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COMPUTATION OF BEAM PATTERNS AND DIRECTIVITY
INDICES FOR THREE-DIMENSIONAL ARRAYS WITH
ARBITRARY FLEMENT SPACINGS

INTRODUCTION

A special formulation of the computation of beam pattern functions of
arbitrary arrays is presented herein, along with 3ome computational aspects.
A package of computer programs has been written in FORTRAN V and is de-
scribed. Complete input parameter definitions, output information, usage, and
program descriptions are given in detail in the text and in the tables. Selected
numerical examples exhibit the differert options and show the ‘vpical results
obtained with the beam patterns being described graphically and the directivity
index against noise and reverberation being given numerically in decibels. The
computations associated with the program are carried out on the Univac 1108
computer in single-precision arithmetic with the EXEC 8 system. A listing of
the compuier programs is included in the appendix.

The packuge contains some important features which are worthy of note.
First, the design allows treatment of arrays whose elements are distributed in
three-dimensional space in a completely arbitrary fashion, with either uniform
or nonuniform spacing between elements. Determination of beam pattern func-
tions is computed in a manner that allows the beam to be defined in any plane
surface which passes through the array center. By a seiective sectioning in
anguiar spherical coordinates, this technique can produce representations of
three--dimensional beam shapes.

The program provides for array response to either plane or spherical wave
excitatian. In addition, in order to treat completely arbitrary arrays, an indi-
vidual array element response is incorporated which has directional receiving
propertizs, Further, the program is capable of incorporating any amplitude
shading ‘cesnique desired, Arbitrary phasedelays in element response may also
be adderd, zpart from the usual artificially introduced array steering delays.
This additiorsl feature is useful, for example, in determining array perform-
arre when unwanted or uncompensated phase delays are present in the system.

Directivity index and reverberation index are computed from beam pattern
furciions by the application of numerical quadrature techniques. An option is
provided for intesration in subintervals with different mesh sizes in order to
nminimize compu,er running time,




MATHEMATICAL FORMULATION
BEAM PATTERN FUNCTION

The beam pattern function b(6,¢) is considered to be depeadent on the two
sphkerical coordinate deviation asgles: 8, defining the azimuthal deviation in the
horizcntal plane, and ¢, the vertical deviation from a horizontai reicrence. The
reference direction in azimuth may generally be assigaed to coir~ide with a geo-
metric axis of the array if, as is usually the case, there is inherent symmetry
in the physical array structure, The origin of coordinates is assumed to be the
geometric center of the set of elements comprising the array, as shown in fig-
ure 1, The array element is designated by its Cartesian position {(xy, yy. zg)
k=1,2,...,N.

ARRAY RESPONSE TO PLANE WAVE
EXCITATION

A plane wave that is irapinging on the array is completely defined, insofar
as its effect on the output of the array is cancerned, by the direction of propagation
(6, 9) of the wave and its wavelength A. The direction perpendicular to the in-
coming wavefront is defined by direction cosines, cosa, cosg, and cos?v, where

cos a= cos¢ sin

cos 8 = cos® cos 9 1)

co8Y=-sin¢.

yA

ARRAY ELEMENTS

Figure 1. Coordinate System for Arrey
Structure and Beam Pattern Function
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A reference plane for measuring relative phase at any element of the array
is chosen to be that plane passing through the origin which is parallel to all wave-
fronts, i.e.,

Xxcosa +ycosfB +zcosY =0 .
The distance from any element to the reference piane is then

d = x| cosa +y, co8 8 + z, cosY k=1,2,..., N) 2)

ana the phase of the plane wave excitatior at the same element relative to that
corresponding to the reference plaae is

=% A - ®)

The "voltage' output of the unsteered array for plane wave excitation is then
given by

Al i(2%/\)d;
Ve = ) Rje( Y, )
i=1

where RJ is the amplitude response oi the j-th element, Phase delays corre-
sponding to preassigned array steering angles can be readily incorporated into
the voltage function. If (6, ¢,) are the prescribed steering directions, the
equivalent "delay length" is given by

Dy = x| COS ag + Yk €OS B + 2k COS Vg , )
where cos a, oS ﬁo, cos v, are the direction cosines of the vector corre-

sponding to the steeving directions, The voltage output of the steered array is
then

N i(2r/A) (d; - D)
Ve.d = ) Rye T (6)
i=1
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The beam pattern function in decibels is defined az minus the logarithm of
the ratio of beam output power relative to the maximum output power over all
directions,

v2(e,
b(8,) = - 10 log, BE'(T:T:I_@'L
* max

In the event tiat the array is steered, the denominator in the previous ex-
pression corresponds to the array response in the direction of the sieering vector,

ARRAY RESPONSE TO SPHERICAL
WAVE EXCITATION

At times it may be of interest to examine the array beam pattern fuaction
when tie impinging wave does not have plane fronts, In this event, an alterna-
tive forn: is c'rosenas a spherical wave. Thus it is possible to examine the array
responses unde * other thanfarfield source conditions. Let the symbol r,, specify
the distance of a point source from the array center; then if (9,¢) prescribes
the angular orientation of the source, its C-.rtesian position coordinates are

xE =T, cosd sinf
yf =T, cos$ cos @ (8)

23 =T, sind
The spherical wavefront passing through the origin is givea by the equation
2 2_ 2
-xp?+ @ -y)°+ @- 27 =Ty )

The distance from an arbitrary element along a radial direction from the
source to this reference wavefront is easily found to be

0 9 1/2
d =1, - [(xk - xE) + (Vi -yE) + (2 - zf) ] . (10)

The "delay lengths* for steering directions (6,,%,) are found from equa-
tion (5), since it may usually be assiuned thal the array beam would be steered
for plane wave excitation,
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l' . DIRECTIVITY INDEX
L
Y - - The directivity index (DI) is expressed by the formula
N 2x %/2 ,
* f f |v2(6,4)] cose dede
1 o J-x/2
| DI = e 10 loglo . (11)
' 47 |V2(0,6) pax
! oS
3 REVERBERATION INDEX
N
! / The reverberation index (RI) is expressed by the formula
[ . ; 27 x/2 2
S f f RV(6,6) | v2(8,0)| cose deds
/ A ¢ o J-x/2
' where RV(6,4) is a reverberaticn function which is used to effzctively describe
- the relative reverberation strength of backscattered energy from boundary or
i} volume scatterers over the angular intervals involved,
" g
COMPUTATIONAL ASPECTS
1 The computer program developed to perfor: array beam calculations con-
. tains three separate sections:
1. Determination of the array beam pattern
2, Evaluation of DI
3. Evaluation of RI for an arbitrary reverberation function.
Given the physical structure of the 2rray, thefirst of these merely involves per-

forming the summation given in equation (6) for either thz plane or the spherical

wave. Provision is made to insert the individual element response and a possible
coefficient for amplitude shading from two separate subroutines of the CALL
statement. Similarly, the physical delays as well as those artificially introduced
for array steering are computed in another such subroutine, The computed beam

function is presented as either a polar or a rectangilar plot, as required by the
user, Details of input information and use of the program are given in later
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The second function, computation of directivity index, involves integration
of a two-dimensiona! integral of the form

b ~d
I= f f f(x,y) dxdy . (13
a (4

The numerical evaluation of the above integral is accomplished by means of
a quadrature formula,

N

M
1=y 3 HiHj f0xg,y;) . (14)
i=1 ;=1

The thi>d program function is similar to the above, since computation of the
reverberation index also invclves the quadrature formula. In addition, it is nec-

essary toprovide a reverberation funclion which is to begenerated in a subroutine
provided by the user,

The integration mesh size is a two-dimensioaal variable in order to econo-
mize on computation time, In the absence of round-off errors, = sufficiently

small mesh size enables the quadrature formula to adhere to a certain desired
computation accuracy.

DEFINITION OF INPUT PARAMETERS

The input parameters appearing on the NAMELIST of the executive program
have four different categories:

1. ARRAY CHARACTERISTICS
2, BEAM PATTERN FUNCTIONAL CONTROL PARAMETERS
3. DI AND Rl COMPUTATIONAL CONTROL PARAMETERS
4, CONTROL PARAMETER OF SEQUENTIAL RUNS,

They are defined below,
1. ARRAY CHARACTERISTICS

DIMENSION INDEX
L Number of elements in the x-direction
M Number of elements in the y-direction
N Number of elements in the z-direction
LMN Total number of eiements (for irregular element

spacing)

- —

{
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|
FREQUEI:‘:CY Hz)

F\ Frequency
SCUND VELOCITY C
VElﬁCTY If unspecified, the "default” value is 4900, 0 ft/sec

SPACING BETWEEN ELEMENTS

IXYZ=0 Implies elements equally spaced in x, y, and z
directions

XSPACE Spacing between elements in x-direction (ft)

YSPACE Spacing between elements in y-direction (it)

ZSPACE

Spacing between elements in z-direction (ft)

**A nonzero indicator IXYZ requires that eack
element lucation be given in three-dimensional

Carterian coordinates. These can be given in free
format,

SELECTABLE PHASE DELAY OPTiON

IDELAY = 0 implies no preselected phase delay as,ociaied with
elements,

«xIf IDELAY is not 0, DELAY subroutine should be
supplied with selectible delay information

ARRAY ELEMENT DIRECTIONALITY

IR=0 Implies nondirectional elements; otherwise the sub- -~

routine RSPNSE has to be supplied, containing the
information of directionality in the array R

SHADING TECHNIQUE

ISHAD =0 Implies no shading cf individual element.
+**Nonzero ISHAD rzquires an amplitude shading
technique tc be given in SHADE subroutine
WAVEFRONT

RZERO < 0 Plane wavefront
RZERO > ¢ Spherical wavefront

**RZERO is the distance from a source to the origin

-
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MAXIMUM ARRAY RESPONSE ON MAJOR AXIS

MRA

THEM
PHIM

Set = 0 initially.

The steering direction must be given to determine

the maximum response. Once the maximum response
value is determined, the program automatically sets
MRA#0. For subsequent runs, the iatest maximum
response value is usced, unless a different steering
direction is specified wita MRA =0,

Horizontal steering direction angle
Vertical steering direction angle

2. BEAM PATTERN FUNCTION CCNTROL PARAMETERS

BEAM TVYPE

IBEAM =0 Horizontal beam
IBEAM =1 Vertical bean

IBEAM >1 Calculates major response value; implies no need

PLOTS
IPLOT <0
IPLOT =0
IPLOT > 9

PLOT SCALES
ALONG
DLLONG
DIAM
PLDB

to calculate the beam pattern; calculations proceed
directly to the computation cf DI/RI

Plot is suppressed
Rectangular plot
Both rectangular and polar plots

Rectangular plot, horizontal length in inches
Rectangular plot, vertical scale in decibels
Folar plot, radius in inches

Polar plot, scale in decibels

CONTROL OF NUMERICAL OUTPUTS
OF BEAM PATTERN FUNCTION

IPRINT =0 Printout of numerical values is suppressed

" Ny a——

f

A e ahl




M THMIN

' f THMAX

Al PHIMIN
‘. PHIMAX
‘N DTHETA

DPHI
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- HHZ

HVT

LOWH
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LOWV
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ANGULAR LIMITS AND INCREMENTS (Degrees)

Minimum horizontal angle for beam computation
Maximum horizontal angle for heam computation
Minimum vertical angle for beam computation
Maximun * rtical angle for beam computation

Horizontal angular increment between successive
computations

Veriical angular increment between successive
computations

3. DI AND RI: COMPUTATIONAL CONT.R0OL PARAMETERS

%’ CONTROL OF DI COMPUTATION
: INDEX =0 Implies that the calculation of DI is to be vmitted
% CONTROL OF RI COMPUTATION
E IREV #0 The calculation of FI is required. Thereverberation

function RV (6,¢) must begivenin » subrcutine REVB

INTEGRATION LIMITS AND SPACING

Horizontal integration steo size

Default value = 3°

Vertical integration step size

Default value = 3°

Lower limit of integration in horizental direction
Default value = 0

Number of points considered between horizontal
iimits

Default value = 120

Lower limit of integration in vertical direction
Default value = -90°

Number of points considercd between vertical limits
Default value = 60

. - e AR LT L
ey,
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B ' INTEGRATION CONTROL

-~

10

MANYH Humber of intervals to be integrated using different

step sizes

Default vaiue = 1

4, CONTROL PARAMETER OF SEQUENT:AL RUNS

ITIME =0 Thevery first time entering the program. (The pro- ,
gram initializes th’ quantity to be Q)

ITIM=Z =1 Implies there is n» need to repeat the calculations

of the array elements, the element response. delay,
shading, ard the Major Response.

ITIME >1 Implies thereis no need to calcuiate thebeam panern
function, plots, and related computations.

Other than the control parameter of sequential runs, the foregoing tabulation
of input parameters is summarized in tables 1, 2, and 3.

Table 1. Array Characteristics

—
Degcriptioa Symbol Default Coodition
Dinension L, M, N :
Namber of elements LMN
Frequency F
Vetocity VELCTY 400, 0 ft/sec
IXYz ~
XSPACE
Elements spacing YSPACE
ZSPACE
IDELAY 0
Delay DELAY
DELA 0.0
IR 0
Slemeuts response RSPNSE
R 1.0
ISHAD 0
Shading techaique SHADE
SAAD 1.0
Wavef{root RoTRO 0.0 .
Array response ob major zxis MRA 0
-~
e e N
= e - e — /,==ﬂ=~
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Table 2, Beam Pattern Function

Control Parameters

.y L

THMIN = 0 <0< = THMAX
PHIMIN= o <3< = PHIMAX
Dercription Symbol Defauit Condition
IBEAM Aorizontal
IPLOT 0
IPRINT ¢
3
%in TRMIN
) THMAX 360°
max
*min PHIMIN -90°
®max PHIMAX 90
a0 DTEETA 00
ae DPHI 10

Table 3. DI and RI Computation

Control Parameters

The following integral is considered,

f f 1(9,9) d6an
]

ety Ty

PR

My
v Qg™ g

O S L O Y I AR IO N ey e T At

Description Svmbol Ivfanit Condition

a LOWH 0

b LIME 2r

¢ LOWV -v/2
d LIMV /2

a0 HHZ 3
ae HVT 3
MANYE 1
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PROGRAM DESCRIPTION

The overall structure of the computer program is described by means of

table 4, the following brief outline of the executive program, and the various
subroutines controllied by the programw.

Table 4. Structure of the
Computer Program
GBEAM

SUM

RSPNSE

DELAY

———— SHADE

BPLOTR

BPLOTP
l———RADlAL
t——— REVR

GBEAM — This is the executive program that commands the specific perform-
ance requested by the user. It performs the following functions:

Accepts input data
Calcalates the wavelength
Calls RSPNSE, DELAY, SBADE, if they are xequired

1,

2.

3.

4. Commands the setup of clement spacing, if equal spacingis required
5. Liats certain input information
€.
7.
8.
9.

Displays some processed information
Determines Major Response of array
Calis for rectangular and/or polar plots
Calculates horizoutal and/or vertical beams
10. Calcuiates DI
11, Calculates RI
12, Prints out numerical results.

"\“\. .
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The various subroutires are:
SUM Calculates Major Response and the delays

XYZ Calculates the element locatious, if equally spaced, and accepts
irregularly spaced array element locations provided as input to
the program

RSPNSE Obtaine element response, if elements do not possess an omaidi-
rectional character

DELAY Accepts selectable delays

SHADE Accepts an arbitrary amplitude shading technique
BPLOTR Generates a rectangular plot

BPLOTP Generates a polar plot

RADIAL Sets up radial scale for polaxr plot

REVB Describes a reverteration function,

PRCGRAM USE

The coding of the program for the Univac 1108 computer is compatible with
the EXEC 8 system. The program has ! een labeled GBEAM and is availzble on
tape (2158, 1st file). Under ordinary use, no additional tapes ave needed. The
input parameters previously defined should be specified in NAMELIST format
under the name INPUTS, and the input procedure should thereiore present no
great diificulty. Several points, however, require explanation,

In the event that the array spacing is irreguiar, the proper indication raust
be giter (IXYZ > 0) in the NAMELIST data, Whan all the NAMELIST data have
been entered, the specific locations of all array elements in Cartesian cocrdi-
nates with the ordering x, y, z should be entered in free format. When the
executive program GBEAM calls for a specific element position information,
the subroutine “YZ reads the required information and passes this on as re-
quired. (When «_ -ay elemeiits are regularly spaced, the aubroutine XYZ calcu-
lates the coordinates of the element specified from tke given array spaciog
information. )

The program contains a number of other nptional features which vequire
special treatment by the user. Individual elem 2ets may be given an amplitude
response other than omnidirectional by use ot the subroutine RSPNSE, in which
the user must define (for example, by means of an equation or tabular dataj the
desired response function as it depends upox the deviation angles 8 ang 9.

13
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Similarly, an ampi'tude coefficient compatible with some desired shading
technique to the beam may be introduced as 2 wodification: to the individual ele~
ment response by the subroutine SHADE. An example wkich serves to illustrate
the manner in which SHADE subroutine may be used is givea in the appendix.

The subroutine DELAY calculates the artificial delay iengths associated
with a given tilt and steering angle. Also, it is possible t« intraduce an arbi-
trary phase delay into the response of each element by providing, as input, the
required numerical values in free format,

Tae basic cptions of the program are shown in table 5, whick defines the
various input quantities according to the option desired. If a reverberation index
is desired, the subroutine REVB must be supplied with the reverberation function
RV(6,¢) in a manner analogous to that used in RSPNSE, which tras previously
discussed.

Table 5. Coutrol Parameters

General Optiocns
BEAM . . . .
Di . . .
RI . . .
—1'881( x x x x x

PFHIM x x - x x x
IBEAM x x N x x
ITIME x x x x
IPLOT x x x x
INDEX x x x
IREV x x x

* ltems required

% Items to be specified

14
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n . . OUTPUT INFORMATION ]
‘, . ‘ The lirst page of the output is given as an aid to the user i~ checking the ‘
N . input data and consists of the following information:
© . i
\ N Title: GENERALIZED BEAM PATTERN PROGRAM
i i Wavefront type
! Array size |

Frequency (3z)/wavelength
Spacing in all directions (ft)

———

Reference point (geometric center of the array)
Selectab.' e phase delays introduced

Determind array response on major axis,

— O ———— A Vg

Subsequent pages contain horizcntal or vertical beam pattern numerical out-
puts if the printout option is selected.

The next output information gives the numerical values of DI/R! if requested.

The last item of oucput information indicates how many plots wili be generated
if, indeed, plots have been required.

IMPORTANT FEATURES

Simple mathematical formulas. a

frte i anmonppinmsiss b 7 UG AR ¢ A i gah s e oy
.

Program is generai, complete, optional, easy to use, and has no
restrictions,

Important parameters are well defined internally, No danger is involved
if the user failed to specify some of them. In addition, the user has the
option of al’ering these parameters to satisfy his requirements.

Capability of handling both spherical and plane wavefroats.
Rectangular and polar plots are built in. User can select the plot size.
Automatic setup of equal array element spacing,

Accepts irregularly spaced array elements by their locations.

15 .o
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i

The use of steering direction information to determine the MRA :
results in considerable time saving. |

Optien of 2ccepting the element directionality. {
The SHADE subroutine accepts any shading f.echnique. )

The program arranges the three-dimensional elements in one-
dimensional computations.

|
Integration limits are adjustable so that the computations can be ;
accelerated. Program can decompose a two-dimensional integral :
into a set of subintegrals along each subintegral with different step
sizes; the step size can be any fraction of one degree.

The listing of the basic input information on the first output sheet
enables the user to examine whether or not his input information is
supplied correctly,

All subroutines reed not be supplied by the user. If they arenot called
for, the prograr: takes care of them automatically.

Manipalation ¢f the large number of array elements is fiexible to the
upper iimit of computer capacity.

The option of computing and plotting any one section of the beam
pattern,
The option of bypassing the beam plots to calculate the DI and/or RI.

iIf any additional computations are required, the necessary modifica-
tions can be incorporated easily,

NUMERICAL EXAMPLES

In this section, selected examples are presented to demonstrate the options
of the program and to illustrate typical computation results. To demonstrate
subroutine usage, a cos? shading technique is applied in one probiem. The
examples are divided into three categories. The three arrays considered have
the configurations described in figure 2.

16
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YA
A LINE ARRAY OF 9 ELEMENTS EQUALLY SPACED WITH
HALF-WAVELENGTH SEPARATION

"
N X 4 / -
] A TWO-DIMENSIONAL EQUALLY SPACED ARRAY,
N A HALF-WAVELENGTH APART

|
5 z
’ A

A CYLINDRICAL ARRAY OF 21 ELEMENTS
WITH NONUNIFORM SPACING

»Y

Nyt T]
//\u/

Figure 2. Array Configurations

X
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Category 1 — 1ae first division has four examples of one-dimensional, equally
spaced elements (table 6), Initially, a plane wavefront is consid-
ered, Foilowing this, three spherical wavefronis are presented:
one has a short distance from the source to the array center; one
has a moderate source distance; and one has a great source dis-
tance. The effects of the three different source-array separation

distances are shown graphically in figures 3 through 6. Each fig-

ure consists of rectangular and polar plots of the horizontal and

vertical beams for each example, The plotsin the figures are iden-
tified numerical'y with their corresponding example numbers in
the table,

Category 2 — A two-dimensional, equally spzced rectangular array with a plane
waveiront is considered next (table 7). Initially, the beam is com-
puted without shading, then with a cos2 shading applied in two
dimensions. Each example in the table has two different plots.
Figures 7 and 8 cach contain four plots of either the horizontal or
vertical beam pa‘terns for the rectangular and polar plots of each
example.

Table 6. Category 1 — One-~Dimens.oanal Array (9 x 1 x 1)

Example Number 1.1 1.2 1.3 1.4
Type Plane Spherical | Spherical | Spherical
Array Wave Wave Wave Wave
Excitation Source Far
Distance (ft) Field 5.0 20.0 1000, 0
Element Spacing ()) 0.5 0.5 0.5 0.5
28 »
Horizontal R-plot plot 1.1,1 | plot 1.2,1 1 plot 1.3.1 | plot 1.4.1
Beam | o it plot 1.1,3 | plot 1.2.3 | plot 1.3.3 | plot 1. 4.2
e o R-plot plot 1,1.2 | plot 1,2,2 | plot 1.3.2 | plot 1.4.2
a1 poplot plot 1.1.4 | plot 1.2,4 | plot 1.5.4 | plot 1.4.4
Directivity Index 9.54 9.65 9. 55 9.54
Reverberation Index 12,55 12,66 12.56 12,55
Computation Time (sec) 27 30 31 32
*R-plot = rectargular plot
tP-plot = polar plot
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Iso

MOT 1,1.3 UNE ARRAY, FLANE WAVEFKONT
HOUZONTAL BEAM PATIRN

00,049

HOT 1.3.3 LINE APRAY, SMHERCAL . WETRONT (MODLEATE DISTANCEH)

HOMZONTAL BEAM PAT..
#20.0deg

HOT 1.,2,3 UNE ARRAY, SPHERICAL WAVEFRONT SHORT DISTANCES
HORZONTAL $EAM PATTERN

& 0.0dey

MOT 1,4.3 LINE ARRAY, SPRERICAL WAVEFRONT (GREA® LiSTANCE

HORZONTAL 1AM PATIEN

¢ 0040

Figure 4. Horizontal Beam Patterns of Line Array — Polar Plots
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-20.0 .0 0.0 ©0.0 %.0

ANGLE gy
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VIRTICAL SEAM PATTERN
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Figure 5. Vertical Beam Patterns of Line Array — Rectangular Plots
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Table 7. Category 2 — Two-Dimensional Array (20 x 1 x 3) |

y Exumple Number 2.1 2.2
H
'f Shading Technique Noae cos?
a 2
55 Type Plane Wave Plape Wave
& Array
Excitation Source .
g Distance (£t) Farfield Farfield
E Element Spacing (A) 0.5 0.5
% Horizootal R-plat* plot 2.1.1 plot2.2.1
P Beam P-plott plot2.1.3 plot 2.2.3
é Vertical R-plat plot 2.1.2 plot 2.2.2
E Beam P-plot plot 2. 1.4 plot 2.2. 4
Fixed
4 19.03
Directivity | _ HepSize
ﬁ Variable 19,05 19.00
Step Stze
>
é le;?“ 2.04
i Reverberation Step
X Index
; Variable
; .01
step Size 22,09 22
by o~
<
Fixed
& Step Size 10
- Comgpatation
é\ Time (sec) Variable 58 99
it Rep Size
7
2 *Rectaagular plot
e trolar piat
-
i;;,::
23 -~
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MO 2,14 MECTANGILRAR AIRAY PLANE WAVIFEONT O WNADING
VINTICAL SLAM PATILOT
0 909 coy

MOT 2,2.4 MCTANGLLAR ARIAY, MANT WAVIFFONT, CO57 WeaDmG
VIRTIKAL BEAM PATIIEN
W00 sy

Figure 8. Vertical Beam Patterns of Rectangular Array
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Category 3 — Finally, a three-dimensional cylindrical array of 21 elements with
different wavefronts is considered (table 8). The cylindrical
height = 1\, the vertical spacing 0.5\, ard the circumferential
spacing is (x/6)A, or roughly 0.5\, and the radius is 1A. This
category derionstrates the treatment for irregularly spaced ele-
ments. In table 8, each example has two different plots. The four
plots of figures 9 and 10 show either tho horizontal or vertical
beam patterns for the rectangular and polar plots of each exampie,

In the examples, whenever an RI calculation is involved, the function RV(8,¢)
is defined for illustrative prrpoees to be a constant 0.5 for all ¢ and ¢. There-
fore, 1o physical significance is intended. Steering directions 8 =¢ =0 are used
for examples of categ.ries 1 and 2; 0=45°, ¢=0 are used for exawgles of
category 3. The distance between clements is chosen to be half-wavelength, if
equal spacing is required. Computations of DI and RI are given in tabular form,
together with the computation time,

Table 8. Category 3 — Three-Dimensional Array (21 Elements)

Example Number 3.1 3.2
Type Plane Wave Spherical Wave
Array
Excitatia Source
@) Farfield 5.0
Element Spacing Irregular Irregular
. .
Horizontal R-plok ‘ ot 3.1.1 plot 3.2.1
Beam P-plot? plot 3.2.3 plot 3.2.3
= ']
Vertical R-plct plot 3.12.2 plat 3.2.2
Beam p-plot plot3.1.4 plot3.2.4
Directivity ladex 13,02 12.80
Reverberation Index 16,03 15,81
Computation Time (sec) 57 54
*Rectangular plot
TPolar plot
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Figure 9. Horizontal Beam Tatterns of Cylindrical Array
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. Example 2.1 of table 7 has two values of DI and RI, which are obtained by ]
using two different mesh sizes for the numerical integration. The value above

the line is calculated by integrating horizontally over the interval (0°, 90°), using {
s 1° spacing; the value below the line is calculated by the summirg of two integrals. .
One is integrated over the iaterval (0°,15°%) with a 0.5° mesh size; the other is {

integrated aver the interval (15°,90°) with a 1, 5° spacing.

REMARKS
The present limit on the total number of elements is 2400, The number of

the integration points must be an odd number, i.e., the LIMH, LIMV must be
an evern number >2,

REFERENCES
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1. P. Davis and P. Rabinowitz, Numerical Integration, Blaisdell Publishing Co.,
New York, 1967.

2. H. Less, Vector and Tensor Analysis, McGraw-Hill Book Co., Inc,, New
York, 1950.

3. R. J. Urick, Principles of Underwater Sound for Engineers, McGraw-Hill
Book Co., Inc., New York, 1967.
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Appendix
COMPUTER PROGRAMS

This section lists all FORTRAN V compnter programs required for the
computations,

Subroutines HSPNSE and DELAY are made dummies to satisfy the compiler
for testing purposes,

Subroutine SHADE describes a pedeatal shading technique that is demonstrated
in one ¢f the test examples.
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GBEAM

A GENERALLZED HBEAM PATTERN COMPUTATION PROGRAM

WITH SHADinGe UJRECTIVITY INDEX ANV REVERBERATION LEVEL
DLEE FEB,s 1973 = SYSTEMS ANALYSIS DEPARTMENT

IRREGULAR LOCATIONS OF ELEMENTS IN 3«DIMENSION

IR0 OMN]=UIRECTIONAL

IXyZ=0 ELEMENTS EQUALLY SPACED

FOR SPHERAICAL WAVE FRONT, ENTER NONZERO RZERO

IF NOT REWUESTLOs HORIZONTAL BEAM IS GIVEN

IBEAM=1 SVERTICAL DEAM

DIMENSION R(2400),XH(2400) o YIH(240C) +2:H(2400)
OIMENSION UELA(2400) »SHAD({2400) »BEAM(720)
DIMeNSION PANGLE (720) o TANGLE (720

OIMENSION HUR(12)¢DATA(200)

CALL MODESG(DATA,0)

CERNO O E UGN

FORMAT(10X»3(E15,8015X))

FORMAT (S1X¢ *GENERALIZED BEAM PATTERN PROGRAM'//)
FORMAT(/5X e *ARRAY SIZE 026X o (o I3e XX 93 XoI3p1Xe ' X?p1Xo1I30%)0)
FORMAT (/5X¢ *FREQUENCY* 9 11X0 *=*0E35.8¢2X,? (H2) )
FORMAT (/75X 'SPACING ZeDIRECTION ='9L15,8¢2X¢ *(FEET)?)
FORMAT (/5Xs *SPACING X«DIRECTION 3'05150302X0'(F£ET)')

FORMAT (/5Xs 's3s8 HORIZONTAL BEAM s%sst//)

FORMAT (/75X 's88s YVERTICAL BEAM sess?//)

FORMAT (/75X ¢ 'SELECTABLE PHASE-DELAY 1S ABSENT®)

10 FORMAT(1H1)
11 FORMAT(/5Xs YSPACING YeDIRECTION =',E15,802Xe *{FEET) )
12 FORMAT(/5Xs 'SPACING IN X=DIRECTION IRREGULAR')
33 FORMAT (/5X: *SPACING IN Y=DIRECTION IRREGULAR®)
14 FORMAT (/5K *SPACING IN Z=DIRECTION IRREGULAR?')
15 FORMAT(40Xr2(EL15,8¢15X))
17 FoRnA](/Sxo'uRA GIVEN AT (THETA:'»F6e1¢¢ DEGREESe PHI=?F6.1¢" DEG
sREES) ')
148 FORMAT(12A6)
19 FORMAT(/5Xe 'PLANE WAVE FRONT*)
20 FORMAT(/5X: *OIRECTIVITY INDEY ='0F8,2,2X,*(DB)*)
21 FORMAT(//5X¢ 'REVERBERATION LEVEL ='+F8,2¢2X0*(0B)")
501 FORMAT(/5X¢ 'SPHERICAL VYAVE FRONT == ROZ?9E1D¢802X0e * (FEET)?)
502 FORMAT (/75X *LOCATIONS CF*ol4o1Xe 'ARRAY ELEMENTS ARE GIVEN?)
503 FORMAT(/5Xs YREFERENCE. POINT ("9F6,201X0 %9 91F6,2¢3Xe?>99F6,24%))
504 FORMAT(/5Ke "WAVE LFNGTH St eFH,203X0 ' (FT) )
NAMELIST INPUTS/IRe IXYZoLoMeNs IDELAYFoRZERO,

L B N J

XSPACE ¢ YSPACE ¢ 2SPACE 2 DTHETA 1 OPHI » IBEAM¢ THEM,
PHIMsYELCYY s PHIMINS PHIMAX e THMIN, THMAX ,

IPLOT ¢ INDEX s IREV s ITIME ) ALONG 2 OLLONG ¢ ISHAD
HHZ o HY T IPRINT o LOWHo L IMHo LOWV o LEMV o MANYH/

DATA IR»IXYZ,IPLOT» IBEAMs INUEXs IREV s ITIME ¢MKA¢ ISHAD/940/
DATA MANYHe JPRINTLOWNoLIMH,LOWVoLIMV/1,2800120;-90,60/
DATA HHZ/HVT/283,0/
DATA PHIMINIPHIMAX ) YTHMIN THMAX ) VELCTY/=90,0090:000,003504004900,/
DATA DTHETAsDPHIPI1+0EGC/2810,003,14189265351,01745329/
DATA ALONG,D.LONG,PLDBIDIAM/286,0060,004¢0/
OATA ReSHADIDELA/480081,09240080.07
160 READ (39 INPUTSIERR=Y999,END=9999)

e = o o va——
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READ 18, HOR

IF(ITIME (NE, 0) 60 TO 88

WLAMDA=VELCTY/F

CALL XYZUIXYZoXHoYHoZHoLoMeNy XSPACE ¢ YSPACE ¢ 2SPACE ¢ LMN, X0 ¢ Y0,20)
IF(IR «NE, 0) CALL RSPNSE(LMNsR)

IF(IDELAY oNEs 0) CALL DELAY(LMNsDELA)

IFCISHAD (NE, 0} CALL SHADE (LMNsXH¢YHoZHo X000 Y00 20)

RMAX=0,0

D0 89 I=1,)LMN

IF(RMAX +LT. R(I)) RMAX=R{I)

859 CONTINUE
88 CONTINUE

IF(ITIME (GT, 1) GO TO 300

IF(ITIME ,EQ, 1) 60 TO 1131

WRITE (4+2)

IF (RZERO ebbo 0.,0) WRITE (4,19)

IF(RZERO 40T, 0,0) WRITE (4,501) RZERO

IF(L oNEe 0) WRITE (49D, [LoMeld

IF(L ¢EQe 0) WRITE (44502) LMN

IF(F oLEe 0,0) WRITE (%4+504) WLAMDA

IF(F +6Te 0,0) WRITE (4s4} F

IF(IXYZ.@Q.O oAND, XSPACE,6T,0,0) wRITE (496) XSPACE
LFCIXYZ,EQe0 oAND, YSPACE,6T,0,0) WRITE (4r311) YSPACE
IF(IXYZ,EQe0 +AND, ZSPACE,6T,0,0) WRITE (4¢5) 2SPACE
WRITE (4¢503) X0,Y0020

IF(IOELAY +EGe 0) WRITE (409)

IF(MRA ,NE, 0) GO TO S2

CAkL SUM(THEMsPHIMoRZERO s XHs YHe ZHo WLAMDA » LMNDELA»RyRMAX » ARMIMRA ¢S
sHAD)

52 WRITE (4917) THEM,PHIM

WRITE (4030)

1131 CONTINUE

IF(IBEAM_EWQ.0 +AND, IPRINT.EQ.0) WRITE (4,7)
IF(IBEAMeEW.1 oANDs IPRINTEQ,0) WRITE (498)
IF(LBEAM ,£Qs 0) 60 TO 200
IF(IBEAM (6T, 1) 60 TO 300

C ssss VERTICAL BEAM

THETASTHMIN
JNDEX=0

30 JNDEX=JNDEA+1

PHIZPHIMIN®FLOAT (UNDEX~=1)8DPHI
PANGLE (UNDEX)SPH]
IF(PHI=PHIMAX) 3Z,32038

C ssss FOR A FIXeD THETAe PLOT PHI VS BEAM

A

GO T
32 CALL

38 JNREXSJINDEK=L

IF(IPLOT LT, 0) 60 TO 300

CALL BPLOTR(IBEAMePANGLE ¢ BEAM UNDEX ¢ THETA ¢ PHIMINePHIMAX « ALONG» DLLO
SNG s HOR 2 DATA)

IFCIPLOT (67, 0) CALL BPLOTP(IBEAMPANGLE ¢BEAM UNDEX» THETAPLDB DI
sAMsHOR)DATA)
0 300
o ’:UM(THGTAOPHIoRZEROoXHoYH.ZHOﬁLAHDAoL"N'DELA'R'RMAXOXNAXONRRO
* ¥)

BEAM(JNDEX ) ==~10,4ALORL0 (XMAX/ARM)

IF(IPRINT «NEo 0) GO (O 3G

IF(JUNDEX ,t@e 1) GO TO 70

WRITE (4015) PHI,BEAM(JNDEX)

60 10 30

33
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h

70 WRITE (4¢1) THETA#PHIBEAM(JINDEX)
GO0 7O 3G ; |
C ssss HORIZONTAL BEAM
200 CONTINUE |
PHIZPHIMIN
JNDEX=0 ) '
210 JUNDEXSJUNDEX+1
THETASTHMIN+FLOAT (UNDEX=1 ) sDTHETA ﬁ
TANGLE (JNDEX) STHETA
IFCTHETATHMAX) 213,213,234
C sass FOR A FIXED PHI, PLOT THETA VS BEAM ‘
234 JUNDEXSJUNVEX=1 i
IF(IPLOT LT, 0) 6O TO 300
caLL epot ‘
sPUReDATA) \
IF(IPLOT (6T O) CALL BPLOTP(IBEAMs TANGLE )BEAMs UNOEXsPH » PLUBIDIAM 3
2oHDR10DATA) ;1
|
|
1

RCIBEAMy TANGLE o BEAM s UNOEX ¢ PHE o THMIN ¢ THMAX s ALONG » OLLONG o H

G0 TO 300
233 CONTINUVE
CAk:)SUN‘THETAoPHI:RZERO:XH:YNOZHoULANDAOLHNoDELAoRoRMAXvXﬁAXoMRAo
SSH
BEAM(UNDEX ) =10, 5ALO610 ( XMAX/ARM)
IF{IPRINT .NEe 0) 60 TO 230
IF(UNDEX ,EQ@, 1) 60 TO 230

- WRITE (4015) THETA/BEAM(JNDEX)

. 60 10 210 3
230 WRITE (401) PHIITHETABEAM(UNDEX)
60 1O 210 .

| 306 IF(IPRINT +EQs 0) WRITE (4010) y
i C ssss TO CALCULATE DIRECTIVITY INDEX & REVERBERATION LEVEL

IF(INDEX.EQ@s0 oAND, IREV,EQ.0) 60 TO 100

TD3=0,9

TRL=0,0 )

1230 IF(MANYH ,LE. 0) 60 TO 1200 4
READ (3¢ INPUTS+ERR=9999:END=9999)
FIHOZ=HHZ#UEG |
FIVISHVTSDEL .
HLOWSFLOAT (LOWH)
VLOWSFLOAT(LOWV)

- OINDEX=0.0 - A

. . RLEVEL=040

: 1INU=+4

00 1000 JO=0,LIMH

01=0.0 4

RL=0,90

THSFLOAT (JO) sHHZ#HLOW

JIND=+L

00 1001 KO=0,LIMV

PH=FLOAT (RQO) sHVT+VLOW 1

CALLSUM(THo PHoRZERO» XHo YH o Zrio WLAMOA s LMN DELA ¢ Ro RMAX » XMAX # MRA » SHAD )

IFCIREV oNE, 0) CALL REVB(REV,TH¢PH)

; X=XMAXSCOS (PHSDEG ) /ARM

i IFC(IREV +NE, O) Y=REVSX

IF(KO oNEy 0) 60 TO 1002
1003 DI=pIeX

IFCIREV oNEo 0) RLSRLeY

60 TO 100}
1002 IF(KO +E9Q, LIMV) 60 TO 1003

B i ]
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D3=pI+X+X

IF(IREV oNEe 0) RLESRLeY+Y

IF(JIND 6T, 0) UI=DleXeX

IF(JIND,GTe0 oAND, IREV,NE+O) RLSRL+Y+Y
JIND==JIND

CONTINUE

CINDEX=DINDEX+FiVvT#D1/3,

IF{IREV Ntes 0) RLEVELSRLEVEL+FIVTSRL/S,

60 1O 1000

IF(JO +EQ, LIMH) 6O TO 1004
DINOEX=DINUEX+2,3FIVTsDI/30

IF(IREV (NE, 0) RLEVELSRLEVEL+#2,sFIVTsRL/3,
IF(SIND +6T7, 0) DINDEXSDINDEX+2,2F1vTeD]/3,
IFC(LIND,GTe0,AND,IREV,NE(0) RLEVELZRLEVEL+2.3FIVTSRL/S,
TIND==1IND

CONTINUE

TOI=TOI+FIHOZ#DINDEX/ 340

TRL=TRL¢F INOZSRLEVEL/340

MANYHSMANYH=1

60 10 31210

CONTYINVE

DINDEX==10,%ALO0GLO(TOL/ (4,*P])}
IF(IREV,NE.0) RLEVEL=w10,8ALCGLI(TRL/(4,5P1))
IFCINOEX ¢NE, 0) WRITE (4020) DINDEX
IFCIREV oNEs 0) WRITE (4¢21) RLEVEL

60 TO 100

CALL EXITG(LATA)

STOP

END
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ig?ROUTxNE EYZ(IXTZoXHo THeZHoloMoeNe XSPACE ) YSPACE » ZSPACE ¢ hMN) X010 YO
. J
C ssss A SUBROUTINE TO OBTAIN ARRAY ELEMENTS LOCATIONS
DIMENSION XH(13oYH(3),2ZH(Y)
400 FORMAT()
LMNzL*MaN
IF(IXYZ +Nte 0) GO TO 8
IF(XSPACE o+LEe¢ 0,0) 60 TO 3
C sass ESESLLV SPACED IN X=DIRECTION
IX0=
XOSFLOAT(L=1)8XSPACE/2,0
Do 1 I=1si.
U0 11 Jal¢M
00 21 Ks=ign
IX0=IX0+L
XHCIXO)ZFLOAT(X=1 ) s XSPACEwXQ
@1 CONTINUE
k 11 CONTINUE

Y S

1 CONTINUE
3 YF(YSPACE (LE, 0,0) 6O TO S
C ssea hgglkk? CTACED IN Y=DIREGQTION
1y0=0
YO=FLOAT(M=1)sYSPACE/2.0
00 & J=1rM
00 14 I=1,t
00 2% K=1lgn
1Y0=1Y0+1
YH(3YO0)SFLOAT(M=]1)sYSPACEeYQ
24 CONTINUE
T 14 CONTINUE
|

g

% CONTINUE
S IF(ZSPACE +LE. 0.0) 60 TO 6
c octaxgggsLLY SPACED IN Z=DIRECTION
20SFLOAT (N=1)82St A\CE/2,0
DO 7 K=1/N
00 17 I=1l¢t
. DO 27 Jslim
~de 120=120+3
ZH(J20)=FLOAT {K=1)8L5PACE®2Z0
} 27 CONTINUE
17 CONTINUE
7 CONTINVE
& RETURN
C sess ELEMENTS UNEQUALLY SPACED
8 CONTINUE
) X0=040
Y0=0,0
' 205040
a8 READ 100¢ LMN
03 9 I=1elMN
READ 100¢ AM(I) o YH(I)o2ZH(])

36
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XO=XI+XH(T)
YOSYOeYH(])
20=2042H )
CONTINUVE
X0=xX0/FLOAT (LMN)
YO=YO/FLOAT (LMN)
20=20/FLOAT(LMN)
D0 10 I=1,LMN
XH{I)=XH{])=XO0
YH(3)SYHIT ) =YO
21112 =20
CONTINUE

RETURN

END

TR 4687
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SUM

SUBROUTINE SUM(THETA¢PHI+RZEROe XHo Yete ZH ) WLAMDA » LMN)DELA Ry RMAX o XMA

X ISTEER ¢ SHAD)

C ssss PERFORM TRIPLE SUMMATION

OIMENSION AH(1)oYH(L) pZH(S) oDELALL) +R(1)9SHAD(L)
DATA RADePL/¢1745329E=01+0,283185307/
TH=THETASRAD
PHIPHISRAD
ALPHASCOS(PH) sSIN(TH)
BETA=SCOS(PH)=COS(TH)
GAMMAZ=SIN(PH)
:0.0
XiM=0,0
IFCISTEER ,EQe 0) 60 TO 194
IF(RZERO 46T, 0,0) 60 TO &0

C sess PLANE WAVE FRONT

DO 103 IS1.LMN
ARG=PI& (XH(])SALPHA+YH( ) OBETA+ZH (1) sGAMMA) /WLANDA
ARS=ARGCDELA(I)
REALSREALYSHAD (L) sR(1)8COS (ARG ) /RMAX
XIM=XIMeSHAO (1) &R (X)SSINCARG) /RMAX

103 CONTINVE
60 TO 41

C ssss COMPUTE STEERING DIRECTIONS

c

38

106 CONTINUE .
U0 3105 I=3sLMN
ARG=PIs (XH(i)SALPHACTH(I)9BETASZH( ) sGAMMA ) /WLANDA
DELA(I)=DELA(I)=ARG

105 CONTINVE
XMAXSFLOAT (LMN) =2
ISTEER=}
RETURN

zoss SPHERICAL WAVE FRONT

80 CONTINUE

ALPHASALPHASRZERO
BETASBETASKRCERO
GANKASSAMMASRZERO
DO 203 I=1,uMN
ARG (XH(I) =ALPHA) 3824 (YH(] ) =BETA) 8824 (ZH (1) ~GAMMA ) 582
ARG=PIs (RZERO=SART (ARG) ) /WLAMDA
ARG=ARG+UELA(I)
REALSREAL®SHAD (I ) oR(I)2COSIA6) /RMAX
XIM=XIMeSHAUCI)SREIISSINLARG) s RMAX

203 CONTINVE

81 AMAX=REALeRcAL*XIMSXIM

RETURN
END
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. BPLCTR
C BEAM PLOY = RECTANGULAR

. :g:R82;:?E BPLOTR(1SEAM) ANGLE s DL ¢NPTYS ) AFIX o AMIN, AMAX ¢ ALONG » DLLING
L4 0
DIMENSION AMSLE(1)00L(3) o HOR(1)DATA(L)
DATA RP1/310,2/

IBEA NOT 02 VERTICAL PATTEARN

= 0% HORIZONTAL PATTERN
AFIX: FIXED ANGLE {DEG)
AMINS MINIMUM ANGLE (DEG)
AMAXS MAXIMUM ANGLE (LEG)
ALONGS LENGTIH OF ANGLE AXIS (IN)
DLLONG: LENGTH OF LOSS AXLIS (i1N)

HOH:  TITLE

XMIN (4095, = ALONGSR®PI)/2,
XMAX = XMIN ¢ ALONGSRPI
YMAR = 3071, = (SeRP]
YHIN = YMAA = DLLONGSRP]
CALL OBJUCTG(DATA» XMIN) YMINe XMAX o YMAX)
DLMAX = 10,8ULLONG
CALL SUBJEG(DATA» AMIN,DLMAX o AMAX 00, )
ADEL = (AMAX=AMIN)/7ALONG
CALL SRIDG(DATAIADELI=10,40,0)
CALL LABELG(DATACO0sACEL+096,1)
CALL LANELW(UATAL1/=10¢0093)
CALL TITLEOG(DATA¢12¢*ANGLE (DE6)'¢16¢°08 DOWN FROM MRA®,T2¢HOR)
DO 20 I=1.NPTS
IFCANGLE (T oLYAMIN; ARGLE(I) = AMIN
IFCANGLEL]) +GT AMAYX) ANGLE(I) 2 AMAX
IFCOL(I) obTe0e) DL(Z) = 0o
IFOGALI) 6T DLMAX) 81¢1) = DLMRX
S0 CONFINUE
CALL SETSMO(DATA,3002,)
CALL LINESGLDATAINPTSANGLEDL)
CALL SETSMe(DATA23001,?
CALL SEYSMu{DATArL4¢l1,)
Y = YMIN = ),258RP]
SF(IBEAMJEQ.0) GO TO S50
‘X = (“095. o 2‘.‘31.)/2.
ALL LﬁGmG(D;TAvkoszlo'Vﬁk'nCﬂ‘ BEAM PATTERN?®)
- 9
84095, ~ 18,231.)/2,
LEGNDG(DATAI X9 Ve 18s ' THETA = 7 A )
+ 33,86,
190
{8095, = 23,831.)/2,
LEGNDG (DATA» X0 Y0239 *HORIZONTAL BEAM PATTERN®)
T = +J*RPI
14095, = 16,%31.)/2,
CALL LEGNDG(DATAlXoY0 10, 'PH]L = 0ES*)
. X=X ¢ 6,031,
300 CALL NUMBRG(DATA!XsYo6eloAFIX)
CALL SETSMG(DATAr1800,:
CALL PAGEG(DATA¢0,201)
RETURN
ENG
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BPLOTP
BEAM PLOT « POLAR

SUBROUTINE GPLOTP { IBEAM ANGLE o DL+ NPTS 9 AFIX s DLMAX 2DLLONG o HOR ,DATA)
DIMENSION ANGLE(1)0LLC1),MOR(1)DATA(L)

DATA RP1/310,2/

DAYA CEG/57.295779/

IBEAM NOT 03 VERTICAL PATTERN
= 0! HORIZONTAL PATIERN

AFIX: FIXED ANGLE (DEG!

DLMAX: RANGE OF DL (DB)

DLLONG: RADIUS (IN)

HOR: TITLE
XMIN = 2087,5 = DLLONGSRP]
XMAX = XMIN + 2,sDLLONGSRPI
YMAX = 3071, = (SsRP]
YMIN = YMAX = 2,3DLLONGSRP]

CALL 9BJCTO(DATA, XMINs YMINe XMAXs YMAX)
CALL SUBJEG (DATA ) «DLLONG ¢ 00LLONG ¢ ULLONG s DLLONG )
CALL RADIAL(DLLONG+,12/DATA)
CALL SUBJEG(DATA»=DLMAX 9 =DLMAX ¢ DLMAX » DLMAX )
CALL SETSM&(DATA.30+2,)
CALL SETSMO(DATA:8301,)
CALL CIRARG(DATA¢0,¢0,0OLMAX,0¢0360,)
CALL SETSMG(DATA»30.1,)
DO 10 I=0eA70010
THETA = FLUAT(I)/DEG
X = DLMAXSCOS(THETA)
Y = DLUMAXsSIN(THETA)
10 CALL SEGMTG(DATAsLsXoYeoXg=Y)
D0 20 1=1,10
X = 30,5l
IF(X.SE,DLMAX) &0 TO 30
20 CALL CIRARU(DATA20400,2DLMAX=X00¢0¢360,)
30 CALL SETSMG(DATA:;30,2,)
THETA = (90, = ANGLE(L))/DEG
R = DLMAX = pDLiQ)
X = ReCOS(THETA)
Y = ReSIN(THETA)
CALL LINESO(DATA(Q¢X0Y)
D0 40 1=2,nPTS
THETA = (90,~ANGLE(1))/DE®

R = DLMAX = DL(])
X = ReCOS(THETA)
Y = ReSIN(THETA)

40 CALL LINESOG(DATA¢L19sX,Y)
CALL SETSMO(DATA,3001,)
CALyL SETSMO(DATA,1401%,)
Y = YMIN - 160,
X = (4095, = T2.331.)/2,
CALL LEGNDG(DATAsXoYeT29HOR)

|
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Y = YMIN » 1,25%RP]
IF(18EAM.EW,0) 60 TO S0
X S (4095, = 2i.331.)/2, |
CALL LEGNDG(DATA»XoYo21¢ *VERTICAL BEAM PATTERN?)
Y - Y - .3‘RP1 1
X = (4095, - 18,%31,.)/2,
CALL LEGNDG(DATAIXeYr 389 *THETA = DEG?)
X s X ¢ 31..6. i
60 TO 100
80 X = (4095, = 23,%31,)/2,
CALL LEGNDG(DATASX»Y¢23) *RORIZONTAL BEAM PATTERN')
Y=Y = (3dsRPI
X = (8095, = 16,831.)/72.
CALL LEGNCG(DATA»XoY 0164 *PHI = DESY)
X S X ¢ 6,831,
100 CALL NUMBRG(DATArXeYsbedeAFIX)
XSRPISOLLONG/DLMAX*10,
Y=YMAX$25,
00 120 151010
Ix=10s1
6F:F§°AT(IX) «6E, DLMAX) 00 TO 230
120 CALL NUMBRG(DATA»2032,5¢793,IX)
130 CONTINVE
CALL SETSML(DATA,14+0,)
CALL PAGEG(DATA1C)101)
RETURW
END
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RADIAL

SUBRUUTINE KADIAL (RAD,DATA) ’

DIMENSION VATA(L)

EXTERNAL FONT2 !

DATA DEG/57,29578/ )

CALL VECIG(DATA,FONT2,0) ,

CALL SETSMG(DATA¢S1s4,) {

CALL NUMBRG(DATA+0,+RAD¢1,0) 1

DANG2 = 1,/24%31,/(RAD®279.18)

DANG3 = 2,3DAN32

00 § K=10,90,10

FPN = FLOAT(K)

DANG = FPN/DEG = DANGZ

X0 = RAD*SIN(DANG)

YO = RAD*COS(DANG)

THETA = =FPN

CALL SETSMG(DATA/46¢THETA)

CALL NUMBRG(DATA.X0¢Y0020K)

CONTINUE

D0 2 K=100:260,30

FPN = FLOAT(K)

DANG = FPN/DEG ¢ DANG3

X0 = RADSSIN(DANG)

YO = RAD*CUS(DANG)

THETA = 180, = FPN

CALL SETSMG(DATA,460THETA)

. CALL NUMBRG(DATA¢X0¢Y003,K)

- ; 2 CONTINUE .

‘ DO 3 K=270+350,10

. FPN = FLOAT(K)
DANG = FPN/DE6 = DANG3
X0 = RAD*S{N(DANG) .
YO = RADSCUS (DANG)
THETA = 360, = FPN ;
CALL SETSMG(DATA,861THETA)
CALL NUMBR@(DATA¢XO0¢Y003,K)
3 CONTINUE
CALL SETSMG(DATA¢51¢0,)
CALL SETSMO(DATA+86+0,)
R RETURN
: END
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SHADE |
SUBROUTINE SHADE (LMNeSHAD 9 XHo YHs ZHe X0 Y0, 20)
DIMENSION SHAD(1) o XH(1) o YHEL) 0ZHIL) !
PED=0+5

C ssss COSINE SQUARE SHAGING TECHNIQUE !
CAY1=ACOS(SURT(0,1)) /X0
CAY3=ACOS(SWRT(9,1))/720 ‘
D0 33 I=isLMN i
XA=(1o=PED)SCOS(CAYLISXH (1) )es24PED
X8=(1 ¢=PED) sCOS(CAYISZH(1}) w024PED !
SHAD (1) =SHAD (I)sXAsXE :

33 CONTINUE :

RETURN
END

DELAY

SUBROUTINE DELAY(LMN/DELA) i
C sess SELECTABLE PHASE DELAY IN RADIANS
OIMENSION UELA(L) ;
100 FORMAT()
READ 100¢ (DELACZI) e IS100LMN)
RETURN
CND

RSPNSE

SUBROUTINE KSPNSE (LMN,R)
C ssss RESERVED TO UBYAIM DIFFERENT RESPONSE OF DIFFERENT ELEMENTS
DIMENSION R(}1)
RETURN
END — .
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SUBROUTINE KEVB(XeTHePN)
X=0,5

RETURN

END
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