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FORTRAN COMPUTER PROGRAMS FOR
CALCULATING THE AXISYMMETRIC ACOUSTIC RADIATION
FROM TWO COAXIAL SPHEROIDS

INTRODUCTION

The Helmholtz scalar wave equation is separable in both prolate and oblate spheroidal
coordinates. Thus the acoustic radiation from spheroidal surfaces vibrating with a known
normal velocity distribution can be calculated by use of eigenfunction expansions in
terms of spheroidal wave functions.

This report describes the documentation of two computer programs, PSPRDS
(Prolate SPheRoiDS) and OSPRDS (Oblate SPheRoiDS), which have been developed to
calculate acoustic radiation from two prolate or two oblate spheroids, respectively. The
programs handle only axially symmetrical problems. A Green’s function approach is used
with the necessary Green’s function being expanded in spheroidal wave functions about
both spheroids. An addition theorem which expresses spheroidal wave functions in one
coordinate system in terms of spheroidal wave functions in another coordinate system
was developed [1] to facilitate application of homogeneous Neumann boundary con-
ditions on the two spheroids in order to determine the unknown expansion coefficients.

The basic inputs to the programs are the geometry of the spheroidal configuration
which includes the shape and the acoustic size of each spheroid, the separation between
the centers of the two spheroids, and the normal velocity distribution on the surface of
each spheroid. The output consists of self- and mutual-radiation impedances, the
azimuthal far-field pressure distribution, and values of the acoustic pressure at desired
near-field points.

The analysis is presented in the first section. Although the development parallels
that given in a previous report describing some numerical results obtained using PSPRDS
and OSPRDS [2], some of the equations have been rearranged so that they closely
match the corresponding Fortran expressions. The remainder of the report describes
the computer programs. Included are discussions of the programs’ main structure, sub-
routines, input, output, accuracy, and speed of computation. The reader is referred to
Ref. 2 for some examples of problems that have been solved using PSPRDS and OSPRDS.

ANALYSIS

The prolate spheroidal coordinates (&, 1, ¢) are related to Cartesian coordinates by
the transformation ‘

Note: Manuscript submitted November 9, 1973.

=
L]

“n
)
[
"
b
rr

=



KING AND VAN BUREN

.
i

%(1”“#_-172)1/2(52' - 1)1/2 cos ¢,

y = S(1 - )U2(E - 112 sin g,
d
z = &n, (1)

where d is the interfocal distance, and where 1 < § < oo, -1 <7 < 1, and 0 < ¢ < 27.
This geometry is shown in Fig. 1. In the Cartesian coordinate system the surface of
constant £ is a prolate spheroid having a major axis of length £d and a minor axis of
length (£§2 - 1)1/2d. The surface of constant 1 is one sheet of a hyperboloid of two
sheets. The surface of constant ¢ is a half-plane, as in the spherical coordinate system.

The corresponding transformation for the oblate spheroidal coordinates is -

x = (- n2)RER + 112 cosg,

y = %(1 - n2)V2(£2 + 1)1/25in ¢,

d

z = wn, (2)

" wherenow 0 < ¢§<oo, -1 < <1land 0<¢ <27

The oblate geometry is shown in Fig. 2. Here the surface of constant £ is an oblate
spheroid having a major axis of length (§2 + 1)1/2d and a minor axis of length £d. The
surface of constant 1 is a hyperboloid of one sheet. The oblate spheroidal coordinate
system can be obtained from the prolate spheroidal coordinate system by use of the
interchange ¢ — i and d — -id. Expressions developed for prolate spheroidal geometry can
" be converted into analogous expressions for oblate spheroidal geometry by use of the
same interchange. Consequently, although only the prolate expressions are given ex-
plicitly in the following discussion, the corresponding oblate expressions are also valid.

Consider two spheroidal surfaces S; and Sy, which are parallel and share a common
z axis, as shown in Fig. 3. Spheroidal coordinate systems C; (&, 1m0y, ¢;) and Cy(&;, Ny, ¢3)
are established which contain S;(§; = &) and Sy(&y = £5¢), respectively, as natural
coordinate surfaces. The interfocal lengths of the two systems are d; and dy, and the
separation of their origins is r;5. The region outside both S; and S, is assumed to be
filled with an infinite homogeneous fluid of mass density p and sound speed c. The
surfaces 8; and S, are assumed to be vibrating with rotationally symmetrical normal
velocity distributions whose spatial dependences are given by v;(n;) and vg(n9). The
-time dependence is taken to be harmonic, with the factor elwt being suppressed.
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Fig. 1—The prolate spheroidal coordinate system
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Fig. 2—The oblate spheroidal coordinate system
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FIELD
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Fig. 3—The two-spheroid geometry

The acoustic pressure produced at a point r exterior to both S; and Sy can be ob-
tained by use of the integral formulation [3]

iwp

p() = -2 [ |, mebee. s

1

¢ [ wmac r')dS(r')], 3
S, _

where the Green’s function G(r, r') is the solution to the equation
[(V2(r') + R2]G(r, 1) = - 4nb(r' - 1), (4)

which satisfies the radiation condition at infinity and whose outward normal derivative
dG(r, r')/dn vanishes over both S; and S,. Here k = 27/, where A is the wavelength.
The Green’s function is obtained by a procedure analogous to that used by New and
Eisler (4) for the two-sphere problem.

First the Green’s function is written as a sum of the free-space Green’s function,
which is the particular solution to Eq. (4), and scattering contributions from both S; and
Sy, which form the complementary solution and are expressed as eigenfunctions of the
homogeneous equation (V2 + k2)¥ = 0. Since the normal velocity distribution is chosen
to be rotationally symmetrical, only the m = 0 terms in the Green’s function contribute
to the resulting rotationally symmetrical acoustic pressure. Thus, the m # 0 terms will
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be dropped, and the effective Green’s function is given by

[ eiklerl] = o
Gy(r, 1) = [WJ + /) AgYPhy s E L))
m=0 =0
Z BoW{Q(hy 3 €5, ), (5)
=0

where the spheroidal wave functions for m = 0 are given by
Vi (hs £, m) = REQ(h, ©SGR(h, )
~ iRZ(h, £)S§Y(h, )
= wir; £,m) - i%%z(h; £n). (6)

Here (£}, 11, 1) and (5, ny, ¢5) are the spheroidal coordinates of ' in C; and C,, and
the acoustic size parameters h; = kd; /2 and hy = kdy/2. The spheroidal angle wave func-
tion of the first kind Sng(h, n) and the spheroidal radial wave functions of the first and
second kind Rglsz(h, £) and Rg?;z)(_h, £) used in this report are those defined by
Flammer [5]. The angle function can be expanded in a series of the corresponding
Legendre functions

(=]

S§h, ) = > d, (R10R)P, (), : (7)

n=0,1

where the prime indicates that the summation is over even or odd values of n according
to whether £ is even or odd. The radial functions Rgl,?(h, £) and Rf)z;)(h, £) correspond
to spherical Bessel functions of the first and second kinds and are normalized so that
\Ifg1 (h; £, n) represents outgoing waves for e/®! time dependence.

The free-space Green’s function can be expanded in terms of spheroidal wave func-
tions in either C; or Cy. The m = 0 term is given by

[e—iklr—r'l]' ) i<__2113> {\Ifﬁ},)(h;s,n)\lf{,‘?(h;z',n'), E<E o
r-ride S \No) e s, e, n),  E>F

where
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Yo 2 = 2d3(h10) |
Ny, = L [S5P(h, m]%dn = glm' *

The effective Green’s function which results from combining Egs. (5) and (8)
contains spheroidal wave functions in both coordinate systems C; and C,. Application
of the boundary conditions on S; or S; to determine Ag and By is difficult if Gy(r, r')
is not expressed entirely in C; or C,, respectively. Fortunately, this can be accomplished
by the use of a spheroidal addition theorem which expresses a spheroidal wave function
with reference to one coordinate frame in terms of spheroidal wave functions with
reference to a second coordinate frame. The general addition theorem for spheroidal
wave functions which is derived in Ref. 1 allows for arbitrary relative position and
orientation of the two coordinate frames and is applicable whether the two spheroidal
coordinate frames are both prolate, both oblate, or one prolate and one oblate. For the
present application, the addition theorem reduces to the following form:

V(s e, ) = ) Cl w§i ;s €, 1)), (10)
n=0 ‘

where

e °°! d(h-'on)oo/
Cf, = 22 e rta (109

50,1 0% 0,1
r+s 9

X Z ‘ ek CE R 0)R{2)(kry 4 )P,(cos 6,) , (11)
t=lr-s

with the prime sign indicating that the summation is steps of two, and that s or r is
taken to be even or odd according to whether n or £ is even or odd. The function
H2)(kr;5) is a spherical Hankel function of the second kind. The angles 6,5; and 0,4 are
equal to 0 and m, respectively, so that Py(cos 6,51) = 1 and Py(cos 019) = (-1)t. The
coefficient a(s, t, r, 0, 0) is given by

(1N (2s + 1)(2t + 1)(2N)U2\ )U2N)!(AL)2

as, £,1,0,0) = (A + DI 1,12 ’ (12)
where
_(rrs+d)
A = 9
A =A-r
)\1 = A - 8,
N = A -t

Use of the addition theorem for i = 2 and j = 1 leads to the following form of the
effective Green’s function expressed entirely in Cy :

6
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N [-2ik
Go(r,r) Z < l) 848(}11,51,721)‘1’852(}11,51,"71

2=0

[}

+ 2 [Ag¥rys £, 1))
Q

=0

+ By ), CRLUD (3£, 7)) (13)
n=0

where & > §] as required for the present discussion.

leferentlatm% Gy(r, ¥') with respect to &7, settlng this equal to zero at £]°= &,
multiplying by S (hy, nl)dnl, and integrating over ’71 from -1 to 1, the range of
orthogonality for ghe spheroidal angle wave functions, one obtains the following set of
equations: :

(4 e 21
qu)(hp £1004 * Rf)g(hpgm)gzczq B,
=0

2ik
= <]\+> (hl’ E]_o)‘I’ (h]_ ’ E]_’ 171 ), q = 0to o, (14a)
0Og

where the dot indicates the derivative with respect to £. The effective Green’s function
can also be expressed entirely in Cy in order to apply the boundary condition on S,. Use
of the procedure indicated above leads to the additional set of equations:

R{(hy, £00)B, + B(hy, £50) g cj24,

2ik .
= [Z2) Ry, £00) ¥Ry £g, 1), g =0too. (14b)
NOq _

In theory, the doubly infinite set of simultaneous equations obtained by combining Eqgs.
(14a) and (14b) can be solved for the unknowns Ay and By, £ = 0 to . In practice,
the summations over ¢ in Eq. (13) are truncated at £ = L and the resulting 2L + 2
equations are solved for Ag and By, £ = 0 to L. The choice for L depends on the
normal velocity distributions vy (n'l)'and vz(n'z)'and the required accuracy of the results.
An estimate for L is given by the highest order that must be retained in the expansion
of v;(n}) and v2(17'2)'in terms of the appropriate spheroidal angle wave functions in
order to represent them to within the required accuracy. Equations (14a) and (14b) can
be written in the truncated form

[rand
L)

-

(%]
“n
prom
b
e
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2L+1
Z by =8, a=0to20 + 1, (15)

where the coefficients by are given by

A

bQ = 5% = Ay for? = OtoL

and

by = Bora =By, , for@ =L+ 1to2L + 1.

The matrix elements M q,0 are given by

(s forg,2 = 0
q%’ andg =L + 1to2L + 1

RED(hy, £10)

_J = O,
Mg =< RED(h &) 1
RE) 1 1(ha E20) o

- %q-L
L REQ-L-a(hg, Epo) 7

The right-hand side elements g, are the expressions

RE(ny, &)
RQ)(hy, £10)Ny,

R&«;—Lq(hz, £20)

4
lggg—L—l(h2’520Mng—L—1

for g OtoL;8 =L + 1to2L + 1

4 forg =L + 1to2L + 158 = OtoL . (16)

Oq( 13 €M) forqg = OtoL

V) | (hysEy,my) forg =L + 1to2L + 1. (17)

The symbol = indicates that L is chosen large enough to ensure the desired accuracy in
the final results. Note that AQ and BQ depend on the field point only through the right-
hand side. Equation (15) can be inverted to give

2L+1

-1
). Mie (18)
q=0
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so that once the inverse elements have been obtained for a given frequency and geometry,
Ag and B; and, consequently, the effective Green’s function, can be calculated for any
field point by simple matrix multiplication.

The acoustic pressure is now evaluated from Eq. (3). Consider the first term, where
the area element is given by

d.2
s - (%) (0 - DV2(kyg? - wy?)1/2dn d) (19)

Expressing the r' dependence of the effective Green’s function entirely in C; and inte-
grating, one obtains

L .
py(r) = hy2pe(t,d - 1)1/2”1,max [Z Rglsz)(hv 510)1952)‘1’543("1;51’"?1)/Nosz(h1)
2=0 '
- L
Z ARGy, £ )G - ZB D CRLRG(hy, 015 ] , (20)
2=0 n=0
with
1
f (5,2 - 0,228, (n))SY(hy , ), 1)
-1

where the velocity distribution v; (n7) has been factored into the product of a normaliza-
tion vy p,, Which is equal to the maximum value on S; of the amplitude of v; (1) and
a dimensionless distribution function B1(n]). Note that the term Nyg(h;) depends on the
acoustic size parameter b, .

These expressions give the acoustic pressure when 8; is vibrating and vz(n'z)'is
identically zero, so that S, acts only as a rigid scatterer. When S, is vibrating also, the
second term in Eq. (3) must be included. Expressing the r' dependence of the effective
Green’s function entirely in C, and integrating, one obtains

L
py(r) = h%pc(szg - 1)1/2v2,max [ZRf)lsz)(hz’520)15%2)‘1'(61!4)(’12;520”72)/N02(h2)
2=0
L LI L
= ) BRE(hy, £ - ) Ag ) CRIRG) (g, £0)IE) | (22)
=0 =0 n=0

where the integrals I(Sﬁ) are given by Eq. (21) with the superscript 1 replaced by the
subscript 2. Thus the total acoustic pressure p(r), when 8; is vibrating with the velocity .
distribution vy (n]) and Sy, is vibrating with the velocity distribution vy(n3), is given by

| e
L)

-

W
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e
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p(r) = py(r) + py(r). - (23)

The acoustic pressure in the far field can be obtained from Egs. (20) and (22) with
the use of the limiting form for the spheroidal wave functions,

~ih§ |
R(()‘}Z)(h, E)__»fés_ ei(m/2)(2+1) (24)

£>00

In the following discussion the band-shaped region on the spheroidal surface S
bounded by the curves n = ny; and n = ny; (see Fig. 4) is assumed to vibrate with
uniform normal velocity V;, while the remainder of S; and all of Sy are assumed to be
rigid, i.e., Vi,max = V71 and By (ny) is equal to unity for n;; <n; <7y and equal to
Zero otherw1se For the case of uniform vibration, the normahzed acoustic radiation
self-impedance z;; is defined by

. 1 Mo
le = ru + ixll = <m> f pl(r)dS(r), (25)

ML

where the real quantities rj; and x;; are the normalized acoustic radiation self-resistance
and the normalized acoustic radiation self-reactance, respectively, and where {; is the
area of the vibrating region. The less descriptive names radiation impedance, radiation
resistance, and radiation reactance will be used in the remainder of the report. Note that
the use of Eq. (25) requires a knowledge of the acoustic pressure over the surface S;.
Although the free-space Green’s function and, consequently, the effective Green’s func-
tion is singular at the point r = r’ so that the expansions given in Eq. (8) do not con-
verge at that point, the singularity is integrable, and the resulting expression for the
acoustic, pressure given in Eq. (20) converges to the correct value for field points on S;.
Expressing p; (r) entirely in C; by use of the addition theorem in Eq. (10) and integrating,
one obtains

7 Nu

e

/

Fig. 4—Velocity band on
spheroid 1

10
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1)
21 = Z RGP (hy, & )REY (hy, 510)182 Io;z /Nog(hq)

h%(«sm - 12 [L

L L
- Y RB M b IRTY - fz?m Cﬁ%R&)(hl’flo”«g}z)]’ (26)
=0 - n=0
where
i LRy, &R (B, &) /D)
2. My Ry, £10 N, () ‘o
. 3 RE)J (ha, £99) Rgl (hy, £ )1( 27)
2,j+L+1 R84)(h2, €20 Ny (hg) Z o
and
Ty
W1 - f (E%O - n%)l/zdn (28)
LEY) |

Note that z; does not depend on the magnitude V; of the normal velocity but does
depend on the velocity distribution ;.

Similarly, the force produced by p; (r) on that part of the spheroid S, bounded by
the curves n = 157 and 7 = Ny can be calculated and used to obtain the normalized
acoustic radiation mutual impedance z5;. This gives

) 1 Mau
Zyy = Ty * kg = chl&z- f py(nds(ry, (29)

LPY A

where the real quantities ry; and xo; are called the normalized acoustic radiation mutual
resistance and the normalized acoustic radiation mutual reactance, respectively, and where
@, is the area of the integration on 8y. Using the addition theorem to express py(r)
entirely in C5 and integrating, one obtains

L RBE - DI | & ' -
%1 = 1(1—0%)__ I:Z {Rgle(hl’flo)lglg/NbQ(}fl)Z Ch

2=0 n=0
L
X R (hy, £,0)I2) } - Z T£2)R848(h1, £ 06 (80) Continued
£=0

11



KING AND VAN BUREN

(30) Continued

Zsz lin Z CEaRGR (s 1016, }

where the expression for W, is obtained from Eq. (28) by the interchange of the index
2 for the index 1, and where

& Ry, k) &
T = Z |:M‘1. : b0 5o Z CI2RG (g, £
=0 =0

U RED (s Eg N () &

R{)(hy, £ )RED (g, Egp )
+ ML, 2’ 20 27220 (2) 31
bt Rgi)(hz’szo) 0i{h2) 8—] .

It is now assumed that the region of the spheroidal surface S, bounded by the

. curves 1 = Mg, and n = Ny vibrates with uniform normal velocity V,, while the remainder
of S, and all of S, are assumed to be rigid, i.e., Uy max = Vo and f5(n,) is equal to unity
for ny;, < My < Ny and equal to zero otherw1se In this case the normalized acoustic
radiation self-impedance z,, is defined by Eq. (25) with the index 1 replaced everywhere
by the index 2. Expressing py(r) entirely in Cy and integrating, one obtains

RGA -1)/ [L

D RP(hy, 800 RGP (hy, £ M) IN g ()

ZT?)Z C’%'%Rgl)(hZ’EZO)[Sz) Z (4)(h2’520)15237'§+L+1:| - (32)

£=0

Similarly, the normalized acoustic radiation mutual impedance 2,5 is obtained by

expressing po(r) entirely in C; and mtegratmg over the region ;7 <n < mnyy onS;. The
result is

h2 2 _ 11/2 L
2y = %l_ [Z {sz,szo)zg,zuv o(hy )Z cr(n,, 210)181)}

=0
L L
- 2. T)  CEERG Ry, £0)IE) - Z TGy R B‘E’(hz,ézo)lgzg] : (33)
£=0 n=0

Using the reciprocity of the Green’s function (i.e., it is symmetrical to an interchange
of the source and the field points), one can show that the normalized acoustic radiation
mutual impedance z;, is related to the mutual impedance z3; by

12
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2100; = 25 Q, . (34)

Consequently, in PSPRDS and OSPRDS the impedance 2y, is obtained by multiplying
by @1/Q®9 the value for z;, calculated from Eq. (33).

The four impedance terms 2,7, 291, 215, and 255 are defined to be independent of
the normal velocity magnitudes but dependent on the velocity distributions. Therefore,
they characterize the two spheroid systems when the region ny; <n; <ny on S; or
the region ng; < mg < My on Sy is vibrating with a unit normal velocity. Because of
linear superposition, the total acoustic force F; acting on the vibrating region of S; when
both S; and S, are vibrating with normal velocities V; and Vj,, respectively, can be
obtained from 2z;; and 2,5 by use of

Fy = pe (2, V] + 2,V,). (35)
Similarly, the total acoustic force acting on the vibrating part of S, is given by

Fy = pe@y(25V, + 2y V). (36)

THE COMPUTER PROGRAMS PSPRDS AND OSPRDS

The computer programs PSPRDS and OSPRDS are both written in CDC 3600 -
Fortran for the CDC 3800 computer at the Naval Research Laboratory. Program
PSPRDS calculates acoustic radiation from two prolate spheroids, while OSPRDS
calculates acoustic radiation from two oblate spheroids. Appendixes A and B contain
listings of these programs.

Single-precision numbers in the CDC 3800 have 11 decimal digits, while double-
precision numbers have 26 decimal digits. The magnitude of numbers ranges from
107307 to 10*307, These properties are used in PSPRDS and OSPRDS for scaling
certain functions and tests on convergence of various summations.

BASIC STRUCTURE OF THE COMPUTER PROGRAMS

The computer programs PSPRDS and OSPRDS are logically similar. Each contains
a large main program (over 1100 lines) and several subroutines. The main program con-
sists of four distinct parts: (a) parameter input, (b) spheroidal wave functions calcula-
tion, (c) matrix calculation, and (d) radiation calculations and output.

Parameter Input
The main function of this part is to read in all data cards necessary to execute the
program. The data cards provide all necessary information with the exception of three

parameters. These three parameters are given the following values in the main program:

Parameter Value Description -

RHO 1000 Density of the fluid medium in
kg/m3

13
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CEE 1500

ICXI 26

Speed of sound in the medium
in m/s

Sum parameter (see Matrix
Calculation)

These values of RHO and CEE correspond to water and may be changed by the user if
other fluids are desired. The value of ICXI should not be changed.

This part also contains calculations of the limiting form for the spheroidal wave
functions (see Eq. (24)) to be used for far-field calculations.

A diagram of the arrangement of data cards for the computer programs PSPRDS and
OSPRDS is shown in Fig. 5. This figure is followed by a detailed description of each type

of data card.

Card 1. Summation Control Card

Variable Format Column
IDEM I5 lto5b

IDEMPI I5 6 to 10
IDEMPR 15 11 to 15

Card 2. Geometry for Spheroid 1

Variable Format Column
X for oblate D10.5 1t010
Z for prolate
H D10.5 11 t0 20

14

Description

Number of terms summed in
the impedance and pressure
equations, i.e., Egs. (20), (22),
(26), (32), (33). It is equivalent
toL + 1. Its maximum value

is 30.

Maximum number of terms
summed in the inner sum over
r of Eq. (11) for the imaginary
part of the matrix M. It has

a maximum value of 100.
Maximum number of terms
summed in the inner sum

over r of Eq. (11) for the

real part of the matrix M. It
has a maximum value of 40.

Description

Value of the shape parameter £,
where 0 < & < °, when sphe-
roid 1 is oblate. Value of £15 - 1
where 1 < £; < oo, when
spheroid 1 is prolate.

Acoustic size parameter h; of
spheroid 1.
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The expression /(§19 * 1)(¢1¢ - 1) is required in PSPRDS. Since values of £, for
prolate spheroids can be very close to 1, say 1.0000001, &, - 1 is the input. This avoids
a subtraction error and subsequent loss of significant figures which would occur if £ - 1
were calculated from §;, in the program.

Card 3. Geometry for Spheroid 2

The input format for the geometry of spheroid 2 is identical to that of the geometry
for spheroid 1. Note that if the two spheroids have different values for the acoustic
size parameter H (h in the theory), the larger value should be associated with spheroid 1
since more terms can be used in the inner summation (up to 100 terms) for matrix M
than in the outer summation (up to 26 terms).

Card 4. Spheroid Separation

Variable Format Column Description

ALPHA D10.5 1to 10 Parameter o gives the distance
rio between the centers of
the two spheroids in units of
dy /2, ie., rjo = (dy/2)a. The
corresponding acoustic distance
kryo = hya where hy is the
value of H input on Card 2.

Note that the two spheroids must not overlap. This requires that a > & + &yqha/hy.

Card 5. Velocity Value and Location on Spheroid 1

Variables Format Column Description

IVEL1 Il 1 Integer parameter set equal to
0 if the normal velocity is equal
to 0, set unequal to O if the
normal velocity is not equal to
0.

VEL1 C(F9.3,F10.3) 210 20 Complex value of the normal
velocity on the vibrating band
on spheroid 1.

THETAL1 D10.5 21 to 30 Lower boundary of the
vibrating band in degrees, i.e.,
THETAL1 = cos™1n,;.

THETAUL - D10.5 311040 Upper boundary of the
vibrating band in degrees, i.e.,
THETAUL = cos 17, .

15
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New Problem

12, PROBLEM CONTROL CARD (3 in column 1)

11. DESIRED NEAR-FIELD POINT

Use one pair of cards for

each near-field point
10. NEAR-FIELD CONTROL CARD (0 in cotumn 1)

Use if near-field points follow
9. FAR-FIELD NORMALIZE CARD (2 in column 1)

or if new problem is to follow

8. DESIRED FAR-FIELD ANGLE
Use one pair of cards for

each far-field angle
7. FAR-FIELD CONTROL CARD (1 in column 1)

6. VELOCITY VALUE AND LOCATION ON SPHEROID 2

L4

5. VELOCITY VALUE AND LOCATION ON SPHEROID 1

4. SPHEROID SEPARATION

3. GEOMETRY FOR SPHEROID 2

2. GEOMETRY FOR SPHEROID 1

| 1. SUMMATION CONTROL CARD

Fig. 5—Input data cards

16
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Card 6. Velocity Value and Location on Spheroid 2

The input here is similar to that of Card 5. The corresponding variable names are
IVEL2, VEL2, THETALZ2, and THETAU2.

Card 7. Far-field Control Card

Variable Format Column Description
NFF I1 1 Equal to 1

This card announces a far-field calculation and- allows the program to use the far-field
asymptotic forms for the spheroidal radial wave functions. It must precede Card 8.

Card 8. Desired Far-field Angle

Variable Format Column Description

E D10.5 . 1t010 Far-field point in degrees;
0° < E < 180°. E corresponds
to the polar angle, i.e., the
angle that the far-field direction
makes with the positive z axis
(taken to be directed from
spheroid 1 to spheroid 2).

Program dimensioning allows for a maximum of 40 far-field points. This can be
changed by adjusting the dimensions of the variables ANGLE, FF, FFA, and FFM.

Card 9. Far-field Normalize Card

Variable Format Column Description
NFF Il 1 , Equal to 2
This card is used if both far-field and near-field points are input. It causes the |
far-field values to be normalized by the value in the direction of the first input far-field
angle and printed out. The card is not necessary if only far-field points are to be calculated
and only one problem is being run.

Card 10. Near-field Control Card

Variable Format Column Description

NFF Il 1 Equal to 0
(or blank)

This card announces a near-field calculation and must precede Card 11.
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Card 11. Desired Near-field Point

Variable Format Column Description
XCT D10.5 1t010 x coordinate of point in units of d, /2
YCT D10.5 11 to 20 ¥ coordinate of point in units of d; /2
ZCT D10.5 21 to0 30 z coordinate of point in units of dy /2

This card describes the near-field point having Cartesian coordinates x, y, z with
respect to the Cartesian coordinate system centered at the origin of spheroidal system
C; (¢4, m, $1) and having the z axis as shown in Fig. 3. The coordinates are in units of
d, /2, e.g., the point (0, 0, a/2) represents a point midway between the centers of the
two spheroids on the line connecting them. Care must be taken to insure that the
near-field point is exterior to both spheroidal surfaces.

Note that due to symmetry about the z axis, the acoustic pressures at points (a,
b, ¢) and (b, a, c) are equal.

Card 12. Problem Control Card

A problem control card having the number 3 punched in column 1 is used to
separate different problems. This enables any number of completely independent prob-
lems to be solved successively. Each separate problem must be described by a full com-
plement of data cards.

Spheroidal Functions Calculation

Accurate values for the spherodial wave functions are obtained using PRAD (6),
OBRAD (7), and ANGLEN (8), Fortran computer programs written in double-precision
arithmetic for the CDC 3800 computer. The second part of PSPRDS contains the
computational sections of PRAD and ANGLFN and requires the subroutines CALCPQ,
POLY, SBESF, and EIGEN. Similarly the second part of OSPRDS contains the computa-
tional sections of OBRAD and ANGLFN and requires the subroutines POLY, SBESF,
SPHYN, QLEG, and EIGEN. Double precision is maintained for these calculations
although the resulting wave function values are truncated to single precision for later
calculations. A printout of the spheroidal radial wave functions will occur if the Wronskian
accuracy check indicates that the accuracy of at least one of the four functions R&?(h, £),
R, &), R (h, &), or RP(h, £) is less than five significant figures. (See the discussion
of the Wronskian accuracy check in the introduction in Refs. 9 or 10.) The statements
controlling this printout are

PRINT 933, L, R1, R1D, R2, R2D, CL, IAC
933 FORMAT (1X*RADIAL FUNCTION ACCURACY WARNING*5XIS,
4D15.5, D20.10, I4)
The Fortran variable names R1, R1D, R2, and R2D correspond to R{P(h, £), R{P(n, £),

R(2(R, &), and RZ)(h, &), respectively. The variable IAC indicates the minimum number
of accurate digits in the radial functions. CL is the associated eigenvalue.

18
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The calculation of the spheroidal wave functions makes occasional usage of the
following special DO loop property of 3600 Fortran: for the loop DO n i = m,, mgy,
mg; if my exceeds mqy on the initial entry to the loop, the loop is not executed and
control passes to the next statement after n.

Matrix Calculation

This part of the main program contains the calculation of the matrix M, whose
complex elements Mg are defined in Eq. ( 16). It can be shown that the addition theorem
coefficients for the transformation from the coordinate system S, to the coordinate sys-
tem S; are equal to the transposed coefficients for the inverse transformation from S; to
Sy, i.e., CL2, = C2L,. Therefore, it is necessary to calculate only the elements C12 of the
transformation matrix C12, as defined in Eq. (11), in order to generate the matrix M.

The real and imaginary parts of C12 are calculated separately using real arithmetic.
This is done because the convergence of the imaginary parts (due to the presence of
spherical Neumann functions) will be much slower than the convergence of the real
parts (which contain spherical Bessel functions) whenever the argument kr;, is small.

The user can choose, within limits, the maximum number of terms used in the summation
over r in Eq. (11) for both the imaginary and the real part summations by means of the
input parameters IDEMPI and IDEMPR. The outer or s summation limit is fixed at 26
by the parameter ICXI. The imaginary part of C12 is calculated before the real part.

The program attempts to obtain elements of C12 and, consequently, M accurate to
more than four significant digits. However, elements whose accuracy is such that the
absolute value of the ratio of the last contribution to the existing summation is less than
102 are also accepted. Elements are calculated consecutively by rows, i.e., C%g, C%)%, cens
C(l)%, C%g, etc. Any element which fails to satisfy the minimum accuracy requirement is
given the value zero. If, for imaginary part calculations, such an element is in the first
row, say C(l)f,, the maximum index of C12 is reduced to N - 1 so as not to include that
element or any other element C}nzn, m>N-1orn>N-1. Printout statements in
the program inform the user whenever elements of C12 have been given the value zero.
Finally, the matrix elements M,y are formed using the elements of C12 and values for
the necessary spheroidal radial wave functions.

Radiation Calculations and Output

The integrals Iyg, with v(n) = V for n;, <7 <ny and v(n) = 0 for n elsewhere,
are calculated in the subroutine INTEGER. The evaluation is-by expansion of the
spheroidal angle wave functions in a series of Legendre polynomials as shown in Eq. (7),
subsequent expansion of the Legendre polynomials in a series in terms of cos (r0) where
6 = cos'ln, and computation of the resulting integrals

My
J = j (82 - n*)2 cos (10)dn, r = 0,1,... (37)
L7

by use of Gaussian quadrature.
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The variable SACK refers to the innermost summation required for C%r? as given in
Eq. (11). The time in seconds to calculate this summation and store all the terms as a
function of the outer indices s and r is printed in the output.

The times in seconds to calculate both the imaginary and the real parts of all of the
matrix elements C}2, &, n = 0 to L (in the program L + 1 is called IDEM) are printed in
the output under the names CXLIN and CXLRN, respectively.

The matrix M is now inverted in the subroutines CINV and MINC. The inverse
matrix M1 of Eq. (18) need be calculated only once for each geometrical configuration.
The total time to obtain this matrix may vary from only a few seconds to up to 4 min
depending upon IDEM, IDEMPI, and IDEMPR, with IDEM being the most significant
parameter. The radiation impedances 21, 2149, and 255 are then calculated from Egs.
(26), (83), and (32), respectively, and printed. Each of the three running summations in
Egs. (26), (33), and (32) are also printed so that the user can judge their convergence.
Written in terms of these summations, Eqgs. (26), (33), and (32) are given by

M - 1"

2, - (SIMP1 - SIMP2 - SIMP3), (38)
1
3 R2(£2. .~ 1)L/2 '
9 = 2(220W—) (SIMP4 - SIMP5 - SIMP6), (39)
2
h2(g2. - 1)/2
Zyy = Jﬁ@w_) (SIMP7 - SIMPS - SIMP9). (40)
]

The mutual radiation impedance z,;is then obtained from z;,.

Similarly, running summations of Egs. (20) and (22) are provided for both far-field
and near-field pressure calculations. The summations are defined as follows:

p(r) = hpe(t% - 1)/2 [SMI - SM2 - SM3] , i=1,2 (41)

The time required to calculate the pressure at one point depends upon the value of

IDEM. The time is of the order of a few seconds. Note that the asymptotic form for
Rgl,?(hl, §,) given by Eq. (24) with the factor e-ih1f1 /(h1 &) suppressed is used in 4Eqs.
(20) and (22) for far-field calculations. The corresponding asymptotic form for RSQ)(hz’ 532)
about the origin of S, is given by

ety

Rglg)(hz’ 22) —_— eihlacoseei(ﬂ/2 )(R+1) , (42)

g0 M E

where the additional factor represents the effect in the farfield of the separation between
the two spherpids. Again, the factor exp (-ihy&;)/(h,&,;) is suppressed.

The resulting complex far-field pressure is then multiplied by exp [-i(h,/2)a cos 0]
to adjust it to an origin midway between the centers of the two spheroids. Finally, all
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far-field pressures are divided by the pressure at the first angle read in, i.e., they are
normalized so that the pressure at the first angle is unity.

The input and output for a sample run are given in Appendix C.

ACCURACY OF THE RESULTS

The acoustic impedance and pressure values should be accurate to at least two or
three digits provided that the outer summations, i.e., the summations over £ in Eqgs. (20),
(22), (26), (32), and (83), have converged. These summations are displayed as part of the
output (see Appendix C) and can be examined for convergence.

Parameter limitations due to inaccurate spheroidal functions are based on computer
programs PRAD, OBRAD, and ANGLFN. Programs PSPRDS and OSPRDS will display
values for all spheroidal radial functions whose accuracy is less than five decimal digits.
Although accuracy of more than four or five digits in the radial functions should be
sufficient, accuracy of less than four digits makes final impedance and pressure results
suspect. There is no analogous printout for the spheroidal angle functions. The following
statement taken from NRL Report 7161 (Ref. 8) indicates the accuracy to be expected
in the corresponding angle function.

“Within the foIlowing ranges, the angle functions and their derivatives are believed
to be accurate to at least eight significant figures, assuming calculations are performed by
a computer that has a word length of 26 digits, e.g., the Control Data Corporation 3800
computer at NRL using double-precision arithmetic:

0s<M<®6

M<L<MH+49

PROLATE
01 < H < 20.0 20.0 < H < 35.0 35.0 < H < 40.0
-10 <1 <10 0<Inl <099, In|] = 1.0 0 <Inl <0.9
OBLATE
0.1 < H < 300 30.0 < H < 40.0
-10 <7 <1.0 02<p <10 ”
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Appendix A

FORTRAN LISTING OF PSPRDS, A COMPUTER PROGRAM TO CALCULATE THE

7777

2945

2950

2949

2939

90

91

AXISYMMETRIC RADIATION FROM TWO COAXIAL PROLATE SPHEROIDS

PROGRAM PSPRDS

TYPE COMPLEX CTSeCXeDACSeDCSsFFeR419R429sRIDGIR2D4IRIF4L9R2F 4
$SIMP19SIMP2+sSIMP39STIMP4sSIMPS+SIMP6+SIMP7sSIMPBeSIMPOsSM] s SM29SM3
$STOR1 ¢STOR2+sSUMeSUMM 9 SUMY ¢ SUM29SVMs TRST 9 TRS29VEL 19 VEL2

TYPE DOUBLE AAAALPHAsBSFsCRT9CRZICRZZsDTK9E+ETGLL+EIGL29ETALS
SETA24ETALL«ETAL24+ETAULSETAU29sFBCT9oHS19HS24PsPT9SeTERMeXCToX1IL»
BXS1eXS2eYCToYMF9ZCToTHETALLs THETAUY s THETAL24 THETAU2

TYPE DOUBLE ARR s ARRAY ¢BAY +BLIST+sBOOK+BRRAYsC1019CFACS
1CL+CORA+CORRsCWRONoDE9DHo DI s DLASToDLIST sDMsDNoDNDO s DNEG » DNEGF »
2ONFREE s DNUMsDR+DRFREE 9DRRATIOsDXsEA+EMIENRSFNRCIEYESFACT
3GLISToHoH1 s HSQePAPERIPLY»PL3sPLLyPLAIPLI2sPL.139PL17+PL184QsR1y
4R1IDIR29R2DIRR29RR2D+SATL3+SATLLISATIL1B,
SSATL19sSAIL22+sSATIL23+SATIL1IB1+SATIL1I91+SHIPG,
6SHIPS+SHIP7+SHIP109SHIP119SHIP124SHORE s SILAND

TSSUM1 ¢ SUBSUM s TWRON 9 LINo VN oW o W26 9 W2B e WN9 X9 X1SQ s XTHs2 421

DIMENSION ANGLE (40) oBACT(S60) ¢BSF (250) sCTS(60) 4CX(60+60) ¢DACS(60)
$DCS(60)9DDLI(30+110)9DDU2(30 30)sEIGL1(30) +sEIGL2(30)+FBCT(300)
SFF(40)9FFA(40)sFFM{40)+P(125)9R11(30)9R41(30)9R12(30),
$R42(30)sR1ID1(30)+RINA(30)+R2D1(30)+R2D4(30)sRIF1(30)+R1IF4(30)»
SR2F1(30)sR2F4(30)+S1(30)+S2(30)+SACKI(8850)

$SACKR(2780) «STIRLY(30) +STIRL?(30) 4SPDINT(2)sSTORI(30) 9sSTORR(30) s
STRS1(30) s TRS2(30) « XTL(60) o XNMLY (30) o XNML2(30) s YMF (300)
DIMENSTION A(704+70) ¢ ARRAY(300) ¢BAY (100) +BLIST(150) ¢BOOK(300),
SBRRAY (250) o DLAST(150) oDLIST(150) +DM(150) ¢DN(150) sDNEG(1)»

$DONDO (150) +DR(100) +DRRATIO(100) oFTIG(70) s ENR(150) sGLIST(150)
SPAPER(300) o SHIP4(150) 9 SHIPS5(150) ¢SHIP7(150) sSHIP10(150)
$SHIP11(150) 4SHIP12(150) ¢SHORE (17S) ¢ STLAND(175)

EQUIVALENCE (SACKTI(1)eCX (1)) (SACKI(8776)+SACKR(1)),

$(SACKI (1) oBLIST(1)) o (SACKI(SO01)4GLIST(1)) 9 (SACKI(1001)4DN(1)),
B(SACKTI(1501)«DM(1)) o (SACKTI(2001)+ENR(1)) ¢ (SACKI(2501)+sBOOK (1))
$(SACKI(3101)4PAPER(T)) s (CX(1)eA(]1))
COMMON/S/SACKT9CX9A9BLISTsGLISToDNeDMyENRsBOOKsPAPERSSACKR
COMMON/BLK1 /FACT (300)

CONTINUF

REWTND 1 ¢ REWIND 2 & REWIND 3 $ REWIND 4 ¢ REWIND 7 $ REWIND 8
REWIND 10

RHO = 1000,

CEE = 1500,

FACT(1)=1.D

DO 2945 J=2,171

FACT (I =(J=1)#FACT (J-~1)

FACT(171)=FACT(171)%#].D=300

DO 2950 J=172+296

FACT (J)=(J-1)# FACT(J-1)

FBCT (1) = 1,D=250

DO 2949 J = 14275

FBCT(J+1) = J#FRBCT(.))

BACT (1) = 1.

DO 2939 T = 2+558,2

BACT(I+1) = BACT(I-D)#(I~1,)%4,/1
Ll = 0

0L =1

READ 90+IDEMsIDEMPT s IDEMPR
FORMAT (315)

READ 9147S]14HS1

FORMAT (2D10,.5)
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XSl = 7ZS1 ¢+ 1.D

READ 9147S24HS2

XS2 = 282 + 1.0

READ 96,ALPHA
96 FORMAT (D10.5)

READ 93+ IVEL1sVEL1+THETAL]» THETAUL
93 FORMAT (I1eC(F9.3+F10.3)+2ND10.5)

READ 934IVELZ2+VEL2s THETAL2+THETAUZ2

IDEMPI = IDEMPI/2#2
INDEMPR = IDEMPR/2%#2
ICXY = 25

ICXIT = ICXI+ICXI=1
IF (IDEMPI.LT.26) IDEMPI = 26
NDR = IDEMPR + INEMPR

NDT = IDEMPI + IDEMPI

NFFF = 0

IDEMPIT = NDI = 1

INEMPRR = NDR = 1

“IMP = MAX0(IDEMPII,IDEMPRR)
IMPR = (IMP+]))/2

ICM = MAXO (TICXTsIDEM)

NI = TDEM
INDEX = =2
IDEM2 = 2#IDEM

ISBT = 0
PI = 3,141592653589793238460D
PI2 = 1.5707963268
IHDF = 0 .
IsM = 0
R41(1) = CMPLX(0.914)
DO 727 1 = 2.1DEM
727 R41(TI) = (Desl)#R41(I-1)
PRINT 5555
6656 FORMAT (1H14SX#ACOUSTIC RADIATION FROM TWO PROLATE SPHEROQIDS#)
PRINT 55564XS19HS1 9 XS24HS2
5556 FORMAT (//16X#SHAPF PARAMETER X7 ACOUSTIC SIZE PARAMETER H#//5X
$10HSPHFROIN 1 SXF10.6414XF10,6/7 SX10HSPHEROID 2 S5XF10.6414XF10,6)
PRINT S55574,ALPHA
5657 FORMAT (//SX#SFPARATION PARAMFTER#//6XTHALPHA =F11,6)
) PRINT SS5S8«THETALL o THETAUL +THETAL 2e THETAUZ
5558 FORMAT (//16X%LOWER AND UPPER LTMITS (IN DEGREES) OF VIBRATING BAN
SDS#/ /30 XSHLOWERI2XSHUPPER//SXT10HSPHFEROID 1 13XF84399XF8,3/5X
$10HSPHEROIN 2 13XFB,399XF8.3)

VIM = CABS(VELD)
V2M = CABS(VEL2)
VIA = CANG(VFL1)#1R0./P1
V2A = CANG(VEL?)#180./P1

PRINT 5559 4VEL1sVIMaVIALVELZ24V2MaV2A
5559 FORMAT (//16X#NORMAL VELOCTITY (IN M/SEC) OF VIBRATING BANDS#
$/7/23XGHREAL6XIHIMAGINARYSXOHMAGNT TUDE2X#PHASE ANGLE (DEGREES)#
$//5X10HSPHEROIND 1 SXC(F8.3¢F12.,3)+2F14,3
$/ SXI0HSPHEROID 2 SXC(FB8.3¢F12.3)e2F14.3)
PRINT 5560+ T1NDEMy IDFMPT 4 INEMPR
5560 FORMAY (//16X8SUMMATION PARAMETFRS#//7X6HINEM =13,3X8HIDEMPI =T4,
$3IXBHIDEMPR =13)
ETALY = DCOS(PI#THETAL1/180.D)
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ETAYY = DCOS(PI#THETAU1/180.D)
ETAL? = DCOS(PI®#THETALZ2/180,D)
ETAU? DCOS(PI®#THETAUZ2/180,D)

DTK = HS1#ALPHA

CALL SBFSF{NDTK+RBSF)

YMF (1) = =DCOS(DTK)/DTK

YMF(?2) = YMF(1)/DTK = DSIN(DTK)/DTK
KSR1 = ICXIY + IDEMPIT - ]

DO B899 K = 14KSR]

KK = K

YMF(K+2) = (K+K+]1 ,D)#YMF (K+1)/DTK=YMF (K)
IF (DABS(YMF (K+2)).6T.1.D300)GN TO 4501
CONT INUF

60 TN 4502

IDEMPT = (1+KK~-ICXIT) /422

IF (IDEMPI.GE.ICXI) GO TO 4504
IDEMPT = (INDEMPT + ICXT)/4%2

ICXT = IDEMP]

NDT = IDEMPTI + IDFMPI

IDEMPIT = NDI = 1

IMP = MAXO(IDEMPII+I1DEMPRR)

IMPR = (IMP+])/?

PRINT 4503« IDEMPI

FORMAT (/10X8HINEMPT =144+1X24HDUE TO LARGE NEUMANN FNS)

IF (ICXTI.LT.25) PRINT 4505,1CXI

FORMAT (10X6HICXY = 14/)

M =0

NBL = NL

EM = M

LCK = 0

JDNX = =1

INDEX = INDEX + 1

IF (INDEX) B1448154R16

REAN 719s NFF

FORMAT (I1)

IF (EQOF«60) 723+724

NFFF = NFF

GO TO (729+720+72347777) NFF + 1

JDNX = =1#)JDNX

IF (NFF+JUDNX.EQ.0) GO TO 1001

IF (JDNX.GT.0) 8254826

REAN B817+XCTeYCTH2CT

FORMAT (3D10.5)

CRT = XCT#XCT + YCT#YCT + ZCT#ZCT + 1.D
X
E 2CT/X

Z X = loD

IF (XCT+EQeNeeANDYCT.EQ.0.) GO TO R12
PHI = ATANZ2(YCT+XCT)#180,.,/P1

GO T0 A13

PHI = 0.

PRINT 9109XCTeXsYCTeEsZCToPHIY

NSQRT (,SD#* (CRT+DSART (CRTH#CRT=4 ,DHZCTHZCT)))

(o

"—V
—
iz
L
AP g
-
e
_—
e

=

910 FORMAT (////7/57X#INPUT NEARFIELD POINT#//37X#CARTESIAN COORDINATES
$#19X#SPHEROIDAL COORDINATES®#//36X10HX/(D1/2) =FE13.5+18X4HXT =£13,5
$/36X10HY/(D1/2) =E13.5+17XSHETA =E13,5/36X10HZ/(D1/2) =F13,5+17X
$5HPHT =F13.3,8H DEGREES)
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720
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730

814

815
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AAA = E
TF (FelLTe0.D) E = ~F
CALL POLY(9N4F4P4FBCT)

H = HS1
HSQ = H#*H
60 Tn 827

CRZ = X#AAA - ALPHA

CRZ7 = CRZ#CRZ

CRY = (CRZ7 + Z2%(Z24+2.0)%#(1,D0=-E#E))#(HSI/HS2)##2 + 1,D
X = NSART(,SD# (CRT+DSORT (CRTHCRT =4 ,ND#CRZZ# (HS1/HS2)##2)))
E = CR7/X#HS1/HS2

7 = X-llD

AAA = F

IF (FelLTe0.D) F = =F .

CALL POLY(90sE+P+FRCT)

H = HS?

HSQ = H#H

LRK = 0

GO T0 1000

READ 721y E

FORMAT (D20,10) ,

IF (THDFJEQ.1) UDNX = =1#JDNX

AAB = E

E = DCOS(PI#E/180.DN)

PRTINT 932+.AAR

FORMATY (//77/710X17THFAR FIFLD ANGLE =F7.2+1X7THDEGREES)
AAA = E

ART = AAA#DTK

DO 730 1T = 1-1IDEM

R42(T) = R4Y (1) #CMPLX(COSF (ART) o SINF (ART))

IF (Fl.T.0.ND) FE = ~F

CALL POLY(Q0+FEosPoFRCT)

GO 70 1001
Z =751
H = HS1
X = XSi1
IRK = 0
HSQ = H#H
IH = H

N = XMINOF (S0+1H/2+70)

EXEX) = Z#(Z7+2,)

SPDINT (1) = S#(ETAUI#DSART (X#X=-ETAUL#ETAUL)+
IX#X#NATAN(ETAUL/DSQRT (X#X~FTAUL#ETAUL) )=ETALI#DSQRT (X#X=-ETAL1
2RETAL 1) =X#X#DATAN(ETALI/DSORT (X#X~ETALI®*ETALI)))

GO T0 1000
2 = 7S2

H = HS2

X = XS2
LRK = 0
HSQ = H#H
IH = H

N = XMINOF (50+41H/2+70)

EXEX2 = Z#(Z+2,)

SPNINT(2) = S#{ETAU2#DSORT(X#X=-ETAUZ#ETAU2) +
1X#X#DATAN(ETAU2/DSART(X#X~ETAUZ2*ETAU2) ) -ETAL2#DSQRT (X#X-ETAL?2
2RETAL2) - X#X#DATAN(ETAL2/DSORT (X#X~-ETAL2*ETAL2)))
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P

-

IF (DAHS(HS1=HS2) 4GT41,D=7) THDF = 1 “n

IF (NDARS(XS2-X51)4GT.1.D=7) TSM = 1 z

IF (THDF.EQ.1) LCK = 0 -

IF (TSM.EQ.TNDEX,ANDLTHDF.EN.0) GO TO 851 -

1000 TF ((XeGTalo3DeANDH oGE10,N) o0R, (XaGTo?eDeANDGH JGE140) oOR. (XoG =

1T.5.NANDH JGEL.1D)Y) GO TN 1001
CALL CAILCPQ(0+140+7+SHIPINSHIPA)
CALL CALCPO(14140474SHIP1]+SHIPS)
1001 DO 1 TI. = 1leNL
L=7TL -1
IF (LCK.EQ.1) GN TO 4
i.CK = 1 v
Do 31 1eN
no 31 1 1+N
31 A(T«+.) = 0,
NO 32 1T = 1N

W= T1=-1,

32 A(TeT) = (T=1)#T4HSOR (2.#(1=1.)#T=14)/((2,%#1=3)%#(2.,%#1+]14))
NM?2 = N2
NO 33 T = 1.NM2

A(TeT42) = (HSQ/(2.81+41))I#SORTF ((I#I#(T+1.)#(T+1.))/7((2.%#1+3,)%
$(2.,#1=-1.0))
33 A(TI+2+1) = A(I+1+2)
CALL EIGEN (AsEJGsNeNBL)
IF (INDFX.FN.0) GO TO 36
00 34 T = 14NBL
34 FIGLY(I) = FIG(I)
GO Tn 4
36 DO 37 T = 1,NRL
37 FIGL2(I) = EIG(Y)
4 CL = FEIGLYI(L+])
Iws = L/?
IX = L - 2%1IWé
ISC = 2 + IX
LIM]1 = 278
IF (TNDEX)774477S5.780
775 IF (THDF.FN,1)57,780
S7 CL = EIGL2(L+1)

774 J=1
DO 13 1=1SC.LIM1,2
EYE =1
EA =1 + 1

BLIST(J) = (EYES(EYF=1.,D)#FYE#(FYE~1.N)#HSQ#HSQ)/ ((EA-1,D)
1#(EA=1,D)H(FA=3,N)#(EA+]1.D))
13 J=J+1
J=1
IN21 = 1SC=-1
LIMI1=LTM1+]
NO 14 T1=ID214LIM11,7
EA=I-1.D
GLIST(J) = FA#(EA+1.D)+0,5N#HSQ#((1.D)+1.D/((EA+EA=].D)#(EA+FA+3.D
%$)))
14 J=4+1
IFC=0
IRLIM = 139 = IX
IGLTM=TRLIM+]
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18

19

20
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26

27
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28
29

118

165

166

121
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IR10=1IWA+]

IWl = Iw6+2

ENR(1)=CL-GLIST(1)

DO 18 I=1+1W6
ENR{TI+1)==BLIST(I)/ENR(1)=-GLIST(I+1)+CL
ENQ(IBLIM)-—BLIST(IBLIV)/(GLIST(IGLIM)-CL)
IW15=1IRL. IM=1

IP=1IWl +1IW1S

DO 19 I=IW1l +IW1S

IPI=1P=-1
ENR(IPI)=~BLIST(TPI)/(GLIST(TIPI+1)=CL+ENR(IPI+1))
ENRC==BL IST(TIRIOQ)/(GLIST(IRIO+])~ CLOFNR(IR!O*I))
DE = ENRCH®#ENRC/BLIST(IRIO)

CORR = DE

DO 20 1T = IW1+IBLIM

DE = ENR(I)#ENR(TI) /RLIST(T)#DE

CORAR = CORB + DE

IF (NDABS(DE/CORB) +L.TeleD=27) GO TO 23
CONTTINUE

CORA = 1.0

NDE = 1.0

no 26 1T = 141IW6

DE = BLIST(IRIO=1)/(ENR(IRIO=-T)*FNR(TIRIO-1))#DE
CORA = CORA + DE

IF (NDABS(DE/CORA) (LT ,,1.D=27) GO TO 27

CONT INUF

DL = (ENRC=-ENR(IRIN)Y)/ (CORA+CORR)

CL=Dt.+CL

IF (DARS(DL/CL).LT.1,.0ND=24) GO TO 22
IFC=TFC+1

IF (TFC.LT.?20) GO TO 17

1F (INDEXFEN,0) GO TO 28

FIGLY(L+1) = CL

GO Tn 29

FIGL2(L+1) = CL

no 118 1 loIRLIM

ARR = IX D21

FA = ARR ARP

NDNDN(T) = (FA=1.D)#(EA+1.D)#FENR(T)/ ((EA=- ARR)*(FA ARR=1.D) #HSQ)
NN(1Y = DNDo(1)

DM{1) = DNDO(1)#]1.D150

DO 119 J = 2,1IRLIM

+ + 1l

DN(JY = DNDO (N =#NN(J=1)
DM = DNDO (Y #NDM(J=-1)
IW21 = 2#IBLIM

w28 = 0.D

IWWw = 0

DO 166 J = 1SCeIW21e2
TWww = TuW + 1
W22 = W28 + DN(TWW)

DLIST(1) = 1.D/7(W28+1,D)
NLAST (1) = NLIST(1)%*1.ND1%0
NO 121 J = 1y IRLIM

DLAST(.I1+1) = DM #DLTIST(])
DLIST(.4+1) = DM #DLIST (L)
IF (INDFX.EQ.0) GO TO 4?7
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792
42

790
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BUFFFR QUT (le1) (NLIST(1)DLIST(145))
RUFFFR OUT (341) (NDLAST(1)+DLAST(145))

TRWN

=1

IF (iIINIT+3) 79247R7
BUFFFR OUT (2+1) (DLIST(1)+NLIST(145))
RUFFFR QUT (441) (DLAST(1)«DLAST(145))

TRWD

1

F

=727

{IINIT4)7904787

<«
<

(]
iy
o
rr
[

re

—

783 PRINT 980
980 FORMAT (10X®FOF SENSEDN®)

STNP
784 PRINT 981
981 FORMAT (10X#PARITY FRROR#)

STNP
780 IF (THDFL.EQ.0) GO Tn 771

IF (JDNX.EQ.1) GO TO 771

CL = FIGL2(L+1)

IRWD = ? :

RUFFFR IN (2+1) (DLIST(1)+NLIST(145))
781 IF (UNIT»2) 7814782,783,784
782 BUFFFR IN (441) (DLAST(1)sDLAST(145))
785 IF (1INTTe4) 785.787.783,784
771 IRWD = ) ,

RUFFFR TN (1s1) (DLIST(1)4DLIST(145))
788 IF (IINTTs1) 7884779,783,784
779 RUFFFR TN (341) (DLAST(]) +DLAST(145))
789 IF (UNIT+3) 7R9,787,783,784
787 IF (INDFX) 296+301,298
301 XNML?(L+1) = DLIST(1)%#82/(1X+.5)

DO 43 J = 1+IBLIM
43 XNML?(L+1) = XNML2(L+1)+DLIST(J+1)#82/(2,#9+4TX+45)

DO 44 1 = 14ICM
44 DDU2(L+191) = DLIST(I)

GO TO 299
296 XNML1(L+1) = DLIST(1)#22/(TX+.5)

DO 1722 J = 1.IBLIM
122 XNMLI(L41) = XNMLL(L+1)+DLIST(Je1)##2/(2.%#J+IX+e5)

DO 120 T = }+IMPR
120 DDLY(L+YsT) = DLIST(I)

60 T0 299
298 IF (INDEX®NFF.GT.0) GO TO B18
299 TF ((XeGTole3DeANDeHoGEo10oD) ¢ORe (XeGToa2eDsANDsHoGEe14D) 4ORa (XoGT o

15.D.AND.H.GFeo1D)) GO TO 479
300 NO 333 T = 14100

BAY (1) = 0.0D
333 DR(I) = 0.0D
305 DNEG (1) = DLIST (1)

307 1S1 = 4
DRFREE = 0.D
IK = IX

DO 319 K = TIS1ly 1404 2

J = 140 - IK

Ty =1 ¢+ (J=1)/2

Q = - .

= (Q+2.D)#(Q+1.D)/71(Q+Q+S5.,D)#(Q+Q+3,.D))

= (2.D2Q%#(Q41eD)=1eN)/((2:.D%Q¢3.D)#(2.,D#0=1,D))
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1414
1416

418

471

1422

470

474

1426
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$+(Q*(Q+1.D)=CL)/HSQ
WN = Q#(Q=1.DN)/((Q+Q-1.D)#(Q+Q0-3,D))

DRRATIO (1Y) = =UN/(WN#DRFREE + VN)
DRFREE = DRRATIO (1Y)

IK = IK + 2

Q= IX =2

VN = ‘200“0"0"1oD)"loD)/‘(200*0’3.0)*(200"()‘1.0))
$+(Q#(Q+1,D)=CL)/HSO

WN = Q#(Q=1.D)/((Q+0=]1.,N)*(Q+Q-3.D))

1A = 1Y - 1

DRRATINITIA)Y = 1.D/((1=IX=IX)#(=1=IX=TX)#(WNH#DRRATIO(TIY)+VN))
IF (IX.EQs1) DRRATIO(IA) = -DRRATIO(IA)

DNEGF = DNEG (1)

TAA = 0

DO 320 I = 1A, 70

TAA = TAA + 1

DR (TAA) = DRRATIO (I) # DNEGF

DNEGF = DR (IAA)

1F (NABS(DNEGF) sLE«1.D=-290) 323,320

CONTTINUF

SAIL 3 = 2Z % (Z + 2.D)

SATLSG = DSART (SAILY)

DO 407 1 = 1+ 141

SHTIPT? (1) = SHIPS (T)/SAlL4

DO 1414 I = 1, 141

SHIP12(1) = SATLA#SHIP11(T1)/SAIL3
DN 1416 1 = 1+ 141

SILAND(T) = SHIP4(I)

NO 418 1 = 1s 70

BAY (1) = DLIST(1)

1S16 = IX =1

SATLI8 = 0.D

IB = 1}

IF) = 20

NO 14272 1 = IR,IFJ

11 = 1

IS16 = 1S16 + 2

SATL 1R = RAY(I)#SI{ AND(IS16) + SATL 18
T =11

1F (NDARS(BAY(I)#SILAND(TIS16)/SATLIB)LTe1.D=26) GO TO 470
18 =1+ 1

IF) = TFJ + 8§

GO TN 471

SATIL19 = 0.D

1S20 = 0O

M} =2 - TIX

1IFJ = 40

ND 1426 1T = IMle IFJe 2

11 =1

1820 = 71520 + 1

SATL19 = SHIPIN(I)#NR(IS20) + SAIL19

I =11

IF (DARS(SHIPIO(T)#NR(1S20) /SATL1I9) L. Te1.D~26) GO TO 473
TIFJ) = TFJ + 10

TM] = TT + 2

GO TO 474
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475

1435

476

477

70

717

71

718

72

479

550
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SATIL?22 = SAIL1IB + SAIL 19
NO 1429 1 = 1+ 141
SHORF (1) = SHIPT (1)
I1S16 = IX = 1
SAIL181 = 0,D
I8 =1
IFJ = 20
DO 1435 I = IBsIFY
11 =1

IS16 = 1S16 + 2

SAT1.181 = BAY(I)#SHORF (1S16) + SAIL 181

I =11

IF (DABS(BAY (1) #SHORE(IS16)/SAIL181) LT.1.D=26) GO TO 476
I8 =1 +1

IFJ = IFJ + 5

GO T0 475

IS21 = 0

SATL191 = 0.D

IM}] = 2 = 1IX

IFJ = 40

NO 1439 1 = IMY, IFJs 2

IT=1

IS?1 = 1521 +1

SATL191 = DR(TS21)#SHIP12(1) + SAIL191

I =11

IF (DABS(DR(IS21)#SHIPI2(1)/SANI.191).LT.1.D=26) GO TO 477
FJ = IFJ + 10

IMY} = IT + 2

GO T0O 478

SATIL?3 = SATL18]1 + SAIL19]

CFAC = =FACT(L+1+IX)#DNEG( 1) #H##{1+IX)/FACT(L+])
IF (TXeFQa0t) 70471

DNUM = DLIST(1)

DO 717 J = 1448

DNUM = FACT(J+d¢]) /(4,Nu3JuFACT (J+ 1) #FACT (J+1) ) #DLIST (J+1) =NNUM

CFAC = CFAC/DNUM

TF (2#(TW6/2) NEL.TWA) CFAC = =CFAC
GO Tn 72

NDNUM = DLIST (1)

DO 718 J = 1,48

DNUM = FACT(J4J43) /7 (2.D# (J+Je 1) #FACT (J+ 1) 2FACT(J+2) ) #DLIST (J+1)
$=DNUM

CFAC = CFAC/Z(DNUM#3,.D*(L+1,D))

IF (P#(IW6/2) .NELIWA) CFAC = =CFAC
R2 = SATL22/CFAC

R2ND = SAIL23/CFAC

TF ((XelFela05De0ReXeGTel143D) eANDeHGToeolN) GO TO S99
RR?2 = R?

RR2N = R2D

PLL3 = (7 + 2.,D) % 7

X180 = x#X

XTH = X#H

NYMN = p#IRL IM

IF (LRK,EQ,1) GO TO 63

Nno S50 § 1+300

ARRAY(T) 0,00
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ARRAY (1) «NCOS(XTH) /XTH#1,N=150
ARRAY (2) ARRAY (1) /XTH=DSIN(XTH) /XTH#} ,D=150
NO 62 K = 14NYMN
ARRAY (K+2) = (K+K*+1,D)#ARRAY(K+1)/XTH=-ARRAY (K)
IF (NABS(ARRAY (K+2)).GT,1.N300) GO TO 63
62 CONTINUE
63 1A =1 + IX
TC = 41 + 1IX
SURSIM = 0.D
503 DO 505 K = TAy, ICe 2
KK = K
1803 = IARS(K=L=1)/2
BOOK (K) = DLAST((K+1)/2)#ARRAY (K)
1F (28 (1B0X3/2) sNELIBOX3) ROOK(K) = =BOOK(K)
SURSUM = BOOK (K) + SURSUM
505 CONTINUF
K = KK
IF (NDARS(BOOK (K) /SUBSUM) GF .1.D=-26) 5064507
506 JA = JC + 2
IC = IC + 10
GO T0O 503
507 R2 = SUBSUM
PL17 = PL3/X1SN
513 IBR = 1 ¢ 1IX
ID = 41 + IX

SSUM]1 = 0.D

517 DO 5722 K = TBRs IDy 2
KK = K
180%x3 = TABRS(K-L=-1)/2
PIL8 = 1.0

IF (28 (TROX3/2) NE.TROX3) PL8 = =PL8
IF ((K=1)+FQ.0) 5184519

S18 PAPFR(K) = =DLAST((K+1)/2)#PLB#ARRAY(2)
60 70 521

S19 PAPFR(K) = ({(K=1,D)#ARRAY(K=1)=K#ARRAY (K+1))/(2,N#K=1,N)#DLAST((K+
$1)/2)%P| 8

G211 SSUMY = PAPFR (K) + SSUM]
622 CONTINUF

K = KK

1F (DARS(PAPEFR(K)/SSUMY) ,GF,).D=26) S23+524
523 IBBR = ID ¢+ ?

ID = ID + 10

GO Tn 517

524 R2N = H#SSYM])
GO Tn %97

599 PL3 = (7 + 2.,D) # 7
X180 = Xx#X .
XTH = X#H

597 DO S98 71 = )
ROOK (1) = 0
598 PAPFR (1) = 0.D
IF (LRKL.EN.1) GO TO 460
CALL SRFSF{XTHs BRRAY)
460 1A =1 + IX
IC = 41 + IYX
SURSHM = 04N

«300
)
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605 K = TAe ICs 2?2

603 NO
KK = K
IBOX? = T1ABS(K=-L=-1)/2
BOOK(K)Y = NDLIST((K+1)/2)#BRRAY (K)

NRL REPORT 7694

[fuene
L]

L]
[
P
L
Do
T

=

TIF (23 (IBOX3/2).NEL.TBOX3) BOOK(K) = =BOOK(K)
SURSIIM = BOOK (K) + SURSUM
605 CONTTINUE
K = KK
TF (DARS{BOOK (K) /SURSUM) ,GE.1.N=26) 6064607
606 TA = IC + ?
IC = IC + 10
GO TO K03
607 R1 = SURSUM
PL17 = PL3/X1SQ
613 1IBR = 1 + TX
ID = 41 + IX
SSUMY = 0.0
617 DO /22 K = TRBy IN, 2

KK = K
180X3 = TARS(K-L-1)/2
PL8 = 1.D

IF (2#(1BOX3/2) .NE.TBOX3) PL8 = =PLA
IF ((K=1)+EQ.0) 6184610
£18 PAPFR(K) = =DLIST((K+1)/2)*#PL8#RRRAY (2)
GO TH 621 :
619 PAPFR(K) = ((K=1,D)#RRRAY (K=1)=K#BRRAY(K+1))/(2.D¥K=1,D)#DLIST((K+
$1) /21 4P B
621 SSUM1 = PAPFR (K) + SSUM]
622 CONTINUE
K = KK
IF (DABRS (PAPER(K) /SSUM1) «GF o 14.0=26) 6234624
623 IRB = IN + 2
ID = IND + 10
60 TO 617
624 RIN = H#SSUM]
TWRON = 1N/ (H#Z#(Z+2.D))
CWRON = R1#R2D = RIN#R2
TAC = -DLOG10 (DABS( (TWRON=CWRON)/TWRON) + 1.D=26)
IF (TAC.LT.0) IAC = 0
IF ((XelEe)eD5De0ReXe6Tele30) eANDeHGToelD) GO TO 55
CWRON = R1#RR2D - R1D#RR2
IBC = =NLOG10(DARS ( (TWRON=CWRON) /TWRON) + 1.D=26)
IF (TAC.GE.IBC) GO TO S5

R2 = RR?
R2D = RR2D
1IAC = TRC

S5 IF (TAC.LT«5) PRINT 933y LsR1sRIDsR?sR2DsCLTAC

933 FORMAT (1X#RADIAL FUNCTION ACCURACY WARNINGH#5XI344D15.59D20.10414)
IF (INDFX.GT.0) 818,819

819 IF (ISM+IHDF.GT.0) GO TO 841
RIF1(L.+1) = RI1

RIF4(L+1) = CMPLX(R1+=-R2)
RIND1(L+1) = RID

R1D4(L+1) = CMPLX(R1Ds=-R2D)
GO To B42

841 R2D1(L+1) R1D
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RO
R4

a2

81

744

741
722
R20

742
842

S1
52

747
851

852

581
748
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RZD4 (LL+))
RZ2F1(L+1)
R2F4 (L+1)
GO T0 842
INX =]

TF (AAA.LT.NND) INX = =1

CMPL X (R1D4=R2N)
R1
CMPLX (R1+~=R2)

[ = JeMINs?
11T =1 + 2

S = S ¢+ DLIST(K)®P(TY)
K=K+ 1

TERM = NLIST(K)H#P(IT)
S =S + TERM

IF (S.EQ.0.D) GO TO 81

IF (DARS(TFRM/S) LT.1leN=-14) 81, 82

K=K+ 1
11 = I1 + 2
GO 70 84

IF (TNXeFQe=1eANDZ2# (L/2) oNFELL)
IF (NFFL,EQ,0) GO T0O 744
IF (THDF.EQ,0) GO TO 722
TF (IDNX.FEN,1) 7414742
IF (JDNX.LT.0) GO Tn 820
R11(L+1) = RI]

R4 (1.+1) CMPLX (R14=R2)
S1(L+1) =S

GO TN 842

S1(L+1) = S2(L+)) = S

G0 TO R42

R12(1.+1) = Rl

R42(1L+1) = CMPLX(R1,-R2)
S2(L+1) = §

LRK = 1

LCK = 1 ,

IF (IRWN.EA,2) GO TO %1
REWTND 1

REWIND 3

G0 TO 52

REWIND 2

REWIND 4

IF (INDEX)B10+7484747
IF. (UDNX.GT,0) 729.830
DO 852 1 = 1+IDEM
XNML2(T) = XNML1(I)

R2F1(I) = RIF1(T)
R2F4 (1) = R1F4(T)
R2D1I(I) = R1D1(])
R2ND4 (1) = RI1D4(T)
DO 581 I = 1+1DEM
DO 581 J = 1.ICM

DOUZ(1sJ) = DDL1(I,d)
T1 = TIMELEFT(K)
NZEROD = 0
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NO 650 MR = NZFROsICXTI
DO 650 MS = MR, IMpP

MTR = MS = MR

MTE = MR + MS

MM = MTR+1)

NN = MTF+1

MN = 1-MTB

TSACKR = TSACKT = 0,

INT = (=1)##((MS=MR+MTBR=2)/2)

PO 651 MT = MTReMTE .2

INT = ~INT

TTERM = (INTH# (MT+MT+1,)1#BACT (MM+MT) / ((NN+MT)#BACT (NN+MT) ) #
SBACT (NN=MT) #BACT (MN+MT))

TSACKR = TSACKR + TTERM#SNGL (RSF (MT+1))
TSACKT = TSACKI + TTFRM#SNGL (YMF (MT+1))

IF (MS.GTNDR=1,0R.MR,GTNNR=1) GO TO 650
SACKR (MS+1+MR#NDR=((MR+1)#MR) /2) = TSACKR
SACKT (MS+1+4MR#NDT=~( (MR+1)#MR)/2) = =TSACKI

T2 = TIMELEFT(K)
T =71 -T2

PRINT 2000, T
FORMAT (//SX#TIME TO CALCULATE SACK IS#F8.3,8H SECONDS/)
T2 = TIMELEFT(K)

IND = MINO (IDEMPRoICXI)

N0 AS2 LL = 1+IDEM

LLL = LL

LP = LL-1-2%2((LL=1)/2)

LL2 = (LL-LP)/2

IS = 2#(LL/4)+8

LS = MINO(LSeICXT)

DO 653 JJ = 1+1DEM

JJs = Jd

P = JJ=1=2%((JJ=1) /2)

JJ2 = (JJ=JP) /2

JSN JJ2 = 2#(JJ2/2)

JS = 2#(JJ/4)+1D

JS = MINO(JS.IDEMPD)

MN = MINO(LP+]1.JP+1)

MX = MAXD(LP+]1,yJP+1)

SL = SACKI(MX+(MN=1)#NDI~(MN#(MN=1}))/2)

IF (MX.EQ.LP+1) GO TO 406

IF (P#((MX=MN) /2) (NF Mx=MN) SL = =Si

RLIN = DDL1(JJs1)#SL

I8 = 2 :

1E = JS

DO 654 K = IBsIE

KK = K+K+JP=-1

RLY = RLIN

KL = KK+LPHENDI=((LP+1)#LP)/2

RLIN = DDLLI(JJoK)#(=]1) 8 (LP+]1~-KK)#SACKI(KL) = RLT
IF (ABSF((RLI+RLIN)/RLIN) LT.1.,F=8) 4014402

f dovn
Pae]

L
(g
Sowm
"
om
[

L]

402 IF (TEL.LTLIDEMPI) 4034404

404 PRINT 499sLLeJJ

499 FORMAT (//20X#*NO CONVERGENCE FOR TINITIAL RLI#3X4HLL =1343X4HJY =
$13)
STOP
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403 18 = 1E + 1
TIE = MINO(IR+S,IDEMPI)
60 TO 405

401 IF (JUSN.EQ.n) RLIN = -RLIN
CXLIN = DDU2(LLs1)#RLIN

IR = 2
1EE = LS
ISNCXL = 1
425 DO 420 MS = IRRLIEE
MM = MS+MSe+| P-1

ML = MM+JPENDTI=((JP+]1)#JP) /2
RLIN = DDL1(JJs))#SACKI (ML)
18 =2
1E = JS

415 DO AST7 K = TRWIE
KK = K+K+JP=-1
RLTI = RLIN

MN = MINO (MM,4KK)
MX = MAX0(MM,yKK)
SIL = SACKI(MX+(MN=1)#NDI-(MN#(MN=1))/2)

IF (MX,FQ.MM) GO TO 687
IF (2% ((MX=MN) /2) NF JMX=MN) SL = =S|
657 RLIN = DDNLY(JJeK)I®SL - RLY
IF (ABSF((RLT*RLIN)/RLIN) (L Tel4F=6) 411,412
412 IF (TFLTLINDEMPTI41344)4
414 TF (ABSF ((RLI+RLIN)/RLTN) L TeleF=2)411,424
413 IR = IF +
1E = MIND(IR+S,INEMPT)
GO TO 415
411 TIF (JSN.EG.0) RLIN = =RLIN
CXLT = CXLIN
ISNCXL = =TSNCXL
420 CXLIN = DDU2 (LLeMSYI#RLIN - CXLI
IF (ABSFU{CXLT+CXLIN)/CXLIN) L ToloE=6)4214422
422 TF (TEELLTLICXI )4234,424
423 IBRR = TFF + 1
TEF = MINO(TRB+3,ICXI )
GO TO 425
424 TF (ABSF ((CXLI+CXLIN)/ZCXLIN) oL ToleE=2)421,4426
421 TF (LLR2NEP#(LL2/2)Y)CXLIN = =CXLIN
CXL.TM = ISNCXL#CXLTN
653 STORT(JJ) = CXLIM
GO TO 652
426 IF (LL.GT.1) GO TO 430
IDEM = JJJ - 1
TDEM? = 2#1DEM
PRINT 495sitLeJJdeINEM
495 FORMAT (4S5X18BHCXT 1S 0 FOR LLL =1342XSHJJJ = 13.2X
$10HTNEM NOW =13/)
GO TN 652
430 DO 428 T = JJJeINEM
428 STORYT(T) = 0,
PRINT 497s11.LedJJe INEM
497 FORMAT (S50X#CXI IS 0 FOR LLL = #T13+2X5HJJJ =1393H T0O 1I3)
652 WRITF(7) (STORT(JKL)YsJIKL = 1 < IDEM)
IDEMP = 2#INEM
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g
L]
=
Tl = TIMELEFT(K) - >
T=72 - T o
PRINT 2001+TDEMsT -
2001 FORMAT (/SX#TIMF TO CALCULATF CXLIN FOR IDEM =#1343H ISFB8.3+8H SEC —
$ONNS/) rm
T2 = TIMELEFT(K) =
NO 462 LL = 1sIDFM
LLL = LL
LP = LIL-1=22((LL=1)/2)

LL? = (LL=-LP)/2

LS 2#(LL/4)+8

LS MINO (1_.S+ IDFMPR)
DO 463 JJ = 1,IDEM
JIJ = JJ

JP = J=1=2#((JJ=-1)/2)
JJz = (JJ=JP)/2

JSN JJe - 2#(JJ2/°?)

JS = 2%(JJ/46)+8

JS = MINO(JSe IDFMPR)

MN = MINO(LP+14JP+1) .

MX = MAXO(LP+1euP+1})

SK = SACKR(MX+ (MN=1)#*NDR=(MN# (MN=1))/2)

IF (MX.FQ.LP+1) GO TO 436
TF (2% ( (MX=MN)/2) NF {MX=MN) SK = =SK
436 RLRN = NDL) (JJe1)#SK
IR = 2
1E = JS
435 DN 664 K = TRWIF
KK = KeK+JP=1
RLR = RLRN
Ki. = KK+LPENDR=((LP+]) % P) /2
464 PLRN = DDLY(JJeK)# (=] ) #3# (| P+1=KK)#SACKR(KL) = RLR
IF (ABSF((RLR+RLRN) /RLRN) o1.Tel.F=~8) 431,432
432 IF (TELLTLIDEMPR) 4334434
434 PRINT 4986 eJ)
498 FORMAT (//20X#NO CONVERGENCE FOR INITIAL RLR#3X4HLL =13,3Xx4HJJ =
$1)
sTop
433 IR = IF + )
IF = MINO(IR+S,TNEMPR)
GO TO 4135
431 TF (JSNL,EQ.0) RLRN = =RIRN
CXLRN = DDU2 (L Le})#PLRN

IRR = 2
TEE = LS
ISNECXL = )

455 DO 450 MS = IBB,IFF
MM = MSasMSs+| P~}
M. = MMsJPE#NDR=((JP+1)#JP) /2
RLRN = DDL1 (JJs) ) #SACKR (ML)
IR = 2
IF = JS
445 DO 4A7 K = TR, IF
KK = K+K+Jp=]
RLR = RI.RN
MN = MINO (MM,KK)
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467
442

444
4473

44)

450

452
453

454
451
463

456
458

496
462

2006 FORMAT (/5X#TIMF TO CALCULATE CXLRN FOR IDEM =#]1343H

869

871

750

649
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MX MAX 0O (MMoKK)

SK SACKR (MX+ (MN=1) #NDR~ (MN# (MN=1)) /2)

IF (MX.FQ.MM) GO TO 467

IF (2% ({MX=MN)/?2) e NF eMX=MN) SK = =SK

RLRN = DNLI(JJeKI#SK =« RILR

IF (ABSF ((RILR+RLRN)Y /RLRN) LT 1.FE=6) 4414442
TF (ABSF ((RLR+RILRN) /RLPRN) ol TeleF=2)4414454
I8 = IF + 1

IF = MINO(TR+S,INEMPR)

GN TO 445

TF (ISN.EQ.N) RLRN = =RLRN

CXLR = CXLRN

TSNCXL = =TSNCXL

CXLRM = DDUZ2 (LL+MS)#RLRN - CXLPR

IF (ARSF{(CXI.R+CXLRN)/CXLRN) LT, eE=6) 4514452
IF (TEF.LT. IND )453,454

IRR = IFF + 1

IEE = MINO(TBB+34IND)

GO TN 455

IF (ABSF ((CXLR+CXLRN)/CXLRN) L TeleE=2)451,4456
IF (LL2NE 2% (LL2/2))CXLRN = =CXLRN

CXILAN = ISNCXL#CXLRN

STORPR (JJ) = CXLRN

GO TN 462

NO 458 1 = JJJsIDEM

STORR(I) = 0.

PRINT 496511 LsJdJJe IDEM

FORMAT (S0X#CXR TS 0 FOR LLL = #T3+2XSHJJJ =13,3H TO 13)

WRITF(8) (STORR(JKL) «JKL = 1 o TDEM)
Tl = TIMELEFT(K)

T =72 - T

PRINT 2006+TDEM,T

$ONDS /)
CALL INTEGRUIDEM2eXS19FTAL1»FTAULsXILs1+FBCT)

DO 869 J = 1+IDEM

SIRLI(S = 0,

KX = J=1 = 2%#((J=11/2)

DO 869 1 = 1+IDEM

SIRLLY(I) = SIRLI(JI) ¢ DDLYI(Jo I &EXTL (2%]T=14KX)
CALL TINTEGR(IDEM24XS24yETAL24ETAUZ9XTL91+FBCT)
DO A7) J = 1,1IDEM

STIRL2(J) = n.

KX = J=1 = 2%((J4=1)/2)

DO A71 1T = 1+IDEM

SIRL2(J) = SIRLZ2(J) + DDU2(JeI)RXIL (2#]~]1+KX)
REWIND 7

REWIND 8

DO 750 T = 14IDEM

DCS(1) = RIDI{DI#RIF4(I)/RIDAG(TI)/XNMLLI (D)
DCS(TDEM+I) = R2D1(T1)/R2D4(I)/XNML2(T)

DO 649 1 = 1eIDEM

DO 649 J = 1+IDEM

CX(TeJ) = CXUI+IDEMeJ+IDEM) = (0.90,)

DO 351 I = 1.IDEM
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351

353

751

350

R06

316

5561

752
340

5056

754
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REAN (7) (STORTI(II)+II=1,4INEM)

REAN (R) (STNRR(TITI)+1IT=1+1IDEM)

DO 351 J = 1+TDFEM

CX(T+IDEMs J) = CX(JeINEM+T) = CMPLX(STORR(U)+STORI(S))
DO 353 T = 1,IDEM

NO 353 J = 14IDEM

CX(T4J+IDEM) = CX(T4J+TIDEMY =2, /XNMLY (D)

CX(T+INFMeJ) = CX(T+INFMe )52, /XNML2(])

N0 751 T = 1+1INEM
TRSI (1) = TRS2(71)
NO 751 J = 1<«IDEM
TRSI(I) = TRS1(1)
TRS?2(T) = TRS2(1)
NO 350 T = 1,INEM
NO 350 J = 15IDEM
CX(TaJ+IDEM) = CX(ToJ+IDEM)=RIDI(I)/RIDG(T)

CXUY+IDFMeJ) = CX(T+INDEMe ) #R2DT (1) /R2NDG LT

DO 806 T = 1+INEM2

CX(T61) = CMPLX(1,00,)

T2 = TIMELEFT(K)

CALL CINVI(CXeINFM2460)

Tl = TIMELEFT(K)

T=7T2 - T1

PRINT 915+TDEM2,T

FORMAT (/5X#TIME TO INVERT MATRIX OF SIZE #12.4H IS FB,.3,84H SECOND
$S) '

WRTITF (10) ((CX(I9J)al=)1eINEM2)eJ=1sIDEM2)

(0090.)

+*

CX(JeINEM+TI#*RIFY (N #STIRLL (J)
CXUINDEM+Jo 1) #R2F1 (J) #STRL2 (J)

+*

PRINT 5561 :

FORMAT (//38X#ACOUSTIC IMPEDANCE CONTRIBUTIONS (FOR CONVERGENCE CH
FECK) #/)

SIMP1 = SIMP2 = SIMP3 = SIMP4 = SIMPS = SIMP6 = (0ss0,)

SIMP7 = SIMP8 = SIMP9 = (fays0,)

DO 752 T = 1+IDEM

SIMP1 = SIMP]1 + RIFI(II#RIF4(DI#SIRLTI(I)#STRLI(T)/XNMLI(T)
SIMP4 = SIMP4 + RZ2FI(I)#SIRL2(I)#TRSI(I)/XNML2(T)
SIMP7 = SIMP7 + R2FI(IV#R2F4 (I #STRL2(IV#STRL2(I) /XNML2(])

PRINT 9409 T14SIMP1+SIMP44SIMPY

FORMAT (2XT39sSXTHSIMPY =C(E15.79E1547) +SXTHSIMPS =C(E15.7+E15.7),
ESXTHSIMP? =C(E1S.7E15.7))

PRINT 5056

FORMAT (//)

DO 753 1 = 1+IDEM

SUM = SYM = (0.90.)

DO 754 J = 1,IDEM

SUM = SUM + CX(T4J)#DCS(J)#STRLYI(J) + CX(I,IDEM+J)#DCS(IDEM+J)
$#TRSY ()}

SVM = SVM + CX{(1+J)#DCS(J)/RIF4(J)#TRS2(J) + CX(I+IDEM+J)
$#DCS (INDEM+J) #R2F4 (J) #SIRL2 (J)

CONT TNUE

SIMP2 = SIMP2 + RIF4(I)#SIRLY(1)#SUM

SIMPS = SIMPS + TRS2(I)#SUM

SIMPR = SIMP8 + TRS2(I)#SVM

753 PRINT 941s 1+SIMP2,SIMPS5,SIMP8

941

FORMAT (2XT3¢SXTHSIMPZ2 =C(E1S.T9E15:7) o SXTHSIMPS =C(E15.79E15.7)
$SXTHSIMPB =C(E15,7,E15,7))
PRINT 5056 .
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PO 755 T = 1+IDEM
SUM = SYM = (0,0,)
PO 756 J = 1+1NEM
SUM = SUM ¢ CX(T+IDFMsJ)#DCSIII#SIRLI(I) ¢ CX(IDEM+I+IDEM+J)
$#DCS (INFM+ ) #TRS1 (J)
SVM = SVM + CX(T+INFM,J)#DCS(JVY/RIF4(J)®TRS2(J) + CX(!DEM#I IDEM+J
$)4DCS(INEM+J) #R2F &4 (J) #STIRLZ2 ()
756 CONTTINUE

SIMP3 = SIMP3 + TRSI(1)#SUM
SIMPE = SIMPG& + RZF4 (D) #STRL2(T1)#SUM
SIMP9 = SIMPO ¢ R2F4(IV#STRL2(I)#SVM

755 PRINT 9425 T4SIMP3,4SIMP6,SIMPS
942 FORMAT (2XI3s5XTHSIMP3 =C(F15.79E1547) sSXTHSIMP6 =C(E1S5.7+E1547)
$SXTHSIMPO =C(E15,7+F15.7))

SIMP3 = (STMP]1 = SIMP2 = SIMP3)#SQRTF(EXEX1)#HS1##2/SPDINT (1)
SIMPA = (SIMP4 =~ SIMPS = SIMP6)#SQRTF (EXEX2)#HS2##2/SPDINT (1)
SIMPG = (SIMP7=-STMPA=STMPI) #SQRTF (EXEX2) #HS2##2/SPDINT (2)

SIMP7 = %IMP6*§PDINT(1)/SPDINT(?)*(HSl/H§2)**2*§QPTF(FXEXI/FXEXZ)
P1S = CABS(SIMP3)

P1A = CANG(SIMP3)#1R0./P1

P1SS = CABS(SIMPT)

P1AA = CANG(SIMP7)#1B0,./P1

P2s CARS(SIMPI)

P2A = CANG(SIMPO)Y#1A0,./PI
P2SS = CABS(SIMP6)
P2AA = CANG(SIMPAR)#*#180./P1
PRINT 5562
5562 FORMAT (Z4TXHNORMALIZED ACOUSTIC RADIATION IMPEDANCESH#/
$/42X10HRESTSTANCESXOHREACTANCESXOHMAGNITUDEGX#PHASE ANGLE (DEGREES
S)#/)
PRINT 9434STIMPIsP1SePLA«SIMPT4P1SSoPI1AALSIMPO4P2S9P2A4SIMP6,
$P2GS,P2AA
943 FORMAT (34XSHZ11 =C(E13.5¢F15:5)95XF12.596XF93/34X
FSH721 =C E13.59F15.5)+5XF12,5¢6XF9,3/34X
$SH772 =C(F13.5¢F15.5) 9S5XF12.,5¢6XF9,3/734X
FSHZ1? =C(F13,5¢E15.,5)¢5XF12,546XF9,3)
REWTIND 10
GO TN A10
R0 RFAN  (10) ((CX{TeJ)eYI=19TINEM?) 4 I=1,41DEM2)
NO RA0 T = 14INEM
DACS(I) = g](])*RQ](I)“HFQ(I)/plFé(I)
R60 NACSIT+TIDEM) = S2(1)#R42(1)Y#NCS(TNEM+1T)
DO 749 T = YsINEM?
CTS(T) = (0.40,)
DO 749 J = YeIDFM2
749 CTS(T)Y = CTS(T) + CX(I14J)#DACS())
: SUMY = SHUM? = STOR1 = STOR? = (0490}
REMIND 10
IF (TVFL1.EQ.0) GO TO 731
ISP = 1
PRINT 92541SP
925 FORMAT (//30X#ACOUSTIC PRESSURE CONTRIBUTIONS DUFE T0O SPHEROID#12,
§# (FNR CONVFRGENCE CHFECK)#/)
SM] = QM? = SM3 = (0.90.)
DO A72 1T = 1.IDEM
M) = SMI + SI(I)#RIFI(II#R41 (1) #STRLL(T)/XNMLLI(T)
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PRINT 920s T4SMI1
FORMAT (13XT1345X5HSM] =C(E15.74F15.7))
PRINT K056

s

o

(gl
“n
L Lol
-
B

L

NO AR73 T = 1s1IDEM
CM? = SM2 ¢+ CTS(I)#RIFOA(I)#SIRLY(D)
B73 PRINT 921s T4SM?2
921 FORMAT (13XT3e5XSHSM? =C(F15.7«F15.7))
PRINT &N056 '
NO 874 T = 1+IDFM
SM3 = SM3 + CTS({IDEM+IY#TRSI(TY)
R74 PRINT 9234 T,4SM3
923 FORMAT (13XT3¢SXSHSM3 =C(E15.79F15.7))
PRMILTR = HSI##2#CEE#RHO*SORTF (EXFX1) #VFELI]
SUM] = (SM) = SM2 - SM3)#PRMITR
PRS CARS (SUM1)
PRA = CANG(SUMY)*180,.,/P1
IF (NFF.FQ.1) GO TO 760
ISP = 1}
PRINT 9244 TSP +SUM1 ¢PRSsPRA
924 FORMAT (//1SX#SPHERNIN®#IZ4# CONTRIBUTION TO THF ACOUSTIC PRESSURE
FINTS/SQUARF METFR) AT THFE INPUT NEARFIELD POINT#//33X9HREAL PART3X
$14HTMAGINARY PART]IIXGHMAGNT TUNESX#PHASF ANG[E (DEGREES)#//30X
FC(F13,5+F14.5)910XE13.5e45XFG,3)
GO TN 731
760 1SBT = ISBT + 1
STOR1 = SUM1#CMPLXICOSF (. G*ART)Q-SINF( S#ART))
ANGLF (ISBT) = AAB
ISRT = ISBT - 1
731 IF (TVEL2.FEN.0) GO 7O 732
ISP = 2
PRINT 9725s1SP
SM1 = SM2 = SM3 = (0.90.)
N0 875 1 = 1+1INFM )
SM1 = SM1 + S2(1)#R2F1I(II#R42(IIH#STRL2 (1) /XNML2(T)
875 PRINT 920+ 145M1
PRINT 5056
NO R76 1 = 1,IDFM
SM?2 = SM?2 + CTS(I)¥TRS2(T)
876 PRINT 9219 14SM?
PRINT 5056
DO BR77 T = 141IDNEM
SM3 = SM3 + CTS({I+IDEMY#R2F4 (1Y H#SIRL2(T)
877 PRINT 923+1,SM3
PRMLTR = HS2##2#CRE#RHO#SQARTF(EXEX2) #VELZ2
SUMZ2 = (SM} - SM?2 - SM3)#PRMLTR
PRS = CABS(SUM2)
PRA = CANG(SUM2)#]180,/P1
IF (NFFL.EQ.1) GO TO 761
1sp = 2
PRINT 924+ ISPsSUM2¢PRSsPRA
732 IF (NFF.EQ.1) GN TO 733
SUMM = SUM1 + SUM2
PRS = CABS (SUMM)
PRA = CANG(SUMM)#180,.,/P1
PRINT 927eXCTsYCToZCTeSUMMSPRSHPRA
927 FORMAT (//12X#TOTAL ACOUSTIC PRESSURE (NTS/SQUARE METER) AT THE 1IN
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FPUT NEARFIELD POINT (#F12.541HeF12591HsE12.501H) //33X9HREAL PART
$3IX14HIMAGINARY PARTI1IXOHMAGNITUNESX#PHASE ANGLE (DEGRFES)®#//30X
- BC(F13,54E14,5)910XE13,545%XF9,)
GO To A10
761 TSRT = ISRT + ]
STOR? = SUM2#CMPLX (COSF (4S#ART) +=SINF (.5#ART))
ANGLF (ISBT) = AAR
I1SAT = ISRY - 1
733 ISAT = ISBT + 1
FF(TSRT) = STOR1 + STOR?
60 7o R10
723 IF (NFFF.EQ.0) GO TO 811
DO 725 T = 24ISBT
FF(TY = FF(T)/FF (1)
FFA(T) CANG(FF (1)) #1R0./P1
725 FFM{T) CARS(FF (1))
FF(1) = FFM(}) = 1.
PRINT 929
929 FORMAT (//S3X#NORMALIZFD FARFIELD PRFESSURE#//16X#ANGLE (DEGREES)*
$9X9HPEAL PARTIXI4HIMAGINARY PART)1IXIHMAGNITUDESX
$#PHASE ANGLF (DFGREFS)#/)
PRTINT 9309 (ANGLF(T)oFF(I)eFFM(T)+sFFA(T)+sI=141SBT)
930 FORMAT (20XF7.2¢10XC(E13e5¢E14.5)410XE13.545%XF9.3)
IF (NFF.EQ.?2) GO TO 810
811 CONTINUF
SToP
END
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SURRNUTINE CALCPQ (Mt NoeXXePy0)

DIMENSTON P(150)+0(150)4AP( ?4150)

COMMON/RLK1/FACT (300)

TYPF DOURLE PoeYeaY10SeXeD2MeDJeDMeDNsFACToTERMeSUMsCWRONGDK9Z 972
IXAsHAL ¢ AL ¢BF o XY s COFF o GA9REAL JoREALJH4QoFIRSTy HMy XZ+TWRONGR,

2XXaRCIIRC2+RCIIRC4H9PCLaPC2sPC39PCLeAPSFACTRI+FACTR2+FACTR3

INTTTAL=0
NN=0
X=XX+1.D
KAPPA=0
IF(XeGTse 1.001D) KAPPA=M
NO A5 MN=KAPPAWM
NM = MN
D2M=2 ,N##DM
Z=XX##(NM/2,0D)
2Z2=(X+1 ., D) ##(DM/2.,0D)
Y=72%77
NO 654 N=NNelLN
IF (MN.GT.N)} 3035
AP (MN+1,N+1) = 0,00
GO TO 68
AN = N
NLESSM=N=-MN
TERM = FACT(N+MN+1)/FACT(N=-MN+1)/(FACT (MN+1)#D2M)
SUM = TERM
NO 40 J = 1+NLESSM
NDJ = J _
TERM = TERM#(DN+DM+NJ) #txX# (DN=DM=DJ+1) /(DI (DM+DJ) #2,D)
SUM = SUM + TERM
1F (DABRS(TERM/SUM) ol.Te1.D=30) GO TO 45
AP (MN+1sN+1)=YH#SUM
P(N+1) = AP(MN+14N+])
IF (XeGTe 1.001D) 300450
FIRST= N.5D # DLOG( (XX+2.0D)/XX)
MONF=M+}
DO 145 N=NN,LN
DN = N
Q(N+1) = FIRSTH#P(N+1)
IF(N.EQ.0) GO TO70
SUM=n D
KRAP=(N-1)/2
DO 60 J=INITIAL +KRAP
RJ=
DJ=NRLE(RJ)
S=((P«D#DN=4,D#DJ=1.D)/(( (14D) +2,D2DJ)# (DN-DJ)) ) #P (N=-22]))
SUM=SUM+S
Q(N+1) = Q(N+1)=SUM
DO 140 J=2+MONE
RJ=J~=1
REAL J=DBLE (RJ)
REAILLJH= REALJ/2.0D
Y= (XX#HREALJ=({(X+1.D)##REALIII/Z (((XX# (X+]1,D))##REALIH) #2,0D)
S=FACT(M+1)/(REALJ #FACT(M=J+2))
TERM=Y#SH#AP (M=J+2sN+]))
IF (2#(J/2) JNE.J) TERM = =TERM
Q(N+1) = Q(N+1) + TERM
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CONTINUE

GO T0O 350

EPS=),0F=30

XY=XX#(XX+2,0D)

NM=M

XZ=1,00/(X+DSQRT(XY))

7=X78XZ

HM=NM/2,0D

XA=XY##HM

DO 340 N=NN.LN

DN = N

AL=NN+DM+]1.0D

BE=NM+0,50

GA=DN+1,50

HAL=AL/2.0D

SUM=1,.0D

TERM=1,0D

K=0

K=K +1

DK = K=1 v

IF(K.GT.2500)G0 TO 335

TERM=TFRM# (AL +NDK) # (BE+DK) #72/ (K# (GA+DK) )
SUM=SUM+ TERM

EPC=TERM/SUM

IF (FPC=FPS) 335,335,330

IF(M+N ,GFE,131) 4104420

FACTRI =240t (AL +DN) # {FACT(N+¢M+1)#]1,N=300)
GO TN 4275 .
FACTRI=2.,0Du# (AL+NDN)#FACT (N+M+1)
FACTR2= (Z##HAL)#XA

FACTR3 = FACTR1#FACTRZ2
COFF=FACTRI*(FACT(N+]1)/FACT(2%N+2))
IF(NLLTLRS)Y GO TO 13138

IF ( M#eN.LT,131) COFF=COEF#(1.D-300)
JM=M/2

TF(?2%#JUM . FQ.,M) 340¢338
COEF==1,D®COEF

Q(N+1) = COFF#SHM

END

* %k %k ok ok ok ok %k

SURROUTINE CTNV (RyNSHND)

TYPF COMPLFEY Boh

NIMFEFNSTON R( NDel) ol {100)eM(100)
DO 1 J = 1eNS

DO 1 T = lenS

B{T+NS#(J=1)) = R(T+ND#(J=})))
CALL MINC(R4NSeNDeNal oM)

N0 2 JJ = 1eNS

J = NS+1=J)

NO 2 IT = 1eNS

T = NS+1-11

B{T+ND#(J=1)) = BT+NSH#(J=-1))
RETURN

END
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SURRNUTINE MINC(AsNeNDeDsl oM)
TYPE COMPLFX A4DsBIGALBIGATI,HOLD,.B
FQUTVALENCF (BoC)

DIMENSTION C(2)+C1(2)
FQUIVALFNCFE (BIGALCYT)
DIMENSTON A(NDsl) oL (1)eM(1)
D= (1,0,0.0)

NK = =N

DO AN K=1sN

NK = NK+N

LK) = K

M(K)Y = K

KK = NK+K

BIGA = A(KK)

BIGAT = (14040.0)/BIGA
J=t.(K)

IF (J=K) 35,35425

KI = K=M

NO 30 T=14N

KI = KI+N

HOLD = =A(KI)

JI = K1 =-K+J

A(KTY=A(J])

A(ITY = HOLD

1=M(K)

TF(T-K) 45445438

JP= N#(T7=1)

NO 40 J=1,.N

JK = NK+J

JI = JP+J

HOLN = =A(JK)

CAGIKY = AMIT)

A(JTY = HOLD _

IF(C, (])QEQ.O..AND.PI ‘2) QFQQOO)‘OE)’“R
N= 0.0

RETHRN

NO 85 T=]1,N

TF(T1=-K) 50455450

IK = NK + ¥

A(IXKY = =-BTIGAT#A(IK)

CONT TNYF

DO A5 TI=14N

TK = NK+7T

HOLD = A(IK)

TJd = I=N

NO 65 J=1N

1J = 1.J4N
IF(T.FQKeDR,JEQK) GO TO 65
KJ = TJ -1 +K

A(T )Y = HOLD®#A(KY) + A(TIN)
CONTINUF

KJd = K=N

DO 75 J=1eN

KJ = KJ + N

TF(J=K) 70475470

A(K.)) = BIGAI#A(KD)

45

75 CONTTNUE
N = n#RY
A(KK) =

R0 CONTINIF
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SURROUTINF FTGEN (A9 VALUINeNBL)

DIMENSTON  A(70+70) «VALU(T0)+DIAG(TO)+Q(70)sVALL(70)
ANORM = A(1,1)%A(1s1) + A(242)%A(242)

N0 A T = 3N

ANORM = ANORM + A(TLI)#A(T41)¢ 28A(I=2,1)#A(1I=241)
ANORM = SQRTF (ANORM)

NN=N=?

DO 160 T=1eNN

1I=1+2

DO 160 J=TTeN

Ti=A(Tl.1+))

T2=A(1,4.))

IF (T2.FQ.0N,) GO TO 160
T=1,/SORT(T1#T1+T728T2)
SIN=T2#7

CoS=T1#7

DO 105 K=I.N
T2=COS#A(KT+]1) +SIN#A(KeJ)
A(Ke N =COS*A(KsJ)=STN#A(KsT+1)
A(KeT+1)=T2

DO 1725 K=TeN
T2=COSEA(T+]4K) +STN#A(JsK)
A(JeK)=COSHA(JeK)I-STIN#A(T+14K)
A(T+14K)=T2

CONTTINUF

NO1ST=1.N

NIAG(T)=A(T.])
QEDI=A(TeI=1)#A(Ts1-])
VALL (I)=0.

VALNH(T) = ANORM

=1

TAL= (VA L (T)+VALU(T)) /2,
MATCH=0

T0 = 0.

Tl = 1.

NOZ20 1=1 M

T2=(NTAG () =TAW #T1=Q(J)Y#TD

IF (ABS(T2).LT.1.F130) GO TO 26

T2 = T24#1,.F=200

Tl = Ti#1,F=200
TF((T1eNF D) ANDL ((T2#T1) olLFeDe)) MATCH=MATCH+1
T0=T1

T1=77

DO 25 K = T+ MATCH

VALUI(K) = TAY

NATCH = MATCH + 1

DO 39 K = NATCH, NRL

IF (VALL (K) LT TAU) VALL(K) = TAU

IF ((VALUCTY=VAIL(D)) VALY (1) aGT41F=7) GO TO 18
I=1+}

TF(TLLF.NBL) GO TO 40

FND
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SURRNUTTNF YNTFGP(LNoTSIoETA]oETA?quINCoFRCT)

TYPE DNURLE AeARGeRARGBETAsCEFoFTAI9ETAZ+FACTeFARGFSCT+RTSUMY

IRTSUMZ aSUMeTST e TSISAsWeXeYoYSeZeFBCT

NDIMENSTON A(1)9ARG(O6) sBARG(OH) «CEF (96) s FARG(96) ¢SUM(202) 9yW(96) »

IX(9AY oY (96) «YS(GR) «7(G6) «FRCT(300)
COMMNN/RLK1/FACT(300)

NATA(X= =0.N162767448496029A9573D000,
#=0.04R812985136049731112D,

® =0.NR12G74954644255589G4D000,
# =0.113695850110665920911N000,
#® =~0.145973714654R969419R9ND0O0N,

#=0,17809688236761R602759D0004=-0.210031310460567203603ND000,
#=0,241743156163R40012378N0NN+=0.273198812591049141487D000,
#=0.3IN43649443544963530240000+-0,3352085228926254226160000+
#=0,165696861472313635031N000=0.395797649828908603285D000+
#=0,475478B9RR407300545365N0NN0+=0.454709422167743008636ND000,
#=0,4R34579739205963597A8N000+~0.5116941771546676735860000
#=-0.5393RB1NAR324357436227ND000+=0.566510418561397168404D000,
#-0,5930323647775720R0684D000+=0.6183258401254685703R6D000,
#=0.644163403784967106798D000
#=0,AAR71831N043916153953DN00+=-0,692564536642171561344D000,
#=-0,71567A812348067626225D000+-0,.738030643744400132851ND000,
#=0,759602341176647498703D000+=-0,780369043867433217604D000,
#=0,A00308744139140817229NN004+=N.R194003107379316755390000,
#=0.,R3762351122R187121494D000+=0.854959033434601455463D000,
#=0,R713RA505909296502874D000+~0.B86884517402420416057D000
#-,9n01460635315852341319D000,-0,915071423120898074206D000,
2-0,927712456722308690965D000+-0.939370339752755216932D000
#=0.950032717784437635756D000,-0.95968829144R742539300D000,
#-0,9A832682R463264212174D000+~0.975939174585136466453D000+
#-0.98251726356301467744T7D000+=0.9880541263296237954810000,
#-0,992543900323762024572D000+~0.995981842987209290650D000
#-0,998364375863181677724D0N0+-0.9996895038R3230766828D000)
NATA(W=0.032550614492363166242D,0.03251611871386883%987D,
#0.032447163714064269364N+0,032343822568575928429D,
#0,032206204794030250669N4+0,032034456231992663218D
#0,03182R758894411006535N+0,0315R9330770727168558D,
#0.031316425596861355813D+0.031010332586313837423D,
#0.0730671376123669149014D40.030299915420827593794D,
#0,07298063441363283R5984D40,0294610899581679505970D»
#0.,02R994614150555236543N¢0.0728497411065085385646D,
#0.027970007616848334440D+40.027412962726029242823D,
#0.076826866725591762198D+0.026212340735672413%913D,
#0.025570036005349361499D+0.0724900633222483610288D,
#0.07420484179236469)1282D0+0.0234R83399085926219842D,
#0.022737069658329374001D+0.021966644438744349195D,
#0.021172939892191298988D4+.0203567971543333245950D,
#0,019519081140145022410Ds 0,018660679627411467385D,
#0,017782502316045260838D+0.0168R5479864245172450D,
#0,015970562902562291381D+0.015038721026994938006D,
#0.014090941772314860916D+0.013128229566961572637D,
#0.0171516046710R8319635D+0.011162102099838498591D,
#0.010160770535008415758D+0.009148671230783386633D»
#0.,0083126876925698759217D+0.007096470791153R65269D,
#0.006058545504235961683D40.005014202742927517693D,
#0.003964554338444686674D4+0.002910731R17934946408D,
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#0,0018%5396N788946921732N+0,000796792065552012429D)
LNM1 = {N - 1

DO 51=1,48

X(4A+T)==X(T)

W(T+48)=W(T)

TSISN=TSI#TS1

RTSIM]I=0.5D# (FTA2=-ETA1)
RTYSUM2=0,5N# (ETA1+ETA2)

A(l)=0,D

A(2)y=0,D

DN6IN 1=16495K
Y(I)=RTSUMI#X (1) +RTSUM?
YS{T)=Y(1)#y (1)

Z(D)=NSORT ((1.D)=YS(1}))
CEF(T)=W(I)#DSQRT(TSISON-YS(I))#RTSUMI]
A(DY=A(1)+CFFLD)
A(P)Y=A(2)+CFF(1)%Y (1)

RARG(T1)=0.D

FARPG(T)=1.D

ARG(TI)=Y(T)

SUMO1)Y=A(D)

SUM(P?)=A(2)

N0 ASO L=2sIN

SUM({.+1)=0,N

NOASN T=1+96
RARG(IV=BARG(I)*Y(T)+FARG(I)#Z (1)
FARG(IY=ARG(I)
ARGIT)I=ARGI(T)#Y(T)=RARG(I)®#Z(])
SUML+1)=SUM(L+1)+ARG(I)®CFF (])
FORMAT(1Xe1440D35%,2%5)

NO AR30 N = P2+LNM14INC

LIMYT=N/?
A(N®1)=(FBCTIN+N)/FRCT(N) ) /(2. D#FACT(N+1) ) #SUM(N+1)
DO ARD L=1+LIMIT

BETA=(FACT (L +L) /(FACT(L)®FACT(L+1)#FACT (N=L+1)))
1#(FRCT(N+N=_=1_) /FRCT (N={))
IF((P#L) FON) RETA=,SD®#BFTA
A(N#1)=A(N+))+RFTAXSUM(N~L=L *+1)
A(N+1)I=NSDus (NeN~- 1)%A(N01)
CONTINUF

CONT INUF

END
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SURROUTTINE POLY(LN+ARGsPsFRCT)

TYPF DOUBLFE FACT«FRCToPoANGLE 9 TERMeSUMeARGsS oY
DIMENSTON P({125)+Y(150)¢FRCT(300)
COMMON/RLK1/FACT (300)

11T =0

M = 0

IF (DARS(1.N0=ARG) L. TeleD=10) ARG = 1.0

ANG! F = DATAN2(DSQRT(1.N0 = ARG®ARG) +ARG)

LNN=LN+}
LDN = IN ¢ 2
NO 2 N = 140LNN
P(N) = 0.0
2 Y(N) = NDCOS((N=1)#ANGLF)
MM = ]
M2 = 2

TF ((ANGLE NE«0o) e ANDo ( (ANGLE oL T63e1415926) «OR 4 (ANGLE «GTe3.1415926

19 GO TO 6
ARG = 1.
NO & N=1soLNN
S P(NYy= 1,.D :
IF( ANGLE .EQ.0) GO TO 14
NO 4 N=P+I.NNy2
4 P(N)Y==P(N)
GO TN 14
6 IF ((ANGLE L Te1e570796320) sOR e (ANGLEZGT41.570796329))G0 TO 10
ARG = 0,
3 P(1) = 1.D
NO 7 N = 2ot Ne?2
P(N#+1) = FACT(N)/(FACT(N/?2)#FACT(N/2+]1)%#2,D%%#(N=-1))
T IF (2% ((N=M)/4) NEL (N=M)/2) P(N+1)==P(N+1)
GO Tn 14
10 P(MM) = 1,.,D
11 DO 13 N=MMei N
S = 0.0
IN = (N=-M=1}/2
NO 12 T = TI1.IN
12 S = S+FACT(2#M+2# T+ ) #FBCT(28N=2#T+])#Y (N=M=2#T+))/(2.D%%
1(M+N)HFRCT (N=T+1) #FACT (MM+ 1) #FACT(I+]1) #*FACT (N=M=1+1))
P(N+1) = S/2.8%#({N=-1)
13 IF (PH((MeN)/2) oEQM+N) P(N+1)=P(N+1)+(FACT(N+1)/
1(FACT((N+M) /241 ) #FACT ((N=M)/2+1)) ) #22/(FACT (2#M+]) #2 D (28N=M))
14 RETURN
END
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SURRNUTINE SRESF (XHeRAY)

DIMENSTION RAY (250)

TYPF DOUBLF CPsFACToRAYsSUMsTERMeTKoTMoXHoXT9Z2H
COMMON /BLKY/FACT(300)

L=20

IF (XH.GE..4D) GO TO 4
Z22H=XH#XH/2.,D

NO I N = Lel&o

TM=FACT (N+1)# (XH +XH)##N/FACT(N+N+2)
IF(N.GT.84) TM=TM#],D=-300
IF(TM.FQ.0.N) GO TO 8

SUM=1,D

TERM = 1.0

DO 2 1=1+50

XI=T#(NeN+T+1+1)

TERM==TFRM#72H/X 1

SUM = SUM + TERM

IF(NABS(TERM/SUM) ,LT.1.D=26) GO TO 3
RAY (N+1) =TM#SUM

RETURN

N = 170

IF(XHeLT+100.D) GO TO 20

RAY (1)=NSIN(XH) /XH

RAY (2)=(RAY (1) =DCOS(XH))/XH

NMl=N-1]

DO 11 K = 1,138
RAY(K+?2)=(K+K+1)#RAY (K+1) /XH=RAY (K)
RETIIRN

IF (XHeGT<10.0D) N = 200

RAY (N+1) = 1.0D=200

RAY(N+2)=0.D

1 = =N

M = <1

DO 5 KK=1sM

K = =KK

TK=K+K+)
RAY(K)=TKZ*RAY (K+1) /XH=RAY (K+2)
CP=NSIN(XH) 7 {XH¥RAY (1))

TF(NSIN(XH) L TeleN=2) CP=(NSTIN(XH) /XH=DCOS({XH) )/ (XHRRAY (2))

NO 6 L=1+140

RAY (1 Y=CP#RAY (1)
N0 9 J=N+139

RAY (. 1+1)=0.N

NO 12 1T = 1414250
RAY(T) = 0.N

END
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Appendix B

LISTING IN FORTRAN OF OSPRDS, A COMPUTER PROGRAM TO CALCULATE
THE ACOUSTIC RADIATION FROM TWO COAXIAL OBLATE SPHEROIDS

PROGRAM 0OSPRDNS

TYPF COMPLFYX CTSesCXeDACSIDCSeFFeR419R424RINDGsRPD4«RIF4eR2F 4o
$SIMP] ¢ STIMPZ2eSTMP3eSTMP4 4 STMPRySTMPOsSIMP7eSIMPBsSIMPO¢SM] 9SM24SM3y
FSTORY e STORZ2 e SUMe SUMM e SIIMY 9 SHM2 4 SYMeTRS1 9 TRS2eVEL 10 VEL?Z .

TYPF DNUBLF AAAGALPHAIBSFeCRTeCRZeCRZZsDTKoF9sETIGLYIEIGL2:FTALS
SETAZ GETALLWFTALZ2 o ETAULSETAUZsFBCToHSI oHS2 9P sPT o SeTERMIXCToXTL o
FXSTeXS2eYCToYMFoZCToTHETAL Y THETAUY » THETAL? THETAU?

TYPF DOUBLE AAsAHsARIARATIN:ARGeARRAYSATERMeRLISToBOOKeCLsCOEFF1
1COFFF2sCOEFF3+CORACORBsCRAD29sCRADZND«CWRONSDEsDHeDIL oDLISTsNNeDNEGS
2DRATTIOsDWIDXeET sF2eEI9E UNsFMoENRGENRCIFSTORF o ESUMSEYE oFACToFN1
FFNZeFNMeFSTRAT oGLISToHsHHHOUTPUT e PAPERYPCIL sPENIPLBsPLOsPLAWPLBY
4PLCsPLNINsRTISRIDeR2eRZNIRIIRADLI«RANDID+RAD2+RADZD9RATIOIRR RS
SRSTNRE ¢RSUMeSSUMY 4« SUBSIMeTEMP s TFRM1 « TERM2 s TFRM3 s TWRON oW o X 9 X1 o XL o XX

DIMENSTON ANGLE(40) +BACT(560) oBSF (250) ¢CTS(E0) 9CX(60960) sDACS(60)
SNCS(60) +DDLY (300110 4DDUZ2 (309 30) oDLAST(200) oDM(200) 9FIGLI(30)
FEIGIL2(30)+FRCT(300) «FF (40)sFFA(4D) oFFM(40)4P(125)4R11(30),
$R41(30) 4R12(30)yR42(30)4R1INYI(30) 4RIN4G(30) 4R2DI(30) 4R2D4(30) &
FRIFI(30) sRIF4L(30) yRPF1(30)sR2F4(30)+S1(30)+S2(30)
$SACKT( B850) 9SACKR(2780) 9STRL1(30) 9SIRL2(30) sSPDINT(2) sSTORT(30)
SSTORR(IN)I s TRSL(30) s TRSZ2(30) o XTL (60) ¢ XNML 1 (30) o XNML2(30) 9 YMF (300)

NIMENSTON A(80+80)eAIG(B0) +ARATIO(250) s ARRAY (250) +BLIST(250)
1BONK(250) 9COEFF1 (250) o CNEFF2(250) sCOEFF3(2S0) oDLIST(200) 4DN(200) »
Z2DRATTO(30) oENR(2S0) o« FNM(250) oGLTIST(250) sOUTPUT(130s 1) sPAPER(250),
3PCL(250) sPEN(250) +Q(200)4RATIN(250)

FOUTVALENCE (SACKTI(1)eCX(1)) s (SACKT{(B8T776)«SACKRI1))»

F(SACKT (1) eBLIST(1)) s (SACKI(SO01)eGLIST(1)) e (SACKI(1001)+DN(1))o
S(SACKTI(1501)9DM (1)) o (SACKTI(2001)4ENR(1)) 9 (SACKTI(2501)9BOOK (1))
$(SACKTI(3001)9COFFF1(1)) 9 (SACKI(3501)9COFEFF2(1)) s (SACKI(4001)+COEFF
$3(1)) ¢ (SACKT(4501) sPAPFR (1)) ¢ (SACKI(S001)sPCL(1)) 4 (SACKI(5501)+PEN
$(1)) o (SACKI(6001)sRATTIO(1)) o (SACKI(AS501)4ARATIO(1)) 9 (CX(1)sA(Y))

COMMON/S/SACKT sCXoAeSACKeBL ISTsGLIST9DNsDMoENRsBOOKsCOEFF 1o
SCOFFF29sCOEFF39PAPERPCLIPENIRATIOSARATIO SACKR

COMMON/BLK1/FACT(300)

7777 CONTINUE

REWIND 1SREWIND 23REWIND 7$REWIND BSREWIND 10
RHO = 1000.

CEE = 1500,

FACT(1)=1.D

NO 2945 J=2,171

2945 FACT(J)=(J=-1) #FACT (J-1)

FACT(171)=FACT(171)#%#1.D-300
DO 2950 J=1724+296

2950 FACT(J)=(J-1)# FACT(J=~1)

FBCT (1) = 1.D=250

DO 2949 J = 1,275
2949 FBCT(J+1) = J¥FBCT(J)
BACT (1) = 1.
DO 2939 I = 2455842
2939 BACT(I+1) = BACT(I-1)#(1~1.,)%#4,/1
L1 =0
oL = 1

READ 90,IDEM, IDEMPT, IDEMPR

90 FORMAT (31I5)

REAND 914XS1,4HS]

91 FORMAT (2D10.5)

READ 919XS52,HS2
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READ G96.ALPHA
96 FORMAY (D10,5)

REAN 934 IVFL1sVFELYsTHETALI+THETAUL
93 FORMAT (I14C(F9.34F1043)+2N10.5)

READ 934 IVEL2+VEL2+THETAL2 THETAU2

IDEMPT = INEMPI/2#2

IDEMPR = IDEMPR/2#2

ICXT = 25

ICXTY = ICXI+ICXI~-1

IF (IDEMPI.LT.26) IDEMPI = 26

NDR = IDEMPR + IDEMPR

NDI = IDEMPI + IDEMPI

NFFF = 0

IDEMPIT = NDT - 1

IDEMPRR = NNDR = ]

IMP = MAXO (IDEMPTT1,1DEMPRR)

IMPR = (IMPs+1)/2

ICM = MAXO(ICXT+IDEM)

NL = IDEM
INDEX = =2
IDEM? = 2#INEM
ISBY = ¢

PI = 3.14159265358979323846D
P12 = 1.5707963268
THOF = n
IsM = 0
R41(1) = CMPLX(0e9l.)
DO 727 1T = 2,IDEM
727 R41I(T) = (Daslo)#R4T1(TI-])
PRINT 5555
£655 FORMAT (1H]14SX#ACOUSTIC RANIATION FROM TWO ORLATE SPHEROIDSH)
PRINT S55564XS1sHS1eXS24HS2
G556 FORMAT (//16X#SHAPE PARAMETER XTI ACOUSTIC SIZE PARAMFTER H#//5X
F10HSPHERNID 1 SXF10.6414XF10.6/ SX10HSPHEROID 2 SXF1066414%XF10.6)
PRINT 5557,ALPHA

5557 FORMAT (//5x#SEPARATION PARAMETFR#//6XTHALPHA =F11.6)
PRINT 5558+ THFTAL 1 s THETAUL«THETAL2s THETAU?

5558 FORMAT (//16X#I.OWER AND UPPER LIMITS (IN DEGREFS) OF VIBRATING RAN
$NS#//30XSHLOWERI2XSHUPPER//SX10HSPHEROID 1 13XF8,3+9XFR,3/5X
$I0HSPHEROID 2 13XF8.349XFR,3)

VIM CABS(VELI)
V2M = CARS(VEL?)
V1A = CANG(VEL1)#180./P1

PRINT SS559+VELTsVIMeVIAWVELZ29V2M,V2A
5559 FORMAT (//16X#NORMAL VFLOCITY (IN M/SEC) OF VIBRATING RANDS#
$//72IX4HREAL AXQHIMAGINARYSXOHMAGNITUNE2X#PHASE ANGLE (DEGREES)#
$//S5X10HSPHEROIND 1 SXC(FB.34F12.3)42F14,3
%/ SXI0HSPHERNTIN 2 SXC(FB8434F1263)02F14,.3)
PRINT 5560+ 1DEM« TOEMPT 4 INEMPR
5560 FORMAT (//1AX#SUMMATION PARAMETFRS#//TX6HINEM =I3+3XBHIDEMPT =14,
$3IXRAHINEMPR =13)

£TAL) = DCOS(PI#THETAL1/180,N)
ETAty = DCAS(PI*THETAU1/180,.D)
ETALL? = DCOS(PI*THETAL2/180,D)
ETAU? = DCNS(PI#*THETALI2/180,.D)
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DTK = HSI#ALPHA

CAILL SBFSF{NTK«1404RSF)

YMF (1) = =DCOS(DTK)/DTK#]1,.F-295

YMF(?2) = YMF(1)/DTK = DSIN(DTK)/DTK#].E-295
KSRl = TCXIT + TDEMPIT - 1

DO 899 K = 1+KSR1

KK = K

YMF (K+2) = (K+K+]1 ,N)#YMF (K+1)/DTK=YMF (KY
IF (NARS(YMF (K+2)) .GT.1.,D300)60 TO 4501
CONTINUE

GO Tn 4502

INEMPT = (1+KK=-ICXIT)/4%2

IF (IDEMPIL.GE.ICXI) GO TO 4504

IDEMPT = (INEMPY + TCXT)/4%2

ICXT = TDEMPI

NDT = IDEMPI + IDEMPI

IDEMPIT = NNY = )

IMP = MAXO(IDEMPIT,IDEMPRR)

IMPR = (IMP+])/2

PRINT 4503, IDEMPI

FORMAT (/10XBHIDEMPT =14,41X24HDUF TO LARGE NEUMANN FNS)
IF (ICXI.LT.,25) PRINT 4505.1CX1

FORMAT (10X6GHICXT = 14/)
M =0

EM = M

LF = NL - 1

N = N1 = NL

LCK = 0

JONX = =1

INDEX = INDEX + 1

IF (INDFX) 81448154816

REAN 7194 NFF

FORMAT (I1) _

IF (FOF+60) 723+724

NFFF = NFF

GO TO (729472097234 7777) NFF + 1

JDNX = =1#JDNX

TF (NFF+JUDNX.EQ.0) GO TO 1000

IF (JIDNX.GT.0) 825,826

READ B8179XCTsYCT42CT

FORMAT (3D10.5) .

CRT = XCT#XCT + YCT#YCY + 2CT#ZCT - 1.D

X = DSORT(SD# (CRT+DSORT(CRT#CRT+4,D#ZCT#ZCT)))

E = 2CT/X

XX = X#X ¢+ 1.0

IF (XCTeEQe0eeANDLYCT.EQ.0.) GO TO 812

PHI = ATAN2(YCT,XCT)#180./P1

GO Tn 813

PHTI = 0,

PRINT 9109XCToXsYCToE2ZCToPHI

FORMAT (///7/757X#INPUT NEARFTELD POINT#//37X#CARTESIAN COORDINATES
$#19X#SPHERQTIDAL COORDINATES#//36X10HX/(D1/2) =E13.5+18X4HXT =E13.5
$/36%X10HY/(D1/2) =E13.5+17XSHETA =E13.5/36X10HZ/(D1/2) =E13.5917X
$SHPHT =F13.3+8H DEGREES)

AAA = F

IF (FeLT<0.D) E = =E

53



KING AND VAN BUREN

CALL POLY(9N4EsPsFRBCT)
H = HS1

HSQ = H#H

AA=-H#H

HHH = AA%AA

GO TO R?27

826 CR7 = X#AAA -~ ALPHA

Az27

720
721

932

730

814

315

CRZ7 = CR2%#CRZ

CRT = (CR2ZZ + (X#Xs$)1.,D)#(1,D0-E#F))#(HS1/HSZ)#82 = ].D
X = NSQRT(.SDH(CRT+DSORT(CRTHCRT +4 DHCRZZ# (HS1/HS2) #%#2)))
F = CRZ/X#HS1/HS?2

XX = X#x ¢+ 1.0

AAA = F

1F (E.LT-O.D) E = =F

CALL POLY(90+E+PoFRBCT)

H = HS?

HSO = H#H

AdzwHitH

HHH = AA%#AA

ILRK = 0

GO TO 1000

READ 721+ E

FORMAT (D20,10)

IF (THDF.EN,Y) JUNNX = =1%JNNX

AAB = E

E = NCOS(PI=#E/180.D)

PRINT 9324AAB ' _
FORMATY (/7/77/710XYTHFAR FIELD ANGLE =F7.241X7THDEGRFES)
AAA = E

ART = AAA#DTK

NO 730 T = 1.10EM

R42(1) = R4 (1)#CMPLX(COSF (ART) ,SINF (ART))
TF (FelLTe0N) E = ~F

CALL POLY(Q0sF+P«FRCT)

60 TN 1001

X = XS1

H = HS1

LRK = 0

HSQ = H#H

AA==H#H

HHH = AA®AA

TF(H.GTe204N) N=N1+(H=20.D)}/2.D

IF(N,LT.50) N=50

IF(N,GT ,80) N=80

XX = X#xX + 1,0

FXEX1 = XX .

SPDINT(Y) = S#(ETAULI#DABS(ETAUL) = FTALI#DARS(FTALL))
IF (x4EQ.0,D) GO TO 6

SPDYINT (1) = JSE(FTAUL#DSORT (X#X+FTAUIHETAUY) +
IX#XADLOGIETAUL+DSORT (X #X+ETAUI#ETAUL) ) =ETALI#DSORT (X#X+ETALI#ETALI
2Y=Xa#X2DNI OGIETALY+DSORT(X#X+FTALI#ETAL L) ))

GO Tn 1000

X = %S2?2

H = HS?
ILRK = 0
HSO = H#H
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AA==HuH

HHH = AA%®AA

IF‘H‘GT.?O.D) N=Nl*(H-?0.D)/?.D

IF(N,LT.50) N=59

IF(N,GT.80) N=80

XX = X#X + 1,D

EXEX? = XX

SPNINT(2) = S*(FTAUZ2#DARS(ETAU?) = ETAL2#DARS(ETAL2))
IF (X4FQ.0.D) GO TO 1100

SPNTINT(?2) = JS#(FTAUZHDSART (X#X+FTAU2#ETAUP) +
IX#XENLOG(ETAUZ+NSORT (X#X+ETAURHETAU2) ) =FTAL2#DSQRT (X #X+ETAL2#ETAL?
2)=X#XEDL OG(ETALZ2+DSORTIXEXAETALZ®#ETALZ2)))

TF (NARS(HS]=HS2) «GT.1,N=7) IHDF = 1

IF (NARS(XS?2=XS1).GTel.D=7) TSM = ]

IF (THDF.EN.1) LCK = 0

IF (ISMLEQ.INNDEXJANDLTHDF.FQ.0) GO TO 851

IF (X«EQeNN) GO TO 6

Lo = 175

CALL. QLFG(N4L.QeXHs0Q)

DO AI=1,L0O

OUTPUT(T+141)=0Q(1)
NUTPUT(1e1) = 1.D

ARG = X#H

DO 1 TL = 1leNL

L =1L -1

IF (1 CK.FEQL1) GO TO 4
LCK =1

NO4aY J = 1e N

NO41 T = 1.N

A(Te.)) = 0.

NO4?2 T = 14N

XL =1 -1 :

A(ToT) =XL#(XL*Y ) +AAR (2, 8XLE (XL *)e)=1e)/((2e8XL=1e)#(2.%XL+3.))
NM?2 = N=2

D047 1 = 14NM2

xt =1 -1

A(ToT42) = (AA/(2#XL*+3))2SORTF(((XL+2,)#(XL+1s)%

1UIXL4P2 )R (XL41a)) /({28 XL4S,)#(2%X1.410)))

43 A(T+241) = A(Ie1+2)

ANORM1=AA

ANORM2=LF# (| .F+l,)

CALL ETGEN(AsATGsNoN1oANORM] 4 ANORMZ)
IF (INDEX.EQ.0) GO TO 36

DO 77=1N1

7 EIGL1(T)=ATIG(])

GO TO 38

36 DO 33 1 = 1Nl

33 FIGL?2(T) = AIG(I)
38 PLB = 1.D :

4 CL = EIGLY(L+1)

IFC=0

IUCY = L/2

IX = L = 2#TUCT
TRTO=TUCT+1

IR=TIRIO+1

IF (INDEX)774+775+780
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775 IF (THNFEN.1)57+780
S7T CL = EIGL2(L+1)
774 LIM = 240
ID =2 ¢ IX
I8 = LIM/2 - IX
GLIST(1) = AA/3.D
IF (TXeEQel) GLIST(1) = (2.N) + ,6D#AA
118=18-1
DO 13I=IDsLIM,2
EYE=1
BLIST((I=IN+2)/2)=EYE#(EYE=1.D)#EYE#(EYE=]1,D) #HHH/
T((2NREYE=F,D)#(2,NHEYE 41 D) #(2.DHEYE=1,D)#(2.D*EYE=1.D))
13 GLIST((I=IN+4)/2)=EYER(EYE+]1aDN) +.SD#HAA# ((1.D)¢1eD/((2.NHEYE=]1.D)*
1(2.D8FEYF+3,D)))
17 ENR(1)=CL~-GLIST (1)
DO 18I=1+1UCT
18 ENR(T+1)==BLIST(I)/FENR{I)=GLIST(T+1)+CL
ENR(TR)==BLIST(IB) /(GLIST(IR+1)-CL)
IP=T78+1IR
DO 19 I=IR.T1IB
IPI=1P-1
19 ENR(IPI)==BLIST(IPI)/(GLIST(IPTI+1)=-CL+ENR(TIPI+1))
FENRC==RLIST(IRIO) /(GLIST(IR)=CL+ENR(IR))
DE=FENRC®#ENRC/BLIST(IRIO)
CORR=NE
DO 20 I=IR,1IR
DE=FENR(T)IHENR(T) /BLIST(I)#DNE
CORR=CORR+DF
20 IF(NARS(NE/CORRB) (LT41.D=27) GO TO 23
23 CORA = 1.D
NE=1,D
DO 26 I=1,1UCT
DE=RILIST(IRIO~T)/(FNR(IRTIO-T)H#ENR(IRIO~1))*DE
CORA=CORA+DF
26 IF(DARS(DE/CORA) (LTL).D=27) GO TO 27
27 DL=(FNRC~-FNR(IRIO))/(CORA+CNRA)
CL=CL+NL )
IF(NABS(DL/CL) «L.TelD=24) GO TO 22
IFC=TFC+}
IF(TFC.LT50) GO TO 17
22 1F (INDEX.FN.0) GO TO 28
FIGLI(L+1) = CL

GO Tn 31
28 EIGL?2(L+1) = CL
31 AR=IN
DN(1) (2eN8AR=1.D)# (2., D2AR+1,DIFENR (1) /7 (AR# (AR-=]1,.D) #AA)

NnM) DN(})#1.,F250
W = NN(1)
N030J=2+18
AR=IN+2%# (J=-1)
NNGJY = DN(J=1)#(2.N#AR=]1 N)H (2, N#AR+1.D)#FENR (D) / (AR® (AR=-1.D) #AA)
MM = DM(J=1)#(2.N#AR=1 NI # (2, D#AR+1,N)#ENR(J) / (AR# (AR=1,D) #AA)
NW = DN (J)
30 wW=w+DW
NDLIST(1) = 1.D/(W+1,.D)
DLAST(1) = NDLIST(1)®]),.F250
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45
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122
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298
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34

200
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D037 3=1.113

DLAST(J+1) = DM #DLIST(1)
PLIST(J+1)=DN(D#NLTIST (1)

IF (INDFX.EN.0) GO TO 46

IRWD = 1

RUFFFR OUT (1e1) (NLIST())4DLIST(72))
IF (1IINTTs1) 792,787

BUFFFR OUT (241) (NLIST(1)4DLIST(72))

IRWN = 2

IF (VINITe2) 790,787

PRINT 9RO

FORMAT (10X®EQOF SENSEDS)
STOP

PRINT 9R1

FORMAT (10X=PARITY ERROR#)
STnP

IF (THDF.EN.N) GO TO 771

TF (IDNX.EQ.1) GO TO 771

CL = EIGL2(L+Y)

IRWN = 2

BUFFFR IN (2+1) (DLTIST(1)«DLIST(72))

IF (/INITe2) 781e7874783,784

IRWN = 1

BUFFFR IN (1¢1) (DLIST(1)NLIST(72))

IF (IINITs1)738+787+783,784

IF (INDEX) ?96+301.298

XNML2(L+1) = DLIST())##2/(1X+,5)

DO 45 J = 1,72

XNMIL2(L+1) = XNML2(L¢1)+DLIST(J+1)##2/ (2.8 J+1X+.5)
DO 44 T = 1,1ICH

NNU2(L+1s1) = DLAST(I)

GO T0o 299

XNML1(L+1) = DLIST(1)##2/(1X+.5)

DO 122 4 = 1472

XNMLT (L#1) = XNMLICL+T1)+DLIST(J+1)##2/(2,#J+1X+,5)
DO 120 T = 1+1IMPR

NOLI(L+1eI) = DLAST(I)

GO TO 299

IF (TNDFEXHNFF.GT.0) GO TO B18

IF(X,NF,0.N) GO TO 200

DRATYIO(1)=0,D

DNEG=DLIST (1)

TERM = FACT(ID+IN=3)/(2.D##(TD=2)2#FACT(ID-1))
FSTRAT=TERM#DLIST (1)

TERMP2=DARBRS (FSTRAT)

NO 34 I=2+71

TERM = =TERM#(T+1+IN+IN=6)#(T+1+1D+1D=-7)/(4.D*(I=1)%#{T+1D=3,))
TERMI=TERM#NLISTI(I)

TERMP=DMAX] (TERMZsNDARS(TERM1))
FSTRAT=FSTRAT+TERMI]
IAC=26=-DLOG10(TERM2/DARS(FSTRAT))
IF(TAC.GT.25) IAC=25

GO 70 237

E1=NSIN(ARG) /H

RR=DCOS (ARG) /H

GO TO (2010203+9205+206) 9L =(L/4) %44}
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203

205

206

208

211

214
215
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F2 = - RR

RS = E}

GO Tn 208

RS = = RR

£E2 = - F1

GO 10 208

£E2 = RR

RS = = F1

GO 70O 708

RS = RR

‘F2 = E)

F3 = RS

R3 = - F2

IF(LL.NF.L1) GO TO 211
LNE=145 .

CALL SRESF (ARG.LNEsARRAY)
PLA = lon

T1A=]

TF (22 T1ICT NFELL) TA=TA Y
IC=TA+142

IF (X#H.GE.100.D) 1C=IC-4
SUBSIHM = 0.D
DO 217 K = TAs ICs 2



242

244

246

252

254
256

253

269

280

272

274

281

289

291

RADI=0.D
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RADIN=PIL.CAH/3,.D
RAD?==1.N/ (H#RAD1D)

RAD?D=3 D#PT#FSTRATH#FSTRAT /(2 D#H*H*DNEG)

G0 T0 326
RADI==-PLC
RANDIN=0,D

RAN? = PI#FSTRAT#FSTRAT/ (2. D#H#DNEG)
RANZ2N=1,D/ (H#RAD1)

GO TN 326
RAD1=0.D

RADIN==PLCH¥H/I N
RAD?==1,D/(H#*RADID)

RANZN==3,D#PI#FSTRATHFSTRAT /(2. N#HEH#DNEG)

GO TO 326
MA=123

GO TO 256
MA=MA=20
JS=MA=-?

S=JS
RATTO(MA)=0,D
IMA = MA =}
RATIN (IMA)
DO 283 J
I=1MA~J+1

COEFF1(I)=2.D#H# (S+]1.D)#(S+1,D)/(2.D04S5+3,D)

1.D

1s IMA

COEFF2(1) = S#(S+1.D)=ClL~H#H

COEFF3(1)

S =95 = 1,0

ARATTIO (2) =
ARATTO ( 1) =
N0 280 I=1+JS
K=JS=-1+1

FN1 = COEFF1

IF (NARS(RATIO(K+1)) .GT.DABS(RATIO(K))) GO TO 272

CONTINUF
IND=K

GO TO 274
IND=K+1
IF(IND.LTe?)
N0 289 J=1,K
IJ=J + 1
FNl = COEFF2
FN?2 = COEFF3
ARATIO (TJ «
CONTINUE

i. D

0. D

ZQDﬁH*S*S/‘ZDD*S-l.D)

(K + 1) # RATIO (K + 2)
FN2 = COEFF? (K + 1) # RATIO (K + 1)
RATTO (K) = (FN1 = FN2)/COFFF3 (K + 1)
IF(NABS(RATTO(K)) . GT,1.D+300) GO TO 254

IND=2

(J) #
(Jy #
1) =

ARATIO (1))
ARATIO (IJ - 1)
(FN1 « FN2)/COEFF1 (J)

RATTO(1)=RATIO(IND) /ARATIO (IND+1)
NO 291 I=IND,MA
ARATIO(TI+1)=RATIO(I) /RATIO(]1)
RSUM=0UTPUT (3, 1) #ARATIO (3)
ESUM=0UTPUT (2+1)
RSTORE==0UTPUT (2+1) # (ARATIO(3) +H)
ESTORE=1,D/XX+0UTPUT(341)#ARATIO(3)#H
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PO 3IN6 K=44MA

AR=K

TERM1=0UTPUT (K 1) #ARATTO (K)

TERM3==ARAT 10 (K) # (AR=2,D) 80UTPUT (K=141) /XX

IF (2#(K/2) .FQ.K) GO TO 304

RSUM=RSUM+TERM1

ESTORE=FSTORE + TERM 1 #H

RSTORE=RSTORE + TERM3

IF (ARS(TERM1/ESTORE) ,LT,1,N-27 ,AND,ABS (TERM3/RSTORE) oL T4 1,N=27

«ANN . ABS (TERM1/RSUM) +LT41.D=27) GO TO 209

GO TO 306

304 TERMP=TERM]#X# (AR=2.D) /XX
FSUM=ESUM+TERM]
RSTORE=RSTORE-TERM1#H
FSTOARE=FSTORE + TFRM2-TERM3

306 CONTINUF

309 RSUM = (RAD] + E3 # ESUM)/R3
RSTORE = (RADID ¢ E3 # ESTORF)/R3

311 CRANP=RAFESUM+EIERSUM
CRAN?D=R3I*ESTORE +E3#RSTORE
TWRON=1 4N/ (HEXX)
CWRON=RAD1#CRAD20D-CRAN2#RAN1D
NTAC==DN1.0G10 (NDARS ( (TWRON=CWRON) /TWRON) +14D=~26)
IF (X ,LE.1.D.OR, (X®#H) ,LE,10,D) GO TO 325
IF(L.NE.L1) GO TO 313

—

LNE=141+M

CALL SPHYN (ARG.LNE 4FNM)
313 JUN=1}

IF (P8 (L/2)EQ.L)YUN = 0

RADZ2=0D

315 K=1+.IN/?
TERM = NDLIST(K)#FNM{JN+1)
IF((INGY) GTL170) TERM=TERM#1,N+300
IF (4% ((UN=L)/4) NE, (UN=~L)) TERM = =TERM
RADZ2=RADZ2+TFRM
IF (KL TeS) GO TO 316
IF(NDABS(TERM /RADZ2).LT.(1.D=27)) GO 70 318
316 JUN=N+2
GO 70 315
318 RAD?=RADZ2*#PLA
RAND?2N=0.D
JIN=JN=2# (IN/2)
320 K=1+IN/2?
EJN=UN
PL‘!:H/(?.D*FJN*] .D)
TERM = DLISTUK)#PLAB# (EINEFNMIIN)=(EJIN+1 D) #FNM(JUN+2))
IF((IN#Y).GT,170) TERM=TFERM#]1,D+300
IF (4% ((UN=LY/4) NE, (UN=~L)) TFRM ==-TFRM
RAD2N=RADZN+TERM
IF(K.LTS) GO Tn 327 .
IF(DARS(TERM /RANZD) 4L.T4 (1.D-27)) GO TO 324
322 JIN=.IN+?
G0 10O 320
324 CWRON = RAND1 # RADZD ~ RAD? # RADID
IAC==DLNGID (DARS ((TWRNN=CWRON) /TWRON) +]1 ,D~=26)
IF(TAC.GT.NTAC) GO TO 376
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325 RAD2=CRADZ2
RAD?D=CRAD2D
TAC=MIAC

326 TF(TAC.LT.0) TAC=0
R1 = RADI1
RIND = RADID
R2 = RAD2

R2D = RADZD

55 IF (TAC.LT.5) PRINT 933, L4R1sRINyR24R2DsCL4TAC

933 FORMAT (1X#RADTAl. FUNCTION ACCURACY WARNING#S5X13+4D15,5+D20,10414)
IF (INDEX.GT.N) 818.819

819 TF (ISM+IHDF,.GT.0) GO TO 841}

RIF1(L+1) = R]
RIF4(L+1) = CMPLX(R14+=R2)
RINI(L+1) = RID
RIND4A(L+1) = CMPLX(RID«=R2D)
GO TO 842 '

841 R2NDI(L+1) = R1D
R2D4 (L+1) = CMPLX(RIDs~R2N)
RZF1(L+]1) = R1
R2F4 (L+1) = CMPLX(R1l9=R2)
‘60 TN R42

818 INX = 1
TF (AAALT.NN) INX = =}
MIN = ¢ + 10
J=1 + IX
K =1
S = N0
DO RO T = JeMINe2
11 =1 + 2
S = 6 ¢+ DLIST(K)#P(T)

80 K = K + 1}
84 TERM = DLIST(K)#P(IT1)

S =S + TERPM

IF (S.FQ.0.D) GO TO 81
IF (DABS{TERM/S) L Te.1le.D-14) B1, 82
82 K =K + 1

GO TO 84
81 IF (INXeEQe=14AND2#(L/2)NES.L) S = =S
IF (NFF.EQ.0) GO TO 744
IF (THDF.EQA,.N) GO To 722
IF (JUDNX.EQ,)) 7414742
744 1IF (JDNX.LT.0) GO TO 820
R11(L+1) = R]
R41(L+1) = CMPLX(R14+=R2)
741 S1(L+1) =S

GO T0 842

722 S1(L+1) = S2(L+1) =S
60 To 842

820 R12(L+1) = RI]
R42(L+1) = CMPLX(R14=R2)

742 S2(L+1) = S
842 LRK = 1
1 LCK = 1
IF (TRWD.EQ.2) GO TO S1
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REWIND 1

GO TN 5?7
51 REWIMD 2
S2 IF (INDEX)R10+7484747
747 IF (JUDNXeGT.0) 7294830

851 NO RS2 1 = 1.1IDFM
XNML?2(T) = XNML1 (D)
RZF1(T) = RIFI(T)
R2F4 (1) = RIF4 (1)
R2D1 (1) = RINI(I)

852 R2ND4 (1) = RID4(T)
Nnn 581 1 1+ IDEM

PO 581 J = 1.ICM
581 DNDU2(TeJ) = DDLY(T4)
748 T1 = TIMELEFT(K)

NZERN = 0
NO 650 MR = NZEROLICXTI
NO 650 MS = MR,IMP

MTB = MS = MR
MTF = MR + MS

MM = MTR+}
NN = MTF+]
MN = 1=MTR

TSACKR = TSACKI = 0,
INT = (=1)##((MS=~MR+MTB=~2)/2)
NO 651 MT = MTRsMTE+2
INT = =INT
TTERM = (INTH (MT+MT+1)#RBACT (MM+MT) / ( (NN+MT) #BACT (NN+MT) ) #
FRACT (NN=MT) #BACT (MN+MT))
TSACKR = TSACKR + TTERM#SNGL (BSF(MT+1))
651 TSACKT = TSACKI + TTERM#SNGL (YMF (MT+1))
IF (MS.GTNDR=1,0RMR.GT NPR=1) GO TO 650
SACKR (MS+1+MR#NDR=( (MR+1)#MR) /2) = TSACKR
650 SACKT(MS+1+MR#NDTI=((MR+]1)#MR)/2) = ~TSACKI
T2 = TIMELFFT(K)
T=7T1- 72
PRINT 2000, T
2000 FORMAT (//5xe¢TIME TO CALCULATE SACK TS#F8,3,8H SECONDS/)
T2 = TIMELEFT(K)
IND = MINO(TDEMPR4ICXI)
NO K52 |L = 14IDEM
LLL = L
LP = LL=1=Pa((LL=1)/2)
LL? = QL=-LP)/s2
LS = 28(LL/4)+8
LS = MINOD(LSSICXI)
NO 653 JJ = 14INEM

JJJ = J

JP = JJ=1=2%((JJ=1)/2)

JJ?2 = (JJ=JP) /2

JSN = JJ2 - 2#(J42/2)

dS = 2% (JJ/74) 410

JS = MINO(JS«INDFMPY)

MN = MINO(LP+1,4JP+1)

MX = MAXO(I.P+1lsJP+1)

SL = SACKI (MX+ (MN=1)#NDT=(MN#{(MN=1))/2)
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TF (MX.FQ.LP+1) GO TO 406
TF (2% ((MX=MN)/2) JNF .MX=MN) SL = =SL
RLIN = NDL1(JJs1)%SI

18 = 2

=

o=

e
el
-
e
o
rr

=

TE = Js
405 DO 654 K = TBLIF
KK = KeK+JP=-1
RLTI = RLIN
KL = KK+LP#NDT=((LP+1)3#[P)/2
54 RLIN = NDLY(JSeK)#{=])#2 (LP+]1-KK)#SACKT(KL) = RLI
TF (ABRSF((RLI+RLIN)/RLIN) (1. TalF=8) 4014402
402 IF (TELLT.INEMPI) 4034404
404 PRINT 499.L1:0J)
499 FORMAT (//70X#N0O CONVERGENCE FOR INTTIAL RLI#3X4HLL =1343X4HJUJ =
LR ACH)
SToP
403 I8 = IF +
1€ = MINO(TR+S.IDFMPT)
60O Tn 405
401 TF (JSN.EQ.N) RLIN = -RLIN
CXLIN = DDU2(LLs 1) #RLIN

IRR = ?
IEF = LS
ISNCXL = 1

425 NO 420 MS = IBRLIFF
MM = MS+MS+| P-1
ML = MM+ JP#NDTI=((JP+]1)#JP) /2
RLIN = DDLY(JJel)#SACKY (ML)
IB = 2
T1E = JS
415 N0 657 K = 1RLIF
KK = K+K+JP=]
RLT = RLIN

MN = MINO (MM,4KK)
MX = MAXO (MM,KK)
SL = SACKI{MX+ (MN=1)#NDI~(MN#(MN=1))/2)

IF (MX.FQ.MM) GO TO 657

IF (2% ((MX=MN)/2) .NF «MX=MN) SLL = «SL
657 RLIN = DDLY(JJsKIH#SL = RLI

IF (ABSF((RLTI+RLIN)/RLIN) LT.1,E=6) 411,412
412 IF (TE.LTINDEMPYIY413,414
414 1F (ABSF((RLISRLIN)/RLIN) eLTeleE=2)411,4424
413 IB = IF + )

IE = MINO(IB+S,IDEMPIY’

GO T0O 415
411 IF (JSN.FQ.Nn) RLIN = =RLIN

CXLYI = CXLIN

ISNCXL = =ISNCXL
420 CXLIN = DDU2(LLsMS)#RLIN = CXLI

TF (ABSFU(CXLI+CXLIN)/CXLIN) L ToloFE=6)4214422
422 IF (TEE.LTLICXI 423,424
423 IBB = IFE + 1

IFE = MINO(IBB+3,ICXI )

GO TO 425 '
424 IF (ABSF((CXLI+CXLIN)/CXLIN) LTl eE=2)4214426
421 IF (LL2.NE2#(LL2/2))CXLIN = =CXLIN
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CXLIN = ISNCXL#CXLTN
653 STORT(JJ) = CXLIN#1,E-205

G0 T0 652
426 TF (LLL.GT.1) GO TO 430

IDEM = JJJ - 1

IDEM2 = 2#INEM

PRINT 49SsLLLsJJJs IDEM
495 FORMAT (4S5X18HCXI IS 0 FOR LLL =1342XSHJJJ = 1392X

$10HINEM NOW =13/)

GO Tn 652
430 DO 478 T = JJUJ+IDEM
428 STORT(Y)Y = 0,

PRINT 497s1.LLeJJIs INEM
497 FORMAT (50X#CXT IS 0 FOR LLL = #713+2XS5HJJJ =1343H TO 13)
652 WRITF(7) (STORT(JKL) ¢JKL = 1 oIDEM)
' IDEM?2 = 2%IDEM

Tl = TIMELEFT(K)

T =712 -T

PRINT 2001+ T1DEMeT
2001 FORMAY (/5X#TIME TO CALCULATE CXLIN FOR IDEM =#1343H ISF8.3+8H SEC

$ONDS /)

T2 = TIMELFFT(K)

NO 449 T = )Y+IDFM

DO 4A9 J = 1,41ICM
469 DDU2(TeJ) = 1,F=2508#DNU2(TWJ)

DO 449 J = 1,IMPR
449 NDLYI(YeJ) = 1.E=250%DDL1(1,0)

DO 462 LL = 1,IDEM

LLL = LL

LP LL=1=2%#((LL=-1)/2)

LL2 = (LL=1.P) /2

LS = 2#(LL/4)+8

LS = MINO(LSsIDEMPR)

DO 463 JJ = 1,INEM

Jdd = )

JP = JI=1=2%((JJ=1)1/2)

JJ?2 = (JJ=IPY/2

JSN = JJ2 - 2%(JJ2/2)

JS = 2#(JJ/4)+8

JS = MINO(.JSsINDEMPR)

MN = MINO(ILP+1,JP+1)

MX = MAXO(LP+1,JP+])

SK = SACKR(MX+ (MN-1)#NDR=(MN# (MN-1))/2)

TF (MX.FQ.LP+1) GO TO 436

IF (P#((MX=MN)/?) NF ¢MX=MN) SK = =SK
436 RLRN = DDLY(JJe1)%#SK

1R = 2

IE = JS

435 DO 464 K = TBW1E
KK = K+K+ JP=]
RILR = RLRN
KL = KK+LP¥NDR=((LP+1)#LP)/2
464 RLRN = DDLY(JJekK)H (<=1 )3t (| P+)=KK)#SACKR(KL) = RLR
IF (ARSF((RLR+RIRN) /RLRN) o). TeleF=8) 4314432
432 TF (IF.L.T.INDFEMPRY 433,434
434 PRINT 498Belt 9JJ

64



498

433

431

455

445

467
442

444
443

441

450
452
453
454
451
463

456
458

496
462

2006 FORMAT (/S5X#TIME TO CALCULATE CXLRN FOR IDEM =#13,3H ISF8.3+8H SEC
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FORMAT (//20X#N0O CONVERGENCE FOR INTTIAL RLR#3X4HLL =I3s3X4HJJ
$13)

STOP

IB = IF + 1

1F = MINO(IR+S, INEMPR)

GO TN 435

IF (JSN.FQ.N) RLRN = =RLRN
CXILRN = DD!2 (LLLe+1) #RLRN
IBR = 2

IEE = LS

ISNCXL = 1

DO 450 MS = IRRGIFF

MM = MS+MSe+| P-1

ML = MM+ JPENDR=((JP+1)#P) /2
RLRN = DDLY (JJe1) #SACKR (ML)
1R = 2

T1E = JS

DN 467 K = TBeIF

KK = K+K+JP=1

RLR = RLRN

MN = MINO (MM4KK)
MX = MAX0 (MM4KK)
SK = SACKR{MX+ (MN=~1)#NDR=(MN# (MN=1))/2)

TF (MX,FQ.MM) GO TO 467

IF (2% ((MX=MN) /2) NF sMX=MN) SK = =SK

RLRN = DDLY(JJsKIRSK = RLR

1F (ABSF ((RLR+RLRN) /RLRN) L T,1.F=6) 4414442
IF (IELLTJINEMPRY443 4444

IF (ABSF ((RILR+RLRN) Z/RLRN) oL.Tel4F=214414454
I8 = IF + 1}

1E = MINO(IB+S,TDEMPR)

GO TN 445

IF (JUSN.EQ.0) RLRN = =RLRN

CXLR = CXLRN

ISNCXL = =ISNCXL

CXLRN = DDU2 (LLeMS)#RILRN = CXLR

IF (ABSF ((CXLR+CXLRN)/CXLRN) LTol1.E=6) 451,452
IF (TEE.LT. IND )4534454

1IBR = TEE + 1

TIEE = MINO(TIBB+3,41ND)

GO TN 4S5

IF (ABSF ((CXLR*CXLRN) /CXLRN) (LT.1.F=2)451,4456
TF (LL2.NEL2#(LL2/2))CXLRN = ~CXLRN

CXLRN = ISNCXL#CXLRN ’

STORR(JJ) = CXLRN

GO0 TO 462

DO 458 1 = JJJs1DEM

STORR(T) = 0.

PRINT 496sLLLsJJJsIDEM

FORMAT (S50X#CXR IS 0 FOR LLL = #13+2X5HJJJ =13+3H T0 I3)
WRITE(B) (STORR(JKL)»JKL = 1 HIDEM)

Tl = TIMELEFT(K)

T=T2 - T

PRINT 2006+IDEM,T

SONDS /)
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869

871

750

649

351

353

751

150
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CALL INTEGR(IDEM?2eXS1eFETAL14ETAULsXTILs14FBCT)
DO RA9 J = 14IDEM
SIRLI(J) = n,
KX = Jd=) = 2%((J=1)/2)
DO R69 T = 1+IDEM
SIRL1(JY = SIRLLI(J)Y + NDLY(IsIIEXTIL (2#]~]+KX)
CALI. INTEGR(INDEM2+XS2+ETALZ+FTAU2sXTL91+FBCT)
DO A71 J = 1,1DEM
SIRL?(J) = 0.
KX = J=1 = 2#%#((J=1)/2)
DO A71 T = 1+1IDFM
SIRL2(Y) = SIRL2(J) + DDU2(Js T)#XIL (2#]=]+KX)
REWIND 7
REWIND R
NO 750 1 = 1,INEM
NCS(T) = RINI(II#RIFA(I)/RIDA(T)/XNML] (T)
DCSITDEM+T) = R2D1(T)/R2D4(T)/XNML2(T)
DO 649 1 = 1+IDEM
DO 649 J = 1+INEM
CX(TeJd) = CX(Y+IDEMoJ+IDEM) = (0.90.)
DO 351 1 = 1,INEM
READ (7) (STORI(TI)41I=1,1IDEM)
READ (8) (STORR(II)+I1=1+IDEM)
D0 351 4 = 1+1DEM
CX(I+INFMsJ) = CX(JeIDEM+T) = CMPLX(STORR(J)sSTORTI(J))
DO IS3 T = 1.1DEM
DO 353 J = 1.IDEM
CX(ToJ+IDEM) = CX(T4J+TDEM)I#2,/XNMLI(])
CX(T+INFMeJ) = CX(T+IDEMe I #2./XNML2(])
NO 751 T = 1sIDFM
TRSI(I) = TRSZ2(I) = (0,+0,)
DO 781 0 = 1+1IDEM
TRSI(I) = TRSI(I) + CX(JsIDEM+T)#RIF1(J)#STRLL (J)
TRS2(I) = TRS2(1) + CX(IDEM+JsT)#R2F1 (J)#STRLZ2 (J)
DO G0 T = 1,1DEM
DO 350 J = 1.IDEM
CX(TaJ+IDEM) = CX(T4J+INDEM)#*RIDYI(I)/RID4A(T)
CX(T+IDFMa ) = CX(T+IDEMea N #P2DV(T)/R2D4(T)
N0 B8N6 1 = 1+TDEMZ2
CX(TsY) = CMPLLX(1l.90,)
T2 = TIMELFFT(X)
CAILL CTNVI(CX+IDEMZ4A0)
Tl = TIMELFFT(K)
T=72-T1
PRINT 915, INEM2.T
915 FORMAT (/SX#TIMF TO INVFRT MATRIX OF STZE #J1244H IS F8.348H SECOND
$S)
WRITFE (10) ((CX(TIsJ)eI=1INEM2)eJ=]sIDEM?)
PRINT 5561
5561 FORMAT - (//38X#ACOUSTIC IMPEDANCE CONTRIBUTIONS (FOR CONVERGENCE CH
FECK)I /)
SIMP] = SIMP2 = SIMP3 = SIMP4 = SIMPS = SIMP6 = (0.90.)
SIMP7 = SIMPB = SIMP9 = (0.40.)
NO 752 T = 1+1INEM
SIMP1 = SIMP] + RIFU(T)I#RIF4(TI#SIRLYI (I #STIRLI(I)/XNMLL(])
SIMP4 = SIMP4 ¢ RPFI(I)#SIRL2(T)I#TRSI(I)/XNML2(T)
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SIMP7 = SIMP7 + RZ2FI(I)#P2F4(IYRSTRL2(T)I#STIRL2(I)/XNML2(T)
752 PRINT 940+ TeSIMPIoaSIMP4¢SIMPT
940 FORMATY (2XI3eSXTHSIMPL =C(F15,7eF15,7) o+SXTHSIMPSG =C(E1S,7+E15,7)
FSXTHSIMPT =C(E15.74F15,.7))
PRINT S0%6
5056 FORMAT (//)
NO 753 T = 1+1IDEM
SUM = SYM = (0.90,)

DO 754 0 = 14INEM
SUM = SUM + CX(TaJ)#NCS(JI#STRLYI(J) + CX(IsIDEM+J)#DCS(IDEM+J)
$#TRSY (J)

SVM = SVYM + CX(T4J)EDCS(J)/RIF4L(JIHTRS2(J) + CX(I4IDEM+J)
FHDCS(INEM+ Y HR2F4 (J) #STRL2 (J)
754 CONTINUF
SIMP? = SIMP?2 + RIF4(I)#STIRL1(T)#SUM
SIMPg SIMPS + TRS2(1)#SUu
SIMP8 SIMPB + TRS2(I)#SVM
753 PRINT 941s ToSIMPZ24SIMPS.SIMPS )
941 FORMAT (2XT3+sS5XTHSTMPZ =C(F15.79F15.7) ¢SXTHSIMPS =C(F15.,79E15.7)
ESXTHSIMPB =C(E15.7+F15.7))
PRINT 5056
DO 755 1 = 1+IDEM
SUM = SVM = (0.40,)
DO 756 J = 1+IDEM
SUM = SUM + CX{I+IDFMe ) #DCS{Y)#SIRLLI(J) + CX(IDEM+IoIDEM+])
$#DCS (IDFM+J)#TRS] (J)

SVM = SVM + CX(I+IDFEMe ) #DCS(S) /RIFL(JIHTRSZ2(J) + CX(IDEM+1,IDEM+Y

$I#NCS(INEM+ ) #R2F4 (J) #STRL2 (D)
756 CONTINUF

SIMP3 = SIMP3 + TRSI(T1)#SUM
SIMPA = SIMP6E + R2F4(II#SIRL2(T)#SUM
SIMP9 = SIMP9 + R2F4(I)RSIRL2(I)#SVM

755 PRINT 9429 TeSIMP34SIMPH4SIMPO -
942 FORMAT (2XT3+SXTHSIMP3 =C(E15.7+E15.7) sSXTHSIMP6 =C(F15, 79E15 7y
ESXTHSIMPO =C(E15.7+F15.7))

SIMP3 = (SIMP1 = SIMP2 - SIMP3)#SQRTF (EXEX1) #HS1##2/SPDINT (1)
SIMPs = (SIMP4 - SIMPS ~ SIMP6)#SQRTF (EXEX2) #HS2%##2/SPDINT (1)
SIMP9 = (SIMP7-SIMPB=SIMPO)*SORTF(EXEX2) #HS2##2/SPDINT (2)
SIMP7 = SIMP6#SPDINT (1) /SPDINT(2) #(HS1/KS2) ##24#SQRTF (EXEX1/EXEX2)
P1S = CABS(SIMP3)

P1A = CANG(SIMP3)#180,/P1

P1SS = CABS(SIMP7)

P1AA = CANG(SIMP7)#180,/P1

P2S = CABS(SIMP9)

P2A = CANG(SIMP9)#1AR0,./P1

P2SS = CABS(SIMP6)

P2AA = CANG(SIMP6)#180,/P1

PRINT 5562

5562 FORMAT (/4T7X*NORMALIZED ACOUSTIC RADIATION IMPEDANCES#®/

$/42X10HRESTSTANCESXOHREACTANCESX9HMAGNITUDF6X#PHASE ANGLE (DEGREES

)%/
PRINT 943+SIMP39P1SsP1AsSIMPT7sP1SSsP1AASSIMPGsP2SsP2A+SIMPE
$P2SS.P2AA
943 FORMAT (34XSHZ11 =C(E13,59F15.5)+SXE12.596XF9,.3/34X
$5H221 =C(E13,59E15,5)¢5XE12,546XF9,3/34X
$5HZ2?2 =C(E13.5+F15.5) ¢SXE12.596XF9,.3/34X
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$S5HZ12 =C(E13,54E15,5)+5XF12,596XF9,3)
REWIND 10
GO 10O AR10
B30 REAND (10) ((CX(YeJ)sI=14INEM2) 4J=1,1DEM2)
NO R&O0 T = 14IDEM
NACS(I) = SI(T)#R41(1)&DCS(I)/RIF4(])
860 DACS(I+IDEM) = S2(1)#R&42(1)#DCS(IDEM+]I)
DO 749 1 = 1+IDEM2
CTStY) (0,90,)
DO 749 = 19 IDEM2
749 CTS(Y) CTS(I) + CX(I,J)#DACS(J)
SUM]1 = SUM2 = STOR1 = STOR2 = (0.90,)
REWIND 10
IF (IVEL1.FN,0) GO TO 731
1sP = 1
PRINT 925+1ISP
925 FORMAT (//30X#ACOUSTIC PRESSURE CONTRIBUTIONS DUE TO SPHEROIDH#12s
%% (FOR CONVFRGENCE CHECK)#/)
SM1 = SM2 = SM3 = (0.40,.)
DO K72 1 = 1.1DEM
SMY = SM] + SI(I)#RIFI(II#R4YI(TIHSIRLI(II/XNMLI(T)
872 PRINT 920+ T+SM}
G20 FORMAT (13XT345XSHSMY =C(F15.79F15,.7))
PRINT K056
NO R73 T = 1+1IDEM
SM?2 = SM2 + CTS{I)*RIF4(II#SIRLI(I)
R73 PRINT G921le TeSM2
921 FORMAT (13XT3465XSHSM2 =C(F1S,74E15.7))
PRINT 5056
DO R74 1 = 1,TDFM
SM3 = SM3 + CTS(IDEM+T)#TRSI(T)
874 PRINT 9239T45M3
923 FORMAT (13X13¢5XSHSM3 =C(E1S5.7+£15.7))
PRMILLTR = HSI®#28CEF#RHO®*SORTF (EXFX1)#VFEL]
SUM1 = (SM1 -~ SMZ2 ~ SM3)#PRMLTR
PRS = CARS({(SUuM1)
PRA = CANG(SUM1)#]18n./PI
IF (NFF.FQ.1) GO TO 760
ISP =1
PRINT 924+1SP4SUIMI 4PRSWPRA
Q24 FORMAT (//1SX#SPHEROIN#IZ24% CONTRIBUTION TO THE ACOUSTIC PRESSURE
FINTS/SAWIARE METER) AT THF TNPUT NEARFIELD POINT#//33X9HREAL PART3X
S14HIMAGINARY PARTILIXOHMAGNITUDESX#PHASE ANGLE (DEGREES)#//30X
FC(F1V.54E14.5) 9 10XEL13.545XF9,3)
60 Tn 731
760 TSRT = T1SBT + 1
STORY = SUMI#CMPLX(COSF (. S*AQT)o-SINF(.S*ART))
ANGIF(TSRT) = AAR
ISRT = ISBT <« 1
731 TF (IVEL2.EQ.0) GO TO 732
ISP = P
PRINT 9254 1ISP
SM] = SMZ2 = SM3 = (N,e0,)
DO B75 7 = 1+1IDEM
SMY = SM1 + S2(T)#RPFI(TIHR4G? (I #STRLZ(T) /XNML?(T)
B75 PRINT 920414SM1

nen
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PRINT S056
NO AR76 T = T1.INFM
. SM?2 = SMP? 4+ CTS{T)ETRS2(1)
B76 PRINT 92141 46M2
PRINT S05h
NO R77 T = 1+INFM
SM3 = SM3 + CTIS(ISINEMY#RPF4(T)I#SIRL2(T)
B77 PRINT 923¢14SM3 :
PRMIL.TR = HSP#u2#CEFF#RHOXRSORTF (EXEX2) #VEL?
SUM? = (SM1 = SM2 = SM3)#PRM| TR
PRS = CABS(SIIM?)
PRA = CANG(SUIMP)*180,/P1
IF (NFF.EQ.1) GO TO 761
ISP = 2?2
PRINT 9244 1SP¢SUM2+PRSsPRA

732

IF (NFFL.EQ.1) GO TO 733
SUMM = SUM1 + SUM2

PRS = CARS (S!IMM)

PRA = CANG(SIIMM)#180./P1

PRINT 927¢XCToYCTeZ2CT+SIIMM,PRS4PRA
927 FORMAT (//12X#TOTAL ACOUSTIC PRESSURF (NTS/SQUARE METER) AT THE IN
FPUT NEARFIELD POINT (#F12e541H9F12.59s1HeE12.591H)//33X9HREAL PART
$IXV4HIMAGINARY PARTIIXOHMAGNTTUNFSX#PHASE ANMGLF (DEGREES)#//30X
FC(F13.54F14.5)410XF13.5,5XF9,3)
GO T0 R10
761 ISBRT = ISHT + |
STOR? = SUM2HCMPLX (COSF (4S%ART) »=SINF (JS#ART))
ANGLF (T1SBT) = AAR
ISRT = 1S87T - 1
733 1SAT = ISRT + 1}
FF(TISRT) = STOR] + STORZ?2
G0 To Ri1n
723 IF (MFFF.EQ.O0) GO Ton 811}
DO 7725 T = 2,1SRT
FF(TY = FF(T)Y/FF (1)
FFA(T) CANG(FF(T))*#180./P1
725 FFM(T) CARSH(FF (1))
FF(1) = FFM(1) = 1.
PRINT 979
929 FORMAT (//S53IX#NORMA)I 17FD FARFIEL D PRESSURE#*//16X#ANGLFE (DEGREFS)#®
FOXIHREAL PARTIX14HIMAGINARY PART11IXOHMAGNITUDESX
$#pHAGE ANGLF (DEGREFS)#/)
930 FORMAT (20XFT7.2+410XCIE13e54F1445)910XE13.5+45XF9.3)
PRINT 930« (ANGLFE (1) oFF (1) 4FFM(T)oFFA(T)oI=14ISBT)
TF (NFF,FEN.2) GO TO 810
811 CONTINUF
STOP
END
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SURROUTTNE CTINV(RWNSeND)

TYPF COMPLEX ReD

DIMFNSTON R{ NDel) ol (100)M(100)
NO 1 J = 1eNS

NO 1 1 = 14NS

RIT+NS®#(J=1)) = R(T+ND*(J=-1))
CALL. MINC(B¢NSeNDeNebL oM)

DO 2 JJ = 1eNS

J = NS+1-JJ

NO 2 11 = 14NS

T = NS+1-T1

BIT+ND#(J=1)) = B(T+NS®(J=-1))
RETURN

END
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SURBROUTINE MINC(A+«NeNDeDosloM)
TYPE COMPLEX AsDsBIGAIRIGATSHOLDSB
EQUTIVALENCE (ReC)

DIMENSTION C(2)eC1(2)
FQUIVALFNCE(BIGAC1) ]
NIMFNSTION A(NDsY)oL (1) oeM(D)
D= (1‘00000)

NK = =N

DO AN K=1leN

NK = NK+N

LK) = K

M(K) = K

KK = NK+K

BRIGA = A(KK)

BIGAY = (1.0+040)/BIGA
J=L(K)

TF(J=K) 35435425

KI = K=N

DO 30 T=14N

KT = KI+N

HOLD = =A(KIT)

JI = KT =K+J

A(KIY=A(J])

A(JT)Y = HOLD

I=M(K)

TF (1=K} 45445438

JP= N#(T=])

DO 4n J=1,N

JK = NK+J

JI = JPs+J

HOLD = =A(JK)

A(JKY = A(CIL)

A(JTY = HOLD

TF(C1()) eEN.0eeANDC1(?2) cEN.N) 46448
RETURN

NO S5 T=14M

IF(T-K) 50,55450

IK = NK + 1

A(IX)Y = -BIGATI#A(IK)

"CONTINUF

DO 65 I=14N

IK = NK+1

HOLN = A(TIK)

1J = I=N

NO AS J=1eN

1J = [.J+N
IF(T.ENQeKeOR.JFO.K) GO TO 65
KJ = TJ =1 +K

ACL)) = HOLND®RA(KI) + A(ID)
CONT INUF

KJ = K=N

NO 75 J=1sN

KJ = KJ + N

IF(J-K) T0475,70

A(K.)Y = RIGATI#A(K.))

71

75 CONTINUF
N = N#a7T
A(KK) =

80 CONTINUF

150 RETURN
-FND
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SUBROUTINE ETGEN(AsVALUsNsN1+ANORM] + ANORMZ)
DIMENSION A(80+80)+VALU(B0)4NIAG(80)4Q(80)4VALL (85)
NN=N=2
DO 160 TI=1eNN
1I=1+2
DO 160 J=1TN
Ti=A(TsI+])
T2=A(I+J)
IF(T?2.EQ.0,) GO TO 160
T=1,/SORT(T1#T1eT24T72)
SIN=T2#T
COS=T1#T
DO 105 K=1.N
T2=COSHA(KeT+]1)+SIN®A(KGJ)
A(Ke J)=COSHA(KeJ)=SIN#A(KsI+1)
105 A(KeT41)=T2
NO 125 K=1eN
T2=COS#A(I+1sK)+STIN#A(DsK)
A(JeK)=COSHA(JsK)=SIN#A(T+],K)
125 A(T1+14K)=T72
160 CONTINUE
NO1STI=1N
DIAG(IY=A(T.])
CO(I)=A(TeI=1)2A(TeI-1)
VALL (T)=ANORM]
15 VALU (1) =ANORM?
1=1
MATCH = N
18 TAU=(VALL(D) +VALU(I)) /2.
IF (MATCHWNF,I=1) LATCH = MATCH

MATCH = 0
T0=0,

T1=1,F-100
DO2N.J=1eN

T2=(DIAG(N)=TAN #T1=Q(I) *TD
TF({T1eNFe04) e ANDL ((T2%#T1) ot Fe04)) MATCH=MATCH+]
T0=T1

20 Ti=7? .
DOPSK=T+MATCH

25 VALU(K)=TAY
NATCH=MATCH+1
NO 30 K=NATCHLLATCH .

30 IF(TANGT.VALL (K)) VALL (K)=TAU

40 TF C(VALU(T)Y=VALL (1)) GT.(1.E=4)) GO TO 18
1=1+}
MATCH = N
IF(T.LF.N1) GO TO 40
FND
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SUBROUTINE INTEGR(LNsTSIsETALSETAZ29A9INCHFBCT)

TYPE DOUBLE AsARG9BARGsBETA9CEF9ETA1oETAZ,FACT9FAR69FSCT9RTSUM19

1RTSUM2sSUMs TSI 9 TSISQsWsXsY9YSsZeFBCT 9 SMM

DIMENSION A(1) s ARG (96) sBARG(96) s CEF (96) s FARG (96) sSUM (80) sW(96) s

1X(96)3Y(96) sYS(96)92(96) oFBCT(300) SMM(8B0)
COMMON/BLK1/FACT (300) '
DATA(X= =0.016276744849602969579D000
#=-0,048812985136049731112D

# -0.081297495464425558994D000»
# ~-0.113695850110665920911D000
® =04145973714654896941989D000,

#=0.178096882367618602759D0009-0.210031310460567203603D000 s
#=0,241743156163840012328D000+-0.2731988125910491414870000»
#=0,304364944354496353024D000+~0,335208522892625422616D000
#=0.365696861472313635031D000+-04395797649828908603285D000
#=0,425478988407300545365D0009-0.454709422167743008636D000
#=0,483457973920596359768D0009-0.511694177154667673586D000
#=0,539388108324357436227D0009-0.566510418561397168404D000»
#-0,593032364777572080684D000+-0,618925840125468570386D000»
#=0,644163403784967106798D000
#=0,668718310043916153953D000+-0.692564536642171561344D000
#-0,715676812348967626225D000=0+738030643744400132851D000+
#=0,75960234117664749870300009=0.780369043867433217604D000+
#=0,800308744139140817229D000s-0.819400310737931675539D000
#-0,837623511228187121494D000+=0,854959033434601455463D000
#-0.871388505909296502874D000+s=0.886894517402420416057D000 s
#=,901460635315852341319D000,=-0.915071423120898074206D000
#=0,9277124567223086909650000+-0+9393703397527552169320000
#=0,950032717784437635756D0005~0.9596882914487425393000000
#-0,968326828463264212174D0009-0.975939174585136466453D000
#=0,982517263563014677447D000+~0.988054126329623799481D0005
#-0,992543900323762624572D000+=0.,995981842987209290650D000
#=0.998364375863181677724D000+-0.999689503883230766828D000)
DATA (W=0.032550614492363166242D+0.032516118713868835987D,
#0.032447163714064269364D0.0323438225685759284290
#04032206204794030250669D90.032034456231992663218D
#0.031828758894411006535D50.0315893307707271685580
#0.0313164255968613558130+0.031010332586313837423D»
#0.030671376123669149014D+0,030299915420827593794D
#0,029896344136328385984D50.029461089958167905970D,
#0.028994614150555236543D50.028497411065085385646D
#0.027970007616848334440D50.027412962726029242823D
#0.026826866725591762198D90.026212340735672413913Dy
#0.025570036005349361499D50.024900633222483610288D9
#0,024204841792364691282D90.023483399085926219842D
#0.022737069658329374001D90.021966644438744349195D,
#0.021172939892191298988D5.0203567971543333245950D
#0.019519081140145022410Ds 0.018660679627411467385D,
#0.017782502316045260838D50.0168854798642451 724500
#0.015970562902562291381D+0.015038721026994938006D
#0.014090941772314860916D+0.013128229566961572637D)
#0.012151604671088319635D50.011162102099838498591D5
#0,010160770535008415758D50.009148671230783386633D,
#0.008126876925698759217D+0.007096470791153865269D
#0.006058545504235961683D,0.0050142027429275176930D,
#0.003964554338444686674D450.002910731817934946408D,
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651
650

631

660
680

KING AND VAN BUREN

#0.,001853960788946921732D0+0.0007967920655520124290)

IFL = 0
LNML = LN = 1
DO S1=1,48

X(48+1)==X(1)

W(I+48)=w ()

DO 1 I = 1s80

SMM(I) = 0.D

TSI1SQ=TSI#*TSI

IF (ETA2*ETALeLT+0eDeANDTSI.EQ.0.D) GO TO 2
RTSUM1=0.50% (ETA2-ETAL)
RTSUM2=0.5D% (ETA1+ETA2)

GO TO 3

RTSUML = -.SD*ETAL

RTSUM2 = =RTSUMI

IFL = 1

A(1)=0.D

A(2)=0.D

D0630 I=1s96
Y(I)=RTSUM1#X (1) +RTSUM2
YS(D =Y (D #Y (D)

2(1)=DSQRT ((1.D)=YS(I))

CEF (1)=W(I)#DSURT(TSISQ+YS (1)) #RTSUM1
ACL)=A(1)+CEF (1)
A(2)=A(2)+CEF (1) #Y (1)

BARG (I)=0oD

FARG(I)=14D

ARG (I)=Y (1)

SUM(1)=A(1)

SUM(2)=A(2)

SMM(1) = SMM(1) + SUM(1)

SMM(2) = SMM(2) + SUM(2)

A(l) = SMM(1)

A(2) = SMM(2)

DO 650 L = 3sLN

SUM(L) = 0D

D0651 I=1996

BARG (1) =BARG (1) #Y (1) +FARG (1) #*Z ()
FARG(I)=ARG(I)

ARG (1) =ARG (1) #Y (1) =BARG(1)#Z (1)
SUM(L) = SUM(L)+ARG (1) #CEF ()
SMM(L) = SMM(L) + SUM(L)

IF (IFL.EQ.0) GO TO 631

RISUML = RTSUM2 = .SD#ETA2

IFL = 0

GO TO 3

DO 680 N = 2sLNM1sINC
LIMIT=N/2

A(N+1)=(FBCT (N+N)/FBCTIN))/(2.D#FACT(N+1))#SMM(N+1)
DO 660 L=lsLIMIT
BETA=(FACT(L+L)/ (FACT (L) #FACT(L+1)#F ACT (N=L+1)))
1# (FBCT (N+N-L=L) /FBCT (N=L))

IF ((2%L) «EQ.N) BETA=.SD#BETA
A(N+1)=A(N+1) +BETA#SMM(N-L-L+1)
A(N+1)=0.50%% (N+N=3) A (N+1)

END

it
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SURRNUTINE POLY (L. NsARGeP+FRCT)

TYPE DOUBLE FACTsFBCT 4P ¢ ANGLE s TERMySUMIARG9SeY
DIMENSTON P (125),Y(150)4,FRCT (300)
COMMON/RLK)/FACT (300)

11 =0

M =0

IF (DARS(1,N0~ARG) L T,1,N=10) ARG = 1.D

ANGLF = DATANZ2(DSORT(1.D0 = ARG#ARG) +ARG)

LNN=LN+)

LON = LN + 2

NO 2 N = 14LNN

P(N) = (oD

Y(N) = NCOS((N=1)#ANGLF)
MM = )

M2 = 2

IF ((ANGLE NE«0o) c AND& ( (ANGLE o1 T0e3.1415926) ¢ORe (ANGLE.GT«3.1415926
19))) GO TO 6

ARG = 1.
DO S N=1sLNN
P(N)= 1,D

IF( ANGLE .FQ.0) GO TO 14

DO 4 N=PelNNs?2

P{N)==~P(N)

GO T0 14

IF ((ANGLE L T41e570796320) «0R 4 (ANGLF eGT.1.570796329))G0 TO 10
ARG = 0O, i

P(1) = 1.D

NO 7 N = 2oL No?

P(N+1) = FACT(N)/(FACT(N/2)#FACT (N/2+1)#2.D%%#(N-1))
IF (2% ((N=M)/4) JNE, (N=M)/2) P (N+1)==P(N+])

GO T0 14

P{MM) = 1.D

DO 13 N=MMyN

S = 0,.,D

IN = (N=M=1)/2

DO 12 T = IT14IN

12 S = S+FACT(2#M+25#]+]1)#FBCT (2#N-2#T+1)#Y (N~M=2#T1+])/(2,D%#

1 (MsN)RFRCT (N=T+)) #FACT (MM 1) #FACT(I+1) #FACT (N=M=1+]))
P(N+1) = S/2.,##(N=1) :
IF (P23 ((M#N)/2) EQM+N) P(N+1)=P(N+1)+{(FACT(N+1)/

13

LIFACT((N*M) /241)2FACT ((N=M)/2+1))) 852/ (FACT (24M+]1) #2,D## (2#N=-M))
14 RETURN

END
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130

131

135

30

40

KING AND VAN BUREN

SURROUTINE QLEG(Mst NeXeQ)

NIMENSION Q(200)

COMMON/BLK1/FACT (300)

TYPE DOUBLE BF ¢COEFoDToDKsNMaDNoFACTsGA9QeSUMeTERMe X e XAsYAsZsZA
DM=M

NN=0

YA=NSQRT (X#X+1.D)

ZA=(YA+X)#(YA+X)

XA=0,25D0% (YA+X)

2=2.n/7(YA+X)

LNM={_ N+}

DO 135 N=NNsLNM

DN=N

RE=0N’].D

GA=NN+1,5D

IF(N.,GT.84) GO T0 Sno

COFEF=724xA#ts# (=N)# (FACT(N+1) /FACT(N+N+2) #FACT(N+1}))
GO To 510 .

COFF=Z8XA## (=N)# (FACT(N+1) #{1,N=300)#FACT(N+1)/FACT(N+N+2))
SUM=TERM=1,D

DK:-].D

DK=NK+1,.,D

IF(NK.GT50N0.) GO TO 135

TERM==TFRM# (DK+,50D) # (RE+DK) / ((DK+]1 D) #7A%# (GA+DK))
SUM=SUM+TERM

IF (ARS(TERM/SUM) ,GT.1.F=23) GO TO 130

QO (N+1)==COFF#SUM

NO 30 T=lsM

NI=1

NO 30 N=NNIN

NN=N
QIN+1)==((DT+DNI#XEO(N+1) ¢+ (DN=DT1+2., D) #Q(N+2))I /YA
NO 40 N=NNeLN

TFU(22((N+1)/4) ) NFEL((N+1)/2)) Q(N+1)==Q(N+1)
IF(22(N/2) NEN) QIN+]1)==Q(N+1)

END
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SUBROUTINE SBESF (XHeL JeRAY)
DIMENSION RAY(250)

TYPF DOUBLE CPoFACToRAYsSUMGTERM TKyTMyXHoXT42Z2H
COMMON/BRLK1/FACT (300)

L =29

IF (XH,GE..4D) GO TO 4
72H=XH#XH/2.,D

DO 3 N=LoLJ

TM=FACT (N+1)# (XH +XH)##N/FACT(N+N+2)
IF(N.GT.84) TM=TM#],D=300
IF(TM,EQ.0.N) GO TO 8

SuM=1,D

TERM = 1,D

DO 2 I=1,50

XI=T#(NeN+T+T+1)

TERM=«TERM#72H/X1

SUM = SiIM + TERM

IF(NDABS{TERM/SUM) ,LT.1.D=26) GO TO 3
RAY (M+1) =TM#SUM

RETURN

N=170 .

TF(XH,LTL.100n,N) GO TO 20

RAY (1)=DSIN(XH) /XH
RAY(2)=(RAY(1)=DCOS(XH)) /XH

NO 11 K=1leL Y
RAY(K+2)=(K+K+1)#RAY (K+1) /XH=RAY (K)

.RETURN

IF(XH.GTL10,N) N=210

RAY (N+1)=1,n=-250

RAY (N+2)=0,D

1 = =N

M = =]

DO 5 KK=T4M

K = =KK

TK=K+K+1]

RAY (K)=TK#RAY (K+1) /XH=RAY (K+2)
CP=NSIN(XH) / (XH#RAY (1))

TF(NSIN(XH) L Te1e0D=2) CP=(NSIN(XH) /XH=DCOS (XH) )/ (XH#RAY (2))

NO A L=1sL )

RAY (L) =CP®#PRAY (L)
DO 9 J=NslL J

RAY (.1+1)=0.D
FND

SURRAOUTINF SPHYN(XeNeARR)
NDIMENSTION ARR(2S50)

TYPF NOUBLE Xe+ARRsTKP)
ARR(1)==NCNS(X) /X
ARR(?)=ARR (1) /X=DSIN(X) /X

NO 2 K=1eN

TKPI1=K+K+]
ARR(K+2)=TKP1#ARR(K+1) /X~ARR (K)
END
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INPUT

Appendix C

SAMPLE INPUT AND OUTPUT FROM OSPRDS

10 40 20
l,. 2
5 la

1 1 180 Os
1 1. 1800 Os
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DOV IDNPNE WV~

OUTPUT

SHAPF PARAMETFR XT

ACOUSTTIC RADIAYION FROM TW0 ORLATE SPHERQINS

SPHFRNID 1 1.000000 2000000
SPHEROID 2 0.500000 1.000000
SEPARATION PAPAMETER

ALPHA = 4,000000

ACOUSTIC SIZF PARAMFTER H

LOWER AND UPPER LTIMITS (TN DEGREES) OF VIRRATING RANDS

LOWFR UPPER
SPHEROID 1 1R0.000 0,000
SPHEROID 2 180,000 0,000

NORMAL VEL OCITY

(IN M/SEC) OF VIRRATING RANDS

RFAL TMAGINARY MAGMITUBE  PHASF. ANGLF (DEGRFFS)
SPHERNID 1 1.000 ~0.009 1.000 N.000
SPHEROID 2 1.n00 -0,000 1.000 0.000
SUMMAT INON PARAMETFRS
INFEM = 10 INFMPY = 40  TDFMPR = 20

TIME TO CALCHLATF SACK 1S 15.93R SFCONDS

TIMFE TO CALCHLATF CXt IN FOR TDEM = 10 IS 4,408 SECONDS

TIME TO CALCHLATE CX)I.RN FOR IDEM = 10 IS 2,809 SECONDS

TIME TN INVFRT MATRIX OF SIZF 20 IS 1.703 SECONDS

ACOUSTIC IMPEDANCE CONTRIBUTIONS (FOR CONVERGENCE CHECK)

SIMPY = 1.4522780-001 =-1.9119236=-001 SIMP4 =  7.4569529-002 =2,9625104-002
SIMP1 = 1.4522280~001 ~1.9119236=-001 STMP4 =  7.4569529-002 -2,9625104-002
SIMPY = 1.4699060~001 -1,R786R0R=001 SIMP4 = 7,3537677-002 -2.8696971-002
SIMP1 = 1.4659060-001 -1.8786R0R=~00] SIMP4 =  T7.3537677=-002 ~?.8696971-002
SIMP1 = 1.4699072-001 -1.8785930-001 SIMP4 = T7.3537754=002 -?2.8694595~-002
SIMPl =  1.4699072-001 -1.R8785930-001 SIMP4 = 7.3537754-002 =-2,8694595-002
SIMP] = 1.46990772~001 -1.8785925-001 SIMP4 =  7,3537756-002 =2.8694595-002
SIMPY = 1.4699072-001 =1,R785925-001 SIMP4 =  7,3537756-002 -2.8694595-002
SIMPl = 1.4699N072-001 =1,R785926=-001 SIMP4 = 7,.3537756-007 -72.8694595-002
SIMPl = -1,4699072-001 -1.R785925-001 SIMP4 = 7,3537756-002 -2,8694595-002

SIMPT
SIMPT
SIMP7
SIMPT
SIMPT
SsiMp?
SIMPT
SIMPT
SIMP7
SIMPT

EL ST [ I T 1 T I 1}

B8.2254194-001
B.2254194-001
8,2260930-001
8472260930-001
Re27260930-001
8,7260930-001
8.2260930~001
8.72260930-001
B8.2260930-001
8,2260930-001

6.6129655-001
6.6129655~-001
6,7095088-001
6,709508R~001
6.7105187-001
6.71051R7-001
6.7105400-001
6.7105400-001
6.7105409~001
6.7105409~001
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OB NINLWN W

DOPNONL WN -

SIMP2
SIMP2
SIMP2
SIMP2
SIMP2
SIMP2
SIMP2
SIMP2
SIMP2
SIMP2

SIMP3
STMP3
SIMP3
SIMP)
SIMP3
SIMP3
SIMP3
SIMP3
SIMP]
SIMP3

FAR FIELD ANGLE =

—

o

VBN S WN -~

DOONPA S WN

[ TR T T T T T I T

«1.9778769-~001 ~3.1727536-001 SIMPS = 4.1120634-003
~1.9778769-001 «3.1727536-001 SIMPS = 4,1787925-003 =1.0640959-001
-2,0001192-001 ~3.1819350-001 SIMPS = 2,7119211-003 =9.9407364-002
-2,0001192-001 -3,1819350-001 SIMPS = 2,6764570~003 -1,0008250-001
«2.0000645-001 -3.1819R12-001 SIMPS = 2.7600485-003 =1.0014799-001
=2.0000645-00)1 ~3,1819812-001 SIMPS = 2.7536541-003 =1.0014255-001
=2.0000644=001 -3.1819819-00) STMPS = 2.,7527246-003 ~1.0014297-001
=2.0000644-001 ~3,18)9819-001 SIMPS = 2,7527311-003 ~1,0014299-001
«2,0000644-001 -3,1819R15~-001 SIMPS = 2,7527324-003 -1,0014299-001
~2.0000644-001 -3.1819R19-001] SIMPS = 2.7527324-003 -1.0014299-001
7.4292797-004 =-1,2140386-003 SIMP6 = 1,8710779-002 6,3037572-004
9.4291474-004 -4.9400009-003 SIMP6 = 1.8710779-002 6.3037572-004
9.9487897-004 =4.7647486-003 SIMP6 = 1.9862718-002 1.1688905-003
9.9014513-004 =4.7677790-003 SIMP6 = 1.9862718-002 1.1688905-003
9,902067R=004 -4,767TR052=-003 SIMP6 = 1,9865372-002 1,1678646-003
9,9020681-004 -4,767R047-003 SIMP6 = 1,9865372-002 1,1678646-003
9.9020681=004 =4,767TR047-003 SIMP6 = 1,9865372-002 1.1678620-003
9.9020681-004 ~4.767R04T7=003 SIMP6 = 1.9865372-002 1.1678620-003
9.,9020681-004 -4,7678047-003 SIMP6 = 1.9865372-002 1.1678620-003
9,.9020681-004 =4,767R047-003 SIMP6 = 1,9865372-002 1,1678620-003
NORMALIZED ACOUSTIC RADIATION IMPEDANCES

RESTISTANCE REACTANCE MAGNITUDE

Z11 = B8.52641-001 3.32934-001 9,15337-001

221 =  1,94764-001 2.68R18-001 3.31958-001

222 = 4,58909-001 5430319=-001 7.01310-001

212 = 2,47997=-002 3.42292-002 4,27689-002

=1.0639421-001

SM1
SsM1
SM1
SM1
SM1
SM1
SM1
SM1
SM1
SM1

SM2
SM2
SM2
SM2
SM2
sM2
SM2
SM?
SM2
SM2

LI LI O T [ T [ I §

LI U I L U LI i 1}

0.00 DFGREES

ACOUSTIC PRESSURE CONTRIBUTIONS DUE TO SPHEROID 1

0,0000000+000
-7,6478522=-0264
~7,6478522-026
=5.,2562131-026
-5,2562131-026
~5.6351147-026
=5.6351147-026
-5.,6168851-026
-5,6168851-026
«5,6177360-026

6.12851068-001
6.1285108-001
5.8761348-001
S«.8761348-001
5.8764433~001
5.8764433-001
S5.8764423-001
5.8764423-001
5.8764423-001
5.8764423-001

4.0141061-001
4,0141061=-001
4,6643571-001
4,6643571-001
4,6570470-001
4.6570470-001
4,6570123-001
4,6570123-001
4,6570122-001
4,6570122-001

2.0364278-001
240364278-001
1.7848963~001
1.7848%63-001
1.7915424~001
1.7915424-001
1.7915737=-001
1.7915737-001
1.7915738-001
1.7915738-001

(FOR CONvV

SIMPB
SIMPS
SiMP8
SIMP8
SIMP8
SIMP8
SIMP8
SIMP8
SIMP8
SimP8

SIMP9
SIMPY
SIMP9
SIMPO
SIMP9
SIMPY
SIMPI
SIMP9.
SIMPY
SIMP9

1.8198716=002
1.7619066-002
3.3037704-002
2,4286124-002
2.4555585-002
2.4679058-002
2.4675591-002
2.4675218-002
2,64675209-002
2.4675209-002

1,9123912-001
1.9123912=-001
1.9088660-001
1.9088660-001
1,9088684-001
1,9088684-001
1.9088684=001
1.9088684-001
1.9088684-001
1,9088684-001

PHASE ANGLE (DEGREES)

21,329
564,076
49,129
54,076

ERGENCE CHECK)

«1.8803930-002
=1.9549234-002
=1.7936790-002
=1.3377959-002
~1.4906135-002
=1+4844630-002
=1.4837124=002
=1.4837149-002
=1.4837161-002
=-1.4837161-002

-8.,9916783-003
=8.9916783-003
=1.5527726=002
«145527726-002
=1.5616264-002
-1.,5616264-002
=1.5618252~-002
=1.5618252-002
-1.5618337-002
-1,5618337-002
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SM3
SM3
SM3
sM3
SM3
SM3
SM3
SM3
SM3
SM3

SM1
SM]
SM]
SM1
SM1
SM1
SM1
SM}
SM1
SM1

sM2
M2
sM2
SM2
sM2
SM2
SM2
gM2
SM2
SM2

SM3
SM3
SM3
SM3
SM3
sM3
SM3
sM3
SM3
SM3

| T I I T S T I 1}

[ I L T I TR TR T |

=1.3003431~-003
=1.6422078=-002
=1.7144656=002
=1.7171689-002
=1.7172342-002
=1.7172345=002
«1.7172345-007
«1.7172345-002
=1.7172345-007
=1.7172345-007

ACOUSTIC PRESSURF CONTRIBUTIONS DUE TO SPHFEROID 2

=7.0747621-001
=7.0747621-001
~649463353-001
=649463353-001
=6.9460877-001
=6.9460877-001
=6.9460875=001
~6.9460875-001
=6.9460875=-001
-6.9460875-001%

1.1187352-001
1.1782502=-001
5.8118081=-002
8.2730662-002
8.7818935=-0n2
8.7332969-002
B.2380546=-002
8.2379106-002
Re2379078-002
8.2379079-002

=1.,4176702-001
~-1.4176702-001
-1,5269497-001
=1,5269497-001
=1,52772265-001
-1.5272265-001
-1.,5272268=001
-1.527226R8=-001
=1.52772268-001
~1,527226R-001

1.1650979~-002
=4,R935799~003
=643524698-003
=6.3680704-003
~6.3681092~003
~6.,3681082-003
-6.3681082-003
-6.3681082-003
~643681082-003
=6.36R1082-003

=1.0404503-001
=1.0404503-001
=1.0215633-001
-1.0215633-001
=1.0215268~001
=1.0215268=-001
~1.0215268=-001
=1.021526R=001
=1.0215268=-001
~1.0215268=001

1.,4597320-001
1.4311626=001
2.3062603-001
1.7007108-001
1.7993574~-001
1.7525083~001
1.7925947-001
1.7926094-001
1.7926088-001
1.7926088«001

6,0663438-002
6,0663438-002
5.7689831=-002
S5.7689831-002
5,7687277=-002
5.7687277-002
S5.7687280-002
5,7687280-002
5.7687280-002
5.7687280-002

(FOR CONVERGENCE CHECK)
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FAR FIELN ANGLE = 90,00 DEGREFS

ACOUSTIC PRESSURE CONTRIRUTFONS DUE TO SPHEROTD 1 (FOR CONVERGENCE CHECK)

¢8

1 SMI = 0,0000000+000 2,0207722-~001
2 SMl = 0.0000000+000 2,0207722-001
3 SMl = 0,00000004000 1,6566730-001
4 SMI = 0.00000004000 1.A566730-001
S SMI = 0.0000000+000 1.653R560-001
6 SM1 = 0,0000000+000 1,6538560-001
7 SMl = 0N.0000000+000 1.6538670-001
a SM1 =  0.0000000+000 1.653R670-001
9 SM1 = 0.0000000+000 1.6538670-001
10 SM1 = 0.0000000+4000 1.653R670-001
1 SM2 = 2,922R819-001 1,7297213-001
2 SM2 =  2,922R819-001 1,2292213-001
3 M2 =  3,0633277-001 1,3694430-001
4 SM2 =  3,0633277-001 1,36%94430-001
5 SM2 = 3,0633230-001 1,3722096-001
6 SM2 = 3,0633230-001 1,3722096-001
7 SM2 =  3,0633236=-001 1.3722000-001
) SM2 = 3,0633236-001 1,3727000-001
9 SM2 =  3,0633236-00t 1,3722000-001
10 SM2 = 3.0633236-001 1,3722000-001
1 SM3 = 8.0329421-003 =7.0261192-004
2 SM3 = 9.,2160926-003 2.3492785-003
3 SM3 = 9,6193383-003 1,7729575-003
4 SM3 =  9,6237970-003 1.7739774-003
S SM3 = 9,A237626=003 1.7742053-003
6 SM3 = 9.,6237626=003 1.7742050-003
7 SM3 = 9,6237626-003 1.7742050~003
8 SM3 = 9,6237626=-003 1.7742050~003
9 SM3 =  9.6237626-003 1.7742050-003
10 SM3 = 9,6237626=~003 1,7742050-003
ACOUSTIC PRESSURE CONTRIBUTIONS DUE TO SPHEROID 2 (FOR CONVERGENCE CHECK)
1 SM1 = =6.3894038-021 6.0426467-001
2 SM1 = =6,3894038-021 6.0426467-001
3 SM1 = =6.4598003-02) 6.1092227-001
4 SM1 = «6.4598003-021 6.1092227-001
S SM1 = =6.4597004~021 6.1091282-001
6 SM1 = =6.4597006-021 6.1091282-001
7 SM1 = =6.4597005-021 6.1031283-001
8 SM1 = =6.4597005-021 6.1051283~001
9 SM1 = ~6.4597005-021 6.1091283-001
10 SM} = «6.,4597005-021 6.1091283-001
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=

1 SM2 = -1.1137050-001 9.9311624-n02
2 SM2 = =1,1137050-001 9.9311624-002
3 SMZ2 = =1.0606027-001 9.2122994~002
[ SM2 = =1.060A027=001 9.2122994=-002
5 SM2 = -1.0596758=-001 9,233RA63=-0N2
6 SM2 = =1.0596758=00} 9,233RRR3=002
7 SM?2 = =1.0596767-001 9.2335576-002
8 GM? = =1.0596767=001 9,2335576=-102
9 SM? = =1.059A767=-001 9.7335639-002
0 SM2 = =1.N59A76A7=001 9.72335639-002
1 SM3 = =9,7614303-004 1,5427348-003
? SM3 = «5,9509139-004 6.4362580~003
3 SM3 = =7,.,79209RA~N04 6.2485125=-003
4 SM3 = ~7,701R84R0-004 6.72442046-003
5 SM3 = =7.7009907=N04  £,2443614=003
6 SM3 = «7.70100hA=004 6.2443633-003
7 SM3 = =T7.701006R-004 6.7443633-003
A SM3 = =7.701N0AB=NNAL  6.26463633-003
9 SM3 = =7,7010068-004 6,2443633-003
0 SM3 = «7.701006R=004 6.72443A33~003

8

SPHFROTID 1| CONTRTIRUTION TN THE ACOUSTIC PRFSSURE (NTS/SQUARE METER) AT THE INPUT NFARFIELD POINT
RFAL PARY TMAGINARY PART MAGNITUNE PHASE ANGLE (DEGREES)

5.482964004 =1.1332R+006 1.13460+006 -87.230

ACOUSTTC PRESSURE CONTRIBUTTONS DUF T0 'SPHEROIN 2 (FOR CONVERGFNCE CHECK)

-

=

1 SMl = =1,4128212=-001 -],0350546-001
2 SM1 = =1,417R212-001 -1,0350546-001
3 SM1 = «1,37797A4-001 =1,0379287-001
4 SM1 = =1.37797R4~N01 =1,03792R87-001
s SM1 = -1,3780105-001 -1,0380220-001
6 SM1 = =1,3780105=-001 =1,0380220-001
7 SM1 = =1,3780105-001 =1,0380216~001
A SM1 = =1,3790105-001 -1,0380216-001
9 SM1 = =1,3780105-001 =1.0380216=001
[ SM1 = =1.37R7105-001 -1,0380216=-001
1 SM2 = ~4,2124395-007 5.5993395-003
2 SM2 = =4,2045361-007 7,1441089=-003
3 SM2 = =6,5957435=00? ~4,4435184~003
4 SM2 = =4,977?2379=-002 =1.3216066~-002
S SM2 = =4.RS18657-007 ~9.9661024=-003
6 SM2 = =4,8851574-007 =9.6A240R9=003
7 SM2 = =4,8901873-00? ~9,6684562-003
8 SMz =448905808=007 ~9,6720808-003
9 SM2 =4,890A020-007 =9,6725845=-003
0 SMe ~44890A029~002 =9,6726405-003

NHENd NVA ANV DONIA



g8

SM3
SM3
qM3
sM3
SM3
sM3
sM3
gM3
SM3
GM3

DODNOANE DN -

—

-2.3984592~002
~2+3984592-002
=2.5R811565-002
=2.5811565-002
=2.580R142=002
~2.580R142~007
=2.5808144-007
~2.5808144-00?
=2.580R144-002
~2.5808144=002

=1.}680643-003
=1.1680643-003
=1.0764698-003
=1.0764698-003
~1.N696896-003
«1.N0696896=003
-1.0657197-003
=1.0697167~003
=1.0697195-003
=1.0697195-003

SPHFROID 2 CONTRIBUTION TO THE ACOUSTIC PRESSURE (NTS/SQUARE METER) AT THE INPUT NEARFIELD POINT

REALL PARY

~1.05800+00

TMAGEINARY PART

%  =1.56066+005

MAGNTTUDE

1.88548+005

PHASE ANGLE (DEGREES)

-124.134

TOTAL ACOUSTTIC PRESSURE (NTS/SQUARF METER) AT THF INPUT NEARFIELD POINT ( 0.000004000¢ 0,00000+000, 2,00000+000)

REAL. PART

=5.09703+00

IMAGINARY PART

4  =1.28934+006

MAGNTTUDE

1.29035+006

PHASE ANGLE (DEGREES)

=92.264
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