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ABSTRACT

The problem of electromagnetic radiation and scattering
from conducting bodies of revolution, both loaded and unloaded,
is considered. The solution is obtained by the method of
moments applied to the integro-differential equation, and is
expressed in terms of generalized network parameters. Computer
programs are given for plane-wave scattering and for radiation
from apértures. The programs are valid for solid bodies, zero
thickness conductors, and bodies with points and edges. The
solution for planar bodies is also a solution for diffraction
through apertures in a conducting plane, according to Babinet's
principle. Representative computations are given for scattering
" and radiation from disks, washers, toroids, hemispheres, and
cone-spheres. '
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I. INTRODUCTION AND SUMMARY

The objectives of this project were to develop practical methods for
computing the generalized impedance matrix applicable to the study of
eléctromagnetic radiation and scattering from highly conducting bodies of
revolution. Specific topics considered were: (A) Development of a com-
puter program to allow numerical evaluation of the generalized impedance
matrix for a conducting cone-sphere of maximum dimension approximately six
wavelengths. (B) Application of the impedance matrix to determine the
scattering properties of a cone-sphere with and without loading elements
on the body. (C) Application of the impedance matrix to determine the
radiation and scattering properties of a cone-sphere with antenna slots

on its surface.

The project work was performed during the period 1 June 1967 to
30 June 1969. The technical personnel working on the project were Dr.
Roger F. Harrington and Dr. Joseph R. Mautz. During the contract period

one previous scientific report was written entitled "Generalized Network

Parameters for Bodies of Revolution," dated May 1968.[11. Also, one paper

entitled "Radiation and Scettering from Bodies of Revolution" has been
published in Applied Scientific Research.Ee] The material in the above

listed scientific report and paper aléo formed a part of Dr. Mautz's

[3]

Ph.D. thesis, Syracuse University.
' i

The'following is a summary of the research performed during the project.
(A) A general program was developed for computing generalized network
parameters for conducting bodies of revolution. The theory and criginal
[1]

program is given in the previous report. An improved program is given

in this report.

(B) Aperture antennas in conducting bodies of revolution were analyzed,
and computations made for body currents and radiation patterms. The theory
[1]

is given in the previous report, and the computer program is glven in

this report.




(C) Blectromagnetic scattering by conducting bodies of revolution was
(1]

considered. The theory is given in the previous report, and the computer

programs for plane-wave scsttering are given in thisg report.

(D) Radiation and scattering from loaded bodies of revolution was
studied, and computations made for representative bodies. The theory and

some computations for cone-spheres are given in this report.

(E) The problem of determining the eigencurrents for conducting bodies
of revolution was considered, and representative computations were made. De-

tails are not ineluded in this report because only a preliminary study was made.

(F) The problem of synthesizing and optimizing radiation and scattering
patterns from loaded bodies of revolution was considered, and representative
computations were made. Details are not included in this report because

only a preliminary study was made.

1T. METHOD OF SOLUTION

The problerﬁ is formulated in terms of potential integrals, and the ‘
boundary conditions at the body are applied. This results in an integral
equation, which is then solved by the method of moments. The matrices
obtained thereby can be expressed in terms of generalized network para-
meters. A general exposition of the procedure is given in g recent

(5]

the present problem.

monograph. The following is a summary of the theory as it applies to

Let E} denote the known impressed field and Es the scattered field
due to currents on the body. Then the total field E is the sum of the
impressed and scattered fields, that ig,

E-g +g (1)

The scattered field can be expressed in terms of a vector potential A and

scalar potential & as

s

E = -juh - W (2) ®




where

- SOKR |
A=y SI'THTT ds ’ ‘ ’ C (3)
1 e"‘jkR : :
CD = -é- % g T_—JTR -ds ().{.)
S ’ .

Here S is the surface of the conductor, R is the distance from a source
point to the field point, J is the surface current on 8, and o is the sur-
face charge on 3. The current and charge are related by the equation of

continuity
VL= -juo ' (5)

The boundary condition requires that the tangential component of total E

vanish on S. Hence,

i s
Eion = “Etan ' (6)

where the subscript tan denotes tangential component on S. Thérproblem

can now be stated succinctly as

() = B | | (7)

an

where L is the integro-differential operator

L{(I) = [Jwp + @] (8)

~"“tan

A solution of (7) gives the current J on $. Usually we urc Interesled

in some functional of J, which can bec computed once J 18 known.

To effect a solution by the method of moments, let the inner product

W, J> = @ W +J ds (9)
s

be defined as




where W and J are tangential vectors on S. A set of expansion functions [Qﬂ]

is next defined, and the current on 3 approximated by

L= sz L5 N (10)

J
where Ij are constants to be determined. Equation'(lo) is substituted

into (7), which, because of the linearity of L, reduces to

i N . [P
E Iy Ldy = Egp (11)
J
A set of testing functions {Ei} is defined, and the inner producﬁ of (11)

with each Ei is taken., The result is
i 7
> = >
E <, B> = U E (12)
J

i=1,2,3,.0. Thé subscript tan has been dropped from E} because the inner

product-involves only tangential components. We now ‘define the generalized

network matrices . —

(2] = (<, Lg; >] (13)
[v] = [< s Ei >] o o | (14)
(r] = (1] ‘ (15)
and rewrite the set (12) as
, [z1 1] = [v] - (16)

[Z] is the generalized impedance matrix, and [Y] = (217! is the generalized

admittance matrix. The inverse of (16)

(1] = [y} (vl o (17)




giveé the coefficients Ij of the currént expansioﬁ (10), and hence is an

approximate solution to the problem.
The impedance elements of (13) are explicitly
Z,. = W, *« (JwA, + . ds 18
1 % 4y eyt ) (28)
S

where we have used (8) and (9). The subscript j denotes that Aj and ®j
are the potentials due to Qj and Uj' If the two~dimensional divergence

theorem is applied to the vector @ﬂi on a closed surface, the following

1
S

identity results:

Now- (18) can be written as

zij=jw % (w_i '%*Gi cDJ.)ds' (21)
S

Equation (21) is more convenient for computation than (18) because the

gradient operation on ® has been eliminated.

The above formulas have been specialized to bodies of revolution in
the previous report.[l] Also given there are representative computations
for radiation and scattering from unloaded conducting bodies of revolution.
Computer programs and further computations are given in this report. An
alternative solution for the case of plane-wave scattering from unlosded

(6]

conducting bodies of revolution has been given by Andrensen.

The general theory of loaded antennas and scattcrers witlh

[~4
lumped loads is available in the literature‘[)"?J An extengion to contin-

uously loaded surfaces will now be given. Lumped loads can be considered




as a special case of continuous loads localized to infinitésimal sections

of the surface.

A continuously loaded surface S is defined as one for whiéh the total

tangential electric field is related to the current J on S by an impedance

function of position ? eccording to

B =E +5 - 3 I (22)

Now Eian is related to the current J by

where L is given by (8).

This reduces to (7) when

)

B = =L(J) 7 (23)

~tan

Combining (22) and (23), and rearranging, we have
ML) = Bpan = 34 (2k)

= 0, that is, when S is covered by a perfect

conductor. We can now reduce (2h) to a matrix equation in the usual wsy by

the method of moments, obtaining

[z][1] = [v] - [z Jl1] (25)

where [2], [v], [I] are given>5y (13), (i), (15), and

The solution to (25} for

[z.) = [<u,, } J_J>3 (26)
the current coefficient matrix is

(1] = (2 % 217" (V] (27)

Note that this solution is analogous to that for two n-port networks con-

nected in series with the voltage source (v].

The impedance function %,is zero over those parts of S covered by s




&

perfect electric conductor. If subsectional expansion and testing functions
are used, many of the elements of [ZL] may be zero when the surface S is par-
tially covered by an electric conductor. 'In such cases the following alter-
native solution may be computationally faster. Suppose [ZL] has some zero
rows and columns. Let [ZE] be the matrix obtained from [ZL] by deleting

all zero rows, [ZE] by deleting all zero columns, and [Zic] by deleting

all zero rows and columns. Other matrices with the same rows and/or

columns deleted will be identified by the same superscripts. Then, multi-
plying (25) by [Y] = [Z-l], and deleting the appropriate rows and columns, -

we have
(1) = (I - (PR (28)
The solution of this for [ZECJ[Ir] is

[2F°10T"] = [¥™° + ¥°17F (¥¥10v] (29)

rc]-l.

L The solution is now given by (17) with [V] re=-

where [Yic] = [z
placed by

(V'] = (V] + [v,] (30)

where [VL] is the matrix obtained by adding the appropriate zeros to

7]

[vi]=- [ZII;C][IrJ

I yicl'l Saling! (31)

The excitation is thus viewed as the superposition of .the Jmpresscd

voltage [V] plus the load voltage [VL] .

The computations of the next section for loaded antennas and gcat-
terers were made using this second formulation. A problem arises in the

case of an open circuit, since then elements of [ZEC] may become infinite.



However, [Yici is still well defined, and may be obtained from [ZECJ-l by

setting the "infinite" elements to some very large number,

ITT. REPRESENTATIVE COMPUTATIONS

The graphs of this section are intended to illustrate some of the types
of computations that we have made during the project. Computer programs
for the unloaded antenna and scatterer computations are described in the
next section, and listed in the Appendix. Included in the programs are
printer plot routihes, so that rough graphs of the computations are avail-

able immediately.

All programs have been run on spherical bodies, and compared to the
classical eigenfuncticn solutions for spheres. Far-zone guantities, such .
as radiation fields, sgree very closely (usually within a fraction of one
percent) with the classical solution. Near-zone guantities, such as currents
on the body, also agree well (usually within a few percent) with the clas;[v,:;jal .

solution. Exemples of such comparisons are given in the previous report.

The programs have been written to handle correctly the folloﬁing types
of bodies: (A) solid conductors, such as spheres, closed cylinders, (B) zero
thickness conductors, such as disks, open cylinders, (C) bodies intersect-
ing the axis, such as spheres, disks, (D) bodies not intersecting the axis,
such as toroids, washers, (E) bodies with points, such as cone=-spheres,

(F) bodies with edges, such as disks and open cylinders, and (G) bodies with
corners, such as closed cylinders. The programs have not been written to
handle multi-body problems, bul the modification required fs simple. The
accuracy of computations depends on the smeuothness of the body and of lhe
excitation. For example, solutions with bodies having points or edgcy cone-
verge more slowly tilan solutions for bodies with gently curved surfuces.
Solutions for localized aperture excitation convefge moré slowly than solu=-

tions for plane-wave excitation.

Solutions involving zero-thickness conductors in the z = O planc are
interesting because they are also solutions to the dual problém of apertures .

in an infinite conducting screen (Babinet's principle).iB} In particular,
10
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the duality relationship is

Ep = J¢/2 E¢ = - Jp/2 (32)

where J¢, Jp is the current on the conducting plate, and Ep, E(25 is the tan-
gential E field in the complementary aperture. A number of computations for
the circular disk and aperture were made, and compared to available measure-

r9, 10, 11]

ments The agreement was within the estimated experimental accuracy.

Figure 1 shows the current on a circular disk of diameter D = O.8k, excited
by an axially incident plane wave, as computed by the program of Section V.
Note that Jp—~> 0 and J¢ —> © at the edge, as theory predicts. Figure 2
shows the computed bistatic radar cross section patterns for the same disk.
The curve labeled oxe/k2 is the E-plane patter?,]and that labeled q”¢/x2 is
1

the H-plane pattern. (See the previous report for a discussion of the
notation.) By duality, the same patterns are also power patterns for the
tield diffracted through a circular aperture in an infinite eonducting plane

excited by a plane wave at normal incidence.

Figure > shows the computed current on a circular washer of outside
diameter D = 2.4A and inside diameter d = 0.8\, excited by an axially inci-
dent plane wave. Again J and J¢ have the expected behavior at the edges.
Figure 4 shows the computed bistatic radar cross section patterns for the
same disk. By duality, these patterns are also power patterns for the field
diffracted through a circular annulus in an infinite conducting plane ex-

cited by a plane wave at normal incidence.

Fipgure 5 shows snother example of o bislablce radar cross nectlon pattern
for a body of revolution excited by an axially incidenl plane wave. Ih {n
for a toroid of mean radius R = 0.5A and circular cross section of. radius

[1]

cone-spheres, as well as the currents on the bodies. These computations

= 0.12N. The previous report showed bistatic radar cross scctions of

are repeated in the computer print-out of Appendix B.

Figures 6,7, and 8 show some examples of radiation from rotationally
symmetric apertures in bodies of revolution. Flgure 6 is the power gain

pattern for a circular disk of diameter D = 1.6A exc1ted by a voltage across

11
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Figure 2. Corrent on a conducting circular disk of 0.8\ diameter excited by an axially incident
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Figure 2. Bistatic radar cross section for a conducting circular disk of 0.8A diameter excited
by an axially (iy;l%ident plane wave. The E-plane pattern is labeled o and the H~-
plane pattern )
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Figure 3. Current on a conducting circular washer of 1.2\ outside diameter and 0.4A inside diameter,
excited by an axially incident plane wave.
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Figure 5. Bistatic radar cross section for a conducting toroid of 1A mean diameter and O.24A
cross-gectional diameter, excited by an axially incident plane wave. The E-plane
pattern is labeled o*C and the H-plane pattern o*®.
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Figure 6.

Power gain pattern for a conducting circular disk of 1.6A diameter, excited by a voltage
across a narrow slot of 0.8\ diameter.
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Figure 7.

Power gain patbtern for a conducting toroid of 1A mean diameter and 0.24A cross-sectional
diameter, excited by a voltege across a narrow slot at the maximum diameter.
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Power gain pattern for a conducting hemisphere of 1.4\ diameter, excited by a voltage
across a small annular slot at the center of the flat face.



a narrovw slot at a radius R = 0.4xn. Figure 7 is the power gain pattern for ’
a toroid of mean radius 0.5\ and cross sectional radius r = 0.12x, excited

by a- voltage across a narrow slot at the furthest point from the z axis.

Figure 8 is the power gain pattern for a hemisphere of radius R = 0.7A,

excited by a voltage across a - small annular slot at the center of the flat

plate. This physically corresponds to excitation by an open-ended coaxial

line. It is also equivalent to excitation by a small z-directed electric

dipole at the center of the flat plate. Radiation from apertures in cone-

(1]

spheres are shown in the previous report. These computations are repeated

in the computer print-out of Appendix C.

Figures 9 and 10 are examples of monostatic radar cross sections for
bodies of revolution excited by plane waves of arbitrary direction of inci-
dence. The curves of oea/hg are for g-~polarized incident waves, and the
curves of U¢$/K2 are for'¢-polarized incidént waves. There are no croés-
polarized components of backscattered fields from bodies of revolution.

Figure 9 shows the monosfatic radar cross section of a disk of diameter D = 0.8A.
Pigure 10 shows the monostatic radar cross section for a hemisphere of radius '
R = 0.7h. The computer print-cut of Appendix D gives the monostatic radar cross

section for a cone-sphere, half cone angle lOO, sphere radius 0.2\

The computer print-out of Appendix D also shows the convergence of the

pattern as more modes are included in the solution. Calling the modes which
+3 : ] :

vary as e_gn¢ the n-th modes, for accurate far-field patterns one should in-

clude all modes for which

< + 1 y

n= cmax (53)
where C = maximm body circumference in wavelengths. A justification of
(33) can be made in terms of spherical mode theory. Those modes having n
greater than Cmax are cut-off, that is, are highly reactive and do not contri-

bute materially to far-zone fields.

Similar convergence problems arise in aperture problems for which the
excitation is not rotationally symmetric. To illustrate this, we have com-

puted the power gain pattern for a cone-sphere excited by a voltage across a ‘

20
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Figure 10. Monostatic radar cross section for a conducting hemisphere of 1.4\ diameter, excited

by a plane wave incident at an angle g. The
nearly the same.

g~polarized and ¢~polarized patterns are



slot at the cone-to-sphere junction, extending over a 90O angular sector

of the body. Figure 11 shows how the power gain pattern converges as modes

are added to the solution. All curves are normalized to the power radlated

by the entire aperturé, that is, to the sum of the modal powers. Note that

criterion (33) is still a good indication of convergence.

Figure 12 illustrates a computation of monostatic radar cross section
vs. frequency for a conical sector of a sphere. Our computations (x's) are
compared to those by Schultz gﬁ_g;,[lgj who used an eigenfunction expansion
and nonfinal determination of coefficients. Also spown are an approximate
solution of Keller and measurements by Keys. The aécuracy of our computa-

tions is estimated to be better than can be read from the graph.

Computations for the cone-sphere, both as a loaded scatterer and as a
loaded radiator, have been made. The dimensions of the cone-sphere and
points of loading are pictured in Fig. 13. Computations were made for four

types of loads as follows:

(4) Short circuit
(B) Open circuit
(c)

(D) Matched load

Resonant load

For the scattering problem, these loads were applied one at a time to each

of the four loading points. The plane-wave illumination was axially incident.
on either the point or the sphere. For the radiation problem, the excitation
was taken at one of the four points, and one of the other points was loaded
by one of the above loads. We have a complete set of these patterns for all.
permutationsg of the excitations and loads. Representative mete of aéattering

and radiation patterns are shown in Figs. 1k and 15 to'illuﬂbrnbe Lho resullo.

IV. GENERALIZED NETWORK MATRICES

This program computes the [Z] and [Y] matrices for bodies of revolution.

The theory is that of the previocus report[l]

modified to allow unequal zepg-
ments of contour. The input data consists primarily of NP points specifying

the contour plus the mode number. The output consists primarily of the

23
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Figare 11.

Convergence of the power gain pattern for radiation from a 90D slot in a conducting
cone-sphere. Curve (a) is the n = 0 mode, curve (b) iz the n = 0, + 1 modes, curve
{c) is the n = 0, * 1, + 2 modes.

the pattern.

Addition of more modes did not materially change
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Figure 12. Monostatic radar cross section for a conical sector of
a sphere, as computed and measured by various persons.
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Figure 13. Conducting cone-sphere and polnts of loading.
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Bistatic scattering patterns (U/?\.2 ¥3. g) for a loaded cone-sphere. Ioads are resonant
bands at (a), (b), (e), or (d)}). The plane wave is axially incident on the tip, and the

patterns are in the E plane. Cone angle is 200, sphere diameter is 0.4A. (Maximum U/ka
for unloaded cone-sphere is 0.38.)



L2

fszze 5. Power gain patterns (G vs. @) for a loaded cone-sphere slot radiator. Feed is at (b).
Loads are resonant bands at (a), (b), (c), or (d4). Cone angle is 20°, sphere diameter
is 0.4A. There is no ¢ veriation.



elements of the generalized admittance matrix for the particular mode. The pro-

gram listing plus sample input-output data'are given in Appendix A.

The subroutine LINEQ(LL,C) replaces the LL by LL matrix C by its inverse. C
is a complex cne-dimensional variable. The (I,J)th matrix element resides in

¢(r + (J-1) * LL). If LL > 58, the dimension of the variable LR must be increased
to at least LL.

Punched card data is read early in the main program according to
50 READ(1,51, END = 52) NN, NP, NPHI, BK
51 FORMAT(313, E1k.7)

1, NP)

READ(1,53 (RE(I), I

READ(1,53)(zH(I), I = 1, NP)

53 FORMAT(10F8.4)

The excitation will have ej(NN)¢ldependence, NPHI has the same meaning as on page)55 of
the previous report.[l] BK is the propagation constant k = wy/pe . An odd mumber

NP of points are taken from the generating curve of the bedy of revolution. RH(I)

and zH(I) are respectively the distance p from the axis (z axis) of the body of
revolution and the corresponding z coordinate. RH(I) may be zero only when I = 1

or I = NP. If the generating curve closes upon itself, care must be taken to make

the coordinates at I = 1 identical to those at I = NP. The data is printed just

after it is read.

If the first and NPth data points are the same, the second and third data
points are overlapped into the NP + 1 and NP + 2 position and NP 1s increased by
two before going to do locp 57 which interpolates to find Lhe disLance DI(T) b=
tween the Ith and (I + l)th data poings, the rudius p midwoy belweon Lhe LLh
(1 + l)th data points, the corresponding z coordinate 28(1), and the sine V(L) and
cosine CV(I) of the angle between the z axis and the straight line from the Ith to

the (I + l)th data points. Next, a few constants are entered among which PI is n

and

and ETA is the intrinsic impedance 1 = 376.707 taken from the second edillion of
smythe. '] e tnird edition of smythe gives n = 376.730. DO loop L17 computes

the t coordinate (arc length along the generating curve) TJ(I) of the peakrof the

Ith triangular expansion function. TJ is printed. DO loop 10 éaldulates .

28



H (Ko
CSM(K+ (T-NI+1)#NPHI )= £oi— * COS [ T * Elﬁ%%fiil:l for K = 1,2,...NPHI

"and I = NN~-1, NN, NN+1.

DO loop 16 calculates

L x - JkR |
BH(7) [ at g dp —z— cos P (34)

The t integration is over the portion (assumed to be a stréight line) of
the generating curve between the Jth and (J + l)JCh data peints. ¢ is the
angle swept when the generating curve is revolved about the z axis. R is
the distance between some field coordinate (t', ¢' = 0) and the source
coordinates (t, ¢). The expression (34)is proportional to the scalar
potential at (t', O0) coming from a cos charge density on the lateral
surface of the frustum of a cone. Thg index J of do loop 16 indicates that

th )th

the source coordinate t is between the J~ and (J + 1 data points. The

index I of do loop 17 indicates that the field coordinate t' is midway be-

tween the Ith and (I + l)th data points. Except when the field point lies

on the surface charge, the surface charge is approximated by line charges
-.5)%
at ¢ = is ﬁPHIPI , K=1,2,...NPHI. When the field point lies on the surface
charge, the surface charge EQE—EQ is approximated by cos (.5%PI/NPHI)/R(I)
when 0 < ¢ < Pl s I < ¢ < m the line charges at
(=5 )¥Br L NPHI = |
¢ = NPT , K=2,3,...NPHI are used. Do loop 5 stores the results of
Lo ; (K=.5)¥PI oe .
the t integrations at ¢ = » K=1,2, NPHI in GS. Do loop 13

NPHI
-.5)%
multiplies the GS(K) by Ngél * cos (n*ﬁﬁ—Lzl—EE) and sums them over K to

NPHI
obtain expression (34) stored in G. Do loop 68 obtains n = NN-1, NN, and
NW+1. The location G(I + (J-1)*(NP-1) + (NP-1) * (NP~1) *(n~NN+1)) cor-

responds to field point I, source region J and mode n. If the ponerabing

but for the region

curve closes upon itself, the present NP is two more than the originﬂi ND

of the input data.

The impedance matrix Z will be the same as that of eqguation (HS) of

(1]

the previous report except that the previously defined Gn's will be used
and the Tp and Té are modified. Also, since the new Gn‘s ere divided by k

to make them insensitive to the absolute size of the body of rcvoiutidﬁ; the
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new 2's must be multiplied by k. Because of possible unequal spacing of
data points the 8 numbers Tp and T' were stored separately for each tri—
angularrexpan81on funetion. In do loop T4, the index J refers to the J
triangular function while the numbers T_ and T! are stored in T and TP
respectively. The Jth triangular functgon is gpproiimated by 4 pulses of
base lengths DH(I + 2 *(J-1)), I = 1,2,3,4. The derivative of the I tpie
angular function is Jjust & pulse doublet. Denoting base lengths by Al’ éé,

AB’ and_Ah,

T(1 + h*(J=1))

T(2 + bx(g-1)) =
(35)

TP(1 + 4%(J-1))

1

TP{2 + L¥{J-1

Similar expressions involving A, and Aﬁ are used to treat the traeiling edge

5

of the tridngular function. Expressions (35) are functional values (T for

the triangle and TP for the derivative of the triangle) weighted by the base

length in question The base length weighting is necessary because the G 's
l

have a factor —ETET = which must be offset. Also, the factor A3 is neces

sary for the field 1nteératlon For the field integral, the triangular

function and its derivative are each approximated by four delta functions.

Unless the generating curve closes upon itself, there will be no peak
of triangular function at the starting point and end point. The'expansion
function which is actually a triangular function over radius p will reduce
to a constant at a starting point or end point on the z axis. However, if
the starting point or end point is not on the z axis, the expansion functiong
reduce to zero there. In problems involving, perhaps, a conducting disk, the
electric current nermal to the rim goes to zero as the square root of the

distance from the rim and the current parallel to the rim becomes laxge as one

.

[
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over the square root of the distance from the rim, at least when an incident
plane wave propagafes perpendicular to the plene of the disk. The triangular
functions used to expand the ¢ directed current were modified near the ex;
tremities of the generating curve where no overlapping occurs remote from

the z axis. The triangular function (associated with the ¢ directed current)
nearest such an extremity was modified by increasing its value at.the
extremity from zero to two. The logic from statements

115 to 116 performs this modification. Whereas the triangular functions--
associated with the t directed current were stored in T, the functions

associated with the ¢ directed current are assigned TR.

Using Gn’ T, TP, and TR the impedance matrix i1s calculated inside do
loop 30. The calculation of the present impedance elements is very similar

(1]

to a previous calculation using equation (45) of the previous report.

Statement 81 CALL LINEQ (NM2, Z) inverts the impedance matrix stored
in Z to obtain the admittance matrix. The admittance matrix is printed in-
side do loop 93. If superscripts t¢ are replaced by rs and if r = 0 denotes

t, r = 1 denotes ¢ and similarly for s, then (Zis).., i=1,2,++°N-1 is

, 14
given by the [J + r ¥ (N=1) + 5 * 2 * (N—l)]th execution of write °
statement 96. Here, N-1 is the number (either NE=2 orVNP-l) of triangular

2--- 2 :
functions. Immediately following statement 81, the admittance matrix of the

array Z is recorded on a direct access device by
WRITE (6) (2(I), I = 1, Nz)

If no direct access device 1s available, statements should be added to either
punch the admittance matrix on cards or store il on tape. Al Lhe end of the
program, execution is transferred back to read statemenl H0. If Lhere is

another set of data, it is processed. If not, execulion terminates.

The dimension statements in the main program will not accommoduate NPHI
larger than 40 nor NP larger than 41 if the geheratjng curve closes on ltoelf,
If the generating curve does not close on itself, NP may be as large as k3.
Assuming that the generating curve might close on itself, minimum dimensiong

are:
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COMPLEX Z((Np-1)%(NP-1)), GS(NPHI), G(B*(NP+1)*(N'P+].))

DIMENSION RH(NP+2), ZH(NP+2), DH(NP+2), TJ(

DIMENSION SV(NP+l), CV(NP+1), ZS(NP+l), R(NP+1),
ANG(NPHI), AC(NPHI), CSM(3*NPHI)

DIMENSION TP(2¥(NP-1)), T(2%(Np-1)}, TR(2*(NP-1)

The NP referred to above is the original NP of the input data.

V. PLANE-WAVE SCATTERING, AXTAL INCIDENCE

This program computes the current on a conducting body of revolution
and scattering patterns for excitation by a plane wave axially incident on
the body. The input consists primarily of NP points defining the body con-
tour, plus the [Y] matrix for the n = 1 mode. The output consists primarily
of the current on the body, the scattered far-zone field, and the bistatic
radar cross section. Printer plot routines are included to graph both the
current and the radar cross- sections. The program listing plus sample input-

output data are given in Appendix B.

Subroutine PIANE(VVR, THR, NT) provides the measurement matrix elements
of equations (77) and (81) of the report.[l] NT angles 6, (in radians) appear
as input in THR. Other input appears in the common statement. U is the com-
plex constant (0.,Ll.), R, ZS, SV and CV are respectively the radius p, the z
coordinate, and the sine and cosine of the angle between the direction of
the generating curve and the z axis. R(I), 2z8(T), sv(I) and CV(I) are _
evaluated midway between the I and (I+1)th deta points RH and ZH by draw-
ing a stralght line between them. BK iz the propagation constant, theré are
(NP-1) R's, the excitation has eJ(NN)¢ dépendence, and T and TR are the pre-
viously computed welghted samples of the triangular functions for both the
t and ¢ directed electric currents. When execution returns to the main pro-
gram, the (R ; of eguation (77) or (81) of the report[l] will be stored in
VVR(L + (K-1)*NM + (L-1)*:*NM) where X = 1,2,3,4 denotes respectively
(R te) 17 (R¢6) » (Rt¢) and (R¢¢) . As defined in the subprogram, NM is

the number NP;5 of the trlangular functions and L denotes the Lth of the

angles er.
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In the subroutine PLANE, do loop 153 puts J! in FK(J+1). Do loop 156
sweeps the NT angles er. Do loop %02 computes the required Bessel functions

Zi;: ( l)K (§)n+2K
. . 2 .
according to Jn(x) = KT (oiE)T If the series for Jn(x) does not

converge readily, do loop 155 may be satisfied in which case error stop 155
is reached. When p = R(J), o
BJ(J + (K+1)*(NP-1)) for K = -1,0,1. To avoid direct computation of a

(kp sin er) will be stored in

Bessel function of negative order when NN = 0, J_l(x) is obtained from Jl(x)
in do loop 309. With pfi being represented by elther T or TR, the t inte-
(1]

gration of equations (77) and (81) of the report

The pf, triangular function is approximated by four delta functions.

If NP (either the original NP of the data or 2 plus it if the generat-
ing curve overlaps) is larger than 43, the dimension of some of the variables

in PLANE must be increased. These variables and their dimensions are:
COMMON R(NP-1), zs(NP-1), SV(NP-1), CV(NP-1),

T(2%(NP-3) ), TR(2*(NP-3) )
DIMENSION BJ(3*(Wp-1))

The common statement in the subroutine PLANE should be identical to that in
the main program. In the unlikely case that the mode number NN is larger

than 17, the dimension of FK must be increased to NN+3. Since the arguments
VVR and THR are only dummy varisbles, their present dimension of 1 is always

sufficient.

The subroutine REORD(XK1, K3, L) rearranges the first L elements of K3
in descending order. Also, the first L elements of Kl are rearranged so
as to maintain the original corresporidence between the clements of K3 apd
those of K1.

Punched card data is read in early in the maln program according Lo
50 READ(1,51, END = 52) NN, NP, NT, BK
51 FORMAT(3I3, Elh.7)
READ (1,53 )(RH(I),
READ (1,53)(zH(I),
53 TFORMAT(10F8.L)

= 1,ND)

I
I= 1,NP)
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A1l the input variables except NT are the same as the variables of the .

previous program. The receiver angles er are given by

n{i-1 .
(e.,) _’—L]:—_)' 1=1,2,-¢*NT

r’f 7 NT-1 '’

The punched card data is printed out immediately after it is read in.

Statement 126 checks to see whether the first and last points on the
generating curve are identical. If they are identical, the variable KL is
set equal to O and RH and ZH are expanded by overlapping the second and
third points on the generating curve. In this way, an expansion function
centered about the last original data point is obtained. If the first and
last original data points are not identical, XL is 1 and execution proceedé
to statement 58 in which case there are no expansion functions centered
about the first and last data points. The logic between statements 58 and
78 prepares input data for the subroutine PIANE. Statement 85 inserts the
receiver voltage matrices into VVR. Statement 127 inputs the admittance
matrix appearing in (17) of the reporta[l] This admittance matrix will have '

been generated by the previous computer program.

Nearly all the statements folléwing statement 127 are enclosed in do
loop 108. When INC = 1, the electric field of the incident plane wave is
gxe—jkz and when INC = 2 it is -gxejkz. The I column vector of equation
(17) of the report is computed in do loop 2 and stored in TI. The inner
do loop 3 uses transmitter veltage matrices obtained from the last
(8r= n, INC = 1) and first (g = 0, INC = 2) receiver voltage matrices.
Equation.(SE) of the report[l and the fact that Rze is even in n and Rie
is odd in n are used to relate the transmitter voltage matrices to the
receiver voltage matriées. Do loops 7 and 8 compute TJ(J), the arc length
which locates the center point of the Jth expansion function along the
generating curve. The total length of the generating curve is normalized
to 10. Do loop 9 performs the matrix multiplication indicated in equation
(65) of the report.{lj The measurement is stored in El and E2 correspond-
ing to the @ and ¢ receiver polarizations. In do loop 11, E1 and E2 are

normalized so that the quantity c/?x.g assoclated with each one is the square | .
'
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of its magnitude. The phase of El is set equal to zero in the backscatter-
ing direction which is 6, = @ for the e_sz

incidence and g = 0 for the
: T
e+gkz

incidence.

Do loop 128 divides the expansion function coefficients by p to obtain
the current. A multiplication by 2 or 2J converts from the exponential ej¢
to cos ¢ or sin ¢. The factorrn_is necessary to normalize the current to
the incident magnetic intensity Ei; Do loop 129 averages the ¢ directed
current J, according to ' 7

¢

Jé(i-l) + 2{£(i) + q$<i+1)

The averaging was deemed necessary to attenuate extraneous oscillations in
J¢. If the generating curve does not close upon itself, the first and last
{¢ are not averaged. Do loop 4 prints the arc length and real and imaginary

parts and magnitude of the t and ¢ directed current. For an incident mag-

netic intensity ﬂ} = Eye'JkZ (INC = 1) or g} = gyeakz (INC = 2), the current

sinor J is given in terms of the printed output JT and J¢ by

J = QtJT cos ¢ + g¢ J¢ sin ¢

Do loop 12 prints the scattering patterns as functions of 6,. SIG Xg is c/xg
in the E plane end SIG Xp is o/A° in the H plane. LSIG X0 is log, /38

in the E plane and LSIG X¢ is'loglo c/kg in the H plane. SIG X6 and SIG X
are respectively the magnitudes squared of §Xg and SX¢. The phase of 3Xg
is taken to be zero in the backscattering direction. The magnitudes (MAG)
and phase (ANG) of 5Xg and SX¢ are also tabulated. 'The scatterod electrlic

field will be proportional to

+ e .
Ly (SX6) cosp + u, (9Mp) sing
All the statements following do loop 12 are devoted to obtaining plots

of the previously tabulated quantities MAG JT, MAG J¢p, SIG Xg, and SIG Xp.
Do loop 13 scales the current for plotting. K5 is the t directed current
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and K4 is the ¢ directed current. K3 has been assigned the abscissa K1 and
Kk the abscissa K2. After execution of statements 14 and 15, K3(J) will

be the Jth largest K3 and K1(J) its abscissa. The quantities K3 and Kk
with abscissas K1 and K2 are plotted by do loop 20. .Entering do loop 20,
K5 = 1. One line is printed for each J. If K5(K5) is greater than or
equal to (51=J), an X is written after XK1(K5) blanks and K5 is incremented
by one. If K3(K5) is still greater than or equal to (51~J), another X is
written after K1(K5) blanks and K5 is incremented. The process continues
until X3(K5) is less than (51-F) in which case statement 20 is reached.
Similar action is associated with K4 and K2. If K3(NM) is larger than or
equal to zero, K3(NM+1l) will be observed, but K3(NM+1l) has been set equal to
-1 immediately after do loop 1k.

The patterns SIG X9 and SIG X¢ are plotted in a similar fashion.
Actuélly, the logarithms of SIG X6 and SIG X¢p are plotted but the scale is
gradusted in terms of SIG X0 and SIG X to simulate semi-log paper. Do loop
80 generates the abscissas K1 and K2 and ordinates K3 and K4. Statements
16 and 17 arrange K3 and X4 in descending order. Do loop 87 plots SIG X6
and SIG X¢ as X's and O's respectively. After do loop 108 is satisfied,
execution goes back to the read statement 50. If another set of input data
is encountered, execution traverses the program again. If not, execution

stops.

Let NP be either the original NP of the data if the generating curve
does not close upon itself or 2 plus the original NP of the data if the
generating curve closes upon itself. When NP > 43 or NT > 73, some variables
require larger dimensions. These variables are listed along with thelr

minimum dimensions.
COMPLEX Y (L*NM*NM), VVR(L*¥NT*NM), TI(2%NM),
E3(NM), EL(NT), E2(NT)
COMMON R(NP-1), Zs(WP-1}, sv(wp-1), cv(NP-1), T(4*NM), TR(L*NM)
DIMENSION RH(NP), ZH(NP)}, DH(NP-1), TJ(NM), THR(NT)

DIMENSION K1(NM), K1(NT), K2(NM), K2(NT), K3(NM), K3(NT), K4(NM), K4(NT)
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The variables K1, K2, K3 and Kt must be dimensioned at least as large as
the larger of NM and NT. Here, as in the main program, NM = 32%2 .

VI. APERTURE RADIATION, ROTATIONAL SYMMETRY

This program computes tﬁe current on a conducting body of revolution
excited by one or more rotationally symmetric aéertures. It is assumed
that the tangential electric field is known over the apertures. The input
consists primarily of NP points defining the body contour, the [Y] matrix
for the n = O mode, plus tangential E at the NP points on S. The output
consists primarily of the current on the body, the radiation field, and
the normalized power gain patterns. Printer plot routines are included to graph
both the current and the power gain patterns. The progrém liéting plus

sample input-output data are given in Appendix C.

The program is similar to the one concerning scattering for axially
incident plane waves except that the excitation voltage matrix is deter-
mined by input data instead of by an incident plane wave. Also, a gain
instead of a scattering cross section is obtained from the measurement.

(Equation (69) of the report.gl])

The subroutine PLANE provides the measurement matrix elements of
equations (77) and (81) of the report[l]

gsubroutine PLANE is similar to the subroutine of the same name used in the

for the special case n = 0. This

program concerning scattering for axially incident plane waves. For the case

ns=ao, R¢9 and Rt¢ may be dispensed with since they are ‘zero.

The subroutine REORD is exactly the same as the one of the same name
appearing in the program concerning scattering for axially incident plane:

waves.
Punched card data is read early in the main program accbrding to
50 READ(1,51,END = 52) KK, NP, NT, BK |
51 FORMAT(3I3, El4.7)
READ(1,53)(RH(I), I = 1, NP)

READ(1,53)(2H(I), I'= 1, NP)
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53 FORMAT(10F8.4) o ‘
IF(KX.EQ.2) GO TO k0 -
READ (1, 68)(21(1), I = 1,NP)
168 FORMAT(TE1l.k)
‘ TP(KK.EQ.1) G0 TO L1

Lo READ(1,168)(E2(I),I = 1, NP)

b1 KL =1
KK = 1 if the aperture electric field has only a t component.
KK = 2 1if the aperfture electric field has only a ¢ component.
KK = 3 if the aperture electric field has both t and ¢ components. NP points

define the generating curve of the body of revolution. The first point and
the NPth point mark the extremities of the generating curve. NP must be

cdd. The gain pattern will be observed at NT angles_er. In degrees,

180(1-1 '
§_ = Tt , I=1,2,++ NT. .

BK is the propagation constant k = wy e . RH(I) and ZH(I) are respectively

the cylindrical coordinate radius p and axial distance z at data point I of

the generating curve. El and E2 are complex. If KK # 2, EL(I) is the t
component of the axially symmetric aperture electric field at point I on the gen-
erating curve.. All the El's except E1(J) being zero represents an

aperture field,glégl between the (Jnl)th and (J+l)th
7 and (+1)™ points if g = 1 or between the (J-1
J = NP. If RH(Ll) = RH(UP) # O and ZH(1) = ZH(NP), an E1(1) must be ac-
companied by an identical EL(NP). TIf XK # 1, E2(I) represents a ¢ dlrccted

points or between the

)th and J°B points if

aperture field in exactly the same way as EL(I) represented a t direcled
aperture field. If KX = 3, both El and E2 occur simultencously. The

punched card data is printed ocut soon alter 11 1is read.

Statement 126 sets XL = 0, overlaps two of the data pointa and sdds 2

to NP if the generating curve closes upon itself. Do loop 57 druws #

)th th

straight line between the (I+l)" and I~ data points to obtain DH(I), R(1), zs(z;),.
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SV(I), and CV(I), the increment of arc length, the cylindrical coordinate
radius, the axial distance, and the sine and cosine of the angle between
L and the z axis, all evaluated midway between the (I+l)th and Ith data

*points. Do loop 1 stores the NT angles Gr in THR.

The triangle functions (equation 31 of the report[}]) are modified
slightly if the data points on the generating curve are not exactly

equally spaced.

4
T A

o tj-i b b Yo i
T,(t) for i = (Qél),,
For J odd, the (—‘:%:—L)th modified function is given by
s t, . <t< ;
bt o g2 = ¥ =Yy
f EN tt,
1- E;;g:EE b St Sty
0 all other t .
where 1 = Liéil..

The subscript j on t indicates the 3% data point. For J odd, this
(Z55)®® function is characterized by 4 mumbers T(2%J-6+1), T = 1,2,3,b.
Coming out of do loop Tk, T(2*3-6+I) is T,(t) mldway between the (J-3+I)th
and (J-2+I)th data points multiplied by t;e arc length included between the
(J-5+I)th and (J-2+I)th data points. The multiplication by the increment

of arc length factor facilitates integrations over the gource and field

regions.
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If KL £ 0 and if RH(1) is not zero, the body of revolution has a rim.
The previously defined T(t) nearest the rim will be zero at the rim. '§ince
the ¢ directed current is not expected to be zero at the rim, the T(t)
associated with the ¢ directed current nearest the rim was changed to 2 at
the rim. This amplitude 2 mskes the function linear in t when the pointa
tj in question are equally spaced. The logic between statements Th and 78

represents the functions associated with the ¢ directed current by TR.

» Do loop 7 computes the arc length TJ at every other data,point along
the generating curve. Do loop 8 normalizes TJ for a generating curve of

length 10. . -

Using T and TR to invoke a pulse approximation to the T(t) functions,
do loop Lk uses the aperture electric field data to calculate and store in
E3 the excitation voltage matrices, (eguation (27) of the report[ll), If B3(J)
represents excitation in the t direction, E3{(J+NM) represents a correspond-
ing excitatidn in the ¢ direction. Actually if KK # 3, there is only one
type of excitation and either E3(J) or E3(J+NM) is automatically set equal

to zero.

Statement 185 reads the admittance matrix Y from, in this case, direct
access data set 6. Do loop 134 calculates the coefficients TI of the current
expansion functions by multiplying the admittance matrice ¥ by the excitation
voltdge matrix E3. 'If TI(J) represents a t directed current, then TI(J+NM)
represents the corresponding ¢ directed current. Since the admittance sub-
matrices Y¢t and Yt¢ are zero, the t directed .aperture field will excite '
only a t direéted electric current and the ¢ directed aperture field only
a ¢ directed guyrent. 5till in do loop 134, the power required to main-
tain the apertire field is obtained by summing the products of the complex
conjugate of a coefficient of a current expsnsion function with the corresw
ponding excitation voltage matrix element. The power associated with the ¢
directed aperture electric field is put in Pl and the power associated with
the ¢ directed aperture electric fleld in P2. B8ince only the real part of
the complex power 1ls required to normalize the gain, neither Fl nor P2 are
defined to be complex variables. Pl and P2 are written just after do loop
13Lk. The sample printer output for the cone sphere data came from an
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earlier version of the program which printed Pl and P2 according to

WRITE(3,169) P1, P2, P3

169 FORMAT(1X, 7E1l.4) ’ : o

where P3 was just the constant hﬂ/kgn . If KK # 3, either Pl or P2 is

zero. For some problems with aperture excitation very near the poles of the
body of revolution, P2 was negative. This apparent error is due not to the
method of moments itself, but to the approximations made in obtaiﬁing tﬁe '

gource and field integrals.

Do loop 9'calcula£es complex numbers EL and E2 whose magnitude is the
square root of the gain by pre-multiplying the matrix of current coefficients
TI by the measurement voltage matrices VVR previocusly supplied by the sub-
routine PLANE. The proper normalization is obtained in statements 196 énd
191. ELl and B2 at 1 and NT are expected to be zero. Just to be definite,
the 4 statements before do loop 139 assign the phase O to El and E2 at 1
and NT. The magnitude of El squared is the gain associated with the t
directed aperture electric field and the magnitude of E2 squared is the
gain associated with the ¢ directed aperture electric field. Since the
measurement voltage submatrices R¢9 and RF¢ are zero, the t directed electric
current will excite only a 6 directed far field and the ¢ directed current
only a ¢ directed far field. Do loop 139 converts the coefficients II of the

current expansion functions to actual currents per unit length by dividing by

" the cylindyrical coordinate radius RH.

After do loop 139, the remainder of the program is devoted to printing
and plotting the electric currents and gains. The currents are printed in
either do loop L0 or do loop 143. These currents in amperes per unit longth
are independent of ¢ and possess real and imaginary parts. The gains are
printed in either do loop 156, 159 or 167. In the heading, (6 is the gain
associated with the t directed current and G¢ is the gain associated with the
¢ directed current. E& and Ep are the square roots of the respective gains.
ANG E6 and ANG Ep are indicative of the phases of the 6 and ¢ directed

electric fields in the far zone.

In do loop 171, M = 1 obtains plots of the t directed current JT and
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gein GO while M = 2 obtains plots of the ¢ directed current J¢ and gain G¢.
Do loop 172 finds X1 and X2, the maximum magnitudes of the real and imégiﬁdry
parts of the current. Do loop 13 normelizes X1 and X2 to full scale. K3

and KU represent the real and imaginary parts of the currents and K1 and

K2 their corresponding abscissas. CALL REORD(K1,K3,NM) arranges K3 in 7
descending order. The abscissas Kl are arranged dccordingly to meintain
the original correspondence between K3 and K1. CALL REORD(KZ,kh4,NM) operates
similarly upon K2 and Kt. The current is plotted in do loop 20. One line

is printed for each J. Datae is plotted on a given line only if the ordinate
of the data is greater than or equal to the ordinate of the line. If éome
data 1s out of range, that which is too large accumiulastes at the top of the
plot while that which is too small is ignored. Do loop 80 prepares the gain
to be plotted on a logarithm scale via K3 and Kl1. CALL REORD(KL1,K3,NT) arranges
K3 in descending order while still keeping track of K1. The gain is plotted
by do loop 87. At the end of the program execution is transferred back to
read statement 50. If there is another set of punched card data, the pro=

gram recycles. If not, execution stops.

ggt NP be either the original NP of the data if the generating curve
does not close upon itself or 2 plus the original NP of the data if the
generating curve closes upon itself. When NP > 43 or NT > 73, some vari=
ables require larger dimensions. These variables are listed elong with their
minimum dimensions.
COMPLEX Y(L*NMXNM), VVR(2*NT*NM), TI(2%NM),

E3(2*NM), EL(NP), EL(NT), E2(NP), E2(NT)
COMMON R(NP-1)}, ZS(NP-1), SV(Np-1), CV(NP-1),

T(4*NM), TR(4*NM)
DIMENSION RH(NP), ZH(NP), DH(NP-1), TJ(NM), THR(NT)
DIMENSION K1(NM), KL(NT), K2(NM), K3(KM), XK3(NT), K&(NM)

Here, as in the main program, NM = ——-é . The variablés El,E2, K1, alid K3
serve a dual purpose. The common statement in the subroutine PLANE should
be exactly as it is in the main program.
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VII. BACKSCATTERING, OBLIQUE INCIDENCE

This program computes the backscattered field and monostatic radar
cross section for a conducting body of revolution excited by a plane wave
from an arbitrary direction of incidence. The current is also found but not
printed out. The input consists primarily of NP points defining the body
contour plus the [Y] matrices for all modes n satisfying (33). The output
consists primarily of the backscattered field and monostatic radar cross
section patterns. The cross section patterns are graphed by a printer plot

routine. The program listing plus sample input-output data are given in

Appendix D. ) T

The subroutines PLANE and REORD are exactly the same as the ones in

the program concerning scattering for axially incident plane waves.
Punched card data is read early in the main program according to
50 READ(1,51, END = 52) KK, NP, NT, BK
51 FORMAT(3I3, E1k.7)

READ(1,53)(RH(I), I.= 1, NP)

READ(1,53)(zH(I), I = 1, NP)

53 FORMAT(1O0F8.4)

The punched card data for the backscattering program is the same as that

for the program concerning scattering for axislly incident plane waves

except that NN 1s replaced by KK. For oblique incidence, the R _'s of equa-
tions (77) and (81) of the report[l:l are considered for only nn= 0,1,2¢++KK-1.
Up to and including do loop 8, the programs for backscattering and for axial

incidence are essentially the same.

Do loop 42 initializes El, the measurement for a 0 directed transmiiler
and a 6 directed receiver, and E2, the measurement for & ¢ directed trang-
mitter and a ¢ directed receiver. When both transmlitter and recelver arc
located at ¢ = O, there are no 89 or ¢@ polerization componenbs} For the 00

—~

and ¢¢ polarizations, R_n Y~n V_n = Rn Yn Vn s0 that the measurcment must be

multiplied by an extra factor 2 if n # 0. Inside do loop 40, the gubroutine
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PLANE is called upon to provide VVR, the receiver voltage corresponding to
Rn for n = XX-1. From the KKth record of data set 6, statement 127 reads
the admittance matrix Y for the same (M —L)th mode. Bach L of do loop k41
denotes a different polar angle . For *“ransmitters in the direction & from
an origin near the body of revolution, dc loop 3 puts the currents in E3 and
E:i. The transmitter voltaege matrices necessary for computation of the cur-
rents have been abstracted from the receiver voltage matrices VVR by merely
changing the sign of the elements corresponding to R¢9 and Rt¢. Do loop 43
adds the measurements §£ Yn Vn to El and E2. Toward the end of do loop u4l,
SIG 66 and SIG ¢¢ along with their square raots MAG 899 and MAG S¢p are
printed. 8IG 80 and SIG ¢¢ are echo areas per square wavelength (c/k?) cbtained
by squaring the product of El or E2 with Pl. Pl is the constant ken/Qni/z

defined earlier in the program just after do loop 1.

The fixed point ordinates K3 and K4 and abscissas K1 and K2 appearing
in do loop 80 facilitate plotting the echo areas per square wavelength on a
1ogarithm scale. Do loop 80 also repeats the final printing of the echo
areas per square wavelength. Statements 1L and 15 arrange K3 and Kbt in
descending order and do loop 87 plots the echo areas per square wavelength
in the same way that the bistatic scattering cross sections were plotted

in the program for axially incident plane waves.

If NP > 43 or NT > 73, most variables require larger dimensions. The
affected variables are the same as those of the same name appearing in the
program for axially incident plane waves except E3 and EL which must be
dimensioned at least as large as TI was in the program for axially incident

plane waves.
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APPENDIX A. FPROJGRAM AND, SAMPIE INPUT-OUTPUT DATA FOR SECTION IV.

// {Q034,EE,6,2) 4 *MAUTZ y JOEY ,MSGLEVEL=1
// EXEC FORTGCLG,PARM,FORT='MAP!
//FORTLSYSIN DD =* "
SUBROUTINE LINEQ(LL,C)
COMPLEX C(1)+STOR,STG4STHS
DIMENSION LR{58)
Do 20 1=1,LL
LR(I)=1
20 CONTINUE
M1=0
DU 18 M=1,LL
K=M
b 2 I=M,LL
Kl=Ml+1
K2=Ml4K
IF(CABS(C(K1))~CABS{CIKZ21})) 2+2,6
6 K=1
2 CUONTINUE
LS=LR (M)
LR{M)=LRI(K)
LR(K}=LS
K2=M1+K
STOR=C{K2)
J1=0 .
DO 7 J=1,LL
Ki=Ji+K
K2=J1l+M
STO=C(K1)}
C(K1)=C(K2)
C(K2)=STO/STOR
Jl=Jl+LL
7 CONTINUE
Kl=M1+M
C{KL)=1,/5TOR
PO 11 I=t,LL
FF(I-M) 12411,12
12 Kl=Ml+1
ST=C(K1)
C(K1}1=0.
J1=0
DO 10 J=1,LL
Kl=Jl+1
K2=J1+M
C{K1)=C{K1}-C(K2)}%ST
Jl=g1+LL
10 CONTINUE
11 CONTINUE
Mi=M1+LL
18 CONTINUE
Ji1=0
DO.9 J=1l,LL
IF(J=LR{J)) 1448414
14 LRJI=LR{J]
Tode2={LRJ~-1})*LL
21 DO 13 I=1,LL
K2=J2+1
Kl=dl#+]
S=C({K2)
C{K2)=CI(K1) ] -
C{K1})=S
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13

50
51

53
16
54
55

46

56

58

57

CONTINUE

LR{J)=LR(LRJ)

LR{LRJ}=LRY

IF(J-LR(J)) 14,8,14

Jl=Jl+tL

CONTINUE

RETURN

END

COMPLEX A3 ,A4,72(1600),G5(40),G(5292),U
DIMENSION RH(43)424(43)4DH(43},TJ(20)
DIMENSION SV(42)4CV(42)425(42)4,R(42),ANG(40)4AC(40),CSM(120)
DIMENSION TP(BO)+T(80),TR(B8O)yJK(4)
REWIND 6

U=(O¢91¢)

READ(14514END=52) NN,NP,NPHI 4BK
FORMAT(3I34E14.7)
READ(1453)(RH(1),I=1,NP)
READ(1453)(ZH(1)yI=14NP)
FORMAT(10F8.4)

WRITE(3454) NNyNP,NPHI,BK

FORMAT(1X//? NN=%,[3,% NP=1,13,' NPHI=',]3,! BK='yEl4.7)
FORMAT(1X/ ¥ RH'} .
WRITE(3,55)

WRITE(3446)(RH(I)yI=1,4NP)
FORMAT(1X,10F8.4)

WRITE(3,56})

FORMAT(1X/' ZH?')
WRITE(3446)(ZH(1),1=1,4NP) . .
IF({(RH{1)=RH(NP) ) eNEosOweeOR{ZH{1)=ZH(NP) ) eNEeOs) GO TO 58
RHINP+1)=RH(2) ’
IHINP+1)=ZH(2)

RH(NP+2)=RH(3)

ZHINP+2)=7H(3)

NP=NP+2

DO 57 1I=2,NP

12=1-1

RRLI=RH(I)~RH(I2)

RRZ2=ZH(1}=2ZH(12)
DH(I2)=SQRT(RR1*%RR1+RRZ2%*RR2)}
ZS(12)=5%(ZH(1)+ZH(12))
R({IZ2)=o5%(RH(I)+RH(I2}))
SV(I2)=RR1/DH(I2)

Cv(I12)=RR2/DH(12)

CONTINUE

KG=NP-1

N=KG/2

NM=N-1

NM2=NM#*2

NM&=NM*%4

NZ=NM2%xNM2

NG=KG=KG

M5=NN+2

M6=NN+4

FM=NN

FM2=NN%*NN

PI=3.141593

ETA=376,707

DP=PI/NPHI

CA=BK#BK*ETA




117

118

11

10

12

73
25

CQ=ETA

SS=0.

DO 117 I=14NM
11=2%{1-1)+1
I2=11+1
SS=SS+DH{T1}+DH(12)
TJ(I}=SS

CONT INUE
WRITE(3,118}
FORMAT(LX/' TJ*')
WRITE(3,46) (TJ(l}sl= lvNM)
DO 2 J=1,NPHI
ANGUJ)={J—e5)%DP
AC(J)=COS(ANG(J))
CONTINUE

M3=0

DO 10 MM=M5,M6
Ml=MM-3 -
M2=M3%NPHI

DO 11 K=1,NPHI
Kl=M2+K
CSMIK1}=DPECOS(ML*ANGI{K) ]

CONTINUE o . L -

M3=M3+1

CONTINUE

DD 16 J=14KG

DEL=.5%DH{J}

DELEI=DH(J)*BK
Ab=DP=R(J)*DEL*BK

D0 17 1=1,KG6

23=2S(J)=-25(1)
RRLI=SV(J)*R{J)+CVIJI*Z3
RR2==SV{J)*R{I) :
RR3=R(JIXR(JI+R{T}*R(TI)Y+23%Z3
RR4=~-2.%R{JI1¥R( )
X1=ABS(R(JI=R{I)}+ABS(Z3)

DO 5 K=1,NPHI
IF(KeNE.1o.OR&X1NE, O.) G8 T0 7
X=R (J}*DP .

XX=SORT (DEL*DEL+X%X)
Wi=(X%ALOG( (DEL+XX)/X)+DEL*ALOG((X+XX)/DEL}}/AA
W2=-1,

FS(l)—H1+U*N2

0 TO 5

¥Y=ABS(RR1+AC(K)*RR2)
RD=RR3I+RR4*AC (K)
RK=BK*SQRT{RD}

D2=RD=Yx*Y

Yi=Y-DEL

Y2=Y+DEL

R1I=SOQORT(Y1*Y1+D2)}
R2=SORT(Y2xY2+D2)

IFEYY) 72+:73,73 :
TIN=ALOG((-Y1+R1)=*(Y2+R2}/D2)
GO TO 25 . : e
TIN= ALDG((Y2+R?)/(Y1+R1))
SN=SIN(RK)

CS=COS(RK}
GS(K}={CS=URSNY % ( TIN=Uk (BK*DH(J )~ RK*TIN})/DEL1
CONT INUE

48




M3=(J=1)%KG+1
DO 68 MM=1,3
Ml=MM=-1
M4=M1%=NPHI
T M2=M1%NG+M3
G(M2)=0.
00 13 K=1,NPHI
K2=K+M4 .
GIM2)=G(M2)+GS(K)%CSM(K2}
13 CONTINUE
68 CONTINUE
17 COMTINUE
16 CONTINUE
DO 74 J=14NM
J2=2%(J=1)+1
J3=42+1
Ja=J3+1
J5=J4+1
Je=4%x(J=1)+1
J7=J6+1
J8=J7+1
Jo=J8+1
DEL1=DH(J2)+DH(J3)
DEL2=DH(J4)+DH(J5)
TP(J6)=DH(J2)/DELL
TP(JT7)=DH(J3)/DEL1
TP(JB)==DH(J4)/DEL2
TP{J9)==DH(JI5)/DEL2
T(J6)=DH(J2)%DH(J2)/2./DEL]
T(J7)=DH(J3)%(DH(J2)+DH(J3)/2.)/DEL1
T(JR)=DH(J4)*(DH(JS5)+DH(J4)}/24)/DEL2
T(J9)=DH(J5)%DH(JI5)/2./DEL2
74 CONTINUE
DO 75 J=14,NM4
TRIJ)=T(J)
75 CONTINUE
115 TF((ZH(L1)=ZH(NP=2))eEQeOe s AND. (RH{1)=RH{NP=~2)).EQ.0.) GO TO 78
TE(RH{L)} 77,423,777 :
77 DEL1=DH(1)+DH(2}
TR{1}=OH{1)%{1.+(DH{2)+DH(1)/2.)/DELL)
TR{2)=DH(2)%{1.+DH(2)72./DELL)
23 IF(RHINP)) 79,78,79
79 Jl=(N=2)%4+3
J2=J1+1
NEL2=DH(NP=2}+DH(KG)
TR{J1)=DH{NP=2)%(1.+DH(NP=2)/2./DEL2)
116 TRJ2)=DH{KG)I*(1e+(DH(NP=2)+DH(KG)/24)/DEL2)
78 U0 30 J=1,NM
JL=(J=~1)%NM2
J3=(J=1)%4
J1=2%(J=-1)
DO 31 1=z1,NM
Ll=JL+]
L2=L1+NM
L3=NMENM2+L ]
Lé4=L3+NM
Z(L1)=0.
Z(L2)=0.
Z(L3)=0.
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7(L4)=0, o .
T1=2%(1~1) , ' .

I3=([~1}%&
DO 70 JI=1l.4
J2=d41+d4 ,
J7=43+JJ , : ' _ B o -
"DO Tl 1i=1.4 ' : - - S VT
I2=11+11. S -
17=13+11 ' ' - - -
J4=(J2=11%KG+I2 '
JE=J4+NG
Je=Jd5+NG
SS=SV(I21%SV(J2)
CC=CV{lI21%=CV(J2}
A3= 5% {GLJBI+G(J4))
Ab= 5% (G(JIB)1~G(JI4))
ZOLLY=Z LY+ CART (1T AT (JTI*(SSRAZ+CLEG(JS) }=COXTPITIXTP (JTI*G (IS5
1) )%y '
O ZEL2Y=Z L2V +CARSY U2V RTRITTI*T (JT IR AG=FMRCOEG (JSIRTRITTI*TP{IT)I/RI
112) . : i : ,
2iL3)=2(L3)Y=CARSV{I2)*T (IT)I%TREJTIxA4+FMECO*®G (ISR TPLITIRTR{JIT)Y/RI
1J2) .
2(L&)=2 (L4 )+ (CARAR=FM2RCQ/R(I2)}/RIJZI*GIIS)I*TR(ITI#TR(J7)*U
71 CONTINUE - '
70 CONTINUE o . .
31 CONTINUE ) o , , N o S e e
30 CONTINUE ' - e
81 CALL LINEQUNMZ,2)
WRITE(OY(ZIIYeIl=1,NZ)
JK{1l¥=1 :

JK(2)=N _
JK(3)=NM2ANM+1 » o - ‘
JE{4)=JKI{3}+NM : ,
DIV 93 J=1l,4% o o - S : B
Ki=JK{J) - -
WRITE(3,24} J : :

24 FORMATILX/'Y Yt,11)
DO 92 1=14NM
K2=K1+NM-1 o

96 WRITE(348R)(ZIK)K=K14K2)

A8 FORMAT(1X,10G11.4)
Kl=K1+NM2

92 CONTINUE

93 CONTINUE

GO TO 50
52 STOP
END
VA
//GDJFTOAF001 DD DSNAME=EEQ034.REV1,DISP=DLDUNIT=2314, X
£/ VOLUME=SER=5UQ004,DCB=(RECFM=V,,BLKSIZE=1800,LRECL=1796)

//GU.SYSIN DD =
001041 20 0.4659995E+00 = )
0.0 0.0868 041736 0.2605 0.3473 0.4341 0.5209 0.6078 0.6946 (.7814
0.8682 0.9551 1.0419 1.1287 142155 1.3024 1.3892 1.4760 1.5628 11,6497
147265 1.8233 1.9101 1.9970 22,0838 2.1706 2.2574 2.3442 2.4311 2.,5179
2.6067 2.6837 2+6863 2.5969 2,414 2,1570 1.8216 144238 049772 0.4971
~-0.0000 ’
0.0 044924 0.9848 1.47T72 1.,9696 2.4620 2.9544 3,4468 3,9392 4,4316
4.9240 5.4164 5.,9088 6,4013 6,8937 77,3861 7.R7TRS R,3709 B.8633 9.3557
9.848) 10,3405 10.8329 11.3253 11,8177 1243101 12.8025 13,2949 13,7873 14.2797
147721 15,2657 15,7650 16,2562 16,7225 17.1478 17,5177 17.8195 18,0427 1A,.1798

18,2260
/* ' :
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LS

NN= L ADP= 4) APHI: 20 Brz 0.46%9995F 00

RH T T
0.49682  €.9551  1.0419 1.1297 1,2155 1.3024 1.3892 1.4TA0 1.%6?B 1.6497
ta73658  1,3233  1.901Q01 1.9970 2Z.B8B88 2.1706 2.2574 2.3442 2.4311 2.517°
20047 706837 2.8%53  2.5969 2.418. 22,1570 1.8216 1.4233 0.3772 0.4971
-0.0

|

IH

I

a0 0a4724 0.%Fac  La4T72 1.4696 2.4%20 2.6544  3.6468 3,9392 444316
409243 he6lb4 S.B04Y ~asDE3 £.8937  T.3861 TL.rTnS BL3TRA 3,1633 0 A3557
95431 10434905 10.87%2¢ 11,3253 11.B1T7 12,3101 12.8075 13,2943 13,7873 14,2797
1647721 15,2657 15. 7070 14,7562 16,7275 17.1478 17.5177 17.8195 12,0427 1A8.179R
18,2260 :

Bd
4

T3
1L.0800 2.000C 3.00C0 4.0000 4.77299 §,9996G  7,0000 B8.0000 9.M0N5 LLLCO0C
11.0000 12.0000 13..9%000 14.08000 L12.0000 15.9991 156.9°7T [7.2962 13,994P
Y1 ' ] .
0.2558E-0%-0.2%549E-02 0.4195F-05-0,21326-02 0,4395E-05 0.1T7?5F~-D2 0.316%E-03 0.1626F-02 0.1437¢- 05 0,2234£~-02

~0.6134E-06 0.1190F~0%-0,3305E-05 0.1629€~02-0,5341€-05-0.1831E-02-0.6520E-0% 0.1060E-02-0.6319¢-0%-0,1979%-03 .

~0.AB5E-0%~0.3354F-03-0.2658E- 05 0,544 -03 0.260TE-06~0.5064E~03 0.27T9E-05 0,4093F~-03 0,4831F 05-0.2T0%-03
0. 50ATE-0S 0.1669F-03 0.3465E-05-0.1049E-03 0.1101 E~05 0.96TSE-04—-0. 2496E-07-0.1372¢-03

0.4148€-0%-0,2132F-02 0. TIB4F-05-0.1426E~N2 0.1059E-04 D.S146€E-03 0.1116E-04 0.5611F-03 0.9731E-0%-0.0062¢-0)
0.6507E-05 N.306AF~04 0.18T4E-05 0.56726~03~0.36TTE-05-D.6646E~03-0.8480E-0% 0.36T4E~03~ 0,11 T8E- 04~ 0. 7613 -04
=0 1200E~04-C0 1 19TE~03- 0. 1 1BEE-04 0,1992E—03-0.864TE-05-0. 1 TOSE-03—0.4131F-0% 0,15816-03 0.8532F- 06~ 0.B40%E-00
0.5059E-0%5 D.4805F- 04 0.6124F~0%5-0.34TTF~04 0.,4001E-05 D.3272€-04 0.1559E-035-0,5119€-04

0.4210F~05 0.1T24F-02 G.1042E-04 0.%5133E-03 0.1 TISE~04-0.2490F-02 0. 2321 F~-04—0.1 T48E-02 0. 2309F- 04 0.2207€~-02
0.21886-04-0. 1480E-03 0. 1645E-04~0,1645E-~07 0.6591 E-05 0,1805E-02~0,3248E-05-0.10916-02-0,13948-04 G 1V96E-03
~C 221404 0.329RE- 03042639~ 04~0, 5394E~03-0.26TAE-04 0.5265E-03-0.2181E~04~0,3840F-03-0,1307¢-04 0.2999%-03
=0.21 90E-0%-N,1453F- 03 0.654TE-05 0,11641F-03 0.B8IBLE~D5~D.9900E-04& 0.%006E-0% 0.13318-03

0.A028E-0% 0.1630F-02 0.11026-04 0.56206-03 0.2316E-04-0.1751E-02 0.3185F-04~0.104TE-02 0.3424F- 04 0.2804E-03
0.6 TAF-CA-O.5815E— 04 0.3323F-04-0,3201F-N3 0.,2013E-04 0.28A8E-03 0.B22TE-05-0.224T7F-03-0.8T27¢-0% 0.1032¢-03
~062391E-04 0.I3TIF- 04~ 0. 344 )F~04~0.1096E~03~0.A0TTE-04 0.904I1E-04-0.30831F~04~0.5884E-04~-0.3025E- 04 0.T0426-04
~0e1251F-04-0.5419F-05 0.30B6F-05 0.3444E-04 0,107TE~0A-0,12645E-04 0.8154E~05 0.2331E-04

0 1420E-05-0,2249F-02 0.97865E-05-0. BL16F-03 0,2399€-04 0.2222E-02 0.3425E-04 0.2930F-03 0.3964F- 04~ 028094802
0.4739F-04 0,3375F-05 0.4TB3F-04 0.1%53TE-02 0.3633E-04-0.1870E-02 0.2511F-04 0.9853E-03 0.5TE6E~ 05-0,2355-0)
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A

O GNATE—NA~N A0 2F= N2 A, 3AK 1F =04 N, 4REW N1, ARAAE~NE-0,81TAF-03-0,4TOINF-N4 0.3B15F~N3-10, 47 6TE- 04~ 0.2593F-03
=0, 2E0KF NG A 1TRTF-NA- N, 4HRNE- 0K AT 4N N, AQINF-NE V1, 10A4F.NT N,Q112FE-NK-0.12T3F-N7
“0,4L07E-NF 0,]1?2720-N2 N AGRAM-NR N A T4F =04 D, ?16TE-NL-0. 1K815F-073 0, 3666F-04~0.5RRTF=04 N,4TAIF- 04 0,6075F-05
A RN TAE A 0A=, TAPAr~ N1 N AKROE - 4=, ARG OE =03 N, SO00F-04 N, BRGAF~1T N, 4816F=04-N,574TF-03 0.2714F- 04 0,4502E-04
ALPRANF—0% N 1100F= 020, P1TIE-N4-0,324]1F =3 =N, 4IDEE DL N P20R2F~02-N KRIFF-04-D . ?2312E-03-0,5558F~ 04 0.1252E-03
~7.6051FNA-0, TAIRE- N4~ 0, 1RDIE-NA O, T1RIE~04 N, 695NF-05-1.212AF-04& D,RR3I4F-05 0,.T615F-04
~N AV KRE_NAR AL TARDTE-N? N 1HTAF=NE N, 5T447=NF N, 11 TF~N4~N,16ATF~02 N.3314F-04-0.3238F~03 0.4&ROS5F-04 0.1547E-07
OLESTRE-NA=N 0IRTIF= 02 N, TRAAF=N4=D 1 1ARE =07 ), TTGRE=04 O, &46IAT =N N, T2TRF-046-0,4091F~-N3 0,5399E-04 0.2924F-065
N 2826E-04 N ARLIT~ N4 N, QRO2E-NT=0,?524F=N3«N, 2R50E-D& D,91I0F~-04-N.4B19F-04~0.1928E-03~0,.5RB325~-04 0,%009F -04
SN LSODAF =\ 4=N  £20NFn N4~ 1, 26IAF- N4 0, LOTAT ~(1e =N 2I3NF-05 D 1NI0OF-N4 0 ,5994F-05 0.5837F-04
“A RARINE-NE~0  1RAAR= ()20, 23T C-NE-N ATETIE~0F N, AQANE=05 O, 1RITF-N? N,2017F-04 0.,?7940F-03 Q,3600F-04-0.1819F-02
N,SNA8F-N4 O R&TAF=NT O, TRNAF-N4 D &TIAE =N N QTIAF—04 -0, IRR&F-N? N,A?ATF-04 ) &ARAF-N3 0,RITAE~ 04-0,2156E-07
OLASOTF-NA-N,IPARE- N2 N GG - NA N, XARNT =N N, RGASF—NR—0, 46T 1E-03-0,1907F-04 (,1940F=03— 0,40 T4E- 04-0.2721E~02
“OAB2IE-N& N Q07 2F~ 04N, ART4F— 4=N,TIHW =N4~N, 14TSF~NG 0.QP5RE-N4-N,1)18?2F-05-0,TBT3F~04
SR ATRICA0N N, 1ARIF- NI, R483F-NF 0,2 THI N2 N, A57SFE=N5 -1, 1 113F-N2 N.B1T9F-05-CG.2285F-03 0,2531E-04 0.1000F-0?
QL ARYIVE-NEA~N,STQRF-NT 0, T2R2F - 04~ D 41225 -0 0,92 R0F 06 D AHKPIF-03 0. INES5F~023-N.1137F~02 0.1094F-03 0.3512F~0%5
ALI0DLE-NT A LIPTIF=0T N ANTNF-4-N,4427F-NF N, SINAE~04 0, 2181F-03 0.1A50 F-04~0.3722F-N3-0.1260E-04 0. 77196 ~04
=D RARANF-0&-0 162 VF NN AORAF- N4 3, FI3RE 04 -V, 25NAF-NE =N 4 TIAF-N5-0,9567F-N5 0,1058F-07
=D A 2AR-OS N, 2079w N2~ O, | | REF= Nb=N, TROZF w04 =N TARTF 06 O, 1AGIF-D3~N,RTIHFE-06 0.1916F-0% 0,5643F~ 05 0, ?304F~0N3
NeZ2TIAE-NE M LAATF-NA N, S4NAE—04 D IRTIFE=N8 N RFRAIF-NE«N 2VAQF N T N IN9KSE~03 0. 45T76F-05 0,1277F-03% 0,4332F~03
N1 A AC-0R- 0L 248AF AT O, 126AF-N3 N, NTREE-TA N INRAF=N3-0.3050F-03 D.T?256F-04 0.2663F-04 N,3329F- Q& 0, 2216F~03
=096~ A DKL= N4~ N, 3BEAF=-N4-N, TRIFF ~04 ~N I BRF-04 N, 4NRRF-NA-0. 1924 F-B4-0.35T9F-04
=ALEY 26F BTN XA AR- N2 N, 1 ANAF N4~ N 1 P2 TF =03 =N 27 0AF 06 0,35 4F -0 30, 2289F-04 0.3520F~04-0,1425F- 04~ 0.3753E~03
NY2317F-08 N 1122000 (0,283 06 0, 3002604 N, ASOLF=04 -0 ,1274F-13 0,1005F-03 0.1281F~03 0.1343€~03-0,24R9 -0
NIESSF -0 2179T- 22 (A 1ARRRF-N2-N), 1 RIZF~NF N, ISPAF~OT~-N,1120F-N4 0,1209F-02~D.1T729F-03 0,8832F- 04~ 0. RIB¥F ~04
AL2FABE-NE-N 1210 NR= N, PIV4E=NE- N, 4K52F =06 ~N, 4 DNTE NG - PFTOF-D4~0,2796 F-04 0.2413F-04
~N PRGNS N ERARF—(02=0, 1102F= NG 0, ?D45F =13~ 265AF~0h-Dy 556 TE-N 30, 3441 F-04=0.1123E~03-0,3048E- 04 0.49TIE~03
SNLIITAF-0R-N AMKE= N N, T&N4F~N6-0,2562F =03 N, I0&AF-06 0,298 1F-N3 0,RN 19 F-D4-0.4463F-03 0,1267E~03 0,9874E-04
DV EEREDZ-O 1R 2F~N D 1920F~03~0,13225~03 (,2001F=03-0, INGBF-03 0.1R22F-03-0.8075E~04 0.1424F- 03-0.1164F-07
NLTIREF-NA-N INLAC- N O, H050F- 06~ 04 REGHF ~N4 =N, ATOLF~NG—~N, IAVEF 0 404 I246E-04-0.1521F-04
N EREARLNT A E221F R0, RTEAE- NG~ 1 TANFE =0X =0, 25K0F <04 N, SE&PLF-N2-0, AN0TNE-04 0,9306F0&=0.4293F~ 04-0,%5294F~-03
SNLANAFAL N 2E29F= NN, 28458 - 04 (1, 0491504 N, RARKE~NS Y, AT?1F-N3 N.H119F-N4 0.2214F~D3 0. 10546~ 03 0.3063E-03
Ny ISANF-B- N ANAAT-0& 0. 2N02F-NA= 0, 104RF =N NG 2256F~03-0,5011F-05 0.2214F~02~0,T7176F-04 C.189GE~- 03~ 0.4656RE-04
NILTEF-02=0 11 VTR N2 (0, 30825~ 04~ N, VI TAF ~ 4 =, 25 L F =040, 756 IF~04~0,3192F-04-0.27%2E~04
D 28206 0F (W& 2ITT— 03N KLE5F-0F N, 1620503 =0,216F~04—0.IF75F~03-0,3833E-04~0,6119E-04- D 4E6F5E- 04 0.3919E-03
AT AT DA N, PBERE= N L LRIOF -4~ (), 1 IRTF=NF =N 191 1F Nk N, 1986F-03 0,18%9F-04~0,3755E-03 0.T2%59E-04 0.2799F-04
A INOR-N2N, ] TIAF-NT A TA2AF- 00, ROTIE~ 0,2214F-01-0,.TIRAIF-04 0.2329F-03 0,1630F-03 0.21%5F~03-0.T184-04
ALISMENR-N  HAVAF- N4 N BHR2I - N4=0, | 364F ~03 =N 41 3AF 05D, 89T 1F-04~0,2306F-04~0,8012F-04
N ATATE-AR-N L 200F-03 N TATIF-06-0, 97—~ 13 78F 04 0, 30906F-03-0,3026FE-04 0,T7204FE~04~0,47RIF- 04~ 0. 28686 -03
N ECERAFANL NI 2RIF-OR-D GRANF- 04 N, 52095 =Nk N ADRTF-06-0.2T86F-N3-0.1289C~04 0.TA6AE-NA 0.3326F~ 04~ 0.222%-03
A ARIACOAN RYSRFE-O& O, 14745-03=N, 1145502 D 19NMNE-N3-0,6559F-N4 0.2156FE-03-0.721TE~04 N.2159F-03 0.3035E-03
NPT RAN L] TAE- 02 0, 06R05-04~0, 90217~k N 25 ANF-0K -0, 1TTHE-D 3-0.6233F~05~0.35T1E~D4
NBIAIEAR 01 TWE-1T N _KORIT-95 N, TOPIT=04-N, ?2RRE-05 -0, 151 4F-D3-0.1354F-04-0.6501F-N5~0.2599E~ 04 0.1815€-03
—O L ANRAC LN TR IIF—A5-0,50210=N4=N,Fe?2TE NG ~N ARPIF-0& IV RP25T7F-NA-N}.3AISF-04~0.1700F-N2~ 0, 9TORF=- 05~ 0. 2864F-N&
N 23R AF-DA  IP0LF- N N T244F-N4~0,10405-NF N 11 TAF-03-0, 1T1RF-N2 D, 1530 F-031-0.6079F -4 0,17 33~ 03 0. 1176F-0%
N VATAFLOY M T194F N 0,124 NF3-0,LGRIE=NA N, ATRTE-0&-N,RIROF-0A 0.7356E-04~0.2232F-03
N XLNIE-DR-A, TAALF—-02 N, (1 24F- 05~ 0. IGRAF =N N HESTTF-05 D, 11T3F-03 0,20I5F=0% 0.3501F-04-0,4T49F- 05 0. A451F-04
“NASAREAL 11,72 30F=04-N,7633F- 04 0.59377=04~N. 3SAGF~04 =1, TATAF-D4—0, 396N E-D& 0 ,523TE-04~0.3568E- 04~ 0, TSTEE-04
SR IV EFaP A N LERAE- A4 N, TETLF- 16~0, BRTPF =04 N ANTTE-O4~0,9AT4E-N4 0.6450 F-O04-04.1363F-03 0.9706F- 04— 0. S010E-04
NLIPALF=NI-A_TQATIF-N2 N, 12995-03 N, 17055-03 N, 102BF-03-N, IR 7E-03 0,5580F-04 0,6316F-04
MIVAAT_OE N GALGT-NE N 4NZ2F-NK N AATE-NA N RATAEDS-A, INTAF-)2 0, 1NTRF-D4-0,1?786E-04 0.8918E-05 0,1084F~-03
DL OTEEATL N AR ETE- N, 2419505+, 1 1726=N4 ~N 1427 F=N% 0,927 F~D4~04 2570 F-N4~0 44 TS IF-04- 0.5 00E-NA N AO9IF-D4
“N AN} F g0 PR TEL A4—0, 3TOF— 04~ N IBIET- O/ —N IR ASE -0k ~0) . 75T E-N4-N AN 28 F-N&-0 ,0000F-04 0.2602E- D4-0.1774E-03
N ENOLTOE—T BRI TEAT- O VY, LOR2E-NT~0, T T2F -0 O, 1 OTAR-0X-N.2332F~03 D ORINF-04~0 4 1A9F-03
ML TRLYEAT-N P IOGE-OT 0 1RIOE- 05~ 0, S1RIF 06 D BORCF-0T 0.12%RE-NT D, B232F-0% 0.2362E-N4 0.91T70F~050.12R1F-03
N RKRATELAE N TRASE-AL 1} ANLAE- 05 0, SARAT Q4= 121 9E-N5 -0 TRITF 4—0,9704E~05 0.1053E-03~0.1946F~ 04-0.351TE-04
=PI ILE—NE N A VBT W N 12T0F~ ()8~ 0. 1 53S= A N A2 2] F~0k ~1 o 7TORE-NE-0, 233 ] F~04~0 A0 IFE~06~ 0, 621 SE- 0%~ N ITHIE-O14
AL 2ITLE—ME P IFRE- AT A S56LF-Nh 0. 5TRTT~NE 0. 6NRF-0A—T.416KE-NT N,&4TTLE~04-0 ,LOGEE-OP

vy
AT ATE_AT OLALIGE AN, KTTEF- AT O LRLNC =NE~N, 21 22F-07 D.GSRTFR-06 N.?STBF~0? (.5985F-~06 N,2A&4TF—07? 0.13%1F-0%



€S

~NLALTAEAND D TRADN=NE N 41RIAE-N? O ASNAF-NT N _2A61F=07 D,5TIRF-06-0,9863F-02-0,2RIBE-06 0.13T7%F-01 0.3I429F~06

—0 14 1AF=01=-0,1021T- 08 N, 1296F=N] 0,251 0E-06-N.9412F-07-0.1811F~0% N,.6635F~07 0.1031F~05-0,4390F-02~0,1203F-05

N,ITE5FAN2 N QERTIF-A7- N LANOF-N2-0.1141F =08 N, TA12F-N3 <N, 2719F-N6~0,1134FE-03 0,1436E-N6

N AXEF N2 O AVEDF-NE- N, KAKAE- (03 ), 130T ~(05-0, BTL5F-02 0. 18R1F-05 N.8049F~-03 0.2289F-05 0.8?288E-03 0,2B78F-05
~N_ 22RTF=N? 0,7047AF- NG N, V14TRC=02 0,751 F -05 N, 1019F-0? D,24T2F-05-0.3512F-02 0.19R2F-N%5 0.4RQQF-02 0.1438F~-05
=N BNE?2F-N? O RARKF-NR 0,4242€6-02 0,64N0NIFE-N6E~N,3152F~02-0,4466F=-N6 0.2363F-02-0.1759F-06-0.1565E-02-0,1513F~05

N,OTREAF-NR=0 2100F -5~ ), STRAE-N3-N, TRTIF-05 O 26872F=03-N, 3428F-05-D,4292E-04~0.1444F-05
—ALIATIELNT N EARAC-NE N ATASF-NT (), 2]1N5F =08 A 1417F=02 0.4151F-05-0.2763F-02 0.4251E-05-0.2392E-02 0.4549€~05

NABINELA? N TYONF-N8- 0, 41726~ 02 N,628IE-05-N,28T73E~02 0,5709F~05 (0.9A94F-02 0.88B6F-05-0,13B80F-01 0.1448F-05

Ne1427C-0) O TRARE-NS-0,1228E-N1-N,1654F —N5 0,064]1F=02 0,3TSTE-05-0.6654FE-02-0,3T10E-05 D,4401F-02-0,1632F~05%
“NITRRELNI ) 604 2F~ 08 N ) 400F=ND=0, FLKRAF 05 -0, TARSF=0I~0,243I4F=D% N, 1086F-03-0.%086F-0N%

“NL2SME-NR N,4041F=N6 (,BAIMF-N N, 7 TNAE —0K N, RGAIF-N3 0.5669F-05-0.1432F-02 0.4103E-05-0,6403F~03 0.5605 ~0%

NNNVMIE=0? N 4RI = NG- N ISTRE-NY N T3P0 08~ S1ROF-03 D, A0K6F-N% 0,1741F-02 0.1858F-04-0,2436F-02-0.2331E-05

AL 28NTE-02 O, 1AGKT = N4~ 0, 2 1ARE=NI =N K ITEE AR N 1 AKRE-0? N ALBPF~D5-0.11T71E-02-0 .6235F-05 0O, TTROE-03-0.26T4F =05
—NLAQ20F-PI-, TN 2IF-04 N, 2RAAF-N3+N, 1297 -04 -0, 1331 F-D3-N,13R4F-04 O, 1850F-04-0,8556F-05

D.24859F-02 0 104AF=NE~0.11TOF-02 0,2 TATE N6 -0, GRITF=02 0.5423F-05 0.3363F-07 0.2AB82F-05 0.1026F-02 0.6551F~05%
=N AAKAE-NT O, 1T2RT- 04 N, 3AIGE-N2 N, TORIE=NT (. 2TANF-02 D.1032F-D4&~D.9543E-02 0.235TF-04& 0.1327E-01-0,11%54E~-0%
=N IIARE-DY O, 2377004 0,1123-01-2,22T7E-N5-0, QORTE-D? N.1112E-04& N 6417F~02-0.4163E~-05-0.4733F-02-0.3118E~-05

D VAEIE_NI—N O1ATE-5-N,184]1F~N2-0, 1 2AIE=N& N, TLERF-02X-0,13T72F~-D4-0,104AF-03-0 ,9R844F-0O5% :
“NLIAKTE-04=D, 26T - NK O, T20AF-N4 N T TTTF =05 0,6Q70F~08 0.5072F-05-0.14BR1E-03 0,31854E-0% 0.2089F-03 0.6265E~-0%

QYTINF-0? N YE6TRF-NA~0,2286F-07 N 1?25 04 ~0.1523E~02 0. 1418F-04 0,4856F-02 0.2489F-04~0.6859F-02 0,T534E-05

NTN2AF=NT D251 1F=-04~D.AN90F- 02 N 40805 -05 N.4AHBOF-02 0.14)5F-N4-0.3292E-02 0,1695E-07 0.2193F-02-0,2929%-06
~N 1249E-NI-1 ,K7]27F-NE N BLR&F=N3-0.1093F =04 =0, 3622E~03=N, 1 15BF-N4& 0,6416E-D4-D.9895F-0%
=NLIRAEE-0A-0,T424C- N8 N QTIAE-D2 N, TTIRE-NA N, TST2F-02 N, 3D 1F-085-N,2355F-02 0.2818F-05 0.1690F~03 O, 4T758F =05

NANIRE-AD N 1629E- NN, I0AGF-N? N, 1237F =~ =0,1293F~02 D 1S12F~0% 0.3081F-07 0.2931F-04—0,453RE-02 0.,8279¢~05

NARBIFLN? 0,21 6F=- 04=D,40005-N2 N.ATL2E =05 N.A063E-02 0,2171F=04~0.21556-02 N.42T0F-05 0.144SF-02 0.6060F-0%
~0JRT29F-03 (O RIRAF-NE N, 55236030, TAALF ~05-0,7738F~03~0.5434F-05 0,5096E-DA-0,T2T1E~-0%

N 2REAF-NA-N L1 109F= NG~ N, FATHF=03-Ne 13 TN 06~ 8294 E-03 0. LIVF-NDS 0.26T2F~-02-0.1214E-05-0.99T8E-04 0.292% -05
~0ATATE-0O2 N 12T79F- N4 N, SARAF=02 0. 6TIE=-05 N.2072F-03 N.13IVKE~D4~0,T4STE=-D2Z 0.2736F-04 0.9692E~-02 0.9566E-0%
~0AN7F-01 0 AFF- A4 O RTIPE-ND NG 122ANF — =N 67TR2E~0? D ?KO4F-N& 0,4T50F-02 0131 1F-04-0.3126F-02 0.1553F~04%
QL 1990F =N N 14NT1F-04-0,1116F« 02 0 1NO2F=N4 0, 5THAE~03 0. TROAE-DS5~0,6053E-04 0.3153E-07
—OLVAALE=0R=N L 1209F-8 N S TNAF~-03=N,1R1LTF=N5 0, 49T5E~03~0,1498F-15-0,1543F-02-0,1733F-05 0.9149F-04~0.T289~06

NLPSTIE-N? 0.,4582F-N6-0,79276-02 D HINAC 0% 0.1722F-07 D.9918F-0% 0.4351E-02 0.1TB6F-04-0.9242F-02 0.1888E-04

N RANAE-N? NL 258 45—V 0, TIAF-02 023565 ~04 0.,6002F-02 0,287 1F-04-0,42TEE-02 0.2440F-04 0.2828F-02 0.2741E~04
=D NTARE-ND N P204TF-N4 N 1064F=-N2 N, 7 TTAE—0h =N 462TE-03 N 221NE-D& 0,9214E-04 0.8839E~-05

N.21OSF=04-N 11 37E-N6- 0, 1 0S0F-03-0. 2 BOSE ~0%5 -1, RS TAE-04~0,4572F-05 0,2994F-03-0.4688E-05-0,.5995E- 06~ 0,3997E-0%
SNLAXTIE-NIA-NL40K2F-N% 0. 62TOF-N3 0.1897F ~0A-0.3T01F-04 0.52A3F-05=0,1096F-03 0.7545F-05 0.,3032E~02 0.1692F-04
SNLSTAAFCO? N 21 IRF-NA D A3RAE~02 0,2 71IF—CA=0,36N6F~02 0,3154F-04 0.7423F-02 0.3386F-04-0.1846F-02 0,.4056E~04
PuIN26F=N7 N &SAIF- 04~ D, STTAF-NT N, 461C 04 0. 3026E-03 0.3TASF-D4-0.2474E-04 0.1929F-04
A R2APF~0A=NAZYIIF=NA-N, 1 B20F~03~04 34 T?2E-N% =N, 1%534E~03~0, TOLBF-05 0.5030F~03-0,6665E-05~0.1373F 04~ 0, T2886F-0%
SALTETAR-OA-N, 1 324F < N4 N IN12F-02-0,63436=0R-N, 21 A4E=-03~0, 131 2F-050. 60 TSE~03-0.5226E-0%5 0.207T76-02 0.1671%~04&
=AU ITRTE-0 N, 0035~ 08- N, 2 RGF-N? N A2THF ~0k N, 126F-02 0.3056E-N6-0.106%5F-02 0.4301E~-N4 0.5760F-03 0.5276F~04
~NATANE-NT 0,6D72F-N4 O, 276AF-NTF 0, 6301F=04-0. 1112E~-N3 0,504RFE-N& 0,2796F-04 0,.2907E-04
—QREINE_NL—D IR IEF~ 06 N IRREF=-(3-0,37425 05 D.?2SONE-D3~0.8324F-05-0,TAVEE~03-0,TL27E~05 D.4430E-04-0,906TF-05
N I2IRF-N?2-D,P14KF- N4 N 151RF-N2-N, 1104 N, E14NF-N3 D BT28F~0S 0 1342F~02-0.1823TE-04~-0.2554F-02 0,1449E-04
DGAQEOF-02-0,3773F ="~ N 19ARF-0N?2 N,2197T-04=0, TOBAE -0 0. 2856V =04—=05194E~04 0 ASTTE-D4~ 0.72526E-073 0.6069F-04
NRATIE-0F 0L 6RGAF- N4-1,90T76F- 04 O, T2NAS -4 -0, G4BIF-0S 0, SS6TE-D4—0.12T2€E-04 0,3469E-04 !

B ANNOE-04 0, 1TRIF- 06 0 7 MNLF~N3-0,315RC-05 -0, 241 AF-03-N. REITE-NS 0. 7580E-03-0.7944F-05-0.3290F- 04~ 0. 1111F-04
Ml E-02-0,26097-N4 N 15056~02-N_1TAFF~04~0. 4061 FE=03-D, 18I5F=D &0, 1124 F-02-0,2901E~04 0,274TE~02 0,6552E-05
~ARANIE-NI-N 12255~ 04 DLEIBTE-(2 0.74905 D6 =D ?N00E~0? 0.2767E-D4-0.TO94F-03 D, 457IC-04-0.8422F- 04 0.8240F-04
=N ?RADE-_N2 N K02AT= AR~ O ARAME -4 O, T ARE~04 -0, 101SF-03 0.5227€-D4-0,2T7T65E-04 0,3520F-04
TNLARAF-04 N.AE2AT-06 A, 2140F-03-0,22R7F -0% 0. 1A21F-03~0, TIRDE-NS5-0,59T0E-03-0.6516E-0% 0.2824F-04-0,1101FE-04

N oA TIF-03-0,271 26— 25— 1 1 146F-02-0. 193%F =04 J,37695~03=D.19720-04 D.9T5TE-03~0 .3530F~-04~0,1975E-02-0.56126E-06

N 2OANFE-N2-(1.2272F— A= D, 2RIZE-02 O 1685 —0& 0,3T7TIF-07 0,1254FE04-0.1420E-02 0.3613IF~04~0.1126£-02 0,5516FE-04
DLAISKME-0F N, K6E5T-F- D 4ANTF-N3 N, SHASE N4 N, 6SRIF-04 0,.3552F-04-0,T7T22F-04 0,26095F=N4

Ne&IARF-O4 N OLATE- Qi3 1RFEF~ 03—, 94145 —0A-N, 1 156 E=01-N.5064F-N5 N, 40S4E~03~0,5026F-05-0,221TE-04-0,899RE-05
“NARTIF A0, 2RI65- 4 F,RORBF-03-N, 1 GRFE -4 -0, 2209E~02~N 21 14E-04—=0.61TIE~03-0.I568F- 04 0,1483E-07-0,.1030F~-04
N IRNF-AP-0,7629F-NE F.D316F-02 D.24615F-05-0,2085F-02 0,253RF-05 0.3042F-02 0.1927E-04~0.82TSF~ 03 0.3653F-N4
~NLIAAFLOND NJAP4AF-NL 1,3T120 12 N, 2TIOF-04-N 4TOEF=02 N, 6959F-05-0.479TE-04& 0. 1012F-04
SMGISKERE~NL N ARAGF-NA N BESLE-04 O ATIAF =06 N, T10?2F-05-0, 1&4V4F-06~0, 2481F-03-0,1912F-0%5 0.T73206-05-0,5135F~-0%

NaRTAIE-DI-0,TARIT- D= T, LTERTE- AN 1 46A5 N4 D, 14ARF=NI=D1R12F-D4 0IRBTF-03-0.2TTOE~04- 0. RO6SE~ 03~ 0. 1TTIF-04 +



A

AL RRE=N2-N P TATF- N4 N T 1RAS~ D22, 1 35F =08 7, 188AE-0Y L0 12547 140, 1090 F=07-0,4869F=05 N,241PE~02 N, 2101F-05
SN2 =030 127 | Fe (4= N TAORE ==, 25AIF =N A, 2TINE=D3-0,4033F-N4-N.21N2F-03-01.20RIE-04
ALNEADT NG N EQTAF-NA-N,ET?2RE-04 N IPAIT=NS-0.SISAF -4 N 1AZ0F-NS I, 1SDOF-03 0.8272F~06- 0.1217F-04-0,5523F-06
=0T APF-AI-N P20QF- A8 (1, ?944F~NA=N, AAI4E~N5 =N, 01K} E-04 -0, L02NF-N4 -1, 24RNE~01-N)  1329F-04 H.5456E-03- 0, 18ATF-04
=N AOGOELNR-0 2NN TE-04 (1, RESTF= N30, 2§79 N4 -0, TALNF=02=N P4 T4F 04 N, 1LARF-02-0,2T7T0F-04-0,93R3IF-03-0.33R82E-04
N2 ) ARF=NP~N  BEEAP_ V4= N, GINTF-NG=N, WGINF =04 =N, 1 LI PE-DI-0 AAIREN4L 0, 1T23F-04-0.5537F-04
SOLIGINE_NA ALT14TSR- 04 N BIGAF-NG N 1T 0BF =N A ARGNF-N% 0,25T1F-N5~0,1464F-03 0.21T7F-05 0.4RORE-NS 0, 2020 -05
027K 1F-N N 4RARR-NS-0,2912F- N2 N, 103 08 0, TTSAC_N6-N_,23INF-I5 0,721TAE-03-N.F949F-NA~ 0. SNB1F-03-0,1248F—-0%
0L ATIE=02-0, 1 0TF- N4-0, 74955 ~N3~(, 2271F N4 N, RTAOE-03I-N,2A22F-04-0,R409E-02~0.3391E-N4 N.1260F-02-0,.5050F~04
SO EIRAFE=N2-0 TEER-NE 0 288HF-N7~N I NRIF = -, SARAE-03 =0, 1N3AF N 3-N ,IRALF-03~0.6994F -0 4
NI ANF-NA-N  A8AGF-0TF- 0, TI32F~ N4 N SILOF ~NR-0,612AF-04 N LA4ZEDNR D, 1067F~03 0.1723E~-N5- 0, 1NO0NE-04 0, 2018F-0S
~ALATAARLNT 0 ASNOE- NS 0, 3A0NF=03 N, 3INGARE =NS-N, 12 N0E=03 I 1 18AF-NE-0),2182F=~03 0.2955F-05 0.6734F-0%0.4733E-05
w02 1F=N2~N AIRAT- 06 0,10396-N2-N, 1] 5F 04 =N, 1104E-A2=N, P TTAF-04 Na1311F~N2=042232F= 04= 0,15 14E-N2-0,3T1 6F~N4
T DM TRASE0I-N, SAT - N4= N, 2QN6T~ 2= 04 TRTAT -6 N, 4381E-07 0, T1A5F-N4~0, 118IF~02~0.4940F-04
v ' ‘J
~N AT ARF-(12-0,44ARC- 060, 3270F-0F-D, TARRE-NA N, 2634K-N1-N.KTTIF-06 0,2490F~03~0.4268F-06-0,3429F~03-N,1132F =06
N 1ANEF-NA A 2R7AT-N06 N, 2407F-NF 0, TAATE-N4-1, 2A00F-0 N, 10ANFNS 0. 1624F-03 0.12729F~-N6=0.3018F-04 0,1117-=05%
~NLRI2IE-NA AANRIN- AR N R3TIF-NE N ILTTE —Nh =, TTACE-OA-A [ 20A2F-NA N 67T E~N4-0.649TF-Nh-D,4143F~ 04- 0,987 TF~06
QPR EAT—NA-N QK4 RTL NA~ N, VE1AF- 4=, ANOLE —Nh N 14 TAE=04 -0, 1480F-16-0.210RF~04 N,4393F-07
N,A3ERE—O2-N K1 74F=06 0.6T44F-0F3-0,1331F~05-0, 9TV 7E-02 =0, 20TAF-05-0.8643F~03~Ne2694F-05 C.1160F- 02 0.2697F -0%5
~0L TARE-OA-N, 1RAQE-NE-A  BS04F- NA=N_RIINE-NK N, AB1TF-02 0,315 F-NA~.GSETF-01 0.1691F-05 0.1020F-03 0,2R406~05
OLITIPEANR N AGIRC-NE-N_ IANOE-NT 0, 360TF 0K 0,7 TIAF-03 0,3266FNS-N.20565F-02 0.2226F-0% 0.14R2F-03 N,.9963F-06
S0 TR—A-N  RARAE- A 0, SRE6C-N4-N,1 2535 ~08 =0, 5212F-04-0,1032F -5 N TN24F-04-0,.4002F-06
N2 28F=N2=n K12 1F- g G, ATRRT- )30, 1 ROLE~NS N, 1422F-N7 =N, 3G3RF-NN-N,A4LAF-03-0.556TF-05 0.9RTIF-03-0,5461F-05
=0 ARARE- QAN 8] TAF-N5-0, TSOSF-NI~N,RATAF ~05 N, Al BAF-02 N, LN?SF-N5-N,4RG5F-03 0.1430F-N15 0.B3T6F-04 0,46126-05
NASAIELHT A TOTTE-N6-0,2442F-N3 0,R3GTF ~05 N, 235TF-N1 0,ATEAT-N5-0,1THAF-03 0,7364F-05 0.1318F-03 N.511TF-05
~0.6RRAF-N4 0,12797-0K N, 5N3AF-F4=0, 156195 ~NS ~N, 44 8E~04~0, 25AEF-DS 0,60 T2F-04~0,1626F~-05
SNLISRARRAD-N, TEAIT-NA- 1, RQG2E=NA-N. 24245 =8 0.2 THAF—02~N.4260F-N5 0, 1430F-07-0.4030E-05- DaII4OF- 072-N, 295RF -05
N IRAAF-N AN AIRAAECNE N, P ANF=02-0,74985 <050, 263F -0 0,59N9E-08 0.1515F-07 0.2032F-N5-0.2925F-03 0,4516F~05
=N.6QINE-NT N EAEEF-NG N, TAGRE-OTF N, T2IBE~A5-N,TITIFE-01 N TRERF-05 0.6T792F-03 0.6666F~050,3926F-03 N, 4859E-0%
ALAONE-PI D INIRF-AS- N, 14ATE=N3=N, 3020F ~NH 2. 1429F=03 =0, 2 102F-H 540, 1944 F~03~0,1725F-N5
=0, 2RO OT- L TROC- NGO, BIAIF=~NI-N2GAIF 08 . 24156~V =0,4T1 2F-N% 0,.6438F-03-0,5563F~05~0,1N35F-02-0.6386F 0%
=0, 20NN LI ALT- NR-N 1A32F- 03~ 0.6 H84F D5 0. 92 TIE-04—0, 283 4F-N 50, B695F~04 0.6902F~06~0.1756F~ 06 N.39358-05
NLT2I020a N TIRRE-NR- N L1T7AR- 14 N.O83I7F =05 0.3N3IRE-0& 0.1171F-N4-N,2632F-04 0.1091F-N& D,2067E-04 D.B8941E~NS
~B ASSECLAE N E}AC-1F N, 10AIF-04 (. STVEE~06~0, 4I4KF-N5=0,1939F-15 0,a819F-05-0 . 1978E~N%
NAARAToAILN (11315=08 N, 231DF=N9=0, 20 AF ~N5~(), K RAE=D? 0. T1TTF-05-0.1002E-02-0 . 1536E~N4 0.64F1F~02~ 0, 1TTIF-04
=ML U IAT A I TIRE - 04— ML 401 RR= 07— 0, 1 6637 =04 0.4} 10F=02«0, 1293F -04-0.2494F-02-0,4829F~N5 D.4739=-03 0.4261F-0%
O TRENT-NT O FASPENA-0,VISTE0D O, 21465 =04 N1 TRE~N? B 2649F~N6-0.92T2F-03 0.?7T02E~04 0.6419F-07 0.23506-04
=MLARRIE-NT A 1ATGE- 04 0,2649AF -0 0,23 7 N5, I22EF N2, 4550F-)5 0,3139F~03-0.446TF~05
~R APASELAT N AT I N~ D, 1AEF~N2=N.2601F =5 N 4?25F~02-D.TIS2F=0% 0,TAA?2E~03-0,73IBIE~NS5~0.39%59%~ (12~ 0. TI3&F~05
ALTARTIEAT ] 224F- 04 0, AN29R-N2-N,]1 7345 =04 -0.5462F-N?2 =N, KA0F TG N, 2005F-02-06H66FE~05~0.5196F~03-D.3234F-06
“NIIANELAD A KEIRE-AR ) 149AF-07 A, 11205 =04 =N, 14 ANE=N? D, LT?20F-N4& 0,1123E-02 0D.1943F~04~0.7971E~ 07 Q. 1961E-04
ALALRTELAT ~ 147K NG, PAQAE =N O, A2NRF =05 (), ?RTAE-01«0, 11728F-NG=0,3R01 F=-03~0,3030NE=05
ML TRISELRAII N 28T N N L A3 TE-N2= 0, SN E=NG N, IG7TF—Q7 =0, A214FEDS 0.52T1F=03-0,R8150F~0% 0.7 T63F=N2-0,9936F~0%
TSR REN2ar, | 20K N4 N, 12995020, 1 4QRF =4 -, 21 21 E=02-0, 124 1E-N&-N_,1217E~-02~0,9845FE~N% N.3R00E- 0h~N.%5221E-05
NLAVERE-AT ~ ] 2330~ AR~ A, GOTAT-NY N, AK5ACLNS (1, 30Q1F -0 0, 14R0F N4=0,.370TF-02 0,1950F-04 0.2160F~03 N, 2100F-N4
~N L LATRLAT ML IRNZ0-04 ), 9202504 N, 1027F Nk, TASTF~N&L 0,?7I04F-05 0, L210F-03-0,1145E-05
A INACEAT LN (1 IRRE= NG ) AKRIT= A2 (), 22RAF G, ] AINEAY =i ATREF-N5 -0 1 TT4E~07=0 . I R30F~04 0.96T4F~ 02-0.2552F N4
~AL AYRRE NN 28] 7F- G- N 3 INRE-AP=0, 79027 =04 N TLTRF=ND =) 218 3F D 4-0 . 4I52E~02-0,1794F-0& 0,1056F~03-0,7203F~-05
ALLTAATOT L RTORE-N5-N 114502 AL RAPE-NL N, 111360 N, 2905AF-(4—0.9641F-03 0.3555F-N& 0.6094E~03 0.3602F-04
O ARTECNT ALITAFE-NE 0.24%59F-03 0, 2W ~04=D2 21 64F~02 0.A92RF-N6 0,3FT5F-03~0,3039F-n%
=OAIAATELAT A, 7] ME-N8= (), KONAF-N2=N,AASAF—0/ N 1KITF-01-DP.ART2F-D5 0,2490F~07 OLJIBIOF-N5-0,1349F-01 0.420TF~05%
ALANASCLAT_ A TATIC- 08 N, 458TF=- 2=, RE58E R0, 9TRAF~0? ~0, RATSGF-N5 0.0762F—072-0.1894F~0N4-01.302RF~ 012~ 0, 1 T36FE-04
LM TIRE AT L YRR RE_NL (1, 28541F 2= 1RN2F=NA -0 P T?RF~02 -0, T2SAF-NSK N, 1954 F-02 0.2556F=06~0.1ARTF~ 02 0.9640F~0%5
N TALTT AT N TTPTAC- ML- A, 8L1O0-AT N 1 RTRF —N4 N, SATIEQ3 2, 1230F 140, 6R03F-02 0. 4TR4AR-0%
NUTAEI AT AL IG2TE-NE O, S A2 A, 1 ATAR(R=N 1 45TF A =0, ANTIF-NS~-N, ?S6RF-02-D .1 794F-04 0.139F~01~0, 2TIRF~D4
SRLUTVIIF 0N TR RT - L= 4 AL 2T - N7= ), 31 TIF 04 N1 ORANE-0] ~0. IAP4EANENDAORELF-07-0 ,24RBR-04& 0.5TT2F~ 072~ 0. 20996 -04
N YTRTEAIN RASRE-NS-0,4051E-N2 0.4521K<NS N 3ANGF-ND A, 1AT2F-NE-N.PRTIFE-07 0,73108-N4 G.IR14F-02 0,2T4S5F-04
—AL YT TAT_NTY A _BLT_AL N AGHETE-NR B PR~ -N A?83C—0 N, INIVE-DNE N, B324F-02 0 ,.4046FN5
AR UCARDRLNY A PAME -GN 44RIE-NT7 O TANAR <NT N 126 GN] =0, 20NCFNG 0, 27224F-07 O ATOGE_0N%-N,]1208F~01 0, EL626F-05



9§

NLAYRTENILA GDSAT= AR N ANRLFE-ND-0, 721 0T CNRE N RAISE_O7 =), [1?NF=04 O RONAF-07~0 424N 4E—04=1 43R 1F- 02~ 0, 2TORF~D4
NLITAAF—NI-N,22T14T =04 G, 1OGRAF-NI_N PARE NG~ LATRF=OF~N, ?S4AF=NG D PRIAF—-02-N0,1712F~04-0,2XD2F-02-0,2950E-05
NTIRE-N? N 1342T= N4~ 0, A63IT-N3 N, 740 =04 N, TEN?F-03 0,2]120F-N4-0,10556-0? Q0,1 1R8F-084

N IRCLECAI=N ANRTE=NA N A4EIE-N2-0,) SN =N =, QT 2RE-AP=N , TRGAF=V4-N 1 TIAF~02-0,8799F-0%5 (,9200F-02-0,1399% -04
SN ATRAF=07=0,1321F= N4=- 0,3 11AE-N2-0, 7NAAC =04 D AARTVF=02=D 2AV4F-D4~D A0S0 E~07-N,?T4H2E-04 0,3628E-02-0.3145F~-04
SN T RIE-DTLN AINTAE-NA N TNROT=NIA=N_2 7ORC NG N, 2000F =02-0,223TF=04-0,3T456-02-0.1231F=04 0,?2075F-02-0,2108E-05
A LYRANELNT O 172874 N TRAAAE_NT N 24UC-NL-, RRITF -0 N, 2A8RF-N4 N, 1124F-0? 0.16RAF-04

—NGARRIFE=N? N AREAT~ NA- O T4IRT=ND? N_ASAOC=NA N KRATIF~0? N, 1422F-N6 0,1208F~07 0.58R1F-06-0N.65TTE-02 N.6743E-06
NL2ARAFaNI-0  20AITNA N 210 ND =N 46AE =N =N GR2] F=(12 N, 1236C=06 N 4826F-02-0,24BRF-04~0,2&84F~ 02-0,23T71F~-04
ALIOTAT-_ND-N,&3NOF- N4 (1, SO0PT=N4-N,4HKARE =04 N, TOITF-02-N45TSF~-N& N 1418F~02-0.3620F-04—-0.3037E- 07-0.1940F-04
NLI2020_0% N, L40400.0K- 1 1 1TOAS-N N I TRAE —04 9, RLK] F-D3 D, 332RF-N4~0,1335F-07 0.2191F-Nk

NLABLTE-NI_N_INELC~ DK N, 1A]AE-N7 N TAIT-NF - 4KEE-ND N, 222AF-N5-0,ROITF-0F 0,2905F~05 0.43506-02 0.164RF~NS
“ADILICNTD N AGELCa DN LTI = O2-N, KGATAF-AG N XY TOF-O2-N,1679F-04—0,2R(6F~02~N.2TO1F-04 0, 1663F-~07-0,4080E~N4h
“OLRP NN =N RDRLT- NG N, 26116 -NA=N E04TE —Nh N RIAIE-NG~0.A2ANF N4 O 1178F-07-0,5523F-04 0,R?T4F~0I-N,.368F ~-04
SALIAAE_0I-N D) TE-NR 0,9411F=-02 N, F4N5F —N4 -0, 1 2£RF-07 0.5113F=N4 N, 1549F~02 0.3KBTE-04

~NLPAGIE-0? N.62977 N6 N LGLOF=N2 N, 7304C-05 N, 72 R57F-02 0.6NSRF-N5 0.4986F~03 0.1013F-04-0,2737F- 02 0.9901F-05
ALIRATE-ND A FETTF=N8 N A91IF-NT-N, 104K =080, 2024F =02 -1, 13TRF-04 N,1TTIE-02-0.2355F~04-0.1037E- 02- 1. 4562E6~-04
Vb2 A F=0N=O AOGRT-NA- N 4 TNAC-AK-N (KBAAT —04 N2 RNRE-NI-N,RARGFN4-0,1586F~03-0,562RF—-04& 0.146TE-02-1,7241F~-04
Nu?ATAF=072 N 1230C= N4~ NP2 1945-0N2 A, SR =G N, 1A03F-02 B, 7614F-D4-D.2397F-02 D.5290F-0%

NL1AANF=0" N RTTAF-NA N KA19F-N3 (), 1RGET =NR -0, TRAENF~0? N INAAF~0G~N,2955E~03 N 1311F~04 0.1%5RO0F-02 N.1343F~04
=N LRAULKE-NT N 1INTF-N4- N KHIZE-NR N TKRARE~NR N, 1 132F 020, 102T1F D40, INTEF~02-0.2T85C~-04 0.%5819F- 0% 9,4655F -0k
=2 TPR-OA-N L EFARE- NG O, GINAF=N4-N, T2EF ~ % V. FIARGF-0L~0,T241E-04 N.4I2NE~-03I-0.5T5TE-04-0.31RTE-03-0,2742E-04
N YAQARF—-D N 2KTEF -4 0, 1244F-14 0, ASNAE ~04 -0, 2R6NDF-02 0,1093F-03 N 2064F~02 0.752TF-0%

—NLTTARE-NA 1 2642 NA-N, 2 TLAF-0 0,237 ~05 N, TRGIF-0F 0.9720F-05 D.1361F~03 0.1360F-04~0, T593E-03 0,1348E~04
AL ACTAF-OT A 1T49F—N4 O 226TF-03 N 82P4F N5 -0, STFEE~03-N,.TOTIF NS 0. 4649F-03-0.2179E~04-0,3022F 030, 23T20F~-D4&
AT E~N2-0,40£4T= G4 N, IK1F- 05—, 5465F —04 0, 1004F-01-0.5124F-N4~N,4TIE-06-0.IA66F-04 0.\66505-03-0.6'35(!?-0'5
~NLARTIF-NA N 4DFIF=-N4 N,.1399F-02 0, ATOSE=N&A N, 5921 F-03 0.101T7F-D 3«0, 4411F~02 0.6936F-04

NIYRRF=0R-N 1SS IF= Nk N 4AKAF- N4 N 1RASE=05~N, 1 1MF~N3 B, 51TIE-05-0,1884F-04 0.8654F-05 0, 10%59F-03 01.9938£~-05
~N R4 AFR-NE D, INNPE-N4- 0, S13TF-N& N TASAT-N] D K42 F=N4=V 1 34S5FDT=N,9226E-04-0.893 1E-0% 0.24211F 04-0,1951F~-04
~NIIORE-NA-N_ 294NF- N4 A 1 2TRF-04-0,3514F—N4 D, 28N E-N&4-D ARATE-NA O, TTEHE-N4-0,2T4|F-04 0.,4962C-04-0,1040F-04
N2INNE-NT AL 2A0TF- N4~ N, 1INTF-N4 N, SK0%C -4 1.3 0F-02 N, T7058F-N4 0.1184F~-D2 0.4951F-04

V&

NLANFELE-AT-N KTTIF-94& M, 1130F=-06 N, 1319502 N, 9IMF-0T 0,3263F~D3 0,1 IGHE-06~0,3951F-03F 0.2552F- 06-0,3598c~N3
ALINARAE-NA N GRITF - N, H4SIF-NT=0, 6269 =03 N1 IAP?E-0h=~0,4IRRF NN, 9560 F-07 0,1513E-02 0.1599E-0& 0. 2109€~0?
~NEAAGF-NA N 21TIF-N2 0, 21665-N6-N_1878F =02 -N,2832F~0k 0,1443F~-02 0.2026E~06-0+1017F~02-0,.19026~-06 0,6T733F-03
NaWERIC-NT-N 42 INC~ N2 0, T4TIF-D6 (1. 24680 ~01 O, P?ENF-00~D, 116TF-N3 N, 668NE-0T7 0.1T4IF—04

N IVERRE-NE N 13IRE~0T 0, 3T144F=-DF-N, 21645 -03 0. 649TE-06-0.1033F-N2 N, I015F-05 0.1363E~02 0.B8169E-06 0,1231E-02
ALIMERF=NA=N,2AGIF- N2 0, 15TAF-05 N 217302 N 11 T2F-0F 1.1426F-02 0.105TF-05-0,51586-02 0,.1083E-05 0.7192F~-02
NLRYFEE-AL-C ,TAOS5F A2 N, 12AIF=16 N, AN =ND N GETTF-0A=0.4322F-02-N,.SA31 E-06 0,.3469F~-02 0.1393E~ 04 0,2295¢-02
=ALINOAR-NE 0, ,1437F~ A2- 0, 905F-06-N, AIAIF 03 ~0, V1 IKF~05 0,401 2E-N3~N 4 TTEE-DE-NSTOETE-04

NLRAQIF=LT N A2 7471 0,6750F-N6~N. 103 TF =02 N, 1420F-05-0.523RF-13 0,1429E6-05 0.1324F-02 0.1632F- 0% 0.10936-~02
NeTRRIF-NK-N ,P2RATE- N2 N, I2R4L2F=NK N 1 BRKLE~N2? N 2594F-0% 0.1299F-N2 N ATTIF-05-0.4469F~02 0.38TLE-06 0.623I3F-D2
Ng RO TAE=AF =N LQYTE-N2-Q,Q23TF=NF 0,554 N2 N 28TAF-DE-0,4266F-N2-N,1T12F=05 N, I006F-07-0,145RF~06-0,19RFE-0O2
~0ATIEN] V12440~ 12~ N I RRAF=NR-), TP T4F =02 ~N, 11 93F-05 0,345SF-N3-N,16TTE-05-0,49T4E-04&

N AL FA-NLI0KIE-NT GLINN4F=-N5 Q1357 =N N 1316F-058 D,1321F-D2 0.8769E-06-0.2929F~02 0.,2520F 05 0,3N97F-02?
NLSTATE-NS N A7KTE- 12 O, 1425 =05~0,5F41F =02 0,3520F 0K ~1,40I6F-02 0. T409F-05 0, 1416F01-0,1751F-06~0,19T&4F~-01
NAT28EE-NRE N,207272F=11 N,2921F=-0T7-0,1757F =] O, 2TTIF-05 N, 1351F~0]1 N 1011F~06-0,9524F-N2-0,1399F~05 0,.6297F-02
=N 21 AtF-_N5-N 20LEF-12-N, 2AKAT- NG ), 2INGF -N? ~N, 2 ARIF-NE -0, 1027F-N?-D,1B20F-05 N.1604F-03

N, 28 F-NA-1 ,3AQF- 12 N, RALTE- N6 N P2455 =027 N,1583F-05 NJAINQRF-N?2 0.22332F~05-0,1120E-0? 0.4735F05 0,1338F~-02
NWLIREELAR N, BJIIT-AK N 7120F-0N5 N IK8TT~NY A, TSTAF-05 I,221TF~03 0,6118F~05-0,6290F-03 0.9737TF—05 0,90785~03
VATALE-OR ) ,0721F-13 N, TAST1F-05 N, BD1F =N VP R24E-05-0,415TF-N2 N, 1TS9E~N% 0.4315E-03-0,3407F 06~ 0,.2905-03
~NMINE2E AR A, 1T7E)F= 120, 4] 1RF= D51, | QR4F ~03~),3156E~N5 0.4 TINF-04-0,7132E-05~0, T882E~05

NVATNE-QA N 006601 O, {{AKF=N6+N,33045 N2 N, RHN0E-05-D,29154F )2 N,65TDF~05 Q.9I?AF-N? N &351F 15 0. 2640604
MM ANE-OR-N IR NAE-TIY A TARTF-NG N IN13E-0]F 130T F~06 DST?2IE-N2 N,13RRE~04-0,2266F~N1 0,14TBE~04 N.3LT0E-01
TV VI2IR—NKG-N ATAGE— ] 0, 1029F-04 N, 7R21F—01 NIV AR-04-N71ARF-N] N,3I596F-05 0,1528F~01 0,318 05-0,1011F-0)
—NALINETCNG N AR W= VPN RARAF- N6, TTNAE =02 ~N_TSARE-NG D, 1754F-N2=0 ,4RIEE-05-0,25R&F-N3

SN AR IAENRLN L ALRTE-0R N,16326-105 0,77045 07 1.2810F-05 0.1072F-12 N,9055E-06-0.6000F-02 0.T111E-05 0.3T721F-03
A ANCRLAL AL IATEE- Q] D, REFIF- NS~ IEREE -7 N 11BNF-04-0.TAITF-N? N,2743F-06 0.?RISF-N1 0.1922F-05-0,3IR91F-01
Ve TIBAF=0L ALLALAS-DT N 4SNKF- K-, 3L TE-01 ), PI40F-04 0,26R2F-11 N.6262F-05-0,1RB1E-01 0, T552F-05 0,1244E-01
N INIIE- QK- TRONF-I 2N, INOE- N5 N 4541 =2 =N, 3B4NF-N5-,21T4F-N2-N 34 TRE-DS 0.2123F-03



m

NWeORREF M7=, 4479F- N3 N 1409E-N% N 15728242 A P2RRAF-NC Y 13{RF-9?
NaYR2IF-NG QLA TTIT=I? N T IRRF= N4~ TELDE=N2 N, 1 033804 0.5070F-N7
N.205NF-N4-0,1193T=N] N,2671C= 04 1, 104TF=N1 0,1 990F~04~0,TM3E-N2

N4 1739F =04 N 2323F-2 N 24 TTF=-N5-N, 13RI~ 1. 4A0FF=06 0.5RAF-) 3~

N.1499F N6 N 1S46F=N7 N, 13FRE-NT-0. K2 T4F <02 0, 471 9F-05-0.454NF-N?
0,11 39F=04-N,?29RT=N] N, 29NOF- N4 N 220N ), 1 904 FwDL=N TSINF-N2
NoARKIR<OL-N, 221 TF=] N.329TE-N& O, 2821~ 0,2?5FF=-N6-N 21K 1F-N1

0L 2054F-08=-0.L164F-02
Ne1R6HF-04-0.TRA2E-N?
0. 200RF~0& 0 .5653F-02
0. 1651 F-05-0.1010F-07
Ne¥131F-04 0. 1441F-01
N.?720937TE-N4G~-0.19%4F-01
Ne?2534F-0N4 0.1524F-01

N 1L7AAF =014 N AIRAF~N? N 4C1TF~N5~0, Y TN F-02 =D, 1532F-05 N, 1T3TF12-N.3617F-N5~0.2630F=-03
=0 PR -NE-N2VR2F- D N 2 TREAG-AR A, 73TIE=02 N, 1240F-0S 0 ARAF-G7-NATSEF-05-N.2014F-01

Ve 1POTE-N4 O ,22NRE- A= N, [ARAF=NH=N, TO%aC N1 N 2 T22F-N6" D, 12I1AF 1Y
NoSAAE-NG N, T7IQAC-N1 N D4BRF=04~N A1ARE—NT N, 40R4F=04 N, 4T7TF-N1
A ATATE-N4=~N_ 1204F-NT N 23N9E-AL N _A140E -0 N, 14632 FE-04-0,3R9 2F - 2
NP1 AAF-NE (222 }F« AN, 10RAF-0O5=N, 7HTF —=N? N AGRTE-0R~D,4552F-0)7
n.ﬂm?’ar—nw-n.ﬂﬂvr-nx N, AREE-04 0. 4DATE-NM N.?NOAF~-0a-N. Y2V6F-D1
0,2RKAFN4-N,92TAF~ N1 N, HERELE 04 O,RSNAS N1 N, 442ASF-N6-N,KENTFE-N 1
NeS&KTE~N4 NGIRART-NY N ATRIF-N4-DN, 11005=-N1 0,1613F~-06 0,52?TF-D2

0.3428F—04 0,325TE=01t
0. ROIE-~04~0,3360E-01
0, 4533F-NG N.5679%~-n2
0.12526-04 0.2079F=0)
Ne31TIF~04~0. 3232501
0.5706F~04 0.4566F-01
N, 3850 F-05-0.T694F~02

~02TPIFE-NA-N,1034F= 07 N, 20056-08 N 4504502 N,2015F-DF D.5ATBF—02-0, 4950 F~05~0,1R02F-01

NLTREAF«NL N 2BART-N]-N 451 1F-0A-0.25205-A) N, 2738F-NG N 1NALFN1]
N.T7AALFR-N& A ARISE- QY N 2RTE-N4~N, BNE 01 N, TR2LF-0L N, T4LOF-]
NeTHARF-N4-0,2124F- Q] N 5435F-04 QI2R1F =01 N, R2AAF-04~0,5922¢-07
N.O4I1F-07 0,1480F- A2 D, RATE-06~Ne SOR2F ~N2 N. 1 H29F-NR-N,43T6F-0?
N 8EARF-NR=N,2200F- 01 0, 74AST-04 0.2TT4AF N1 0,191 AF~-N&-N,21)16F-N 7
N.A1N?2E-04=N A4 IAF-N] N, RO2AF~N4 N, THSSF -1 N5 9% F-04-0,7TIR1E-N1
N INKAF=O2 0, 213RF-N1 N TR -N4-N 13475 -01 0, 43RTF-04 0,6483F-N7

N434528~N4 0.2041F-01
NLB61AF-N4-N_.S110F-N1
0.1221F=04 0.PATTIF-01
0.6930F-0% D,13RAF-D]
N.3033F—-04-0.217EF~01
0.8344F-06 0,572&F-01
0.17RAF-04~0.9233F-02

“DARAIEAT-N JOSIF. N2 N FGAESEF-NE 0. 25RAC —2 =N, FARLF -0 0, 300F-02-0,3IN]11F-NS—0.9808F-n2

COLTISOF-08 AJIREOF-A] 9, 2900F-05-0,191 75 =01 N 20TI€~-D4 O.GTSIF-D?
NLANIIE~N4 N, 4806F-N] A, 5FITAF~0N&—0,5T22E -2 0, 9081 F-04 0.5725F-01
N, 1220F-0-N, ?8TAF-N] N QANIE-NL N IESEF-0) 0.5T4)F-04-0,T130F-0 2

0.2T7T31F-0& N.15541F-01
N, TR22FN4-N.ST25F-NY
0.2333€E~04 0.1106F-0?

0.T601F~05 0,2323F-03
0e?2722F-04 0,1194F -01
0.144RF~04-0.3738F~-02

0.60727~ 05 0, 6695E~-03
0.73321F- 04 0.3250F-01
N, 24376~ 04~0, 1006F-01

N.9948F-05 0.966TE-03
0.1150F~ 04~ 0,6622F~-01
0.4015F-04 N,2232F-01

N.&5A1E- 05~ 0, 9851F—03
0.5R64E~04 0.T315F~01
N.%5322F- 04~ 0,299TF-01

0.B106E~ 05 0,.8583E~-03
0.2111F-04-0,6212F-01
NaT&S5TE- 04 N.3423F -01

0.2644E-05-0.6615E~03
N.5316F-04 N,L4B30F-01
0.9109F- 04~ 0.3649F 01

04 3935E~ 05 (.4640F-03
0431 756~ 04~ 043391601
0.1139F-03 0,4329%~01

QL IETINE_AT 0 AQTIE- Q=N ATLEAE-NE~0, 73T —02 0. 662 DE~-NA =N 2049F-N7 0. T7S0F-0F 0.6498F-N72-0.4840€~-06~0,3127E~0N3
NARRAF=(6—-0, 10ART- 0] N, 1010F-DA N 12T =01 N, 13A00F-DL~D, IR 2F-N2 A, 2296E-N&~0.10196-01 N.4256F-04 0.225TF~01
NaSNIEF=04 N, A022F-N] OL,TETAF-NG N, 1454501 N RIP2AE~D4~0.36H4F-01 D.1157F=02 0.633TE-01 N.E312E-03~0.46165~01
D1TE25-0T O 2RKVE-NT N 1400F-N3~N, 18ATF N1 D RRAAE-NEG N.9413E-02 0.3974F=-04-0.1262F-N2

“0 L TORRE RO N LG RF= N2 N KAIPF-NE O, 1AF ~N2 -N. 25 REE~NS N, 1292F~N7-0,3339F-08-0.40T2E-02-0.9226F~06 0.1891E-03
~AL1SBTR-05 N AALAE~N2 0, TASSF=NE-0,TIARSE-N? 0, 1262F~04 0,23T1E~02 0, 186RE~0& 0.63IT2E~-02 0.36TTE~ 04~0.14610E-01
A.SSBAR-08 A 1802F-1T 0,7409F-N&-0. 21385 N1 0. 105TF=03 0.2346F01 N.1221F~03-0.2582F-01 N.1T744E-03 0.34426-01
D ?PRIF=NT-N MORYF-01 0, 2004F-NT N, 282301 N, 12726F-DI-N,1284F-N1 D.%655E—N4 0.1994F-N2

=0 LN IVELNE QIR ==, TIN5 N, RETTIE ~03 =0, 2054F =05 ~0, TATAF-N3-0 B4 A4F =05 Q.21 T72F~02-0.4258F-0%-0.11463F-03
"N ERATEA(QR=N ITARAFEA N (1,297 TF~05 D b625F~02 0.235TE~0S~D, 14D TFE-D2 0, 5N24F-06-0,3T40F-07 (0.2293E-04 0.82106~02
D.AZPNF<0A-N_ FINTF= ] N SKNIF-NE N 1256F 01 N, TORLGE=04-N,1ILAF-01 N.ORSBE-04 D 1555F~-01 (1, 1409F-03-0,1882E~01
N.2NNTF-0T N IATEFT-N] N}, 19455-03-N 12235 =01 D.1539F~0% D, 1910E-D1 N,7TI8LF-04-0.2394F-02

N A2 IRF-02-0,11QTF N2, 1 1A3F-NS 0. A10AF-N3-0,.316TF-05 0.3522F-03~0.2T761E-05-0,1120F-02- 0.311AE-05 0.5122E~04
“ROTETRESNE A ] TTITER O N ARREF~D6~0,2197C =02 0.3157F-05 De544BF-NA-0,1624F~05 0,1742F-02 D.1&A2E~ 04~0.3894F~-02
V1AM E-N& A KIVAF-NO7 NG IINF-N4-N, KATRF N7 G, 41R4F-04 D,6442F-02 0,580%F~04-0,T120€6~02 0.8%30F-04 0.930TE-07
N 12ANF-NTN 12XIF-N] AL 1ARGF-N 0, 1A97E =M A 11T TAE-M =N 1RI?F-01 0.72076~04 0,.3ITRSE~0?

A TNTFRE-A™ N 17 FRE~NL- N, N 6F-NE-N, SRRVE ~N4 =N, 1 AOTE-DS=N,5045E-04~0. 1R24E-0% 0,1630E-03-0.21786~05-0.8316E~05
TN ARNRELQE N PENRF— AT N, JRROF- TG I, A1 3F =03 =N, LAOTF-0S -0, IN1RF-) 3-0,3580F-05-N,2625F~03 0,4523F-05 J.5553F-013
NANTEF-NE-A FALIF-N 1 1239F =04 0, RS9TE~02 N1 A12F-0A~0,2)124F-03 0.7391F—04& 0.1092F—N2 0.4005F~04~0,12406~02
RLSTAHSF=NE N ) 96KC-A7 N OIRE- 14— N, ?B3HAF N2 0, T442F 04 D.3TT6F-02 0.5151F~04~0.7500F-03



APPENDIX B.

//

(00344EE,6 92)v'MAUTZleE',M§GLEVFL 1

// EXEC FORTGCLGyPARM FORT='MAP!
//FORTLSYSIN DD =

153

304

303

—

155
306
305
302
308

309
307

SUBROUTINE PLANE(VVRTHR,NT)
COMPLEX VVR(1)sA5,A6,U

COMMON U, R(42)v2$(42),SV(42)yCV(42)vBK,NP,NNvT(ﬂO)vTR(HO)
DIMENSTON BJ{126)yTHR(1)4FK(20)

KG=NP-1
NM=KG/2~-1
M2=NN+2

TAS=2.%3, 141593*U**(NN+1)

NV=NM%4
FK(l)=1.

DO 153 J=1,M2
Jl=J+1
FKEJL)Y=FK(J)=*J
CONTINUE

DO 156 L=1,4NT

~Ll=(L=1)%NV

CS=COS(THR(L))
SN=SIN{THR(L))}

" BCS=BK*CS

DO 302 J=14KG
X=R{J)*RK%*SN

Jl=J

11=NN

IF(ILl) 303,304,303
Il1=11+1

J1=J1+KG

DD 305 JJ=11l,M2
TFEX~14E=5) 1,142
IF(JJ=1) 3,43,4
B{Jl)=1.

GO TOD 306
BJ(J1)=0.

G0 TO 306

RH--X/Zu

RH2=RH%RH

RH3=RH¥** (JJ=1)
BJ(J1)=RH3/FK(JJ)
SS=RJ(J1)
SST=5S%1,E~7

DO 155 K=1420
SS=~SS%®RH2/K/(K+JJ=-1)
BJ(J1)=RJ(J1)+SS
IF(ARS(SS)=SST) 306,306,155
CONTINUE

STOP 155

J1=J1+KG

CONTINUE

CONTINUE

IF(NN) 307,308,307
DO 309 J=1,KG
Jl=J42%K6
BJ(J)==BJ(J1)

CONT INUE

DO 300 J=1y9NM
Jl=g+L1

J2=J1+NM

57
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301
300
156

84

82

81

107

50
51

53

J3=J2+NM

Ja4=J34NM

VVR{J1)=0. S
VVR(J2}=0. SRR .-
VVR{J3}1=0.

VVR(J4 =0,

DO 301 I=1,4

[l=2%(J~1}+1 ' o ST
T4=4%(J~1)+1

12=11+KG

I13=12+KG
A6-(COS(ZS(ll)*BCS)+U*SlN(ZS(Il)*BCS))*AS
BJl={(BJ(I3)+BJ(ILl))*.5

BJ2=(RJ(I3)1=-RJI{IL1}}*,5
VVR(Jl)—VVR(J1)+A6*(CS*SV(Il)*BJ2+SN*CV(Il)*BJ(IZ)*U)*T(I4)
VVR(J2)=VVYR{J2) +A6XCSH*BILXURTR(I4)
VVR(J3)=VVR{J3}=A6%SY(T1}*BITRUXT ([4)
VVR(J4)-VVR(J4)+A6*BJ2*TR(14)

CONT INUE

CONTINUE -

CONT INUE

RETURN

END

SUBROUTINE REORD(K1,.K3,L)

DIMENSION K1(1),K3(1}

ba 81 J=1,L

K8=K3(J)

Ké=J

DD 82 1=J,L

IF{K3(I)—-KB) 82,82,84

K8=K3 (1)

Ko=1

CUONTINUE

K3{K6}=K3(J)})

K3(J)=Ks8

K8=KL(K6&)

K1(K6)=K1(J)

Kif{J)=K8

CONTINUE

K3({L+1}=-

RETURN

END ,

COMPLEX A3,Y(1600) VVR{5840),TT(40),E3(20)4EL{T3),E2(73}.,U
COMMDN UsR(42),72S(42),5V(42)4CV{42),BKyNPyNNyT{80),TR(RD)
DIMENSTON RH{43) 9ZH(43)4DH(42) yTJI(20) 3 INT{11)sTHR(73)
DIMENSTON AA(L105),KI(T314K2(T3)yK3(T3)K4(T73)

DATA AALLYAA(LOS),AA(L0B) /! 140X, 000/

00 107 I=1,102

AA(T+1Y=AA(1}

U=({0uyla)

ETA=376.707

ETA2=ETA%Z, ) o R

P1=3.141593

PR=180./PI

REWIND 6

READ(1451,END=52) NNyNP,NT,BK

FORMAT(313,E14.7)

READ(1,53)(RH(I)yI=1,NP) .

READ(1453)(ZH(T),1=1,NP)
FORMAT(10F8.4)
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76 WRITE(3454) NNGNP,NT,BK _ L
54 FORMAT(1IX//' NN=t',13,10 NP=t,]3,1 NT=4,[3,4' BKz=t,E14,7)
WRITE(3455) :
55 FORMAT(1X/?' RH!)
WRITE(3,46)(RH(1),I=1,NP)
46 FORMAT(1X,10F844)
WRITE(3,56)
56 FUORMAT(1X/!' ZHY)
WRITE(3446)(ZH(T),I=14NP)
KL=1
126 IF((RH(L)=RH(NP)) eNEeOeeORG{ZH(1)=ZHINP))NELQ.) G TO SR
KL=0
RH(NP+1)=RH(2)
IHINP+1)}=ZH(2)
RH(NP+2)=RH(3)
ZH(NP+2)=2ZH(3)
NP=NP+2
58 DO 57 1=2,NP
12=1-1
RRI=RH(T)=RH(T2)
RR2=ZH(1)1=ZH(12)
DH(I2)=SORT(RR1*%RR1+RR2%RR2)
IS{I2)=e5%(ZH(I)+ZH(TI2))
R(I2)=e5%(RH(I)+RH(I2))
SV(I2)=RR1/DH(I2)
CV(I2)=RR2/DH(I2)
57 CONTINUE
DT=PI/(NT=1)
DO 1 J=1,NT
THR(J)=DTx(J~1)
1 CONTINUE ’
NM= (NP=3)/2
NM4=NM*k4
NM2=NM==2
NZ=NM2%NM2
DO 74 J=1,NM
J2=2%(J-1)+1
J3=J2+1
Ja=J3+1
J5=J4+1 .
CJ6=4%(J-1)+1
JT=J6+1
J8=JT+1
J9=J8+1
DELL=DH(J2)+DH(J3)
DEL2=DH(J4)+DH(JS)
T(J6)=DH(J2)%DH(J2)/2./DELL
TJT)=DH(JI3)%(DH(J2)+DH(J3)/2.)/DEL1
T(J8)=DH{J&)%(DH(J5)+DH(J4)/2.)/DEL2
T(J9)=DH(JS}%=DH{JU5)/2./DEL2
74 CONTINUE
DO 75 J=14NM4
TRUJI=T(Y)
75 CONTINUE
115 IF(KLL,EQ.0) GO TO 78
IF(RH(L)) 77423477
77 DEL1=DH(1)+DH(2)
TROL)=DH({1)%(1,+(DH(2)+DH{1)/2.)/DEL1)
TR{2)=DH{2)*(1,+DH{(2)/2.,/DEL1)

59




23 LF{RH(NP)) 79,78,79 ‘
79 JLl=(NM=1)%44+3 :
J2=J1+1 ‘
DEL2=DH(NP—-2)}+DH(NP-1)
TREJLI=DHINP~2)% {1 +DR(NP=2)/2./DEL2)
TR{J2)=DHINP-1)I%{1. +(DH(NP 2)+|’)H(NP 1)/2 )IDELZ) )
78 S$S=0. - —
DO 7 I=1,NM
11=2%(1~1)+1
[2=11+1 ,
SS=SS+DH(I1Y+NH({I12) : N
TJ{1}=5SS } - o
CONTINUE : . - : -
DEL=TJ(NM) N
IF{KL NELD) DEL=DEL+DHINP-2)+DH(RP-1)
DEL=DEL/10, SRR
DO 8 J=1,NM -
TIEII=TICIY/DEL
8 CONTINUE o ,
85 CALL PLANE(VVRsTHR,NT) :
127 READ(6)(Y(1),1=1,NZ) ’ T
DO 108 INC=1,2
J3=0
TF(INC.EQel) J3=NMak(NT-T1} T : . -
D 2 J=1,NM2 ' . : Ceee
TI(J)Y=0. ' : -
3] 3 I=1,NM
Jl=J+{1-11%NM2 o
J2=J14+NM=NM2 '
11=1+J3

~

{21 | . | ®
TI(I)=TI(Jdr=Y {JLYRVVR{TIY+Y{J2)V%=VVRI{I2)
3 CONTINUE :
2 CONTINUE
DY 9 J=1,4NT
E1{(J}=0.
E2{J)=0.
JI=(J~1)*NM4
DO 10 1=1,.NM2
Il=41+1
[2=11+NM2
EY(JIZEL(IV+VVR{TIIRTI(T)
E2{J)Y=E2(J)+VVR{I2VRTT(T1}
10 CONTINUE
9 CONTINUE
J5=(2=INC)*(NT-1)+1
A3= CABS(El(JS))/El(JS)*(BK*BK*ETA/Z /PT/SORT(PT))
DO 11 J=1,4NT
ELIJ)=EL{J)*A3
E2{J)l=E2{4)%U*A3
11 CONTINUE
WRITE(3,110) N
110 FDRMAT('l',2X,'T',4X,'REAL JT'qu.'IMAG JT',ZX,'MAG JTtylX, VREAL J —
10',1X, CIMAG JO',2X,"MAG JOT)
WRITE(3,109)
109 FORMAT( 948 337X g0/, TX g/, TX /YY)
DO L2B J=1,.hM -
Jl=J+NM
J2=2%({J=-1)+3
TICII=TI{I)XETAZ2/RH{JIZ)

o
)

---------------.-.----.-...---.--.-..-..--.-...-....-...II.IIII....



) E3(J)=TI(JL)%RURETAZ/RHR(J2
128 CONTINUE :
DU 129 J=14NM
Jl=J+NM
J3=J-1
J5=d+1
IF(JeNEol1oANDJJJNEGNMY GO TO 125
J3=J
J5=J
"TF(KL.EQ.1) GO} TO 125
J3=NM
J5=J+1
IF(JeEQ.L) GO TO 125
J3=J-1
- JS5=1 ]
125 TI(J1)=425%{E3(J3)+2.%E3(J)+E31J5))
129 CONTINUE
DO 4 J=1,NM
J1=J+NM
X2=REAL(TI(J)}))
X3=AIMAG(TI(J))
X4=CABS(TI(J))
X5=REAL(TI(JL}))
X6=AIMAG(TI(J1))
X7=CABS(TI{(J1))}
WRITE(3,124) TJEJ) gX29X3 X4 9X59XE,XT
124 FORMAT(1X4F5.2496F8,3)
4 CONTINUE
WRITE(3,112)
112 FORMAT('1%y? 0OV ,4X,1SIG XO' 92X, 'SIG XO' 42Xy 'MAG SXO',1X, 'ANG SXO
141X9"MAG SXO' 41Xy ' ANG SXO' 41Xy 'LSIG XOt 41X, 'LSIG XOF)
WRITE(3,4113)
113 FORMAT ("4 142Xy =t g OXg =t TNy /08X g 1=t g TX g =ty TX gV /g TXg /g TNy~
1y7Xyt/Y) :
DO 12 J=1,4NT
X1=THR(J)*PR
X4=CABS(E1(J))
X6=CABS(E2(J))
X2=X4%X4
X3=X6%X6
X5=PR*ATANZ2(AIMAG(EL(J))4REAL(EL(J)}
XT=PR*ATANZ2(AIMAG(E2(J) )} +REAL(E2(J)
X8=ALOG10O( X2) '
. X9=ALOG10(X3)
WRITE(34111) X1 oX29X39XG9X54XbeXT9XRByXG
111 FORMAT(1IX9F54193FBe39FB,19FRe34yFR,1y2FR3)
12 CONTINUE
DO 13 J=1,NM
Kl(J)=TJ(J)*10-+3-5
K2(J)=K1{J)
K3(J)=CABS(TI{(J})*10.+45
Ji=J+NM
Ke(Jy=CABS{TI{J1))%10.,+45
13 CONTINUE
14 CALL REURD(K1 K34NM)
15 CALL REDRD(K24K4 4NM)
DO 104 J=1,11
INT(S)Y=J=1
104 CDNTINUE

— —

)
)
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SR o
KS=1 ' o ,
Ko=1 _ , :
WRITE{3,106) -
106 FORMATI('1
DO 20 J=1,51
J1=51-4 . ‘ S
WRITE(3,25) :
2% FORMAT( ! TV499X,111)
IF{{Jd=1)/5%5={d=1))21,22,21
22 WRITE(3,123)
123 FORMAT('41 43Xy temt 97X,y tamt )
TF((J=1)/710%10~{J=1)) 21,4122,21
122 WRITE(3,24) K
24 FORMAT(V+1',12)
K=K=1
IF(J.NE.1) GO TD 21
WRITE(3,116)
116 FORMAT (V413 ,4X,50( ' ==11])
WRITE(3,47)
47 FORMAT (741 ,8X,19( 117 ,4X))
21 TF({K3(K5),LT.J1) GO YO 26
60 K8=K1{K5) -
WRITE(3,48) (AA(1),121,K8),AA(104)
48 FDRMAT('4+',105A1)
K5=K5+1
IF(K3(K5).GE.J1) Gi} TQ 60
26 IF{K&4(K6)LT.J1) GO TO 20
61 KB=K2(K6)
WRITE(3,48) (AA(1)41=1,K8)4AA{105)

Kb=K6+1 - .
IF (K4 (K6).GELJ1) 60 TO 61 : .

20 CONTINUE
WRITE(3,47)
WRITE(3,116)
WRITE(3463) (INT(J)yJd=1,411)

63 FORMAT(3X,11{12,8X})
WRITE(3,64) :

64 FORMAT{'0',20X,'X X X PLOT OF MAGNITUDE OF T DIRECTED CURRENT VER
1SUS LENGTH T°') - - -
WRITE(3465) _ = . -

65 FORMAT(21X,'0 0 @ PLOT OF MAGNITUDE QF O DIRECTED CURRENT VERSUS
1LENGTH TY) ' .
WRITE(3,66)

66 FORMAT( '+ ,48X,'/1)
DO 80 J=1,NT
KI{J)=THR(JI1*T2,/P1+8,5
K2id)=K1{J}
K3{J)=20.*ALDGLO(CABS(EL(J)))+20.5
K4{J)=20. *ALDGLO(CABS(EZ(J)))+20 5

80 CONTINUE - - -

16 CALL REUORD(KIZK3NT)

17 CALL REORD{K2yK&4yNT)
00 105 J=1,5
INT(JI=(J~1)*45

105 CONTINUE

X1=1060.
K5=1 ’
Ké=1
WRITE(3,106)

62
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88

90
91

93
97

92
95

94
96

87

®
99
101

100

102
108
52

/%

DO 87 J=1,51

J1=51-~J

WRITE(3,88)
FORMAT (99X "IV 471X, 11)
IF((J=1)/10%10~-(J=-1))92,90,92
WRITE(3,91) X1

FORMAT{ '+ 4F742," == .69X"--')
X1=X1/10.

IF{(J.NELL} GO TO 92

WRITE{3,93)
FORMAT( '+ 417X y7("1",8%X))
WRITE(3,97)
FORMAT (V40 48X, 73('=1))
IF(K3({K5}.LTeJ1l} GU TO 94
K8=K1(K5)

WRITE(3,48)(AALI) I=1,K8),AA(104)
Kb=K5+1 .
IF(K3(K5)eGELJ1) GO TO 95
IF(K4(K6)LTLJ1) GO TO 87
KR=K2(K®6)
WRITE(3,48){AA{I),I=1,KB),AA(105)
K6=K6+1 . . ) -
IF(K4(K6) «GE Jl) GO TO 96
CONTINUE :

WRITE(3,93)

WRITE(3,97})
WRITE(3498){INT{J)¢J=1,5)
FORMAT(7X43(I13415X)414415X413)
WRITE(3,99)

FORMAT('0',15X,'X X X PLOT OF SIGMA X0 OVER LAMRDA SOUARED VERSUS

1 THETA')

WRITE(3,101)
FORMAT (148 ,37X, 1 =t)
WRITE(3,100)

FORMAT(16X,'0 0 0 PLOT OF SIGMA X0 OVER LAMRDA SOUARED VERSUS THE

1TA?)

WRITE(3,102)
FORMAT ("4 337X, /")
WRITE(3,106)
CONTINUE

GO TO 50

STOP

END

//GO.FTO6F001 DD DSNAME=EE0034.REV1,DISP=0LD,UNIT=2314,
VULUME=SER=SUQOO4vDCB=(RECFM=VvBLKS[7E=1800,LRFCL=1796)

//

//G0O.SYSIN DD =
001041037 0.4659995E+00

0.0

0.0868 0.1736 0.2605 00,3473

0.8682 0.9551 1.0419 1.1287 11,2155
1,7365 1.8233 1.,9101 11,9970 2,0838
2.6047 2.6837 2.6863 2,5969 2.41R4
-0.,0000

0.0

T 044924 0.9848 1.4772 1.9696

4.9240 5.4164 5.,9088 6,4013 6,8937

948481 10.3405 10.8329 11.3253 11.8177
14,7721 15.2657 15.7650 16,2562 16.7225
18.2260

® -

63

04341
1.3024
2.1706
241570

2.4620
T.3R61
12,3101
17.1478

0.5209
1.3892
2.2574
l1.8216

2.9544
T.RTR5
12.8025
17.5177

0.
|
2.
1.

3.
A
13,
+A195

17

6078
4760
3442
4238

4448
3709
2949

0

2

3.
«RAH33
13.
0427

R

1A

«h94A
1.
<4311
0.

5628
9772
9392

7873

OeTH14
16497
2.5179
Nes97)

hoebB1A
Qe3H07
14,2797
1RV 794




- RH

KN = NP= 41 NT= 3/ BLz $.4659695F &0
0.§ 0.0868 CelTie U.7665 0,3473 G.4341 0.5259
0.8682 0.5551 1,041% 1.02687 1.2155 1.3024 11,3892
Cle 7365  1,€233 1.6171 [.991¢ 2.0838 2.1706 2.2574
AehUAT  2.66837 ZT.htas  Z.5969 244184 2.15T0 L.AZ2l4

a0.0

7k )
0.0 oG24 Lav848 104772 1.9696 2.4620 249544
G.9240  Fab4ley  5,40398  E.40[13 6489%7 7.3861 T.8785
er4Hl 1043905 10,8229 11,3253 [lenl77 1243101 [2.8C25
LAeTT72L 15.2657 LE.2567 1we722% 17,1478 1T7.8177

LEed2e0

Ge50
L l.00
Ten0
2.00
2450
3.0
3450
4 .07
G050
5.00
550
6 eUL
6+50
7.00
(.60
2,00
LAY o]
9,00
9.5C

Aa

REAL 4T [MAG JT

24474
1.tle
0.a00
-0, prit
=1la490
=24 1317
~2. 25D
~1.€83
“10300
-.s 307
e 10}
ke €73
2é2G1
2.428
2« 0‘7‘)
leZl%
GeteT
"Q!Sﬁ#
i%.sec

0.212
‘1-65_!
-2.Q )1
~1.%96
=1.253
=CsTT3
~Ue (32

“594 7

le7d4l

1653
1.2C¢€

0.57¢
-2,20¢

—dn 54’3

=Ll 274

~1.231
-Ce735
~0e133

Lse 7650

MAG JT

2.484
14629
2.136
2.111
1.458
202713
2.35¢C
2161
IO
1o &+
1.8217
74062
24362
2s436
2e?250e
1.761

1,233

1.193
L.572

REAL J8 IMAG JB

~G.437
-0+18a
6,016
C.116
Cedng
0. 40
C.384
GeZ 34
0.050
~-6.102
'0-257
~0. 364
-G.431
;ég(* )
-0,4%3
04085
=leilz
~1l.646

-3, 081
4337

. 04366

0.145
Os13¢

" 177

-2e 106
-0.173
-0.102
Qe 244
0,127
~Qe 44
0.081
6.216G
bo2n4
0.183
-8.089
-Ge237
“NeN34

FAG JF
Ge 445
0.385%
U. 356
0. 186
0.24¢
Oek43
0.398
0e366
0L,28%
4.249
Gal62
Cel61
0.377
Q.47
0,539
0.528
UC‘,OL
1127
L.647

64

0.6CT8 0.6946
1.4760  1.5628
Z.3442 Z.4311
1.4238 0,9712
3.4468 3,9392
843709 6.9633
13,2949 13,7873

17.2198 18,6427

{

CeT614
146497
2.5179
a7

44316
29,3557
14,2797
(5, 1796




. slG xe’

G121
0.115
C.112
Ve10C4

S 0.097 .

0. Co¢
0.105
O.128
0.165
0e213
Go.268

«22C

« 359

3278
0.374
0,248
0.309
0.265
C.z226
0.194
G.171
0.155
O.1l41
G.128
0. 115
GelCa
00095
0.050
0.0Q08%

D053 .

0. 100
0.103
Q117
0.125
0.1372
0. 13¢
0.1317

SIG x&
J5.121
C.123
Sel28
Gel37
Gelss
Jelbd
. 181
34199
Ge21%
00227
0.231
C.226
0.211
g.1867
Ge 158
G.128
Ol 103
G.085
0.07¢
0.C76
0.081%
0.093
6.104
O.114
G.123
Gel125
. 134
0.137
0.1L36
8.136
0.143

U.139 .

0.126
0. 135
O.128
0,128
o137

MAG SXé6
0.348
Ce345
7335
e 322
0.311
0.310
Oe324
Q.357
{406
Jel62
{.518
0e.565
0.599
Ce.tls
0.611
0.550
Q. 556
0515
C. 475
Cea40
Ce4la
Ge 363
0376
04358
Q.340
0e322
Je 308
0.300
$.235
D.30%
0.316
Ge 329
Go 42
0e354
te3h3
€.369
Le371

ANG Sx6 AT SXB ANG Sx#

-89.8
~-92.3
-13C. 8
-113.1
-131.8

-155,7

176.5
147.2

8845
59,4

3040

'—an

=3147 -

~654 44
-33,8
-134.56
-17249
147.3
136.1
64.6
2344
-16.8
"55- q
-93,5
-131.1
~167.3
157.9
12543
95.8
7.1

65

D348

. 0.351 .

0.358
0e37C
8,386
[ prY; .3

- . Qo bl
11747

0.464
0.476

0.481

Oe 476
O 466
0.‘33
0.398
0.358
D. 320
0.291
0,276
De276
d.288
Je305
Ue323
0.338
0e350
04359
0.366
0.37C
6.372
0,373
G375
0‘ 373
04373
Q.472
0,371
0.371
G.371

9042
89.2
86.2
8l.2
Py \?"h"l
5341

. 3G.2
23.0
heb
-16.2
‘-36,2

bbb

=92.5
~123.2
-157.0
165.n
124.7
81.3
7.7
"‘0.3
-43.8
~80.6
-115,¢
-148,9
180.0
15G.8
123.7
GBeQ
T6.5
54,7
390 7
2546
lueh
’70"7
Lo
Ne

LSIG xe LSIG xe

-0.917
~0.926
-Q.95C
-0 .98%
-1.014
~1.018
-0.978
“0o B89% .
~0.784
-0.671
-0.572
=( o495
-} o445
-C %22
-0 .427
~0.458
~0.510
-C o576
~0 o647
-CeTl2
-0.767
-0.811
-0.850
-~ .892
-(',938
~0e 984
-1,023
"1. 00‘7
"1 -0"?
-1.031
-1M701
~ (7 o968
~(e431
o T
-y HNG
-~ HET
~0.867

-0.917
=J4910
-0.892
~-0.863

~0e826 _
-0.784

~0.741
04701
~Ne6AT
-0 644
-0.636
D646
=0.675

=0.727

~0,.801
~0.892
-0 .989
-1.072
-1.118
~1.117
-1.081
-1.031
-2.582
-C o942
~Ga911
-0 889

~0.874 "

~Q.R64%
-0 +85R
-0 .855
~D«855
~(,855
~0 A7
=0 85"
(o H&s]
-} .H62
~0 562
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T REAL JT IMAG T MAG J1 REAL J@ [#AG J@  MAG J@
.50 2.453 -0.362 2.479 -0.430 0.111 O.44n
1.00 1.783 1.067 2,078 -0.255 =~0.371 0.455
1.50 0.715 2.2 4 2.437 -0.099 -D.490 0.500D
.00 ~0.229 2.32% 2.3 Q.010 -0.265 0.26%
2:.80 -1.064 Let o 1.92- D.145 ~0.287 0.321
3.00 ~l¢140 1131 2.015 D.287 ~-0.379 0.475
3.50 -2.08%8 Q. 34| 2.088 0.321 ~-0.093 0.314
4,00 =-1.892 -0.172 2.043 0.324 <-0.008  0.324
4,50 -1.48 -1.:62 ~1.6G56 c.310 0.013 0.31. ‘
5.00 -0.:'26 -i1.8b1 1.963 0.237 ©.171 0.292
§.6D D.202 -i.92 I 3.186 O.l4l 0,234
6.00 1‘04q -1'532 l0656 Dul(ﬂo Oul?? OIZZZ
6.50 1.6l -0.088 1.850 D.128 0,118 D.219
7.00 1.788 -0.042 .79 0.152 6.203 65,254
7.50 1.575 @.779 1.757  ©9.215 0.384  D.440
B.0D G.907 1.534 1.782 .25 O 17T 0.811

B, - 007 1.942 f.942 -0, .59 1.336 1.338
3.00 -Q.818 1.91% 2.082 —-0.b49 l.681 1.802
G.50 ~1.2311 i.681 2.131 -j7.352 L.06581 . 2Z.134 o .

»

2] SIG K 516G xp mMAD SXB ANG SAS MAG SAG ANG SYP LSIG X6 LSIG X9

0.0 C.172 0.112 0.4i4 0.0 Qe4léd —180.0 =0.765 =-D.765
5.0 Bol71 ba172 O.414 -l1a7 0.41a 1783 —=0Co7bb  -0.T765
10.0 G.17. 0. 1714 V.12 -6.8 0.4 4 8.1 =0.77L —p.T767
15.0 0.1b7 Qe V70 o.4 B -15.5 04173 tgres =0.178 -0.769
20.90 D.163 0169 U.k 4 -1, 0412 192.6 =U.,787 =0.771
25.0 0.159 G.169 0.349 -42.0 0.411 137.4 =0.,798 -D.773
30.0 0.155 0.168 Q.393 -£0.2 O.410 11941 =0edll  -0.774
35.0 0.168 0.168 0.387 -9l.2 0.&1D 97.7 ~0<824 -DeT74
40.0 0.145 0.169 0.381 -18%.) Datrli 7T3.6 —-0.837 -0.772
4500 O. 141 De11 D.3TL -i1Bl.4 o413 47.0 -Q.851 -D.768
50.0 O. 136 0.1¢2 0.369 -1%9.49 D415 18. ~D.2én -0.765
55,0 Q.131 0.178 Q.32 163,66  0.41% ~12.8 ~0.88&6 -~D.T763
60,0 0. 124 0.172  ©0.352 137.3% Oetle ~4%5,7 ~0.906 -D.745
b5, Q0 C.116 0.168 0.339 LO3.3 0.«10 ~80.5 —0.940 -0.774
70.0 0.104¢ b.163 C.323 61.4 §.404 ~-117.4 -0.981 ~p./88
5.0 . 094 0.153 0.« 6 2.6 ©e3%s ~-1G56.4 =~].020 ~-0.RO!}
80-0 0.064 0.155 u.qu -‘.D-z D-')‘%? 362.4 "1-"1b ‘D.E\Qa
85,0 0.079 0167 0.281 -51.5 0.408 119.¢ =~1.101 -D.778
9Q.0 0.079 0.189 C.281 ~-03.0 0o i35 Tieo =1.103 -0.723
95.0 0.083 ~ 0.227 0.289 =-123.1  D.a«l7 1.8 —~1.0719 -0.844
1oL 0 6. 9 D.27% D.3 -7 .8 0.527 “lett ~140%5 =0.5%1
109.0 0. 9b 0e%3 bed 1685, 3 0,574 ~37,4 ~1.,09 G RTT
FiD.® 0.0%% 0.3%84 031 . 17280 0.620 =194 =10l =b.hlb
115.0 0.090 G420 0.300 47.4 Boa48 <102, =1 048 =D.3T!
126.0 0.0 ig D.43> 0.279 73.9 b.060 -132.0 <~1.10¢% -05.351
125.0 D.bo2 O.427 0.25 54,8 B.654 -1b0.0 =~1./707  =~0,369
130.0  ¢.- k7 06.399  p.21- §1.2 0.632 173.6 ~1.224 ~-0.399
135.0 0.. 87 0357 b.192 34,4 0.597 141.6 =~1.43% ~-0.448
140,0 0.. - 0% B p.182 33, % 0.%5% 124,94 ~t.482  -0.%1)
145,90 .03/ 6.260 0.192 344 0.510 102.8 ~l.ada  ~0.58%
15G.0 0.147 6.218 D./11 33,3 Qeab1 H2.0 =~14325 =0.6n2
155.0 0.062 0.188 0.250 9.5 G.428 6.1 ~1.7D% -D.797
10, G.: & O.158 t.282 = 25.1 6.397 b0  ~1.090 -p,802
165.0 0. 9% Deld Ge .ot 20. 4 0.374 32,5 ~1.018 ~0.8%94
[76.0 0.1, (.129 0.3 16.6  0.359 22,1 ~p.9p1 -0.889
175.0 Ollu 0,121 b,ad4 14.2  0.351 15,6 =0.%27 -b,910
ig0.0  0.121 D12z .. i3.3 0348 13.3 ~0.916 -¢.916
f~i e}
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APPENDIX C. PROGRAM AND SAMPLE INPUT-OUTFUT DATA FOR SECTION VI.

Y/ {0034, EE, 6 2)9'MAUTZvJUE'vMSGLEVEL 1
// EXEC FURTGCLGyPARM,FORT=IMAP?
//FORTLSYSIN DD =
SUBROUTINE PLANE{VVR,THRyNT)
COMPLEX VVR{1),A5,A6,U :
COMMON UgR{42)425(42)4SVE42),CV(42),BKyNPsT(RO),TR{ROD)
DIMENSION BJ({B4),THR(1)
KG=NP-1
. NM=KG/2-1
AB=2,%3,141593%U
NY=NM¥*2
DO 156 L=1, NT
Li=(L=-1})%NV
CS=CUSITHR(L))
SN=SIN(THR(L))
BCS=BK=%(CS
‘DO 302 J=1,KG
Ji=J ‘
X=R {J)=*BK=*SN
DO 305 JJ=1,2
IF(X=1,E=~5) 141,42
1 IF(JJ-1) 34344
3 BJ(Jly=1,
GO TO 306
4 BJ(J41)=0,
GD TO 306
2 RH=X/2
RH2=RH%RH "
RH3=RH#%{(JJ=1)
BdtJ1l)=RH3
SS=BJ(J1)
8 SST=SS®l.E=7
NO 155 K=1,20
SS==SS%RH2/K/ (K+JJ=1)
BJ(gl1=RJ(J1}+SS .
IF(ABS(SS)=SST) 306,306,155
155 CONTINUE ’ '
STOP 155
306 J1=J1+KG
305 CONTINUE
302 CONTINUF
DO 300 J=1,4NM
Jl=J+L1
J2=J1+NM
VVR(J1)=0.
VVR(J2)=0,.
DO 301 I=1,4
[1=2%(J=1)+1
[4=4x(J=1)+]
12=11+KG
A6=(COS(ZSCTL)*BCSI+USIN(ZS(I1)*RCS) )I*AS
CVVR(JL)=VVREJL) +A6X (CSRSVITIIHBI(T2)+SNACVITL)#AS(T L)AL #T(14)
VVRI(J2)=VVRI(JZ)+ARMBI(I2¥ATR(T4)
301 CONTINUE
300 CONTINUE
156 CONTINUE
RETURN
END
SUBROUTINE REDRD(K1¢K3,4L)
DIMENSION K1(1),K3(1)}

71




Nt 81 J=1,L
K8=K3(J)
Ké=¢
PO 82 I=Jd,L
IFIK3(I)~=-K8) 82,82,84
84 K8=K3(TI)
Ké=1
A2 CONTINUE
K3(K6)=K3(J)
K3{J)=K8
K8=K1(K6) '
K1{Ks}=K1(J)
Kl(J)=K8
81 CUNTINUE-
K3fL+1)y=-~1
RETURN -
ENP - _
COMPLEX A3,Y(1600),VVR(2920),TI(40),E3(40),EL(T3},E2(73),U
COMMON UaR{42)+2S(42),5VI42)CVI42)4BKyNP,T(80),TR(80)
MIMENSION RH(43),2H(43),DH(42)4TJ(20) s INT(11}4THR(T73)
DIMENSION AACL10)4K1(T73),K2(20)4K3(73),K4(20)
DATA AA(L},AA(109),AA(L10)/¢ t,1X01,tQ0/
D 107 I=1,107
107 AA(I+1)=AA(T)
U=(0.ylo)
ETA=376.707
P1=3.,141593
PR=180./PI
REWIND 6 o T
50 RFAD(l’blvEND=52; KKgNPyNT’BK
51 FORMAT(313,El4.7)
READ(L453) (RH{I )y I=14NP)
READ{ 1453} {(ZH(T},I=1,NP}
53 FIRMAT(10FB.4)
WRITE(3¢54) KK¢NPNT,,BK
54 FORMATILX//ZY KK=1,13,1 NP=t,]3," NT=t,13,1' BK='4FEl4.7)
WRITE(3,55)
55 FORMAT(1Xx/' RH')
WRITE(3 446} (RH(I)sI=14NP}
46 FORMAT(1X,10F8.4}
WRITE({3,56)
56 FORMAT(1IX/t ZH')
WRITE(3446) (ZH{I)4I1=14NP)
DO 144 J=1,NP
E1(J}=0.
E2(d)=0.
144 CONTINUE .
IF(KKeEQa2) GO TH. .40
READ(1L,168)(EL{I),I=14NP)
L6R. FORMAT(7G1l1.4)
WRITE(3,131)
131 FORMAT(1X/' EOQOY)
WRITE(3,132)
132 FORMAT(t+ =1t}
WRITE(3+169)(EL(I}yI=1yNP}
169 FORMAT{1X,7ELr1.4%)
IF(KK.EQ.1) GO 70O 41
40 READ(1,168)(EZ2(1)41=1,NP)
WRITE(3,131) )
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WRITE(3,133)
133 FORMAT('+ /1) , )
WRITE(3,169) (E2(1),1=1,NP)
41 KiL=1 Lo
126 TF((RH(1)~RH(NP))oNEeOesORe(ZH(1)=ZH(NP))NE.Ds) GO TO 58
KL=0 )
RH(NP+1)=RH(2)
ZHINP+1)=ZH(2)
E1(NP+1)=E1(2)
E2(NP+1)=E2(2)
RHINP+2)=RH(3)
IH(NP+2)=ZH(3)
E1(NP+2)=E1(3)
E2(NP+2)=E2(3)
NP=NP+2
58 DO 57 1=22,NP
I2=1~-1
RRI=RH(I)~RH(I2)
RR2=ZH(T)~ZH(12)
DH(12)=SORT (RR1%RR1+RR2%RR2)
2S(12)=.5%(ZH(T1)+ZH(T2))
R{I12)=e5%(RH{T1)+RH(IZ2))
SV(12)=RR1/DH(12)
CV(I2)=RR2/DH(I2)
57 CONTINUE
DT=P1/(NT~1)
DO 1 J=1,NT
THR (J)=DT3(J=1)
1 CONTINUE
NM=(NP=3) /2
NM4=NMx4
NM2=NM=2
NZ=NM2x%NM2
DO 74 J=1,NM
J2=2%(J=1)+1
J3=J2+1
Ja=J3+1
J5=J4+1
J6=4x(J=1)+1
J7=J6+1
J8=J7+1
Jo=J8+1
DELL=DH(J2)+DH(J3)
DEL2=DH(J4)+DH(J5)
T(J6)=DH(J2)%DH(J2) /24 /DEL]
TUJT)=DH(J3) % (DH(J2)+DH(J3)/2.) /DEL]
T(J8)=DH(J4) % (DHEJS)+DH(J4)/24) /DEL2
T(J9)=DH(J5)%DH(J5)/2./DEL2
74 CONTINUE
DO 75 J=14NM&
TR(J)=T(J)
75 CONTINUE
115 IF(KL.EQ.0.) GO TO 78
IF(RH(1))77,23,77
77 DEL1=DH(1)+DH(2)
TROL)=DH(1)%(1o+(DH(2)+DH(1}/2.) /DELL)
TR(2)=DH(2)%(1.+DH(2)/24/DELL)
23 IF(RH(NP))79,78,79
79 Jl=(NM-1)%443
J2=J1+1
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DEL2=0H(NP-2T+DH(NP-1)
TR(J1)=DH(NP=2}%(1.+DH(NP=2)/2,/DEL2)
TR(2)=DH{NP=1)%( 1.+ (DH(NP=2)+0OH(NP-1)/241/DEL2Z)
78 SS$=0.
DO 7 I=1,NM
11=2%(1=1)+1
12=11+1 .
§5=5S5+DH{ T 1) +DH(T12)
TJLT}=5S
7 CONTINUE
DEL=TJ (NM) T -
IF (KL oNE+Oo) DEL=DEL+DH(NP=27+DH(NP=1}
DEL=DEL/10, . :
DD 8 J=14NM
TILI)=TILI)/DEL
8 CONTINUE
DO 44 J=1,NM
J1=J+NM ’
J2=2%(J-1)
J3=4%(J-1)
E3(J)=0.
E3{J1}=0.
[1=J2+1
[2=11+1
13=J3+]
E3(J)=E3(J)-(E1
E3(JI)=E3(J1)~
45 CONTINUE
E3(J)=E3{2) %P1
E3(J1)=E3(J1)¥P1
44 CONTINUE 3
185 READ(6)(Y{I),1=1,NZ)
) Pl=0.
P2=0. -
p3=4 %P 1/BK/BK/ETA
DO 134 J=14NM
J1=J+NM
T1(J)=0.
TI(J1)1=0.
DO 135 I=1,NM
[2={ I-1)%NM2+J
P3=12+(NM2+1 }kNM :
L4=F+NHM _ ) LT
TI(J)=TICJI+Y(12)%E3(]) ' -
TI(J1)=TI(JL)+Y(I31%E3(14)
135 CONTINUE o
P1=p1+CONJGITI(I) V*E3 (T
P2=P2+CANJG(TI(J1))*¥E3(I1)
134 CONTINUE
WRITE(3,184) P1,P2
184 FORMAT(//1X,TEl1l.4)
P1=SORT(ARS(P1)%P3)
P2=SORT(ABS(P2}#%P3)
IF(PLl.NE.O.) Pl=1./P1
1F(P2.NE,0.) P2=1./P2
CALL PLANE(VVR, THR4NT)
DO 9 J=1,NT
EL{J)=0.

)+EL(I2))*TII3)
T1)+F2(121)%TR (13)

(T1)+EL(12))%T ¢
21
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E2(J)=0,
Ji=(J=1)%NMZ
DO 10 I=1,NM
Il=J1+1
12=11+NM
I13=T+NM
EL(J)=EL(JY+VVR(TIL)IXTIV{I)
E2(JI=E2(JY+VVR({I2)%TI (13}
10 CONTINUE
190 E1(J)=E1(J)*P1
191 E2(J)Y=E2(J) %P2
9 CONTINUE
E1(1)=1.E-10
E2(1)=1.E-10
E1(NT)=1.E~10
EZ(NT)=1.E~10
DO 139 J=1,NM
J2=2%(J=-1})+3
J1=J+NM
TI(I)=TI(J)/RH(J2Z)
TIGIL)Y=TI{J1)}/RH(J2)
139 CONTINUE .
GO TO(145,1464137) 4KK
145 Ji=0 .
WRITE(3,138) .
138 FORMAT('19,2X 4TV 45Xy 'REAL JT'e4X, VIMAG JTY)
GO TO 147
146 J1=NM
WRITE(3,148) .
148 FORMAT('1',2Xs?T?35X,'REAL JO'44X,'IMAG JO')
CHWRITE(34149) o ) ! ,
149 FORMAT ( '+t 414X, 1/1,10X,0/1)
147 D0 140 J=1,NM
J2=J1+J
WRITE(3,124) TJ(J),TI(J2)
124 FORMAT(1XsF5.244FE1143)
140 CONTINUE
GO0 TO 150
137 WRITE(3,110) ) '
110 FORMAT(P19,2Xe ' T1 45Xy 'REAL JT'y4Xy VIMAG JT',4Xe "REAL JO',4X, ' TMAG
1J01')
WRITE(3,109)
109 FORMAT('+1,36Xe' /410X, /1)
DO 143 J=1,NM
J1=J+NM .
WRITE(3,124) TJI(JI)oTI(J),TI(JI1)
143 CONTINUE
150 GO} TO (151,152,153} 4KK
151 WRITE(3,155)
155 FORMAT( 'Y O'e6X,'GO' 36Xy 'EQ' 94X, 'ANG EQY)
WRITE(3,154)
154 FORMAT ("4 =1 TXytet  TX gttt ,gY,tat)
DO 156 J=1,NT
X3=CABS(EL1(J)}
X1=THR(J) %PR
X2=X3%X3
X4=PREATANZ2(AIMAG(EL(J))REAL(EL(J) )}
WRITE(34111) X14X29X39X4
111 FORMAT(1XgF5.142FR,34F8,142F84+34FB.1)
156 CONTINUE

75




GO TO 157
152 WRITE(3,155}
WRITE{3,158)}
158 FORMAT (14 /1, TX v/ 0, TXe 8/ 840X,/ V)
DO 159 J=1,NT
X3=CABS(E2(J))
X1=THR{J)}*PR
X2=X3%X3
X4=PR*¥ATANZIAIMAGIE2(J) ) +REAL(E2{J}))
WRITE(3,111) X1eX24X3,X4
159 CONTINUE
GO TO 157
153 WRITE(3,160) S : . . ,
16C FORMAT('1 Oy 6X,'GO'y6XeVEQY 44Xy TANG EOV 4N, G0 46Xy "EOV 44X, ' ANG
1E0Y)
WRITE(3,161)
161 FORMAT( M4 =0 7X 0=t (T X g bt g QX Vet (BX 0 f1,TX GV /V 9y V)T
DO 167 "J=1,4NT
X3=CABS(EL(J))
X1=THR{J)%PR
X2zX3%X3
X4=PR¥ATANZ (ATMAG(EL{JY T yREALTEL{JY}Y)
X6=CARS(E2(J})
X5=X6%X6h
XT7=PR*ATANZ2 {ATMAGIE2{J)) »REAL(EZ(J)))
WRITE(34111) X14X2,X3,X4yXB4X6,X7
167 CONTINUE
157 Ml=1
M2=2
IF(KK.EQL1} M2=1
TE(KK EQLZ) M1=2
DO 171 M=Mi,M2
M3=(M=1)%NM
X1=ABRS{REAL(TI(M3I+1)))
X2=ABS{AIMAG(TI(M3+1))}
DO 172 J=1,NM
Ji=J+M3
X3=ARS(REAL(TI(JL)})
X4=ABS(AIMAGITI{(JL)))
IF{{X3-X1)1.6T40.) X1=X3
IF({X4=X2)GTo0.) X2=2X4
172 CONTINUE oo IR
DO 13 J=1,NM
Jl=J+M3
K1{JY=TJ(J1*10.+8,5
K2{J)1=R1(J)}
K3(J)=25.%REAL(TI(JL))/X1+725,5
Ka(J)=25,#AIMAGITI(J1))1/X2425,5
13 CONTINUE
CALL REORD(K14K3,NM}
CALL RE (K2 K& 4NM)
00 104 EQ?yII
INT(J)=d-1
104 CONTINUE
. Xlzlv
K5=1
Ké=1
WRITE(3,106) . ‘
106 FORMAT('1')

}
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DO 20 J=1,51
Jl=51-J
CWRITE(3,25)
25 FORMATI(9X,11%,99X,'11)
TF((J=1)/5%5=(J=1)) 21,22,21
22 WRITE(3,123)
123 FORMAT('41,8X,'==1,97X,yt==1)
122 WRITE(3,24) X1 .
24 FORMAT(F+1,F7,1)
X1=Xl".2
IF(JoNEL1) GD TO 173
MRITE(3,4116)
116 FORMAT{'+',9%X,50(t==1))
WRITE(3,447)
47 FORMAT('+',13X,19('1',4X))
173 IF{J.NE.26) GD TO 21
WRITE(3,116)
21 IF(K3(K5},.,LT.J1) GO TO 26
60 K8=K1(KS5) .
WRITE(3,48) (AA(]),1=1,KB),AA(109)
48 FORMAT{('+',110A1)
K5=K5+1
IF{K3(K5).6E.J1}) GO TO 60
26 IF(K4(K6).LTLJ1) GO TO 20
61 KB=K2(K6)
WRITE(3,48) (AA(T),I=1,K8),AA(110)
Ké=K6e+1
IF(K4(K6).GEL.J1) GO TO 61
20 CONTINUE
WRITE(3,447)
WRITE(3,116)
WRITE(3,63) (INT(J)ed=1,11)
63 FORMAT(BX,11(12,8X)/41X)
. O WRITE(3,174)
174 FORMAT(32X,'X X X PLOT OF (REAL J )/MAX''REAL J '' VERSUS LENG
IH TY)
IF(M.EQsLl) WRITE(3,175)
175 FORMAT ("4 1 454X,'T4412Xs'T")
IF(MsEQa2) WRITE(3,176) :
176 FORMAT (V48 ,54X 101 312X 900"/ 04 1,54X90/0,12X4"/ ")
WRITE(3,180)
180 FORMAT(32X%,'0 0 0 PLDT OF (IMAG J J/MAX*'IMAG J '' VERSUS LENG
1H T1) :
IF(M.EQ.1) WRITE(3,175)
IF(M,EQ.2) WRITE(3,176)
163 DO 80 J=1,NT
KL(J)=THR(J)*72./PI+8,5
IF(M.EQ.Ll) K3(J)=20.*%ALOGLO(CABS(FL1(J)))+30.5
IF(MeEQ.2) K3(J)=20.%ALOGIO(CARS(E2(J)))+30.5
80 CONTINUE _
CALL REORD(KLyK34NT)
DO 105 J=1,5
INT(J)=(J=~1) %45
105 CONTINUE
X1=100,
K5=1
WRITE(3,106)
N0 87 J=1,51
Jl=51-y
WRITE(3,88)
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AH

FORMAT(9X, ' I1v,71X%,

lIl)

TF((A=1)/10%10=(J=-1)192,90,92

g0 WRITE(3,97}) X1
FORMAT( ¢+ 1 ,F7.3,!
X1=X1/10.
IFEJ.NELL)
WRITE(3,93)
FORMAT (V' 4 17X, 7¢
WRITE(3,97) )
FORMAT( Y+ 938X, 73(
TEIK3(KS)YeLTedl]
KAR=zK1{K5)

GN

93

97
9?2

6o

==t 59Xy b= }

T 92

110 ,8X))

b=1))
T 87

WRITE(3y4RB){AA(T),1=1,KR},AL(109)

K8=Kh5+1
TF(K3(KS)«6ELJ1)
CINT INUE
WRITE(3,93}
WRITE(3,97)
WRITE(3,98)(INT(J

BT

g8
WRITE(3,177)

177

TR(MJFNL 1) WRITFH(

FORMAT (V41 342Xyt~

[F{mM.EN.2) WRITE(

FORMAT ("4 4,42X, 1/

COMTINUE

WRITE(3,106}

GO TO 50

STOP

END

178

179
171
170

52

/%
//GOFTOAFNAL
//
//G0GSYSIN DIy =
03041037 :.4659995E 400
N0 0.0868 04173
0.R6R2 (0,9551 1.041
1.7345 1.R?233  1.910
P.ANAT 2 ARIT P 6RG
=1, (116
0.0
449740
Q,8401
147721
1R, 2260 .
0 OO00E+GN 0.0NONFE+00
0.0000E+00 0.0000E+00
0, 0000E+00 0.00N0E+G0Q
e ONOOE+0G 0L,O000F+0O0
0.0000F+00 0.0000E+N0
0.,0000E+00 D.O000E+0D
0. 0D000E+00 0,0000E+00
0L,0000E+00 O, NN0GF+00
0., 0000F+00 0,0000E+00
0.0000F+00~0,3380F+02
5, 0000F+G0 0, 0000E+00
QON00F+00 0.0000FE+00
0, 00006+00 0.0000F+00
0.NONNE+0Q0 0.ONO0E+0N
N0.0000E+00 0, 0000E+00
QLOO00E+00 0,000 F+06)
D.O0000F+00 0,0000R+00
0.0NNOF+NN B HNGNEFND
Na0000K+00 0,0000F+00
0.0000k+00 0.0000E+00
0.0000E+00 0,0000F+00
0.O0N000F+00~0,3380E+07
0.0000E+00 0,0000E+00
0.0000F+00 0, 00008+00
/%

N.6924
S.b] 64
10.3405
15.2657

0.98410
5,90R”8
10.8329
197650

60 TO 95

)yJ=145}

3,178}
L]
3,179}
')

A D.2605
q 1.,1287
1 1.49970
4 24 H549A

144772
hett0O13
11,3253
16,7562

0.0000E+00
0.0000F+00

0 DONOE+00

0.0N00E+00
0. 0000F+30
D.,OBOOF+00
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0.0000GE+00
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0.0G00E+00
O NNOOKF+O0
N DONOF+N0
G, OO0 E 401
00000 +01)
0O000F+00
N OINNE+00
1. 0000E+00
0. 000NE+00
0.,0000F+80

FORMATI 7X43(13415%X)414415%,13/,1X}

FNRMAT (34X, *PLOT. TTF GO VERSHS THETA®Y)

0.3473
1.7155
?NRAA
7.41Ra

1.9A96
64RG3IT
11.8177
16.7225

. 0000E+Q0
0.000NE+0N
0,0000F+00
V.NO00E+00
0. 0000F+(J0
0.,000NF+00
0.NOOOF+00
0., 000DE+00
0. G000FE+00
0. 0NNDE+Q0
0. 0000F+00
0.0000E+00
0.0000F+00
0 0000F+00
VS OOGOOELD0
0. 0N0GE+00
0. 0000F+00
1. NOOOE+00
) OTHFE+00
0. 0000F+00
G.0000E+00
0. 000NF+60
Qe NYOOF+00
0.0000E+00

Det341
1.3024
241704
241570

744620
T.3861
12,3101
17.147R

. .
O DSNAME=EEDO34REVI,NISP=OLD,UNIT=2314,
VOLUME=SER=5UC0ON4 ,NCR={RECFM=Y,BLKSI7E=1R800,LRECL=1794)

0.5209
1.3A92
747674
1.8214

2.9544
T+HTRS
128025
17.5177

0D0000E+00

0.0000F+00
0.0000F+00
0.0000E+00
000008400
0.00006+00
0 0000E+00
0.0000E+00
0. 0000F+00
0,0000F+00
0, 0000E+00)
0.0000F+00
0.0000E+400
0.0000F+00
0.0000E+00
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0eOCONE£00
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14760
743442
1s473R

3.44AR
Re3709
13.7949 1
17.4195 1}

0,00N0F+00
0.0000F+00
0.0000E+00
D OONOF+00
VN0N0F+00
0, N000E4+00
0.NOG0E+00
G000F+00
0. 0000F+00
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0.0000F+00
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16 0OON 4010

D«HDO00F 400
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D NOONE+DO

0.0000E+00

X
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e8]

NeAG4A
1.,5A7R
7.4311
09772

4,43168
9.3557
Yo ,2747
18.1798

3,9492
ReAK33
3.TRT3
Re 0427

0 G00GF+00
0s0000F+00
0 NO00F+00
NLODOOBF+00
0. 0000F+00
0. 0000E+00
N OIOF+00
0, 000TE+00
0 OU00E+00
0. Q00QF+00
0. 0000F+00

0,000F+00
e YOGOF +00
e OONGF+00
M, 00001 +00
(o DO 4 €M)
(Yo HONEIR 4011
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KK= 3 NP= 41 NT= 37 BK= 0.4659995E €O

RH .
0.0 0.0868 0.1736 0.2605 043473 004341 005209 0.6078 0.6946 0.7814
0.8682 049551 140419 1.12B7 142155 1.3024 1.3892 1.,4760 1.5628 1.6497
17365 1.8233 11,9101 1.9970 2.0838 2,1706 2.2574 2.3442 2.4311 2.5179
2.6047 2.6837 2.6863 2.,5969 2.4184 2.1570 1.8216 1.4238 0.9772 0(.4971
‘0.0 :

ZH
0.0 004924 0.9848 1.4772 1.9696 2.4620 2.9544 3.4468 3.9392 4,4316
4.9240 5.4164 5.9088 6.4013 648937 7.3861 7.8785 B8.3709 8.8633 9.3557
9.8481 1043405 10.8329 11,3253 11,8177 12,3101 12.8025 13,2949 13.7873 14.2797
1467721 15,2657 15,7650 1642562 1647225 17,1478 17,5177 17.8195 18,0427 18.1798
18.2260

Ee

0.0 0.0 0.0 0.0 0.0 G.0 0.0
0.0 0.0C 0.0 0.0 0.0 0.0 0.C
0.0 050 000 000 000 Doo 000
0.0 0.0 0.0 0.0 - 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 Ce0 0.0
0.0 0.0 0.0 0.0 0.0 C.0 0.0
0.0 .0 0.0 0.0 0.0 G0 0.0
0.0 0.0 0.0 0.0 0.0 C.0 0.0
0.0 ~0.3380E 02 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 * 0e0 0.0

EQ '
0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0, 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 C.0 0.0
0.0 0.0 0.0 0.0 0.0 Ce0 0.0
0.0 0.0 0.0 0.0 0.0 a0 0.0
0.0 0.0 0.0 0.0 0.0 .0 0.0
0.0 0.0 0.0 0.0 0.0 Ce0 0.0
0.0 -0.3380€ 02 0.0 0.0 0.0 Ce0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0

0.3961E 01 0.2006E 01 0.1536E 00
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T
0.50
1.00
1.50
2.00
2.50
3.00
3.50
4.00
4.50
5.00
5.50
6.00
6.50
7.00
7«50
8.00
8.50
9.00
F.50

GeC
5.0
10.0
15.0
20.0
25.0
30.0
35.0
40.0
45.0
50.0
55.0
60.0
65.0
70.0
15.0
80.0
85.C
3Q.0
95.0
106.0
105.0
110.0
115. G
120.0
125.0
130.0
135.0
140.0
145.0
150.0
155.0
16C.0
165.0
170.0
175.0
180.0

REAL JT IMAG JT REAL J@ IMAG J@
0.278E~01 0.,269E~-01 -0.159E-03 0.442E-03
Q.278E~C1l (©.303E-01 ~0.378E~03 0.362E-03
0.232E~01 0.291E-01 -0.554E-03 0.213E-03
C.162E~01 GC.249E-01 ~0.656E-03 -0.660E-04
0.828E-02 0.184E-01 -0.557E~03 ~0.301E-03
De6€2E~03 O0.1C7E-01 ~0.521E-03 0. T75E~-03
-0.550E~02 0.279E-02 -0.232E-0G3 “(0.7T20E~C3
—0.941E-02 ~0.431E~02 0.215E-03 -0,169E-02
-0.1C7E~01 -0.271E~-02 0Q.807E-03 0O,T72E~04
~0.928E~02 -0.1286-01 0.152E-02 ~0.377E~Q2
~0e¢575E~02 -0.132E-01 Q.231E-02 0C.631E-02
~0.845£~03 ~0.109E-01 0.311E-02 -0.142E~01

0.448E~02 ~-0,608E-02 0.395E-02 0.394E-0l
0.925E~02 OC.127E-02 Q.468E-02 -0.717E~01

0.126E-01 0Q.134E-01 QC.579E-02 0.261E 00
Qe l44E~01 04391E~-01 0.739E-02 -G.468E 00
0.141E~-01 0.163E-01 0.7T11E-02 (.268BE 00
0.110E~-01 OG.T18E-02 0.536E-02 -0.769E-01
O 466E-02 0Q0.226E-02 0.202E-02 0.445E-01

Gé E® ANG E® G@é Ee ANG E@

0.G00 8.000 0.0 0.000 0.000 0.0

0.155 0e394 ~51l.4 G.116 0e341 12.3

00565 00752 ""6603 00416 0.645 53-9

0.811 0,900 -77.3 0.600 0.774 40,3

l. 181 1.087 -106.2 0.957 0.978 4.7

1.213 1.101 ~124.2 1.105 1,051 -16,9

L. 106 10052 "1'0500 1-223 1.106 "40.9

0.878 00937 -16903 1.308 10144 -67.2

0.592 --0.769 160.9 1.361 lel167 ~G5.4

0.352 Q5394 120.6 1.387 1.178 ~12%.5

0265 Q.514 65.1 1.389 1.179 -157.2

0.389 0.623 S.0 1.374 1,172 169.7

0.698 0.835% ~33.5 1.345 1160 135.4

1,076 1.037 ~67.7 1.308 lelés 100.1

1.359 1l.166 -58.6 1.266 1.125 64,0

1.417 1.191 ~-128.5 1.219 1.104 274

1.217 1.103 -159.0 1.171 1,082 -9.5

0.850 0.922 167.7 1.122 1.059 ~46.5

0. 490 0.700 126.9 1.072 1,035 -83.4

0.791 0.889 ~31.6 0.930 0,965 169,9

1.320 1.149 ~62.6 0.883 0.940 136.7

24232 1.494 ~-109.1 0.770 0.878 16.0

2.387 1.545 -127.9 ~ 0,697 0.835 4943

2.C00 le4ld -158.8 0.505 0.711 40

1. 575 l.255 -171.1 Ce391 0e626 s -1441

l.104 1.050 178.7 0.275 0.524 -29.1

0.661 0.813 170.7 0.167 0.408 ~40.8

0.000 0.000 6.0 0. 000 0,000 0.0

80



L HION3T SNSU3IA  »Uf OVHIWXVW/LLF 9VW]) 40 101d O 0 G
' 1 HI9NIT SNSH3A AP WIB I XVN /LR Iv3Y¥Y 40 1074 X X X

a1 6 B L 9 4 & 12 2 1 0

T ¥ ¥ -¥ e p———F————3 E Smlndabet 3 3 + ¥ ¥ s ¥ ¥ ¥ ¥ : 3 + G°1-
I ' : . : I

1 1

1 1

1 1

¥ -¥ 8°0-
1 1

1 - 1

I 1

¥ 1

1- -3 9°0~
H I

1 1

I 1

|§ 1

E 2 X -3 ¥*0-
I . |

] 0 ] X 1

1 0 1

I 0 1

- ) X X -+ 2°0-
i 0 1

i 0 1

i 1

I X 1

¥ ———— —_—— A e ¥ 0°0
] b} 0 X 1

1 0 I

1 1

1 X X 1

o fa} -+ 2°0
1 : I

1 o] X 1

I X B

f , 0 !

+- X .0 ' ~-§ »*0
3 : X : 1

I G 1

1 X X, : 1

! i - , 1

- , X -$ 9°90
I , 0 I

X (4] 1

1 1

1 0 9 1

- ~¥ 8°0
1 N X I

1 I

I 1

1 I
s T S S B B et e e e S e S S et B Sahs DTS SEEEE SRS EE|

1




b
4
|
1
_e
|

'S
>

-

100.000 #=—-~

g et Gt bt St bt g et Pt O Ot fumt bl pup el el bt g b G 0t ol bt g bad ped P et et M et e 0t gl bt femp Bed el Bt M g bt bl i Bl ] B el el

10,000

..”AIIIIIIIII-”-[IIIIIIII
' i

1.000

»

0.100

>

x

P gt St i bl WAt ek g et et

0.010

IO R LI JUEUI S SUSIEPUPILY VENVSSIIY SISUIVIE JIREESIPEY NUSINSSR SRS,

180

135

90

45

0

PLOT OF G® VERSUS THETA

82



1 HI9N3 T SNSH-A 480 OVWlXVW /(B 9vw]) 40 10%¢ G 0 C
I HI9N3 T SNSBIA o206 W3R XYW/ (2T Tvdde) 40 107d X X X

a1 6 4 L 9 s Yy 3
D S T B B e T S S Tt St S
1 .

i

va N

1 o

e B e |

o

t

- . '

|

{
G e mt bt g Mt et td ot Gout MU b Wt bt M Nt B Gt M et Ot bk S Ml St St et el

X X X x

- x X X

SO - — . - T e - CUr WO S
T X ,

b3
1

t -
et et bi P M g b b bl M ot St Rl bt g W Sl ot b

t
¥
+
+
¥
+

b3
|

X
T et S B e S s e T T S S St e B e T e B

1
1
I
I
I
i
1
I
I
1
I
I
I
1
I
1
1
I
+
1 C |
I -0 o , 0
1 : .
1
1
I
I
1
b
i
1
1
I
I
]
1
I
+
1
1
1
1
+

G 1~

8%0~

[+ s BN

4*0-

2°0-

0*o

2*0

¥*0

9°Q

8°0

o1

83




~

-

E e e et T L

Y S

100,000 $~—mm=cmcfeo

|
!
'

- 10.000

XX XX X XXX XXX,

1

1.000

X X X XX

>

}

0.100

x

>

,o.llll!llll*ll{‘llllI.-fll[l[lltl*IIIIIIIII*I!IIIII!!

0.G10

50 13% 186

45

0.001 *-.—--—i-—-!—'-———-ha*—h—-a-a{i—*n_-—--i—‘i?----——-—*-ihhbiﬁ e T P s, 4
0

PLOT OF GF VERSUS THETA

”,4

(€0



APPENDIX D. PROGRAM AND SAMPIE INPUT-OUTRUT DATA FOR SECTION VII.

//

{0034 ,EE,8,2) ¢y "MAUTZ yJOEY MSGLEVEL =]

// EXEC FORTGCLG,PARM,FORT='MAP?
//FORTLSYSIN DD *

153

304
303

155
306
305
302
308

309
307

SUBROUTINE PLANE(VVR,THRyNT)
COMPLEX VVR(1),A5,A6,U

“COMMON UsR(42)425(42),5V{42),CV(42),BK, NP,NN.T(aO)'TR(aO)'”

DIMENSION BJ(126)4THR(1)4FK(20)
KG=NP-1

NM=KG/2-1

M2=NN+2 o
AS=2 .,%3, 141593*U**(NN*1)
NV=NM*4

FK{l)=1.

DO 153 J=1,M2

Jl=J+1
FK{J1)=FK(J)*J
CONTINUE o o
DO 156 L=1,NT
Ll=(L-1)%NV
CS=COS(THR(L))
SN=SIN(THR (L))
BCS=BK*CS

DO 302 J=1,KG
X=R(J)*BK%SN

Jl=J

I1=NN .
IF{I1) 303,304,303
il=11+1

J1=J1+KG

DO 305 JJd=114M2
IF{X=1,E=5) 141,2
IF(JJ=-1) 3,3,4
RJ(Jl)=1,

G TO 306

BJ(J1)=0.,

GO TO 306

RH=X/20

RH2=RH*RH
RH3=RH**(JJ=-1)
BJ(J1)=RH3/FK(JJ?}
SS=BJ(J1)
SST=SS*1.E-7

DO 155 K=1,20
SS=-SS*RH2/K/{K+JJ-1)
BJ{JL)=BJS(J1)+SS
IF(ABS{SS)—-SST) 306,306,155
CONTINUE .

STOP 155

J1=J14KG

CONTINUE

CONTINUE

IF(NN) 307,308,307

DO 309 J=1,KG
J1=J+2%KG
BJ(J)==BJ(J1)
CONTINUE

DO 300 J=1,NM

Jl=J+L1

J2=J1+NM

J3=J2+NM
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J4=J3+NM
VVR{J41)=0.
VVR{J2)=0,
VVR{J3)=0.
VVR{J4)=0,
N 301 I=1,4
11=2%{J=-1)+1
Ta4=4%l J-1)+1
12=11+KG
13=12+KG
A6=(COS{ZS{I1)xBCS)I+URSIN{ZS{T1)*BCS) %A
BJ1=(BJI(I3)I+BI{11))%.5
BJ2=(BJ(I3)-BJ(I1))}%*,5 '
VVR(Jl)=VVR(J1)+A6*(CS*SV(Il)*BJ2+SN*CV(11)*BJ(I2)*U)*T(l4)
VVR(J2)=VVR{J2)+A6%CSEBILRURTRITSL) WVV ' T
VVR{J3)}=VVR{J3)=A6SVITLIRBYLRHUXT(T4)
VVR(J4)=VVR (J4 ) +A6%BJI2%¥TR(14)
301 CONTINUE N - .
300 CONTINUE ’
156 CONTINUE
RETURN
END
SUBROUTINE REODRD({K14K3,4L)
DIMENSION K1{(1),K3(1}
DO 81 J=1,L
K8=K3{(J)
Ka=J
30 82 I=J,L
IF{K3(I)-KR)Y 82,82,84
84 K8=K3(1)
Kée=1
82 CONTINUE
K3tKa)Y=K3{J}
K3{J)=K8
KB=K1(K6)
K1{K&)=K1(J)
K1{J)}=KR
81 CONTINUE
K3({L+1l)==-1
RETURN
END .
COMPLEX A3,Y(1600),sVVR{5840)+E3{40)+E4(40)+EL(T314E2{73}4U
COMMON UsR{42)4ZS3(42)4SVI42)9CV(42)4BKNPyNN,yT(RBO)TR(AD)
DIMENSION RH(43)72H(43)70H(42);TJ(ZQ)iINT(S),THR(73)
DIMENSTON AA{LIL10) K173} 4,K2(73),K3(73}4K4(T3)
DATA AA(1),AA(109),AA(LL0)/"' t4tX1 100/
DO 10T I=1,107
107 AA(I+1)=AA(T)
U=(O-7l¢)
ETA=376.707
PI=3.,141593
PR=180./P1
REWIND 6
50 READ{1451,END=52) KKyNP4NT4BK
51 FORMAT(3I3,El4.71}
READ(1453)(RH({I)I=1,NP}
© READI{1453)(ZH(1)+I=14NP)
53 FORMAT(10FB8.4)
T6 WRITELZ 4541 KKyNPyNT ,BK
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54 FORMAT(1X//? KK=t,13,% NP=f,13,% NT=1,13,1 RK=t,E14,7)
WRITE(3,55)
55 FORMAT(1X/!' RH!)
WRITE(3446)(RH{TI),1=1,NP)
46 FORMAT(1X,10FHe4}
WRITE(3,56)
56 FORMAT(1X/' ZH?')
WRITE(3446)(2ZH(I)¢I=1,NP)
KL=1 .
126 IF{{RHIL)=RHINP)) eNEeOoeOR(ZH(L1)=ZH(NP) ) NE.OL) GO TD 58
KL=0
RH{NP+1)=RH(2)
ZH(NP+1)=ZH(2)
RH(NP+2)=RH(3}
JH(NP+2)=ZH(3)
NP=NP+2
58 NO 57 [=2,NP
12=1-1
RR1=RH{I)=-RH(I2)
RR2=ZH(I)=ZH(12)
DH(I2)=SORT(RR1%*RR1+RR2%RR2)
IS(I2)=5%(ZH(I)+ZH(12))
R{I2)=e5%(RH(I)+RH(I2))
SV(I2)=RR1/DH(12)
CV(I12)=RR2/DH(I2)
57 CONTINUE
UT=PI/(NT-1)
DO 1 J=14NT
THR(JI=DT*(J=-1)
1 CONTINUE
BK2=BK*BK
P1=SORT(BK2%BK2*ETAXETA/4,/PI%%3)
NM= (NP=3)/2
NM&=NMx4
NM2=NM::2
NZ=NM2%NM2
DO 74 J=1,NM
J2=2%(J~1)+1
J3=J2+1
Ja=J3+1
J5=J4+1
Jé=4%(J=~1)+1
J7=J6+1
JB=JT+1
J9=J8+1
DEL1=DH(J2)+DH({J3)
DEL2=DHIJ4 ) +DHIJ5)
T(J6)=DH(J2)*DH(J2)/2./DELL
T(JIT7Y=DH(J3)%(DH(J2)+DH(J3)/2.)/DELL
T(J8)=DH(J4)*(DH(J5)+DH(J4)/24)/DEL2
T(J9)=DH(J5)%DH(J5)/2./DEL2
74 CONTINUE .
DO 75 J=1,NM4
TR{J)=T(J)
75 CONTINUE
115 IF(KL.EQ.0) GO TO 78
IF(RHIL1))Y 77423477
77 DEL1=DH(1)+DH(2)
TROL)=DH(1)*(1.+(DH(2)+DMH{11/2,.)/DELL)
TR{2)=DH(2)*(1,+DH(2)/2+/DEL1)
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23
79

78

42

127

113

43
45

44

IF(RH({NP)) 79,78,79

JI1={(NM=1)%443

J2=J1+1

DEL2=DH{NP=2)+DH(NP=1),

TROJL)=DH(NP=2 )% {1 +DH{NP=2)/2./DEL2)
TR{EJ2)=DHINP=1)*¥ {1+ (DH{NP=2)+DH{NP=-1}/2.)/DEL2)
$5=0.

DO 7 I=1,NM

Tl=2%(1-1)+1

12=11+1

SS=SS+DH(IL1)+DH(12)

TJ{I})=8S8

CONTINUE

DEL=TJ(NM)

IF(KLaNELO) DEL=DEL+DH{NP=2)+DH(NP-1}
DEL=DEL/10O. s

00 8 J=11NM

Tl =TJI(J)/DEL

CONTINUE

DO 42 J=1,NT

E1(J)=0.

E2tJ}y=0.

CONTINUE

DD 40 M=1,KK

NN=M=1

CALL PLANE(VVR,THR, NT)

READEEY(Y({I)aI=14NZ}

WRITE(3,112)

FORMAT (/3X4'0',4X,tSIG OO',ZX,'MAC SOO'.lX"SIG 00' 42Xy TMAG SO0V}
WRITE(3,113)

FORMAT( '+ —'.BX,'--'.7X.'—-',5X,'//',7X,'//')
DO 4Y L=1,4NT

El=(L—-1)*%NM&

DO 2 J=1,NM2

E3(J)=0.

E4(J) =0,

DO 3 I=1,NM o
Jl=J+(1-1)2xNM2

J2=J1+NMENM2

Il=1+L1

12=11+NM

[3=T1+NM?

[4=13+NM )
E3(J)=E3(J)+Y(JLIRVVR{TIL1)=Y(J2)%VVR(I2}
E4(J)—F4(J)—Y(Jl)*VVR(I3)+Y(J2)*VVR(14)
CONTINUE

CONTINUE -

DO 43 Jd=1,NM2

Jl=Jd+L1 ’

J2=J1+NM2

ELC(L)=EL(L)+E3(J)%VVR{JL]}
E2(LI=E2(L)+E4(J)Y%VVR(J2)

CONT INUE

IF(NN) 44,45,44 ’ .
EX(L)=¢5%E1(L)} - -
E2(L)=45%E2(L) -
X1=THR{L)%PR

X3=P1*CABS(EL(L)}

X2=X3%X3
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X5=P1l#CARS(E2 (LY}
XG=X50X5
WRITE(343111) X14X24X34X&4X5
117 FORMAT(1XeFDele4FR3)
41 CONTITNUE )
40 COMIT INUE
MRITE(3,106)
WRTIFE(3,1)2)
WRITF(3,113)
DORO J=1,NT
KL(JI=THR{I)HT2./PT+8,.5
K2{Jd)=K1{J)
K3{J)=20,#ALOGLO(PLI#*CARS(EL(J)))+20,5
Ke(J)1=20.2ALOGLO(PL%*CABRS(E2(J))1+20,5
X1=THR{.J)=PR
X3=P1%CARS(EYI(J))
X2=X3%X3 '
X5=Pl%CARS(E2(J))
X4=X5%X5 E '
WRITEF(3,111) X1 ,X2,X3,X4,X"Y
80 CONTINUE L
14 CALL REORD(KLSK3I4NT)
19 CALL RFORDIKZ2 K& ,NT)
: DY 105 J=1,5
INT(J)=(J~1) %45
105 CONTINUE
X1=1000,
Ko=1
Ké6=1
WRITE(3,106)
106 FORMAT(111)
DO 8’7 J=1,51
Jl=%1-)
WRITE(3,88)
RE FORMAT(OX 4T3 71X,01 ")
IF((J=1)/10%10=-(J~1))92,90,92
90 WRITE({3,91) X1 '
Tl FORMAT( 1+ 1 3FTe24 " ==1,69Xyt==1t)
X1=X1/10,
IF(JeNELL) GU TO 92
WRITE(3,93)
93 FORMAT( T+t 41 7Xe7( I V48X
WRITE(3,97)
97 FORMAT (41 ,8X,73(1~1})
92 IF(K3(K5),LT.J1) 60O TO 94
95 KA=K1(Kb5)
NRITE(BV4H)(AA(I),i’loKH)fAA(log)
48 FORMAT('+1,110A41)
Kbh=K5+1
IF(K3(K5),GELJ1) G(} TOY 95
94 TF{K4(KAYLTeJ1) 60 TO 87
96 KB=K2(KA)
WRITE(344R) (AA(T)gI=1,KB),AA{110))
Ko=Ka+1
TFIK4(K6A) oGESJL) GO TD 96
87 CONTINUE -
WRITE(3,93)
WRITE(3497) .
WRITE(3498)(TNT{J)sd=1,5)
98 FURMAT(?X,B(l3q15X),14,}5X,13/91X)
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WRITE(3,99)

99 FORMAT{16X,'X X X
1TAYY)
WRITE(3,101)

101 FORMAT (Y41 ,36X 8=t
WRITE(3,100)

100 FORMAT({16X,'0 0 O
1TAY)
WRITE(3,10G2)

102 FORMAT (141 ,36X,4//1)
WRITE(3,106)

PLOT QF SIGMA 00 OVER LAMBDA SQUARED VERSUS THE

PLOT OF SIGMA 00 OVER LAMBDA SOUARED VERSUS THE

GO TO 50
52 STOP
END
/% ' :
//GOGFTO6FO0L DB DSNAME=EEOO34.REV]1,DISP=0LD,UNIT=2314, X
’/ VOLUME=SER=SU0004,DCR=(RECFM=V,BLKSTZE=1R00,LRECL=1796)

//G.SYSIN D) =
005041037 0.4659995E+00

0.0 0.0868 0.1736 0.2605 0.3473 0.4341 0.5209 0.6078 0.6946
0.86B82 0.9551 1.0419 1.1287 1.2155 1.3024 1.3892 1.4760 11,5628
1.7365 1.8233 1.9101 1.9970 2.0838 2.1706 2.2574 2.3442 2.4311
2.604T 2.6837T 2.6863 2.5969 2.4184 2,1570 1.8216 1.4238 0.9772

~0.0000 ,

0.0 0.4924 0.,9848 1.,4772 1.9696 2,4620 2.9544 33,4468 3,9392
4.8240 5.4164 5.9088 6.4013 6.8937 T.3861 7T.8785 8.3709  B8.8633

9,8481 10,3405 10.8329 11.3253 11.8177 12,3101 12.802% 13.2949 13.7873
1447721 15,2657 15,7650 16.2562 16,7225 17.1478 17,5177 17.8195 1R.0427
18,2260 : '

/%

90

0.7R14
1.6487

2.5179

0.4971

4.4316
93557
14,2797
18,1798



KK= 5 NP= 41 NT= 37 BK= Q.4659995E 00
RH
d.0 CaDB868 0.1736 0.2605 C€.34173 C.4341 0.5209 0.6078 0.6946 0.7814
0.8682 C.9551 1.7419 141287 142155 1.73024 12892 1.4760 Ll.96£9 1.6447
l. 7365  1.8233 1.9131 1.9970 2.0838 2.1706 2.2574 243442 2Z2.4311 2.5179
2.6047 2.6837 2,4863 . 2.59069 2.4184 2.1570 1.8216 1.4238 0.9772 0.497]
-O.g ’ .
LH
C.0 Ce4924 0.9B48 1.,4772 1.9695 2.462C 2.9544 3.446B 3.9392 4.83516
449240 S.4164 5.9788 6,4913 0.B8B937 743861 7.8785 8.,3709 B.86353 9.36587
948461 1043405 10,8329 1143253 1148177 12,3101 12.8025 13.2949 13,7873 14.274]7
147721 15,2857 LS5.765C 16,2967 1647225 17,1478 17.5177 17.4195 18.0427 1.1 (4YR
I8.22€0 ' - ' ' '
e SIG €9 MAG S88 SIG 2@ HAG S5¢¢@
U.0 0.0 0.0 (A Ca®
5.0 O.0C1 J.025 C.00C 0.001
10,0 QoC1C JelC2 24000 Le 004
15.¢ Cas (51 Me225 C.00C0 C.017
20 .0 Ce152 {389 Ce C0OO 0.017
25. 0 0e337 N.581 2001 C.027
30.° U.603 D776 C.001 0.038
35.0 e 897 Te V44 T.003 Ca052
40,7 1.C94 1.046 2.C05 0.063
‘ 4540 1.107 1.052 C.007 G.086
S5U e 0.211 0.95%% C.0l1 L.1G5
55 Co 861G 0.781 C.015 0.124 .
60.C 0.352 0.593 n. 021 Celbs
65.C 0,182 0427 0030 Dal74
70.C C.(53 0.3 G052 C.228
75.0 0. CO6 C.(80 0.095 C.308
8¢.C 0.253 0.503 0.168 0.397
85,.C 0. 891 ').911"1 Ge221 O.670
90.C 1,605 1.267 0.254 N.504
FS5.0 1.871 l.368 G.238 C.488
LOC.UL 1.439 Le224 C.181 Co426
105.0 0.813 0.902 Ca.ll2 0.335
110.C (. 266 D516 0.056 0.237
115.¢C 0oC33 O.181 0.023 C.153
12C.0 G.C1L0 Z.10C1 J.C09 CN34
125,06 DaC43 J.208 0.004 0.062
13C.0 0,062 04250 -0+ 002 0.047
135.0 GeC6S G254 0.001 0.037
140.0 0.C59 Ce243 0.001 G.028
145.0 C. 049 0.222 0.00C 0.020
150.¢C 0.036 0.188 0.000 C.014
160.0 0.010 Q.101 C.000 0.006
165.0 0.L04 N.L60 0.000 0.003
170.G 2.00C1 0.C27 0,007 C.001
175,0 0.000 N.007 0.000C 0.000
18C.0 0.CCO 0.0V 0.0 0,0
8 SIG €5 MAG S62 SIG 88 MAG Sed
.0 0.172 Dedl4 Oel72 D.414
SOCI 00192 Q.439 ':c 172 0:415
91




10.0
1-5.0
2G.0
25.0
3.0
35.0
4040
45,0
50.C
55.C
60.0
5.0
0.0
T5.0
80.7
SS.C
90~C
35.0
18C.C
105.0
110.0
115.%
12C.0
125,0
13C.¢
135.0C
14G.0
145.C
15C.0
155.0
160.0
165.0
170.0
175.0
18G.0

0.0
5.0
1G.0C
15.0
2C.C
25.0
30.0
35.0
4G.0
45,0
50.0
55.C
60.0
65.0
70.0
75.0
80.0
8s.0
S0.0
95.0
100.0C
105.0
110.0
115.0

Oe 259
0.385
C.576
C.811
1.627
1.128
1.032
00749
(e428
0. 2064
0.326
0.451
G403
0.183
LD.106
C.483
l.218
1.835
1.916
l.463
0.816
0.314
0.0790
1.C09
0.C20
044
0. 067
0.C0%0
0e111
Ga127
0.136

. 04140

O.139
Uel38
0. 137

S1G ©8
0el72
0.192
C.256
Ce377
0.559
0.784%
0.995
1.105
1.037
0.796
0.5%500
De316
0.311
0. 365
0.106
0.065
0.421
l.072
14596
1.638
1.224
0.563
Oe 243

0.509 0.172
J.621 0174
J.159 0.176
290N C.179
1.C14 0.185
les62 C.192
l.716 0.198
0.866 C.197
De654 0.186
Je514 04167
0.571 0.165
DebT1 0.226
0.635 0. 396
0e427 0.680
Je326 1.009
Je. 695 1.253%
1.104 1.296
1.354 1.109
1.38¢4 0774
1.209 04431
JeGC3 0.189
Je561 C.078
Ne26% 0. 065
2002 C. 095
Oelal 0.128
0.210 De.147
0.259 C.153
Je 30 0.153
se 334 Gel51
046357 Cela?
Ne 369 Oelés
NVe374 Js141
G373 C.l39
J.371 G.138
G371 D137
MAG $S88 SIG 88
Qe4ls 0.172
Je438 0.171
2.506 g.170
N.614 0.168
2. T48 0.165
N.886 D.163
J.998 0. 162
1.C51 Cel62
1.718 0. 160
0.892 - 0.151
0.707 0,132
Ne562 0.107
D.557 0.09%
J.(:O4 On 133
Je543 0.256
Ue326 04470
0.255 C.716
0. 649 O.896
1.036 0.920
l.263 0.770
1,280 0.51%
1.106 Ve 263
D814 7.093

Ce415
0.417
0.419
Ced23
0a430
0438
0445

O.4bb

0.431
0.409
0.407
0.476
C.629
0.825%
1.004
1.120
l.a138
1.053
0.88G
0657
Cet34
G279
G255
0.308
C.357
0.383

- Ce392

C.391
C.388
Qe384
0.380
C.376
C.373
0371
C.371

MAG sS@@
Qe4ls
Cebls
0e4l2
Ce4l1D
0,407
0.40C4
0.403
0.40C3
0.400
0.389
0.364
0.327
F.308
C.364
0.506
C.685
G.846
0.547
G«959
C.878
0.718
C.513
0.306
0.164

-




G.046
6.001
G.ul4
0.037
0.ra2
0.163
0.120
0.131
0.136
O.133
0,138
Ne 137

SIG &8
0e172
0.192
0.25%6
0.377
0,560
00 78‘)
0.2996
1. 125
1.037
Ce 795
06497
e313
U.311
Te 268
De300
0.110
D067
Des24
l.081
lefll
1,655
le237
0.0670C
0,245
0.04h
00001
0.015
0.038
CeC60
0,082
Je 1G4
(e 120
C.131
C.136

e 138

Ne137

SIG 88
Jel72
fe192
N. 256
D377
Ue 560
0.785
()QQQb

Je213 £e033
00030 00068
9.12) Gal01
04193 0.121
0.244 04131
De286 0,135
4322 0.137
04347 0.137
D.3672 0,138
0.369  G.138
D371 0.138
Deld71 0.137
Je271 0.137"

MAG S2¢ SIG Ap
0.414 10.177
0433 0.171
0.506 D.170
0614 De 168
0,748 0.165
D.886 0,164
DeG98 Oe 163
1.051 D.163
1.018 g.161
0.891 0.153
0.,7C5 0.134
0.569 0.109
0.557 2,098
0.6C7 Cel36
0,548 00267
04332 0,478
0.258% 0.728
0.651 D.912
le 267 Ge 186
1.286  0.527
lo112 0.270
0.8l9 0.097
0.495 0,229
0.215 0.034
Q.033 7.068
0,121 Oel0l
C.194 Lel22
0244 Gol32
0.287 Cel35
0.322 Cal37
D.347 Cel37
De362 f.138
04369 Col38
0,371 ¢.138
0.371 06137
0.371 cel137

MAG S8¢ SIG 92
0.414 G.172
Je438 0.171
0,506 17D
Jebld  0.168
0,748 £.165
D.886 0,164
0.998 Gelh3
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Gel8l
Ce260
0,317
0,768
0362
T.368
0.370
00371
C.371
S.371
20371
(o3 7
Co371

MA5S S2¢
Ge4l4
Ne4lé4
O.4lZ
0.410
0.4017
D.4D5
Qo404
0.403
a0l
C.391
Ce 366
0.331
0,312
Ce369
0.511
0.691
0.853
Ce355
Oe 368
C o8RG
0.72¢
74520
0.7312
Cel69
GelB4
De262
Je319
0.3449
Ce363
0. 3068
0.370
0,371
0.371
N.371
0.371
Je 371
e 371

MAG SZ2¢
Ceal4s
O.als
Co4l2
Ce4lQ
Lot
Ue 405
Cehlh




35,0
40.0
45.C
SC.CT
55.C
6C.C
6540
70.0
75.0
8C.0
85.0
90.0
35.C
1006.0C
105.0
11C.&C
115.0Q
12G.0
125.0
130.7
135,.¢
140.0
15C.0C
155.C
160.C
165.C
17G.C
175.¢C
180.0

1. 105
L.037
0.795
00497
0313
J.311
0.368
Ge 3C0
0.110
0.067
U424
1.081
1.610
1. 655
1,237
0. 670
0e245
CeC4d
¢.001
G.Cl5
C.038
0. C60
Cel82
0.104
0.120
C.131
Q136
0.138
J.138
0.137

1.051
1.018

0.891 .

0.705
3.560
0.557
J.607
Je548
0,332

0.258

Je651
1.040
1.269
1.286
1.112
0.819
0. 495
0.215
7,033
Je121
J.194
De244
34287
Je 322

Oe34T

0.362
0.369
0.371
N.371
0.371

0,161
0.153
0.134
0. 109
0.097
0.136
0.261
54478
0.728
2,511
0.936
0. 785
0.527
0.270
C.097
0.029
0. 034
0.068
GelOL
9.122
0.132
D135
0.137

0.137

0.138
C.138
Gel38
£e137
C.137

0.403

04401

0.391
0.366
G331
0.312
U.369
C.511
0.691

. Ce853

0.95%
0.9368
0.886
C.726
Ge519
0.312
C.169
O.18%
C.262
Ge319
0.349
0.363
0.368
0370

S 0.371

0.371
0.371
0.371
C.371
0.371
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& SIG o3 MAG SB8& SIG Z8 MAG SZ¥
Co 0,172 Yo4ls  G.lT2  B.414
5.0 i1e 192 0,438 CelTl Dattly
10.0 0.256 0.506 Do LT 0.41?
15.0 Coe371 0514 . 168 0.410
Te0 D 500 0.741% Q.165 D&l
3C.0 04596 0.993 Celb3 Do 40«
35.0 1.1G05% 1.051 0.163 Q.40
4G.0 1.037 l.0l8 0.1l61 Ge&O1
45,0 (ie 7195 Je891 0e153 Ce391
5C.0 Co497 0.705 Cel3s 0.366
56,0 0.313 2,560 0,109 0.331
60,0 0e311 Je557 D.097 N, 312 o R
7040 C e300 0.548 0.261 Cenll
75%.0 0110 - 0. 332 0.478 0.091
8u.0 CeCOY 0.258 0.728 0.853
90, 0 1.081 14640 0¢936 o968
95,0 1. 610 1.269 0.785 . 0,386
100.0 1.€55 Le285 0.527 Vo726
105,0 le237 l.112 0.27C 0.519
116,58 0.670 6.819 0.097  0.312
115.C Ue245 0.495 0.029 0.169

12C.C Q040 0.215 0.034 O.184
125.0 0.001 #4033, 0,068 Ce262
13c.0¢ 0.015 0.121 0.101 0.319

135.C G.038 G.194 Gel22 = 04349
14GC.0u 0.C67 Ce244 Cel32 0.363
145.C 0.082 De 287 Ge 135 Ce368
15C.¢C 0.104 Je322 2,137 Ce376
156,90 Nel2¢C Ne347 0.137 C.371
16C.C N 131 De362 G.138 Ge371
165.0 0.136 Je 369 Cc.138 0.371
17C.C 04138 Je 371 Je. 138 06371
175.C Del138 J¢371L 137 Ce371
18C.C Ne137 0371 0.137 0371
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