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EVALUATION

This contractual effort resulted in the development of a geometrical
theory of diffraction (GTD) computer code for circular parabolic reflectors
with feed and strut scattering. This computer code analytically predicts
the far field pattern of the parabolic reflector including the scattering
from reflector edges, feed supports, and the feed structure.

The results of this effort provide a means of simulating a parabolic
reflector with obstructing feeds and supporting structures and predicting
the far outside lobe responses. This computer code can more accurately
simulate the parabolic reflector environment than previously accomplished
in the past.

This fits into the RADC Technology Plan (TPO I-B) for analytically
simulating parabolic reflector antenna system before fabrication,
installation and test.

The computer code, OSU PATT, is presently operational on the
RADC-HIS 6180 computer facility and will be used to analyze the performance
characteristics of radar and communication parabolic reflector type
antenna systems.

@Wm /,(97/&/7« '

CARMEN S. MALAGISI
Project Engineer
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PART I - THEORY

CHAPTER 1
INTRODUCTION

The classical analysis of reflector antennas was well developed
in the Tate 1940's. Accordingly, the radiation pattern in the forward
hemisphere of a reflector antenna can be calculated by either the
aperture field method or the current distribution method [1]. However,
these methods are rather slow for electrically large antennas, and in
general do not predict the wide angle side lobes accurately. Recently,
the wide angle side lobes were calculated [2] by the GTD [3,4,5] which
offers an efficient way to obtain the radiation pattern except for
the forward axis region. Thus an overall pattern results from a
combination of GTD and aperture integration methods. Using this
approach, the far field patterns of the circularly symmetric parabolic
reflector antenna with the feed at the focus were calculated in [2].
The effect of a rapid field variation at the edge of the reflector and
the coupling between two reflector antennas were also analyzed
using the GTD approach [6].

In this report, the same approach is extended to the scattering
from the feed supports. Also the analysis has been extended to
include calculation of the off-principal plane patterns. The feed
horn blockage is also treated in a similar manner to that in [2] by
replacing the feed structure by an equivalent circular or rectangular
flat plate model whose area approximates the cross section of the
feed structure. This approximation is justified in the forward
direction, where the feed horn blockage is generally most significant.
The flat plate scattering is analyzed by the conventional physical
optics approach [7].

On the other hand, the feed support scattering is treated in a
different way in which the scattered field of each individual strut
is obtained using the concept of equivalent current line source [8,9].
The GTD is used to determine the equivalent line sources. The total
effect of the feed support scattering is the sum of the scattered
fields from each individual strut. Then the scattering from the feed
horn and the feed supports is simply added to the other radiation
components of the antenna. Thus the total pattern of the reflector
antenna is composed of the radiation field from the reflector, the
direct feed pattern and the scattering from the feed structure.

\ user-oriented computer program is described in Part II of this
report. The input to the program consists of the E- and H-plane patterns

of the feed, the frequency, the dimensions of the reflector, the positions

and diameters of the feed supports, and the physical cross section of
the feed.
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In addition to the reflector antenna code described in the body of
this report, a second computer code developed by W. D. Burnside and
R. F. Marhefka has been made operational on the RADC Honeywell computer
system. This code referred to as the flat plate program is used to com-
pute the far-zone scattered fields for antennas radiating in the near
zone of structures made of flat plates. In its present form this code
simulates structures such as buildings, or ships by a set of finite flat
plates forming a convex structure for which the scattering from one flat
plate to another is negligible. Using the present code, one can treat
the structure by a single flat plate, a rectangular box, a rectangular
pyramid, etc. Also a separate ground plane can be introduced. This

additional effort was supported by the Naval Ocean Systems Center,
San Diego, California under Contract N00123-76-C-1371.

The present code is limited to one structure which can be simulated
by as many as 14 plates. This is based on the array dimensions in the
code and is not a limitation of the theory. Each plate can consist of
6 corners; however, each corner must lie in a plane or the computer code
will abort. The definition of the plates is made by first setting up a
fixed cartesian coordinate system relative to the structure under investi-
gation. The plates are, then, defined by the location of the corners.

The antenna location is, also, specified in the same coordinate frame.

One should note that the fixed coordinate system should be chosen such
that one can easily define the structure. The program has the flexibility
to handle arbitrary pattern cuts relative to this coordinate system as is
discussed later.

The antenna presently considered in the computer code is simulated
by a set of electric or magnetic elemental radiators. There is a maximum
of six such radiators which is limited by the computer code dimension
and not the theory. Each electric or magnetic radiator has cosine
distribution, arbitrary length, arbitrary magnitude and phase, and
arbitrary orientation. This elemental antenna is considered initially
but can be easily modified in that the code is modular in construction.
In this case, the SOURCE subroutines can be easily exchanged with another
antenna pattern subroutine.

The present form of the computer code is not large in terms of
computer storage and executes a pattern in short order. The storage is,
of course, dependent on the dimensions which might vary; however, the
present code requires approximately 100 K bytes. It will run a pattern
cut of 360 points for a flat plate structure with one antenna in approxi-
mately 10 seconds on a CDC-6600 computer.
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The limitations associated with the computer code results from
the basic nature of the analysis. The solution is derived using the
Geometrical Theory of Diffraction (GTD) technique which is a high fre-
quency approach. In terms of the scattering from a finite flat plate,
this means that each plate should have edges at least a wavelength
long. In addition, antenna elements should not get closer than about a
wavelength to any edge. In some cases, the previous wavelength limit
can be reduced to a quarter wavelength.

A part of the work carried out under this contract concerned the
development of diffraction coefficients for perfectly-conducting
cylindrical scatterers. These diffraction coefficients were used to
calculate the scattering from the feed support of a reflector antenna,
as described in the body of this report. However, they also were used
to predict the degradation of the pattern of the LAMPS antenna caused by
the presence of a nearby cylinder. The LAMPS antenna is a 34" parabolic
reflector antenna with a nominal frequency of 4.6 GHz. A report [13] was
prepared on this task, and since the results were of interest in the
analysis of a shipboard antenna configuration, its publication was
supported by NOSC through the Naval Regional Procurement Office, Long
Beach, California under Contract N00123-76-C-1371.




CHAPTER II
RADIATION PATTERN

A. Primary Feed

Reflector antennas are classified according to the geometry of
the reflector surface as well as the shape of the reflector rim. In
this report, a focus-fed paraboloid with circular rim is considered.
However, this approach can also be applied to other kinds of re-
flector antennas. Since the feed is located at the focus, it is con-
venient to introduce a spherical coordinate system to describe the
field of the primary feed with origin at the focus (Pf) and the
y axis as the polar axis as shown in Figure la. To describe the
radiation from the feed at the reflector, another spherical coordinate
system also with origin at the focus, but having the z axis as the
polar axis is used (see Figure 1b).
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Figure 1. Coordinate systems for the primary feed.
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The relations between the coordinate variables and unit vectors
of these two systems are given by

cos y = cos ¢ sin 6 (1)
- cos ¢' sin y = sin ¢ sin 0 (2)
St sin ¢' cos g ~ (cos ¢

S /3 ] ~ 3 t
§' = - b, co; e o sin ¢' cos y (4)

where

Jl - sin® v sin® e (5)

(e}
i

The coordinate systems for the reflector geometry are shown in
Figure 2 where (R,6,9) are the spherical coordinates of the far field

y

A

(c) (d)

Figure 2. Coordinate systems for the reflector.

point., If we assume that the reflector is in the far zone region of
the feed source, the field of the primary feed having the same polari-
zation in the far zone as a dipole oriented in the y direction is
given by

o -
= e —————————
s T —
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-JjkR!

f ~
E = -0, g(gf,¢f)e_.§1_
a ; i A ' -jkR'
e cos y sin ¢' ~ cos ¢ e
F (6 T ¢ =) fv,e') =g (6)
where g(of,0f) = f(v,0') is the primary feed pattern,
A is set equal to F, the focal length of the reflection,
for convenience
L e . :
and R' = T+ cosy 1S the distance from the feed to the

reflector surface.

T
In the off-principal planes (¢ # 0, g), the feed patterns are approxi-
mated by interpolating between E- and H-plane patterns in the following

way,

f(v,9') = fr - fg cos 2¢' (7)
where

I fo¥) + L (v)

T 2 ’

Iy ==y (8)
and

fo(¥) = fvso' = %)

fr(¥) = fly,0' = 0) (9)

B. Aperture-Integration

In this and the next two sections we are considering the
antenna pattern without aperture blockage or "to calculate most of
the scattering from the reflector". The GTD together with the direct
feed radiation provides a very efficient method to calculate most of
the antenna pattern. The GTD fields can be calculated from only the
feed il1lumination of the aperture edges. However, the main beam and
the first few sidelobes depend on the fields over the entire aperture.
Consequently, the classical technique of aperture integration is used
to calculate the pattern in the forward axial region.

e e e v Y i g T N e —




Using the concepts of geometrical optics and conservation of
power, it can be shown [2] that the magnitude of the aperture field
is related to that of the incident field by

_'fn IW
%] = [E" (R [R* & - (10)

It follows from the above expression, adding the appropriate polari-
zation and a phase factor, that the aperture field is given by

-ijo
a/ s py €
E(p',0') = €. F fy,9') e (1)
where
ér = - %-[5' cosy sing' + ¢' cos¢']

= + % [% sin2¢' (1 - cosy) X

- (cosy sin2¢' + c052¢') }] . (12)

Ro is the distance from the feed to the rim of the reflector (see
Figure 4), and

p' = R' siny ; (13)

The coordinate system for describina the aperture field is shown
in Figure 2a in which the origin is at the center of the reflector
aperture,

In evaluating the radiation from the aperture, a spherical
coordinate system, shown in Figure 2b, and also centered at 0, is
introduced to describe the far zone field of the reflector antenna.
By the equivalence principle with image theory, the equivalent
magnetic current induced by the aperture field is

The pattern function of this equivalent current source is given by

2n d
F= - %—:—f I'[K(pl‘Ql) X ;.n] eJkp s1n6cos(¢-¢ )pldpld¢l (]4)
0 O

.
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where r' is the unit vector along r', the distance between the field
point and the source, and a is the radius of the aperture.

In substituting E° into Equation (14), we consider the x and y
polarizations separately. As in [2], the aperture field E2 can be
approximated by interpolating between the aperture distrib%tions along
the principal axes,

-ijO
T2 o opdr 0 WMy . ° e
Ee 5 Ey(p 92) Yy F fe(l#) —-R-r-——
-ijo
e _ -d t _ % e
Eh = Ey(p ,0) = -y F fh(W) S - e - (15)

Thus the aperture field is given by
ar [ s 1 e 1 1
Ey(o 10') = Te(e') - 8c(p") cos2e (16)

where

Tf(o') W e

and

selot) = 2t (17)

Hence for the y component of the aperture field in Equation (14), we
have

ro=2(y B2 x 2) x r
y (yy )

=|

<

=
I

=2 X E;x(i siné cos¢ + y siné sing + z cosH)

2(z sine sing - y cose) E; (18)

where we have assumed r = r for far field calculation.

h
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The pattern function of E§ is therefore given by

?&(6,¢) = (y cos8 - z siné sing) %%—Iy Bl (19)
where
2na
Iy L -f’ J{ E; oJke sin6cos (¢-¢"') o'do ' de"
o o

The ¢' integration can be analytically evaluated using the well-known
properties of the Bessel function J,; thus we get

a
Iy = 2n ‘[-[Tf(p') Jo(kp'sine) + Gf(p') cosZ¢J2(kp'sine)]p'dp' .
0
(20)
The above integration is numerically evaluated by Simpson's rule.

Next consider the x polarized aperture field. From Equations
(11) and (12)

-jkR
0
E2 = -;F sin2s' (1-cosy) F £(y,0') S . (21)

In the principal planes (¢ = 0, Eo, these x polarized fields vanish.
Thus only the y-component of the aperture field contributes to the
radiation patterns in the principal_planes. In the off-principal
planes, the x polarized component E2 may have significant contribution
to the radiation pattern which reacﬁes a maximum in the 45° plane.

For the Eg component in Equation (14) we have

K x r' ¥ 2(-x cosé + z siné cos¢) Ei . (22)
Thus the pattern function Fy becomes

i s . ik
F (6,6) = (x cosé - z siné cos¢) %; K (23)

where
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Using the interpolation for the primary feed pattern as given by
Equation (8), the above integral becomes

E pdke sinécos (¢-¢"') o'do'de’ . (24)

o~—— o

-JkR 2m a
Ix= If 'B‘:Tr[51"2""“'COS"’)][fT'fccoszq"}
o "0

ik sinecos(¢-¢") o'dp'de’

JkR f
= qfF e ‘/;{s1n 2¢(1-cosy) —T-Jz(ko sing)
1 fy
+ 5'51"4°(] cosw) 4(ko sing)lo'de' . (25)

In carrying out the ¢ integration, we have made a stationary phase
approximation that ¢' = ¢ in the expression for B, i.e.,

B = Ji - sinzw sin2¢. Again the above integration is evaluated by
Simpson's rule. Hence the total far field as obtained from aperture
integration is given by

-JkR
(26)

E(R) = [F,(6.0) + F (0

which is expressed in spherical components by

F = - g i b k

Fy (6 sing + ¢ cosé cose) 3 Iy
and

A » (oo B

F, = (6 cose - ¢ cose sine) 4= 1

10
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C. Two Point Method Using GTD

The wide angle side lobes of a circular reflector have previously
been analyzed by using the two point method based on GTD [2]. This
method states that the diffracted field from the paraboloid is con-
tributed mainly by two stationary points, Qi and Q2 on the rim of the
reflector (see Figure 3). The detailed formulations of the diffracted
field in the E- and H-planes are given in [2]. The off-principal
plane diffracted field pattern can be obtained by using a similar
procedure. The far zone diffracted fields from Q and 02 are given by

—f - -jk(R-aSine)
B =T - Bl (s & (27)
and
" —f = ~jk(R+asin®) + jn/2
E5(P) = ET(0,) - Bl Gy & R (28)

respectively, where D is the dyadic diffraction coefficient for a
curved edge, Ef(Q1 2) is the electric field of the feed at Q1,2
and a is the radius of the reflector aperture. For rays normally
incident on the edge, as is the case here, the dyadic diffraction
coefficient [4] can be expressed as:

D=ece DS tpy P Dh (29)
where Ds and Dy are the scalar diffraction coefficients for the soft

and hard boundary conditions, respectively, and are given in [4],
and

e is the unit vector tangent to the edge,

p=e x I; I being the unit vector in the direction of the
incident ray,

Bd =exd;d being the unit vector in the direction of the

diffracted ray.

For the ray diffracted at Q

e = ¢,
Pg=exd=8,
po=exl =éxl
v = a is the half angle spanned from
the focus to the rim of the reflector.

11
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(a) FRONT VIEW

(b) SIDE VIEW

Figure 3. Geometry of the edge diffracted rays
in an arbitrary ¢ plane.
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Figure 4. Different regions illuminated by
the edge diffracted rays.

and
R' = R0 is the distance from the focus to

the rim (see Figures 3 and 4).

Combining Equations (6), (27) and (29) with ¢'=¢ and y=a (1.0

B =By = {1 - sina sin2), the diffracted field from point Qi
(see Figure 3) is given by

13
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E(p)

n

E'(au0) [6 4 D(Q)) + 6 (& x 1) D, (q,)]

; - e-jk(R-aSine)
siné R

i el XCHEE ﬂ’iB—om 0, (0})1 F f(a,0)

IRy -jk(R-asine)
X - - (30)
R s1né R
()
Similarly, the diffracted field from Q2 is given by
T30) = [6 2t 0 (q,) - & 2SI p ()] F f(a,e)

0 0

-JkR, -jk(R+asing)+j =

Rb s1né R :

The reflector rim is illuminated by the feed pattern as interpolated
from the E- and H-planes. Thus

f(a:¢) = fT(a) = fa(a) C052¢ (32)

where f; and fg are defined in Equations (3a) and (3b). The diffracted
field in the different GTD regions is given by

g,

+E _<_TT
1 2 6 5
=d _ =d L
E = E} oot (33)
E? + Eg 6, <8

where 6¢ is the angle of the shadow boundary for Q> (see Figure 4).
Then the field of the primary feed is superimposed on the diffracted
field in the region from & = 0 to 6 = m-a which is the shadow
boundary of the field from the feed. ;

14
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D. Ring Current Method

In the rear axis region, the ring current method is used to
calculate the diffracted field, since the two point method is not
valid there [2]. The E-plane and H-plane field patterns for 6 close
to m have been formulated in [2] as

-3(kR - 7)

> & d
E,=-6 %'/—f e—-R———— (A (X) + Ajdy(x) + Agda(x)], (34)

£
=
®
-
(4]
>
"

kasing,
¢
A] = Tf(Dh - Ds cos 8) + . (Dh + DS cos 8)

Ay = = Te(D, + D cos ) - 6. (D - D, cos &) .
°f

Ay = > (Dh + D cos e} ., (35)

and
-3(kR - )
— Z - l[i e
E =¥ o Minwes s [B, J,(x) + B, J,(x) + B3 Js(x)],
(36)
where
S¢
B, = Te(D, - D, cos &) - = (D + D, cos e),
B, = ~T¢(D, + D, cos 6) + 6.(D_ - D, cos ),
8¢
By = - > (D, + D, cos o). (37)

Note that the diffraction coefficients Dg and Dy, are assumed to have
their rear axis values, i.e., for 6 = m,

In the off-principal planes, the field in the rear axis region
is obtained by interpolating between Eg and En as follows:

5 b 2
Ey = Ee sin“g + E cos”¢. (38)

15




This can be transformed to spherical components by

m
n

" Ey sing (39)

m
"

o Ey cos¢ . (40)

since m-6 is assumed to be small.

16




CHAPTER III
FEED STRUCTURE SCATTERING

In practice, the scattering from the feed horn and the feed
supports increases the side lobe levels and reduces the gain of the
antenna. Therefore, the blocking effect of the feed structure should
be taken into account.

To analyze the scattering from the feed structure, two different
models are used. An equivalent line source model is used for feed
support scattering and a flat plate model is used for feed horn
scattering.

A. Equivalent Line Source Model
For feed Support Scattering

The effect of the feed support blocking is usually estimated
by the projected shadow method in which the feed support or strut is
replaced by its effective shadow on the reflector plane. The
radiation field from the shadow area is then calculated and subtracted
from the antenna pattern [10,11]. In this report, an alternative
approach is developed in which the scattered fields from the struts
are computed by the equivalent current approach [7]. Since struts
often take the form of circular cylinders, only metallic circular
cylinder struts are considered here. Also, the incident field on the
struts is assumed to be the reflected wave from the reflector only.
That is, the interaction of the direct feed radiation and the strut is
not considered. The strut scattered field as reflected by the re-
flector is also neglected. Therefore, the feed support scattering
problem is equivalent to a circular cylinder scattering with a plane
wave incident at a specified incident angle; however the amplitude
of the plane wave can be a slowly-varying function of position. The
equivalent current approach is used to take into account the vari-
ations of the incident field along each strut, which includes the
effect of the finite length of each strut. In this approach, the
scattering from each element of a strut is assumed to be the same as
that from an element on an infinite cylinder with the same incident
field.

Let (x,n,&), (z,v,&) and (r,a,v) denote the rectangular, cyindrical
and spherical coordinates of the strut system, respectively. Consider a plane
wave incident upon an infinite conducting cylinder of radius a, located at
the origin, with an incident angle 8, at y' = m, as shown in Figqure 5.

17
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Figure 5. Geometry of the scattering cylinder with an incidence
angle B.

(Note that Eg and E; both lie in the plane of incidence,
which contains the incident ray and the cylinder axis.)

The incident field can be expressed as
- (; cosg + & sing) E, e-jk(x sing + & cosB) ; (41)

The field component parallel to the axis of the cylinder is given by

E; = f sing e~Jk(x sing + & cosg) . (42)

Noting that

X = § COSy (43)

T




S —

we have

E'l

. -jk& cossg e—ch sing cosy : (44)

= E" sing e

For a wave incident at an angle 8 with respect to the cylinder axis,
the analysis of the cylinder scattering closely follows that for
g = 90° [7]. Thus

E, = Ey sing e

(kg sing) eIy

Then the scattered field component from the infinite circular cylinder
is given by

m
wn
I

~-jk & cosB I §7"a H(Z)(kcsina) x @4

= E, sinB e n

In the far field zone

S s -jk(& cosg + ¢ sing) 2] v Jny
£ E|l sing e ;FEE%EE gw an e

m
»

-jks 1 - @

: 2
= £, sing & ; & ¥ e a_ cos ny
I /; sing Tk n=0 nn
where
J (ka sin )
2 n
" H(z)(ka sin )
1 n=20
En -
2 otherwise
and
s = ¢§/sinB

The scattered field for parallel polarization can be represented by
S

. 2 -jks
=5 _ 3 < e
£ = a S—.rﬁ"a' a E“ DS(YgB) “".S_' (46)
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where the diffraction coefficient is given by

R lgi_ v
D (v:8) * o 2B nZO €, 8, COSNY . (47)

Comparing E> with the field of an infinite line source with current

1=1 e-jk&cosa’ which is given by
2 :
k™I - -jks
Ex-i gt ﬁ% e (48)
WE /;

we obtain an equivalent electric current line source for the con-
ducting cylinder with a current equal to

D_(v,8)
RO ety O (49)
2
mk

Then the scattering from a finite section of conducting cylinder can
be obtained by calculating the radiation from the equivalent finite
length line source. Thus the equivalent current I for the parallel

polarized incident field becomes

B{O R U (50)

and the far zone radiation field is given by

T -jkr Z ;
. [k e : jk& (cosatcosg)
E, dZw DS(Y,B) = S1nfji E () e deg
‘ (51)
where (r,a,y) specifies the spherical coordinates of the strut system.

Similarly for the electric field component perpendicular to the axis
of the cylinder, the scattered field can be obtained from H, as

. &
Gk oJkr 2 jkg (cosa+cosB)
H, = \1%7 0, (v,8) = S1naf€ Hy (&) e dg
L (52)
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where

and

Jn(ka sing)

b = -
" H;(Z)(ka sing)

The corresponding electric field for the perpendicularly polarized incident
field is given by

- -jkr
E =- -%% Dh(Y.B) sina
52 .
< J’ £ (6) eJk&(cosu+cose) de : (53)
&

]

B. Coordinate Transformation

In order to add the fields scattered from the feed struts to
the radiation field from the reflector, each strut coordinate system
needs to be transformed- into the reflector coordinate system. As
described in the previous section, the rectangular coordinates of the
strut coordinate system are denoted bv (x,n,E?; and (r,a,y) denotes
the spherical coordinates. The relationship between their
respective unit vectors is given by

v X
a | = [A] |n (54)
Y &
where
sina cosy Ssina siny cosa
[A] = | cosa cosy cosa siny -sina (55)
-siny CoSY 0

is the transformation matrix.

21




Ty -

Similarly for the reflector coordinate system

= (8]

© > > x>
N> »>»Xx >

where

siné cos¢ sind sin¢  cos6
g8l = cos6 coS¢  Cos® sing -sind

-sing cos¢ 0 _J
| S—

Now let us transform the (x,y,z) coordinates into the (x,n,t) ones.
The transformation consists of two steps: first rotate the x axis an
angle ¢, about the z axis, then the z axis is rotated an angle 6,
about the y' (or n) axis, as shown in Figure 6. The resultant trans-
formation can be expressed by the following representation:

(57)

X 6 si -siné X
¥ cosé cos¢, cos8  sine, siné f
n| = -sin¢o cosé Q y (58)
£ z

iné iné sin )
SIng  cos¢, sin6 sing,  cos8

If we denote the angle between the strut along the & axis and the
negative z-axis as B, and the angle between the x-axis and the strut
projection on the xy plane as ¢5 (see Figure 7), we have

Vo (59)
eo = -8 (60)
and
X X
n | =(T]11y (61)
& Z
where
-COSB cos¢S -C0SB sin¢S -Sing
[T] = -simS cosé, 0 5 (62)
sing cosoS sing sin¢S -Co0s8
el
v - v e ———— — e e —— ‘4
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(a) ROTATE ¢, ANGLE ABOUT z AXiS

— 2

(b) ROTATE 6, ANGLE ABOUT 7 AXIS

Figure 6. Coordinate transformations between the strut
and the reflector coordinate systems.
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(a) FRONT VIEW

(b) SIDE VIEW

Figure 7. Geometry and coordinate system for
an individual strut.
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Then the relation between the two spherical coordinates (R,6,¢) and
(rya,y) is given by

= [AICTIB]" (63)

<> R> =~
> @ x>

where [B]'] is the inverse matrix of [B]. To express a and y in
terms of 6,¢,8, and ¢5, the components of x,n,& are written in the
(x,y,z) coordinate system as

X = - X COSB cos¢, -y COSB sin¢S - Z sing (64)

n=-X sin¢s +y cose, (65)

€ = x sinB cos¢. +y sinB sin¢S -~ Z CoSB . (66)
But

X = R sina cosy (67a)

n = R sina siny (67b)

£ = R cosa (67¢)
and

x = R sin6 cos¢ (68a)

y = R siné sin¢ (68b)

z = R cosé (68c)

Putting Equations (67a) and (68) into Equation (64) and combining
terms, we obtain

sina cosy = - [sin® cosB cos(¢-¢s) + cos® sinB] . (69)
Similarly, putting Equations (67b) and (68) into Equation (65), we get
sina siny = sino sin(¢-0.) . (70)

Dividing Equation (70) by Equation (69), we have

siné sin(¢-¢s)
-[s1n® cosg cos(b-¢s) + Ccos6 Sing]

tan y = . (71)
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Also, substituting Equations (67c) and (68) into Equation (66), we
get

cosa = sin® sinB cos(¢-¢s) - Ccos® cosB . (72)

For a given observation direction @ and ¢, the angular coordinate

a and y for a given strut can be calculated from Equations (71) and
(72), where 8 and ¢ specify the orientation of the strut. The
field components in the strut coordinate system can be transformed
to the reflector coordinate system by using the following dot
products obtained from Equation (63) as

a6 = - cos8 Cos(¢-¢s)[sina sing + cosa cosy cosg]

+ cosa Siny sin(¢-¢s) cos@

+ sin8(cosa cosy sinf -sina COSB) (73a)
a'¢ = [sina sing; + cosa cosy cos8] sin(¢-¢s)

+ cosa sinYy cos(¢-¢s) (73b)
Y6 = siny[cos8 cosé cos(¢-¢) - sing sine]

+ COSY €0S6 sin(¢-¢s) (73c)
§-$ = - siny COSB sin(¢-¢s) + CoSYy cos(¢-¢s) (73d)

Thus the far field scattered from the strut can be expressed in the
(R,8,4) coordinate system as

Eg = 6-a B, ¥ 6oy E, (74)

bea E, *+ ¢ EY : (75)

=3

B

1

Eu and EY are given by Equation (51) and (53), respectively in which

Ey = E; sing (76)
and
Ep = £2 cose (77)
y 3

as shown in Figure 7.
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In addition to the coordinate rotation described above, the

transformation also consists of a Tinear displacement of the
coordinate centers along the z-axis as shown in Figure 8. Thus

Ay

0 F'____zo

X

Figure 8. Linear axis placement of the strut and
the reflector coordinate systems.

r=R-z5cos8 in the phase expression for the far field approximation

in Equations (51) and (53), and r=R in magnitude. The quantity z,

is the distance between the two coordinate centers, i.e., the distance
from the center of the reflector aperture to the intersection of the
strut on the z-axis.

C. Feed Horn Scattering Model

A commonly used method to analyze the feed horn blockage is to
assume that the scattering from the feed aperture is the same as
that from a conducting flat plate whose area is equal to the cross
section of the feed. This approximation is justified in the forward
region, where the feed blockage is generally most significant. Then
the effect of the aperture radiation being blocked by the feed can be
approximated by adding the pattern of the equivalent flat plate to
that of the reflector. Since the feed aperture is relatively small
compared with the antenna aperture and is located at the center, the
aperture field can be assumed uniform over the flat plate. So

. =JkR
B-=-je % (78)

C
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(a) CIRCULAR

le— O —»-
x

PN BN

(b) RECTANGULAR

Figure 9. Flat plate models for the feed horn scattering.

for a feed with circular aperture of radius C (see Figure 9a), such
as a circular feed horn. The far zone scattered field for small 6 is
given by

3 -jkR 2 J](k c sind) -ijo
Eo=-y 4o’ —geomme © : (79)

If the feed is a rectangular waveguide or horn, the scattered field
is given by

28
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o e-ij sin(%g-sine cos¢)

F,=-yj=s— ab X
R AR %3 siné cos¢)
: WD 2
s1n(x—-s1n6 sing)
;9 sine sing (80)

where a and b are the width and height of the flat plate model,
respectively, (see Figure 9b). The scattered field components can
be obtained in spherical coordinates by using Equations (39) and (40).
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CHAPTER IV
RESULTS AND DISCUSSION

Previous analyses [10,11,12] of feed support scattering have
usually been limited to angles near the main beam region. However,
the cylinder scattering approach developed in this report provides a
model to treat the wide angle scattering of each strut. Therefore,
in addition to the gain loss, this approach also gives the effect of
strut scattering on the wide angle side lobes of the reflector.

According to the geometrical optics assumption, the forward
scattering from a cylinder is identical to that from a strip with the
same cross section provided that the diameter of the cylinder is
large enough. Thus the field obtained from the two solutions should
be nearly the same in the forward region. In Fiqure 10, the scattered
pattern of a rectanqular strip is compared with that of a vertical
circular cylinder (8 = 90°) with uniform incident field, whose E-field
is parallel to the cylinder axis. As shown by the curves, the field
near the forward axis in the H-plane (transverse to the cylinder axis)
agrees within 1 dB for kap = 7, where ap is the radius of the strut.
For larger kap, the difference is even smaller since the geometrical
optics approximation of the rectanqular strip for the cylinder gets
better. For wide angles (6 > 20°), the agreement becomes poorer,
because the shadow aperture model is not valid there. Another com-
parison is made between the Induced Field Ratio (IFR) coefficients in
the paper by Rusch et al [12], and those calculated from the equations
in this report. The IFR coefficient is defined to be the ratio of the
field forward scattered by the cylinder to that of a flat strip with
the same physical cross section as the cylinder. Thus the IFR can be
obtained from the ratio of Equation (51) with Ey = 1, & = 0 and
g2 = L to Equation (80) with a = 2ap and b = L. Values of the IFR
obtained from this ratio are compared in Table 1 with those calculated
by Rusch et al, where the IFR coefficients of [12] are taken from
Figure 2 of that paper. The consistency of the two methods in the
forward axis region is evident. Since the IFR as defined in [12] is
restricted to forward scatter, the results of [12] cannot be used in
this work, where the bistatic scattering from the cylindrical strut
is required.
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Table 1

IFR Coefficients for a Circular Cylinder

Arg = kasinB
x = Arg/m

IFR (E-PLANE)

IFR (H-PLANE)

Arg | x |Egs. (51),(80)| Ref.[12] |Egs. (51),(80)| Ref.[12]

2.54 [0.81| 1.34 /-19.8° [1.33 /-20.3° | 0.78 /22.9° | 0.79 /21.9°
4.62 [1.47| 1.22 /-14.3° | 1.22 /-15.0° | 0.85 /15.7° | 0.85 /16.4°
6.74 [ 2.15| 1.16 /-11.5° [ 1.16 /-12.1° | 0.88 /12.4° [ 0.89 /11.5°
7.02 | 2.24| 1.16 /-11.2° | 1.15 /-11.7° | 0.89 /11.5° | 0.90 /11.0°

system which contains three struts with diameter 2a
The diameter of the

Figure 11 shows the geometry of a practical reflector antenna

and ¢g = 90°, 210°, and 330°, respectively.

reflector aperture is 24", with F/D = 1/3.

shown in Figure 12.

= 0.37", B = 68°

The rectangular feed horn
is mounted in a circular flat plate with radius ¢ = 1.2". The
H-plane pattern of this antenna system for a frequency = 11 GHz is

The pattern for the principal total field

corresponds to the principal polarization and consists of the total
radiation, including that from the reflector, the direct feed pattern,
the feed model scattering and the feed strut scattering. Also

shown in Figure 12 is the pattern for the radiation from the

reflector and the direct feed radiation, without the feed system

scattering.

components separately.

As seen from Figure 12, the scattering from the feed and feed
struts causes little effect on the main beam.
since the radiation field from the reflector itself dominates in this
region, as can be seen in Figure 13 which shows the feed scattering

This is predictable

Beyond the main beam and the first few side

lobes, the scattering from the struts and the feed dominates and
substantially raises the side lobe levels for angles less than 35°.
Figure 14 shows the results for the off-principal plane ¢ = - 15° in
which the strut scattering is high for angles out to 80°. This
occurs because the scattering cone (see Figure 15) of the strut at

¢s =

addition to the maximum on the forward axis.
make less contribution to the scattered field in this plane since

their scattering cones are located in different directions.

90° has a maximum near 6 = 65° in the ¢ = - 15° plane, in

The other two struts

Therefore

the feed support scattering effect in the ¢ = - 15° plane comes mainly

from the strut at ¢¢ = 90°.

32

The scattered field patterns of the

P —————— -




(a) FRONT VIEW

A
D=24" %

F=8"

(b) SIDE VIEW

Figure 11. Geometry of the reflector antenna system.
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Figure 15. Scattering cone of a cylinder.

struts and the feed horn are shown in Figure 16. Note that the total
pattern is no longer symmetric with respect to the z-axis for most
off-principal plane cuts as can be seen by comparing Figure 14 and
Figure 17 for the ¢ = - 15° and ¢ = + 165° plane pattern. Even
though the feed pattern (and thus the aperture field) is assumed to
be symmetric, the strut geometry is not symmetric in this plane.

The antenna patterns in these figures correspond to the
principal polarization, defined in terms of a Huygen's source. Thus
the & and ¢ components can be transformed to principal and cross
polarized components by

£ = sing E + cos¢ E¢ (81)

princ

E = cos¢ E, - sing E (82)

cross ¢

The fields scattered from the feed and struts are shadowed by the
reflector surface for much of the rear hemisphere. However, the
shadow boundary for the feed support scattering is difficult to

define since part of the scattered field is blocked by the reflector
as 6 approaches 90°, and this blocking keeps on increasing as 6 passes
90° until the scattered field is totally blocked out at 6 = n ~a, the
shadow boundary for direct feed radiation. For simplicity, the

shadow boundary for the feed support and feed horn scattering is set
at 6 = 90°. This approximation should be reasonable since the scat-
tered field from the struts is usually small at pattern angles 6 > 90°.
However, a slight discontinuity still exists in the pattern at & = 90°
because of this truncation.
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CHAPTER V
CONCLUSIONS

In addition to the gain loss, which has been discussed in
previously reported analyses of feed strut scattering referenced
in Chapter IV, the cylinder scattering model developed in this report
gives the effect of strut scattering on the wide angle side lobes
of the reflector antenna. The scattering from the feed struts always
has its greatest effect near the scattering cones for each strut.
These scattering cones usually give rise to a maximum effect on the
antenna sidelobes in certain off-principal plane patterns. For
example, the maximum effect of one of the antenna struts in Figure 11
occurs in the off-principal plane with ¢ = - 15° as shown in Figures
14 and 16. When the other contributions to the radiated field are
included, the analysis given here can be used to compute the complete
pattern of any arbitrary plane cut for a practical reflector antenna
system. The basic radiation pattern from the reflector itself is
obtained by using GTD for most of the pattern and aperture integration
for the main beam region.

Although only circularly symmetric reflector systems with
focused feeds are discussed here, the approach can be extended to
reflector antennas with arbitrary rim shapes and to off-set fed
systems as well. Once the aperture field is known, the aperture
integration can be carried out and the incident fields on the struts
are available. Thus the scattering from each strut is readily
obtained. The same idea can also be applied to the struts of
rectangular or other cross sections; however, the diffraction coef-
ficients are more difficult to calculate in these cases.
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PART II - USER'S MANUAL FOR COMPUTER PROGRAM
"CIRCULAR REFLECTOR ANTENNA WITH FEED AND STRUT SCATTER" (OSUPATT)

A. Description of Computer Program

OSUPATT is a computer program which calculates the total field
radiated by a circularly symmetric parabolic reflector including effects
of scattering by a number of circularly cylindrical struts and blockage
by the feed horn. The user is free to specify the geometry of the
reflector, the size of the feed horn cross-section, both the E- and
H-planes of the feed pattern, and the size and orientation of the
struts. This brief user's document will indicate the methods used and
the limitatiors of the program, and required formats for input data;
details of the theory are given in Part I of this report.

The basic geometry used in the program is shown in Figure 1.

Figure 1. Geometry of Reflector.
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The reflector points in the +z direction with the feed located at the
focus of the parabola. The polarization of the feed is Tinear in the

+y direction; thus Ey is the principal polarization in the ¢ = 0 plane
and Eg is the principal polarization in the ¢ = 90° plane. The E-plane
of the feed horn and the reflector is thus the yz plane and the H-plane
is the xz plane. The struts must be oriented so that each strut projects
through the z axis. At this time the principal plane feed patterns must
be symmetric. These patterns are specified by listing field values

for discrete values of y, the angle away from the -z axis (see Figure 2).

'\

Figure 2. Feed horn geometry.

The following sections describe specific aspects of the problem.

DESCRIPTION OF INPUT PATTERN

As mentioned before, the feed pattern is described in its
principal planes by supplying tabulated field values. The feed
pattern is approximated by a piecewise linear function. A provision
has been added so that the assumed field values past the last tabulated
value will be 0. To be safe, one should be sure to specify the pattern
explicitly from y = 0 to 180°.

Between principal planes, the field values are simply interpo-

lated from the ¥a1ues in the principal planes._ The E-plane values are
weighted by sin¢¢ and the H-plane value by cos¢¢.
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REFLECTOR PATTERN CALCULATION

The reflector's secondary pattern is calculated by two different
methods over two different ranges of polar angle 6. For small

8 (5% sin 6 < 24), the aperture fields are inteqrated as specified

by physical optics. Due to the symmetry of this problem, the inte-
gration is still one dimensional and thus relatively large apertures
can be used without prohibitive computer costs. For & angles past the
1limit, the Geometrical Theory of Diffraction (GTD) is used. The fields
calculated by the program are all normalized by the peak field of

the reflector by itself. Any direct field from the feed is also
included in the total field.

FEED BLOCKAGE

The effect of blockage by a feed cross-section is very simply
modeled in the forward direction by Kirchkoff's method. When a
rectangular feed is specified, the scattered pattern has the familiar
sin(x)/x shaped pattern in each principal direction while for a
circular feed, the pattern has Jj(x)/x variation.

STRUT BLOCKAGE

Scattering by circular cylindrical struts is calculated by
first finding the equivalent currents on segments of the struts and
then integrating the reradiated fields which are produced by these
currents. The equivalent currents are calculated from the diffraction
coefficients of the cylindrical strut cross-section and the incident
aperture ‘ield. The diffraction coefficients are a summation of
eigenmodes for the circular cylinder.
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LIMITATIONS

Due to limitations in theory or the arrangement of the computer
program, the following limits should be observed.

STRUTS

STRUT must not extend past z axis, i.e., RLO2 must not
exceed %%%% . The case of a strut passing
through the axis can be done by using two separate
struts that meet at the axis.

STRUT diameter should not exceed four wavelengths.
Maximum number of struts is 4, Beta should
be in the range 0° to 90°.

For best results, strut angle BETA should be

large enough so that sampling points are less

. : 2D/A
than a 1/4 wavelength apart, i.e., sin 8 > Nﬁé— .

FEED PATTERN

The maximum number of points to fit the
pattern (N2) is 50.

REFLECTOR

Maximum diameter is 100 wavelengths,
INPUT FORMAT

GENERAL COMMENTS

A1l distance parameters required for input are in inches;
all angles should be specified in degrees.

A1l decimal numbers may be anywhere within their specified
field; all integers must be right adjusted. The decimal point must
explicitly appear for all decimal numbers.

Comments may be typed on any card to the right of specified
fields.
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REFLECTOR GEOMETRY CARD

PURPOSE: To enter geometry of reflector

CARD: / 10 20 30] 35

D2 FREQ FDR NAP

The numbers along the top refer to the last column ir euach f1='4.

PARAMETERS: (I integer, F decimal number)

D2 (F) -diameter of reflector
FREQ (F)- frequency in MHZ

FDR (F) - ratio of focal distance f to
diameter D

NAP (I) - number of aperture integration points.
If this parameter is less than 50,
or if it is omitted, 50 will be used.
If over 99 is used, 99 will be used.

NOTES:
® The NAP parameter allows an increase of integration
points over both the aperture and the strut for
large sized reflectors, while allowing a smaller
number of points and smaller computer costs for
smaller problems. The value 99 may always be used
if the computer cost is not objectionable.
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FEED PATTERN CARD

PURPOSE: To provide data on number of points used to model
primary feed pattern.

CARD:

N2

The nurbers along the top refer to t} lasr coluan in e

PARAMETERS: (I integer, F decimal number)

N2 (I) - number of data voints used to determine
pattern in piecewise lirear function.

NOTES:
® This card determines how many cards of the next
format will be read.
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FEED PATTERN DATA CARDS

PURPOSE: To provide tabulated values of primary pattern.

CARD:

//”* 10 20

PSI FIELD

The numbers along the top refer to the last column in each field.

PARAMETERS: (I integer, F decimal number)

PSI (F) : Angle from axis of horn (-z axis
of reflector, see figqure 2) where
tabulated value of field is to be
supplied.

FIELD (F) : Field value of horn at that PSI angle.

NOTES:
® There should be 2 groups of cards of this format.

N2 Tabulated values to be interpolated by piece-
cards (wise linear function for E plane

N2 Tabulated values to be interpolated by piece-
cards {wise linear function for H plane

® For PSI larger than the last given value of PSI,
a zero is assumed for the field value

® The maximum value of psi should subtend the edge
of the reflector or erroneous results will oc~ur.
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NUMBER OF STRUT PROBLEMS CARD

PURPOSE:

CARD:

To indicate to the program how many problems will
be done with the same reflector and feed pattern
(above cards) but with different blockage para-

meters (below cards)

7
/

10

NCASE

The nunters along the top refer to the last column in each

£ield.

PARAMETERS: (I integer, F decimal number)

NCASE (I) - number of different strut problems
to be done with same reflector and

NOTES:

feed pattern

® 1If NCASE is not 1, the entire group of cards to
be described below must be repeated NCASE times

If the NCASE field is left blank, NCASE will be
assigned 1. However, this card must always be

present even if it is blank.
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FEED SCATTERING MODEL CARD

PURPOSE: To describe size of feed aperture for blockage
purposes.

CARD:

KG DIM(1) {DIM(2)

The nucbers along the top refer to the last column in each ficid.

PARAMETERS: (I integer, F decimal number)

K5 (I) - Code variable that indicates shape
of feed aperture.

The values are: - feed 1is circular

3
2 - feed is rectangular

DIM (1) (F) - These parameters are dimensions
DIM (2) (F) of feed (see figure 3)
If KG = 1, PIM (1) is radius
f DIM (2) is ignored
If KG = 2, DIM (1) is length of feed
in x direction
DIM (2) is length of feed
in y direction
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KG = | KG
c=DIM(I)

"
nN

. =
By = DIM (2)
kS

l-e Ax —>

; Ax = DIM (I)

Figure 3. Parameters on Feed Scattering Model Card.

2522
y & DIAMETER OF
L 4 STRUT IS DP2
; %3
RLO2
RS22
\PHISZ BETA
3 X L —» Z

APERTURE CENTER

Figure 4. Strut Location Parameters.




COMMON STRUT DATA CARD

PURPOSE: To provide data that is common to all struts.

CARD:

(// - 10 20 45
DP2 BETA NS

The numbers along the top refer to the last coluzn in cach ‘ield.

PARAMETERS: (I integer, F decimal number)
DP2 (F) - diameter of struts

BETA (F) - angle of struts from -z axis
(see figure 4)

NS (I) - number of struts (cannot be more
than 4)

NOTES :
® This card causes NS cards of the next format

to be read.
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INDIVIDUAL STRUT DATA CARDS

PURPOSE:

CARD:

To describe data that may be different for each
strut.

y

RS22

11 20 30 40

2522 RLO2 PHIS?2

The numbers along the top refer to the last column in cach field.

PARAMETERS: (I integer, F decimal number)

NOTES :

RS22 (F) - Radial distance of one end of the
strut from z axis (see figure 4)

2S22 (F) - z coordinate of this same end
RLO2 (F) - length of strut

PHIS2 (F) - ¢(phi) angle of projection of strut
in the xy plane

For good accuracy there is a relationship
between NAP, diameter of reflector in wave
lengths, and angle BETA. For a given NAP,
and diameter, the more nearly parallel the
struts are to the z axis, the farther apart are
integration points along the strut. This is
the reason for the size restriction discussed
under "limitations."

Due to the analytical modeling done, any part
of a strut whose projection falls outside the
aperture will be ignored.

There must be NS of these cards.
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PHI CONTROL CARD

PURPOSE: To allow the user to specify which pattern
cuts he wants.

CARD:

//f 10 20 30 4 50 60 70 30

NP ANP (1) ANP (2) | ANP(3)

The numbers along the %op refer to tha last column in each field.

PARAMETERS: ( I integer, F decimal number)

NP (I) - Absolute value is the number of
phi cuts. If NP is positive, cuts
will be evenly spaced. If NP is
negative, cuts can be arbitrarily

spaced.
ANP (1) (F) - Information on phi cuts: if evenly
ANP (2) spaced case, ANP (1) is starting
% phi value and ANP (2) is increment
: between successive phi values. 1If
ANP (7) arbitrary spaced case, the first
NP values of ANP are the phi
values.
NOTES:
® No comments are permitted on this one card
since all possible fields are used.
@ If arbitrary spaced phi's are used, limit is
7 different values. This limitation does not
apply toevenly spaced cases.
1




THETA CONTROL CARD

PURPOSE: To set spacing and limits of field values
within a phi cut.

CARD:

/// 10 20 30

NTHETA THONE DTHETA

The numbers aiong the top refer to the last column in each field.

PARAMETERS: (I integer, F decimal number)
NTHETA (I) - number of theta values
THONE (F) - first theta value

DTHETA (F) - increment in theta values

NOTES:

® THONE should be assigned 0 to obtain proper

normalization of secondary pattern.
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PLOTTING CONTROL CARDS

A special group of cards, with a different mode of
operation are used to control the plotting of data. This
input, consisting of the AXIS, TITLE, CURVE, and NEXTPHI
cards, can be rearranged to provide a wide variety of
plotting options. Much of the data read in by these cards
has an assumed default value. If the user does not provide
some of this data, the program will assume a useful value.
Hence, the user has the option of using standard size plots
by entering only several numbers, or else, choosing his own
plot format by entering additional data. Once the user has
entered this data, it becomes the new assumed values for the
rest of the program and this data does not need to be entered

a second time unless it is desired to be changed.
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AXIS CARD

SE: :
PURPOSE To cause the plotter to draw a new coordinate
axis for the patterns to be subsequently
plotted.
CARD:
10 201 30 40 507 60 I i e
|
IAXIS 1 [XLENGTH [YLENGTH | VLOW | VHI PHILAB
The numbers aiong the top refer to the last column in cach field.
8

PARAMETERS : ( I integer, F decimal number)

AXIS

XLENGTH (F)

YLENGTH (F) : 1length of the vertical axis (field

VLOW (F)

1l : The word AXIS in columns 1 thru
4 and the number 1 in column

10 signifies which type of plotting

card has been read.

angle) in inches

pattern) in inches

value of the field pattern in db

length of the horizontal axis (theta

to labeled on lower point of vertical

axis.

58




AXIS CARD (cont.)

VHI (F) : value of field pattern in db to
be labeled on highest pcint of
vertical axis.

PHILAB (F): decimal code that controls plotting

of the phi values. The values are:

1 = phi value for each individual
curve will be plotted. Use this
option when plotting different phi
cuts on the same axis.

0 = All the curves on a single axis
are for the same phi cut and phi
will be labeled only once for the
graph.

NOTES :

® The default values for this card are:

XLENGTH = 9, VLOW = =72,
YLENGTH = 6, VHI = 0.
PHILAB = 0,

Thus the standard default plot has an axis 6" x 9"
with the 6" vertical scale ranging from 0 down to
-72 db. Only one phi cut angle label is provided.

® Labels on graphs make complete graph larger than just
dimension of coordinate system.
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CURVE CARD

PURPOSE: To cause the computer to plot a selected
component of the most recently computed
phi cut and label it.
CARD:
/ 10 20 2 hE
/
CURVE 2| comp

1he numbers along the top refer to the last column in each field.

PARAMETERS: ( I integer, F decimal number)

CURVE 2 : The word CURVE in columns 1 thru
5 and the number 2 in column 10
signify which type of plotting card
has been read.

COMP (I) : Component of field that is to be
plotted. These component numbers are
the same order as the magnitude in the
output printout. The values are:
= for strut scattering, principal component

2 for strut scattering, cross-polarized
component
3 = for feed scattering, principal component
4 = for feed scattering, cross-polarized
component
5 = for reflector + direct feed, principal
component
60
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CURVE CARD (cont.)

6 = for reflector + direct feed, cross-polarized
component
7 = for total field, principal component
8 = for total field, cross-polarized component
NOTES:

Any number of curves from the same phi cut can be

plotted in the same graph by successive curve cards.
Curves for strut scattering and feed scattering will be
plotted only as far as 8 = 90 even if the maximum value
of 6 is larger. This is because these quantities are only
calculated in this range. For 6 > 90, the reflector and
direct feed and total fields are the same curves.
Sections of curves that would go beneath the minimum
plotted values VLOwWspecified on the AXIS card are

drawn as straight lines at the bottom of the graph. This
situation occurs for very deep nulls and for cross-polarized
curves.

AXIS card should precede the first CURVE card.
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TITLE CARDS '
PURPOSE: These two cards cause a user supplied title to
be drawn beneath the coordinate axis.
CARD:
10 0] 7
i
Wy B 4] mNc
|
The numbers along the top refer to the last column in each field.
4
y
]

e

text of title

| The numbers along the top refer to the last column in each field.
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PARAMETERS

TITLE

NC (I

( I integer, F decimal number)

4 : The word TITLE in columns 1 thru
5 and the number 4 in column 10 signify
that this and the next card provide title
information.

) : The number of characters in the title
which will be given on 2nd card

SECOND card

NOTES:
@

title: the first NC characters in this card
will appear centered beneath the
coordinate axis.

If NC is specified as 80 the entire second card will
be the plotted title. The variable has no default
value.

The size and shape of the reflector and the frequency
are automatically plotted in the upper right corner
by the AXIS card. The TITLE cards are useful to

record the struts and feed details on the plot.




—

NEXTPHI CARD

PURPOSE : This card causes-the next phi cut to be calculated
after processing plot cards.
CARD:
/ 1(
7

|
INEXTPHI 3

The numbers along the top refer to the last column in each field.

PARAMETERS: ( I integer, F decimal number)

NEXTPHI 3 : The word NEXTPHI in columns 1 thru
7 and the number 3 in column 10
signify what type of plot card this is.
There are no other parameters on this
carqd.
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NEXTPHI CARD (cont.)

NOTES :

® This card is necessary to specify that the computer
should calculate the next phi cut it has been
previously given and not expect another plot command
to plot a curve for the present phi cut.

® There should be as many NEXTPHI cards as there are phi cuts.
Even if no plotting is desired the NEXTPHI card must
appear. The program has been written so that if only
NEXTPHI plot cards are used (no plotting is desired)
then no calls to plot routines will be executed and
no output plot file need be provided. The program is
also written so that if plotting is never desired,
only 1 card need be removed from the main program to
eliminate reading NEXTPHI cards.

® After reading a NEXTPHI card, a new AXIS card needs
to be read only if a new axis is desired. 1In this

way, different phi cuts can be plotted on the same
axis.
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B. Example Computer Run

The input data for an example computer run are given in Table I.
This example consists of three cases; the printed output data for the
first case is given in Table II and the plotted output is given in
Figures 5, 6 and 7. This example corresponds to a 24" diameter
reflector with F/D = 1/3. For the first use there are three struts
with diameter 2a,=0.37", 8=68° and ¢5=90°, 210°, 330°, respectively.
A circular flat plate with radius c=?.2" is used to model the feed.
The pattern plane is ¢=-15° and the frequency is 11 GHz.

The printout of the first case, given in Table II, first echoes
the input data, and then prints an interpolated input pattern that has
been deduced from the arbitrarily spaced primary feed pattern data
points. The printout of the coefficients of the scattered wave was
used in the development of the program and can usually be ignored by
the user. The bulk of the printout is the different contributions to
the secondary field of the reflector. In the sample a theta spacing
of 1/4° was used so that the corresponding plot would have very
smooth curves; a wider spacing can be used with increased roughness
of plotted curves. The principal and cross-polarized components of
each contribution are referenced to the Huygen polarization reference.
After 90°, only the reflector and direct feed, and total fields are
computed and listed. The printout for the rest of the three cases is
similar and has been omitted.

Three examples of the computer plotting subroutines are shown in
Figures 5, 6 and 7. The example in Figure 5 demonstrates the capa-
bility to plot the individual scattered field components: the basic
contribution from the reflector and direct feed radiation, the strut
scattering, the feed horn model scattering, and the total field
which includes the various scattered field components. In this
example only the principal polarization components are shown. The
antenna geometry, pattern plane, and frequency correspond to the
example computer run listed above. In this plot, the standard size
and scale have been used.

The NEXTPHI 3 card causes more computations to be performed.
Since only one value of phi has been specified above and since NCASE
was read as 3 the next card is read as specifying a new strut and
blockage problem with the same reflector geometry and primary feed.
A new strut confiquration with a single strut at phi=90° has been
set. The second case, Figure 6 shows the capability to plot dif-
ferent pattern plane cuts: ¢=-15°, 0°, 90° are shown. In this example
only the principally polarized component of the scattered field from
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the struts are shown. Again the antenna geometry and frequency
corresponds to the above computer run. Each NEXTPHI 3 card causes
the phi values defined on the phi value card to be executed.

The capability to calculate cross-polarized components is Sshown
in Figure 7 where only the total field is shown in both principal
and cross polarizations. The reflector geometry, the direct feed
pattern and the frequency are the same as above. However, instead of
tripod struts, there is only one strut located at ¢5=20°. The strut
diameter is 2.0 inches (1.86x) and g=68°. The strut length is the
same as above. The strut angle ¢5=20° and the large strut diameter
was chosen to demonstrate a large cross polarized component of the
strut scatter. This cross polarization effect dominates for ¢>45°
in the ¢=120° plane which is near the scattering cone of the strut.
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C. Appendix - Computer Program Listing

The Tlisting for the computer program described in this report is
given below:

“Circular Reflector Antenna with Feed and Strut Scatter" (OSUPATT)
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glctalelaialdlelalalate!

AOON

65

osu 10
nsu a8
asu 30
$RNOND NUMEBER OF LINFAR FFED COFEFFICIFNTS nsu 40
nSu S0
oSV ¢0
Ds SOFY DIFFRACTION COFFFICIFNT ocu 70
OH HARD DIFFRACTION COEFFICTIENT asuy RO
nsu 40
RL,WALILOP : REFER TO SUBROUTINE GTD asu 100
nsuy 110
st 120
DIMENSTION GL100) 4H(100),2Y(100),2ZX(100),DLE(S0 H(50),BFT(100), (ISU 130
TFL100),DFL100), TP(100),TM( 100 4PXF(SO),PXH(50 FE(50) ,FFH(5), (SU 140
BI(25) JANP(10),0IM(2),RS2(4)4252(4&) RLO(&),PH ),PLOTSTLA,T21) NOSU 150
COMPLEX J4CP,CP14CP2,DS1,D52,DH1,DH2,FP1,FP?,F Y}.FFT,(FD,FF. asu 160
CPeyDS D1y DSCoDHC WAL A2,A3,81,82,83,FY Ff FP,C M(25) yHNK(25) nsu 170
wxp.rv.s:.vﬂv.fsr.sqv.@vu&.rpur.rrv,Frﬂ.cﬁp.au WFAT,FAP,CPN, asyu 140
EFBY EFBT L FRP4ESTT FSTPFPLHPL sy 190
REAL MAX oy 200
COMMON ZSTR/ZJ,CPO,AMBM,PIRKMXDEL A3 TF,DF,RETN asu 210
FORMAT (\r|0 l,xh) nsy 220
FORMAT ( //°* CIRCULAR RFFLFCTNR ANTENNA FAR FIFLD PATTERN WITH nsu 230
4 F D STRUTS AND ’ OMETRY *,// nsu 240
AME T =% JF8 5¢ YINCHES® /05U 250
3 ME TF TH!,//T110, NS 260
FTER ENCY =0, asu 270
BE /) nsu 280
1 ] LeDIRECT FEEOSU 290
X X))/ Su 300
asu 310
nsu 320
RFAD (5,1,FND=101) D2,FREQ,FDR,NAP nsuy 330
0OSyU 540
IF (NAP.LY.%0) NAP=50 oSy 350
IF (NAP NAP=99 aosu 360
pr=13 nsu 370
RK=2 ney IR0
a nsy 290
A nsy 400
0SU 410
nsy 420
NSy 430
! 0sU 440
= 0SU 450
WRTITE (&42) U2 4RLAML,D1,RLAM,D,FDNR,FREQ,NAP st 460
A=ED/2 e nsu
F=FOR*N \SU |
MI=NAF+] Sy
IL=A/NAP o) |
3 AYA/ (&L, %F ) NSy |
KO=SOKTLA®ACHRR) <1
CPU=CEXP {=J%KK2R0)) oSy {
Cp=JgsCPO osu |
CP4Lz=PI*AICEXPL I (Pl /4. -RE*R())) nsu |
ALP=ATANZ (A,B) (s
ALPHA-ALP®1060./P 1 nsu

S CIN(ALF)
COLA=CUS(ALP)

AR R R R R R R A R R R
* LINEAR FEFD COEFFICIENTS =
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g

C (AR R R R R A R A R A R A R 2 R 2 )

READ (5
10 FORMATY

FoPXEFFEGNZ)

‘
(
¢
11 FORMAT |
3
f MHePXHGFFHyND)

alalaialal
A -

-] A e "t (| @ 2y
-\—-

-

13

-
o=~
- N\-
Tt e
=29
D

AQAVNL trtst et OOQO TV oML
-

ownno»

e o
« -

~CT* »m
" ~—
.-

- 0 00 AN D
-t ot

DIPO0000W VN
.« e a0 oANAN
oW

N—te MTOLC XTI =
-

o e o 8

—
Me=~2ZZMMCCH

ZL=-4 IMmImer

QL2 D>
-

Z et D
U PMTTMNTTM

GAM=ATAN? (2 .%F,A)
GAMMA=GAM® ) RO. /P 1
PHIP=1R0.-CAMMA—ALPHA
S=100.*R0O**?

WA=0.0
PHIRO=A60,-GCAMMA

)

) N

¢« "NUMRFR OF INPUT FEFED VALUES
L

L

AR R R AR S R
* FEED PATTERN #*
SEIBRAIEANRERSO S

D PATTERN®,//T23,°'PS1°*

=*',13,//7)

2 T3 T o *FE Y,

CALL GTD(PHIA0 PHIP,90.,S,R0DyWA,SL,AS,TLOP,4DS,0H)

ANI=1R(C.-ALPHA
ANZ=180,-GAMMA

alnlnlanln

READ (5
1F (NCA

21
S
DO 100 N
6
(

) MNCASI

oLte 1) NCASF=1
i NCAS

20)
/11
) K
10,
) «t
A

)

WRITE |
20 FORMAT
READ(S,7
21 FORMAT (
DL Y=DIM{
0C=0C1/R
',rf)(//.
IF (KG.FQ.1) GO TO 23

0 NG

SCA R1
LFR KG)

"o

1

JC‘O

Te -

VR
(DIM(
10.5)

5

‘
C:
M
/
1
!
1)«
LAM

BYL1=0TM(2)FM
RY=RY]/PLAM
CPP=AXSRYS(POCFEXP( -~ )*RK $f1)

WRITE (6,22) DIMIY ) DIMI2)4DCY1,RYLI,AX,RY
BLOWCKAGE Y,

22 FORMAT (T]15,° *RECTANGULAR FFED

MODEL" /7))

SO'MEIGHT =%, FR, 3, Th0e* INCHESY /TA7,.FR.,

80

/77
1

AR R AR AR AR R R 2 A Al d 2

* FEFD SCATTERING MODEL *
R R R e R R A

nsuy
051y
nsu
osy
0su
0sy
asu
osu
0sy
nsuv
osuy
osu
osu
osu
nsu

T51,°'FFDBY,T66, NSU

LR e R e RN S R R R R R R R R R AR AR R R 22 2 2 A2

* DIFFRACTION COEFFICIENTS FOR REAR AXIS FIELD *
R e A A R R

T30, 'WINTH =*,FA.2,
53 FRA.F4TARO* METERS

o
% s

oSy
nsu
sy
nsu
asu
0su
osu
osu
asu

0su
oSu
osu
osu
0su
0sv
osu

',U

O'U
0y
osu
nsuy
nsu
osu

nsu
nsu
nay
osu
nsu
sy
aosu
nsu
oS
osu
nst

nsu
nst
(G
osu
nsu
0ast
nsuy
oSy
ns
nsu

185, N
LA

0ns

640

DNDPADUN=DIDNC NS

et e et e ot 1t e ot o e e Bt s B s et e e kS e et Pt e ek ot o S et
o

W MATT I NRIAIAG NI NI A et et et o et et ot et 1t s DD DO O DD DD

=DOD~NI D W=D
2002023900V V2000VD0V0IV0D00000




23

W OOOOON
»

—

33

34

>,

[glalalalal

41

42

$137,FA.3,T63,FR, 2
GnN
WR1TE
FORMAD

s

$ORFT

-

Rt -
OVWeNDVDITLENTENITMOD

~ -

0

crp=2
CONT l 'JUF

RFAD

FORMA
ner1=n
oP=0P
AP=0P

s 3
=%
T
T
=

DOOFIZINIPAD

ENIZCEBPNOXQOXTX—M

N Dot et DT D > D>

Q

—- -

om

DO T AT AN
L= I D T=ONNTNND >

—-NDMIT X

M = N~ T

z

e DA T ==

v AR e T ettt ) T B N=pD P

P

~AN T E = ottt B0 W
it e

N O 2 -

—emlmm T s 2~ 2T DT HNDT
D=~ X2

i w D>
T+

AT ~ ~X~arrI
ple il L 4
e Il ~=WDD

» >
—~—TmD ZC
DEIBPO| XR~200 | 1@®TM

V> VOP -
MBe Do ™o Tl We =TI AN

NTIN

25
(6,24
€1 15y
INCHES *, /1
RIS

]

D= D NN
_re N8

— N nrrAn
FPENDONA—e | 0

-~ 3=

J

R e

HotmO Do Z —

-G

ol LS TIN)

.« CANNRALD U e 9
TrewN WONN #2322 e e =0 »ITTe—

T Ve &~

o Pt LN <o

SN

e~ D D |

—

»

Prtrtret NN T Z\\ DV

~NN\\NZXTXT

-—Ne N

« > Ze N1~

-~

Ne =

AT >

faln)

1RO, *

WAVELENGTH® ,//)

-T' //T26,

W /T36, Fﬂ.l 155, ¥

LR R R R R AR AR A R R R R AR 2

S EEED

STRUT LOCATIONS *

IR AR R AR RS R SRR R A 2R 224

2 RETA NS
e

51

*DIAMETER

WA

=',FR,3,T55
VELENGTHS 771

HIS24RS22425224RLOZ4RS21,7S214RLN1,RS2(T),72S2(T1),

] NUMF‘FR'.]?.//YSO,'PHIR

103, LENGTH®,//T73,3F12.

SYy/173,3F12

I}"‘

Sy "WAV

3,
E

' F
i1
LEN

Se
Sy
GT

1
vinc
MY/

LR R A A R R s R R S R AR R R

* COEFFICIENTS OF CYLINDER SCATTERING *
e e

e

='W FR.4,//)

vBSJ,0.,001,1FR)
+AN,IFR)

GI*BJI(M)
G)EHNK (M)

0 43
ALIAMIT))
GO TO 43
TMAG(AM( 1))
6N TO 43

81

DEGRFES® ,TRO,
HES"/IT§.
/

nsu
sy
NS
nsu
osu

nsu
osu
nsuy
osu
osu

nsu
ast
oSy
Ny
osu
osv
asu
0Su
nsu
oS
osu
nsu
nsu
nsy
asy
asu
osu
osuy
osu
DSU

PSU
asu
oSy
NSy
osu
asu
osu
osu
asu

sy
nsu
osu
su

6SU
osu
asy
0su
osu
osu
asu
asu
csSu
oSy
nsuy
osu
nsu
0sv

Su
asu
nsu
nsy
osu
o<

NPAD WN=DIDNT AP WN= DO DN N YN 0 DNT AP NN = DIOINTANSWN=DODNT NS N

I et bk ek et . e etk et o o e Wt et ek i el e o e S Pt N e+t s ok o et et e e b ok ek o B . ek ket e o e S e P et
RIODDPPADDINNNNVNNNNNNIRAPIRIFCIOTI D ANANANNANADIDIDIDIDELD DD AR A WS NN
=
00000200 CODO00DVVOD0DDO0VI0D0D0D0DD0ID200IV0202D200202DDD0C D200

2
o
2

1900

—
o2
N —
o0

1930
1950
1970

1980
1990

—
bal
&
o

2
>
(=]

.




55

alalals)

a1

ala’alalal

MY =M

BM{13)=-0.5%
WRITE (6,4
FORMATI(/1 8
8//120, *M*,
WRITE (6,4
FORMAT (711
READLS,S3)
FORMAT (11
RFEAD(%+53)
TEVEN=]

IF (NP LY
NP=TABS(NP
DO 95 K=1]
VN]:ANP(F‘
1F (1EVEN
WRITE (645
FORMAT (//
PHI=PHI*P]
SINP=SIN(P
COSP=COS(P
L0ﬂ7°=CUS§
SINZP=SIN
SINGP=STIN(
COS4P=C0OS(
FAL=SQRT (1
FIA=COSA®S
FPA=COSP/F
RHO=0.

DN 61 =1,
BR-F-RHO*R
RP=SQRT(RH
SI=ATAN? (R
PSI=S1*1F0
COSS=CQSLS
SINS=SIN(S
BET(1)=SQR
TPEI)=1e9C
TM(1)=1.-C
CALL LSu%“(
CALL LSuUM({
CALL LSUM(
TECEI=(FEEe
OF(1)=(FFf -
PHO=R KU+ DE
CONTINUE
TS=TF(M])
OL=DF(MI])
AP=TS=DL*(
WRITE (&44

DO 20 N=1,
THETA=THOL
THF=THETA»

SINI=SIN(Y
COST=CNS (7
CP3=CEXP(J

NTS 0OF THF SCAT
1 165,'8M(M) 0, //
PBAM M) M= ,MX)

Wz en
-~

HONE s NTHETA
0 ) TEVEN=O

Z—r
o

QQ e

..

) PHI=ANP(1)*(K-1)%ANP(2)
PHI=,F6.2,' DEGRFES®,//)

Z\* e
= 3
-———

*SINPI#%2)

21 e 8 8 o rduarst 4™
T8 # % G~

P PONMNT

FAAES ORI N AR AR NI RS

* APFRTURF FIELDS *
AEERASUA IR AR AR AR AR

M1

HO/( 6, *F)
N*RHMe FRAAR)
HO,AR)

1

> PSR
S

AN e

~rmnTe9v
-
DRI
=
o
~
"
-
b
2

A AL AR AR AR R AL AR R AR 2]

* PATTFPN CALCULATION »
R e R

NTHETA

E AN I*DTHFTA
P1/7180.

HE )

Hi)
SRKSEY(OCT)

82

TERFD WAVF FRNM A CYLINDFR?®,
)

O ODNIP NP WNMO 0BNI2NE B U—=DIB NI D DN -
Q202000000220 22002002009Q0I0D000D00

AU NI ARSI RIS NI AT AT NIAD AIAI A AT R NI NI N A NI RO R AI A NN AU A
DD 0 G S A AN NI RGN NI NI N et o s et ek et et et et

gy

.




lalalnlalal s

61

64

6H5

71
72

1
LT.9C, ) GD 1N 62
«5) GO 10 76

«24.) GO TO T0
R R R R Y

* APCRTURE INTEGRATINN *
R e e

I

N

+0F=2) GO YO 63
v/

G0 10 64

~
=
-~
-
=
-

8J0,0.00
J2.0.00
0
.
*

"

DEND

—~—mn
LTe e e

~—D #HONDEXNTIM 4 <NANAA
T

M2 —~——

—“>OZEVADD™TM My XX X
——CIMO) & = AN

3 P 0w

1
10

o
AT =N =T | OO AN -~
~0VUVUVD
D=2
- —C
&
-
>
.
=}

—
=
=2

~ OI#XDTV##2002T ) | 2D
>

nnunrem2
M2t =is o

e Tesle bl lalaleb fobdale]
e TOONXHE 2D

=

- MO ® #DBANC
-

Nt P> A X 3§
NOrre =2 2000C
e T H SN -
PHOC ¢ O =< XN

T
n

AL FIELD ='3F8.,2," DB*y//)

DO TN = INAX PP O L ~=D>
CEPMN~-AXMODD

oM
-~

BAREEP R ANR AR S RO kR

* TWO POINT METHOD *
LR R

———AN
| O
-\
el
T
=

ANPOCA T DD

Q
DAZ il el
NTLONOR T =Dy

NErEeamN et | Qe Y= I NAATV LA
hal’ . R1}

(SINS*SINP)&#2)
<) GO TN 71
/FAC

"
Q
MAMA ™ | >

NN #e N2 Te ~

(J*RK®(ACSINT=-RO))

(=JsRKo (A$SIHT 4RO ) )

e =~LAMMAS THETA

e =GAMMA-THETA

«LF.0.0) PHIZ2=360,4PHI2
:Purl,PuxP.qo..S.wn.wA,sL.
C

=

on OO ¢« DD

BN NADD T MY

AS1,ILOD
PHIZ2 4PHIP ,90.9SyRNOyWASLyAST,LTILD
P SrTA

SCP2¥NHOSAP#F TA

P18DS)I#RPAEDA

CCP2ANCD AR AFPA

1#0M1* AP

MMM OO= O IO TNO MM =N OV D -
V==~>PpMNIIVIT=CO~N>

At N e ™ ™ g et Pl (] I

LU

=i

°

83

T e——

)*BJG ) PRHO#ATMIT ) /(2 .¢BET(T))

o<y

-
Qo
=]

LN LCAVENLNLNERENE LN
NNNN~N~NNN
OXBNP AL I~
200002000

P
Q
(=]

W W D D N
DNPAD IN=DIODIP DB DA =
DDODIONODV0DODO0DP00Q

RVt S s S N N e L

3290




lainlals)

14

e TataYotel

e ala e la e

#o

Hl

O R
% IRECY FEED *
LR RS R R R 2

EF=0.
1F (THETALGT ANY) GO TO 74
CALL LSUMIPST PXELFFEZNDLEZN3,FF)
CALL LSUMI(PST yPXHyFFH,DLH N3 ,FH)
FF=((FE4bH) 70 e—COL2P 8 FE—FH)/2.) $F9CP3
EFY=-FFefT
EFP=EFerp
1F (‘HIIA.LE «90. ORCTHETALGY LAN2) GO T 75
EP2=0.
F12=0.
EP=EPL+F P2+EFP
ET=CETI+ET2+€F T
GO TO 1
R T e A
* RING CURRENT MFETHOD *
AASREAA ARSI A AR REER SR AR S
CANTINUE
CALL BESJU(X,0,B40,0.002,TFER)
CALL BFSJI(X,2,8J2,0.00141ER)
CALL BESJ(X449BJ6,y0.001,1FR)
DEC=DS*COST
AL=TS*(DH-DSCI+DL*(DH+DSC) /2.
A2-:=TS$* (DH+DSCI-DL*tDH-DSC)
A3=DL*(DH+DSC) /2.
DHC=DH*CNST
BI=TS*(DS-DHC)Y-DLAIDS+DHCY /2.
B2==TS*(DS+0OHC )+ DLH(DE-DHC)
E3=-DL*2(DS+DHC )/ 2.
ERL=-CPa* (A1 2R JO+A2*BJ2+AB*B Y4}
HPL=CP&#* (B1*BJO+B2%RJ2+B3*BI4)
EY=~FPLOCINP A3 24 HPL*COSP*%2
ET-—FY#SINP
EPzEY®sCOSP
CONTINUF
T P T
* FLED BLOCKAGE SCATTERING *
L S T T T
1F (THFTA.LE.90.) GO YO BC
EFBY=0.
FTY1=¢1
E1P=FP
GH 10 8%
IF (KG.FQ.1) GO 10 81
XA=RK$AX*SINT®COSP/2.
XB=RK*BY*SINT*SINP/2.
Ir (XA£Q.0.0) GAa=1,
IF (XA.G1.0.0) GA=SIN(XA)/XA
IF (XB.EQ.0.C) GR=1,
1F (X8.G1,0.0) GB=SIN(XB)/XB
EFBY=(PPO(P34CAP(CH
G TO B2
CONT INUE
XC=RK*(4+<INT
CALL BESJ(XC41,48J1,0.001,1ER1)
IF (XCeFOoDo) FFAY=CPP3CP3/2.
IF (XC.GT.0.) EFBY=CPP*CP3%*BJ]1/XC
CONTINUE
FFEP=EFRYSCOSP
FFRYI=FFBY &S THP
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asuy
OsSu
nsu
asu
nsy
0osu
asu
nsu
nsuy
ns<u
asu
0su
osu
0su
nsu
nsu
nsu
osu
nsu
0su
nsu
nsu
osyu

asu
0stu

ﬂSU
0su
nsu

nsuy

367G
36A0

8 \0
In40
Ans0n
38¢0
AR70
36R0
3IRQ0
3900
2910
1920
3930
1940
1960
3960
67N
10p0
1a90
L4000
4010
4020
4030
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CALL NUMBERIXC ¢2 . oCW YCDL JHT ,PH]I ULy -1) NSy 5400
9 YCOL=YCOL -VS (5t 5410
CALL PLOTE? 05U 5420
4 TFIRST=0 OSU £430
GO TN % OSy %440
| FND NS 5450
! SUBRROUTTINE LABEL (XY HyN,(1,C2¢C3,C4,C5,C6,C7,(8) NS S460
DIMENSTION C1(1),C211),C3(1),C4(Y),C5(1),C6(1),C7(1),CHR(1) (15U 5670
GO TN (1432433435464 T7,H),N sy 5480
1 Catt SYMAOL (Xo ¥y, 1 i) 00,07 N8l 5440
GO Tn 9 ast 5500
2 CALL SYMBROU (X, YoM C2(1)y0.,17) nsy 5510
cO 10 9 oSy §52
3 CALL SYMBOL(XyYsHyC3(1),0.,17) 0SU 5%30
GO N e 0sy 5540
4 CALL SYMBOUL (XY Hy(4(1)30.,47) nsuy 5550
GO 1IN 9 nsy 5560
S CALL SYMBOL(XyaVYeH,C5(1),0.,17) nsy 5570
G T 9 nsy 5580
6 CALL SYMBOU (XY yHyCELL1)40.,17) st 5590
GO TG 9 0Sy %600
T CALL SYMBOLI XY H,CT(1Y,0.,17) asu 5610
GO 1n 9 nsu 5620
B CALL SYMBOL(X,YyH,CB(1),0.,17) 0SU £4630
G KETURN 0sy S&40
END 0sSuU 5650
SUBROUTINE HUYSRCIETHETALEPHILCNSP,SINP) (‘S}A 660
C 5670
C FOUTIND CONVERT ETHETAL,EPHI TO F HUYGFN PRINCIPAL AND CROSS NSy S6£an
€ POL AR ZAFED COMPONENTS OsSv %690
C G5t 576G
COMPLEX FTHETALEPHI,STOR 0suU ST10
STOR=COSP*F THETA-SINP*EPH] nsu 5120
FIMETA=SINP «t THE TA+CQOSPoEPHI OsSuU 5730
FPHI=STOR ncy 5740
RETURN nsty 57150
END oSy S760
SUBROUUTINF STRUT(PHI s THETA ,PHIS y224RS2,RLOLESTLESP) osy S7170
G osu sr80
¢ sy 5790
DIMENSTON RSY(100),ASYL100),RZY(100)AZY({100),TFL100),NF(100) OSuU SRO0
COMPLEX J'(().Lt)l.(o?.(&"»..‘;..)H. IMP.TFRMS.TFRHH.AM(2‘5f.BH(?S),QV. 0suy 5810
SSUMY Z EAT ZEAP JEGT yEGP L EALP yEGAMyCPOLESTLESP,0YD nsuv 5820
rnmmu /SYR/J,(.PD.AM.BM,P JRK MX,DFL.A.TF.OF'BFT 0OsSu 5830
THE=THFETA*P]1 /180 . nsu SK40
CHST=COS(THE) oSy Sa50
SINT=SIN(THE) 0sty 5860
SINPS=SINIPHIS) ne<y SKT0
COSPS=COS(PHIS) aSt! SRRO
SINA=SIN(BFT) asuy 5890
COSB=CNS(KFT) osu 5900
COTR=COSB/STNA 0sy 5910
20=22+RS2*C0OTR nsu 5920
RGI=RSZ~KL(I*STNS sy 5930
1F (RS2.GV.A) RS2=A CSU 5940
R1=0S1/S1INB oSy 5950
R?=RS2/SIND nsu 5960
L1=RS1/DFL42 sy 5S¢0
L2:=H<2/0€6L+1 0SU 59RO
N=L2-L1 st “a490
Nl =N+ nsy 6000
NFLS=DFL/SING nsy 6010
RLI=NELS*(L]1-1) 0y &020
RL2=DFLS*(L2-]) 05U 6030
CPE=CFXPIJIS(P] /4 . +RK*20% (COST=1.)1)) 0S £0LO
7(‘”‘-(!”'!)‘l‘)/h.)/(“!“lNH) oSy &C50
PHIN=PHI -Pi{] ¢ Oastr L0040
COLO=CastPI<iD) (;(U eOT0
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PLYE O OSU 60RO
?Elhﬁ;(”ﬁn COST*COSA 050 6090

O0°A ne<y &£100
Sind 05U 6110
-
(

o=

IND nsu
QER*COSD-CNST*STINR NGy
SGySCG) 0Su
) 05t
osu
/P nsu
0./°P1 nsy
nsu
nel)
X sy
~1)*(P]1-CAM)) oSy
(M)2CNOSM osu
(M) *COSM NSy
osu

DN-WHOYFWWH nsty
CONT INUF ney
DS=TEMPADS nsu
DH=TEMP*NH 0st
CAR=COSA+COSB nsu
RL=RL1 nsu
N1 asu
JUHKARL*CAR) nsuy
nsu L340

DF(K)*CQOSPS) nNsSuU 6350
osu 6360

L (SUMY ) nsy 6370
AGISUMY) osuy ~280
0SU 6390

oSy €400

asu &410

oSy 6420

0SuU 6430

0SU 6440

0SU 6450

(DFILYIY«DF(LYI=-1))) /2. ns\ 6460
- 0OsSyU K470
0su 6480

nsSuU €490

osu
SO‘COSA‘SING‘COSY*SINDOSlNngU 6510

AxSTING*COSD nsSu 6520
(COSB*COST*COSO-S G*COST#SIND sy €540
(HSH—SINL‘(U%"‘S! 0SU 6550
AT nsu 6560
nsuy 6510
nsu 6580
Ost €590
nsy 6600
NSl &610
NSy 6620
END nsu 6620
SURRNUTINE LNFDIDST, ) OSU K640
NDIMENSTON DST(50),PX FI50) OSu €¢s0
WHITF (6,2) nstt 6660
FOKRMAT (//T10,°P1ECF INFAR FECD INPUT Y . /7/T1IB,'PST*,T31,°F*,/)10SU 6670
Do 20 1=1 0SU 6610
1) 0Sy 6690

oSy 6700
5) S &
1) [
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RF TURN osu

END nsu
SUBROUTINF LSUMIPSI,PX,FF,DSI4,N3,FE) 0osu
DIMENSTON USI(HO).P\(50).(F(50! osuy

DO 10 I=1,N3 asu

IF (PSI.GT.PX(1I+1)) GO TO 10 nsu
FE=FF(I)+DS1(T)*(PSI-PX(])) Osu

RFE TURN 0sy

10 CONTINUE asy
FF=0. nsu
RFTURN nsy

END asu
SURROUTINE DRPHS (F sMAX ) osu
COMPLEX E osu

REAL DR,FASE yMAX nsu
P1=3.1415926%3 osu
AF=CABSI(E) nsu

1F (AE 6] ,0.) 60 TH 10 nsu
DR==500, NSty
FASE=0. osu

60 10 20 nsuy

10 DRA=20.%ALDGI0(AF )-MAX asu
FASF=ATANZ(AIMAG (F),RFEAL(F))*180./P) osu

20 E=CMPLX{(IB,FASF ) asu
RT TURN 0su

END asu

c SUBROUTINFE GTD(PHI (PHIP,RETAO,S ,SP,WASLyAS,ILOP,0S,0K) (Jétl
osu

¢ osu
T PURPOSF — 10 COMPUTE DIFFRACTION COFFFICIENTS DS,DH ﬂéll
L osu
¢ PARAMETFRS osu
2 NSy
C 2EEINPUTH** nsu
C s
A PH1 = DIFFRACTFD ANGLF osu
c PHIP = INCIODENT ANGLE AT THE EDGF osu
G BETAO= ANGLF RETWEEN THF TNCIDENT RAY THFE TANGENT TO THF EDGE 0OSU
L S = DISTANCFE FROM FIFLD POINY 10 THE FDGE ALONG THF Osu
C DIFFRACTED RAY PATH osu
C o = DISTANCF FROM THE SOURCE POINTY TO THF FDGF ALONG THF nsu
C INCIDFENT RAY nsu
C WA = WEDGF ANGLF osu
C SL = DISTANCE PARAMETER WHEN [XTFRNALLY PROVIDED (WHEN TLCP=40SU
C ILOP = (UNYRnL NUMAER ¢ osu
C 1LOP=1 ¢ PLANF-WAVF INCIDENCEF osu
C ILOP=2 ¢ CYLINDRICAL WAVF INCIDFNCF nsy
C 1L0P=3 ¢ SPHERJCAL OR CONICAL-WAVF TNCIDFNCF 0su
C ILOP=4 THF DISTANCE PARAMETER L=SL 1S PROVIDED EXTERNALLY ('SU
C oSy
( 2AROUTPUT e * nsu
€ osu
C AS = AMPLITUDF OF THFE FIELD ALONG DIFFRACTFEN RAY (NOT APFL!(A('\H
C WHEN TLOP=4) nsu
£ DS = SOFT DIFFRACTION COEFFICIFNT nsun
€ DH = HMARD DIFFRACTION COEFFICIENT (':S\U
¢ osu
C 2 UN[TSses nsuy
( nsu
2 ANGLE : DFEGRFF ns
€ ENGTH @ WAVELINGTH oSy
€ REQUIRED FUNCTIONS ¢ TRANSITINN FUNCTYION F(X) AND SIGN FUNCTION SGOSU
I nsiu
[« REFERENCF : A UNIFORM GFOMETRICAL THFORY NF NIFFRACTINN FOR AN FDGEOSU
C IN A Pfﬂif(lLV CONDUCTING SURFACE o RY R, G KOUYDUMITAN AND P oW osu
C PATHAK , PRNOC, OF 1FFF , VOL 62 NOV. 1974 oSt
(7 nstu
§ nait
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alale

lalals)

e lain

LE RS

LR

JoCL 0 C) sC2+C33C450S,DH;FASE ;O

COMPLEX F o A, 1£.1
REAL L,KI,K2 csu
ALTyWNyN)=Z2. 0%(0DSI3.14159265%WNEN-T/2,0)%%2 (V]
0osv
COMPUTE NFCESSARY CONSTANTS osu
osu
P1=3.14159265 nosu
PI1=2.0%P1 osu
Pl14=P1/4.0 0su
PI180=P1/180. nsu
AJ=CMPLX(0.,1.) sy
EPSI=.0001 nsy
W=50. Osu
GS=1. osuy
GH=1. nsu
WG=360,-WA nsu
nsu
IF (PHIP.FQ.0..0R.,PHIP.FQ.WG) GS=0. nsu
IF (PHIP.EQ.OeOK.PHIP.EQ.WG) GH=,5 oS
Osu
COMPUTE ANGLES BETA-ZERQO,BETA-POSITIVE,BETA-NFEGATIVE OEU
nsu
WN=WG/ 1 R0. asuv
BETAP=(PHI+PHIP)*PI118R0 osu
BETAN=(PHI-PHIP)*PI180 gﬁu
Su
CHOOSF DISTANCE PARAMETER FOR TYPE OF EGDE TLLUMINATION g§u
SU
IF(ILOP.EQ.1) L=S'SlN(BE|A0tPIlBO)"? 0st
IF(ILOP.FQ.2) L=S*5P/(S+ 0OSv
IF(ILOP.EQ.3) L=S‘SP/(S'S"!‘SIN(BFVAO‘P!lBO)"? 0SSt
1IF(ILOP.FQ.4) L=SL nzu
u
COMPUTE A(S,SP) THE AMPLITUDE OF THE FIELD ALONG THE OTFFRACTED RA%SU
U
IF(ILOP.EQ.1) AS=1.0/SQRT(S) nsuy
TF(ILOP.FQ.2) AS=1.0/SQRT(S*SIN(RFTAO*PI180)) nsu
IF(TLOP.EQ.3) AS=SQRT(SP/(S*(S+SP))) osu
1IFIILOP.EQ.4) AS=1.0 gzn
U
COMPUTE ANCULAR ARGUMENTS FOR COTANGENT FUNCTION pfu
SU
ANGI=(PI+BETANY/(2.0%WN) nsu
ANG2=(PI-BETAN)/(2.0%WN) nsu
ANG3=(PI+BIFTAP)Y/ (2 .0%WN) nsu
ANGL=(PI-BETAP )/ (2.0%wN) L?U
asu
CALCULATE Ne AND N- osu
oSy
NPN=TFIX((PT+BFETAN)/(PII*WN)+0.5) asv
NNN=TFIX((=PI+RETAN)/(PTII*WN)+0.5) asu
NPP=1TFIX((PI1+BETAP)/(PII*WN)+0.5) p:v
osu
COMPUTE ARGUMENTS NOF TRANSITION FUNCTION F(X) X=KLA nsu
ARGL=PII*L*A(BETAN ,WN,NPN) 0osu
ARGZ2=PYII®L%A(RFT AN, WN,NNN) 0% v
ARGA=PII*L*A(BFTAP,WN,NFPP) nsu
AKGL4=PTT2L*A(EFTAP,WN,NNP) q?v
0su
0S AMO O CALCULATEN BY KFLLER'S FORM WHFN FIELD POINT IS NOT IN  0OSUH
HNNP=TFIX((=P1+BFTAF)/Z(PTI*WN)+0.5) asu
TRANSITION REGIONS NSt
nsu
I1F (ARGl .LF.W) GO TO S0 nsu
IF (ARG2.Lf .W) GO YO 50 neu
IF (ARGA.LE.W) GO 10 50 “u
1F (ARG&4&.LF W) GO TO S50 (osu
CO=STHNIPT/WNIS(FXPI-A)SPI4)/(WN*PTT*SIN(RETAQ*PT180)) ‘

7740
7750
1760
1770
7780
7790
1R00
7810
7820
7330
TE4LO
7850
860
TRT0
TRBO
TR90
7900
7910
7920
7930
7940
7950
7960
7910
T9B0
7940
nnnn
A0
o0
/o0
AOLD
Ry
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RF TUKN
CALCULATE THf FOUR TFRMS OF THE DIFFRACTION COFFFICIFY

CO==CFXP(=AJOPT& )/ (2. 0%WN*PIT1*SIN(RETAO*PI1RO))
SIANG1-PI*NPN).GT.FPST) GO TO 100
~PTONPN )#2 . *WN

WNyLoPI)

—~—pD Cm=p
o
De =>

(ARG1)
NNN) .GT.FPSI) GO TO 200
:0?.‘NN

DNTVTiee D=0
'

=

OOTMaty O™

NG?);F(APG?)

DOM =
ST Dwomry

-

(ANG4 ) *F (ARG4 )

z
TP PTVZ0P WOZup NIVZA> ~TVZn
MZ VAO=Z PNAO~Z AMAD=Z NN

OO0 OOM—O

o8
S
2

COMPUTE DS AND DH

NS=GS*CO*(C1+C2-C3-C4)
DH=GH#CO*(C1+4C2+4C3+C4)
RE TURN

END
FUNC
PUR

—

Ze 2o ZreelSo-

N SGNIX)
T GIVE MINUS SIGN IF X IS NEGATIVE OR VICE VERSA

1,243

moO

(

3

OTOADAT A~
QZMOMOMO™m
IOHAZ ~AZ <Z
cCNSuCii=~o
CXO~ X XmDOX | X
.

GRAL
ATED BY APPROXIMATION

ZCm

AT -«v
—

/v PQ /7 2.5066283/

ES

X XX~V O
N

-

NNV e~ -~
Te X

At

6535/ ,P14/.78
?710670,.707\

ordN

W

2 X 2wt (Y DO

SWNTCTO

“ex|MmO™M

M It 2
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IBROUTINE CSX(C4SyX)

PURPOSE
COMPUTES THF FRESNEL INTEGRALS.

DESCR&PYIUN OF PARAME TERS

—t ke -

Ve O

-

| =~20A
COARC Eadume =3 m= CHENES

AT~ IT OB T Do ¢ A | =

P Y
XZXZ2NAT =
ZnZn

S
X

- IHE RESUL
= THE RFSUL
~ ARGUMENT

BI5/ X4,y 5/X ~1.875/%3)

CMPLX(S1,C1)

2.9XX/CPT4/3 .
+X))

TANT OUTYPUY OF CI
TANT GUTPUT 0OF S{(

FROM SUBROUTINE CS(C,S,X) OF SSP
BS(Xx)

(2-4.) 3,:3,4
(Z.LF.4.)

1

xZrer o

S

c»C

F

TTw

-

BPAN=O D~ NN o~
——N O N~
AD -t o | ot )

~— o~

X FUNCTION Q(FPS,WNyRL,yPI)

C

NTAN(X)
0.) GO 70 1

X)
X)

<)1) *(2.3PI*SQRT(LI*SONIEPS)~4 . #PI*L*FEPS

92

LLOLOOV0
St . et St bt ) o ot

XN NEWN
20000000

9200




TR, T .t

[zl elalalaielalniaialalalalalisialalaialslalsialalslslalialslalaialsialalnlslstisialalel

[ lals)

0o O

D et Ot ot Z () 2+ T et et Tt ot D

& W W W e
DS N

(=]

50

60
TO0

SUBROUTINE Bt 5

SeecsesecsesesvssssssacssscsstssssssssssnsssnssssnnsssssssssnscasescsllSU 9500

PURPOSE
COMPUTE THE

USAG

DFSCR!PYION OF PARAMFTERS

—=THE ARGUMENT OF THE J B
N ~THF ORDER OF THE J BESS
BJ =THF RFSULTANT J BESSFL

-REQUIRED ACCHRACY

DERTRE SULTANT  ERROR  CODE WH
0 NO FRROR
1 N 1S
2 X IS NF
3
7

mmm T

A vt g et et

=
o =&

LES

N
6
-

Oopx>
*2Zm

o
>
.

>
N

13
CALL BRESJIIXsN,RBIZD,1ER)

ES
EL
FUN
ERE

NEGAT IVE
VE OR

noD

A

T1
AC
N

FOR X GREATFR THAN
SUBPROGRAMS REQUIRED

SUBROUTINFS AND FUNCTION
NOME

C
C

ZFRO
URACY NNT OBTAINE

OMPARFD TO X NOT CORRECT

GREATER THAN OR EQUAL 10 ZERO,
X-X#*¢ 2/3
2

0osu 9510
NSy 9520

osu
J BESSEL FUNCTION FOR A GIVEN ARGUMENTY AND ﬂRDFRg%U 9540
\

0nsy 9540
0su 9570
0sy 95130
0st 9596

RED 0SuU 9400

nsuy 92610
0osv 9620
0SSy 9630
0SU 9640
GSU 9650
NSy 9460
oSy 9670

Oasy
(SEF RFMARKS)NSU 9690
osu

BUT IT MUST 8¢ gSU 9720

FOR X LESS THAN OR'§OUAL TO 15 0SuU 9740

SUBRQUTINE BFSJIXyN,BJy0D,1ER)

0,20,20

T AN A= =TT TN
T Tk Tam ™M o T d D
MZUNC N ZVN=AXCT XTI Ze
CeODL | =Dt | DN X O

Nee 2 2Zn

0

COMPUTE STARTING VALUE OF M

TFIX-5,)505,60y 60
MA=X+6,

93
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0su10000
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0SuU10030
0$U10040
0SvI0050
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osul10070
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100

T DOt Dt D P et DB LA
ZTTUNLCLTEC N

MZER(=MAXOIMA,MA )
SET UPPFR LIMIY OF M

MMAX=NTEST
DO 190 M=MZFRO ,MMAX,3

SET FIM),F(M-1)

FM1=1.0F-28

FM=,0

ALPHA=,0
‘;!N;(H/?,‘?)l?o11101l20
O 10 130

K
BMK=2 . $FLOAT (MK) #FM1/X~FM
FM=FM]
FM]1=BMK
1F(MK=N=-11150,4140,4150
BJ=BMK

«

-
-0
L
[
-t

PHA = AL PHA + BMK® S
K=2.9FM]/X-FM
(N)1180,170,180

ER R R R R R R R R R I R R R R

SUBROUTINE BE SY
PURPNSE

Qs
COMPUTE THE Y BESSEL FUNCTION FOR A GIVEN ARGUMENT AND anFRggu

USAGE
CALL BFSY(X¢N,BY,IER)

DFSCRIPTION OF PARAMETERS

~THE ARGUMENT OF THE Y BESSFL FUNCTION DFSIRED
N ~THF ORDFR OF THE Y BESSEL FUNCTION DESIRED
BY -THE RESULTANT Y BESSEL FUNCYION
TER-RESULTANT ERROR CODE WHERE
IER=0 NO _FRROR
IFR=1 N IS NFGAYIVF
1FR=2 X 1S5 NEGATIVE OR ZFRO
1FR=3 BY HAS EXCEEDFD MAGNITUDE OF 10##70
REMARKS
VERY SMALL VALUES OF X MAY CAUSE THE RANGE NF THF LIBRARY
FUNCTION ALOG TO BF FXCEF
X MUST BE GREATER THA
N MUST BF GRECATFR THAN OR EOUAL T0 ZERD
SUBSgU‘lN'S AND FUNCTION SUBPROGRAMS RFOUIRFD
ME THOD

94

1 WD W AN NN NN NV RIN D e et ot et
B AN=DOIINITDWN=DODND>
2020029020202002002020002

> o
WO LBRNPNABDNV=DOTI>N
202

[ERC IC U I Dol S o S R R R R v vy
& x
000200000220 0D02

AN A
P~NPN
2000
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CHFCK 1F ONLY YO OR Y1 IS DFSIRFED
9C 1F(N-1)100,100,130
RETURN ETTHER YO OR Y] AS RFQUIRFD
AF(N:IIO.I?O.!IO
Gﬂ 10 170
RY=Y0
GO TO 170
PFRFOPM RECURRENCE OPERATIONS TO FIND YN(X)

130 YA=YOQ

140 ) /X%

-1.0E70)145,145,141

o<V
-—

141
145
150

-
0 TN
o 009

SUBRQUTINE QSF

PURPOSE
COMPUTE THF VECTINR OF IN EG VALUFES FOR A GIVEN
FQUIUI'YANT TABLE OF FUNCTION UES-
USAGE

CALL QSF (HyY,Z,NDIM)

DFESCRIPTION OF PARAMETERS
H = THE INCREMENT OF ARGUMENT VALUES,
Y = THE INPUT VFCTOR OF FUNCTION VALUFS.

z - THE RESULTING VFCTOR OF INTFGRAL VALUFS. Z MAY RE
IDENTICAL WITH Y,
ND1IM ~ THF DIMFNSION OF VECTINRS Y AND 2.
REMARK

S
NO ACTION IN CASE NDIM LFSS THAN 3,
SUB:g”;INTS AND FUNCTION SUBPRNGRAMS RFQUIRFD

ME THOD
BECINNINC WITH Z2(1)=0, EVALUATION OF VECTOR Z 1S DONE RY
MEANS NF STMPSONS KULE TNGFTHER WITH NEWTONS 3/8 RULF NR A
COMBINATION OF THESF TWN RULES. TRUNCATION FRRNR IS OF
NRNDFR H*#5 (1.E, FOURTH ORNER METHMON). NNLY IN CASF NDIM=3
TRUNCATION ERROR OF 2(2) 1S DF ORDFR Hess,
FOR REFERENCF, SFF
(1) F.A.HILOCRARAND, INTRONDUCTION TN N'MERTICAL ANALYSTS,

96

IDODIDINNNNNANNNNITORP»DP
PAD UN=DODVNIPNDWN=DODNP N DL
V0002090000000 20000200000
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MLCRAW-HILLy NEW YORK/ZTORNNTO/ZLONDON, 1956, PP.T71-76. 0su12200

(2) R.ZURMUEHL 4 PRAKTISCHE MATHEMATIK FUFR TNGENTEURF UND nsu12210
PHYSIKER, SPRINGER, BERLIN/ZGOFTTINGEN/HEIDFLAFRG, 1963, NSU12220
PP.ZIA-??I. Nnsu12230

osuUl12240
CeeecerssssscscsessssesssessessstsettsssnssssensssnsssasssscssnessISULI2250
0SU12260

SURROUTINE QSF(H,Y 42 NDIM) asu12270
NS11122R0

nsSul12290

DIMENSTION YU1),21(1) osul2300
0su12310

HT=.3333333%H 0su12320
TIFINDIM=5)7,A,1 nsvi2230
NSU12340

NDIM IS GREATFR THAN 5. PRFPARATIONS OF INTFGRATION LOOP 0sSul2350
SUMI=Y(2)e+Y(2) nsu12360
SUMLI=SUM] +SUMI nsu12370
SUMI=HT*(Y(1)+SUMI+Y(3)) NnsSuU12380
AUXI=Y (&)Y (4) nsSu12390
AlIXT=AUX] *AUX] 0suU12400
AUX1=SUMY ¢HT®(Y(3)+AUX]1+Y(5)) nsSuU12410
AUX2=HT# (Y(1)+3.8758(Y(2)+Y(5))+2,625¢(Y(3)eY(4))+YL6)) nsul12420
SUM2=Y(5)+Y(5) 0sSu12430
SUM2=SUMZ ¢SUM2 0Sul 2440
SUM2=AUX2-HT3(Y(4)+SUM2+Y(6)) 0su12450
2(1)=0, 0SUl 2460
UX=Y(3)+Y(3) 0sSu12470
UX=AUX4AUX NSU124R80
(2)=SUM2-HY*(Y(2)+AUXeY(4)) 0SU12490
(3)=SuUM1 osSu12s00
(4)=SUM2 osuIzsio
FINDIM=6)5,5,2 nsSu12520
0SuU12530

NIEGRATICN LOOP 0SU12540
(0 & I=7,NUIM,2 0sSu12540
SUMI=AUX] 0sSU12560
SUM2=AUX 2 asu1 2570
AUX1=Y(T=1)+Y(1=-1) NSU125K0
AUX1=AUXT¢AUX] nst12590
AX1=SUMY #HT#(Y(1=2)+AUX1+Y(])) 0Su12600
I(T1-21=SumMli DSB2610
TFLI-NDIM)3,6,6 nsSu12620
AUXZ=Y(1)+Y {1} 05012630
AUX2=AUXZ +AUX2 CSU12440
AUX2=SUM2+MT (Y 1=1)sAUX24Y(]I41)) nSul 2650
201=-1)=SUM2 asSu12660
2(NDIM-] ) =AUX] nsSu12670
Z2(NDIM)=AUX2 nsuU12680
RE TURN 0SU12690
ZINOIM=-1)=SUM2 nsur2700
2(NDIM)Y=AUX) 0suU12710
RF TURN ncul12720
END OF INTEGRATION LONP 0Sul1 2730
0SU12740

TF(NDIM=3)12,11,8 0sSul2740
0SU12760

HOIM IS FQUAL T0 4 nsu127r70
SUM2=1,12% 'NY‘(Y())OVl’DOY!2)¢V(2)0Y03)oYI3)0V(3)ov04)) NSUL 27RO
SUML=Y(2)eY(2) 0nsu12790
SUMI=SUM] +“UM] 0$U12800
SUMI=HT#® (Y(1)+SUMI+Y(3)) 0sSuU12810
2())=0. nSu12R20
AUX1=Y(3)eY (1) 0sSul2R30
AUXI=AUXT+AUX] OSU12R40
2(2)=SUMZ2-HTI#(Y(2)+AUX]1+Y(4)) NSVl 2R50
1HAINDIM=“)10,9,9 NSU1 29460
AUXL=Y(4)eY(4) OSU12670
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RADC plans and conducts research, exploratory and advanced
development programe in cosmand, control, and cosmunications
(C3) activities, and in the ¢J areas of informatiou sciences
and intelligence. The principal technical mission areas
are communications, electromagnetic guidance and control,
surveillance of ground and aerospace objects, intelligence
data collection and handling, information system technology,
ionospheric propagation, solid state sciences, microwave
physics and electronic reliability, maintainability and
compatibility.
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