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COMPUTER ANALYSIS OF CONFORMAL PHASED ARRAYS

INTRODUCTION

In recent years, considerable interest has been shown in conformal arrays. They are
presently under consideration for the range instrumentation aircraft at the Pacific Missile
Range. Predicting the far-field pattern and polarization of conformal arrays is complicated,
due to the arbitrariness of a conformal surface and the different orientations of the radiating
elements. In this report a systematic approach of analyzing conformal arrays is described
which can be conveniently implemented on a digital computer to render a numerical solution
with the assumption that the location, orientation, and the radiation pattern of each element
in the conformal array is known. A computer program is written to implement this method
and is included in this report. The program is formulated in such a general way that the
array size, location, element spacing and the curvature of the conformal surface can be
varied with a minimum of change in the program. By including proper input data cards
and the subroutines, the program can be used for the arrays on a general conformal surface
or well-defined surface like that of a circular cylinder, circular torus, cone, or a plane. In
the case of a general conformal surface, the position and orientation of each element are
supplied as input data to the program. The position of an element is specified by three
components in the rectangular coordinate system, referenced, to a point on the array surface.
The element orientation is specified by three coordinate rotation angles. When specialized
to a circular cylinder, circular torus, or plane, only the number of elements, the array aper-
ture, and the radius of curvature in x and y directions need be specified. For a plane, the
radius of curvature is specified as zero. For a cone, the number of rows, the base radius
of curvature, the arc angle, the cone angle, the spacing between the rows and the inter-
element spacing along the base need be specified. In all cases the element pattern could
be specified as a horizontal or a vertical dipole. In addition an exact phase or an appro-
ximate phase (row-column phasing) can be selected for scanning the beam for a circular
cylinder. Array patterns can be obtained for any polar-angle cut over an angular range of
+ 90°. The computer gives a printed output and a plot of the radiation patterns. Cross-
polarization, if any, will be plotted on the same curve.

FAR-FIELD PATTERN

Given a current source, the magnetic-potential vector A satisfies the vector Helmholiz
equation

VZA+kZA =y, (1)

Note: Manuscript submitted September 16, 1974,
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where k is the free-space propagation constant and J is the current density. It is weII known

that the solution of this equation is

p o~ iR
A =,—£ J(r’)

av’, (2)

where R is the distance from the source point to a field point and ¢’ is a position vector from
a reference point to the source point.

The radiation H and E fields are respectively

e kR
H = —f Iy X7 av’ {8a)
v 47R
and
1 —jkR
E=— - f V(J X e )dva (3b)
jley v’ 47R

The far-zone region corresponds to a region in which the radiation field predominates
and hence is the region of most interest in connection with antenna radiation characteristics,
The far-zone region is characterized by the condition that r {the distance from the reference
point to a field point) is much greater than the maximum value of v’ and also much greater

than the free-space wavelength 7\0, that is, kr > 1; using the binomial expansion, we have

b ¥

R=Ile=~¢l=r=¥"-r

where ¥ is a unit vector along the r direction, We now approximate (1/R) e %R by
(1jr) exp [—jk(r — ¥ - r’}j. Retaining the terms with the factor {(1/r) only, we find

ke - .
o= il 43X © exp (k- ¢) @V’ (48)
darr ¢
and
E= £ XH, (4b)
where E ig the free-space characteristic impedance. From these two equations, it is evident

80D '
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are

cte mpedance
that both H and E transverse field limits in the plane which is perpendxcular to the

radius vector r.

Let us assume that
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1K s
H = — (Hﬂ 0 + Hq) o)
then

EOk —
g=22" (H.Z - Hp §).
4qr (Hy ¥ 6.9)

The complex Poynting vector, which yields an average power density, can be written as

1
P == R, E X H¥

k%4 ”[1 (= |2+1lHl2] (5)
= ro— - .

(am)z g 8T Ty e

Therefore the antenna pattern, or the average power density, can be separaled into two
components; one is the §-polarized component, and the other is the p-polarized component,

Thus the #-polarization and ¢-polarization components of an antenna radiation pattern
are determined if either the H or E field is known,

The prior derivation is based on an electric current source. In the event of a magnetic
current source, similar results would be arrived at. For detailed derivations, readers are
referred to Refs. 1 and 2.

Let us assume an array of antenna elements. By the p11nc1p]e of superposition, the
annh ntenna

resultant radiation field of this array is the sum o

radiation field. Hence

element’s

ATIAY S

=% H,
n

ik .
= ek [ g (0,) X Foexp (K - ry) AV, 6)
4dnr n Jy

n

One notices in the previous equation that r is the magnitude of vector r, which is a position
vector from a common reference point to a field point, while t is a unit vector along this
direction. This is depicted in Fig. 1.

Next one may introduce a reference point on each antenna element; the position
vector from the common reference point to the reference point on an element is r,,
Therefore
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where r’, is a vector from the element reference point to the current source point.
Equation 6 then becomes

H = x g —ikr Z h, exp jk# - ¢’ (1)
dar nos

where

h, {8, ¢} = f 6 X Foexp {ikr - r')) AVl
v”

The h,, is a function of § and ¢ and can be viewed as an element pattern. Of course, in
the previous formulation, a common coordinate to all elements is used, as shown in Fig, 1,

Tha miveant distviluitian and antanna chana tr” mllu+ ha Aﬂunv!hnﬂ in thiec commaon r\hﬂ?ﬂ\nn‘l‘ﬂ
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system. In a planar array, all antenna elements are oriented in the same direction; if the
array elements are identical, then this element pattern can be factored out. Thus it is well
known that in a planar array the antenna pattern is the product of the array pattern and
element paitern. However, in a conformal array, the elements may be identical but they
may have different orientation. Hence the element patterns are not identical in common
coordinates, and therefore they cannot he factored out. Thus the problem of computation
of the array pattern function is far more complicated. Furthermore, due to this difference
of orientation, the polarization does not maintain the simple relation as in a planar array.

Figure 2 shows the coordinate system of a general conformal array under consideration.
The position of the nth element in the array is given by a radius vector R, from the -
reference point as

F;n = (Xn: Yns Zn)s (81

and the element pattern is assumed known in a different primed coordinate system and is
given by E_ (8%, ¥,}. The appropriate expression for the far-field pattern of a conformal
array can hp written as

N
F(6, ¢) = Z AyE, (0%, wp)exp [ikR, * (R = Ro)l, (9)
where n=1
R = (sin 8 cog p, sin # sin @, cos §),
ﬁo = (sin O0q cos gy, sin Oy sin gy, cos 85),
A, = the excitation coefficient of the nth element,
k = the free-space wavenumber,

(8, ) = the spherical polar coordinates of the conformal array,

{0y, ¢'n) = the primed spherical coordinates in which the far-field, expression
for the nth element is known,
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and

(Fq, wo) = the direction of the pattern maximum in the unprimed coordinate
system,

Eguation (9) is expressed in mixed coordinates to conveniently represent the far-
field pattern. However, to compiete the radiation pattern F{(8, v) of a conformal array,
it is first necessary to transform the element patterns to a commaon coordinate system
{unprimed coordinate system) and then to express the element pattern in terms of the
unprimed coordinates § and ¢. This can be done most conveniently using a coordinate
transformation, as will be discussed in the next section.

COORDINATE TRANSFORMATION

The element pattern is assumed known in a primed coordinate system and has the
general form

E (0, @) = Ep (7, ¢) 6" + B (67, '), (10)

where Ep and E - are §° and ¢’ components. The radial component is not included in
Eq. { 10\ hecause the interest here ig in the far-field radiation pattern. The quhqcrmt n is

ommlted in Eqg. {10} for brevity.

It is also assumed, as noted earlier, that the element position in the array is specified
in rectangular coordinates with respect to a reference point on the conformal surface and
that each element orientation is specified by Euler angles £, £, &, with respect to the
unprimed rectangular coordinates x, v, and z. Therefore, to transform the eletment pattern
given in Eq. (10) from primed to unprimed coordinates, it is first necessary to transform
the pattern into primed rectangular eoordinates and finally fo unprimed polar coordinates.

Thesge transformations can he ranresenied by the following matrix formulation:

TOL WS IGLAUEs Loal O LRI TGRIWER 10 2OLIRDW Ry LAQWIIA ALl

Ex(f, v) 0
E, (8, 0)| = Dgpl Ryl Dpri | Ep(0 01 , {11)
E 8, v) E (0’ ¢)

where |D’pg ! is the matrix which transforms the primed polar coordinates to primed
rectangular coordinates; the subscript PR means polar to rectangutar coordinates. The
matrix {Ry ! transforms primed to unprimed rectangular coordinates. The matrix [Dgpl
transforms unprimed rectangular to polar coordinates; the subscript RP represents rectan-
gular to polar coordinates. The forms of these matrices is obtained next. It is well known
that the transformation from polar to rectangular coordinates can be represented in

matrix form ag
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I E, l Eg
) = T ] i 10
Ly = iUpp i Lig? , iLa)

E, E,

where the transformation matrix [D’pg | is given as
sin @’ cos ¢’ cos 8’ cos '  —sin @’

IDpg | = sin ¢’ sin ¢’ cos 8’ sin ¥’ cos ¢’ . (13)

cos §° ~—gin @’ 0

This matrix is known to be real orthogonal. If |D’gplis the inverse of ID’pg |, for
an orthogonal matrix the following relation is known to be true:

ID’gpl= IDpr i1 = [Dpg IT, (14)

where [D’pg [T is the transpose of |D’pg . Therefore the transformation matrix Dgp |
in Eq. (11) is given by the transpose of the matrix given in Eq. (13) with 6 and ¢ replacing
0" and ¢’

As mentioned before, the matrix [Ry; | is used to transform a function from primed
to unprimed rectangular coordinates. Since the far-field element pattern is a function of
angular variables only, the coordinate transformation involves only the change in element
orientation. This can be obtained by three successive rotations about the three coordinate
axes. The first rotation is for an angle £, about the x axis. The orthogonal matrix between

the primed and unprimed rectangular coordinate systems for this rotation is

1 0 0
lC| = 0 cosé, —siné, . (15)
| 0 sin g, cos £y |

The second rotation is for an angle &, about the y axis. The orthogonal matrix for
this rotation is

cos £, 0 singy
IBl = 0 1 0 (18)
—sinf, 0 cosé




The third and final rotation is for an angle £, about the z axis. The orthogonal
matrix for this rotation is

cos§, —sinf, O
[Al= sin £, cos £, O (17
I 0 0 1 l

In all three rotations the angle of rotation is positive when the rotation is clockwise
with respect to the axis of rotation. The overall transformation matrix may be written

as

Ry | = tALIBIICH, (18)

One should note here that the order of matrix multiplication ig not commuiative; thus the
sequence of these fransformations is not interchangeable. Equation (9) can now be re-
written in the matrix form with the aid of Eq. {11} as

FR(Ga (P) N 0
¥, (0, ¢) =% A_exp [jKR, " (R — Rg)l Dgp! Ry! D! Eg{0; ¢) }. (19}
F (0, ¢) el E(0} ¢")

However, the right-hand side is still expressed in primed coordinate variables &' and ¢’.
These variables can be eliminated by considering the relations between the primed and
unprimed coordinate variables. The relations between rectangular coofdinate variables can
be writien as

X X’
¥ =Ryl (¥}, (20)
(21 (2|
and the relations between the rectanguiar and polar coordinate variables are given by
sin & cos @ }
Y = sin ¢ sin @ {(21)
Z cos 0
and LI
x’ sin &' cos ¢
v’ = sin #” sin ¢’ {(22)
z’ cos 8°
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Substituting Eqs. (18), (21), and (22) in Eq. (20), it can be shown that

8 = cos—1 Z(8, v) (23)
(0, ¢)

¢ = tan Tl —— (24)

i (0, ¢)

The ambiguity in the value of the arctangent function in Eq. (24) is resclved by applying
the same set of rules that one uses to determine the value of tan™1 (y/x), where x and y
are the rectangular coordinate variables,

DESCRIPTION OF THE COMPUTER PROGRAM

Tat
the far-field pattern of a conformal array for a given set of array parameters and is mcluded
as the appendix. The program is divided into a main program and several subroutines to allow
flexibility. The name of the main program is Coflaray (short name for conformal array).

The array element orientations (angles) and positions can be supplied as input data or can

be calculated using subroutine ELAGPO (short name for element angle and position). Three
separate ELAGPO subroutines were developed. The first one is for a deubly curved surface
with uniformly spaced elements; the second one is for a doubly curved surface with projected
uniformly spaced elements; the third one is for an array on a conic surface. Therefore, de-
pending on the conformal array under consideration, the corresponding ELAGPO subroutine
should be used. It is also p0551ble to write addltlonal ELAGPQ subroutines for any well-
defined conformal array, and they can be substituted for the ones written for this report.
Except for this ELAGPO subroutine, the other subroutines which should be included with

the Coflaray program, given in the order in which they are called in the program, are:

CODTRF —  This subroutine computes the elements of the Ry matrix, as
given by Eq. (18), for each array element.

DPRMAT —  This subroutine computes the elements of the matrices |D’pp |
and IDuo | for each arrav element. as given hy Fas. (12) and (14}
CALANA IUIJR I LL A il ULLMJ \Jlblll\dlll} @uas 51“\411 UJ' J—l‘-iﬂ \J—u} liud ‘.L_I}-

ANGTRF —  This subroutine computes the relations between primed and
unprimed coordinate variables, as given by Egs. (23) and (24).

ELPAT —  This subroutine is used to select the array element pattern as
either that of a vertical dipole or a horizontal dipole.

MATMUT -  This subroutine performs the matrix multiplication shown
in Eq. (11).

FRAME —  This subroutine is used to establish the coordinate-system frame to
plot the radiation patterns.

PENCHG —  This subroutine is called in the FRAME subroutine to change to

a different pen in plotting.

REZERO -  This subroutine is used to reset the origin if more than one plot
is desired in any given computer run.
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The program requires four date cards. The first data card should contain six variables
in an integer format of 6I5. These variables are:

NE

NC
NP
LLL

L.BP

NBP

Number of elements in the array. If the subroutine ELAGPOQ is to be used,
NE should be less than or equal to zero.

Number of antenna pattern cuts required in ¢ plane

Number of points at which the antenna pattern is calculated and plotted.

Controls the amount of printout needed:

If LLL = 0, printout for diagnostic purpose;
LLL = i, print element positions and rotation angles;
LLL = 2, print pattern function only;
LLL > 2, no printout.

If it is zero, the scanning is obtained by using row-column planar-array
phasing. if it is one, exact conformal-array phasing is used.

Number of phase-shift bits used in digital phase control. If NBP s
greater than 10, analog phases are assumed.

The second data card {or set of cards) depends on whether or not the ELAGPO sub-
routine is needed. If i is needed, then which particular ELAGPO subroutine is used. First,
we will discuss the set of data cards needed when the ELAGPQ subroutine is not used. In
that case the data cards should contain alt the element positions, the element orientations
{rotation angles), and the specification of the ground plane. The data cards should conform

4 4len PAtlarmimgy vand awd favindt sdafar-nmias
W LEIC LUV LLLS LEAU Al LLLIIdL obdlelilcillo.

READ 101, ((W(1,J), I = 1, NE), J = 1,3),
READ 101, ((G(LJ), I = 1, NE), J = 1,3},
READ 100, (LG(I), T = 1,8),

101 FORMAT (8F10.6),

100 FORMAT (615),

where

W(L,J) are the element positions,

G(Ld) are the element rotation angles,

and the

1L.G array specifies the ground plane of radiators as follows:

If LG(1) = 1, LG(2) = LG(3) = 0, the ground plane is the zy plane;
LG(1) = LG(3) = 0, LG(2) = 1, the ground plane is the xz plane;
LG(1) = LG(2) = 0, LG(3) = 1, the ground plane is the xy plane,

10
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When the subroutine ELAGPO is used to compute the array element positions and
orientations, the second data card contains the description of the conformal surface and

the array dimensions. For a doubly curved surface (with uniformly or projected uniformly
spaced elements), the second data card should contain seven variables conforming with the
format of 215,4F10.6,I2. These variables are:

NCX
NRY
AX
AY
RX
RY
LP

MNirnhor af caliimng in tho v
LNUITIUCD UL CULUITIND 11 wic A

Number of rows in the y direction

Aperture in the x direction, in wavelengths

Aperture in the y direction, in wavelengths

Radius of curvature in the x direction, in wavelengths
Radius of curvature in the y direction, in wavelengths

If LP = 0, the array element is a horizontal dipole; if LP =1, it is a
vertical dipole.

When the subroutine ELAGPO for a conic array is used, the second data card should
contain eight variables conforming with the format 15,5F10.4,215. These variables are:

AN

AVELYL

RB
ARC
TC
DX
DY
LpP

LRT

Base radius in wavelengths;

Cone arc (in degrees) occupied by the array;
Cone angle in degrees;

Spacing in the x direction, in wavelengths;
Spacing in the y direction, in wavelengths;

If LP = 0, the array element is a horizontal dipole; if LP = 1, it is a
vertical dipole;

If LRT = 0, the array element distribution is on a rectangular grid;
if LRT =1, it is on a triangular grid.

The third and the fourth (or last two) data cards should contain the angular range and
the plane in which the radiation pattern is desired. The third data card should contain one
or more values of ¢ [FI(I) in degrees] defining the plane or planes in which the radiation
pattern is desired. This data should conform to the format 8F10.6. The last data card
contains four variables conforming with the format 8F10.6; these variables are:

FIO
TAO
TAPI
TAPF

Scan angle ¢, in degrees;
Scan angle 8 in degrees;
Initial value of #;

Final value of § over which the radiation pattern is desired.

11
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EXAMPLES

A few examples of computing the radiation patterns of a conformal array are included
here which iliustrate several features of the program.

The first exampie considered is uniformly spaced circular-are array with 32 elements,
as showi in Fig. 3. The individual elements are assumed to be vertical dipoles (dipoles
normal to the array plane). The array aperture in the x direction (projection of the array
arc onto the x axis) is assumed to 15.5A, so that the average interelement spacing in the
projected plane (x axis) is 0.6X. The interest here is to find the radiation pattern when
scanned to 15° in the array plane (¢ = 0° plane). Since the interest is in an uniformty
spaced circuiar-arc array, the subroutine ELAGPO for a doubly curved surface with uni-
formly spaced elements is used. The four data cards for this example have the following
values:

Tata Mand 1. AE=N NMA=1 AND=9221 TT
Liabd Ldl L. LYETUV, INVT R, }.‘éf"e}l}}. il

T =<}
LTy
Data Card 2: NCX=32, NRY=1, AX=15.5, AY=0,, RX=12.66333, RY=0., LP=1
" Data Card 8: FI(I)=0.
Data Card 4: FIO=0., TAO=15°, TAPI=—80°, TAPF=90".

Using these data cardg, the compufter prints (printout not included here) the values of
the normalizing factor, the normalized values (expressed in dB} of the radiation field at 361
values of 8, with increments of 0.5° over the interval —90 < § < 90°, and the steering phases

and +n gnan tha oo T +hic nvnnminls 3 30 grmanifiad (T RP = 1% +n rron aaveand asbonwiser
WMOTAL P Sl VINT AT, A1) Gilly GAGJ-LKPJ.‘: lu 1 Dycbxllcu ‘.uul J_J VY UDT LUl TLu DHGGJ.H.IB

phases. The computer output includes a plot of the radiation pattern which is shown in
Fig. 4.

_ The second example is the same as the first example except that the array elements are
assumed to be projected uniformly spaced (when projected onto the x axis they have equal
interelement spacing) on the circular arc, as shown in Fig. 5. The advantage of this type

of distribution is that the pattern can be scanned using simpler row steering of a uniformly
spaced linear array [3], as will be illustrated in Example 3. The data cards for Example 2
are the same as those of Example 1. However, the subroutine ELAGPC for a doubly curved
surface with projected uniformly spaced elements is used instead of the one used in Example

i. The computed radiation pattern is shown in Fig. 6.

The third example is the same as the second example, except for the steering phases
used to scan the array pattern. In this example, approximate sieering (linear array steering)
phases are used instead of the correct steering phases. Bo the data cards are the same as
that of Example 2, except that the value of LBP in the first data card is changed from 1 ta
6. The ELAGPO subroutine used is the same as that used in Example 2, The computed
radiation pattern for this example is shown in Fig. 7.

The fourth example considered is a 7-by-13-element, uniformly spaced array on a

circular cylindrical surface, as shown in Fig. 8, The array apertures are assumed toc be
3M\ in the x direction and 6X in the y direction, The radius of curvature of the circulax

12
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cylinder is assumed to be 5.1816A. To obtain a broadside pattern in the ¢ = 0 plane {xz
plane), the data cards should contain the following values:

Data Card 11 NE=0, NC=1, NP=361, LLL=2, LBP=1, NBP=11

(Fantd - -

Data Card 2: NCX=T7, NRY=13, AX=3.0, A¥=6.0, RX=h.1816, R¥=0., LP=1
Data Card 3: FII}=Q,
Data Card 4: FIO=0., TAO=0., TAPI=—90°, TAPF=90°.

Using the subroutine ELAGPO for a doubly curved surface with uniformly spaced elements,
the radiation patiern plotted by the computer is shown in Fig. 2. The step changes noted

in Fig. 9 and some of the later figures are the result of the provision provided in the program
which makes it possible to drop the element contribution whenever the element becomes
invisible {due to the curved surface) from the point at which the radiation field is being
computed.

The fifth example is a 7-by-18-element, uniformly spaced planar array. The array

apertures in the ¥ and y directions are assumed to be the same ag that of Example 4, The

fR UL TS fox wAAT A faald LALDLWULIE QLU GoSiilTia vhr AT AL SN0 QA0 LIy UL DAQIIIRNS

broad51de pattern in the @ = 0 plane for this planar array can be obtained using the same
ELAGPO subroutine and data cards as those of Example 4 by simply changing the RX
value to zero in Data Card 2. The radiation pattern for this planar array is shown in Fig, 10,

T
?? \ /\V/\V m/\ e
ﬁ

s |

T [UURHHEHRR IR BTG SRR HR SRR EHRH B U SRR T (T AU GHUH R R

~90-80-70 -60-50-40-30-20-10 0 0 20 30 40 S0 60 70 80 90
RZIMUTH ANGLE (DEGREES)

ARRAY PRTTERN (OB}
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Fig. 10 — Radiation pattern of a uniformly spaced planar array

The sixth example is a 7-by-13-element array on a conic surface with a base radius of
137.46\ and a cone angle of 7°. There are seven rows, and each row contains 13 elements.
The spacing between the rows is assumed to 0.5X; the interelement spacing along the base arc
is also assumed to be 0.5\, It is assumed that the array elements are vertical dipoles and
that a rectangular grid arrangement is used. The coordinate system applied to this array is
shown in Fig. 11. The following values for the data cards are used to obtain 2 pattern in the
¢ = 0 plane with zero scan angles:

Data Card 1: NE=0, NC=1, NP=361, LLL=2, LBP=1, NBP=11

Data Card 2: MM=7, RB=137.46, ARC=2.55, TC=7°, DX=0.5, DY=0.5, LP=1, LRT=0
Data Card 3: FI(I)=0

Data Card 4: FIO=0., TAO=0., TAPI=-90°, TAPF=90°.

The radiation pattern, obtained by using these data cards and the subroutine ELAGPO
for a conic surface, is shown in Fig. 12, Because of the conic surface, there is a cross-
polarization component which is plotted in the same figure as a separate curve. In this

example, the crosspolarization component is quite low because the radius of curvature of
the conic surface is laroe and tha arrav surface anproximates a nlanar surfaee

wALLIL SRILIALE o LklpT @ T oiiRy QP AV ALUARVOLD G /IGMGL JudiQut.

The final example illustrates two additional and useful features of the subroutine
ELAGPO for a conic surface. The first feature is that this subroutine can be used for the
arrays on a circular cylinder by specifying the cone angle TC = 0. The second additional
feature is that a triangular grid instead of a rectangular grid arrangement can be specified.
In this example an array on a circular cylinder with a triangular grid is considered, as

shown in Fig. 13. To obtain a broadside pattern in the ¢ = 0 plane, the following data
cards are used:

17
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Data Card 1: NE=0, NC=1, NP=861, LLL=2, LBP=1, NBP=11

Data Card 2: MM=10, RB=5.1816, ARC=33.1687, TC=0., DX=0.75, DY=.666,
LP=1, LRT=1

Data Card 3: FKI) = 0,
Data Card 4: FIO=0., TAO=0., TAPI=—00°, TAPF=90°.

CONE ANGLE

RADIUS

Fig. 11 — Conic-surface array
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Fig. 14 — Radiation pattern of a triangular-grid array on a citeular cylinder

The radiation obtained by using these data cards with subroutine ELAGPo for a conie
surface is shown in Fig. 14. Because of the large value of DX(.75), the radiation pattern
obtained by using a rectangular grid (not ineluded here) will have high sidelobes. From Fig,
14 it is clear that the friangular grid has the effect of reducing these sidelobes,
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+ HSIAO AND RAO

PROGRAM COFLARCY

COMMON/ L/PLTARRAY (2541 +FMAT{1000+3}
COMMONAZ2/GLLI000 3 e {20003}
COMMON/B/RMATIIOQ00 93937 sDMAT(3 931 sEMATI3 1 s TEMP3 ]
COMMON/4/FTI{10]

COMMON/S/DMATURI2,3)

COMMON/B/LGI3I AL 8(3)

DIMENSION CRI31sCI(3)BP(10G00]

ENTER PLOT FRAME PARAMETERS

CALL PLUTS (PLTARKAYs2D4s18]
AM=2 40

¥YM=5.

SY=2.

SYM=5Y+YM

YSL=60-

NY=&U

EMNTER RANDOM NUMBER SEED
RS=TIMEF (K]
CALL RANFSET(RS}

INPUT DATA

G-ARRAYs THREE COORDINATE ROTATION ANGLES FOR EACH ELEMENT
W-ARRAY ELEMENT LOCATIONS

ROTATIONAL CONVENTION-CLOCKWISE FROM PRIMED 7O UNPRIMED
1S CONSIDERED POSITIVE

ROTATIUNAL SEQUENCES=%sYsZ

LG ARRAY SECIFIES THE GROUND PLARE OF RALIATORS

LGLI1=1sLG12)=LG{3)=0 4Y PLANE

LOI13=LGI2)=0,LG{2)=1+XZ PLANE
LGUI=LG{21=0sLGI3 =19 XY PLARE

NE~NUMBER OF ARRAY ELEMENT

NC-NUMBER OF ANTENNA PATTERN CUTS IN ANGLE FI PLANE
NP-NUMBER OF POINT OF ANTENRRA PATTERN TO BE PLOTTED
LLL=0sSET PRINT=OUT FUR DIAGNOUSTIC PURPUSE

IF LLL=1s PRINT ELEMENTS POSITIONS AND KOTATION ANGLES
IF Lit=2s PRINT PATTERN FUNCTION ONLY

IF LLL GREATER THAN 2 NO PRINT=OUT
LEBP=04APPROXIMATE BY A PLAMNAR ARRAY PHASE
LBP=1»wITH CORRECT CORFORMAL ARRAY PHASE

NBP+ NOe OF PHSE SHIFT BITS»iF NoPsGTel0 CORRCET PHASES ARE USED

TAPTSPATTERN PLUT STARTING ANGLE
TAPF sPATTERN PLOT FINAL ANGLE

ENTER INPUT DATA

93

g1

G2

KK=0
READ LCOsNEsNCHNPoLLLyLBP s NBP

IFLECF 160199491

IFIKKsLWeCIGU TO 92

CALL REZERO (XM}

KKk=1

IF(NESLECGIGOC TO 1

READ LQLel{{W(lsd)el=1eNE)sJ=123)
READ 101s64G{EadtsI=1NE sd=103)
READ 100s(LG(iFal=143]

GQ 10 2

CALL ELAGPO{NELP)

22
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2 TF(LLL«GTl 160 TO 201
PRINT 104
DO 20291=143
202 PRINT 10Zs1WiNsT)sN=1sNE]
PRINT 105
DO 212 I=1s3
212 PRINT 102 (GINsI ) sN=1sNE]
20l PLl=3.1461592653bg979323845%
Pl2=2.%P]
ATR=P1/180
C
C COMPUTE THE R=MATRIX
DO 10 I=1sNE
10 CALL CODTRF (L)
IFILLLGT«Q)GO TO 203
DO 204 [=1»3
DO 204 J=is3
204 PRINT 102s (RMATI(L>IsJ}tslL=1sNEs10)
C
C DETERMINE FIELD POINT ANGLES
203 READ 10148(FI{iyel=leNCy
101 FORMAT( 8F1l0e6}
C
C ENTER SCAN ANGLES
READ 1Q1+FIUsTAOsTAPLsTAPF
FIO=FIO®*ATR
TAQ=TACG*ATR
TAPIR=TAPI#*ATR
TAPFR=TAPF#ATR
TAINC={TAPFR=TAPIR}/(NP-1)
TAAINC=TAINC/ATR
JN={NP=11/3
COTAQ=COSF (TAQ)
SITAD=SINFITAD)}
COF LO=COSF({FIO0}
SIFIO=S5INF{FI10)
XP=SITAC*COFIO
YP=SITAQ#SIFIQ
ZP=COTAQ*LBP+1+0-LBP
DO 70 K=1sNE
BPK=WI(Ks1) ¥XP+W (K2 ) ¥YP+ W{Ks3)*LP
BPK=BPK~INTF{BPK!
IFINBP«GT«10) GOTO 73
BPIK}=C.
DO 71 N=lsNBP
Bl=1le/2e#¥N
IF{BPK+LE«BLIOO TO 72
BPK=BPK=pl
BP(K)=B1+BP(K)
12 IFIN«NENBP)GDO TO 71
ReERANF (=1}
IF{RaLT«&5}GO TO 71
BP({K)=B1+BP(K)
CONTINUE
GOTQ 79
73 BP{K)=BPK
70 CONTINUE
C
C COMPUTE PATTERN

-J
o
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DO 20 [=1eNC

FILI)=FI[I®ATR

TASTAPIR

COF TUP=COSF(FI{I1

SIFIURP=SINFI(FLLLY))

FNOR=C

DG 30 J=lsNP

COTAUP=COSF(TA)

SITAUP=SINFITAY

CALL DPRMATI{COFIUPYSIFIUPsCOTAUP»SITAUPSDMATUR)

IFILLL.GT«0}GC TGO 211

SJMOD=MOD{.JsJN)

IFLJMODNELLIGO TO 211

TAANG=TA/ATR

PRINT 109+TAANG

PRINT 102 {{1DMATUP(L sM)IsM=193)aL=13}
211 00 31 L=1i»s3
3l CRILYI=CI{L])=Q«

AF=SITAUP®COFIUR

Yoo T TAT IR TE F11EY
T =31 AUF Aol A ur

2ZF=COTAUP
<
C SUM THE ELEMENT CONTRIBUTION
DO &40 K=1sNE
COFI=COFIUpP
S1IFI=5iFIUP
COTA=COTAUP
SiTA=51TALP
C
C TRANSFER ANGEL FROM UNPRIMED COUORDINATE 70 PRIMED COURDINATE
CALL ANGTRFI{COF12SIFTL«COTALSITASK L JG)
IF{LLLGTOIGO TO 209
KMOD=MOD(K s 101}
IF{KMODANE 1 20R«JMQLeNESLIGG TO 209
PRINT 108sk
PRINT LOZ2sCOFIsSIFI+COTARSITA
PRINT 102+¢ (ALY eL=193 s (BIL)sL=1+3)
C

¢ FORM D MATRIX
209 TFLLUG.LELQIGO TO 40
CALL UPRMATEICOFTsSIF12C0TA»SITAIDMAT)
IF{LLL=GTQIGO TO 205
TFIKMODANE ol «0RLJMODWNES11GU TO 205
PRINT LlG2s{{DMATIL oMY=k 3)al=153)
C
C ENTER ELEMENT PATTERN FUNCTION
205 CALL ELPATICOFISSIFLCOTA»SITASLP)
c
C PLRFORM MATKIX MULTIPLICATIONS
CALL MATMUT LK)
IF(LLL-GT«01060 TO 207
IF(KMODeNE el »ORe JMODaNEL1)0GU TO 207
PRINT 102»1TEMP LY sl =143)
C
¢ FIND THE PHASE
207 PhASL= WIK AL RXF+WIK 2 1 ¥YF+W (K a3 1 #2F
PHASEL=PHASE-INTF {PHASE}
PHASE=P12% (PHASEL~BP (K1}
PRE=COSF{PHASE)
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PIM=SINF (PHASE)
C LS
C FORM PATTERN FUNCTION '
DO 41 L=143
CRILI=CR{L}+TEMP{L)#PRE
41 CI(L)=CI(L}Y+TeMP(L}*PIM
40 CONT INUE
DO 32 L=is3
FMAT(J 9L )=CRAL ) *#24CI (L) *%D
32 IFCFMAT UL s GT o FNORIFNOR=FMAT L JL)
30 TA=STA+TAINC
XSL=TAPF-TAPI
NX=X5L
IF(lsEWeal1)GC TO 21
CALLL REZERO
21 CALL FRAME(XMasYMoXSL aYSLeNXNY s TAPI)
IFILLL-GT21GC TO 213
PRINT 107»FNOR
C
C PLOT ANTENNA PATTERN
2132 DO 60 K=113
TA=TAPI
LM=0
DO 50 L=1lsNP
FMAT(LsK)=FMAT (L sK) /FNOR
[F{KelLEel)}GO TO 50
IF(FMAT(L+K)+OT«040000001)G0 TO 52
FMAT(LsK)=~YSL
GO TO 53
52 FMATIL K )=10e¥ALOGIQ(FMATIL$K) }
53 Y=YME(La+FMATILHK)/YSL)+SY
X=(TA+9040) *¥XM/XSL
IF{Y«0TeSY)GO TO 56
Y=5Y
GO TO 54
56 IF(YaGT«SYMIY=5YM
IF(KeGT21G0 TO 54
[F({LMeGT&0}IGO TO 55
CALL SYMBOL(XsY»aQB9239Qa9-1)
G0 TO 57
55 CALL SYMBOL(X*Yse0633906 02}
GO TO 57 )
54 IF(LMeOT«0)GO TO 51
CALL PLOT(X»sYs»3)

GO TO 57
51 CALL PLOT(XsYs2)
57 LM=1

50 TA=TA+TAAINC
IFILLL«GT«21G0 TO 60
PRINT 1034K
PRINT 1064 (FMATIJsK ) yu=1 NP}
60 CONTINUE
20 CONT INUE
PRINT l1Cs{BP{K}sK=1sNE)
110 FORMATI//+10Xs*STEERING PHASE*5// 3 [10XKs10F12e61})
GC TO 93
99 CALL S5TOP PLOT
100 FORMATI(6I5)
102 FORMAT( /4 (10X910E1243))
103  FURMATU{//#20X9%ARRAY PATTERN (DB)%s5X9%¥K=%,15)
104 FURMAT(//920Xs*ELEMENT LOCATIONS®)
102 FURMAT (/7 320X *ELEMENT ROTATION ANGLES#*)
106 FORMAT{//s(10Xs10F12461})
107  FORMAT(//910Xs*ARRAY NORMALIZING FACTOR*35XsF1545)
108  FORMAT(//910Xs#ELEMENT*915)
109 FORMAT{//#20Xs*¥AZIMUTH ANGLL=#3F6e2)
END
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SUBROUTINE ELAGPO(NEsLP]
C THIS SUBROUTINE 15 FOR A DQUBLY CURVED SURFACE
COMMONAZ/GLLI0U0S3 Y sWw 10003
COMMON/G/LGI3) A3 ) s3(3]
C GROUND PLANE 1S ON XZ PLANE
L.Gi11=L6{31=0
LG(ZI=1
NRY «NO OF ROWS IN Y DIRECTION
NCXs NO OF COLUMN IN X DIRECTION
AXs X-DIRECTIUN APLRTURE» I wAVELENGTHS
AYs Y-DIRECTION APERTUREy [N WAVELENGTHS
RXs RADIUS OF CURVATURE [N X DlwkClIun
RYs RADIUS OF CURVATURE 1N Y DIRECTION
PI=3.14159265358979323846
PIH=PL/Z2a
LP=0s HORIZONTAL DIPOLES, LP=1y VERTICAL DIPQLES
THE FIKST ELEMENT STARTED AT =X AND =Y
READ LOO0yNCXaNRY sAX sAY sRASRYSLP

100 FORMATIZ215:4F :0e6p12)
PRINT IO0LsNCRINRYSAXIAY sRAIRYSLP

101 FORMATI(10X+21534F 104415}

IFIRY«EQeDa 00 TO 2
ARCYH=ASINF e 5%AY/RY)
ARCY=2«¥ARCYH
ARCYINC=ARCY/INRY~1)

TEsRw Oy N ¥GEH T 2
A LIVAT LAV S VWY 1w -

ARCXH=ASINF (e D#AX/RX )
ARCKX=2 « ¥ARCKK
ARCXINCSARCRZINCR~1}

[aNANANS Nalal

[N

(AN

3 IFINCX=1.EQs0)GO TC 8
DX=AX/ (NCX=1)

8 IFINRY=1.EQe0IG0 TO 9
DY=AY/{NRY~-1)

el AUGY=AUGK=D.
LL=0

PO 10 [=1sNRY
TF(HYGT 01060 TO &

Y52l l=1 1 #DY=AY/2.
25=04
AUGYY=0a
GO TO 9

4 AUGY=( =] ) #ARCYINC~ARCYH
YS=RY®ESINF {AUGY )
ZE=RY#LUSF L AULY 1 —RY
AUGYY=AUGY

5 DO 10 J=1aNCX
LL=ti+l
IF(RX+GT.04)G0 TO 6
XS (=11 %0XN~AXS 2
ZAS=0e
AUGXX=0e
GO TO T

& HEUGK={J=1 ) ¥ARCKXINC~ARCXH
XS=RX*SINF {AUGK])
IXS=RX¥CUSF{AUGX ) =K
AUCXX=RAUGK

7 WlLLsi7=X%3
WiLLsZi=YS
WiLL s )=Z28+2ZXS

* When the array ¢lements are uniformly spaced.
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IF(LP«LTL0}GO TC 1

GILL1)=PIH+AUGX

GILL +21SAUGYY
GILLs+31=PIH
GO TO 10

GILLs1}=sPIH=AUGY
GiLLsZ2}SAUGXX
GIiLL +31=0

CONT INUE

NE=LL

RETURN

END

NRL REPORT 7826
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SUBKOQUTINE ELAGPU(INE sLP)

Y THIS SUSROUTINE 1S FUR A DOUDLY CUKVED SURFACE
COMMON/Z/G{ 10031 2100031
COMMON/E/LGL3) sA(3) 25 (3)

< GROUND PLANE 15 ON XZ PLANE

LGIIJ=LG(3)=0

LGiz2i=1

NRY »NO OF ROWS IN Y DIKECTIUN

NCX» NO UF CULUMN IN X UIKELTIUi

AXs X=DIRECTION APERTUREs Ih WAVELENGIHS

AYs Y-DLRECTLOMN APLRTUREs [N wAVELENGIHS

RAs RADIUS OF CURVATURE IN & DIKECHIUN

RYs RADIUS OF CURVATURE IN Y DIRECTION

PI=3.1415926539897TY42 5546

RIR=P1/7.

LP=0» HORIZONTAL DIPOLESs LP=1ly VERTICAL DIPOLES

THE FIRST ELEMENT STARTED Al =X AML =Y

READ 100»NCXsMNRY3AXsAY sHA R ILP

100 FORMATIZIS s4F 1068127

PRINT 101 aNCXsNRYsAXIAY sRXsxYsLP

FORMATI10X+21554F10a4315]

IFINRY-1.EQa0) GOTOS

DY=AY/(NRY~1)

GOTQ 20

& DY=0.0

70 IF{NCX~1.EQeQ] GUTU ¢

DX=AX/ (NCX~1)

NN NANMA N

[y
[}
Pt

GOTC 22

g DX=0e0

22 AUGY=AULX=0Q
Ll=0

DO 1U 1=1sNRY
YSs(I-11#DY=AY/2+0
IFERY«GT 0w} GOTO 4
Z5=(0ey
AUGYY=0.0
GoTe S

4 AUGY=ASINF(YS/RY]
25=RY#COSF (AUGY I =-RY
AUGYY=AUGY

5 DO 10 J=1sNCK
LL=LL+1
XS5={ U1 13DX=AX /2.0
IFIRXeUTe0n] LUTU 6
ZAS=ual
AUGKXX=04+0
GOTQ 7

6 AUGX= ASINF{XS/RX)
ZRG=RX¥COSF{AUGK ) =X
AUGXX=AULX

7 WilLsl}=XS
Will «212Y5
WiLL s3)1=254ZX5
IF{LPeGTW0IGO TO 1
GILLs1)=PIH+AUGYK
GiLLs2r=AUGYY
G(LL+31=P[H
Gl 710 1Q
i GlLiL st ) =PIH=-ALGY

*When the array elements are projected uniformly spaced.
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GILL a2 ) =AUGKX
GiLl »33 =0
CONTINUL
Nz=LL

RETURMN

END

NRL REPORT 7826
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SUBRQUT INE ELAGPUINESLP)
C THIS SUBROUTINE [§ FOR CONIC ARRAY
COMMON/2/G(1l0UQe3) s {10003}
COMMON/B/LGI3 3sAL3)»815])
MMs NUMBER OF ROWS
Ris BASE RADIUS
ARCs CUNE ARCH
TC CONE ANGLE
DX+ SPACING IN X-DIRECTION
DYs SPACING IN Y DIRECTION
LP=0» HUORIZORTAL DIPULESs (P=ls VERTICAL DIPOLES
LRT=1» TRIANGULAR GRID
LRT=Us RECTANGULAR GRID
READ 100sMMsRHSARC s TCHLXIDYILPILRT
100 FORMATUIISs5FL0e64212)
PRINT 101 sMMsRBIARCsTL sDX sDYsLPILRT
101 FORMAT(10%sI5s5F10eas2i5)
C GROUND PLANE [5 ON XZ PLANE
LG(If=LG(31=0
LGt2)=1
2 PI=3,141592653568979323846
PIH=PI/2.
ATR=PI/ 180,
TC=TCHATR
ARC=ARCHATR
ARCH=ARC /24
TTC=TANFLTC)
i=g
DO 10 M=1sMM
IMOD=MOD{M=1+2 ) #LRT
R=RB~tM=1]#DY%TTC
RL=R#*ARC
D=R%SINF{ARCH}
RN=RLALDX+I
ARCINC=ARCY (NN=1}
NNSNN=1M0OD
DO 10 J=1sNN
I=0+1
AUG={ lamUm ¢ 5* IMOD T #ARCINC+ARCH
Wilsll=COSF(PIH=AUGI#R
W(ls2}=DY*(M~1)
WIIs3)2SINFIPIH=AUG]*R-D
IFILP«GT L0160 T 3
GI{Iy1)=AUG+PIH
Gi1s2)=7C
Giis2)5PIH
GO TO 1g
3 Gl{1s1}=PIH=TC
GLIs21=AUG
Glis3)=0.
10 CONTINUE
NE=1
RETURN
END

AN a N AN aRaNa et ale
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SUBROUTINE CODTRFIL)}

COMMON/ L/PLTARRAY L2541 «FMAT (10003
COMMON/2/G 110003 ) »Ww(10003)
COMMON/3/RMAT(100082393) sDMAT(3 831 sEMATI{3 19 TEMP{3)
DIMENSION A(3+3)sB(393)sCi313)
COX=COSF{G(Ls1))

COY=COSF{G(LeZ}}

COZ=COSF(GIL+3)}

SIX=SINF(G(Lsl))

S1Y=SINF(GIL#2))

SIZ=SINF{G(L#3})

C FIND THE X RATATION MATRIX

Cileld=1s
Clls2)=C{1s3)=C(2411=C(3s1)=04s
Cl2,2)2C(35315C0X

Ci342)=51X%

Cl2y3}t==5IX

C FIND THE ¥ ROTATION MATRIX

BlLls1l)=B(3s3)=C0OY

Blls3)=8IY

Bi{3s1l)==51Y
Blls2)=B(2+2)=B(2+3)=6(392)=0a
Bl2y2)=1a

C FORM MATRIX PRODUCT

10

DO 10 =153
0O 10 J=1,3
Al14J)1=04

DO 10 K=1s3

ATy N)=ACT s N+BITsKI*CIK )

C FORM Z~AXIS ROTAT+ON MATRIX

20

Cllal)=C(2y2)=C02

Cl2sl1)=512

Cils2)==512
Clls3)=C(391)=CU392)=Cl2953)=0s
Ci343)=1,

DO 20 i=14+3

DO 20 J=1s3

RMATILyIsJ)=0s

DO 20 K=113

RMAT{L s Ty J)=RMAT LI aJI+C LI oK I#A(K s )
RETURN

END
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SUBROUTINE DPRMAT{COFLsSIFIeCOTAISITAIDMAT Y
DIMENSION DMAT (323}
DMAT{1911=5] TA*COF]
DMAT (1421=COTA*COFI
OMAT(1s3)1==5F [
DMATI2 52 1=81TA¥SIF ]
DMAT(292)=COTA#51F 1
DMAT(2433)=COF I
DMAT(351})=COTA
CMATI3921==5ITA
DMAT{3531=0,

RETURN

END

32
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SUpRCUTINE ANGTRE(COFT2SIF I sCOTARSITASL I LJIG)
COMMON/3/RMATLILO00 9393 ) sDMAT I3 93 ) s EMATIS )W TEMP{3)
COMMON/B/LGI3} +A(3)s3(3)

LJG=1

Bi1l)=SITA*COFI

Bi2)=SITa*sIFI

Bi{3)=CuUTA

o 20 I=153

All)=U.

DO 1¢ K=1s3
ALT)=ALIY+RMATILsKo L i ¥b{K}
IF(ACL ) eGEWQs «ORaLGII)LT«1l)I0GU TO 20
LJG=0U

GU TO ¥

CUNT INUE

COTA=ALS)
IF{ABSICOTA) eGT el e bCOTA=SION{TIepA(3})
SITA=SURT!1+4-COTA®®Z)
IFLABSTA(LY)aUGTeleb-10)060 TU 1
COFI=0.

SlFl=}.¢

GG 7O £

TOF I=A{2)/A(1)
COFI1=5G=T(las{Lat+TOFI%*2]})
SIFI=SURT{1e=COF I #¥2)
COFI=SIGNF(COFTIsA{Ll})
SIFI=5IGNF({SIFIsA(2))

RETURN

END

33
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SUBROUTINE ELPAT(COFIsSIFI+COTAWSITAILP)
COMMON/3/RMATLLIO00+353) aDMATI342) oEMATI3 ) o TEMP(3)
EMAT{1Y=0s

EMAT(2)==8ITA¥{LP~1}

EMAT(3)=SITA¥LP

RETURN

END
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SUBROUTINE MATMUTIL)

COMMQ!. "1/PLTARRAY (254) oFMAT{100C 3}
COMMON/3/RMAT" " 10093831 +DMATI 393 ) 9 EMAT (3 ) s TEMP(3)
COMMON/S/DMATUP(343)

DU 1¢ I=14s3

TEMP{11=04

DO 10 J=1+3
TEMPLI)=TEMP (I }+OMAT Lo JIEEMAT (J}
DO 2u 1=14+3

EMAT(L)=0.

DO 20 J=143
EMAT(LI=EMAT{L)+RMAT (LI o J}*TEMP(J)
DO 3¢ 1=1s3

TEMPLl1=0a

DO 30 J=1s3
TEMPUL)=TEMP{L)+DMATUP{J s [ 1 HEMAT(J)
RETURN

END

35
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SUBROUTINE FRAMEIXMs¥YMsASL e YSLaNXsNY s TAPRI)

NX eNUMBER OF DIVISIONS ON X-AXIS

NY sNUMBER OF DIVISIONS ON Y=AXIS

YMIMAX LENGTH OF Y-AXIS IN INCH

XMyMAX LENGTH OF X-=aAXIS IN INCH

SY=5HIFT OF ORIGIN ON Y-AXIS

HiNe HEIGHT OF LABRELING CHARACTER IN MULTIPLES OF Q035

CXSEL s YSL~X-AXISsY=AXIS ESCALE

23 2

C LL=1+FOR DB SCALEsSLL=CsFOR ABSOLUTE VALUE

11
10

21
20

32

COMMON/ 1/PLTARRAYLZ254 ) sFMATI10003)
SY=2.

HN=5 o

YMSY=YM+SY

HLAB=HN*.035

HLAS=HLAB+4035

WLAB=G#HLAR/ T

KSCL=KSL/ANX

YSCL=YSL/NY

DYsSYM/NY

¥=5Y

NNY=NY+1

CALL PENCHGI(12)

CALL PLOTED«2SY93)

CALL PLOUTt{XMeSYe 21}

CALL PLOT(XM»YMSYsd)

CALL PLOTIOs3YMSYs2)

CALL PLOTI{O.95Ys2}

CALL PENCHG(11}

DC 10 J=1sNNY

CALL PLOT{Dws¥Y 43}

MODY=MUOD({J=T1s1.

IF{ LYeNELQILGO TO 11

CALEL PLOTE=a29Y2)

AsYSCL¥(J~1]=~Y5L

CALL NUMBER({~T+5*WLAB o Y~HLAB/ 2+ sHLABsAsQara4HF4a 0}
GG 7O 1¢ :
CALE PLOT(=els¥YeZ]

¥=Y+Dy

X204

DX=XM/NX

MNX=NX+1

BC 20 K=1sNNX

CALL PLOT(XsSYs3)

MODX=MUD(K~-1s10)

IF{MODX«NELCIGD TO 21

CALL PLOT{Xs5Y-e2927

A= (K=11#*XSCL+TAP}

CALL NUMBLERIX-3.5%4L AL s SY-HLABY2 22 4HLAB sAsQe g4k 420}
GO TO 40

CALL PLOT(Xs5Y-els2)

R=X+DX

CALL SYMBOL{ «5¥XM=20,5%WL AR s~5 o #HL AB+S5Y o HLAS ¢ 22HAZIMUTH ANGLE(DEGR
CFESY a(laed P

CALL SYMBOL (—9«0*WLAB»YM/2e+S5Y 13 TH#WLABIHLASY I THARRAY PATTERNIDB
Lys90es:7}

CALL PLUT(QesUns31}

ENL
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SUBROUTINE PENCHG(IP)
RETURN
END
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