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l. SUMMARY

A computer program to calculate the radiation properties
of the reflector antennas is presented. ‘Ih [ts present form
the program can be used for pgraboloidal, spherical, or
ellipsoidal reflector surfaces: However, it-can be ~ easily
modified to handle any surface that can be expressed analytically.
The program is general enough to allow any arbitrary location
and pointing angle for the feed antenna. The effect of blockage
due to the feed horn is also included in the computations.

The computer program is based upon the technique of'trécing
the rays from the feed antenna to the reflector to an aperture
plane. The far field radiation properties are then calculated
by performing a double integration over the field points in
the aperture plane. To facilitate the computation of double
integral , hc#aver, the field points are first aligned along
the equispaced straight lines in the aperture plane. The
computation time is relatively insensitive to the absolute size
cf the aperture and even though no limits on the largest reflector
size have been determined, the program has been used for

reflector diameters of }oooh.




2. INTRODUCTION

The purpose of this report is to present a detailed
description of a computer program called REFLCTR which has
been written to calculate the radiation properties of reflec-
tor antennas whose surfaces can be analytically expressed in
Cartesian coordinates. The reflector feed can have any
arbitrary location (does not have to be at focus) and arbitrary ‘

pointing angle. In its present form, the program is set up
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to handle either of a paraboloidal (y2+z =4f (f+x) where f is

the focal length), spherical (x2+y2+22=r2'where r is the radius),
or ellipsoidal ((xz/a2)+(y2+zz)/b2=1 where a and b are semi
major jand semi minor axes) reflector surface whereas the
refleétor can be defined by the curved surface of a frustum

of any one of the above mentioned shapes.

The theory associated with the computer program is briefly
presented in Section 3 and then the computer program is presented
in Section 4. An example is presented in Section 5 for a
sphefical reflector to demonstrate the methodology of using
the computer program. A detailed description of some of the
subroutines is given in Sections 6-10. Section 11 shows how

the program can be very easily modified to handle any other

reflector surface that can be expressed analytically.
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3. THEORY

The underlying theory is described in detail in
Reference 1. For the purpose of understanding the computer
program, however, a b;ief description of the theory is
presented.

Consider a reflector and its feed as shown in Figure 1.
The reflector surface is known in the (x,y,z) coordinate
system, 0 being the origin of this reflector coordinate

system. The feed antenna which is allowed to have any

arbitrary location and direction is directed along the
negative x'~axis of itg oﬁn coordinate system whose origin
is 0'. The radiation pattern of the feed antenna is assumed
to be known in the primed or the feed coordinate system.

And therefore, to be able to write the equation of a ray

emanating from the feed antenna in th~ reflector coordinate

z
Reflector

~

Feed Coordinate Reflector Coordinate
System - System

Figure 1 -- Feed and Reflector Coordinate Systems
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system, a transformation from the feed to the reflector

coordinagrs is needed. 1In general, these two coordinate
lyltc;s are related to each other by a translation and

a rotation, each of which will have three orthogonal com-

§ ponents. The computer program is written such that the
translation is defined as the vector 070 expressed in the
primed coordinate system i.e., the coordinates of point 0

in the feed coordinate system. The three components of

this vector 010 are called PEED(1), PEED(2) and FEED(3)
in the computer program.
The rotation needed to relates the primed and the unprimed

coordinate systems also has three components which are called

ALPHA, BETA, and GAMMA in the computer program. These three
angles are defined such that if the primed coordinate system
is rotated by ALPHA, BETA, and GAMMA, the primed coordinate
axes become parallel to the unprimed coordinate axes. Speci-
fically, ALPHA is the rotation of the x'y'-plane about the
z'-axis needed to make the y‘'-axis parallel to the y-axis,

and as shown in Figure 2(a) for a simple case, ALPHA allows
the:feed to be pointed anywhere along a horizontal line on

the reflector. BETA is the rotation of the y'z'~plane about
the x'-axis to align the z'-axis with the z-axis a1 allows

the feed antenna to have any arbitrary direction of polarization,
i.e., not necessarily coincident with either the z- or the
y-axis as shown in Figure 2(b). PFinally, GAMMA is the rotation
of the x'z'-plane about the y'-axis to make the x'-axis

parallel to the x-axis. AMMA allows the feed to be pointed




: X' 0
Electric Field

Vector

Feed 0

— Reflector

Figure 2 -- Angles ALPHA, BETA, and GAMMA




anywhere along a vertical line on the reflector as shown in
Figure 2(c). The rotation angles are considered positive
for counter clockwise rotation when looking in the negative
direction along the axis of rotation. Thus, for example, if
the feed antenna was directed upward along the offset focal
axis by an angle Go, GAMMA will be —eo. To describe the
general orientation of a feed, however, all three of ALPHA,
BETA, and GAMMA will be peeded.

The feed pattern is needed at enough equally separated
values of 6' and ¢' so that the rays emanating from the feed
over these ranges of 6' and ¢' more than illuminate the
reflector, i.e., the rays with the upper and the lower 1limit
values of 6' and ¢' miss the refiector. A typical ray along
(ei, ¢5) directionlis shown in Figure 3. 1Index i is used to
denote the change in the angle 6' which has NT equispaced
values between 6] and eﬁT. Similarly, index j is used to
denotﬁvthe change in the angle ¢' which has NP equispaced
values between ¢] and ¢\, making the total number of rays
considered emanating from the feed equal to the product of NT
and NP, As mentioned above, the limits on 6' and ¢' are
required to be such that at least the rays with 6' = ei and
e&T and the rays with ¢' = ¢i and ¢§P miss the reflector.
The reason for this is explained later.

Associated with each ray (i.e., with each (i,j)) are five
quantities — E! and E!, the two components of the electric

e
field along the ray, the phase of the electric field, and the




Figure 3 -- Feed Pattern Angles
angles (ei,¢5) specifying the direction of the ray. These
five quantities are stored for each ray in a three-dimensional
array P(5,NT,NP) which is shown pictorially in Figure 4.
Using the three pointing angles ALPHA, BETA, and GAMMA of
the feed with respect to the (x,y,z) coordinate axes, the
Euler Rotation Matrix (dimensioned as A(3,3)) is calculated.
Use of the matrix A allows'one to write a unit vector along
each of the rays in the (x,y,z) coordinate system, following
which, the point of intersection of the ray with the reflector
(xo,yo,zo) is found, and the x-, y-, z-components of the unit
normal, NHAT (1), NHAT(2), and NHAT(3) are calculated
at that point (Figure 5). Knowing the vector along the

incident ray and along the normal at the point of incidence,
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the x-, y=- z-components of the vector along the reflected
ray, SR(1), SR(2), and SR(3) are calculated. Also, with
the knowledge of the unit normal vector, and Eg and E¢ of
the incident ray, the three cartesian components of the
electric field in the reflected ray, ER(l), ER(2), and
ER(3) are evaluated.

A plane parallel to the yz-plane is defined as the
aperture plane. xc is the distance of this plane from the
origin and it is chosen such that tiic aperture plane lies
in front of and near the edge of the reflector. The boundary
of the apefture plane is a contour formed by the intersection
of the aperture plane and the rays reflected from the edge

of the reflector. This contour in general can be a combination

P4,... )=t
P2,...)=ty \
P(3,...)=Phase =1
P(4, L) i=2
PG5,...)=¢'
b i=NT
j=1
j=2
L




of two ellipses. For the sake of simplicity in calculation,
though, the boundary of the aperture plane is approximated

by a single best fit ellipse. The parameters that define this
ellipse are its half major axis (HFMAEX, along the y-direction),
the half minor axis (HFMIEX, along the 2-direction), and the
coordinates of the center of the ellipse (XC, YC, 2C).

Those rays emanating from the feed which will miss the
reflector are assumed to be reflected as though the reflector
surface extended past its boundary. The pg}nt of intersection
of each of the reflected rays with the aperture plane called
(Y,2) is calculated. Using the points which fall immediately
inside and outside the aperture plane elliptical boundary,

the edge points are interpolated at the boundary of the ellipse.

Aparture Plane

Figure 5 -- Geometry of the Reflector Antenna
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The points outside thc'qpetturé plane elliptical boundary
are then discarded. For the points that fall inside the
upittuto'blanc ellipse and the ones interpolated on the
ellipse boundary, Y,Z, ER(2), ER(3), and phase are stored
in the P array.

The points of intersection of the reflected rays with
the aperture plane are in general, ndt uniformly Aistributed
over the aperture plane. However, in order to facilitate
the calculation of the far field radiation pattern from the
aperture plane distribution, these points in the aperture
plane are aligned along equispaced y=constant lines. Or,
equivalently, the magnitude and the phase at cach of the
intersection points are arhitrarily assigned to tha nearest
pnint on a y=constant line. In this way, the douhle intcaral
tn» be performed ¢~ the aperture plane reduces tn an integral
over straight line integrals along y=coanstant linecs., Tha
spacing between the y=constant lines must be chosen very
carefully. For example, shown in Figure 6 is a computer
canerated plot of the points of interscction of the reflected
rays and the aperture plane. Observe that,cas stated carlier,
these ave not uniformly distributed. Figure 7 is annther

computer generated plot showing the locations of the samo

points after they have been aligned along eauispaced y=constant

lines. Notice the blanks created in the lines as a result of
aligning the points. The spacing hetween y=constant lincs
needs to be chosen to minimize these hlanks and to place

them as near to the aperture edge (low field strencth recion?

”» . ..



as possible. The best value for lire spacing has been found

to be approximately equal td the average spacing of the points
(Pigure 6)‘along the y-direction. Since the integration time
depends upon the number of points (of intersection of the re-
flected ra;; and the aperture plane) which in turn is determined
by the angular increment between the rays used in the feced
pattern, the integration time is relatively insensitive to the

ahsolute size of the reflector.
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Figure 6 -- Points of Intersection of the Reflected Rays
and the Aperture Plane
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4. COMPUTER PROGRAM

The computer program has a main program that calls
several subroutines, some of which call other subroutines.
The order in which the subroutines are called is illustrated
in Figure 8. The remainder of this s;ction describes the
overall working of the program and the subroutines. The
subroutines shown in double lined boxes are also discussed
individually in greater detail in the next sections. The
suhroutinesAshown in the hatched boxes are the adaptations
of standard library subroutines. A brief description and

listing of these is given in Section 10.

MAIN

RANPAT

\}.}.\‘ \_\\ \\

Figure 8 -- Block Diagram of the Computer Progrem
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MAIN: In addition to the ordinary input and output files,

~ the REFLCTR program (Figure 9) uses two extra files - tape
8 and tape 20. Tape 8 is used to temporarily'store a part
of the aperture plane data while the remainder of the data is
being sorted and rearranqed. Tape 20, dictated by ?he value
of a variable called APRDTA is used to store the aperture
plane data both before and after being aligned along the equi-
spaced y=constant lines. This information on Tape 20 is

later printed out and is also used by subroutine APRPLT to

generate plots similar to those shown in Figures 6 and 7.

The P array contains the information on all the rays E

emanating f{rom the feed antenna, five quantities bheing

associated with each ray viz., Eé, E!, phase, 0', and &°,
MAXPTS, which is the maximum number of rays that can be

stored in the P array, is declared in the DATA statement and is

also used in dimensioning the P array.

NMPUT: Thé purpose of this subroutine (Figure 10) is to read the

input parameters and the feed pattern information. The

input parameters are read from six cards which are described
hbelow. The feed pattérn information, however, is read in a
separate subroutine called FILL which is called by NPUT. All
input parameters are in the same units of measure.

Cards 1 and 2: These are called title cards and contain

eny alphanumeric information in columns 1-80 for title or

identification purposes.
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Card 3: General information about the reflector.

AORORF .

XLAM
GRID

SURFACE

APRDTA

RELLP

Semi major axis of the ellipsoidal
reflector surface, or the radius of
the reflector sphere, or the focal
length of the paraboloid,

Wavelength in free space,

Spacing between the y=constant lines
in the aperture plane,

A number that is negative, zero, or
positive for ellipsoidal, spherical,
or paraboloidal surface, respectively,

A variable that should be positive if
aperture plane plots and a printout
of the aperture plane data is desired,

Semi minor axis of the ellinsoidal
reflector surface. FEven if the reflentor
is not an ellipsoid, a number shculd
still be recad.

Card 4: Feed information.

TEED

ALPHA, RETA,
GAMMA

A one-dimensional array containing
conordinatas of the (x,v,z) coricin with
respect tn the feed conrdinate svstem,

Three rotation angles that define the
pointing angle of the feed. (See
Figure 2 for definition).

Card 5: Aperture plane information.

XC,YC,2C

HFMAEX, HFMIEX

YCBL, 2CBL

HFMABL,HFMIBL

x-,y-,z-coordinates of the center of
the aperture plane ellipse,

Semi major and minor axes (alonq y-
and z-directions) :.. the aperture plane
ellipse,

y- and z-coordinates of the center of
the feed chadow ellipse in the aperture
plane,

Semi major and minor axes (along y-
and z-directions) of the feced shadow
cllipse on the aperture plane.

ORIGINAL FAGE IS
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Card 6: Illumination information.

PHI A one-dimensional array containing the
initial, the final, and the increment
values of ¢' in degrees over which the
feed rays illuminate the reflector in
the feed coordinate gystem,

THETA A one-dimensional array containing the
initial, the final, and the increment
values of 6' in degrees over which the
feed rays illuminate the reflector in
the feed coordinate system.

Next, the number of o' valueé NT gnd the number of ¢°'
values NP are calculated, These are maximum values of
indices i and j respectively in Figure 4. The product of
NT and NP called NPOINT is the total number of rays emanating
from the feed and should be less than the veclue of MAXPTS
which is set in the main program.

Finally, NPUT calls subroutine FILL where Eé, E$, phase,
6', and ¢* values associated with each ray are read into the
P matrix.

FILL: Associated with each of the rays emanating from the
feed antenna, there are five quantities viz., Eé, E!, phase,
6', and ¢'. In this subroutine these quantities are stored
in the P matrix for all the rays emanating from the feed
antenna. One of the requirements on filling the P array is
that the beam maximum of the feed pattern should be along the
negative x'-axis of the feed coordinate system (Figure 1).
If the feed pattern is known aﬁalytically as a function of
', and ¢' then £filling the P matrix is merely a matter of
evaluating Eé(e',¢‘), Eé(e',¢'), and phase for the needed

values of ' and ¢' and storing them in the appropriate




locations as shown in Figure 4. For example, in the listing
of the subroutine FILL presented in Pigur. 11, Eé, and B; are
computed for each (0',¢') and then stored in the matrix P
for a diagonal horn with d=3.9 cm at 11.2 GHz.[2). The
phase for each ray is assumed to be 2zero.

However, if the feed pattern is known in only one plane,
or even two orthogonal planes, a scheme has t» be devised to

1
$1<¢'<éyp. The subroutine FILL will have to be rewritten

evaluate the Ej and the E; components for 6;<0°'<8.,, and

accordingly. In the next Section an example is prasented
where a circularly symmetric feed pattern is known in only

cne plane. A simple algorithm is used to evaluate the field
values for the other angles needed. This algorithm is shown
in the listing of the subroutine FILL in Section 5.

APERTUR: This subroutine computes the points of intersection
of the apert:ra plane with the rays reflected from the
reflector surface. If a point does not fall inside or on the
aperture plane ellipse, its information is discarded. At

the same time a separate count is kept of the number of points
which lie inside and on the aperture plane ellipse. These

are called NINTR and NEDGE respectively,and are also printed
out. Simultaneously,the direction of the reflected ray
corresponding to the incident ray with maximum field intensity
is determined. In general, the direction of the beam maximum
of the total secondary pattern is almost coincident with this
reflected ray. The components of a unit vector along this

ray are also printed out. If the value of APRDTA is positive,
the data associated with the edge points and with the interior
points are written on tape 20. |
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50
51

60
61

200

300

SUBROUTINE FILL(P,NTX NPX)
COMMON/PATTERN/PHI(3),THETA(3)
COMMON/MATH/PT ,P12,PIN2,NTORLRTNAN
DIMENSTON P(5,NTX NPX)

CALL SETM({0,0,P5uNPXENTX)
THR=THETA(1)%=NTNR

no 300 I=1,NTX
FAC2=PI%3,9%CNS(THR) /2,68
FACR=COS(FAC2)Y/(1.0=4.0%FAC22RAC2/(PI%P]))
I (FAC2.NE,0.0) GN TDO 50
FACC=1.0

GO 7O 51

FACC=SIN(FAC2)/FAC2

CONTINUE

PHR=(PHI(1)=180,0)%NTNR

NO 200 Jd=1,NPX
FACI=PI%3,9uSIN(THR)=SIN(PHR) /2,48
FACN=COS(FAC1)/(1.0-4,.0%FACYI*FACL/Z(PI%PT))
JF (FAC1.NF,0.,0) GO TN 60
EACA=1,0

6N TN 61

FACA=SINMN(FAC))/FACI

CONTINUE

ML2=FACAMFACR

XILV=FACCHEACD
XMULI=SIN{PHR )= COS(THR)
XMUL2=SIN{THR)+CNS( PHR)

PUYo T oY sXL75XMIN 1=XLYRXMUL2

PU2 31 3)=XLYRXMIN_L=XI25XMIN 2
Plle1,J)=ARS(P{]l,y1,40))/2.0
PU2s1,J)=ARS(P(2,1,0))/2.0
P“”IQ\"=THR

P(S,y1,.0)=PHR+PT

PHR=PHR+PHI (3)=NTOR

COMTINUE

THR=THR+THETA(3)%NTNR

COMTIMUE

RETIRN

END

Fiqure 11 -- Subroutine FILL
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' QUANTIZ: The points of inigrsecfion of the reflected rays

with the aperture plane (which from now on will be referred
to simply as ‘points' in the aperture plane) are &enerally

not uniformly distributed. To simplify performing the double

integration over the aperture plane, this subroutine alignes

the points in the aperture plane along the equispaced y=constant
lines. This aligning of points (also called quantizing of
points) is done in two steps - first to the points on the
perimeter of the aperture plane ellipse or to the edge points,
and then to tre internal points. The information related to
the equispaced lines or grid bars and the resulting number

of cuantized points in printed out in anpropriate format.
RADDPAT: Performing a double integration over the aperture
plan2 points, this subroutine calculates the far field

valves of E_ and E, (Ex being zero in the far field) for any
A and o, Tge subroutine is set up such that a far field
pattern is requested by first picking a plane (constant 6-,

or constant ¢-planc) and then specifying in that plane the
initial value, the final value, and the increment size of

the other variable angle (¢ or 0, respectivelv). Th2 output
of this subroutine is as follows:

1. A table listing the variable angle and the
quantities nz/(Ez)max' Ey/(Ez)max' Rz/(Ey)max'

2 2 2 2
Ey/‘“y)max' and (Ev + Ez)/[(Ey)max + (Ez)max] in

dacib2ls for each angle,

2. Values of ‘Ez)max anA (Ey)max' anad

3. nLin~ printer plots of normalized Rz and Rv in decibels.




A.unique fgature of'this subroutine wﬁich is illustrated
in examples 1, 2, and 3 below is that in addition to requesting
.faxr field pat&grns‘?n'plapes aqd for angles speéified-by
nuﬁérical values (egam;le 1), tﬂe patterns can.also be requested
by using 6 and ¢ values related to the beam maximum position of
the secondary pattern as shown in examples 2 and 3. Refer to
format statement number 110 in the listing of subroutine

RADPAT in Section 8.

Ex. 1l: [HETA 90.0 PHI ~-10.0 0.0 - 0.5 .
FEo ! [ I I [
I I

| 80} ooBoO0ARE O] 800000000000 0; 8080000 0! CUOOONE OOROO0LO000BONNDN

trlestrssnn MUY RIANNBUBEIEINNNBHDBRNRNBOQUU BRGNS RTUB U NN I H1

In 6 = 90° plane, the far field is calculated for ¢
between -10 to 0° in steps of 0.5°.
Ex. 2: MAX-T -4.0 FHI -5.0 2.0 1.
I ! »
I l | ! |
B0’ Al RORNAROOD OCOODOOCOODOO0E BOOBICOOO COGOCOO006 QpGODONBOOANNLSD

TIIASET U NUUSBN USRI NNHBADN NN BNURUERTNNAUQUULETANBN NUUBRINIORE 0N

=

In 6 = (6 —4°) plane, the far field is calculated for

BMAX
o O, . o
¢ values between (¢BMAX—5 ) to (¢BMAX+2 ) in steps of 1.0".

Ex. 3: MAx-P 10, 0Max-T 2.1 10.0 0.1
| o : | !
bl | |

po; nannocenn nf 00) C/ 000000000 OOLOCDG! § 000000 pODOOAANRNDOONOD

T2 81 8NN NN UBNADANHBRY NN RNNUBATINGHTBUGE0GANNNABNTAIBNETER

In ¢=(¢BMAX+10°) plane, the far field is calculated for ©

o) o, . o
values between (eBMAX+8 ) to (GBMAX+10 ) in steps of 0.1°.




APRPLT: This subroutine, a listing of which is given in
Figure 12,is called by the main program if APRDTA is positive.
In this subroutine the information about the points in the
aperture plane is read from tape 20 for both before and
after quantizing. This information was written on tape 20
by subroutines APERTUR and QUANTIZ respectively. Two plots
of the locations of the aperture plane point§ similar to
Figures 6 and 7 are then generated but with an added feature,
which is that different symbols are used every time the
field strength changes in steps of 3 dB. For example, the
output of subroutine APRPLT for a case shown in Figure 6
will be as shown in Figure 13.

Notice that the equivalence statement used in the main
program makes it possible to restore the aperture plane data
from tape 20 in newly defined one-dimensional arrays

without requirirng additional storage.
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5. AN EXAMPLE

A spherical reflector shown in Figure 14 is fed by a
circular corrugated horn. The horn is z-polarized and its
E-plahe pattern is given.

SOLUTION: It will be assumed that the horn has a circularly

symmetrical far field radiation pattern with no cross polarized

component. The FILL subroutine, which is listed in Figure

15, is then written such that it reads the E-plane field values ‘
in decibels (which are also the H-plane field values) and
calculates the field values for all the intermediate values

of 6' and ¢'.

The geometry of the reflector is such that it subtends

a 120.4° angle at the feed. However, as pointed out in

Reflector 7

BT T E PR L TR T T

S22

---------------- r-288,.25m =
:4‘ 555 m ]
bs- 575m -




Section 3, the feed pattern must also be uged for angles

greater than those needed to illuminate the reflector. 1In

the present case it has been used over a :ga° range. The

boundary of the aperture plane for this axially fed reflector

is a circle whose diameter is chosen such that it collects

all the rays reflected by the reflector. Also, the location

of the aperture plane is chosen such that it lies very near

the edge of the reflector.

INPUT-OUTPUT: A listing of input data cards and the output

data along with the generated aperture plane plots is presented

6320

10

50

60

SURRNUTINE FILL(PSNTX,NPX)
COMMON/PATTERN/PHI(3) 4,THETA(3)
COMMON/MATH,P1,PI2,PIN2,NTNRTAN
DIMENSTION P(5,NTX,NPX)

DIMENSION E(181),F2(24),1P(&7)
FORMAT (5F15.10)

CALIL SETM{0O.04P,5EN2XENTX)

REAN 6320, (FE(1),1=1,91)

DO 10 I=1,24

E2(25-1)=F(1)

CONTINMUF

DN 50 1=1,24

I1=48-1

DO 50 J=1,24

JJ=48 -

P(lelod)¥=E2(1)+E2(J)
P{l+s1143J)=P(1,1,J)

p(lvlv\|.|)= P(lv[v.])

P(lyI1,4d)= P(1la1,4)

CONTINUE

bDn A0 I=1,NMTX

Nn 60 J=1,MNPX
Pllalad)=10,0u4(P{1ly140)/20,0)
PiaylJ)I=(THETA(L)+(T=1)*THFETA(3) )&NTNR
P(SeI4d)=(PHI (1)+(J=1)=PHI (3))%DTNR
CNONTINUF

RETURN

END

i -— i QRIGINAL PAGE 15
Figure 15 Subroutine FILL o QUALITY
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. PHI - 0.000 THETA 90.000 90.825-MM o025 o i
THETA e DBZIZ DBY/Z DBZI{__"“-MD&YIYP_.“__RHRDB R
90.00Q_ﬂ__9;90000 =119:46398__ 119,46398____ 0.00000. 0.,00000
———— "QQAQ25 —=xe33085 -112350805__112gl3311____:oQk&ﬂﬁ.___:u33005 —
.90,050 ‘Laéz§28m21124§2§l2__ll§glAZ&Q"___::QQQI6 =1032650
.90e075 ___=3400119 =11959931 116.46280  =,13533 =3,00119___
. 90,LQQM__-5,39134 211964654 11407264 __ _ =,18255 __ =5,39134 _
.. 906125  =8.57678 =119.69483 110.88720 =e23084__ =8,57670
.. 904150 =12,70717 =119474%18__'106475681_ =e28020 _=12.707027 ___
904175 =18403187 =119,79461__ 101, 4321L__ -+¢33063 _ -18.03107 _
. 90,200 =24,89860 =119.84612 __94+56538_ __ =e38214_ =24.00050
; . 90225 _=32.07N010 =11989870___86459388_ _ _=e43472 _ _=32,07030
_ .. ©04250__=35,15854_=119,95237___84.30544_ _—,48839 _=35.15054
004275 _=33,68027 =120,00713__ 85.78371__ _ =+54315 =2332,.60027
— 06300 =34,02303 =120,06298___85.44095 __ .__‘_9 59900 __=34,02203
906325 _~26,71076 =120,11993__82.,75323__ __ =.65595 _=36,710706 ___
. 906350 __=39,20057 =120,17798____8Qe2634) ____ ~=,71400 _=39,20057  _
900375 _=38,18636 =120,23714__._81,27762 .. _=,77316_ -38,108636 _
90.409 v-QO,ZQZQQ =120.29741 . 80417129 = _=e83343 =39,29269 _
. 90425 _ =47,60922 ~120435879 _ T1.85477_ __=.89481__ =47,60921
d _ 004450 ,-67.Q1365“9129192130“-,ZZ.ksoll“m  =e95731 =47,013086
.. 90475 =39,59706 =120.48493  __ 79486693 _=1.02094 _~39,59706 _ _
90500 =38,48771 =12064549969 __80.97628_ . =1,08570 _~38.406771
906525 __=39.43915 =120.61558 ___80.02484__ =1.15160__-39,43015
904550 =39,94135 =120,68262. 79452263 _=1.,2186% =39,9413%
r90;525 =40,67842_=120, 7?080_,_78.78556 .=1+28682 _=40,67842 .
92,600  =64,38868 =120.82013. _ _75,07530_ ~1.35615__=44.26053
906625 =56431351 ~120.89062__ . 63.15Qﬁ7m. ~1e42664. =56431351
90650 =40455359 =120,96227 __ 7091039 =1,49829 =48,.55259
90675 =44,25915 =121.,03509 _ 75420484 _ =1e57111 _ ~«44,25915
904700 _=£2.82569_ =121,10908__ _76¢63829_.__=1.64510 _~42,82569
90.725 -"1096038 121418425 __77.50360_ _ «1.72027__=41,9603¢0
90750  =42.16232 =121.26060 _ 77430166 __=1e79662 _=42416232
D775  =44e2934]1 =121+33814 ... 7517057 .. =1e87416 _=44.2934]1 .
904800 _=47471295 -121.41688 71475103 . =1.95289 =.7,71295
906825 <4B,07972 -121.49681 T1.38426 @ =2.,03283 =48,07072
20LOG(MAXCFIELD=2))=20L0G(__ 22.19400 _ Js  26,92471 . ___
. 20LOG(MAXCFIELD=Y))=20LUG( __ +42360676E~04)e ~92,53927 = . .
_ INTERPOLATION NUMBER USED FOR INTEGRATION ISeccocesean 4
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6. SUBROUTINE APERTUR

The purpose of subroutine APERTUR is to calculate the
points of intersection of the reflected rays with the aper-
ture plane and the field values at each point.

To be able to express the components of each ray from
the feed in the reflector coordinate system i.e., (x,y,2)
coordinate system, the rotation matrix A is calculated.

Then for each ray i.e., for each 8' and ¢', using the equation
of the reflector, the following are calculated:

R Distance along the ray between the
feed and the reflector,

(Xx0,Y0,2zD) Point on the reflector where the
. incident rayv strikes,

NHAT A one-dimensional array containing
three components of the unit normal
vector at (X0,Y0,20),

SR A one-dimensional array containing
thrce components of a vector along
the reflected rayv,

ER A one-dimensional arxay containing
three components of E along the
reflected rav,

(v,2) Point of intersection of the
re”lected rav with the aperture plane,

n Nistance along the reflected ray
between the reflector and the aperture
plane, and

PHASE (R+D)27/X + the initial phase of the
rav.

Y,%Z,ER(2), ER(3), and PHASE are then temporarily stored
in arrav PNEW and VY,7 0.0, 0.0, 0.0 in array PBLK. Next the
values of Y and 7 are tes*ed to determine whether the point

of intersec*ion is outside, on, or inside the aperture plane
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ellipse and whether it is inside the shadow region of the feed
on the aperture planec. Based on the results of these tests
¥,Z2,ER(2), FR(3), and PHASE are stored in the P array with the
internal points at the top and the edge points at the bottom.
The same information but with a different order is also
written on tape 20. The flow chart in Figure 16 shows the
logic of this sorting process. Figure 17 is a simplified

pictorial representation of the P array which shows the order

in which the data are stored.




If blocked set
s JE = 0/0 and label|a—t22td

If blocked set
E = 0/0 and label

‘14t 'Blocked’

!

1. If AFRDTA = 0, write
PNEW or PDLK on tape
20 ani put appropriate

it 'Blocked’

A/

1., If AFRDTA = 0, write
INEW or PBLK or PINT
on tape 20 and put

label.
2. Storc FNEW or PBLK
starting at the top

appropriate label.
2, Store INEW or PDLK or
PINT starting at the

Figure 16 -

in P arxray. Previous & second position fronm
present points bottom of P array.
Ww.r.t. aperture
pl. ellipse
Interpolate a point
on the edge and label ﬁ
8l o it 'Interpolated’ '
- 7
® Y rd
ke NG
ol
Bl3
= o present points
Si5 opposite sides No
8 [ of yQ
T = ! Is the |
5 BNP = O} Y present O,0)
BMSRX = Sk(1)|- es closer to Beam Max
- BMSRY = .SR(2)| " than the last
BMSRZ = SR(3
; 4 M
3 = ‘
Co to Next E\Ub
point Y »,\
r%\G
(<) 900%
ot

- Partial Flow Chart of Subroutine APERTUR



P(3,...)=ERQR) P(4,...)=ER(3)

P(5,...)=Phase
o TN

Location

# NEDGE1

iy

-NEDGE

NINTR

= S B~ W] N} -

Internal / i

e —— -

| Points .
NINTR

Edge
Points

umrEo]

MEDGE

>

A
\Thls location PA,... )=Y/ /

is Left Emptv PR2,...)=Z

Figure 17 -- P Array Showing Locations of Inter nal and Edge Points
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7. ' SUBROUTINE QUANTIZ

The .dgtipoints and ghe'!nternal,point- are quantized
in this subroutine along the equispaced y=constant lines.
First, the internal points are temporarily stored on tape 8
and the edge points are quantized and then later, the internal
points are quantized.
EDGE POINTS: A call to subroutine FQKSORT arranges all the.
edge points as obtained from APERTUR in ascending order first ‘

~ with respect to the y-coordinate and then with respect to the

g-coordinate and stores them in the P array starting at location
NEDGE1l and ending at location NEDGE2 (Figure 17). If there

is not an edge point at A in Figure 18, a point is added at

A and stored at the beginning of the sequence and INLO is set to 1.

Aperture Plane

Hipse N, —7— “points.
A B N
(YC, ZC) Ye
: NLO Edge
’ Points

Figure 18 -- Edge Points



Rl

Similarly, if there is no edge poin£ at B, an edge point is
created at B and storad at the end of tha exiiting sequenca
yho;e.storage locations were previously left vacant and
*Nﬂlﬁil:set to 1. NEDGEl, NEDGﬁi, and NEDGE are appropriately
modified so that NEDGEl is still the location of the first
edge point and NEDGE2 is the location of the last edge point. !
Next, NLO (The number of edge points on and below 2&) and
NHI (the number of edge points on and above Yt) are determined.:
Now considering P as an one-dimensional array, the data
associated with the NILO edge points are stored in the first
S«NLO locations of the P array, and the data associated with
the NHI edge points are stored in the next S5#NHI locations
of the P array (DO loop ending in statement nuﬁber 7500) .
Internal points stored in these locations have already been
saved on tape 8. However, one must check to be sure that
(NLO+NHI) < NEDGE1l so that the information is not written over :
the memory space still occupied by the edge point data. For |
ease in understanding the rearrangement of the edge point
data in one-dimensional form, let the first S5« (NLO+NHI) locations
of the P array be laid out as shown in Figure 19. The data
are assigned to these locations as shown. The locations
enclosed by heavy boundaries could be vacant at this point
depending upon the values of INLO and INHI. These are assigned
the same ERY' ER,, and Phase values as the point next to them
(DO loop ending in statement number 7505). Dictated by the

aperture plane ellipse size and the quantizing interval, the
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total number of equispaced grid lines which fall within the
ap§rture plane ellipse (NBARS) is calculated. The number
of quantized edge points (NQEDGE) and the total number of
quantized edge points (NPOINTS) are also calculated.

Inside the DO loop ending in statement number 8500, 2,
ERy, ER,, and Phase are interpolated at the end points of
each equisp&ced grid line by performing a spline f£it through
the edge points along the boundary of the aperture plane
ellipse. Ll and L2 are the starting points of two temporary
one-dimensional work arrays which are contained in the P
array. TSTART is a number such that P(l, LSTART), beginning
where the interpolated values at the end points of the grid
lines are stored, 'is beyond the above mentioned temporary
work arrays. These 5x2xNBARS quantized values are then
moved to the beginning of the P array. Next, the
information about the internal points which was temporarily
stored on tape 8 is transferred to the P array starting at
the 5#2#NBARS+1 location.

INTERNAL + EDGE POINTS: In the DO loop ending in statement

number 8600, the y-coordinates of all the aperture plane
points are aligned along the grid lines. All the points
are then sorted and rearranged in ascending order with respect
to the y-coordinate and then with respect to the z-coordinate.
If the number of points along any gfid line is less than
three, that grid line is deleted.

Finally, if APRDTA>O, the quantized data are written
on tape 20 to be used later for aperture plots by subroutine

APRPLT.
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8. SUBROUTINE RADPAT

By performing a double integration over the quantized
aperture plane points, this subroutine calculates the electric
field in any far field direction (6,¢). The double integration
is done by first evaluating the line integrals along the y=
constant grid lines and then performing an integration
over these line integral values along the transverse direction ‘
(Y& in Figure 18). On each of the lines along which the
above line integrals are performed; the electric field is
known only at a finite number of discrete points. To more
accurately evaluate the line integrals, the distance between
every two quantized points on a line is subdivided in several
parts and the electric field is linearly interpolated at
these intzrmediate points. In the subroutine, this number
of subdivisions has been called NPARTS. Also, to identify
the start and the end of the y=constant lines, the y-coordinates
of the first and the last quantized points are replaced by
an identifying variable called SEN. Between statements number
115 and 160, the pattern request informat =n is sorted out.

As explained in section 4, a pattern is requested by first
choosing a plane defined by 6=constant or ¢=constant (MAJOR=
THETS or PHI), the value of the angle defining the plane being
called AMAJOR. Then in the plane selected above, the range
and the increment size of the other variable angle (¢ or 6,
respectively) is specified (MINOR=PHI or THETA, respectively),

AMINOR(1) , AMINOR(2), and AMINOR(3) being the initial, the

final, and the incremental values of the variable angle in

IGINAL PAGR L&
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Computation of the far field takes place between
statements numbered 3450 and 5000. The integrals to Se.v

evaluated are

B, = ff ER_ cos¢-ej [kysinﬁsind;-!—kzcose-ﬂdydz

aperture .

and

Ey = ff (ERysine-l-EchosesinM . N
aperture :

.ej[kysinesin¢+kzcose-0]dydz

where ERy' ERz, and ¢ are the y- and z-components and the
Phase of the aperture electric field at a point (y,z) in
the aperture plane. As pointed out earlier, the above
integrals are evaluated in two steps - first by performing

integration in the z-direction along the y=constant lines

and computing 2I and YI which are functions of y,

71 = J/. - ER_cos¢ ej(kzcose-°)dz
y=const.
line
and

YI

Jr (ER.ysin9+Echosesin¢)e3(kZCOSe"‘P)dz

y=const.
line

and then computing E, and Ey (called FLDZ and FLDY in the
subroutine) as
E, = FLDZ =f 31 eKYsinfsind,

ORIGINAL PAGE Ib
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and

B, = FLDY = f yr eJkysinésing,

A flow chart explaining the steps in the above computations
is shown in Figure 20.
After statement number 5000, the computed values of
FLDZ and FLDY are normalized and printed out in decibels.
To avoid the underflow problem in computing decibels, whenever
the field strength is less than 10717, -60 aB is used.
Finally, subroutine PLOT is called to generate a line printer

plot of the normalized Ez, Ey. and the total power patterns.

E
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Figure 20 -- Partial Flow Chart of Subroutine RADPAT
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 which falls outside (inside) the aperture plane ellipse, the

9. SUBROUTINE INTERP

INTERP is calléd by APERTUR to interpolate a point at
the edge of the aperture plane ellipse when, in the sequence %
of sorting out the reflected rays, the point of intersection

of a reflected ray with the aperture plane falling inside
(outside) tLe aperture plane ellipse is followed by another

two points not being on the opposite sides of Y, as shown in

Figure 21.

Of thesa two points, based upon ENEARl and ENEAR2, !
the point closer to the ellipse circumference is selected.
The y-coordinate of this closer point, YEDGE is then taken

as the y-coordinate of the interpolated edge point and a

Y
¢ 4
(YC, ZC) \ .y
S | J ¢
N Aperture Plane
NN ENEAR] Ellipse
\\\ Point |
Interpolated
Edge Point
¥ (YEDGE, ZEDGE)
Current
Point, #2

Figure 21 -- Interpolated Point at the Edge of Aperture Plane Ellipse




corresponding value of z-coordinate, ZEDGE is calculated
‘using the equation of the ellipse. Next, calculating the
distances Dl and D2, BRy. ER,, and Phase are linearly

interpolated at the edge point and assigned to PINT(3),

PINT(4) , and PINT(5), respectively.
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10. OTHER SUBROUTINES

MULT32: This subroutine multiplies a 3x3 matrix OPA by a
3%2 matrix OPB to yield a 3x2 matrix ROP. A listing of the
iubroutine’is.shown in Figure 22,

SUBROUTINE MULT32(ROP,0PA,0PB)

DIMENSION ROP(3,2),0PA(3,3),NPB(3,2)
ROP(1,2)=0PA(1,1)*0PB(1,2)+0PA(1,2)%0PB(2,2)+0PA(1,3)%0PB(3,2)
ROP(2+2)=0PA(2,1)*0PB(1+2)+0PA(2,2)%0PB(2,2)+0PA(2,3)%0PB(3,2)
ROP(3,2)=0PA(3,1)*0PB(1,2)+NPA(3,2)%NPB(2,2)+0DPA(3,3)%0PB(3,2)
ROP{1+1)=0PA(1,1)%0PB(141)+NPA(1,2)*0PB(2,1)+0PA(1,3)%0PB(3,1)
ROP(241)=0PA(2,1)%0PB(1,1)+NPA(2,2)*NPR(2,1)+0PA(2,3)%0PB(3,1)
ROP(3,1)=0PA(3,1)%*0PB(141)+0PA(3,2)*0PB(2,1)+0PA(3,3)%*0PB(3,1)
RETURN

END

Figure 22 -- Subroutine MULT32

FQKSORT: This subroutine arranges in ascending order the NN
sets of numbers in the A(LTH,NN) array according to numbers
stored with LTH=1,2,...etc. A listing of this subroutine is
presénted in Figure 23,
CURV1: This subroutine determines the parameters necessary
to compute an interpolating spline under tension through a
sequence of functional values. The slopes at the two ends
of the curve may be specified or omitted. For actual compu-
tation of points on the curve, it is necessary to call the
function CURV2. At the time of input:

N Number of values to be interpolated,

X An array of the N increasing abscissae
of the functional values,

ORIGINAL PAGE I
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Y An array of the N;ordinates, i.e., Y(K)
i? :he functional value corresponding to

SLPl and The desired values for the first
SLPN derivative of the curve at X(1l) and
X(N), respectively. If the quantity
SIGMA is negative, these values will be
determined internally and the user need
only furnish place holding parameters
for SLP1l and SLP2,

Yp . An array of length N,
TEMP An array of length N used for scratch, '
SIGMA Contains the tension factor. This is

non zero and indicates the desired
curviness of the spline fit. If the
absolute value of SIGMA is nearly zero,
(e.g. 0.001), the resulting curve is
approximately a cubic spline. If the
absolute value of SIGMA is large (e.g.
50.0), the resulting curve is nearly

a polygonal line.

Upon return from this subroutine YP contains values
proportional to the second derivative of the curve at the
given nodes. N, X, Y, SLP1l, SLPN, and SIGMA are unaltered.
A listing of this subroutine is presented in Figure 24,
gggggz This function subroutine interpolates a curve at a

given point using a spline under tension. The subroutine CURV1

should be called earlier to determine certain necessary

parameters. At the time of input T contains a real value
to be mapped onto the interpolating curve, N, X, Y, YP, and
SIGMA are defined the same as in CURV1, and IT is an integer

switch. If IT is not 1, this indicates that the function

has been called previously with the same N, X, ¥, YP, and
SIGMA but the current value of T exceeds the previous value,
Upon return, CURV2 contains the interpolated value. A

listing of this function subroutine is shown in Figure 25.
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FUNCTION CURV2 (T, N'X'Y’YP’S!GMA 17T)
INTEGER NLIT
REAL ToXIN)YIN)YPIN),SIGMA
S = XIN)=X(1)
SIGMAP = ABS(SIGMA)*FLHAT(N-I)/S
1P {(1T.EQ,.1) I1 = 2
1 00 21 = I1,N
IE (X(1)=T) 2+2,3
2 CONTINUE
I =N
3 IF (X(I=1) JLE:. T «0OR. T JLE, X{1)) GO TOD &
11 = 2
GO T0 1
4 DELY = T=X(I-1) )
DEL2 = X(I)=T
DELS = X(1)=X(I-~1)
EXPS1 = EXP{SIGMAP%NELL)
SINHD)Y = ,5%(EXPS1-1,/EXPS1) i
EXPS = EXP(SIGMAP®DELZ2) . 7 ‘
SINHD2 = 5% ({EXPS-1./FXPS)
EXPS = EXPSI1*EXPS
SINHS = ,5%(EXPS-1°%/FXPS)

CURV2 (YP(I)%SINHDL1+YP(I=1)%SINHD2)/SINHS+((Y(I)=-YP(
1 I)NI*DELI+(Y(I=-1)=YP(I=1))%DEL2)/NFLS
Il =1

RETURN

END

Figure 25 -- Function CURV2

PLOT: This subroutine generates a line printer plo; using

NT values stored in the F array and labels the plot as NAME.
FMAX is the maximum value of F. The points less than -60 dB
are indicated by '<' sign on the horizontal axis. The listing
of this subroutine is presented in Figure 26.

SETM and MOVEM: These two small subroutines are used throughout

the program. The subroutine SETM sets the first N consecutive
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locations of the array ANEW to X. The Qﬁbroutine MOVEM is a

little different. It transfers the first N consecutive ?
numbers from the array AOLD to the N consecutive locations ? ' §

in the array ANEW. A listing of these two is presented in

Pigure 27. '
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11. CONCLUSIONS AND REMARKS

The compﬁter program presented here has been successfully
used to compute the radiation properties of large apherical'
reflectors [3] and to study the optimization of parameters
for wide band radiometric apnlications [4)]. The computation
time is very reasonable, e.g., on a CDC 6600 computer, the
computation time per far field point has been found to be
0.63 sec for a 700 A diameter spherical reflector. Since
the aperture integration time required for ccmputation of
the far field depends upon the number of aperture data points,
which in turn is determined by the angular increment between
the rays used in the feed pattern, the computation time is
somevhat insensitive to the absolute size of the reflector.

There are only three places in the entire program where
a decision is made bosed upon the reflector surface i.e.,
whether it is paraboloidal, spherical, or ellipsoidal - once
in the subroutine NPUT and twice in the subroutine APERTUR.
These places have been labeled with ##*ssa#x% in columns 73-80.
In the subroutine NFUT the surface information is used to
output the information in appropriate format and in the
subroutine APERTUR it is first used to compute R and then to
writ; the three components of the unit normal to the reflector
surface, NHAT(1), NHAT(2) and NHAT(3). Modifying the NPUT
and APERTUR subroutines at these three places, the program

can be used for any other reflector surface that can be

expressed analytically.
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