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 ABSTRACT

A new program for calculating dual reflector antenna
radiation patterns has been developed adding one more option
to the original program developed jointly by NCSU and NASA.
The previous program was capable of computing patterns for
single reflector antennas with either smooth analytic sur-
faces or with surfaces composed of a number of panels.
Techniques based on the geometrical optics (GO) approach
are used in utracing rays over the following regions:
1) From a feed antenna to the first reflector
surface (subreflector).

2) From this reflector to a larger reflector surface
(main reflector).

3) From the main reflector to a mathematical plane
(aperture plane) in front of the main reflector.

The equations of GO are also used to calculate the
reflected field components for each ray making use of the
feed radiation pattern and the parameters defining the sur-
faces of the two reflectors. These resulting fields form
an aperture distribution which is integrated numerically to
compute the radiation pattern for a specified set of angles.

Spillover, diffraction and other factors [2] that affect

the accuracy of the calculation of the far-out sidelobes,

are neglected.
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Examples and all test cases are mentioned to support the

validity of the new algorithm.
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1. INTRODUCTION

The objective of the work reported herein was to develop
an algorithm to calculate the radiation patterns of Casse-
grain antennas, which belong to the general group of dual
reflector antennas. (See Appendix A.) The approach taken
is to adopt and extend an existing algorithm which was
developed for single reflector antennas.

The original algorithm for single reflector antennas
was published in 1976 [1]. Later on that year this program
appeared as a NCSU report [2], but in a modified version.
Between 1976 and 1978 this algorithm was extended to deal
with new surfaces such as ellipsoids and spheres [3]. 1In
1980, Botula modified the algorithm giving it the capability
to analyze antennas with either smooth analytic surfaces or
with surfaces composed of a number of panels [5].

The method of the electric vector potential and the
geometrical optics approach were used to compute the radi-
ation field of the antenna in question.

This thesis includes:

1) All modifications and additions inserted into the
program to increase the accuracy of the calculated results
for multipanel single reflector antennas;

2) The equations written to describe hyperbolic sur-~
faces; and

3) The equations used to describe all reflections of

rays from both surfaces of a Cassegrain antenna and the




intersections of these rays with tue two surfaces.
FORTRAN G level was the language used in writing the

algorithm. The computing time was slightly increased due

to the fact that more ray tracing is involved in a dual

reflector antenna case.




2. ANALYSIS AND FORMULATION

2.1 Theoretical Development

The majority of operations in this algorithm are
essentially the same as those in the single reflector 3
algorithm. The GO approach is applied to calculate the |
reflected electric field using the feed radiation pattern
and all parameters defining the surfaces comprising a
reflector antenna. The electric field is computed over
a planar aperture in front of the reflector surface. As
a result, an integration over the aperture plane yields
the radiation patterns of the antenna in question.
To understand the line of thought and development of
the new algorithm it is necessary to review some aspects of
the old program and see where the new additions appear. A

more refined and detailed explanation of all equations in

the old algorithm is given in references [1] to [5].

Figures 2.1 and 2.2 depict the coordinate systems used
in the single and dual reflector algorithms.

The first difference is that the new algorithm has the
capability of analyzing both dual reflector antennas and
single reflector antennas, i.e., the old algorithm became
part of the new one. The two reflector surfaces are des-
cribed in terms of the reference coordinate system (x, vy,
and z) in which most of the mathematical operations are
performed. The second difference between the old and new

programs lies in the types of reflector surfaces that can
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be analyzed. Previously, five types were available:
planes, spheres, ellipsoids, paraboloids, and parabolic
\

cylinders, whereas now hyperboloids can also be treated

as another type of surface.
REFLECTOR\ """"" APERTURE
+ PLANE
\ Y
\
\
\ X
------\"-----""/ 0,
FEED —m—y REFERENCE
X’ SYSTEM

Fig. 2.1. Coordmate system for a single
reflector antenna system

It should be stressed here that these six types of surfaces

are available for each reflector for the case of dual re-

flector antennas £LPERTURE
MAI N .~ PLANE
REFLECTOR
Z vy
FEED / REFERENCE X

~ @ SYSTEM ~—
Ry T \SUBREFLECTOR

Fig. 2.2. Coordinate system for a dual
reflector antenna system
Spherical coordinates are used for the radiation pat-
term calculations. The convention used concerning the

angles 6 and ¢ is shown in Figure 2.3.




X
Fig. 2.3. Convention used for angles 6 and ¢

The feed position is expressed in terms of the primed
coordinates x°, vy, and z°. The feed radiation pattern is
expressed in spherical coordinates, based on the feud carte-
sian coordinate system using the same convention for the
angles 6° and ¢° as the reference spherical system. Here,
6 and ¢~ are referred to the feed coordinate system. The
phase center of the feed antenna is the origin of its coor-
dinate system.

The two coordinate systems are related to each other
via a three-dimensional rotational matrix [A], whose deri-
vation can be found in [2]. The rotational operation of
this matrix is used to make the feed system parallel to the
reference system, making use of the three angles ALPHA, BETA,

and GAMMA as shown in Figure 2.4. 2All counterclockwise rota-

tions are defined as positive when looking in the negative

direction along the axis of rotation.



Fig. 2.4.

Feed rotation angles
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ALPHA is the rotation about the z“-axis, BETA is the
rotation about the x“-axis and GAMMA is the rotation about
the v -axis.

Each ray starts from the feed and is traced up to the
aperture plane. Five pieces of information are associated
with each ray: a set of angles 6” and ¢°, the appropriate
8~ and ¢ polarized electric field strengths and the ini-
tial phase, all taken from the feed antenna pattern. Fig-

ures 2.5 and 2.6 show all vector operations involved in ray

tracing.
_ / A POINT ON
% APERTURE
S

M-/ PLANE
(XO,YO,ZO)—-) (X,Y,2) 2 Y
X
’///,/’// o}
Z Y
X’

Fig. 2.5. Vector operations for a single reflector antenna

A POINT ON APERTURE
(on'YouZoz) /4/ / PLANE

.
-

"7 T (%Y,2) z
X
y 3 0
A\\
A nO _
Si --R -

FEED .Y’ Pl

Fig. 2.6. Vector operations for a duval reflector antenna



The symbols in these figures are defined as follows:

1)

- 2)

3)

4)

5)

6)

7)

;i is a unit vector in the direction of an arbi-
trary ray incident on the reflector (or on the
subreflector).

R is the distance from the phase center of the feed
to the point at which the incident ray strikes the
reflector (or the subreflector).

~

ng is the unit normal vector to the reflector sur-

face (or the subreflector).

S, is a vector in the direction of the reflected
ray, (or reflected from the subreflector) and inci-
dent on the main reflector in the case of a dual
reflector antenna.

RM is the distance from(xo,yo,zo) on the subreflec-
tor to(xoz,yoz,zoz) on the main reflector, i.e., the
distance from a point on the subreflector to a

point at which the reflected ray strikes the main
reflector.

;r2 is a vector in the direction of the ray reflect-
ed by the main reflector.

D is the distance from the point of reflection
(xo,yo,zo) to the aperture plane for a single re-
flector or from the point (xoz,yoz,zoz) on the main

reflector to the aperture plane for the dual

reflector case.




~

The unit vector 8 which is expressed in spherical

feed coordinates is written in its cartesian coordinate

gsystem as:

>

where

- RS

[N

Sl
Z

6° and ¢ are also ex

coordinates. The fee
lated with respect to

-~

& rotation as well as

express the vector s;
this task, the origin
in the feed system.

The intersection

with the reflector or

vector ¥ as shown in

—

Fig. 2.7.

P A0 L B

N . e

v

~ A

rd ” rd
+ +
sy X+ s y+s;z

o)

sin 6”° cos ¢~
sin 6° sin ¢“ and
cos 67

praessed in terms of the feed cartesian
d system is not only rotated but trans-
the reference system. Tnat means that
a translation should be performed to

in the reference system. To achieve
of the reference system must be known

of a ray having the unit vector S,

subreflector surface is defined by a
Figure 2.7.

MAIN REFLECTOR

SUBREFLECTOR

%

3o

Vector operation
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Thus V = r ;i - 0% provided that ;i and 0%0 are expressed
in the reference coordinate system. To accomplish the trans-
formation a 3x2 matrix [BB] is formed. This matrix has the
ray unit vector (;i) and the translation vector as its
columns. The rotational operation takes place by premulti-
plying [BE] by the rotation matrix [A].

(a] (BB] = [B]

Each ray is now described in the reference system by the

parametric equations

x = By)r - By,

Y B,,r - B

21 22

B,,r - B

N
"

31 32

The point of intersection is found by solving simultaneously
the equations mentioned above and the equation of the reflec-
tor surface. To find a vector (;r) in the direction of the
reflected ray, the unit normal to the reflector surface, at
the incident point is evaluated and Snell's Law is used, i.e.

ta) ~

s, = s; - 2(n0 si) n,

el A

Similarly, the reflected field except for phase, is given

by

> ~ ~ > - . . . )
Er - 2(n0 Ei) ng - Ei where Bi is the incident field,

attenuated, of course, by a factor 1 since we assume that

ﬁl
the reflector is in the far field of the feed antenna.
All vector operations are the same for both the single

and dual reflector antenna options.
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The two options are now considered separately.

A) Dual Reflector System

The parametric equations for a ray along 8. which is
treated now as the incident ray on the main reflector, are:

X = Xg + h cosox
Y=Y, + h cosoy

z =z, + h cosaz
where h is the distance travelled from the point (xo,yo,zo)

on the subreflector along the ray, and

cosa X

r . . .
cosoy = 3 direction cosines

COosa 2

x’ sry' s,., are the components of the reflected vector
s_. To find the intersections of the ray and the main re-
flector, simultaneous solution of the above parametric
equations with the equations of the surface of the main
reflector is required.

The unit normal to the surface is evaluated at this

point and used to compute a vector in the direction of the

reflected ray, i.e.,

> > ~ + ~
Sp2 = Sj3 ~ 2 (ngy°si,) ngy

A

->
where si2 = s_ 1s a unit vector incident on the main reflector,

r




A
and Ny,

flector

0t
1}
® >

r2

>

where

12
is the unit normal on the surface of the main re-

in cartesian components.

e am
Six2 "2Px02Px02°2ix2 * Pyoz2 ‘%iy2 * P02 *Siz2)
- .
S

®iy2 "2Py02Px02-2ix2 * Pyo2'-2iy2 * Pzo2 *Siz2).
-

S22 ~2M,02(Ny02:2542 * Dyo2 *2iy2 — Pz02 8322)

S. =8

ix2 rx
siy2 = sry
Siz2 T Srz

are the components of the ray vector reflected by the sub-

reflectqr. Now if

= Six2 "20y02 (Myon <2542 * Dyg2 +Sjy2 * Ppo2 +8iz2)

= g, =-2n

iy2 "2Py02 (Rygoz Sixa * Byg2 +Siy2 * Pao2 +5iz2)

Srz2 = Siz2 “2P502 (Mygp +Sixa * Dyo2 +Siyz * Mgz +Siz))

then

A

r2 = X Sex2 tY Sry2 t 2 8.,

Er _»TO THE APERTURE PLANE

e
5:§g:¢m4

o)

Fig. 2.8. &lictric field vectors
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Similarly, the reflected field (Figure 2.8), assuming a per-
fectly conducting reflector, is given by:

+> ~ 2 ~ -+
Ep =2 (ng°Ej5) ng, - Eyp

>

here E,, =

Eiz is the incident electric field on the main reflec-
tor and Er is the electric field reflected by the subreflec-
tor. It is seen here that Er is multiplied by a factor 1/RM
since the main reflector is assumed to be in the far field
of the subreflector.

In component form,

AE AE AE
s _ rx ry rz
E -x—-RM +yRM+z-—RM
=X Eigaty Eiyz * 2 Ej,

>
and Er2 becomes

-

Er2

[}
® >

[énx02(nxoz.Eix2+ny02.Eiy2+nzOZ.Eizz)-Eixé]

>

Yy [é“yoz(“xoz'Eix2+nyoz'Eiy2+nzoz'Eizz)‘Eiyé]

N >

[znzoz‘“xoz'Eixz+nyoz'Eiy2+“zoz'Eiz2"Eizg]
The procedure of finding the intersection of the reflected
ray (by the main reflector) and the aperture plane is as
follows:

-
Find the parametric equation for a line along s,,

given by:



po
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X = X3, + h“cosa’x

Y = Yg2 + h”“cosa’y
z + z02 + h”“coso”z
where - ->
X 8 s
cOs0’X = — r2 = £x2
|sr2 srzl
~
Y .S s
cosa’y = — r2 _ +ry2
lsr2| lsrz
A-»
Z ¢ S S
cosa’z = - r2 = +r22
‘Sr2| lsrz‘

and h' is the distance travelled along the ray. The aper-
X =X
. _ . . - _ ¢ 02
ture plane is at x = Xy which defines h” = Sosa’x ° The

(y, z) coordinates where this ray strikes the aperture

plane are:

- cosa’y _ -
Yoo t (Xg7X02) Gosavx - Yoz * (X¢X02) 3

"
]

- cosa‘z _ -
z =24, % ‘xc'xoz’ cosa x _ 202t (xo=%g3) s

Then

i} 2 . oo 22 4 (oo 2
D ‘q‘xc'xoz’ * yygpltt * (272y)

and the phase of the field upon reaching the aperture plane
is given as:

wz = Z% (RtRM+D) + Initial Phase.
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Thus, five parameters are computed for each ray at a point
on the aperture plane: the y and z coordinates, the y and
z components of the electric field, and the phase of the
field.

B) Single Reflector System

In this case each ray is traced from the feed to the
reflector up to the aperture plane in the same way as before.
It is clear that in this case a smaller number of egquations

have to be written and the phase is given by

Y = 3% (R+d) + Initial phase. A more de-

tailed discussion of the above operation is provided by
Kauffman [2].

2.2 Calculation of Radiation Patterns

In both cases, the tangent aperture field is given by:

- A ~ _jw .
ﬁAP (y Ery + z Erz) e for a single reflector

where Ery' Er are the tangential components of the aperture

z
-jy, for a

electric field, or EAP = (; Ery2 + ; Erzz) e
dual reflector.

In order to evaluate the secondary radiation pattern
at a particular point in space, we integrate numerically
over the aperture. The integrals to be evaluated are:

By = ff E,, cose e-j\pejk[y sin® sin¢ + z cose] dydz

Aperture
Surface

and
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E, = ff [Erysine + E_,cos@ simp]e-w

Aperture
Surface

ejk [y 8inb sin¢ + 2z cose] dydz

where the aperture surface is the area of the reflector
aperture projected on the aperture plane. It is necessary
to integrate only those points which result from reflections
from the actual surface and not from its mathematical exten-
sion. This is achieved by interpolating a series of edge
points on the boundary, using information from points which
exist outside the aperture. All points then existing out-
side the reflector surface are disregarded.

Before the integration takes place, all points on the
aperture plane are quantized in their y-coordinate. All
details on quantization and integration are fully provided
by Kauffman [2], Agrawal [3], and Botula [S].

2.3 Transition from the 0ld Algorithm to the New One

The block diagram in Figure 2.9 shows the locations
where changes, additions and modifications were applied to
the old algorithm to obtain the new one.

These general additions and changes, which will be ex-
plained later in more detail, are the following:

1. NPUT: Was enlarged to read in and print out
data for both reflectors for a dual

reflector antenna system. This feature




2,

3.

4.

5.

SUBPNT:

APRTUR:

FINDXC:

CASSA:

17

did not exist before. NPUT also calls

an additional subroutine, named SUBPNT.

Was added to determine the four extreme

points on the subreflector, given the

four extreme points on the main reflec-
tor.

Was extended for the following reasons:

A) to incorporate hyperboloidal surfaces,
as an addition to the previous list of
surfaces.

B) To compute, automatically, the loca-
tion of the aperture plane (xc) in
terms of parameters pertinent to the
antenna under consideration. This is
accomplished by calling the subroutine
FINDXC.

FINDXC was added to provide APRTUR with
an approximate value of Xoe X is eval-
uated for both reflector systems, follow-
ing different approximations depending on
whether the antenna is a dual or a single
reflector system.

A new subroutine was inserted in APRTUR

to account for all the tracing from the

subreflector to the main reflector, up to



the aperture plane for the case of a
dual reflector system.

The rest of the program is unchanged.

18
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3. STRUCTURE OF REFLECTR

3.1 New Variables

New variables were introduced to account for the in-
creased complexity of Lhe program. Some old variables and
common storage blocks were changed to give the new algorithm
a general character. Since the new variables come asn a
follow-up of the old ones, all common storage blocks and
variables are introduced here.

1) BLOCKG/YCBL, ZCBL, KFMABL, HFMIBL (Aperture plane
blockage information).

YCBL, ZCBL: y and z center coordinates of the aperture

plane blockage ellipse.

HFMABL, HFMIBL:

Half-major and half-minor axes of the aperture plane

blockage ellipse.

2) CASS/SR(3), X0, YO, 20, Y, 2, RM, D, XO02, Y02, 202,

ER2(3), ER(3) (Only for Cassegrain antennas).

X0, YO, Z0, A point where a ray emanating from the

feed intersects the subreflector.

X02, Y02, 202 A point of intersection of the main

reflector and the ray.

Y, 2 The y and z coordinates of each ray on

the aperture plane.

RM Length of a ray from the subreflector

to the main reflector.

e a acaasas agmelgal L




3)

4)

SR(3)

ER2(3)

ER(3)

21
Distance of aperture plane from main
reflector.
A vector grin the direction of a ray
reflected by the subreflector.
The three components of the electric
field reflected by the main reflector.
The three components of the electric

field reflected by the subreflector.

COLOS/DELT, XC, ANGING, PM(3,4), RS, XMX, 2MX, ZMN,

YMX (Parameters used for determining x_.)

DELT

ANGING

PM(3,4)

RS

The ©° angle subtended by the subreflec-
tor. (See Figure 2.2.)

Angular increment. (See Botula [5] for
more details.

Four extreme points on the main reflector.
Distance from an extreme point on the sub-

reflector to the origin.

XMX, YMX, ZMX A point on the subreflector which is the

ZMN

closest point to the origin.
The minimum 2 coordinate of the subre-

flector.

CONTRL/NOPT (3, , NLIST, IOPT, ICASS, ILIST (100)

NOPT (3)

Three number specifying options regard-
ing printer, plotter, and aperture plane,
data output, respectively. See [5] Section
6.)




5)

6)

22

NLIST The number of panels for which the algo-
rithm will print complete illumination
and quantizing data.

I0PT A variable which is zero when the program
is to run normally, and one when the
single-panel option is in effect.

ICASS A variable which is one if a Cassegrain
antenna is to be analyzed, and zero for
a single reflector antenna.

ILIST(100) The specific panels for which the algo-
rithm is to provide complete illumina-
tion and quantizing data. (See Botula
[5], Section 4.)

The common blocks: A) DIMENS, B) EXTENT, C) MATH and
D) PATTRN, have remained the same as in [SJ.
FEED/EP (91), ET(91), NP, N1, XS, YS, ZS.
(Feed antenna paramcters)
EP(91), ET(91)
Array containing tho electric field strengths of
the foed antenna in one-degree increments off-axis
in the 0'- 90° and ¢ = 180" planes, respectively.
NP, N

The number of incroments of phi and theta used in

the illumination pattern, respactively.
XS, YS, 2S
A point on each panel which is the closost point to

the origin of the reference coordinate system.
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PARAMS/AORORF, BELLP, CELLP, DIST, PSI, PLNPNT (3),

PLNORM (3), FEED (3), ALPHA, BETA, GAMMA, XLAM,

AOROR2, BELLP2, CELLP2, PSI2, DIST2, POINT (3), NORM

(3) , SURFC1l, NPNL, NPOINT, SURFC2. (Antenna system

parameters.)

In the following, the variables that appear first are
defined on the subreflector, and those that appear second
are defined on the main reflector.

AORORF, AOROR2: The focal length of a paraboloidal re-
flector, the focal length of a parabolic cylindrical reflec-
tor, the radius of a spherical reflector, the semi-major
axis of an ellipsoidal reflector along X, or half the trans-
verse axis (x-direction) of a hyperboloidal reflector (Appen-
dix B), depending on which surface is intended to represent
the reflector.

BELLP, BELLP2: The semi-minor axes (along y and z,
respectively) of an ellipsoidal reflector surface. Note
that this does not define a completely arbitrary ellipsoid
since the axes along y and z must be equal. For the case
of a hyperboloidal reflector surface, this value represents
the y semi-axis of the ellipse in the yz plane of the hyper-
boloid.

CELLP, CELLP2: Used only for a hyperboloid and stands
for the 2z semi-axis of the ellipse in the yz plane of the

hyperboloid.
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DIST: A parameter used in translating the origin of
the hyperbolic subreflector coordinate system so that it
coincides with that of the main reflector. (See Appendix
B.)

PLNPNT(3), POINT(3): The coordinates of a point on a
planar reflector surface (x, y, z).

PLNORM(3) , NORM(3): The components of a unit normal
vector to a planar reflector surface (x, y, z).

FEED(3): The reference coordinate system origin as
expressed in the feed coordinate system (x, y, 2z).

XLAM: Wavelength of the feed antenna radiation.

ALPHA, BETA, GAMMA: Rotation angles mentioned before
(Figure 2.4.)

SURFCl, SURFC2: Integer variables which determine the
type of reflector surface. (This code is applied to the
subreflector as well as the main reflector.)

1) Surface is a plane.

2) Surface is an ellipsoid.

3) Surface is a sphere.

4) Surface is a paraboloid.

5) Surface is a parabolic cylinder.

6) Surface is a hyperboloid.

NPNL: Determines the number of panels the reflector
is made of. The value of one means that a list of perimeter
points and other surface parameters for each panel must be

supplied. 1In this case, the aperture boundary is approxi-

-
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mated by a polygon. The value of zero means that the
single-panel option is in effect and hence an ellipse
is used to represent the boundary of that panel.

NPOINT: The number of rays stored for processing in
the P array at any given time.
3.2 NPUT .

This is an input/output routine. If ICASS = 0, the
program is to analyze a single reflector antenna system
with two options:

1) With IOPT

1 for a single-panel option.

2) With IOPT

0 for a multipanel option.
In both cases, the four extreme points of the reflector
surface are required. If ICASS = 1 a dual reflector anten-
na is to be analyzed. For this case, the four extreme points
of the main reflector are read in and used to find the four
extreme points of the subreflector by calling subroutine
SUBPNT. (SUBPNT explained later in this Section.)

NPUT also reads other parameters concerning the feed.
This is important since all pieces of information read here
are used in conjunction with the FILL routine which is called
later in the program. The connecting agent in this operation
is the common storage block, named FEED.

Previously, the four extreme points on the reflector
were read into the P array only when NPNL was zero, and the
variable x _ was also provided by the user. In this algorithm

c
the four extreme points are read regardless c¢f the particular




26
value of NPNL. The reason for this is that the above points
are needed to compute the variable X, later in the program.

i Furthermore, new printing statements were added to be used dd
i for dual reflector antennas.

3.3 SUBPNT

< [PMILKL PM2K), PM(3.K)]  (EXTRRME POINT ON
AN MAIN REFLECTOR)

= N /[p(LK),p(z,K),P(:s,K)]

(EXTREME POINT ON

SUBREFLECTOR )
~
\\
\\\\\\ Z
~ 0N Y
"\\ ~ ~N
S~ N3
--------- \\\\\\\\
------- Sy
O X

Fig. 3.1 Finding the four extreme puints

SUBPNT is called only fora aual reflector antenna.There
is a "Do" ioop which computes the distance (RR) from the ex-

treme point on the main reflector to the reference point.

RR = [(PM(l,x))2+(pM(2,K))2+(PM(3,K))2] s
where PM(1,K), PM(2,K), and PM(3,K) are the coordinates of
each extreme point on the main reflector. Then, the direc-
l» tion cosines are found as:

i' DIRl = PM(1,K)/RR (direction cosine in the x-direction)
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DIR2 = PM(2,K)/RR (direction cosine in the y-direction)
DIR3 = PM(3,K)/RR (direction cosine in the z-direction)
| The parametric equations of a line passing through the
5 origin (reference point), and a point on the main reflector
are given by:
v; P(1,K) = PM(1,K) - RR'DIRl
P(2,K) = PM(2,K) - RR:DIR2
P(3,K) = PM(3,K) - RR<DIR3
where P(1,K), P(2,K), P(3,K) is an extreme point on the
reflector. To determine this point, the above parametric
equations and the equation of the surface of the subreflec-
tor are solved simultaneously. (See Appendix C for details.)
This operation is repeated four times, i.e., once for
each extreme point of the subreflector.

3.4 APRTUR, APRIN, AND FILL

APRTUR does all the ray tracing for the single reflec-
tor antenna and it calls a new subroutine named CASSA for
{ additional tracing in the dual reflector case. Figure 11
l shows the difference in approach between the old and new al-
gorithms in determining the location of the aperture plane
{ before integration for a multipanel, single reflector anten-
na.
This difference gives some increased accuracy in pre-
dicting the radiation pattern of a muitipanel, singie reflec-

tor antenna. (See results, Section ©.) In the case of a
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single reflector, a short "Do" loop is used to find XMX,

YMX, and ZMX, a point of the reflector which is the closest

one to the origin.

REFLECTOR CONST) GENERAL
v APERTURE
APERT. PLANE
PLANE
SEPARATE
-5 PLANES
\ Z
\ Z Y
¥ :
| ]
L\ y X Xei, soeXes Xea Xet
X( N\ N 0] X
oLD QFEED NEW
ALGORITHM ALGORITHM

Fig. 3.2. Location of aperture plane

Then a rotation matrix A 1is computed from the rotation
angles ALPHA, BETA, and GAMMA. The inverse of that matrix
is also found. 1If the dual reflector option is in effect,
the rotation matrix is calculated immediately skipping the
above-mentioned "Do" loop. For single reflector antennas
comprised of a number of panels, subroutine APRIN is called
to provide data for each panel individually.

Two important additions have been made in APRIN: 1)
Fcr each plane reflector a normal is computed automatically
using the principle of the CROSS product. (See Appendix D.)

2) Statements 20-28 make use of a "Do" loop to search for
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(xs, Ygr zs), a point on each panel, which is also the closest
point to the origin. It is an important point because it is
used later, in APTRUR, to find the location of the aperture
plane (xci) for each panel individually. (See Figure 3.2 for
geometry). For a complete discussion of APRIN, see [5].

From statements 50 to 65, APRTUR finds the angles sub-
tended by the reflector or the reflector panel. Notice that
in the dual reflector case, the angles subtended by the sub-
reflector are the ones to be measured and not those for the
main reflector. All points, either the perimeter points for
a panel, or the four extreme points for a single panel option,
are expressed as angles in the feed system. Then, a search
for the maximum and minimum 6 and ¢~ angles represented by
the above-mentioned set of points is performed to determine
the angles subtended by a panel or a subreflector. (See Ap-
pendix B in [5].)

ILLUMINATION ARRAY - Statements 65-95 generate the ap-

propriate illumination array to insure a well-ordered illu-
mination of the chosen reflector option. The previous method
of illumination has been kept the same since it serves the
purpose of the new algorithm in a rather convenient way.
(See Section 2.3 in {}].)

For the dual reflector case, the angles subtended by
the subreflector are the ones to be considered instead of
those of the main reflector. The reason for this is the fact

that an overillumination of the subreflector results in an
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overillumination of the main reflector. Overillumination is
desired so that the projected boundary of the main reflector
on the aperture plane can be defined before integration is
performed. The rays corresponding to the upper and lower
limits of 6 miss the real subreflector. They get reflected
by its mathematical extension, and as a result, they miss
the main reflector too.

If a Cassegrain antenna is to be studied, as soon as
ANGINC is computed in APRTUR, subroutine FINDXC is called.
(See Section 3.5.) This is the first time where FINDXC ap-
pears in the program to provide APRTUR with the location of
the aperture plane (xc). APRTUR, with a "Do" loop in state-
ment 95, loads all illumination angles into the P array just
after the angle pairs corresponding to the perimeter points.
SUBROUTINE FILL is called to provide the angle pairs in the
P array with the field strength and phase values.

FILL - This routine is changed and adjusted to each
antenna whose radiation pattern is to be computed. A detail-
ed description of this subroutine and its varicus forms ap-
pear in [2], [3] and [5]. A new subroutine has been written
for a vertical polarization case. (See Appendix E.)

Furthermore, in APRTUR for single reflector antennas as
the (xo,yo, zo) point is found, the location of a separate
plane are determined. This part of the algorithm is not
carried out for dual reflectors. The procedure for determin-

ing xx and x_; is as follows:
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If the single panel option is in effect, then subrou-
tine FINDXC is called. This is the second location in the
program where FINDXC appears. (See Section 3.5.) 1If a
multipanel option is in effect, then R, (Figure 12) is ex-
pressed as:
R 2 2 2% '
1= (xs + Bl12)" + (ys + B22)° + (zs + B32) - 1.0 = R’~1.0
' 2 2 2% .
where R’ = (xs + Bl1l2)“ + (ys + B22)° + (zs + B32) is the

distance between (xs, Ygr zs) and (Bl12, B22, B32).

( xs:YpZ$ )

GENERAL APERTURE

// PLANE

REFLECT.

|

|

|

|

: FEED 4

; Y

i €nax _
Xs Xc1 X X \ o X

Fig. 3.3. Computation of xc's and xx

Also, the angle ¢ subtended by the reflector is expressed

max
as:

xs + B32

-1 .
emax = tan (* .—.—s_m ’ where (Xs + 312) 18 A

negative value and (zs + Bl2) a positive one. Hence, to

obtain a positive 8 ma angle, a negative sign is added. The

X
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angle emax is augmented by 2.5 ANGING, i.e., 2.5 times an
angular increment. The reason that R, = R’ - 1.0 and
eaug = 6pax * 2.5 ANGING are used instead of R’ and em‘x.

is to make sure that the panel will be overilluminated.

Thus X, is found as:

X, = '(31°°’(°aug’ + B(1,2)).

The distance between X, and Xg for the first panel is com-

puted as CONST -lxc - X

sl. This number becomes an impor-

tant factor in locating the aperture plane for the rest of
the panels. The idea is to put an apertuie plane in front
of every panel and with a distance equal to CONST away from
it. This results in having an ordered arrangement of aper-
ture planes in front of the reflector. So, the rest of the
xc's are given as:

X, = Xg + CONST where Xg is provided by APRIN, in ad-
vance. Once all xc's have been found, the location of a
general plane (xx) is determined, using FINDXC. (See Sec~
tion 3.5.) Each panzl is first projected onto its own indi-
vidual aperture plane, and then phase-referenced to the gen-
eral aperture plane. Thus, the general plane sums up all
these projections that comprise the total projection of the
antenna on the aperture plane. This method of preparation
of the aperture plane before integration yields better re-

sults compared with the previous method.

The difference in phase is written as:
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DIFF = |xc - X | and the 'HASE -'%1 (R+D+DIF) + Initial Phase

s
where R = distance from the feed to reflector.
D = a distance from the reflector to the individual
aperture plane.
DIF = distance from the individual aperture plane to
the general one.

If the dual reflector antenna option is in effect, sub-
routine CASSA is called by APRTUR to continue the ray trac-
ing operation over the recion lying between the subreflector
and the main reflector. (See Section 3.6.)

3.5 FINDXC

This subroutine is called, as mentioned before, at two

different locations in APRTUR.

[PM{1,M),PMRM), PM(3,M)]

g

REFLECTOR

SUBREFLECTOR

)
'
|
'
t
|
!
|
(
|
]
|
'
|
[
A

Xc o)

Fig. 3.4, Location of an aperture plane at X, for a
dual reflector

PV
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In the dual reflector antznna case, FINDXC is called
immediately after ANGING is computed. In this case, X, is
evaluated directly from the geometry of the two reflectors.
From Figure 3.4, a point with the largest z coordinate on
the main reflector is determined and its distance (R’) from
the reference system is computed. Then, new parameter RSM
is conputed as:
RSM = I:(pM(l,M))2+(pM(2,m))2+(pm(3,m)2_|”~1.o =R - 1.0
where R'= [ (PM(1,M)) %+ (PM(2,M) ) 24 (PM(3,M)) 2]”
Also, @ the angle subtended by the main reflector is

max
expressed :

PM{(3,M)

-1 . . .
emax tan (-5577fﬁT) where the negative sign is

provided here to obtain a positive ema angle, since

x
PM(3,M) is positive and PM(l)M is negative. 1In the refer-
ence system another angle, called 6 augmented is estimated as:

faug = 6max + 3.0 + ANGING(in radians) and X is then
calculated using the expression.

X, = -RSM cos (6aug.)

The fact that RSM is used instead of R’ and eaug

instead of e is to insure overillumination and to make

ax
sure that this subroutine works for all sub and main reflec-
tor combinations, no matter what their geometrical relation-
ships are. This subroutine could, if necessary, be changed

to deal with each sub and main reflector c«-binations sop=-

arately.
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The second call of FINDXC by APRTUR is concerned with

- finding the location (xx) of the general aperture plane for

the multipanel option reflector, or X, for the single panel

option. This task is accomplished as follows: (See Figure

3.5.}

( me’xn-.-‘- mx)

XX FOR MULTIPANEL OPTION
OR Xc FOR SINGLE-PANEL OPTION

Fig. 3.5. Location of xx or x_ for multipanel or single
panel antenna, respectively

First, find the distance R’ between the point (xmx' Yx *

zmx)' and the feed, i.e.,

R’ = [(xmx + 1312)2 + (ymx + 1322)2 + (zmx + 1332)2]}i

where (x zmx) is the point on the reflector which

mx ’ mer
is the closest to the origin of the reference system. It
should be noted that this point is computed at the beginning

of the APRTUR routine. Second,



36
(z + B,,)
-1 mx 32 . .
) = tan "X T B ) | 9ives the maximum angle
max X * 12)
subtended by the reflector. This angle is increased by a
2.5 ANGING to give 6aug = 6max + 2.5 ANGING (in radians)
and third, to find X R’ is reduced by 1.5 to yield
2 2 2"*: -
+ (2 +Bj,) 1.5

RSM = Exmx + Blz) ]

+ (ymx + 322)
and hence

X, Or Xx = = RSM cos(faug) + B(l,2) for a single
panel or a multipanel antenna, respectively.

It is noted here that the distance R’ is reduced by
1.5 instead of 1.0 (as was done in the case of individual
panels) to insure that xx will be less than X in the multi-
panel case. The whole arrangement of separate aperture
places and a general one is shown in Figure 11, Part B.

It can be seen that xx has to be behind all individual
aperture planes. If the multipanel option is not in effect,
xx becomes X,

3.6 CASSA

This subroutine accomplishes all the ray tracing from
the subreflector to the main reflector up to the aperture
plane. It starts with finding the direction cosines of a

vector along the ray reflected by the subreflector. Para-

metric equations of a line are expressed as:

Xgp = Xo * RM-DC(1)
Yoz = yO + RM:DC(2)
250 = 29 + RM+DC(3)
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where (x02' Yo 202) is a point on the main reflector,

(xo, Yor zo) is a point on subreflector, RM distance be-
tween these two points and DC(1l) DC(2) DC(3) are the direc-
tion cosines with respect to x, y and z axes, respectively.
The solution of simultaneous equations consisting of the
above parametric equations and the equation of the reflector
surface yield the point Xgar Y2+ 2g2° Although this sub-
routine has been written to deal with six analytical sur-
faces, it could be extended to incorporate any other number
of types of surfaces, if desired. Surfaces expressed numeri-
cally could also be added to this algorithm, especially for
the dual reflector antenna option, where shaping of one or
both of the reflectors is now widely used in their actual
design.

Once the point Xg2¢ Yo2r Zg2 is evaluated, the normal
(NHAT2(1), NHAT2(2), NHAT2(3)) on the surface at that point
is computed as follows:

Let the surface be represented as g(x, y, 2z) = C.

V9 (Xq0r Ypor Zpo)
Then Ay, = 02' Yo2' %02
lvg|

A detailed explanation of computing normals and intersec-
tions of rays with surfaces is not given in this thesis,
since a complete discussion can be found in all references
from [1] to [S], in their description of subroutine APRTUR.

The only difference lies in the fact that the parameters used
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in CASSA are pertinent to the surface of the main reflector
and not the subreflector. |

The normal on the main reflector is used to apply
Snell's law of reflection to find a vector in the direction
of the reflected ray (SR2(1), SR2(2), SR2(3)). This part of
the algorithm is described in Section 2.1. A point, (y, 2)
on the aperture plane is then computed, and passed over to
APRTUR where it is stored, i« he retrieved later by QUANTZ.

The principles of geometrical optics are used to deter-
mine the electric field during these two phases of ray trac-
ing. All equations in this part of the algorithm are men-
tioned in Section 2.1. 1In general, all operations taking
place in CASSA are depicted in Figures 2.6 and 2.8.

3.7 Main Procedure and the Utility Routines

The main procedure and all the rest of the utility
subroutines were kept the same as before with a minor change
in their storage blocks. A complete development of these

subroutines and the main procedure is provided by Botula in

[s].
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4. EXAMPLES AND TEST CASES
4.1 Introduction

Two test cases on the Cassegrain antennas are provided
here to demonstrate the use of the program and support the
validity of the algorithm. These cases are the following:

FIRST, a classical Cassegrain antenna which was used
to check the algorithm in the case of uniform illumination,
but with no blockage.

SECOND, a dual offset reflector antenna, used to check
the results obtained by this algorithm against clculated data
obtained from two other algorithms.

4.2 Example and First Test Case

The classical Cassegrain antenna, shown in Figure 4.1
employs a hyperboloid for the subreflector and a paraboloid
for the main reflector. One of the two foci of the hyper-
boloid is the real focal point of the system, and is located
at the origin of the feed coordinate system; the other is a
virtual focal point which is located at the focus of the
paraboloid which coincides with the origin of the reference
system. As a result, all rays originating from.the real

focus and reflected from both surfaces travel equal distances

to a plane in front of the antenna. (See Figure 4.1,)
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Fig. 4.1. Classical Cassegrain antenna system

Table 4.1 gives a number of parameters that define

completely the geometry of the antenna system.

meters required by NPUT will now be evaluated from this

Table.

TABLE 4.1.
Main reflector focal length (Fm)
Main reflector illumination angle (02)
Eccentricity of subreflector {€)
Distance between two foci (FC)

Wavelength

(A)

100.0 in.
60.785
1.50177
91.0 in.

4.734 in.

40

All para-
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FEED PARAMETERS

Since the origin of the feed coordinate system is
located at the real focus of the hyperboloid and at dis-
tance x = -91.0 from the origin of the reference system,
the feed parameters can be given as:

1) Feed (1) = -91.0 in., Feed (2) = 0.0, Feed (3) = 0.0
2) ALPHA = 0.0, BETA = 0.0, GAMMA = -180.0

MAIN REFLECTOR PARAMETERS

SURFC2 is set equal to 4, since a paraboloidal reflec-
tor is to be used as a main reflector.

F. = 100.0, as was given in the Table.

The four extreme points of that reflector to be read
in are:

Upper point

- 2Fn 2Fn  __ 2.0100.0) 1.4,
1l + cos 8 I+ cos 8 1 + cos(60.785Y) ‘
max 2
_— - - o - -
X = r Ccos emax = -r cos(60.785") 65.599
y = 0.0
z=rsing =7 sin(60.785°%) = 117.304

X

Lower point

- 2Fp, ) 2.100.0 - 134.4
1 + cos emin 1 + cos(=-60.785Y) *

X = -«r COS emin = =65.599
y-_-0.0
Z = r sin emi = r sin (-60.785°) = -117.304

n
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These two points correspond to the 6° extrema in the feed
system. Also, the two points representing the y - extrema
are almost exactly the ¢“ extrema as well. The z coordi-
nates of these points are identical.

Z . + 2

The reflector, as seen from the geometry of the antenna

system, is 234.608 inches wide and symmetric with respect

3315995 = $117.304 in.

to the xz plane, hence y =
Finally, the paraboloid equation provides the x coordinates
2 + z2
x=%r;—‘Fm= 65.599

Thus, the four aperture points become:

Upper point: (-65.599,0.0,117.304 =
PM(1,1),PM(2,1) ,PM(3.1))

Lower point: (-65.699,0.0,117.304 =
PM(1,2),PM(2,2),PM(3,2))

Leftmost point: (-65.599,-117.304,0.0) =
PM(1,3) ,PM(2,3) ,PM(3,3))

Rightmost point: (-65.599,117.304,0.0) =
PM(1,4) ,PM(2,4) ,PM(3,4))

It should be noted here that the diameter of the main reflec-
tor can also be found from the relationship given in Appen-

dix A as follows:

(o}
99;%92- = 234.608

m
+ -
e D = 4F_tan
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SUBREFLECTOR PARAMETERS

SURFCl is set equal to 6, since a hyperboloidal surface
is to be used for a subreflector. NPNL takes the value of
zero, since neither the subreflector nor the main reflector
is composed of panels.

The parameters a (semi-transverse axis along x =

AORORF) ,

b (semi-axis along the y direction =
BELLP) , and

¢ (semi-axis along 2 direction = CELLP)

are computed as follows: (See Appendix B for details.)

a= To_ 910 30.2976
T2 T 7TI.B0ITY g

c=b=aVel-1 = 30.2976 0(1.50177)2-1 = 33.95

F
Also, DIST = 7; = 25522 = 45.0 which is a parameter used in

translating the origin of the subreflector coordinate system
so that it coincides with that of the main reflector. (See
Appendix B for details.)

There is no need to read in Xoo since this value is
computed in the program as a function of the antenna system
parameters. In this case, the FILL routine was not used,
and no data for the E and H plane patterns of the feed were

used in the input file.
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For format information, refer to the program listing,

Appendix F.

A) Dual Reflector Cases

Cards
1-4
5

9
10,11,12,13

14

15-N

N+1

N+2

N+3

Information

Title Cards

GAMMA , XLAM

SURFC2, AOROR2, BELLP2,
CELLP2, DIST2, PSI2

POINT (1-3), NORM(1-3)

SURFCl, NPNL, AORORF,
BELLP, CELLP, DIST, PSI

PLNPNT (1-3) , PLNORM(1=~3)
Four extreme points
ca8%"ofO%heOfain retrector.
One point goes on each card.
YCBL, 2ZCBL, HFMABL, HMIBL

(Blockage of main reflector
by subreflector)

Any data required by the
FILL routine

NOPT, NLIST

MAJOR, AMAJOR, MINOR,
AMINOR(1-3) (Pattern request
cards)

DONE typed in the first
four columns of the card

v M b o s AP AL
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B) Single Reflector Cases

Cards Information
1-4 Title Cards
5 Feed (1-3), ALPHA, BETA,
GAMMA, XLAM
6 SURFCl1l, NPNL, AORORF,
BELLP, CELLP, DIST, PSI1
7 PLNPNT(1-3), PLNORM(1-3)
8,9,10,11 Four extreme points

(x, y, z) on the reflector.
One point goes on each
card (single panel option

only)
12 YCBL, ZCBL, HFMABL, HMIBL
(Blockage of reflector fy
Lfeed)
12-N Any data required by FILL
ROUTINE
N+1 NOPT, NLIST(if NOPT speci-

fies that only certain
panels are to be printed or
plotted, cards containing
the list of these panels
follow this card)

N+2 MAJOR, AMAJOR, MINOR,
AMINOR(1=-3)
N+3 DONE is typed in the first

four columns of the card

These cards are followed by the panel data. The organization

of the panel data is as follows:
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Cards Information
1 NPERIM, SURFCl1l, NPTPPL
2= (NPERIM+1) (x, vy, z) perimeter point
: (one perimeter point per
card)

NPERIM+2 AORORF, or AORORF and

. BELLP, or AORORF and PSI,
or PLNPNT(3), or AORORF,
BELLP, CELLP, and DIST,
depending on which para-
meters are needed to des-
cribe the surface speci-
fied by SURFCl.

All cards carrying information for individual panels appear
in the main input file after the DONE card.

4.4 Development of a Uniformly Illuminated, Classical
Cassegrain Antenna

All parameters needed for this case were computed in
Section 4.2. None of the available FILL subroutines was
used and the H and E plane patterns (for the feed) were not
read in as data in this particular case. The reason for
that was to insure uniform illumination over the main reflec-
tor. The procedure adopted to achieve this task was as
follows:

1. FILL is not called in APERTUR.

2. All lines in APERTUR related to the
amplitude and phase of the E field were
moved to subroutine CASSA.

3. In subroutine CASSA the following modifica-
tions took place:

Pl = R*RM and P2 = 0.0
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Pl P
Ep = & (i.e., equal to RM) and B, = 22 = 0.0

where ETi and Epy are the ¢ and ¢ electric field components

of the incident (on the subreflector) ray, respectively.

From ETi' and applying Snell's law to rays reflected by the
two surfaces, E. and E,, were evaluated, where E. is the
electric field vector along a ray reflected by the subre-
flector, and E,, is the electric field vector along a ray
incident on the main reflector.

E
. r
It is obvious that in the far field, Eiz = N

which means that the E field was kept constant at the value
of one along every ray. Thus, the constant amplitude re-
quirement for uniform illuminaticn was met.
4. The constant phase requirement was also
satisfied by the above arrangement, since

the phase was set equal to:

PHASE = %(R-O-RNH-D) .
Notice that R+RM+D is always constant for
a focused Cassegrain antenna. (See Appendix
A.)
Table 4.2 shows the input file for Case A. The first
four cards contain title information which is also reproduced
at the printout. Information about the feed coordinate

system (FEED, ALPHA, BETA, GAMMA, and XLAM) appear on Card 5.
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Cards 6 and 7 contain information about the surface of the
main reflector. Card 6 is for SURFC2, AOROR2, BELLPZ2,
CELLP2, DIST2, PSI2 and Card 7 is for POINT, NORM. For
this main reflector, SURPC2 = 4 and AOROR2 = 140.C. None
of the other parameters is required for this surface, so
all are given the value of zero. Cards 8 and 9 contain
information for the subreflector surface. Card 8 is for
SURFCl, NPNL, AORORF, BELLP, CELLP, DIST, PSI and Card 9
for PLNPNT and PLNORM. For that type of subreflector sur-
face SURFC1 = 6, NPNL - 0.0, AORORF = 30.2976, BELLP =
33.95, CELLP = 33.95, and DIST = 45.500. The rest of the
other parameters are given the value zero, since none of
them is required for this surface. Cards 10, 11, 12 and 13
contain the four extreme points (x02, Y02, Z02) of the main
reflector. Card 14 carries the required blockage informa-
tion, i.e., YCBL, 2CBL, HFMABL, and HFMIBL. 1In this case,
aperture blockage is not considered and so all the above
parameters are set equal to zero. Since the FILL routine
is not used in this case and no data for the feed radiation
patterns are needed, Card 15 is used to deteimine the output
option code. Here the computer is instructed to print and

plot information akbout the two surfaces, as iollows:

NOPT(l) = 2 {(print all results)
NOPT(2) = & (plot aperture after quantizing)
NOPT (3} = 1 (print aperture array onto a disc

file at the end of QUANTZ).



~ e

PR

49

NLIST is equal to zero since the antenna in question is not
divided into panels. <Cards 16 and 17 are the radiation pat-
tern requests. One pattern is required in ¢ = 0° plane for
6 from 85.00 to 95.0° by increments of 0.5°, and another one
in the 8 = 90.0° plane for ¢ = -4.0° to 4.0° by 0.5°. The
next and last card (No. 18) has DONE typed in the first four
columns, which signifies the end of the pattern requests and
the end of the input file. The result of this check case are
shown in Appendix G.

Figure 4.2 shows a comparison of the results obtained by
this algorithm with those results reported by Silver for a

uniformly illuminated circular aperture [6].

A — P b B s o % e
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UNIFORMLY ILLUMINATED
CLASSICAL CASSEGRAIN ANTENNA

. (CIRCULAR  APERTURE)
DB
E - PLANE
CALCULATED
—--<-- SILVER'S DATA[6]
-101
-20 .
\
'.
'
‘| ]
WL
\ ]
W\
W
t !
[ ]
!
v \
-30 e - "
5 : 2 3 4 (DEQ
Fig. 4.2.

Classical Casseqrain antenna radiaticon pattern
(Due to the symmetry, only one-half of
the pattern is shown)
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10
11
12
13
14
15
16
17
18

CASSEGRAIN ANTENNA EXAMPLE

TABLE 4,2

CASE A INPUT FILE

A PARABOLOID-HYPERBOLOID COMBINATION

FEBRUARY 13, 1981, NCSU PGMR:CHRISTOS

"91.

4

0.

6

0.

(A BLANK CARD)

V05

0

0

0.0
100.0
0.0

0.0
0.0
0.0

FCLTY:RD-DAN

PRT :HILLSBORO
0.0 0.0
0.0 0.0
0.0 0.0

030.2976 33.95 33.95 45.50

-65.5997 -117.304

_65 .
-65 -
-65 .

0
221

5997
5997
5997

QO

PHI

THETA

DONE

0.0 0.0 0.0
0.0
117.304 0.0
0.0 -117.304
0.0 117.304
0.0 0.0 0.0
0.0 THETA 85.0
90.0 PHI -4.0

0.0

95.0
4.0

-180.0
0.0
0.0
0.0
0.0

51

4.734
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4.5 Second Test Case

Dual Offset Reflector Antenna

Here, the algorithm is tested with calculated data
reported by TICRA A/S [8], and C. C. Chen [9]. The reason
for choosing an offset case as a second test case is the
fact that offset geometry does not have the symmetry of

the first test case, which can sometimes mask errors.

S

Fig.4.3. Dual offset antenna geometry
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TABLE 4.3

‘Fc

A

Fm

Offset angle (69)
Aperture diameter (Dm)
Tilted angle of

feed axis (ay)
=11 db taper was used.

53

2.47
33.07 in

0.98425 in
69.685 in
37.6°
64.8 )
16.4°
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Using the relationships between the hyperboloid and
paraboloid from Appendix B, and using the given data in
Table 4.3, one can estimate AORORF, BELLP, CELLP and DIST.
Furthermore, in this case, ALPHA = 0.0, BETA = 0.0 and
GAMMA = -163.6, since the axis of the feed makes an angle
(x;) of 14.6° with the x axis of the reference system, as
shown in Figure 4.3. Feed (1), Feed (2), and Feed (3), as
well as the four extreme points of the main reflector are
easily calculated. The input file is shown in Table 4.4.
In this case, the input file is arranged in the same way
as before up to the fourteenth card. Cards 15 to 52 contain
information about the feed radiation pattern. Card 53 con-
tains NOPT, NLIST, and Cards 54 and 55 are used for the
pattern requests. Finally, DONE is typed on Card 56. The
secondary radiation pattern is shown in Figure 4.4, and com-

pared with data obtained from the other two algorithms.
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4
0.0
6

W o N i e W e

0.0

[
o

=-57.18974

[
.

-57.18974

]
N

-45.82776

$—
w

-68.55171

—
-

0.0

=
w

1.000000

—
o

.78830
17  .38617

18 .11756
19~32.00000

33 .00000
34 1.0000

35 .78830
36 .38617
37 11756

69

-31.725344 0.0

.685

0'0

6.694507 15.119643

0.0

TABLE 4.4

CASE B INPUT FILE

TICRA AP/S

9.337276 0.0

0.0

0.0

0.0

-~31.88699 49.66035

31.88699 49.66035

0.0
0.0
0.0

.99053
.70997
.31623

.08755
.00000

.99053
.70997
.31623
.08755

81.54734
17.77336
0.0

OFFSET CASSEGRAIN ANTENNA EXAMPLE

A PARABOLOID - HYPERBOLOID COMBINATION

0.0
0.0 0.0
0.0 0.0
15.119643
0.0 0.0
0.0
496266 .91793
.62737 .54392
.25407 .20029
.06394 .04563
.00000 .00000
.96266 .91793
.62737 .54392
.25407 .20029
.06394 .04563

55

FEBRUARY 19, 1981 NCSU PGMR-CHRISTOS FCLTY:RD-DAN

-163.6 .98425
0.0
0.0

16.535433 0.0

0.0

.85878
.46269
.15491

.03223
.00000

.85878
.46269
.15491
.03223




Table 4.4 (continued)

38-51
52
53
54
55
56

.00000
.00000
221
PHI
THETA

DONE

0.0
90.0

.00000 .00000
THETA 87.0
PHI  -3.0

.00000
93.0 0.25
3.0 0.25

.00000
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5. A SINGLE REFLECTOR ANTENNA EXAMPLE
(A SEGMENTED SPHERICAL REFLECTOR)

5.1 Description of the Problem

A single reflector composed of 54 panels was construc-
ted and tested by NASA at the Langley Research Center. Its

measured radiation patterns were compared twice: First,

with calculated results obtained by using the old version
[5]; and second, with calculated results obtained via the
modified version incorporated in the new algorithm. A com-
plete description of the antenna and its parameters is pro-

vided by Botula in [5]. Here, the input file and the

results only are given.

5.2 Results and Comments

Figures 5.1 and 5.2 depict the projections on all panels
on the aperture plane. The result obtained by the old ver-
sion is shown in Figure 5.1, whereas the result from the
revised algorithm is shown in Figure 5.2.

Figures 5.3-5.6, inclusively, show the secondary radi-

ation pattern for both versions. The reason for this
discrepancy in the above results lies in the amount of
overlapping between the projected panels on the aperture
plane. The more the overlapping, the less accurate results
are obtained compared to measured data.

The reason for this overlapping is due to the fact that
the rays reflected by the perimeter points of each panel tend
to diverge on their way to the aperture plane. To reduce

their divergence, the aperture plane is brought closer to
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each panel so that the rays travel over shorter distances

before they strike the aperture plane. Once this occurs,

| the projected panel is then phase referenced to the general

l aperture plane.

This procedure, which is summarized in Figure 3.2,

l yields less overlapping and better results than the old

version.

5.3 Input File

W 0w N 0

10
11
| 12

i 13-50

51

TABLE 5.1

INPUT FILE FOR A SINGLE REFLECTOR ANTENNA

Feceted Spherical Reflector Test Case (LSST)

Surface composed of 54 panels, three perimeter points
per panel,

no blockage, Feed phase center 0.5 lamda inside horn
aperture, E-plane only

(Blank Card)

9.441 0.00 8.026 0.0 0.0 -40.0 0.3335
3 5424.0 0.0 0.0 0.0

0.0 0.0 0.0 0.0 0.0 0.0

-19.6617 0.0 13.7628

-20.7015 5.0252 11.0542
-22.2326 ~-5.0581 7.4916
-23.8206 0.0 2.9285
0.0 0.0 0.0 0.0
Illumination data for FILL routine

101 3




Table 5.1 (continued)

52
53
54
55
56
57
58
59
60
61
62
63

1
THETA
PHI

DONE

X1
X2
X3

X1
X2

X3

15
91.0
0.0

1

Yl
Y2
Y3
1

Yl
Y2

Y3

51

150

150

PHI

60

0.0 15.0 0.5

THETA 81.0 100.0 0.5

zl
z2
z3

—

zZl
z2
z3

Three points for the first panel
on reflector

Three points for the second panel
on reflector

64-273 This process is repeated for all 54 panels.
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MAP OF PANEL PROJECTIONS

v & 5
. e « GEEND ¢ GIED O GRED O DD
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IIIT" lﬁj?.‘

-1.50 -5.00 -2.50 oO.

12.5

10.0

Y-AXIS

Fig. 5.1. 014 algorithm
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MAP OF PANEL PROJECTIONS

Ty
2.50 5,00 7.50

L AR §  § L I LA 4 v l LA l
-1.50 -5.00 -2.50 o.

Y=-aXIS

New algorithm

Fig. 5.2.



63

SPHERICAL FACETED

REFLECTOR

E- PLANE
---=--- CALCULATED
MEASURED

PHI (DEG)

15

10

08

Sphere E-plane pattern (old algorithm)

Fig. 5.3.
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SPHERICAL FACETED
REFLECTOR

H-PLANE

===== CALCULATED
T MEASURED

THETA

9l 96 10l 106 (DEG)

Fig. 5.5. Sphere H-plane (old algorithm)
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Fig. 5.6. New algorithm
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6. CONCLUSIONS

An algorithm capable of computing radiation patterns of
single reflector antennas has been modified and extended to
analyze dual reflector antennas. A new technique for deter-
mining the aperture plane for multipanel single reflector
antennas has been incorporated into the new program. The
location of any aperture plane and the normals on each plane
panel are computed automatically. Furthermore, equations
for hyperbolic surfaces have been added.

The capability of expressing any non-analytic surface
numerically will render the present algorithm very versatile.
This fact will make the analysis of dual reflector antennas
with shaped surfaces possible.

Presently, the algorithm requires that the feed center
coincide with the real focus of the hyperboloid for a Casse-
grain antenna, but modifications could be inserted to deal
with any off-focus applications.

The results for the dual reflector antennas obtained by
this algorithm show good agreement with those obtained by
other algorithms. It is believed that a direct comparison
with measured patterns will give a better estimate of the

accuracy of the present algorithm.
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8.1. APPENDIX A
CASSEGRAIN ANTENNA GEOMETRY
PARABOL A

VIRTUAL FOCAL

HYPERBOL A POINT

REAL FOCAL

POINT At v "-f Y
“ i
|
Ds

]
|
e Fm

Fig. 8.1. Geometry of classical Cassegrain antenna

The classical Cassegrain geometry shown above employs
a parabolic contour for the main reflector and a hyperbolic
contour for the subreflector. One of the foci of the hyper-

boloid is the real focal point of the system and is located

at the origin of the feed coordinate system; the other is a

virtual focal point which is located at thc focus of the

paraboloid. As a result, all parts of a wave emanating from

the real focal point and then reflected from both reflector
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surfaces, travel equal distances to a plane in front of
the antenna.

| Four fixed parameters are adequate to completely des-

. cribe a Cassegrain system, two for each reflector. 1In i
[i Figure 8.1, seven parameters are shown. If four are known, :
the other three can be derived from the mathematical rela-
l. tionships between the two reflector surfaces. For the main
g reflector,
t tan % 6, = % gﬁ , and
for the subreflector:
2 F
ta11161 * taxllez = Dsc » and
L - sins(ez'e‘) . £,
sixﬁs(ez‘"e;T f;
where: Fc - distance between two foci,
fl' f2 = focal lengths of hyperboloid,
Dm = diameter of main reflector,
Ds = diameter of subreflector,
X Fm = focal length of paraboloid
. 6, = one-half of the angle subtended by the main
L reflector

61 one-half of the angle subtended by the sub-

reflector.
For example, if Dm, Fm, Fc and 0, are determined by consider-

ations of antenna performance and space limitations, then

0,, Ds, and f2 can be derived.

. e —— e AT

P B R S R BN e

Y T -ty
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Note g, which determines the beamwidth required of the
feed radiation pattern, may be determined independe.:tly of
the ratio Fm/Dm which specified the sape of the main reflec-
tor.
The surface of the main reflector is given by:

yz + zz= 4 Fm (Fm + x), and the surface of the subreflector

is expressed as:

2 2

2
(x_+ DIST)“ _ _z°
EERS Lty e
a b c
F
where DIST = —29 = at+ |—x0|(See Figure A.2) is the distance
i used to translate the origin of the hyperbola coordinate
) system so that it coincides with the origin of the referenced
[. system. SUBREFL. COORD SUBREFLECTOR
- 7 SYSTEM 7
l s
Ys Y
XQIO) x
OS i > Te) >
| Xs : | \\\
| , i REFERENCE
3 : ' SYSTEM
b a > |-Xo] >
e [y ._.:
~ Fe -

Fig. 8.2. Subreflector coordinate system

o
"

half the transverse axis (along x-axis)

semi-axis along the y direction in the ellipse
lying in the yz plane.

o
W

¢ = semi-axis along the z direction in the ellipse
lying in the yz plane.




If ¢ (eccentricity) of the hyperboloid is known, the

following equations can be used:

sink(e”e 1)

€ =
aink (02-01)

F 2 £
c q 2 _ €+l =
as= e ! b=a \e -1, and T =T

1

M

where M is the magnification factor of the hyperboloid.

73 -
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8.2. APPENDIX B
ADDITION OF HYPERBOLOID
The equation of the hyperboloid, depicted in Figure

8.3, in the cartesian system is given as:

2 v 2
- - = 1, where a = half the transverse axis
:2 ;7 ;I ) along x

b = semi-axis of the ellipse in

the yz plane

¢ = gsemi-axis of the ellipse in

the yz plane

VIRTUAL FOCAL

REAL FOCAL SUBREFLECTOR POINT
POINT COORDINATE
| DISREGARDED SYSTEM 7
A% T ~<_  SURFACE Z : J
o s | y
R K Y ic
.__‘\__N' : \\ x: b: 4 x
t N / o) ), o
|
LN S !
L} : I‘ ,/ | - SR [
V! ’ |
iy -7 |
< DIST -
Fc -

Fig. 8.3. The hyperboloid

In this equation, the hyperboloid is expressed in th2 Xge Yg
and z coordinate system. To express the same surface in

the x, y and 2z system, a translation has to take place along
the x axis, so that the origins of the two systems 0s and O

voincide. It is clear that Yg =Y and z, =z, and hence no

T et e a————
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charge is needed to be made in the y and z directions.
If DIST is the distance hetween O, and O, then x can

be expressed as x = Xg - DIST, or x_ = x + DIST, and hence

s
the hyperboloid equation in the x, y, 2 system becomes:

2

2 2
(x 250 :7 - 5 = 1, where DIsT = 5 (8.1)
a C

and Fc = distance between
the two foci of
the hyperboloid.

The parametric equations for a ray are:

x = RBy) = By,

y = RB,, - B (8.2)

21 22

Z = RB - B

31 32

Substitute Equation (8.1) back into the equation of the

hyperboloid to obtain:

2 2 . 2
) T )
a b c (8.3)
or
r? B2 52 2 2R B..B 2R B,. DIST 2B..DIST
11 12 . DIST 11°12 11 12
3t 3t =3~ T * y) - )
a a a a a a
2.2 2 2.2 2
BBy By ZRByBy RBy By, 2BaBi
b2 _;7 b2 c2 c2 c2

Equation (8.3) is of the form
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2

AR + BR+ C =0 (8.4)
where

Bil 321 °§1
A= —5 - —5 - =3 (8.5)

a b c

/B B B,, DIST B.,, B B., B
B -pf oAl l12 _ P11 J22 P22 s Pa2) oo
az a b c
2 2 2 2
c w12 (pism? P12 PIST By B3 6.7
Tal Al a? b2

Equations (8.5), (8.6), and (8.7) are evaluated by the pro-
gram and (8.4) is solved to find the intersection point of
the ray with the surface.

Now, to find the inside normal of the surface, the

gradient of Equation (8.1) is taken as:

Vg(x,y,2) = nix,y,z) (8.8)
where
2 2 2
g(x,y,2) = (x + gIST) - XI - 32 -1 (8.9)
a b c

it follows that:

539, .39, 233 _ 5 2(x + DIST) _ 5 2y _ o 22
CRES - ESE REE R = y ;{ z 72 (8.10)

or

39 » . Z% (8.11)

G . ————— p——— A - A
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Normalization results in obtaining the unit vector % as:
2. Felx,y,z) _ % 2x + DIST)/azz- i(Z?z)-QéZZ{;az)
ve 4(x + DIST) 4 4z (8.12)
| e et

The factor 2 cancels out from both numerator and denominator.

Let the denominator be expressed as:

2 2 2 1%
_ |{x + DIST) z
DEN = [ 1 + L‘ + 7] (8.13)
a b c
then
n = (x + DIST)/a2
X DEN
2
n = Y/b°
Y DEN
2
_ =z/c
N, = TDEN
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8.3. APPENDIX C

SUBROUTINE SUBPNT

'\ [PM(LK).PM(Z,K), PM(s,K)] (EXTREME POINT ON
MAIN REFLECTOR)

[PakIPE K.PGK)]

(EXTREME POINT ON
SUBREFLECTOR)

Fig. 8.4. Determination of subreflector four
outermost perimeter points

In this subroutine, the four extreme points of the main
reflector are used to find the four extreme points on the
subreflector. This task is accomplished as follows:

Take a given extreme pcint on the main reflector and
write the parametric equations of the line (RR) connecting
that point to the origin of the reference system (0).

Express the direction cosines as:

DIR1l = COSA = PM(1,K)/RR (8.14)
DIR2 = COSB = PM(2,K)/RR (8.15)
DIR3 = COSC = PM{3,K)/RR (8.16)
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Hence, the parametric equation of that line is given
by:
X = P(1,K) = PM(1,K) - RR<DIRIl (8.17)
Yo = P(2,K) = PM(2,K) - RR-DIR2 (8.18)
z0 = P(3,K) = PM(3,K) - RR-DIR3 (8.19

where (P(1,K), (®(2,K) and P(3,K)) is a point on the sub-
reflector which is to be found.
Now, substitute Equations (8.17), (8.18), and (8.19) in
the equation for the surface of the hyperboloid, that is in
Goptsm® g2t (8.20)
a b c
to obtain:

[®M(1,K) - RR°DIR1 + DIST]2 _ [PM(2,K) - RR-DIR212

a2 b2
2
_[PM(3,K) -ZRR-DIR3J -1 (8.21)
C
or
2 2 2 2
(PM(1,K) (DIST) (RR) “ (DIR1) 2RR-DIR1-PM(1,K)
2 A A 2 - 2

_ 2RR-DIRL.DIST , 2PM(1,K)-DIST _ (eM(2,K))2 _ (rR)(DIR2)?
7

a a2 62 b2
2 2 2
+ 2PM(2,K) "RR-DIR2 _ (PM(3,K))” - (RR)"(DIR3)
b2 2 p)
o] C

2
c
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This equation is of the firm (ARR) (RR)2 + BRR'RR + CRR = 0

(8.23)

s (1r1)2  (DIR2)?  (DIR3)S

where ARR = 5= - ) - 3 (8.24)
- a b c
) BRR = 2 [(-PM(I,K)-DIST)-DIRl/a2+PM(3,K)-DIR2/b2
g 5 (8.25)

+ PM(3,K) -DIR3/c

. CRR = [(PM(l,K))2+(DIST)2+2.0'PM(1,K)°DIS€] /a’

-(PM(2,K)) 2/b% - (eM(3,K))2 /c? -1 (8.26)

Equations (8.24), (8.25), and (8.26) are evaluated by the

program and (8.23) is solved to find RR. Substituting for

i the value of RR in Equations (8.14), 8.15), and (8.16), a

point on the subreflector is obtained.
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§.4. APPENDIX D |
DEVELOPMENT OF NORMALS ON A PLANE PANEL |
In the APRIN routine a certain number of perimeter
points for each panel are read in. To determine a unit
normal on each panel, the following procedure is applied:
1) Any three perimeter points are used to form two vectors,
as shown in Figure 8.2.
% (%7,52)
(%507 512,)

B

(x3,y3,z3)

Fig. 8.5. Formation of two vectors from three
perimeter points

where 2= (xl-xz) i+ (yl-yz) j + (zl-zz) k, and
B = (xy-x3) i+ (yy-y3) 3 + (z7-23) k

2) The cross product operation is used to find a vector

_}
normal (N) to the plane defined by the vectors % and B:

i j k i j k
-+
N= | Ay A, Ayl = *17%2 Y17Yp Z)7% | =
By By B, X)7%3 Y17Y3 2;7%3
+ (xl-x3)1zl~zz)—(xl-x2)-(zl-z3) 5
+ A
(xl-xz) (yl-y3)-(xl-x3) (yl-yz) k

4 e ~— L IR ‘e et e -cuf gt G
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If this normal on the surface of the panel has a

The unit normal N is computed by: N

negative x component, then the vector is inverted to
yield a positive x component, since any normal vector
on the surface of the reflector should be directed
toward the origin of the reference system, i.e., along

the positive x axis. (See Figure 2.5).

B Y Tovs P,
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8.5. APPENDIX E

FILL ROUTINE FOR A VERTICALLY POLARIZED FEED

The basis of this subroutine can be found in (5). To

use it, the E- and H-plane patterns of the feed must be

provided by the programmer in increments of 1°.

’

Az
RAY
l,'
\
/ : Y’
‘/i X g p —>~
Ve £ | C)‘\\
L’ : FEED
;S : COORDINATE SYSTEM
X —  ____1_ O
Fig. 8.6. Definition of angles § and ¢
VA‘//F4
r £
< ; \ﬂ
E
Y
Fig. 8.7. Ellipse used for interpolation

o ——— i — Tt o 0t - 2t
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In Figure £.3, the angles used in FILL are shown.
(From (5).)
§ = cos™! (sin 6 cos %) (8.27)

where 6 and ¢° are angles in the feed system.

1 cosg ”
sin®” sin¢” (8.28)

and € = tan

Figure 8.4 depicts the interpolation ellipse which is given

by:
2 2
U v
+ =1 (8.29)
g2 @l
where
u = rcose, Vv = rsine, {(8.30)
E = E9'= 900 and H = E¢'= 180 (8.31)
Hence:
E ._qn . E,._
r = Btot = =20 ' ¢,=280 (8.32)

(E§,=90 sinze + E ,alaocoszs)g

¢
The code of this subroutine is shown in Appendix F. In that
code, PROJX = cosé and PROJEX = sine. To insure vertical
(i.e.,®”) polarization, PROJEX is set equal to zero. That
means u = rcost and v=0. Substitution for u and v is
Equation (8.32).

By-~ 90 Eg-=180 _ Ey-=90

Etot = =
Eg'= 180 - cosze% coszg

.2 . . . .
where cosze =1 - sin“e. Since a 6° polarized feed is asso-

ciated with the z component of a cartesian system P(3,I1),
and P(4,1) are given as:

P(3,I) = Etot (along 2z)

P(4,1) 0.0 (along y)
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8.6. APPENPIX F

LISTING OF THE CODE FOR REFLECTR
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80

°5

150
200
4090

MAIN

AMPLICILIT REAL®S (A-Me0~1)

REALSS MAJOR(S) o NINGR (D) o NORM

COMPLEXS 16 ETOT(2:400)FLIELOY(400)FIRLDZ2(400)

INTEGER SURFCl. SURFC2

CUNMON/PARANS/AQRORE ¢ BELLP ¢CELLP sDIST oPS 1 PLNPNT (35 s PLNURNI I ) o
. FEED(3)oALPMALBETA GAMMA o XLAN XX+ AUROR2+BELLP2.CELLP2 o
. PSIZ.("8!’2.90"‘7(3hNOﬂ'NJ)oW.'CIONMONPOINTQMFCR
COMMONZ/APRPRN/NP TPPL ¢ NPER L M

CONMON/COLOSZ0DEL Ty XCo MGINC.”(JQQ'0..."&1.&‘“.'“]
COMMON/CONTRL/ZNOPT(3) oNLEIST+10PT(1CASS.8L1IST(100)
COMMON/OINENS/YD M 20EMe YCT4 2CT
COMMONZEXTENT/YMENOYMAX o ZHIN+ ZHAX

COMMON/NATH/PL +PL12eP1D2.0TORVRTOD
CONMON/PATTRNZETOT o AM INOR( 3¢5 )¢ AMAJOR (S ) o MINOR: MAJOR o NANGLE( S)
DIMENSION P(Se2730) o YFLO(7S) o 2FLDITS) +PUER(TS )ePR(2:500)
DATA OONE/SHDONE /ZeMLVL «NPARTS/Z0.7/

OATA YLOeVHI ¢ ZLOZN1I/1¢004106=140D0¢4041400%104=13400¢10/
FOB(X )220 .,000DLOGLOL X)

POE(X )=10 ,000LO0GLO(X)

MAXPT S=275¢0

CALL NPUT (PoNPAT )

DO 400 1aj.NPNL

CALL APKTUR(P.I)

PRINT 777 _

CALL QUANTL(PNPERIM,I)

PRINTY 778

IF(101(3¢4).EQ0) GU TO 80

1Sus}

IF (30PT.E€Q01) 1Sys-}

CALL APRPLT(P«NPCINT 0 18%)

PRINT 780

CONTI NVE

i (YMINLT.YLO) YLOmYMIN

16 (YMAXGTYHI) YHISYMAKX

IF (ZMINSLTALZLO) 2L.O0=ZININ

IF (LMAXaGT.ZHI) ZHI=INMAX

IF(ICASS<EQel ) NPERIN=S

DO §5 L=1NPERINM

PRIL,L ML VL )mP( ] ,LO*NPOINT)

PRI2,LEMLVL)mP(2 sL*NPOINT )

NLYLEKLVLONPERI Me )

PR{Ll. MLV, )=] ,0D¢40

"L L]

DO 200 K=|] ,NPATY

CALL INTGR(P ¢ MAJOR(K) ¢ AMAJOR(K ) o AMENOBC LeK) ¢ FIELDY FLELOZ)
PRINT 779

NANGE NANGLE (K )

DO 150 L=1,NANG

ETOT( Lol ¢ASUMISETOT(1+L¢ISUN)SFIELDY(L)
ETOT(2.L¢ISUMISETQOT (2L ¢ISUN)¢FIELDZIL)

1 3UN= | SUM GNA NG

CONT I NVE

PRINT 7ol

I1F (LOPT.EQ.1) GU TO s20

IF (101(2:1)<EQe0) GO TO 420

YO In=YHi~YLO



420

450

600

666

690

700

750

Z0IM=ZHIL-2L0

YCr=(YHI+YLO)/2.0

ZCT=(ZH1+21L0) /240

CALL APRMAP(CRWNPNL s+~ 1)

PRINT 782

1 SUN=Q

DO 770 I=1.NPAT

NANG=NANGLE(])

FMAXY=-1.00+40

FMAXZ=~1.00+40

DO 450 J=1.NANG
YFLO(J)=CDABS(ETCT(1sJ¢1I5UM))

LFLO( J) =COABS (ETOT (2, J*ISUM) )
FMAXY=DMA XL(FMAXY, YFLD(J))
FMAXZ=DMAXL (FMAXZ4 ZFLD(J))

I SUM= | SUM+NA NG

D=AMINOR( 1.1

FMYDB= -60.000

FMZO8= -60.000

PURMD B=-60.000

PWR=F MAXZSFMAXZ+FMAXY SFMAXY

IF (FMAXY oGT o1400-10) FMYDU=FOHB(FMNAXY)
IF (FMAXZaGT «100-10) FMZDEB=FDB(FMAXZ)
IF ( PoR «GT.1.00-10) PwRMDE=PDB( PWR )

87

PRINT 600 sMAJORT L) AMAJURC L) «NINOR(I)«(AMINOR(Jel)eJd=1,3)

FORMAT(IHL /7724 X,

. *TABLE OF ELECTRIC FIELDO STRENGTHS (DB)*e/"¢* ,23X,

. ¢ —— - - ‘e

. Z7719% "PRINCIPAL PLANE (F CUT 1S " A5, = * ,FB8.3:" DEG"

. Z719%e "ANGLE "+ AS." FHOM®*FB8.3+" TO"sFB.3." BY® +F6.3:" DEG*)

PRINT €66, MINCR(!)

FORMAT(//13XeA5:4Xe'0B(L/72)" . AXo"DBIY/Z) " ea4Xc"DB(Z/Y)" +SXe

. ‘DBIY/Y ) e 5X"PURECA"W/)

DO 700 K=].,NANG

PWER( K)=PYRMDB~100.0D0

oBy =F NYOB -100.000

oBZ =FMZDB -100.000
PWR=ZFILD(K)SZFLD(K)*YFLOIK)SYFLDIK)

IF (YFILD(K)eGLTele00~15) DBY=FUBIYFLD(K))
IF (LFLDIK)oGT o) «0D~15) DBZ=FULB(ZFLDI(K))
IF (PWR.GT.1400-20) PREH(K)=PLU(PER)

IF (FMYDB 4EQ.~60.000) DBY=~60.000

IF (FMIVB.EQa=00.0D0) DBI=-60.000
DBZZ=0DBZ~-FMIDB

DBYY=DBY~FMYDB

DBZY=0DBZ-FMYDR

DAYZ=DBY~-FMIDD

PYROB=PWwER(K )-PURMNDE

PRINT 690, D+DBZZ.,0BYZ.0B2ZY.CBYY .PWRDB
FORMAT(IO0XF9.3,5F11.5%5)

D=D+AMINOR(3 . 1)

YFLO(K)I=D3Y

ZFLOIK)=DBZ

CONTI NUE

PRINT 750 FMAXZ ,FMIDBFMAXY ,FMYDB
FURMATU(/Z7 10X+ " MAX IMUM FIELD VALUES-*//15X,



75§

l 765

770

T75
776
177
78
779
760
761
76z

88

20LO0GIMAX(FIELD=Z))=20L0G(" ¢ IPELS.7,: %)= ,0PF12.7/718X,
20L0GIMAX(FIELO=Y))=20L0G(" s IPEL1S7 " )=’ ,0PFI12.7)

PRINT 755. NPARTS
FORMATI/714X,
. * INTERPOLATION NUMBER USED FOR INTEGRATION [Scccccccce’, ls)

PR!HT ras
FORMA T 1M
CALL ALOT

«MAJOR(1)sANMAJORLD)

Le/7720X "PRINCIPAL PLANE = * (A5 F7.3,° Q!Gﬂiki‘l

4(64H NORMAL IZED Z-COMPONENT OF SECONDARY PATTERN (DB)
oPFMIDBZFLOD NANGMINOR(I o AMINOR(L. 1))

PRINT T65.MAJOR( 1) AMAJOR(I)

CALL PLOT

4 (64 NORMAL IZED Y-CONPONENT OF SECONDARY PATTERN (DB)
sFMYOBYFLOGNANGMINOR(I )oAMINORIL i ))

PRINT T6S.MAL.OR(I)«AMAJOR(I)
CALL PLOT&(O4NH NORNAL IZED POWER PATTERN (DB)

CUNTINUE

«PURMDB s PWER sNANGs MINOR( ) s AMINOR(Y - 1))

IF (I0M(&.1)<EQel) BRITE(T.775)
IF (101(S.1).EQ.0) STOM

REWIND 7
CALL PTLI
FORMAT("
FORMAT(/"*
FORMAT (/*
FORMAT (/T
FORMAT( *
FORMAT( *
FONrMAT(/"
FORMAT (/"
sTCP

END

sT
=-1234%)

- FINISHED INPUT °)
- s e e s e FINISHED APERTUR == cccaeae=t )
== FINISHED QJUANT I1Z -)
== FINISHED INTGART *)
00 EXECUTED APRPLTY eoe ")
----- === PATTERN CCNPUTATIONS COMPLEVTE ~——=we———=t)
200 EXECUTED APRMAP oo .)




20
3s
a7

40
41

43
50

35

Lo

70

17

NPUT

SUBROUTINE NPUT (PoNPAT)
IMPLICIT REAL®S (A-H.0-2)
REAL®B MAJUR(S)s MINOR(S ) NORM
COMM_EX®Lle ETOT(2.,400)
INTEGER SURFCI.5URFC2
COMMON/BLOCKG/ZYCOL + ZCBL s HFMABL s HFMIBL
COMMON/FECDZEP(YL)sET(91) eNP  NT  XS5,¥S 25
COMMON/COLUS/DEL T o XCo ANGINCoPMI 34 )RS XMX s ZMXs ZMN, YMX
COMMON/CONTRL/ZNOPT(I) oNLIST o I0PT o ICASS ILIST(100)
COMMON/PARAMS/AQRORF ¢ BELLP sCELLP.DIST «PSI «PLNPNT(3) « PLNORM(3) »
FEED(3) o ALPHA BETAL GAMMA s XLAM, XX AOROR2.BELLP2.CELLP2,
- PSI2:s0IST2.POINT(3) s NORM( 3)+SURFC I «NPNL,NPOINT SURFC2
COMMON/PATTRN/ETOT o AM INOR( 345 )s AMAJOR (5) « MINOR, MA JUR ¢ NANGLE ( 5)
COMMON/MATH/P L +PI2 4PLD2 +DTUR RTOD
DIMENSION P(S.2750)+TITLE(40)
DATA DONE/SHOONE 7
ICASS=0
I10PT =0
READ S,.TITLE
FORMAT (10A8)
READ( 1 410 ) FEEDALPHA JDET As GAMMA , XL AM
FURMAT{T7F 10.48)
IF (ICASS«NE«1) GO TO 25
READ( 1420) SURFC2.ADRUR2 +BELLPZ +CELLP2,DIST2.PS12.P0INT«NORM
FORMAT (11 9X:s5F 10.4/06F 10e0)
READC] +37 ) SURFCLL SNPNLADRORF . BELLPCELI PoDISTPSI«PLNONT PLNORM
FORMAT(11e7Xs12¢5F 10.4/0F10.4)
IFLICASSANELL) GO TO a0
REAU (1+39) ((PM(1sJd) ol=143)edm],4)
FORMAT (3F10.4)
END OF MAIN REFLECTUR INPUT CATA
CALL SUBPNT(P)
GO TO &)
READ (1481 ((PUId)sl=1.3)ed=]8)
FORMAT (3F10.4)
END OF SUB REFLECTON INPUT DATA
READ( 1e%0) XX YCOL ZCBL.HFMABL 4HMIBL
FORMAT (5F 10ea)
FEED RADIATIUN PATTERN
READ(1.55) €°
READ(1 +5%5) ET
FORMAT(SF 15.3)
READ (1+4060) NOPT JNLIST
FOURMAT (31 e2x413)
IF (NOPT( 1) eEQal «URNOPT(2)ebUal) READCL «70) (ILISTCL) el=) oNLIST)
FURNKAT (1615)
1 5umM=y
NPAT =]
REAO(L «80) MAJURINPAT ) c ANMAJURINPAT ) M INUR(NPAT ) o (AMINUORC LeNPAT ),
. 1=1+3)
FURMAT (AS o5 oFLlO o4 AS OX L JF LU M)
IF (MAJOR(NPAT) LQ.DONE) GU TO B8
NANGLEINPAT )3 (AMINORI ZoNPAT )= A INOHI L « NPAT) ) ZANINORLE 3o NPAT)I ¢ 1.5
I CNANGLEINPAT ) oGTe75) GO TL oS
15UME [SUM eNANGWLE (NPAT)
NPAT=NPAT ¢

89
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v5

96

120

130

140

150

160

161
176

180
220

230

240

250

260

270

300

3

J20
J30

IF (NPAT.LT.0) GO TO 77

PRINT 330

srTaoe

PRINT 335

srTop

IF (ISUMJLE.400) GO TO 95

PRINT 340.15um

sToP

NPAT=NPAT -1

00 98 L=1.15UmM
ETOT(14L)=(0<00D0+0.000)
ETOT(2+L)=(0.000:0.0001)

PRINT ST7OTITLE: XLAMFEED sALPHA +BETA, GANMNA
PRINT S77 oXCoVCBLoZCBLaHFMABL . MHFNIBL s NPRL
IF (ICASS«NEWL) GO TO 180

PRINT 578

GO TO (120413041404150410604161) 5VRFC2
PRINT S79.POINT . NORM

GO TO 179

PRINT S80.AUROUR2BELLP2

GO TO 179

PRINT 581 +AORON2

GO TO 179

PRINT 582 «AOROR2

G0 10 179

PRINT 583.A0R0R2.P512

GO0 TO 179

PRINT S84 ,A0R0OR2BELLP2.CELLP2,0IST2
PLINT S85 o ((PMllsJd)el=1.3)eJd=1,4)
PRINT Sse

G0 TO (2204230¢240425042604270)«5URFC 1
PRINT 579 s PLNPNT . PLNORNM

“O TO J00

PRINT S5S80+A0R0ORF , BELLP

@0 Tu 300

PRINT S8l «AORORF

G0 TO 300

PRINT 582 .A0RORF

GO YO 300

PRINT 583 +AURORF ,P51

GO TO 300

PRINT S84 AORORF ,BaLLP.CELLPDIST
IF {nPrNL.GEL) GO TU 310

10PT=)

NPNL=]L

PRINT S05.0(PLLad)el=le3)sd=),s)
PRINT S07

PRINT S89

PRINT 000«LP

PRINT Su7

PRINT 588

PRINT o00.ET

PRINT A400.nPAT

DO 320 M= L .NPAT

PRINT SO0 sMAJUMIM) cAMAJOR(M) e MINOPIM) o AK INOR(KK s M) okKK= 14 3)
FORMAT(*900000000% LRROR-MORL THAM 5 PATTERN *,

90

— e e —



235

340

400

300

576

877

576
579

580

581

582

583

384

585

S8
587
S8
589
600

Aem .’gum 's 91

SCALLULATIONS REQUESTED o880800000 *)
FOﬁlAt('.‘Q-...“. ERROR-MORE THAN 75 ANGLES IN®,

- ¢ ONt PATTIERN REQUEST sesssess s )
FORNAT(? 20068846 8¢ EZRUR ~ REQUESTED®+15¢* ANGLES YO BE ¢,
. CCALCULATED LEXCEEDS AVAIL. STORAGE ¢essssessse)
FORMAT(//
. ¢ NUMBER OF PATTERN GROUPS REQUESTEDeccccccocvsesccae?si5/)
FORMAT(Si{sASs” =6 F10a40l0XeAS+? FROM® ¢F1044+° TQ* . F10.4,° BY*,
™ Filu«4)
FORMAT(IML o/ 77 s15X¢® FAR FLELD RADIATION PATTERN CALCULATION ¢/
/7% *,10A8/° *,10A8/°% ¢ ,10A8/°% *,10A8//
¢ INPUT PARAMETERS- XY L4
. WAVELENGTH OF ELECTRIC FPIELDevecccccccsssecscssnceet FO,.4/
. LOCATION OF COORDINATE ORIGIN WRT FEED (XeVYeZ)eooeove® ¢3F8.3
/7t FEED ROTATION ANGLES (ALPHACBETA«GANMA oo cccetceee®eIFB.I)
FORMA T(
.

APERTURE PLANE LOCATION(XC)ecocscecssoccocccccssscnce? F?7,2/

.

. . SUB DISH SHADUW CENTER COORDINATES IN APERT . PlLeece'12F7.2
Py /% . HALF MAJOR AXIS OF SUB DISH SHADOW cececvcenscoccee® oFT7,2/
. L] HALF MINGR AXIS OF SUB DISH SMADOWesecscsossessessee®oF?,2/
'S . NUMBER OF PANELS IN REFLECTOReeccoescocsvsccccccnncea?ylb/)
FORMAT (/7/¢ MAIN DISH DESCRIPTION AND ITS PARAME TERS~ *z)
FORMAT (¢ 1T IS A PLANAR REFLECTOR LEY4

- . A POINT ON THE REFLECTR SURFACE(XeYeZ)eoecoeoccceea® s3F8,3/
. L COMPONENTS OF UNIT NORHAL TO SURFACE(XeYeX)oo0ses000 e FBI)
FORMAT (°* IT 15 AN ELLIPTICAL REFLECTOR L

. /7 MAJOR AX IS OF THE ELLIPTICAL REFLECTORecoecscsvcneses?oF78.3
- /° NINOR AXLS OF THE ELLIPTICAL REFLECTORcwc00cc200asce?oFB8,3)
FORMAT (¢ IT IS A SHERICAL REFLECTR ¢,
. /¢ RADIVUS OF REFLECTR SHEREeevev ec¢s00t+0000000av0s000FB8e3)
FORMAT(* IT £S A PARABOLLIC REFLECTOR .,
. /° FOCAL LENGTH OF THE REFLECTOR cevvotoccscccssoscsancsee®sFB,3)
FURMAT (*°1IT IS A PARABOLIC CYLINORICAL REF_LECTOR LS
. /7° FOCAL LENGTH OF PARABOLIC CYLINDERecevevsceco . ss000ea® F8,3/
. . ANGLE OF ROTATION ABOUT X—AXIS (PSl)ececcesicscnsea® F8.3)
FORMAT(* IT 1S A HYBERBOLIC REFLECTOR L
/7* MAJOR AX1IS OF REFL. IN X DIRECTION:csecos00eesoscee? oFB8,3
VAl AXLS OF REFLECTOR IN Y DIRECTIONeescsccccscnccnccane’ F8,.3
7° AXES OF REFLECTOR IN Z DIRECTIONGecccecovcsvccoccea® oFB,3
/° DISTANCE USED FOR TRANSLATION OF ORIGe OF AXESeesee® s F8,.3)
FORMAT( .
. 26386 PROGRAM [N SINGLE PANEL MODE essss?

* ¢ o o

L ]

- /7 MINLMUN-Y POINT ON THE REFLECTOR (XeYsZ)eaoosocacoe® 13F843
- /° MAXIMUM=Y POINT ON THE REFLECTOR (XeVeZ)eceoooosocoe? ¢y IFB.3
. Vil MAXIEMUM—Z POINT ON THE REFLECTOR (XsVeZ)eveovcoocea®y IFB.3
. /7 MINIMUN-Z POINT ON THE REFLECTOR (XeYe2)ocoosenosooe® ¢IF8.3
. )

FURMAT (/7% SUBDISH DESCRIPTICN AND TS PARAMETERS~ %)

FORMAT /77 ¢ PATTERN OF FEED IN ONE DEG INCREMENTS OFF~-AX1S5-%/)
FORMA G (* E-PLANE */)
FORMAT(* H-PLANE */)
FORMAT (2X ¢5F16410)
P1=DARCOS(~-1.000)
PI2=pP leP)
PLD280Q.5¢ P
DYOR=P1/180.

RTQO= 180. 7Pl

RETURN

ENO

N

e —— e e k. St A b S & A 5



APRTUR

SUBROUT INE APRTUR(Pe 2 CALL)
IMPLICIT REAL®S (A=H.0-2)
REAL®SH NMAT(J3)sNMAGNORM
INTEGER SURFC1.SURFC2
COMMONZAPRPRM/NPTPPL s NPERIN
COMMON/CASS/SRIIDIeER(IIeX0eY01ZO0eVYeZoRMDeX02:Y02202.ER2(I)
COMMCN/FECOZEPIDL ) sET (VL ) oNP  ANT o XSeV¥S o ZS
COMMON/MATH/P 14P 124,PLD2.0TOR +rTOD
COMMON/COLOS/ZDELT o XCo ANGINCosPM(Is4)eRSe XMXe ZMXe ZMN: YN X
COMMONZCONTRL/ZNOPT(3) oNLIST o IOPT ICASS,.ILIST(100)
| COMMON/ PARANS Z/ADRORF ¢ BELLP CELLPDISToPSI «PLNPNT( J) « PLNORM( ) o
. FEEVD(I)oALPHALBETA sGAMMA o X LAM: XX s ADROR2+BELLP2,CELLP2,
. PSI2:0IST24POINT( 3) e NORM(J) +SURFC L oNPNL«NPOINT . SURFC2
DIMENSION AINVI3:23)eB(302)08B(342)0CUL3)eXU3)eA13:3)ET1IL ),

PU5.275%0)
IF(ICASS.EQ.1) GO TO 10
M=)
DO 2 I=2.4
LFIPLI sM)=P(3el ) )3s242

3 N=|

2 CONT INVE
ANX=P (| oN)
YNX=P (2.M)
INX=P (3.M)

10 IF (1CALL.uTel) GO TO 50
ALPHAR=ALPHA ¢DTOR
BETAR=8ETASDTOR
GANMAR=GAMMA®DTOR
All41 )=DCOS(ALPHAR ) *DCOS(GAMMAR )=DSINCALPHAR ) ®OSIN(BETAR)®
o DSIN(GAMMAR)
Al(1:2)=DS INIALPHAR) *DCOS(GAMMAR ) *DCOS(ALPHAR) *DSIN(BE TAR) ¢
o DSIN(GAMMAR)
Al1¢3)=-DCOS(BETAR)®OSINI(GAMNMAR)
Al241 )==DSIN(ALPHAR )*DCUS (BETAR)
Al2¢2)= DCOSIALPHAR)®DCOSIBETAR)
A(2:3)= DSINI(BETAR)
ALl )=0CUSTALPHAR) DS IN(GAMMAR ) *DSIN(ALPHAR ) 2DS IN(BETAR) ¢
« DCOS(GAMMAR)
A(3:2)=DS IN(ALPHAR ) SDS INI(GAMMAR )~DCOS(ALPHAR ) S OSINI(BETAR) ¢
« DCOS(GAMMAR)
A(3:3)= DCOS(BETAR) S OCOS(GAMMAR)
DO 40 1=1.,3
DO 40 J=1,3

“0 AINCLeJI=A(J )
NPERI M=o
NPTPPL=200V0
50 IF (IOPT.EQeQ) CALL APRIN(P.ICALL)
TMAX=0.000
THIN=P|
95 PMIN=PL*PlD2
PMAX=P 102
o8 00 05 =1 .NPERIN
DU 0 u=1,3
Y X(JI=AINV Lo LIOP LA L) SAINVII2)% (2.1 )0AINVI I I)OP( 1)

RADSAONTUIXCADISFELDUL) IR0 2 (X(Z)SFEEDILZ2)IO020(X( IV SFEED(I))0e2)
Plle L)=DARCUSIIX(I)IFEED( ) I/R)
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107

Lis
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SINTHRRODS IN(P(LR))
IF (SINTHT WY el «0=10) SINTHT=1.0-10
P2l )= ~DARSINI(X(R)*FEED(R) )ZIROSININT))
IF (P(Llel)eGTaTNAX) THAX=PR(L. 1)
IF (PRl )l TaTHIN) THIN=P(L 1) I
IF (Pl2e1)eGTPNAKX) PHAXKEPL2.1)
IF (P(241)eLT<PMIN) PRINSP(2.1) ]
CONTINW
DELP= PHAX=PMIN
DELT=TMNAX-~THMIN
NP=DSQRT(DELP SOFLOATINPTPPL) 70ELT)® 1. 0
NPa((NP=] )72)02¢)
ANGINC=DELPZIDFLUALINP) ~2.0)
IFCICASS cEQel) CALL FINDXC(P.D)
NTOD2=DELT/Z7(2.00ANGINC ¢ 1 o0
NT=28NTO2 ¢)
PHINSPHIN=0 0 ®ANGINC
PHAX=PMAA®O. 00ANGINC
TCTa(THMAXCTMINI/ 2.0
THINTCT-DF LOATINTOR) *ANGINC
THAX= TCT+DFLOATINTDR) SANGINC ;
00 o Jul oNT
DU §5 K= | .NP
PULLoNPERIMAIJI=1LIONP K )= THIN®(J=1 ) SANG INC
PU2NPERLI MO (J=1 )JONPIK )= PHIN® (K=1 ) SANGINC
NINP=NT NP
NPUINT=NPER | NONT NP
THIN=TMINGRTOD
TMAX=TMAX *RTOD
PHINSPNINSRTUD
PNAX=PMAXSRTOLL
ANGINC=ANG INCORTOD
IFCIUR L o ICALL) ¢EQel) PHINT LUToTHINTHAX sPMIN:PMAX,
ANGINCoNTNP,NPOINTY

FORMAT(//7% LLLUNINATION DATA-Y//7

. THETA JLLUMINATIUN FRUMcecceoocsccccscncccnse'sFY)," TO
e 9.y

. PRI ILLUNINATION FROM  seeevoscncccnccccncnnee s FOI, T0
LI F9.d/

¢ INCREMENTAL ANGLE (DLG)ccccscvnncsnsccsncncssssnscesF7.4/

. THEREFORE TOVAL NUMBER OF GENERATED RAYScceccccccce'el?r 7

. TUTAL NUMBER OF APERTURL PLANE PUINTSecccccsccvcccncetl?)
IF (SURFCLeNL D) O TU 1L
CSPSI=OCUSIPSI®TON)
SNP 3l =sOSIN(PSIP0TUR)
CALL FILLPIP,NPOINT)
DO 000 I=1.NPOINT
SINP=OSINIPLZ W)
CUsSPeOCUsSIPL2.1))
SINT=OSINI(PLL.L))
CUST=RCOSIPLLA))
VUL L )= INT OCOLP
DU L) *SINTOSINP
BOLI L I=COBY
BBdl 2 )=eFLEDO))
VB2 2)=0FLLDL)




120

130

140

150

160

161

180

181

185

ok

BB( 3, 2)=+FEED(I)

CALL MULT32(BeA,B88)

GO TO (12000300140015001604161) +SURFC]

AR=0.0

BR=B(1:1)*PLNORM(1)+B(2:1)%PLNORN(2)¢8( 3¢ 1) SPLNORMNL 3)

CRo=(B(L1+s2)+PLNPNT( 1) )SPLNORNM(1)
=(B8(2, 2)*PLNPNT (2) JSPLNORML 2)
=(B(3+2)¢PLNPNT(3) )*PLNORNLI)

G TO 180

AR=B(1 1) 882/ A0RORF$824(B(2:1)082¢B(3:1)982)/BELLPSS2

OR==2.08(B( 1 1)*B(1+2)7AUR0ORFSE24(B(241)08(2:2)0B(341)0B(3:2))/

BELLP®92)

CR=B(1+2)202/ACRURF 8324 (B(2,2)90208(3,2)902)/BELLPSS2~1.0

GO TO 180

AR=8(11)%8(161)¢B(2,1)88(2:,1)+8(3:,1)9%8(3,1)

BR3=2,8(D(1+1)9%B(1:2)¢8(2+1)88(2:2)¢B(3,.,1)28(3,2))

CR=B(1:2)9B(1:2)48(2:2)%8(2+2)¢8(3:2)98(3:2)-A0RORF ¢ AORORF

GO TO 180

AR=B(2+1)%8(2,1)¢B8(3:,1)88(3,1)

BR==2 ,0¢(B8(2:1)¢8(2:2)0B(3:1)98(3:2)¢2.0%A0R0RF®8(1,1))

CR=B(2:2)%8(2+2)+8(3:2)%8(3,2)44,00A0R0ORFSB(1 ¢2)~4.0%A0R0RF*92

GO TO 10

AR=ZB( 340)0%8(3,1)8CSPSISCSPSI~2.098B(2:1)%B8(3,1)8CSPSIeSNPSI
*8(241)98(2+1)OSNPSISSNPSI

BR2=2 08(B(3:1)%8(3.,2)8CSPSI0C5PSI
=(B(3:1)08(2:2)¢B(2,1)8B(3,2))eCSPSI*SNPSI
+B(2:1)0B(2:2)eSNPSISSNPSI+2.00ADRORF*B( 1.1))

CR=B( 3,2)9B(3+2)0CSPSISCSPSI=2.008(2:.2)08(3+2)8CSPS105NPSI
*B(2:2)%8(2:2)OSNPSIESNPS1 ¢4, 0SADRORF*(B(1+2)~A0DRORF)

GO TU 180

AR=(BL1:1)OS2/ADRORFS82)~(BI2,1)002/BELLPSE2)~(B(3:1)9%02/CELLPOs2)

BR==2 400 ((B(1+1)%B(1:2)/A0RORF$82)~(B(1.1)SDIST/AORORFEE2)~-(BIL2,1)
$B(242) /OELLPS82)~(B(301)08(3:2)7CELLPS2))

CRE((B(1:2)%B(1s2)¢DISTROIST=2.008( 1:2)0DIST)/AORORFS82)=(B(2s2)0¢
B(2+2) /7BELLP®2)~(B8(3:,2)%8(3¢2)/7CELLP®2)~1.0

GO TO 181

IF (I1CASS.NE.1) GO 7O 181

IF(VDABS(AR) «LTel «0D-10) R=CR/BR

IF (DABS(AR)«LT21.00-10) GO TO 185

R=(—-BR=DSURT (BR*BR-4.0%ARSCR) )/ (AR*AR)

GO TO 1185

IF (DABS(AR) «LT el «00=5 ) Ra=CR/BR

IF(DABS(AR) «LTel «00-5) GU TU 185

V=BR®*BH~4 c0*ARSCR

Ra(=HR*DSQART (V) )7 (AR+ AR)

CUNT I NUE

X0=B8(1s1)*R-B(1.2)

YO=B(2.1)*R-B(2.2)

Z20=B(3.1)*R-B(I3.2)

IF(1.GT.l) GU YO 219

IFLICASS.EQ.1) GU TU 219

IF(ICALL.GT 1) GO TO 1089

IF(IOPT.EQel) GU TU 190

RIZDSURT((XS*B(1:2))002¢0(VYS508(2:2))0020(154B(3:,2))002)~1.0

THTMAXSDATAN(=(ZS¢B(3.2))7(Xx5+B(1.2)))

THTAUVUGSTHTMA X2, S8ANGINCODTOR



189

190

Ly

220

230

240

250

200

2ol

288

289

49D

LY

RCo=( RISOCUSITHTAUG)*B( 1 42))
CONST =DABS (AC=XS )

G0 TO 190

XCu XS ¢CONST

AXaZMN

IFCICALLGT.L) GO TO 20w

CALL FINOXC(P.8)

XXulMN

IFLIOPTEQel) XComxXx

GO TO (220:230+240,2504200,201)sSURMC

NHAT( L ) =PLNORN( 1)

NHAT (2 )=PLNORN(2)

NHAT( 3) =PLNORNLDY)

Gl TO 288

NHAT( L )==X00BELLPOO2/DSQAT (X000 20BALLPeSA (Y0024 10002) SADRORF 00 4)
NHATL £2==YORAURURFPE2/D0SQRT (X000 L P BELLPSSA (YO R2020002) 0
o ACRORFena)

NHAT( 3) =200 ADRORFOO.  DSURT LOwn 2CBELLPOA (YO0 2010002)0
e« AQRORFees)

o0 TO 288

NHAT( 1) == X0/AORONF

NHAT( 2)==Y 0/ ADRORF

NHATL J) == 207 AORORF

“0 TOo 280

NHAT( L )=l c0PAQRURF/DS QRT (4 .00ADRORFOS 2+0Y0002020002)

NHAT( 2)= =YO/0SORT (4. 00 ADRORF OS2 ¢Y0R 82020002

NHAT( J3)= ~Z0/DSQRT (4. 0FACRORFeI20Y0002020002)

GO TU 28e

NMAG=DSOR T(4 c0®AQRORF SAURDRF ¢+ (Z0OCSPSIOSNPSI-YOOSNPSIOSNPSTE ) 002
. *IVYORSNPSI OCSPSI~J00CSPSIeCSPST)0e02)

NHAT( L)*2 VP AGRORF /NN AG
NHAT(2)=SNPS L@ (200CSPSI-YOOSNPS [ )/NNAG
RMAT(I)=CSPSIS(YOOSNPSI ~200CSPSI)/NNAG

GQ To 200

ODEN=D SURY LI(XOFDIST)ISOR2/7A0RORFO 24 ) (YOYO/BELLPORA) (200207
. CELLP M)

NHAT (1 )=(X0*DIST )/ ((AORORFe®92)eDEN)

NHAT(2) == YO/ ( (DELLPOR2)ODEN)

NHAT( J)== 20/ (CELLP®R2)®DEN)

IF (1CASSeNLel) GU TO 209

NHAT( L )==NHAT(1)

NHAT ( 2)==NHAT (2)

NHAT( J) == NHAT (3)

SCALAR=Z2. 0 (U1 LIONNATILI*BL2:1LIONNATL2)2B( 301 ioNMAT())
00 295 L=142

SRILI® (BILAAI=SCALARSNMATI(L) )

ETI®P (31 )/R

EPLW (4.1 )/R

CONIRCOST S OSPLTI-SINPILP)

CA2)nCUST oL INPOLET LeCuSPoOEP

ClI)==SiINToe 1}

DU 400 N=i,J

CLIN) =040

VU 0 N=L0

ELINI=ELI(N)CAINM)OC(N)

SCALARSZ2 . OP(LLULIONMATULICET(2IONMAT L 2) 2 1L INNAT (D))



500

550

000

33

96

00 S00 K=,
ERIK)=SCALARSNMHAT(K)-EI(K)
IF (LICASS«NE1) GG TU 850
CALL CASSAIP)
PHASE=PI2¢(R*RM*D )/ . AN
Pllel )y

P21 )2

Pl3.1)=€ER2(2)

Pla,l )I=ER2(I)

P(S: 1 )=PHASE

e0 TO o000

YaY0e (XC=XQ)OSR(2)/5R( 1)
Z=20¢ (XC~XQ)*SRIJI/SR(L)
O=DSQRTI( XC=X0)*(XC=X0) ¢ (V=YO)® (Y=VYO)(Z~-20)0(2~20))
OIF=DABS ( XC~-XxX)

PHASE=PI20 (ReD*DIFI/ZXLANSP(S5,. 1)
Pllsdl )y

P21 )2

PU3«l )I=ER(2)

Plasl)=ER(D)

PUSel )=PHASE

CONTINVE

RETURN

ENO

SUBPNT

SUBROUTINE SUBPNT(P)

INPLICIT REAL®B(A-MN.0-2)

REAL® A NURMN

INTEGER SURFCLl.SURFC2

COMMON/COLOS/DELT o XCo ANGINCPRII4 )RS, XMXe ZMXo ZMN, YM X
COMMUN/PARAMS/AURCRF ¢ BELLPCELLP,DIST oPSI1 +PULNPNT (J) s PLNORNLI ),
. FEED(I )a ALPHA: BDETA: GAMMA . ALAN, XX+ ADROR 2+BELLP2 CELLP2,
. PSI2:DIST2POINT(3) e NORMII) +SURFCL o NPNL « NPOINT  SURFC2
OIMENSION P(%.2750)

D0 33 K=| .4

RRSDSORTIPNE LeK)OPN(] «K)*PH(2:,K)*PMI2 oK} ¢PN(I X)OPU(I X))
OIRI=PN(I+K)/RR

DIRZ=PM(2 'K) /RR

DIRM=PM(JIK)/RR

ARR=D IR1%02/7 (ADRCRF 02 )~ (DIN2002/ (VELLPO92) )~ (DIRI*G2/(CELLPO®2))
BRR2 08 ((=(PML L K)PDISTISDIRIZLADRORF®S2 ) )¢ PNL2.K)SDIR2/
«(BELLPOS2 ) )¢ (PHIIKISDIRI/I(CELLP®92)))
CRR=L(PMULK)S022DISTER202.0%PN( 1 oK)CDIST )/ LADRORFO22) )~
APMIZ K )P /7(BELLPOR2)~(IPHMIIK)®02) /(CELLPO®2))~1.0
NR=(~BRRSDSURTIBRRALE2 -4 ., 00ARNOCRR))I/LARR*ARR )

PlLeK )=PM( LK )=RNRSDIRL

Pl2.K)=PN(2:K)-RR*DIR2

PLIRI=PHALIK)=RRODIRI

CONT INUVE

RETURN

ENO



10

20

30

40

50

60

100

97

CASSA

SUBROUTINE CASSA(P)

IMPLICIT REAL ®8 (A-He0-2Z)

REAL® 3 NHAT2(3) s MAGSR o NMAG2 s NLRMN o NHAT (3)

INTEGER SURFCIl.SURFC2

COMMON/PARANS/AORORF ¢ BELLP+CELLP+DIST +PS 1 +PLNPNT (3) s PLNORN( 3) »
. FEED(3)eALPHABETAsGAMMA o XLAM ¢ XX sADROR2 +BELL P2 ,CELLP2,

PSI2+0IST2.POINT (3)eNORNM( 3 )e SURFC 1oNPNL«NPOINT, SURFC 2

C“nN/COLOSIDEL"‘CQAMINCQP-(JQ"oasolﬂl.luollﬂo'“
COMMON/CASS/SREIIIER(3I) e X0eY00Z0eYeZeRMDeX02eY02:Z024ER2(I)
CONMON/MATH/PL+PI2 «PID2 sOTAR«RTLD

DIMENSION DC(3)sEIL2(3)eP(5:2750)+SR2(3) «CL)
MAGSR=DSQURT(SR(1 )J*SR(L)I*SR(2)ISR(2)+SR(3)*SR(3I))

DO S N=1,3

FIND DIRECTION COSINES

DC(N) =SR(N) /7MAGSR

GO TO (10¢20030040050,060) s SURFC2

AA=Q,0

BO=NORM( 1)¢DC(L)*NORN(2)+DC(2)¢NCRN(3 )®DC(3)
CC=(X0=POINT (1)) ONORM (1) +(YO—=PUINT(2) )SNORM( 2)¢

o ZO~POINT(3) )*NORM(I)

GO TO 100

AA=(DC(1)®82/7A0R0OR29821)+(0C(2)082/BELL *'2082)+(DC(I)*e2/CELLP2e82)
BO=2¢ 0%(( X0%DCHL L) Z7AUROR2%82) ¢ (YOSDC(2 )/BELLP2%82 )+
«(ZOSDC(3)/BELLP2%82))

CC=(X0002/A0R0R2882)+ (YO92/BELLP2082)+(20082/BELLP2082)

GU TO WO

AA=DC (1)*DC(1)+DC(2)*DCI2)4DCLI)*DC(I)

BB=2.,08( X0%DC(1)+YORDC(2)+208%DC(3))
CC=X08X0+YOSYO0+Z08Z0~-(ADROR2) *32

GO TO 100

AA=DC (2)982¢DC(3)002
BB=22,0%(Y0sDC(2)+20%0C(3)—-2.0*A0R0OR2*DC(1))
CC=2Y0*Y0+Z0820-(4.00A0R0OR2%22 )-(4.08A0R0OR2*X0)

GO TO 100

SNPSI 2=DSINI(PSIZ*DTOR)

CSPSI1 2=DCOS(PSI12%DTOR)
AA=(DC(3)*DC(3)*CSPSI2%CSPSI2)4(DC(2)%DC( 2)*SNPSI 20SNPS| 2)~
e( 2.0%0C(2)8DC(3)6CSPSI285NPS12)
BB=2.0820%0C(3)*CSPSI2¢CSPSI2¢2.,00Y08DC( 2)*SNPSI 28SNPS] 2~
«2:00(Y0%DC(3)+Z0%DC(2))*CSPSIZ2SNPSI2-(4.0%A0ROR2Z2®DC(1))
CC=(Z0832)8(CSPSI2882)¢(YO0882)8(SNPSI 2082)~2., 0% (YO® Z08CSPSI2®
«SNPSI2)=(4 .0A0R0OR2*A0OROR2 )~ (4.0%A0R0OR2®*X0)

GO Tu 100

AA=(DC(1) *82/A0R0OR2%82)+(DC(2)%¢2/BELLP2982)¢(DC(I)*02/CELLP2882)
B8B8=2. 0%(( X0*DC(1)/7AUROR2882)¢(DIST26DC(1)7AOROR2882)~
«(Y0BDC(2) /BELLP2%82)~(Z0%DC(JI)/CELLP2%22))
CC=(XO0XO0/A0ROR2*42 )+ (DIST2¢22/A0R0OR29%2 )-(YO®s2 /BELLP20e82)
=(Z0®S$2/CELLP2¢%82)~1.0

IF(DABS(AA) LTl .0D0-10) RM=-CC/BB

IF(DABS(AA) «LTel «0D~-10) GO TO 110

v2=088 *BB~4.08AAS(CC

IF(V2 «lTe0e0) V2=0.0

RM=(~BB¢DSARTIV2))I/(AA®AA)

CONT I NVE

X02=X0¢RM*DC (1)

YO02=YOQ+RM8OC(2)

P—



120

130

140

150

160

170

200

250

3Joo

350

98

202=Z 0+RN®0C( 3)

GO TO (1204+130+14041504100.,170)sSURFC2

NHAT2( F)=NORM( 1)

NHAT2 (2)=NORNM(2)

NHAT2(3)=NORM(])

G0 TO 200

NHAT2 (1 )==X02@BELLP2282/DSORT (X020020BELLP2004¢( Y020020202002)0
«AORQR 20%4)

NHAT2 (2)==Y02FA0R0OR2%%2/7DSURT(X020020BELLPR004¢( YO2002¢202002)0
«AUROR2¢%s)

NHAT2(3)=~Z02%A0R0ORZ20 270 SART( X020020 BELLP200 A+ (YO20020202082) 0
«ACROR2%8s )

G0 10 200

NHAT2 (1 )==X02/A0R0OR2

NHAT2(2)=~Y02/A0R0R2

NHATZ2( 3)=~202/A0R0OR2

GO T0 200
NHATZ( 1) =2.0%AUR0OR2/70SORT (4. 0%ACROR2902+0Y020024202092)
NHAT2 (2)= = Y02/0SORT (4. 0FAOROR20920 Y0299 20202002)
NHAT2 (3)= ~Z02/70S0RT (4 .0%AUROR29920Y020920202992)
GO0 TC 200

NMAGL TOSQRT (4 «U® ADROR2®ADROR2+4( Z020CSPS1 20SNPSI 2
«YO2OSNPSI 20SNPS1I 2)002¢(YO2eSNPSI20CSPSI2~202¢CSPSI20CSPSI2)002)
NHAT2 (1 )=2.0*A0R0OR2/NMAG2
NHAT2(2)=SNPS 120 (2028CSPSI2-Y02eS5NPS 1 2)/NNAG2
NHAT2(3)=CSPS 120 (Y020 SNPSI2-202¢CSPSI 2) /NMAG2

GO T0o 200

DEN2=DSOR J(( ( X02+DIST2)%02/A0R0R2%84) ¢(YO20Y02/BELLPZS# )¢
«(2020202/7CELLP2%8%))

NHAT2 (1) =(X02¢DIST2)/ ((AOROR2%#2)*DEN2)

NHAT2(2)=-Y02/( (BELLP2082)8DEN2)

NHAT2 (3 )=—~202/((CELLP2#82)8DEN2)
SCALAZ2=2,0%(DCI1)ONHATZ(L)*DC(2)ONHAT(2) 0 (I)SNHAT2(I))
00 250 L=1.3

SR2(L ) =DC (L) ~SCALAZONHATZ (L)

EL12(N)=0.0

DO 300 N=1.3

EL2(N)I=ER(N) /RN

DO 350 K=1.J

SCALAJI=Z2 .0 (EI2(1IONNAT2(1)PEI2(2)ONHAT2(2)*E12( 3)ONHAT2(I))
ERZIK I=SCALAIJONHAT2(K)~El 2(KX)

IF(DABS(SR2(1))elLT21400-5) SR2(1I=1.00-5

VYaYQ2e( XL ~X02)05R2(2)/75R2(1)

L=202¢(xC-x02)5R2(J)/5R8201)
O=0SORT((XC~X02)002¢(y~-Y02)002¢(l~202)002)

RETURN

ENO
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20
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35

40
45

50
55

L1
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APRIN

SUBROUT INE APRIN(P,. ICALL)

IMPLICIT REAL®S (A=H,0-2)

REAL® S8 NORM

INTEGER SURFCIl 4 SURFC2

COMMUNZAPRPRM/NPTIPPL s NPERIN

COMMON/PARAMS/AORORF ¢ BELLPCELLPDEST +PSL «PLNPNT( 3) o PLNORN( 3 ) o
FEED(3) s ALPHA, BET As GANMA « XLAN, XC s AOROR2,BELLP 2,CELLP2,
PS12,01ST2,POLNT(3) «NORM(3) ¢ SURFC1 oNPNL o NPOI NT s SURFC 2

COMMON/FEED/EP (91 )e ET(91)aNP ¢NT o XSe¥Se2S

COMMON/CGNTRLZNOPT(3) oNLIST o [CPTICASS . ILIST (100)

DIMENS IUN P (5,2750)

READ(1410) NPERIM.SURFCI « NPTPPL

FORMA T(31 5)

IF (NPERIN.LES2) GO 10 250
IF (NPERIMN.GT.40) G0 TO 2060
IF (SURFC1.6T.0) GU TO 270

IF (NPTIPPL.GT.2500) G0 10 270

IF (INPERIMSSURFCL)«LEQ) GO TO 250
READ(1+20) ((PUL1sJ)el=103)eJd=1:sNPERIN)
FURMAT(JIFL10.0)

M=

DO 2 I=2.NPERINM
IFIPLIMI=P(3s1)d3e242

M=

CONTI NVE

AS=P( LlsM)

YS=P(2 M)

LS=P( M)

GO TO (30+40+¢50:50000661)sSURFC 1
PLNORM(L) =(P(2:1)=P(22))8(P(3:1)-P(3:3))~

. (PlLe 1)-P(2:3))%(P(3:1)=-P(3,2))

PLNCRM(2)=(P(3:1)=P(3:2))%(P(1:1)-Pl1+3))~

. (PlI1)=P(3+3))0(PlLLLI=P(1,:2))

PLNORM(I)=(P(1s1)=P(1:2))%(P(2:1)-P(2:3))~
(Plla1)=PlL1:3))0(Pl21)-PL2,2))

VMAG=DSQRT(PLNORM( 1)®32¢PLNORM( 2) 982 PLNORN(J )00 2)

D0 35 K=] .3

PLNORM( 0= K) =PLNURM( 4-K) 7TNAG

IF(PLNORM( 1) elT «040) PLNURM( 4~K )=~PLNORM( ~K)

CONTI NUE

PUNPNTLL)=P(1.1)

PLNPNT (2)=P(2.4))

PLNPNT(3)=P(3.1)

0 TO 1o

READ( 1 «+45) AURORF ,BELLF

FURMAT (2F 10. 3)

GO TO 100

READ( 1 +55) AORURF

FORMAT (F10.3)

G0 YO 100

READ( 1+,065) AOQRURF ,PSI

FORMAT (2F10.3)

GO T0 100

RENAD( 1 o70 ) AORDNF ¢BELLP CELLP,DIST

FORMAT(4F10.3)

CONTINWE




199
200
250
2v2

260
202

270
<72

320

330

3Ja0

350

Jov

3ro

401

402

403

40s

405

400

100

IFCIO ML ICALL) «EQe Q) RETURN
PRINT 200, ICALL
FORMAT(®1®oISX"HEFLECTOR PANEL NUNMBER® ,1a)
GJ TO (320033063400 350:300:370) « SURFC )
PRINT 252 ..1CALL
FURMAT (/77" 080008080 INPUT ERROR ON CARC ONE FOR PANEL NUMBER®,
18:° EXECUTION TERMINATING es0essoses’)
stop
PRINT 2e2.1CALL
FURMAT (/777" 0080000000 STORAGE DOES NUT EXIST FOR NUMDER OF°*,
* PERIMETER PUINTS SPECIFIED = PANEL' 14,° #8000 enier)
sTop
PRINT 272.1CALL
FORMAT(///" 9000080000 MAXIMUN ILLUMINATION REQUEST IS 2500°.
* RAYS = PANEL® 14," 00000 enneacsry7)
NPTPPL=22500
GO YO 28
PRINT 401 «PLNPNT «PLNORM: NPER [N
RETURN
PRINT 402 +AORORF ¢ BELL P NPERIN
RETURN
PRINT 403 +AURORF « NPER IN
RETURN
PRINT Q08,AURORF NPERIN
RETURN
PHRANT Q05 AURCRF +PSI «NPERINM
RETURN
PRINTA00 s AUNORF o BELLP o CEALLPLDIST s NPER IN
RETURN
FIRMATL// 710X "PANEL IS A PLANAR SURFACE®* /77
e A PUINT UN THE REFLECTUR SURFALE (KoVeld)evsocoosnes®  FT.2
70 COMPONENTS OF UNIT NORMAL TO SURFACE (XeYel)ecosooe® s 3F7.2
7" NUMBER OF USER-SUPPLIED EDGE POINTS.ccccccsccsncneetel?)
FURMAT(//7710X:"PANEL IS AN CLLIPTICAL SECTION® .77/
. MAJOR AXIS OF ELLIPTICAL REFLECTOReccccscacvcnc-_cveea'osFT.2/7
o NINUR AXIS OF ELLIPTICAL REFLECTOR . vevvsvcscvscnnce*oFT.2/7
. NUMBER OF USER-SUPPLIED EDGE POINTS.cccncsscsseseaetsl?)
FURMAT (//7710X«"PANEL IS A SPHERICAL SECTION's//
. RADIUS OF REFLECTOR SPHERE cececccccssccscccaccnncnce? FT.2/7
e NUMUER UF USER-SUPPLIED EDGE HOINTS.ceecccsccccccce’el?)
FURMAT(//7710X«*PANEL 15 A PARABOLIC SECTION® /77
. FUCAL LENGTH OUF THE PARABOLA: sccvcceccccncccnvcncece o FT 2/
. NUMBER UF USER-SUPPLIED EDGE PUINTScccsccsovncnccsetelT)
FURMATUL/ZZ7710X"PANEL U5 SECTICN UF A PARABOLIC CYLINDER® 777
. FOCAL LENGTH OF THE PARADULA. scvevsccsssnsssnsnsace oFB.3/
o FULAL LINE RUTATICN FRUM Y=AX IS (PSl)ececccnnsscnce’ s FO. VW
o NUMUER OF USER=-SUPPLIELD EVGE PUINTS.cvevwvsccsasesat olT)
'00‘“'(/’/!0!-'9‘"{& IS A MYPERULUL IC SECTION®*/2/7
b MAJUR AX]l S UF MHEFLAIN X DIRECTIONcccsccevccscncscena'yFB.Y
o AX IS OF REFLECTUN IN Y DIRECTION e evocvecccesccsncca’ FB. 3/
. AXIS> UF REFLECTUR IN 2 DIRECTION cccvcsvccssvcsacnes FB.V
. NUMBER OF USLAR-SUPPLIED EVUGE POINTSccccecssssccnceeel?)
ENOD
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FINDXC

SUBROUTINE FINDXC(P,.B)
INPLICIT REAL®S(A-MH:0-2)

CUMMON/COLUSZDELT o XCoANGEINC o PHEI o8 ) cRS o XMX o ZMX o ZTMNe YHX
COMMUN/MATHPL+P I2:P1D2:0TORRTOD
COMMON/CONTRLZNOPT(3) oNLIST, IOPT,. ICASS. ILIST(100)
OIMENSION P(S5,2750).81(3,2)

IFCICASSeNESL) GO TO 15

M=)

D0 2 1=2,4

IF(PHLI3 M)=PNI3s1)) 30202

M=

CONT I \VE

RSM=D SURT (PHMLL o MiS2¢PNI(2 41 )002+PN(3 . N)002)~1 .0
THTHAX=DATAN(=PM(JoN" /PR L oM)
THTAUGETHTMAX 3 c08ANG INC

XC==R SMeDCOSITHTAUG)

RETURN

RSMED SORT (X MX*OU1 42) )002¢(YMXSB(242) 1082 4(2NX*B(I2))002)= 1.5
THYMAX=DATANC - (ZMX#B( 3, 2))/7(xMXxeB(1.:2)))
THTAUG=THTMAX #2 « SSANG INCODTOUR

ZMN=— (RSHMOOCUSITHTAUG)I®B(1,.2))

RETURN

ENO

o

FUNCTION ULl (INTENT,1TER)
IMPLICIT REAL®*8 (A-Ms0-2)
INTEGER SURFCL.SURFC2
COMMUN/CONTRL/ZNUPT( 3) oNLISTIOPTLICASSILIST(100)
GO TO (2030440450400 )4 INTENT
IF (NUPT( 1)« Qe0) GO TO 90
IF (NOPT(1).EQe2) GU TO W2
DO 25 I=1 NLIST

IF CILISTC(1)«EQLITER) GO TO 9
CONTI NUE

GU Tu YO

IF (NOPT(2)4GTe0) GO TO 9
GJd TU YO

IF (NUPT(2).LQ.0) GO TO 90
IF (NUOPT(2).EGe2) GU TO 91
wW Tu 22

IF (NOPT(J3)eGEal) O TU 9
U Ty SO

IF INUPT(3).EUL2) GU TO W)
101 =0

RETURN

10k=1

RETUNN

[+




N

400

Ja00
Ja 2
34590
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INTGR

SUBROUT INE INTOUGR (P MAJON,AMAJOR « AMINORGF IELDYFLELDZ)
INPLICIT REAL®E (A-MsUL-2)

REAL® Y MAJOR MINOR

REALSS NORM

CUMPLEX® LU CTEMP oCLL oCL2oCY 1 o Y 2eTSZoTSY oDZIoOV1 o 2IULDYIOLD,

. Z1eY1oFLOZsFLODYWFIELDZI200)FIELDY(200)
INTEGER SURFCL.SURFC2
. N/MATH/PLPL2,PI02,0TORRTUOD

cgC NCONTRL/ZNOPTII ) oNLIST . IOPT ¢ ICASSILISTC100)

CUMMON/PARANS/AURORF ¢+ BELLP sCELLP JDIST «PS I «PLNPNT (3}, PLNORM(3) .

. FEED(I)ALPHAL BETA s AMMA ; XLAM, XX s AQRODR 2 +BELLP2 JCELLP2,
PSI2.DIST2.PUINT (3 )eNURM(I ) s SURFCLoNPNLNPUINT , SURFC2

DIMENSION AMINOR(I) JP(Sc2750)

VAT A HPHI o HTHTAZ SHPHI ¢ SHIHETA/

SEN=Y$9.0

NPART S=7

RPART =] .0/ NPARTS

ZLAM=P L2/ XL AM

CALL SETM(SENP(L«NPOINT®1)e3)

DEG=AMA JUR

DEGR= DEGODTOR

VLUS= AMINGR( 1 )®OTOR

DILK=AMINUKI )20 TOR

OSTOPR=AMINUR(2)SOTOR¢DICR®0,.5

NTH=0

D=DLUR

IF (MAJURSNE .HPHI) GO TU 3600

CU=DCUSIDELR)

S INP=DSIN(DEGR )

CUST=DCOS (D)

SINTZDSIN(U)

GO YO 3425

COSP=LCUS (L)

S INP=OSINLO)

COST=DCUS (DEGR}

SINT=D SIN(OLSR)

NT T Mol

CTSP=CLLTSSINP

LK=ZLAMOC UST

Y K= ZLANOS INPOSINT

10LD=]

INEw= 2

FLOY=(0.040:0)

FLuld=(0.:040.0)

YOLD=SEN

Yi=(0.040.0)

L15(0.04.0.0)

CONTI NUE

IF (PULlULD)eNE<P(LolINER)) GL TO 4000

L=P(2410L0D)

LRY®P (3.1ULD)

CRZ=P (4, 1ULD)

PrHapP (5. 10LL)

2I=(P(2.INER)=2)ORPART

VERY= (P(3. INLW)=ERY)SRPART

VERZ= (P4 INEW)-ERZ)ORPAZ™




3700

3900

4000

4200

4300

4400

OPHa( PS4 I NEW )=PH) S RP ART
CTEM =COE XP(DCHPL X( 0e 000 ZKO L=PH) )
CLZI=ENZOCOSPOCTEMP
CYIR(ERVISINTOERZOCTSPINCTEN
TSY=(0.0:0.0)

T52=(0.0:0.0)

OO0 3700 N=| .NPARTS

I=2e02

ERYSERY+OERY

ERZ=ERZ®OERI

PHaPreDPH

CTEMP =(CDE XP(DCHPLX( 0« 000 s2Ke 2=PH) )
CIT=ERZOCOSPICTENP

CY2a({ ENVE SINTOERZIOCTISP)SCTEN
TSI=TSZeCL1eC22
TSyaTsvaCvrieCy2

Cli=C2

CrimCye

CUNTI NUE

L1aZleT540(0.5002)

Yi=Y | eTSYS [0.5002)
F0LD=ULD*L

INEw= INEw ]

GO TO 3450

CONTINUE

YNEW=P (1, 10L0D)

IF (YULD.EQ.SEN) GO TO se00
DZI=(L1=LIOLD )SRPART
OYI=(YI-Y IOLD)*RPART
VYS{YNE®-YULD J*RPART

CTEMP =(LEXP(DCHPLA( 0000, YKOoYOLD) )
CZL=ZLUlOesCTENP

CYI=Y LD CTENP

TSY®(0.0:04.0)

T5£4=(04040.0)

DO A3vU N=1 NPANTS
YULD=YLLD +OY

LIUD=ZIuLD+D 21

YIULD =Y I0LD+OYI

CTENM aCOLXPIDCMPLXI0.0DIsYROYULD))
CZa=l10LVOCTEN

CY2=Y lQLO=CTEMP
Tol=TsZeCcarl 22
TSYsTSvelvielyY2

Cai=C 2

Crvisvrv2

CUNT I NUL

FLOZar LU 1520 (.500Y)
FLUYSFLLUYeTSY S ,.530Y)
CONT I NUE

YU LD=YNw

Zivo=21

YioLo =Yyl

Yi=(0e0:0.0)

di*w.0.0.0)

IF (PUAGINCW) oNE «SEN) QU TU W00
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S000

S

10

100

F IELDY(NTH)=FLDY
FIELDZ(NTH)=FLDZ

D=D+DICR

IF (D.6T.DSTOPR) GO TO 5000
IF (MAJOR.EQ.HPHI) GO TO 400
GO TO 3400

CONT INVE

RE TURN

END

FILLP

SUBROUT INE F ILLP (P,NPT)

IMFLICIT REAL*8 (A=H,0~2)

COMMON/FEED/EP(91) ¢ET(91) o NP o«NT o+ XS:YS+ 25
COMMON/MATH/PI.P12.PID2:,DTOR.RTOD

COMMON/CONTRL /NOPT{3 ) o NLIST s IOPT s ICASS.ILIST(100)
OIMENSION P(S5.NPT)

DO 100 I=1.NPT

PROJX=DSINI(P(1.1))sDCOSIP(2,1))

PROJEX=0,.0D0

IF (DABS(P(2+1)=P1)sGTel1.0D~5)
« PROJEX=DSIN(DATANI(DCOS(P(L+1))/DSIN(P(1,1))/7DSIN(P(2:1))))
ANGL X=DARCOS (DABS(PROJX) )I®*RTOQD

LO=ANGLX+1.000

IHI=LO+1
PPFLD=(ANGLX=DFLOAT(LO=1))*(EP(INI)=EP(LOD))*EP(LO)
TPFLO={ANGLX=DFLOAT(LO=1 ) )*(ET(IHII~ET(LO))+ET(LO)
SINE2=PROJEX* PRO JEX

COSE2=1.0D00-SINE2
P(3,1)=PPFLD*TPFLO/(DSQRT(TPFLD*TPFLD*COSE2¢
. PPFLOPPFLD#SINE2))

P(4:,1)=0.,000

P(5:.1)=0.,0D0

CONTINUE

RE TURN

END

10L
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31
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100

200

QUANT Z

SUBRUUTINE QUANTZ(P.NPERIM, ICALL)
IMPLICIT REAL®S (A-H,0-2)

REAL®3 NORM

INTEGER SURFCL ¢ SURFC2

COMMUN/SLOCKG/YCBL + ZCBL o HF MABL . WF NI BL

CUOMMUN/DIMENS/YO LM ZDIMaYCT, 2CT :

CUMMONZEXTENTZYMINYMAR ZMINoZMA X

COMMON/ CUNTRLZNOPT (3 ) oNL IST . IOPT s ICASSILIST(L00)

CUMMUN/FEEOZEPI 9L DeET (91 ) o NP oNT s XS4V S 2S5

COMMUN/PARAMS/AURURF ¢ BELLLPLCELLP+DIST oPSIsPLNPNT( J) s PLNORM(3) »
FEED(J3) s ALPHA. BET Ao GAMMA o XLAM XX s ADROR2+BELLP2.CELLP2,
PS12:DIST2+POINT(3)NORM(3) s SURFCL oNPNL «NPOINT ,SURFC2

DIMENSION P(SeNPUINT)+PINT(S)sPOLDIS) PBLKIS)PRS(SeO1) 2(2,101)

IF(ICASS.EQel) NPERIM=4

NBARS =NP-2

YMIN=]l.00+10

YNAX==1.00+10

ZMIN=] ,0D#10

IMAX=~ | +0D*10

NUS=2 eNBARS

CALL SETM(1.00%2042.N0OS)

V0 20 I=1.NPERIN

IF (PUlel)eGTYMAX) YHAX=P(1.1)

IF (P (Llel)elL ToYMIN) YMIN=P(Ll 1)

IF (P(2el)aGT JZNAX) IMAX=P(2.1)

IF (P 21 )T oZMIN) ZMIN=P(2:4i)

CALL MOVEMIP(1s1)ePRS(1e1)45)

YO IM=YMAX-YMIN

YCI=( YMAX®YMIN) 72,

ZDIM= ZMAX~ZIMIN

ZCTR( ZMAXSZMINDZ2,.

GRID= (YMAX=YMIN) 7/(DFLOAT(NBARS)~0.0)

GRIDLO=YMIN®GRID/S «000

GRIVHI=YMAX-GRIV/5.000

1BGN=NPER [M¢ 1

NUEX=NPERI M

VO 100 I=IlUGNNPUINT

IF (P(1+1)eGTYMAX) GO TO 98

IF (PL1.1)LT.YNIN) GU TU 98

NGRID=(P(1+1)=-GRIDLO)/GRID®0.5

Pll el )=GRIVLUMOFLOATINGRID)®GRID

CALL MUVEMIP(L1el)oPllel=NDEX) +S)

GO TO 100

NOEX= NODE X ¢1

CONT INUVE

NPUOINT =NPUINT-NDEX

CALL PTISURTIP.S«NPOINT)

IF (LIOPT.EQel) GO TO e22

CALL MOVENIPHSEL 1) +PRS (1 «NPERIN®L),S5)

KDEx= 2

Y2a2PRO() 1)

L2=2PRS(24.1)

YAI=PRO(L.ADEX)

LZA=PRS(2 R0 X)

IF (LABSIYI-Y2) el Tl 00-5) GU TO 400

SLUPE=(Z21-22)7 LY i=Y2)
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+B

240

230

&8¢0
200

400

410

0

“de

a3
LE L)

a0

“a

B2~ uL0PLeY2

IF (Y LI=V2) 28064304290

YHiwy g

YLO=Y )

G Tu 260

YHilwy )

YiusY2
INQEA®(YLU=GRIDLOD/WNID®LLO
INOEX®INDEX®)

YOuGN IOLUSDFLUATLINDE X~ L) OGR IV
BF (Y UeGT oYML) GU TO 400

1LUAD =)

ZEE=SLOPE OYQ D

IF (2010 INOEX) LT 1e0D*10) 1LUAD=2
LUILVAD I NDE X )= 2EE

G0 YU 2%

Yasvi

=2\

KOEX®KDEX ¢

AF (KOEXCLLENPERIMN®L) GO TO 200
DU 420 = 1:.NBARS

IF (2000100212400 )GVl «0D®10) GO YO 1008
IF Q2021 0=200el)) 410420000
2a=Z(2.. 1)

dl2el )i l)

Ll )=l2

CUNTI NGE

wJ T ea

HFMAEX=YD I W2 000

MENIE X=Z0IM/2.000

00 430 I*1«NBARS
YoURIDLOYOFLUAT (i1 ) GRID

VIS Lo QU= LY=YLT ) /MFNAEX) 002
IFIVIalTa0e0) VI=0L0

Li=MF MILXSDSART VY
dlhel)m=2202CT

2l )= L2020

CUNT INVE

L=0

N=)

CALL SETN(O.0.PULK D)

Ya=sP(1 W)
LOEX=DINT L YU=ORIVLO) /GRID* L 001
DU 900 1= 1aNPOINY

IF (Pl ) elQaYQ) Gu T 0

IF et wl T a0
NaN-L

L*0

YusPll.l)
IOEXSDANTFCLYO=CGRIDLUI/GRID® 2001
PRK(LI=P(L01)

POLKRI2)I=P(241)

TESTe= 1.0

IF 2l )et0ad 1 IDERDOM P (Lo L )BQaZt 2410 X)) TEST= 0.0
IF (P2l el ol (1 o lDEX)cANDPL2 o 1) oY o220 10EX)) TESTR L WO
TLOSTUL =1 NAUL &1 MABL oHFMIBLOMF ML BL
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~HE MAULOHF MABLS(P(2.1)-2CBL)S(P(2,1)-2CBL)
~HFM [BLONFMIBLO(P{1.4)-Y(BL)®(P(1,1)-YCBL)

IF (TESY) 7015014501

IF (TESTBL.LESQ.0) GO TO S10
CALL MUVE M{PBLK.PLL ¢N) ¢5)

el Tu 515

CALL MUVEMIPC(Ls1)2oPLE «eN)oeS)

NaNe]
CsLel
IF (TEST Q002 GU TO 300
IF {L.c0.0) GLU TO 800

1F (TESTOTESTQ) 704,800,800

CALL INTPLEPCLD «PU3 ol ) ePINTWZ(1,10EX))

NCHG=C

iF (TEST.LT.0.0) GO TU T13

CALL MUVEMICLI,N-1)+Pl1sN)sY}

NCHG= ]

CALL MOVEM(PLINT.PBLX,2)

TESTOL =HF MABL SHF MABL SHFEM [ B o NFM L BL
~HF MAULOHFRABLS (PINT(2)—-2CBLIS(PINT(2)-ZCBL)
~HEMIBLOWF MIBLS (PINT(1)-YCBL)®(PINT(1)-VCBL)

IF (TeSTULeLE0.0) GU TO 720

CALL MUVER(POLK ¢ PL 1 o N-NCHG) o D)

0 TU 725

CALL MUVE M{PINT F{] eN-NCHG)S)

NaNel

LaLel

CALL UVEMIP(Llel) ePULD D)

TESTU-TEST

CUNTINUE

NPUINT=N-

NLUOCE LENPENRIM

CALL MOVEM{PRS.P {1 +N) +NLUC)

1FCIO LA 1) ebQal) WRITE(T 4991} NPOINTLICALL

TFCILILA o1 )b Qel) WHRITE(T«9D2) ((PELeJ)eIm)e5).Jdm Lo NPUINT)

LFCIu Lol cALL) LU D) Rt TURN

PRINT 950 YMI[Ne YMAX, [MEN2ZMAX s GRIDLU +GRIDML ¢ GRID,NBARSNPOLInT

FORMA T (/7/7° QUANTIZING DATA-'//

. PUINT PATTLRN EARTENTS UN APERTURL PLANEccosso s YMINX® ,FT,2/

¢ scseacYHAX®m® FT.2/
. esnsvos s IMINS® JFT,2/
. scvssceslMARR® FT,2/
. ORIV RANGES FRUMecovrecenvnervscovvcscsscccsce®oFBL3Ie’ Tu
° . F8.3/

. SPALINUG ULTWLEEN VRID AN ISsecescescosceccssncencen? Fiod/
. THERLFORE NUMBER OF WRID BARS cecescccscteocvcoccsnsse’ s lO/

. NUMGBER OF POINTS SUPPLEILY TO RADPAT cessescasssencean®sl? )

tURMA 1 (2] )
FORMAT (D0 101 0)
Nt TURDN
PHEINT iJJ0
FORMAY (/7 7/
¢ essc et 4 ARRAY FUR PUINT RESIDENE NUT FILLED CORRECTLY
$300040008°,//10R:"- STUP LALLUTION -*)
>TuP
L ND
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8.7. APPENDIX G

OUTPUT FOR TEST CASES A AND B
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OF POOR QUALITY

ORIGINAL PAGE IS

CAVERE U LN \ T s - v mp—nw WYV LSSV OIHS INI 4 - aaand
5c¢lc 600800000808 888G INLiITd LNV Na ZHMNLISZAY S J2balN My log
welie 0080080080000 Y 5 (-LYUINIEYD "7 CouniiN 154772 _afiazc3+H)
SZEGSD ®0000E0 0000000000000 00000000(53(1) IIDINVY TVINIWINONI
thvlmn— F IFFOJL— Crf?nnfn.n-Pr'ﬂﬂﬁ'ﬁﬁ.f.»-....&nu .‘_..h’..‘—-u\-_.J_ —> N14C
mN Omc- n...—. TFO.A\F ..ﬁ..b.Dlnooooocoeﬁi.o,:uh 23—P«7~7:—- dhul_v
> o =¥YAivl NOILVNIaOl
Q0 =-c*C Ad CCCC o VRS T T o) A= T Nt 'V wala Lty ¢ - Irs
00S2°0 A8 0000°v UL 0000°Yy - wlind 1Hd 0C000*0s = y13HlL
< SsscsossesLocsaced: 103N0UY VdlWia®D NSTLA¥Ya J.' =2aalN
;.t%.\,.. =, 9 > R
Isl "5l (R 1 ClIL%0]) = OSS0sadeesa (4o )o)) S1-1D: VdL 4 Tkl Kt iN]1 G £-min ININ
9Si“61-~- c*e cle®Cl- ©oos ooooou.&.>.x~ 3UL230439 ZHL WO UINT ¢ Z=-niwnlX7N
00 GS1°01 CIL°01l= €90090099990(,£0AX) 5TL_ LMz 'Y kL (s LNL ‘¢ A=AlinIx -~
505G S9S1 “61~ 21401~ o..oo...oco-N.).K. HUL) ANAS3Y ZHL NO INTBo A-ANWININ
R S8 i TIENZY JMUNTS sl o AvTa3LTae ¥ - &58
005°Gy ®9%eexxXVv dii °914) u. NIDILYIASNY 44 504 45N -urqruﬁu
lﬂvlrr l'.»ﬂh'.»n.vﬂrﬁrffr”‘ .hb-lMuLH'l.‘ . _¢~ ,.F\I. -U:L \hﬁq
iR Tia o< O0S6°CEEL ©o°°fc0csenccenscnsodeNNILDINIC A NI HOLDS 143N uo SixXv
e 3¢ 20 e sssesness G ERyry] (SN dIe X N M iy M o SEXY U 1 en
L33

M34=a 21 NieaidvAnr ¢ Si 4l
1 §

p S 7 . § =S33L3NYIvd SLT UNY NUlioliaous33U HS1UBNS



i1l

OF POOR QUALITY

ORIGINAL PAGE [s

TELIVZ 6T~ o0 . ZEBYPOEEY 0E062°2S1l~- BLIVZ*61~- 0S2°1~-
L5010°L - “veqn rIee9es2l CE0S52°%251~ ¢L1010%% - nps°| -
0L1sc®*E6l ~ oc®0 0-809%°ve 1 CeCoI®°CST- CLIEE "cl— OSe®*1l-
llobte®*Ll - nep dlcwa “ne Ce G cSl= lle*®Cel=- N0 -
00S0%*1IZ2~ (/R ] OESBZ®IET O0QL069°2S1I~ 00SO¥ °lc— O0QSZ*2~-
Sv0e 0% - (R ¢ g3513°a11 (eloz%c3l~- crl'el ®*r - v :z%c-
LLBSI“5¢C - (AR ¢ £30Z0%EcCt CECS) “CS 1= LLoa9%c - 05¢ ¢
FAR T2 B s 020 63-953%C1 Ck LI ?2SlI= ce~cl?é- (00%. -
dvLIE*sC~ ovo EBCLE®"S2C] OLO067°CST~- LWLlL *v2- 0SZ%E~
t*0loved - 0% e36LL® 2l CECOZ %21 = "L 1S%c~ Us®L -
9¢159°GS -~ e SDEED®°SS CECo7%cl= ¢l 2973 = DL %e -
$1ce e wep slsl2‘1cl CEOSIY2S 1= s1g2e - v es -
]

eCamc (AZA)-7 (A72)=C (c/7A) -C (/72 ) I

930 05<®°0 A6 000°¥% NOL 000°7= ALY Ida 3IONV

0340 roeoecs = VL3HL 51 4N2 3t INVIY Gveidowl o

e —————— ] 310D SNOTLYLNoAND NHZLIVO ——ecem——e=
PR —————— T 1 3 I VD SR * L (D S R
- ————— B T T R L W SR o L B B T
e mmemeem——aeem—= /] INYND) C_H3]ivia ~==—me= ccc e mm e -
o -0¢~ Sssssnsevevcnene,y4avy DL G31NedNS SINIOa 30 HILUANN
w © 003000002000 08929029290 « ... ] 4, o AN L32 s 3ol
ekl o € EUELEETVOEOEBELEOOEOI ] T g (el NozALL3 onllics
lNMx—nl.\.!——.u.lc.'Ml ulq\. —..ul—!ﬂ”ol.o,u.anaoa 6ccccoccocecccce ...'.. eqdO ¢, o © 5 =2 Gh oD
e S 1L ==nilpid ® 0 & S &L
CCL1l =avAAS®eccec ) )
¢ LZTITI-=SHNINRAT S ST TN Ta . Jl L2, c 9 e Sliv 1% N r2ava 1 -0




112

OF POOR QUALITY

ORIGINAL PAGE IS

< LEeSs L, NTATHIZUINDL 31 3 CLSN aFasiN KT LY 1oe do0N]

0000000 09~ =(LiI-ClIvICLL*} JODTCE=((A-2NEB13)XVyNIDU02
P6520597¢5  =(%0 (LeizCle®y IOTMCe=((L~-C 141 3) RN )IYT 10

=S3ANTIVA Q1514 anNwixyn

Slcect i - et ¢ =Islitcicl CLdowictl~- sice2®ie - % S .
92159°9S — o*p v05£0°95 0L 053°2G1T~- 9169 °9C~— 0S¢ ®c
v 1I5%5c - 0 L35t L% d) hrtos*c=1l=- c3ClO*Be - U0 2%
LVL1EfccCc~- (LR o todli *bll CEQEI¢cSl= L9 E 52 - (a2ld€:
I4 el B P A oo d5%595%¢ 1 OL0S5%2¢hl= 2e9cl ®o¢~- CCO9,
- 44689°62 ~ oo ESOEQ®*c2t ODEQCEI®CST~ LLB6S9*6E~- 03242
S0 L0 E~ oep oscls°511 CECS29251= Z%20.0% ¢t~ (U=®¢
00S0¢%*Ic~ o*0 [P Al P | Qe062°%°cS 1~ 00E0¥P°lc— (35c*
llavetl - tr &0 Slevo € 1 CrLOL2%251l= 1lEtatal~- R
B TR AL B o®0 O980V¥°9ET O0E062°2S1~ 0L1I32° 1~ 0S.L°1
L¥010%Lc - (AR Ls5L3*C21 (0L *251~ =01 0V%2c- o L |
gilvcccl~ 0“0 czebb il QnGOwomm—l CYR R AN B 0ze°1
cCdvd A~ 20 H2¢35%% ) CL Cor%ctl- dctod ?o- (R
YL 134 2 o0 ES0bL"LY CEVUSI*2S1~ LLOPS “v- 0S54 %0
LI9c O C~ (AR (] csd1I°051 Ce 0L col~- Lkl V- o ¢
€920s*C - o*0 2431251 .mcumocm_l C JcS 2 0= Cac*0
0Hep {*n Ce U5 “cs 1 iy '"'2h1 = (A 4] ot
. 2920S°0~- 0o*0 g8431°261 OE067°CS1— 29¢0S°0~ 0S2*0 -
43¢ D®%c- vee 251301 lteCosco b= L%l O c- (R
FVR-RY .04 B QeQ S0%LcLiv 0L O0ZIYCoHI~= 45%H °% - (340~
cC3nL " h- a®*o c0c0hr®c*~1 CECH+2¢cS 1~ cebre *t- coC*l -




[ o]

Ol+

Joemmjemm=] mm==[=ee=jomc—]ocee]emem] mm=a] mmm=] mmmejocon omo=] === -] == -=]
1 1
1 .
: SRR \ 3 Sl 1
1= . =}
1 e I
1 . 4 1
1 o 1
1 > i
.= ® 'w
I » 1
1 ] :
i > i
i e :
1- L -1
1 - i
1 ® i
i ® i
1 o i
- ® =~
i - i
i . !
1 " 1
1 o L
L -1
1 . i
§ OWE 5 ® 1
1 o 1
i . i
| G - =3
P L ’ AT b 1
1 . i
1 . i
i C i
B ] eremma] o] e | -] -———— Jom s Jmenw] e e frme] mm—] -————] ————] -] - ——]
- * * * = s 3

0 o1 - Cc -~ O = 0w~ 03~ (PR

i el R R . 4 ” P
(o) Golled H4MNe G ICTANA TN

coo i

005°1-



114

(IS
Y

AGE
POOR QUAL|

-

ORIGINAL p

OF

vl (e 0=C052°cal el o2%csl- kot i L YL
£1L05%0~ 00 LIEST®2ST 0OE06E2°2S1~- £1.08 0~ 0SL%60
«0e50°¢ 0°C £E2esC0C1 CE0c>28%l= divz?-- v s®H 3
ol000N0* 5~ Lol ¢] 11053 “4¢1 CeC5y°¢S1= 510C0'S - Vad tHe
CELCO S - oo Clege®cml CECS2425)= 082 405 - 002 % 0w
c0vg9°5 1~ o*0 eco30%cel 0E06F*2S1l~= 20w “ol~ USLtoe
ltevct>c - il ¢ 53924¢+%21 CelCo9'231l= VLoLrc v9<—- VD=t
gcLs50°s 1 — 0o¢Q c0E5G*+2 1 Crl89%°72G1l= 0cé20®l= (Ozc®Hou
Ceadd ¢\~ ot SoelHCr ) (e Cos* Sl seli“gci=- £t op
9ls0ov* 12~ 0o*0 ¥iczzZ®icl 0EQ6?“2S1~- J160P°12~ 0SSy
204w T i - C o0 PEEIS SN 0 053 % als #88 L %.e~= <0 %o
9-0ve ¥Sc - ¢coo vLH TS *2e] CL by CLl~ S50t *c¢c—- 0sc®co
Sedct®hcC- (O S3eIdc¥aocl G Ty “Clal= Sl Y3 - VOO0 ¢
LI3FIoI*°VE - o*0 E:00°%8C1 Ce 63 “csl= L9269V~ 054" 7%
o0s33%Sc~- W 1220021 ViloztcEl= 50929 % 5¢~ CO_* 9¢
£EY5506°%LS—- 0o 9302L°%5 02 067 ?°cCl= w7uD% &= 03c¢c®- -+
evCe el - (S «?¢e15%1c CLESRCZ al= ¢ :ded 0= W, e

v s Mo (AZA)rC (A/7Z) v (e/A) .U (/7)) st a Lz el

930 0SZ2%0 A8 000°*v5S 01 000°9 wOx3 VIIHL 19NV

51 o = IHa S1 10D 4 2Av lc TYa Il sa

(el? I3I5KR3I=1sS TBFI3 SYITIZIAI 37 TAlel



115

OF POOR QUALITY

ORIGINAL PAGE IS

‘ tSssscsan,l NithawaSEaNn] -3 3.9 HodAN )iV em i
0000000*0C3~ =I( 00 N9OME=((A=dNIT ) Xvn)D010c
YESCO0LY "CH S(P6C Cee DI POOVWE=ILL-QIS1H)IRIN)IYT 10C

=S-HIYA C131 s wWimixia

r 4cde ~(CE- « i FaE P - T o | VESE* eSSl wredd *Cr- : .
L¥596°%°% .5~ 00 93024 %95 OE0S7 *2S1~ L9096 "46- 0S¢ *
209d 2%°6¢ [V ¢ 12¢00°%c CLCo:-2cSl- 50307 ®C~ L c®
LYIeI "t~ Gee cre0¥aCcl NLOSIYZ2C 1= LS9u9 e~ '3c *
SLIckE *2 - oo 233t 7E°~C1 0elz9%CESl~ 34928 %9~ (OO
9S0vL%6E~ %0 vi6%6%2cl QECoF *CSl~ FS0%L*6C—- v a3s*
0L e - Gen 4 AN CoClr*ll= 403l ‘e~ (o =
S1309°1d~ o°C tleac®irl 0r0Cc¥?¢C i~ 109 "le~- ccc
veslL el - GEo P A 2 SR N | (e (Lt 2= To=leel- -
6SL50%: 1~ 0°0 COESS et OE052°281 -~ 82450 °8B1l— 05.°
e 3<%~ (VA ¢ 546¢72° <1 CrQua®2el~- 1%y ¢ ®ic= 0
AN AR N o*C =2 19 %t} CLOE»YcSl= 200CS ‘- Cac®
CEe00%e~ 0 Clezgc1 K2 Z25T=- 0ecel>dto- 2060
61000°s ~ (LR 11053%.%1 CEQPE7°Z2ST~ olQ00 S~ 0s¢e*
L40.50%C~ AR LZd5e*til CeQcsvcSl= ¢ U - vt
c14605°0~- 0°®0 clE3L1*Cs51 0L 053 %°cCSl— £120%°0~ Cac®

",
o

eror
Q iy

O . Qe ememe0 ¢
TN

ouv o




PAGE

116

ok p
-—--;.—u--—,—-t-n--. .,
i ] 3
" >

*
o

R e B g Y e
'

Ll

(c

‘...ﬁ--..---"-“‘--“-‘n-‘---' -'-— cmmn Prwn | em—- --

* -

s =-

L e L

i

o e e

.y

-

e

Y e e

CCcotis

“

(Q=2*ve




117

ORIGINAL PAGE IS

OF POOR

QUALITY

APERTURE PLANE AFTER QUANTIZING

L1
cas
-]
]
L]
B

| e e

A Tﬁ' T T 2

0
Y-AXIS

T T I v

[T v ¢y ey L i T T

=

o

o o o

o w Bt
' )

—

150
50.0 -

-150

100 150

50 0

-100 -50.0

-150




118

’

I

ORIGINAL

o ® 200 00 ....0-...1....0H3h)UJuJ.1_ ’.ﬂ wJJZ(u 40 ¥ ITWNN

0°¢ ameves ***RAO0AYHS HCTIQ ANS 40 SIXV HINI K :TVYH

f,er L ) v s e MNNWIIS HUETQ NS 40 SI VY HNOPVYV W _-1YH

Hen Lo ee0e=py eQNUIdY NY CUIWNTOAMAND) YIINIY MAQY HS HSTIAQ IrS

cere 0000 c000 Vsl Y ACTIVIODTY ZIAYIH I2NLINI 47

op9°cer- LR a®q Ceerces et (YHEWYANSMYLIFEOVHYTIYISIIONY NKROI L7 L0 CI1Z4
1€€°%6 ol C€2L P TC= Se0e0g 88y ) CT™4 INF NICHC 21VRIAHOAY 40 NOTL 325
caRE* " ©0000000600000008000 00 00()™Y J ATN]LIDTIN 1) HLIONTIN3IAWwP

=SHI1INVYHVYY L1rdNI

€/dvy wMIT |
QUHASTI TH=1YA NYA=ON A 1D SPISTHUIT VLS AN TIAT E£7 HINYW
: APTAYNTIAHCT OT017EY I4AH =0I010YNY4 ¥
e INAdRYXT YNNZPENY NTVYYYIISSYD 1138 -4C

AATLIYAF2=% #3100 4 POTIW AN AT 4 uv 4




119

17G6°*?2
fLY*°CY
rrC*
£6es* L

gaL°Lt
2%5° 19
‘qeccy
t99°64

e nr
Aee
crnvy
CLA" b=

o°*"

o°o
hnﬂ..q
1R E€® 0=

PH)*%c -
0lC* )=
)'N.nl
Ny l®O=

cgceal

AoTYTeCY

frZr*°CY
ceo*n

>GG* ca-

|28 * €=
LT YO -
FET® YC =

cR9*ea

LI, |
e e old
e o o X

v
.
.

*(Z8A%v) 201937 IN M) rY INTNH Z=WNAd INTIW
(728 A%%)Y NN 1937 43IY TJHL P00 INICH Z=WNAIYVYHRW
CUZOATY)Y MALDTIT TN 2T ) NN LINTOd A=KWIVIVYW
CEZOATX) MOLDITAIN IM]L KD INIOd A=wNWI* IW
saas  I00W TTINVA NI TEC NI WYMHIIHA e vesse
4C *aTH0O 40 ACTIMTOSNWXE] H¥CHd QISN IDNTLCIT
®esccrsceprT I NI Z NT ¥ILDIATV 434 47 SIX7Y
escsescers s OTLASTINTIA A NI ¥OLD3IVN43M 40 S IXV
oo.-.oo!)‘.—.)d¢4= X f-d QJLUJ ‘&3 WNK{ RJ\-(t

HALD3T4TY DTT10694ITAM v ST 1T

=CHI 1IN YHYS SLT ONY NNTILA4I4ISI0C 4 10ENS:

*qZOA'Y) NMOLDTIT AN JHL PO UINTOE T=wNWA INTW
(2 p%y) ¥NLITIT4INW AWML N0 INIOd Z=WNd4d IXVA
*(Z%tv) N 1MHTT 4w Jer) PO UINTCd A=WNWIYYW
C(ZOAMY) MNLTTIT4IN 3V AD UINTOd A=WNATAINW
essa  TACK TINYA ITONTS NI WY HIIHLD s ee s
etess e o yN|NITNIV 3L 40 HION3T TVIO04

VALAITN AN DTI03YHYY Y ST 1T

=SHT 1AWV HYS 1T ONV PCTILATHISIC HS TN ANIV4



120

OF POOR QUALITY

ORIGINAL PACE IS

-
“.m B s S neg o
N - i ~e'r 3
“1”“ O.) ﬁ.o\ J”l J-C
Fep . ges b Jou ;-
.\O. ~nerr S e r 001 T ..o\
renm o°e ge'e no. -
4 P4 o £ =
ger Mo) e ”o. 2
L LR fief= e . b
“‘m °.’ ‘.Q’ ﬂ.“n\. UQ .
01 i bt
0v-"~g2”C"°0 ~raa~cne & - . 32 2
. X L N nep e - ' 455 g
fOFNLIEHCT® il R T L L -+peee . . y
u‘ﬂ.\MoWMMt “MNJWWW&NW”” ACIrr2046Ge°» xn@mtiwhNM“M dmww.._w.mhﬂuwnd)
- - - 2 & M g c o, € o e . ) S ¥ “
N 3 BLacRE  A-n-ghiTeen @ gr-masagem o npeenfgfeD  m330955395e 1
3 33053030 3°1
INT N4 -4

«eSIAY=440 TLAMNTIWINI®Y O3 INO VT 0I33 40 N»rI11V4



121

ALITY

GE IS

ORIGINAL PA
OF POOR QU

R LEN
rrprenp

0°e
oer
°.i
o.’
0°o
cen
oo
cor
0°0
0°0
0en
o°r

£
2 . o0

O..o...san,vvw“on
_£977I164GT° 0
S PODLCLESP9S N

nn-n-gerece*"

AN coore>
»a ’“’).‘0 ““”

°.

(14

ne

o.

o.

UO

J.

n'.

°.

’J.

00

0.

O

, o

frraAancocar e
pregre2C "2 °
nuooaﬂrﬂtmoa
"TANTTRITECC

P72 3DINMD 1D NO

20 %02

~r®Dm ’
wrY 4 TH
Areag WY <_.Jt.n

“~

svsecsrsevssccee
Q3LNIAC™IN O
NCHD NYIE LY
d 40 ¥79WNN

a.-’
O o'n
o..‘

N kak-)

O L

O

gepee 'tellgeraye

v -

b6

AL K-Sl o R ol

Ls ’ 6.1
aonwnos m maq:vﬁm._

Togew

(=]
L
k]
O™ MOI0200T70D 20207209
Q o
-1 Rt - R i X

’\l)\l)»
-

- CTXY = n <IN TuNeTY TN d e} Pole Ix | =]
TX 44 b~nt d & 8 ﬁH 4 \N - v
4

rnnge
: ._om = V1IH1
= THS

(S S ]

R S N A &)

LI I O L ]

CQUdUJIGgU I L0JI000U
S N-] - IV

0

"3 ]

~

-t

—

.
C

e
) 5L 129 ¢
a

INT4=3

. L il .
——

———



122

ORIGINAL PAGE IS
OF POOR QUALITY

9gc* v¢

GE”°T6Y
gHR°T Y

6enT ®Soevevve
QOv e e o0 00
.'on.‘ e oo ve
\ph oom.‘n- .
cceTqQ =XYHWZ"**
L1°!T =NIw2Z2e
6P* ¢ =XVHA®*
K

£O®vCa =NTWA®

'NQ‘ L R B B
G2r> e s s nes
\r)‘ﬂ.’ ® e 00 sn
fr] ceycnar o
01 6L4€°62 -

3137d80D SNOTLYINGHOD NNZLIVY o==-c-==e

emecame JMOINT FOYSINTY =cemmcemcmcacea--
amceeme IMINT FIYEINTY meemmmecm o=

ceacveane ZTINVPrD AIHSINTY ~coevccacvenacanca

ceeclvdaVvVy O' ATV AGNS S INTCOd JID N3IAWNN
SsscombscegINe QTHS® 40 43ANIN THAJINTIHL
eecsceacccccegSY SHYE QYYD NIIMLIT OINTIVCS

.
.
.
ooocon.oo.ooo.oo..noooootux.& WUJZ‘I N"5o
.
k3
.
.

TAYT A AIUNAINTHEY O ND TINTLe T NS QY A4 L NT (4

=¥l OMIZIINVM

cmee MAINTIHY TTHCIN Y ~rrmcccccnnccea-

***SINTOd INYTe J2nP¥ILY 30 WITANN WVLICL
SAWH AT IMNIANTA 40 HIPENN W0 L NN IINIHL
cecccsccservscvecsgnIg) ITONY TYLN TAININT
..I................:’xk ,.aﬁh(,-H:DJJﬂ H—~1
sececssccccccesrey Ny NOTLIVNIWNTIIT VLIIHL

=¥lVva NCYLvNIWNAX



123

cGer
fc0220° r=
IC(?82°0~
4#9/cQ° ra
NS ZHT°* T
Sc?NR * Y-
L6279°?=
CE'CA*Ca
L4 4 Al T
9n¢c>*a.
6L826° )~
CPL06%€=
0Lic7°27~
L ""RPr*CTa
52006 T-
CPRIGe 27~
AAALr*9 7=
LSKhEZ* €7 =
LICOR® §7=
lCccao*cPa
82979°¢C2=
AL EEN® H2=
1¢9e>°cr-
Sl HT* 7=
SR COR 2 =
CHecTH°CC-

f0rAd

930
930  ze~

- on
R?rl "*(=
Tr2e2epr~-
4olgo" 0=
NPT Ta
IgZrae 7.
L161l29°7 =
foetracs.
H»r2cR*ea
anccv*a.
fIR76°L~-
CILOE k-
nILCZ T -
27TON°C Ta
670CC*PI~
c>0Tge 77
AEANp*a -
LSERET® 7=
20C90° 4> a
JccaneCra
PIN?9°CPa
CUR- T LR Sl
Tgec?ec? -
CT)IHT® -
HRCREN°E D=
CHATH° CC=

tAZ72)00

080°P AQ 09Nne2g

sLORC* )V
fv(ocC® )rT =
BICEL*LE T~
14957861~
b e oibntnd B G
CCE > Cor gV
£3AVG1% (”-
YErHy 10 T-
LI il
C9Qergeg “o
YEEHT°GOC~
4)-‘“.0WVI

‘rceCcC Q2.

N4 )77 .
1+CCL o112~
PRCTC *2? 17 -
£TCFC*C 17 -
Co*CSE°C 17=-
CEnRQzoy v a
CRRC/*s T2
+¢/86C°CT7=
FOCY1°9 vo .
rerge 9r> .
QrCep®y 7" a
CHreE?2*°0 12 «
HCTER*D T2 -

(A22)00

= Ine €~

TAAY STINNSE]® AT

n1 o

S)o0C* e
ey ~CH® e ~
LW At N 4
{e”pocag~
ﬁﬂﬂﬂﬂ-)hd
[ GV -T2
1L "R % ¢
‘“ ‘Nn.ﬂuh‘
.N.-NJ.UP!
corn>eve v
Cer )G*°eN T
e *aqe )Y
c'rvroecny
\37!'0.“0‘
AH°CN°FL T
YCCEE*HLTY
FA LA N AV I
NH\H“OCNC
'feenger Y
1T THavcy Y
leTaQer v
LEEC oG )~
ca="cCcze2’1
e vecdq Ly
rg 7o JeY
feSgrescT

<«

(Z/7AY0Nn

TR WOCYWA YI3ML

1IN 40 AINVIYA AwA4T “NT¥d

nen
rav ) ew,
Lt Ll

Lol 2 I P
orgeve~,
€CPETH® Va
Q\,l“.n."
L YCN*C -
CEELPER Ll H-
o AC 1° Ca
77149° 7=
OV C% L -
*I/MIMGgA® YT
,Jnﬂh.l‘ﬂ-
CI9G7*° 6 1=
ol ko
ss3v-*0va
Katel Tk R
Q‘O‘FQ’Q'
€' ce 20y 1=
=ang0cy v-
CERN 0 T
FrTIGHTE T
C.Nﬂl“. Al -
3340&. ‘N'
p\.\uﬁl\m.'v-

s 2 B W el ]

IYXTR=T= I% IIAVT

=Ny

U Dowmv
nFR*E D
243° g0
Vg ega
AR zhe R 8-
N T30
175°69
IHH*KP
“9¢*6H

o>eg¢ >
002°69
22 1°43R
TH0*59
nogcenq
"ea*gqg
“ane@Q
neL*2en
“HQ*ng
yc*gn
Ho4*pn
Y)%°87
04”000

EAKCE
~gveqy
"o0*F8
Y ~eQed

vY1iIu)



124

ORIGINAL PAGE IS
OF POOR QUALITY

] *eesssessgT NOTIWHNOIIAT N04d €C~=Nn HIAWN®

Lsccrvpey

68T h QT (' 1=0"7c0P9¢es 7

6CETHCC -
S709Q°* el -
EEV RS ALV
69%9C2°GT=-
an'ce *sPa
©lep?9*¢2=
S4HCOQ *C -
£SC99 * 2=
CTEL?P®* =
rv60r°97-
L281C*27-
620C0G°9Y =~
6Hr0"°GCT-
SCRC?*2T=
CGLCH *F =
ArE2E" 2=
N “nomv Qe
C2?2¢0 °H-
2E71¢0°C-
B ELLE 2
GEZrR* Tem
S HT* T
‘)T -
Gr?R?7° =
TCCLT® B>

=(r" OB TYHOCTTE Y

~eersccc-
S790Q°¢ -
d o | HT o NUI
£59C7°C2 =
OONET*" H T -
Q)979°C -
C4HCO3 *°C7a
CCEOR* 4 7=
CYERP® ST -
rTRN Q7
Ll1OTC® P>
6LO0C AT~
£EsNQr°C T
clocZ*?T=
SCL Ek=
& rATER" l=-
L ?$C?*9%=
ePPCo® -
NETCO* C
21829 *2-
aarrpeT,
CLPHT T
regpco*la
Gr2ezo0=
L L U o

lrczep*0r2a
eCc re2°*°212 -
ACCH)*) TP =
€506 °9T17 =
€ T1°9 v2-
AFAE XA 4t
0)CC)*H "2
CRRAT*H TP -
CCCCEC TP
eTG2Cc* ¢ 1”=
ceccae? 1?7 -
€9CceEl T2~
COkhp>° 1%
226CcC*Q (2=
o> "rRe*arga
CTACTY®*CN? -
LCgCTQ g (2=
CETPE*?NP2 =
CC " a1°T0~=
2T CYI*r (2=
can>C*rgev-
TH4COC *Og Ve
HhOQOTCT® 36 V-
CPCEL LA T~
rtF0QC® ET-

bavR"eHOT

QTP ) a v

22°°C® >
c?2~c?* 21
LKTf He°CyT
FETRA*~ )T
€?rso°Cy 1
ZPre9°2, 1
09\5“.(N4
hQregpevy
cerzE°y 1
96 700°62 1
AT e Y
r) *cP*coY
reTfaenT

‘L e)Geg'eT

L97C2°1¢
A= L Rl e
c) N\. alnvﬂ -
GATRB YR
FOn[*CeT
)Jocogece v
an*)qctag ™
02°72°L6T
SHTEH )T

YECACZ =((Z=-QN7 T 4XWRY~ " (P

Ll A W Lk 2
Ll -V -
velCDenrT,
CIISH°E T=
e Hrg *O "o
~frECO ) T
e*eae2® =
PYO8L°°T~-
~CHTIPPO T
AdRT(*OT-
D e Sl e
"E9G 2% h 1=
|I*v*ra)e>~a
1‘34‘“\. T Te
am1IC % r -
LIS € LR B
c*T¢T* o
£EvCELS b
ANTCQC* Cm
foreq*P.
e LTR T
rgGgY *va
[l B 1 B
059 g2 * Aa
Lol A B R T

NATIYAcd >3 INT

YErN 2 (A=A 1" T IV WY I RD

_=S3ANTAVA AT I WARTIVIA

3 ce g
226° 15
}4R°* 16
“9L* 16
"e9e Tk
Y ae lw
23°* 1%
NHHe1s
T9¢°* 1A
e 1¢
c>e v
271°16
ac,evg
L o
cQeng
“g8*0e
?L°38
9 g
aGge® g
a0k
“he ng
r¢*05
52°*0R
)STI* a5
PR R Al

2

P R



B —— e e

125

PAGE IS
Qu

?unu@nunﬁnu?

@ @ B g e g g 4
'

£
i

T TR

-t LDl E LTS C LT
-

e LS LY
MYETL I¥d NIRAL A7 ITIVHVON

S22 ~3a

L e L e e e e e e e R e e e e L E L

“‘-.-ﬂ'-'-”----ﬂ-l--ﬁ-. ‘-] ll--d-'-'ﬂl'-ln---ld"-|~

0S=

FNY D VAT A

33*5e

Y3 eae

rI%*33

20038

€(930) vi3Hl



126

ORIGINAL PAGE IS
OF POOR QUALITY

‘----ﬂ----ﬂ'l-'ﬂ----~---‘@""~--'-N'---.--l-M----C-.-‘ﬂ--'-* comm-Y —-emew] U t'.‘.’

= A ot

« . -1 ane=3
- - ~
Rzes . 1
™ e F -
; . 1
v . -1 223315
o 1
v E :
1 " 1
1 . " nw 18218
1= ; ;
L ]
1 . 1
e ; s -1  2M°0e
i : :
1 e, I
ﬁnmﬁml i r‘o 1 .
- . -1 N %95
1 . w
“ -
. 1
1 . 1 B
T= ® -1 a3t* 35




127

ORIGINAL PAGE IS

OF POOR QUALITY.

19027°0~
S54787° 0=
RGEC9° 0=
ACCPR®* Y=
69€E9° 2=
87240 C -
S2TCR*y=-
'NK”‘."
S1Y66° 2~
62r02C°*" 1=
€6724°27=-
$L?7C° G V=
S TR EY -
L2?27¢°*°G2=-
%9216 L€~
JelcveonC

- PT289° L2~

2CL€¢°G>=
798G "7 -
6948 * 47 =
T9$94°C2~
HHCTA*Q P
CELICS IC-
GaFZ 4 e~

FaONmd

A 931

zgEr0°0-
6T1282° 0=
LCOC9° N
6OoCHT" v
9¢Gro* v
c9¢se -
TOe249 'Cu
SPTCR ‘y=
TIPRZ*O-
49266°L~
ROCPrenrva.
6E5%C 52T -
99 aTC*C V-
S SE68°8 T~
QrPCC*°G -
ecoe7ong~-
e sl
6CEB9° L2~
EFLSS 2=
6LGRC® 42~
STaAs0 *H .
$8E96 ° 7=
eOPQAYr® 0%.
QHLBE*TE =
$°GAH* C =

(A7) R0

o8n®0 AR 93gre2

930 0"n*rg

YZecc*ac-
AX L8 0 A 0
2¢c422°2 8-
LRTE Gy
€ 'frceCsa
CHHCS 28~
CrC " Fr* 2=
YL L19°T %=
?agrac*rTsa
TCe25°T o=
2eCy? "2 8-
€ZLLE* 70~
AT CL*Crm
1242?7°Cy-
ANceCR*9 4=~
Qe 08 -
~)TnoerTCa
9€217°GC=
PlisprYye*-ca.
LR AL X Rl A
NCCC2 %, T
Tevizez9-
rllcs¢ cm
€?CL>°8C=
lOPC er*°QC-

tr72)na0

01 orc*>=-

= W13ny <1

TEFEC*Y S
O THC TS
crragens
CErLH° (Y
cPcYocce
E6FRE°RE
TTvaeyS®
L27L21°°¢
M3 A BEE ]
gEncac‘ce
sc'h " ~¢
L AR Bl
cfavec>
eyszyYce?
O)ohvoﬂ(
53 5 B3

Qapng ey

€058 Y
corcp2eol
carcro)w
Lw2727°°T
|o0eca*GY
0"!0‘”‘
svOog>eny
Qe IS Ve N

(~/A)°70

LR E

€rE2 sl -
erc9g°r-
I*=svypqe ra
L L LT .
sacape>.
-4 r v
s
£V QG Te v
ae e
geignzer.
.1uﬁ’0.’-
AancGe® Yo
‘.‘u-‘n.‘-
£eg Q9 ca
awTeTes
"CC T S
TRl L -
~ISES T I~
~engQPeeY .
b WA oG 1
©2679°% ) 2=
(R FA- RS A L5
cJ .'49. ‘d-
Yyoe9ac*a T
’J“n’. ’*-

¢ez2/77yon

IHd "Ny
10" 30 3INVNA WITINTYD

agy SATARAITIT A™T3 IYRIATTT 7 95a°F[

TR0°0C=-
I9T* 0=
ThP e
>¢°0=-
) is°ne-
IR D=
)23°0-
1499° 0=
024°N=
9 99° 0=
TR -
“56°T-
“hane 4.-
21°T=-

The T
37 T
- -Jﬂ..— -
T196° 1=
025 1=
) 19°Ta
199°* T -
re)*le
B Al £
r26°1=

Y el

MCE ]



128

I 4 TETTYTISTESST NOYIVEHOTIKY WAJ 7O §IOENY N Y[V INJEIINT

LHGC2Y0°Y

l9QCTvee "pa

=(c "=Qnnegr=cey

& TN Y

CHR~H"* )C =
C6RIT* 70~
bacTAcg>a
1849¢ °C2=-
6ETEH0° §7 -
298G * 47 -
2 leCeCVa

PclCT V80
597 76" LS~
l227C*°Cco>=

Y1RES AT~

CL?TC*°C =
CHEILH°2T=
627720° "V~
STI16E° 2=
SLIR>*q-
G>2YCE *4=-
ATTa0°Ca
648C9° T~
ACcCrao® Y=
TRCEHT* V-
GCceCco*'Na-
S4282° 0=
19nr)"°fa
)ﬂ\”QQ-

yccop e c-
aslee*"C-
ePAYFr*O P-
$CCOR*C2-
G TAROe >
CECPRC ST~
CEITCG7-
6€E89° L2~
0EGE 7" 4T -
ZCl?* /¢~
RC?CC*C 7=
Y5666 T~
a9aYG* Cv-
£65C26°2T=
gre¢2rervTa
$926&6° L~
TIoR>*9.
colcp*h-
Tera9 *ca
£OCFEY* 2~
ACCOR® Ve
6CCHTI°T=
lJcecaena
£ 1297%0=
>crlC*N-

re's

=("" O0svHQC2YY

LPCP(*0G=
CP(r?°RC=
~llCH°hCm
ITCT1E*29-,
cEfCcZeg T
€198 6%} -
cRhsnNneCcena .

“9fFL12°SS-

f2Y70F9°YC=-
QEQPEL°Q b
90 €CR *9 %=
12L22° S %=
govCeeCh-
EPLLIE*P 8-
°C€Cl?2*°?4=-
Tre2F T o=
regrc ey
MEXLAAE T
ceg'-recha
Casgeerya
Q LPCE*C i
IPTFr*C b=
U3'~U.\"
AagflRst*pcCca-
1°¢€cf°*°9 €=
4290¢c°2¢T=

CE )T

o B B Bl B
cecc aec7T
fnece sy
IN0hd Oy
gergreLY
cerqdeny
fesce et
VTRV

trvegeee

4322001
eTazY* 22
cCeH aﬁ.cnu
FICsT%e?
4C”7~aeY
€6 g9 g
TR aCCo g
2271 2°9¢
veTe6LS
GEFR6 *PE
ﬂV\u‘ﬂ .\.0
CEFL BT
c> ragef &
CY LT TS
lrgrccory
29 Fr>gQevy,

fo—

YECN T (A=A NV NN

YOCNP2=( (2= T ANWYN) (Y "2

L
vToegQa'a 1.
PreCRe 7 T-
£OIRES P Pa
€’z 2=
©ve IC® Y0
cfAanQregYTa
SIS ES T I=
Rl ECE -
segagt -
» "ﬂ.‘.,-
£°C09 T~
Yag>3Ced.
ﬂazﬂ. T
.y "‘l L
FEIQE * "=
Sl I Bl
E"HCL* "
CrE)C® -
colito° -
seCcr e~
5‘0". Cw
_nld)q..\vl
crgenTr-
Ll A B
~vGRR®* el -

=SINTAVA IV=T I WAWTYYAY

3 30°72
tee*
) 4o~
Al Bl ¢
JA9e1
sqQe v
- ‘;’-.N
Do 1
~ege
anv. v
r2eY
pz2I* 1t
yeey
Yok° "
*gQq°® °
193° 0
IZL*0
3997
)9G* .
I°%*0
u "..I\
17gen
.&2°9
19T D
‘33.0
Yage-

§ ——



s

[

129

1»!.« % PR o o iaa vl ey “
I * 1
1 ® 1
O R A I Bl -1
 § = 1
) 4 ® 1
» 1
[ ® - ) - 1
I=- . -1
1 . 1
) § ) v
b oot o e o 1
1 ~ 1
I- . -1
1 ™ 1
- - B 1
1"\.5? . :
1 . 1
Te . -ﬂ
SEmESERETTE L CdeE . | : 3
| = 1
; . :
. 1
|%|‘~‘10’4|l.lﬂ'|l'dll-lﬂ‘l.l400004 lo..ﬂ..’.ﬂ...'.ﬂ‘---ﬂ-llld
L . : L £ s e =y 3
. o L £ ¢tP= o - 08~ 0G - €=
AT S A TR TG P e

(AOyY M¥Thgve UIARG C=Z 1vuvON

€3 WeIC prrere YITHY = aNwTd “vdTIMIND

TR N

3% *8 -

2)3*0~

12T~

0N99° T~

glao 2=
t”a7m THY




130

m----ﬂ----ﬂ----“"--n----‘---'ﬂ‘---‘----d‘...d cecsstlecsoerTacsa]l caa=] '--'“ b Bal
§ S . oL e
1' M N R s N
1
1= - -1 2372
. . 1
1.!..,.. N A Y . . “
v - 1
pd = -1 989° Y
L o - 1
I * 1
T . 1
v L 1
s . -1 pezer.
T X 4
1 . 1
P e 8 1
- - . -1 3L

-’-‘n

1 » -3
ml ® -1 3'%°*D0
® 1
!ﬁ .00 " e . W -
1 . 1
T=- = -1 Jd .70~




APERTURE PLANE AFTER QUANTIZING

ORIGINAL PAGE I8
OF POOR QUALITY

- aessa -
Lo I B B N B B B B B )
L AREREERRERS S 33 3
IEERERER S22 0.0 0.0 8 4

-

XXX
XX X O
X X X

Mo @ o @ 000K MK KK XK KX x
W o v s XXRAAXRRXXOOOOO XXX XXX X MK
ettt UUAARARRRXXO000000000 00X X X X ¥
BB+« XAXXRXOO00OO000000Q0VNOO XX X ¥x
BR<++* XXNXXOO0000000CO00000O0OVOO X X M
e e e XXXXXO000000000000000000000X XX
W e XX 0000OCCONXXX
@B oo X Q000000 XXX
W@ e XXXXOO00000 BOOVOOOXXX
MR e « s e XXXXOOLUUL BO00000OX M
WR«« X XXX00000 00COOX XX
M@« « XXXX00000 FRIWR@BRO0O000OX X
@l e e XXXXO000COB LLLL T T Islelalolel s
BR« « « XX XX00000@B @ EBEBNHO0000 X XX
BE e« XXXXO00000BEER EE0IERANREAREEEEMO0000OXX
BE+« + XX XXO000O0HAERARRGERENNAEENEIRBBBW®O0000X X
BR « « XXX XO0000OHGERNERERLNERIERENIBBEBBOOOOOX X
B« « XXXCOO0OESAANEREEBRFLAEEIIIBVIBW®RCO000OX X
BB« X XXX0000HGIHEEENBERCRIAEIEBBEREVO0CO0O M X 18
BE«« + XXy X0000OHBEREREAVAEEBTRARBRBERR0O0O000X X
BE<« « xXAX00000NIBEHOGACERARNAIERRRBERCO000X X
BR« + «+ XX XX00000NERIRERNBRLDHBIBEBRRBOOO00OX XX
R« « s AXXXOO00ORFEFALERNRERIDEBRBVRBBO0O000 X XX .
W+« « X XXXOO00OCHIEGEREPIERAEARGRAREROO000OX X
B« « « XXXX000000HEREDNDFEFHEBIV@BHROOO0O0O N XX =
HE« « « « XX XXOO0000OEREERERRLNBEAREBERO0000O X ¥ .
@E « « xXXXOU000UOHAEERRREENRWBRBLOOOVOO X XX }.
@R« ¢ « « XAXXXO000000EERESFBRE@RRO000000 X X ¥ ;
AR+« XXXXXO00000000BSNB@BRO UO00000OXXX r
B« « « e XXX XXO00000000020000°0000000X XX -
BB« XXXXXO00000COCOOOOOOLOOO XX X ¥ =
BEe o+ e XXXXXXO0D0000D00CLO0OOX X X XX [
e v« e e XXAXXXXKOOOCOIDOOD O XXX X XX r
[ EREEEEERS S8 88 S L SNISIsislel s o0 8888 4 5
Woeoo o oo MO0 KKK Y KK KKK KX -
R e R T S T e s L
e ¢ @ 00 @ e MMM KE AR AN
e I -—
- .« st - E
lfTTjﬁYY'T"YTI‘j'YTIYTj‘I"'wYIYYffTYrY'j
o o o o o o o o o
o o o o o o o o )
N [ve) r~ O (Vp) o wg) o —

SIXY-7

40

30 0

100 200

0

f)

19

)

-29

J

-390

-40 0

31

o
J

-AX1

b



	1982010575.pdf
	0041A02.JPG
	0041A03.TIF
	0041A04.TIF
	0041A05.TIF
	0041A06.TIF
	0041A07.TIF
	0041A08.TIF
	0041A09.TIF
	0041A10.TIF
	0041A11.TIF
	0041A12.TIF
	0041A13.TIF
	0041A14.TIF
	0041B01.TIF
	0041B02.TIF
	0041B03.TIF
	0041B04.TIF
	0041B05.TIF
	0041B06.TIF
	0041B07.TIF
	0041B08.TIF
	0041B09.TIF
	0041B10.TIF
	0041B11.TIF
	0041B12.TIF
	0041B13.TIF
	0041B14.TIF
	0041C01.TIF
	0041C02.TIF
	0041C03.TIF
	0041C04.TIF
	0041C05.TIF
	0041C06.TIF
	0041C07.TIF
	0041C08.TIF
	0041C09.TIF
	0041C10.TIF
	0041C11.TIF
	0041C12.TIF
	0041C13.TIF
	0041C14.TIF
	0041D01.TIF
	0041D02.TIF
	0041D03.TIF
	0041D04.TIF
	0041D05.TIF
	0041D06.TIF
	0041D07.TIF
	0041D08.TIF
	0041D09.TIF
	0041D10.TIF
	0041D11.TIF
	0041D12.TIF
	0041D13.TIF
	0041D14.TIF
	0041E01.TIF
	0041E02.TIF
	0041E03.TIF
	0041E04.TIF
	0041E05.TIF
	0041E06.TIF
	0041E07.TIF
	0041E08.TIF
	0041E09.TIF
	0041E10.TIF
	0041E11.TIF
	0041E12.TIF
	0041E13.TIF
	0041E14.TIF
	0041F01.TIF
	0041F02.TIF
	0041F03.TIF
	0041F04.TIF
	0041F05.TIF
	0041F06.TIF
	0041F07.TIF
	0041F08.TIF
	0041F09.TIF
	0041F10.TIF
	0041F11.TIF
	0041F12.TIF
	0041F13.TIF
	0041F14.TIF
	0041G01.TIF
	0041G02.TIF
	0041G03.TIF
	0041G04.TIF
	0041G05.TIF
	0041G06.TIF
	0041G07.TIF
	0041G08.TIF
	0041G09.TIF
	0041G10.TIF
	0041G11.JPG
	0041G11.TIF
	0041G12.JPG
	0041G12.TIF
	0041G13.JPG
	0041G13.TIF
	0041G14.JPG
	0041G14.TIF
	0042A02.JPG
	0042A02.TIF
	0042A03.JPG
	0042A04.JPG
	0042A05.JPG
	0042A06.JPG
	0042A07.JPG
	0042A08.JPG
	0042A09.JPG
	0042A10.JPG
	0042A11.JPG
	0042A12.JPG
	0042A13.JPG
	0042A14.JPG
	0042B01.JPG
	0042B02.JPG
	0042B03.JPG
	0042B04.JPG
	0042B05.JPG
	0042B06.JPG
	0042B07.JPG
	0042B08.JPG
	0042B09.JPG
	0042B10.JPG
	0042B11.JPG
	0042B12.JPG
	0042B13.JPG
	0042B14.JPG
	0042C01.JPG
	0042C02.JPG
	0042C03.JPG
	0042C04.JPG
	0042C05.JPG
	0042C06.JPG
	0042C07.JPG
	0042C08.JPG
	0042C09.JPG
	0042C10.JPG
	0042C11.JPG
	0042C12.JPG
	0042C13.JPG
	0042C14.JPG




