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ing of hydrophones can be accommodated; either plane or spherical wave
excitation can be assessed- the beam pattern can be determined for any
desired array steering dirention; any desired element response function
can be incorporated into the beam computations; any prescribed amplitude
shading technique can be applied to the array; and arbitrary single-element
phase delays can be introduced into the beam computations. The latter fea-
ture is useful for assessing the effects on array performance due to errors
in the computed steering delays, errors in the locations oý hydrophones, or
errors of random phase components in propagating wave energy intercepted
by the array.

The output format is selectable and can be either a polar or a rectwagular
representation. In addition to the beam patterns, the programn also determines

values of directivity index and reverberation index.
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COMPUTATION OF BEAM PATTERNS AND DIRECTIVITY
INDICES FOR THREE-DIMENSIONAL ARRAYS WITH

ARBITRARY ELEMENT 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 different options and show the '.ypical 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 computer programs is included in the appendivx.

The package 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
surfac" which passes through the array center. By a selective 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
excitation. In addition, in order to treat completely arbitrary arrays, an indi-
vidaal array element response is incorporated which has directional receiving
properti"s. Further, the program is capable of incorporating any amplitude
shading o•.icnique desired. Arbitrary phase delays in element response may also
be added• apairt from the usual artificially introduced array steering delays.
This aiddticral feature is useful, for example, in determining array perform-
art.,.-e when unwanted or uncompensated phase delays are present in the system.

Directivity index and reverberation index are computed from beam pattern
fu•flioc.3 by the application of numerical quadrature techniques. An otion is
pro,,'ided for integration in subintervals with different mesh sizes in order to
Smin1mlze compi..er rmning time.

'.A.
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MATHEMATICAL FORMULATION

BEAM PATTERN FUNCTION

The beam pattern function b(8, ) is considered to be dependent on the two
spherical coordinate deviation angles: 9, defining the azimuthal deviation in the
horizontal plane, and 0, the vertical deviation from a horizontal reference. The
reference direction in azimuth may generally be assigned to coin-tide 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 (xk, Yk- zk)
k1=, 2, ... , N.

ARRAY RESPONSE TO PLANE WAVE
EXCITATION

A plane wave that i9 iapinging on the array is completely defined, insofar
as its effect on the output of the array is concerned, by the direction of propagation
(9, *) of the wave and its wavelength T. The direction perpendicular to the in-
coming wavefront is defined by direction cosines, cos a, cons, and cos -, where

cos a= cos# sine

cos • = Cos# cos 9 (1)

Cos/ = -sin#.

z

ARRAY ELEMENTS

Figure 1. Coordinate System for Arra~y
Structutre and Beam Pattern Function

2
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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.,

xcosa +ycos0 +zcosf =O0

The distance from any element to the reference plane is then

dk =xk cost +YkCos zk cos't (k = 1, 2, ... , N) (2)

ano the phase of the plane wave excitation at the same element relative to that
corresponding to the reference plane is

21r3
b •k= T dkb (3)

kX. d k

The "voltage" output of the unstee.-ed array for plane wave excitation is then
given by

i(2 r/\)dj

j=1

where Rj is the amplitude response of the j-th element. Phase delays corre-
sponding to preassigned array steering angles can be readily incorporated into
the voltage function. If 0, o,0) are the prescribed steering directions, the
equivalent "delay length" is given by

k .=XkCosao+Yk COS o`ZkCOos (5)

where cos *o, cos cos are the direction cosines of the vector corre-
sponding to the stee-.ing directions, The voltage outpuxt of the steered array is
then

N i(2rA) (dj - Dj)
v Rje (6)

3
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The beam pattern function in decibels is defined ae minus the logarithm of
the ratio of beam output power relative to the maximum output power ovw.r all
directions,

b(0,*) =101 Olog 1 0 - 12 0 <0< ,-_ < 6<<2 . (7)1[ V2(8,401max

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 steering vector.

ARRAY RESPONSE TO SPHERICAL
WAVE EXCITATION

At times it may be of interest to examine the array beam pattern function
when tCe impinging wave does not have plane fronts. In this event, an alterna-
tive forn' is c-osen as a spherical wave. Thus it is possible to examine the array
responses unde- other than farfield source conditions. Let the symbol ro specify
the distance of a point source from the array center; then if (8,0) prescribes
the angular orientation of the source, its C'.rtesian position coordinates are

xt = ro cosO sin 0

yE = ro cos ecos 0 (81

z, = ro sin#.

The spherical wavefront passing through the origin is giveni by the equation

(x-x2 +(y-yt)2+(z-z )2=r2 2 (9)

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

S1/2Sdk ro (Xk - x• 2 + Yk _ yt- )2 + (zk - z,) .
dk r (k _x,2 2 (10)

The "delay lengths"' for steering directions (0o, ,o) are found from equa-
tion (5), since it may usually be assiued that the array beam would be steered
for plane wave excitation.

4
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DIRECTIVITY INDEX

The directivity index (DI) is expressed by the formula

21w /2 IV2(0,4)i cos d~dO

DI = -10 Iogl0 I (11)

4.- Iv2(9,)max
REVERBERATION INDEX

The reverberation index (RI) is expressed by the formula
•~~ i.2r/2

RV(0,0) IV 2(0,0) cos d~dO

I = - 1O logo 2 (12)

I 41. IV2 (0,)I max

where RV(0,0) is a reverberation function which is u3ed to effkctively describe
the relative reverberation strength of backscattered energy from boundary or
volume scatterers over the angular intervals involved.

COMPUTATIONAL ASPECTS

The computer program developed to perform array beam calculations con-
tains three separate Rections:

1. Determination of the array bevam pattern

2. Evaluation of DI

3. Evaluation of PR for an arbitrary reverberation function.

Given the physical structure of the ..rray, the first of these merely involves per-
forming the summation given in equation (6) for either tha plane or the spherical
wave. Provision is made to insert the individua! element response and a possible
coefficient for amplitude ahading 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 rectangular plot, as required by the
user. Details of input information and use of the program are given in later
sections.

i5i
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The second function, computation of directivity index, involves integration
of a two-dimensional integral of the form

b d
=ba rc df(x,y) dxdy . (13}

'a J

The numerical evaluation of the above intcgral Is accomplished by means of
a quadrature formula,

M N
Is=E H HiHj f(xi,yj) (14)

i=1 j=1

The thi rd program function is similar to the above, since computation of the
reverberation index also invelves the quadrature formula. In addition, it is nec-
essary to provide a reverberation function which is to be generated in a subroutine
provided by the user.

The integration mesh size is a two-dimensional variable in order to econo-
mize on computation time. In the absence of round-off errors, a sufficiently
small mesh size enables the quadrature formula to adhere to a certain desired
computation accuracy.

DEFINITION OF INPUT PARAMETERS

haveThe input parameters appearing on the NAMELiST of the executive program

have four .idiflerent categories:

1. ARRAY CHARACTERISTICS

2. BEAM PAViiE-RN FUNCTIONAL CONTROL PARAMETERS

3. DI AND HI 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-directlon-

M Number of elements in the y-direction

N Number of elements in the z-direction

LMN Total number of elements (for irregular elemenu
spacing)

6
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FREQUE1fICY (Hz)

F \ Frequency

SOUND VE pOcITY C

VEI•CTY If unspecified, the "default" value is 4900.0 ft/sec

SPACING BIETWEEN 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 (ft)

ZSPACE Spacing between elements in z-direction (ft)

**A nonzero indicator LXYZ requirss that each

element lcation be given in three-dimensional
Cartesian coordinates. Tlese can be given in free
format.

SELECTABLE PHASE DELAY OPTION

IDELAY = 0 Implies no preselected phase delay a&.ociaied with
elements.

**If IDELAY is not 0, DELAY subroutine should be

supplied with select-ble delay information

ARRAY ELEMENT DIRECTIONALITY

JR = 0 Implies nondirectional elements; otherwise the sub-
routine RSPNSE has to be supplied, containing the
information of directionality in the arr~ty R

SHADING TECHNIQUE

ISHAD = 0 Implies no shading of individual element.

**Nonzero ISHAD requires an amplitude shading
technique to be given in SHADE subroutine

A WAVEFRtONT

RZERO < 0 Plane wavefront
RZERO > 0 Spherical wavefront

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

7
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M•XIMUM ARRAY RESPONSE ON MAJOR AXIS

MRA 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
MRAW0. For subsequent runs, the latest maximum
response value is used, un!ess a different steering
direction is specified with MRA = 0.

THEM Horizontal steering direction angle

PHIM Vertical steering direction angle

2. BEAM PATTERN FUNCTION CONTROL PARAMETERS

BEAM TYPE

IBEAM = 0 Horizontal beam

IBEAM = 1 Vertical beam

IBEAM > 1 Calculates major response value; implies no need
r to calculate the beam pattern; calculations proceed

directly to the computation cf DI/RI

PLOTS

IPLOT < 0 Plot is suppressed

IPLOT = 0 Rectangular plot

IPLOT > 0 Both rectangular and polar plo.s

PLOT SCALES

ALONG Rectangular plot, horizontal length in inc)'-s

DLLONG Rectangular plot, vertical scaie in decibels

DIAM Polar plot, radius in inches

PLDB Polar plot, scale in decibels

CONTROL OF NUMERICAL OUTPUTS
OF BEAM PATTERN FUNCTION

IPRINT = 0 Printout of numerical values is suppressed

8
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ANGULAR LIMITS AND INCREMENTS (Degrees)

THMIN Minimum horizontal angle for beam computation

THMAX Maximum horizontal angle for beam computation

PHIMIN Minimum vertical angle for beam computation

PHIMAX Maximum -- rtical angle for beam computation

DTHETA H9rizontal angular increment between successive
computations

DPHI Vetiical angular increment between successi le
computations

$ 3. DI AND RI: COMPUTATIONAL CONT.AOL PARAMETERS

CONTROL OF DI COMPUTATION

INDEX = 0 Implies that the calculation of DI is to be omitted

CONTROL OF RI COMPUTATION

IREV 1 0 The calculation of rl is required. rhe reverberation
function RV (0,0) must begivenin n subrcutineREVB

INTEGRATION LIMITS AND SPACING

1HHZ Horizontal integration step size

Default value = 3

HVI' Vertical integration step size

Default value = 30

"LOWH Lower limit of integration in horizental direction

Default value = 0

LIMB Number of points considered between horizontal

iimits

f Default value = 120

LOWV Lower limit of integration in vertical direction

Default value = -90*

LIMV Number of points considered between vertical limits

Default value 60

9

*--7 --



TR 4687

INTEGRATION CONTROL

MANYH Number of intervals. to be integrated using different
step sizes

Default vaiue = 1

4. CONTROL PARAMETER OF SEQUENTiAL RUNS

ITIME = 0 The very first timne entering the program. (The pro-
gram initializes ti quantity to be 0.,

ITBIM = 1 Implief; there is no need to repeat the calculations-
of the array elements, the element response.. delay,
shading, and the Major Response,

ITIME > 1 Implies there is no need to calculate the beam paimiern
. 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

Daescriptioa Sytmwo Default Condition

Dim~ension L. AL N
Number of elements I LMN

frequencyF

VJelocity VELCTY 41-00.0l ft/sec

DxYZ
Elements spacing ICSPACE

YSPACE
-mPACE m

IDELAY 0
Delay DELAY

DELA 0.0

IR 0
F1enw-As response BSPME

T 1.0

ISHAD 0
Shadig technique SHADE

S'AAD 1.0

WavefroDt R.t•u O 0.0

Array response th major ele mutm 0

10
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Table 2. Beam Pattern Function
Control Parameters

PHU" -Wj$<0 =PM
F MI

Dw~cz~ip1osu Default Coodil~on

IBEAM 2Horizointai

L PLOT 0

IPRINT c

OM. 7MAX 3609

*P1f WAX9f

£9 DTZET 10*

A.DPWU 10,

Table 3. DI and RICoptin
Control Parameters

71w following lq~ral. to cosidered.

CLOWYV - w/2

d LUIV ur/I

£6HYT 3'
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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 controlled by the program.

Table 4. Structure of the
Computer Program

CUBEAM

K-SUM
XYZ

RSPNSE

DELAY

SHADE

BPLOTR

BPLOTP

L- RADIL

L.-REVE

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

1. Accepts input data

2. Calculates the wavelength

3. Calls RSPNSE, DELAY, SHADE, if they are required

4. Commadxs the setup of element spacing, if equal spacing is required

5. Lists certain input information

6. Displays some processed information

7. Determines Major Response of array

8. Calls for rectangular and/or polar plots

9. (alculates hoeizontal and/or vertical beams

10. Calculates DI

"11 Calculates RI

12. Prints out numerical results.

12
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The various subroutines 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 tothe program

RSPNSE Obtains element response, if elements do not possess an onmildi-
rectional character

DELAY Accepts selectable delays

SHADE Accepts an arbitrary amplitude shading technique

BPLIR Generates a rectangular plot

BPLOTP Generates a polar plot

RPDIAL Sets up radial scale for polar plot

REVB Describes a reverberation 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 GBFAM and is avaiab].e on
tape (Z158, 1st file). Under ordinary use, no additional tapes are needed. The
input parameters previously defined should be specified in NAMELIST format
under the name INPUTS, and the input procedure should therefore preseit no
great difficulty. Several points, however, require explanation.

In the event that the array spacing is Irreguiar, the proper indication must
be giheL (IXYZ > 0) in the NAMELIST data. Whan all the NAMELIST data bave
bee'n entered, the specific locations of all array elements in Cartesian coordi-
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 elemeats are regularly spaced, the aubroutine XYZ calcu-
lates the coordinates of the element specified from the given anry spacing
information.)

The program contains a number of other optional features which ivquire
special treatment by the user. Individual elen ants may be given an amplitude
response other than omnidirectional by use ot the subroutine RSPNSE, iA which
the user must define (for example, by means of an equation or tabular d,•ta) the
desired response function as it depends upon the deviation angles 0 aW 0.

13
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Similarly, an ampi'tude coefficient compatible with some de'dred shading
technique to the beam may be introduced as a modificatiom to the individual ele-
ment response by the subroutine SHADE. An example which servcs to illustrate
the manmer in which SHADE subroutine may be used is given in the appendix.

The subroutine DELAY calculates the artificial delay lsngthe associated
with a given tIlt and steering angle. Also, it is possible tW tntr-xtuce an arbi-
trary phase delay into the response of each element by providLg, as input, the
required numerical values in free format.

The basic options of the program are shown in table 5, which eioeies the
various input quantities according to the option desired. If a reverberation index
is desired, the subroutine REVB must be supplied with the reverberationfunction
RV(0,0) in a manner analogous to that used in RSPNSE, which was previouslir
discussed.

Table 5. Control Parameters

Gemeral Opdo

BEAM

RI

THEM X x X X X x"

PHIM x x x x x

IBAM x x{ x x

ITIME x x x x

IPLOT x X x x

INDEX x x x

IREV x x x

* UewA required

L. Item to be apecifled

14 i
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OUTPUT INFORMATION

The lirst page of the output is given as an aid to the user i_ checking the
input data and consists of the following information:

Title: GENERALIZED BEAM PATTERN PROGRAM

Wavefrorit type

Array size

Frequency (Hz)/wavelength

Spacing in all directions (ft)

"Reference point (geometric center of the array)

Selectab.'e phase delhys introduced

I Determin,•d array response on major axis.

A Subsequent pages contain horizontal or vertical beam pattern numerical out-
puts if the printouLt option is selected.

i The next output information gives the numerical values of DI/RI if requested.L
* The last item of oulgput information indicates how many plots wili be generated

if, indeed, plots have been required.

IMPORTANT FEATURES

Simple mathematical formulas.

"Program is general, 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 alEring these parameters to satisfy his requirements.

Capability of handling both spherical and plane wavefronts.

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.it
• 15
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The use of steering direction information to determine the MRA

results in considerable time saving.

Option of accepting the element directionality.

The SHADE subroutine accepts any shading technique.

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 subroutineu need not be supplied by the user. If they are not called
for, the program takes care of them automatically.

"Manipalation cf the large number of array elements is flexible to the
upper limit 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 RL

If 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 cos2 shading technique is applied in one problem. The
examples are divided into three categories. The three arrays considered have
the configurations described in figure 2.

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

Y Z

x y

A TWO-DIMENSIONAL EQUALLY SPACED ARRAY,•, A HALF-WAVELENGTH APART

i z

A CYLINDRICAL ARRAY OF 21 ELEMENTS
WITH NONUNIFORM SPACING

x
Figure 2. Array Configurations
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Category I - The first division has four examples of one-dimensional, equally
spaced elements (table 6). Initially, a plane wavefront is consid-
ered. Foilowing this, three spherical wavefronts 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 plots in the figures are iden-
tified numerica~ly with their corresponding example numbers in
the table.

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

Table 6. Category 1 - One-Dimens.onal Array (9 x 1 x 1)

Example Number 1.1 1.2 1.3 1.4

Plane Spherical Spherical Sphericaliype Wave Wave Wave Wave

Array
Excitation Source Far 20.0 1000.0

Distlaee (it) Field

Element Spacing (A) 0.5 0.5 0.5 0.5

Horizontal R-plol plot 1.1. 1 plot 1.2.1 plot 1.3. 1 plot 1.4.1

Beam P-plott plot 1. 1.3 plot 1.2.3 plot 1.3.3 plot 1.4.3

R-pleo plot 1.1.2 plot 1.2.2 plot 1.3.2 plot 1.4.2

- P-plot p!ot1.1.4 plot 1.2.4 plot 1.3.4 plot 1.4.4

Dlitctivity Index 9.54 9.65 9.55 9.54

Reverberation Index 12.55 12.66 12.56 12.55

Computation Time (see) 27 30 31 32

OR-plot - rectagular plot
t
P-plot = polar plot

18
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Figure 6. Vertlead Beam Patterns of Line Array - Polar Plots
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Table 7. Category 2 - Two-Dimensional Array (20 x 1 x 3)

ixu.:_ple lNumber 2.1 - 2.2

Sham Technlqae None coo

7ype Plane Wave Plane Wave

Array
Izcftgttom Source

Ecttinoce Farfield FarfieldDisanmce (ft)

Element Spacing (A) 0.5 0.5

Hoosa R-plat plot 2.1.1 plot 2.2. 1

Bea-m P-plot1' plot 2.1.3 plot 2. 2. 3

Vertical R-plot plot 2.1.2 plot ?- 2.2

BaM P-plot plot 2.1.4 plot 2 . 2 . 4

Fixed

D'A-ectivity Step Size

Variable 19.0S 19.00

Step Size

Fixed 2?. 04
RevetberatioS Step Size

Index Variable 2. 1
Rep Size

Fixed 101

Step Size

Time (see) Variable 58 99
Step Size

S • *Retangularz plot

ptPolr plot

23
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Figure 7. Horizontal Beam Patterns of Ree~amgular 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 = 1U, the vertical spacing 0.5A, az~d the circumferential
spacing is (u/6)*\, or roughly 0.5), and the radius is UX. This
category dermonstrates 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 th.' horizontal or vertical
beam patterns for the rectangular and polar plots of each example.

In the examples, whenever an RI calculation is involved, the function RV(0,0)
is defined for illustrative pixpoees to ib a constant 0.5 for all 0 and 0. There-
fore, zLo physical significance is intended. Steering directions 6 = 0 = 0 are used
for examples of catego'ries 1 and 2; 9 = 45%, *= 0 are used for exaiaples of
category 3. The distance betwem elements is chosen to be half-wavelength, if
equal spacing is required. Computations of DI and R1 are given in tabular form,
together with the computation time.

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

S ExampleNumber 3.1 3.2

r Type Plane Wave Spherical Wave
Array

ExctaiWs SourceExiai oreFarfield 5. 0
Distance (ft)

Element Spacing Irregular Irregular

Horirontal R-plot* :t 3. 1. 1 plot 3.2. 1

Beam P-plott plot 3.1. 3 plot 3.2.3

Vertical R-plot plot 3.1.2 plot 3. 2. 2

Beam P-plot pt 3.1.4 plot 3.2.4

Directivity Index 13.02 12. 80

Reverberaiom Index 16.03 15.81

Computstion Time (see) 57 54

*Rectangular plot
tPolar plot

26
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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 (00, 90"), using
10 spacing; the value below the line is calculated by the summig of two integrals.
One is integrated over the interval (0, 15") with a 0. 50 mesh size; the other is
integrated over the interval (15, 900) with a 1. 50 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 LIME, LIMV must be
an even number _>2.

"REFERENCES

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

2. H. Less, Vector and Tensor Anayjis., 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 compiter programs required for the
computations.

Subroutines 1tSPNSE and DELAY are made dummies to satisfy the compiler
for testing purposes.

Subrotwine SHADE desc.-ibes a pedeatal shading technique that is demonstrated
in one of the test examples.

1 3
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GBEAM

C ***A GENERALIZED B~EAM PATTERN COMPUTATION PROGRAM
C wITH S#4ADAhG. UIRECTIVITY INDEX AI& REVEROLRATION LEVEL
C ***DoLEE FEB. 1973 - SYSTEMS ANALYSIS DEPARTMiNgT
C *es RKEGULAR LOCATION$ OF ELIEMENTS IN 3-DIMENSION
C **IR=O OmNi-uioRECTIONAL '
C **IXyZ=O ELEMENTS EQUALLY SPACED
C ***FOR SPmERiCAL WAVE FRONT# ENTER NONZERO RZERO
C ***IF NOT REWdUEST-09 HORIZONTAL BKAM IS GIVEN
C IBEAM:1 ZVERTICAL BEAM

DIMENSION ft(2400)eXH(2400)eYHCZ'IOQ)eZH(2400)
DIMENSION UELA(2400) .SHADt24O0) ,BEAM(720)
DIMtNSION PAN6LL(720) ,TANLE(72O?
DIMENSION HL1R(Wo)DATA(Z00)
CALL MODE.S6(DATAP0)

1 FoRmAT(1OXe3(E1598,ISX))I2 FoRMAT(blA,'GENERALIZEO BEAM PATTERN PROGRAM*//)
3 FORMAT(/bXF'ARRAY SIZE',14X~teC'.I~lXOOPX',13,I3Xe'~tX',1X3,')')
4 FORMAT(/5Xt'FREQUENCY'tliX,'s'PEIS.8e2X,'(HZ)')
5 FoRmAT(/bAe 'SPACIt4Q Z.DIRECTION 'etLl5.8e2Xtt(FEET)')
6 FORMATC/UsteSPACING, X-DZRECTION ',tE1598p2Xt9(FEET)')
7 FORMAT(/5XP'**** H4ORIZONTAL BEAM **@/
8 FORMAT(/SXt'**** VLRTICAL BEAM ****'//)
9 FoRmAT(/bX#'SELECTABLE PHASE-DELAY IS ABSENT')
10 FoRmATC1HIP
11 FoRMAT(/5XP'SPACING Y.OIRECTION =9,El5*,82Xf'(FEET)t)
12 FORMAT(/5Xv'SPACLNG IN X-DIRECTION IRREGULAR')
13 FORi4AT(/bXr'SPACIN6 IN Y-DIRECTION IRREGULAR')
14 FoRmAT(/bXPOSPACING IN Z.OIRECTION IRREGULAR')
lb FORmATC4OpaP(E15#8tl5X))
17 FORMAT(/5X#'MRA GIVEN AT (TmETA'e9F6@1e' DE6REESt PHI:',F6o1v' DEG

*REES)')

18 FORMAT(12Ab)
19 FORMATC/bXt'PLANE WAVE FRONT')
20 FoRMATC/SXt'DIRECTIVITY INDEX ',tF8.2t2Xp'(DB)')
21 FORmAT(/5Xe'REVERBERATION LEVEL =',F892t2Xe 'COB)')
501 FORMATC/5hptSPHERICAL 4AVL FRONT -RO:9.Elbe8,ZXp'(FEET)')
502 FORMAT(/5Xt'LOCATIONS tF',14@1XvlAKHAY ELEMLNTS ARE GIVEN')
503 FOR1KAT(/5Xt'REFEHENCF POINT c~tF6,2e1X99,'eF6.291XP')'UF6e2t')'I
504 FORmAt(/b6X,'WAVE LF;46TI =fvF6,2t3xt'(FT)')

NAMELIST INPUTS/itt.IXYZL.MNtIDELAYeFRZEROt
* XSPACEIYSpACEZSPACE.OTHiETAtDPHIOI IEAMeTHEM,
* ~PHIMVELCTY~pHIMINCPHIMAXTHS4INITHMAXv
* ZIPLOTeINDLXeIREVCITIMECALONGIDLLOt4GIISHAOI
* ~HHZeHVTe IPRINTeLOWHLIMHLOWVCL1MVCNANYH/

DATA IRIXTZ, IP&OTe IBEAMe3NUjEXPIREVeITlmEeMHAeZ5HAD/9*0/
DATA MANYHLPRINTLOWH9LIVMHLOWVL1MV/1.2*0UtI0O;90,60/
DATA HHZ#HVT/2*5.0/
DATA PHLMlNCPHIMAXtTHMINITHMAXVELCTrY/ingO,0190090,00e36 09004 900,/
DATA DTHETADPHIPIDEG/2g10.0,3.14159265351 .01745329/
DATA ALOI4Ge0..LONO.PLDOeDIAM/2*6.0e60,Ot4,0/
DATA RpStIAD90ELA/4800*1*0@2400*0901

100 READ (3p INPUTSeERR:V99"#END=9999)

32



TR 4687

REAo 18, HOK
IF(ITIME *NE. 0) 60 TO 88
WL.AmDA:VELCTY/F
CALL XYZ(IX'IZ.XHYHZHLMNXSPACEYSPACEZSPACELMNXOYOZO)
IF(IR #NE* 0) CALL RSPNboEtLMNtR)
IF(IDELAY hrE# 0) CALL DEkLAY(LMNNDELA)
IF(ISHAD *N&. 0) CALL SHADE(LMNPXHtYHPZH*XOtYO#ZO)
RMAXO.09ii 00 89 I=I#LMN
IF(RMAX eAT. R(I) RMAX:R(I)

69 CONTINUE
68 CONTINUE

IF(ITIME *GTo 1) 60 TO 300
IF(ITIKE 04Q, 1) 60 TO Lill
WRITE ('4#2)
IF(RZERO &aLL, 0.0) WRITE 14P19)
IF(aZERO s4T, 0.0) WRZTL 14,501) RZERO
IF(L. ,NE. 0) WRITE (40i. 6vMI
IF(L vEQ. 0) WRITE (4t5091) aMN
IF(F ,LEo 0.0) WRITE (4#!.04) WLAMDA
IF(F sGTs 0,0) WRITE (4#41 F
IF(IXYZEQ*0 *ANO. XSPACEoGT.0*0) WRITE (4,6) XSPACt,

1F(IXYZoEQ*O *ANO, ZSPACE*6T.0*0) WRITE (4#b1) ZSPAC.E

WRITE (4#503) XOYOpZQ RT Oe)ZPC

IF(MRA *Ngs 0) GO TO 52
CALL SUM(TIIEM.PPIMPRZERO.XHYHZHWLAMOALM4NDELAPRRMAXPARMMRAPS

*HAD)
52 WRITE (40171 THEMvPHIM

WRITE (4#10)
1111 CONTINUE

IF(IBEAM.EI.0 *ANO. IPRINTsEQ,0) WRITE (4#7)
IF(L8EAM91EQd1 oA14D* IPRINTat.Qs0) WRITE (4t8)
IF(IBEAM @o.Qo 0) GO TO 200
IF(IBEAM g6Ts 1) 60 TO 300

C **** VERTICAL bLAM
THETA=THMIN
JNDEX=O

30 JNEX=JNOEA+1
PmIIPHIMIN+FLOAT (JNLEX-1 ) SOPH1
PANGiLE (JND4X) PHI
IFCP$1I-PHIMAX) 3203208

C **** FOR A FIXLD THETA, PLOT PHI VS BEAM
38 JNJ)EX:JN0LX-lJ

IFCPLOT '100. 0) 6O TO 300
CALL BPLOTK(IBEAM.PANGLESEAMJNDEXTHETAPHIMINPHIMAX.ALONGDLLO
*NG.,IORPOATA)
IF(PLOT *GTs 0) CALL BPLOTP(I8EAMPANGLEBEAMPJNOEXTHETAePLDBDI

*AM#HDRPDATA)
GO TO 300

32 CALL SUM(TIt.LTAPHIRZEROXH#YHZH#WL.AMDAeLMNDELAPRRMAXXMAXM4RA,
*SHlAU)
BEAm (JNDEX )=-10 .*ALO'10 (XMAX/ARM)
IFMPRINT shEs 0) 60 TrO 30
IFCJNOEX sEQ9 1) GO TO 70
WRITE (4#15) PHI#BEAM(,JNEX)
6O TO 30
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70 WRITE (401) THETAPPHIPBEA1C(JNDEX)
6O TO 30

C **** HORIZONTAL BEAM
200 CONTINUE

PHI:PHImIN
qJNDEXZO

22.0 IJNOEX3JNDEX41
TfrETA=TIIMIN*FLOAT (INDX-I) *DTHETA
TANGLE (JN"gX) :TIITA
IF (THETA7HNiAX) 213#213P214

C **** FOR A FIXED PHI. PLOT THETA VS BEAM
214 .JNDEX:,JNEX-1

IF(IPLOT 1LTo 0) G0 TO 300
CALL BPLOTK(IBEAMtTANGLEtSEANIJNDEXtPHITHMINTHMAXALONGDLLONGH

*L)R#OATA)
IF(IPLOT *GTs 0) CALL SPOPIAPAGESAM%"PHtL~DA

4. NOR.DATA)
i00 TO 300

213 CONTINUE
CALL SUM(THETA.PhIfrIZROtXH.VHZHtWLAMDAtLMN.DELARtRMAXXNAXtMRAt

*SHAD)
BEAM (J NOEX):.10*.ALQO1O (XNAX/ARM)
IM~PRINT sNEe 0) 6O TO 210

IF(MANYH *&Go 0) GO TO 12300

WLRILTE (L#15) TE~bA(lDX

23WINTEX:#0.0 #THT~SA*%NDX

C R*LEVO CLCUAEDRCTVT0NEXSRVRERTO EE
00 1000 9EQ90,L*AND RV6Qo60T10

TRL:-0.0

THLOw=LAT (10 HLHL

qJINDEX01

Do 1001 KQ0=,LIMV

PtPFLOAT(IKO) HVT+VLOW
CALLSUM (TN. PHtRZEKO. XHI.YHZII.WLAMDALMN.OELA iReRMAX. XtAXt NRA. SHAD)
IF(IREV sidE. 0) CALL REýB(REVtTHtPtlJ
X=XMAX*COS (PH*DEG) /ARN
IF(IREV 9NE.. 0) Y=REV*X
IFCKO .NEv 0) 60 TO 1002

1003 01=040
IFCIREV @W*E 0) f-RLRLY
GO TO 1001

1002 IF(KO 9EQ, LIMV) So To 1003
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DIoZD+X+X
IF(IREV .NW. 0) RL:-RL+Y+Y
IF(JIND *6T* 0) I)11DI*X*X
IF(jIt4D9GT*0 9ANO. IREV*N*OG) RL:RL+Y+Y

1001 CONTITNUE1~ ZF(JO *N~o 0) 60 TO 1005
1004 DINDEX=1NOE~X+FlVT*DI/39

MFCREV *We, 0) RLEVEL:-RLVEL+FIVT*RL/,3

1005 I0 TO 1000 LIMH) GO TO 10014
DINDEX:D1NUEX+2**FIVT.DI/3o
ZFCIREV ONE.. 0) RLEVEL=RLKVE~L+,2*FVT*RL/3,
MOIND .GTa 0) O1N')EX=DINDLXZ.*FIVT.DZ/3*
IFUiIN~o.T.0qAND.1REVNW.0) RLEVEL=ILEVELI29*FIVT*RL/3*
ZINOZ-11ND

1000 CONTINUE
To1:TDIF1I1OZ*DINDEX/39O
TRL-TRLF~flOQ*fLEVEL/3s0

t MANYHZMANYH-1
GO TO 1210

1200 CONTINUE
DINdDEX=-I0#*ALOG10CTD3/I4e*PI))
IF(IREVoNC.0) RLEVEL~w10gsALoGIO(TRL/(54,*PI))
ZF(ZNDEX @NE# 0) WRITE (4t20) DINDEX
IF(IREV .NW. 0) WRITE (4481) RLEVEL
60 TO 100

999w CALL EXITS(UATA)
STOP
END
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xyz
SUBROUTINE XYZCIXYfZtXHeYHgZHLePNeNXSPACEeYSPACEeZSPACEeLMNjPXO#Y~r
*ZO)

C **** A sUBROUTINE TO OBTAIN ARRAY ELEMENTS LOCATIONS
DIMENSION Xh'IC)#YHCI)#ZH(3,)

sQOO FoRmAT()
LMNzL*M*N
IF(IXYZ *We. 0) 00 TO 6
IF(XSPACFT #LE* 0.0) 6O TO 3

C *~*EQUALLY SPACED IN XODIRECTION
IxO-_0
XO=FLOAT CL-I) *XSPACE/290

00 ~1 KIeI#I

IXO:1X04I
XII CIXO) zFLOAT C1ui) *XSPACE*Xo

21 CONTINUE
11 CONTINUE.
I CONTINUE
3 !F(YSPACE eLE* 0.0) 60 TO 5

C **** L,:'SALLY !rACE0 IN Y-OIRECTIOPE
IYOU-
YO=FLOAT (MI) SYSPACE/2. 0
0O 4 %1=101
Do 14 I:1,L
00 24 K=le#i
JYO-IYO*l
YH( IYO)=FLOAT(M-1).YSPACEmYo

24 CONTINUE
14 CONTINUE
4 CONTINUE
5 IFCZSPACE *LE* 0.W 0)G TO 6

C **** EQUALLY SPArFO IN Z-0IRECTION

ZO=FLOAT (N-I) *ZS# ACE/&9O
0O 7 K~lpN

00 2? J-11.4
-41120=IZO.1

ZHC IZO) FLOAT'.K-l)*Z5PACEwZo
27 CONTINUE
47 CONTINUE
7 CONTINUE
6 RETURN

C **** ELEMENTS UNEQUALLY SPACED
8 CONTINUE

20=0.0

READ 100# LAN
00 9 I:1,L14N
REAL) 100# AM(I)#YHCI)#ZH(I)
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Xx3.oXK( Z)

9 CONTINUE
* ~XO~x0/FLOAT (L~tI)

y01 0/FLOAT (.MN)i ZO=ZOIFLOAT ILMN)
0o010 I1=1LHN
Xii(I) :X~i( Z) XO

* 10 CONTINUE
RETURN
END
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SUBROUTINE SUM(TIETAPPHIeRZEROeXHeYhUZHeWLAMODAILMNDIELAeRRMAXeXMA
*X, ISTEEK@St"A)

C ***PERFORM TRIPLE SUMMATION
DIMENSION M1C1)eYH(1),ZH(&).OELA(1htR(1)eSHAD(1)
DATA NRA~eP1/ * 745329E01 .~.z83165307/
TWTI4ETA*RAD

IIAMMAZ-SINIPti)
RE.AL:Os0
XIMO.09
IF(ISTEER *EQ9 0) 60 TO 104
IF(RZERO qGT, 0,0) 60 TO 40

C ***PLANE WAVE. FRONT
DO 103 I~#LMNN
AR6zPI*(XH(1)*ALPH+YH(I).sETAZH(1)*SAMMA)/WLA,0A
AR0zAR6.OELA CI)

REALZREAL.,Q!hAID C £R M RC *COS( ARG) /RNAX
XIM=XIM+S HAD (I )*RCI)*SINCAR6)/RNAX

60 TO 41
C **** COMPUTE STEERIN6 DIRECTIONS

104 COJ'INIJE
UG .i05 IZINLMN
AkOi-P1*CXbiC)*ALPHATHCI)*S6T.AeZH(I).6ANMA)/WLANDA
ELA CI) DELA ( )-ARG

105 CONTINUE
XMAx=FLOAT (LWE) '*2
ISTEER:1
RETURN

C **** SPIIERICAL iAVE FRONT
40 CONTINUE

ALPHA=ALPtiA.RZERO
BETADEKTA.KSERO
GvAMMA~f6AMMA*RZERO
Do 203 11,&.NN
AKBS(XHCI)-ALPHA)s*2*C*hCI)m&1-.A)*s*Z*(ZIICI)'GAMMA).s2
AR6iPI* (RUt~R0iSQRT CAR6l) /WLAMA
AR6=ARG".IEA (I)
REALVIEAL*~bhAD (I) OR (I) *COS0`166) /RMAX
XIM=XIMiSIAUC I)*R(l)sSIN(AR6),;%AX

203 CONTINUE
41 XMAx-REAL*RcAL+XIM*XIH

RETURN
END
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BPLOTR

C KEAN PLOT ftRCTANGULAR
C SUBROUTINE B3PLOTR(I9UANeANGL~EDL.NPTSeAFZXeAMI1NeAMAXeALoN;,DLL4#)NOe

.NDR#DATA)
D1IMENSION At41E(l)#DL(I),101(1)#DATA(l)
DATA RPI/3L0.2/

C BEAm NOT 0: VERTICAL PATTEAN

%, z 0: hORIZONTAL PATTERN
c AFix: FIXED ANGLE iDEG)
C AMAN: MINIMUIM ANGLE (DEGot
C AMAX: MAXIMUM ANGLE WES)
C ALONG LEN4GTH OF ANGLE AXIS (IN)
C OLLONG: LENGTH OF LOSS AXIS (AN)
C W*f: TITLE
C

XMIN = (4095, - ALONG*RPI)l/a.
AMjAx = XN14N + ALOt4GRffI~ =M 3 0719 *5.SRPI
YMIN = MAA DLLONGPI
CALL O8JCTG(OATAeXMIN.YW4INIXMAXeYM~X)
mLNAX z 1O.'-ULLONG,
CALL SIJB.E6iWATAeAMINDLMAX#ANAXvO.)
ADEL = (AMAX-AMIN)/ALQNfi
CALL GRIDG4WATApAVEL..1O..OO)
CALL. LA8la.6(DATA,0rADM#0#.G.1)
CALL LAasEL.MwUATA~l*-1@.e0*3)
cAL TITLEbWIATAPlIWANGLEg (DEW)'.IIID DOWIN FROM MRAI,72,IIDR)
DO &O I:Jet4TS,
IFCANGLEI).LTAmIN! AWIGLC) = AMIN
IF(ANGLE~i).T9AMAX AtGLEd) 2 AKAX
M&MjLI)eLT.O.) DLG) Z 09

IFWL(I).GT9DLMAX) PLAI) Z DLMAX
20 COI~rINUE

CALL SETWCGDATA#30#20)

CALSETSNI.IUATAIII,301s)
CALL. SETS.,OWATAP1*.i.)
Y = yMIN - 3.Z5.KPI
IF(ISEAMsE'Q.0) 6O TO 50
x z (40959 - 139/2
CALL LEGND6(DATAv4#Ys21v9VEkTICAL BEAM PATTERN*)

X = 109be- S.*31.)/2*

CALL LEGNDWWATA#XYtl6.'THETA DE*
X zX + I.*8#

WTO 100
r50 X = (449b, - 30 /2

CALL LEGK6t(DATApX#Y#23'NvlWIZONTAL OEAM PATTERN')
Y = 7 - *3*RPI
x = (4095s - 169*31.)/2e
CALL LEGhDG(DATA#XvY,1(~e'Pt4I DEIG)
X a X# 4 6901

too0 CALL NUOMRG(DATApXY#69leAFIX)
CALL SETSNGIPDATAPLI&P0.a
CALL PAGCB(DATAtOp3.1)
raTURN
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BPLOTP
C BEAM PLOT- POLAR

SUBROUTINE bPLOTPtlkiEAM.AIIGLEDLHPTS.AFIX.DLMAXtDL.LOP*.HDRDATA)
DIMENSION ANGL~(1)#ULC1),MOR(I)pDATA(1)
DATA RPS/310*2/
DATA OEG/57*2'457?9/

C
C WDEAM NOT 0; VERTICAL PATTERlN
C = 03 HORIZONTAL PArIERN
C AFIX; FIXED ANGLE (DEG)
C "LAX: RANGE OF DL (DOB)
C OLLONG: RADIUS (IN)
C MDR: TITLE
C

XMIN =20541.5 - DLLQNG*RPZ
XNAX 7- XMIN + 29*DLLOtd*RPI
YmAx =5071s - 5G*RPI
YMIN = YMAX - 2**DLLOdG*RPI
CALL. OBJCTGI(DATAXMlNTMIN.XMAXYMAX)
CALL SU8JE9 (DATA ,.OLLONG..OLLONeU#LLOt4 DL~LOtd)
CALL RADIAL(DLLONG.12ogtATAI
CALL SUBJEG IDATA#mDLMAX,-OLMAX.DLMAXDUIAX)
CALL SETSM6(DATA#30*29)
CALL SETSN6(WATA:s5,1,)
CALL CIRARIPIDATA 0qv0*eDLKAXt0,,360.)
CALL. SETSNII(DATA&30t1,)
DO 10 I:Otl70e10
THETA = FLUAT(I/C)E6
X c DLMAX*COS(Ti4ETA)
Y = DL14AX"IN (THETA)

10 CALL SEGNTG(DATAP19X#Yt"XoY)
Do 20 I=1,10
X = 100*1
IF(x*GE*DLNAX) So TO 30

20 CALL CIRAR@(DATAt,0.e0.eDLMAX-Xe0.eS60.)
30 CALL SETSMG(DATA#30#29)

THETA z (90, - ANGLL(I))/oE6
R = DLNAX - DLM3
X =R*COS(ThETAj -

CALL LINES6(DATAv0,XvY)
Do040 1I2tr4PTS
THETA = 90*-ANQiLE(1)),OEf
R = DLMAX - DL(I
X R*CO$(TI1ETA)
Y = R*SIN(IhETA)

40 CALL LINESo(DATArI.XwY)
CALL SETSK(.(DATA@30#1.)
CALL. SETSN6CDATA#14#e1)
y = YIN - 1609
X (40959, 72.*51*)/20
CALL LEGND0iWATAvX#Yp72tHDR)

40
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Y YMIlg 1.25*RPI
ZF(IBEAM*EQ*O) 60 TO 50

I ~x = (4095a - 21..431.)I2*
CALL LEOKD6(DATAtXeYe21LVCkTICAL BEAM PATTf.RNf)
y = Y - 93*RPI

x (4095. - 18,*31*)/2*
CALL LE6NQ~i(DATAvX#Yvl8fTt4E~TA :EV

60 TO 100
50 X = (4095. 23.s010/2s

CALL LEGO06(OATAvX#Yp23ptWOftIZONTAL BEAM PATTERN')
y =y - 03*RPI
x = (4095. - 16.*51*)/2.
CALL. LE6W*~(DATApX#Yvl6#tPHI DE59
X = X + 60*310

100 CALL NUN8RGCDATAtXoYrio1,AFIX)
xzRpZ*DLLOr46/DLMAX*10o
y:yM4AX+259
00 120 IzIP10

IF(FLOAT(ZX) eG~e DLMAX) S10 TO 130
Y:Y-X

120 CALL NUMBR4i(DATAp2OS2$5@YSeIX)
130 CON4TINUE

CALL SETSMb(OATAo1'I,00)
CALL PAGEG6WATA#Gpl,1)
RETuRk
END

A4,
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RADIAL

SUBROIUTINE kADIA4CRAD#DATA)
DIMENSION &JATAM1
EXTfRNAL FONT2
DATA IOES/57929578/
CALL VECIS(PATAFON12tO)
CALL SETSN,(DATA,51.2. i
CALL NUN8R4(DATA O..RAoDeo0)
DANG2 Z lei/29*31./(RADS279*18)
DANC3 z 2.*DANS2
go I K=10090010
FPN = FLOAT(K)
DANG Z FPN/OEG -DAN62
XO = RAD*SIN(DANG)
YO = RAD*COSCDANG)
THETA = -FPN
CALL. SETS#4G CQATAPu6, THETA)
CALL NUMbRI~(DATAPXOvY~vZ#K)

1 CONTINUE
0o 2 K=100#26O,1o
FPN = FLOAT(K)
DANG = FPIV/r)EG + OANG3

CALSETSMG(DTP6TEA
CALL NUMBRG(DATA#XO#YQ#3vK)

2 CONTINUE
DO 3~ K=27Oe350#10
FPN 3FLOAr(K)
DANG 3FPN/DEG - DANGS
XO =RAD)*SAN(DAtdG)
Yo= RAD*CVS(DANG)
THETA =360o. FPN
CALL SETSN6(DATAP416#THETA)
CALL NtJMURp(PiATAPXO#YO#3#K)

3 CONTINUE
CALL SETSMG(DATA#51@O.)
CALL SETSWI4(CATAP46t0s)
RETURN
END
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SHADE

SUGRGUTINC UaHADEIL~tk4pbADXt$.YHpZHeXOYOZO)

DIM4ENSION hahAD(l)#XH(1)*YM4(1)#ZH(1)
C .. COSINE SQUJARE SHADING TECHNIQUE

CAYI=ACOSCSQRT(Ost) )/XO
CAYa=ACo5(SlmRTCO.1) )/ZO
Do 33 I=ItLMN
XA:C1..WPEO)SCOSICAY1*XH(1I) ).2+PED
XB~t2.mPED)*COSICAY3*ZHCI) )**Z.PED
SHAD CI) :SHAU() 1)*XA*XB

33 CONTINUE
RETURN
END

DELAY

r SUB4ROUTINE DELAY (LMNPOELA)
C *e.SELECTABLE. PHASE DELAY IN RADIANS

DIMENSION IJLLAW)
100 FOPRMATo

* ~READ 100t CDELA(I)PeI#~L5*4)
RETURN
END

IRSPNSE

SUBROUTINE ICS9N$E(LMN#R)
C es.RESERVED TO uBTAIN DIFFERENT RESPONSE OF DIFFERENT ELEMENTS

DIMENSION K41)
-- RETURN

END

REVB

SUBROUTINE ftEVB(X@ThPpM)

RETURN
END

0
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REVEPSE BLANKj


