR IN DEGREES
0000
e OF INTEG. PTS. SELECTED FOR RADIAL AND PHI-VAR.
20 20

SPILL-QUER EFFICIENCY = 713

CO-POLAR GAIN (DB) OF SANPLING POINTS.

RRA = 451,7321 RKB = A2%.0844

U/Ft = -3:0

Y/PT  GNCDE) U/PT GNCDR) U/PT GHCDR) V/FT  GNCDR) V/PT  GNCDBY V/PT  GN(DR) W/PL  GNODR) V/PT  GHIDR)

‘9;17 1!0 3&26

& & s )

-6:0  -3.98 -5.0 -0 -40 7,91 -3.0  5.86 -2 414 -10 2,23 0
4 8

2»0 '4;26 300 +02 4»0 5074 5&0 '5&2? 70 8&0 |13 —Liéé
10,0 20,56 16,0 -5,42 12,0 -5.07
U/PL = -4.0
U/RL GNCDB) V/FT GNADB) V/FT  GNCDB) VW/PL  GNH(DB) GNCDB) V/FT GRCDB) GN(DB)
6.0 L1 -5.0 0 3,49 -4,0 2041 -3.0 10,88 14:70 0 16,90 15:17
20 1L,36 %0 7.8 40 -L32 5.0 870 410 B 2,20 -8:79
10;0 _Lb44 11&0 xi28 1200 “?038
U/Pl = =3.0
U/FT  GNCDB) V/FT GNODBY W/PT GHCDEY W/FT GHCDB) GNCDB) W/FT  GN(DB) GNCDR)
”5&0 3.79 *JQO '1:7? "4:0 93?2 '3;0 19*70 28055 00 31!58 1 0 32&15
20 29,88 3.0 24,5 40 783 5.0 11,2 -8 B0 -2,32 9.0 L3
ip,¢  -1.81 11,0 -5.33 12,0 -7.50
WFL = -2.0
U/PT GBNCDB) U/PT GMCDB) O/FT  GMODR) W/PT GNCDB) BM(DB) V/PT  GN(DB) GH(DR?
'6.0 10*89 "590 8.05 '490 t40 '3*0 16&51 37*93 50 38!93 38-92
2.0 38.01 300 36,29 4,0 28,0 5.0 1141 213 8.0 1,93 -84
10.0 -34.72 11.0 -5.86 12,0 -6.B8
U/rl = -1,0
WFL  GN(DB) V/PT  GNCDR) V/PT  GN(DB) Y/PL  GN(DB) GN(DB) V/FT  GNODB) BH(RER)
=6,0 -%.24  -5,0 13,08 -4,0 1191 -%0 0 21,20 38,97 0 38,12 38.24
20 3937 30 I24 4.0 324 50 L7 291 B0 -3 ~3.80
10,0 -394 1.0 6,97 120 -7,93
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U/Ft = +0
V/FT  GNCDRY V/PT  GNCIR) U/PT  GNODB) V/FT  GNCDR) VU/FT  GMCDR) W/RT  GMCDE) V/PT  GNCDR) U/PT GNDE)
-4.0 10,32 -5.0 10,32 -40 15,27 -3 30,73 2.0 37463 LD 3754 £ 3745 L0 37,51
2»0 37&89 3i0 34;61 4;0 24i50 5'0 3941 650 '518? 710 —LGOS B.O '3&?4 ?;0 “8»41
10,0 -11.77 11,0 -10.60 12,0 -10.19

WPT = 1.0
U/PT  GNCDRY V/PT  GNCDB) U/PT  GN(DB) WV/PT  GN(DB) V/PT  GN(DB) U/PT  GNODR) W/PD  GN(DR) O/PT  GNODR)

- - - - . -"

=6:0 12,71 -3.0 15,482 ~4,0 25,09 -3.0 36,40 -320 38,79 -~1.0 37,75 0 3790 1.0 37.33
20 3368 30 26,51 40 74430 50 6,28 &0 726 7.0 618 B -9.85 9.0 -7.3°
10,0 -~13.15 11,0 -292,50 12,0 -15.03 '
WPl = 2.0
U/PL  GHCDR) W/PT  GNCDBY V/PT  GNCDR) V/PT  GNMDBY U/FT  GNCDB) V/PT  GNCDB) V/PT  GNCDRY V/PI  GN(DR)
-6:0 6,60 -~5.0 12,82 ~4.0  32.47 3.0 38,05 -2.0 38,27 1,0 37.50 +0 3395 1.0 . 30.51
2,0 17099 3»0 ‘2034 490 8.15 500 ?084 6‘0 “10%04 ?+0 3.18 860 “4&66 ?'0 '11»98
10i0 ”6&35 1160 ~2.79 1299 “24069
U/pL = 3.0 ‘ '
Y/PT  GNCDEY V/PT  GNCDRY U/PT  GNCDR) U/PT GNCDRY V/PT  GHCDRY W/PT  GMODR) W/PT  GM(DR) V/PT  GN(IR)
=600 297 <50 10,46 ~0,0 28,44 3.0 3109 =20 29,52 ~1,0 30,19 £ 26,18 Lo 9,47
2,0 12,9 3.0 %06 A0 A0 50 53 &0 245 7.0 <573 8.0 850 9.0 5,23
10,0 -11.468 11,0 -5.82 12,0 -B.49
UPL = 440
YWPL  GIDRY V/PT  GHIDRY V/PT  GMCDR) U/PT  GMCDE) 9/PT  GNODBY U/PT  GNCDR)Y V/PT  GHDR)Y W/PI  GBHODR:
-6:0 -2.58 -5,0 10,23 ~40 13,80 -3.0 14,46 -0 17.80 -1.0  11.46 ] 3,03 1.0 -4 |
2.0 12,28 3.0 335 40 .87 3.0 -12,54 60 227 7.0 467 B0 -RAG 0 90 -2,51
i0+0 "6632 1100 '13&38 12&0 '6939
Uprr = 5.0
U/PT  GNCDEY W/FT GNCORY V/PT  GNCDR) U/PFT  GN(DR) V/PT  GH{DBY O/PT  GM(DE) W/FT  GN(DRY U/FT  GN(DR)
=60 271 5,0 L5 -0 406 ~3.00 532 -2.00 02 ~10 -3,08 Q0 204 L0 3,83
2:0 £80 30 .40 40 -3,53 0 5.0 B9 40 B3 7.0 =53 B0 -804 R0 -17.48

100 -5:54 160 -7.57 12,0 -17.64

X~POLAR GAIN (DB} OF SAMPLING POINTS,

RRA = 451.7521 RKB = 439.0844

WPI = ~3.0
U/PL GNCDRY V/PT  GNCDR) U/PT  GNCDR) V/PT  GNCDR) W/PT  GM(DE) V/FT  GN(DE) V/PT  GHCDR) W/PT  GNCDR)

N .-
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-6,0 -49,6% -5.0 -19.84 -43,33 ~32,93 -30.71 -29.93 0 -32,12 1L -33.91
2,0 35,89 1.0 -40.66 ~42,87 -43.90 ~18.04 -41,09 8.0 -40.01 9.0 -44,71
10,0 -45.12 11,0 -42,73 ~47,39
“4»0
U/PT GNCORY  U/PD GN(DR) BHDR) ~ GNCDB) BN{(DR) GN(DR) U/PT  GNCDRY W/PL  GN(DR)
=60 -39:63 -5,0 -40,32 ~-43,31 -37.75 -33.79 -38,23 O =24,35 1.0 -22.65
2,0 -28.87 3.0 -34.98 -397+33 ~34.49 -39, 40 -38:70 8.0 -44,74 9.0 -43.44
10,0 -42,5%9 11.0 -48,%7 ~34.40
~3.0
U/PT  GNCDRY O/PT  GN{DR) GH(IR) GN(IB) GN(DB) GNCLBY U/PD GM(DRY W/PT  GHAER)
-6.0 -45.88 -5.0 ~-37,.29 -32,19 ~36.78 -24,32 -22,89 0 -25,23 1,0 -27,77
2.0 -34.84 3,0 -31.29 ~26.62 -19,22 ~36.72 -44,18 8.0 -42.71 2.0 -42.8¢9
10,0 -4%.42  11.0 -82.02 -44,81
=20
U/FT  GNCDBY V/PT  GNCDR) GH(m GN(DIR) GN(IR) GN(IBY V/FT  GN(DB) - Y/PT  GMIDR)
‘6»0 "32013 “500 “39045 “33»37 -26.18 "42t92 ‘26;25 .0 ‘h5i20 100 ”19;84
2,0 -23.08 3.0 -32,11 -24,52 ~30,92 -41,47 -43,20 8.0 -43.83 %0 -50.02
1040 -31,21 11,0 -47.24 -47,33
~1:0
U/PL GMDRY U/FT GNODR) GH{DR) GH{DR) BN(LR) GN(DR) V/PT  GN(DEY W/PT BRUDR)
-6,0 -39,85 -5.0 -32.30 ~-33.06 -24.73 ~24.08 ~24,82 20 -27.64 1.0 ~-28.44
2,0 -2%.82 3.0 -51.04 -24,54 30,16 ~42.98 -43.87  B.0 -33.44 3.0 54,24
10.0 -48,78 11,0 -49,32 -49.39
0
WFL GNCER) U/FT  GN(DER) GH(DR) GHODR) GNCDRR) GNCORY U/PT  GHCDBY 4/81  GNIDR)
-5:0 -32.93  -5.,0 -41.45 -28.34 -40.78 ~29:02 ~24,86 0 2047 1. -27,597
24 -1 30 -35.02 -26,7% -33.13 ~44,04 -54,56 8.0 -57.88 9.0 -38.94
10.0 -34.41 11,0 -51.38 ~31.:56 :
1.0
Y/PT GNCDRY V/PT GHCDR) GN(DE) GH(IR) BN(IR) GNEDRY  Y/PT GNCDRY Y/PT GMODR)
-6:0 -37,02  -5.0 -24.40 -13.52 ~24.,74 ~-19.84 -26.60 L0 -21,32 1.0 -27.%4
2.0 "27;86 350 "2?034 “33&29 “40|13 ‘55070 "52541 BfO '48&29 9i0 "50&47
10;0 ‘64056 1100 ”57i89 ”53&63
2.0
U/PT  GH{DB) V/PT  BH(DR) BHCIR) GH(DB) GH(DR) GN(LR) U/PT  GNCDB)Y U/PT GNCDR)
=60 -40,%2  ~-5.0 -26.21 -27.97 ~29,31 -25.48 -24,3% 0 -25,53 Lo -3, 30
2,0 -28,72 3.0 -34.63 ~43.28 ~51.12 -41,19 ~-30.18 8.0 -48,3% .0 -44,48
10.0 -46,83 11,0 -58.14 -92.27
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UPrI = 3.0
GNDEY W/FT  GNCDRY W/PT  GNCDR) V/PT GNCDB) V/PT  GN(DB) V/FT  GN(DB) V/PT  GN(DB) V/FT  GM(DR)
-45,83 -5.0 -26.92  -40 24,57 -3.0 27,46 -2,0 -30.86 -1.0 -26,94 W0 -23.50 1.0 -28,26
-40,99 3.0 -43,54 40 -40.67 5.0 -42,44 4.0 -56,21 7.0 -43,35 8.0 5041 9.0 -47,59
4388 100 -45,90 12,0 -52.94

WPL = 4.0 : .
GN(DB) V/PI  GN(DB) V/PI .GN(DB) V/PT  GN(DB) V/PT GNCDR) V/FT  GN(DR) W/PL GH(DB) V/PI. GN(IB)

‘37038 —SQO “38074 -

b

- - - - "- - - -/~

/R - - .-

400 '29:35 “3¢0 “29§37 "200 '34*74 “1&0 “31003 ¢0 “31553 -1.0 ‘4@003
-32:61 3.0 -37,06 4,0 -40.10 5.0 -40,75 40 -41.01 7.0 -51.B2 B0 -46,92 9.0 -49,44
~30.43 11,0 -44,12 12,0 -45.57 ’
WPl = 5.0
GN(DB) V/PI  GN(DB) V/PL  GNCDR) V/PT  GMCDEY V/PI  GN(LR) V/PT  GN(DB) V/PI GN(DE) V/PL  GN(DR)
‘47»97 ‘500 “38;76 “400 ‘35:25 ‘350 “37«67 ‘240 ‘4242? "1&0 ‘38&76 'iO ‘35'31 1i0 “35'63
-40,00 3.0 -41.98 40 -37.57 5.0 -35,54 &0 41,54 7.0 -39.98 B0 ~45.25 9.0 -32:86

~49.04 11,0 -57.54 12,0 -45,58
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A.5 OUTPUT FILE SAME DAT
1517521 439,084¢
=3 % i -8 12 18
- 6312104 -.011848 -, 192310 S69413 2,075108 -1.371154 1.943982 035405 -, 888362 LRI04
-1,292424  -.001B5T  -,2091M4 77765 -G777588 0 L,231010 -1,4B1036 +687239  -2.144358 -.35B8%¢
-1.928199 -.194891 305295 449816 1,099838  -.978924  -.292180 -, 341096 -.504883 879581
333768 -, 574824 084227 41267 -.271338 + 385742 »254522  -.494510  -.BSRBIS 74843
1,467396  -.2B4564 -, 717539 -1.143250  -2.827333  2,042011  -1.020749  -1.414945  3.550363  -4.115017
59706587 390822 5,724996 -, 354572 3.423424 -.742411 0 2.303065 738084 -.094419  ~,834075
-1:649141  1,397391 -.31751% 1,087878 910923 -1.220424  -,371892 6B1777  -.342483 026955
6922 -oA98248 -, 310477 610041 -,059518  -.4234%1 1.307593 828213 07 - 736270
-3.017832 322305 L074850  1.51259¢  -3.437847  -4.B03325 -26,520788  -2,402723 -37.372374  -4.542493
-32:306976 -24,007922 -24,007509 -18.183348 -11.983321  -.309744 08384 -3.058814  2,285074  -2,823488
-1,514515  2.007537 220617 -,882081 763421 011942 -,844404 1542434 HA11482 -, 700130
1076073 236097 -,360539  -.210111 3.443880  -,511706  -2.501589 160912 1.023944 218479
6,664395  -,054252 -30.123487 -3.094554 -78.6B4781  -4.057951 -B5.371468 —2?.079603 ~74.981173 -44.441707
~76:017670 -21.022566 -63.574928  14.714457 -24.434181  4.8B8374  1,411316  -3.440014  -,225394  1,315202
-1,227082 - 397752 LLA93055  -.347747  -,42B078 684721 +045930 -, 430047 331387 + 384367
-o430497 - 04B82F - 243942 - 222439 -4.24B419  £.503514 3,469939  -1.434246 -11.377897  -1.55348%
-53.924498  -4,684914 -B5,745873 -23.017413 -44.401482 -48,429823 -44,116821 -47,955494 -02,890171  -4,261421
-86:440489 29831812 -38,274551  17,024509  -.777148 944641 10486943 1.162210  -1,374851  -,252182
/904893 -,297757 -, 342394 +o34762 - 090835 -.496448 + 353672 (279734 -.A01338 -, 008542
-2»91?851 1.498514  3,202507 J17326 0 4,086886  -4,115289 -34,283987  1,204904 -74.070718  -2,424442
5, 101987 -I5.974781 -47,739390 -S7.209288 -£4.549340 -34,701081 -78.429939. 1,14u164 -91. 796187 14,408192
-15 403825 L.497415 1,449175 -.183173 + 3B3F22 312538 -0729170 -.3028 632418 LERI
337318 174303 008730 -.257818 225294 189401 -, 304342 eOQZ?? =239 028445
9090214 -3,322305 -1F.53LARE -3.975423 -45.740298  &.07I287 -BL.49BA98  6.46B158 -74,794433 -19,103549
-71.898596  -31,568347 -74.113247 -12,884015 -48,3672M8 -, 794454 -11.440014  -2,443352  1,524190  -1,497851
-1,8335322  -1,255442  -2.020348  -1,111138 293594 + 393694 , 284820 +164963 -, 3ER30E -.23028%
19824 1090423 1913509 ;029688 -,16327 - 088820 1,19B230  -1.788444  -4.045777  -1.215418
-42,851949  5.307979 79253984 10.110453 ~BL.AS6131  9.011443 -74,958445 J000349  -82.572040 -4,4052119
-33,537438 818786 -7,7899464  1,047498 2738882 -,087080  -1.391821  1,999B04  -Z.498111 L1B2582
12070 -, 314378 LL023984 1,014748  -A28099  -.387447  -,091207  -,234504 y273100 2398221
- 205362 -, 249945 1042917 037458 BO04Z2  -1,0BFP30  -1,476981  2.972343 -D1,348374  11,949220
-34,095396  9.39B136 -20.078173  9.448547 -32.048049  4.278107 -20,311794  1.822533  3.041022  -.154342
4, 445179 L1918 -2,41428% 1104108 -, 791179 486598 1,508893  -,989558  1.314347 161652
- 224448 64967 - LA3EEY -, BO2342 AG0438 312040 009792 250441 - 208407 -, 441428
. 247442 + 283318 -, 404459 - 351198 3,228730 JO1170 2.367744  ALI73032 4.924073 2,240430
7.677958  1.149943  1.589101  3,798293 458439 1,340893 +906397 - -.301485  -4.098440 L 299433
-1.328038  -,433348  2,B33971 -1,249119 145286 - 1B3%01 -1,149243 603344 499736 -,3025E8
AT807 - 275737 L 430372 279036 - 398896 -.272834 012436 -, 213930 299814 102487
—1»314931 372341 - FUATAE -, 971864 038949 -1.09%%3%  -1,03032F  -1.530048  -.RE7I90 -, 148113
+9ub71 A27235 0 1L 1A0122 0 -, 525743 -1,464572 .5147?0 -.68027 860440 2,943B42 -, 192938
- 020094 HL60241 -2,552318  1,029490 233446 1206810 JBoB247  -.3B4321 064392 +320204
-.108483 ;0?2?59 = 307438 -~ 430133 2320513 sLbh68é - 0134627 +130351
-:003158  -.000%28 004205 009275 -, 000328 -, 004794 017604 -, 014059 Q19428 HU21523
= 021592 023482 -, 022332 -.010751 -.002427  -.0199B0  -,003542 -.Q15659  -.004316  -.00B204
-:006387 - 003318 ~,003221 005301 009772 +007844 004773 007413 - 00971 -, 002297
1002544 1003228 +003118 -.002024  -.007274 -, 000413 004231 »000387  -.002740 ;010027
006739 -,006894  -.005097  -,004546  -.D02443 012722 -, 009479 013043 003347 -, 011042
+ 038205 016771 041050 061204 1000200 035999 002117 013598 001286 000432
- 011565 ~-.014354  -.008910 003491 009573 006371 (000141 ~.005681 -, {04575 s 000084
007099 002173 -, 003679 -.000393  -,000643  -,001785  -,003929  -,0020222 003237 -, 013248
~, 011804 1020901 000618 -.014504 +021436 -, 036874 L058285 -, 041710 051940 017282
- 021064 035050 -.013148 -, 012044 + 025130 010327 (015481 - 042380 910943 000084
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- 007132 -, 012724 ;002841 +003473 004718 (003444 -, 006109 -,003739 003343 000497
- 400181 002499 -, 003021 -, 003424 (004367 - 024142 007319 Q07736 0 004153 021034
010041 -,04B044 2000112 -.007226 -, 009113 047844 -,054817  -.003825 ~.0B4793  -,054430
-:001867  -,070332 018075 -.018877  -,038230 JOHR5 -.009478 1026811 008521 -, 005357
-005043  -,004732 003821 005300 -.002990  ~.001042 001628 -.002210 . 000874 004244
-.017621 046412 -, 001792 057409 . -.021496 -,035303  -.034%06  -,014389 +011843 029998
001760 -,002177  -.055581  -.020183  -.030978 001821 002716 004355 000375 -,005074
+ 000999 001823 -.001793 000740 001331 -.003302 000041 03420 -.002029  -,002719
- 003344 022187 008406 -.000991  -.001940  -,037361  -.007924 1004361 044355 1034310
0533786 -, 019438 012130 -, 030343 000165 041738 007269 033160 012090 -.012982
008543 -.045943 -, 011718 -, 018471 -,003947 + 004888 002404 -, 001093 -,001249 +000133
-+0004484 » 000912 001137 -.001528  ~.000934 002531 -:000103  -,001B49 004358 013332
007928 -,047230 -, 012947 -,014433  -,020B14 1053955 +009582 003182 ~,042569 -, 019348
- 073412 044435 » 003244 0399403 (032381 -.024349 018844 -, 039499 008525 -.019844
-.006485 -, 007243 000809 001427 002341 000407 -,003722  -,000992 002945 +000420
-:000488  -,000334  -.0011%4 » 000440 001840 -.000946  -,008434  -,003126  -,040063  -.028093
- 032649 (0230353 -, 023049 L0315 -,025277  -.045451 -,058217  -,015884 -, 041294 033049
027097 1002741 L2571 026551 -.001848 -,01B477  -.003795 ~,003654  -,002273 501597
008277 002737 -.002021 -.000891 -,003210 -, (02044 005712 V001736 -, 004358 000034
000777 -.000943 002279 000881 ~.003349 Q03379 -, 034663 +028829 013010 057351
038828 »014284 023996 -, 015841 044979 001321 061056 -.037167 022796 -,031204
-.008%923 000129 006594 -.000B80 005081 (001828 000797 007334 001499 -,200384
-005%37 -, 003314 003121 2000125 002228 L02636  -.006407  -.001734 2000006 - 000797
~, 000531 002184 J012561 -, 002292 Q02574 1010945 , 025898 018357 +033920 SOR0404
,008222 , 016383 020743 0184673 V021827 -, 014798 007671 -.004334 -,000733 002224
(013402 -.004144  -,006272 07618 - 009005 -.Q01747 001857 -.008753 000338 (02500
1003749 002476 -, 002228 -.000497  ~.002184 - 002087 Q06103 001225 -,005059 001472
Q03585 - 001857 $002636 -, 01123¢  -.0086086  -.8139%6  -.00%472 -.D12544 +00108% -, 007219
-003802  -.010079 -, 016774 003548 -, 004107 013918 (009761 -.002158  -,007934 -, 000414
012970 1002593 008320 -,012223 007824 (003484 -, 003184 +009308  -.001427  -.005272
-:001928 -~ 001308 003290 LG01248 000943 000934 -,005234  -.00051%
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Figure B.1l Flow Chart for Creating Input Data

File RECON_DAT

Heading of Run
IHEAD

Type of Observation Field
MOPT

l

Option of Suppressing Output
at User's Terminal.
IPRT

IF MOPT .EQ. CUTS =

Pseudo Phi-Cut Option
Number of Pseudo Phi-Cuts

NPHI

Pseudo Phi~- Angles

CPHI

IF MOPT-. .EQ. CUTS

Pseudo Theta Angles
CTETAS, CTETAE,

Print Error Message

NCTETA

End of Data Input

Rectangular Grid Option

ELS, ELE, NEL, AZS, AZE, NAZ

End of Data Input
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‘N CEET

|

B.2

14000
2.000
2.000

4,000
3. 000

4,000
7000
8.000
2,000
10,000
11,000
125000
1E, 000
14.000
15000
14.000
17.000
180600
19:000
20,000
21,000
22:000
23,000
24,000
23,000
245000
27.000
28,000
29.000
30,000
31,000
32,000
33,000
34,000
35,000
346,000

C37,000

38,009
32,000
40,000
41,000
42000
43,000
44,000
45,090
46,000
47,000
48,000
49,000
50,9000

PROGRAM LISTING

% % e

)

s e

= g

o G e

T 2

e HE

P e 3 BE 3 oo

FROGRAM RECOM

THIS PROGRAM RECOMSTRUCTS THE RADRIATION FATTERN FROM SAMPLED FIELD
FOINTS TAKEM IM FRESCRIEED DIRECTIONS. A DOUBLE SERIES OF SINC
FUNCTIONS IN U - Y SFACE IS USED. THE PROGRAM READS IN THE GAIN
MATRIX OF SAMFLE FOINTS AND THEN RECONSTRUCTS THE RADIATED FIELD
EITHER ON A RECTANGULAR EL-AZ GRID OR ALONG FEEUROD-PHI CUTS. THE
FATTERN NEEDS TO RE COMFUTED AT OMLY A SMALL MUMBER OF SAMPLE POINTS,
IT CAN THEMN BE EXFANDED OVER A MUCH LARBER BRID WITH THIS FAST v
ACCURATE AND YET SIHMFLE ALGORITHM. A SAVING IN COMPUTATIONAL EFFORT
I8 THUE ACHIEVED.

DATA INFUT ARE FROM THWOD DATA FILES » SAME._DAT AND RECON_DAT

THE DATA FOR FILE SAME_DAT MAY BE GENERATED USING COMPAMION

- REFLECTOR FROGRAMS.

QUTFUT DATA ARE DIRECTED TO THE USER’S TERMINAL (OFTIONAL) AND
EITHER TO FILE CGNMAT AND XGNHAT OR CGNSEC AMD XGMSEC.

WRITTEN BY CHAN TECHMOLOGIES INC.
REVIESION © MARCH 1986

UIMENSION ELCS1)yAZ (A1) CPHICZY sCTHETACLOL) CENCUT (101133
+ XGNCUT(101,3) sCONGRD(&1r461) s XBNBRIE1541)

INTEGER GRIDyCUTS:IHEADC(I)

COMPLEX CREF(34:24):XPEF(34534)

EQUIMALENCE (CGNCUTCGHERDID y (XGHCUT» XGNBRID

REGTRICTIONE ON INFUT FARAMETERE DUE TO DIMENSIONS OF ARRAYS.
MAXEL = MAXIHUM MUMBER OF ELEVATION GRID FOINTS.

MAXAZ = MAXIMUM NUMBER OF AZIMUTH GRID FOINTS.

HAXFHI = MAXIMUM NUMBER OF FSEUDO-FHI CUTS.

HAXTET = HAXIMUN NUMBER OF FEEUDO-THETA FTS. FOR EA. PHI-CUT,

MAXU = HAXIMUW NUMEER OF SAMFLED FIELD FOINTS IN U SFACE.

MAXV = MAXTHUM NUMBER OF BAMFLED FIELD POINTS IN V SFACE.
DTHERSIONS OF ARRAYS ~ CONGRD(HAXELsMAXAZ) v EL(HAXEL) » AZ(HAXAD)

CFHI(MAXFHI) » CTHETA(MAXTET) yCOGNCUT(MAXTET,HMAXFHI) » CREF(HAXV:HAXU)

XGNGRI(HAXEL s MAXAZY » XONCUT(MAXTET:HAXPHI) » XPEF(HAXV HAXWD)

BATA MAXEL rHAXAZy HAXFPHI » HAXTET  MAXU s MAXY /8154153101, 34:34/
DATA GRIDSCUTS/4HGRID 4HCUTSY

READ IN SAHFLED FIELD LATA FROM FILE SAME.DAT
DFENC(UNIT=4yFILE='8AME_DAT ySTATUS="0LD")

RRA = WAVENUMBER ¥ FROJECTED APERTURE X-RADIUS % ENLARBEMEMT FACTOR
/ COS{AFERTURE IMCLINATION ANGLE W.R.T., X-AXIS :

RKE = WAVENUMBER % FROJECTED AFERTURE Y-RADIUS % ENLARGEMENT FACTOR
/ COS(AFERTURE INCLINATION ANGLE W.R.T.» Y-AXIS)

NL = LOWER LINIT OF N - SUMMATION.

NU = UPFER LIMIT OF M ~ SUMMATION.
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91.000
52,000
33.000
%4.000
99,000
96,000
57,000
98.000
§9.,000
60.000
461.000
62.000
63,000
44,000
63.000
66.000
67,000
£8.000
69,000
70,000
71,000
72.000
73:000
74,000
73.000
74:000
77.000
78.000
79.000
go.000
81,000
32,000
83.000
84,000
85,000
86.000
87.000
88,000
B8%.000
70.000
21000
72,000
F3.000
24,000
F3.000
76.000
27,000
28,000
22.000
100.000
101,000
102,000
103,000

NS

X ML

¥ MU = UPPER LIWMIT OF M - SUMHATION.

¥ M8 = NUMBER OF W - SUMMATION TERNS.
X

¥

X

i

NUMBER OF N-SUNMATIOM TERHE.
LOWER LIMIT OF M - BUNHATION.

CREF(MsN) = ARRAY OF SAMFLED NORMALISED FIELD STRENGTH IN U - V GFALE.
%
X

SOUARED OF THE ABSOLUTE VALUE OF FIELD GIVES THE GAIN
AT THAT FOINT W.R.T. ISOTROPIC.
XFEF(MyN) = ARRAY OF NORMALISED X-FOLAR FIELIN STRENGTH WHOSE MAGMITUDE
s " SQUARED GIVES THE GAIN W.R,T. ISOTROPIC.
¥ ¥ INDEX CORRESFONIS T0O V-CO-ORDINATE
X N INDEX CORRESPONLS TO U-CO-ORDINATE.
X )
REAI{4,%) RKAyRRE
READ(4 %) NLoNUsNSsHL-NU2NUS
¥
NHMS = NE ¥ HS
IF (NS.GT.MAXU) THEN
FRINT 1¢ » HAXYU
10 FORMATA1Xy "NO+ OF SAMPLE FOINTS IN U-BRACE .GT. MAX. LIMIT OFs

+ I
STOF
ELBE IF (ME.GT.HAXY) THEN
FRINT 20 r MAXY :
20 FORMATCLXs “NO, OF SAHFLE FOINTS IN V-GPACE .GT. HAX. LIHIT OF ‘s

+I4)
STOP
END IF
%
READ4525) ((CPEF(HsN)sM=17H8) s N=1sNG?
READ{4:25) ((XPEF(HrNJ rM=17H8) s N=1 2 HE)
55 FORMAT(10F12.64)
%
% READ IN OBSERVATION FIELD DATA FROM FILE RECON.DAT
®
OFEN (UNIT=S:FILE='RECON_LAT/sSTATUS=/DLD’)
%
% IHEAD = HEADING DESCRIEING RUN,
X
READ(Sy30) (THEARCI) I=1,18)
30 FORHAT(1844)

X
¥ MOFT = TYFE OF OBSERVATION FIELD
¥ = GRID » GENERATES A RECTANBULAR EL~AZ OBBERVATION GRID.
¥ = CUTS » GENERATES FBEURD-FHI CUTS (CUTS IN THE EL-AZ GRID).
X ‘
A READ(S:40) HOFT
A9 FORNAT (A4
b
¥ IFRT = OFTION FOR SUPFRESSING FRINTING OF RESULTS AT USER'S TERMINAL.
R = O r NO OUTFUT TO TERHINAL,
* = 1 » QUTRPUT DIRECTED ALSO TO TERMINAL,
X IM ANY EVENT RECONSTRUCTED FIELDS ARE ALWAYS WRITTEN TO gUTFUT FILE

¥ GNMAT OR GNBEC.
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104,000
165,000
106,000
107,000
108.000
109,000
110,000
111,000
112,000
113,000
114,000
115.000
116,000
117,000
118.900
119.000
126,000
121,200
122,000
122,000
124,000
125,000
124,900
127,000
128,000
129,000
130,000
131,000
132.000
133,000
134,000
135.6000
134.000

37,000
138.000
139,000
140,000
141,000
142,000
143,000
144,000
145,000
146,000
147,000
148,000
149,000
190.000
151,000
152,000
133,000
134,000
133,000
134.000

¥
REAR(Ss %) IPRT
b
IF (HOFT JEQ.CUTH) GO TO 70
IF (MOPT .ER. GRIDD GO TO 45
FRINT 42
42 FORWAT(1Xy 'ERROR IN SFECIFYING OBSERVATION FIELD TYFE.?)
STOF
®
¥ RECTANGULAR GRID OPTION CHOSEN.

% ELS = ELEV. CUT GTART ANGLE (DEG).

¥ ELE = ELEV, CUT STOF ANGLE (DEG).

¥ MEL = NO, OF FOINTS IN EACH ELEY. CUT.
X AZS = AZIM, CUT START ANGLE (LEG).

% AZE = AZIM. CUT STOF ANBLE (DREG).

% NAZ = NO. OF POINTS IN EACH AZIH. CUT,
X

45 REAL(G %) AZS»AZEsNAZ

REALI(S %2 ELSsELEsNEL

IF (MEL.GT.MAXEL) THEHM
FRINT 50 5 MAXEL ‘
a0 FORMAT(LIXy “NO. OF ELEV. FT8. GT. MAX, LIMIT OF7,I4)
STOF '
ELSE IF (NAZ .GT. MAXAZ) THEH
FRINT 60 » MAXAZ
&0 FORMATCLIXy /N0, OF AZ. PTS 6T, HAX. LIMIT OF',14)
ENDN IF
G0 To 300

g

e

FHI-CUT OFTION CHOSEN.
¥ MNFHI = NUMBER OF PEEUDD FHI-CUTYS.
CFHI = FSEUDO-FHI CUT ANGLE (DEG).
CFHI IS5 HMEASURELY FROM THE EL -AXIS OM THE THO-DIMENSIOMAL
EL-AZ FLOT, IT IS APFROXIHATELY EQUAL TO THE PHI-ANGLE OF THE
SFHERICAL CO-ORDINATE SYSTEM OF THE ANTENNA FOR CPHI SMaLL.
CTETAE = PGEUDD-THETA SCAN START ANGLE (DEG) '
CTETAE = FBEUROD-THETA SCAN STOF ANGLE (DEG).
CTETA IS THE LEMGTH OF THE RADIAL VECTOR IN THE PFLANE OF.
THE EL-&Z FLOT. IT IS AFFROXIMATELY EQUAL TO THE THETA
ANGLE OF THE SFHERICAL CO-ORDNIMATE SYSTEH FOR CTETA SMALL.
NCTETA = NUMBRER OF PSEUDQ-THETA SCAN FOINTS.

0 READ(S %) NFRI

IF (NFHI.GT.MAXFHI) THEN
FRINT 80 5 MAXPHI
8o FORMAT(1Xy MO, OF FSEUDO FHI-CUTS .G6T. HAX. LIMIT OF‘»14)
5TOF
ENIt IF

READ(S %) (CPHICI)»I=1oNPHD)
READ(S %) CTETAS,CTETAE,NCTETA
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157,000
158,000
159.000
150,000
161,000
162:000
163.000
154,000
165.000
154,000
157.000
148.000
149.000
170.000

171.000 :

172.000
173,000
174,000
175,000
176.000
177.000
178,000
179.000
180:000
131,000
182,000
183.000
184.00¢
183.000
184,800
187.000
188.000
189.000
19G.000
191,000
192.000
193,000

195,000
194,000
197,000
188,000
199,000
200.000
201.000
202,000
203.000
204.000
203000
208,000
207,000
208,000
209,000

X

{0

X

IF (NCTETA.GT.MAXTET) THEN
FRINT 90 r WAXTET

FORMAT(LX, "NO. OF PSEUDD-THETA SCAMN PTS. GT. MAX.

STOF
END IF

¥ PSEUDD-FPHI CUT OFTION

5

100

& % o

oG

e e

R

110
120

140

ETINC = CTETAE - CTETAS

IF (NCTETA .GT. 2) CTING = CTINGC/(NCTETA -1)
L0 100 J = 1,NCTETA

CTHETA(JY = CTETAS + (J-1)%CTINC

CONTINUE

LOOFP THROUGH ALL PSEUDO FHI-CUTS.

O 120 I = 1yNPFHI
FI = CPHIC(I)/G57.29578

LOGF THROUGH ALL FSEURDO-THETA FTS.

B0 110 J = 1;NCTETA
- TETA = CTHETA(J)/57.29G78

ELA
AZA

TETAXCOB(FD)
TETAREIN(FI)

wou

CONVERT EL-AZ COORI. TO U - V COORD,

U = SINCELAYKRKA
I = U/3.1415924
Y o= COS(ELAYRSIN(AZAYERKE

IV = W/3. 1415926

¥ CHECK IF FIELD FOINT I8 WITHIN SAMPLED FIELD WINDOW.
194,000 %

IF (IULLT. (NL$1) (OR. IULGT.(NU-1)) GO TO 420

IF (IV.LT(HL+1) (OR. IVL.GT.(HU-1)) GO TO 44¢

RECOMSTRUCT E-FIELD AT (THETAsPFHI)

LIMIT OF“y14)

CONVERT PSEUDC-THETA AND -FHI COORD, TO EL AND AZ COD-ORD.

CALL SERIES(UsVsHLsNSyHLMBsCPEF s XFEF 7 HAXU» HAXVECEX

CGNCUT(Js I} = 20.0%ALOGLO(EL)
XGMCUT(JsT) = 30.0%ALOGIOCEX)
CONTINUE
CONTINUE

IF CIPRT.EQ.Q) GO TO 230
FRINT 30 » (IHEADMI),I=1s18)
PRINT 140 s RKA
FORMAT(IXs RKA = “yF10.4)
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210.000
211,000
213,000
213,000
214,000
215.000
216.000
217.000
218,000
219.000
220.000
221,000
222,000
223.000

224,000 2

225,000

232.000

233,000 2

234,000
233,000
236,000
237,000
238.000
239,000
240,000
241000
242,000
243,000
244,000
245,000
245,000
247.000
248,000
249,000
230,000
231,000
252.000
253.000
234,000
235,000
236.000
257,000
238,000
259,000

260.000 3

251,000
262,000

150
140
170
173
180

190

245
¥

¥

259

260
270

280
290

FRINT 150 » RKE
FORMAT(1Xs 'REE = “sF10.4)
FRINT 160 s NS

FORMATC(1Xy ‘NO. OF SAMFLE PTS. IN U-SFACE = 7»I13)
FRINT 170 » HS
FORMAT(1Xy'ND. OF SANFLE PTS, IN V-SFACE = 'sID)

FRINT 173 » NHS

FORMAT(1Xy'TOTAL NO, OF SAMFLES IN U-V SFACE = ‘rI4)
FRINT 180

FORMAT(// 740Xy 'RECONSTRUCTED CO-FOLAR GAIN PATTERN')
FRINT 190

FORHAT (40X, 35(1H-2?

) 240 T = 1oNPHI

"PRINT 200y CRHICID

FORHAT(/250Xs 'FPHI (DEG) = 7"»FB.2)

FRINT 210

FORMAT(A(LX, "THETA (1) 71Xy "GAIN (DR)7))

FRINT 220

FORMAT (6 (1X2 PH-~~————mm D R 2

PRINT 230 » (CTHETA(D) :COGNCUT(4sI) s d=1-NOCTETA)
FORMAT(S(2XsF7. 33X F7.251X0)

CONTINUE

FRINT 242 :
FORMAT(// 740Xy ‘RECONSTRUCTED X-FOLAR BAIN FATTERN]
PRINT 190

D0 245 I = 1yNPHI

FRINT 200y CFHICD)

FRINT 210

FRINT 220

FRINT 230 » (CTHETACD) rXAGHNCUT(J: 1) »d=1,NOTETA)
CONTINUE

% OUTPUT RESULTS TO DATA FILE GNSEC

OPEN(UNIT=6,FILE="CGNEEC/ 7 5TATUS="0LT 1 UBAGE="DUTFUT ")
WRITE(4:30) (IHEAD(I) I=1sid2

Do 290 I = 1.NFHI

WRITE(6.280) CPHICT)

FORMAT(FB.3)

WRITE(6+370) CTETAS.CTETAESNETETA

FORMAT(2(2F10.5513))

URITE(4:280) (CTHETA(J) »CONCUTCA- 1), J=1+NCTETA)
FORMAT(10F8. 2

CONTINUE .

OPEN (UNIT=7,FILE='XGNSEC’ sSTATUS="0LL 2 USAGE="DUTRUT ")
WRITE(7:30) (IHEAD(I):I=1-18)

0o 295 I = 1:NPHI

WRITE(7:240) CPRI(I)

WRITE(7:270) CTETAS:CTETAESNCTETA

WRITE(77280) (CTHETACD) 7 XBNCUT(J7I)sJ=1,NCTETA?
CONTINUE

§TOR




- - -

“ENNCEEET IS N N N IR BN RO

e

263,000 % RECTANGULAR EL - AZ GRID OFTION

264,000 %
265,000 300

264,000
267,000
248,000
269.000
270.000

271,000 310

272,000
273.000

274,000 320

273.000
274,000
277000
278,000
279,000
280,000
281,000
282,000
383,000
284,000
283,000
286,000
287,000
288,000
289.000
2%0.000
291,000
292,000
292,009
294,000
295,009
294,000
297,000
273,000
299,000

Z00.000 3

301.000
302,000
303,000
304,000
305,000
304,000
307,000
308,000
309.000
310,000
311,000
312,000
313,000
314,600
315%.000

ELIN = ELE ~ ELS
IF (NEL.GTV.2) ELIN = ELIN/(NEL -1?
AZIN = AZE ~ AZS

CIF (NAZ.GT2) AZIN = AZIN/(NAZ -1)

0o 310 I = 1sNEL

EL(I) = ELE - ELINX(I-1)

CONTINUE

00 320 I = 1yNAZ

AZLTY = AZS + AZINx(I-1)

CONTINUE

ng 340 I = 1sNEL

U = SINM(EL(I)/G7,295378B)%RKA

U = U/3,141592

IF (TULLT.(NL+1) OR. IULBT.(NU-1)) GO TO 420
oo 330 J = 1:NAZ

UV = COSCEL(I)/B7.29578)%SIN(AZ(I)/57.29578) RRKE
IV = U/3.14159264

IF (IV.LT. (HLE1) OR. IVGBT.(HU-1)) GO TO 440
CALL SERIES(UsYyNLeNSeML NSy CFEF s XPEF s MAXKUHAXVSECEXD
CGNGRINI¢J) = 20.,0%ALOGLOCED)

XBNGRIMIyJ) = 20, 0X%ALUGICOCEX)

CONTINUE

COMTINUE

IF (IFRT.EQ.Q) GO TO 400
FRIHT 30 » (IHEAD{I)»I=1:18)
FRINT 140 » RKA

FRINT 150 » RKE

PRINT 160 » NE

FRINT 170 » M8

FRINT 175 » NHS
FRINT 180

FRIHT 190

ne 390 I = 1,NEL
FRINT 350 s EL{I)
FORMAT(/y50%y ‘EL (DEG) = ‘sF8.3)

PRINT 340
FORHAT(B(1Xy "AZ(DEG) s 1X2 GN (DR) )2
FRINT 370
FORMAT(B(1Xy7H-~mmmmm s 1Xs7H~m n

FRINT 380 » (AZ{J)CONGRIE(Ir )2 d=10NAZ)
FORMAT(BCIX,F7. 35 LXsF7.:20)

CONTINUE

FRINT 242

FRINT 190

00 405 I = 1sNEL

PRINT 350 » EL(I)

FRINT 340

FRINT 370

ERINT 380 5 (AZ{J) e XGNGRIO(IzJ) 7 d=1sNAZ)
CONTINUE
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316,000
317.000
318.000
319,000
320.000
321,000
322.000
323,000
324,000
325,000
326,000
327,000
328,000
329,000
330,000
331,000
332,000
333,000
334,000
335.000
334,000
337.000
338,000
335.000
340.000
341,000
342,000
343,000
344,000
243.000
344,000
347,000
348.000
342,000
350,000
251,000
352.000
353,000
354,000
395.000
356,000
357,000
358,000
359.000
360,000
341,000
362.000
363,000
364.000
65,000
386,000
367,000
36B.000

X

% WRITE RESULTS INTD FILE GMMAT

¥

400  OPEN(UNIT=6:FILE='COGNMAT’ ySTATUS="0LL' »USAGE="0UTFUT")

WRITEC(S:30) (IHEAD(I}»I=1,18)
WRITE(A9270) AZS,AZEYNAZ-ELSYELESNEL
DO 410 T = 1sNEL
410  WRITE(S+280) (COGNGRI(I:J)sJ=1:NAZ)
OPEN (UNIT=7FILE='XGNHAT’ +STATUS="0LD’ +UBABE="0UTFUT")
WRITE(7¢30) (IHEAD(I)»I=1518)
WRITE(7,270) AZS:AZEsNAZSELS,ELESMEL

IO 415 1 = 1sNEL

415 WRITE(7,280) (XGNGRD(IyJ)sJd=1sNAZ)
8TOF

¥

¥ DIAGNOSTICS

b

420 PRIMT 430 7 IU:NLeNU '

430  FORMATC(1Xy 'SAMPLE FOINT (U/PFI) = 7»I3Z,7 IS OUT OF RANGE BEFIMED
trf BY NL = "5IZs7 AND NU = 7»I3)
STOF

440  FRINT 450 5 IVsML-MU

A0 FORMAT(LY, “SAMPLE POINT (VU/RI) = 7,1I3:7 IS OUT OF RANGE DEFINEDY

+r7 BY ML = 7:I3:7 AMD MU = 7513}

STOR

END

SUBROQUTINE SERIES(UsNMNLsMNSrMLsMSCPEF s XPEFMAXUMAXVEC,EX)
»
¥ FERFORMS SUMMATION OF DOUELE BERIES TO RECOMSTRUCT FIELD
k4

COMPLEX CREFOMAXY:NAXUY » XPEF(HAXY:HAXUY » BUML » SUNM2
¥

SUML = (0.0:0.00

SUMH2 = (0.0:0.07

0o 20 MF = 1:NS

N = NL + NP -1

X = U - M¥Z, 1415924

IF (ABS{X).GT.1.0E-048) THEN

SINCX = SINCXY/X

ELSE

SINCX = 1.0

END IF

ne 10 #F = 1:H8

Moo= ML+ MP - 1

Y = U — Hx3:1415924

IF (ABS(Y):GBT.1.0E-0&) THEN

SINCY = SINCY)/Y

ELSE

SINCY = 1.0

ENDI IF

SUML = SUMI + CREF(MF MPIXSINCXASINCY

SUM2 = SUMZ + XPEF(MPNFIXSINCXXSINCY
10 CONTINUE
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349,000 20
370,000
371,000
372.000

- 473,000

CONTINUE

EC = CARS(SUML?
EX = CARS(SUMD)
RETURN

END



DATA FILE RECON DAT

RECONSTRUCTION OF DBS BEAM CANADA 504
CUTSs

1

2

83.25 90.0

0.0 4.0 101
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