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ABSTRACT

Four tasks, related to reflector antenna technology,
are carried out in the present study. The first task is the
implementation of reflector antenna software developed under the
Radarsat‘program on to the CRC CP-6 computer. In all, four programs
have been transfered and modified, ready for use. For the_second -

task, the theory behind the analysis of communication satellite type.

AT R T

reflector antenna is_developed. Associated computer programs are

written. They are capable of treating different reflector confi-
gurations fed by a variety of horn types. The reflector may be
offset in either or both North-South and East-West directions.

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

The far-field observation frame is the rectangular elevation-azimuth
grid. These programs are fairly efficient in terms. of execution
times. The third task requires using the implemented programs to
generate shaped beams. Two different techniques are investigated.

The first involves stepping the reflector surface to generate sector é>/

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

about the reflector focal region, to produce DBS beams for Canadian
coverage. The last task is on the assessment of the accuracy of

the present software and recommendations for future software

development.
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1.0 TRANSFER AND IMPLEMENTATION OF ANTENNA DESIGN SOFTWARE

DEVELOPED UNDER RADARSAT PROGRAM.

The reflector programs, written in FORTRAN anh
developed under Radarsat Study #17, have been transfered and
modified to run on the CRC CP-6 computer. Their implementation
has been rather straight forward by and large. Only the input and
output statements and the random number generation subroutine need
be altered. The names of these programs are: PANRFL_STIF,
FACRFL_SIF, GENODEL SIF, GENODE2_ SIF. They reside under the same
account number as the rést of the programs developed for this study.

The first program PANRFL SIF analyses a multi-horn
array-fed parabolic reflector with rectangular aperture. The
reflector surface may be broken up into a number of rectangular
parabolic strips. The positions and orientations may be arbitrarily
specified by the user or take on random values generated internally.
Both uncorrelated errors, such as those arising from alignment or
deployment process, and correlated errors, like thermal distortions,
may thus be introduced to the panels. Random surface deviations
arising from manufacturing errors may also be simulated through
the displacements of surface integration points of the diffraction
field integral. This program has been used in the design of four
shaped beams for Radarsat. Data input to the program is through
a data file named PAREFL DAT. Far field observation is restricted
to elevation and azimuth cuts only. The observation frame has since

been enlarged to cover a two dimensional elevation and azimuth

grid. Such a modification has been implemented in a separate

program named RECRFL_SIF and the corresponding input data file is
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RECRFL _DAT. The output from eiﬁher program is directed to the
user's terminal. It contains information on the feed - reflector
configuration as well as panel and surface distortion statistics,
spillover efficiency, co-polar and cross-polar gain patterns.

The second program treats a different kind of surface,
one in which the desired shape is approximated by an assemblage of
flat triangular elements or facets. The positions of the nodes of
these elements are assumed to be known. Since the program deals
only with basic elements, there is no restriction on the shape or
type of surface that can be analysed. Deviations of nodes from
their ideal positions may be specified by the user or generated
internally, to simulate:mechanical errors. Input data are to be
provided in two separate files. The first file, FACRFL_DATI1,
contains data of the horn configuration, feed excitations, reflector
integration and far field observation frame. The second file,
FACRFL_DATZ, contain the locations and numbering of the facet nodes
forming each triangular element. Output from the program contains
statistics of the node displacements, surface error, spillover
efficiency and co- and cross-polarized gain patterns.

The last two programs GENODEl-SIF and GENODE2-SIF
are explicitly written for the purpose of generating node locations
and numbering of triangular elements in the discretization of a
parabolic reflector with rectangular aperture. Two different
schemes, that give the same performance, are available. The
criteria used for determining the nodes' locations is equal or
nearly equal chord lengths for the longerons:and ribs of the surface
forming structure. The facets end up being equilateral triangles.

The output will produce - file FACRFL_DAT2 for the reflector
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analysis program.
The descriptions, usages, restrictions and listings

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

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

Radarsat report on Study #17.



2.0 GENERATION OF REFLECTOR ANTENNA DESIGN SOFTWARE

Three reflector antenna analysis programs were

developed. The first program PAREFC_S?E} employs feeds that can

be linearly or circularly or elliptically polarised. The class of
feeds that falls into this description includes the single-moded

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

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

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

for linearly polarised feeds where special loading of the feeds'
apertures are used to improve the secondary gain by reducing spill-
over loss.

A by-product from the feed model development is a
program, HORNPAT_SIF, to compute E- and H-plane patterns of pyramidal
and coﬁical horns. It may be used to view the primary illumination
patterns of horns with known physical dimensions.

Among the output from the reflector programs is a

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

.-x-w“""“mw”“:"u “
this matrix by using program/DSCRPLT SIF Plots represented b
Y p m _ P y

h\"‘---—-m-nn-ms-»m:au»-""‘*“‘
discrete symbols are produced on a line printer. The resolution
is dependent on the printer's characteristics. /QA
o
The theory behind these programs afé given in the

sections below. Program usage, description and listing are provided

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

L N

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

2.1 PHYSICAL OPTICS METHOD

The electromagnetic field at any point in a source=

free region V is uniquely specified once the fields on the surfaces
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bounding this region are known. In the reflector problem, the
region is bounded by the sphere at infinity where the field is zero
and by a closed surface S enclosing the reflector and its feed as
shown in Figure 2.1. Assuming that there is no contribution from
the feed, which is a valid assumption since the back radiation from
the feed is small as compared to the direct radiation from the
reflector, S may be taken to be the same as the reflector surface.
The field at any point Q within the region V is then given by the

vector Kirchoff diffraction integral in terms of the equivalent

-

sources on the reflector.

(2.1)

where ’jk”

If S is a perfectly conducting surface, then the

—

magnetic current sources, J__, vanish, leaving only the electric

sm

current sources, Js'

-AxE = J = 0 (2.2)




L

Figure 2.1 Scatteringifrom Antenna Structure.

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

vector operations indicated, the following equation results.

E(Q) = — JS {’“J'w/uoi + .A;,——C_‘[‘_(—k’%d'zk/r +3/r) (3, #)7

{
S k-

_ >
- T gkt - r))f S S

(2.3)
However, if one is only interested in the far-field, the above
equation can be further reduced to give
-&kR <7 2
- __‘Wove {—_(—.A I\‘} +JJD.
A e ” J T-R)Rje dS
b
(2.4)
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In this expression, there is a radial component which is not only
small‘but also drops out when the above field is resolved into its
co-polarized and cross-polarized components because of orthogonality.
The final form of the equation that is used to give the radiation
from the reflector then becomes
-~ kR - 2
Ea) = - BE S ﬁi s
] %

(2.5)

— N
where “P is the vector from 0 to a point on the surface and R is
a unit vector in the direction of the far field point.

To obtain the induced currents, 35, one applies the

physical optics principigﬁwhich states that

R e —————

35 = 0 on the shadow side,

and,

JS = 20 x Hinc on the illuminated side

(2.6)

where fi is a unit normal vector to the surface and ﬁinc is the

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

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

be determined.

2.2 REFLECTOR MODEL

The geometry of the reflector system is shown in

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



Y =<

SX2/2

Figure 2.3

Co-ordinate System for Surface Integration
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focal point of the reflector, 0. Input quantities such as reflector
offsets and feed displacements are refered to this system. Apart
from the global system, three other local co-ordinate systems are
used. The first, XquZq, is for the far-field observation point.
The second, XrYrZr’ is for the feed. The third, Xllel, is for the
integration over the reflector surface and is parallel to the global
system. The origin 01 of Xllel is located at the centre of the
projected aperture on the focal plane.

The reflector is part of a parent parabola with
focal length F. Its aperture can be offset in the X- and Y-directions.
These displacements of 0l from 0 are AX and AY as given
in Figure 2.3. The shape of the pfojected aperture is elliptical
with principal axes equal to SX2 and 8Y2. 1In refering the scattered

\h'mm
field to the XqY Zq observation system, which is parallel to the

———— g

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

phase term leading to

-&k@z _.kO_Ooé\ ".A
= Wl I3 % = kpeR

(2.7)
where OqO is the displacement vector of the observation system.

0 0 =

Xx. %+ v. &4 (2.8)
+ o
a dg t Lgq &

dg

The capability of moving the field reference system is useful if

one is interested in removing the far-fi -t ue

to parallax error. If such is the case, thé.origin 0q should be
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located close to the phase centre of the reflector. Let the

spherical co-ordinates of the observation point Q be (Rq’ Gq, ¢q).

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

O
O

o>
Il

X sin 6_cos @§_ + Y
q q

sin 6 sin g+ 2 cos 6
q q dq d a q

dg dq

(2.9)
In order to evaluate the integral, the inward pointing
unit surface normal vector A and the elemental surface area, ds,

are required. If the surface is represented by

(X, + AX)2 + (Y, + AY)2
- 1 1
Z, = - £
4f
(2,10)
then, from differential geometry,
X, + AX Y, + AY
_ 1 2 1 2 .5

‘ (2.11)

10

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

vp——————

e —
-
o

ry cos ¢l

e,

s,
>
|__l
1

[
-
1l
B
=
n
s
3
S
[

the elemental area becomes

0 1 ¢ 2 1/
s [ e (REEAY L (SRS gy dy

(2.12)
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The unit normal may be written as

o))
il

[ (B (SRR e ]

_ ((“,(ostﬁ,+AX)

N = 2%
. T SCV\¢, + O
Ny =T (% )

(2.13)

The surface integration is performed in (rl, ¢l)

co-ordinates, For zero blockage, the integration limits are

O

AL i trsasins

g, = 0 —= 27T

. S )
ry %2 RE. (2.14) :)

il
o

T A (sxasing, )+ (SYacesg 1

With spar and central blockages, the limits change to

ya w L W
’él =0 “:’Sé,l ) ¢b1 by ) ¢bn —> A (2.15)
Bx2 « B2 $x2» S12 |
r, = R 2 — %J . 24-(9116 4)z
AN (Bx2 sind)* + (BYA Cosd,) (5x2 sing; ) osd,

As defined above, there are n spar sector blockages where @ -
limits of the i th blockage are ¢éi and ¢gi . The central
blockage is elliptical with principal axes equal to BXZ and BY2.
These limits together with the integration formula used, will
determine the locations (Xl' Yl’ Zl) of the integration nodes on
the reflector surface. They are converted to global co-ordinates

using
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X = X+ AX
Yy = v, + Ay
zZ = Zl
The phase term in the exponential within the integrand can now be
evaluated, giving
A . »
Do =  Xswm By Cos + Ysin8 9“\‘]‘ + Z (o5 0
£k 4 (#35 4 g (2.16)

In the absence of blockages, the program automatically divides the

¢l— region into four quadrants. Within each quadrant, the same

number of quadrature points are used for the él— and ry- integrations}

ooz,
\\"{

2.3 FEED ARRAY DESCRIPTION

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

the feed array is (X__, Y. , 2 n) as shown in Fig. 2.4. This

rn rn r

system is translated from the global co-ordinate system by ( Jkrn’

J& ' Jﬁ ) and then rotated about the translated axes X

rn rn tn'’

Ytn and Ztn in turn by angles (xrn’ fgrn and X}n respectively.
Given a point (rl, ¢l’ Zl) on the reflector, its spherical co-
. ' . .
ordinates '(ﬂrn’ ern, ¢rn ) 1in the n th feed's rotated
reference system are needed to find the incident field. They are

determined by carrying out the following sequence of transformations.

(i) Transform from (rl, ¢l’ Zl) to (X,Y,2)
X = r, cos ¢l + AX (2.17)
Y = ry sin ¢l l% AY
z = Zl



Figure 2.4 Feed Co-ordinate System

Q(R_,8_,
Q(q qﬂq)

q

Figure 2.5 Field Observation Co-ordinate System

13
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(‘ii) Transform from (X,Y,Z) to (,Pt"et’ ¢t)
2 _ _ 2 _ 2 _ 2
JDrn = (X fxrn) + (Y Jan) + (2 cfzrn)
- -1 -
Op = (= dz,0/ po (2.18)
= -1 - -
g = e dy /- dx )
(iii) Transform from (\f%, Gt, ¢t) to (\f&, er, ¢r)
f tn -
. ] -Cospr (o3 frn. Sty SB. (S ¥t Sind Suin iy m ‘Sinﬁ s é—‘
Sin 6, C°5¢\~n " e " o kn
n tlosdh, Sin {ra - codeS‘m(:lm S frn
| St B Sin ¢Pn - -(08 P”‘- S gm cos Orp €08 d’rm - os O\r?\ St'nﬂm_ St Xm Sinﬁmg;anm
S Sin Bry S Jrn T S0y (o3 fra
cos 6, Sin Bry, ~gindky,, Cos B, Cos Ay, COSf, || osEy,
L i ; AL —
(2.19)

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

may be represented by

-\ k v
En = €)
inc Nf%"

1n and F2n

electric field.

where F

_horn feed, TEM propagation may be assumed.

A A
{ Fm(err\ wd)"n) ery\ * ]:An ( ern )¢m )¢m .)1

(2.20)

are the theta- and phi- components of the

Sicne the reflector is in the far field of the

In which case,

e

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

the
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l/ —
6- ) % A n
=n - —_ X .
Hinc = ( fl"n E LA )
/z 3 : A
= (,uo Jor“ [C T,(qsn - Fav\-‘;eny X
( njém Fav\ ‘3ev\ ) Y t (l:{r\ Tqu Fﬁ“ zen> 74 ]
(2.21)
The transformation functions, T, convert horn local spherical
co-ordimates to the global co-ordinates
. B . , T b ]
Txen cngm COS(}'M ~-(Cos BFHSMJ’M -3 tgm F Cos QM Cos‘#m
T‘ae nl = C;c‘v\ D{W\-gl;”@ﬂ\,cos&l‘m (os dl"n, Cos e §£hdfm605{3rn oS an Q("v\(frn
+ 0S4y Sin I —Stn, Olmﬁt'upm ?L'AX;-YL
TZGVL Stn Otm. S (Yb“ Cosdhpn g"‘"ﬁl‘n S‘.“A,WL ~(o05¢l n(os‘Qr . Sth 6”\.
- (05, SinBry (o5 ken, + St Gy Cos Yra |
— - - - -
(2.22)
- —~ - I T
Tv(d'n - Cos Pl‘n Cos()’m ’“COS{Sm €dn3/m Sth (:[’M
T3¢“ — | sthdk, S g,,tas Yrn Cos Aoy G iy (osd
T (S Ay, Sw X"\- - Smolm Stn p“n St (Y"'t " 0
- /’f‘wm\ 5
‘Z‘Iln ~ S dh!\, S‘C:V\ Xpn‘ Cos (* Qu\@ ?(,L\ K‘,n ( - )
t (03 D(r“ g'::n@?n (os (Yr“ + SU\ dr\/\ Cos (an' \___.
ee - b — —
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If all the horns in the arrays are excited simultaneously, the total

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

egqn. (2.21).

2.4 FAR-FIELD GAIN PATTERN COMPUTATION

With the incident magnetic field known, the induced

current is derived from ;;;s. (2.6) and (2.13) o
-k
X+AX Y+ AY \¥ 12 ’/2, N Zifm
[ v (=5 ) 24 ) ] B ) Z P
A . ( r
X L nlg ( En TZM\ B V\ Zen) - n, Fm *ad'n an T ):] u

n@n

anz (F quSV\ F BV\ - ( T2¢vn - Qm Zen :l +

i[f\x ( Fm Tﬁ«h« B Fah T‘Jeh) - nz( FW\ Txtfn B F:ZY\ TXGV\)] ’g

I/ A A A
=2 1R+ LY+ T2]

(2.24)

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

the electric field at observation point Q becomes
- kR
_ _ L evs _. s
B = - % op ak(xdiﬁh%f“‘f% + de““’iq"‘é +ZA%Cos9%)]-

XE[SSX § + 'Ssn'? + -‘\-Sz 2 ] op [+jk (X scn 9‘% Cosqf% + Y?L'»\Q_z s'Lk(ég-l-Zws%)].

. ol dg,

(2.25) "
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Egn. (2.25) is written in a more concise notation to give

£ () = - -%— = EI(G ¢i)

% (2.26)

The next step is to resolve the secondary radiated
field into its co- and cross-polarized components. The polarization
of the radiation from a Huygen's source is used as the reference.
Let VvV be the unit vector parallel to the electric field from a
ﬁ;;;gEZE:EEEEEEBWhose electric dipole is directed along the X-axis.
Similarly, let VY be the unit vector parallel to the electric
field from a Huygen's source whose electric dipole is directed
along the Y-axis. These two vectors are orthogonal and are used

to define the principal polarization directions.

v 4 6 -sing_ @ =1[1 24 (1 8 )1x
= co - si = - cos - c
X S q n g ) q os g X
- sin © 7 - - i Y
sin qcos ¢q (1 cos eq)s1n ﬂqcos ¢q
A A A A
Vy = 8in ﬁq 8 + cos ¢q @ = ~(1 - cos eq)sin ¢qcos ﬂq X

A
+ [l - sin2¢q(l - cos 8,)1¥ - sin 6_ sin g 2

(2.27)

If the electric field is linearly polarised, its

vertically , Eéx' and horizontally, Eéy

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

;, polarized components are
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- - A '
Eéy = E'oVy = [—(l»— cos eq)sin ¢q cos ¢q]Eé - sin Gqsin ¢qEé
.2
+ [1 - sin 1 - s @ R
[ i ¢q( co q)l ¥
(2.28)
B = R 9 =‘[l - cosz¢ (1 - cos 8 )]E' - sin & cos 4 _R'
vx x T q q X g gz

- (1 - s 6 i s B'
( co q)51n ¢q co ¢q v

If the electric field is circularly polarised, it may
be resolved into 1?; right, Ercp' and left handed, Eicp' components

as follows.

A A
o = B (v, jvy)AJE

rcp
) /42

il

3 ]
(Eéx + jEvy

(2.29)

Elcp - X

|
=
3
]
()
<
L
~N
=

) /N2

= [ o
(va jEvy

The axial ratio of the CP wave is

e, A
s T S R R T R e

,,,,, ———

IE;cpl + IEicpl
AR = (2.30)

lEécpl - By

N e e e e S st e A e

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

et

“ﬁ = [arg(Eécp

— 1]
) a;g(?lcp)]/Z o o (?731)
The tilt angle is the angle between the reference direction and

the major axis of the ellipse when viewed in the direction of
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propagation. The reference direction for establishing the ellipse

orientation is arbitary but 8 is commoﬁly accepted as the reference.
For horn feeds that are rotated about its own local

Zr -axis by §pgle X , the principal polarization vectors must also

be rotated by the same amount.

AL A A )
vy = V,_ cos X + Vy 51nX’
(2.32)
%’ = G sin + G cos
y = Vg sinf + V,cosy
The electric field is resolved into these new directions.
_The gain of the reflector in any direction (Gq, ¢q)
is defined as |
-~ (2.33)

where

Pr = .power radiated per unit solid angle
0k 2 = 2
= (&M, )? Ry | E % /2
Pt = total power radiated by the feed.

The gains for the various polarizations may be obtained by substituting

the polarized components of E , eqgn. (2.26), into (2.33).

- R 2
Gy(8qr ) 2T (€M VP |E! 17 /(B A%

- o, 2 2
G, (8 B) 2 T (€[Mo )7 1B 15/ (B A%

(2.34)






- % g (2 2y
Grep (8qr £g) = 2T (€[ me )7 IBL 17/ 3%)

_ 3 ' 2 2
Gep (8qr £g) = 2T &[A )7 my 1%/(e A %)

The total power radiated by the feed array may be found by inte-

s = SREURFSPL

ppee
et 5

AT AT AT AT TN e

grating the feed's Poynting vector either over the forward

-

s

hemisphere or just across the horn apertures. The former procedure
w:zw;gzzgggd in programs PAREFC_SIF and PAREFM SIF while the latter

is employed in program PAREFL SIF. For the same reflector-horn |
configuration, gain computed by PAREFC SIF differs from that {
computed by PAREFL_SIF due to feed power difference. This gain |

difference ranges from nil for hern sizes 7 3 ) to (6.25 dB }for

horn siz Gain computed by the first procedure is Cﬁ%w@mv

) A

higher than that from the second procedure. _é@gwgfﬁ

2.5 FAR-FIELD OBSERVATION CO-ORDINATE SYSTEM 62%%%%%4274:V

The field co-ordinate system that is used in the ‘425%2

analysis is the spherical system (Rq, Gq, ¢q). For some applica-

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

instead. This system is illustrated in Fig. 2.5. 1Its relationship

to the spherical system is expressed by
8 = cos ' [cos (El) cos (Az)]
(2.35)

B = tan_l [sin (Az) / tan (El)]

In the programs, (El, Az) are used to describe the location of the
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far field -point but they are converted to <eq, ¢q) for the gain

calculation.

2.6 SPILLOVER CALCULATION

The power captured by the reflector is found by
integrating the incident field Poynting vector over its surface.

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

N -Kﬁ“ .
=AZ:| frn [( an X(f’ "‘TXGY\)X t (.'M ‘a(“n MT;JG )Y
n=
(Fon Tagn * i Tapn) 2] o
= Eéx X Tt Ehd Y f VECZ Z
o &L Sk

‘) T
inc Z iopv\ [( F;V\ TX¢V\ - E;lb\ Txeh) /)\( t
(P Ty = FanTyon) Y (Fn Tagn = FanTzon) 2 ]

) A A 2
= G (H X+ Hy T or g 2)

(2.37)

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

the above expressions into the following

1/2 Re { Einc X H. E * (=-n) ds




' . . ..

Y- - o ]
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* 0 0 A 3 g . .
The negative sign is used because n is an inward pointing vector.

The total power captured, Pc, is given by

s % * * *
Pc. = -7 (:ké—o) f[ [(EC\A Hiz = Bz H‘a)"x * (Et'z Hix - Exx HCZ)AJ
s .
+ (E., H:J - E"é] Ht'x* )} r,o(r,ofd, (2.38)

Spillover efficiency is expressed as the.fatio of the power captured

o ~

to the power transmitted.

'ZS = P /P\e ” | (2.39)

2.7 NUMERICAL INTEGRATION

In computing the scattered fields, integrals that

need to be evaluated are of the form

¢ )

W Y
I = $Cr)¢)drd¢ (2.40)

where the two dimensional integration is taken over a rectangular
domain. To facilitate its evaluation, the following substitutions

are made to normalise the interval of integration,

r = (ru + rl)/2 + (ru - rl) r'/2

o
i

(B, + B))/2 + (B, = #1) 8'/2
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yielding
+

(B - ¢l) (r. - ¢

T = — . £(r,4) dr'ds' (2.41)

-l -1

The resulting integral may now be evaluated using..the product Gauss-

Legendre formula. Of all the numerical integration schemes, the

- N

Gaussian quadratures have the highest degree of precision. For

AP

instance, if the integrand can be represented by a polynomial with
no higher degree than 2n-1, then the integral can be evaluated with
zero error using a n-point formula. However, if the integrand is

of higher degree than 2n-1, the error resulting from using a n-point
formula is miﬂimum with Gaussian quadrature. In the evaluation of
eqn. (2.41), a J-point formula is used for r' and a M~point formula

for 4', then the equation may be rewritten to give

. T M
Gch) Got B 5w, 205, 60

4 1= m=l
d (2.42)
The variables r% and ¢% are the abscissae of the Gaussian
formulas while W. and Wm are the corresponding weight functions. /j

Their values mgx;bgwﬁdund tabulated in various mathematical hand-

A AR S L2 R s
et

bogks. The integration procedure now reduces to a double summation

. e
by the appropriate weights.

Next, the matter of determining the required number
of integration points is presented. Numerical experiments have

shown that the required degree of polynomial approximating the

R —

)
integrand is about three times the number of roots the integrand
e T e peonma

has within the integration interval. So if the integrand displays
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L half cycles, there will be L+l 2zeroes, thus necessitating a

3(L+1) degree approximating polynomiél and a [3(L+1) + 1]/2 - point
formula. To apply this, let us assume that the size of the antenna
aperture in the direction of integration is 'a', then the radiation

from this aperture at angle ©8 measured from broadside, is simply

+afy
4-()'ks $ehO
E (8) ok Acs) ¢ ds .
—'Q/ZI -
i +-ka9’§&9

o( A(f) Qd‘if JSI

The aperture illumination function, A(s), in most instances is
slowly varying. Only the exponential term shows the oscillatory
behavior. In this case, there are (2a/A )sin & half cycles, a
number that is dependent on the angle of observation measured from
the peak of the beam and the size of the aperture. The number of

integratien points required is conservatively estimated at

(N’/jw Integer [(3a sin e)m (2.44)

~

-

The process of selecting the appropriate quadrature

PP RO

oo o,

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

largest angle between the peak of the component beam and the edge
of the observation frame. Substitution of this worst case angle

into eqn., (2.44) gives the required formula.
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2.8 MODELING FEED HORN RADIATION.PATTERNS

Feed horns for the reflector programs were purposely
divided into two groups. The first group consists of linearly pola-
rized horns and is used in program PAREFL_SIF. The radiation patterns

from these horns are computed using the aperture field model and

the vector diffraction integral. Both transverse electric and

magnetic fields across the aperture are used to compute the radiated

fields. With this formulation known as thﬁ’Chu mode%? the co—péla;

T e s B it

rised fields are accurately predicted but not the cross-polarised

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

AT AT YR AT e 887

of Poynting's vector across its aperture. It may be readily
evaluated*igfgigggg_ggzgn Gain computation based on this radiated
power from the horn tends to be conservative, erring on the low
side. A built=-in margin therefore exists with this model.

The second group comprises horns that are suitable
for both linear and circular polarizations. Again the aperture

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

A LN ST

a choice of two aperture field models is provided, the Chu and the
" N " i T

Ty

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

e

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

prediction for the co-polar patterns and reasonable approximations

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

e

A 1.3N . To compute the power fadiated, a different approach

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

ward hemisphere. Gain computation using this method of computing
N

The method of computing patterns from horn apertures
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is first presented, followed by evaluation of patterns from the

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

to produce circular polarization is then discussed.

2.8.1 RADIATION FROM HORN APERTURES

To find the radiation from the horn aperture, the

vector Huygen's principle is applied by enclosing the horn with a
—‘;‘\_‘%—»

surface that includes the aperture, exterior surface of the horn
and the sphere at infinity. There is no contribution from the

sphere at infinity. The tgggggti@i_electrig‘field over the horn

surface is zero while the surface tangential magnetic field is

Zneglected. This leaves only the tangential electric and magnetic
fields across the horn aperture. One could then postulate that

sources across the .aperture consist of electric and magnetic currents

given by

—

A
J = nx H
- - A
Jm = Et X n

ﬂ’“‘“‘“m
This model for the horn radiation is the Chu model. >For horns

whose sizes are in the range of l 0 ~ 1. 3?\//{the fields are strong dfC: &

at the periphery and the model gives reasonable agreement with

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

[N -

contribution from external currents would become proportionate

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

Also for multimode horns where the fields are zero at the periphery, 42%;&
5

the Chu model gives good prediction of the patterns. Patterns from qﬁﬁq%/

T A g
the Chu model are obtained from the following egquations. é%;¥@4
¢%¢’4WM££;ﬁ%i4é;%g’ é@: <

&
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- L € .
EQ ‘A—B‘—?\R——l‘_( + A (0s e:](N;(COS¢ + Nj SLV\¢) (5. 45)

-kR
By = %%E[COSG + O‘J(Nx SihG - Nfl Cos¢ )

(2.46)
where
N = J.g é{: Q,XF['*'"U((XS’(V\@ Cos¢ + SS‘(V\B ﬂ'ngz()]c(xdj

qper

- (en(E,

d = k lﬁll ) ™ , modes
C Pen
= ?2"‘ I';E ) TE , modes

(f}t)i is the incident electric field and {grm1 is the phase constant
for the given mode. The reflection coefficient [' is small and
usually set to zero. Very often o is set to one in arriving at

a Huygen's source.

An alternate model may be used for 1.0 - 1.3

horns. The Huygen's surface is continued through the aperture of

the horn to form an infinite electric conducting ground plane.

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

currents of

X n) over aperture

= 0 elsewhere
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Fairly good agreement with measurements is obtained for both co-
——— — e SRy

e

polar and cross-polar patterns. Egns. (2.45) and (2.46) are modified

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

- j exp(-jkR) .
EG R (Nx cos @ + NY sin &) (2.47)

5 = ~J exp(;ij) cos @ (N_ sin g - NY cos @) (2.48)
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2.8.2 FEEDS SUITABLE FOR LINEAR POLARIZATION

In the reflector analysis program PAREFL_SIF, various
types of rectangular horns may be used to feed the reflector. The
horn types allowed are tabulated in Table 2.1 together with the

assumed aperture distributions. In addition, quadratic phase error

may be present at the horn aperture since the feed waveguide size
is equal to or smaller than the horn. The expression for this phase
error may be obtained as follows:

Consider a principal cut through the horn as shown
in Figure 2.6. The flare lengfh of the horn is '}' while the
aperture dimension is 'd'. Assuming that a spherical wavefront is
emanating from the phase centre P, the deviation from the phase
front at a point X on the aperture is

d - L-px=1-411+ (x/D? - (0.5 /21"
(2.49)

~vo- (0.5 x/0)% + (0.125 a/l)?

This quadratic phase error is used in the feed modeling.

S

With the appropriate aperture distribution and

phase error, the radiation pattern from the horn is computed using the
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Table 2,1 Aperture Distributions for the Various Rectangular
Horn Types
Horn Types E~-Plane Distribution H-Plane Distribution
Pyramidal Uniform Cosinusoidal
Dielectric Loaded Uniform Uniform
Corrugated Cosinusoidal Cosinusoidal

Dielectric Loaded :
Corrugated Cosinusoidal Uniform

Dielectric Loaded
Trifurcated Binomial Uniform

Trifurcated Binomial Cosinusoidal
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Figure 2.8Dielectric Loaded Trifurcated Horn.
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aperture field method. Horizontal and vertical polarizations

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

S TP

polarizatioﬁ vector is parallel to the X-axis while the horizontal
P

g,

_— SN

polarization vector is parallel to the Y-axis. Expressions for

the radiation patterns of the different types of horns are given

below.

Vertically Polarized Pyramidal Horn

~

The fundamental TElO mode is assumed to be the
/’"’-—-’-HM

only propagating mode. By assuming that the mode propagation

constant is equal to that of free space and the reflection

coefficient is zero at the horn aperture, the field distribution

for the horn of Figure 2.7 may be written as

_ My a2 2 .
E, = A cos(—3~) expl-jk(X /21E + vy /ZlH)]
2 2
. a b™
exp [ jk (g& + 7+ )1

SlH SlE

o= E/g
where

A = amplitude constant (2.50)

lE = E-plane flare length
1. = H-plane flare length

a = H-plane dimension



= E-plane dimension

b
§ = free space impedance

From egns. (2.45) and (2.46), the theta and phi-components of
the radiation pattern can be readily shown to be

- kR
E T e‘L [[1+ cosf] cosp A i N,

(2.51)

kR
£y = -ke = 1+ s8] sing AB N

*+b/y
"'“/z.
— -—k( + ) +k(><$m(9¢os</+ Sen Snd)
Nx B CUS(ICL\%') T 3‘}— (J o(M{;]

Y

. P
2 g b )
gt ik T 3k

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

~ »
P = cos @B - sin g &

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

33
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(Wt i,

cross-polarization response, which is zero, is unrealisfic and

is brought about by assuming the propagation constant/is that of

free space. Such a situation is realised only when a 3> A since

2 %
.@: ?\ =[l—(?\)]

. A more accurate model for
hglO 2a .

the cross-polarization pattern is the electric field model. The
present model however, gives very good co-polarization pattern
prediction.

The horn co-ordinate system (XYZ) is rotated about
the X-axis by 180° to give (X'Y'Z') as shown in Figure 2.7, The
new system is consistent with the reflector co-ordinate system.
This co-ordinate transformation is done here to reduce the number
of transformations required later. To perform the rotations, the

following substitutions are entered into equation (2.51)

X = X! y = -y
§ = -8 Pt
Sin & = Sin @' Cos 6 = —~Cos &'
Sin 4 =-Sin &' Cos § = Cos @'
giving
'kQ +; leot!

td
|

k e? - ,
- W[l s Jcosg A" N,

~k£

dhx
P —3———- [1- 6036]?"'(1? Ac

(2.52)
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I, — '2 ' 2 (.t Loy 1y
N = cgs(i‘a_) exp L_Jk(g—[; + é‘TH)Jgffgk(X Scn@cas¢+jnn6§m¢]
oot . dxlo(zj,

To convert the integral Nx' into a form suitable
for Gaussian integration, the following further substitutions are

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

As a result, the term N_, in equation (2.52), becomes |

1
N, = _%_A (05(124.>&(F[jk(%?f)]@flﬂ[f(jk%S'c'na’s‘[wf]&(j . |

= (2.53)
41

€‘I(J Eék (%}("_; )] (X/o [Ak(%’f‘ Sind 5044‘()] 6{)(

-1

8-point integration formula is sufficient to evaluate the above
integral for horn sizes up to 4 wavelengths.

T Normally, the power input to the horn is specified.
In order to evaluate the pattern, the amplitude constant A must

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

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




e
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the input power, Pi'

Py = j:[ﬂfle{éx H*}i o(m(t] = ?}%M‘l (2.54)

As can be seen, the amplitude A can now be readily obtained from
the input power. |

Derivations for the rest of the horn types are similar. Only the
aperture field distribution, radiation patterns and power radiated

expressions are given.

Horizontally Polarized Pyramidal Horn

Aperture field distribution:

Tx < : !
A cos(F) "-"P[‘Jk (.27; T _?ZE )] pr[jk‘*] (2.55)

=
it

B, = - Ej/g

Radiation patterns:

L= | —cos® | sing A Q“ i

%o ar@ [ ] 3 o)
k~k£

Eg = o ——[1 = Cos @ Jeosg™ A (;_a ij

, 1 2 2
N, = 5:—- f@s(%&) ZKF[—Jk %‘/‘&] @,(F[Jk %‘ Stn 9’(05¢'J o()( :

-1

+1 29 b VI
& e‘(f[”ik (?z‘t] QXP[JK Elj' Stn S’(h¢ ]0(3
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Power radiated:

ab

i 7 %

2
|A]

Vertically Polarized Dielectric Loaded Horn

Aperture field distribution:

2 2
et Y X . /

e}
]

EX
H e —
g

Radiation patterns:

kR
d
By, = "&_quR (1~ cage] Cos¢ AQ“ NA
~kR +k&
Egr = LH,& Foer L1~ me g e N,
+1
N = %-Swhk”‘ﬁ;]“ﬁﬂr%gme’wﬁ%'
2
+|

|

Power radiated:

37

(2.57)

(2.58)

(2.59)

(2.60)




Horizohtally Polarized Dielectric Loaded Horn

Aperture field distribution:

2 2 ,
Ey = A exp [—jk(%TH + %TE)] exp [+jket ]
EY
HX = “?—-
Radiation patterns:
—kR kel
= ke (s8 | S Ae N
o *“m[‘ e !
- —lce $ikk
Byo = S [ - os0 s A € Nj
+
zz

v %S@P[H

-1
+1

Séxp hk g ; ] éxf [ A k%f Sing 9c'n¢'] a(j

Power radiated:

" ]Q’(‘)[A Esing sy [dx -

38

(2.61)

(2.62)

(2.63)



Vertically Polarized Corrugated Horn

Aperture field distribution:

y

2

[0 .
3 ) cos (- by) e*p [—Jk(§TH + %TE)]

=
b
N

v exp [+jk oL' ]

H = Ex/g

Radiation patterns:

E,, =

b=
I

._kR 4 : '%kdf
ﬁ___._“‘fg [1-cso']osg A Ny

13%9— [1 = os6 Jomd’ AQ" N*

+1

-‘%-X Cos(%} ex‘ohk; - ]exlo[ék%&w'%(flo% ‘

t

j(()s( )Exlo[akbx :(0(()[}(\ T Sch@@s&]g{x

-1

39

(2.64)

(2.65)



Power radiated:

Horizontally Polarized Corrugated Horn

Aperture field distribution:

40

(2.66)

E. = A cos(—%) cos(_ MY, [-'k(X2 + y? ) [+ik ]
y = o = cos 5 expl[-j 21 7T e pL+]

. _ Y (2.67)
x £

Radiation patterns:
—g————“kk[i (o5 8 s¢A€+“kd

B,, = = (05 ‘.{ n

© 4R :l (2.68)

kR kL
T\'&% [I - (os@](os¢ A< *d Nj

+ 22
=\

+\ 24

[ ponl 5 oL <

. |

o cosg' Jelx «

S'L,h@,%.“(él_:( ”[3



Power radiated:

Vertically Polarized Dielectric Loaded Corrugated Horn

Aperture field distribution:

B
X

Radiation

9'

gsl

2 2

A cos( Tx/a) exp [-ik(31 + L2 )1 explika ]
H E

patterns:

~kR

.tk
.3_.__ [, ~ (os0'] Cos¢ Aol™ N,

~ kR 7N
-k e AN
W—R— [l 6056_‘19oh¢ A A

CZ_L JW{)[ -k #]WIO[ §¢h9 §ch¢] 0%

+1

X(US(T QX[’[ k2 TP Jﬂf[’[ Sm@dosé]&()(

Power radiated:

41

(2.69)

(2.70)

(2.71)

(2.72)
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Horizontally Polarized Dielectric Loaded Corrugated Horn

Aperture field distribution:

: 2 2 ,
Ey = A co;( T y/b) expl-jk( gIH + %IE)] exp [ jkek ]
(2.73)
Radiation patter
- !
k o Tend' A N
= - S
Eg, = éTﬁﬁf I C%@_]¢“¢ Ae § (2.74)
~ke I
~kal ; , +6hx
- - ed N
B -()m—— [1 ('05,9](,'0355 A j
+1

Ny = %{-.b—jexf) [..ak %;zx—- ] éxig [ A k %)'(‘ 9[“\6’609&’ ]6{)( *

-1
+

SCOS(%-) Qx’o[‘Jk %k%:_ ]Qxf[ﬁ“]'k%&ﬂ'w'ﬂhdlj 0{7

-1

Power radiated:

|A| (2.75)
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Vertically Polarized Dielectric Loaded Trifurcated Horn

The trifurcated horn has a non-uniform (binomial)
aperture illumination in the E-plane. The amplitude ratio of

1:2:1 1is achieved by introducing vanes into the horn which split

the energy entering at the horn throat. The aperture area is also

s A

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

as shown in Fig- 2.8, the field distribution becomes

E, = A explik A 1] b/2 7 x J b/4 Region 1
= 2A exp [jkA 1 b/4 ;Z X ;Z -b/4 Region 2
= A exp [jkA ] -b/4 2 x » -b/2 Region 3
(2.76)
where
2 2 2 2
A ==%2 _Y i.a ,b_
ZlE 2lH 81H 81E

By combining the radiation from the three subapertures, the theta

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

follows:
-'kQ ’
- i 1 , +"k$
Eg: = -3%%’7{-—[1—(056]60% Aol N;( (2.77)
- kR p +‘k&’
—-k~a° - / ! A éid ﬂJ
E., = 455 | —(osg]Smd X
# 4TR ! :




HE O N I G B G B S BN Bl D T B S G B G e

1
Ne = —%—X(&Yp [j< %}&'v\@ls{w']@(f [—ak%]% .)f
# -
b L B3N o gl
‘(Qx‘:[ dk 1281+E JQXF[AK 3 swé Cosd _](,{A

-t

+| 2 2
o G b (x=3)
+ S@('o[dk CK‘3)-§L—SM«9 COG({/JQXIOI}(\I‘ 12§ ZE :(&X

- |

+1
% :
L bX T, T bR o g
s Jop L 37, ] ep Lyt siosd T
~1
Power radiated is obtained by summing the power flowing across

each subaperture.

_ 5 ab 2
P, = Z_g* Y (2.78)

Horizontally Polarized Dielectric Loaded Trifurcated Horn

Aperture field distribution:

E, = Aexp [jkA ] b/2 2> Y 2 bB/4
= 2A expl[jk A ] b/4 2 Y » -b/4
= A exp [jkA ] -b/4 2 ¥ 7 -b/2

(2.79)
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Vertically Polarized Trifurcated Horn

Aperture field distribution:

E, = A cos(la—y) exp(ikA ) b/2 X 2 b/4

= 2A cos(l£~) exp (kA ) b/4 ;? X;Z -b/4

= A cos(—Tr—ay-) exp (jkA) —b/42 x} -b/2
(2.80)

Radiation patterns:

_kR . .
—k o , ke
Egr = —ﬁ%ﬁ-[l—me]msgﬁ Aet Ny (2.81)
I 4
By M LI (036]%\(/ A
4

2
1

- J (5 ep L s [explikgg ' sid 14y -

+1 =t

{ gg*f['ﬁk bé;z) ] Qxf[(jk%lC%-X) St'nelcosqﬁ’] dx

-
+

[QX(J[ k(X - 3)b $'n@ Cosd _—{QX'OL K 1628’}3) ]U{X
-1 +‘
+ & Kéx{: [- ak ] ap {:A 2% 5in® cosgp' Tolx g
Power radlated

i T 3 T |al? (2.82)



Radiation patterns:

kR

.I +:kat’

- Bgr = k [l‘ COS@JW\¢ A-@d j
Q—,kg + k'

Egn —()m )_f C0s6 [cosg A 2 N:}

+

_ ab '« »
N, . = %g{{x()[-ék% JQXﬁ[Jk%&S’me azgqﬁ’]%x {
+1 B

&@xr[ak (%‘3) —lé’- S‘('hél?c'lﬂdl] 4)‘,0 [‘Akcﬂ‘_z’)%& ] %j

+1

KQX'OI: k(Y 3)1281,,: ] QXF[AM‘J* 3>~— Sinb'sind '] 0()(3

+(

-1

Power radiated:

(2.83)

(2.84)
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Horizontally Polarized Trifurcated Horn

Aperture field distribution:

47

E, = A cos( T x/a) exp(jkA ) b/2 y J b/4
= 2A cos(T x/a) exp(ik A ) b/4 7 y 7 -b/4
= A cos( T x/a) exp(jkd\ ) ~b/4 ;Z y 2} -b/2

) (2.85)

Radiation patterns:

—\-kR ) -kd’
k e} e A ab N
= - C
B, Fems [1-cusg'Tomg Ae g
~:kR +:kad!
ko _ ! ‘ 60 N
Eé, = TR [} CoS@]COSd A 3

fl

ZXL L ,
by = 3 Bl 5, Terl s ]

+) -

{ X op [y~ singlsing' Jatp ik (g 20y 1dy

=\

+ 2 L bt
+ ggxlo[_;)k(n&+3)2u—(?];]@({o[ak(‘a*wg B Sin ¢ ]0{3
|

_ﬂ s [N ! . b’l?.
. 4& p L sindsind'] oipl gy, | by §
Power radigted:
l2

P. =
1

oot

ab
= IA
§

(2.86)

(2.87)
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2.8.,3 FEEDS SUITABLE FOR LINEAR AND CIRCULAR POLARIZATION

i
et

o

— s
A

b AT

™ a3 A A7 AT SIS

The tangential electric fields appearing across the

aperture of a conical horn excited with the %ﬁmn‘\ﬁ?de may be written
/

as: \_..w“‘j

E, = A(jkmn/2)[Jm_l(kmnj> )esin(m-1)¥  + Jm+l(kmnf ) -
sin(m+l) ¥ 1 e—jg (‘P)
B, = Ak /2) [3__, (kanD ) cos(m-1)¢ - g (kmnjo.)

cos (mt1) Yy 1 e IB(P) (2.88)

The characteristic values k_. satisfy the relationship Iy (kpaa) = 0y

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

—

variables at the aperture are jD and ¥ respectively. _Eiﬁﬁiﬁﬁm=

of the horn produces a phase front deviation from planar across the

opening by an amount expressed by

Sl

exp [ F (P)] = exp [-k Wwp® + L% - )] (2.89)
JP a a -

where [a is the axial length from the apex to the aperture. The
phase is referenced to the horn centre. Egn. (2.88) is substituted
into egns. (2.45) and (2.46) where the cartesian integration variables

are converted into cylindrical ones. Performing the g@g-integration,

the resulting expressions for the N functions become
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N9 = NX cos @ + Ny sin &

.
= (1t M) 1A Ky, g"‘g IS Tk T, (R psing) +

(v}

-Smﬂc kwmf) S;HICkJogc'nG)]ffjf Smm@  (2.90)

N¢ = Nx sin g - j Ny cos %

Q
m ,~§C )¢ , ‘ .
== ()T Ak, A f ¢! 4 [Im—lehﬂf) jm_‘Ck/osme) *

o]

(2.91)

]—hmc kmaf) Tmﬂ (’f]l) Sin 9>]jbclf C03m¢

The above integrals can be evaluated analytically provided f@fﬁ)

is zero. Otherwise, they have to be calculated numerically. The
power flow across the circular aperture is calculated by integrating
the Poynting vector. For the TEmn mode, power radiated is found

to be

e G R L) - ] T )

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

aperture distribution takes on the following form

E, = (fj Bkmn/2)[Jm_l(kmnjD )-cos (m-L)Y - J . (kmnjo )
scos (m+1){ ] e'jg Qf;
E, = (3 Bky/2) 13,4 (kmnf Jesin (m-1)¥  + 3. (R

esin (mel)Y ] -IZ ()

(2.93)

S

Thé el envalue, k atisfies the relationshi J_ (k a)
g " “mn’ ﬂpﬂwmm\“mmwgmmmmwmwmn_“m%ﬂwmm%

[ U ———

Substitution of the above field distributions into the radiation

equations result in the N functions below.

N9 = Nx cos 6+ Ny sin &

- . (m+1l)
(1+p) W3Bk_ 3

~jg(p) o
eI P ey i p )

Jm_l(gp.sin 8) + Jm+l (kmnjp ) Jm+l (kJD sin 9)]/:qf cos mg

(2.94)

N¢ = Nx sin @ - Ny cos 9

a
‘J.Z( ) ¢
= (1+m) WiBk 3™ | e S, Fn p )
0

—l(ij sin 8) - Jm+l (kmnjo ) Jm+l (kJo sin 9)]/>%p sin mg

(2.95)
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Power flow for a Tan mode across the circular aperture may be
readily obtained as before, resulting in
p, = JWE (l--lr‘Iz)Bo'kl o Tll(k a) (2.96)
t 2 ¢ Mmn m Mmn ’
ﬁmn m
€“= 1 , m =0
= 2 , mF 0

The most frequently used modes in a conical horn are

the fundamental and the combination of TE..

11 and TM

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

11

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

11
polarized. Similar substitution in eqns. (2.90) and (2.91) results

in a TE;, mode pattern that is Y-axis polarized and may be rotated

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

11
be ‘combined to provide Y-axis polarized patterns that have low side-

lobes and are defined by

_ éékR .
g = A g}? K, & { [1+ (B IR s8N, -~
[’ + Ck/}gue ) C039](B/A>C1<“E/k“H>NeE} CC’S?{
rd,
By ==A ;\;\‘Q Kipg {[Cosé + (B /-k>JN¢H = [cos6 + (k [Bye)]*

(8/a) (k. /k,,H)ngE _{ in @ (2.98)




where

l . U
New = T S éagcfa) [%Cknufla)];(k“f,ﬁ"e) - 3_0( k”“JDIO‘)'
Q

T (kaf'sme)]f'o(f'
Ny = § FPPLT, (kg o) T Ckpiasind) + T, Chun po) ©
“ Tk fasie)] £
Nom = jl 555%[1 (ke fo) T, Ckpesing) T, (K pa) -
o T, Ckplasie)] '
Ngg = J' é«ifcf’@[_ %Ck“&/:'a) J;Ckf)'ag,,}le) + ICkuEf’a)-

v

];(kf'a e‘he)jf’gff:’
kiga= 1.84118 , k. a = 3.83171 , k = 2T /)
2 _ .2 .2 2 _ .2 .2
Bl = % - Xy o+ Piig = ¥ - Xiig

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

. component relative to the principal TEll mode. The higher order

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

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

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

e, g

s

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

Zero, the dominant mode patterns are obtained. The E-field radia-
tion model could also be derived by putting the propagation constant

ratios ( ﬁllH /k) and (k/ {gllE) to zero.
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Pyramidal Horn Patterns
To reduce E-plane sidelobes for a nggm;géémﬁiiiL
oy, WM
the higher order mode pair TE}_2 and TM12 is excited.‘/The
S e - onie— el e P
aperture distribution for the TE,, mode may be written as
&W?wE =
= . TA . a1
x e A” §bn(—i> Slh( b )
I (2.99)
ST W, TX - QF%
B, = A A COS(T) COS( b )
12
while the distribution for the ™, , mode may be presented as
¥ Pra /T . /3T
W T e AR s (59
12 ‘ (2.100)
-'UT‘) E:z (11')( ( 2 r‘_g
12
These two modes should be combined such that the cross-polarized
EX component is cancelled. This condition is obtained when
AE 2 W a
— = b (2.101)
A P12
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Adding the two modes produces

o WwauT o~ X 2y
B, = AZ";ACK—[“{. X Cos ( )C"S( )

A, Cos(%‘) C“(%) . (2.102)

The fundamental mode excitation results in an aperture distribution

of
- TR
Ey = A COs (~—E—) ] (2.103)

By exciting all three modes, the aperture distribution becomes

- . - 2Ty X
Ey = A [1 + <ilz cos (=3—%) 1 cos (~3——) (2.104)
where &‘12 is the ratio of TE/TM12 mode pair to TElo mode.
For similar E- and H-plane patterns, chz ranges from .50 +to

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

N

far-field patterns.

T R
PECRIS T

<\Chu Model: j)

KR
P
By = -56_(% @K A1+ cos6] cosg N, (2.105)
- kR
. J
By = - a.jfé.f’% 22_ A [| + Cos@]Sumg N, (2.106)




E-Field Model:

- kR
-k 4
EG = % é“- A COS¢ Nx
~:kR
kab @ '
Bg = = Yz g Acosdsing A,
+ Tix +;\k(Q/2)X€£n9C05¢ -déoo
Nx - Cos = e O(X ¢

=
+{

S [1+ a4, cos(ﬁa)] é

~1

+j k(‘)/ﬁ)gﬂ"\ 6Sing é‘) &3)

4
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(2.107)

(2.108)



2.8.4 FEED PATTERNS FROM MEASUREMENTS
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Most feeds may be adequately represented by its
E- and H-plane far-field patterns Ee(e) and E¢(9). For example,

the X-axis polarised feed pattern may be represented by

- A
R(0,0) = By(8) cos § & - Ey(6) sin g p (2.109)

Here the # = 0° plane corresponds to the E-plane while the § = 90°
plane is the H-plane. Given the angle 8, the field at any @-cut can
thus be easily found from the azimuthal cos@ -~ sin@ description.

In the program PAREFM*SIEX the amplitude and phase of each point

defining the principal plane patterns are entered in dB and degﬁiii

g T e R SR ~

respectively. The angular points 8_, n=1,2,....N are assumed to be
P ) n

equally spaced. Quadratic interpolation ia used to find the field
at the in-between points. The field at points outside the range

i.e. 979N, is set to zero.
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2.8.5 EXCITATION -OF FEEDS

Let us assume the feed, with diagonal symmetry, has
two orthogonal ports labeled 'X' and 'Y', which are aligned with
the respective axes. Exciting port 'X' with voltage excitation

coefficient CX yields a radiated pattern of

A A
EX = C, Al Ej (8) cos & & - E¢ (6) sin 4 & 1 (2.110)

where Ee and E¢ are the E- and H-plane patterns respectively.

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

§F = ac_ eti¥

A A
y y [Ee (8) sin @ 6 + E¢(9) cos @ @] (2.111)

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

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

R L P,
excited to produce an elliptically polarized wave,
E = A (CE, cos g+ C +j¢' E, sin &) g - A (C, E, sin & -
X0 y 8 X g SR
. A _
c, Y, Ey cos @) # (2.112)

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

For RCP, #’ is equal to -90° and CX is equal to Cy. For LCP,

il

_%L_is equal to +900. Linear polarization may also be simulated
by setting either CX or Cy to zero. Associated with the
patterns is the constant A which is proportional to the amplitude

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

QT n
L= (e J IE|* sinodody
. 0 7 7

' 2 1 2 24,
ﬁ(é//u}/zﬁf(%lo"(ck + C(a ) [l,EGI + €1 Jsimg de

e}
Il

il

(2.113)

Equating the input power Pi, which is known, to the radiated power,

the excitation constant A is found to be

A .
1a]? = s (2.114)
(c; + cy) Py
where
4l
. Lo 2 2 . }
Py, = k% (Eéﬁk )2 T [IEglT + |E¢I ] sin 6 de
[o]

If the feed is not diagonally symmetric such as a pyramidal or
elliptical horn, then exciting the 'X' and 'Y' ports will yield
an elliptically polarized radiated pattern of

E = 6 [C.E cos & + C e+j¢ + B sin 4] - 2 [C_E Sin 4 -
X x6 % ve X xXg

C e+3¢

v . Ey¢ cos &]
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Here, the E- and H-plane patterns of the two ports are not the

same and must be supplied by the uéer or calculated separately.
The freedom to choose C_, CY and ¥ also allows

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

cross-polarization performance of the secondary beam.
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2.9 CONTOUR PLOTTING PROGRAM

Output from the reflector analysis program is a gain
matrix computed on a rectangular elevation - azimuth grid. The
grid is usually coarse to reduce the number of observation points.
To get a quick idea of thelshape of the secondary beam, gain contour
"plots over the coverage area on a line printer are desirable.
Program \D lhas been develOPed for this purpose. Its usage
and listing are given in Appendix E.

The gain matrix is first expanded on a finer grid

using a method of interpolation in which the function and its

first derivative are continuous at all points. The gain function

e -

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

o X3 ~——~. The classical solution is to pass a

polynomial through a number of points near the interpolated value of
e e e et s om0

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

. -

points Xl, X

polynomials are found over any given interval and a weighted average

is taken. The weighting W 1is a function of the independent varia-

R e gy prr e
bles and it vanishes with zero slope at the end of the interpolation

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

Figure 2.9 Weighted Quadratic. Interpolation
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In the range Xn and Xn+l ' econé/ rder
polynomials may be used, the first, Fn , fitting exactly fn—l
» a . %
,fn fn+l and the second, Fn+l ¢y Efitting exactly fn fn+l fn+z .
. 0 .~ Mw
The weighted average at X 1is then . i \
F (X) = WFn (X) + (1L - W) Fn+l (X) (2.115)
where W 1is a function of X such that
~ dw dw
n n+1l dx X dx X1
(2.116)
The function W, satisfying the above conditions of eqgn. (2.116),
takes on the form
' |
2 3
W = 1 -3L° + 2 ol (2.117)
where
2 X - Xn
o+l ~ %n

The two interpolation polynomials may be readily written as

F (X} = £ (X—Xn)(X—Xn+l) ‘e (X—Xn_l)(x—xn+l) ,
n n-17 n
(Xn—l—xn)(xn_xn+l) (Xn*xn—l)(xn“xn+1)
(X=X ) (X=X )
fn+l = - ' (2.118)
(Xpp17Ep-1) (X1 7%p)
P +1(X) . f (X'Xn+l)(X‘-Xn+2) + fn+l(X"'Xn)(X—Xn+2) +‘B (XT‘X)O(X" Xn-ﬂ)
’ ey - - - M2 (X, 0K X
Oﬂlxn+f(xn Xn+2) (Xn+l X )(Xnﬂ Xn+2) (sz "”&Mn mJ
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Employing this interpolation technique, the grid
interval of the original gain matrix is divided into smaller

intervals, i.e. additional rows and columns are added to the matrix.
’—-—H—'\\_k ~ e . "

The line printer is a discrete plotting device. The

smallest step across the page is determined by the number of
characters per inch (Cpi) setting of the printer. Similarly, the
smallest step along the page is fixed by the number of lines per
inch (1lpi) setting. The printer starts plotting by making the
first cut across the page. This cut may be an elevation or azimuth
éut, depending on the orientation of the plot and is at one end of
the observation frame. A quadratic polynomial is fitted through
each group. of points in turn and progressively across the cut.

The intersections of this curve with the gain contour lines define

S

R S - o
e s s oA T

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

N

The relative positions of these points depend on the across page

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

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

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

gain values for this cut are obtained from the new gain matrix.
A similar search across this cut is made to locate the contour

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

\

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

this plotting are gain contours defined by discrete symbols.

.
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3.0 SHAPED BEAM ANTENNA DESIGN STUDY

The computér programs developed in the previous
sections were utilised in the design study of shaped beam antennas
using two different techniques. The first method makes use of the
reflector surface while the second employs multiple feeds to

produce the required beam shape.

3.l SHAPED BEAM FOR RADARSAT APPLICATION

With a reflector antenna, there are two principal
methods of generating shaped beams. The most frequently used
method is to dispose a linear or planar array of horn feeds in
or near the focal plane of a parabolic reflector and then exciting
them with the appropriate amplitude and phase. Each feed produces
a compohent beam and these overlapping beams are combined to form
a shaped sector beam. In other words; these horn feeds are used to
produce a sin X/X type illumination across the reflector aperture.
Fourier transform of this type of distribution gives the required
shaped secondary beam.

Instead of using the feed to produce the required
aperture distribution, one could also use the reflector for this
purpose. For instance, a simple method of producing a sector beaq
is to divide the reflector into an inner ring and an outer ring.

A cross-section through this reflector will have three parts. The
two outer parts have a focal length that is A /4 longer or

shorter than the centre part so that illumination of the outer

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

63

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




they are confocal. With the horn feed producing a normal primary
pattern, stepping of the reﬁlector in such a manner will produce

a crude approximation to the sin X/X illumination. If this method
of generating a scanned'sector beam is successful,'then a flat
lens surface with dipole elements may be used in place of the
reflector. The phase shift in this case will be provided by con-
trolling the lengths of the dipoles. This is the main reason for
investigating this type of reflector.

To analyse a stepped reflector, the original para-
bolic reflector program for rectangular apertures may be used after
some modifications. Since this program already has the capability
of dividing up the aperture into a number of segments, then by add-
ing the option of specifying the focal length for each section, the
performance of such composite reflectors can be readily evaluated.

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

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

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

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

secondary patterns from the stepped or composite reflector for an
on-axis feed are plotted in Fig. 3.2, together with the pattern
from a perfect parabolic surface. The percentage referred to in
the figures is the percentage of the total aperture that is anti-
phased Awith the centre aperture. The greater the perceﬁtage, the
wider the beam but also the higher the sidelobe level. This side-
lobe level may be reduced at the expense of complexity by using
more rings. | - |
When an array of three of these horns is used to

illuminate the reflector on-axis, the sector beam produced in the

64




E-plane or elevation plane is shown in Fig. 3.3. The gain at the
edge of coverage is approximately the same as that from a perfect
parabola. As this array of horns is moved off-axis to provide a
scanned beam, the beamwidths of the individual component beams
become narrower as depicted in Fig. 3.4. On-axis, the 3-dB shaped
beamwidth is 2.8°. at 10° off-axis, the half-power beamwidth
has decreased to 2.50. The beam from the perfect parabola, on the
other hand, has widened. Couple this with their higher peak gain,
the scanned beam from the perfect parabola has slightly better
performance than that from the composite reflector as depicted in
Fig. 3.5. The sensitivity of the beamwidth to scanning in the
stepped reflector is due to the departure from the anti-phase
condition at the aperture. From the above results, it can be seen
that there is no particular advantage in using a stepped reflector
in situation where the focal length is necessary long. |

The performance of a centre-fed stepped reflector
with a shorter F/D (=1) was next investigated. The reflector has
a square aperture of 70" by 70" and a focal length of 70". The

frequency of operation is 11.803 GHz. The components beams from

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

The E- and H-plane dimensions of the feed horn are 1 \ and 2.25 A
respectively. Three of these horns are combined to give the sector
beam of Fig. 3.7. The distance : between beams is not large enough
to take advantage of the broadened component beams. As the E-plane
horn dimension is increased, the higher the edge gain or broader
coverage resulting from a stepped reflector is clearly demonstrated
in Fig. 3.8 _and 3.9. In fact to produce the same coverage from a

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

This investigation has indicated that for shaped
beams with small scan, the shaped reflector does reduce the number
of feeds required. But the added complexity of a shpaed reflector
may off-set this advantage. Since the effect of beam broadening
or shaping is dependent on path length constraint, moving the feed
off-axis destroyed this condition. The improved performance for
an on-axis beam does not carry over to a wide scanned beam. In the
case of a reflector with a large E/D, large horns are also required
for efficient illumination. To minimise quadratic phase errors
across the horn aperture, either a very long horn length or a phase
correcting device in the form of a dielectric lens is required.

It may be easier to break-up the large horn aperture into an array
of smaller horns. One can conclude that for Radarsat purpose, the.
stepped reflector does not offer better gain performance nor does
it lead to any great simplification of the feed network.

The broadened compbnent beam from a shaped reflector
is not necessary a positive feature when it comes to forming a
composite beam. This is because the phase is varying across each
beam and it is not possible to have all the beams add up in-phase
everywhere within the space spanned by these beams. This invariably
results in both constructive and destructive interference between
the beams leading to observed large ripples and less than expected
increase in coverage. In the case of the perfect parabolic reflector,
the faster fall-off and lower sidelobes of the component beams cause

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

- Two of the direct broadcasting satellite (DBS) coverage

areas assigned to Canada have the most probability of their coverage

beams producing interference into adjacent countries. In other words,

there are the worst case beams. CAN10l beam from a satellite located
at Long. 138° W covers British Columbia and Alberta. It has the
potential of its illuﬁination ovér USSR exceeding the permited
level. Similarly, CANS504 beam from Long. 91O W, which covers the
Atlantic provinceé, might over illuminate Iceland. The goal here
is to design the two shape‘beams with minimum interference into
adjacent areas. |
The first Stép in any communication or broadcasting

satellite antenna desigh‘is té plot the coverage areas as seen by
the satellite. These_ﬁaps dre drawn in Figures 3.11 and 3.12.
The triangles in the plots define the sérvice areas. The stars

and circles are representi&e points in Regions 1 and 2 respectively
iat which the eirp must ndt exceed a given lével. Those points

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

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

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

required _to_ensure that the sidelobes decay at a fast rate. At the
M

same time, too large a reflector would require too many component
beams. By considering the extent of the coverages, component
beams with 0.55° half-power beamwidths are found to provide the

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

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

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

at 12.45GHz). For circular polarization application, it is
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advisable to use the multimode conical (Potter) horn as feed to
m

minimise cross-polarization due to mutual coupling. The minimum

horn aperture size that one could use without getting too dispersive

for the TM;; mode is approximatel (1.24 ins) diameter.

The remaining parameters, focal length F and feed tilt angle, 90

can be obtained from the approximate equation

(3.1)

d = spacing between feed horn or feed diameter
D = projected offset reflector diameter

F = focal length of paraboloid

90 = feéd tilt angle

N

free space wavelength.

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

of the secondary pattern sidelobes between adjacent horns. For the

B

design here, F is chosen to be 124 ins. where 90 becomes 261325::23

ey

The proposed reflector cOnfiguratién is shown in Figure 3.15.

Horn locations for CAN1lQl beam are tabulated in
Table 3.1 together with the power excitations. All phases have
been set to zero. This is not optimum but close enough for our
purpose. The resultant contours over the service area and regions
1l and 2 are drawn in Figures 3.1l6 and 3.l17. The gain and eirp at
the various designated locations are tabulated in Tables 3.2 and 3.3.

As can be seen, the minimum eirp at the service area is easily met.




Y Clenlidh ly Wo froppiin ? W |

— | W’é Cal o

Feed network loss 1g calculated to be 0.7 dB 1 Tag}é 3.4. Gain

margins attained could be equalised among the service areas.

EIRP at points outside are below the maximum specified with a
comfortable if not substantial margin. It is found that sidelobes
are low and decay rapidly when using a large offset reflector.

The locations and excitations of horns for the CAN504
beam are tabulated in Table 3.5. The phases of all horns except

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

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

the servigzﬂand surrounding areas are depicted. Contours over

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

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

power in the interference reéions is well below the maximum pe%@itted
. P T

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

e ..-u-'/
s

The net eirﬁ_EE-Eﬁggbarious reference points are tabulated in
Tables 3.6 and 3.7.

These two worst case examples have shown that it is
feasible to design shaped DBS beams with low inter-regional

interference by using an array-fed offset reflector.
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Table 3.1 Horn Locations and Excitations for CAN1lOl Beam
Horn # X(ins) Y(ins) Power Phase
1 1.610 .500 .015 0.0
2 1.610 -.740 .080
3 1.610 -1.980 .060
4 1.610 -3.300 .110
5 0.530 2.360 .0250
6 0.530 1.120 .110
7 0.530 -.120 .050
8 0.530 -1.360 .070
9 0.530 ~2.600 .010
10 -0.550 2.980 .090
11 -0.550 1.740 .045
12 -0.550 0.500 .055
13 -0550 -.740 .060
14 -0.550 ~1.980 .010
15 -1.630 3.600 .040
16 -1.630 2.360 .070
17 ~-1.630 1.120 .090

18 -1.630 -0.120 .0100 0.0

Horn Aperture

Input'Waveguide

'~ Horn Length

1.240 ins dia.
0.700 ins dia.

5.00 ins
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Table 3.2 Serviée Requirementé and EIRP for CAN10l Beam from 138°W
Poine  COTENESd Nepgain  BINL Spec; Min gy
N
1 39.0 38.3 57.5
2 38.2 37.5 ~ 56.7
3 38.3 37.6 56.8
4 38.0 37.3 56.5
5 38.3 37.6 56.8
6 39.0 38.3 57.5
7 38.0 37.3 56.5
8 38.3 37.6 56.8
O'?,ﬁ@‘ZAawﬁ%@#mﬁ%ﬁﬂ

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

at the antenna port interface.
(2) The gain can be equalised to give an overall margin

of 0.7 dB everywhere.
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Table 3.3 Inter—-Regional Requirements and EIRP for CAN10l Beam
Region 1 Requirements
. . . EIRP Max. .
Point Computed Gain Net Gain Margin
(dBi) (dB1) (dBW) Spec. (dBW) (dB)
1 -2.0 -2.7 16.5 37.2 20.7
2 -6.0 -6.7 12.5 37.5 25.0
3 -15.0 ~15.7 3.6 28.7- 25.2
4 -2.0 -2.7 16.5 37.8 21.3
5 +5.0 +4.3 23.5 D 7.7
0
Region 2 Requirements
. . . EIRP Max. .
Point Computed Gain Net Gain Margin
(dB1) (dBi) (dBW) Spec. (dBW) (dB)
1 ~-10.0 -10.7 8.5 24.0 15.5
2 - 9.0 - 9.7 9.5 23.5 14.0
3 +18.0 +17.3 36.5 48.4 11.9
4 -5.0 - 5.7 13.5 34.3 20.8
5 -11.0 -11.7 7.5 30.5 23.0
6 -12.0 -12.7 6.5 28.6 22.1
7 -10.0 ~-10.7 8.5 31.6 23.1
8 -15.0 ~-15.7 3.5 32.2 28.7
9 - 3.0 - 3.7 15.5 33.8 18.3
10 - 1.0 - 1.7 17.5 49.2 31.7
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Table 3.4 DBS Feed Network Insertion Loss

dB
5 levels of couplers 0.25 ——.
1 polariser 0.05 ——

7% ft. wg (WR75)

0.012 ins rms surface error
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' Table 3.5 Horn Locations and Excitations for CAN504 Beam
l Horn # X(ins) Y(ins) Power Phase
1 2.160 0.960 .027 0.0
' 2 2.160 . -.280 .053
3 2.160 -1.520 .038
4 2.160 -2.760 .030
l 5 1.080 1.580 .060
6 1.080 0.340 .050
. 7 1,080 -.900 .048
8 1.080 -2.140 .055
' 9 1.080- -3.380 .054
10 0.000 2.200 .053
' 11 0.000 0.960 . .049
12 0.000 -.280 .050
13 0.000 -1.520 .048
' 14 0.000 -2.760 .049
15 -1.080 2.820 .041
. 16 -1.080 1.580 .047
17 ~1.080 0.340 .051
l 18 -1.080 -.900 .041
19 -1.080 -2.140 .0092
' 20 ~2.160 3.440 .039
21 -2.160 2.200 .049
22 -2.160 0.960 .044
' 23 -2.160 -.280 .014 Oﬂ:_pf_w
l 24 ~0.540 ~4.300 %w{wﬂu Dol
I
Horn Aperture = 1.240 ins diameter
l Input Waveguide = 0.700 ins diameter
Horn Length = 5.000 ins
i
i
i
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Table 3.6 Service Requifements and EIRP for CAN504 Beam from 91%

Point Computed Gain Net Gain(dBi) EIRP(l) Min. Spec. Margin(z)

+ (dBi) (dBi) (aBW) (dBW) (dB)

1 37.5 ' 36.8 57.0

2 37.6 36.9 57.0

3 37.3 36.6 56.8

4 38.0 37.3 57.5 |
5 37.6 36.9 57.1 i
6 38.3 37.6 57.8 ‘
7 37.6 36.9 57.1 |
8 38.2 37.5 57.7 i
9 38.0 37.3 57.5
10 38.0 37.3 57.5

N

Note: (1) In computing EIRP, it is assumed that 105 Watts (20.2 dBWL]

T

are available at the input to the antenna interface.
(2) The gain margin could be equalised to give an overall

system margin of 0.7 dB.



Table 3.7 Inter-Regional Requirements and EIRP for CAN504 Beam
Region 1 Requirements
J
Point Computed Gain  Net Gain EIRP Max. Spec. Margin
(dB1i) (dBi) (dBW) (dBw)
1 -15.0 -15.7 4.50 31 26.5
2 -15.0 -15.7 4.50 31.2 26.7
3 1.0 + 0.3 20.5 24 .5 4.0
4 -15.0 -15.7 4.5 34.9 30.4
Region 2 Requirements
Point Computed: Gain Net Gain . EIRP Max. Spec. Margin
(dBi) 3 +(dBi) (dBW) (dBW)
1 -5.0 ~5.7 14.5 32.5 18.0
2 -5.0 -5.7 14.5 29.1 14.6
3 -7.0 -7.7 12.5 29.8 17.3
4 -5.0 -5.7 14.5 27.8 13.3
5 0.0 - .7 19.5 33.0 13.5
6 -3.0 -3.7 16.5 32.0 15.5
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_systems may be analysed. Feed and strut blockages could also be

96
4.0 PRESENT AND FUTURE SATELLITE ANTENNA DESIGN SOFTWARE
4.1 SURVEY OF REFLECTOR ANTENNA DESIGN SOFTWARE FOR SATELLITE
SYSTEMS.

Most antenna design software used in industry are
proprietary and do not appear in the open literature. A survey
turns ‘up three references on general reflector software which are
written for government aqgggi§§.

The first is a numerical code on reflector antenna \§

. . , : 0/\0//’@
written by Rudduck and Lee of Ohio State University for the U.S /}ﬂ?
/-'—'_, ot o T ———— e

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

to develop computer models for simulating antennas at UHF and
higher frequencies in a complex ship. The theoretical approach
computing the fields of the reflector is based on a combination

aperture integration (AI) and ggometrical theory of diffraction

(GTD) technigques. The reflector could have a general rlm shape

QRTINS

AT RN S TR

but it must be a parabola.. AI is used to compute the main beam
3

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

for é%

of| ¢

and

and the backlobes. Feed pattern description is either through
M—-&

A I A A AT A A EAC e

measured data or Cos® @ type mathematical model. However, the

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

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

L=

The second computer program was written by TICRA

———

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

e ——————

optics techniques are used to compute radiated fields from reflecto

surfaces which are either perfect or distorted. anl reflector

N A A e,

specified by ignoring shadowed areas. Either internal mathematical
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models or measured values may be employed to describe the feed

patterns. The system may be linearly or circularly polarized.

The good features offer”’by this program are the ability to analyse

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

&%%M%é
y/ 4

£ w} R

illuminate the reflector and the ch01ce _of 1ntegratlon scheme

e
o Pl R e S g Tt t

The bad features are the use of only a single feed at _a_time t
;

the reflector surface which is in?fficient. Basically, the surfacé%%ﬁéy
is di§ided into a large number of patches by a rectangular grid ai%u/
in 8 and @ . Such a scheme may facilitate analysis of distorted
surfaces, but increases the computation times for perfect surfaces. ‘
In other words, this program would Qggﬂhgglgeélnggg;Emeézfiigwfifgfia.

beam DBS antennas.

The third reflector program was developed by Kauffman,

Croswell and Jowers forqyggé: This program makes use of AI technique

S i P

in which the apefture is first divided into a rectangular grid.
By means of geometric optics, the intersection points of the
reflected rays from the feed with the aperture plane are determined.

) t
The field values at these points are then interpolated to find 9&%&J

(oS
the aperture distribution at the grid points which are subsequentfgl%4w= i

&
integrated to give the far field pattern. Feed pattern description

which must be linearly polarised, is entered into the program by

the user. Provisions were not made to model the feed internally
nor is the possibility of taking aperture blockages into account.
Because of the rather inefficient method of integration, the NASA

program is slower which is borned out by the computer times quoted.

#raudiff



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

.dimensions of 1.60 and 2.2 ins respectively. Predicted and measured

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

98

4.2 PRESENT SOFTWARE ACCURACY

Accuracy of most of the reflector programs in use
to-day are limited by their modeling of feed radiation patterns.
If only a single horn feed or measufed feed pattern is used to
illuminate the reflector, then the predicted pattern agrees very
well with measurements as shown in Figufes 4.1 to 4.4. These 4

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

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

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

ment for the main beam. For sidelobes between the -20 to -30 dB 74ﬂ/ «

between -30 and -40 dB, the agreement is poorer between the bounds
of £ 3 dB. The same ranges of accuracy also go for the X-polar
patterns. - Such good agreement is possible because the primary
pattern is known faifly well.

However, when an array of feeds is used to produce
a shaped beam, the co-polar agreement over the coverage area is

about 4. .5 dB for simple beams with six or less component beams.

rcerain

For more complex shaped beams, the agreement between measured and

predicted falls to £ 1 dB at certain worst case locations consti-
tuting about 5% of the coverage area. The gain over the remainder

of the area is still predictable to & .5 dB. The increased discrep-
ancy is caused by the inability of the simple model to predict feed

pattern in an’ array environment where~mutualwgggpling plays an

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

pattern where 10 dB or more deviation from prediction is not

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

less than -30 dB.




ki Ly N

v o =

A A A A A A A A AN A~

-~ o~
- -

s b Ve o

(SRR

E-Plane Patterns of ANIK-C HP Reflector at 11.70 GHz.

Figure 4.1
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E-Plane Patterns of ANIK-C HP Reflector at 11.95 GHz.

Figure 4.2
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E-Plane Patterns of ANIK-C HP Reflector at 14.00 GHz.

Figure 4.3
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E-Plane Patterns of ANIK-C HP Reflector at 14.50 GHz.

Figure 4.4
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4.3 ANTENNA DESIGN SOFTWARE REQUIREMENTS FOR FUTURE SATELLITES

The following is a list of suggested software for
future development together with a short description and justifi-
cation for their adoption. Only software related to satellite
antenna systems have been proposed.

(a) GTD Capability for Single Reflector Program
The present reflector analysis program should be é;']7>
) S &L

it e

enhanced with GTD capability. This is needed to improve the_ (3
s TR T T )
ettt e I a2 L W Y

prediction of wide angle sidelobes especially for DBS applications

where interference into adjacent regions must be controlled.
Stringent sidelobe iSOlation regquirements are also found in multiple
beams communication sateilite systems employing TDMA concepts; In
this scenario, high spacial isolation has to be maintained between
closely spaced beams. Hence, accurate field computation is needed

]

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

optics field is extended to include the edge_diffracted fields |

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

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

e

half-plane illuminated by a plane.wave.

e,

(b) Fast Computation of Radiation Patterns of Large Antennas

At least four to five points per lobe must be computed
in order to reconstruct the sidelobe contours in conjunction with
quadratic interpolation. This amount of work could be reduced
considerably by resorting to sampling thebry to reconstruct the
complete radiation pattern. Using the existing or extended program

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

7
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prescribed sampled space directions (u,v), amounting roughly to one

direction per lobe. Then the far field at any given point is found

from the following double summation.

s = 5 S Ece, .6, Wt sy mD) oy,
L hen m (U-nTr) (V=mT) —ZZ;;QE?

where enm and ¢nm are the prescribed directions. The savings

in computation times is obvious. This feature ;élreadily incoxr-

e 3

‘ < -
porated into the existing program.

(c) Optimization of Feed Excitations for Reflector Antenna

When the number of feeds used in illuminating the
reflector is more than a handful, the process of determining their
appropriate excitations manually is long and tedious. This type

of computation is best done on the computer with an optimization

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

surrounding the coverage area and also areas where the radiated fieldf
are required to be low. Then the fields at these points are computed
using the existing program with one feed at a time, all other feeds

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

a gradient optimization routine/I:-usggwggmiingﬂgngmpest excitations.

T —]

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

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

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

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

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

M /JJ

O

J S— W W’%l ,M«ff@)

U, it 10 e T

possible solution arrived at.
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(d) Dual Reflector Antenna Analysis Software

Dual offset-fed reflector antennas can provide low
sidelobes, folded optics and good beam scanning. They should be
investigated for future satellite applications especially at the
higher frequency bands. Again a combination of physical optics and
geometrical theory of diffraction may be used to accurately predict
the radiation patterns. The program should be general so that
both numerically and analytically defined sub and main reflector
surfaces may be analysed. The locations and orientations of the
feed elements must also be completely unrestricted. With this
software, one can then obtain a better understanding of the antenna

overall performance.

(e) Advanced Feed System Analysis Software

At present the prediction of co-polar patterns from
an array-fed reflector is fair while the agreement between computed

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

neglecting the effects of mutual coupling in the feed array,

internal scattering in the feed network and interaction between

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

allocated additional bandwidth to the fixed satellite services at 4
and 6 GHz. These wider bandwidths impact the design of feed network
and feed radiators. Ultimately, the goal is to develop a. quantitative
prediction capability to assess the effects of mutual coupling,
bandwidth, mismatches and excitation errors on the overall feed
network. Two software packages are envisaged here, one is for the

network and the other is for the horn array. The mutual interaction




107
between ‘network and array can be dealt with by féeding the output
of one as input to the other since S-parameters will be used for
characterisation. The embedded patterns of the horn feeds in an
array environment including the effects of feed network can then be
obtained and may be input to the reflector analysis program. The
co- and x-polar patterns can now be accurately predicted. The
network program could also be used to determine feed network and

components specification and assist in the analysis and development %y..

A
e e v e ST 70T

-of new components.— For instance, this software could be used to

modify amplitude and phase at the excitation ports by either adding
more components or modifying current components. This type of
interactive desién is easily done at the terminal rather than on

the bench with substantial savings in costs. Further, this program
allows a final check on the performance of the eventual feed network

layout before it is built.

(f£) Multi-Beam Phased Array Antenna Design

Phased array antennas, utilised either in a direct é;
radiator configuration or as feed system for a near-field dual- 7
offset reflector system, potentially offer an attractive alternative
in the 11/14 and higher frequency bands to the use of conventional
single offset reflector technology. In a multi-beam, frequency
reuse environment, the full complement of radiators can be used to
form each beam providing enhanced beam shaping capabilities. To
"do this, a multi-input port and multi-output port beam forming net-
work (BFN) is required to feed the radiators. Such BFN may take

the form of a Blass matrix, Butler matrix or Rotman lens. Clearly

23l

Ly 7
A7)
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then, software is required for beam shaping where the independent
variables are the amplitude and phase excitations as well as the
spatial distribution characteristics of the elements. With the
excitations known, further software is required to synthesise the
BFN network chosen. If the network is implemented in a lossy format,

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

(g) Designh of af Multi-mode Horn Feed

For applications in circularly polarised, frequency

i

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

T 27 g

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

input and output apertures, the program should produce the number
and degrees of flares together with the lengths of the sections

needed for good input match and low cross-polarization performance.
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A.l-Description of Computer Program PAREFC_ SIF

IDENTIFICATION: PAREFC_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 Tecﬁnologies 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¥Z, is defined at the focal point, 0, of the
reflector. All input gquantities are refered to
this co-ordinate system. Besides this global
system, three other local co-ordinate systems are

also used. The first, XlYlZl , 1s for the inte-
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gration of currents over the reflector surface
and has its origin located at the centre of the
projected aperture in the focal plane. The second,

errZr ; i1s used to describe the feed while the

third, X Y Z_ , is the far field observation
qa49dg Nd

co~-ordinate system.

N, e S e
e AL

The reflector is a parabola with focal length F

and its projected aperture can be off-set in the
X- and Y-direction. The offset distances of the
centre of the projected aperture from the focal
axis are AX and AY as shown in Figure A2.
The projected aperture is assumed to be elliptical
with major X- and Y-axes equal to SX2 and SY2
respectively.

There are two ways of specifying the position and
orientation of the feed in the program. The most
frequently used approach, especially when a horn
array is invol&ed, is to position first the horn
feeds on the X-Y plane (focal plane). The entire
horn array is then rotated about the global X-

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

X, about the X—~axis is carried out first, followed

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

. A
required, one can further rotate each feed about Qbié% /
W, i
its own local Z_~-axis by X . Hence if this
R b

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

S ama
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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 apertures
of the feeds lie on the same plane without any
obscuration.
The other approach is to position and orientate
each feed individually. The feed is first trans-
lated from the global system by ( Jkr’ J&E,

Jér) and then rotated about the translated
X =, Y ,~ and 27 - axes in turn by dr, @r’
and Xr respectively as shown in Figure Al.
This method allows for complete freedom in locating
the feed.
Y

from the global system by (X when

The far-field observation system may be displaced Cz)
one is interested in phase parallax correction. Vi

If one is only interested in co- and cross-

v s s

polarized gain, the displacement may be set to

L .

- N

hevo

zero. Location of the far-field point is defined
et

by its elevation and azimuth co-ordinates as
shown in Figure A4. Elevation angle is positive
when measured upwards from the Yq—Zq plane while
the azimuth angle in the Yq—Zq plane is positive

when measured from the Zq~axis towards the Y -

axis.



112

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 the 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 TM

11 11
- pyramidal horn excited in the fundamental TE

modes.
10

mode.

- pyramidal horn excited with TE and TE/TMl

10 2

modes
These horns may be excited either with linear
polarization or circular polarization. To visuaiise
the excitation arrangement, consider the feed of
Figure A5, which has a Xr—axis and a Yr-axis

directed probe. For VP, only the Xr—probe is
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excited. Similarly, for HP, 6nly the Yr-probe
is excited. To produce a RHCP (LHCP) secondary
beam, the excitation of the Xr—probe is C ,/ 0°

and the excitation of the Y -probe is Cy / 90° +
C_ =1.0
Yy .

and Y = 0°. To simulate realistic condition,

(Cy 4-90O + @ ). For perfect CP, c, =

the amplitude imbalance ratio, Cy/Cx, and the

departure from phase quadrature, ¥ , may be
specified.
REMARKS: 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-

R .y
R

N, L o

lapplng of feeds. User must ensure that this does

a2
not occur. @Ai
The output gain matrices are with respect to an
elevation-azimuth co-ordinate system whose bore- @%ﬁp
sight axis is parallel to the RF-axis of the - \\
reflector. This means that the user has to position
the gain contours over the coverage area to obtain C)ﬁi

the best possible boresight direction.
In order to speed up the computation of the feed

illumination, two computatlons sav1ng features are

i T il
1ncorporated The first 1nvolves 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




by Cos ¢ - Sin ¢ interpolation.
W

JZ/}"M% e

B

be computed only for one horn from each'grbup
The second time saving feature is obtained by

computing only the E-plane and H-plane patterns

of the designated horn atﬂé@ﬂp ints equally spaced
-~

between 8 = 0° and 90° . Any in-between points

within a phi-plane are obtained by quadratic inter-
—

/EB;EE&SE»While points between phi-planes are found

———
S st

e sy,
et gy e




USAGE (INPUT):

IHEAD(I)-

FREQ-
NHORN=

ITYPE~

The input data required by the program are to be
supplied in a file named PAREFC DAT. Data may be

written in free format and follow the sequence

laid out below. Data input is list directed.
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.
Tybe 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 ﬁode 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\

115




A(I)~

WGB(I)-

WGA(I)-

AR(I)-

WGR(I)-

HRNLTH(I)~-

MODH-

OPTH~
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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 only. An entry

must be provided for each feed. 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 input 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 A and 1.30 A .

= 1, 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.




DX(I);
DY(I),
XZ(I)

ALPHA(I),-

—

BETA(I) ,

GAMMA(I)

IPOLA -~

CXY(I)

PSI(I)

HPWR(I)

HPHASE(I) -

F_.

SX2

Sy2
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Displacements of component feeds in inches from
focal point. A set of values must be provided
for each feed.

Rotations about X-, Y- and Z- axes in degrees.
See text for definition. If the option of
collective movement is chosen, only one set of
values need be provided. Otherwise, a set must
be provided for each feed.

Polarization of secondary beam.

= 1, Vertical polarization. (VP).

= 2, Horizontal polarization. (HP).

= 3, Right hand circular éolarization. (RHCP).
= 4, Left hand circular polarization. (LHCP).
Amplitude imbalance of Yr—port relative to Xr—
port. CP only. An entry must be provided for
each feed.

Departure from phase quadrature of the Yr—port
in degrees. CP only. An entry must be provided
for each feed.

Power input to each feed in watts.

Relative phase excitation of each feed in degrees.
Focal length of parabolic reflector in inches.
X-dimension of elliptical reflector aperture in
inches.

Y-dimension of elliptical reflector aperture in

inches.



DELTAX -
DELTAY -

OPTB -

NREG -

PHL(I),
PHU(I) -

BX2, BY2

OPTQ -

NOR -

NQP -

AZS -
AZE -
NAZ -
ELS -

ELE -

X-offset of aperture centre in inches.

Y-offset of aperture centre in inches.

Option for specifying limits of integratién.

This feature may be used to simulate aperture

blockage.

= 0, Limits are generated by program. No
blockage is assumed.

= 1, Limits are specified by user.

Number of regions of ‘él - integration. In 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.

l, Specified by user.

No. of integration points in the radial-direction
(rl). Choose from: 3,4,6,8,10,12,14,16,20,24,28,34
No. of integration points in the phi-direction
(ﬂl). Choose from: 3,4,6,8,10,12,14,16,20,24,28,34
Start of azimuth cut in degrees.

End of aximuth cut in degrees.

Number of azimuth points. See Restriction.

Start of elevation cut in degrees.

End of elevation cut in degrees.
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NEL - " Number of elevation points. S?e Restriction.

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

ZDQ - system from global system in inches.

PVR - Angular rotation about Z-axis of field pola-
rization vector in degrees. It is used to

rotate the linear polarizatién vector in cases
where minimising rain attenuation is important.
For CP application, it has the effect of rotating
the polarization ellipse. In most situations,

it is set equal to GAMMA. .

In the above input list, all variables beginning
with the letter I through N as well as OPTH, OPTB and
OPTQ, are integer variables. The flow chart for the data

input section is shown in Figure A6.

OUTPUT:

All input data are printed out for the purpose
of verification and run identification. The
spillover efficiency of the reflector is printed
out next, followed by the co-polar component
gain, cross-polar component gain, and co-polar
component phase. The gain, expressed in dBi and
the phase in degrees are presented in a tabular
form. A column corresponds to an elevation cut
while a row gives the azimuth cut. In addition to

this output which is directed to file PAREFC DUM ,



the co-polar gain matrix together with the
and angular information on the observation
(AZS, AZE, NAZ, ELS,.ELE, NEL) are written
a file named GNMAT. This gain file can be

later for contour plotting purposes.

CODING INFORMATION:

120

header

frame
into

assessed

Program is written in FORTRAN 77 for use on the

CRC Honeywell CP-6 computer system.
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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
ceftain situations such as DBS application where the number of
feeds required or the number of integration points needed or the
field of view exceeded those envisaged, the pertinent arrays

must be changed according to the following prescription.

To Increase the Number of Horn Feeds

The program has been set to allow a maximum of 50
feeds. To increase the number of feeds, the following changes

have to be made.

MAIN PROGRAM: (i) Change the dimensions of the following arrays
to the value of NHORN -
A, B, WGA, WGB, AR, WGR, HRNLTH, DX, DY, DZ,
GAMMA, BETA, ALPHA, HPWR, HPHASE, AN, CXY,
PSI, PWR1l, Wll, W12, wl3, wW2l, w22, w23, W31,
w32, W33, CX, CY, IND, IGP.
(ii) Change the value of MAXHRN in the data state-

ment to the value of NHORN.
SUBROUTINE SOURCE:

Change the dimensions of the following arrays to

NHORN - AN, HPHASE, CX, CY, PSI, IGP.
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To Increase the Number of Horn Groups

Eventhough the number of horn feeds is set by

MAXHRN, the number of different horn sizes within the array must

not be more than MAXHGP which, at present, has a value of 10.

MAIN PROGRAM: Change the value of MAXHGP in the data statement
to reflect the new value.

SUBROUTINE PAT: Change the second dimensions of arrays EPA,
EPP, HPA and HPP to MAXHGP.

SUBROUTINE PYRHRN: Change the second dimensions of arrays EPA,
EPP, HPA, HPP to MAXHGP.

SUBROUTINE CONHRN: Change the second dimensions of arrays EPA,
EPP, HPA, HPP to MAXHGP.

SUBROUTINE PTNORM: Change the second dimensions of arrays EPA,

EPP, HPA, HPP to MAXHGP.

To Increase Array Sizes to Accomodate Larger Number of Integ. Points.

The maximum number of integration points allowable
in the radial or phi~direction is given by the variable MAXQ.
MAXQ is set equal to the larger of the two numbers, NQR and NQP,

which determines the dimension requirement. At present, the value

of MAXQ i;
MAIN PROGR‘ (1) Change the value of MAXQ in the data statement
to reflect the new valué.
(1ii) 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, 7ZG, RJX, RJY, RJZ.
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SUBROUTINE FIELD: (i) Change the dimensions of the following
arrays to 4*MAXQ*MAXQ -

X, ¥, Z, RJX, RJY, RJZ.

To Increase Frame of Observation

The field of observation is defined by a rectangular
grid of elevation and azimuth cuts. The number of grid points
in the elevation direction is given by NEL and its maximum is
set by MAXEL. Similarly, the number of grid points in the
azimuth direction is given by NAZ and its maximum is set by
MAXAZ. At present the values of MAXEL and MAXAZ are 49 and 49
respectively.

MAIN PROGRAM: (i) Change the values of MAXEL and MAXAZ in
the data statement.
(ii) Change the dimension of array EL and AZ
to MAXEL and MAXAZ respectively.
(iii) Change the dimensions of arrays CGN,
CPH and XGN to the value given by

MAXEL *MAXAZ.
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Geometry of Reflector Antenna System.

A9

Figure Al.
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Figure A2. Projected Aperture in the Focal Plane.
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Figure A3. Collective Translation and Rotation of

Feed Array.
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Figure A4. Elevation and Azimuth Co-ordinates of

Observation Point.

Az
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Figure AS5.

Excitation of Horn Feed.
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Figure A6.

Flow Chart of Input Data File.

Header

Frequency, FREQ

|

No. of Horns, NHORN

Type of Horn, ITYPE

[

Amplitude Ratio, Rel. Phase of

Higher Order Mode, AM, PM

yramidal

IS ITYPE .EQ. 07

Aperture E-plane Dim.

B(I), I =

Conical

1, NHORN AR(I),

Y

Aperture Radius

I = 1, NHORN

Aperture H-plane Dim.

A(I),

I =

Y

NHORN Ip. Wg. Radius

i

S
WGB(I), I = 1, NHORN

' Ip. Wg. E-plane Dim.

WGR(I

), I = 1, NHORN

Y

Ip. Wg. H-plane Dim.

WGA(I),

I =

1, NHORN

y
A

@
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Horn Length

HRNLTH(I), I = 1, NHORN

Y

Aperture Field Model, MODH

Y

Feed Loeation and

Orientation Option, ORTH

Y

Feed Displacements

DX(I), DY(I), DZ(I), I=1, NHORN

YES
IS OPTH .EQ.

072

NHORN NH

i
'._J

Y
\

\

Feed Rotations

ALPHA(I), BETA(I), GAMMA(I),
I =1, NH

Polarization of Sec. Beam
IPOLA
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IS IPOLA -.LE.
Cp

Y

Ampl. Imbal., Phase Error Y

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

S HS'OJ <

Power, Phase Horn Excitation

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

!

Reflector Parameters

F, SXZ, SYZ, DELTAX, DELTAY

!

Integ. Limits Option, OPTB

IS OPTB .EQ. 07?

by progr

No. of Reg. of ¢-integ.
NREG

Limits of 925 - integ. _ ‘}
PHL.(I), PHU(I), I=1l, NREG

o

X- and ¥- Dim. of Central

Blockage, BX2, BY2

= — N\




Integration Formula Opt.
OPTQ

_NO
Spec.
by user

IS OPTQ .EQ. 0°?

progran

No. of radial and phi-intedg.

pts.,

NQOR,

NQP

(70

Observation ‘Frame
AZS, AZE, NAZ, ELS, ELE, NEL

|

Transl. of Field Co-ord. Sys.
XDQ, ¥YDQ, ZDQ

Rotation of Polar Vector
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A.2 ~PROGRAM LISTING.

1.000
2.000
¥, 000
4,000
3,000
§.000
7.000
8,000
2.000
10.000
11.000
12,000
13.000
14,000
15.000
16.000
17,000
18,000
19.000
20,000
21.000
22,000
23.000
24,000
23.000
26,000
27,000

284000.
29,000
30,000

31,000
32.000

33,000

34,000
35.000
36,000
37,000
38,000
39,000
40,000
41,000
42,000
43,000
44,000
45,000
46,000
47,000
48,000
49,000
- 50,000
51,000
52,000

3¢ I 3¢ H I K €

FROGRAM PAREFC

PHYSICAL OFTICS ANALYSIS OF A FARAROLIC REFLECTOR FELD BY A
HULTI-HORN ARRAY. ,

THE REFLECTOR HAS AN ELLIFTICAL APERTURE AND IS OFF-SET IN THE

X~ AND Y- DIRECTION. FAR FIELD' CO-POLARISED AND CROSS~POLARISER
GAIN MATRICES ARE COMFUTED' OVER A RECTANGULAR ELEVATION - AZIMUTH
GRII.

HAIN FEATURES OF THE PROGRAK ARE THE FOLLOWIRG -

HULTIFLE HORN CAPARILITY.

CHOICE OF HORN TYPE » CONICAL OR FYRAMIDAL.

HORNS MAY BE EXCITED WITH A COMBINATION DF BASIC AND HIGHER ORLDER
MODES. FYRAMIDAL HORN MAY CONTAIN TE1Q AND TE/TM12 HODES.

CONICAL HORN HMAY CONTAIN TEL1 AND TH11 MODES.

CHOICE OF HORN APERTURE FIELL MODEL.

HODELING OF AFERTURE BLOCKAGE BY FEEDR ANDl STRUTS,

AUTOMATIC SELECTION OF INTEGRATION LIMITS ANR FORHULAS.

CHOICE OF CIRCULAR OR ROTATABLE LINEAR FOLARISATION.

FOR CIRCULAR FOL. »ABILITY TO BPECIFY AHPL. AND PHABE IHRALANCE
IN THE EXCITATION OF THE ORTHOGONAL FORTS.

WRITTEN BY CHAN TECHNOLOGIES INC.
REUISION 0 » MAY 1984.

- CHARACTER¥4 IHEAR(LII) :

DIMENSION Q(SO)yB(JO)xUGé(uO)rMGB(SQ)vﬁR(qO}3MBR(J0):HRNLthuU
DIMENSION DX(50)»DY {502 ,0Z(50),GANHA(SO) »BETA(SO) rALFPHAO)
DIMENSION HPWR(S0) yHPHASE(D0) »AN(S0) s CXY {50 sFSI(30 s FURL (G0
DINENSION W11(50) W12(50) »W13{30),W21{30)W22(50) WS (OM)
DIMENSION W31(350)H32(50)y¥IT(30)»CX(S50) LY (G0

DIMENSION FHL(4),PHUC4) yRIL.(2874) yROUCZE,4)

DIMENSION XG¢(3136)»YG(3138)ZI6(3134)

DIHENSION CGN(2401),CPH{2401)XGN(2401)EL{49)»AZ{49),TETA{4&)
COMPLEX EXsEYsEZsEXFNsETHETAYEPHIsFTXoFTY yFTZsHX»HY P HZ

COMPLEX RJX(3136)sRJY(3138},RIZ(3138)

- INTEGER OFTRsOPTHsOPTQIND(S0) s IGF{30)
COMMON/VALL/PIsRADIISRKr ZETA
CDﬁﬁDN/UéL‘!QN:HFHASE:CX?LY!PSIrIPOLA;IGF
COHMON/BLOCK/QX(219) QM (219
COMMOM/CURENT/RJXyRJIYsRJIZr XGrYG 26 A
COMMON/VALZ/NREGy NQR»NAPsFTyXDR: YDA ZD0 - CPVR S SFVR
CONMON/PATPAR/NFPPAITETA
DATA FIsRADSZETA/3,14159265,57.2957799,376.99111/

THE FOLLOWING ARE PRESET LINITS DUE TO ARRAY DIMENGIONS.
MAXR - MAX. MNO. OF INTEGRATIOM PTS. PERMITTED

MAXHRMN - MAX. NO, OF HORNS PERMITTED

MAXHGF - HMAX. NO. OF HORN GROUFS PERMITTER

HAXEL - MAX. NO. OF EL GRID PTS.

HAXAZ - HAX. MO. OF AZ GRID PTS. PERHITTER

DATA ﬁﬁXQvﬁA*HRNrﬁﬁXHGFyﬁﬁXEL7ﬁﬂXﬂZ/28150!10!4?74?f
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53,000
54,000
55.000
56,000
57,000
58,000
59,000
60,000
61,000
62,000
63,000
64,000
45,000
66,000
67,000
68,000
69.000
70,000
71,000
72,000
73,000
74,000
75,000
764000
77,000
78,000
79,000
80,000
81,000
82,000
83.000
84,000
B5.000
86,000
87,000

B8.000

8%2.000
20,000
71.000
72,000
93.000
?4.000
25,000
24,000
27,000
28,000
?9.000
100.000
101.000
102,000
103,000
104.000
105,000
104,000
107.000
108,000

134

k4
X START OF DATA INFUT
% :
¥ INFUT DATA ARE READ FROM FILE PAREFC_DAT
OFENCUNIT=3yNANE="FAREFC_DAT/ »8TATUS="0LD’ »UBAGE="'INFUT ")
% QUTFUT DATA ARE WRITTEM INTO FILE PAREFC.DUH
OPEN(UNIT=4NAHE='FPAREFC_TIIUM’ » STATUS='0LI' s USAGE="QUTRUT")
X
X IHEADl - HEADING FOR COMFUTER RUN. MAX, OF &40 CHARACTERS.
* .
READ(T,10) (IHEADCI)»I=1+15)
10 FORMAT(10A4)

: IATA DESCRIBING HORN ARRAY
; FRER - FRERUENCY IN GHZ

' READ{Ss %) FREQ

% NHORM - NO. OF HORNS.

READ(Ss%) NHORN
IF (MHORN.LE+MAXHRN) GO TO 14
WRITE(6,12) MAXHRN
12 FORMAT(1Xs'EXECUTION TERHINATED. NO. OF HORMNE EXCEEDED MAX. OF°

+113) .
STOP -

14 CONTINUE

X

X ITYPE - TYPE OF HORN

X = 0y PYRAHIDAL

X = 1y CONICAL

X

% IT IS ASSUHED THAT ALL HORNS IN THE ARRAY ARE OF THE SAHE TYFE,

L S

~ READ(Ss¥) ITYFE

% SPEC., OF HIGHER ORDER MODE CONTENT OF HORN.

% FOR CONICAL HORN, THE HIGHER ORDER HODE 15 THil.

% FOR PYRANIDAL HORN . THE HIGHER ORDER NODE FAIR IS THE TE/TH12,

% A = AMPLITUDE RATID OF THE HIGHER ORDER MODE.

¥ FM = REL. PHASE (RAD) OF THE HIGHER ORDER MODE,

%

READ(TsX) AM » PH
IF (ITYPE.EG.1) GO TO 20

X .
¥ IF CIRCULAR POLARIZATION IS SPEC. ROTH E- AND H-FLANE DIH. OF THE
X PYRAMIDAL HORN MUST BE THE SAME I.E. SQUARE HORN OMNLY. ;
¥ B - E-PLANE DIMENSION OF HORM APERTURE IN INE. '
X
READRC(S %) (B(I)rI=1,NHORN)
X - . L
¥ & - H-PLANE DIM. OF HORN APERTURE IN INS.
% .

READ(SsX) (ACT)sT=15NHORN)
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169,000
110.000
111,000
112,000
113.000

114,000,

115,000
116,000
117,000
118,000
119,000
120,000
121,000
122,000
123,000
124,000
125,000
124,000
127,000
128,000
129,000
130,000
131,000
132,000
133,000
134,000
135,000
134,000
137,000
138,000
139,000
140,000
141,000
142,000
143,000
144,000
145,000
144,000
147,000
148,000
149,000 -
1504000
151,000
152,000
153,000

154,000 -

135.000
154.000
157.000
138,000
159.000
140,000
161.000
162,000
162,000
164,000

135

X WGR - E-PLANE DIM., OF INPUT WAVEGUIDE IN INS,
% .
READ(S %) (WGB(I)»I=1yNHORN)
* .
X WGA - H-FLANE DIN. OF INFUT WAVEGUILE IN INS.
S
READ(S %) (WGACI)»I=1sNHORN)
G0 TO 30
¥
¥ AR - CIRCULAR HORM AFERTURE RADIUS IM INS,
X
20 READ(I %) (AR(I)»I=1,NHORN)
X
X WGR - INPUT WAVEGUIDE RARIUS IN INS.
L3N
READ(S+%) (WGR(I)»I=1sNHORM}
X
X HRNLTH = HORN LENGBTH IN IN&.
¥ .
30 READ(T %) (HRNLTH(I)»I=1,NHORN)
% :
¥ MODH - CHUOICE OF APERTURE FIELD MODEL-
X = O y ELECTRIC FIELL MOREL '
X = 1 y CHU MOIDEL
¥
READ(G» %) MOIH
X
¥ OFTH ~ OPTION FOR SPECIFYING FEED POBITIONS AND ROTATIONE.
X = Oy FEED POSITIONS ARE SFECIFIED BEFORE ROTATION.THE WHOLE
X FEED ARRAY IS ROTATED AROUT THE GLOERAL X-AXIS BY ANGLE
X ALFHA FOLLOWED RY ROTATION AROUT THE NEW Y-AXIS BY ANOGLE
X BETA.FINALLY EACH FEED' IS ROTATED ARDUT ITS OWN LOCAL Z-
X AXIS BY ANGLE GAMMA.THIS OFTION ALLOWS FOR THE COLLECTIVE
X MOVEMENT OF THE ARRAY.ONLY THREE VALUES NEED TO BE SFECI-
¥ FIED FOR THE ROTATIONS.
¥ = 1, FEED DISPLACEMENTS SPECIFIED ARE THE FINAL FOSITIONS.THE
X ROTATIONS TO FOLLOW ARE AROUT THE INDIVIDUAL FEED LOCAL
X XrY AND Z-AXES.THIS OPTION ALLOWS FOR IMDEPENDENT ROTATION
X AN FOSITIONING OF THE FEEDS.THREE ROTATION ANGLEB MUBT RE
¥ ENTERED* FOR EACH FEED.
E
READ(SrX%) OFTH
¥

X DISPLACEMENTS OF COMFOMENT FEEDS IN INCHES FROM FOCAL FOINT
X, - |

READ(Ss%) (DX(I)sDY(I)sIZ(I)sI=1sNHORN)

. .

* ALPHA - ROTATION ABOUT EITHER THE GLORBAL OR LOCAL X-AXIS IN DEG,
% BETA - ROTATION ABOUT EITHER THE GLOBAL OR LOCAL Y-AXIS IN DEG.
% GAMMA - ROTATION ABOUT LOCAL Z-AXIS IN DEG

x .
NH =1 ~ ‘ ‘
IF (OPTH.NE.O) NH = NHORN
READ(S %) (ALPHA(I)+BETA{I) GAHMA(I) »I=1¢NH)
X
¥ IFOLA - POLARISATION OF SECONDARY BEAM FROM REFLECTOR SYSTEN.
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145.000
164,000
147,000
148.000
169.000
170.000
171,000

172.000

173.000
174,000
175.000
176.000
177.000
178,000
179.000
180,000
181,000
182.000
183,000
184,000
185.000
184.000
187.000
188,000
189,000
120.000
191,000
192,000

193,000

194,000
195.000
126,000
127.000
198,000
199.000
200,000
201.000

202.000.
203,000

204,000
203,000
206,000
207.000
208,000
209.000

© 210,000
- 211,000

212,000
213,000
214,000
215,000
214,000
217,000
218.000
2192.000
230,000
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. 136
= YP=1 y HP=2 y RHCP=3 » LHCP=4

READ(Sy %) IFOLA
IF (IPOLALLE.2) GO TO 50

FOR NON-IDEAL CP FEEDS: AN IMBALANCE EXISTS IN THE AWFLITUDE
EXCITATIONS OF THE ORTHDGONAL PORTS AS WELL AS DEVIATION FROW THE
FHASE QUADRATURE CONDITION, PORT 1 IS ASSOCIATED WITH THE X-FORT
AND' PORT 2 WITH THE Y-PORT.

EXY(D)
PSICI)

AMPLITUDE IMBALAMCE OF Y-PORT RELATIVE TO X~POKRT. -
DEFARTURE FROM PHASBE QUADNRATURE IN DEG OF THE Y-FORT,

(I

READ(S, %) (CXY(I):I=1:NHURN)
REAB(Sr¥) (PSI(I)sI=1,NHORN)

HPWR -  FOMER INFUT TO EACH FEED IN WATTS.
HFHASE - RELATIVE PHASE EXCITATION OF EACH FEED IM DEG.

READ(T %) (HFWR(I) HPHASE(I)sI=1,NHORN)
DATA DESCRIBING PARABOLIC REFLECTOR CONFIGURATION,
F - FOCAL LENBTH OF PARABOLIC REFLEDTGR IM INCHES.
8X2 - X-DIMENSION OF ELLIPTICAL REFLECTOR AFERTURE IN IMCHES
8Y2 - Y~DIMENSIOMN OF ELLIPTICAL REFLECTOR APERTURE IN INCHES
DELTAX =~ X-OFFSET OF APERTURE CENTRE IN INCHES
DELTAY - Y-OFFSET OF APERTURE CENTRE IN INCHES.

READ(S»%) F» 8X2y 8Y2, DELTAX» DELTAY

OF TR

OFTION FOR SPECIFYING LIMITS OF INTEGRATION TO SIMULATE BLOCKAGE.

0r LIMNITS ARE GENERATED BY PROGRAM FROM INPUT REFLECTOR
DATA. NO APERTURE RLOCKAGE IS ASSUMED.

1y LINITS ARE DERIVED BY THE USER AMD READ INTQ THE PROGRAN,

I

READ(S»X%) OPTH
IF (OPTB.ER.Q) GO TO 60

NREG - NUMBER OF REGIONS OF PHI-INTEGRATION,
'READ{S1%) NREG

PHLC(I) — LOWER LIMIT OF PHI-INTEG FOR THE I TH REGION IN RADIANS.
FHU(I) - UFPER LIWIT OF PHI-INTEG FOR THE I TH REGION IN RADIANS.

REQD(Sr*) (PHLAI) sPHUCI) » I=1¢NREB®)

BX2 - X-AXIS DIHENSION OF CENTRAL ELLIFTICAL RLOCKAGE IN INS.
BY2 -. Y-AXIS DIMENSION OF CENTRAL ELLIPTICAL RLOCKAGE IN INS,

READ(Sr%) BX2, RY2
OFTION FOR SPECIFYING NO. OF INTEGRATION POINTS,

Or NO. OF INTEGRATION POINTS IS DETERMINED BY PROGRAM.
i, SPECIFIED RY USER.

OFTR

uw u
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230,000
231,000
232,000
233,000
234,000
235,000
236,000
237,000
238,000
239,000
240,000
241,000
242,000
243,000
244,000
245,000
246,000
247,000
248,000
249,000
250, 000
251,000
252,000
253,000
254,000
255,000
256,000
257,000
258,000
259.000
260,000
261,000
262,000
243,000
264,000

265,000

244,000
267,000
268,000
269,000
270,000
271,000
272,000
273000
274,000
275,000
276.000
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b
60 . READ(Ss%) OPTQ

IF (OPTR.EQ.0) GO TO 70

DATA FOR SURFACE INTEGRATION,

NGR - NO. OF INTEGRATION FOINTS IN THE RADIAL-DIRECTION.

NQF - NO. OF INTEGRATION FOINTS IN THE PHI-DIRECTION.

CHOOBE FROM THE FOLLOWING LIST - 3+4,6:8210:12514516:20524,28:34240 FT8

36 M M € M

READ(DyX) NEBR:NQF

DETERMINE LOCATION OF THESE INTEGRATION FORMULAS.

E A

CALL APRUADC(NGR-ILAR)
NGR = I
CALL AFQUAD(NQF,IsLQF)
NRF = I

READ IN DATA FOR FAR FIELD OBSERVATION

ELS
ELE
NEL
AZS
AZE
NAZ

START OF ELEV CUT IN DEG

ENIt OF ELEV CUT IN REG

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

END OF AZIMUTH CUT IN DEG '

NO. OF AZIMUTH GRID PDINTS. {NO. OQF ELEV CUTS)

1 5 1t

i

36 K W 36 FE FE W M M K

0 READ(SyXx)Y AZSsAZENAZ,ELSyELE 2 NEL
IF (NEL.LE.MAXEL) GO T0Q 74
WRITE(4272) MAXEL
72 FORMAT(1Xs ‘EXECUTION TERMINATER., NO. OF ELEY PTS EXCEEDED MAY. OF/
+:1I3)
510P
74 IF (NAZ.LE.MAXAZ) GO TO 78
- WRITE(&:74) MAXAZ
76 FORMAT(1X, EXECUTION TERMINATED. NO. OF AZ FTS EXCEEDER Max., OF°
+y1I3)
sTOP
8 CONTINUE

7
X .
X Xb@ = X TRANSLATION OF FIELD CO-ORDINATE SYSTEM FROW GLOBAL SYSTEM. (INS)
¥ YDO - Y-TRANSLATION OF FIELD CO-ORDINATE SYSTEN FROM GLOBAL SYSTEHM. (INS)
¥ ZDR -~ Z~TRANSLATION OF FIELD CO-ORDINATE SYSTEM FROM GLOBAL SYSTEM.(INS)
X

~ . REAB(G:%) XDQ;YDG:ZDQ

X FUR - ANGULQR ROTATION OF FIELD POLARISATIOM VECTOR IN BEERELS.

¥

 READ(5:X) PVR
X

% DATA INPUT COMPLETED
% o '
80  FORMAT(12I5)

20 FORHAT(12F10.4)
75 FORMAT(1Xy15A4)
WRITE(A:93) (IHEAD(I)}»I=1,135)
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977,000 WRITE (47100)
278,000 100  FORMAT(1X,'FREQUENCY IN GHZ)
l 279,000 WRITE (6,90) FREQ
280,000 . WRITEC47110)
281,000 110  FORMAT(1X,’ND OF FEED HORNS')
I 282,000 WRITE(&+80) NHORN
| 283,000 WRITE (47115)
284,000 115. FORMAT(1X: ‘HORN TYFE - O=PFYRAMIDAL » 1=COMICAL®)
l 285,000 WRITE(4,80) ITYFE
286,000 WRITE(4r120)
287,000 120 FORNAT(1Xs’ANPL, AND FHASE (RAD) OF HIGHER ORDER HODE’)
l 288,000 WRITE(6,90) AK s FH
289,000 IF (ITYPE.EQ.1) GO TO 145
290,000 WRITE(4+125)
291,000 125 FORMAT(1Xs ‘E-FLANE DIN, OF HORN AFERTURE IN INS.)
' 292,000 - WRITE(4s90) (B{(I)sI=1sMHORN)
293,000 WRITE (41130) , :
294,000 130  FORMAT(1Xy‘H-PLANE DIM. OF HORN AFERTURE IN INS.?)
' 295,000 WRITE(4190) (A(I)I=1yNHORN)
294,000 WRITE(6y135) ,
297,000 135  FORMAT(1X:’E-FLANE DIM. OF INPUT WAVEGUIDE IN INS,")
l 298,000 WRITE(4790) (WGE(I)»I=1sNHORN)
299,000 WRITECSr140)
300,000 140  FORMAT(1X’H-FLANE DIN, OF INFUT WAVEGUIDE IN ING.’)
301,000 WRITEC4r90) (WBACI)yI=1yNHORN)
' 302,000 . GO TO 140
303,000 145, WRITE(4:150) L
304,000 150  FORMAT(1Xs’ ,. RADIUS OF HORM APERTURE IN INS.?)
l 305,000 WRITEC4190) (ARCI)rI=1yNHORN)
. 306,000 WRITE (4:155)
307,000 155 FORMAT(1X, RADIUS OF INPUT WAVEGUIDE IN INS.’)
' 308,000 WRITE(Ar90) (WBRCI)»I=1sNHORN)
309,000 160 WRITE(6r165)
- 310,000 145 FORMAT(1Xs'HORN LENGTH IN IN§)
311,000 WRITE(4290) (HRNLTH(I)»I=1yNHORM)
' 312,000 WRITE (4:170)
. - 313,000 170  FORMAT(1X:/HORN APERTURE FIELD MODEL - O=E-FIELD » 1=CHU’) .
314,000 WRITE(4780) MODH
l 315,000 IF (OPTH.E@.1) THEN
314,000 © WRITE(4+175) :
317,000 175  FORMAT(1Xs/0OFT., CHOSEMN - INDIVIDUAL DISPLACEMENT AND ROTATION',
l 318,000 +/ OF HORNS)
319,000 ELSE
320,000 WRITE(4r180)
‘ 321,000 180 FORMAT(1Xs/OFT. CHOSEN - COLLECTIVE MOVEENT AND ROTATION OF ‘s
l 322,000, - $¢ HORN ARRAY')
323,000 END IF
324,000 WRITE(6,80) OPTH
l 325.000 WRITE(6y185)
326,000 185  FORMAT(1X;‘DISFLACEMENTS OF FEEDS IN INS.")
327,000 WRITE(6590) (DX(I)IY(I)s0ZCI)sI=1+NHORN)
. 328,000 WRITE(67190)
! 329,000 190 FORMAT(1Xy’ROT, OF FEELS ABOUT X-rY-sAND Z-AXIS IN DLEG.’)
330,000 WRITEC4r90) (ALPHACI) yBETACI)»GAMMACI) rI=1sNH)
331,000 WRITE(&r195)

332,000 195 FORMAT(1Xs'FOLAR, OF SECON. BEAN - UP=1,HP=2yRHCF=3,LHCF=4)

g .
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333,000
334,000
335,000
336,000
337.000
338.000
339,000
340,000
341.000
342,000
343,000
344,000

343,000 :
346,000

347,000
348,000
349,000
350.000
351.000
332,000
333.000
394,000

399,000 &

396,000

337,000 :

338,000
359,000
360,000

361,000 2
362,000 2

343,000

364,000 2

365,000

366.000

347,000
348,000
369.000
370,000
3714000
372.000

373,000

374,000
375,000
3746.000
377000
378,000
379,000
380,000
381.000
382.000
383,000
384,000
385.000
384.000

387,000

388.000

210
219

WRITE(4:80) IFOLA
IF (IFOLA.LE.2) GO TO 210
WRITE(49200)
FORMAT (1X» ‘ANFL IMBALANCE OF Y*DGRT REL. TO X-FORT®)
WRITE{6:20) (CXY(I)ysI=1,NHORN)

WRITE(6,203)
FORMAT(1Xy 'FHASE DEFARTURE OF Y-FORT FROM GUQDRRTURE IN DEG.")
WRITE(4y20) (FSICI)»I=1sNHORN)

WRITE(67215)

FORMAT(1X: 'FOUER(W) AND FPHASE(DEG) OF FEED EXCITATIONS’)

WRITE(4s90) (HFWR(I)sHPHASE(I) »I=1,NHORN)
WRITE(&2220)

FORMAT(1Xy 'FOC LTH.»APER. X-DIM.Y-DIH AND X-» Y-OFFSET IN INS.

WRITE(S920) F»8X2,8Y2,DELTAX DELTAY
IF (OFTB.LE.OQ) GO TO 240
WRITE(6:330)

FORMAT (1X» 'NO.

WRITE(4,80) NREG
WRITE(62240)
FORMAT(1Xy 'LOWER AND UPPER LIMITS OF PHI-INTEG IN RADIANS')
WRITE(4s90) (PHL{I) PHU{I)sI=1,NREG)

YRITE(4:250)

FORNAT(1Xs 'X-AND Y-DIN. OF CENTRAL ELLIPTICAL BLOCKABE IN INST)

WRITE(4»20) BX2»BY2
IF (OPTR.LE.Q) GO TO 273
WRITE(4,270)
FORMAT(1X» INTEG. PTS.
WRITE(&¢B0) NOGR» NGF
WRITE(4,280)

SPEC.

OF REGIONS OF FHI-INTEG = ‘,I2)

BY USER FOR RADIAL AND PHI-VAR.”)

FORMAT(1Xy’START,STOF AND NO, OF PTS. FOR AZ:EL SCAN')

WRITE(6:290) AZS;AZE;NQZ;ELS:ELE;NEL
FORRAT(2(2F10.5,1I3))
WRITE(6:300)

FORMATU1X» X~yY~sZ-TRANSLATION OF FIELDL CO-ORD. SYSTEM I INS}
HRITE(&:20) XDR » YDQ -

WRITE(6:310)
FORMAT (1Xy 'ROTATION OF FIELD' POLARISATION VECTOR IN DEGREES?)
WRITE{&6:%0) FUR

X COMPUTE WAVELENGTH

X

%

WAVE =

RK =

ina

29.,97925/ (2. D4XFREQ)
2, 0%FI/WAVE
IF (OPTH.NE.Q) GO TO 323

)

139

% COMPUTE FINAL LOCATIONS OF HORNS AFTER COLLECTIVE ALFHA AND BETA ROTATIOMS.

X

~ 84

= SIN(ALPHA(L) /RAD)
€A = COS(ALPHALL)/RAR)
8k = SIN(RETA(1)/RAI)
€R = COS(RETA(1)/RAD) -
56 = SIN(BANNMA(L)/RAD)
CE = COS(BAMMA(L)/RADN
DO 315 T = 1sHHORN
ARBL = DX(I)
ARB2 = DY(I)




444,000 340  CONTINUE

. l 140
289,000 ARG3 = DZ(I)
396,000 OX(I) = ARGIXCE + ARGIXSH
. 391,000 OY(I) = ARGIXSAXSE + ARG2XCA - ARGIXSAXCE
‘ 392,000 DZ(I) = -ARG1XSEXCA + ARG2XSA + ARGIXCAXCE
393,000 315  CONTINUE
' l 395,000 % COMFUTE TRAMSFORMATION FUNCTIONS OF COLLECTIVE HORMN RODTATICHS
396,000 X
= 397,000 W11(1) = CBXCG
l 398,000 W12¢1) = SAXSEXCG + CAXSG
399,000 W13(1) = ~CAXSBXCG + SAXSE
400,000 W21(1) = -CR¥SG
. 401,000 H22(1) = —SAXSBXSG + CAXCG
402,000 W23(1) = CAXSEXSG + SAXCH
403,000 W31(1) = 5B
404,000 W32(1) = -5AXCE
. 405,000 W33(1) = CAXCE
406,000 IF (NHORM.E@.1) GO TO 335
407,000 DO 320 I = 2,NHORN
l 408,000 H11(I) = W11(1)
o 409,000 W12(I) = Wi2(1)
410,000 W13(I) = Wi13(1)
l 411,000 W21CT) = W21¢1)
= 412,000 W22(I) = W22(1)
413,000 W23(I) = W23(1)
l 414,000 W31(I) = W31(1)
o 415,000 W32(I) = W32(1)
416,000 WIZCI) = W33(1)
\ 417,000 320  CONTINUE
- I 418,000 B0 TO 335
e 419,000 X
420,000 % COMPUTE TRAMSFORMATION FUNCTIOMS OF INDIVIDUAL HORN ROTATIONS.
i l 421,000 X
422,000 325 DO 330 I = 1,NHORN
423,000 SR = S5IN(BETA(I)/RAD)
l 424,000 CR = COS(RETA(I)/RAIN
425,000 . 84 = SIN(ALPHA(I)/RAD)
426,000 CA = COSCALPHACI)/RAD)
427,000 56 = SIN(GAMMA(I)/RAD)
‘l 428,000 . CG = COS(GANMACI)/RAD)
429,000 W11(I) = CB¥CG
430,000 W12¢I) = SAXSBKCG + CAXSG
l 431,000 W13(I) = -CAXSRXCG + SAXSE
432,000 W21¢(I) = -CR%SG
433,000 . W22(I) = -SAXSRYSG + CA%CE
I 434,000 W23(I) = CAKSBXSG + SAXCE
435,000 . W31(I) = SR
434,000 W32(I) = -SA%CE
437,000 W3Z(I) = CAXCR
l 438,000 330  CONTINUE
= 439,000 X
440,000 % CONVERT DEGREES INTO RADIANS ANDI DE INTO VOLTAGE.
I 441,000 X
. - 442,000 335 U0 340 I = 1,NHORMN .
' 443,000 HFHASE(I) = HPHASE(I)/RAD
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445.000
446.000
447,000
448,000
449,000
450,000
451,000
432.000
453,000
454,000
433,000
436,000
457,000
438.000
439,000
460,000
441,000
462,000
463,000

444,000

465,000
464,000
467,000
468,000
469,000
470,000

471,000

472,000
473,000
474,000
475,000
474,000
477,000

478,000

479.000
480,000
481.000
482,000
483,000
484,000
485,000
486,000
487,000
488.000

489,000

490,000
491.000
492,000
493,000
494,000
493,000
496,000
497,000
498,000
499.000
300.000

141 .

X .
¥ SORT HORNS INTO DIFFERENT GROUFS ACCORDING TO SIZES
X .
¥ NGF = TOTAL MO. OF GROUFS
X IND(N) = INDEX OF HORN THAT 15 REFRESENTATIVE OF THE N TH GRUUF
¥ IGF(I) = INDEX OF GROUF TO NHICHAIHE I TH HORM BELONGS.
b 4 .

IND(1) = 1

IGR(1Y = 1

NGF = 1

IF (NHORN,ER.1) GO TO 354

DO 332 I = 2,NHORN

IF (ITYRFE.EQ.1) GO TO 344
¥ RECTANGULAR AFERTURE

B0 342 J = 1,NGF
IF (ABS(A(I) - ACIND{J2}).LT.0.001.AND.ARSCR(II-R(INDRC) I} ,LT,
+0.001) GO TD 35¢0
342  CONTINUE
GO TD 348
* CIRCULAR APERTURE
344 DD 346 J = 1sNGP
- IF (ABRS(AR(I) - ARCIND(J))}.LT.0,001) GO TO 3“0
346 CONTINUE
348  NGF = NGF + 1
IND(NGP) =1
IGR{I) = NGP
GO TO 352
330 IGRP(I) = J
332 CONTINUE |
X :
X MAXINUM ALLOWARLE NUMEER OF DIFFERENT HORN GROURS IS DEFINED BY MAXHGF.
IF (NGF,LE.MAXHGF) GO TO 354
WRITE(42,333) NGFr MAXHGF
353 FORMAT(1X,» /EXECUTION TERMIMATED, NO, OF HORN GROUFS IS ‘»I2
+/, MAXIHUM ALLOWARLE IS /,I2)

8TOP
¥
X COMPUTE E- AND H-FLANE PATTERNS OF EACH HORMN GROUF
X . :
¥ NFP = NO, OF OBSERVATION FOINTS SFANNING 0 TO 90 DEG.
X THIS HAS BEEN ARBITRARILY SET TO 44,
X PAI = EQUAL SPACING OF ORSERVATION POINTS.
X .
354  CONTINUE
NFF = 44

PAI = 1,570/(NPP- 1)

D0 354 I = 1yNFF

TETA(I) = PAIX(I-1)
356  CONTINUE

IF (ITYPE,ER.1) 6O TO 360

no 358 J = 1sNGP

= IND(D

CALL FYRHRM(ACT) yBCI) rHBACT) s BRI ) yHRNLTHCI) » AM 2 PHy MODH RK s J)
358 CONTINUE

GO TO 345
360 D0 362 J = 1,NGP
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501,000 I = INK{D
502,000 CALL. CDNHRN\AR(I):NGR(I),HRNLTH(I)réﬁrPﬁrmDﬁHrthJ‘
503,000 362  CONTINUE
504,000 X
505,000 % SPECIFY EXCITATIONS OF ORTHOGONAL FORTS OF EACH HORN.
- 506,000 %
- 507.000 345 DO 390 I = 1yNHORN
508,000 B0 TO (370:375+380,385)s IFOLA
509,000 X
510,000 % VERTICAL POLARIZATION
511.000 %
512,000 370  CX(I) = 1.0
513,000 CY(I) = 0.0
514,000 PSICIY = 0.0
515.000 60 TO 390
514.000 X
517,000 % HORIZONTAL POLARIZATION
518,000 %
519,000 375  CX(I) = 0.0
520,000 CY(I) = 1.0
s 521,000 PSI(I} = 0.0
- 522,000 50 TO 390

323.000 %
324,000 % RIGHT HANDED CIRCULAR POLARIZATION

[

o - [ o o LT L R Lt ; :

525,000 %
526,000 380  CX(I) = 1.0
s 527,000 . EY(I) = CXY(I)XCX(I)
- 528,000 - PSICI) = PSICI)/RAD + 1,5707943
529,000 B0 TO 390
- 530.000 %
- 531,000 "k LEFT HAMDED CIRCULAR FOLARIZATION
532,000 %
- 533,000 385  CX(I) = 1.0
e 534,000 EY(I) = CXY(DACX(I)
535,000 PSICI) = FSICII/RAD - 1,5707943
536,000 390  CONTINUE
537,000 X
538,000 X COHFUTE VOLTAGE NORNALISATION CONSTAMT s AN » FOR EACH FEEL,
. 539,000 X
. 540,000 DO 395 J = 1.NGP
541,000 CALL PURFED(JyPURL())
- 542,000 395  CONTINUE
. 543,000 DO 400 I = 1,NHORN
544,000 AN(I) = (CXCIIXCXCI) + CYCIIRCY(D) )%PURLCIGR(I))
- 545,000 400  CONTINUE .
' 546,000 - DO 415 J = LyNHORN '
547,000 ANCJ) = SBRTCHPHR(J)ZAN(J))
548,000 415  CONTINUE
549,000 X
550,000 % TAKE SINE AND COSINE OF FIELD VECTOR ROTATION AMNGLE.
551,000 X
552,000 - CPYR = COS(PUR/RAD)
553,000 SFUR = SIN(PUR/RAD)
554,000  IF (OPTB,BT.0) GO TD 425

596,000 % INTERNAL DEFAULT INTEGRATION LIMITS.

l 555,000 X
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337.000
J38.000
339.000
350,000
361.000
362.000
363,000
364.000
363.000
366.000
367.000
368.000
569.000
570,000
371.000
372,000
973000
74,000
373,000
376,000
377,000
378.000
279.000

580,000

381.000
382,000
383.000
284,000
383,000
386,000
387.000
488.000
389,000
390.000
291,000
392,000
393,000
394,000
393.000
996,000
397.000
998.000
399.000
600.000
601,000
602.000
603.000
604,000
603.000
606,000
607,000
608,000

609,000

610,000
611,000
6127000

¥ APERTURE IS DIVIDED INTO FOUR REGIONS FOR FHI-INTEG,

X LIMNITS OF THEGE REGIONE ARE SET BELOW.
* .
NREG =
PHL(1)Y
FRU(1)
Do 420
FHL(L?}
PHU(I)
420 CONTINUE
X THERE IS NO CENTRAL RLOCKAGE.
X

0.0

1.57079632

= 2yNREG

FHL(I-1) + 1.570794327
FHUCI-1) + 1.370794327

H 0= I it B

XHAX
XMIN

~99999.,0
+99999,0
YHAX = -99999,0
YHIN = $99999.0
I0 430 I = 1sNHORN
IF (DX{I),GT.XHAX) XHAX
©IF (DX(I) . LT.XMIN) XMIN
CIF (DY(I).BT.YNAX) YHAX
IF (DY(D) LT YMIN) YMIN
430  CONTINUE

f#ono4n

DX(I)
DX
by(1)
Dy(1)

(I I S|

¥ FIND-THE LARGEST ANGLE BETWEEN COMFONENT BEAMS AND FIELD

X ORSERVATION FOINTS. -
ABS(ELE/RADN + ATAN(XMAX/F))

ARGL =
ARG2 = ABS(ATAN(XMIN/F) + ELS/RAD)
ARG3 = ABS(AZE/RAD + ATAN(YMAX/F))
ARG4 = ABS(ATAN(YNIN/F) + AZS/RAD)
ARGL = AMAX1(ARGL:ARG2)
ARG3 = ANAX1(ARB3sARGA)
NOR = (SIN(ARG1)®SX2/WAVE + 1.0)%1,50
NOF = (SIN(ARB3)XSY2/WAVE + 1,0)%1.50
NOR = MAXO(NGR:NOF)
X . _
CALL APGUAD(NGRsNRFsLGF)
NOR = NGF
LBR = LGF
 WRITE(A»450) . :
450 - FORMAT(1Xs‘NO. OF INTEG, FTS, SELECTED FOR RADIAL AND PHI-VAR.")

- WRITE(4,80) NRRsNRF :
433  IF (NOR.,LE.HAXQG.AND.NQF.LE.NAXQ) GO TO 459
WRITE(6+457) NAR:NAF

457  FORMAT(1X, EXECUTION TERHINATED. INCKEASE ARRAYS szza T’

+/ ACCOMODATE FULLOHING RADIAL AND FHI INTEH' FT8.-
8T0P
459  CONTINUE
X
X COMPUTE SEMI-AXES DIMENSIONS FOR REFLECTOR AND BLOCKAGE APERTURES.
b4
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e

(.' ™

A

e

613,000
614,000
615.000
616,000
617,000
618,000
619.000
620,000
621.000
622,000
623,000
624,000
625.000
626,000
627,000
628,000
629.000
630,000
631,000
632,000
633,000
634.000
635000
634,000
637,000
438,000
639.000
640,000
641,000
642,000

643.000 :

644,000
445,000
646,000

447,000 .

648,000
649,000
630,000
631,000

452,000

633,000
654,000
655.000
6346.000
657.000

458,000 -

659.000
660.000
661,000
662,000
663,000
664,000
665,000
666,000
647.+000
668.000

3 # e

8X2
gY2
BX2
‘RYZ2

8X2%0.50
SY2%0.30
BX2%0,350
RY2%0.50

W ooy on

%
% INITIALISE CURRENT MATRIX RJXsRJYsRJZ
%
KOUNT = 0
10 470 L
DO 445 J = 1,MOR
D0 460 I = 1/NQP
KOUNT = KOUNT + &
RIX(KOUNT) = (0.020,0)
RJY(KOUNT) = (0.070.0)
RJZ(KDUNT) = (0,0s0.0?
460 CONTINUE
465 CONTINUE
470 CONTINUE
* -
% COMFUTE CURRENT MATRIX
% AT THE SAME TIME COWPUTE FOWER INTERCEFTED BY REFL
X

1+ NREG

Wonoi

o i

PUR = 0.0
* T ‘ .
¥ L = INREX FOR REGION OF FHI- IMTEGRATION.
¥ .

ROUNT = 0

D0 520 L = 1:NREG

¥
¥ I = INDEX FOR FHI-INTEG
E

00 510 I = 1«NGQF

CPHII = (PHL(L)+PHUCLYYX0.50+(FHU(L)~ PHL(L))YO‘JO¥G¥(I LOr)
CFI = COB(FHIID

SFPI = GIN(FHII)

I I K

FIND THE LIMITS OF RADIAL-INTEGRATION GIVEN FHII

CALL RADLIM(CPIsSFI-SX2s8Y2,BX2yBY2yROL(I-L)RIUCIILY)
FAC = (PHU(L)~-FHL(L) )X (RDUCI,L)Y-ROLCI L) I%0.23

= INREX FOR RHO-INTEG.
Do 500 J = 1,NQR
RDJ = (RBL(I;L)+RDU(I;L))*0,q0+(RBU( yL)-REL(I,L)IX0. 50X
+ QX (J+LRR) - -
KOUNT = KOUNT + 1

STORE REFLECTOR SURFACE POINTS

I P I

XG(ROUNT)
YG (KOUNT)
ZG(ROUNT?

RDJXCPI + DELTAX
RDJXSPI + DELTAY
(XG(hDUNT)*$° + YG(hDUNT)**“)*O. 5/F - F

[t B 11

COMFUTE COMFONENTS OF SURFACE NORMAL

26 W 2
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469,000
670,000
671,000
672,000
673,000
674,000
675,000
676,000
677,000
678,000
679,000
680,000

681,000

682.000
683,000
484,000
485,000
684.000
487,000
488,000
489,000
690.000
491,000
492,000
493,000
494,000
693,000
696,000
497,000
698.000
4992.000
700.000
701,000
702,000
703.000
704,000
705,000
704,000
707.000
708,000

709,000

710,000

711,000

712,000
713,000
714,000
713,000
71464000
717,000
718,000
719,000
720,000
721,000
722,000
723,000
724,000

€

>

€ ¥

* I
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RMX = -XG(KOUNT)%0.50/F

RNY = -YG(KOUNT)XG.50/F

INDEX FOR FEED HORN

EX = (0.0:0.0)

EY = (0.0:0.,0)

EZ = (0.0:0.0)

HX = (0.0+0.,0)

HY = (0,0:0.0)

HZ = (0.050.0)

DO 490 K = 1,NHORN

THE FOLLOWING TRANSFORMATIONS CONWERT SURFACE FOINT tA
COORDINATES TO HORN COORDINATES.
TRANSFORN (RHO,THETAsFHI) TO (RHOT: THETATsFHIT)

RHOT = SRRT((XB(KOUNT) - DX(K))¥¥2 + (YB(KOUNTY - DYL(K))Ykk2
+ + (ZB(hBUNT) = DZ(K) ) k&)

CTT = (ZB(KOUNT)~-DZ(K))/RHOT

8TT = ACOS(CTT)

§TT = SIN(STT)

SFT = ATAN2((YG(KOUNT)-DY(K) ) s (XG(ROUNT)-DX(KY])
CPT = COS(SFT)

S8PT = SIN(SPT)

TRANSFORM (RHOTsTHETAT,FHIT) TO (RHOR,THETARsFPHIR)

8T8P = STTXSFT
STCP = SBTTXCPT

CTR = STCPXW3L1(K) + STSPRUI2(K) + CTTHUII(K)
THETAR = ACOS(CTR)-

STR = SIN(THETAR)

SPR = STCP¥W21(K) + W22(K)¥STSP 4 WRIC(KIXCTT
CFR = STCPXWI1(K) + STSPRW12(K) + CTTRY1I(K)
SPR = ATAN2(SPRsCFR)

CFR =" COS(SPR)

SPR' = SIN(SPR)

CTCP = CTRXCER

CTSP = CTR¥SPR

TXT = CTCPXW11(K) 4 CTSPYW21(K) - STR¥W3L(K)
TYT = CTOPYWI2(K) - STRYW32(K) + CTSPHU22(K)
TZT = CTCPXWIZ(K) + CTSPRW23(K) - STREWIZ(K)
TXP = -SPRAWIL1(K) 4 CPREWZI(K)

TYP = -SPRAWIZ2(K) + CPREW22(K)

TZP = -SPRY¥WIZ(K) + CPRAW23(K)

PT = RK¥RHOT

EXFN = CHPLX(COS(FT)»~5IN(FT))/RHOT

¥ COMPUTE FEED ARRAY FIELDS AT (RHOR,THETARsFMIR)

CALL SUURCE(THETQRrSPR:CPR:ETH“TA;EPHI K
ETHETA = ETHETAXEXPN :
EPHI = EPHIXEXFN

FTX = ETHETARTXP - EFHIXTXT .
FTY = ETHETAXTYF - EPHIXTYT
FTZ = ETHETAXTZF - EPHI®TZT :
RIX(KOUNT) = RIX(KOQUNT) + FTZXRNY - FTY
- RJY(KOUNT) = RJY(KOUNT) + FTX - FTZXRNX
RJZ(KOUNT) = RJZ(KOUNT) + FTYXRNX - FTXERNY
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725,000
724,000
727,000
728,000
729,000
730,000
731,000
732,000
733,000
734,000
735,000
734,000
737,000
738,000
739,000
740,000
741,000
742,000
743,000
744,000
745,000
746,000
747.000
748,000
749,000
750,000
751,000
752,000

783,000

734,000
735.000
736.000
757,000
738.000
759.000
760,000

C741.000

762,000
763,000
764,000
743,000
764,000
767,000
7684000
769,000
770,000
771,000
772:000
773,000
774,000
775,000

- 774,000

7774000
778,000
779,000
780,000

¥
¥ COMFUTE COMBINED FEED FATTERN FOR SPILL- UUER CALCULﬁT’BN
X

EX = EX + ETHETAXTXT + EFHIXTXP
EY = EY 4 ETHETAXTYT + EFHIXTYF
EZ = EZ + ETHETAXTZIT + EFHI%TZP
HX = HX + FTX
HY = HY + FTY
HZI = HZ + FTZ

490  CONTINUE
FACH = FAE*RDJ*QU(I+LQP)*QM‘J+LQR)

RJIX(KOUNT) = RJIXCKOUNT)XFACH
RJYCKOUNT) = RJY(KOUNT)IXFACY
RJZ(KOUNT) = RJIZ{KOUNT)XFACH

PR = PHR ~ (REAL(EY*CUNJG(HZ) ~ EZXCONJG(HY ) YRRNX 4
t REAL (EZXCONJG(HX) - EXXKCONJB(HZ))RRNY +
t REAL (EXXCONJG(HY) - EYXCONJGLHXY))RFACY
300  CONTINUE
310  CONTINUE
920  CONTINUE

COMPUTATION OF CURRENT WATRIX COMPLETEL

COMFUTE SPILL-OVER EFFICIENCY - ETAS
FWR = POWER CAPTURED RY REFLECTOR

e W W e P

PUR = PYRKO.50/ZETA
X PT = TOTAL POMER RADIATED
PT = 0.0
. DD 530 K = 1,NHORN
530  PT = PT + HPHR(K)
ETAS = PUR/PT
WRITE(6y540) ETAS :
540  FORMAT(///+1X»‘SPILL-OVER EFFICIENCY =/1+F7.31/)
PT = PTXA0.0XHAVEXWAVE
X
x COMPUTE GAIN AND PHASE OF CO-POLAR AND X-POLAR COMFONENTS
X
ELIN = ELE - ELS
IF (NEL.GT.1) ELIN
AZIN = AZE.- AZS
IF (NAZ.GT.1) AZIN
D0 550 I = 1,NEL
550 EL(I) = ELE - ELIN¥(I-1)
00 560 I = 1/NAZ
540  AZ(I) = AZS + AZINK(I-1)
KOUNT = 0 o _
DO 580 I = 1sNEL.
DO 570 J = 1:NAZ
KOUNT = KOUNT + 1
CALL COMY(EL(IYsAZ(J)rSTAsCTRrSFR,CPA)
CALL FIELD(STGsCTQrSFQ,CFOr IPOLA-CENOYXBNO1 CFHO)
CONCKOUNT) = CGNO
XGN(KOUNT) = XBNO
CFH(KOUNT) = CPHO
570  CONTINUE
580  CONTINUE

ELIN/FLOAT(NEL - 1D

AZIN/FLOAT(NAZ - 1)

i

n

1

#ou ]]
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781.000
782,000
783,000
784,000
783.000
784,000
787.000
788,000
789,000
790.000
791,000
792,000
793.000
794,000
793,000
796,000
797,000
798,000
792,000
800,000
801.000
802,000
803.000
804,000
803,000
806,000
807,000

- 808,000

809.000

810,000

811,000
812.000
813.000

147

% QUTFUT FAR FIELD OESERVATION CUTS.

X

710
720

730

733

740

730

760

770

743

775.

814.000

815.000
B14.000
817.000
818.00¢0

819,000
820,000

821,000
822,000
823,000
824,000
825,000
826,000
827.000
828,000
829,000
830,000
831,000
832,000
833.000
834,000
835,000
834,000

780

790
800

C
F

I & JE I

WRITE(41710)

FORNAT(////+50Xs ' CO-FOLAR BAIN IN DB’)
WRITE(6y720)

FORHAT (48Xy23{1H-))

- WRITE(S:720) (AZ{I)sI=1:NAZ)

FORMAT(//21Xs’ ELEV %7+30X: AZINUTH (DREB)»/+1Xs° (DES)} %'»
+20F4.2)
WRITE(4,733)

- FORMATCIX»43(2H X3)

DG 740 I = 1sNEL

KOUNT = (I-1)¥NAZ + 1

KOUNT1 = KOUNT + NAZ - 1

WRITE(4,7307 EL(I)s(CGN(J)»J=KOUNT,KOUNTL)
FORMATC/sBXy IHXs /2 LK F7 39 LHX20F& 29 /¢ BX» LHY)
WRITE(4:760)

FORHAT(///7/+50Xs'X-POLAR GAIN IN DR')
WRITE(42720)

WRITE(4s730) (A’(I)sl 17NAZ)

WRITE{(6»733)

- D0 770 T = 1.NEL.

KOUNT = (I-1)%NAZ + 1

KOUNT1 = KOUNT + NAZ - 1

WRITE(6s765) EL(I)y (XBN(J): J=KOUNTKOUNTL)
FORHMAT(/y8Xs1H%s /¢ 1XoF 7.3 1HX»20F 4.1 /28Xy 1HED
WRITE(4:775)

FORMAT(////+49X,'CO~FOLAR FHASE IM DEG")
WRITE(4,720)

WRITE(4,730) (AZ(I)yI 1+NAZ)

WRITE(4,733)

DO 780 I = 1,NEL

- KOUNT = (I-1)%NAZ + 1

KOUNT1 = KOUNT + NQZ =1 :

WRITE(&+763) EL(I)» (CFH(JD) »d= hDUNT:KDUNTl)
DFEN(7FILE='GNNAT’ STATUS="0LD’,USAGE="0UTFUT")
WRITE(7,10) (IHEAD(I)»I=1,13)
HRITE(7:290) AZS.AZEsNAZ,ELS,ELENEL

D0 790 I = 1sNEL . .

KOUNT = (I-1)%NAZ + 1 . .

KOUNT1= KOUNT + NaZ - 1

WRITE(7,800) (CGN(J)»J=ROUNT,ROUNTIL)
FORMAT(10F8.2)

8TOF

END

SUBROUTINE RADLIM(CF,8F»,A1sBl,A2+B2,RL-RU)

DMPUTES LOWER AND UPFER LIMITS OF RADIAL VAR, INTEB. FOR A GIVEN
HI.

RU = ALXBI/SORT(AIXALKSFXSP + BIEBIYCFECP)
RL = 0.0 ‘

IF (A2,LT.1.0E-04,0R.B2,LT.1,0E-04) RETURN
RL = A2KB2/SO0RT(AZKAZKSFXSP + B2XE2XCFRLF)
RETURN

ENI:

nou
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837,000
838.000
839.000
840,000
841,000
842,000
B843.000
B44,000
845,000
846,000
847.000
848,000
849,000
850.000

851,000

B32.000
853,000
854.000

855,000

856,000
857,000
B58.000
839.000
840,000
841.000
862.000
B&3.000
844.000
843,000

865,000
- 847,000

B481 000
869,000
870,000
871,000
872,000
873,000
874,000
875,000
876,000
877,000
878,000
879,000
880,000
881,000
882,000
883,000
884,000
885,000
884,000
887,000
888,000
889,000
890,000
891,000
892,000
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SUEBROUTINE BOURCE(THETAR:SF:CFsETHETA,EFHIK)

COMPUTES ETHETA AND EFHI COMPONENTS OF FEEDR HORN

COMPLEX ETHETAsEFHI:CONSTXsCONSTYsEXT,EXF
COMMON/YALZ/AN(S0) yHFHASE(T0) »CX (5005 CY(30) s FSI{S0) s IFOLA IGF(H0)

ANCK) ACHPLX(COS(HFHASE (K) ) y SIN(HPHASE(KR) )
CONSTY = CONBTXXCY (K)XCMPLX(COS(FBI(K)}ySIN(PSI(K)))
CONSTX = CONSTX¥CX(K)

THETA = 3.14159245 - THETAR

KK = IGPCK) ’

CALL FAT(THETA+ETHA-ETHFEPHAEPHF »KK)

EXT = ETHAXCMPLX{COSCETHPR) :BINCETHP))

EXP = EPHAXCMPLX(COES(EFHF)Y,SINCEFHP))

ETHETA = -CONSTX¥EXTXCF + CONSTYXEXTHSF

EFHI = ~CONSTYXEXFRCF - CONSTXXEXP¥SP

RETURN

ENIv

SUBROUTINE PAT(THETA:ETHAsETHP yEPHAERHPsJ)

CONSTX

1| I 1]

t ol

INTERPOLATES INPUT PATTERN DATA.

COMMON/FATERN/EFAC46,10)2EFP(46510) HFA(44910) s HFP (44100
COMMON/PATFAR/NFPFATYTETA(44)

STATEMENT FUNCTION DEFINING SECOND ORLER LAGRANGIAN INTERFOLATION,

FXOXTX29 X011 Y25 Y30X) = YIR(X-X2IH(X-X3)/ CIX1-X2) % (X1-X3))
tor Y2RX=X1IX(X-X3) /A (IX2-X1I%(X2-X3)) +
FOYIR(X-XD) R {X=X2)/UIXT-X1 1% (X3-X2))

- THETA

X =
N = X/PAI
NI =N+ 1

IF (NLLEQ.(NPP-1)) N1 = N1 - 1
IF (N1.GE.NPF) GO TO 10

X1 = (N1 - 1)%PAI

X2 = Ni¥PAI

X3 = (N1 + 1)XPAI

N2 = Ni ¥ 1

N3 = NI + 2

Y1 = EPA(NLZ D)

Y2 = EPA(N2rJ)

Y3 = EPA(N3.J)

ETHA = FX(XL1sX2:X3rY12Y2:Y3sX)
Y1 = EPP(Nird)

Y2 = EPP(N2sJ)

Y3 = EPP(N3s)

ETHP = FX(X1rX2:X3sY1rY25Y3:X)
Y1 = HPA(NLZJ)

Y2 = HPA(NZ:J) -

Y3 = HPAINZ:)

EPHA = FX{X1sX2:X3rY1rY2:Y3:X)
Y1 = HPPI(NL:DD
= HPP(NZ2:J)
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B93.000
B?4.000
B?3.000
B246.,000
B?7.000
828,000

892.000.

200,000
901,000
902,000
903,000
904,000
905,000
904,000
207,000
908,000
909,000
910,000
911,000
912,000
913,000
914,000
915,000
914,000
917,000
918,000
919,000
920,000
921,000
922,000
923,000
924,000
925,000
926,000
927,000
928,000
929,000

230,000 .
231.000.

932,000
733,000

734.000.

935,000
936,000
937,000
938,000
939.000
940,000
941,000
942,000
943,000
944,000
945,000

946,000
947,000°
948,000

10
20

X
X

¥

P B 2 I e

10

20

FE J& e M W e W 3

k.3
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YZ = HPR(N3+ )
EPHF = FX(X1:X2:XT:Y1:Y2:Y3:X)

RETURN -
WRITE(4220) . /)

FORMAT(1X, "FATTERN INTERFOLATION IS OUT OF RANEE OF DQTA’)

§TOP _ N
END
SURROUTINE PWRFED(K»PWR)

INTEGRATES FOYNTING’S VECTOR TO OBTAIN FOWER RADIATED BY THE K TH
¥ HORN.

DIMENSION THL(2) s THU(2) yPOW(D)
COMMON/VAL1/FPI«RALRK, ZETA
COMMON/PATPAR/NFPFPAI-TETA(4S)
COMMON/BLOCK/GX(219),QU(219)

RANGE OF THETA-INTEGRATION IS RIVIDED INTO TWO REGIONMS. 20-FT

' BAUSS-LEGENDRE FORMULA IS USED FOR EACH REGION.

LOC = LOCATION OF FORMULA

LOC = 73

TING = (NPF - 1)XPAIX0.50

FUR = 0.0

I0 20 N = 1,2

POW(NY = 0.0

THL(N) = (N-1)XTINC -

THU(NY = THL(N) 4 TINC

DO 10 I = 1,20

THETA = (THL(N) + THUGN))®0,50 + (THU(N) - THLN))X0,50%0X(I+LOC)
CALL PAT(THETAsETHAsETHP yEPHAEPHF/K)

POW(N) = POW(N) + (ETHAR¥2 + EFHAYY2)XSIN(THETA)XQH{I+LOC)

CONTINUE

[T 1

- PUR = POW(NIR{THU(N) - THL(&)) + FWR

CONTINUE
PUR = PWR%0.25%PI/ZETA
RETURN

END

SUBROUTINE CONV(EL:AZsSTsCT+SP-CF)

CONVERTS (EL:QZ) TO (THETAsPHI) CO-ORD.

g7
cT
Sp
CP

4 3w on u

SIN(THETA)
COS(THETA)
SIN(PRI)
COS(PHI)

COMMON/VALL/FIRADYRK,ZETA

CT = COS(EL/RAINXCOS(AZ/RAL)

8T = BGRT(1.0 -~ CTXCT) - .
IF (ABS(EL).LT.1.0E-07) GO TO 10
8F = COS(EL/RADMXSIN(AZ/RAIN/ST .
CP = BIN(EL/RAIN/ST

RETURN ‘
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742,000
730.000
731,000
?32.000
953,000
754,000
755 .000
§56.000
937.+000
?%8.000
259,000
260.000
761,000
262,000
263,000
264,000
943,000

?66.000 .

947,000
?68.000
969,000
970,000
971,000
972,000
?73.000
?74.000
973,000
976.000
977.:000
?78.000
979.000
?80.000

. 781,000

782,000
983.000
984,000
283,000
786,000
987,000
288,000
789.000
790,000
991,000
992.000
993.000
994,000
?95.000
9946.000
997.000
?98.000
799,000

1000,000
1001,000 °
1002,000

1003.000

1004,000
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10 IF(AZ) 20:30:40
20 SF = -1,0
CF = 0.0
RETURN
30 SF = 0.0
CP = 1.0
RETURN
40 8P = 1,0
CP = 0,0
RETURN
END '
SURROUTINE FIELD(STR,CTRsSFR;CFQ:IFOLA»CON:XBNyCPH)
X
X COMFUTE FIELD COMPOMENTS OF REFLECTOR AT (THETAQ:FHI®)
X ..
. DIMENSION X(3134):Y(3134):2(3134)
COMPLEX FTXsFTY»FTZ,RIX(3136) +RIY(31348)1RIZL3134)
COMPLEX EXPNsPOL1.POL2,COFOL:XFOL
COMMON/CURENT/RJXyRIYIRIZ X2 Y Z v
COMMON/VALI/NREG) NARNQF PT,XDRy YOQ, ZDQ s CFVRYSFVR
COMMON/VALL/PI»RADSRK+ZETA

% SUM UF CONTRIBUTIONS FROM ALL FANEL CURRENTS.

FTX
FTY
FTZ
STCF = STOXCPO
STSF = STOXSPQ
KOUNT = 0
I 30
oo 20
oo 10 1y NOR
KOUNT = KOUNT + 1 A
ARG = (X(KOUNTIXSTCP + Y(KOUNT)XSTSP + Z(KOUNT)XCTQ)XRK
EXFN = CMPLX(COS(ARG)»SINCARG))
FTX = FTX + RJX(KOUNT)XEXEN
FTY = FTY + RJY(KOUNT)KEXFN
FTZ = FTZ + RJZ(KOUNT)KEXFN
10 CONTINUE -
20 "CONTINUE
30 CONTINUE : A
FOLL = (1.0 = (1,0 - CTR)XCPOXCPAYKFTX ~ (1,0 - CTQ)4SPOXCPOKFTY
+ - STCRYFTZ
POL2 = =(1.0 - CTR)XSPOXCFOKFTX + (1,0 - SFOXSPA%(1.0 - CTR)IEFTY
+ - STSF¥FTZ

(0&0!0{0)
(01010;0)
(0:0+0.:0)

non i

1:NRES
1yNAF.

HoOM

[}

[N SO i 1]

X
X SHIFT REFERENCE TO FIELD CO-ORDINATE SYSTEH
X
ARG = (STCPXXDR + STSPXYD@ + CTRXZDA)XRK
EXPN = CMFLX(COS(ARG)»-SIN(ARG))
FTX = (POLIXCPVUR + FOL2XSFVR)XEXFN
FTY = {(POL2XCPVUR -~ FOLLXSPVR)XEXFN
G0 TO (40:50,460:70)s IFOLA
40 CORPOL = FTX
XPOL = FTY
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110053.000

1006,000
1007,000
1008,000
1009000
1010,000
1011,000
1012.,000
1013,000

- 1014.000

1015.000
10146.000
1017.,000
1018.000
1019,000
1020.000
1021.000
1022,000
1023,000
1024,000
1025.000
1026.,000
1027.000
1028.000
1029,000
1030,000
1031.,000
1032,000
1033.000
1034,000
1035.000
10346.000
1037.000

-1038.000

1039.000
1040,000
1041,000
1042,000
1043.000
1044,000

1045.,000
1044, 000

1047.000
1048.000
1049.000
1050.000

1051,000.
1052,000 -

1093.000

~1054,000

1055.000

1036.,000

1037.000
1038.000

1059,000

1060.000

60

70

80

e W e
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Go TO 80

COFOL = FTY.

XPOL = FTX

GO TO 80

COFOL = 0.7071067B%(FTX + CHPLX(0.0s1,0)%FTY)

XFOL = 0+70710478X(FTX ~ CHPLXCQ.0»1.02%FTY)
GO TO 80

COFOL = 0.70710878%(FTX ~ CHPLX(0.0»1.0)%FTY)
XPOL = 0.70710878%X(FTX + CHPLX(0.0:1.0)%FTY)
CBN = 10.0%ALOGLOC(CABS(COPOLIXX2/PT)

XGN = 10,0XALOGLO(CARS(XPOL)IXX2/FT)

CFH = ATAN2(AIMAG(COPFOL) REAL(COFDL))XRALD
RETURN

END

SUBROUTINE PYRHPN(A:B;UGQ:MBB;HRRLTH:AH;PH!ﬁEDH?thTG)
COMPUTES FATTERNS OF SINGLE MODE OR MULTINMODE PYRAMIDAL HORNS.

DIMENSION EPA(446¢10)sEPP(44710) rHPA(AS10) 2 HFF(46110) s THETAL4S?
COMPLEX HAR(24):EAR(24),A12,HSUNsESUN: CSUMEF
» COMMON/PATERN/EPAYEFP yHF Ay HFF
COMMON/FATPAR/NFPTPAL» THETA
CONMON/BLOCK/GX(219) yQW(219)

TE10 HODE CUT-OFF CHECK

"IF (RK'LE.(3.,14159/4)) 60 TO 90
IF (AM.LT.1,0E-02) GO TO 5

TE/TM21 MODE CUTYi-OFF CHECK
2B318%5ART(1.0 +

IF (RK.LE. (4. (+SOXA/RIXX2)/A)) GO TO 100

COMPUTE HORN AXIAL LENGTHS
ALE = 999,0
ALH = 999.0

HRNLTHKE/ (B - WGE)
HRNLTHXA/ (A - WGA)

IF (R.GT.WGR) ALE
IF (A.BT.WGA) ALH

COMPUTE MODE CDEFFICIENTS
Al2 = AHXCHPLX(COS(PH) »SIN(FHM))

SELECTION OF APPRDPRIAfE QUADRATURE FORMULA
ARRAYS HAR AND EAR ARE DIHENSIOMED TO ACCOMODATE HDRK HIZES LESS

-THAM OR EQUAL TO 7.5 UQUELENGTHS.

ARG = AMAX1(AsE)
IQ = RK%ARG/3.141592 + 1.0
I8 = (IQ+1)%1.40

IF (IR.GT.24) 60 TO 70
CALL APQUARCIQ:NG,LDO)

COMPUTE INTEGRAL INVARIANT WITH DBQERUATIDN ANGLE

151



N

1061000
1042000
1063, 000
1064, 000
1045,000
1064.000
1067.000
1048.,000
1069, 000
1070.000
1071, 000
1072.000
1073.000
1074.,000
1075.000
1076.000
1077.,000

1078.000 .

107%2.000

1080.000

1081.000
1082,000
1083.000
1084,000
1085.000
1084.000
1087.000

1088.000

108%.000
1090.000

1021.000

1092,000
1093,000
1094,000
1095000
1094,000
1097.000
1098,000
1099,000
1100,000
1101,000

1102,000.

1103,000
1104.000
1103,000
1104.000

1107.000

1108.000
1109.000
1110.000
1111.000
1112.000
1113.000
1114.000
1115.000

116,000

152

HSUH (04 0:0 03
ESUM (0,010.:0)
010 I = 1/NQ
ARG = RKXC(QX(I+LOCIXAXO.502%X2)%0.50/ALH
HAR(I) #.CO8{(1.5707943%AX(I+LOC) YXCHFLX(COS(ARG) s~SIN(ARG) )%
+GN(I+LOC) :
HSUM = HSUM + HAR(ID) _
ARG = RKR{(AX{I+LOC)¥B¥0.50)%%2)%0,50/ALE
EAR(I) = (1.0 + AL12%COS(3.14159246%0X(I+LOCY )X
+CHPLX(COS (ARG »~SINCARG) YXQUCI+LOC)
ESUM-= ESUM + EAR(I)
10 CONTINUE
X
X COMPUTE E-PLANE PATTERN
¥

i1

DO 40 I = 14NFT

ST = RKXBXO.SOXSIN(THETA(I))

CSUM = (0.010.0) :

D0.30 J.= 1,NO

ARG = STXOX(J+LOC)

CSUM = CSUM + EAR(J)XCHPLX(COSCARG)SINCARG))

30 CONTINUE

EF = HSUNKCSUH .
IF (MODH.ER.1) EF = EFX(1.0 + COS(THETA(I)))

EFA(I»IG) = CARB(EF)
EPP{IyIG) = ATAN2(AIMAG(EF)REAL(EF))
40 CONTINUE
X
X COMPUTE H-PLANE PATTERN
¥

M) 60 I = L4NPT

8T = RRKXA%0,30KSIN(THETA(I))

CSUM-= (0.0:0.0)

DD 50°.J = 1sNQ

ARG = STXRX(J+LOC)

CSUM = CSUM + HAR(JIXCHFLX(COS(ARG), SIN(QRG))
20 CONTINUE

CSUH = COUMXESUH

= COS(THETA(I))XCSUM
IF (NOBH ER.1) EF = EF + CSUﬁ
HPA(I,IG) = CABS(EF)
HPP(I+IG) = ATAN2(AIMAG(EF) REAL(EF))
40 CONTINUE
¥
X NORHALISE FATTERNS
X

'CALL PTNORH(IGsNFT)
'RETURN |
% ERRDR DIAGNOSTICS
70 WRITE(4s80)
80  FORHAT(1X, HOKN AFER, DIN, IS TOO LARGE. EXECUTION TERMINATED. )
STOP
90 WRITE(6r95)
95 FORMAT(1Xs‘FYRAMIDAL HORN DIM. IS BELOW TE10 NODE CUT-OFF,’
$¢ EXECUTION IS TERHINATEL,®)
STOP
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1117,000
1118, 000
1119,000
1120,000
1121.000
11223000
1123,000
1124, 000
1125.000

11246.000 -

1127.000
1128.000
1129.000
1130.000
1131.000
1132,000

1134.000
1135.000
11346.000
1137.000
1138.000
1132.000

1140.000
1141.000°,

1142.000
1143.,000
1144.000
1145.000

1144,000

1147,000
1148,000
1149,000
1150.000
1151,000
1152.000
1153, 000
1154,000
1155, 000
1156.000
1157, 000
1158, 000
1159,000
1140000

- 1141.000

1162,000
1163.000
1164000
1165.000
1146.,000
1167.,000
1148.,000
1149,000
1170.000
1171,000
1172,000
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100 WRITE(4710%)
105  FORMATC1X‘MULTI MODE PYRAMIDAL RN DIM. IS BELOW TE/TH2Y ‘7

B W e e

- 1133,000

K e e LI 3 IE e P IE 3¢ & e

W e W W 3¢

P

+/M0DE CUT~OFF.
8T0F

END

SURROUTINE CONHRN(ARsWGR,HRNLTH»AMsFMsMODHRKYIG)

STOF.")

COMPUTES PATTERNS DF CONICAL HORNS.
E- AND H-PLANE NORM. AMP. ARE STORED IN ARRAYS EPA AND HFA RESP.
E~ AND H-PLANE NORM. PHASES ARE STORED IN ARRAYS EFF AND HFP RESF.

DIMENSION EPAC44r10)yEPP(46110)sHFACA4210) 1HPP (445100 yTHETA(44)
COMPLEX HJO(14)sHJ2(14)yEJO(14)yEJ2(14) sESUMTyESUNP 1 HSUNT»
tHEUMP P R11EF

COMMON/BLOCK/QX(219)yRUW(219)

COMMON/PATERN/EPAYEFPyHP A HFF

COMMON/PATPAR/NPT,FAL» THETA

TE11 MODE CUT-OFF CHECK

IF (RK.LE.1.84118/4R) GO TO 80 .
IF (AM.LT.1.0E-02) GO TO 3

Til MODE CUT-OFF CHECK

IF (RK.LE.3.83171/8R) 60 TO 90
COMPUTE AXIAL LENGTH

AL = 999,0 _
IF (AR.GT.WGR) AL = HRNLTHXAR/(AR - WGR)

COMPUTE MODE COEFFICIENT
Bll = 2.,08116%ANXCHPLX(COS(PM)»SIN(FMY)

SELECTION OF AFFROFRIATE QUADRRATURE FURﬁULA
ARRAYS HJOQsHJ2,EJO AND EJ2 ARE DIMENSIONER TO ACEOHUB&TE HORN_
DIAMETERS LESS THAN 8 WAVELENGTHS. |

IG RKXAR/3.141592 + 1.0
1d (10+1)%1.40

IF (IQ.87.14) GO 1O S0
EALL APGUAD(IQ;NQ!LUC)

CUHPUTE INTEGRAND INVARIANT WITH OBSERVATION FOINTS.

- DO 10 I = 1sNG:
RHO = 0,50%(1.0 + DX(I+LDC))

- ARG1 = RK¥RHOXRHOXARXAR¥0,50/AL
ARG2 = 1.84118%RHO - :
CALL BESSEL(ARG2sEJ0sBJ2)

[t IR 1]

~SINCARGL))

- ESUMT = CHPLX(COS(ARGLl),~
HJ2¢I) = BJ2XRHOXESUNTXQW(I+LOC)
- HJO(I) = BJOXESUHMTXRW(I+LOC)I%RHO

IF (MODE.E@.1) 80 TO 10
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1173000
1174,000

1175.000

1176,000
1177.000
1178, 000
1179.000
1180.000
1181,000
1182,000
1183, 000
1184,000
1185000
1184.000
1187, 000
1188000

1189.000.

1190.000
1191.000
1192.000
1193,000
1194.000
1195.000
1196.000
1197.000
1198.000

1199.000. .

10.

X

X

20

1200.000

1201,000

1202.000.

1203.000

1204.000.

1205,000
1206000
1207, 000
1208000
1209000
1210.000
1211,000
1212,000
1213,000
1214,000
1215.000

1214000
1217,000
'1218,000

1219.000

1220,000

1221.000
1222,000
1223,000
1224,000
1235.000
1226.000
1227.000

.1228,000

30

40

¥

ARBZ = 3,83171¥RHO-

CALL BESSEL(ARG2,BJOsBJ2)

EJOCI) = BJOXESUMTXQU(I+LOC)¥RHD
EJ2(I) = BJ2KESUNTXQU(I+LOC)¥RHO
CONTINUE

X COMPUTES E- AND H-FLANE PATTERVS

DO 40 I = 1sNPT
8T = RK¥ARXSIN(THETA(I))

HSUKT = (0.0,0.0)
HEUMF = (0.0:0.0)
ESUMT = (0,0,0.0)
ESUMF = (0.050.0)
DO 20 J = 1sNQ

‘ARG = STX0.50%(1.,0 + @xX(J+L0C))

CALL BESSEL(ARGsRJOsBJ2)

HSUMP = HBUMP -~ HJ2(DIXBJ2 - HJIO(DIXRJO
HOUMT = HBUNT + HJ2(J)XERJ2 <  HJOCJIRBJD
IF (AM,LT.1.0E-02) GO TO “0

ESUNP = ESUNP - EJ2(J)¥BJ2 + EJO(J)*BJO
ESUNT = ESUMT + EJOCJIXRJO + EJ2{J)¥BRJ2
CONTINUE

BKH = 0.0

BRE = 0.0

IF. (MODH.EQ.0) GD T0 30

BKH.= SRRT(RK¥%2 - (1,84118/AR)%¥X2)/RK

IF (AM,LT.1,0E-02) GO TO 30

BKE = RK/SART(RKX%¥2 -~ (3.83171/AR)%%2)
CT = COSC(THETA(I))

LEF = (140 + BKHXCT)XHSUNT - (1. O+BkEXCT)*Bii*E:LﬁT
EPA(I;IG) CABS(EF?

'EPF(I,16) QTAN”(QI&AG(EF);REQL(EF))

EF = (CT + BKH)XHSUMF -~ (CT+BKE)%B11XESUNP
HPACI»IG) = CABB(EF)

HPP(I:IG) ATAN2 (AIMAG(EF ) +REALCEF))
CONTINUE .

(]

X NORHQLiSE'PATTERNS

¥

CALL PTNDRH(IBrNFT)
RETURN

% ERROR DIAGNOSTICS .

50

&60.. . .

80
85

20
95

WRITE(6240)

FORMQT(ixy’CDNICRL HDRN APER. RAD. I8 TOO LARGE. EXECUTION téRH.’) ‘

STOP

© WRITE(6,85).
FORMAT(1Xs/CONICAL HORN DIM, IS BELOW TELl MODE CUT~OFF.’,

+/ EXECUTION IS TERMINATED.?)
_8TOF
WRITE(6,90)

FUhMAT(iX!'DUAL HODE CONICAL HORN HIM. IS BELDN TH11 HORDE

+/CUT-0FF, STOP.")

STOP -

END

SUBROUTINE PTNDRﬁ(IG:NPT)

7

?
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1229,000
1230,000
1231, 000
1232,000
1233,000
1234,000
1235, 000
1234.000
1237,000
1238,000
1239,000

1240.000

1241.000
1242,000
1243,000
1244.000
1245,000
1246,000
1247,000
1248,000
1249.000
1250000
1251.000
1252000
1253, 000
1254,000
1255,000
1256,000
1257.000
1258000
1259.,000
1260.000
1261,000
1262,000
1263,000
1264.,000
1265,000
1266.000
1267.,000
128,000

12692.000
1270.000 .

1271.000
1272.000
1273.000
1274.000
1275.000
1276.000
1277.000
1278.000
1279.000
1280.000
1281.000
1282.000

1283.000 -

1284,000

X
X NORMALISES AMPLITUDE ANIN PHASE PATTERNS.
X
DIMENSION EPA(44y10)EFF(44,10) sHPA{A4:10) 1HPF (4464 10)
COMMON/PATERN/EPASEFPYHPASHPF
b3 3
ANORM = EFA(1.1IB)
PNORH = EFP(1,1I6)
EFA(L,I6) = EFA(L,IG)/ANORN
EFRP(1,IG) = EFP(1,IBG) - FMORM
HFA(LYIB) = HFA(L,IG)/ANORH
HFP(1,1I8) = HPP(1,IB) - PNORM
IF (NPT.EQ.1) RETURN
DO 10 I = 24NPT
EFA(I,IB) = EPA(I,IG)/ANDRH
HPA(IIG) = HPA(I,IG)/ANDRM
EPP(I,IB) = EFP(I,IG) ~ FNORHM

POIF = EPP(IsIB) - EFP(I-1,IB) :

IF (PDIF.GE.3,141392) EPF(I,IB) = EPF(I.IG) - 6,28B3185

IF (PDIF.LE.~3,141392) EFP(I,IB) = EFP(I,IB) + &4.28318%

HFF(I:I6) = HFF(I»IG) - PNORN

PRIF = HPP(I«IB) - HPP(I-1,IG)

IF (PDIF.GE.3,141592) HPP(I,IB) = HPP(I,IG) ~4.328B3

IF (POIF.LE.-3.141592) HPP(I7IG) = HPRF(I+IG) + 4.2
10 CONTINUE

RETURN

END

SUBROUTINE BESSEL(ARGyRJOrRJ2)

85
3183

s 2

COMPUTES BESSEL FUNCTION OF THE FIRST KIND' » ZERO(BJO) AND
SECOMD(EJ2) ORDER. ARG IS THE INFUT ARGUMENT., _

e W W e

 IF (ARG.BE.3.0) GO TO 10

$ ARG < 3

I M P
<
/‘h

X2
X4
Xé
X8
X190

(ARG/340) kX2
X24X2
XAXX2
Xékxa - ..
Xaxx2
S X12 = X10%X2 L
BJO = 1.0 ~2.2499997%X2 + 1.24346208%X4 - ,31463IDL4%XNE
+ o+ . 0444479%X8 ~ ,0039444%X10 + ,0002100%X12
BJ2 = 0.5 - ,546249995%X2. + ,21092573%X4 - ,0I9542894Xé
+ + J00443319%XB ~ ,00031761%X10 + ,00001109%X12
BJ2 = 2,0%BJ2 - BJO
RETURN

H i g B

ion

b o
c%

X ARG > 3
10 X'= 3,0/ARE
X2 = X¥X
X3 = X2%X-
X4 = X3
X5 = X4%X

155
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1285,000
1286.000
1287,000
1288.000
1289.000
1290,000
1291,000
1292, 000
1293.000
1294,000
1295, 000
1294.,000
1297.000
1298.000
1299.000
1300.,000
1301.000
1302,000
1303.000
1304,000
1305.,000
1304.,000

Ve G e Y& e W He W K

1307.,000

1308.000
1309.000

1310,000

1311.000
1312.000

10

1313.000 .
20.

1314.600
1315.000
1316.000

1317.000 .

1318.000
1319.000
1320.,000
1321.000
1322,000
1323.000

-1324,000

1325.000
1325.000
1327.000
1328,000
1329.000
1230.,000
1331.000

1332.000.

1333.000
1334.000
1335.000
1336.000
1337.000

1338.000.

1339.000
1340.000

30

¥

FIN
THE
IGF

JBOT
NQ
Loc =

S D010 1 =

X6 = X3%X

THETA = ARG - 78539814 - .041546397%X -
+ + J00282573%X3 - .00034125%X4 -
F = 79788456 - .000G00077%X -
+ o+ J001372378X4 -
BJO =

+00003234%X2
+00029333%X5 + .00013538%X4
+00352740%X2 - L 00009512%X
+00072800%X3 + .000144746%K4
FXCOS(THETA) /8BRT (ARG)

THETA = ARG -~ 2.,35419449 + .12499612%X + ,0000565%X2
+ =~ +004637877%X3 + ,00074348%X4 + ,00079824%X3 - ,0002914846XX4
BJ2 = FXCOS(THETA)/{(ARG¥SORT(ARG)? :
BJ2 = 2,0%RJ2 - RJIO

RETURN

END

SUEBRCUTINE AFQUAD(IR,NG,LOC)

DS THE NEAREST QUAD. FURHULA TO THAT RERUIR”B.

AVAILARLE FORMULAS ARE STORED IN ASCENDING ORDER IN ARRAY
« NQF IS THE NUMBER OF FORMULAS SBTORED IN THE RLOCK DATA,
H IOF AND' NGF ARE DEFINED IN THE DATA STATEMENT BELOW.
= IR FOINT FORM. REQ. -
= NEAREST AVAIL. IS NQ POINT FORH.

LOCATION OF FORH.

INTEGER IQF(13) .
DATA NOQF»IQF/1373r4:698510s12914215:20924,28:34540/

11NOF

IF (I0,LE.IQF(I)) GO TO 30

CONTINUE -

CWRITE(4r20) -

FORMAT (1Xy‘BUAIRATURE FORMULA RERUIRED IS LARGER THAN THAT ¢y
+’AVAILAELE IN THE. BLOCK DATA., SEE DOCUMENTATION, EXECUTIGN;
+° TERMINATED)

STOF .

NR = IQF(I) .

CALL GRLOC(NBsLOC)

RETURN

END

SUEROUTINE @RLOC(NEyLOC)

X PURPOSE ~ DETERMINE LDCQTIUN BF INTEGRATIDN FORMULA. IN BLU N IATA
% BLOCK DATA IS ASSUMED TO CONTAIN THE FOLLOWING FORMULAE,

¥ 3rd76:8v10212:145156+20+2452

*

10
20
30
40
30
&0

70

80

20

8234540 PTS,.

IF.(NR - 34) 10:1705180
CIF (NG - 24) 2051505160
IF (NR - 14) 305130,140
IF (N@ - 12) 40s1105120
IF (NQ - B) 50,90s100
IF (NQ - 4) 40170180
LOC = 0

RETURN

LoC = 3

RETURN

Lot = 7

RETURN

LOC = 13
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1341,000 RETURN
1342,000 100 LOC = 21

1343,000 RETURN

1344,000 110  LOC = 31

1345, 000 RETURN

1346,000 120  LOC = 43

1347, 000 RETURN

1348,000 130 LOC = 57

1349,000 . RETURN

1350.000 140 LOC = 73

1351.000 RETURN -

1352,000 150 LOC = 93

1353, 000 RETURN

1354,000 140 LOC = 117

1355, 000 RETURN

1356,000 170 LOC = 145

1357.000 ©  RETURN

1358,000 180 LOC = 179

1359, 000 RETURN

1340,000 END -

1361,000 BLOCK DATA

1362,000 COMMON/BLOCK/@X(219),QU(219)

1343,000 % 3 PTS . .
1364.000 DATA (AX(I)»I=113)/-,7745946669241:0,00000000,+,774596449241/
1365,000 - DATA (QW(I)yI=1,3)/,5555555555, 008888888888 ,555555555555/
1366,000 ¥ 4 PTS | |
1347000 DATA (QX(I)yI=4+7)/-,861136311594,~,3399810435848, 3399810435848,
1348,000 +,861136311594/ .

1369.000 DATA (RW(I) I=4r7)/,347854845137, 452145154842y ,452145154842,
1370.000 +.347854845137/

1371,000 % & PTS, '

1372, 000 DATA (OX(I)yI=8,13)/,93246951420315,,56120938444624,

1373.000 +,23861918608319y _ -

1374,000 +-.23861918608319,-,641209384646626,~,93244951420315/

1375,000 DATA (QW(I)»I=8+13)7,17132449237917,,346076157304814,

1376,000 +.44791393457269

1377000 +,46791393457269y, 3607615730481 47 ,17122449237917/

1378.000 % 8 PTS. S

1379.000 DATA (BX(I)yI=14y21)/-,9602898548:~,79664464774,~,5255324099,
1380000 +-,1834346424, , 1834346424, ,5255324099 1, 7964654774, , 9602898544/
1381,000 DATA (RW(I)sI=14521)7,1012285342y,2223810344,,3137066458,
1382.000 . +,3626837833s,3626837833 5, 3137066458 . 2223810344, ,1012285342/
1383.000% 10 PTS. :

1384,000° DATA (OX(I)yI=22y31)/-,9739065285:-.86504336441~.4774095482;
1385,000 +~, 4333953941y~ 1488743389,

1386,000 +.1488743389y , 43339539411, 6794095682, , 8450633444+ . 9739065285/
1387.000 DATA (QW(I)»I=22531)/,0664753443s,1494512491, 2190863425,
1388, 000 4,26926671935 , 2955242247,

1389,000 +,29552422477, 269264671937, 2190843625, , 14945134911, 0664713443/
1390,000 % 12 PTS. -

1391,000 DATA (OX(I)yI=32+43)/~,981560634246s~,90411725437+-,769902474194,
1392, 000 +- 5873179542841 ~, 3467831498998y -, 125233408511+, 1252334085115
1393,000 +,367831498998 , 587317954284+, 7499024674194, 904117256370
1394,000 +.981560634244/ \ .
1395,000 . DATA (QU(I),I=32,43)/,047175336384y 106939325995y 160078328543
1396000 " 4,203167426723, 2334925345385, 2491470458131, 249147045813,




1397.000
1398.,000
139%2.000
1400.000
1401.000
1402,000
1403.000

1404,000

1405,000
1406.000
1407.000
1408.000

1409.,000

1410,000
1411,000
1412,000
1413,000
1414,000
1415,000
1416.000
1417,000
1418,000
1419.,000
1420.000

1421,000

1422,000
1423,000
1424,000
1425,000
1426,000
1427.000
1428.000
1429.,000
1430, 000
1431.000
1432,000
1433.000
1434.000
1435,000

1436.000

1437,000
1438, 000
1439, 000
1440, 000
1441,000

* 14

X 14

x 20

+-4076326321135,07652652113y.2

158

+.233492536538y . 2031674246723, ,1600733285435.,1046739325995

+.0471733346386/
FT18.

DATA (QX(I)sI= 44v57)/—.?86“838086961*‘9“84’48815639 -+82720131507
+-, 687292904811y, 515248434358, -,319112348927,-, 108054748707
+.108054948707,,319112368%27,.515248636358, . 487292904811
+.827201313069y.928434883463,.9862838084946/

DATA (QW(I)yI=44,57)/,0351194460331,.08015808715%:,121518570687;
+4137203167158y .185538397477,,2051984463721,, 215243853463
+4 215263853463, ,205198463721,,1855383%7477,,157203147158,
+.121518570487,.,080158087159,. 035119460331/

PTS.

DATA (BX(I1)sI=58,73)/-.,989400934971,-,944575023073,-.865631202388;
t-¢ 735404408353, -, 617876244403, -,4580167774657 -, 2814603550779
+-,095012509837,.055012509837,,281403550779 ., 458016777657
++617876244403,.7535404408355,.8656312023872 9244575023073
+.282400934992/

DATA (QW(I)yI=38,73)/,027132459412,,062253523938,,095%158511482,
+4124628971255,,149595988814,.169156519395y ,182603415045,
+:1894504610455, . 189450610455, , 182603415045y, 169156519395+
+ 149595988816!.1“@6“8971”85:.09514851168 v+ 062233523938
+.0271324594117/

P18,

DATA (BX(I)rI=74y93)/-,9931285991,~,9639719272,~,912
+-.83911469718»
+~.7463319064:~.63605368071~o5109670019r—037370é0887:‘,23?78485Lir
778'8411;.3737060887:.510867001

2344282y

+.6360536807y 0 -

+47463319064,.8391169718,,9122344282,,9639719272, ., 9931285991/
DATA (QW(T)yI=74,93)/.01761400713,,04060142980y,04267204833;
+.08327674157
+»1019301198;.1181945319;.1316886384!.14“09&10937.14917 28641
+,1527533871y
++1527533871y, 1491729864, ,1420961093,,13146886384, . 1181945319,
+.1019301198,

+ 083“7&74157:.0626?“04833:.0406014”980y¢01761400713’
PTS.

DATA (QX(I1)»1=94,117)/-,9951872199,-,974728555%,-.93827455
+-.8864155270,~-,8200019859,-,7401241915y-. 54809346519+

20,

- +=.5454214713,-,43379350746,-.31504267%67-, 1911188674,

1442,000 ..

1443,000
1444,000
1445.,000

1446,000 7

1447,000
1448, 000
1449,000

1450, 000

1451000
1452, 000

+-+06403689286.064054689286y,1711188574,,315042467%47.4337935076
++5454214713,,6480936519,,7401241915,.820001978595.8864155270+
+.9382745520,.974728555%,, 9951872199/

DATA (QW(I)»I=94,117)/,01234122979,,02853138862,.04427743881,
+,05929858491,07334648141,086190161535.,09761865210y, 1074442701+
++1155056680,.1216704729,.1258374563,.,1279381952,,1279381953;
+.1258374563, 1216704729, ,11550564680:.1074442701,,0976186521 ¢
+.08619016153y.073345648141,,05929858491,,04427743881-
+. 0”853138862;’01°34122?79/

-PTS.

DATA (AX(I),I=118+143)/-, 99&44“4974!-.9813031653’-*9q4°59“803v
+-.9156330263 -, 8658925225, -, 8056413709, ~,7356108780

-1 65665109405 -,5697204718, -, 4758742249 -, 3762515140

+-4e2720616276y-.1645692821,-,05507928988,,05507928%88 .
++1645692821y.27206162765.3762515160.4738742249y,5697204718y
+»6566410940y'73561087801.8046413709:.86589”’”257,?146330°6%s
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1453.000
1434.000
1455.000
1454.000
1457.000
1458.000
1459.000
1440.000
14561.000
1442.000
1443.000
1444.000
14465.,000
14646.000
1467.000
1448.,000
1469.,000
1470.000

1471.000
1472.000 .

1473.000
1474,000
1473.000
1474.,000
1477.000
1478.000
1479.000

1480,000
1481,000

1482,000

1483,000.
1484, 000 .
1485, 000

1484,000
1487,000
1488.000
1489,000
1490,000
1491,000
1492.000
1493, 000

- 1494,000

1493.000
1496.000

11497,000

¥ 34

159

$.9542592804,,9813031653, 9964424975/

DATA (GW(I)sI=118+145)/,009124282593,,02113211259,03290142778,
+,04427293475, , 055107345875, 065272923961, 07464621423 _
$,08211341722,,09057174439,, 09493045799 ,1021129475, . 1040557459 ¢
£,1087111922,,1100470130,,1100470130,, 1087111922, , 1040557459+
$,10211294757 . 094930465799, 090571744395, 083113417225, 07464421423 4
$,04527292394, 05510734567 1, 04427292475 , 03290142778
$.02113211259,,009124282593/

PTS, ,
DATA (@X(I1)sI=1445179)/-,9975717537:~,98722781 44 ~,94687082425,

;+-+?4216239747*.9078096777;"»865?3463831"'816884227?!

+=2 76106487861 ~,4989391132,-,4310217270y-,5578755004:
+~.4801065451 -, 3983592777, -,313311081 3¢~ 256666“16;
-+ 13615235725, -, 04550982195, .,04550982195y . 1351523572

' +»225666‘?16:.31331108137.3°83592?77:'4801065¢411,557875300’

x 40

+.63102172705.46989391132,.76105487464,.8148B42279,.84593446383
+.90780946777,.,9421423974,.9687082625y,9872278164,,9975717537/

DATA (QN(I)yI 1462179)/.,0062292140555,.01445016274,.02254372178;
+,03049138043,,038146659379y . 04552561152, ,05250741457 5405905413582,
+.06511152155,,070629375815,075561984486,.07984844433».08351309946%
+.08445573974,,08870189783,.,09020304437.0909556740337,090954674033

+,09020304437,08870189783,,084646573974y ., 083513099491 ,07986844433»

+.0755619744669.,070629375815.06511152155,,05905413582 3;053507414u1"

Tt 0455”561152:.038166593?9;§030491380639*0225637”198r.0144q01é2

+.006229140555/
FTS..

DATA (QX(I)sI= 180:719)/~‘9932377097: +9P072423B6,~,57725%9499, .
+-.2579148192,-,9328128082,~,902098804%»~. 84075395032, ~,82446132308,
+-+7783056514»~,7273182551»~, 47195448447 ~,41255388%4, -, 5494467125,
+-+4830758016,~,4137792043y~,3419940908,~,268152185,-.1926975807»
+-,1140840704,~.0387724175,.0387724175:,1160840706 . 1926973807
+.268152185y,3419940908,.4137792043, . 4830758014, .549467125,
+,61255388967 , 67195648467 ,7273182551, .7783054514, ,8246122308

- +.8659595032,,7020988069,.9328128082,.9579168192,.977259%2499,

+,99072623864+ ,9982377097/
DATA (BU(I)»I=180,219)/,00452127709,,0104982845,,0164210583,

- +.0222458491,.0279370069y.0334501952,.0387821479, . 0438707081y

.. +t.04B6958074y.053227B4469:.05743974690,.,06130462424,,0648040134»
-, +.0679120458,,07061146473,,0728845823,.07472316%90+,,0746110361%»

+.0770398181,,07750594795 . 07750594795 ,0770398181,.,076110341%;
+4.0747231690,,0728845823y.0706116473,.04679120458,,04648040134+
+.06130462424y,0574397690y , 05322784491 , 0484958074, ., 0438709081,
+.0387821479,,0334401952y,02793700495,0222458491+,0144210583,

- +.0104982845, . 00452127709/

END
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A.3 - EXAMPLE OF INPUT DATA FILE PAREFC_DAT

1,000 - DRS BEAM CANADA 504 (POTTER FEED HORNS )

2.000 12,450

3.000 24

4,000 1

5,000 +100 0.0 ‘ :

4000 +82 162 482 482 62 462 462 42 A2 162 62 (B2 62 462 462 62 .62 .82
7+000 82 .42 62 462 .62 .42 -

8.000 .35 .35 .35 .35;.35 239 +35 .39 .39 .35 .39 .39 .35 .33 .35 .35 .35
2,000 .33 ,35 .35 .35 .35 .35 35 L

10,000 5.0 5.0 3.0 5.0 5.0 5,0 9.0 5,0 5.0 5,0 5,0 5.0 5.0 5.0 5.0 3.0 5.0 5.0
11,000 5.0 5.0 5.0 5.0 5.0 5.0

12,000 ¢

13.000 © . :

14,000 2,16 %46, .0 2.146 -.28 .0 2,16 -1.52 .0 2,14 -2,76 .0

15*000 1#08 1058 00 1008 034 .0 1908 "'090 o0 1tOB ‘2;14 ’0 1'68 "‘3&38 ,0
16.000 .0 2.2 .0 0 96 .0 .0 -.28 +0 .0 ~-1.,32 0. .0 -2,76 .0 . :

17.000 -1.,08 2,82 .0 -1.08 1,58 .0 -1.08 .34 ,0 -1,08 ~-,90 ,0 ~1,08 ~2,14 .0
18*000 -2.16 3044 .0 -2+18 2,20 .0 -2:16 *96 W0 ~24186 -028 .0

19*000 -+34 ~4,30 .0 ’ ’
20,000 0.0 “2606 000

¢ 21.000 3 .

- 22,000 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
23.000 1.0 1.0 1.0 1.0 1.0 140 : :

¢ 24,000 0.0 0.0 0.0 0.0 0.0 0.0 0,0 0.0 0.0 0:0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

b 25.000 0.0 0.0 0.0 0.0 0.0 0.0

26,000 027 40 053 .0 ,038B .0 .030 .0 ,040 .0 ,050 ,0 ,048 .0 ,055 .0 054 .0
27,000 ,093 .0 ,04% ,0 ,050 .0 .048B .0 049 .0 .041 .0 ,047 .0 031 .0

28,000 041 0 0092 +0 +03% ,0 .049 .0 ,044 ,0 ,014 ,0 0008 49.0

29,000 124.0 106.0 104.0 40:0 0.0

; 20,000 0
g 31,000 0 -

32,000 -1,50 +1.50 13 -1,0 +1.0 9
- 32,000 0,0 0.0 0,0 |
L 34,000 0,0

e~

\(\ }

f”l'
oo
\gll




A.4  SAMPLE OUTPUT.

1.000
2.000
3,000
4000
34000
6.000
7.000
8.000
?.000
10.000
11.000
12.000
13.000
14,000
15,000
16.000
7+000
18.000
19,000

. 20,000

21,000

2+000
23.000
24,000
25.000
26,000
27,000
28,000
29,000
30,000
31.000
32,000
33000
34,000
35,000
34,000
37,000

38,000 .

39,000
40.000
41,000
42,000
43,000
44,000
43,000
45,000
47,000
48,000
49,000
30.000
31,000
32.000

DBS BEAN CANADA 504 (POTTER FEED HORNS )
FREGUENCY IN GHZ
12,4500
NO OF FEER HORNS
24
HORN TYPE - 0=FYRANIDAL » 1=CONICAL
1

AHPL. AND PHASE (RAD) OF HIGHER ORDER MODE
1000 +0000
APERTHRE RADIUS OF HORM APERTURE IN INS.
+6200 8200 . 4200 +6200 +6200 +4200
+6200 +4200 . ,4200 +6200 16200 L6200
RADIUS OF INPUT WAVEGUIDE IN INS.
+3300 +3300 +3300 3500 +3300 +3300
+3300 +3300 + 3300 +3500 +3300 +3300
HORN LENGTH IN INS

5,0000  5.0000  5.0000  5.0000 50000  5.0000:

3.0000  5.0000  5.0000 5.0000  5.0000- . 5.0000
HORM APERTURE FIELD MODEL - O=E-FIELD » 1=CHU '
0
OPT. CHOSEN - COLLECTIVE MOVEMENT AND ROTATION OF HORN ARRAY
0 .
DISPLACEMENTS OF FEEDS IN INS.
2:1600 +2600 0000 2.1600  -,2800 +0000
1.0800  1.5800 ~ ,0000  1,0800  .3400 +0000
1,080 -3.3800 +0000 «0000 22000 +0000
+0000  -1.5200 +0000 +0000 - -2,7600 +0000
=1,.0800 .3400 0000 -1.0800  -.9000 +0000
=2:1600  2.,2000 0000 -2.1400 +7400 +0000
ROT. OF FEEDS AROUT X-yY-sAND Z-AXIS IN DEG. :
0000 -24,6000 +0000 '
POLAR, OF SECON. BEAH - YP=1yHP=2sRHCP=3sLHCP=4
3 .
ANPL INBALANCE OF Y-PORT REL. TO X-PORT

1,0000  1,0000 = 1.,0000  1,0000 1.0000  1,0000 .

1,0000  1,0000  1,0000  1,0000  1,0000  1.0000
PHASE DEPARTURE OF Y-PORT FROM QUADRATURE IN DEG.
+0000 +0000 «0000  ..0000 0000 +0000
+0000 +0000 0000 0000 +0000 +0000
POHER(H) AND PHASE(DEG) .OF FEED EXCITATIDNS
+0270 10000 +0530 0000 +0380 +0000
+0480- . 0000 + 0350 +0000 10340 0000
+0480 +0000 + 0490 +0000 +0410 +0000
+0092 0000 0390 +0000 +0490 +0000
FOC LTH+ APERs X-DINsY-DIM AND X~y Y-OFFSET IN INS.
124,0000 104.0000 105,0000 40,0000 0000
START+STOP AND NO. OF PTS. FOR AZeEL SCAN = . .
-1,50000 . 1,50000° 13 -1.00000 1.00000 &
X=1Y-7Z-TRANSLATION OF FIELD CO-ORD. SYSTEM IN INS
+0000 +0000 +0000
ROTATION OF FIELD POLARISATION VECTOR IN DEGREES
+0000

+6200
+6200

+ 3500
+3300

3+0000
3+0000

21500
1,0800
+0000
~1.,0800

-=1,0800

-2p1600

1.0000
1,0000

+0000
+0000

+0300
0930
+0470
+0440

+5200
14200

+ 3300
+3300

5.0000
30000

-1,3200

=:2000. .

7400
2.8200
-2:1400
=:2800

1,0000
1.0000

+0000
+0000

+0000
+0000
+0000
+0000

+8200
5200

+ 3500
+3300

30000
3+0000

+0000

0000 -
0000
~ 40000

0000

7,000

1.0000
1.0000

+0000
+0000

0600
0490
40510
/0140

+6200
+46200
3500
+3000

3.0000
3.0000

2,1600
1,0800

0000

~1,0800

=2:1600
=:3400

1.0000
1.0000

+0000
+0000

. +0000

0000

+0000
+0000

+6200
8200

+3300
+3300

3+0000
3+0000

-;;7600
-2:1400
=:2800
1,5800

34400

~4,3000

71,0000

1.0000

+0000
+0000

+0500
+0500
0410
+0008

lel

+46200
+6200

+ 3300
+3300

3.0000
5+0000

+0000
0000
0009
+0000
+0000
+0000

1.0000
10000

+0000
+0000

+0000
+0000
+ 0000
47,0000



107,000  (DEG) % -1,50 -1.25 ~1,00 -.75 =50 -25 .00 ,23 50 .75 1.00 125 1,50

'll ‘ 162
53,000, NO. OF INTEG. TS, SELECTED FOR RADIAL AND PHI-VAR,
l 54,000 12 12
55,000
56,000
' 57,000
58,000 SPILL-OVER EFFICIENCY = 724
' 59,000
60,000
ll 61,000
£2,000
43,000
l 44,000 CO-POLAR GAIN IN DB
46,000
' 47,000
£8,000  ELEV % AZINUTH (DEG) |
59,000  (DEB) X 1,50 =1,25 =1400 =75 =30 =025 .00 25 .50 W75 1,00 1.25 1,50
70,000 FEEREXS KRR R XN KRR X KB KR KR E R L R R R KR KX K X H E A R K X S KR AR SR KR X R Rk X ¥
l YR KLX
71,000
72,000 % . e .
l 73,000 1,008 34,34 36,57 36,72 35,92 35,16 34,45 30,52 27,58 15,49 9,78 11,23 5,53-15.48
74,000
75,000 P
76,000 750K 35,37 38,46 39.22 38,46 37,91 37,49 346,73 34,48 29,92 22,73 15.55 11,82 4,59
l 77,000 ‘
78,000 X g ‘
| 79,000 ,500% 32,49 37,26 39,00 38,89 38,22 38,00 38,27 37.66 35.67 32,38 20,25 22,79 11,64
| II- 80,000
| 82,000 250K 25.41 34,16 37,67 38,40 37,86 37,55 37.95 38,23 37,72 36,46 34,56 31,36 25,00
33,000 ,
I 84,000 X )
85,000 000K 13.08 30,74 36,57 38:47 38,29 37,49 37.17 37,40 37,77 38,06 37,85 36,21 31,81
86,000
. 87,000 X
88,000  -,250k 9,45 27,12 35,29 38,49 39,15 38,51 37,56 37,09 37,52 38,65 39,45 38,46 35.14
89,000
90,000 % S
l 91,000  -,500% 15,12 19,22 31,95 37,01 39,02 39,35 38,74 37,98 37,89 30,83 39,72 39,10 35.72
92,000
93,000 X .
l 94,000  -.750K 17,30 12,00 23,95 32,86 36,84 38,56 38,86 38,32 37,79 38,00 38,34 37,32 33,47
95,000
95,000 ST
ll 97,000 -1,000% 12,37 1709 5,04 24,88 31,77 35,04 36,25 36,06 35,27 34.78 34,38 22,65 27,42
98,000
99,000
100,000
. 101,000 . | S
, 102,000 o . ¥-POLAR GAIN IN DB
103,000 S
: l 104,000
' W 105.000 - . - :
106,000  ELEV X AZIMUTH (DEG) . -
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R S R S N R S R S S R R S R R S R S S R R S PR R R R SR R R R R R SRR R RS
Yyeyx N ’

109.000

110,000 R

111,000  1.000% -27,0 ~3B,1 -31.0 -27,3 -32.1 -37.4 -30.4 -28,3 -31.2 -37.2 -3%.4 -15,5 -38.8

113.000 ¥ _

114,000 +790% -28,3 -29.9 -29,B -253.2 ~24.7 -24:2 -29.6 -42,3 -34.0 -31,0 ~-20.9 -30.7 -32,7

115,000

114,000 X

117,000 +200% -33.4 -26,9 ~27,1 -25.8 -30.2 -26,2 ~25.1 -29.0 -41.1 -39.8 -32,3 -28.5 27,7

118.000

119,000 X

120,000  .250% -32,9 -27.0 -21.8 -24.5 -31,3 -40.7 -35.3 -30.4 -28.7 -29.% -3%9.4 -31.1 -25.7

121,000 .- .

122,000 ¥

123,000 000k ~25.5 ~41.,3 -24.0 -24,9 -28,5 -27.2 -31.0 -44.4 -30,0 -26.0 ~27,9 -36.5 -27.3

124,000

125,000 X

125,000  -.250% -22,9 -27.5 -29.9 -27.2 ~35:7 -37.% -31.6 -32:4 -43:3 ~32,0 -29:4 -35.:7 -3

127,000

128,000 ¥ : :

129,000 -.500% -24.8 -25.3 -33.4 -25.2 24,2 -27.2 -34,4 -50.9 -21.7 -31.8 -44.0 -38.8 -30.3

130.000

131,000 X ~ .

1320000 -i750* '3003 '2508 ‘31;5 ‘37.7 ‘?.9;5 “27»2 ‘2713 "'2703 "2“12 "24*4 ‘31;7 "37i4 '28:0 =

133,000

134.000 . 4 ' o '

135,000  -1,000% -44,4 -28,2 -253.8 -26.2 -28.7 -38,4 -33.7 -26.5 -24,8 -27.2 -38.0 -2%.1 -26,3

134,000

137,000

138,000

139,000 _ L

140,000 C0-POLAR FPHASE IN DEG |

142,000

143,000 : -

144,000  ELEV % A .. AZIMUTH (DEG)

145,000 (DEG) % -1,50 -1.25 -1,00 -.75 -30 -2 00 .25 .50 75 1,00 1.25 1,50
BN S S R S R S R R S R R R R S R S S R P S R S R RS SR E R SRR R SR DR RS
XXXy x

147,000

148,000 X : -

149,000 1.,000% 149.9 171,1 174,5 177.8 177}7 1749 173,5 175.3 178.8 23.7 47.6 B8.7-177.7

130,000

151,000 X

152,000 J30% 74,3 72,9 7S 77,4 788 77,7 76,8 78.1 BO.2 75.2 4% 1040 -41.4

153,000

154,000 . e

155,000 +500% <2146 -25,3 -24.,7 -22,1 -19.8 -20.1 -21.2 -20.,7 -19.2 ~19.1 -23.1 -29.9 -39.3

134,000

157,000 X o

138,000 +230%-113,1-121,5-122,0-120,0~117,5-117,0-118,3-118.4-116, 9-115.8~116.23-117,5-118.1

159.000 ’

160,000 X

161,000 ,000-179,3 14,8 142:3 143,0 144,9 14,1 145,8 145.8 146.8 1471 146,3 145.3 1445



162,000

-183,000°

164,000
165,000
166,000
147,000
168,000
149,000
170,000
171,000
172,000
173,000

B ¢
= 200%-174.6 3106 46.7 46,0 46,7 47.8 487 49.4 49,5 4844 447 46,3 4440

3 .

-i500% 122,4 -38:0 -48,5 -50.8 -51,3 ~51.2 -50.7 =30.1 -30.5 -51.9 -52.8 -532,4 -51.2
*,

- 730% 34,5 13.7-139.9-146,2-148.4-149.3-149, 6-149, 7-150,4-151,5-151,2-149,1-145,5

-1,000% ~5446 -66.4~155.4 122.3 116.8 1147 113.8 113.4 112,4 11,7 113:2 117,8 124,5

l64
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B.1 Description of Computer Program PAREFM_SIF

IDENTIFICATION:

PURPQSE:

AUTHOR:

DESCRIPTION:

9

PAREFM_SIF

The program calculates the field radiated by a
parabolic reflector antenna with projected
elliptical aperture using the method of physical
optics. The radiation patterns of the feeds are
provided by the user. Either linearly or circularly

polarized patterns may be specified.

‘K. K. Chan,

Chan Technologies Inc.,
26 Calais Circle,
Kirkland, Quebec,
H9H 3V3.
Tel. No. (514) 697-9400

(514) 697-6419
The geometry of the general reflector antenna system
is the same as that treated by program PAREFC_SIF.
The cd-ordinate systems used are the same. The
only difference here is that the primary radiation
patterns of the feeds are provided'by the user.
This capability allows the user to enter either
measured amplitude and phase patterns of feeds or
computed patterns of specialised feeds predicted
by different programs.
It is visualised that each feed has two orthogonal

input ports, Port 1 and Port 2. In LP systems

only one port, Port 1, is used. In this case,



USAGE (INPUT) :

IHEAD( I)

FREQ

NHORN
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Port 1 1is the co-polarized port and may be

designated as either the X-port (parallel to the
local X-axis) for vertical polarization or the
Y-port (parallel to the local Y-axis) for
horizontal polarization. In CP systems both ports
are used. If the feed has principal and diagonal
plane symmetry, only the E- and H-plane patterns

for Port 1 are required. If the feed does not

have diagonal planes symmetry, such as a rectangular
horn, and is used in a CP.system, then E- and H-
plane patterns for both Port 1 and Port 2 must

be entered. Feed patterns are thus assumed to

possess at least a Sin @ - Cos @ symmetfy i.e.

symmetric about the principal planes. Patterns

are to be provided at equally spaced intervals

starting from the broadside direction with 8 =
0 deg. Quadratic interpolation is used to find

the fields for the in-between points.

Input data required by the program are to be
supplied in a file named PAREFM DAT. Data is
read in free format and must follow the sequence

laid out below. Data input is list directed.

Header describing the particular run. Maximum of
60 characters. Limitation due to array dimension.
Frequénéy in GHz.

Number of feeds in array. Maximum determined by

array dimensions. See Restriction.



OPTH

DX (I)
DY (I)

DZ (I)

ALPHA (I)
BETA (I)

GAMMA (I)

IPOLA

ISYMM

NPP

PAI

ISAME
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Option for specifying feed positions and rotations.
See description for program PAREFC_SIF.

0, Collective movement and rotation of feed array.
1, Individual movement and rotation of feed
element.

Displacements of component feeds in inches from
focal point. A set of values must be provided

for each feed.

Rotations about the X-, Y- and Z- axis in degrees.
If option of collective movement is chosen, only
one set of values need be provided. Otherwise, a

set must be provided for each feed.

Polarization of secondary beam.

1, Vertical polarization (VP).

2, Horizontal polarization (HP).

3, Right hand circular polarization (RHCP).

4, Left hand circular polarization (LHCP).

Parameter to indicate if feed has diagonal plane
symmetry in addition to principal plane symmetry.
0, YES.

l, NO.

Number of equally spaced points per principal plane
describing pattern. See Restriction.

Angular increment of pattern points in degrees.

Parameter to indicate whether all the feed patterns

are the same.



EPA (I,J,K)

EPP (I,J,K)

HPA (I,J,K)

HPP (I,J,K)

CXY (I)

PSI (I)

HPWR (I)

3
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0, Identical.

1, ©Not identical.

E-plane amplitude (dB) and phase (deg) patterns

of Port 1. In LP system, this port corresponds

to the co-polarized port. In CP system, this

port corresponds to the X-port. NPP pairs of

values are to be provided.

H-plane amplitude (dB) and phase (deg) patterns
of Port 1. Above comments apply. HPP pairs of
values are to be provided.

If all the feeds are not the same ., ISAME = 1,
then the above information must be provided for
each feed i.e. 2*NPP pairs of values per feed.

If for CP system, the feeds do not possess diagonal
symmetry, the above data must be provided for the
second port.

I is the index for the pattern points.

J is the index for the feeds.

K is the index for the orthogonal ports.

Amplitude imbalance of Y-port relative to X-port

CP only. An entry must be provided for each feed.

Departure from phase quadrature of the Y-port
relative to the X-port in degrees. CP only.

An entry must be provided for each feed.

Power input to each feed in watts.



HPHASE(I) - Relative phase excitatioh of each feed in degq. 162
F - Focal length of parabolic reflector in ins.
SX2 =~ X-dimension of elliptical reflector aperture in ins.
SY2 = Y-dimension of elliptical reflector aperture in ins.

DELTAX - X-offset of aperture centre in inches.

DELTAY - Y-offset of aperture centre in inches.

OPTB - Option for'specifying limits of integratioh.
This feature may be used to simulate aperture

i blockage.
= 0, Limits are generated by program. No
blockage is assumed.

= 1, Limits are specified by user.

NREG - Number of regions of ¢ﬁ - integration. HIn the
program this number is set equal to 4.

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

PHU(I) - the I th region in radians.

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

~ in inches. | |

OPTQ - Option of specifying number of integration points.
= 0, Determined by program.
= 1, Specified by user.

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

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

NQP - No. of integration points in the phi-direction

(ﬁi). ¢hoose from: 3,4,6,8,10,12,14,16,20,24,28,34,40

AZS - Start of azimuth cut in degrees.

AZE - End of aximuth cut in degrees.

NAZ.— : Number of azimuth points. See Restfiction.
ELS - Start of elevation cut in degrees.

ELE - End of elevation cut in degrees.
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NEL - Number of elevation points. See Restriction.
XDQ, YDQ,- X-, Y- ahd Z- translation of field co-ordinate
ZDQ - system from global system in inches.

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

rization vector in degrees. It is used to

rotate the linear polarization vector in cases
where minimising rain attenuation is important.
For CP application, it has the effect of rotating
the polarization ellipse. In most situations,

it is set equal to GAMMA. "

In the above input list, all variables beginning

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

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

input section is shown in Figure Bl.

QUTPUT:

All input data are pfintéd out fdr the purpose
"of verification and run identification. The
spillover'effidiency of the reflector is printed
out next, followed by the co~polér component
gain, cross-polar component gain, and co-polar
component phase. The gain, expressed in dBi and
the phase in degréesvare presented in a tabular
form. A column corresponds.to an elevation cut
while a row gives the azimuth cut.

In addition to the above output to the line printer,




171

the co-polar gain matrix together with the header
and angular information on the observation frame
(AZS, AZE, NAZ, ELS, ELE, NEL) are written into

a file named GNMAT. This gain file can be assessed

later for contour plotting purposes.

CODING INFORMATION:

Program is written in FORTRAN 77 for use on the

CRC Honeywell CP-6 computer system.




RESTRICTIONS:

The restrictions on the antenna configuration
that can be analysed is solely due to ariay 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 applications where the number of
feeds required or the number of integration points needed or the
field of view exceeded those envisaged, etc., the pertinent arrays
must be changed according to the following prescriptions. The
preset iimits of these arrays are defined in the DATA statement at

the beginning of the main program.

To Increase the Number of Feeds (NHORN)

The program has been set to allow a maximum of 30
feeds. If NHORN exceeds this number, the following changes are

necessary.

MAIN PROGRAM:

(i) Change the dimensions of the following arrays to
the value of NHORN -
DX, DY, DZ, GAMMA,.BETA, ALPHA, HPWR, HPHASE, AN,
CXY, PSI, Wl1ll, w12, w13, W21, W22, W23, W31, W32,
w33, CX, CY, | |

(ii) TIf. all the component feeds are the same, the

second diménsion (J) of the following three
dimensional arrayé can be set to unity -

EPA(I,J,K), EPP(I,J,K), HPA(I,J,K), HPP(I,J,K)

172
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If the feeds are not identical, then the second

.dimensions of theEabove arrays must be set equal
to the value of NHORN.

(iii) Change the value of MAXHRN in the data statement
to the value of NHORN.

SUBROUTINE SOURCE:

Change the dimensions of the following arrays to

the value of NHORN - AN, HPHASE, CX, CY, PSI.

SUBROUTINE PAT: ’

Same as step (ii) under MAIN PROGRAM.

To Increase the Number of Points Deséribing Feed Pattern (NPP)

The program has been set to allow a maximum
(MAXNPP) of 46 points to describe a principal plane of a feed
pattern. If NPP exceeds this value, then incorporate the following

changes.
MAIN PROGRAM:

(i) Change the first dimension of the following
Zarrays to the value of NPP -
EPA, EPP, HPA; HPP.
(ii) Change the value of MAXNPP in the data statement

to the value of NPP.



SUBROUTINE PAT:

(1)
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Change the first dimension of the following arrays
in the common statement to the value of NPP -~

EPA, EPP, HPA, HPP.

To Increase Array Sizes to Accomodate Larger Number of Integration

Points.

The maximum number of integration points allowable

in the radial (NQR) or phi-direction (NQP) is given by the variable

MAXQ. At present, the value of MAXQ is 24. With the available

quadrature formulas contained in the BLOCK DATA, MAXQ may be set

to a miximum value of 40. If NQR or NQP exceeds MAXQ, make the

following changes.

MAIN PROGRAM:

(1)
(ii)

(iii)

SUBROUTINE FIELD:

(1)

Change theivalue of MAXQ in the déta statement
to NQR or NQP, whichever is larger.

Change the first dimensions of arrays RDL and RDU
to the wvalue of MAXOQ.

Alter the dimensions of the following arrays to

4 *MAXQ*MAXQ -

XG, ¥YG, ZG, RJX, RJY, RJZ

Alter the dimensions of the following arrays to
4*MAXQ¥*MAXQ -

X, ¥, 2, RJX, RJY, RJZ.




.
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To Increase Frame of Observation

The field of observation is defined by a rectangular
grid of elevation and azimuth cuts. The number of grid points in
the elevation direction is given by NEL and its maximum is set by
MAXEL. Similarly, the number of grid points in the azimuth direction
is given by NAZ and its maximum is set by MAXAZ. At present, the

values of MAXEL and MAXAZ are equal to 41.

MAIN PROGRAM:

(i) Change the values of MAXEL and MAXAZ in the data
staﬁement to NEL and NAZ respectively.
(ii) Alter the dimensions of arrays EL and AZ to MAXEL
and MAXAZ respectiﬁely.
(iii) Alter the dimensions of arrays CGN, CPH, and XGN

to the product MAXEL*MAXAZ.




Figure B.1l Flow Chart of Input Data File for PAREFM DAT

Header, IHEAD

i

Frequency, FREQ

]

No. of Horns, NHORN

‘ .

Feed Location and
Orientation Option,
OPTH

Feed Displacements
bX, DY, DZ

NO
Is OPTH.EQ.07?

Y

Feed Lotations
"lALPHA(I), BETA(I)
GAMMA(I),

I=1, NH

lv

Polarization of Sec.
Beam, IPOLA
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Symmetry Parameter,
IsYyMMm

[

No. of Pattern Pts, NPP
Angular Interval, PAI

i

Pattern Similarity Parameter,
ISAME

s horn aperture CP
and diagomally asym- - -
~petric ? :

IPORT = 1 - IPORT = 2
Yes
Are patterns
identical ?
NF = NHORN NF =1
| Ampiitude and Phase Patterns
yoed hoop EPA(I,J,K), EPP(I,J,K), I=1, Npp |  2OF% BOOD
'l HPA(I,J,K), HPP(I,J,K), I=1, NPP '
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IS IPOLA -.LE. 27 .
cp LP

v

Ampl..Imbal., Phase Error V

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

Power, Phase Horn Excitation

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

K}

Reflector Parameters

’ ' F, SXZ, SYZ, DELTAX, DELTAY

'

Integ. Limits Option, OPTB

IS OPTB .EQ. 07
enerated

Vspec. By
by program

user

No. of Reg. of ¢-—integ.
NREG

Limits of ¢ - integq. . 1 |
PHL(I), PHU(I), I=1, NREG

X- and Y- Dim. of Central

Blockage, BX2, BY2

- — N\




_NO
Spec.
by user

Integration Formula Opt.
OPTQ

IS OPTQ .EQ. 072

prograrn

No. of radial and phi-int€g.

pts., NQR, NQP

(70

-Observation Frame

AZS, AZE, NAZ, ELS, ELE, NEL

/

Transl. of Field Co-ord. Sys.

XDQ, ¥YDQ, ZDQ

Rotation of Polar Vector
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B.2 -~ PROGRAM LISTING

,ooo
2,000
3,000
4,000
5,000
6. 000
7,000
8,000

9,000
10,000
11,000
12,000
13,000
14,000
15,000
14,000
17,000
18,000
19,000

20,000
21,000

22,000

23,000

24,000
29,000

24,000

27,000

28,000
29,000
30,000
31,000
32,000
33,000
34,000
35.000

364000
37.000

38.+000
32.000
40,000
41.000
42,000

43.000

44,000
45,000
46,000
47,000
48,000
49,000
50,000
51,000
52,000

W

€ I I I e W M
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FROGRAM PAREFM

PHYSICAL OFTICS ANALYSIS OF A PQRQBDLIC REFLECTOR FEDI BY A
HULTI-FEED ARRAY.
THE REFLECTOR HAS AN ELLIPTICAL ﬁPEhTURE AND IS OFF-SET IN THE

X- AND Y- DIRECTION., FAR FIELL CO-POLARISED ANDN CROSS-FOLARISED

BAIN MATRICES ARE COMPUTED OVER A RECTANGULAR ELEVATION - AZIMUTH
GRID.

HAIN FEATURES OF THE PROGRAM ARE THE FOLLOWING -

HULTIPLE FEED CAPABILITY.

USER.SUPPLIED MEABURED OR COMPFUTED FEED PATTERN DATA,

PATTERNS CAN EITHER BE FROM FEEDS WITH PRINCIFAL FLANES BYMHMETRY
OR FROM FEEDS WITH BOTH PRINCIFAL AND DIIIAGONAL PLANES SYMMETRY.
MODELING OF AFERTURE BLOCKAGE BY FEED AND STRUTS.

AUTOMATIC SELECTIOMN OF INTEGRATION LINITS AND FORMULAS.

CHOICE OF CIRCULAR OR ROTATABLE LINEAR FOLARISATION.

FOR CIRCULAR POL. »ABRILITY TO SFECIFY AMPL. AND PHASE IMBALAMNCE
IN THE EXCITATION OF .THE ORTHOGOMNAL FORTS.

WRITTEN RBY K. K. CHAN » CHAN TECHNOLOGIES INC. » MARCH 1984

CHARACTER%4 IHEAD(1S)
DINENSION DX(30),DY(30):DZ(30)GANNA(I0) »RETA(30) ALFHA(ID)
DIMENSION EPA(46,30s2)YEPP(44:3052)1HPACA653052) sHFF(46:30+2)
DIMENSION HPUR(30)»HPHASE(30) yAN(30)»CXY(30) sFEI(30)
DIMENSION W11(30)»W12(30),¥13(30),421(30),U22(30),W23(30)
DIMENSION N31(30)ru32(30)vu33(30§iCX(30)!CY(30)
DIMENSION PHLC(4)yPFHU{4)sRDL{(2454)RDBU(24+4)
DIMENSION XG(2304),YG(2304),Z6(2304)
DIMENSION CON(1481):» LFH(I&BI)yXGN(l&BI)!EL(ﬂI):QZ(41)
CONPLEX EX!EY!EZ!EXPN!ETHETA!EPHI!FTX:FTY:FTZ!HX!HY!HZ
COMPLEX RJX(2304)sRJY(2304),RJZ(2304)
INTEGER OPTEyOFTHyOPTGNB(13)
COMMON/VALL/FI+RADRKZETA
COMMON/VAL2/AN HPHASE »CX»CYsPOI IFOLAY IBYMM Y I 5ANE
CUHHUN/BLUCK/QX(“l?)rQH("l?)
COMMON/CURENT/RJXsRJYyRJZsXGr YGrZ6
COMMON/VALI/NREG)NOGRyNQP«PTXDR- YDAy ZDQCPUR Y SFVR
COMMON/PATERN/EPAEPP sHPASHPPINPPPAL .
DATA PIsRAD:ZETA/3,:14159265,57,2957795:374, 99*11/
NGF ~ NO. OF QUADRATURE FORMULAS AVAILAELE IN THE BLOCK DATA,
NG - NO. OF POIRTS IN THE RUADIRATURE FORNULAS.
DATA NGF!NQ/I3!3!4:6!8!10112!14!16120!24!28:34:40/

FOLLOWING ARE PRESET LINITS DUE TO ARRAY DIMENSIONS
MAXQ - MAX. NO. OF INTEGRATION PTS.,

HAXHRN - MAX. NO. OF FEEDS,

HAXNPP - MAX. NO. OF PATTERN FTS,

MAXEL - MAX., NO. OF EL GRID PTS.

MAXAZ - MAX. NO. OF AZ GRID FTS.

 DATA HAXQ s MAXHRN HAXNFP r HAXEL s NAXAZ/ 2453014641541/




- 934000

34.000
959000
56.000
37000
38000
39.000
60.000
61.000
62,000
63.000
64,000
43,000
46,000
47,000
48,000
494000
70.000
71,000
72,000
73,000
74,000
75,000
76.000
77.000
78.000
79.000

80.000

81.000
g2.000
83,000
84.000

85000

864000
87,000
88,000
89,000
90,000
91,000
92,000
93,000
94,000
95,000
96,000
97,000
98,000
199,000
100,000

- 101,000

102,000
103,000
104,000
105.000
106.000
107.000
108.000

X
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X START OF DATA INFUT

X

X

OPEN(UNIT=35yNAME="FAREFN_DAT’ ySTATUS="0LD’ s USAGE=" INPUT )

¥ IHEAD - HééDING FOR COMPUTER RUM. MAX. OF 40 CHARACTERS.

X

190

X

X

READ(S+10) (IHEAD(I)»I=1,15)
FORMAT(154A4)

X DATA DESCRIBING FEED ARRAY

¥ FRER - FRERUENCY IN GHZ

* B

-

X
X

X

12

E-3

I I I

I P M I 2

o M

I e I W I I I M I I I M e

OFTH

'READ(S:%) FREQ

X NHORN - NO. OF FEEDS,.

READ(SrX) NHORN

IF (NHORN.LE.MAXHRN) GO TO 14

PRINT 12 » HAXHRN

FORMAT(1X» 'STOF, NB. OF FEEDS EXCEEDED LIMIT OF ‘»I2)
STar
CONTINUE

i

OFTION FOR bPECIFYINB FEED FOSITIONS AND ROTATIONS _
~0s FEED POSITIONS ARE SFECIFIED :BEFORE ROTATION. THE NHDLE

i,

FEED ARRAY IS ROTATED ABOUT THE BLOBAL X-AXIS EY ANGLE
ALFHA FOLLOWED BY ROTATION ABOUT THE NEW Y-AXIS.BY ANGLE
BETA.FINALLY EACH FEED IS ROTATED ABOUT ITS OWN.LOCAL Z-
AXIS BY ANGLE GAMMA,THIS OFTION ALLOWS FOR THE COLLECTIVE
HOVEMENT OF THE ARRAY.ONLY THREE VALUES NEED TO RE SFECI-
FIED FOR THE ROTATIONS.,

FEED. DISPLACEMENTS SPECIFIED ARE THE FINAL POSITIONS,THE
ROTATIONS TO FOLLOW ARE ABOUT THE. INDIVIDUAL FEED LOCAL
X:Y AND Z-AXES,THIS OFTION QLLDNS .FOR INDEFENDENT ROTATION
AND POSITIONING OF THE FEEDS.THREE ROTATION ANGLES MUST BE
ENTERED FOR EACH FEED,

REAR(Sy%) OFTH

DISFLACEMENTS OF COMPONENT FEEQé IN INCHES FROM FOCAL POINT

READ(S;*) (DX(I);DY(I)rDZ(I)rI=11NH0RN)

NH =
~ IF (OFTH.NE.O) NH = NHORN
READ(I %) (ALPHACI)»BETACI) sGANHA(I) yI=1,NH)

ALFHA - ROTATION AROUT EITHER THE GLOBAL OR LOCAL X-AXIS IM DEG.
BETA - ROTATION ABOUT EITHER THE GLOBAL OR LOCAL Y- AkIS IN DEG.
GANMMA - ROTATION ABOUT LOCAL Z-AXIS IN DEG.

i

IFOLA - FULARISQTIDN oF SECONDARY BEAﬁ FROM REFLECTOR SYSTEM.

- UP=1 » HP=3', RHCP=3 » LHCP=4
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109,000
110,000
111.000
112,000
113,000
114,000
115.000
116.000
117.000
118.000
112.000
120,000
121,000
122,000
123.000
124,000
125.000
124,000
127.000

128.000 .

129,000
130.000
131,000
132,000

133,000

134,000
135,000
136,000
137,000
138,000
139,000
140,000
141,000
142,000
143,000
144,000
145,000
146,000
147,000
148,000
149,000
150,000

151.000
1525000

153,000

© 154,000
155,000

1564000
157,000
158,000
159,000
160,000
161,000
162,000
163,000

164,000
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READ(Gy¥) IPOLA
DATA DESCRIBING FEED PATTERNS.

FEED PATTERNS ARE ASSUMED TO POSSESS AT LEAST SIN(PHI)-COS(FHI) AZ
SYMMETRY I.E., FEEDS ARE SYHMMETRIC ABOUT THE PRINCIPAL PLANES. ONLY
THE E- AND H-PLANE PATTERNS NEED TO RE READ IN AT EQUALLY SFACED
POINTS STARTING WITH THETA=0.0 DEG. A COARSE SPACING MAY RE
SUFFICIENT SINCE QUADRATIC INTERPOLATION IS USED TO FIND THE FIELLS
FOR THE IN-BETWEEN POINTS.

ISYHH

[
S X

PARAMETER TO INDICATE WHETHER FEED HAE DIAGONAL FLANE SYMMETRY
0 » FEED POSSESSES DIAGONAL PLANES SYMMETRY.
1 » FEED HAS NO DIAGONAL PLANES SYMMETRY,

on ot

READ(Ss%) ISYMH

UMBER OF EQUALLY SPACED PATTERN POINTS.

NEE. = N
I = ANGULAR INCREMENT OF OBSERVATION POINTS IN DEGREES.

PA

I ll

READ{Ss %) NPPsPAI

IF (NPP.LE.MAXNFF) GO TO 18

PRINT 16 » MAXNFPP

FORHQT(IX:’STOPa Nﬁ, UF FEED PATTERN PTS§ EYCEEDEB LIMIT OF s
+ I3

8TOP

.CONTINUE

PARAMETER TO INRICATE WHETHER ALL THE FEED FATTERNS ARE THE

SAME.

0 » FEED' PATTERNS ARE IBENTICAL. ONLY ONE SET OF FEED
PATTERNS NEED TO RE SUFPLIED.

1 » FEED PATTERNS ARE NOT IDENTICAL. NHORN SETS OF FATTERN
NEEI TO BE SUFPLIEL,

ISAME

B

il

READ(TsX) ISAﬁE

IT IS VISUALISED THAT EACH FEED HAS TWO INPUT PORTS, PORT 1 AND

PORT 2., IN LP SYSTEMS ONLY ONE PORT(PORT 1) IS USED. PORT 1 IS

THE CO-POLARISED PORT EITHER THE X- OR THE Y-PORT. IN CF SYSTEMS EBOTH
PORTS ARE USER. IF THE FEED HAS PRINCIPAL AND DIAGONAL PLANES SYMMETRY
ONLY THE E- AND H-PLANE PATTERNS FOR PORT 1 ARE REQUIRED. IF THE FEED
DOES NOT HAVE DIAGONAL PLANES SYMMETRY AND IS USED IN A CP SYSTEM,
THEN E- AND H~PLANE PATTERNS FOR BOTH FORT 1 AND PORT 2 MUST BE
ENTERED.

EPA(IyJyK) = E-PLANE ANPL(DB) PATTERN FOR PORT K OF THE J TH FEED
. AT THE I TH OBSERVATION POINT.
EPP(I!J;K) = E~-PLANE PHASE(DEG) PATTERN FOR PORT K OF THE J TH FEED
QT THE I TH OBSERVATION POINT.
HPA(I+JsK) = H-PLANE AMPL(DB) FATTERN FOR FORT K OF THE J TH FEED
: AT THE I TH. OBSERVATION FOINT..
HPP(I+JsR) = H-PLANE FHASE(DEG) PATTERN FOR FORT K OF THE J TH FEEL
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. 165,000
166,000

167,000
168,000
1693000
170,000
171,000
172,000
172,000

X
X

174,000
20 -CONTINUE

175,000
1764000
177,000
178,000
179,000
180,000
181,000
182,000
183,000
184,000
185,000
186,000
187,000
188,000
189,000
190,000
191,000
192,000
193,000
194,000
195,000
196,000
197,000
198,000
199,000
200,000
201,000
202,000
203,000
204,000

205,000

204,000

207.000

208,000
209,000
210,000
211,000
212,000
2134000
214,000
215,000
216,000
217,000
218,000
219,000
220,000

30

FE W P M P I W€ H 3

0

JE I e W F I

P Y I

I M € e

AT THE I TH OBSERVATION POINT.

IFORT = 1

IF (IPDLAGE.Z.AND.ISYMN.NE.O) IFDRT = 2
NF =1

IF (ISAME.NE.OQ) NF = NHORN

DO 30 K = 1,IPORT

DO 20 J = 1sNF

READ(S» %) (EPACIy JyK)sEFF(Is oK) 2 I=1sNPF)
READ(S %) (HPA(Ly JyKIsHPP(I s JyK)rI=LsNFF)

CONTINUE
IF (IPOLALLE.2) GO TD 30

FOR NON-IDEAL CF FEEDS, AN IMBALANCE EXISTS IN THE AMPLITUDE
EXCITATIONS OF .THE ORTHOGONAL FORTS AS WELL AS DEVIATION FROM THE
PHASE QUADRATURE CONDITIDN. PORT 1 IS ASSOCIATED WITH THE X-FORT
AND PORT 2 WITH THE Y-PORT,

CXY(I)
PSI(I)

ANFLITUDE IMBALANCE OF Y-FORT RELATIVE TD X-FORT.
DEPARTURE FROM PHASE QUADRATURE IN DREG OF THE Y-PURT.

H oo

READ(T»X) (CXY(I)rI=1,NHORN)
READ(Gs %) (PSI(I)»I=1:NHORN)

HFWR - POUWER INPUf TO EACH FEED IN WATTS.
HPHABE - RELATIVE PHASE EXCITATION OF EACH FEED IN LEG,

&ﬁEAB(Sy*) (HPWR (I} +HPHASE(I)»I=1sNHORN)
DATA DESCRIBING PARABOLIC REFLECTOR CONFIGURATION.

F - FOCAL LENGTH OF PARABOLIC REFLEGTOR IN INCHES.

§X2 - X-DIMENSION OF ELLIPTICAL REFLECTOR APERTURE IN INCHES
8Y2 - Y-DIMENSION OF ELLIPTICAL REFLECTOR AFERTURE IN INCHES
DELTAX - X-OFFSET OF APERTURE CENTRE IN INCHES

DELTAY - Y-OFFSET OF APERTURE CENTRE IN INCHES.

READ(S7%) Fy 8X2s SY2, DELTAXs DELTAY

OPTION FOR SPECIFYING LIMITS OF INTEGRATION TO SIMULATE BLOCKABE.
0» LIMITS ARE GENERATED.BY PROGRAM FROM INFUT REFLECTOR

DATA. ND APERTURE BLOCKAGE 'IS ABSUMED.
1, LIMITS ARE DERIVED BY THE USER AND READ INTOD THE FROGRAM.

DFTH

REAI(Ss¥) OFTR -
IF (OFTB.EG.OQ) GO TO 40

MREG ~ NUMRER OF REGIONS OF PHI-INTEGRATION,
READ(S»¥%) NRES

PHL(I) - LOWER LIWIT OF PHI-INTEG FOR THE I TH REGIDN IN RADIANS.
FHU(I} —- UFFER LIMIT OF PHI-INTEG FOR THE I TH REGION IN RALIANS.

REALN(Sr%) (PHL(T) rPRUCT)»I=1yNREG)
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221,000
222,000
223,000
224,000
225,000

2264000.
227,000

228,000
229,000
230,000
231,000
232,000
233,000
234,000
233,000
236,000
237,000
238,000
232,000
240,000
241,000
242,000
243,000
244,000

245,000

246,000
247,000
248,000
249,000

250,000

251,000
252,000
293,000

234,000

235,000
256,000
257,000
258,000
25%2.000
260,000
261,000
262,000
263.000
264,000
265,000
266,000
267,000
248,000

269,000

270,000
271,000

272,000

273,000

274,000

275,000
276,000

184
. \
% BX2 - X-AXIS DIMENSION OF CENTRAL ELLIFTICAL BLOCKAGE IN INS.,
% BY2 - Y-AXIS DIHEMSION OF CENTRAL ELLIFTICAL BLOCKAGE IH ING.,
X
READ(SsX) BX2» BY2
¥ .
% OPTR - OFTION FOR SPECIFYING NO. OF INTEGRATION FOINTS.
X = 0y NO, OF INTEGRATION POINTS IS DETERMINED BY PROGRAM.
X = 1y SPECIFIED EY USER.
. _
60  READ(5:X) OFT@ .
IF (OPTRLER.0) GO TO 70
X
% DATA FOR SURFACE INTEGRATION,
% NOR - NO OF INTEGRATION PDINTS IN THE RADIAL-DIRECTION,
% NQF - NO OF INTEGRATION POINTS IN THE PHI-DIRECTION.
% CHOOSE FRON THE FOLLOMING LIST - 3:4s6s8510512514516120124,28,34540 FTS
* - -
READ(Ss%) NOR»NOP
%
% READ IN DATA FOR FAR FIELD OBSERVATION
X
% ELS - START OF ELEV CUT IN DEG
% ELE - END OF ELEV CUT IN DEG
% NEL =.NO, OF ELEV POINTS
¥ AZS - START OF AZIMUTH CUT IN DEG
¥ AZE -~ END OF AZIMUTH CUT IN DEG
% NAZ - NO, OF AZIM FODINTS
X .
70 READ(Ss%) AZS»AZEsNAZyELS»ELEsNEL
IF. (NEL.LE.HAXEL) GO TO 74
. PRINT 72 » MAXEL .~
72 FORMAT(1X»‘STOF. NO. OF EL GRID FTS. EXCEEDEN MAX. OF /yI2)

STOP A
74  IF (NAZ.LE.HAXAZ) GO TO 78

» PRINT. 76 » MAXAZ _ :
74 FORMAT(1Xy“STQF, NO. OF AZ GRID PTS, EXCEEDED MAX, OF ‘yI2)
sSTOF
78 CONTINUE
X o
X XDQ@ - X-TRANSLATION OF FIELD CO~ORDINATE SYSTEM FROM GLOBAL SYSTEM. (INS)

X YD@ ~ Y-TRANSLATION OF FIELD CO-ORDINATE SYSTEM FROM GLOBAL SYSTEM.(INS)
X ZDQ - Z-TRANSLATION OF FIELD CO~ORDINATE SYSTEM FROM GLOBAL SYSTEM.(INS)

X :

- - READ{(S»x) XDQ.YDR,ZDQ -

X - :

X PUR - ANGULAR ROTATION OF FIELD POLARISATION VECTOR IN DEGREES.

X
READ(Sr¥) PUR
X
X DATA INPUT COMPLETED
X
80 - FORMAT(12I5)

90 FORMAT(12F10.4)
93 FORMAT (1X»15A4)



185

277,000 . PRINT 95 » (IHEADCI)»I=1,1%)
278,000  :» PRINT 100

279,000 100  FORMAT(1X, FREQUENCY IN GHZ’)

280,000 PRINT 90sFREQ

281,000 PRINT 110

282,000 110  FORMAT(1Xs‘NO OF FEED RADIATORS’)

283,000 PRINT 80sNHORN

284,000 IE (OFTH.EQ.1) THEN

285,000 PRINT 120

286,000 120  FORMAT(1Xs/OPT, CHOSEN - INDIVIDUAL DISPLACEMENT AND ROTATION' s
287,000 +/ OF FEEDS’)

288,000 ELSE

289,000 FRINT 125

290,000 125  FORNAT(1Xs/OFT. CHOSEN - COLLECTIVE HOVEMENT AMI ROTATION OF ',
291,000 +' FEED ARRAY')

292,000 END IF

293,000 PRINT 80s OFTH

294,000 FRINT 130

295.000 130  FORMAT(1X,/DISPLACEMENTS OF FEEDS IN INS.’)

294,000  PRINT 902 (DX(I)yDY(I)yDZ(I)sI=1sNHORN)

297,000 ~ PRINT 140

298,000 140  FORMAT(iX,‘ROT, OF FEEDS AEOUT X-rY-sAND Z-AXIS IN DEG.')
299,000 . PRINT 90y (ALFHA(I) sBETA(I) yGAMNA(I) s I=1sNH)

300,000 PRINT 145

301,000 145 . FORMAT(1X»’POLAR, OF SECON., BEAN - VF=1yHP=2,RHCP=3sLHCP=47)
302,000 . PRINT 80,IPOLA

303,000 PRINT 150.

304,000 150 FORMAT(1Xy/FEED SYMMETRY - PRINCIPAL + DIAG. PLANES = 0's
305,000 +/ y PRINCIPAL PLANES ONLY = 1)

306,000 PRINT B0 y ISYHM

307,000 PRINT 155

308,000 155 FORMAT(iXy’NO. OF FTS, DESCR. PATTERNS AND ANGULAR INCREWENT',
309,000 +/ DF FOINTS’)

310,000 PRINT 160s NFF,FAI

311,000 140 FORMAT(IS:F7.2)

312,000 D0 175 J = 1sNF

313,000 PRINT 165 » J

314,000 145 FORNAT(1X,’PORT 1 E-FLANE ANPL(DE) AND PHASE(DEG) PATTERNS',
315,000 #/ FOR FEED NO. ‘»I2)

316,000 PRINT 90 s (EPA(IsJs1)sEPP(IsJs1)2I=1sNPF)

317,000 PRINT 170 » J

318,000 170  FORMAT(1Xs’PORT 1 H-PLANE ANFL(DB) AND PHASE(DEB) FATTERNS’,
319,000 -+’ FOR FEED.NO, sI2) ‘

320,000 PRINT 90 s (HPACIsJs1)sHFF(IyJr1)sI=15NPF)

321,000 175  CONTINUE

322.000 IF (IFOLA.LE.2) GO TO 210

323,000 IF (ISYHM.ER.0) GO TO 195

324,000 D0 190 J = 1sNF

325,000 L PRINT 180 v J :

326,000 180 FORMAT(1Xs’FORT 2 E-FLANE AHPL(IB) AND PHASE(DEG) FATTERNS’,
327,000 +¢ FOR FEED ND. ‘sI2)

328,000 PRINT 90 s (EPA(I»Js2)sEFF(IsJs2)sI=1sNPP)

329,000 PRINT 185 » J -

330,000 185  FORMAT(1X»‘PORT 2 H-PLANE AMPL(DB) AND FHASE(DEG) PATTERNS'»
331,000 +/°FOR FEED NO. ‘sI2)

332.000 PRINT 20 » (HPA(IyJs2)sHFP{(I»Js2)»I=1sNFF)
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333.000
334,000
335,000
334,000

337.000
338.000 :

190
195
200

339.000

340,000
341.000
342.000
343,000

344,000 :
- 345,000

344,000
347.000
348.000
349,000

350,000

351,000
352.000
353,000
354,000
355.000
3546.000

"357.000

358,000
352.000

340,000

341,000
342,000
3463.000
364,000
365,000
3646.000
347.000
368,000
349,000
370.000
371,000

372,000,
"% COMPUTE WAVELENGTH

373,000

374,000

375,000
3764000
377,000
378,000
379,000
380.000
381,000
382,000
383,000
384,000
385,000
386,000
387,000
388,000

210
215

230

240.

240

270

275

280
290

300

310

3

b 4

X

X COMPUTE FINAL LOCATIONS OF HORNS AFTER COLLECTIVE ALFHA AND BETA ROTATIONS#

X

186
CONTINUE

PRINT 200 ' -
FORMAT(1X,ANPL. IMBALANCE OF Y-FORT REL. TO X-PORT’)

PRINT 90 + (CXY(I)yI=1,NHORN)

PRINT 205

FORMAT(1X» ‘FHASE DEFARTURE OF Y-PORT FRON QUADRATURE IN DEG.’)
PRINT 90 v (PSI(I)sI=1,NHORN)

PRINT 215 .

FORMAT(1Xs ‘PONER (W) AND PHASE(DEG) OF FEEDL EXCITATIONS')

PRINT 90y (HPWR(I)yHPHASE(I)»I=1sNHORN)

PRINT 220

FORMAT(1Xs ‘FOC LTH,yAPER, X~DINsY-DIN AND X-» Y-OFFSET IN INS.”)

. PRINT 90 » Fy8X2y85Y2:DELTAX,DELTAY

IF (OPTH.LE.0) 60 TO 240

FRINT 230

FORMAT (1Xy'ND, OF REGIDNS OF PHI-INTEG = /»I2)

PRINT. 80..y NREG

PRINT 240 .

FORMAT(1Xy ‘LOWER AND UPPER LIHITS ur PHI-INTEG IN RADIANS)
PRINT 90 s (PHL(I)sPHUCI)»I=1sNREG)

PRINT 250 ,
FORMAT(1Xs‘X-AND Y-DIN. OF CENTRAL ELLIPTICAL BLOCKAGE IN INS’)
PRINT 90y BX2,BY2.

IF (OPTR.LE.O) B0, TD 275

PRINT 270

FORMAT(1X»’INTEG, FTS, SPEC. BY USER FOR RADIAL AND FHI-VAR.'r
+/31Xs 'MUST BE MEMRERS OF FOLLOWING SET -3+4:4:8510512514,1677
+/205245285345407)

PRINT 80._s NRRy NOF

PRINT 280 :

FORMAT(1Xs/START,STOP AND NO. OF PTS. FOR AZsEL SCAN)

FRINT 290y AZSsAZEsNAZ+ELSsELEsNEL

FORMAT(2(2F10.5:15))

PRINT 300 ..

FORMAT(1Xr‘X5sY-2Z-TRANSLATION. OF FIELD CO-ORD. SYSTEM IN INS)
PRINT 90 » XDQ YIR » ZIQ

PRINT 310

FORMAT (1Xs ‘ROTATION OF FIELD POLARISATION VECTOR IN DEGREES’)
PRINT 90r PVR

WAVE = 29.97925/(2,54%FRED)
RK = 2.0%FI/WAVE
IF (UPTH NE 0) ED TO 3

54 = SIN(ALPHA(1)/RAD)
CA = COS(ALFHA(1)/RAD)
5B = SIN(BETAC1)/RAD)
CE = COS(BETA(1)/RAD)
56 = SIN(GANNA(1) /RAD)
CB = COS(GAMMA(1) /RAL)
D0 315 I = 1sNHORN
ARG1 = DX(I)



389,000 ARG2 = DY(ID)
. . 390,000 ARGZ = DZ(D
391,000 DX(I) = ARGIXCE + ARG3I%¥SE
392,000 BY(I) = ARGIXSAXSE + ARG2XCA - ARGIXSAXCR
393,000 DZ(I) = -ARG1ESBXCA + ARG2XSA + ARBGIXCAXCE
' 394,000 315  CONTINUE :
395,000 X
394,000 % COMPUTE TRANSFORMATION FUNCTIONS OF COLLECTIVE HORN ROTATIONS
l 397,000 X '
' 398,000 W11(1) = CRXCB
399,000 W12¢1) = SAYSEXCG +. CAXSE.
l 400000 W13(1) =:-CAXSEXCE + SAXSE
- 401,000 ¥W21(1) = -CB¥SG
402,000 W22(1) = -GAXSB%SG + CAXCG
403,000 W23(1) = CAXSBXSG + SA%CG
' 404,000 ¥31(1) = SB
- 405,000 W32(1) = -5AXCH
406,000 W33(1) = CAXCE
. ' 407,000 IF (NHORN,ER.1) B0 TO 335
| 408,000 DD 320 I = 2yNHORN
- 409,000 WIL1C(I) = Wil(L)
- ' 410,000 W12¢I) = W12(1)
411,000 W13(I) = W13(1)
412,000 W2L(I) = W21(1) |
l 413,000 W22(I) = W22(1) . ' |
414,000 W23(I) = Wa3(LH |
415,000 WIL(I) = W3IL(1) |
414,000 W32(I) = W32A(1)
' 417,000 W33C(I) = W33(1)
418,000 320  CONTINUE
419,000 B0 TO 335
l 420,000 %
421,000 % CONPUTE TRANSFORMATION FUNCTIONS OF IMDIVIDUAL HORN ROTATIONS,
422,000 ¥ L - :
l 423,000 325 DO 330 1 = 1sNHORN
424,000 8§k = SIN(BETA(I)/RAD)
425,000 CB = COS(RETA(I)/RAI
426,000 SA = SIN(ALFHA(I)/RAI)
l 427,000 CA = COS(ALFHA(I)/RAD)
428,000 §6 = SIN{GAMMACI)/RAD).
429,000 C6 = COS(GAMMA(I)/RAD)
l " 430,000 Wi1(I) = CBXCB
431,000 W12(I) = SA%SRXCG + CAXSG
432,000 Wi3(I) = -CA%SBXCG + SAXSE
l 433,000 W21(I) = -CEXSH ‘
© 434,000 - W22(I) = -SAKSRXSG + CAXDE
435,000 W23I(I) = CAKSBXSE + SAXCE.
434,000 W31(I) = SR
l 437,000 W32(I) = -SAXCE
438,000 W33(I) = CAXCE
439,000 330  CONTINUE
I 440,000 % . ' - '
441,000 % CONVERT DEBGREES INTO RADIANS AND DR INTO VOLTABE.
442,000 %
' 443,000 335 DO 340 I = 1sNHORN.
444,000 .. HPHASE(I) = HPHASE(I)/RAD
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445,000
444,000
447,000

" 448,000

449,000
450,000
451,000
452,000
453,000
454,000
455,000
456,000
457,000
458,000
459,000
460,000
461,000
462,000

463,000

464,000

465.+000

466,000
467,000
468,000
469,000
470,000
471,000
472,000
473,000
474,000
475,000
476,000
477,000

- 478,000

479,000
480,000
481,000
482,000
483,000
484,000
485,000
486,000

487,000

488,000
48%.000
490,000

491,000
492,000

493.000
494,000
495,000
496,000
497.000
498,000
499,000
300,000

340  CONTINUE

¥
PAI = PAI/RAD

¥
B0 350 J = 1+NF
00 343 1 = 1sNPP
EPA(Ty)sl) = 10.0%XC(EPA(I-J:13/20,0)
HRA(IrJrl) = 10, 0%k (HPA(I+Jr1)/20.0)
EPP(IsJsl) = EPP(I+Jr1)/RAD
HPP(IsJds1) = HPP(I»Js1)/RAD

345  CONTINUE

230  CONTINUE

IF (IFOLA.LE.2..0R.ISYMM.ER.0) GO TO 34

DD 340 J = 1sNF

DO 355 I = 1:NPP
EPA(I+J»2) = 10, 0kX{EPA(I,Js2)/20.0)
HPA(IyJr2) = 10, 0XX(HFA(I»J-2)/20.0)
EPF(I»Jr2) = EPP(IsJs2)/RAD

. HPP(Iyd»2) = HPP(I+Jr2)/RAD

355 - CONTINUE
360  CONTINUE
X. :
% SPECIFY EXCITATIONS OF ORTHOGONAL FORTS.
X

365 DO 390 I = 1sNMORN

B0 TO (370,375,380,385) IFOLA
X
% VERTICAL POLARIZATION
x "
370 CX(I) = 1,0

CY(I) = 0.0

PSI(I) = 0.0

B0 TO 390
% HORIZONTAL POLARIZATION
¥
375 CX(I) = 0.0

L EY(D) = 1,0 .
o PSICI) = 0,0

B0 TO 390
X o
% RIGHT HANDED CIRCULAR FOLARIZATION
X .
380 CX(I) = 1,0

CY(I) = CXY(I)XCX(I)

PSI(I) .= PSI(I)/RAD + 1,5707963

B0 TO. 390 :
. |
¥ LEFT HANDED CIRCULAR POLARIZATION
%
385 CX(I) = 1,0

CY(I) = CXY(I)¥CX(I)

PSI(I) = PSI(I)/RAL - 1,5707943
390 CONTINUE

X

3

% COMPUTE VOLTAGE NORMALISATION CONSTANT » AN » FOR EACH FEED,

188
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01,000
302,000
303,000
504,000

505.000.
506,000,

307,000
208,000
20%9.000
910,000
311,000
312.000
213.000
514,000
315,000
916,000
217.000
518.000
319.000
320.000
521,000
322,000
523,000

924,000

325.000
9264000
527.000
328.000

29,000

530,000
531,000
532,000
533,000
534,000
535,000
536.000
537,000
538,000
539,000
540,000
541,000
542,000
543,000
544,000
545,000
546,000
547,000
548,000
549,000
550,000
551,000
552,000
553,000
954,000
5554000
55644000

I0 400 J = 1sNF
CALL PWRFED(Jy1yFURLsNPFsFAL)
IF (IFOLA,LE.2,0R,ISYNM.EQ.0) 6O TO 395
CALL PWRFED(Js2»PURZINFF,FAT)
ANCD) = CXCDRCXCDRPURL + CY (J)XCY () ¥PUR?
GO TO 400
395 ANCGJ) = (CXCJIRCXCJ) + CY(JIRCY(J) I RFURL
400  CONTINUE
CIF (ISAME.EQ.1.0R,NHORN.ER,1) GO TO 410
DD 405 J = 2s;NHORN
ANCD) = AN(1) '
405  CONTINUE .
410 DO 415 J = 1yNHORN
ANCJ) = SBRTCHPUR () /ZAN(D))
415  CONTINUE ' -
X .
X TAKE SINE AND COSINE OF FIELD VECTOR ROTATION ANGLE.

* 5 v‘fﬁ
" CPVR = COS(PVR/RAD)
SPVUR = SIN(FVR/RAD)
~ IF (OPTR,.BT.0) GO TO 425
X
% INTERNAL DEFAULT INTEGRATION LIMITS.

% AFERTURE IS5 DIVIDED INTO FOUR REGIONS FOR PHI-INTEG.
XiLINITS OF THESE REGIONS ARE SET BELOW.
¥
NREG = 4
PHL(1) = 0.0 .
PHUCL) = 1,570796327
DO 420 I = 2,NREG
PHL(I) = PHL(I-1) + 1.570796327
FHUCI) = PHUCI~1) + 1.570796327
420  CONTINUE S
% _ ,
¥ THERE I8 NO CENTRAL BLOCKAGE.
%
BX2 = 0.0
BY2 = 0,0
425 IF (DFTR.GT.0) GO TO 4535
X ;
X SELECTION OF THE APPROPRIATE QUADRATURE FORNULA
X
XHAX = ~99999,0
XHIN = +99999,0
YHAX = -99999.,0
YHIN = +99999,0
DO 430 I = 1sNHORN . _
IF (DXCDI).GT,XNAX) XNAX = DX(I).
IF (DX(I) LT, XNIN) XHIN = DX(I)
IF (DY(I).BT.YMAX) YMAX = DY(D)
IF (DY(DI),LT.YHIN) YMIN = DY(D)

430  CONTINUE '
X FIND THE LARGEST ANGLE BETWEEN COMPONENT BEAHS AND FIELD
X DBSERVATION PFOINTS.

ARGL = ABRS(ELE/RAL + ATAN(XMAX/F))
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357,000
58,000
339,000
940,000
961,000
362,000
563,000
364,000
365,000
964,000
34674000
9684000
269.000
970.000
371,000
972,000
973,000

974,000

575.000
95746.000
377,000
978.000
979,000

380,000

381.000
982,000
383,000
384,000
985.000
986.000
987,000

588,000

589,000

- 3%0.000

391.000
3%2.000

. 993,000

974,000
995.000
394,000
397,000
598.000
399.000
400,000

401,000

602,000
603,000
604,000

405,000
606,000 -

407 .000
408,000
4609.000
610.000
611,000

412,000
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ARGZ = ARS(ATAN(XMIN/F) + ELS/RAD)
ARG3 = ABS(AZE/RAD + ATAN(YMAX/F))
ARG4Y = ABS(ATAN(YHIN/F)I+ AZB/RALD
ARG1: = AMAX1(ARG1,ARG2)
ARGI = ANAX1(ARGIsARGA)
NOAR = (SINCARG1)XSX2/WAVE + 1.0)%1, 50
NOF = (SIN(ARG3IXSYZ/WAVE + 1,0)%1.50
NOBR = HAXO(NGR;NGP)
¥
X SEARCH FOR THE CLDSEST AUAILABLE QUADRATURE FORNULA

% THE AVAILABLE FORMULAS ARE STORED IN ASCENDING DRDER IN ARRAT NR.
X NQF IS THE NUMBER OF FORMULAS. BOTH NQ AND NQF ARE DEFINEDI IN DATA

X STATEMENT ABOVE,
X .

o 435 I 1sNQF

IF (NOGR.LE.NQCI)) GO TO 445
435  CONTINUE .

PRINT 440
440  FORMAT(1X» QUADRATURE FORMULA RERUIREB 18 LARGER . THﬁN AVAILARLE’

2/ IN THE PROGRAN, EXECUTION IS TERHINATED')
STOF
445  NOR = NO(I)
NOF = NOR
PRINT 450 . ~ . :
450  FORMAT{1X»/INTEG. PTS. SELECTED FOR RADIAL AND PHI-VAR,)
FRINT 80 r NO@R:NQF
X
455 IF (NGR.LE.MAXD.AND.NOF,LE, nnxu) GO TO 458
PRINT 457 » NQRyNGF
457  FORMAT(1X»‘STOF, INCREASE ARRAYS n:nsnszons TO ACCOMODATE’
+' FOLLOWING NOR AND NQF PTS, RESF. - ¢»213)
STOP
S N -
¥ DETERMINE LOCATION OF QUADRATURE FORHULA
.
458  CALL GRLOC(NGRyLOR)

CaLL GRLOC(NGFsLGR)
X
¥ COMPUTE SEMI-AXES DIMENSIONS FOR REFLECTOR AND BLOCKAGE AFERTURES.
) 5X2
sY2
BX2
BY2
¥ < : .
¥ INITIALIBE CURRENT MATRIX RJX»RJYsRJZ
X

5X2%0,50
SY2%0,50
BX2%0.50
BY2%0,50

KOUNT = 0
.. DD 470 L
.. DD 465 J = 1sNGR
DO 460 I = 1,NQF
KOUNT = KOUNT + 1 .-
CRJX(KDUNT) = (0.050:0)
RJY(KDUNT) = (0,0,0,0)
RJZCKOUNT) = (0,050.0)
460  CONTINUE

1,NREG

[ .}
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613,000
414,000
415,000
416,000
617,000
418,000
619,000
420,000
621000
422,000
623,000

624,000

625,000
626,000
627,000
628,000
629,000
630,000
631,000
632,000
633,000
634,000
635,000
636,000
637,000
438,000
639,000
440,000
641,000
442,000
643,000
644,000
645,000
646,000

- 647,000 .
648.000

649.000

450,000
651,000

452,000
4334000
654,000
&55.000
434,000
637,000
658,000
659 . 000

660,000 .

461,000
462,000
863.000

464,000

463,000
646,000

667,000
468,000

. 191

465  CONTINUE
470  CONTINUE
%
% COMPUTE CURRENT MATRIX
% AT THE SAME TINE COMPUTE FOMER INTERCEFTED BY REFL
%

PUR = 0.0

e W

L = INDEX FOR REGION OF PHI- INTEGRATION.

KOUNT = ¢
D0 520 L = 1,NREG

INDEX FOR PHI-INTEG

e e I
-~
1

DO 510 I = 1sNQP

PHII = (PHL(L)+PHU(L))%Q .50+ (PHU(L) ~FHL (L) )%0.S0XBX(I+LAF)
CPI = COS(PHID

SPI = SIN(FHII)

nou

FIND THE LIMITS OF RADIAL-INTEGRATION GIVEN FHII

I e

CALL RADLIM(CFIsSPI»EX2y5Y2sBX2yBY2yRIL(IoL)yRIUCISLY)D
FAC = (PHUCL)-PHL(L) Y% (RDUEI»L)-ROL(IsL))I%0.25

J = INDEX FOR RHO-INTEG.

W

D0 500 J = 1,NGR

RDJ = (RDL(I:L)+RDU(I:L))*O S50+ (ROU(IL)-RDL(IyL))%0.50%
4 QX (JHLAR) .

KOUNT = KOUNT + 1.

STORE REFLECTOR SURFACE PDINTS

e W ¥

XG(KOUNT?
YG(KOUNT)
ZG(KOUNT)

RDJXCPL + HELTAX
ROJXSPI + LDELTAY
(XGIKOUNT ) R%2 + YG(KOUNT)®%2)%0.25/F - F

H u n

COMPUTE CDMPDNENTS oF éUR?ﬁCE NORMAL

s

~XGCKOUNT) %0.50/F
~YG(KOUNT) X0, 50/F

RNX
RNY

*

K = INDEX FOR FEED HORN

EX = (0.070.0)

EY = (0.050,0)

EZ = (0.0s0.0)

HX = (0.050.0)

HY = (0.0+0.,0)

HZ = (0.0:0.0)

DO 490 K = 1yNHORN
X THE FOLLOWING TRANSFORMATIONS CONVERT SURFACE POINT
% COORDINATES TO HORN COORDINATES.
% TRANSFORM (RMOsTHETAyFNI) TO (RHOT»THETATYFHIT)
RHOT = SORT((XG{KOUNT) - IX(K))¥¥2 + (YB(KOUNT) - DY(K))¥x2
+ + (ZB(KOUNT) - DZ(K))¥x2)

L LTI | B L N | 2 1
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649,000 -

670,000
671,000
672,000
673,000
674,000
675,000
6764000
677,000
678,000
6794000
680,000
681,000
682,000
483,000
684,000
485,000
686,000
687,000
688,000
689,000

690,000 .

691.000
6924000
493,000
494,000
695,000
696,000

697,000
498,000

699.000

700,000 .

701.000
702,000
703.000

. 704,000

703000

- 706,000

707,000
708,000
709.000
710,000
711,000
712,000

713,000

714,000

7134000

714,000

7174000
718,000

719000 -

720,000

721,000
722,000

723,000 .

724.000

CTT = (ZB(KOUNT)~DZ(K))/RHOT
E8TT = ACOS(CTT)
8TT = SIN(STT)
SPT = ATAN2((YB(KOUNT) =LY (K)) » (XBCKOUNT)=DX(K)))
EFT = COS(SPT)
8PT = SIN(SPT)
X .
¥ TRANSFORM (RHOTsTHETAT,PHIT) TO (RHOR»THETAR:FHIR) “;
STSF = STTXSPT a
STCP = STTXCPT
CTR = STCPXWIL(K) + STSPXWI2(K) + CTTXWIZ(K)
THETAR = ACOS(CTR)
TR = SIN(THETAR) .
SPR. = STCPXW21(K) + W22(K)XSTSP + W23(K)XCTT
CFR = STCPXW11(K) + STSPAWIZC(K) + CTTHW1Z(K)
PR = ATAN2(SFRsCPR)
EPR = COS(SPR)
PR = SIN(SPR)
CTCP = CTRACPR
CTSP = CTRXSFR
%. |
L TXT = CTCPYW11(K) + CTSPRH21(K) - STRYW31(K)
CTYT = CTEP¥W12(K) - STR¥WI2(K) + CTSFRU22(K)
TZT = CTCPXWI3(K) + CTSFRW23(K) - STR¥WIZ(K)
TXP = ~SPR¥W11(K).+ CPREW21(K)
TYP = -SPREWI2(K) °+ CPR¥W22(K)
TZP = -SPREULZ(K) '+ CPREUZZ(K)
X
PT = RKARHOT
EXPN = CHPLX(COS(PT)y~SIN(FT))/RHOT
% COMFUTE FEED ARRAY FIELDS AT (RHORyTHETARsFHIR)
CALL SOURCE(THETARsSFRyCPRyETHETAsEFHI,K)
ETHETA = ETHETAXEXFN
“EPHI = EFHIXEXFN |
FTX = ETHETAXTXP - EFHIXTXT
FTY = ETHETAXTYF - EFHIXTYT
FTZ = ETHETAXTZP - EPHIXTZT
RJX(KOUNTY = RJX(KDUNT) + FTZARNY - FTY
CRJYCKDUNTY = RJYCKOUNT) + FTX = FTZKRNX
RJZ(KOUNT) = RJZ(KOUNT) + FTYKRNX - FTXKRNY
X -
¥ COMFUTE COMBINED FEED PATTERN FOR SPILL-OVER CALCULATION
X. : L .
% EX = EX + ETHETAXTXT + EPHIXTXP
EY = EY + ETHETAKTYT + EFHIXTYP
EZ = EZ + ETHETAXTZT + EFHIXTZP
HX = HX + FTX
HY = HY + FTY
HZ = HZ + ETZ
490  CONTINUE
77 FACW = FACKRDJKQW(I+LOP)KQU (JHLOR)
RJX(KOUNT) = RJXCKOUNT)XFACH"
RJY (KOUNT) = RJY(KOUNT)#FACH
RJZ(KOUNT) = RJZ(KOUNT)¥FACY
FUR = PUR - (REAL(EYXCONJG(HZ) - EZXCONJG(HY))¥RNX +
REAL(EZXCONJB(HX) - EXXCONJB(HZ))KRNY +

192
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i 00

725.000
726.000
727,000
728,000 T
729,000
730,000
731,000
732.000
733,000

. 734,000

735.000
736,000
737,000
738.000

739,000

740.000
741.000
742,000
743.000
744,000
743,000
746,000
747,000
748,000
749,000
750,000
751.000
752,000
753,000

. 754.000

755,000
756,000
757,000
758,000
759.000
760,000

. 7614000

762,000
763,000

764,000

765,000
766,000
767,000
768,000
769,000
770,000
771,000
772,000
773,000
774,000
7754000
776,000
7774000
778,000
779,000

200
al0
20

193

REAL(EXXCONJG(HY) - EYXCONJG(HX)) )kFACY
CONTINUE '
CONTINUE
CONTINUE

X COMPUTATION OF CURRENT HATRIX COMPLETED

X

%X COMPUTE SPILL-OVER EFFICIENCY - ETAS
¥ PUR = POMER CAPTURED BY REFLECTOR
3

x PT =
530

540
X.

X

260

570
580

{CGN(KDUNT)

. CPH(KOUNT)

PUR = PURX0.50/ZETA
TOTAL POWER RADIATED
PT = 0.0 :
IO 530 K = 1,NHORN
FT = PT + HFUWR(K)
ETAS = PUR/PT
PRINT 540 » ETAS
FORMAT(///+»1Xs’SPILL-0OVER EFFICIENCY =',F7. 3:/)
PT = PT%60.0XWAVEXUWAVE

X COMPUTE GAIN AND PHASE OF CO-POLAR ANI' X-POLAR COMPONENTS

ELIN = ELE -~ ELS
IF (NEL.GT.1) ELIN
AZIN = AZE -- AZS
IF (NAZ.GT.1) AZIN
DO 550 I = 1sNEL
EL(I) = ELE - ELINX(I-1)

DO 360 I = 1sNAZ

AZ(I) AZS + AZINX(I-1)

KOUNT = ¢

DO 580 I = 1.NEL

DO 370 J = 1sNAZ

KOUNT = KOUNT + 1,

CALL CONVC(EL(I}sAZ(J)»STQsCTR,SPAyCPA)

CALL FIELD(STQ:CTQ,S5FQ,CPQyIPOLACONOsXGNOCPHO)
CGNO

XGNO

CPHO

ELIN/FLOAT(NEL - 1)

i

AZIN/FLOAT(NAZ - 1)

(1)

XGN(KOUNT?

nowon

CONTINUE

- CONTINUE

X ODUTPUT FAR FIELD OBSERVATION CUTS.

X

710

720 -

730

735

740
750

780,000

PRINT 710

FORMAT(/7/77+30XsCO- POLAR GQIN IN DB*)

PRINT 720 . .

FORMAT(48X,23 (1H- )) L

PRINT 730 » (AZ(I),I= erAZ) : :
FORHAT(//+»1Xy’ ELEV *’750X1'AZIHUTH (HEG)’:/:le’(DEG) X7 y20F6. )
PRINT 733

FORMAT(1X»65(2H %))

D0 740 I = 1,NEL.

KOUNT = (I- 1}¥NQZ +1

KOUNT1 = KODUNT + NAZ - 1

PRINT 750 » ELC(I)»(CGN(J)» J=KOUNTKOUNTL)

FORMAT(/ 97X+ 1HX» 72 1XsF6, 2 1HX» 20F 46429/ 97Xy 1HX)

PRINT 7640
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781,000
782,000
783,000
784,000
785,000
786,000
787,000
788,000
789,000
790,000
791,000
792,000
793,000
794,000
795,000
796,000
797.000
798,000
799,000
800,000
801,000
802,000
803,000
804,000
805,000
804,000
807,000
808,000
809,000
810,000
811,000
8124000
813,000

814,000 -

815,000
816,000

817,000

818,000
B19.000
820,000
821.000
822,000
823,000
824,000

/825,000
~ 826,000 .

827.000
828,000
829.000

830,000

831,000

832,000 -

833,000
834,000
835,000
836,000

760  FORNAT(////:50Xy’X-POLAR GAIN IN DR
PRINT 720
PRINT 730 » (AZ(I1):I=1yNAZ)
FRINT 735
DO7770 I = 1sNEL
KOUNT = (I-1)%NAZ + 1
KOUNT1 = KOUNT + NAZ - 1 ...
770  PRINT 765 y EL{I) sy (XBN(J) v J=KOUNT»KOUNTLY
745  FORMAT(/97X21HXs/y1XsFb, 25 1HK,20F 4, 1,/,7x,14*)
FRINT 775
775  FORMAT(////»49Xy’CO~POLAR PHASE IN DEG’)
PRINT 720

PRINT 730 » (AZ(I)yI=1,NAZ)

PRINT 735

DO 780 I = 1sNEL

KOUNT = (I-1)%NAZ + 1

KOUNTL = KOUNT + NAZ - 1
780  PRINT 765 » EL(I)»(CPH(J)»J=KOUNTyKOUNT1)
OPEN(7sFILE=/GNHAT’ »STATUS=/0LD’ s USAGE="'DUTPUT)
WRITE(7r10) (IHEAD(I)yI=1,15) .
WRITE(7:290) AZSsAZEyNAZyELS,ELE,NEL
DO 790 I = 1sNEL
KOUNT = (I-1)XNAZ + 1
KOUNT1= KOUNT + NAZ - 1
X790  WRITE(7:800) (CBN(J)sJ= KDUNT;KDUNTI)
¥B00. FORMAT(11F7.2)

STOP

~ END
SUBROUTINE RADLINCCESPrALyB1sA2sB2,KLyRU)

e I W W W

COMPUTES LOWER AND UPPER LINITS OF RADIAL VAR. INTEG. FOR A GIVEN
PHI,

e ¥ 2 e

AL1XB1/SGRT(ALXALKSPXSP + BLXBL¥CPXCP)
RL = 0.0
IF (A2,LT.1,0E-04,0R,B2,LT.1,0E-04) RETURN
RL = A2KB2/SORT(A2ZXAZKSPXSP + E2KB2XOPCR)
RETURN
_END
SUBROUTINE SOURCE(THETAR»SPyCFsETHETAsEPHIAK)

RU

—~ 1t

X |
X COMPUTES ETHETA AND EPHI COMPONENTS OF FEED RADIATOR
x : o A
CONPLEX ETHETAsEFHI»CONSTXsCONSTYsEXTrEXPrEYTrEYF
CONHON/VAL2/AN(30) s HPHASE (30) 1CX(30) 1CY (30) 1PST(30) » TPOLA IS VH
+ 2 ISAME -

ANCKIXCHPLX(COS (HPHASE (K) ) s SINCHPHASE (K)))
CONSTY. = CONSTXXCY(K)XCMPLX(COS(PSI(K))SIN(FSI(K)))
CONSTX. = CONSTX¥CX(K) ‘

THETA = 3,14159265 - THETAR

KK = 1 R |

IF (ISAME.NE.0) KK = K.

IF (IPDLA,LE,2.0R.ISYMH.EQ.,0) GO TO 10

CDNSTX

X

X FEED IS CIRCULARLY POLARISED AND IS SYMMETRIC AROUT THﬁiFRINCIPAL

194



ST

- B37.000

838,000
B83%.000
840.000
841.000
842,000
843,000

844.000.

843.000
846,000
847.000
B48.000
849.000
830.000
B851.000
852,000

853,000 .
854,000

855,000
854,000
857.000
838,000
859.000
860,000

B61.000

862,000
863,000
844,000
845,000
846,000
847,000
B48.000
849,000

870.000.
871,000 -
872,000

873.000
B874.000
875.000

876.000-

877,000
878,000
879,000
880,000
881,000
882,000

883.000.

884.000
885,000

.884.000

887,000
888,000
88%.000
890.000
891,000
892.000

195
% PLANES AND NOT ABOUT THE DIAGONAL PLANES.
X
CALL PAT(THETAsETHAyETHP:EFHAsEPHF KKy 1)
EXT = ETHAXCMPLX(COS(ETHP) sSINCETHE))
EXF = EPHAXCHPLX(COS(EPHF) »SIN(EFHE))
CALL PAT(THETAsETHAsETHP:EPHA» EPHP KK »2)
EYT = ETHAXCMPLX(COS(ETHP) »SIN(ETHF))
EYP = EPHAXCHPLX(COS(EFHP) SINCEFHF))
ETHETA = -CONSTXXKEXTACF_+ CONSTYXEYTXSP
EPHI = -CONSTYXEYFXCP — CONSTXKEXPXSP
RETURN
x ' ‘
% FEED HAS SYMNETRY ABOUT PRINCIPAL AND DIAGONAL FLANES
X
10 CALL PAT(THETAyETHA»ETHPsEFHA+EPHF KKy 1)
..... , EXT = ETHAXCHPLX(COS(ETHP) »SIN(ETHF))
: EXP = EPHAXCNPLX(COS(EFHP) sSINCEFHF))
ETHETA = ~CONSTXXEXTXCP + CONSTYXEXTHSP
EFHI = ~CONSTYXEXPXCP - CONSTXXEXPASP
RETURN
END
SUBROUTINE PAT(THETAsETHAsETHF rEPHAERHF y Jr IPORT)
X
% INTERPOLATES INFUT PATTERN DATA.
X
CUMHGN/PATERN/EPA(Qé:EO:2)sEPP(46:30:2)yHPAx46:30;2;;HPP(46:30;2)
4 NPPrFAL
¥ - S
X STATEMENT FUNCTION DEFINING SECOND ORDER LAGRANGIAN INTERPOLATION.

X
FXOX1pX2: X3 Y1yY¥29 Y3 X)) = YIROX-X2)K(X-XT)/({X1-X2)X(X1-X3))

F o Y2K(X-X1)X(X-X3)/((X2-X1)K(X2-X3}) +
O YIROX=X1)ROX=X2)/ LEX3-X1 DK (X3-X2))
X = THETA
N = X/FAI
ML= N+ 1 |
IF (N1.EQ.(NPP-1)) N1 = N1 - 1
IF (N1,BE,NPF) GO0 TO 10
X1 = (N1 - 1)¥PAI
X2 = NIXPAI .
X3 = (N1 4+ 1)KPAI
N2 = NL O+ 1
N3 = N1+ 2
Y1 = EFA(N1sJs IFORT)
Y2 = EPA(N2sJy IFORT)
Y3 = EPA(N3sJsIFORT)
ETHA = FX(X1sX2:X35Y1sY2:Y30X)
Y1 = EPF(N1sJyIFORT)
Y2 = EFP(N2sJyIPORT)
Y3 = EFP(N3sJds IFORT)
ETHF = FX(X1sX2:X3sY1rY2sY3sX)
Y1 = HPA(NLsJsIPORT)
Y2 = HFA(N2sJyIPORT)
- Y3 = HPA(NI+JoIFORT)
5 EPHA = FX(X11X2:X3:Y1rY21YZsX)




1 | 196
893,000 Y1 = HPP(N1rJsIFDRT)
. 894,000 Y2 = HPP(N2sJs IPORT).
~ B - 895.000 YZ = HPP(N3yJsIFORT)
'~ 894,000 EPHP = FX(X1sX2sX31Y1rY25Y3,X)
897,000 RETURN
' 898,000 10  PRINT 20
: B99.000 20  FORMAT(1X,/PATTERN INTERPOLATION IS OUT OF RANGE OF DATA‘)
900,000 STOP
l 901,000 END
502,000 SUBROUTINE FWRFED(KsIFyPURsNFPyPATD)
903,000 X |
l 904,000 % INTEGRATES POYNTING’S VECTOR TO OBTAIN POMER RADIATED BY THE K TH |
905,000 X FEED AT PORT IP.
906,000 ¥
907,000 DIMENSION THL(2)yTHU(2)»FOH(D)
l 908,000 COMMON/VALL/FIyRADsRKZETA
909,000 COMMON/BLOCK/BX(219) 20U (219)
g 910,000 X | | L
l 911,000 % RANGE OF THETA-INTEGRATION IS DIVIDED INTO TWO REGIONS. 20-PT
j 912,000 % GAUSS-LEGENDRE FORHULA IS USED FOR EACH REGION,
- 913,000 ¥
l 914,000 % LOC = LOCATION OF FORHULA
915,000 X
916,000 .  LOC = 73 | y
l 917,000 TINC = (NFP - 1)¥PAIX0.50
918,000 PUR. =.0,0
o 919,000 . DO 20 N = 152
920,000 .~ POWNY = 0.0
I 921,000 THL(N) = (N-1)XTINC
- W 9220000, - THUGN) = THL(N) + TINC
S 923,000 DO 10 T = 1,20
l 924,000 . THETA =.(THL(N) + THUCNDIX0.50 + (THUCN) - THLON))0.50%0X(I+LOC)
925,000 CALL PATCTHETAsETHA,ETHPyEPHAs EPHP1Ks IP)
< 924,000 - POW(N) = POW(N) + (ETHAXX2 + EFHAXY2)XSINCTHETA)¥QU(I+LOC)
927,000 10  CONTINUE '
l 928,000  PWR = POMODK(THUGD ~ THLCN) 4 PUR
929,000 20 CONTINUE |
9304000 PUR = PURX0.25XPI/ZETA -
l 931,000 RETURN
"932,000 END e S
933,000 " SUBROUTINE CONV(EL»AZySTsCTsSFsCP)
l 934,000 X o | _
935,000 % CONVERTS (ELsAZ) TO (THETAsPHI) CO-ORD.
936,000 ¥ o -
l - 937,000 % ST = SIN(THETA)
B 938,000 % CT = COSCTHETA)
. 939,000 ¥ SF = SINCRHI).
940,000 X CP = COS(PHD)
\' 941,000 X ) o
942,000 COMMON/VAL1/PTsRADsRK» ZETA
- 943,000 ¥ | o
l 944,000 €T = COS(EL/RAD)XCOS(AZ/RAL)
945,000 ST = SORT(1.0.- CTXCT)
. 946,000 _ .IF.(ABS(EL).LT.1,0E-07) GO TO 10
. 947,000 . SPi= COS(EL/RADIXSIN(AZ/RAIN/ST
948,000  CP =

SIN(EL/RAD)/ST



220.000
291,000
792.000

994,000
995,000

?97.000
998.000

[

1000,000
1001, 000
1002000
1003, 000
1004, 000

993,000

294,000

..999.000

20  CONTINUE.
30 CONTINUE
POLL = (1,0 - (1.0 - CTO)XCPOKCPAIKRFTX - (1.0 - CTRIXSPRXCFAXFTY
+ - STCPXFTZ _ .
POL2 = -(1.,0 - CTR)XSPRXCPOXFTX + (1,0 - SPRESFOX(1.0.- CTA)I¥FTY
+ - STSPYFTZ
*~ .
% SHIFT REFERENCE TO FIELD CO-ORDIMATE SYSTEM
X o
ARG = (STCPXXDQ + STSPXYDR + CTRYZDA)XRK
~ EXPN = .CMPLX{(CDS(ARG)s-SIN(ARB)) -
FTX =:{POL1XCPVR + POL2%SFUR)*EXPN
FTY =" (FOL2XCPVUR.~ POL1XSPVR)XEXFN
GO TO (40,50560,70)y IPOLA
40  COPOL = FTX

- Il - 197
949,000 RETURN
l 950,000 10  IF(AZ) 20,3040
. ® . 951,000 20 8P = ~1.0
' $53,000 RETURN
3 954,000 30  SF = 0.0. . \
954,000 RETURN
l 957,000 40  SF = 1.0
: 958,000 CP = 0,0
959,000 RETURN
: l 940,000, END |
~ 941,000 .  SUBROUTINE FIELD(STRsCTRrSPQsCFRyIFOLA»CEN:XGNsCFH)
942,000 % . N
. 943,000 ¥ COMPUTE FIELD COMPONENTS OF REFLECTOR AT (THETAQ,FHID)
| 944,000 X - ; ‘
945,000 DIMENSION X(2304)sY(2304):Z(2304)
. 966,000 COMPLEX FTXsFTYsFTZyRJX(2304) sRJY(2304) 1RIZ(2I04)
: ll 947,000 COMPLEX EXPN,POL1sFOL2yCOPOLyXPOL
948, 000 COMMON/CURENT/ZRJXsRIY s RIZ 1 X1 Y2 Z
" 949,000 COMMON/VALZ/NREG r NQR» NGF + PT2XDRs YDQy ZDQ s CFYRs GPUR
: l 970,000 COMMON/VALL/PT1RATYRK  ZETA
971,000 % |
: 972,000 X SUN UP CONTRIBUTIONS FROM ALL FANEL CURRENTS.
: l 973,000 X -
974,000 FTX = (0,010.,0)
.. 975,000 FTY = (0.0+0,0)
- 9764000 FTZ = (0,010.0)
. 977,000 STCP = STAXCPQ
. 978,000 STSP = STRXSFQ
- 979,000 KOUNT = 0
l 980,000 DO 30 L = 1sNREB
- 981,000 DO 20 J = 1:N@P
- 982,000 . DO 10 I = 1sNOR
l 983,000 CKOUNT = KOUNT + 1 0%
- 984, 000 ARG = (X(KOUNT)XSTCF + Y(KOUNT)XSTSP + Z(KOUNT)XCTR)¥RK
= 985,000 CEXPN = CMPLX(COS(ARG) sBINCARG))
' 984,000 FTX = FTX + RJX(KOUNT)XEXFN
. 987,000 . . FTY = FTY + RJY(KOUNT)XEXPN
o 288,000 CFTZ = FTZ + RJZ(KOUNTIXEXPN: .
l' 989,000 10 - CONTINUE
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‘1005.000

1006000
1007000
1008,000
1009, 000
1010.,000
1011,000
1012,000
1013,000

1014000

1015.000
1016,000
1017.,000

1018.000.

a0

40

70

80

1019.000 -

1020.000
1021.000
1022.000
1023.000

1024,000

1025, 000
1026.000
1027.000
1028,000
1029,000
1030, 000
1031.000
1032, 000
1033.000
1034.000
1035.000
1036,000
1037,000
1038.000
1039.,000
1040,000
1041000
1042.000
1043.,000
1044000

1043.000

1046, 000
1047.000
1048, 000
1049, 000
1050.000
1051.,000
1052000

1053, 000

1054.,000
1055, 000

- 1056.000

1037.000

- 1058.000

1059.000
1040.,000

X

198

XFOL = FTY

G0 TO B0

COPOL = FTY

XFOL = FTX

80 TO B8O

COFOL = 0.70710678%(FTX + CHPLX(0.021.0)%FTY)
XFOL = 0.,70710478%(FTX - CHFLX(0.0:1.0)%FTY}
G0 TO 80

COFOL = 0.70710478%(FTX - CHPLX(0.0s1,0)XFTY)
XPOL = 0.70710478%(FTX + CMPLX(0.0s1,0)%FTY)

CBN = 10,0%ALOGLO{CABS(COPOL) ¥X2/FT)

XGN = 10.0%ALOG10CCARS(XPOL)YXX2/FT)

CFH = ATAN2(AIMAG(COPOL)REAL(COFOL) ) XRAD
RETURN

END

SUBROUTINE QRLOCCN@sLOC)

X PURPOSE ~ DETERMINE LOCATION OF INTEGRATION FORMULA IN BLOCK DATA
¥ BLOCK DATA IS ASSUMED TO CONTAIN THE FOLLOWING FORMULAE.

¥

10
20

30

40 .

30
&0

70

80

20

100
110
120
130
140
1530
169
170

180

CIF (NG

X 3:4v618:10,14516520,24,28:34+40 PTS,

IF (NG - 34) 10,170:180
IF (NQ - 24) 205150140
14) 30,130,140
12) 4051105120
8). 502:20,100
4) 60470+80

I

IF (NQ
IF (NG
IF (NG.
Lot = 0
RETURN

Lac = 3

RE TURN

Lot = 7
RETURN
LOC = 13
RETURN

LOC =.21 .
RETURN

o Loc = 31

RETURN

LOC = 43

RETURN

LOC = 57

RETURN.

LOC = 73

RETURN

LOC = 93

RETURN

LOC = 117

RETURN

LOC = 145

RETURN

LoG = 179

RETURN

END .

BLOCK. DATA ’ .
COMMON/BLOCK/QX(219) »QW(219
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1041.,000

1062.000
1063,000
1064,000
1065,000
1046.,000
1047000
1068,000
106%,000
1070,000
1071000
1072,000
1073,000
1074000
1075.000
1076000
1077000
1078.000
1079000
1080, 000
1081,000
1082,000
1083,000
1084, 000
1085, 000
1086,000

1087.000

1088,:000
1089,000
1090,000
1091,000
1092,000
1093,000
1094,000
1095, 000

1094000

1097.000
10984000
1099, 000
1100.000
1101.000
1102,000
1103,000

- 1104.000

1105,000
1104000
1107,000

1108.000 .

1109.000
1110.000
1111.000
1112.000
1113,000
1114.000

1115.000.

1114.000

199

3 FI8
DATA (OX(I)sI=1:3)/-,77459646469241,0,00000000:+,774596647241/
DATA (QU(I)+I=1,3)/,5555555555,,88888880808888,,5555555355555/
4 PT5

DATA (QX(I)sI= 417)/*.8611363115?@:—»339981043d848:oa3??81043q848:
+.861136311594/ ‘

DATA (QU(I)sI=4,7)/.347854B45137y,6521451548B42y,6521451548462y
+.347854845137/

& PTS.

DATQ (AX(I)+,I=8:13)/.93246931420315,.461209386446264»
+.23861918608319: :
$-,238619184608319,-,661209386466265-,93246951420315/

DATA (QUCT Yy I=By13)/,17132449237917:.36076157304814,
+.46791393457249
+,4467913934572691.36076157304814,,17132449237917/

8 PTS.

DATA (GX(I) I1=14521)/-.,94602898364,~,7954664774,~,3255324099,
+-.18343446424,, 18343446424, ,52553240991,79666447747 ., 26028985464/

DATA (QH(I)»I=14,21)/,1012285362y,2223810344,,3137066458>
t 36“6837833!+36“6837833:.31370664589*L~23810a44;.101 283362/

10 PTS.

DATA (GXCI)»I=22+31)/-.9739045280y~.84506336484y-,46774095682,
+-+4333753941,~,148874338%,
+s 148874a389r.43339539411*67?40956821'8650633666:.9?3906 283/

DATA (QU(I),»I=22+31)/. 06667134431.1494513491:»21?08676“5v
+.269264671931 2955242247
++2955242347r42692667193r12190863625r.14?4513491;.0666?13443/

12 PTS. o o

DATA (BX{1):I=32y43)/-,9815460634246:~.904117254637:~,749902474194;
+-+0873179542865~.3467831498998,~,125233408511,.,125233408511,
+.3467831498998, .5B73179542B4, . 769902474194, ,9041172354370»
+.9815460634246/ _

DATA (BW(I)rI=32r43)/,047175336386.106939325995 ,160078328543,
+.203167426723y . 233492536538 .249147045813,.,249147045813»
+.23349°5365381'2031674°6773x.1600783”8543,;1069393“59?4:

t 04717d336386/
14 PTS. A

DATA (QX(I)sI=44,57)/-.9862838086%4,~,72B4348834643,-.82720131307;
+-+ 687292904811 y~,5152484634358,~. 319112368927, -.,108054948707»

- ++108054948707y ,3191123468927y.51524B436358,.,. 687392904811
+,827201315049y . 9284348834437, 9862B380846%4/

DATA (QW(I)rI=44+57)/.,035119460331,,080158087159»,121518070487;
+.157203147158y . 185538397477, .205198463721, ,2152438534463y
.'~15“638534631. 2051984463721,,1855338B397477+, 1537203167138y
te 1"15185?0&8?:f08015808?1d99'035119460731/

16 PTS.

DATA (GX(I):I=58y73)/-.989400934991,~,944575023073,-.8465631202388,
+‘07d5404408355!‘061?876“4@403!we4d8016777657!“028160355077??
4=,093012509837.095012509837,.,28140355077%,45B016777657
+.617876244403,.755404408355, 8465631202387 .944575023073
+.989400934992/ .

~ DATA (QU(I)+I=UB273)/. 0”71524d9412;+0622535”3?381*09d1u851168
+.124428971255y . 1495959888167, 169156519395, 182603415045,
+.189450610455, ,182450610455,,182403415045,.169156519395,
+.149595988814, 1244628971255y ,095158511482, . 042253523938,
+,0271524594117/ '




- 1129.,000.

1143.000

1165000

1117.000 % 20
1118.000
119,000
1120.000
1121600
1122,000
1123,000 .
1124,000
1125.000
1126,000
1127,000
1128,000
11295000
1130000
1131.000 % 24
1122,000
1133, 000
1134.000
1125,000
11346, 000

-1137.000

1138.000

1140.000.._.
1141,000:7
1142,000
1143,000
1144,000.% 28
1145,000
1146.000
1147,000
1148000
1149,000
1150,000
1151,000
1152,000
1153000
1154,000
1155,000,
1156.000

- 1157.000

1158.000
1159.000 % 34
1140,000

1161.000

1162,000
1164,000

1166000
1167,000
1148,000
1169,000
1170,000
1171,000
1172,000

200 -

PTS.

DATA (OX(I)»I=74,93)/-,9931285991y-,9639719272,~,9122344282,
+-.8391169718y | , :
t-.7463319064; -, 6360536807, -, 5108670019, -, 3737060887, -, 2277858511 5
+-,076526521137 .07652652113, 22778585117 ,3737060887 1 . 5108670015y
46360536807
+,7463719064,,8391169718 9122344282, ,9639719272,,9931285991/

DATA (QU(I)yI=74:93)/,017614007131,040601427801,06267204833,
+,08327674157r
$41019301198y, 1181945319y, 131688463847 ,14209610931 ,1491729864,
+.1527533871,
+,15275338717 01491729864, 1420961093, 13168863847 11181945319,
$,1017301198y
+,083276741571,06267204833 1, 04060142980, ,01761400713/

PTS.
DATA (QX(I)»I=945117)/-,9951872199:~,9747285559 -, 7382745520,

- +-,88484155270,~,8200019859,~,7401241915,~, 6480934519

+*.5454”147137".4337935076!*.31404”6796!*.19111886741
+-.06405689286r.06405689286;.1911188674’§31504”6796y.4337935076y
+.5454214713,, 6480936519, ,7401241915, ,820001985%, . 8864155270,
to 938“745520:.9747”85549y'995187°19?/

DATA (OW(I)yI=94»117)/,01234122979,,028531388462,04427743881,

C+,03929858491y.07334648141,,08619016153,,097618652109,1074442701

++1155056680, 1216704729 . 1258374563, 1279381953+ ,1279381953,
+.1258374563,.1216704729,,11550546680,.1074442701,.09746186521 ¢
+, 08619016153!007334648141!o05929858491!e044”?7438811

+s 078531388627001”34122979/

PTS' X C -

DATA (QX(I)sI= 1187145)/—099644”4975!'»9813031653! ,954”59°3051
+-,9156330263,-,8658925225y~,8056413709» -, 7354108780y
+~:63663109409-.5697204718+-,4758742249+-,3762515160»
+-.2720616276y-,1645692821+~,05507928988,,05307928788;
+41445692821y 272061627462 +3762515160,4758742249,, 5497204718y
$.6564510940,.,735461087801,8056413709, ,84658925225, , 71546330243,
+.9542592806y,9813031653y,9964424975/

DATA (QW(I)»I=118+145)/.,0091242825%3,.021132112 97.03”9014”773:

+.04427293475, ,05510734567y , 0652 72923964 ,074646214235

+.08311341722,.09057174439,,09693065799,,1021129675+, 104605574657,
+.1087111922y.1100470130,,1100470130,,1087111922y.10460535785%

- +.10211294875>,094693065799, . 09057174439, . 08311341722, ,074644621423,

++048527292396,,055107345675,04427293475,.03290142778,
+.02113211259,.009124282593/

PTS. ' :
DATA (QAX(I)sI= 146!179)/*.9975717537: +9872278164,-.9687082425);
$-.9421623974,-,9078096777 - 8659346383y~ 8168842279,
+-+76106487665-.6987391132,-:6310217270,-,3378755004»

,+=. 4801065451~ i3983d92777!‘031331108137"0325666&916!
gt o13615”35727—.0455098“1947.0455§98°195r*13615 3372

te 22566669161.31331108131.3983592777;.4801065451;.5578754006;
L +443102172705,6989391132+,7610648764 ,8168842279 ,B6593446383y.

+.90780967771 9421423974 . 9687082625y, 9872278144, ,9975717537/
“DATA (QW(I)»I=146+179)7.,006229140555s,01445016274,,02256372198
+.03049138063,,03816659379y.04552561132,,05250741457,.,053203413582y
$,06511152155,.07062937581y,07556198464 07986844433, ,08351309969

+,08646573974,,08870189783,.09020304437,,09095674033 09095474033y

+.,09020304437,.08870189783,.084456573974,,0825130976%,.07786844433,
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1173.000 +.075561974661,07062937581y 06511152155, ,09905413582,, 05250741457,
1174.000 +.04552561152, ,038164659379y.0304913B063.02256372198,.01445014274;
1175.000 +. 006229140355/
1176.000 x 40 PTS. '
1177.000 DATA (OX(I)»I=180y219)/-,9982377097,-,99072462386,-,9772537949%,
"1178.000 +-‘9572i§81?2y-.?328128082:&*9020988069r~.86595?5032;—.824&122308r
1179.000 +~+ 7783056514, ~,7273182551,-,67195464846,-, 4125538894y ~. 5494467125,
1180.000 t-,4830758016y~44137792043,-,3419940908,~,2468152185,-,19246975807,
1181.000 +-,1140840706y~,0387724175,,0387724175,,1160840704y,1924975807
1182,000 +.248152185,.3419940908».4137792043,4830758016+.5494467125,
1183.000 +.6125538896:.67195646846,,7273182551,.2783054514,,8244122208,
1184.,000 - +.B8459595032,,9020988069,.9328128082,,9579148192,,9772399499,
1185.000 +.99072462384,.9982377097/
1186.000 DATA (QW(I)»I=180,219)/.00452127709,.0104982845,.01464210583,
1187.000 +.0222458491,.,027937006% . 03344601952y .,0387821679,.043870%081
1188.000 ++04846958074,0532278469,05743974690,046130462424,,06480401345
118%.000 +.04679120458,,0706116473,.0728865823y.,07472314905.,0761102419,
11920.000 +.0770398181y.0775059479+.0775059479,0770398181,,0761103819 _
1191.000 +.07472316907.0728865823+,0706116473,04791204587, 04648040134,

©1192,000 ++06130624241,0574397690:,05322784469,0484958074, 0438709081y
1193.000 +.0387821479y 0334501952, ,0279370069y,02224584%21,.0164210383
1194.000 +.,0104982845,.0045212770%/
1195.000 END

X

¥

wed

EQF hit after 1195,000
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B.3 EXAMPLE OF INPUT DATA FILE PAREFM_DAT

1,000
2,000
3.:000
4,000
3000
4.000

- 74000
8.000
2.000
10.000
11,000
12,000
13.000
14,4000
15.000
14,000
17.000
18,000

19&000f

20,000
21,000
22,000
23,000
24,000
23.000
26,000
27,000
28,000
29,000
30.000

ARARSAT » RECEIVE BEAN

44175

b

0 .

1,970 -2,0346 0.0 840 -,10 0,0 -,173 ~2,6%8 0.0 -1.357 -.780 €.
-1,180 1.453 0.0 .220 3.250 0.0

0.0 -48.0 0.0 ’

4

0 ..

29,4.0

0 .

0.0 0,0 =,07 0,0 =427 0.0 -+ 990 000 "095 000 -1455 0.0 ‘2920 0.0

'390 0'0"3f9 0.0 “503 0.0 “606 0’0 “8’0 0.0 ”9*75 0.0 -11,75 0,0
“1307 000 “15’3‘0f0 *1?01 000 ”1803 000 “2005 000 "21;8 0&0 “23;1 0.0
-24,2 0.0 ~25,2 0,0 -24.0 0,0 ~26,4 0,0 -27,4 0.0 -27.8 0.0 -28.2 0.0

-28.4 0.0 .
0.0 000 “006 0;0 “'24 000 ‘046 0.0 —038 000 “Io45 0.0 —2!1 0.0
:&68 an —3'7 000 '4’9 000 —690 0.0 '793 0;0 ‘8;4 000 “9+? 0@9
-11.,0 0.0 -12,25 0,0 -13.75 0.0 -15.4 0.0 -14.8 0.0 -18.2 0.0 -1%.8 .0
~21+3 0.0 -24,0 0,0 ~25.4 0.0 ~27,0 0.0 ~29.0 0,0 -31.5 0.0 -33.5 0.0
‘3505 000

0,0 .16 0.0 .17 60.0 .16 BO.O

S v S
oo O

L]
+
2
*

~6,0 6.0 13 -4,0 3.0 8
0,0 0.0 040
0.0

202
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B.4 SAMPLE OUTPUT

ARABSAT » RECEIVE BEAM
FREQUENCY 1N GNZ

6.4730 -

NO OF FEED' RADIATORS
&

OPT, CHOGEN - COLLECTIVE HOVEMENT AND ROTATION OF FEED ARRAY
0

DISPLACEHENTS OF FEEDS IN INS, .
1.9700 -2.0340 0000 8400 -.1000 0000 -, 1750 -2.4980° L0000 -1,3570 ~.7800 +0000
-1,1800  1.,4530 20000 2200 3.2500 +0000
ROT+ OF FEEDS ABOUT X-sY-+AND Z-AXIS IN DEG.
+0000 ~48.0000 0000
POLAR. OF SECON. BEAM - UP=1yHP=2,RHCP=3sLHCP=4

4 - .
FEED SYMHETRY - PRINCIFAL + DIAG, PLANES = 0 s PRINCIPAL PLANES ONLY = 1
0 o
N0, OF PTS. DESCR. PATTERNS AND ANGULAR INCREMENT OF PQINTS
29 4,00

PORT 1 E-FPLANE AMPL(DB) AND PHASE(DEG) PATTERNS FOR FEED NO. 1 :

0000 0000 -.0700 0000  -.2700 0000 ~.3500 +0000  ~,7300 0000 -1,3500 40006
=2,2000 0000 -3.0000 »0000  -3.9000 0000  -3.3000 . .0000 ~4.4000 0000 -8,0000 0000
=9:7300 20000 -11,7300 0000 -13,7000 0000 -15.3000 . ,0000 -17,1000 +0000 -18.8000 0000

=20+5000 +0000 -21,8000 20000 23,1000 +0000 ~24,2000 +0000 -23.2000 0000 26,0000 +0000
=26,6000 . 0000 -27.4000 0000 -27,8000 +0000 - 28,2000 +0000 -28.4000 »0000
PORT 1 H-PLANE ANPL(DB) AND PHASE(DEG) PATTERNS FOR FEED NO. 1

+0000 0000 406400 0000 -.2400 40000 -.4600 0000 -,B800 +0000  -1,4500 +0000

-2,1000 20000  -2,8000 0000  -3,7000 . 40000 ~-4.%000 0000 -4.0000 0000 -7,3000 +0000
- ~B+4000 +0000  -9.7000 0000 ~11.,0000 0000 ~12,2500.. 0000 -13.7300 0000 -13.4000 +0000
-16.8000. +0000 -18.2000 +0000 ~19,8000 +0000 -21,3000.  .0000 -24,0000 »0000 -25.4000 +0000
=27,0000 0000 -29.0000 +0000 ~31.5000 +0000 ~33,5000 +0000 -33.5000 +0000
AHPL IMBALANCE OF Y-PORT REL. 7O X-PORT _ -

1,0000  1,00000  1.0000  1,0000  1.,0000  1,0000: -

:FHASE DEPARTURE OF Y-PORT FROM QUADRATURE IN DEG.

+0000 +0000 +0000 +0000 10000 +0000
POWER(N) AND PHASE(DEG) OF FEED EXCITATIONS -
1300 -20,0000  .1800 ~-10.0000 +2000 +0000 +14600 +0000 1700 50,0000 . 1500  80.0000
FOC LTH.sAPER, X-DIM»Y-DIH AND X~y Y~OFFSET IN INS.
27,0000 40,0000 35.0000 23.5000 +0000
STARTySTOP AND MO. OF PTS. FOR AZ,EL SCAN
-6,00000" 4.00000 13 -4.00000 3.00000 B
X-1Y-+Z-TRANSLATION OF FIELD CO~ORD. SYSTEM IN INS
+0000 0000 - 0000
ROTATION. OF FIELD POLARISATION VECTOR IN DEGREES
+0000
INTEG. PTS, SELECTED FOR RADIAL AND PHI-VAR.
8 8 “ ,
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SPILL-OVER EFFICIENCY = .64

CO-POLAR GAIN IN DE

ELEV & . AZIHUTH (DEG)
(DEB) % -4.00 -3.,00 -4.00 -3,00 -2,00 ~1,00 ,00 1,00 2,00 .00 4.00 5.00 4,00
R R R R N R R R R S R R R R R P R R S E R R R NP RS R RS RS R R R

X : ,
3,00k 12,14 17,44 21,00 22,78 23,31 23,19 23,07 23,17 23.08° 22,37 20,74 18,07 14.38

* ~
2.00% 19,08 22,73 24,84 25.45 25,52 25.08 23,08 25,53 25.88 25,58 24.42 22,28 19.09

* .
1.00% 22,77 25,23 26.3% 26.41 23.48 25,09 25,33 24.60 27,36 27,34 26,45 24,51 21.44

S X . .. ‘
+00% 23,87 25.54 25,88 25.09 23,79 23,57 25,06 246,80 27.89 28,07 27,23 25,27 22.00

* . -
~-1.00% 22,67 23,70 23,20 21.49 20,14 24,70 24,41 26,53 27,73 27,95 27.08 24.94 21.21

‘ ‘ ‘ _
-2.00% 19.01 19,35 17.80 15.38 14,49 20.40 23.42 25,38 24.85 27.10 24.18 23.83 19,53

X S :
-3.00% 12,28 11,27 7,38 B.30 13,81 17,75 20.84 23,33 24,91 25.38 24.35 22.14 17.45

X : ,
-4,00x 3,78 -1.89 -9.12 1.68 5,93 10,21 15.09 18,98 21,44 22,44 21,99 19,74 14,97

“'X-POLAR GAIN TN DB

ELEV & o AZIMUTH (DEG)
(DEG) X -4.00 -5.00 -4.00 -3,00 -2,00 ~1.00 .00 1.00 2,00 3.00 4,00 5.00 4.00

S R R R R R R R R R R R R R R R R R R R RS R S R R R R R R R R R R R R R R R R R R R R R R R R R R R R R

X A
3,00k -21.3 -20.4 -22,4 -27.1 -32.1 -27.3 -22.4 -20.2 -20,5 -23,3 -29.9 -31.7 -28.4

2000* '15!7 "1606 "'20;2 ‘2603 "37;2 "3108 '2302 '20!4 "’21!1 '25#3 ‘3507 ‘3402 '2901
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X
1,00% -14,5 ~16,3 -20,3 -23,2 26,4 -38.8 -28.4 -23.0 -24.1 -27.8 -30.5 -35.8 -34.5

b 4 .
00k -17,4 20,1 -21.3 -21.1 -24,0 -35.7 -31.9 -29.4 -29.5 -25.1 -24,3 -28.% -39.3

X

~1,00% =234 -21,6 ~19,6 -20.8 -24.8 -32,0 -28,2 -34.4 -29,9 -24,0 -24,3 -30.1 -32.1
b § ‘

'2000* '20#0 ‘1707 '1703 ‘2193 “3305 '3015 ‘2701 ‘28*4 '25'9 ‘2502 ‘2907 ‘31'0 '26:5

X : e
“3000* -12.0 “1708 “1803 -22,% '32{1%'3702 ‘3007 ‘25&6 ‘24!2 ‘2719“2?'5 =233 ‘2296

X -
~4.00¥ ’21'7 “2108 '2490 ‘2806 ‘35&9 "3206 *2404 ’2102 ~21.8 “25&1 ‘23;? '20.2 "2106

E0-POLAR PHASE IN IEB

ELEV % : AZIMUTH (DER)
(DEB) % -6.,00 -3.00 -4.,00 -3.00 -2,00 -1.00. .00 .1,00 2,00 2,00 4,00 35.00 4.00
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S R R R R N Ry N R R R R S R R R S R S R R R R R R R DR R R R

X
3,00%-165.2-142,1-137.0-143,4-152,8-164.7 177.1 143.1 154.1 147.4 144,46 142.8 133.4

X o
2,00k 138,9 144.7 143,5 137.8 127,5 112,3 95,0 814 737 70:4 491 47,7 442

4 .
1,008 44,6 65,2 62,2 33,8 43,5 25,3 4.4 5.7 -11.3 -12.8 -1246 -12,3 -12.8

X

X . . ‘
‘1000* ‘?004 '9615‘104&?‘11?}?‘14706‘175:3 17391 1?1'4 17302 1?5;9 178:5‘17901“176}6

X

-2,004-164,0-175.1 16%,4 138.3 97,4 81,1 80,3 B4,1 88.2 91,5 93.9 95,7 97.5

X

3,00 33,7 13,9 794 132 -10.4 <05 <24 A1 81 10,2 1L L5 1034

X .
-4,00% 109.7 101,3-153,7~121,4-105.2 -B2,8 ~69,6 ~45,8 =66:0 ~67,3 ~68,5 69,2 69,9
XSTOPX. |

1

!

+00% 13,2 -15,8 -20.8 -27.8 -46;4 -70,1 -88.8 -97.1 -99.0 -98.2 -94.5 -94.8 -93.2
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APPENDIX C

c.1 Description of Computer Program PAREFL_SIF

IDENTIFICATION: PAREFL_SIF

PURPOSE:

The program calculates the field radiated by
a parabolic reflector antenna with projected elliptical aperture

using the method of physical optics. Only linearly polarised feeds

~are permitted. A choice of pyramidal horns or a variety of specia-

lised horns is available.

AUTHOR :

K. K. Chan,

Chan Technologies Inc.,
26 Calais Circle,
Kirkland, Quebec,

HO9H 3V3.

Tel: (514) 697 -6419

DESCRIPTION:

The geometry of the reflector system analysed

here is the same as that treated by program PAREFC SIF. Only

. linearly polarized feeds may be specified. There is a choice

between ordinary pyramidal, E-plane dielectric loaded, E-plane
corrugated, dielectric loaded blus corrugated, dielectric loaded
trifurcated, and trifurcated only horns. These horns are not suit-
able for circular polarization. Aperture loading is used either to

increase aperture efficiency in a particular plane or reduce side-

206

lobes. Computea gains using linearly polarised rectangular pyramidal
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feed horns from this p£0gram differ slightly from the results
calculated by PAREFC_SiF. This difference ranges from nil for

large horns 3> 3.0 \ to ~v .25 dB for small horns < 1 A

It is due to the two different methods of calculating power radiated
by the horns. Further, the Chu model is used to calculate the horn

patterns. Mixture of horn types is permitted.

USAGE (INPUT):

Input data required by the program are to be
provided in a file named PAREFL DAT. Data may be written in free
format and must follow the sequence as given in the program listing.
Input variables are defined in the input section of the listing.
Additional comments on the same variables as used in programs
PAREFC_SIF and PAREFM SIF can be found in their respective usage

sections of Appendix A and B.
QUTPUT: Same as for PAREFC SIF.

CODING INFORMATION: Honeywell CP-6 FORTRAN 77.

RESTRICTIONS:

The restriction on the antenna configuration
that may be analysed is solely-due to arréy'dimensions. In order
to minimise the demand-on computer resources, the arrays have been
dimensioned to cover many of the cases usually encountered. In
situationé where the number of feeds required or the number of
integration points needed or the field of view exceeded those
envisaged, the relevant arrays must be changed according to the

following prescriptions.
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To Increase the Number of Horn Feeds

The program has been set to allow a maximum

of 25 feeds. To increase the allowable number, dimension changes

to affected arrays have to be made.

MAIN PROGRAM:

(1)

(ii)

SUBROUTINE RECAP:

(1)

(ii)

Change the declarations of the following arrays
to the value of NHORN - A, B, WGA, WGB, HRNLTH,
bX, DY, DZ, GAMMA, BETA, ALPHA, ITYPE, HPWR,
HPHASE, HMAG, HFL, EFL, W1ll, Wl2, W13, w21,
W22, W23, W31, W32, W33.

Change the value of MAXHRN in the data state-

ment to the wvalue of NHORN.

Change the dimensions of the following arrays

to the value of NHORN -

A, B, HMAG, HPHASE, HLT, ELT, ITYPE, LQH, NQH.
Change the second dimensions of the following
arrays to the value of NHORN - HAP, EAP, AP1,
AP2, AP3, AP4. The last four arrays, APl, AP2,
AP3, and AP4, need be modified only if there

are more than 25 dielectric loaded trifurcated
or trifurcated only horns. The first two arrays,
HAP and EAP, need be modified only if there are

more than 25 of the rest of the horn types.



209

SUBROUTINE AP INT: Same as for SUBROUTINE RECAP.

To Increase Array Sizes to Accomodate Larger Number of Integration Pts.

The maximum number of integration points
allowable in the radial or phi-direction is given by MAXQ. At

present the wvalue of MAXQ. is 24.

MAIN. PROGRAM:

(1) Change the value of MAXQ in the data statement
to reflect the new value.

(ii) Change the first dimension of arrays RDL and
RDU to the wvalue of MAXQ.

(iii) Change the dimensions of the following arrays
to 4*MAXQ*MAXQ -

XG, ¥G, ZG, RJX, RJY, RJZ.

SUBROUTINE FIELD:

(1) 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 41 and 41.

MAIN PROGRAM:

(i) ' Change the values of MAXEL and MAXAZ in the
data statement.

(ii) Change the dimensions of arrays EL and AZ
to MAXEL and MAXAZ respectively.

(iii) Change the dimensions of arrays CGN, CPH and

XGN to the value given by MAXEL*MAXAZ.

210
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C.2 ;-PROGRAM LISTING

1,000
2,000
3,000
4,000
5,000
6,000
7,000
8,000
9,000
10,000
11,000
12,000
13,000
14,000
15,000
164000
17.000
18,000
119,000
20,000
21,000
22,000
23.000
24,000
25,000
26,000
27,000
28,000
294000
30,000
31,000
32,000
33,000
34,000
35,000
36,000

37,000

38,000
39.000
40,000
41,000
42,000
43.000
44,000
45.000
46,000
47.000
48.000
42.000
50,000
51.000
92,000
33,000

26 W I I I W 36 W P
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FROGRAM FAREFL

PHYSICAL OPTICS ANALYSIS OF A SOLID REFLECTOR FED BY A MULTIHORN ARRAY.
THE REFLECTOR HAS AN ELLIFTICAL AFPERTURE AND IS OFF-SET IM THE

X- AND Y- DIRECTION. FAR FIELD CO-POLARISED AND CROSS-POLARISED
GAIN MATRICES ARE COMFUTED OVER A RECTANGULAR ELEVATION - AZIMUTH
GRID.

MAIN FEATURES OF THE FROGRAM ARE THE FOLLOWING -

MULTIPLE FEED HORN. CAPABILITY.

MODRELING OF FEED HORN WITH QUADRATIC APERTURE PHASE ERROR.

CHOICE OF DIFFERENT HORN TYPES.,

X- AND Y- OFFSET OF REFLECTOR.

MODELING OF APERTURE BLOCKAGE BY FEED AND 8STRUTS, ..

AUTOMATIC SELECTION OF INTEGRATION LIMITS AND FORMULAS,

ROTATABLE LINEAR POLARISATION.

WRITTEN BY K. K. CHAN » CHAN TECHNOLOGIES INC. » FER 1984

CHARACTER¥4 IHEAD(13)
DIMENSION A(25),B(23)HRNLTH(2 5):uGB(”S):NBA\ES)yALFPA\ 31
DIMENSION DX(25),DY(25)sDZ{25) BANMA{25) BETA(25) ,ITYPE(2S)
DIMENSION HPUWR(25) yHPHASE(25) sHNAG(25) »HFL(25),EFL(25)
DIMENSION W11(23)y¥12(33) WI3(25),W21(23) 1 W22(25) W23 (25)
DIMENSION: W31(23),W32¢(23),W33(2H)
DIMEMSION PHL(4)sPHU{4)sRDL(24+4),RDU(24+4)
DIMENSION XG(2304)sYG(2304),26(2304)
DIHENSION CGN(loBI)vCPH(l&BI)yXGN(léBl)rEL(41)7AZ(41)
COMPLEX EXsEYsEZyEXPNsETHETArEFHIsFTXsFTYsFTZsHXsHY 1HZ
COMPLEX RJX(2304),RJY{2304)RJZ(2304)
INTEBER OFTE,OFTH,OPTR
COMMON/VAL1/WAVEPIsRADRR

. CDﬁMﬂN/VALE/A:BrHﬁABsHPHAShxHFLyEFLrITYPE:IFDLQ

.. COMMON/BLOCK/GX(219) QW21
-COMMON/CURENT/RJX s RJYSRJIZ 1 XGrYG 26
COMMON/VAL3/NREGy NGRyNQFyPT»XDQ»YDQ, Z1A 7 CPURyBFVR
DATA PI+RAD»ZETA/3.14159245+37.,2937795+376.99111/

THE FOLLOWING ARE PRESET LIKITS CONSISTENT WITH FRESENT ARRAY
DIMENSIONING.

MAX@ - MAX. NO. OF INTEGRATION FTS. PERMITTED.
MAXHRN - MAX..NO. OF HORNS PERMITTED.
MAXEL - MAX., NO. OF EL GRID PTS,
MAXAZ - MAX. NO. OF AZ GRID PTS.
© DATA MAXDrNAXHRN I MAXEL ' HAXAZ/24525141241/
START OF DATA INPUT
© OPEN(UNIT=S:NANE=’PAREFL_DAT’ ySTATUS=/0LD/ yUSAGE=" INPUT")

IHEAD - HEADING FOR COMPUTER RUN. MAX, OF 60 CHARACTERS.
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l 54,000 READ(Ss10) (IHEAD(I)yI=1s15)
: 55,000 10  FORMAT(15A4)
56,000 X
' 57,000 % DATA DESCRIBING FEED HORNS
58.000 ¥ )
59,000 % FRER - FREQUENCY IN GHZ
40,000 X
l 61,000 READ(S+%) FREQ
| 62,000 x° -
63,000 % NHORN - NO. OF FEED HORNS.
' 64,000 X
45,000 READ(Ss%) NHORN
66,000 IF (NHORM.LE,MAXHRN) *G0 TO 14
l 47,000 PRINT 12 » HAXHRN
: 48,000 12  FORMAT(1X»’STOF. ND. OF HORNS EXCEEDED LIMIT OF ‘»I2:
69,000 §TOP
_70.,000 14  CONTINUE
: ' 71,000 ¥
72,000 % B - E-PLANE DIMENSION OF HORN APERTURES IN INCHES
. 73,000 x . .3
: ' 74.000 READ(SsX) (B(I)sI=1,NHORN)
75,000 %
76,000 X A ~ H-PLANE DIMENSION OF APERTURES IH INCHES
' 77,000 ¥
78,000 READ(Sr%) (ACI)sI=1yNHORN)
79.000 X -
80,000 % WGR - E-PLAME DIMENSIDN OF INPUT FEED GUIDE IN INCHES
' 81,000 ¥. .
’ 82,000 READ(SsX) (WGR(I)»I=1sNHORN)
- 83.000 %
l 84,000 X WGA - H-PLANE DIMENSION OF INPUT FEED GUIDE IN INCHES
- 85.000 % :
L 86,000 READ(SsX) (MBACI),I=1,NHORN)
' 87.000 %
- . 88,000 % HRNLTH - AXIAL HORN LENGTH IN INCHES
- 89.000 X '
l 90,000 READ{Ss%) (HRNLTH(I),I=1sNHORN)
; 91,000 %
= 92,000 % OFTH - OPTIOM IN SPECIFYING HORN POSITIONS AMD ROTATIONS.
93,000 X = 0y HORN POSITIONS ARE SFECIFIED REFORE ROTATION.THE WHOLE
I 94,000 X FEED ARRAY IS ROTATED ABOUT THE GLODBAL X-AXIS BY ANGLE
' 95.000 X ALPHA FOLLOWED BY ROTATION ABOUT THE NEW Y-AXIS RY ANDGLE
96,000 X BETA.FINALLY EACH HORN IS ROTATED ABOUT ITS OWN LOCAL Z-
l 97.000 X AXIS BY ANGLE GAMMA.THIS OPTION ALLOWS FOR THE COLLECTIVE
98,000 X  HOVEMENT OF THE ARRAY.ONLY THREE VALUES NEED TO RE SPECI-
99,000 % FIED FOR THE ROTATIONS,
. 100,000 X = 1» HORN DISFLACEMENTS SFPECIFIED ARE THE FINAL POSITIONS.THE
101,000 % i ROTATIONS TO FOLLOW ARE AROUT THE INDIVIDUAL HORN LDCAL
102,000 X XsY AND Z-AXES.THIS OPTION ALLOWS FOR INDEFENDENT ROTATION
- 103,000 X AND POSITIONING OF THE HORNS.THREE ROTATION ANGLES MUST BE
' 104,000 X . ENTERED FOR EACH FORN.
_ 105,000 X '
106,000 READ(Ss%) OPTH
' 107,000 X : .
108,000 % DISFLACEMENTS OF FEED HORN IN INCHES FROM FOCAL FOINT
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109,000

110.000
111.000
112.000
113,000

- 114,000

115,000
114,000
117,000
118.000
119,000
120,000
121.000
122.000
123,000
124,000
125,000
126,000
127.000
128.000
129,000

130,000

131,000
132,000

1133.000

134,000

135,000
- 134.000

137,000
138,000
139,000
140,000
141,000
142,000
143,000
144,000
145,000
146,000
147,000
148,000
149,000
150,000

I P W FK I

9% K W o 3 M

I M WK 56

M P I P W P I e e

151,000 X

152,000
153,000
154,000
155,000
156,000
157,000
158,000
159,000
140,000
161,000
162,000
163,000
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READ(D» %) (DX(I)yDY(I)oDZ(I)»I=1+NHORN)

ALPHA - ROTATION ABUQt EITHER THE GLOBAL OR LDCéL X-AXIS IN DEE,
BETA - ROTATION AROUT EITHER THE GLOBAL OR LOCAL Y-AXIS IN DEG.
GAMMA ~ ROTATION AROUT LOCAL Z-AXIS IN DEG.

NH = 1 )
IF (OPTH.GT.0) NH = NHORN :
READB{S»¥) (ALPHACI)sBETACI) GAMMA(I)yI=1,NH)
IPOLA - POLARISATION OF FEED HORN AND REFLECTOR SYSTEM. UP=1 » HP=2
READ(S»%} IPOLA

ITYPE - TYPE OF HORN r 0=ORD. PYRANIDAL » 1=DIEL s 2=CORRUG
3=BOTH(142) » 4=DIEL TRIF r 5=TRIF ONLY

READ(Ss%) (ITYFE(I)»I=1sNHORN)

HFMR‘- RELATIVE PUNER.EXCITﬁTIDN OF EACH HORN IN WATTS.
HPHASE ~ RELATIVE PHASE EXCITATIDN OF EACH HORN IN IDEG.

READ(SsX) (HPNR(I)rHFHASE(I):I=1yNHDRN)
DATA DESCRIRING PARAROLIC REFLECTOR CONFIBURATION.

F - FOCAL LENGTH OF FARAEOLIC REFLECTOR IN INCHES,

§X2 -~ X-DIMENSION OF ELLIPTICAL REFLECTOR APERTURE IN INCHES
8Y2 - Y-DIMENSION OF ELLIPTICAL REFLECTOR APERTURE IN INCHES
DELTAX - X~OFFSET OF APERTURE CENTRE. IN INCHES

DELTAY - Y-OFFSET OF APERTURE CENTRE IN INCHES.

VﬁEﬁD(S!*) Fr 8X2» 8Y2y» DELTAX» DELTAY

OFTE ~ OFTION FOR SPECIFYING LIMITS OF INTEGRATION TO SIMULATE BLOCRAGE.
0» LIMITS ARE GENERATED BY PROGRAM FROM INPUT REFLECTUR

DATA. NO APERTURE RLOCKAGE IS ASSUHMER.
1> LIMITS ARE DERIVED BY THE USER AND READ INTO THE FROGRAN.

ki

it

READ{G:%) OPTR
.IF (OPTB.LE.OQ) GO TO 30 .

NREG - NUMBER OF REGIONS OF PHI-INTEGRATION.
READS»%) NREG

PHL(I) - LOWER LINMIT OF PHI-INTEG FOR THE I TH REGION IN RADIANS.
PHU(I) - UPPER LIMIT OF PHI-INTEG FOR THE:I TH REGION IN RAIIANS.

REQD(ﬁ:X) (PHL(I) sPHUCI) »I=1yNREG)

BX2 - X-AXIS DIMENSION OF CENTRAL ELLIPTICAL BLOCKAGE IN INS.
BY2 - Y-AXIS DIMENSION OF CENTRAL ELLIPTICAL BLOCKAGE IN INS.
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164,000 READ(Ss%) BX2y BYZ
165,000 X :
166,000 ¥ OPTR - OPTION FOR SPECIFYING NO. OF INTEGRATION FOINTS.
167,000 X = 0r NO. OF INTEGRATION POINTS IS DETERHINED BY PROGRAH.
168,000 ¥ = 1y SPECIFIED BY USER,
169,000 X
170,000 50  READ(SsX) OFTQ
171,000 IF (OFTR.LE.0) GO TO 40
172,000 X

173,000 ¥ DATA FOR SURFACE INTEGRATION,
174,000 ¥ NQGR -~ NO OF INTEGRATION POINTS IN THE RADIAL-DIRECTION.

175,000 % NOF - ND OF INTEGRATION PDINTS IN THE PHI-RIRECTION.
176,000 X CHOOSE FROM THIS LIST - 3,4:6:8s10,12+14216520524,28+34,40 PTS
177,000 %

178,000 READ(S1%) NGRysNQP

179,000 %

180,000 % CHECK AND DETERMINE LOCATION OF THESE FORHMULAS
181,000 % .

182,000 CALL APQUAD(NORsIsLOR)

183,000 NOR = I

184,000 CALL APQUAD(NGPyIsLOP) -

185,000 NGP = I

186,000 %

187,000 % READ IN DATA FOR FAR FIELL ORSERVATION

188,000 ¥

189,000 X ELS - START OF ELEV CUT IN DEG

190,000 % ELE - END OF ELEV CUT IN DEG

191,000 % NEL - NO. OF ELEV POINTS

192,000, ¥ AZS - START OF AZINUTH CUT IN DES

193,000 % AZE -.END OF AZIMUTH CUT IN DEG

194,000 % NAZ - NO. OF AZIM POINTS

195,000 % )

196,000 60  READN{Sr¥) AZSyAZEsNAZsELSyELEsNEL

197,000 IF (NEL,LE.NAXEL) GO.TO 74"

198,000 PRINT 72 » HAXEL

199.000 72 FBRHﬁT(lX:‘STDP. Nﬂ OF EL GRID PTS, EXCEEDED MAX. OF 7-,I2)
200,000 8TOF

201,000 74 IF (NAZ.LE.NAXAZ) GO TO 78

202,000 PRINT .76 » MAXALZ g

203,000 76 FORMAT(1Xy/STOF. NO. OF AZ GRID PTS. EXCEEDED MAX, OF /,I2)
204,000 STOP

205,000 78  CONTINUE

206,000 X
207,000 % XDQ - X-TRANSLATION OF FIELD CO-ORDINATE SYSTEW FROM BLOBAL SYSTEH. (INS)
208,000 % YDQ@ - Y-TRANSLATION OF FIELD CO-ORUINATE 'SYSTEM FRON GLOBAL SYSTEH.(INS)
209,000 X ZDQ - Z-TRANSLATION OF FIELD CO-ORDINATE SYSTEM FRON GLOBAL SYSTEM. (INS)
210,000 ¥

211,000 READ(5s%) XD,YDQsZDQ

212,000 X ' e

213,000 % PUR - ANGULAR ROTATION OF FIELD POLARISATION VECTOR IN DEGREES.

214,000 ¥ - . S

215,000 READ(Srk) PUR

214,000 X .

217,000 X DATA INFUT COMPLETED

218,000 %



219,000
220,000
21,000
222.000
223,000
224,000
225,000
226,000
227,000
228,000

80
70
23

100

110

229,000

230.000
231,000
232,000
223,000
234,000
235,000
234,000
237.000
238,000
239,000
240,000

241,000

242,000
243,000
244,000
245.000

244,000

247,000
248,000
249,000
250,000
251,000
252,000
253,000

130

140

150

155

140

145

254,000

293.000
296,000
237.000
258,000
249,000
260,000
261,000
262,000
263,000
264,000
265,000
266,000
287.000
268,000
q69»000
270,000
271,000
272.000
273.000

170

180

190

215

FORMAT (1215)

FORMAT (12F10.4)

FORKAT (1X21544)

PRINT 95 » (IHEAD(I)»I=1,1%)

PRINT 100

FORMAT (1X» ‘FREQUENCY IN GHZ)

PRINT 90sFREQ

PRINT 110

FORNAT(1XyND OF HORNS‘)

PRINT 80 sNHORN

PRINT 120 .,

FORMAT(1Xs ‘E-FLANE HORN APERTURE DIM - R IN INS.)

PRINT 905 (B{I)sI=1,NHORN)

PRINT 130

FORMAT(1Xs ‘H-PLANE HORN APERTURE DIX - A& IN INS.")

CPRINT 905 (ACI)sI=1,NHORN)

PRINT 140

FORMAT(1Xy/INPUT WAVEGUIDE DIMENSION B(E-FLANE) IN INS.")
PRINT 905 (WBR(I) yI=1sNHORN)

PRINT 150

FORMAT(1Xs INPUT WAVEGUIRE DIMENSION A(H-PLANE) IN INS.?)
PRINT 905 (WBACT)yI=1sNHORN)

PRINT 155

FORMAT (1Xs/AXIAL HORN LENGTH IN INS.)

PRINT 90+ (HRNLTH(I)»I=1sNHORN)

IF (OPTH.EQ.1) THEN

PRINT 140 L

FORMAT(1Xy’OPFT. CHOSEN - INDIVIDUAL DISPLACEMENT AND ROTATION',
£/ OF HORNS')

ELSE

PRINT 145

FORMAT (1Xs /OPT. CHOSEN - CDLLECTIUE HOVEHENT AND ROTATION OF '
+ HORN ARRAY’) :
END IF

PRINT 80s OPTH

PRINT 170

FORNAT(1X» ‘DISPLACEMENT OF HORNS IN INS.')

PRINT 90 (DX(I)sDY(I)1DZ(I) 1 T=15NHORN)

PRINT 180

FORMAT (1Xy ‘ROT. OF HORNS ABOUT X-sY-sAND Z-AXIS IN DEG,)
PRINT 90¢(ALPHACI)»BETACI) » GAMMACL) » I=1yNH)

FRINT 190

FORMAT(1Xs ‘POLAR. OF ANTENNA SYS. - UF(X-AXIS)=1yHP(Y-AXI5)=2")
PRINT 80y IPOLA

PRINT 200

FORMAT (1X+ ‘HORN TYPE»0=ORDs1=DIELs2=CORRy3=BOTH(142),4=DIEL TRIF
}r/y5=TRIF’)

PRINT 80» (ITYFE(I)yI=1yNHORN)

PRINT 210

FORMAT(1Xs’REL. POWER(W) AND PHASE(DEG) OF HORN EXCITATIONS®)
PRINT 90 (HPWR(I)yHPHASE(I)yI=1yNHORN) ‘
PRINT 220

FORNAT(1Xs/FOC LTH.sAPER. X~DINsY-DIN AND X-OFFSET IN INS.’)
PRINT 90 » FrSX2¢8Y2DELTAXsDELTAY

IF (OPTB.LE.0) 6O TO 260




274,000
275,000
276,000
277,000
278,000
279,000
280,000
281,000
282,000
283,000
284,000
285,000
284,000
287,000
288,000
289,000
290,000
291,000
292,000
293,000
294,000
295,000
296,000
297.000
298,000

299.000

300,000
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
314,000
315,000
316,000
317,000
318,000 %
319,000
320,000
321,000
322,000
323,000
324,000
325,000
326,000

- 3274000

328.000
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FRINT 230
230 FORHAT(1Xy‘NO. OF REGIONS OF PHI-INTEG = “,I2) -
FRINT 80 » NREG -
PRINT 240
240, FORMAT(1X,/LOWER AND UPPER LIMITS OF PHI-INTEG IN RADIANS’)
PRINT 20 »y (PHL{I)sPHUCI)sI=1,NRED)
PRINT 250 ,
250  FORMAT(1Xy’X~AND Y-DIM. OF CENTRAL ELLIPTICAL RLOCKAGE IN INSY)
© PRINT 90, BX3,BY2
260 IF (OPTQ.LE.O) BO TO 275
PRINT 270 .,
az70 FORMAT(1X»/INTEG., 'PTS. SFEC, BY USEQ FOR RADIAL AND PHI-VAR.?s
+/11X!’MUSTABE A MEMBER OF THIS SET - 3+4:6¢8r10s12:14+16,205°,
+/24:28+34+:40)
PRINT 80 » NBRs NGF
27% - PRINT 280 .. .
280 ~ FORMAT(1Xy/START,STOP AND NO. OF PTS. FOR AZsEL SCANY)
PRINT 290y AZS:AZEyNAZyELSELEsSNEL
290 FORMAT(2(2F10.,3+I5))
PRINT 300
300 FORMATC1Xy *X-3Y~yZ=-TRANSLATION OF FIELD CO-DRD, SYSTEM IN INS*)
.. PRINT 90 » XDQ » YDQ » ZIG
PRINT 3190
310  FORMAT(1X,»‘ROTATION OF FIELD POLARISATION VECTOR IN DEBREESY)

PRINT 20s FVR
X
¥ COMPUTE WAVELENGTH
X
WAVE = 29, 9?? 5/(2.54*FREH)
RK = 2, G*PI/HAUE
X
X COMPUTE FLARE LENGTHS OF HORHS
DO 340 I = 1yNHORN
IF (B(I);GT.HGB(I)) G0 TO 320
EFL(I).= 999.0
- B0 TO: 330
330 EFL(I) = 0,50XBCI)XSART(1.0+(2, OXHRNLTH(I)/(BC(I)~WGR(T)) I %%D2)

330 - IF (A(I) GT.WGA(I)) GO TO 340
~HFL(I) = 99%9.0
G0 TO 350
340  HFL(I) = 0. SOXA(I)*SGRF(i O+ (2, 0XHRMLTH(I) /(ALY NGH(I)))#*“)
350 CUNTINUE :
IF {OPTH.GT.0) GU T0 365

* COMPUTE FINAL LOCATIONS OF HORNS AFTER COLLECTIVE ALPHA AND BETA ROTATIONS.

X .

54 =.SIN(ALPHA(1)/RAD)
CA 2:COS(ALPHA(1)/RAD)
5B = SIN(BETA(1)/RAID
CE = COS(BETA(L)/RAID

86 = SIN(GANNA(L)/RAID
CE = COS(GANMAC1)/RAD)
DO 355 I = 1sNHORN
ARBL = DX(I)
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329,000
330,000
331,000
332,000
333,000
334,000
335,000
336,000
337,000
338.000
339,000
340,000

341.000

342,000
343,000
344,000
345,000
346,000
347,000
348,000
349,000

350,000
3514000

352.000

353.000

334,000
395.000

356,000 .

357,000
358.000

339,000

360,000
361,000
362,000
363,000
3645000
3654000
3664000

347,000

3684000
3694000
370.000
371.000
372,000

373,000

374,000
373,000
376,000
377.000
378,000
379.000

380,000
‘381,000

382,000
383.000

217
ARG2 = DY(I}
ARG3 = DBZ(I)
DX(I) = ARGIXCER + ARGIXSE
DY(I) = ARG1XSA%8B + ARG2XCA - ARGIXSAXCE
DZ(I) = -ARGLXSEXCA + ARG2%XS5A + ARGIXCAXCE
335  CONTINUE
¥ :
¥ COMPUTE TRANSFORMATION FUNCTIONS OF COLLECTIVE HORN ROTATIONS

X

Wi1(1) = CBCG

Wi2(1) = SAXSBXCH + CAXSE |

H13¢1) = -CAXSEXCE + SAXSE

W21(1) .= -CBYSE

W22(1) .= ~SAXSEXSG + CAXCE

W23(1) = CAXSBXSG + SAXCE

W31(1) = SE

W32(1) = -SAXCE

W33(1) = CAXCB

IF (NHORN.EQ.1) GO TO 375

D0.360 I = 2rNHORN

HIL(I) = H1l(D)

W12(I) = W12(1)

Wi3(I) = Wi3(L)

H21(I) = W21(1)

N22(I) = W22(1)

W23(I) = W2Z(1)

W3L(I) = W3L1(1)

HI2(I) = W32(1)
L WEB(I) = W3 .
360  CONTINUE

B0 TD 375
* . .
% COMPUTE TRANSFORMATION FUNCTIONS OF INDIVIDUAL HORN ROTATIONS,

X
365 DO 370 I = 1sNHORN .
§B = SIN(RETA(I)/RAI) .
CR = COS(BETA(I)/RAD) -
54 = SINCALFHA(I)/RAD)
CA = COS(ALPHA(I)/RAIN
§6 = SIN(GANMACI)/RAD)
CB = COS(GANMACI)/RAL)
Wi1(I) = CEXCG .
W12(I) = SA¥SBXCE + CAXSE
Wi3(I) = -CAXSBXCE + SAXSE
W21(I) = -CR¥S6
H22(I) = ~GAXSBXSE + CAXCO
W23(I) = CAKSBXSE + SAXCE
- W31(I) = SE .
M32(I) = -GAXCE
TW33(I) = CAXCE
370 CONTINUE
X .
X CONVERT DEGREES INTO RADIANS
¥ .
375 DO 380 I = 1sNHORN

B oy uwouH

oo @ o#H oy H BN




384.000
385.000
386.000
387,000
388,000
389,000
390,000
391,000
392.000
393,000
394.000
393.000
396,000
397.000
3984000
399.000
400,000
401,000
402,000
403,000
104.000
405.000
406.000
407,000
408.000
409.000

410,000

411,000
412,000
413,000
414,000
415,000
414,000
417,000
418,000
419,000
420,000
421,000
422,000
423,000
424,000
425,000
426,000
427,000

© 428,000 .
429,000,

430,000
431,000
432,000

4334000 .

434.000
433,000
436,000
437 . 000

438,000

218

HFHASE(I) = HPFHASE(I)/RAD
380  CONTINUE

X N ~
X TAKE SINE AND COSINE OF FIELI VECTOR ROTATION ANGLE,
X |

CPUR = COS(PVR/RAL)

SFUR = SIN(PVR/RAD)
X
% COMPUTE HORN APERTURE EXCITATION
X

DO 390.1 = 1yNHORN |

HHAB(I). = SORT(4,OXKHFWR(I)KZETA/ (ACIIXR(I)))

IF (ITYPE(I).EQ.1) HHAG(I) = HMAG(I)/1,4142

IF (ITYPE(I).EG.2) HMAG(I) = HMAG(I)¥1,414%

IF (ITYFECI).EQ.4) HHAGB(I) = HMAG(I)/2.2346048

IF (ITYPE(I).EQ,5) HHAG(I) = HMAG(I)/1.581139
390 CONTINUE

: IF (OPTB.GT.0) 6O TO 405
X
X INTERNAL DEFAULT INTEGRATION LIMITW.

¥ APERTURE IS DIVIDEDR INTO FOUR REGIDNS FOR FHI-INTEG.
¥ LIMITS OF THESE REGIONS ARE SET BELOW.

X
NREG = 4
FHL(1) = 0.0
PHUCL) = 1,570796327
D0 400 I = 2yNREG .
PHLCI). = FHL(I-1) +. 1,570794327
PHUCI) = PHUCI-1) + 1.57(¢794327
400  CONTINUE
* B
% THERE IS NO CENTRAL BLOCKAGE.
X _
' BX2 = 0.0
BYZ = 0,0
405 IF (OPTR.GT.0Q) GO TO 430
X - .
¥ SELECTION OF THE APPROFRIATE QUADRATURE FORNULA
* . . - -
XHAX = -99999,0
XHIN = +99999,0
YMAX = -99999,0
YNIN = $99999,0
DO 410 I = 1,MNHORN
IF (DX(I).GT.XHAX) XMAX = DX(1).
IF (DX(I).LT.XMIN) XHIN = DX(I)
IF (DY(I).BT.YMAX) YMAX = DY(I)
IF (BY(D)LLTLYHINY YHIN = DY(I)
410  CONTINUE

-ARGY = ABS(ELE/RAD +. ATAN(XMAX/F)).
ARG2 =. ARS(ATAN(XMIN/F).+ ELS/RALD)
ARG3 = ABS(AZE/RAD + ATAN(YMAX/F))
ARG4 = ARS(ATAN(YMIN/F). + AZS/RAD)
ARG1 = AMAX1{ARG1sARG2).

ARG3 = AMAX1{ARG3,ARG4)
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439,000 NBR = (SIN(ARGL)XEX2/UAVE + 1.0)%1.30
440,000 'NOP = (SIN(ARG3IIXSY2/WAVE + 1.0)%1,30
441,000 . NGR = MAXO(NQRsNQF)

442,000 X

443,000 % SEARCH FOR THE CLOSEST AVAILABLE RUADRATURE FORMULA,
444,000 X

445,000 CALL AFRUAD(NGRyNGPsLOP)
446,000 NOR = NOP
4477000 - LOR = LOP

. 448,000 . PRINT 427

449,000 427  FORMAT(1X»INTEG. PTS. SELECTED FOR RADIAL AND FHI-VAR.,’!
4350.000 PRINT 80 » NQRsNQF
431,000 430 IF (NQR.LE.MAXR.ANL.NQF.LE.MAXG) GO TO 440

452,000 PRINT 435 » NRRsNOP &
453,000 435  FORMAT(1Xy’STOP. CAHNGE NAXQ. INCREASE ARRAYS DINENSIONS TO',
454,000  +’ ACCOMODATE FOLLOWING RADIAL AND FHI-INTEG FTS. - ‘52I3)
455,000 STOF
456,000 440  CONTINUE
457,000 ¥ ‘ o A
458,000 % COMPUTE SENI-AXES DINENSIONS FOR REFLECTOR AND BLOCKAGE APERTURES.
459,000 ¥ .-
440,000 §X2 = §X2%0.50
441,000 8Y2 = SY2%0.50
462,000 BX2 = EX2%0.50
463,000 BY2 = BYZX0.50
454,000 ¥ .
465,000 % .INITIALISE CURRENT MATRIX RJXsRJYsRJZ
466,000 Xi
467,000  KDUNT = 0 . ,
468,000 D0 480 L = 1,NREG
469,000 DD 470 J = 1,NOR
470,000 . DD 460 I = 1sNQP
471,000 KOUNT = KOUNT + 1
472,000 RJX(KDUNTY = (0.0+0.0)
© 473,000. . RJY(KOUNT) = (0.,010,0)
474,000, RJZ(KOUNT) = (0.050.0)

473.000 460  CONTINUE

476,000 470  CONTINUE

477.000 480. CONTINUE

478.000 x . .

479,000 x EVALUATE INTEGRAND RER. FOR CALCULATING HORN RADIATION PATTERNS.
480,000 % .

481.000.. .~ CALL APINT(NHORM)

482,000 %

/483,000 % COMPUTE CURRENT HATRIX

484,000 X AT THE SAME TIME COMPUTE POWER INTERCEPTED BY REFL
485,000 X

486,000  FWR = 0.0

487,000 X

488,000 % L = INDEX FOR REGION OF PHI- INTEGRATION,
489,000 % - - -

4905000 KOUNT = ©

491,000 DO 520 L = 1,NREG

492,000 ¥

493.000 % I = INDEX FOR FHI-INTEG

219
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494,000
495,000
496,000
497,000
498,000
499,000
500,000
501,000
502,000
503,000
504,000
505,000
5044000
507,000
508.000
509,000
510,000
511,000
512,000
513,000
514,000
515,000
514,000
517,000
518,000
519,000
520,000
521,000
522,000
523,000
524,000

W A I € P e & WK €

I W

*

323.000
526,000 -

527,000
528,000
529,000
530,000
531,000
532,000
533,000
534,000
535,000
536,000
537,000
538,000

339,000

340,000
541,000
942,000

- 943,000

544,000
545,000

- 546,000

547,000
548,000

e e WK

*

DO 510 I = 1sNQP

PHIT = (PHL{L)+PHU(L))X0,50+(PHU(L)-PHL (L) )k0.50%AX (I+LGF)
CFI.= COS(PHII)

SPI .= SIN(PHII)

FIND THE LIMITS OF RADIAL-INTEGRATION GIVEN FHII

CALL RADLIM(CFI,BPIsBX2+SY2sBX2»BY2yRDL(IL)RIUCILLY)
FAC = (PHU(L)-PHL(L))X(RDUCI,»L)~-RDL(I+«L)2%0.23

J = INDEX FOR RHO-INTEG.

DO 500 J = 1sNGR
CRDJ = (ROL(ILYHRDUCIZLYIKOLSO+(ROUCIL)Y~ROL(I#L) %0, 50X
+ @X{(J+LAR)

KOUNT = KOUNT + 1

8TORE REFLECTDR SURFACE POINTS

XG(KOUNT) = RDJXCPI + DELTAX
YG(KOUNT) = RDJXSPI + DELTAY
ZG(KOUNT) =

(XG(KOUNTYXX2 + YG(KOUNTYX(2)%0.25/F - F

COMPUTE COMPONENTS OF SURFACE NORMAL

RNX = =XG(KOUNT)}X0.30/F
RNY = -YG(KOUNT)%0.,30/F
K = INDEX FOR FEEEDR HURN
EX = {0.0:0.0)
EY = {0.050,0)
CEZ = (0.050,0)
éin = (0,0+0.0)
HY = (0.020.0)
HZ = (0.0:0.0)

DO 490 K = 1sNHORN
THE FOLLOWING TRANSFORMATIONS CONVERT SURFACE POINT
COORDINATES TO HORN COORDINATES. .
TRANSFORM (RHOyTHETAsFHI) TO (RHOT,THETAT: FHIT)
RHOT = SORT((XG(KOUNT) - DX(K))%%2 + (YGCROUNT) - DY(RK))%4%2
4 + (ZG(KOUNT) - DZ(K))X%2)

CTT = (ZG(KOUNT?}-DZ(K))/RHOT

8TT .= ACOS(CTT)

8TT = SIN(STT)

SPT = ATAN2((YG(KOUNT)~DY(K)) » (XG(KOUNT)-DX(K)})
CFT = COS(SFT)

SPT = SIN(SPT)

TRANSFORM (RHOT:THETAT/PHIT) TO (RHOR»THETARsFHIR)
§TSP = STT¥SET
STCP = STTXCPT

CTR = STCPXWZL(K) + STSFRUI2(K) + CTTRUII(K)
§TR = ACOS(CTR)
STR = SIN(STR)




.

349.000
350,000
331.000
392.000
993.000
334,000
333.000
936,000
357.000
338,000
9974000
360,000
361,000
562,000
963,000
564,000
365,000
366,000
367.000
568,000
569,000

570,000

571,000
572.000
573,000
574,000
575,000
574.000
577.000
578,000
579,000
580,000
581,000
582,000
583,000
584,000
585,000
584,000
587,000
588,000
589,000
590,000
591,000
592,000
593,000
594,000
595,000
594000
597,000
598,000
599,000
600,000
601,000
602,000

603.000.

S8PR = STCPRUW21(K}) + W22(K)XSTSP + W23{(K)IXCTT
CPR = STCPXWIL(K) + STSPRYI(K) + CTTXW13(K}
PR = ATAN2(SPRsCFPR:
CPR = Co8(SFR)
PR = SIN(SPR)
CTCP = CTRXCPR
CTSF = CTRXSPR

¥ : .
TXT = CTCPXWI1(K) + CTEPXUWIL(K) - STRRWIL(K)
TYT = CTCPX¥W12(K) - STR¥W32(K) + CTEFXRW22(K)
TZT = CTCPXW13(K) + CTSPXW2I(K) - STRXWII(K)
TXP = -SPR¥WI1(K) + CPR¥W21(K)
TYF = -BPR¥W12(K) + CPRXW22(K)
TZP = -SPRXWIZ(K) + CPRXW23(K)

X
PT = RKXRHOT
EXPN = CMPLX(COS(PT)y-5IN(PT))/RHOT

% COMPUTE FEED ARRAY FIELDS AT (RHOR:THETARyPHIR)

CALL RECAP(STRsCTRsSFRyCPRyETHETASEPHIIK)
ETHETA = ETHETAXEXFN
EPHI = EPHIXEXPN
FTX = ETHETAXTXP - EPHIXTXT
FTY. = ETHETAXTYP - EFHIKTYT
FTZ = ETHETAXTZP - EPHIXTZT
_RJX(KDUNT) = RJX(KOUNT) + FTZXRNY - FTY
SRJIYCKOUNT) = RJYCKOUNT) + FTX - FTZERNX
RJZ(KDUNT) = RJZ(KOUNT) + FTYRRNX - FTX¥RNY
. _
X COMPUTE COMBINED FEED PATTERN FOR SPILL~DVER CALCULATION

X

EX = EX + ETHETAXTXT + EPHIXTXF
EY = EY + ETHETAXTYT + EPHIXTYP
EZ = EZ + ETHETAXTZT + EPHIXTIP-
HX = HX + FTX
HY = HY + FTY
HZ = HZ + FTZ

490  CONTINUE o
FACW = FACKRDJKOH (I+LOP)IKOU(JHLAR)

RIX(KOUNT) = RJX(KOUNT)XFACW
RJY(ROUNT) = RJY(KOUNT)IXFACH.
RJZ(KOUNT) = RJZ(KOUNT)XFACUW

FUR = FUR -~ (REAL(EYXCONJG(HZ) - EZXCONJG(HY)IXRNX +
t REAL(EZXCONJG(HX) - EXKCONJG(HZ))XRNY +
t REAL (EXXCONJG (HY) - EYXCONJGC(HX)))XFACH
900  CONTINUE o
510  CONTINUE
520  CONTINUE
% COMPUTATION OF CURRENT MATRIX COMPLETED
S :
¥ COMPUTE SFILL-OVER EFFICIENCY - ETAS
¥ PUR = POMER CAPTURED EY REFLECTOR
X

PUR = PUWR¥0.50/ZETA
X PT = TOTAL POWER RADIATED
PT = 0.0

221
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604,000
603.000
6064000
607,000

408.000

609,000
610,000

611,000

412,000
613.000
614,000
413,000

416,000

617.000
618,000

619,000

620,000
621,000
622,000
623,000
624,000
625,000
626,000
627,000

428,000

330

540
X

X

550 -

560

629.000 .

630,000
631,000
632,000

433,000
. 634,000

635,000
6364000
437,000
638,000

4394000

640,000
641,000

642,000

443,000

444,000
645,000

646,000
647,000
648,000
649,000
450,000
651,000
452,000
653,000

634,000

655,000
636,000
637.000
638,000

370
aBe

DO 530.K = 1yNHORNM
FT = PT.+ HPWR(K)
ETAS = PWR/PT
PRINT 340 » ETAS

FORMAT(///+1X» 'BFILL-OVER EFFICIENCY ='yF7.3+/)

PT = PT%40.0XWAVEXWAVE

%X COMPUTE GAIN AND PHASE OF CO-POLAR ANMD X~POLAR CéﬁPDNENTS

ELIN ELE - ELS .
IF (NEL.GT.1) ELIN
AZIN = AZE - AIS

IF (NAZ,GT.1) AZIN

ELIN/ELOAT(NEL - 1)

AZIN/FLOAT(NAZ - 1)

..h0 550 I = 1,NEL
CELC(I) = ELE - ELINX(I-1)

B0 560 I = 1,NAZ
AZ(I} AZS + AZINX(I-1)

KOUNT = 0

D0 580 I = 1sNEL

D0 570 4 = 1:NAZ

KOUNT = KOUNT + 1

CALL. CDNU(EL(I):AZ(J):STR:CTD;SFQ:CPG)

CALL FIELD(STQR:CTQ,SFO:CFQ,IPOLA:CGNOsXGNO)CPHO)

CGN(KOUNT) = CGNO
XGN(KOUNT)Y = XGNO
CPH(KOUNT) = CPHO
CONTINUE .

. CONTINUE .

¥ QUTPUT FAR FIELB OBRBERVATION CUTS.

*

710

720

730

735

740
750

760

770
763

773

CPRINT. 710

FORMAT(////+50%y ' CO- FOLAR BAIN IN DE)
PRINT 720
FORMAT(4BX»23(1H- ))

PRINT 730 » (QZ(I);I-l;NAZ)

FORMAT(/7+1Xy* ELEV %’y50Xs’AZINUTH (DEG) r/¢1Xs 7 (DEG) %'y
PRINT 733

FORMAT(1X»43(2H %)) -

DO 740 I = 1sNEL

KOUNT = (I-1)XNAZ + 1 .

KOUNTL = KDUNT + NAZ -3

FRINT 750 » EL(I)» (CON(J)» J=KOUNT»KOUNTL)

FORMAT(/97X21HKs /21Xy F4. 2y LHX» 2056 .25/ 37X s 1HK)

PRINT 7640

-FORMAT(///7/7150X» "X~ PULAR GAIN IN DB")
... PRINT.720 .. .
. PRINT ‘730 v (AZ({I)y 1= irNAZ)

PRINT 733
no 770 I = 1 MEL

" KDUNT = (I-1)%NAZ + 1
KOUNT1 = KOUNT + NAZ - 1.

FRINT 745 » ELCI)s (XGN(J)#d= KUUNT hDUNTl) -
FDRMAT(/v?X:1H*1/!1XrF6.291H*!30F6 1:/:7X;1HX)
PRINT 775

~ FORMAT(////149X,’CO-POLAR PHASE IN DEB )

222
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639.000
560,000
661.000
662,000

6634000

664,000
665,000
666,000
6487 ,000
648.000
669,000
670,000
471,000

672,000

473,000

674,000 ;
675,000

676,000

877,000

478,000
479,000
480.000
681,000

682,000
683,000 -

684,000
685.000
684,000
687.000
488,000
489,000
690,000
491,000
692,000
693,000

694,000 .
895.000

696,000
897,000
498.000
699,000
700,000
701.000
702,000
703,000
704,000

705,000 .

706,000
707,000
708,000
709,000
710,000
711,000
712,000
713,000

X

PRINT 720
PRINT 730 » (AZ(I)yI=1:NAZ)
PRINT 733
DO 780 I = 1,NEL
KOUNT = (I=-1)%NAZ + 1
~ KOUNTL = KOUNT + NAZ - 1
780  PRINT 765 » EL(I)y(CPH(J)»J=KOUNT sKOUNT1)
OPEN(7yFILE="GNMAT’yETATUS="0LD' yUSAGE="0UTFUT")
- WRITE(7+10) (IHEAW(I)sI=1515)
WRITE(7+290) AZS,AZE:NAZ-ELS:ELEsNEL
D0 790 I = 1sNEL .
KOUNT = (I~-1)%NAZ + 1
KOUNT1= KOUNT + NAZ - 1
790  WRITE(7,800) (CGN(J)»J=KOUNTsKOUNTL)
800 - FORMAT(11F7.2)
STOF
END
SUBROUTINE RADLIM(CPrBP AlrB1yA2,B2 +RL#RU)

DOHPUTES LOWER AND UFPER LIMITS OF RADIAL VAR. INTEG, FOR A GIVEN

C
PHI. - .

I e W I

RU Qi#Bi/SGRT(AIXRiXSF*SP + BIXB1XCF¥CF)
RL = 0.0

CIF (A2.LT+1,0E-04,0R.B2.LT+1,0E~-04) RETURN
RL = A2XB2/8ART(A2XA2XSPXSP + B2XB2XCFXCF)
RETURN

END

SUBROUTINE RECAP(ST:DT;uPrDPrETHETArEPHI:h)

~ 1 [

%
¥ COMPUTE ETHETA AND EFHI COMPN. OF X~ OR Y-FOL REC. AFER,

DIMENSION A({25) rE(25) 1HMAB (25) rHPHASE (25) yHLT(25) sELT(25)

. DIMENSION ITYFE(25),LOH(25),NGH(25)

_ .CONPLEX ETHETArEPHI HAP(14»25),EAP(14,25)

* COMPLEX AF1(14y25)1AP2(14,25)5AF3(14525)1AP4(14,25)
CONMON /HEAP/ HAPsEAFsAP11AP2sAP3sAP4sLAH,NOH
COMMON/BLOCK/0X(219) rRW(219)

© COMMON/VAL1/WAVEYPI RADYRK
CONMON/VAL2/A+ B+ HHAG  HPHASE HLT v ELTy ITYFE » TPOL

X
L = LGH(K)
%
IF(IPOL.EQ.1) GO.TD 90 ,
% Y-AXIS FOL. APERTURE. PHASE ERROR INCLU.
X -
. IF (ITYPE{(K).LT.4) GO TD 60
X TRIFURCATED OR DIELECTRIC LnﬁnEn TRIFURCATEDR HORNS
RB = RKXB(K)XSTXSP%0.12
R& = RR*A(h)*ST*CP*O.SO
ETHETA. = (0.0s0.0)
DO 10 I = 1oNOM(K). ..

-t X = REX(3.0+RX(I+LEY)

16" ETHETA = ETHETA + CMPLX(COS(X)sSIN(X))KAF2(IsK)
D0 20 I = LrNQH(K) -

223
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714,000 X = RBE(AX(I+LE) ~-3.0)
713,000 20 ETHETA = ETHETA + CHMFLX(COS(X)sBINCX)IXAPI(I,K)
716000 0o 30 I erGH(h)
717.000 X = RBXOX(I+LCrx2
718.000 30 ETHETA ETHETA + CMPLX(EDS(X): INCXIIXAPA(I KD
719,000 EFHI = (0.0+0.0)
720,000 DO 40 I = 19NAH(K)
721,000 : X = RAXGX(I+LC) -
722,000 40 EPHI = EPHI + CHPLX(CDS(X):SIN(X))*API(I:R‘
723.000 . ETHETR (1.0 ~ CT)*ETHETQ*EPHI
724,000 . EPHI = ETHETAXCPF
725.000 ETHETA = ~ETHETAXSF
726,000 RETURN

727,000 X PYRAMIDAL HORNS
728,000 460 ETHETA = (0.0:0.0)

729,000 00 70 I 2 1sNRH(K)

730,000 X = ACK)YRPIXOX(I+LC)KSTECF/WAVE

731,000 70 . ETHETA = ETHETA + CMPLX(COS(X)rSINCX))RHAP(IK)
732,000 EPHI = (0.010.0)

733,000 00 80 I = 1,NRH(K)

734,000 | X = BCK)KPIRQX(I+LC)XSTKSF/WAVE

‘735,000 B0  EPHI = EPHI + CMFLX(COS(X)sSINCX)YXEAR (LK)
734,000 ETHETA = (1.0-CT)XETHETAXEPHI

737,000  EPHI = ETHETAXCP

738,000 ETHETA = ~ETHETAXSP

739,000 RETURN ,

740,000 % X-AXIS POL. APERTURE. PHASE ERROR INCLU.,
741,000 % '

742,000 90 IF (ITYFE(K).LT.4) 6O TO 170 '
743,000 X TRIFURCATED DR DIELECTRIC LOADED TRIFURCATED HORNE

744,000 ETHETA = (0.0:0.0)

745,000 B0 130 I =1:NAH(K)

746,000, . X = FIXB(K)%(Z.0+AX(I+LC)IIKSTRCP%0. 250/ HAVE
747.000 130 ETHETA = ETHETA + CMPLX{COS(X)sBIN(X))XAF2(IsK)
748,000 DO 149 1 = 1sNOH(K) ‘

749,000 X = PIXBUKIR(AX(I+LE) - 3.0)%STRCP¥0,250/WAVE
750,000 140. ETHETA = ETHETA + CHFLX(COS(X)sSINCX)IXAPI(IvK)
751,000 DO 150 I =1sNOH(K)

752,000 X = PI#B(h)xQX(I+LC)$5TRCP*o.d0/wﬁvE

753,000 150 ETHETA = ETHETA 4 CHPLX(CDS(X)xSIN(¥)3£AP4(I:h)
754,000 EFHI = (0.0:0.0)

75%.000 jili] 160 I=1»NRH(K) :

754,000 S X o= PI*Q(h)%QX(I+LC)XST#SP/%&UE

757,000 140 E“HI = EFHI + EMPLX(CDﬂ(X)ySIN(X))*AFI(I:K)
758.000 ETHETA = (1.0 -CT)XETHETAXEPHI

759,000 " EPHI = ETHETA%GSF

750,000 - ETHETA = ETHETA%CP

761,000 RETURN

762,000 X FYRAMIDAL HORNS ‘
762.000 170 . ETHETA = (0.0:0.0). .

744,400 00 180 I = 1,MOH(K) "

765000 | X = FIKA(KYXRX(I+LC)XSTXSF/HAVE

766,000 180 ETHETA = ETHETA + CMPLX(COS(X)sSIN(X))XHAP(IsK)
747,000 EFHI = (0.0:0.0)

768,000 DO 190 I = 1;NQH(K)
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769,000
770,000
771,000
772,000
773,000
774,000
775,000
774,000
7774000
778,000
779,000
780,000
781,000
782,000
783,000
784,000
785,000
786,000
787,000
788,000
789,000
790,000
791,000
792,000

793,000

724,000 :
793,000
794,000
727.000
798,000 1

?99*009... S

BOQ.000

301,000

802,000
403,000
804,000
805,000
804,000

. 807,000

808,000

-BO7.000

210.000
811,000
BL2.000

- 813,000

B14.000
B13.000
B15.000
817.000
818.000
819.000
820,600
821.000
B22.000

823,000
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= PIRR(K)XBX(T+L0)KSTHCP/WAVE
190 EPHI EFHT + CMFLX(COSCX)»SINCK) )KEAFCIsK)

ETHETA = (1.0 - CT)XETHETA%EPHI
EFHI = ETHETA%SP
ETHETA = ETHETAXCP
RETURN
END ..
bUBRﬂUTINE QPINT(NHURN)
¥
¥ COMPUTE PART OF INTEGRAND UHICH IS5 DIRECTION INDEFEMDEMT FOR ROUTINE hECﬂ”

X
DIMENSION A(23)yB{28) sHLT(23) ELT(258) »HHAB(25) yHPHABE(25)
+ ITYPE(23)NRH(25),LAH(2D) ’
COMPLEX CONSTIEAR(14s25) HAP(14525)
COMPLEX AFL(14,23),AP2(14+23)AF3(14725):AF4(14,25)
COMMON /HEAF/ HAPEAFIAFLYAF2,AF3vAF4,LOHNGH
COMMON/VALL/UWAVESPIRADSRK :
CDHﬁONIUﬁL“/A:BvﬂﬁﬁbyHPHﬁSEyHLTrELT:ITYPE:I°DL
COMMOM/BLOCK/GX(219)yQU(219)

<nt

¥ TE10 MODE CUT-OFF CHECK

3

00 16 I = 1,MHORN
IF (RK.LE.(PI/A(I1})) GO TO 90
10 CONTINUE

B¢

¥ BELECT APPROPRIATE QUADRATURE FORMULAS FOR HORN PATTERHS.
% ARRAYS HAVE BEEN DIMENSIONED TO ACCOMODATE HORN SIEEb LESS THaAN
% Ok EQUAL TO 4.3 WAVELENGTHS.

205

no q0 1 1:NHURN
RE. = B(I). )
IF {ITYPE(I).BE.4) BEE = 0.S50¥%RE
- ARG = AMAX1{(A{I)sER)

IR = 2,0KARG/UAVE + 1.0

0 = {IQ + 1)%1,30 :

IF {(IQ.GT.14) 6O TD 70

CALL APGUQD(IG:NGH‘I):LQH(I))

20 CONTINUE

DO 40 I = 1yHHORN
CONST = HMAB(I)XCHPLX(COSCHPHASECI))SINCHPHASECT) ) )¥ACT)RR(T)
+ %0, 125/WAVE

ARG = (ACT)¥X2/HLT(D) + B(I)X¥2/ELT(I))4RK0,125

CONST = CONSTYCHPLX(COS(ARG)sSIN(ARE))

KF = ITYPE(D)

LC = LOH(D) .

IF{KP,GE.4) 6O TO 40

DO 30 J = 1NGHCI)

ARG = PI*A(I)*ﬁ(I)*BX(J+LE)%GK(J+LC)/(4 OXHLT (1) KHAVE)

HAP(Js1) = COSCFIXAX(JHLEIK.SIXCMFLXCCOS(ARB) »~SINCARE) YXOH {J4LE)
IF (KP.EQ.3) HAP(JsI)=HAF(Js1)¥CONST/COS(.S¥QX(JHLCIXPD)

IF (KF.EQ.«1) HAP(JsT)=HAP(JyI)/CO8(,SRAX (JHLOYEFT)

ARG = PIKBUD)XE (D)X {HLCIROX(IHLEY /{4, OXELT (I XWAVE)

EAP(J>1) = CHPLX(COS(ARG)»~SINCARG))XCONSTXQU(JHLE)




824,000
B25.000

824,000 3

827.000
828,000
829.000
830.000
831,000

40

B32.000 -

833,000
834,000
835,000
834,000
837,000
838, 000
839,000
840,000
341,000
842,000
843,000
844,000
245,000

844,000,
847,000
848,000

849,000
830,000
831,000
832.000
833,000
B34.000
B33.000

855,000

897 .000
838,000
839.000

840,000

861,000
862,000
843,000
844,000
865,000

B&S. 000 1
B&7,000 =

868,000
849,000
870.000
871,000
872,000
873,000
874,000

75,000
876,000
877,000
878,000

a0
&0
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IF (KP«EQ.3} EAP(IyI)=EAFP(Jr I XCOB(. SXRXCIHLCIXFI) /CONST
IF (KF.ERQ.2) EAP(I D) =EAF{J, IIKCOS (L SHQX(ITLEI P
CONTINUE

GO TO 40

CONST = CONSTX0,250

DO 50 J = 1,NRH(I)

ARG = FIXACI)RACIIRQX(JFLOIXQX{IHLE) /(4. OXHLT (17 %WAVE)
APL{JrI) = CONSTHCMFLX(COS(ARG)»~BIN(ARG) IXQU{JIILE)

IF (KF.EQ.S) APL(Jy I =AP1(J,1)XCOG (0. SRAXCIHLEIPIY

ARG = PI?B(I)*B(I)*&(3 OFEX(JFLEY IRX2) /(64 OXELT (1) #HAVE)
AP2(JsI) = CHPLX(COS(ARG) y~SINCARG) )XW (J4LC)

ARG = PI*B(I)*B(I)#\&QX(J+LC) 3.0)%%2)/(84, 0*ELT&I)$UAUE)
AP3(JsI) = CMPLX(COS(ARG)»~SIN(ARG)IXOW(J4LE)

ARG = PI*B(I)*B(I)*GX(J+LC)¥QX(J+LC)/(16'0$ELT(I§$MQUE)
AFa{J:1) = CHPLX(COS(ARG)»~BIN(ARG) ) XQU{IILEIX4.0
CONTINUE

CONTINUE

RETURN

% ERROR DIAGNOSTICS

70
80

20
100

R e
0o ouou

26 W P P W 6 6 e
I3 9

30

40

oT

FRINT 80 » I -
FORMAT(1Xy’HORN NO. ‘»I2,‘ IS TOO LARGE. STOF.')
STOF

PRINT 100y I

FDRﬁQT(iX;’HDRN NO. “»I2»’ IS BELOW CUT-OFF. 8TOF.”)
8TOF

END

SUBRODUTINE CONV(EL, AZ:ST:CT;SP:CP)

CONVERTS (EL.AZ) TO (THETA;PHI) CO-ORD.

SIN(THETA)
COS(THETA)
SIN(FHI)
COS(PHI)

RAD = 57.29577951
COS(EL/RAD)XCOS(AZ/RAL)

8T = BQRT(1.0 - . CTXCT) . .

IF (ARS(EL)., LT,i QE-07) GO TO 10_
8F = COS(EL/RADVXSIN(AZ/RAIN/ST
CF = SIN(EL/RAD)/ST

RETURN :

IFCAZ) 20030040

8P = ~1,0

CF = 0.0

RETURN

8P = 0.0

g = 1.0

RETURN

8F = 1,0

CP = 0,0

RETURN . .
END . - '
SUERDUTINE FIELB(STG:CTQ!SPR:CPR:IPDLA;CGN:XGN:CPH}
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<7

79.000
880,000
881.000
882.000
883.000
884,000
883.000

8B4. 000

887.000
888.000
889,000
820,000
B91.000
892.000
B93.000
824,000
873,000
894,000

8%7.000 .

898,000

X CDﬁFUTE FIELB COMPONENTS OF REFLECTOR AT (THETAQ.FHIQ) .

X

X SUN

899,000

900000
901,000
702,000

903,000, .
904,000

905,000

906,000
907,000
508,000
909,000
910,000
911,000
912,000
913,000
914,000
915,000
914,000
917,000
918,000
919,000
920,000
921,000

i0
20
30

X

¥

DIHENSIDN X(“SOQ)?Y(EJOq)rZ\QBOQ)

COMPLEX FTXsFTYFTZRIX(2 aO#)vRJY\’304):RJZ(

COMPLEX EXFNsFOL1,FOLZ,COPOLsXFOL
CDHMUN/CURENT’RJX:RJY:RJZ:X:Y;Z

COMMON/VALZ/NREG s NOR s NOF » PT2 XDQ» YDQ ZDQ s CFVYR s SPUR

COMMON/VALL/ZUAVEsPIRADSRK

UF CONTRIBUTIONS FROM ALL PANEL CURRENTS.

(0.0:0.0)

{(0.050.0)

(0ﬁ0¥0¢0)
STRXCFR
STQXSFQ

FTX
FTY
FT1Z
STCF
ETGF
KOUNT =
Dg 30 L
0g 20 J = 1sNRF

B0 10 I = 1sNQR .
KOUNT = KOQUNT + 1 o

il

u u

Wi

<

1+NREG

1 1t n

ARG = (X(KOUNTIXSTCF + Y(KDUNT)*STSP + Z(RKOUNTIXCTRIXRR

EXPN = CHFLX(COS(ARG) sSIN(ARG))
FTX = FTX + RJX(KDUNT)XEXFN
FTY = FTY + RJY(ROUNT)IXEXFN
FTZ = FTZ + RJZ(KDUNT)?EXPN
CONTINUE :

CONTINUE

CONTINUE

1t

POLL = (1.0 - (1.0 - CTG)*CPG*CFG)%FTX - {1
+ ~ STCP¥FTZ

0 - CTR4SPRXCFAXFTY

227

POL2 = -(1.0 - éTQ)KSPG*CFQ*FTV + (1 0 - SFQ*SPE*(i 0 - CTR))*FTY

+ - STSFXFTZ
¥ SHIFT REFERENCE TO FIELD CO-ORDINATE SYSTEH

ARG = (STCF*XDR +MSISP*YBG + CTG?’&Q)#RK

EXFN. = CﬂPLY(CUS(ARG)r-SIN(ﬁRG))
PDLI ? POLIXEXFN -
FOL2 = POL2YEXFN .

- IF (IFOLALER.2). GD ™w 40

922,000 ... .-

923,000 40. .
924,000. . . .
925,000

7264000

927,000
928,000
929,000

930,000

931,000
932,000
933,000

CGN = 10,0%ALOGLO(CABS(CORPDOL)XX2/FT)
. XGN-= 10.0%ALOG10(CABS(XFOL)¥X2/PT)
. . GFH = ATAN2(AIMAG(COPOL) »REAL(COFOL))XRAD
. RETURN : :
- END

P I I .

COFOL = FOL1XCFVR + POL2XSPVR

XPOL = POL2XCPUR - PULI*SPUR

60..T0..30 -

- COROL = POL“XCPUR - PULI*SPUR

XFOL = POLIXCPVUR + POL2XSFUR

SUBROUTINE é?GUQH(IQyNG:LDC)

FINDS THE NEAREST GUQQ. FORMULA TO THAT REQUIRED.
THE AVAILAELE FORMULAS ARE STORED IN ASCENDING ORDER IN ARRAY



234,000
235,000
736,000
737,000
238,000

940,000
741,000
942,000

943,000

944,000
945,000
946,000
947.000
948,000
949,000
950,000
951,000
952,000
953,000
954,000
955,000
956,000
957,000
958,000
959,000
960,000

261,000

962,000
963,000
264,000
945,000
946000
967,000

848,000

76%.000

370,000

971,000
972,000
973,000
974,000
975,000
974,000
977,000
978,000
979,000
980,000
981,000
982,000
983,000

984,000
985,000

986,000
987,000
988.000

% IQF
¥ BOT
% 10

N

30

X

% PUR
¥ BLO
X 314
X

10
20
30 . ..
50 -
40

70

80

20

100

116

130
140
150

140

X
¥ LOC =
939,000 X

~IF (NQ

» NQF IS THE NUWBER OF FORMULAS STORED IN THE BLOCK DATA.
H IQF AND NOF ARE DEFINED IN THE DATA STATEMENT RELOYW.

= 10 POINT FORM. REQ.

= NEAREST AVAIL., IS N@ POINT FDRN.

LOCATION OF FORM.

INTEGER IQF(13)
CDATA NOFyIOF/13:394+4658:10012914714:20524528934540/

00 10 I = 1.NQF

IF (IQ.LE.IRF(I)) GO TO 30

CONTINUE

FRINT 20

FORMAT(1X» 'QUADRATURE FORMULA REQUIRED IS LARBER THAHN THﬁT "1
+ AVAILABLE IN THE RLOCK DATA., SEE DOCUMENTATION. EXECUTION':
+7 TERMINATED)

8TOR :

N@.= IQF(I)

CALL QGRLOC(NR,LOC)

RETURN

END .. .

SUERODUTINE QRLOC(NG.LOC)

FOSE - DETERMINE LOCATION OF INTEGRATION FORMULA.IN BLOCK DATA
CK DATA IS ASSUMED' TO CONTAIN THE FOLLOWING FORHULAE.
y67Br10v12114516520,24528:34,40 FTS,

IF (NQ 34)
IF. {N@ - 24) 20+1505140 :
14) 30:1305140 '

12) 40,110,120

8) 50590:100.

4) 4027080

10,170,180

1

IF. (M@
CIF (NG
IF (NGO
LOC = 0.
RETURN

LOC = 3.
RETURN

LOC = 7
RETURN -
LOC = 13 ..
RETURN
Loc = 21
RETURN

LOC = 31
RETURN

LOC = 43
RETURN -

!

LG = 57

RETURN
Lac = 73

~ RETURN -

LOC = 93
RETURN .
LOC = 117
RETURN

228
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l 989.000 170  LOC = 145
990,000 RETURN
‘ 291.000 180 LOC = 179 -
992,000 RETURN
I 993,000 ENT! R
924,000 ...  BLOCK DATA
995,000 'EDMHDN/BLDCI\/RX("’l‘?);RN(”l‘?)
- l 994,000 % 3 PTS
- 997,000 DATA (BX(I)sI=133)/~,774596464924150,000000005+.774596449241/
998,000 DATA (QW(I):I=1,3)/.5555555555, 882088888888y, 555555555555/
l 999,000 X 4 PTS
a 1000.000 DATA (QX(I):I 4:7)/-.361136311594:~.339°8104358Q8:ea399810434848y
: 1001.000 $,861134311594/
1002,000 DATA (BW(I)2I=4:7)/. 347354345137,.55414d154362,.6591%15435
- l 1003, 000  4,347854845137/
: 1004,000 X & FTS,
1005,000 DATA (OX(I):I=Bs13)/. 93‘?469514"03151.661"’093864&6"6;
l 1006.,000 +.2384191B408319, . .
1007.000 +-..23861918608319r—.66.120938646626:—.93346951420315/
1008,000 ~ DATA (OW(I)»I=By13)/.17132449237917,.346076157304814,
I 1009.000 . +.44791393457269r
| 1010, 000 . A6791393457289.36076157304B145,17132449237917/
1011.000 x & PTS, .. . . :
I 1012,000. - . DATA(AX(I)»I=14,21)/-,950289B564,~.79845464774,-,5255324099
1013,000 - . +-,1834344424,,1834346424,,52553240991 79666647745 ,9402898544/
~1014,000 . . .DATA. (QW(I),I=14,21)/,1012285342,.2223810344,,3137064458,
1015.000 $.3424837833, . 3624B37833, ., 3137066458, ,2223810344,,1012285362/
I 1016.000 % 10 FTS,
1017.000 . DATA (BX(I1),I=22:31)/-, 7390&5"’8“—.86506u3666r L 4794095482,
1018.000 $-,4333953941,-, 1488743389,
I 1019.,000 +,148874338%, . 4333953941y, 46794095682 “3650633665,.9739065285/
1020,000 DATA (QW(I),I=22y31)/. 06&6713443:.1494513491:. 1908463425,
: 10'*1 000 +,26926467193 . 2955242247,
I 022,000 $,2955242 47“‘369266?103:&1908636"’5:&%945134?1;.0565713443/
m Z,000 ¥ 12 PTS.
1024,000 DATA (BX{I)sI=32+43)/~.9B1540434244,-,90411725637y-.7469902474194,
1025,000 $-,5873179542864,~-,367831498998,~, 125233408511y, 125232408511,
l 1024,000 $, 3678314989‘?8:.58731795428&:.76990"’674194:.904117"’56370:
1027.000 +.981560634248/
1028.000 DATA (RU(I)»I=32,43)/,0471753353B4+,106939325995,,140078328543,
l 1029,000. . +/203167426723,,233492536538, 249147045813, . 249147045813,
1030.000  +,233492534538,203147426723,, 1600783285435, 1046939325995y
1031.000 $,0471753363B4/ '
I 1032,000 % 14 PTS. B
©1023.,000 mm (OX(D) y 1= 44,5?)/ ,OB42B3B0B4F 6 -, 9284348834643y ~,B2720131507,
S 1034.000 . . +-,687292904811,-,51524B434258,~.319112348927,~, 1080549487075
1035.000 . +.10805494B707,,319112248927,,515248636358,,487292904811,
I 1036.000 $,8272013150495 928434883643, .9B56283B08494/
1037,000 DATA (QW(I)»I=44,57)7,0351194460331,,08015B087159,,121518570487+
e 1038.000 $,157203147158, , 1855383974775, 205198443721, 215242853443+
l 1039.000 $,2152438534463 . 205198443721, 1855383974771, 157203147158,
1040,000 +,121518570687y, 080158087159 .035119460331/
e 1041,000 X 14 FTS. S
l 1042,000° DATA (RX(I)yI=5B773)/~,989400934991y~,944575023073»~, 865631202388
1043.000 $~,755404408355s -, 6178746244403 ,-, 458016777657 y-,281403550779

£
. ‘S !



K M = Lo . RO - o - N . - L - B

1044.00d
-1043,000

1045.000
1047.000
1048.000
1049.000
1050.000
1031.000
1032.000
1053.000
1034.000
1053.000
1054.000
1037.000
1058.000
1059.000
1060.000
10461.000
1062.000
1063.000
1044.000
10463.000
10646.,000
1067,000
1048.000
1069.000
1070.000
1071.000
1072,000
1073.000
1074,000
1075.000

¥ 20

1076.,000

1077.000
1078.000
1079.000

1080.000 .
1081,000 °

1082,000

1083.000
1084,000
1085.000
1084.000
1087.000
1088.000
1089.000
1090.000
1091.000
1092.000
1093.000
1094.000
1095.000
1096..000
1097,000
1098.,000

- =0 65665109405~ ,5697204718,~

230

-4 0950125098375, 0950125098375, 2816035507791, 4580167774571
+,617876244402 1, 755404408355 , B656312023871 , 744575023073
+,989400934992/ :

DATA (QW(I),I=58,73)/,027152459412,,042253523938,,09515851 1682,
+,124428971255, . 1495959888147, 169156519395y , 1824034150455
+,189450610455, ., 189450610455, . 182603415045y, 169156519395,
1495959888147, 124628971255, 095158511682, 062253523938
+,02715245941177
FTS. .

DATA (BX(1):I=74593)/~,9931285991,~,94639719272,~.912
+-,8391169718y
+=,74633190641-,63605368071-,5108670019y~, 3737040887 -, 2277858511
+-, 074526521135, 076524652113y, 22778585111, 3737040887, . 5108470019,
+.6360534807 ¢
+/74633190647,8391169718y, 9122344282, , 9639719272, ,9931285991/

DATA (QUW(I)»I=74293)/,017614007135,040601429807.06247204833
08327674157,

+ 1019301193,.118194d319,.1316886384,.14*09&1093,.14917*98o4y
+:1527533871,

+,1527533871y . 14717298644, 1420941093, 1316886384, . 1181945319,
+,10193011985
+,083274741571, 062672048331, 040601429805, 01761400713/
PTS. .

DATA (BX{I)yI=94y117)/-,9951872199,-,9747285559,~, 9382745520,
+~,8844155270»~,82000198571-,74012419155 -, 4480936519
+~,54542147135-,43379350761~ . 31504267%4+-,191118847 4,
+-1 064056892865 ,06405689286+,19111886747,31504247965 . 4337935074+
+.5454214713, , 6480936519, 7401241915, ,820001 9859 , 8864155270
+.9382745520y 9747285559, , 9951872199/

DATA (QW(I)sI=945117)/,01234122979,,02853138842,,04427743881,
+,05929858491,,073346481411,08619016153+ 097418452105 ,1074442701
+,11550566807 ., 12167047295, 12583745631, 1279381953, 12793819535
+,12583745637 12167047295, 11550566807 ,1074442701 ,0976 186521 s
+,086190141535 07334648141, ,05959858491y (04427743881 5
+,02853138842, , 01234122979/

PTS.. -

DATA (BX(D)sI=118+145)/-,9964424975:-,98130314531-, 9542592806
+~, 9156330263, -, 8458925225, -, 8054413709 -, 7354108780
4758742249, ~,3762515140y
+-,27206162761~,16456928217-,05507928988 . 05507728988,

2344282,

421445692821, ,27204162761,3762515140,,4758742249, 5497204718,

+.6546510940,,7356108780,,8056413709, . 8458925225, 9154330243
+.95425928046y . 98130314653, .9964424975/
DATA . (QUW(I)»I=118,145)/, 009124282593, ,021132112597 .03290142778,

 $,044272934751,055107345471 . 065272923965 , 07464621423 5
+,08311341722,, 090571744391, 096930657991 , 10211294751 » 1060557659+

X 34

+.1087111922,,1100470130,,1100470130,.1087111922,10605574659,
+.10211294675 y,096930657991§09047174439r.08311341? 2y 07454621423y
+.,06527292394, , 05510734547 . 04427293475, ,03290142778)
+.02113211259,.009124282593/
PTS. h

DATA . (BX(I1)rI=144217%9) /-, 9975717337~ 9872378164,-,96B7082625,
+~494214239745~,9078096777+~.8659346383y~.8148842279;
+=176106487667-,6989391132y-.6310217270y~,5378755004,
+-+4801045451,-,3983592777+~-.31331 10813y~ ,22546 646914
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1099,000
1100, 000
1101,000
1102, 000
1103,000
1104,000
1105,000
1106000
1107,000
1108, 000
1109,000
1110.000

-1111.000

1112,000
1113,000
1114,000
1115,000
1114000
1117,000
1118.,000
1119.000
1120,000
1121,000
1122,000
1123,000
1124,000
1125,000
1126,000

1127.000

1128.000

1129,000

1120,000

S

X 40

 4-,7783056514y~,7273182551,~ . 6719566846~ 6125528894,~, 549467125+
+-,48307580146y~,4137792043,~,3419740908,~,2881532185,=,1926975807»
+=411460840704,~,0387724175,,03877241755,11508407067 1926975807

+-.1361523572y-.,04550982195,, 04550982195, . 1381323572y

+.2256664916y.3133110813,3983592777,4801045451, 5578755006y
+.6310217270. 6989391132, .7610648744y .8168842279y .84659346383
+.90780%6777y,9421623974,.7687082625y, 98722781484 ,.9975717537/

DATA (AU(I) I=1465179)/,006229140355,.01445016274,,02256372198,

231

+.030491380637,03816659379y,04552561152,,009250741437.05705413582y
+,04511152155,,070629375815,0755561984667,07986B44433,,08301309746%
+.08645573974y,08870189783.09020304437+.090936740331.,070934674033
+:090203044377.08870189783y.,08464565373974.0835130996%,.07786844433
+.07556197466y, 07062937581, ,06511152153,,05905413582,.052307414357>
~+.045525611525,03816659379,,03049138063,.,022056372198y,014450162745

+.0046229140535/

PTS.

DATA (QX(I)sI=180,219)/-.9982377097,~.99072462386y-,97725974%%>

+-.95791468192,~,9328128082,-,9020988049 -, 8459595032, 82446122308,

+,268152185,,3419940908,,4137792043,.,48307580146,.547467125;
+,41255388%6,.6719366846,,7273182551,.,7783056514,.8246122308,
1846539595032, .7020788049,.9328128082,,9379148192,,9772599499
+.99072623846:.9982377097/. :

DATA (QU(I)-I=180-219)/,00452127709,.0104982845,.0154210583,
+.0222458491,.02793700469,,0334601952,.0387821679:.0438709081,
+.04849580746y,0532278469»,0574397690+,0613082424,.,0648040134,

+,06791204585,0706116473y ,0728865823, ,0747231690,,0761103619,

+:0770398181,.0775057479».0775059479,.,0770398181,.07611035619,

L +20747231690. 0728845823, .0706116473»,06791204387.0448040134+

4206130624247, 05743976907 0532278469y, 04869580761 ,0438709081

+,0387821479,,0334601952,.027937006%7,0222458491,.016421035383»
+,0104982845,.,00452127709%/
END ‘
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C.3 EXAMPLE OF INPUT DATA FILE PAREFL_DAT

ANIK~CZ HP REFLECTOR
11.950

1

1.40

2:20

« 373

» 750

8+0

«Q 0.0 0.0
00 —28'80 000

L= (S = R ]

1,0 0.0

700 72,0 72,0 34,0 0.0

—3 D O 00 O
O S O
< P

232
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C.4 SAMPLE OUTPUT -

ANIK-C HF REFLECTOR
FREQUENCY IN GHZ
11,9500
ND OF HORNS
1 ‘
E~-PLANE HORN AFERTURE DIN - B IN INS,
1,6000 |
H-PLANE HORN AFERTURE DIN - A IN INS.
2,2000
INPUT WAVEGUIDE DINENSION B(E-PLANE) IN INS,
13750 .
INPUT WAVEGUIDE DIMENSION A(H-FLANE) IN INS.
47500 o
AXIAL HORN LENGTH IN INS.
8.0000 N .
OFT. CHOSEN - COLLECTIVE HOVEMENT AND ROTATION OF HORN ARRAY
0 o
DISPLACEMENT OF HORNS IN INS,

0000 + 0000 + 0000
ROT. OF HORNS ABOUT X-rY-»AND Z-AXIS IN DEG.
0000 -28.,8000 0000

POLAR. OF ANTENNA 8YS. ~ VP(X-AXIS)=1,HP{Y-AXIS)=2
5

HORN TYPEsO=0RLs1=DIEL,2=CORR»3=BOTH(1+2)+4=RIEL TRIFs3=TRIF
0 : :
REL. POWER(W) AND PHASE(DEG) OF HORN EXCITATIONS

1.0000 « 0000 e
FOC LTH.rAPER. X-DIM:Y~-DIN AND X-OFFSET IN INS.
70,0000 72.0000 - 72.0000 34.0000 + 0000

INTEG. PTS. SPEC, BY USER FOR RADIAL ANI PHI-VAR.
MUST BE A MEMBER OF THIS SET - 3:4:6s8,10112114,16120,24,28534,40
g 8
STARTySTOP AND MO, OF PTS. FOR.AZsEL SCAN |
00000 2,00000 9 ,00000 -2.00000 9.
X~7Y-yZ-TRANSLATION OF FIELD CO-ORD, SYSTEN IN INS

+0000 +0000 + 0000 -

ROTATION OF FIELD POLARISATION VECTOR IN DEGREES
0000 -

SPILL-OVER EFFICIENCY = .82l

CO-POLAR GAIN IN DB

e O e o g S A0 b ok Lk T VS S O SO S O TS S SO

ELEV % . AZIHUTH (DEB)

233
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{DEG) X +00

¥ % % k% % X ¥

¥

2,00% 11,59

X
1.75% 13.28

X
1.,50% 21.49
1.25% 17.98
1.00% 24.22

+73% 36,83

V50% 42,19

ELEV %
(DEG) % .00

1
¥ ¥k X X X X XK X X X ¥ kXX XX EX XXX %X XX

X
2,00%~105,2

' b d
1075*—10309

¥
1.50%-110.7

¥
1{25*"10601

%
1.00%-102.0

+ 23 + 30 + 73
XXX k% % %%

1,00 1
Y

12,42 14,20 15.66 15,85 12.87 7.11

11,65 4,05 4.06
21,33 19.88 16,05
19,01 20,75 21.09
24,15 16,06 14,68
35,61 31,53 21,84
41,20 37,98 31.41
44,07 41,16 35,47

44,96 42,13 36.66

13,33 15,98

3.02 10,77
1§.§;;'7.7o
20,84 18,37
16,50 21,09
13,81 20,82
23,30 19,10

23.45 18.05

14¢§8
i5.87
10.92

2433
15,93
19,89
21.43

21.83

+23. 490 «75 . 1,00 1,25 1,90

~19.7 ~16.5 ~20,1
1306 <845 <741
~16.9 =9.2 -4.8
~11.0 -11.1 ~13.4

8 3.7 +2?

-22,5 -11.3

-7+3

234

1,75 2.00 .
F XXX XX KX XK KX K LKL KK K¥

-:+03 10.88
8,49 +13
14.99 4.9%
16,07 13.84
13.5% 15.9%92
3.17 15.80
3+64 14,41
11.44 12,43
;3.09 ;1.80-

X-POLAR GAIN IN DR.

Ak 40 rre P Ak R Gt St fove Aavh o fove WO o fove TS e e A s

AZINUTH (DEG)
V75 2,00 .
XX KK E KK X XK KK ¥ X KKK XX

-7.6 -12.9

‘903 “2118 '11}9 ‘6»4 f6i7

‘3+2 '503

S16,31-1006 -5.3

"401

“04

-20.8 -7.3

=53 -14.3
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X
075*-10809 60? 10+5 905 3#6 “12#3 *1 ‘1*0 -14,4

L S .
+30% -26,5. 10,6 14,5 14,0 9.9 -2,2 -1.6 1.0 -4.4

" +25% 96,7 12,6 16.6 16.4 12.8 3.6 =-4.6 1.6 -3.4
5“?]' X

O00x ~22.,8 13.2 17.2 ~1?.1 13.7  S.1 =b.4 1.7 -2.8

! CO-POLAR PHASE IN DEG

- oy ot $404 204D Sl B " St St P g S A Mt S V20t

ELEV ¥ o A .
(DEG) ¥ +00 $25. 50 .75 1.00 1,25 1,350

- AZINUTH (LEG)
1
KEXE XXX R XA XK E KX X R KX KKK X KX &

75 2400 ,
XK KL K KX R K KKK EE XK K%
V %

2,00%-119,3-120,8-123,3-124,56-124,4-123,1-120,3 58,5 &3.7

X

1,75% -14,2 -14,5 -18.4 178.8 175.2 176.4 178,46-178.3 é;ﬁ

X . : _
1,50% -65.7 -65,6 -4653.2 -64,2 -53%.1 1153.5 118.46 121.4 124.4

X
1.25*-106;4—110*4-116.3—119.7—120e7-119;5 59;? é204 &409

X :
1.00% -25.8 -28.8 -33.1-1460,4-177.1 179,88 172.4 5.2 6.3

% ‘ |

,50%-130,8-130,8-130,9-132,4-157.3 63,5 59.9 42,4-108.4
.

V25K 17244 172.5 172,7 172.6 168,5 5.9 1.8 -3.0-165.8
% S A

L00% 115,46 115.7 116.0 116.4 114,9 -52.8 -55.9 -58,2 135.7

XSTOPX
v

¥ow

*”ll V75K ~74.9 -75,3:-76.8 ~86.9 136.3 121.3 118,1. -42,9 -51.5

S
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APPENDIX D

D.1 Description of Computer Program HORNPAT SIF

IDENTIFICATION: HORNPAT SIF

PURPOSE: - The program computes E- and H-plane patterns -
of single mode or multimode pyramidal and
conical horns.

AUTHOR: K. K. Chan,

Chan Technologies Inc.,
26 Calais Circle,
Kirkland, Quebec,

H9H 3V3.

Tel: (514) 697-6419.

DESCRIPTION: The radiation patterns of the following horn

models are computed by the program:

Single mode conical horn excited in the

fundamental TEll mode.

- dual mode conical horn excited with TEll
and TMll modes.

- single mode pyramidal horn excited in the
fundamental TElO mode.

- multimode pyramidal horn excited with TElO

and TE/TM12 mode pair.

This program allows the user to view the
patterns of horns whose dimensions are known. One can also observe
the effects on patterns by changing the amplitude ratio and phase

of modes in a multimode horn.
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USAGE (INPUT):

The input data required are to be supplied in
a file named HORNPAT DAT. Data may be written in free format and

follow the sequence laid out below. Data input is list directed.
IHEAD (I) - Title of run. Maximum of 60 characters.

ITYPE - Type of horn.
= 0, pyramidal horn.

= 1, conical horn.

AM - Amplitude ratio of the higher order mode
relative to the fundamental mode.
= 0.0, for fundamental mode operation.
= 0.10 - 0.125, for small dual mode conical horn.

= 0.670 for small multimode pyramidal horns.

These are only suggested values for mode
content. For a given horn, a value should be found that will

equalise the beamwidths down to -10 dB point.

PM - Relative phase in radians of the higher order

mode.
= = 0.0 (small horn feeds).

B ' - E-plane horn aperture dimension in inches.
(pyramidal horn only) B £ 8 A

A - H-plane horn aperture dimension in inches.
(pyramidal horn only) A & 8 A

WGB - . Input waveguide E-plane dimension in inches.

(pyramidal horn only.) WweB X B.




WGA -

AR -

WGR -

HRNLTH -

MODH -

FREQ -

NPT -

QUTPUT s

CODING INFORMATION:

RESTRICTIONS:

MAIN PROGRAM;:

238
Input waveguide H-plane dimension in inches.
(pyramidal horn onl-y) WGA £ A.
Circular horn aperture radius in inches.
(conical horn only) AR £ 8 1
Input circular waveguide radius in inches.
(conical horn only) WGR £ AR.
Horn length in inches.
Choice of aperture field model.
0, electric field model.
1l, Chu model.

Frequency in GHz.

No. of observation points between 0 and 90 degq.

All input data are printed out for verification
and run identification. This 1s followed by
the normalised E~- and H-plane amplitude and
phase patterns between the angular range of

0o and 900.

Program is written in FORTRAN 77 for use on

the CRC Honeywell CP-6 computer.

The number of observation points between 0°
and 90° is restricted to 91 equally spaced
points, i.e. at 1° interval. To increase

this number to NPT, make the following changes.

Change the dimensions of arrays EPA, EPP, HPA,

HPP and THETA to NPT.




SUBROUTINE PYRHRN:

SUBROUTINE CONHRN:

SUBROUTINE PTNORM:

239
Change the dimensions of arrays EPA, EPP,

HPA, HPP and THETA to NPT.

Change the dimensions of arrays EPA, EPP,

HPA, HPP and THETA to NPT.

Change the dimensions of arrays EPA, EPP,

HPA, HPP.
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D.2 PROGRAM LISTING

1,000
2.000
3.000
4,000
3,000
6,000
7.000
B.000
?.000
10,000
11.000
12,000
13.000
14,000
15.000
16,000
17.000
18.000
19,000
20.000
21,000
22,000
23,000

24.000.
23,000

26,000
27.000
28,000
29,000
30,000
31,000
32,000
33,000
34,000
35,000
36,000
37,000
38,000
39,000

40,000
41,000
42,000
43,000
44,000
45,000
44,000
47,000
48,000
49,000
50,000
51,000
52,000
53,000

I e W S I W I W 6

PROGRAM HORNPAT

FROGRAM COMPUTES E~ AND H-PLANE PATTERNS OF SINGLE MODE AND
HULTIMODE PYRAMIDAL AND CONICAL HORNS.

SINGLE MODE FYRAMIDAL HORN CONTAINS TE10 MODE.

MULTIMODE PYRAMIDAL HORN CONTAINS TE10 » TE12 AND TM12 MODES.
SINGLE MODE CONICAL HORN CONTAINS TE1l MODE.

HULTIMODE CONICAL HORN CONTAINS TE1l AND THii MODES.

WRITTEN BY CHAN TECHMOLOGIES INC. » APRIL 1984,

DIMENSION EFA(P1)sEPP(91)sHPA(?1) sHFF(91) yTHETA(91) y THEAD(15)
COMMON/PATERN/EFAYEPP s HPASHPF NPT, THETA

OFEN(UNIT=5)NAME='HORNFAT_DAT s STATUS='0LD‘ »USABE=" INFUT’)
IHEAD = HEADING., MAX. 40 CHARACTERS.

READ{Gy10) (IHEAD(I)»I=1,13)

0 FORMAT(13A4)

ITYFE = TYPE OF HORN
0 » PYRAMIDAL HORN

1 » CONICAL HORN

won i

READ(S»¥) ITYFE

SFEC. OF HIGHER ﬁRDER MODE CONTENT IN ADDITION TO THE RASIC MODE.

- FOR CONICAL HORN» THE HIGHER ORDER MODE IS T#li.

2 A W 26

2 I I M

¥ 3¢

FOR FYRAMIDAL HORN» THE HIGHER ORDER MODE FAIR IS TE/THiZ,
AM = AMPLITUDE RATIO OF HIGHER ORDER MORE.
P¥ = REL. PHASE OF HIGHER ORDER MODE IN RALIANS.

Ho§

READ(S+%) AM » PH -
1 » SINGLE MODE (FUNDAMENTAL)

MODE =
= 2 ; WULTIMODE (FUNDANENTAL + HIGHER ORDER)
MODE = 1
IF (AN+GT.1.0E-02) MODE = 2
IF (ITYPE.ER.1) GO TO 20
A = H-PLANE HORN.APERTURE DIMENSION IN INCHES.
B = E-FLANE HORN APERTURE DIMENSION IN INCHES.
READ(5:%) Bsfh
WGA = INPUT WAVEGUIDE H~-PLANE DIMENSION IN INCHES.
WGE =

INFUT WAVEGUIDE E-PLANE DIMENSION IN INCHES.

READ(Sy%) WGE:HEA
GO TO 30

AR = CIRCULAR HORN APERTURE RADIUS IN INCHES.
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34,000 X WGR =

55,000
54,000
57,000
58,000
59,000
60,000
41,000
62,000

1,000
64,000
65,000
66,000
67,000
468,000
69,000
70,000
71,000
72,000
73,000
74,000
75,000
76,000
77,000
78,000
79,000
80,000
81,000
82,000
83,000
84,000
85,000
86,000
87,000
88,000
89,000
90,000
91,000
92,000
93,000
94,000

- 93.000

96,000
97,000
78,000
99.000
100.000
101.000
102.000
103.000
104,000
105,000
104,000
107.000
108,000

¥
20
X

INFUT CIRCULAR WAVEGUIDE RADIUS IN INCHES.

READM{GX) AR»UWGR

X HRNLTH = HORN LENBTH IN INCHES.

0

e 3¢ K W 3€ U e

L

NPT

I I I

END

IE W I

40
20

&0

70
g0
?0
100

110

130
130

140

150

MODH

REAIG %) HRNLTH

APERTURE FIELD MODEL
0 » ELECTRIC FIELD MODEL
1, CHU MODEL

REAL(Ss%) MODH

FREQ = FREQUENCY IN GHZ

READ(S:%) FREQ
= NO. OF OBSERVATION POINTS BETWEEN 0 AND 90 DEG.
READ{Ss%) NPT
OF INPUT DATA

PRINT 10 » (IHEAD(I)»I=1,13)

PRINT 40

FORMAT(1Xy “HORN TYPE - O=PYRAMIDAL ., 1=CONICAL’)

PRINT 50 » ITYPE

FORMAT(1X,I2)

PRINT &0

FORMAT(1Xy’AMPLITUDE AND PHASE (RAD) OF HIGHER ORDER MODE’)
PRINT 70 » AM » PM

FORMAT(1X,2F7.3)

IF (ITYPE.EQ.1) GO TO 100

PRINT 80 ..
FORMAT(1Xs‘E- AND H-PLANE RECT. AFER. DI, IN INS.")
FRINT 70 » AsB '

PRINT 90

FORMAT(1Xs’E- AND H-PLANE INPUT WG. DIM. IN INS.")

PRINT 70 » WGAsUGEH

60 TO 120

PRINT 110 .

FORMAT(1Xs'CIR. HORN APER. AND INPUT WG. RADII IN INS.")
PRINT 70 » AR!HGR

PRINT 130

FORMAT(1X. "HORN LENGTH IN INS.’)

PRINT 70 s HRNLTH

FRINT 140

FORMAT(1Xy “HORN QPETURE FIELD MODEL - =0sE-FIELD ¥ =1,yCHU')
PRINT 50 » MODH

PRINT 150

FORMAT(1Xy 'FREQUENCY IN GHZ)

- PRINT 70 » FRER

PRINT 135
FORHAT(1Xs‘NO, OF FIELD DBSERUATIUN POINTS FROM ¢ TO 90 DEG«’)

241
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10%2.000
110,000
111,000
112.000
113,000
114,000
115,000
114,000
117.000
118.000
119.000
120.000

121.0040.

122,000
123,000
124.000
125.000
1264000
127.000
128,000

129,000

130,000
131,000
132,000
133,000
134,000
135,000
136,000
137,000
138,000
139,000
140,000
141,000
142,000
143,000
144,000
145, 000
146,000
147,000
148,000
149,000
150,000
151,000
152,000
153,000
154,000
155,000
1564000
157,000
158,000
159,000
160,000
141,000
162,000
163,000

242
FRINT S0 r NPT

%

¥ COMPUTE ORSERVATION POINTS

X
TING = 1,5707963/(NPT - 1)
D0 165 I = 1sNPT

. THETA(I) = TINCX(I-1)

165  CONTINUE

RK = 0,532344%FREQ
IF (ITYPE.EQ.1) 80 TO 170
CALL PYRHRN(AsByWBAyWGEy HRNLTH ANy PHyHODHyRK)
60 TO 180
170 CALL CONHRN(ARyWGRyHRNLTHMODE ANy PHs HODHIRK)
%
% CONVERT AMPLITUDE INTO DE AND PHASE INTO DEG.
X
180 DO 190 I = 1,NPT
HFACI) = 20,0KALOGLO(HPA(I))
EPACI) = 20,0%¥ALOG10(EFA(I))
HPF(I) = HPP(I)X57.295779
EPP(I) = EPP(I)%57,295779
THETA(I) = THETA(I)¥57.295779
190  CONTINUE
PRINT 200
200 - FORMAT(//»18Xs’E~PLANE PATTERN’s11Xs/H-PLANE PATTERN’)
PRINT 210 .
210 FORMAT(18Xs15(1H~)»11Xs15(1H=))

. FRINT 220
220  FORMAT(1Xs/THETA(DEG)’ r4X» ANPL(DB) 14Xy’ PHASECDEG) * 14Xy
+AMPLCDB) * » 4X» ' PHASE (DEG) )
PRINT 230
230 FORMAT(1X»65(1H-))
D0 240 I = L14NPT |
CPRINT 250 » THETACI)»EPACI),EPP(I)sHPACI) sHFPLI)
240 CONTINUE ‘
250  FORMAT(AXsFS.2r1X14(6X1F7,2))

STOF
END
SURROUTINE FYRHRN(AsRByWGA»WEBsHRNLTHy AN PN HODHRK)
X
% COMPUTES PATTERNS OF SINGLE MODE OR HULTIMODE PYRAMIDAL HORNS

X
DIMENSION EPA(?1)sEPP(?1)sHFA(?1)HPP{?1)» THETA(?1)

COMPLEX HAR(25),EAR(25)»A12,HSUN,ESUM) CSUNEF
CONMON/PATERN/EPAYEPP yHPAsHPP s NPTy THETA
COMMON/BLOCK/GX(118) yQW(118)

X

% COMPUTE HORN AXIAL LENGTHS

¥
ALE = 999.0
ALH = 999.0 . 4
IF (B.GT.WGE) ALE = HRNLTHXR/(B - WGB)
IF (A.GT.WGA) ALH = HRNLTHXA/(A - WBA)

X .

% COMPUTE MODE COEFFICIENTS

~



144,000
145,000
164,000
147,000
148,000
169,000
170,000
171,000
172,000
173,000
174,000
175,000
176,000
177.000
178,000
179,000
180,000
181,000
182,000
183,000
184,000

183,000 .

1846.000
187.000
188.000
189.000

190.000

191,000
192.000
193,000
194,000

195,000 .

196,000
197,000

198,000

199,000

200.000 -

201,000
202,000
203,000
204,000
205, 000
204,000
207,000
208,000

209.000

210,000
211,000
212,000
213,000
214,000
218,000
214,000
217,000
218,000
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* .
AlZ = AMXCHPLX(COB(FM)BINCFH))

X

¥ SELECTION OF AFFROPRIATE QUADRATURE FORHMULA

X

ARG = AMAX1(A:R)

IR = RKXARG/3.1413%92 + 1.0

It = (IQ+1)%1.40

CALL APRUAD(IR:NQsLOC)

PRINT 1 +» NB » LOC .
FORMAT(1Xs/QUADRATURE FORMULA = ‘»I3s5Xs/LOCATION = /»I3)

~CﬁMPUTE-INTEGRQL INVARIANT WITH OBSERVATION ANGLE

P FE e -

HSUN = (0,010.0)

ESUM = (0,010,0)

D0 10 I = 1sNQ o

ARG = RKX((QX(I+LOC)XAX0.50)¥%2)%0.507ALH
HAR(I) = COS(1,5707763%AX(I+LOC))KCHPLX(COS(ARG) y-SINCARE) )X
+QU(T+LOC) ,

HSUM = HSUM + HAR(I)

ARG = RKX((RX(I+LOC)XBX0,50)¥X2)%0,50/ALE
EAR(I) = (1,0 + AL12XCOS(Z.1415926%QXC(I+LOC) )X

* $CHPLX(COS(ARG) » ~SIN(ARG) )XQU(I+LOC)
ESUM = ESUN + EAR(I)
10 CONTINUE -

ol

X
¥ COMPUTE E-PLANE FATTERN
X
00 40.1 = LsNPT
ST = RK¥BXQ,5OXSIN(THETACI))
CSUM = (0,00.0)
DO 30 J = 1,N@
ARG = STXAX(J+LOC)
CSUM = CSUM + EARCJ)XCMPLX(COS(ARG)»SINCARG))
30 CONTINUE

. EF = HSUMXCSUM

IF (MODH.EQ.1) EF = EF%{(1.,0 + COS(THETACI)))
EFACI) = CARS(EF)

EFP(I) = ATAN2(AIMAG(EF) REAL(EF))

40 CONTINUE

X
X CONFUTE H-PLANE PATTERN
X .
DO 60 T = 1sNPT ..,
ST = RKXAX0,50%SIN(THETACI))
CSUM = (0,0,0.0)
DO S0 J = LHNR
ARG = STXGX(J+LOC)
CSUM = CSUM + HAR(J)XCHPLX(COS(ARG)sSIN(ARG))
50  CONTINUE

CSUM = CSUMXESUN.

EF = COS(THETA(I))XCSUN

IF (MODH.EQ.1) EF = EF + CSUM
HPA(I) = CARBRS(EF)



219,000
220,000 40
221,000 X
222,000 X
223,000 %
224,000
225,000
226,000
227,000
228,000
229,000
230,000
231,000
232,000
233,000
234,000
235,000
236,000
237,000
238,000
239,000
240,000
241,000
242,000
243,000
244,000
245,000
244,000
247 +000
248,000
249,000
250,000
251,000
252,000
253,000
254,000
255,000
256,000
257,000
258,000
259,000
260,000
261,000
262,000
263,000
264,000

I P I e P I

I W I

P W &

- 265.000

266,000
267,000
248,000
269,000
270,000
271,000 10
272,000 %
273,000 %
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HFF(I) = ATAN2(AIMAG(EF):REAL(EF))
CONTINUE

NORMALISE FATTERNS

CALL PTNORM(EFA»EFFyHPAYHFFINPT)

RETURN

END

SUBROUTINE CONHRN{(ARyWGRyHRNLTHyMODE:AM Py HODHYRK)

. COMPUTES FATTERNS OF CONICAL HORNS.
E~ AND H-FLANE NORM. AMP. ARE STORED IN ARRAYS EFA AHD HFA RESF.
E- AND H-FLANE NORM. PHASES ARE STORED IN ARRAYS EFF AND HPF RESF.

DIMENSION EPA(FL)SEFP(P1)sHPA(T1) s HPP(FL)» THETA(PL)
COHMFLEX HJQ(20)yHJ2(25)yEJO(25)+EJ2(25) yESUNTESUNP y HEUNT y
+HBUMP s B11+EF

COMMON/BLOCK/0X(118) QW (118)
COMMON/PATERN/EFAYEPPHPASHPP NPTy THETA-NRLOC

COMFUTE AXIAL LENGTH

Al = 9?90 0

IF (AR.GT.WGK) AL = HRNLTHXAR/(AR - WGR)
COMPUTE MODE COEFFICIENT

Bil = 2,0B114XANXCHMPLX(COB(PHIBSIN(PN) )
SELECTION OF APPRDPRIATE RUADRATURE FORMULA

IR = RK¥AR/3,14153%2 + 1.0

IR = {IQ+1)%1,40

CALL APRQUAD(IRsN@sLOC)
FRINT isNR.LOC . -
FORMAT (1Xs ‘QGUADRATURE FORMULA = ‘»I3»5Xs'LOCATION = /»I3)

COMPUTE INTEGRAND INVARIANT WITH OEBSERVATION POINTS.

10 I = 1»NR

RHO = 0.,50%(1,0 + @xX{I+LOC))

ARG1 = RKXRHOXRHOXARXARX0.350/AL
ARGZ = 1.8411BXRHO

CALL BESSEL (ARG2yBJO,BJ2) .
ESUMY = CHPLX(COS{ARGL)s-SIN(ARG1))
HJ2(I) = BJ2XRHOXESUNTXQUW{I+LOC)
HJO(I) = BJOXESUMTRQW(I+LOC)XRHO

IF (MODE.ER.1) GO TO 10

ARGZ = 3,83171%RHD .

CALL BESSEL (ARGZ:BJO,BJ2)

EJOCI) = RJOXESUMTXOW(I+LOC)XRHD
EJ2(I) = BJ2XESUNTXQW(I+LOC)XRHO
CONTINUE

COMFUTES E- AND H-PLANE FATTERNS




274,000
275,000
2744000
277,000
278,000
279,000
280,000

© 281,000

282,000
283.000
284,000
285,000
286,000
287.000
288,000
289.000
290,000
291,000
292,000
293,000
294,000
295,000
294,000
297,000
298.000
299, 000
300,000
301,000
302,000
303,000
304,000
305,000
306,000
307.000
308,000
309,000
310,000
311,000
312,000
313,000
314,000
315,000
314,000
317,000
318,000
319,000
320,000

321,000

322,000
323,000
324,000
325,000
326,000
327,000
328,000

X

30.

40
X

245

DO 40 I = 1sNPT
ST = RRXARXSIN(THETA(I))

HSUNT = (0.0+0.0)
HSUMP = (0.0v0,0)
ESUNMT = (0.0:0.0)
ESUMP = (0.,0+0,0)

DO 20 J = 1.NQ
ARG = 8TX0.50%x(1.0 + QX(J+LOC))
CALL BESSEL(ARGsBJOsBJ2)

HESUMP = HBUMP - HJ2(U)XBJ2 - HJO(J)IXBJO
HSUMT = HBUMT + HJ2(J)XBRJ2 - HJOC(JIXBJO
-IF (HODE.EQ.1) GO TO 20

ESUMF = ESUNP ~ EJ2(J)¥BJ2 + EJO(JIXBJO
ESUNT = ESUMT + EJOCJIXBJO + EJ2(JIXRJ2
CONTINUE

BKH = 0.0

EKE = 0.0

IF (MODH.ER.O) GO TO 30 .

BKH = SQRT(RKX%2 - (1,84118/AR)X%X2)/RK

IF (MODE.EQ.1) GO 1O 30

BRE = RK/SQRT(RK%¥¥2 - (3.83171/AR)%%2)

CT = COS(THETA(I))

EF = (1.0 + BKHXCT)XHSUMT ~ (1,0+BKEXCT)XB11XESUMT
EFA(I) = CARS(EF)

EPP(I) = ATAN2(AIMAG(EF)sREALCEF))

EF = (CT + BKH)XHSUMP - (CT+BhE)XBil$ESUﬁP
HFA(I) = CARS(EF)

HPF(I) = ATAN2(AIMAGCEF) REAL(EF))
CONTINUE

X NORMALISE PATTERNS

X

¥

X

X

CALL PTNDRH(EPA:EFP!HPA:HPP;NPT)
RETURN

END

SUBROUTINE PTNORM(EPAsEPF+HPAHPP:NFT)

X NORMALISES AMPLITUDE AND PHASE PATTERNS.

DIKENSION EPA(91)sEPP(91)sHPA(T1) HPP(91)

ANORH = EFA(L)

PNORM = EFF(1)

EFA(L) = EPA(1)/ANORN
EFF(1) = EPP(1) - PNORM
HFA(1) = HPA(1)/ANORM
HPF(1) = HPF(1) - FNORN

IF (NPT.EQ.1) RETURN
DD 10 I = 24NFT ’

EFACI) = EPA(I)/ANORHN
HPACI) = HPA(I)/ANORN
EPP(I) = EPP(I) - PNORHN

PRIF = EFPP(I) ~ EPP(I 1)
IF (PDIF.GE.3,141592) EPP(I) = EPP(I) - 6.,283185



329,000
330.000
331.000
332,000
333.000
334,000
335,000
336,000
337.000

. 338,000

339,000
340,000

" 341,000

342,000
343,000
344,000
345,000
346,000
347,000
348,000
349,000
350,000
351,000

3524000 .

353,000
354,000
355,000
3564000
357,000
358,000
359,000
340,000
361,000
362,000
363,000
364,000
365,000
366,000
367,000
3684000
369,000
370,000
371,000
372,000
373,000
374,000
375,000

376,000
377,000 "
378,000

379,000
380.000
381.000
382.000
383,000

IF (PDIF.LE.-3.141592) EFP(I) = EPP(I) + 6.283183

HFF(I) = HPP(I) - PNORM

POIF = HPP(I) - HPP(I-1)

IF (FDIF.GE.3.141592) HPP(I) = HPP(I) -6.2B3185

IF (PDIF,LE.-3.141592) HPF(I) = HPP(I) + 6.283185
10 CONTINUE

RETURN
END
SUBROUTINE BESSEL(ARGyBJOsBJ2)
X
% COMPUTES BESSEL FUNCTION OF THE FIRST KIND » ZERO(BJO) AND
% SECOND(EJ2) ORDER. ARG IS THE INPUT ARGUMENT,
¥
IF (ARG.GE.3.0) B0 TO 10
¥
% 0 < ARG < 3
%
X2 = (ARB/3.0)k%2
X4 = X2%x2
X6 = X4xX2
XB = X6XX2
X10 = XBXX2
X12 = X10%X2
BJO = 1,0 -2,2499997%X2 + 1,2656208%XX4 - .3143866%X4
+ + .0444479%X8 - ,0037444%X10 + ,0002100%X12
RJ2 = 0.5 - ,56249985%X2 + ,21093573%kX4 - .03954289%Xé
+ +,,00443319%X8 - ,00031761%X10 + ,00001109%X12
BJ2 = 2,0%BJ2 - BJO
RETURN
%
X ARG > 3
X
10 X = 3.0/AKG
X2 = X%X
X3 = X2%X
X4 = X3kX
X5 = X4%X
X6 = X5kX
" THETA.= ARG - 78539816 - .04164397%X ~ ,00003954%X2
4+ ,00262573%X3 - ,00054125%X4 - ,00029333kX5 + ,00013558%X6
F = ,79788456 ~ 00000077XX - ,00552740%X2 - ,00009512%X3
+ 4 ,00137237%X4 - ,00072805%X5 + .00014474%XX6
 BJO = FXCOS(THETA)/SORT(ARG)
"THETA = ARG ~.2,35619449 + .12499612XX + .0000565%X2
F - L00637879%X3 + ,00074348kX4 + ,00079824%X5 - ,00029166XX6
BJ2 = FXCOS(THETA)/(ARGXSRRT(ARG))
BJ2 = 2,0KBJ2 - BJO
RETURN .
~ END
SUBROUTINE APQUADRCIRyNRyLOC)
« | o
% MATCHES THE NEAREST QUAD. FORMULA TO THAT REQUIRED.
¥ IQ = IO POINT FORM. REQ.
% N@ = NEAKEST AVAIL..IS N@ FOINT FORM.
% LOC = LOCATION OF FORM.

246
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9

384,000
385,000
386,000
387.000
388,000
389,000
390,000
391,000
392,000
393,000
394,000
395.000
396,000
397,000
398,000
399,000
400,000
401,000
402,000
403,000
404,000
405,000
406,000
407,000
408,000
409,000
410,000
411,000
412,000
413,000
414,000
415,000
416,000
417,000
418,000
419,000
420,000
421,000
422,000
423,000
424,000
425,000
426,000
427,000

428.000

429,000
430,000
431,000
432,000
433,000
434,000
435,000
436,000
437.000
438,000

¥

INTEGER IQF{10) .

DATA NBF2IOQF/1093145658210912914516:20+25/
X .

D0 10 I = 1sNOF

IF (IQ.LE.IQF(I)) GO TO 30
10 CONTINUE

PRINT 20
20 FORMAT(1Xs'HORN IS TOO LARGE. RUAD. FORM. RER. IS LARGER THAN':
+/ AVAIL. IN FROG. EXECUTION TERMINATED.’)
5TOR
30 NR = IBF(I)

CALL QRLOC(N@s,LOC)

RETURN

END

SURRDUTINE QRLOC(N@.LOC)
X
X FURPOSE -~ DETERMINE LOCATION OF INTEGRATION FORMULA IN BLOCK DATA
¥ BLOCK DATA IS ASSUMED TO CONTAIN THE FOLLOWING FORMULAE.
X J141618+10+14916,20,25 PTS, .
* . .

IF (NQ - -23) 20,150,140
20  IF (NG -~ 14) 30,130,140

30 IF (NQ - 12} 40,110,120

40 IF (NQ@ - B) 501905100
50  IF (NQ - 4) 40,70,80
60  .LOC = 0 :
"RETURN
70 LOC = 3 .
RETURN
80  LOC = 7
RETURN
90  LOC = 13
RETURN
100 LOC = 21
RETURN
110 LOC. = 31
RETURN ..
120 - LDC = 43
RETURN
130 LOC = 57
RETURN
140  LOC = 73
RETURN
150 LOC = 93
RETURN
1640 LOC = 118
RETURN
END
BLOCK DATA
© COMMON/BLOCK/QX(118),0M(118) -
% 3 PTS A ;
DATA (QX(I)rI=1y3)/~,7745966469241,0,000000001+,774596649241/
DATA (QW(I)sI=1,3)/,5555555555 . 888888888888 . 555555555555/
X 4 FTS :

247
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439,000

440,000

441,000
442,000
443,000
444,000
445,000
446,000
447,000
448,000
449,000
450,000

451,000

452,000
453,000
454,000
455,000
456,000

248

CDATA (OX(I)+1=4,7)/~.861136311594,~-,3399810435848,,3399810435848,

+.8611363115%4/
DATA (QW(I)»I=4,7)/.347854845137,,652145194862,.652145154862»
+.347854845137/

X 6 BETS.

DATA (QX(1)s1=8,13)/,93246951420315,.461209386464626»
+,23861918608319,

- +=.23861918608319+~.6612093B646626+~,93246951420315/

DATA (QW(I)»1I=8513)/.17132449237917,.,36076157304814,
++4679139345726%,

 +,46791393457269,36076157304814, .17132449237917/
X 8 FTS.

¥ 10

457,000

438.000
439.000
460.000
461.000
462,000
463,000
464,000
463,000
466,000
467.000
468,000
46%9.000
470.000
471.000
472.000
473,000
474,000
475.000
476,000
477,000
478.000
479.000
480,000
481.000
482,000
483.000
484,000
485,000

x 12

DATA (OX(I)rI=14+21)/-.7602898564,~.7966664774+-.52553240%99,
+~+1834346424,.,18B34346424,,52593240991.7966664774y ,9602898564/

DATA (QW(I)sI=14y21)/,1012285362,.2223810344,.3137066458,
+.35626837833,,3626837833,.3137066458,.,2223810344,,10122853462/
FTS.

DATA (BX(I)yI—“2131)/-'9739065285:-.8640633666y 16794095682,
+-~+4333953941,~.1488743389,
++1488743389» . 4333933941, .6794095682, 8650433666, .9737065285/

DATA (QW(I)yI=22+31)/.00656713443y,1494513491,,2170B63625,
+.2692667193,,2955242247,
+,2955242247y,24925467193, ., 2190863425, ,1494513491,,0666713443/

FT8.

DATA (RX(I)s1= 32!43)J-.?81560634“46:-.90411725637:-.76990“6741?4:
+-,087317954286,-.367831498998y-,125233408511,.125233408511;

- +.367831498998y. 587317954286, .769702674194y,904117256370,

¥ 14

% 16

486,000
487,000

488.000
489,000
420.000
421,000
492,000
493,000

¥ 20

+.281560634246/
DATA (QW(I)yI=32+43)/.,047175336386,.106937325995y.140078328343,
+.2031674246723y,233492536538,,249147045813,,249147045813,

+,233492536538, 4203167426723, .160078328543».,106937325%9%5

+.04717533463846/
P15,

DATA (QAX(I)sI= 44:57)!-»986“83808696:-.998434883663y-.B°7°0131407r
+-.,687292904811,-.515248636358,-,3191123468%27,~.108054948707+
+.108054948707,.319112348927,.515248636358y.687222904811y
+.827201315069,.928434883663,.784628380B6%46/

DATA (QW(I)»I=44+57)/.035119460331,.080158087159,,121518570487,
++157203167158,,185538397477,. 205198463721, .2152463853443,
+.215263853463,205198463721,,185538397477,,157203167158
+.121518570687,.080158087159,.035119460331/

FTS,

DATA (QX(I),I= 58:73))-.989400934?91; -+ 9445750230731 -, 865431202388
+-.755404408355:-, 6178762444035~ ,458016777657»~.281603550779
+~.093012509837,,095012509837, ,2816035507795.4538B016777657+
++617876244403,,755404408355, ,865631202387,.944575023073
+.9289400934992/ ‘

DATA (QUW(I):I=58+73)/.027152459412,,062253523938,,095158511482,
+.124828971255,,149595988816,.169156519395,.1824603415045y .
+.189450610455,,189450410455,,182603415045, 169156519395,
+.149595988816y.124628971255,.095158511682,,062253523938y
+.02715245%94117/

PTS.

DATA (QX(I)»I=74+93)/-,9931280991,-.95637719272,~ .?122344"8

+=+837116%718,
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494,000

493.000
494,000
497,000
498,000
499,000
500,000
901,000
302,000
303.000
904,000
305.000
306,000
207,000
308.000
309,000
910,000
911,000
212,000
913,000
314,000
19,000
9146.000
317,000
518,000
519.000

920,000

321,000
322.000
323.000
524.000
335 * 000
324,000

527,000

328,000
929,000
230,000

531,000

ra

_ END
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$-,74633190641~,63605368075~,5108670019y-.3737040887,-,2277858511
+-,076526521137 076526521131 , 22778585111, 37370608871 , 5108670019,
+.6350534807r
$.7463319064,8391169718y, 9122344282, ,9439719272,,9931285991/

DATA (QU(I)»I=74,93)/.,01761400713+.040601429807.06267204833,
$,08327474157, ,
$,1019301198,,1181945319,. 131468846384y ,1420961093,,1491729844,
$,1527533871 .
$,1527533871y, 1491729864, , 1420941093 . 13146886384+, 1181945319,
+,1019301198,

. 0BI276741575 ,06267204833 1 ,040601429801 . 01761400713/
FTS,

DATA (BX(I)rI=94y118)/~, 9955569697905 -,97666392145952;
$-,94297457122897;
+-.89499199787827 -, B33442462874083 s ~, 75925924303735,
$-,673586368473471 ,
+-'577669930241gh,-;47300273144571r-.36117230530939!

-, 243B6488372099,
+~*12286469261071ygOQOOOOOOOOOOOO!.12286469261071;
+,24396488372099
$,361172305809391.47300273144571+,57766293024122,
+,67356636847347
+,75925926303735, . B3344262876083 , 8949919787827,
+,94297457122897,
+,97644392145952 , 9955569497905/

DATA (QW(I)sI=94,118)/,01139379850102.024354986615032,
$,040939156701305
+,0549044695975835y , 06803833381 235, , 0801407003350,
+,09102826198294 :
£,10053594906705 » 10851 9624474263 1 » 114858259145711
+,1194557563535784,
+,12224244299031y ,123176053726715 . 1222424429903 1 , 119455763535784 +
$,1148582591457115,1085196244742431,10053594906705 ¢
$,09102826198294y
$.080140700335, ., 056803833381235,,05490449597583
+,0409391567013 5 ‘
+.0263549866150325,01139379850102/
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D.3 '+ EXAMPLE OF INPUT FILE HORNPAT_DAT

DBUAL MODE CIRCULAR HORN
1

»100 0,0

+ 620 L350

F.+ 0

0

1245

46

B « L FE) PR B . ; B R ) S T z Y . . s
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D.4 SAMPLE OQUTPUT

Ual. MORE CIRCULAR HORN
HORN TYFE - O=FYRAMIDAL » 1=CONICAL
1

AMFLITUDE AND FHASE (RALD) OF HIGHER ORDER MOLE
+100 + 000

CIR. HORN APER. AND INPUT WG. RADII IN INS.
+ 620 + 350

HORN LENGTH IN INS.

3,000 .
HORN APETURE FIELD MOUEL -~ =0sE-FIELD .7 =1,CHU
0
FREQUENCY IN BGHZ
12.450
NO. OF FIELD ORSERVATION POINTS FROM O TO 90 DEG.
44 ~
QUADRATURE FORMULA = 4 LOCATION = 3
E~FLANE FATTERN H-FLANE PATTERN
THETA(DEG) AMFL (DR) FHASE(DEG) . AMPL{DR) PHASEC(DEG)
+00 + 00 +00 + 00 .. + 00
2000 ~-+02 . ‘ +00 "002 .ﬁ + Q0
4000 “508 o01 “QOB . 001
6@00 “ol? 003 “oiB 001
8000 ~+31 QS -+31 --003~
10000 “'#8 +08 "Q? A:+O#
12,00 -+ 62 11 -+70 + 04
14,00 - =+ 23 ‘ +15 ~.26 .08
16.00 -1.21 ¢ 20 ~1.,25 11
18,00 -1.53 126 -1.37 W14
20,00 ~1.89 + 33 -1.%4 + 17
22@00 “2028 wQO “ao3¢ QEO
2#000 . ~2.71 . +48 -2.78 + 24
26,00 =~3.17 o '57‘“ ) “3026 + 29
28,00 -3.64 .68 -3.77 .34
30.00 ~4,19 79 -4,31 + 37
32,00 -4.75 + 22 -4,89 + 45
34,00 ~-5.35 1,06 -3.50 01
36&&0 ‘—5092; 1421 "6*15 057
38.00 o =be 62 ‘ 1.38 C ~6,83 -E
40,00 ~7.+30 1.57 -7.34 72
42L00 . —8!01 1#78 “8@28 QSO
44,00 -8.75 2,01 ~9.05 .88
456.00 . -2.91 2.26 -?.84 « 27
48,00 -10,30 2.34 -10069 1007
50.00 .o=11.11 0 ¢ 2.83 -11.33 1.16
52,00 LLo—l1.92 ~ 3.18 ~12.,45 1,27
94,00 ~12.,74 3.96 ~-13.,37 1.38
Wb+ 00 ~13+63 3.98 ~14.31 1.4%

58&00 : “1#051 . 4044 —15t29 106¥

251
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40,00
62.00
64,00
66 .00
68.00
70,00
72.00
74,00
746.00
78.00
80 .00
82.00
84,00
846,00
88.00
9000
XSTOF ¥

-15,39
-16.29
-17.18

-18,08..
‘18096x

~192.83
~20.66
-21047

-22.,22
L I

C-22.92

“23053
“24&07
~24,50
"24081
-253:00
“2500?

4.95
5.91
6412
6.79
7.32
8.30
2.13
10.00
16.89
11.77
12.62
13.40

14,06
i4,58

14,20
15.01

“16030
-17.34
_18o41
-19.52
~20.68
“21989
"23016
-24,.32
-25.98
—27059
~-29.40
-31.54
~34.19
-37082
-43,%1
-142.01

2,99

Ao b

2,34
2,46
2,57
2,68
2,77
2.86
2,93

2,99
3,03
3,06
3,07
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E.1l Description of Computer Program DSCRPLT SIF

IDENTIFICATION:

PURPOSE:

AUTHOR:

DESCRIPTION:

DSCRPLTI SIF

The program obtains the specified gain contours
from an input gain matrix and plots them on a
line printer using discrete symbols. The gain
matrix is on a rectangular grid.

K. K. Chan,

Chan Technologies Inc.,

26 Calais Circle,

Kirkland, Quebec,

H9H 3V3.

Tel: (514) 697-6419.

The program reads in the gain matrix and
augments it with additional rows and columns
through an interpolation method in which the
curve and its derivative are continous. The
scale or angular interval per inch defined by
the user for the axis that is along the paper
is divided into a number of subintervals_that
is equal to the number of lines per inch (Lpi).
The number of lpi is printer dependent. The
larger the number, the finer is the contour
map. Along each line which is either on
azimuth cut or an elevation cut, depending on
the map orientation, the gain is known at a

number of equally spaced points from inter-




USAGE (INPUT)

AZSCALE
ELSCALE
KPT
LPI

IAXIS

NCONT
CONT(K)
AZB

ELB

254
polation. The gain curve is approximated
locally by a quadratic equation. The
intercepts of this curve with the specified
gain levels locate the contour points that
are to be plotted. The resolution crosswise
is determined by the number of characters per
inch setting of the printer. By searching
along each line for the contour points and
plotting them when found, a contour map is

created.

Two input files are required. The first is
named DSCRPLT DAT and the data required are
listed below.

Azimuth scale in degrees per inch,

Elevation scale in degrees per inch.
Characters per inch, 10 or 12.

Lines per inch, 6, 8, or 12.

Plot orientation parameter

0, Azimyth axis is along paper and elevation
axis is across paper.

1, Elevation axis is along paper and azimnth
axis is across paper.

Number of contours. Maximum is 18.

Contour levels in dB.

Azimuth co-ordinate of boresight.

Elevation co-ordinate of boresight.
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The following are data to be provided in a

second file named GNMAT. These data are usually generated by the

reflector analysis programs.

IHEAD(N) -
AZS -
AZE -
NAZ -
ELS -
ELE -
NEL -

GN(I,J) -

QUTPUT:

CODING INFORMATION:

RESTRICTIONS:

Header of run.

Azimuth start angle in degrees of coverage.
Azimuth stop angle in degrees of coverage.
Number of azim th points.

Elevation start angle in degrees of coverage.
Elevation stop angle in degrees of coverage.
Number of elevation points.

Gain matrix entered row wise corresponding

to an azimuth cut.

All input data are printed out for reference,

followed by a plot of the gain contours.

Program is written in FORTRAN 77 for use on

the CRC Honeywell CP-6 computer.

There is a restriction on the size of the gain
matrix. With the present array dimensions,

the maximum gain matrix size is 49 by 49.

To increasé the matrix size that can be treated,
the dimensions of Z0 and GN must be changed in
the main program as well as in the subroutine

MATINT.

First and second dimension of ZO = Larger of

the two integers NEL and NAZ.
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First dimension of GN NEL + (NEL - 1) NAR

Second dimension of GN

I

NAZ + (NAZ - 1) NAC

NAR = No. of additional rows to be added
per interval.

NAC = No. of additional columns to be added

per interval.

NATL, and NAC are defined in the DATA statement located at the

beginning of the main program. They have been set to unity. As

a result, the dimension of GN is 97 by 97.
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~B.2 PROGRAM LISTING
1,000 FROGRAM DSCRFPLT
2,000 X .
3.000 ¥ FROGRAM PLOTS SFECIFIED GAIN CONTOURS FROM & GAIN MATRIX ON A LINE
4,000 ¥ PRINTER. MATRIX MUST BE ON A REGULAR RECTANGULAR GRID.
5.000 % FLOTS ARE MADIE UP OF DISCRETE SYMROLS.
6.000 X
7.000 X WRITTEN BY K. K. CHAN » CHAN TECHNOLOGIES INC.» FER 1984,
8.000 x . . "
?.000 DIMENSION Z0C(422492)+GN{(P797)CONT(18)
10,000 DIMENSION XLAREL(Z7S)Y s YLAREL(1Z)yROOTC(2) PLINEC(LIZ2L)
11.000 INTEGER IHEADR(7Q):SYMRB(18)
12.000 DIMENSION LQZ(9)3LEL(9)!LXL(9)!LYL(?J
13,000 %X SYMR = BYMBOLS FOR CONTOURS
14,000 DATA (SYMB(K) K= 1:18)/1H#11H“!1H$!1H$!1H@!1H&!1H+11HX7
15,000 FilH=y IHAY IHE s 1HCy tHD e AHE Yy IHF » 1HG s AHHs LHI/
16.000 BATA (LAZ(N) sN=1+s92)/1H »iHAs LHZ» IHIy IHM» 1HU2 1HTy IHHsIH /
17.000 DATA (LEL(N)YsN=1+9)/1HE»1HLyIHEs IHVy 1HAsIHT s 1HI» L1HO» 1 HN/
18,000 X NAR = NO, OF ARDITIOONAL ROWS GAIN MATRIX TO RE INCREASED RY.
19,000 % NAC = NO. OF ADDITIONAL COLS GAIN MATRIX TO RE INCREASEDR RY.
20.000 DATA NARYNAC/1s1/
21,000 X
22.000 % FIRST INPUT DATA FILE
23,000 OFENC(LFILE="OSCRPLT.ODAT/ »STATUS='0LE’ rUSAGE="INFUT )
24,000 X AZSCALE = AZIMUTH BCALE IN DEG FER INCH
25.000 X ELSCALE = ELEVATION SCALE IN DEG FER INCH
26.000 % N.B. SCALE FOR THE HORIZONTAL AXIS SHOULD RE CHOSEN SUCH THAT THE
27.000 X RESULTANT ACROSS FAGE FLOT SIZE TIMES NO. OF CHARAC. PER INS, DD
28.000 ¥ NOT EXCEED 121, E. .G, WITH 12 CPI » MAX. ACROSS FAGE PLOT SIZE IS
22.000 %X 10 INS, THERE IS5 NO RESTRICTION.TO ALONG FAGE (TOF TO ROTTOM) PLOT
30,000 % SIZE.
21,600 REALCL ¥} AZSCALE:ELSCALE
32,000 % KFI = CHARACTERS FER INCH » 10 OR 12
33.Q00 X LFI = LINES FPER INCH » 6 ¢ 8 0OR 12
34,000 ¥ N.B. PRINTER SETTINGS HUST RE COMFATIRLE WITH KFI AND LFI SFRECIFIED.
35.000 READ(1s%) KFIsLPI
35,000 % IaXIS = FPARAMETER WHICH DETERMINES ORIENTATION OF FLOT
37.000 X IAXIS = 0 » AZ-AXIS IS ALONG FAPER ANDI EL-AXIS IS ACROSS PAPER
38.000 % JIAaXIs = 1 v EL-AXIS IS ALONG FAFER AND AZ-AXIS IS5 aCROSS FAPER
392.000 READ(L»%) IAXIS
40,000 X NCONT = NUMBER OF CONTOURS. HMAX., 18
41,000 REATICLy k) NCONT
42,000 X% CONT = CONTOUR LEVELS IN DE
43,000 READCL+%) (CONT(R) s RK=1sNCONT)
44,000 X AZB = AZIMUTH CO-0ORD OF BRORESIGHT
45,000 % ELE = ELEVATION CO-0RD OF RORESIGHT
46,000 READCLs%) AZEBsELER
47,000 % SECOND INFUT. DATA FILE.
48,000 DPENC2 7FILE“’GNﬁéT’ySfﬁTUS—’ULD'vUSAGE"INPUT )
49,000 % IHEAD = HEADIER OF RUN -
50,000 READ(2,1) (IHEAR(N) fN=1,70)
51.000 1 FORMAT{704A1)
F2.000 % AZS = AZIMUTH START ANGLE IN IEG.
53,000 % AZE = AZIMUTH STOF ANGLE IN DEG.

.
H
i
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54,000 ¥ NAZ = NO, OF AZIMUTH.FTS. (NO., OF EL CUTS)
55,000 % ELS = ELEVATION START ANGLE IN DEG.
56,000 ¥ ELE = ELEVATION STOF ANGLE IN DEG.
57.000 % NEL = NO. OF ELEVATION FTS. (NO. OF AZ CUTS)
58,000 REALI(2s%) AZSyAZE»NAZyELS»ELE»NEL
59,000 D0 10 I = 1yNEL
$0.000 READN(2y%) (GN(IsJ)rJ=1,NAZ)
61,000 10 CONTINUE
62,000 FRINT 1a:(IHEAD(N):N 1:70)
63,000 15 FORMAT(//220X»70A1)
454,000 FRINT 20 ,
45.000 20 FORMAT(/»10Xy/START AND STOF VALUES OF SCAN RANGE (DEG)Y’»
66.000 +/ AND NUMEER OF COMFUTED FOINTSs/)
67000 PRINT 25, AZSsAZEsNAZYELSYELEsNEL
48.000 25 FORMAT(L1OXy“AZS = ‘yF8.,233Xs’AZE = ‘3F4.2:3X2'NAZ = “+2IRs//210Xs
49,000 +/ELS = ‘yF8.,293Xs’ELE = ‘sF4.2:3X2'NEL = “5I2s//)
70,000 PRINT 30
71.000 30 FORMAT(10Xy ‘BAIN MATRIX (LE)‘s/)
72,000 00 40 I = 1sNEL
73.000 FRINT 35y (GN(IyJ)sd= 1,Naz>
74,000 35 FORMAT(SX»21F6.2)
75.000 40 CONTINUE :
746,000 FRINT 45, AZSCALEs ELSCALE
77.000 45 FORMAT(//»10Xy “AZIMUTH AXIS SCALE = ‘»F10.5»¢ LNDEG/INCH’/s10X»
78.000 +//3y10Xy "ELEVATION AXIS SCALE = ‘sFB8.5y/ DEG/INCH’)
79,000 FRINT S50s AZRBy ELR .
80,000 S0 FORMAT (/s 10Xs "BORESIGHT »7Xr“AZ = ‘3sF6.233Xs‘EL = “2Fb6.2
81,000 +/ DEG’)
82,000 FPRINT 55 .
83.000 55 FUkHAT(//yiOX:'CDNTDUR SYMEOLS AND CORRESPONUING‘ s
84.000 +/ DR VALUES‘y /)
85,000 FRINT 60y (SYMER(K) sK=1,NCONT)
Bb.000 60 FORMAT(10Xy ‘SYMEOL - ‘»18(4XsAl:1X))
87.000 PRINT 65s (CONT(K)sK=1yNCONT)
BB .000 45 FORMAT(/s 10Xy LB VALUE ‘s18F6.2)
89.000 IF (IAXIS.GT.0) GO TO 8BS
90,000 IF (KFPIX(ELE-ELS)/ELSCALE.GT.121) GO TO 85
21.000 X8CALE = AZSCALE
22,000 YSCALE = ELSCALE
22,000 X8 = AZS
24,000 XE = AZE
95,000 NX = NAZ
?6.000 YS = ELS
97.000 YE = ELE
?8.000 NY = NEL -
29,000 XE = AZR
100.000 YR = ELE
101.000 00 75 I = 1yNY
102,000 DO 70 J = 1»NX
103.000 ZOCIvJd) = GN(IyJd)

104,000 70 CONTINUE
105.000 75 CONTINUE

106.000 0o 80 N = 1.9
107,000 LXL(N) = LAZ{N)
108.000 LYL(N)Y = LEL{N)
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109,000 80 . CONTINUE
110,000 . GO TD 105
111.000 85 IF (KPIX(AZE-AZS)/AZSCALE.BT.121) GO TO 250
112,000 XSCALE = ELSCALE
113,000 YSCALE = AZSCALE
114,000 X8 = ELE
115.000 XE = ELS
116,000 NX = NEL
117,000 Y8 = AZS
118.000 " YE = AZE
119,000 NY = NAZ
120,000 XBE = ELE
121,000 YE = AZE
122,000 00 95 I=1yNY
123,000 I0 90 J = 1sNX :
124,000 ZO(Isd) = BN(JINY+1~I)

125,000 90 CONTINUE
126.000 95  CONTINUE

127,000 g 100 N= 1,9
128,000 LXL{N) = LEL(N)
129.000 LYLINY = LAZ(N)
130,000 100 CONTINUE
131,000 %

132,000 % ENLARGE GAIN MATRIX TO A FINER GRID .
123.000 % ADDITIONAL ROWS (NAR) AND COLUMNE (NAC) ARE ADDED FER GRID INTERV.
134,000 X .

135,000 105 CALL MATINT(ZOsNYyNXsNARINACGN)

136,000 DELTAX = ABS(XE-X8)/(NX~1)

137,000 DELTAY = (YE ~ Y8)/(NY-1)

138,000 IX = XSCALE/LPI

139,000 NLINES =.ABS(XE-X8)/IX + 1.5

140,000 IF(NLINES.LT.LFI+1) GO TO 240
141,000 DY = YSCALE/KFI

142,000 NCHAR = (YE ~.Y§) 7/ DY + 1.5

143,000 IF(NCHAR LLT. KPI 4 1) GO TO 250
144,000 IMAX = NY - 2

145,000 JMAX = NX - 2 }
146,000 LELX = ABS(XE - X§) / XSBCALE + 1.5
147,000 00 110 LEL=1:LELX

148,000 XLAREL(LEL) = X8 4 (LEL =-1) % XSCALE
149,000 IF (IAXIS.GT.0) XLAEREL(LEL) = X8 - (LEL-1)XXSCALE
150,000 110  CONTINUE

151,000 LBLY = (YE - YS) / YSCALE + 1.5
152,000 ‘D0 115 LEL=1,LELY

153,000 YLAREL(LEL) = Y§ 4 (LBL - 1) % YBCALE
154,000 115  CONTINUE

155,000 Ni = (NCHAR - 1) /7 2 - 4

156,000 N2 = N1 + 1

157.000 N9 = NI + 9

158,000 0 120 N=1,N1i

159,000 LINE(N) = 1H

160,000 120  CONTINUE

161,000 D0 125 N=N2Zs N9

162,000 o= N - N1

163.000 LINE(N) = LYL(M)



144,000

uu*OOO
166,000
147,000
148,000
169.000
170.000
i71.000
172,000

173,000

174,000
175,000
174,000
177.000
178.000
179.000
180.000
181.000
182,000
183.000
184,000
185.000
184,000

187.000-

188,000
189.000
190.000
121,000
192.000
193.000
194,000
195.000

130

137

139

140

X
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CONTINUE
LINE(NCHAR) = 1H
FRINT 130

_FORNAT(//)
TPRINT 135

(LINE(N)
FORMAT(EX,1214A1)
IF(KFI LEQ. 10) PRINT 137,
IF(KPT +EQ. 12) PRINT 139:
FORMAT(2X213(4XsF6.23) ‘
FORMAT(11(¢(&X»F&.2))
0 140 N=1,NCHAR
LINE(N) = 1H-
IFCCIN-1Y/KFIY X% KPI
CONTINUE
DO 2335 L=1y
X =

N=1y N9 ?

(YLAREL (LBL)»
(YLAREL (LEL)»

LEL=1,
LEL=1,

LELY)
LELY)

+EQ. (N-1)) LINE(N) = 1H+

NLINES
(L = 1) % IX

LBL = X / XSCALE + 1.5 .
J = X /7 DELTAX + 1
IF(d. 6T, JHAXY J = JIMAX
INT = J - 1
XF = X/DELTAX - INT
X = X8 + X

1.0

RANBE =

X LDCQTE»CUNTDUR FOINTS RY FiNBING INTERCEFTS OF QUADRATIC

X

196,000

197,000
198,000
199,000
200,000
201,000
202,000
203,000
204,000
205,000
204,000

207,000
- 208.000

209.000
210,000
211.000
212.000
213.000
214,000
215.000
216.000
217.000
218,000

¥ GAIN CURVE WITH CONTOUR LEVEL,

o0 180 I = 1y IMAX

Fi = (XP = 1,0)%(XP - 2.0)

F2 = XPXK(2.,0 - XF)

F3 = XFX(XF = 1.0) .

FX1 = 0.25¥FiXkGN(I»J) + O.SKF2KBNC(IsJ+1) + O 2SKFIXGN(IyJ+2)
FX2 = 0,SKFLXBNCI+1sJ) + FIZXGN(I+1,J+1) + O.SKFIKEBN(I+1rJ+2)
FX3 = 0425KFLKGNCI+2sJ) 40, SKF2RGNCI+2, JH1)+0 . 2SKFIKONCT+2 5 427
A = FX1 -~ FX2 + FX3 .

B = -3,0%FX1 + 2.0%FX2 - FX3

L = 2,0KFX1

D= C

DO 175 K = 1y NCONT

C =D - CONT(K)

IF (ARS(A).LT.1E-10) GO TO 155
FACT = RAX2. = 4.,0%A%(C
IFC(FACT) 175,145,150

¥ ROOTS ARE EQUAL

145

% ROOTS ARE REAL ANI
130

133

ROOT(L) = - O.3XB/A
ROOT(2) = ROOT(1)
GO TO 145

UNEQUAL

ROOTC(L) = 0.9%(-B + SART(FACT)/A
ROOTC(2)Y = 0.9%( B - SQRT(FACTY)/A
G0 TD 165

IF(ARS(R).LT.1E~10) 60 TO 150

X INTERSECTION OF A STRAIGHT LINE WITH CONTOUR LEVEL

ROOT(L) = -C/H
ROOT(2) = ROOT(1)




21%9.000
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
235.000
237.000
238.000
239.000
240.000
241.000
242.000
243,000
244,000
245.000

246,000 2
247,000 2

248,000
249,000
2%0, 000

251,000

252,000
253,000
254,000
255,000
2544000
257,000
258,000
259,000
260,000
261,000
262,000
263,000
264,000
265,000
266,000
267,000
268,000
269,000
270,000

160

170
173
180

185

120

195

IR
rJ P
ao

271.000 245

272.000
273,000

261

- G0 TO 145
IF(ABSCC)Y GT.0.,0001) GO TO 175

ROOT(LY = 0.0

ROOT(2) = 0.0

IF(ILEQ.IMAX) RANGE = 2,0

DO 170 II = 1y 2

IF(ROOT(IT)+«LT+0.0 OR. ROOT(II}.GT.RANGE) GO TO 170

Y = YE - (I-1)XDELTAY - ROOT(II)XDELTAY
NIYY = (Y - YS§y/0Y + 1.5

LINE(NDY) = SYMR(K)

CONTINUE

CONTINUE

CONTINUE

IF(AES(X - XB) .GE. DX/3.,0) GO TO 185

NIIY = (YR - Y8)/DY + 1.5
LINE(NDY) = 1HX

LX = 1H »

NL = (NLINES - 1)/2 - 4

IF(L.LEWNL +OR. L.GT,(NL+9)) GO TO 190

LX = LXL{L = NL)

IF(L.EQ.1 .OR., ((L-1)/LFID)XLFI.EQ.(L-1)) GO TO 200
FRINT 195 LX» (LINE(N)N=1,NCHAR)
FORMAT(1X,1A1,7X»121A1)

G0 TO 210
LINEC1) = iH+
LINE(NCHAR) = 1H+
FRINT 205y LXsXLABEL(LEL)» (LINE(N) sN=1sNCHAR)
FORMAT(1Xr1A1sF6.2,1Xs12141)
DO 215 N = 1yNCHAR
LINE(N) = 1iH
CONTINUE
LINE(1) = 1HI
LINE(NCHAR) = 1HI
IF (L.NE.NLINES-1) GO TO 225
D0 220 N = 1sNCHAR
CLINE(N) = 1H- o
IF (C(N-1)/KFI)KKFILER.(N-1)) LINE(N) = 1iH+
CONTINUE
CONTINUE | -

IF (KFI.EQ.+10) PRINT 137y (YLABEL(LEL)sLEL=1,LELY)
IF(KFI.EQ.12) FRINT 139y (YLABEL(LEL) »LEL=1sLRLY)

O 230 N = 1yN1
LINE(N) = 1H
CONTINUE _

DO 2353 N = N2 »+ N?
=N - NI
LINE(N)Y = LYL(M)
CONTINUE

LINE(NCHAR) = 1H

FRINT 135y (LINE(N)» N=1,NCHAR)
STOF o

FRINT 245

_ FORMAT(///»10Xy’X~AXIS SCALE TOO LARGE’)

STOF
PRINT

203



274,000
275,000
274,000
277,000
278,000
279,000
280,000
281,000
282,000
283,000
284,000
285,000
286,000
287,000
288,000
289,000

290,000..
291,000

292.000
293.000
294,000
295,000

296,000
297,000

298,000
299,000
200,000
301,000
302,000
303,000
304,000
305,000
306,000
307,000
308,000
309,000
310,000
311,000
312,000
313,000
314,000
315,000
314,000
317,000
318,000
319,000
320,000
3@1 000

-l-.t'_ +* 000
323,000
324,000
325,000
324,000
327,000
328,000

262

FORMAT(///+10Xs“Y-AXIS SCALE TOO LARGE")
STOR

FRINT 265

FORMAT(///»10Xs AXIS SCALES TDD SMAaLL’ )
STOF

END

SURROUTINE MATINT(ZOsNROs»NCDsNARSNACZN)
THIS ROUTINE ENLARGES THE INPUT MATRIX THROUGH THE ARDDITION OF
INTERFOLATED VALUES -

10 INFUT GAIN MATRIX

ZN AUGMENTED QUTPUT GAIN MATRIX

DIMENSION ZO(42:49)2ZN(27+97)

rJ
]
4]

Fa T3
O~
o

I K Rk K

LR

INTERFOLLATE ACROSS EACH COLUMN OF THE OLD MATRIX

I W K

NAR1 = NAR + 1
NR2 = NRO - 2
NR1 = NRO - 1
NACL = NAC + 1
NC2 NCD - 2
NC1 NCD - 1
HELX = 1.0/FLOAT(NARL)
Do 80 J = 1,NCO
Sdd =1 4+ (U-1)YXNACL
- ROUNT = 1

i

X
X INTERFOLATE ACROS8 THE FIRST INTERVAL OF THE J TH COLUMN.
_\k .

Z1 = Z0(1s:d)
Z2 = Z0(2, D)
Z3 = Z0(3:Jd)

IN(ROUNT»JJ) = Z1 -

IF (NAR1.EG.1) GO TO “0

O 10 L = 2sNAR1

ROUNT = KOUNT + 1

X = (L-1}%DELX .

IN(ROUNT»Jd) = FUNCX(0.0»1.0+2.02Z1+Z2+Z3+X)
10 - UCONTINUE
* .
¥ INTERFOLATE FROM THE SECOND TO THE LAST RUT ONE INTERVAL
¥ FOR THE J TH COLUMN.

X
20 IF (NR2.EQ.1) GO TO 50

DD 40 K = 2yNR2
Z1 = ZD(K-1sJ)
22 = ZO(KsJ)
Z3 = ZO(K+1rd)
Z4 = ZO(K+22J)

ROUNT = ROUNT + 1

IN(KOUNTsJJ) = Z2

IF (NAR1.EG.1) GO TO 40

DO 30 L=2sNARL

ROUNT = ROUNT + 1

X = 1,0 4+ (L-1)XDELX

FN = FUNCX(0.021.0s2.09Z1+Z225Z3»X)




o - - . e - . Fl - - . . . . '

329,000
330.000
331,000
332,000
333,000
334,000
335,000
336,000
337.000
338,000
339,000
340,000
241,000
342,000
343,000
344,000
345,000
346,000
347,000
348,000
349,000
350,000
351,000
252,000
353.000
354,000
355,000
356,000
357,000
358,000
359,000
340,000
361,000
362,000
363,000
364,000
365,000
366.000
367,000
368,000
369,000
370,000
371,000
372,000
373,000

376,000
377.000
378.000
372.000
380,000
381.000
382,000
383.000

30
40
*

¥
S50

40
70

80

* W

% K

36 ¥ K

374,000 .
375,000

?0
X
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FNLI = FUNCX(1+072.053.0+Z2+Z3:Z4+X)
ALFHA = X - 1.0

W= 1,0 - 3.0kALFHAXX2 + 2,0%XALFHAXX3
ZNCKOUNT»JJ) = WXFN + (1.0-W)IXFN1
CONTINUE

CONTINUE

¥ INTERFOLATE ACROSS THE LAST INTERVAL FOR THE J TH COLUMN

Z1 = ZO{NR1i-1,0)
L2 = ZO(NR1:J)
23 = ZO(NR1+1-0)

ROUNT = RKOUNT + 1

U ZN(KOUNT»JJ) = 22

IF{(NARL.EQ.1) GO TO 70
DO 40 L = 2sNARL
KOUNT = RKOUNT + 1

X = 1,0 4+ (L-1)XDELX
CZN(ROUNT»Jd) = FUNCX(0.021,072.05Z1+Z29Z35X)

CONTINUE ,
KOUNT = ROUNT + 1
ZINCKOUNT» Y = Z3
CONTINUE

CNRN = KOUNT

UFDIATE NO. OF ROUWS

NRO = NRN

INTERFOLATE ACROSS EACH ROW OF THE AUGHENTED MATRIX

IF (NAC1.EQ.1) RETURN
DELX = 1.0/FLOAT(NACL)
O 140 I = 1sNRN

INTERFOLATE ACROSS THE FIRST INTERVAL OF THE I TH ROW
KOUNT = i

JJ2 = JJ1 + NACHL

JJ3 JJ1 + 2%NACL .
Z1 = ZN(Is,JJ1)
Z2 = ZN(I+J42)
23 = ZIN(Iy»JJ3)

0. 20 L = 2sNACL

KOUNT = KOUNT + 1

X = (L-1XXDELX o

ZINCIyROUNT) = FUNCX(0.021.072,0sZ15Z2+23:+X)
CONTINUE

X INTERPULQTE”RRDM THE SECOND TO THE LAST BUT ONE INTERVAL FOR

X

¥ THE I TH ROW..

IF (NC2.EQR.1) 60 TO 120
O 110 K = 2,NC2



.

384.000
385.000
386,000
387.000
388,000
389.000
320,000
391.000
322.000
393.000
394,000
395,000
3264000
3927.000

398.000 -

399.000
400.000
401,000
402,000
403,000
404,000
405,000
406.000
407.000
408.000
409.000
410.000
411.000

412.000

413,000
414,000
415,000
416,000
417,000
418,000
419,000
420,000
421,000
422,000
423,000
424,000
425,000
424,000
427,000
428,000
429,000

100
110
X

1+ (R=-2)%NACL

JJ1 o=

JJ2 = JJi + Naci
JJ3 = JJ1 + 2%NACH
JJa = JJ1 + 3¥NACH
Zi o= ZINCIsJJd1)

72 = ZN(I»JJ2)

73 = ZN(TrJJ3)

Z4 = ZN(IsJJ4)

KOUNT = KOUNT + 1

DO 100 L o= 2sNACL

RKOUNT = RKOUNT + 1

X = 1,0 4+ (L-1)YXDELX

FN = FUNCX(0,021:+052:0+Z1+Z2:Z3:+X)
FN1 = FUNCX(1.0+2:093:0+22:237Z24+X)
ALFHA = X ~ 1.0

W= 1.0 - 3,0%¥ALFHAX%X2 + 2.,0%ALFHAXX3
ZNC(IsROUNT) = WXFN + (1.,0-W)&FN1
 CONTINUE

CONTINUE

X INTERFOLATE ACROSS THE LAST INTERVAL FOR THE I TH ROW.,

¥
120

130

140

JJ1 = 1 + (NC1 - 2)%NACL
JJ2 = JJUi + Naci

JJ3 = JJ1 + 2%NAC1

Z1 = ZN(I»JJ1id

72 = ZN(I»JJ2)

Z3 = ZN(IyJJ3)

ROUNT = KOUNT + 1
00 130 L = 2sNACH
ROUNT = RKOUNT + 1
X = 1.0 + (L-1)XDELX

S ZN(IPKOUNT) = FUNCX(0,0r1.052,05212225Z3,X)

CONTINUE
ROUNT = KOUNT + 1
CONTINUE

¥ UFDATE NO. OF COLUMNS

NGO = KOUNT

RETURN

END ..

"FUNCTION FUNCX(TLsT2yT32V15V2,V3,T) .

FUNCX = VI%(T-T2)¥(T-TIY/((T1-T2IR(T1-T3Z)) +

+ VR2R(T-TLIR(T-TI)/((TR2-TLIXK(T2-T3)) + VIK(T-TLIR(T-T2)/

+ O T3~-TLIRCTI-T2))
RETURN - '
END
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