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SECTION I

INTRODUCTION b

This report presents ithe results of an investigation for representing |
the transient electiroiagnetic coupling through a rectangular aperture by
mear:s of the siugularity expansion method.

The singularicy expansion method, which was introd.ced by Baum in 1971
(ref. 1), has been subsequently applied to many scatterer geometries.
The essence of the singularity expansion method is the representing of

the temporal resrnse of a body in terms of the complex natural frequencies

for the body.

Taylor et al. point out that the singularity expansion for an aperture
in an infinite perfectly conducting screen can be determined in terms of that
for the complementary perfectly conducting plate by way of Babinet's
principle (ref. 2). This approach was taken in the work reported here. The
remaining discussion is directed to the equivalent problem of determining
the current distributions on the complementary plate geometry.

Rahmat-5amii and Mittra have derived a coupled pair of Hallén—type
integral equations governing the current behavior on the rectangular plate
(ref. 3). The work reported here builds on their work by generalizing the

integral equations and solution method to the complex frequency plane for the

1. Baum, C. E., "On the Singularity Expansicn Method for the Solution of
Electromagnetic Interaction Problems,”" Interaction Note 88, Air Force
Weapons Laboratory, Kirtland AFB, NM, December 1971.

2. Taylor, C. D., Crow, T. T., and Chen, K-T, "On the Singularity Expansion
Method Applied co Aperture Penetration: Part I Theory," Interaction Note
134, Air Force Weapons Laboratory, Kirtland AFB, NM, May 1973.

3. Rahmat-Samii, Y. and Mittra, R., "Integral Equation Solution aad RCS
Computation of a Thin Rectangular Plate," Interaction Note 156, Air Force
Weapons Laboratory, Kirtland AFB, NM, December 1973.




SEM application. The same method-of-moments formulation, as described in

(ref. 3), is used, i.e., two-dimensional pulse expansion functions with

collocation testing. ]

In order that the computation time be practical in a problem of this
complexity, a great deal of care was given to algoritvhmic streamlining in the
conduct of this work. The streamlining includes maximum exploitation of
geometric symmetry, organization of calculations to make use of redun- é
dant terms and partial terms occurring in the calculation, and direct |

algorithmic exploitation of matrix sparseness. The end result is a highly

efficient computer code. Key features of the algorithms are dis-
cussed in this report.

The pulee expansion appears to be inadequate in accurately modcling the
rectangular plate. The difficulty, which relates to representing the actual
size of the plate, is demonstrated and discussed herein. Remedies for the
problem are suggested, but they are outside the scope of the present work.

Ry holding the zoning scheme invariant while the aspect ratio of the
plate was changed, self-consistent pole trajectories for the four fundamental
modes were determined. For the reasons cited above, these poles cannot claim
to be the exact poles for the body. They are, however, indicative of the

trends in the pole behavior for the plate under change in aspect ratio. These

results are reported and discussed in this context.
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SECTION II
THIN-PLATE INTEGRAL EQUATION FORMULATION
FOR COMPLEX WAVENUMBER
Rahmat-Samii and Mittra (ref. 3) give an integral equation formulation
for the rectangular plate subject to time-harmonic excitation. Their results
may be directly extended to the complex wavenumber case. That 1s, for the
geometry in Figure 1 with exp[st] time dependence, s = ¢ + jw complex, and an
incident plane-wave magnetic field component
ﬁi - [H ia iaA i

u + H u + H
y 0z

ox Ux 5 uz] exp[j(kx x + ky y + kz z)] the following

coupled integral equations result:

L2 w203 (x,y) 'S Ho®
- K(x,y|x',y") dx' dy' = Y g exp[j(k, x + k_ y)]
J (%,¥) z | -Ho X y
¥ x
-L/2 -w/f2
n -1} = n+l
e L C 37 explitn + 14 I, 4, (-s0/0)
. n-1
H (3 exp[j(n - 1)¢] J 1 (=se/e)] (1)
1 n-
The kernel is given by
K(x,y | x',y") = exp[-sR/c]/R (2)
with
2.1/2

R=[G - x")7 + (v - yH7]
The Jx(x,y) and Jy(x,y) denote the respective x and y components of current
on the plate; Jn(;) denotes the Bessel function of the first kind; the Cn are
unknown constants; c is the velocity of light; and (p,¢) are the polar coor-
dinates for the point (x,y) on the plate. Equation (1) holds for
xe (-L/2,L/2) and ye {-w/2,w/2), and z = 0.

It is pointed out that the two integral equations represented by (1) are




(L/2,0)
/

Figure 1. Geometry »f the Rectangular Plate




coupled through the Cn in the summation in the right-hand side. This sum-
) :
mation is simply a Bessel function expansion of the homogeneous solution to

the wave equation which occurs in the derivation of (1). Details of arriving

at this expansion are found in (ref. 3). The pair of integral equations (1)
is complete in the sense that no additional constraints are needed to cor-

rectly specify the currents. It is noteworthy, however, that current

solutions to (1) satisfy the Meixner's edge condition (ref. 4). Namely,

L@z - o, 51+ al/?) ’s

I W2 - d), vl > a"1/2

d~+0 (3)
d-1/2 ?

I % tw/2 -] -

ez - 0] > )

The ability of a numerical solution to approximate the behavior of eqn. (3) is

a key point in a subsequent discussion.

4., Bladel, J. Van, Electromagnetic Fields, McGraw~Hill, New York, pp. 385-387,
1964,
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SFCTION III

SYMMETRY CONDITIONS FOR THE NATURAL MODE CURRENTS

The natural frequencies of (1) occur when the complex frequency s is
such that there are non-trivial Jx and Jy and the accompanying Cn
satisfying (1) for ﬁi = 0. Such Jx and Jy solutions are natural mode
current solutions for the rectangular plate, and the ccncomitant value of s
is a pole of the plate. The vanishing of incident wave dependence gives
rise to symmetry in the integral equations. By discerning the symmetry
relations a priori and bringing them to bear upon solution procedures, one
gains significant computational savings in the numerical solution for poles
and natural modes. These symmetry relations are explored in this section.

The excitation-free form of (1) is

L/2 w/2 -
f f I, K(x,y|x',y") ax' dy' = J:—C- _Z C, {jnﬂ exp[j(n + 1)¢] J_., (-sp/c)

-L/2 -w/2
+ j“'l exp(j(n-1)¢] J__, (-sp/c)} (4a)
and

L/2 w/2 s
mc ntl
f f Iy K(x,y|x',y") dx' dy' = _S-Z, Cn{j exp[3(n +1)¢] J 4 (=selc)
-L/2 -w/2
n-1
-3 exp[j(n - 1)¢} J__, (-sp/c)) (4b)
By using the symmetry of the Bessel function with respect to order, expanding

the exponentials by way of Euler's identity, and appropriately adjusting the

indices, one arrives at the following equation after some manipulation.




L/2 w/2

Jr j Jx K dx' dy'

-L/2 -w/2
E .1:_C.n§0 I af fcos(n + 104 3 (-s0/c) - u,_; conln = 1§ I (-sp/c) ]
- jnd; [sin(n + 1)¢ J_,,(~sp/c) ~ sin(n =~ 1)¢ Jn_l('SD/C)E} (5a)
and
L/2 w/2
I f Jy K dx' dy'
-L/2 —w/2

- '1':—c'n§0 jn+l d: [sin(n + 1)¢ Jtﬂ‘l(—Sp/c) + sin(n - 1)¢ Jn_l('SQ/C)]

+ jnd; [cos(n+1)¢ Jn+1(-sp/c) + U1 cos(n - 1)¢ Jn_lg-sp/c)i}

(5b)

where

and
1, n>0
u = =
9, n<O0
It is noted that the d: multiply terms containing cosine functions in the Jx

equation, while they multiply terms containing sine functions in the Jy
equation. The situation is reversed for the d;.

Because of the symmetry properties of the kernel, the integral operator
on the left-hand sides of (5) produces a function whose symmetry character is
identical to that of the current on which it operates. Then, for a given
current symmetry, only part of the dni on the right-hand side may be non-
zero because of the symmetries possessed by the trigonometric terms. Thus,‘

the respective symmetries for Jx and Jy’ which are compatible, and the

11




surviving terms in the right-side series may be discerned by 1) postulating a
symmetry for Jx’ 2) determining from (5a) which right-hand side terms survive so
as to be compatible with the Jx symmetry, 3) observing in (5b) the variation
which terms have non-zero coefficients, and 4) determining the Jy symmetry
conditions compatible with the postulated Jx symmetry conditions.

For example, 1if Jx is symmetric with respect to the y axis and anti-
symmetric with respect to the x axis, orly sin(n + 1)¢ terms with n even are
compatible in (5a). Thus, cnly d: » N even, may be non-zero. In the right-
hand side of (5b), the coefficients multiply cos(n + 1)¢ terms with n even.
These cosines sum to functions which are antisymmetric with respect to the

y axis and synmetric with respect to the x axis. Stated mathematically, if

I (xy) = J_(=x,y) (6a)
and

I (xy) = =J_(x,-y) (6b)
then +

dn =0, for all n, (6c)

d- =0, n odd, (6d)
and

Jy(x:Y) = _Jy(-st) ‘ (6e)

Jy(st) = Jy(x!—Y) (6£f)

These vector symmetries are in accord with the general symmetry relations
given by Baum (ref. 5). The information in (6) may be used to reduce the
complexity of the integral equations (4), viz., by (6a,b,e,f) the range of
each integration may be halved while by (6c,d) the zero terms of the right-
hand side are known a priori:

L/2 w/2

f f Jx K-+(x,y|x',y') dx' dy'
0 0

ne nzo a 171 [stnn + 1) 3 _1(-sp/c) - sin(n - 1)¢ J__,(-sp/c)]  (ia)
n even

5. Baum, C. E., "Interactior of Electromagnetic Fields with any Object
which has an Elec. romagnetic Symmetry Plane," Interaction Note 63,
Air Force Weapons Laboratory, Kirtland AFB, NM, March 1971.

12
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and
L/2 w/2
[ IJy K+_(x,y|x',y') dx' dy'
0 0
uf = n+l
= ~ Z J

n=0
n even

d; [cos(n + 1)¢ Jn+l(-up/c) + un_lcos(n - 1)¢ Jn_l(-sp/c)] (7b)

where

KT (x,y(x",y") = K(x,y|x',y") - KGx,y|-x",y")

+

K@, y|x",-y") - K(x,y|x',=y") (8a)

and

—+
K (x,y|x',y') = K(x,y!x',y') + K(x,yl-x',y')

K(x,y|x',=3v") - K(x,y|-x",-y") (85)

Yor subsequent reference

H
K (x,y[x",y")

K@yl t,y") + Kix,y|-x',y")
+ K(x,y]x',-y") + K(x,y|-x",~y") (8c)

and

K (x,y|x",y")

KG,y|x',y") - KRG, y|-x",y")

- KGx,y|x',-y") + K(x,y|-x",-y") (8d)
are defined as well. Equations (7) are enforced for z = 0, x ¢ (0,L/2)
and y ¢ (0,w/2).

Table 1 summarizes the four symmetry cases which are derived a. in the
foregoing discussion. By means of this table, four integral equation pairs
can be constructed in the spirit of (7) by replacing the kernels in (7) with
the appropriate kernels from the table and retaining only the non-vanishing
terms in the series expansion.

Figure 2 depicts qualitatively the respective modal current distributions

for the lowest frequency natural reasonance exhibiting each symmetry.
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Symmetry Cases, a) Jx Symmetric w.r.t. x-Axis and Symmetric

w.r.t. y-Axis, b) Symmetric-Antisymmetric, c) Antisymmetric-

Symmetric, and d) Antisymmetric-Antisyumetric
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SECTION IV

THE NUMERICAL MODEL

The integral equation pair of the form (7) for each of the four sym-
metry caees can be discretized by the method of moments. In the work reported

here, two-dimensional, subsectionally constant expansion functions were used

gl it el 3

with collocation testing. The zoning scheme is represented in Figure 3.

The unknown currents Jx and Jy were expanded in piecewise constant
functions as in (ref. 3) with subsectioning of the form given in Figure 3.
Notice that half-width patches are used at the edges of the plate so that
match points lie precisely on the edge of the plate. The half-width pulse
has proved useful in realizing the actual electrical size of a body in one-
dimensional problems (ref. 6). Some numerical experimentation was also done
with full-sized pulses on the edges and comparative results are reported in
a later section. Some difficulties occur in dzfinition of the edge of the
plate in the present formulation because of the prescuce of two current
components which have the asymptotic behavior given in (3). This
difficulty is discussed in a later section.

The boundary condition Jnorm = 0 must be enforced on selected patches

at the edge of the place as discussed in (ref. 3). Concomitantly, only as

ﬁ many di's are retained in the right-hand side summation in (7) as

E there are current values preassigned to zero. The shaded patches in Figure 3
: indicate the selection of patches where a current component is preassigned a

3 zero value. At the corner patch, both components are preassigned zero values.
P

6. Butler, C. M., "Integral Equation Solution Methods,'" in "Wire Antennas

v
E and Scatterers,'" Short Course Notes, Uu:iversity of Mississippi,
; April 1972. (See also IEEE Trams., v. AP-20, pp. 731-736, 1972.)
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Figure 3. Subsectioning for the Discretization of the Integral Eqrations




By assijning one match point per c:xpansion patch and by retaining one
seriey expansion term for each current ralue preassigned in each of the two

integral equations, a consistent (f.e. square) system of linear equations

results, The truncated summation is taken to the left-hand side so that a
homogeneous system results. The matrix organization used to represent these
equations is given in Figure 4. Table 2 defines the computer variables
noted in Figure 4, piimaxrily fcr reference purposes in the next section.

The matrix that results is a function of the complex frequency s. A
natural resonance occurs when s has a value such that the matrix has a zero
determinant; hence, the homogeneous system of equations has a non-trivial
solution. The néxt scction explores some algorithmic considerations in the

efficient generati~n and manipulation of the matrix.
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Figure 4. Organization of the System of Linear Equations




NIl
NI2 = NIl

NPREJ

NPREI

NJ1 = NI1-NPREJ

NJ2 = NI2-NPREI

Sggé} = NPREI-NPREJ Number of preassigned current values (Also the number of

coefficients retained in summation), '

Table 2

MATRIX FORMUIATION PARAMETERS ;

Number of match points on the zoned quadrant of the plate.

Number of patches

is preassigned to

Number of patches

is preassigned to
Number of unknown

Number of unknown

20

along the |x| = L/2 edge where Iy

Zero.

along the |y| = y/2 edge where Jy

Zero.
current values in Jx expansion.

current values in Jy expansion.
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SECTION V
ALGORITHMIC CONSIDERATIONS IN
EVALUATING THE SYSTEM DETERMINANT
Some considerations taken into account in generating the system matrix
and evaluating its determinant efficiently are discussed in this section.
Since these two operations must be repeatedly carried out for many values of
8 in the course of determining the natural frequencies of the plate, 1t is

essential that clean, efficient computer programming and coding be used so

that execution of the program will be affordable. The volume of code in the
algorithms is consistently compromised toward a larger size in order to meet
the following two time-efficient objectives:

1. Avoidance of calculating the same quantity twice; and

2. Avoidance of logical decisions, particularly those which might
be imbedded in loops.

The program is discussed in the context of the following major segments:

1. Computation of an "interaction matrix'";
2. Construction of the non-zero submatrices of the system matrix

from the interaction matrix;

3. Computation of the series terms' submatrix; and

4. Determinant evaluation.

The major contribution to the elimination of redundant calculations is
the one-time computation of an "interaction matrix" which is made up of the
individual kernel integral terms from (2) for all argument combinations
which occur in the computation. The subsequent program step then picks, by
subscript, entries from this matrix and constructs the appropriate kernel
from one of equations (8) according to the symmetry conditions being solved.
This procedure can be viewed in terms of the layout given in Figure 5a. The

terms in the interaction matrix are those evaluated for the match-point as

21
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shown in the lower left with the source patches indexed over the entire

‘.'.A;.I e i <

plate to generate the matrix. Thus, all geometric relationships which occur

in the kernel terms are encompassed in the calculation. Note that all source
patches are full patches for this calculation. The effect of half patches

at the edges is accounted for by weighting by a factor of 1/2 the edge con-
tributions. The kernel integral appropriate to the symmetry is constructed
by summing with correct signs the appropriate elements from the matrix.
Figure 5b gives an example of the four source patches entering into one
kernel integral.

Differing degrees of sophistication are required in the calculation of
the interaction terms depending on the spacing of the patches for which an
interaction is being calculated. For the self patch, i.e., the patch in which
the match-point resides, the integration of the kernel must be performed
analytically because of the integrable singularity in the kernel there.
Appendix A gives a series approximation to this integral. The result in
Appendix A is evaluated directly in the program. For the patches adjacent to
the patch containing the match point, the kernel is a rapidly varying but
well-behaved function. The integration over these patches is evaluated
numerically by a polynomial approximation. For patches further separated,
the kernel is slowly varying and the integral is evaluated approximately as
the product of the value of the kernel at the center of the patch and the
area of the patch.

Some minor time economy is achieved in the matrix filling algorithm,
which is a four-dimensional loop. The economy is found in the form of
decision-free indexing, that is, the source contributions from interior
patches, from x| = L/2 edge patches, from |y| = w/2 edge patches, and from

corners take on different forms. Ratlier than index over all source patches
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with logical decisions implemented to discriminate among the four cases

above, four different loops are used.

wﬁ.*.&. I

The computation of the series term submatrix is relatively stralght-

forward. Because the Bessel-trigonometric products appear in two terms each,

e el o

they are all/precalculated and stored in a vector. The individual terms are
then constructed from them.

The determinant evaluation profits significantly from an erploitation ! ;
of the sparceness of the matrix., Either of two approaches may be taken to |
the sparce matrix manipulations. One is to separate the matrix algebraically

and calculate an inverse as a composite of inverses of terms involving the

submatrices. The alternative approach is to attack t.e matrix directly with |
Gaussian elimination, and to exploit the sparceness directly in the algorithm.

The latter approach was chosen for the present purpose because it is judged

S S s

to be slightly faster computationally and because in order to determine
natural mode solutions for the SEM formulation, the homogeneous system of
equations occurring at a pole must be backsolved. The algorithm resulting
from the second approach is described in Appendix B.

The determinant evaluation routine itself appears in Appendix C as

the function routine CPLATE.



P T

i 0 o o T e, e

SECTION VI

NUMERICAL CHECKS ON THE ACCURACY OF THE POLES

The results of some numerical checks on the accuracy of the pole location
as determined from the numerical model described in Sections II through V are
reported, It is shown that the model predicts well the poles for narrow
strips possessing essentially thin scatterer resonance properties. Difficul-
ties occur, however, in obtaining self-consistent results under different zone
sizes for plates with larger aspect ratios. It is conjectured that the
difficulty occurs because the subsectionally constant current representation
is inadequate to represent the correct edge behavior for the currents-
particularly the singular behavior for the parallel component. The rationale
behind this conjecture is discusged.

Initial tests on the accuracy of the model were made for a rectangular
strip with a shape ratio w/L = 1/10. Such a strip has an approximate equiv-
alent dipole whose diameter-to-length ratio is 1/10m.

Figure 6 givez the results of pole determinations for the first two
poles for various numbers of pulses in the expansion of the current and for
two different treatments of the edge pulse. The strip was zoned with one
pulse across a quadrant. The numbers indicated in the figure are the numbers
of pulses along the longitudinal direction of a quadrant. The "half-pulse"
results are those obtained by the zone scheme described in Section IV where
half-width pulses are placed at the edge so that match points fall at the

edge. The "full-pulge" results are those obtained by zoning the plate with

equal-sized pulses over the entire quadrant. In the latter case an

a posteriori adjustment is made in the data correcting the length of the

strip such that the end of the corrected strip lies at the end match-point.
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It 18 seen that the differences are small both for varying order and
increasing pulse density. The NX = 6 results for the second pole show some
departure from the trend established by the results for NX = 4 and NX = 5,
This is attributable to the fact that the maérix is on the brink of numerical

instability for NX = 6. The results for NX = 7, which are not shown, are

observed to be meaningless because of the instability manifested,

For comparison purposes, the first two poles for an equivalent cylinder |
(one whose circumference equals the strip width) are given as found in .
ref. 7. These results are judged reliable inasmuch as they have been cross-

checked among several integral equation formulations and for several method-

of-moments schemes. The equivalent radius taken is, of course, an approx- i
imation. It is seen that the half-pulse solutions compare slightly more !
favorably with the cylinder results. Because of this, and moreover, because
the a posteriori data adjustment is avoided with the half-pulse scheme, it
was used consistently in the remainiug =2olutions.

The stable convergence properties of the numerical model exhibited for
the thin-strip solution are not manifested for higher aspect ratios. The
reason for the difference is that the strip is essentially a one~dimensional
problem and the transverse (y-directed) component of current has little
effect on the dominant longitudinal current. For wider structures the coupling
is significant and inadequacies in the modeling of the singularities of the
currents produce inaccuracies which are highly sensitive to zoning.

Figure 7 shows the results obtained for a pole trajectory as a function

of the shape factor y/|, where the zoning in the y-direction was adjusted

7. Umashankar, K. R., "The Calculation of Electromagnetic Transient Currents
on Thin Perfectly Conducting Bodies Using the Singularily Expansion
Method," Ph.D. Thesis, University of Mississippi, pp. 33-34, August 1974,
(See also Tesche, F. M., IEEE Trans., Vol. AP-21, No. 1, pp. 53-62, 1972,)
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according to the value of w. It is evident that the solutions are unstable
wicth respect to the zoning on the plate. Attempts to incireace the number of
zones significantly to improve upon the situation resulted in numerical
instabilities in the matrix which cause the pole search iteration to fail.

The reason for the difficultv manifested in Figure 6 is believed to lie
in the way that the edge of the plate is defined witl! the piecewise constant
current expansion. Consider the characteristics of the two current components
along a line traversing the plate in the y-direction as shown in Figure 8.
The correct edge behavior at |y| = w/2 is that given in equations (3). The
zoning scheme, however, forces Jx(x,iw/Z) to take a finite value. The current
extrapolates to a singular point for some y > w/2, i.e., the numerical model
represents a plate whose width is greater than w.

If the number of transverse zones is increased as indicated by the
dashed curve in Figure 8, the steepness of the edge behavior of Jx is
increased,and the extrapolation is characteristic of a narrowar plate as
compared to the first case. This narrowing of the effective width in the
model is reflected in an increased Q (resonance quality factor) as the jumps
in Figure 7 indi-~ate.

One is tempted to conclude that a full-width pulse at the edge is a
cure for the problem since the point at which the pulse current is defined
is shifted relative to the edge as zoning is changed with full-width pulses.
The effect of this procedure is to transfer the problem from component of
current whqse behavior is singular at the edge to the component which goes
to zero. With full pulses at the edges, the normal component of current
would go to zero interior to the plate rather than at the edge as it properly

should.

An approach which is potentially a remedy for this difficulty is

discussed in the conclusions.
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SECTION VII

POLE TRAJECTORIES AS A FUNCTION OF SHAPE RATIO

Figure 9 gives the results obtained for pole location for the lowest
order pole of each of the symmetries as a function of w/L. Clearly, as the
previous section indicates, the results cannot be taken as the correct
results for the plate. However, the zoning was fixed for all w/L and the
results are expected to reflect the proper trends for these trajectories.

The ++ and +- modes are in essence dipole modes, and their poles show
the general lowering of Q as w/L increases. (The ++ indicates that the Jx
component 1s symmetric both with respect tc the x and y axes - see Table I.)
The -- onde can be thought of as a dipole mode in the transverse direction,
As a result if shows a strong frequency dependenct on the transverse dimension
w, When w/L = 1, the -- mode is identical to the ++ mode roteted spatially
90 degrees. Consequently, the two trajectories coalesce as w/L 5 1, when
the zoning is 5x5 so as to preserve symmetry in the numerical mode. The
failurq of the 5x3 zone case is due to the reasons outlined in the previous

section.

A
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SECTION VIII E

CONCLUSIONS d

The application nf SEM to the equivalent problems of the perfectly
conducting rectangular plate and the rectangular aperture in a perfectly
conducting screen has been conducted with partial success. The applicability
of SEM and the computational feasibility of determining SEM quantities are
demonstrated. It is further demonstrated that by careful program construc-
tion, the computational costs of numerical treatment of two-dimensional
problems can be made quite reasonable. The cost of generating a matrix and
calculating its determinant by the methods discussed herein is Jless than
10 cents for each value of s.

Difficulties arise in the subsectionally corstant current zoning be-
cause of a failure to properly model the edge conditions. Whereas Rahmat-Samii °
and Mittra (ref. 3) obtained good radar cross-section results with such a
zoring scheme, the pole locations are highly sensitive to the zoning. Radar
cross-section is a far-field quantity, and the integrated effects of the
errors are small there. The pole locations, on the other hand, depend strongly
on the dimensions of the structure,and it is evident that the plate size
must be brought to bear in a precise fashion for the pole locations to be
correct.

The edge problem can be remedied by imposing the edge conditions
(3) directly in the basis set elements for edge zones.

Davis has done this successfully for the circumferential component of current

on a thick cylindrical scatterer (ref. 8). The circumferential current

8. Davis, W. A., "Numerical Solutiuns to the Problem of Electromagnetic
Radiation and Scattering by a Finite Cylinder," Ph.D. Thesis, University
of Illinois, 1974.
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component is singular at the ends of the cylinder. The introduction of the

singular basis element will produce a significant complication to the

problem in that a second singularity, that of the current, must be inte- '
grated analytically in order to implement the model with edge conditions ,
imposed. An independent check on program accuracy is dictated for a

problem of this scope before proceeding with the edge condition approach.

T A Py = 4} ait

Satd o ode
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APPENDIX A

THE SELF-PATCH INTEGRATION

The term for the interaction matrix for IDIF = JDIF = 0, i.e., where the
match point lies at the center of the source patch, can be written

Ax/2 Ay/2

I w4 f j K(0,0|x",y") dx' dy" (A1)
0 0

This presumes a unit amplitude expansion pulse over the patch whose dimensions
are Ax and Ay. The symmetry of the kernel with respect to both x' and y' is
employed in the forming of (Al). This integral can be transformed to polar

coordinates as

-1 Ay _Ax
tan Ax 2¢cqgsd

I, =4 f f exp[-sp/c] dp d¢
$=0 p=0
Ax
zi2 2cosé
+ f f exp[-sp/c] dp d¢
¢=tan-l %i p=0
tan t %
= - '%E f [exp(-sAx sec ¢/2¢c) ~ 1] d¢
$=0
/2
+ f [exp(-sAy csc ¢/2¢c) - 1] d¢ (A2)
¢=tan-l %%

If the exponential functions in the integrand are then expanded in McLauren
series, the resulting terms of powers of secants and cosecants possess tabu-

lated integrals. The result for three terms retained in the series is




2

_ _4£ _ _5_45 . SAX _A_l :
Ia * 8 2¢c 12 Ja qy b ( ) ax |
1/2 :

"'cl; sAx Ax(Ax + 2}! ) _ sbiy 1/2 In q !
B 2c b !
K :
3 2 2 1/2 ]
+1/2 (s_Az) - e () Axllx t 4y e i
27y |
where |
[ 00"+ 1] |
i |

y [(Ax + Ay ) - )]
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APPENDIX B

THE SPARSE MATRIX ALGORITHMS

1. Introduction

This Appendix describes the algorithmic approach to minimize the
computation time involved in Gaussian elimination triangularization of
systems of matrix equations which are "sparsely coupled." The term %
"sparsely coupled" as applied in this Appendix implies the matrix equation |

form given in (Bl).

M] (X]

- l-_J LJ

It is clear that in this form the sole coupling between the "upper" and
"lower" systems of equations is contained in the matrix M,. Generally, the

number of columns in M, is small compared with the order of the overall

2
system.

An algebraic approach to exploiting the sparceness of (Bl) results in
solutions which are given in terms of the several submatrices and their
inverses. (See, for example, ref. 9.) It is well-known, however, that it is
sufficient for the purposes of determinant calculation and equation solution
to triangularize the composite matrix in (Bl). The triangularization process

involves fewer operations than the diagonalization necessary for the calcu-

lation of an inverse.

9. Dunaway, 0. C., "A Numerical Solution for the Distribution of Time-
Harmonic Electromagnetic Fields in an Arbitrary Shaped Aperture in a
Ground Screen,' M.S. Thesis, University of Mississippi, 1974.
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MAT1 0
(NI1 x NJ1) (NI1 x NJ2)
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=
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Figure Bl. Submatrix Organization for the Sparse Matrix Algorithms, a)
the Original Matrix, and b) Triangularized Form with the
Generated CMAT4
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This Appendix describes an algorithmic exploitation of the sparseness of
the composite matrix in (Bl). That is, a numerical process is given whereby
only the non-zero subelements are stored and operated on, with the compu-
tational operations being those which render the composite matrix M upper
triangular., The determinant of the composite matrix results directly from
this triangularization. A solution for X in (Bl) requirrs a backsolving
process involving the triangularized form of M and a vector resulting from
applying the elimination operations to the vector B . Routines to perform
these operations are given as well.

Appendix C gives listings of the routines built on this algorithm. The
triangularization routine is named SPRHOM. The backsolving procedure is
performed by the entry HOMSLV to the routine SPRSLV. (The name entry SPRSLV

backsolves an inhomogeneous system and is not us:d for present purposes.)

2. The Algorithm

The routine SPRHOM is simply an implementation of the Gaussian elim-
ination procedure with maximum pivot selection applied to the composite
matrix M in (Bl) viewed as a whole. The sparseness of M is exploited by
storing only the non-zero submatrices in (Bl) and skipping the operations
involving zero elements. The result is a substantial saving in both storage

and computation time.

The forms of the input and of the end product for the triangularization

are given in Figure (Bl) with the sizes of the respective submatrices defined.

It is recalled that the fundamental process in the Gaussian elimination
procedure is the elimination of all or part of the elements of a column of
a matrix with respect to a pivot element, commonly the element of greatest

magnitude in the column. That is, fecr a column under process, the row
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containing the main diagonal element of the matrix which falls in that

column. All or part of the elements rot on the main diagonal are "eliminated"
or made zero by subtraction of some multiple of the row containing the col-
umn maximum. In the triangularization procedure, the part of the column com-
prising elements lying below the main diagonal after row exchange are elim-
inated. If the matrix is a part of a system cf equations with non-zero right-
hand side, the row operations of exchange and subtraction of a constant
multiple of another row m:st be performed on the corresponding elements of

the right-hand side vector as well.

The algorithm of the routine SPRHOM operates according to the Gaussian
elimination procedure described above. However, the three submatrices CMAT1,
CMAT2, and CMAT3 are stored individually. In addition, the routine generates
a submatrix CMAT4 in the course of selecting pivots for the columns contained
in CMAT2. Further, the "elimination" of elements of submatrices that are
zero a priori is skipped. The result is significant storage and time economy.

In order to minimize logic decisions in the routine, it is organized to
operate sequentially through the partitioned matrix. The steps are as follows
(it is convenient to follow the thinking of these steps by tracing the loca-
tion diagonal of the composite with the aid of Table Bl):

a. Perform conventional Gaussian elimination to zero the elements
CMAT1(1,J) for I > J, i.e., the elements below the main diag-
onal of M. Choose maximum pivot elements in conventional

fashion. Carry row operations into CMAT3.

b. Create (MAT4 by row swapping with CMAT2 so as to choose
maximum pivot elements. Perform elimination to zero CMAT4
elements for I > J and the entire column of CMAT2. The
number of rows created in CMAT2 is NI4 = NIl - NJ1, the
amount by which CMATl is over-square. Carry row opera-

tions across into CMAT3.

ettty e s it e dhom e It g




c¢. Choose maximum pivot rows in columns of CMAT2 with §
J > NI4 and swap with rows given by I = J - NI4

Mo o

(the rows containing the Jth column dfagonal element of

Dt

the composite). Conduct elimination to zero elements

with I > J + NI4. Carry row operations into CMAT3.

B e

d. Conduct conventional pivot selection and elimination
on CMAT3 to zero elements CMAT3(I, J) with
I >J + NJ1 + NJ2,

In each column elimination operation, the pivot value is multiplied into a
product accumulator to produce a value for the determinant of the composite

matrix. The sign of this product is changed at each row swap in accord with | J

the rates of matrix algebra row operations.

The backsolving routine SPRSLV with its entry HOMSLV operate in a
straightforward manner on the submatrices as reduced by SPRHOM.
Details are omitted here, but the‘routines may be easily followed in a row-
by-row flow from the bottom of the composite matrix, if one keeps in mind
the row index relations of column 4 of Table Bl. The entry HOMSLV assumes a
zero determinant value resulted (approximately) from SPRHOM and the last
element of the solution vector is picked as unity. (The zero determinant
results from a zero falling at the last diagonal location in maximum pivoting
Gaussian elimination.) The remainder of the homogeneous solution vector is
backsolved conventionally relative to this last element. The vector is then

renormalized so that its maximum element is unity.
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Table B1

PRIMARY INDEXING QUANTITIES IN THE ALGORITHM

: 4
Submatrix Size of1 Indices of Mainl Relative Row2 Index

Submatrix Diag. of Compos. of CMAT3 and CRHS f
i.

CMAT1 NIl x NI2 J,J) I3 =1
CMAT4 NIl - NJ1 x NJ2 J,J) I3 =1+ NJ1 |
(can be null) |
p
CMAT2 NI2 x NJ2 (J - (NI¥ - NJD), J) I3 = T + NI1 | 4
CMAT3 NIl + NI2 x (J + NJ1 + NJ2, J) I3 = 13 | &
L NIl + NI2 - 4

. NJ1 - NJ2

1. Quantities given in terms of input parms. to the routine. Related
internal quantities are given in Figure Bl.

! 2, Relative to I, the row index of the sudmatrix in question. [
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APPENDIX C

PROGRAM LISTINGS

A All code compileable on 13M 0S/360 and 0S/370 FORTRAN levels G or H.

f The routine ZANLYT and its service routine UERTST is taken from the program

; library FORTUOI made available by the Computer Services 0ffice, University of
i Illinois at Urbana-Champaign, Urbana, Illinois 61801. The routines BSLJZ
and BSCJZ are taken from the International Mathematical and Statistical
Library (IMSL). They may not be reproduced apart from this application

} program package. The IMSL library is available by subscription from IMSL,

Inc., 6100 Hillcroft, Suite 510, Houston, Texas 77036.
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PALE SFARCH DPPGRAM FOR S F M FREMULATION NF THIN-PLATE SCATTFRER
BY L W PEARSAN 8/74

TMPLICTT REAL*B(A R D=Hy"=7),FNOIMPLEX*]16(()
COMMIN /GEIM/ XSYMyYSYM )W NXGNY,IOPFAS{1N) 4 JPREAS(10),NPRET,NPRF)
INTEGFQ MES({642)/ SYMMY  IETR T4, 000, 0 0, CANTL 1, *SYMMILIETIRT 000/
NATA C/(3.D0840.D0)/,PLUS/ '+ /,P1/3.141592652589793/ '
DATA HMX/IX'/ HY/0Y Y/
EXTERNAL FPLATFE
DIMENSTIDN 7X(20), INFFP({20)
LPGICAL LAJTN
READ'S" 'EN')IQQQ) XSVM.YQYM,NX,NY.W"" we le!tSUNFP'LAUTC
FIRMAT(2A1,2X213,5F1N,4,T8N,L")
[vx =]
vy =)
TRIXSYMNELPLYS) TMX=?
TRUYSYM NE PLUS) TMY=2
NWz (UM=WN) /WS
TF(MA.GY,0) AN TC 105K
NiW==NW
WS==WS
TRFIWSENW LT cWY-WN ) NWz=Mu+]
DN 20N TW=z] yNMW
W=WNe( TW=))%WS
IF{ NPT LAUTNY GNP 70 140
SK TP PAST AUTQ Z"MING

ROYTINE T DETERMIMNE NN NF FXPANSTON PULSES RASFD ON FLECTRICAL
SIZE NF PLATE

TESTWV=.)885010/0ARS(DIVAG("SUNCP))
11171171771¢171¢17

NPPWVL=6

1111111117117/

FLENX=1/TRESTWY

NX=TNINY (FL FNX&NPO WV )
TF{OFLOATY(NX) LT FLENXSNPOWYL ) MX=NX+1
CLFNY=W/TESTWY

NY=IDINT{FLENY®NPDPWVL )
VFU(DFLNAT(NY) JLT FLFNY®NPPWVL) ANY=NY+1
NX=MINO(NX,5)

NY=MINN{NY,5)

REGIN SETUP FNo ALTFRNATE EDGF PATCH OREASSIAMMEMT

NPPET =(NX+2) /3

NPREJ=(NY+2)/ 2

TFINX=2%¥NPRET 42 L. FelJANDMDPET T 1) NPRFT=MNPPET -]

TFINY=24NPREJ#2,LEL L ANDNORFY, (T, 1) NPREY=NPREJ-)

DY 110 T=1,NPREY

TPREAS(NPRET+1-T}=NX=-3%T+3

TINTINYF

DA 120 J=1,NPREY

JPREASINPREJ+1=J)=NY=2%]¢73

CONTTNYE
LNCATIONS WHERE X-DIRFCTEN FUPEFRN
T 1S SFT T¢ ZEQN GIVFEN Ay SURST I

4y

nanlo
non20
ARA3Q
00040
nonsd
INIBL
nna170
00nan
N0090
nnlooe
NNy
10120
N0130
Ary4n
nn1 s5e¢
N016)
11710
20180
00190
060200
nog210
19229
nn23r
00240
nn2s50
nN260
an270
0N280
nnz29n
N03%50
203130
n10320
nn1nH
N340
na3s5e
Q036N
nn370
13380
nna9n
00400
[a3a2’% Ks!
nN042)
00439
00440
nnN4snH
11460
Q0470
0480
1149
70500
nns1d
10520
10520
NS 40
nNn550
01560
ARG TR
posap
nls59°
00400
00610




2

200

999

PTS (MXyJPREAS) AND Y=CIRECTED RY
(IPFEBS,NY)

WPITE(642) WyCCUNNP

FIRMAT(*1FENTER ITERATIDON®,/,'DSHAPE RATIN =',F5.2,5X,
1'STARTING FREN =!,2Nn12,.4)

WRITF(6,3)

FIPMAT( OO, 10Xy *r 1P SYMMETRY? y6X, *PULSES? 43X PREASSIAN LORIINSY)
WRITE(6y4) HX G {MESTT,IMX )y T=144) g NXy | TPREZS( ) Jd=1,NOFE])
FARMAT(* ¢ JA] ,"=DIR 46Xy4Al,y16,5X,10"3)

AOPYTE(6H94) HY o (MES(TIMY)T=21,4)yNY,(JPRFAS(J) 4= yNPFEJ)
WRITF(6,5)

FRPMAT (100, 11X, *CPMPLEX FREQ! ,1TXy'DETEPMIMNANT V)
CX(1)=rSUNTR

CALL ZAMLYT(CPLATE, 1.N=5N,44"31y1, Xy 170, INFER, IFF)
WATTE(6,6) 7 X(1)

FOPMAT(INRETJRN FROM TTERATION® /4 'NPCLE LOCYINY, 2F1244)
TALL MODE

CSUNIR=MX(1)

CONTINUE

52 70 17

STAD

END

70620
nns20
00640
INGSHN
00660
20670
00680
00690
noror
00710
noT20
nnT3n
00740
00750
No760
00770
00780
00790
00800
n0810
00820
00832

nraen
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SUBRRNYT TME MONnE

TUPLICIY REAL®A(AJR4D=H,N=7),FNMPL CX*16(C)

TIMMON JMAT /7 CMATX( 25,25) yCYUATY (254 ,CHOMIS50,10) yCMPT4(10,25),

IMPTCHS yNDIMI s NDIMATLNDIMC ), NNRD

SOMMNN /GENM/ XSYM, YSYMoW NX G NY o IPRFASSID) 4 JPPEASII0),NPRETI,NPRFY

DIMENSTINN PRIX(S545)4FPRY(5,5)

DIMENSION CJ(50)

NORECNPREI#NPREY

NPREIMNPRET-1

NPRE JM=NPRE J-1

CALL HOMSLV(ZMATX yNPTLHS NPTAHS=NPREJZNITI ML, NDIML,
CMATY g WNPTZHS JNPTPHE=NPRET yNDIMLyNDIMI,
THOMG NDIME T NNTME S, CMATS G NDIMCIZ NDIML,CJyNGRD)

NXM1=sNX~-1

NYM1=xNY-1

NSUPS=(

DY 470 JS=1,NY

NN 450 IS=1,NXM]

Ja(JS=-1) &NX+1 S

TORX(1S,J4S)=0J(J-NSURS)

JM= J)=-NSURS

TONTINUF

J3JSENX

TF(JS o NELJPREAS (NSURS+1)) GN TN 460

NCSURS=MINJ(NSHIRS+Y  NPRE UM)

CPRX(NXyIS)=(0,40.)

GN TN 470

TPRXINX,JS) =C J( J-NSURS)

CONTINUE

DO 500 1S=1,NX

N) S006 JS=1,NYM?

Je(JS-1)\NX+1S :

CPRY(T1S,JUS)=CUINPTCHS —-NPREJ+J)

SOINTINUE

NSRS =0

DN 530 1S=1,NX

JENYMUIENX4TS

TFUTS «NFLIPREAS (NSURS+1)) RY T2 510

ZPRY{(TSyNY)=(0.,0.)

NSHRS=MINO(NSURS+1,NPFETM)

50 70§30

LPRAY(TS NY)=C JI(NPTCHS=NPREJ+J-NSUR

CINTINYE

WRITE(6,416)

EMIMAT('OS®&ERNATURAL MODERkka®?, /7 YQX=DIRECTEN CUFRENT?)

NY 5S40 T=)l,NX

WPITE(6917) (CPRX(T,4J),J=1,NY)

FIPMAT('0!,5(2N12,.442X))

CANTINYFE

WPIYE(6,18)

EIRMAT( 'OY=-DIRECTED TURIEMNTY)

DN 550 U=1,MX

WRYTE(6,1T7) (CPPY({T,J) 021 ,NY)

TONTINUE

WPITE(6,19)

FIRMAT(IQHDIMAGENFNUS FXPANSICN CPEF?I1GY)

WRITE(6,1T) (CI(2*NPTCHS-NPRE+] ), TI=1,NPRE}

RFTURN

FND
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FOMPLEX FUNCT TON COLATEX]6(FSUNDE )

YETERMINANT EVALUATITN POUTTNE ENR HALLEN=TYPE AUGMENTED MOMENT
MATETX FPE THE THTN PLATF SCATTERER

FAP € £ M ADOLICATTANC

Ay | W OFARSNN 8/74

IMPLICTIT FOMPLEX®16(F),FEALRB(LyRyD=HyP=Z)

SOMMAN /GEOMN/ XSYM YSYM W NX G NY 4 TPRFAS (1D) ¢ JPFFAS (Y0 )y NPRETI\NDOEY
COMMIN /MAT/ CMATX(25425)yFMATY(25,25)4FHOM{S50,10)CMATA(10425),
INPTCHS G NDIML f NDIMC T ,ADTM J,NND

ICAL*B DRARG, DIMAPG (DRAFS(20),DIMBFS(20),N1M} (20) ,0UM2(20),DUIM3(20
1),NUM4(20) )

DIMENSIAN CIMTER(L Z10) oM TRTX(25) oL INTY(25)4CCOSTM(10),fSINTM(10)
INTFRED MEQ(4,2)/SYMMO, IFETT 0 100 0 o SANTL O 1SYMMI 1ETDL S, 0C 0/
NETA C/(3.008,0.D0)/,PLUS/"+%/,PT/3,141592653589793/

NATMY} =25

NDIME 1260

NDTIMS =11

NDTM=50

FPRM)LATION SETUP ROUTIMES
TuX=1
IMY=1
TFUXSYMONE,PLUS) TMX=?
IE(YSYMNF,OLYS) TMY=?
IM(X/Y)=2 TNDIZPTES ONTISYMMETRIC
DISTA CF X=DIRFFTEN CURFENT WRT X
/Y BXIS
NDTE 4 S=NXENY
TrT NO PF CUPRENT DPATCHES
NXM1=NX-1
NYMY =NY-1
ENGFAT=N,5
PEOPFETIANAL WIDTH DF EDGE PULSES
EDG2=EDGFAMEEDGFAT
LOFNER FACTCRR
DX=14/(FLOAT (2%NX =2 ) ¢ 2%FNCFAL )
NY=W/(FLNAT(2 #NY=2) 42 #ENGFAR)
NXT2=NX%2
NYTI =MY#2
FS=CSUNPR /2 /"
NTemMELTZED LAPLAME VAPTAALE
TNTETS=13
NXINT=NX/12
NYINT=z0Y/12
NUMER TNTEG PAFMS
NSYMX==(-1) %% TuX
NSYMY==(=1) &% TMY .
SIGNED SYMMETRY JNDTFATORS
NSMTT 2 NSYMY
NSMTT T =NSYMXENTYMY
NSMTV=NSY4X
SICNS CF KEOMEL FM2 EA QUAD'S CON
TR TRUT TON
NTNDX=2
TE(MSMITTLGT.0) NTADX=]
NINDX = ) INDYFATES EVEN-FVEN MR
PDN-CDN SYMMETRY FCR X-DIR CURP
NSCre=]
TFOXSYM.EQ.PLUS) NSFPC=?

47

01440
71450
01460
MN470
01480
01490
01500
01510
01529
01530
01540
1550
01560
01570
n1580
01590
01600
ne10
01620
01630
01640
n1650
01660
01677
N1640
01690
01700
0171C
nLr2e
01730
N1740
2175¢C
n)17en
01770
g178r
01790
21800
N181¢0
0182GC
01832
011840
n1850
o186"
01370
01880
~1395
01900
01910
01920
01920
11942
01950
01960
n19TN
01980
01990
02000
02010
02020
n2nian
02040




DDIOD

9

ITOOIID

200

221

NSCC'S = 2 INDICATES FVEN SYMM WRT
Y FOR-X DIR CURR (1 € COSINE EXPA
NSTPON TF HOMGENEMS SPLTH)

NPRF=NPRET#NPREJ
TAT NC NF PREBSSTANED rURe VALKHS
NPRE JMaMPREJ -1
NPREIMaNPRE] -]
NPRFP1=NPRF ¢
END NF TNPYT/SPECIFICATION QNYT INES

RAYTINE T FILL TINMTERAFTION MATRIX FROM WHICH MOMENT MATRTX IS
CONSTRUCTED

NIAG:DSORT{NX*DX+DV*DY)
ALNXTM22%DLOG (DT AGHNY )/ DX )
ALNYTM=2%DLYG( (DI AR +OX) /DY)
nyapx= Ny /70X
NXRNY=NX/NY
£SDX=TS*DX
CINY=CSxDY
28DX2=CSOX*CSNX
CSDX3=CSOX*" SDOX2
CSNX&=rSDX2%CSDX2
TSDY2=CSNYECSNY
nSDY2:2rSDY%CSNY?2
CSNY&=CSNDY2*rSDY2
LOMPPNENT TEGMS Fro SF| F-PATCH SE
UES
CXTERMz=0,5DVXCSOX*ALMXTMeN 5N *CSOX2xDYROX-CCOX3*{DXRDYXDTAG/(]12%
10Y)+ ALNXTM/24) T SNXG & NDVROIXK (1 +DYBDXXDYRPDX/2) /24
CYTEM==0 50N %CSOYRALNYTMEN, SDO¥ SN Y2&DXBNY=-CSOYI* (DYRDXXDTIAG/(12%
10X)+ ALNYTM/24) #CSDYLEDXRNDYR {1 +DX RDY®RDXROY/3)/ 24
FALC INDIV SERTES FNF SELF=-INTER
CINTER([)1,1)==2/ Sk (CXTFRM+CYTE2V)
COMPUYFE SELF=INTECACTIMN
N 220 1S=1,2
XS=(FLOAT(IS)~-1.,.50")*NnX
DY 220 JS=1,2
LIOP T2 rALC ADJATENT PATCH TNTER
IFLIS*YS,EQ.1) GN TA 220
YS={FLAAT{ JS)=-1.5D00)%NY
N 210 JTENT=], INTPTS
XO=FLNAT{TINT=1)%DX TNT
NUMEF INT WRT X LF0OP
X27¥M2=XS+XP
X2TM2=X2TM2&X2TM2
5 200 JINT=1,INTOTS
YP=FLNAT (JIMT =1 )*DY VT
MIMER INT 4PT Y LNND
Y?TV=YS+YP
DzDENOT (X2TM2 4Y2TMRY2TM)
“INTY(JUTNT) zCNFEXP {=2%C SkR) /P
EVAL TNTERGAN]D
COANTTIME
SALL OWEDDL (T INTYLINTPTS yPYINT,CINTX(TITINT))
INT WRT Y T YIELD X TETEGPAND

~ONTINYE

RALL DWEDOL{" TNTX, INTPTS, AXTNT CINTER(TS,JS) )
INT WPT X

LINTINUE

n2nsn
02060
207D
12180
02090
02100
nz211n
02120
N2130
n2147
02150
n2i16n
021712
n28n
02199
N22490
02210
0222)
02230
02240
02250
02260
02270
nz2z28"
02290
n2300
12317
n27120
02337
n234
32350
Nn2360
n2370
02380
nN2390
N2400
02410
n2420
N241¢
(2440
N2450
N246n
£24710
N2460
02490
12500
0251C
n2s20
22530
02540
02559
n256"
02570
n2s8n
02590
D260
126110
n2620
02630
n264n0
32650
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250

¢
r.
r
PS

(e Ba |

RES]

[ X% B Ky g | B

i

-

D

-

Ty D

310

DY IOYO

i il tincie i . e 2 v Ll T I TG L T L ey

N 250 TS€=1,NXT2

X2TM2aNFLOAT( 1S ~1 ) *DX

X2TM22X2TMRk X 2TM2

NN 250 JS=1,NYT2
LOOPS FLR FEMAIMPER PF INTFRACTTA
M CALCYEN RY PNF=OT PREFTANG RULE

TFUISH+ISelT o4 JNRLISLFN,2.AMDLISEYL2) RO TO 250

Y2TM=FLNAT[JS =1)%NY

=DSORT(X2TM2+Y2TMEYDI TH)

CINTFR(T1S,JS)=FDFXP (=2%C<&F ) /0%DX#DY

EONTINUF

FNN YF LONP TP FILL INTERAFLTYINN MATRIX

RFGIN FONSTRYCTICN NE MOAMEMT MATRTX

NN 35N T M=1,MX

NY 350 JM=1,NY
TMDEXTING CF MATCH=-DNINTS NVER ENT
TRE NUADP ANT

[a(JM=1)xNXsT ™
ANE-DTM MATCH-PT TNDFA GEMIED
CRLYWICSE ALPNG X-NIRFECTINN

“NSURS=0

DN 330 JS=1,NYM]

INDEX FVFF SCURCE OATCHES y-NIE
JN1=TABS(JY=yS)+1

1ST AND 2AD QUAD J 'DIFFERENCE

I NDF X?
JN2=gM+JS

BN £ 4TH OUAD J 'DIFFFIENTF

TMDE X!

NQTE YHAT SDIFFERENTE INDICESY 8P

E = YINDEX DIFFFNENCEY &1 FOP TVE

SAKE CF FNRTELN T'IDFEXING
DN 311 IS=1,NXM]

INDEX NVFF SMUBCF "~8TFHFES X=DIF
TN1=TARS (1S-1M)+1]

IST 2 4TH QULD Y1 JFF G NEY
IN2=154TM

?\”\ f. ll‘l) (\U(n L} "NTEF (N’\Fxt
J=(JS=1)2NxX+T8

NNFE=DIM SPYRrF-PT TANNFX
CO=CINTERIIN 4 D1 ) #NSH T T TR TNTER(1D2,JN2)

SUM £F SAURFE CONT FEQM DT A QT
FE=NSMITHCTVUTER (TD2,J00 J4MNSMTVERCINTER (TN, N2)

YV OF SPURCHE ZONT FECM QU £ QTV
TMATK(T, J-NSURS )= N4rF

SHPMAT FATRY FRP X~-NTR CyfFreg
CMATY{1,J)=r0-CE

SIIRMAT ENTEY FPR Y-[CYO (YFR1c

NITE THAT EVEN 0O'S FONT NEAATIVE

FNF Y=NRIF CURP 1S
LINTIVUF

END AF SDURCF LPNP FNR IMTEPTCP PATOHES

TOARCTYRYCTION CF SAURCE Troms FECM A2C(X)=¢ EDGE FCLLOWS

ID1=TARS{NX=TM)+)
TN2=NX+1M
J=J SeNX

N2660
n2670
02680
nN26990
02700
02719
n2r2c0
N2T1 40
02140
n275%
N2760
nN27170
12780
N279n
02302
n2810
02820
nN233c
D2R40
nN2850
nN286"°
N2870
N2880
1239¢C
02900
N2910
N2920
029130
02940
02950
N2960
nz2q9rr
02910
N2992
f\3.‘\l"\
115G
n3nzo
5320
D047
n3"5n
02160
f\}’) 7(‘.
f\3"‘ﬂ"
073090
n3inn
n3
0212n
03132
n13140
N215n0
N316)D
n3170
N3180
n319”
N2200
N3212
n322°
03230
N324C
N32 50
03260

W R




CI=CINTER(TINY L JNL ) ENEMTIT T RCINTRR(ID2, U0 2)
SUM PF SQUPCE CONT FFOM™ T & QITL
TEaMSMITISZTMTER{1D?,yDY ) ¢+NGMIVRC INTEF(T01,402)
SUM NF SFYPCF CONT FFEOM QIT K QIV
PMATY(T, )= (" N=CE)EFENGFAL
SYRMAT FATFY FOP Y-DIP CYRR'S
NAITE THAT EVyeN Q'S COAMT NERATITIVE
FPR Y=NID rUPRYS
IFUJSNFEJJPEFAS{NSURS+T)) AL Tr 325
NSIES- M NO{MSURS+],NPRFIM)
350 T 230
CMATX( 1, J-NSURS )= TF4rr ) *FNGFEC
SURMAT ENTRPY FN@ X=DIR CURR?'S

FiD POUTINF FAE ARS(X)=* SDNAE TERWS
CoNTINUE

END LONP NVER Y CQOOPN FRR O JMNTE MR PETCHES

REGTIN RAYTINE FCR CONCSTRNATIAN [F SCURCE TERMS FN2 ABS(Y)=R EDGF

JN1=TARAS(NY= M) +)
JD2=NY 4M
NSIRS J=N&IRS
NSURS=zQ
DY 340 TS=1,NXM]
IMDEX PrWN X 722D tS INTERITP
DATrHES
TN1=TA8C(1S~IM)+]
IN2=1<+1T¥
J={NYML) aNXeT S
CR=CINTER(IDLyJIDL ) #MSVIT T &CINTEF(ID2,JD2)
SUM (7 SCURFE CONY FPMM QT £ QIIT
TE=NSUTTACTINTER(ID2,JNT ) $NSUMIVEFTNTEC(IN],JD2)
SiM OfF €7CE CAMY FEOM QT £ OIV
CMATXL Ty J=NSURSY)=(FF+CT) RFNGFAC
SUEMAT FLTRY FAD X=NIF LURRES
TFOTS NF, TDRFAS(NSUOS+Y)) D TP 335
NSURS=MINN{NSUAS+ L ,NPRF]I M)
NN T 340
CMATY (T, J=-NSURS)=(rN=-FF)«FDRFAC
SURMAT ENTRY FOP Y=NTE FYPRIS
NTTE THAT EVEN Q'S C(NT NEGATIVE
Fre y=-NIP FUFR!S
CANTINYE

END 2°yTINE FNP ABS(Y)=R FDAF

CONCTRUFTION CF CNRNEG CAYECF TEFM

INL=TARS(NX=TV )+l
1N2=NY+TM
JENXENY
CY=CINTER{TN|,JO1 J¢NSMTT T~ INTER(TIN2,JC2)

SUM OF SPYRFCE CrvT FPoM O £ QT I
CF=NSMTT#"INTER(ID24IN1) ¢NSMIVECINTER(INL ,,JUN?)

UM OF SNYRCE COMT FECM QIT & O1V
TRFINY NFLIPREESINGPEY)) FMETX(T ¢ J=NPREJM)=(FE+(N) *[DR?

SURMLT FENTRY EFPF X=DTP CURR'S
IFINXNELTPFEAS(NPRFY)) CMITY(1,J=NPFEIVM)= [CC-FFE)%FNG2

50
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SURMAT FHTEY F(f Y=DT3 rigneg n118n
NOTF THAT CYER Q1€ (70T CEGTIYE n3gan !
FrR Y=NnTC CYCcRes nN3900
350 FONTTIVYF 13912 3
- 03920
r END IF MOMENT MATOTYX TMTEGALTICN CONMSTOUCTION 02391n
r 3940
£ REATN ROUTIME TN EMTED HOMAGENECDS SAL'N EXPANSICN FAL 'S TN MATSIX 03950
r 03960
360 NRES=2&NPPE 397"
. HIGHFST PRDEF RESSEL FUNCTINN IN 03980 1
r YPMEGENERYS SPLIN FXPAMSICN 03990 ;
TF(NINDX.E9,2) NAFC=MREC -] "4000 i
r OME LESS IF EVEN INDEX EXPANSICN 04210
N 490 TM=1,NX 04929
X={FLOAT(IM) =N 500 ) &NY 04030
N 400 JM=1,NY N4N40
Y=(FLNAT (JM)=0.5D0 ) *DY 141650
T={JM=1)%NX+T M 04060
r INOAEXTAA THPI) MATCH-DTQ 04970
PHY=NA8TAN(Y/X) nNaHgn
R4N=ISOPT (X X+ Y%Y) 04990 ]
r POLAK CPORNIS AF MATCH-PTS n4109
NDPAFG=24DIMAG(CS ) #EHD %110 1
DTUAIG==2%)PEAL ([ §) *PHN 04120 9
r ACGUMENT (F RESSEL FN'S 041139 3
TEIDABSINTMEPG/NRAPG) (LY L1 F=27) GP TN 364 04140
r TF FFEL BPG SKIP TN FEAL BES fALL 24150 :
FALL BSCJZINR AR, DTMARG, DR REC NTMRFC NPFES, 0 N0, 16, 1FRPE,PUML,DUM2,D 94160 !
1UM3 ,D1144) 74170
c GET TAGLF NF RESSEL FUMTINNS 74180
AN TN 368 41 90 ;
364 "A1LL ASLJZ(NRARG,DNNEC NAEC O [N, 16, 1FFR,NUML,DIIM2) 042C0 4
FALL ZFRNZINTMPES, DE(NBECHTY)) 04210 1
FALL ZEROZ(NTMAES, 2% (NRES+1)) ng2 20 i
¢ SET I'0 PUFE EFAL RES FUNATICNS 04730 1
368 STV (1)=N Ne24) 1
FEIMTM(L )= 14250 1
r 2ERP 1€T TEGM FLFE FPPSTRUCTICN 4260 o
e VEFTPRS 04270 1
e 3TA 1121 ,MPFEP] 04280
' r TNDEX YHEY C2LC NF FREF FONSTR 04790 3
. r VEFTOR 14309 :
TMIX=2 & T T=NTADX 04310
r ~ALC SEETFS INDEX N4320 ]
TECINDX.EN,N)} GF TP 370 14330 4
3 r SKIP CLLE NF RFLCW TFEN FRP ZEFN 04340
r THMOFX = 'T W!S SET Tr ZERN ARNMVE N4315) i
AR G=NFLAAT(TNDX -1 ) %PHT Na36n ;
g ARGUMENT FF STM FN 04370 4
FRES=DCMPLX(NPAFES (TNNX), NTHAFS( INDX) ) 04380 4
g FEACTMIYT)=PNCAC(LARG) 4 TRFS X4 %D] ngagn )
4 “SIMNTM(T])=DSTA(ARG )& AESKAPT 04400 ;
r FLLE CCEFF CPANSTEUCTIAN TERMS 04410 ]
1 370 SONTINYE 04420 ]
1 N> 280 JJ=1,NORF ) 0443C
)i r LErP YO CFPLACE CCL'S FOF PFREACSKT Ne44n
b r GMED J TFRMS 04450
] J= JPREAS () RNX 04460
i r INDFX [F COL RFING PEPLACED 4470
4 TNIX =28 ) J=NTNNX 04480 3
; 51 ]




(%

R I n)

in
372

380

381

38?

I 390
400
| r
3 r
b r
E 405

20

SEETRES [WTEX FOF PRPLAFING

Y T (3714372)4NS0CF

SELECT PRIPER SERTES frec
NG TP Y SYMMETPY FONDITITN
NGrre=2 INNIFATES FOCINES TH

SUFEENT £D

TEGM

AOCOEDT

X

CHOMIT 30 )==P1/ (2%0S)%(N 07, 1D )&k THNXK(CSINTM(YI)=CCSTNTM{JJ+1))

FAIMINDTCHSHT ,JJ) ==PT /{220 )% (T .00, 1 NN ) AXINDIXX[(CONSTV (0 )+

1CCNSTH(JI +1))
60 Y7 38N0

THAM( Ty 30 )==PT/(24CS)I A0 NOLI PO EX (TADXE JR(FOOSTV(J 34" ) -

1EFDSTMIS))

THOMITENPTYTHS 4 JJ) ==PT/ {2 8C) % (0 DOy Y o DN )% (TMNDX4L)X(FSINTMIIS )+

17"STANTU(J)+1))

CONTINUF

NN 390 1Y=1,NPRF]

J=INY=1 ) RN X$TPPRFAS(TT )¢NP T HC

LNMB Yr CEPLACE COLIC FNQ PREFARS]

JJ=1T+NPREY

SNED T TETMS
INDIX=2%( T T#+NPEEY) -NTINDX
63 7 (381,382}),M5° NS

CHOIME T, JJ b==P T/{2%0S)&(N NN, 1. 0C)*ETHNXK(TSTMTM(TTHNDREY) -

1TSINTMUTT #NPRFY+1))

THIMUTHMPTIHS () ==PT /(257 S) (0 N0, 1 DO)EXINDXK(FICSTY (TT+MPEFRY) +

ICFNSTM{TT4NPRF)+1))
50 72 390

CHAIM( T, JI)==PT /(2% SR (CaD0y LIONEE[TMNDX4]IH(FCOSTMUTT 44 DRFJ+] ) -

1C7NETM(TT+NPREJ))
CHOMITHNOTAHS g JJ) ==PT /(22 €)% (D) DNy 1. D) E(INOX4Y ) %
1(CSTINTM(TT#PRF J) 4 SINTM( TY ¢NDOF J41) )
CONT INYE
“OINTINUF

END NF MOMENT MATRTIX CONSTOUCTICN

FONTINYF

COLL SPRHAM(CVATY JNPYCHS NDTIHS-MPREY, MOTIM] MNTNVY,

1 CMATY NDTAUS NBTAHC=NDEFET ,ANTM , A TMY,

2 THEM NDTMET  NDTME J CMET 4 MPIMO Y, hNTME L, CDFT)

FOAT=CNARS(CMATX(1,1))
COLATE=LDET/FRAT

MRITE(6,20) "SUNNR,COLATE
FARMAT(® ¢ ,5X42F12.4:5%,2F12,4)

RETLRN
END

e AR g

N449)
n4gson
N451C
14527
34530
N45410
74550
N4560
N4570
24580
0459N
Y Yals
14610
N4620
r463"0
N4640
0456550
~4660
N4670
D468
n4nH90
J470C
4710
N4720
N4T26G
T4T40
04750
4760
4117
nN47180
Y4799
4300
C4310
4820
nqR30
N4v 40
4852
~RRer
04370
J4RRN
N4RGM
Na49)n
NeI1D
Ngj20
24933D
4940

ke A e .
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95

C
C

R e

100
105

()

107

110

112
115

SUBROUTINE SPRHOM(CMAT 1y NILyNJ L NDIMLIJNDIMLIJyCMAT2,NI2oNJ2,NDIM2I
LoNDI M2JyCMAT3 NDI¥314NDIM3IJyCMATS ;NDIMSTI,NDINM4J,COET) -
IMPLICIT COMPLEX*1£(C)yREAL*B(4,89D~HyC~2)

SUBROUTINE TO DIAGCMALIZE ANC CALC DETERMINANT OF A SPARCELY-
COUPLEC MATRIX

BY L W PEARSON 7/74
REVISED 5/75

DIMENSICN CMATL (NCIMLIGNDIMLJ)oCMAT2(NDIM2I,NDIM2J)oCMATIINDIMII,

INDIM3J) yCMATA(NDI M4T ,NDI MG J)

NI3=NI1+NI2

NJ3=NI3~=-AJ2-NJ]

CALL ZEROZ(CMAT4, 4*NDIM&L&IXNDIM4GY)

CDET =]}
INITIALIZE PROOUCT ACCUMULATOR

NPR=3

NJIM1I=NJ]=-1

NJ1L=NJ1

IFINJ24¢NJ3.GE.]1) GO TD 95

NJ1L=NJ1L-1

NPR=1

DO 155 M=1,NJIL
INDEX ACROSS COL

MP1l=M+]

FMAX=COABS (CMATL(MyM))

K=M

IF(MP1.GT.NI1l) GO TO 1GCS

DO 100 I=MPl,NIl
LGCF TC SEARCF FOR PIVCY IN MTH
coL

FCK=CDABS (CMATL(I,M))

IF(FCK.LE.FMAX) GC 70 100

K=1
IF LARGER ELEMENT FOUND MARK ROW
FMA X=FCK
USE NEW LARGE ELEMENT AS CCMPARI-
SON VALUE
CONTINUE
CSTOR=CMAT1(K, M)
SAVE VAL OF PIVOT ELEMENT
CDET=CDET*CSTOR

MULT PIVOT INTO PRGD ACCUMULATGR
IF(K.EQ.¥) GO TC 115
IF PIVOT CN DIAG SKIP RCW EXCF
COET =-CDET
CHANGE SICGN BECAUSE OF ROW EXCH
DO 110 J=MyNJIL
LOOP TO EXCH DIAG AND PIVOT RUWS
CSTC=CMATLIK,J)
CMAT 1( Ky J)=CMATLIM,J)
CMATL (M, J)=CSTC
CONTINUE
TF(NJ3.LT.L) GO TO 115
00 112 J=1,NJ3
CSTO=CMATA(K,J)
CMAT3(KyJ)=CMATI(MyJ)
CMAT3( My J)=CSTO
CONT INUE
CONTINUE
IF(MP1.GT.NI1) GO TO 155

53

bR S ot g e ek

00010
00020
00030
00040
00050
00060
0C070
00075
00080
€cosa
00100
00110
acl20
00130
0C140
CC150

Co160

00170
00180
00190
¢cz2c00
00210
00220
00230
00240
00250
0c260
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150
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200
205
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210
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D0 150 I=MPL,yM]L
CFACSCMATL1( I, M)/CSTOR

IFIMP1.GToNJ1) GO TC 125
00 120 J=MPlyNJL

ELIMIMATICN LUG™ FOR CMAT1
ELIMINATION FACTOR

LOOP ACROSS RCW IN CMATI

CMATL(I+J)=CMATL(IJ)-CMATL(M,J)*CFAC

CONT INUE
IFINJ3.LY.1) GO TC 150

00 130 J=14NJ3

LOCP ACROSS ROW IN CMAT3

CMAT3( Iy J)=CMAT3(IyJ)=CMATI(FyJISCFAC

CONT INUE

CONTINUE

CONTINUE

N4e=NT1=-NJ1
IF{NI4.LE.O) GC TC 290

BEGIN ROUTINE TO CREATE/'DIAGONALIZE®' CMAT4

NPIV=NI4
IFINI&.GT.NJ2) NPIVaNJ2
00 250 M=1,NPIV

MP lsM+1

FMAX=CCABS (CMAT2(1,M))
K=}

IFINI2.LT.2) GO TO 205
00 200 Is=2,N12

FCK=COABS{CMAT2{I,}))
IFIFCK,LE.FMAX) GC TC 200
K=l

FMAXsFCK

CONTINUE
CSTCR=CMAT2(KoM)

COET=CDET*CSTOR
CDET=-CDET

D0 210 JsMyNJ2

CSTO=CMAT4(M,J)
CMAT4( My JI=CMAT2(KyJ)
CHMATZ2(Ky J)=CSTC
CONTINUE

K3=K+N]1

M3=NJ1+M

IF(NJ3.LT.1) GO TO 213
DO 212 J=14NJ3
CSTO=CMAT3{KIyJ)
CMAT3(K39J)=CNMAT3(MI,J)

INDEX ACROSS COL FGR CMAT4 C1AG

LOCP TO SEARCH FOR PIVQT IN MTH
caL

IF LARGER ELEMENT FOUND MARK ROW
USE NEW LARGE ELEMENT AS COMPARI-
SON VALUE

SAVE VAL CF PIVOT ELEMENT

MULT PIVOT INTO PROD ACCUM

CHANGE SIGN OF DETERM BECAUSE OF
EXCHANGE FROM CMATZ2 TO CMAT4

LOOP TO EXCHANGE DIAG AND PIVCT R
RCWS
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00580
00590
0C6¢C0
00610
00620
0630
00640
00650
00660
00665
00670
00680
00650
007¢C0
00720
00730
00740
00750
00760
00770
00780
00790
00800
00810
00820
00830
00840
00850
00860
00870
00680
00890
00900
€0910
00920
CC930
00940
00950
00960
00970
00980
€09%0
01000
01010
01020
01030
01040
01050
01066
61070
01080
01090
01100
01110
01120
01130
01140
Cll4>
Q1150
01160
Cil1170
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212
213
235

240
242

245
250

290
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295

300
305

CMAT3(M3,J)=CSTQ
CONT INUE
IFINI2.LT. 1) GC TC 290
DO 250 I=1yNI2
LOOP TO CARRY ELIMINATION INTO
CMAT2
13=NT11+1
CFAC=CNMAT2(I,M)/CSTOR
IFIMPL.,GT.NJ2) GO TC 242
00 240 J=MPlyNJ2
LOCP ACROSS ROW OF CMAT2
CMAT2( 1y J)=CMAT2(I 4 J)-CMAT 4( ¥, J) +CFAC
CONTINUE
IFINJ3.LT.1) GO TO 250
D0 245 J=1,NJ3
LOCF ACRCSS RCW OF CMAT3
CMAT3(I3,J4)=CMAT3I(13,J)-CMATI(MI,JI*CFAC
CONTINUE
CONTINLE

END ROUTINE TC 'CIACCONALIZE' CMAT4

IF(NT4.CGE.NJ2) GO TO 3S0
IF CIAGCNAL DOES NUT PASS THRU
SKIP CIAGONALIZATICN FOR CMAT2

BEGIN RCUTINE TO 'CIAGONALIZE®' CMAT2

NI4P1=NT14+])

NJ2L=NJ2

IF(NJ3.GE.1) GC TC 295

NJ2L=NJ2L-1

NPR=2

D0 350 M=NI4Pl,NJ2L

MIzM-NI4

M3=MI+NIL

MP L=M+1]

MIPLI=MI+]

FMAX=CDABS{CMAT2(NI,4¥M))

K=M]

IF(MIPLl.GT .NI2) GO YO 305

DO 300 I=MIPL,N]2
LOCP TO SEARCH FOR PIVCT IN MTH
caL

FCK=CDABS(CMAT2(I,M))

IF(FCK .LE.FMAX) GO YO 300

K=1
IF LAFGER ELEMENT FOUND MARK ROW
FMAX=FCK
USE NEW LARPCE ELEMENT AS COMPARI-
SON VALUE
CONTINUE
CSTOR=CMAT2(K M)
SAVE VAL CF PIVOT ELEPENT
K3=K+NIL
CODET=CDET*CSTOR

MULT FIVOT INTG PRCO ACCUMULATOR

IF(K.EQ.MI) GO TC 315
IF PIVOT ON DIAG SKIP FOW EXCH

COET=~COEY

55 CHANGE SIGMN BECAUSE OF ROW EXCH

01180
01190
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01240
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01280
01290
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01390
€1400
01410
01420
C1430
01440
01450
C1460
01470
01480
01482
01484
01486
01488
01492
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01515
01520
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01540
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DO 310 J=MyNJ2
CSTO=CMAT2(K 4 J)
CMAT2(Ky J)mCMAT2(MI4J)
CMAT2({MIJ)=CSTC
310 CONTINUE
IFI(NJ3.LT.1) GO TC 315 c1805
| DO 312 J=1,NJ2 01810 '
c LOOP FOR EXCH IN CMAT3 01820 ;
CSTO=CMAT3 (K3 ,J) 01830 y
CMAT3(K3,J'2CMAT3I(NI,Y) 01840 A
CMAT3(M3,J)=CSTO c1850 4
312 CONTINUE 01860 i
315 CONTINUE 01900 d
IF(MIPL.GT.NI2) GG YO 390 C1910 /
DO 350 I=MIPL,NI2 01920 :
C ELIMINATICAN LCOP 01930
I3sI+NIL C1940
CFAC=CMAT2(1,M) /C STOR 01950
IF(MP1.GT.NJ2) GO TO 335 01960
DD 330 J=MPl,NJ2 c1917¢ '
c LSCF ACROSS ROW OF CMAT2 01980
CMAT 2( T4 J)=CMAT2(1,J)=CMAT2(MI, J)*CFAC 0199C
330 CONTINUE 02000
335 IF(NJ3.LT.1) GO TC 350 02005
D0 345 J=1,NJ3 €2010
c LOOP ACROSS ROW IN CMAT3 02020
CMAT3(13,J)=CMAT3(13,J)-CMAT3(M3,J)*CFAC 02030
345 CONTINUE 02040
350 CONTINUE €2060
! c 02070
' c BEGIN ROUTINE TO *CIAGCNAL IZE®* CMAT3 £2080
E c 02090
’ 390 NJ3M1=NJ3-1 02100
: IF(NJ3ML.LT.1) GC TC 455 c2110
: DO 450 M=1,NJ3F1 02120
1 c INDEX ACROSS COL 02130
; MPL=Me1 02140
MI=MeNJL4NI2 02150
MIP1=MI+1 €2160
FMAX=CDABS (CMAT3(NMI,¥)) 02170
KsMI 02180
IFIMIPL.GT «NI3) GC TO 405 c21s0
DO 400 I=MIPL,NI3 c22¢0
C LOCP TC SEARCH FOR PIVCT IN MTH 02210
c coL c2220
SCK=CDABS(CMAT3(I,¥)) 022130
P IF(FCK JLE.FMAX) GO TO 400 02240
‘ K=1 c2250
. c IF LARGER ELEMENT FOURNC MARK RCW 02260
¥ FMAX = FCK c22170
- c USE NEW LARGE ELEMENT AS COMPARI- 02280
E | c SO VALUE 02290
3 400 CONTINUE €2300
- 405 CSTOR=CMAT3(K,WM) 02310
2 c SAVE VAL CF PIVOT ELEMENT 02320
) COET=COET*CSTOR €2330
s C MULT FIVOT INTO PRCC ACCUMUL ATOR 02340
| IF(K.EC.MI) GC YO 415 €2350
4 c IF PIVCT CN DIAG SKIP ROW EXCH 02360
4 CDET=-CDET 02370
% c CHANGE SIGN BECAUSE UF ROW EXCH C2380




410
415

445
450
455
461

462
463

DO 410 J=M¢NJ23
LOOP TO EXCH DIAG AND PIVCT RCWS
CSTO=CMAT3I (K, J)
CMAT3(Ke J)=CMATI(MI,J)
CMAT3(MI,J)=CSTO
CONTINUE
CONT INUE
DO 450 I=MIPLl,NI3
ELIMINATICA LCOP
CFAC=CHAT3(14M)/CSTOR
DO 445 J=MPLyNJ3
LOCP ACROSS RCHW IN CMATI
CMAT2 T4 J)=CMAT3( I, J)=CMATI(MI,J)*CFAC
CONTINUE
CONT INUE
GO TO (461,462,463)y NFR
COET=CDET*CMATL(NI 19NJ1)
RETURN
COET=COET*LMAT2(NI2,0NJ2)
RETURN
COET=CDET#CMATI(NII,NJ3)
RETURN
MULT LAST ELEMENT INTC DETERM

END
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SUBROUT INE SPRSLV (CMAT LyNI 1oNJLyNDIMLII o NDIMLJIoCMAT2oNI24NJ2)NDINM2]
LyNDIM2J o CMAT 3)NDIM3TyNDIM3Jy CMAT4yNDIMAT 4NDIM&J9CRHSC SCLN)

SUBROUTINE TO BACKSCLVE A TRIANGULARIZEC SYSTEM OF SPARCELY-
COUPLED LINEAR EQUATION

BY L W PEARSON 7/74

REVISED S5/7°¢

STORAGE FORM COMPATIBLE WITH THE TRIANCULARIZATION RCUTINE SPARCE

THE ENTRY *HOMPSLV' BELCW ALLCWS THE SCLUTION FOR NATURAL VECTORS
0f HOMOGENEOUS SYSTEMS PROVIDED THE DETERMINANT OF THE SYSTEM IS
LERO

IMPLICIT COMPLEX*16(C)yREAL®B(AyByD-H,C-2)

DIMENS ION CMATLU(NCIMLIyNDIM1J)yCMAT2(NDIM2I,NDIM2J)CMATI{NDIMIL 4N
10IM3J) ¢CMATH (NDIMLToNDIMLJ )9 CRHSINDINMIT ) CSCLNINDIMIT)

LOGICAL LHOM

SETUP FOR INHCPCGEMECUS SYSTEM

LHCM= FALSE.
SET INCICATCR FOR INHOM ENTRY

NI3=NI1#NT2
NO ROWS IN COUPLING SUBMATRIX
NJ 3=NI 3-NJ1~NJ?

NO CF COLS

NI4=NIl1-ANJ1
NO ROWS IN SECONDARY COUPLING
SUBMATRIX

AND2=NJ2=-N14
NO OF DIAGCNAL TERMS CF MATRIX
IN CMAT2

NPR=3

IF(NJ3.LT.1) NPR=2
SET INDICATCR FOR NULL CMAT3
DEGENERACY
IFINS34NJ2.LT.1) NPR=]
SET INCICATOR FOR NULL CMATZ2 €
CMAT3
GO YO (81,82483) 4 NPR
GO MAKE FIRST DIVISION FOR RIGHT-
MOST MATRIX
CSCLN(NI3)=CRHSINI3)/CMATL(NIL,NJ1)
GO TO 10C
CSOLNINI3)=CRHIINTI2) /CMAT2INI2yNJ2)
GO T 100
CSCLNINT 2) =CRHS(NI3 ) JCFATI(NIZHNJA)
SOLVE FOR *LAST® UNKNCWN
GO Y0 100
GG TC SCLM ROUTINES

END OF SETUP FOR IMNHCM SYSTEM
BEGIN ENTRY/SETUP FOR HOMOGENEOUS SYSTEM

ENTRY HOMSLV(CMAT 14AT1oNJLoNDIMLI¢NDIVMLJIsCMATZ ¢NI2yNJ24NDIN2I9NDIM
12JyCMATI ¢NDIM3IT yACIP3JyCHMATH yNCIMLIoNCIN4I, CSOLNyNORD)

LHCF=  TRUE.
LOGICAL INDICATOR FOR HOMOGEN SYS
58
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000690
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0080
00090
(0100
00110
00120
0C130
00140
00150
00160
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00180
00190
00200
00210
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00239
00240
00250
00260
00270
0cas80
00290
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00330
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100

110

150

20Q

NI3sNJL1eNI2
NJ3=NI3-NJ1-NJ2
NI4=NJ (=NJ1
ND2=NJ2-N14

CSGLNINI3) =]
ASSIGA ARBITRARY ELEMENT IN SCL'N

END SETUP FCR HCMCGEMECUS ENTPRY
BEGIN BACKSOLVE FOP EQUATIONS INVOLVING ONLY CMAT3 (LAST NJ3 EQS)

FMAX=CCABS(CSOLNINI3))
IMAX=N]3
IFINJ3.LT.2) GC TC 2CO
SKIP ROUTINE IF ONLY LAST VARIABL

COUPLES (IT WAS SOLVED/ASSIGNED
ABOVE)

00 150 IC=2,NJ3

ICMI=[C~-1

I=NI3~1IC+1

I=NI3-]C+l
CiL(, PATRIX ROW INCX FEQM
COMPLEMENTARY INDX

JO3=z1--NJ1=NJ2
COL INDX FCR CMAT3 WHICK CEFINES
DIAG CF MATRIX

CSUM=0

DO 110 J3C=1,ICM]
LOOP TO ACCLM NEGATIVE SUM CF

PREVIGUSLY CALC'D UNKNS
J3=NJ3+1-J3C

COL OF COEF IN CMAT3
J=NI3+1~-J3C

ROW OF UNKAN IN CSCLA
CSUM=CSUM-CMAT3 (1,3 )*CSOLN(J)
CONTINUE
IF{ «NOT .LHOM) CSUM=CSUM+CRHS(T)

AOD R H S TG SUM
CSOLN{( T)=CSUM/CFAT3(I,4D3)

DIVIOE BY DIAG COEF
IF(CDABS(CSOLN(I)).LE.FMAX) GO TO 150
FMAX3CDABS{CSCLN(I)})
IMAX=1

CHECK FCR MAX ELEMENT
CONTINUE

BEGIN RCUTINE TL SCLVE FCR ELEMEANTS INVGLVING CMAT3 € CMATZ2

IFINJ3.GE.NI2) GC TO 300
SKIF RCUTINE IF DIAG COES NOT
PASS THRU CMAT2

00 250 IC=1sNC2

ICM1=1C~-1

12aNI2~-NJ3+¢1-1C

I13=N13=-NJ3¢1-1IC

JD2=2NJ 2+ 1-1C

NCM1=NJ3+IC-1

CSUM=Q

IFINJ3.LT.1) GO TO 215

00 210 JC=1yNJ43
LOOP TO SUM CGNTRIB FROM CMAT3
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00530
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00560
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00580
00590
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00610
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00¢ 30
00640
00450
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00670
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00690
00700
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00720
007 30
00740
00750
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00780
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00800
00810
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04839
00840
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00860
00870
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00890
0C900
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00920
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00950
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J3=NJ3+1=-JC 01050
J=N13+1-JC 01060
CSUM=CSUM=CMAT3(13,J3)9CSCLN(J) Ql070
210 CONTINUE 01080
215 IF(ICML.LT.1) GO TO 225 01090
C SKIP IF NO TERMS CONTRIB FR CMAT2 G1100
DO 220 J2C=]1,ICM] 01110
J2=NJ2+1-92C a1120
J=N13=NJ3+1=-J2C cl130
CSUMaC SUM=CMAT2(12,J2)%C SOLN(J) 01140
220 CONTINUE 01150
225 IF(.NOT.LHOM) CSUN=CSUM#CRKS(I3) cll60
CSOLN(I3)=CSUM/CMAT2(12,4D2" 01170
IF(COABS (CSOLN(I3)).LELFMAX) GO TO 250 01180
FMA X=CDABS(CSCLN(13)) , 01190
IMAX= 1 01200
250 CONTINUE 01210
c 01220
g BEGIN ROUTINE TO SOLVE FOK ELEMENTS INVOLVING CMAT3 ECMAT4 01230
01240
300 IF(NI4.,LT.1) GC TC 400
DO 350 IC=1,NIl4
14aN14+1-1C 01260
JD4% 14 01270
13aNIL+1~(C 01280
CSUM=0 01290
IFINJ3.LT.1} CO TO 315
DO 310 J3AC=1,AJ3 Cl1300
J3=NJ3+1-J3C 01310
J=N13+1-J3C c1320
CSUM=CSUM=CMAT3(13,J3)%CSGL.N(J) 01330
310 CONTINUE 01340
315 NSUBS=N0O2+1IC-1 01350
c NG CF NCN=DIAG CMAT4 EL*S IN EQ 01360
IFINSUBS.LT.1) GO TO 325 01370
DO 320 J4C=2. .ASUBS 01380
JasNJ2+1-J4C 01390
J=NI13-NJ3+1=-J4C Cl400
CSUM=C SUM=CMAT4 (T4 ,J4) *CSOLN(J) Gl14lQ
320 CONTINUE 01420
A 325 IF{<NOT.LHCM) CSUM=CSUM4CRES(13) Cl430
1 CSOLN(13)2CSUNM/CNMATALTG,14) 01440
; IF(CDABS(CSOLN( I3)).LE.FMAX) GO TO 350 1450
4 FMAX=CCABS(CSCLN(13)) C1460
] IMA X=1 3 014170
| 350 CONTINUE 01480
3 c Cl1490
1 c BEGIN ROUTINE YC SCLVE EC'S INVOLVING CMAT3 € CMATI c15¢Co0
c 01510
400 IF(NJ1.LT.1) GC TC 455
3 00 450 1C=1,NJl 01520
3 I=sNJ1+1-1C 01530
E | ICM1=IC~-1 C1540
& CSuM=(Q 01550
4 IFINJ3..Tel) GO TO 415
* DO 410 J3C=l,AJ3 C1540
! J3aNJ3+1-03C 01570
X J=N13+1-43C 01580
4 CSUM=C SUM=CMATI(I ,J2)%CSCLA(Y) 01590
: 410 CONTINUE 01600
# 415 IF(ICMI.LT.1) GC TC 425 5o 01610
y:
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420
425

450

455

OO o000

D0 420 JC=]1, ICM1
JehJlel=JC
CSUM=C SUM=CMATL(1,J)*CSOLN{J)

CONT INUE

IF(NOT.LHOM) CSUMaCSUNMSCRKS (I)
CSOLN{I)=CSUM/CMATL(IHI)

IF(COABS (CSOLN(I)).LE.FMAX) GO TO 450
FMAXsCDABSICSCULA(T))

IMAX=]

CONT INUE

END OF SOLUTION

IFC.NOT.LHOM) RETURA
RETURN IF INHOM SYSTEM

BEGIN NORMALIZATION RCUTINE FOR NATURAL VECTCR FCR HCMCGENEOUS
CASE

CSCALE=1./CSOLN{IMAX)

00 500 I=1,NI3

CLOLN{T) =CSOLNII)*CSCALE
CUNTINUE

RETURN

END
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SURRIUTINE FIPYZ(X,¥yN)
DIMENSTON X(1),¥ (1)
DN 100 I=1,N
X(1)=Y(1)
~ CONTINUE
- RETYIN
FND




SURRNYTINE ZEROZ(TARRAY,N)
DIMENSION TARRAY(1)

D" 100 I=1,N

TARRAY(1)=)

TINTINUE

RETURYN

END

09410
09420
09430
09440
09450
09462
09470




SURRNUTINE OWEODL(FFN, Ny DELTA,VINT)
TMPLISIT REAL*B(A-H,N=Z) 09490
COMPLEX®16 FCNyCyVINT 095 0N
DIMENSTON FCN(N) 09510
DIMENSINN “NEFL6) 69522 J
DATA CNEF/2.N095.0091eNNs 640Ny 1.00,5.00/ 09530 1
IF((N=1)/6%6,EQ.N=1) GN Tr: 100 09540 :
WRTTE (6,1) 09550 3
1 FORMAT (Y OINCNRRECT PPINTS T WEDDLE?) ~Q560 y
As1/0 08570 3
100 CONTINUE 19580 J
VINT=0 19590 ¢
DI 200 J=1,N 09600 :
JEYEF=J-((J-1)/6) %6 n9610 3
VINT=VINT+COEF{JCNEF)&FCNLY) 09620 A
200 CONTINUE 09620
VINT=(VINT=FCN(L)=-FFN(N))*(0.3D0,0.D0)*DCMPLXIDELTA,0.D0) 79640 3
RETURN 99650

END 09660
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€ LATEST REVISIIN -
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LAN09580

DETERMINATINN CF ZEPNS NF AN ANALYTYC COMPLEX ZAN09690
FUNCTTON USING MULLER'S METHOD WITH ZANO9700
DEFLATION ZANO9T10
CALL ZANLYY (FyEPS NSTGyKNyNGUESSyNyXyITMAX, ZAN0D9720
INFER, TER) ZANO9730

A FUNCTION SUBPROGPAM, F(Z)y WPITTEN BY THF LANND9T4N
USER SPECIFYING THE EQUATION WHCSF ROCTS ZANO9750
ARE TN RE FOUND. F MUST RE TYPE-NAMED AS ZANO9760
FOLLOWS = COMPLEX FUNCTION F#*16 (Z) ZANNITT0

1 ST STOPPING CRITERINN, A ROCT 7 1S ACCEPTEDZANNITBO
TF 8RSOLUTE VALUE OF F(Z) .LE. FPS (INPUT) ZANO9790

2ND STOPPING CRITERION., A RAOCT 1S ACCEPYED IAND9800
IF TWN SUCCESSIVE APPRCXIMATIONS YN A GIVEM ZAMO9B10
RONT BGPEF IN THE FIRST NSIG DIGITS. (INPUT)ZANOS820

NATE, IF EITHFR CR BCTH NF THF STNPPING  ZAN(09830
FRYTFRTA APZ FULFILLED, THE RCCOT TS ZAN09840
ACCEDPTED, LANN985N

THF NUMRER CF KNCWN ROCTS WHICH MUST BF STOREDZANOD9860
IV XUE1)geaayX(KN)y PRINR TN ENTFY TO ZAMLYT ZANO98T0

THE NUMRER COF INITIAL GYESSES PROVIDFD. THESE ZANN9880
GUESSES MUST RF STORED IM X{(KN#l)yeeey ZANQ989D
X(KN+NGHESS) AMD NGUESS MUST BE SET EQUAL ZA4N0999)
TC LZERN IF N° GUESSFS #FRE PPOVIDEN. (IMOUT) ZANO9910

THF NUMBER 0F NEW FPCTS T BRE FOUND BY ZAN09920
ZANLYT (INPUT) ZANN9930
A LONG=WNRAD CNAMPLEX VECTMR ARRAY CF LENGTH ZAN09940
efife BE(KNFN)s X{1)yeeesX{KN) ON INPUT ZANO9950

MYST CONTAIN ANY KNOWN ROOTS. X(Kh+1)yewey ZLANJ9969D
X{KN#N) ON INPUT MAY, AT THE USFP'S CPTICN, ZAND9ITN
CONTATIN INITIAL GUESSES FMR THE N NEW LAND998D
RNNTS WHICH ARE YT BE FNMPYTED, ON CUTPUT, ZAN09990
XOKNEY ) go0ay X{KN&N) CONTAIN EITHER A RTPT  ZAN1000D
FORREFT TO WITHIN A CONVFRGENCE CRITFRCN ZAN10010
CR THE VALUE(12345678.12345678N0+0,12345678. 18N10020
12365678D+0) INDICATIVE GF A FAJLURE 7O ZAN10030
AFHIFEVE THE SPFCIFIED CNNVERGENCE FOR THAT ZAN10740
RANT., SAY X{KN+J)o IN THFE LATTEF CASF, THE ZAN100S5C
MPST RECENT APPROXIMATION T X(KN+J) TS 1AN1IDD6D
AVATLARLE IN X(ISUB), WHERF TSUR=2%x(KN+N)+J ZANLINMITN
THE MAXIMUM ALLOWARLE NUYMRER CF ITERATINNS LAN10082

PER RFCNT (INPUT) ZAN10290
AN INTEGFP VECTCP CF LENGTH .GF. KN+\No ON ZAN10100
AUTPUIT TNFER(J) CCMTAIMS THE NUMBER NF IANM1D11D
TTERATIANS USED IN FINDINGR THE J-TH RCOCT ZAN1C120
WHEM COMVERGENCE WAS AMHIEVED. IF ZaN10130
CNNVFRGENCE WAS NFT CRTATMFD IN TTMAX IAN10140
ITESATIONG, INFFE(J) WILL CONTAIN TTMAX+] LANICL5D
(nuTPYT) LAN10160
FRFNR PARAMETER (NUTPUT) ZAN10170
WARNING ERROR = 32 + M LANM1018"
M = Y FATLURE TP CONVERGE WITHIN JTMAX LAMYIGYGD
ITFRATIONS FIR CMF OF THE (M) MFW R20NTS T ZAN1020)
BE FNUND ZAN10210
PANRLF ZAN10220
UFRTSY 1AN102130
Mo s JPHNSCM/L. Lo WILLTAMS ZAN10240
FARTRAN ZAN1ID250
......Q................'..............l......‘...'...‘.‘.....'I........ZENIO?.OP
SEPTEMRER 1, 197) LEN1D27TD
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APEIERPANCY

10

15

20

25

30

35

40
45

50

1

SUBROUTTINE ZANLYY ({FoFPSoyNSTGyKNy NGUESSyNy Xy ITMAX, INFER, IER)
COMPLEX®16 XU1) yONE 4Dy DD4yDENJDY 4FPRT,FRT,

HoRTpT1, T2, T3, TEMy X0y X1y X2¢BI,FyXX
DOURLE PRECTSION N2,FPS,FPS]
ODIVENSINN INFEFR( 1)
1ER = O

ONE = (1.0D04¢0000.00+00)
EPS1 = 10.00+00%%(=-NSTG)
1CNNY = 0
IROMA = O
SEY NUMBER OF [TERATIONS
MRLl = KN+1
MR2 = KN&N
LSTARY = MR2+1
MP5 = MR1+#NGUESS
D) 2 1 = MPG,MB2
X(I) = (0,0+040.0+0)
L = MB1
IF (KN .EQe 0) GO TN 5
DO 3 1 = 1,KN
INFER(T) = 0
YTEMP = MR2+41
X(YTEMP) = X(1)
ITEMP = MR2+ITEMP
X(ITEMP) = X(I)
JK = 0
0% = CDABS(X(L))
IF (0Z .LE, 1.0D-15) GO Th 25
RNCT ESTIMATFE NCT EQUAL T2 Z2ERC
RT = (.90#00,0.,004+00) *x{L)
ASSIGN 15 TN NN
GY T) 135
X0 = FPRT
RT = (1.1ND400,0,0D+) =X (L)
ASSIGN 20 TN NN
AC TN 135
X1 = FORT
H = X{(L)=RT
RY = X (L)
ASSIGN 40 TO NN
1 T3 135
RIDOT ESYIMATE EQUAL YN ZFRD
RT = <=0ONE
ASSIGN 30 TO NN
GC YN 135
X0 = FPRT
T = INE
ASST3SN 35 TO NN
GY TY 125
X1 = FPRY
PY = (2.,9D¢1%,0.00+00)
H = =0NNFE
ASSTGN 40 TN NN
51 TN 135
X2 = FPPTY
D = (=0,5D¢20,N,ND¢NO)
REGIN MAIN ALGORTTHM
PD = PNE ¢+ D
Tl = XN&N%D
T2 = X1sDN=*ION
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1AN10280
LAN10290
ZAN10300
ZAN10310
ZAN10320
ZAN10330D
ZAN1034D
ZAN10350
ZAN1036D
2AN10370
ZAN10380
ZAN10390
LAN10400
ZAN10410
2AN10420
ZAN10430
ZANL0440
ZAN10450
ZAN10460
ZANINGTO
ZAN10480
ZAN1049D
ZAN10500
Z8N10510
ZAN10520
ZAN10530
ZAN10540
ZAN10550
Z4N10560
ZAN10570
ZAN10580
ZAN19590
ZAN10600
ZAML061D
ZAN10620
ZAN10620
ZANYICH4N
ZAN10650
ZAN10660
ZAN106TO
ZAN10680
Z8N1059)D
ZAN1INTOO
ZAN10T10
ZAN10T20
ZANINT30
LAN10T4D
ZaN1NT5)
Z24N10760
ZAN1OTT0
ZANINTBD
2AN10790
ZAN1INARNY
ZANLNBLO
1AaN10820
Z24aM10839
ZAN]1 084N
ZAN10AS0
ZAN1086)
ZAN1"AT0
ZAN1DARB)

e,

R g oo - o




|
XX = X24DD 74N10897 1
v3 = X2%D 2110900 :
RY = T1-T24XX+T3 2AH1091) i
NEN = RIKAT«(4,0N40," NeN) K(XX&T =T IR (T2-XX)) 1*N17920 ]
# JSE DEMOMINATAR CF MAXIMUM AMPL ITUNE Z4AN1N970 3
T1 = CDSORT(NEN) ZAN1094D ;
T2 = AL + T) 14410950 ﬂ
T1 = AT - TY ZANLN9 SN
NZ = CDARS(T2) - FNARS(T3) ZAMY P97 A
1F (D2 RE, 7)) 6N TP 4D ZAN1DSBD E
55 NEy = T3 ZAN1039)
P TN 65 FALTD Lalale
60 DEN = T2 I5N1101N
r TEST FCP ZFSC DENOMIMATAE ZAN1102D -
65 QZ = CDARS({DEN) ZAN11N2D | 8
TF (3 6T. 1.0=15) 6N *r 75 ZANYID 4D )
70 DEM = NNFE ZAN11N5) ]
T5 DT = ((=2.7De00,7."DENO )} XX ) / DEN 2AN11060 | 3
H =0 «H ZANI1N TN i
RT = RT + H ZAN11D80 | =
e FHEFK CNNVERGFNCE DF THE FIRST KIND ZAN11090 ;
97 = "DABS(H/PT) ZAN11100 | &
IF (07 LLE. EPSL) A7 T 100 Z5N11110
B8N ASSTGN B85 TR wn ZAN11120D
: "7 TY 135 ZAN1113D |
3 85 N7 = CDABRS(FPRT )=CDARS(X2%#(1".200,0.7D ")) ZaN11140
' IF (327 LT. 0.D#0) 6P Tr a5 IANT1Y S0 )
r TAKF REMEDTAL ACTICH TD TNDYCE ZAN11169 1 -
] r FONVEPGFMAF ZaN1Y170 3
- 90 DT = DI*(0,50+00,0,00+00) ZAN11180 |3
3 H = H&(N .5D+00,0,0N+00) ZAN11199 1
3 g Doy Z2N1120C -
1 fY TY 125 ZANVIOLD 9
A 95 X0 = X1 ZAN1122C
i Xt = X2 IAN11220
E X? = FOPRT ZAN11240
8 n = NI ZAN11250
1 57 Tn 50 Z1AN11260 ,
r A PONT HAS REEN FPRUND ZAN11270 ]
100 FRT = F{(RT) ZAM11230 i
105 X{L) = RY ZANY11290
3 TTENP = MRA24L-[APMR ZAN1130)
4 X(ITEMP) = RT ZANLL3LN
3 TTFMD = M324MRO 4 ZAN11320
i X(YTEUP) = RT Z4aM11330
3 r FHECK TN SEF TF CPMPLEX=CCPJUGATE ZAM11240
i r YS £LSC B RPNV 7ANYYI 25N
TE (COARS (FLDCLMIGIXIL)I)) .67, 10.N+OKFDARS(FRT)) GN Tr 115 ZAM1136N ;
97 = TNARSUX(LY= DEOMYRIX(L))) ZAN11370
TF (150N JNEL D NP, NZ LT, ).0D-8) GP 77 11§ ZAN11380 .
TSTAPT = (42 ZAM11390 ]
TANSFRY = L+] ZANY1400 :
N 110 SNSFET = 1STACT MA)p ZAMI141) ;
2 X{THSERT) = X(INSEP]) ZAN1Y4 27
; 110 TNCFRY = [NSFR™ ZaM11630
: X(L+1) = DFINJAIX(L)) ZANL) 440 :
: T7Avy = 1 ZAN11450 3
4 Y TY120 ZAN1146)
" 115 1rovy = 0 ‘ Z8N114T7
129 SANTYNYUE LPN11480
125 INFE(L) = JK ZAN11490
67
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L = L#1 25%115~n
IF (L .tF, MR2) GN "N § LANYYIGICG
r, PETURN TP CALLING PRrRQAM 74N11520
130 37 ) 18% LAN1IL53N
135 JK = JKel o LAV11547
1F (JK GT. TTMAX) 6N TO 180 ZAML155”
140 FRY = F(RT) IANYILISON
EPRY = FRT ZAM1157D ;
s TrECT TC SEF JIF FIOST £ANT S HETMG ZAN1Y S 3
. DETFEMINED ZAN11590
IF (L .F0,. 1) AN T2 160 ZAN1T450
IF (L .LE. IRNMR+Y) GO TP (6N IANYI1610
r FIMPIYTE QCEMNCMIMATOR FOR MALTIFIED ZANY1625
€ FUNCTION ZAML1637
145 LTMUP = MR2 4+ =TRMMG-] 764110640
DY 150 1 = LSTART,LTVUP ZANL165C
TEM = RT - X('} ZANMLYI6607
NZ = CNARS(TFEM) LENI1YOTO
TF (02 LT, 5,0D0=15) [ 70 175 LANT15RD
150 FPRY = FPRT/TFEM 2AM1IYIA9D
5 FHEFK CONVFEGENCE NE THE SECOIND KIND ZA3NM1TIT0C
160 QZ = CDABS(F2T) ZANI1T71D
IF (01 .GE, EPC) G~ TN 170 ZeNLLT2r E
165 37 = TDARS(FPPT) Leyunirn .
1F (M2 AT, EPS) A TP 105 7TANL1740
170 50 TP NNg(1542N0,30,35,4",R5) Z2AN11750
175 2T = 2T = (1,000001N+0,0.GN¢N) Z2AN11T76)
50 TP 135 IANTY 7T
r WARNIMA FRPAG, TTMAX = MAXTMIM ZAN11780
180 TFe = 32 ZAN1179)
INFER(L) = TTMAX ¢ 1 IAN1YI 8T |
TROMAR = [RAMA 4 ] Zanviane 4
X{L) = (12345678.12245678N+N,12345678.123456T80+0) 7ANM1132D ]
3 [TEMP = MR2 & MR2 + | ZAN1133r
9 X(1TEMD) = 0T LANMYYR4C
: L= L+ ZAM1186)
IF (L .LE, MR2) GO YN 5 IANYLAGN
b 185 IF (IFR F2. 0) KN T7 9NN5 ZANYLAT)
4 9000 CMTINUF AN 1RR"
£ SALY UERTST (TFQ Y ZANLYTY) ZAN1L1490 g
! 9005 STIIRN ZAM114900 ?

FND A0 SN :




—

o E——————

rOUERTST............... ........l'...‘l.‘.'..l...ll.l...................'Ucpll"zn

r JEPI1937
r FUNFTTN - FOPMP WMESSAGE GFNEF/TINN YEP 11960
r UysSanre - CALL UEGYRT(TFQ, INAMEXX!) IJEP11652
r, PARBMETERS 1ER - FPENEC DACAMFTER, TYPF + M WHFRE PYFE V1960
& TYDE=x 128 TMDLTES TRRMIMA| €RANE JERIYITC
r 64 TMPLTES WARMING WITH FIX HERT19RD
r 22 TMPLYFS WEENTMG JER 114990
< ¥ = ERPRIMP CCDF FRLFVYAAT T° CALLING FOYTINEJEEL 290
r NAMEXX = MAMFE TF THE FLLL TNG 9OYTINF JEGL2°1C
r AUTHAL JITMPLEMENTER =~ DFNEC QVYEMNDSFEN JRE12920
r LANGUAGE - ENARTLAN 'JEOL12N30
r..l.-.........C........C'.....l........l..l........C..I..C.....I...u...l,E:‘2"4:
¢ LATEST REVISITN - JANUARY 19, 1971 1jec 12950
r JEIN276D
SHURCPYTINFE UFRYST (TFP ,NAME) HeES 1227C

o JFaYongr
DTMENS INN TTYD(S544),TRIT( &) UE”12007
TNTERER®2 NAMF (23) YER12100
TNTEGER WERN 4 WAPE ,TERM,PATINTR JEP1211¢
ENJIVALENCE (YPTT(1)yWAPN) o L TRIT(2)4WAFF ), (IRIT(3) .TEFM) E21212"7

NAYTA 1TyYpP JTWADNE N ING e 1, 1! ', WEF12Y30

. CWABN®, LTNC (1, CWITHE ¢ ETXY, 1) 7, UECL 2140

* ITFOMS oTMAaL !, 0 LA ! L 1JER12157

* TNON=? JINFEFTC,INED ¢, ' Y/ JERT1 2160

* 1817 / 32.644128,0/ yE121 71"

naTA PRINTR /7 6/ UFe 12180
{Fo2=1F0 JERY219C

TF (1502 .GE. WARN) 6N Tr § yec1220r

7 MNON=NEFIMFD UrFR 12210
TERY=4 JER1 2220

6P TD 20 1JEP 12237

S IF (YER2 LY. TEPM) N TN 10 1JEE 12240

r TEOMINAL 1JFEE1225)
1EP1=3 He 2260

50 T 29 JE} 2270

10 TF (IFQ2 LT, WARF) " ¥1 15 1HFR12.99)

r WAGNTNMNC(WITH FTIX) 1JEN 12290
1IFIt=2 1FRYLZ2Or0

G T 2N yeet231d

r WARMING JF212220
15 TFR1=1 JrER1222)

r CXTLANT tne 1HES ) 240
2N 1ER2=(ER2-IRIT(1FP1) Yrr 12350

r Of IMT FOPAR MESCQefE JFS1236)
WRITE (PRINTR,25) (ITYP(T,TFO1),I=1,5),M29E,1FR JE1237C

25 FIAMAT(! s&& [ M S L{UFRTST) hk 0 5264 ,4X4,3A7,4X,12) HER1 228,
RETURN 11EC 12390

END uea124nn
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1n

n

40

70

13n

160

230
240

280
290

320

390

430

480
490

SURFIUTTINE RSLIZIX FINMAY A MDD TERT ,FJEPRY,RT)
TUMPLIC YT REALRR (A=H,"=7)
DIMFNSTNN FJU 1) FUPPEX(V), P {Y)
NMAXT aNVAX
TFINMAXT AFE N )G T 29
TFICLRS(A)LF . L. NAN=18)0" TF V0
Gr TN 20

1EeR =4

RETURY

NMAXSRaTARS (NMAXT)
NVAXT=1

TR(A AT NN)AN T 40
TF(NABS(A)LFLl NN=1S5)A0 Tr 49
{caPp=

RETUPN

TFLB LT 1D)GN T TN
{F/=2

RETION

TF{XeATLNNMIGN TH 120
ICRR=1

RETUPN

TcRc =0

€PCI NNz, 5N0%10, #%x(=-ND)
NMPl=NMAX+]

NY 160 N=1,NMPY
FJAPRX (N )=D.0
SIM=(X/2. )% %4 /NCAUMAL]L ,+4)
D1=2. 302AD0*ND+1,3863N0
TF(NVAXT LF . N)G" TN 2730
Y=,850N%N) /NMAXT

TALL YZUY,TANS)
Rz\UMAXTETANS

SN T 24N

720,90

Y= ,735760D9%D1 /X

“ALL TZ{Y,TANS)
S=1,3591N0%XkTANS

TE(E AT, S)AN Tr 280
NIz1¢TNDTINT(T)

nY TY 290

NIz1+TDINT(9)

M=0

FL=1,

LIMIT=(N)/2)

MzVyt

Fl=FL®{M#A)/(Me1.DD)
TF(M LT LIMTITIGS T2 320

Mz DM

°=0.0

S=0,Nn

DENDPM=2,%(2+N) /X~-R
TFIDARSINENOM ) LE L1 ND-15)NENAM=RENAMS] ,0D-15
Ral, /DENNY

NP2 2MAD(N, 2)

TFINMAN2 JNELO )LD TR 487
FL=FLA(N#2,D0)/(N#? %4)
FLMRNA=FL k(N+4)

50 TP 49Nn

FLMRDA=0, 0

S=R&(FLVARANA +S )

TF(MN LELNMAXT )RR (N) =P
70

20012410
01012420
212430
1012447
n9012450
71N01246N
N9nL24 10
00012489
00N1249)
anN12507
00012510
0012529
00012530
20012540
00012550
00012560
00012570
nneL2s58e
20012590
INN12500
0012610
07012620
00012630
ANMN 2640
00012650
00012669
10N12670
00N1z680
00012690
10012700
00012710
90012720
00012730
10012740
0012759
00012760
00012770
nYN12780
09012790
00012800
10Nn1281°
10012820
0901241319
01N 2849
0001 2R 50
00012860
20212870
30012R80
nonN12890
53612960
70072910
INn1292°0
90112939
10012940
11012950
00012960
00012970
I0N1294%
nN0*2990
019113300
70013010




Nz =1 00913720

TF(MN,GF,1)GN P 397 770139730
FILY)=SUM/( "V, +S) N0N13040 l
l IF(NMAXT ,E9,0)00 TN 5§70 n0013957 |
j DN 56N N=] JNMAXT nntoLaNGn
560 FIJIN#L)=R2(N) *FJ(N) WhODLAR LR it
570 NY 64N Mal,NMD] nnn13n80
TEARAHS(IFIUINDI=FIAPRX{N)}/FIIM) ) LELFOSLNN)GT TN 640 30012199
2% 610 M=1,NMP) 20012100 |
610 FJapex(M)zF (M) aani3vne
NiJ=Ni+ 5 233131<C
AN TA 230 ) N001313"
640 FONTTNYE IMN1314"
TF{NMAX.E,0)PFTI)OM nno13153%
FI(2)=2, %A%FJ (1} /X~FI(2) onn13len
TE(MMAXAR,EN, ) IRET RN MM T
NY 650 N=?2,NMEXLR 0931280
650 FI{NSL)=2 . %(B-N)RFJINM}/X=-FJ("=1) 0013190
RETYPN A0012200
END nnd132Ic




T

SURIVYYTINE ASCIZU XY olyVyNUAX A ¢NDoTERZUAPPFX,VAPPEX,RFL,RP2) 88r 13220 4
IMPLICTT JFAL#8 (A=H,"-7) 38013230 i
DYMENSTAN UE190) ¢V I1NN) 112 PPPX(INN) JVAPPEX (10N ), REY(100), a5t 13240 .
1 &P 2(100) »SC13259 1
1F(ALGF.0.0)G0 TN 40 RSC13260 1
[EoC =] 8&r132790
RETLIY Agr132a0
40 TF{A,LT.1IG6N TP 70 3§71 13297
{EoD%? asC133nn
RFETIIPN ASf13310
70 TE(XGT 0.7 )B0 TN 11N 38713327 |
TE(NSRSIY),LF.1.0D=14)"" TN 90 ASC13212) I
67 T2 110 345213340 !
90 1EQPR =3 38713350 '
PETIN RSC13260
110 TF(NVAX.GE,D)G0 TN 140 B¢ 1337r l
IFPR 24 38713380
RETINN 3613260 |
140 1FPR=N BEr 340" |
SPSLN=, SNOKY O k% [ =ND) RAsr13410 |
NMP Yz \IMA X4 RSF13422
nn 299 N=1,NMP] 35713437
1HAPPOX (N} N, 0 a5 1364( .
200  VAPPRY(N)=),.D 3SC13450
Y1=NARS(Y) 3813460 l
AL2=XER2+YRRD BSr13670 ]
R2=DNSQRT(272) Agry 3480 1
TE(PARS(X).LEL1.0N=14)0 Tr 290 3Sr1349n
PHI=DATANZ2{Y1,X) 38113500
TF(XelToN,Y) PHI=3,141592653589793DN + PH?Y 15r 13617
3% T3 300 R8r13520
290 PHI=],570796326734896D0 R35€1353"
3N C=NFEXP(YLI*(RZ/2.VREA/DLANUA (], 42) 35513540
SHIM2z8 «PHT =X 38r1355n
b SUM1=CENENS (S1IM2) RSC1356"
¥ SUM2=rENSIN(SIM2) 35713579
1 N=22,302600&NN+1, “AEINN RSA135R0
B IFINMAX . GT,.N)GN TO 38A asC13509r
' o0=0,0N 3812600 3
W A0 TN 190 a8r13610 y
1 380 OARAM= ,5DN%N] /NVAX 38713620 i
TALL TI(DARAM,TANC) 35713620 #
i R=\MAX®TAVE agr13640 :
' 390 S=1.3591NM%Q7 35% 113657
1 OAIAM= ,T2ASTHEDO*(NV1 =YV ) /R] RSF 12660
3 _ rFALL TZ(DARAM,TANG) u8r13570
‘ TELY) LLT.N1) S=SkTANS 38712480
TR(P 57,880 TN 450 nSrY 3690
NI=1+TNINT(S) acny1371en
30 TN 460 a5r13710
450 NJ=YsTIDTMT(R) #er13720
460  NzN 39713737
EL=, 5712740
: riz1, Br13769
9 r2=n, 35713760
@ 500 N=N#Y 9$°13771
3 FLaFL&(N#2,.%8 )/ (M 4]1.DN) 3CryATAN
Cz=r 387123790
va") 3ery23nn
c2=r > 4813
TE(NJ LY. NIHBRD TP 500 7 357124320




610

770

840
8s5n

860
810
880

920

950

49

91'0.0

R2a0,0

St=0,0

S2=20,.0
Fe(2.8(ASN)=XSR) ¢YLRR2 ) ¥ X2+ (X*P 24V ] *R] ) *4&2
MN=(2. (AN ) X-R22%RY) /C
R2=(2.,%(A+N)xY14Q72722C2)/(
FL2FLE{N#L DY)/ (N#2,%A)
Cx2.%(N+A ) ®FL

FLAMB]1=C%7]

FLAMR2=(¢r?

La%1

Ci=="?

r£2=r

SRV &({ FLAMR1+S1)=-P2%x(FI AMAD4+S$D)
C2=2P1 & {FLAMRD2 ¢S2)4+P2%(F| AMRI+C])
S1=§

TF{MGTNMEXIRN T TTO

PR1(N) =R1

222(N)=R2

N2V -1}

TF(N,GELL)IGN TO 61°C

TE( V1o #S1) 2%+ S2%%?

DL )= (SUMLR(1.+S1)+SUM2%52)/F
VL) =(SUM2% {1 . +S] ) =SUUMY %CD ) /7
IF{NMAXL,ED, D)GD TN 850

D7 R4N Nzl NMAYX

HIN#L) =RRYI(N) 2U(M)=RC2(N)xV(N)
VINEL)=RR (N )RV (M )+PC 2{M }xU(N)
IF(YLT0N)IGN TN 8610

RY T2 88N

DY R7D N=1l,\MP}

ViN)==V{N)

DY 950 N=1,NMP)
TEMPI=(1J(N)=I12PDPRX (N ) ) *%?
TEMP L=TFEMPY +(V(N)=VAPPRYX (M) ) *#%?
TEMPY=TEMDYL/( UINM) kk24 V(M) %%?)
(F{TEMD] LE,EPSLNAN)GA TF Q52
nr Q20 M=l ,N¥P)

JAPPQX (M)=1)(M)

VAPDRYX (M) =V (M)

Nit=NU+ 5

52 TY 460

FANTINYF

IETHIN

£ D

SUARAUYTIME TZ2LY,TArS)

IFALERR Y,2,P, TANS, DI NR

TR(Y AT INGND)IRN TR 40

Pz, NOONSTILLINO* Y=-,001 761 48NN

PzY*P¢,020R645D0
PzY%P~,1230130n om
P=Y%24+,8577TN0 RIPf°d::;_'1fhlE: copY
TENSzY*®P#1,1012500 best 8

RETYIN

ZaNLIGIY)=-. 77500
P=(.7750N=-DLNAGIZ )}/ {1 N¢])
TANS=Y/{{1.4P)%2)

RETIIN 73
FMD

3613930
3Sr 12840
85713450
RSC13860
BST13870
RS5r13880
RSC13897°
ASC13900
35713910
AcCi13g2o
AS713930
35713940
3Sr13950
35C13960
RSC1397N
36713987
35€113990
BSr14900
35214010
3514020
ASC14973)
3SC 14040
3SC14250
acC1426"
BSC14070
BST14N8D)
3sT14990
RSC14YD0
48 +110
35714120
hSC14130
ASC 14140
28714150
3sr14160
1Sr14170
3ST 14180
RSF1419)
3st1420"
BSCl14e21n
3814220
BSr1423n
BS714240
85C14250
3sC14260
BSr14270
BSr1428"
35114290
3SC14°0C
3SC1l4510
35714220
BSr1433)
38714340
RSF1435)
3814360
96714370
45C7 4380
RS 14398
3414400
AST 14410
35214420
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