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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

eq'ý-t ion, and is expressed in terms of generalized network parameters.

Com:utec programs are given for plane-wave scattering and for radiation

'frem dpertures. The programs-are valid for solid bodies, zero thickness

* condu-ctors, and bodies with po"i'ts and edges. The solution for planar

bcdies is also a solution for diffraction through apertures in a conducting

plane, dccording 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

U The objectives of this project were to develop practical methods for

computing the generalized impedance matrix applicable to the study of

electromagnetic 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 0

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 workinZ 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 Scattering from Bodies of Revolution" has been

published in Applied Scientific Research. The material in the above

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

Ph.D. thesis, Syracuse University.

The following is a sumary 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 original

programr 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 und radiation putterms. The theory

is given in the proviows report, and the computer program is given in

tuiis report.
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* (C) Electromagnetic scattering by conducting bodies of revolution was

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

programs for plane-wave scattering are given in this report.

* (D) Radiation and scattering from loaded bodies of revolution was

Sstudied, 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 included 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 tade. Details are not included in this report because

only a preliminary study was made.

II. METHOD OF SOLUTION

The problem is formelated 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-
[4]meters. A general exposition of the procedure is given in a recent

monograph.[5 The following is a summary of the thieory as it applioa to

the pResent probem.

LOt •i denote the huown impresse- field ,nd s the scattered field

due- to currents on the body. Then the t.otal field Z- in the sum of the

impressed and scsttered fields, that is,

The scattered field can be eypressod in terms of a vector potential t, and

scalar otential 0 as

-~ - (2)
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where

A= P•ds-• (3)
-• - S

§S
1- eJkR

S = • nR ds()

§SS

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 S, and a is the sur-

face charge on S. The current and charge are related by the equation of

continuity

-jLWc

The boundary condition requires that the tangential component of total •

vanish on S. Hence,

Ia -tan (6)

where the subscript tan denotes tangential component on S. The problem

can now be stated succinctly as

LC.)= ,an()

where L is th• integro-differential operator

A solution of (7) gives the current j ox 3. Usually we are Interested

In eamo Darctio~nal, of • which can be comaputed once j is kno0n.

Tu effect a solutlion by the method of om-ent"s, let the inner product

be defined as

- ds (9)



where • and , are tangential vectors on S. A set of expansion functions

is next defined, and the current on S arproximated by

S =(3.)

J

where I are constants to be determined,. Equation (10) is substituted

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

14z tan
J

A set of testing functions (•] is defined, and the inner product of (13.)

with each A is taken. The result is

I q >(12)
jj~

i = 1,2,3,... . The subscript tan has been dropped from because the inner

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

network matrices

(ZI o , (>])

(VI] o 1 Z > (14)

(U. (i3(1.5)

and rewrite Use sot (12) aa

WZ] (T) Iv) (16)

(Zj is the generalized itpedance matrix, ad [Y] = ) Z]" is the generalized

admittance matrix. The inverse of (16)

(') = (y] (vI (17)

.4
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gives the coefficients I of the currcnt expansion (10), and hence is an

approximate solution to the problem.

The impedance elements of (13) are explicitly

where we have used (8) and (9). The subscript j denotes that and 4D

are the potentials due to and ca. If the two-dimensional divergence

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

identity results:

4S W s 1S (D2k ds (9

If K is thought of as a current, the charge associated with it is

S-1.=--V. n2°i jW

Now (IR' emn be ,ritten as

5j NJ + a.1 s (21)

Equation (21) is zore convenient for cmputation then (16) becsuse the

gradient operation on iP has been etdminmeted.
The above formulao have been specialized to bodies of r Ivolution in

the previous repcrti Also given there are representutive computations

for radiation end scittering r!ro unloaded conducting bodies of reolution.

Cozpsuter progr"ma rand further coputations are given in thIs report. An

altcrnatlve solution for the case of plane-wave scattering tro unloaded

condusting bodles of revolution has been given by Andreasen.( 6 1

The genrori theor. of loaded antennas and scatLtrers wvith

lu-ped loads is available in the literaVure. An extension to contin-

uously. loaded z;urfaces will. rw be given. A-=pd loads car be cn-rldered

S... ......... . .. ............ . ... . . . ...... ... ... . . . . .. . . .. ... . . . .. . .. . .. .
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as a special case of continuous loads localized to infinitesimal sections

of the surface.

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

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

function of position according to

=an = ýian + Iq an (22)

Now Zan is related to the current j by

n= -L() (23)

wh, wher L is given by (8). Combining (?2) and (23), and rearranging, we have

ihis reduces to (7) when 0, that is, when S is covered by a perfect

conductor. We can now reduce (24) to a m=trix equation in the usual way by

the method of moments, obtaining

Lv) -L~()(215)

where (Z), (VII [II are iivaa by (1-1). (14), (15), and

Vhe Solution to (e)) "'or the current coeff~cicent ma~trir Is

(Z + Lz !- (5 vi (27)

Note that this 3olution is analqwuS to that fo r twD n-•rt networka con-

nectted i seriea with tha voitage awarce -V].

The izpedance utnctlon . is 4erc over tbose psrts ofi S covered by a
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perfect electric conductor. If subsectional expansion and testing functions
are used, many of the elements of CZL] 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

L
rows and columns. Let be the matrix obtained from [Z by deleting
all zero rows, (ZZC by deleting all zero columns, and (Zrci by deleting

' L L
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-], and deleting the appropriate rows and columns,
we have

(Ir] . (Y-[Vj- _(yrc3(Zrc][Ir] (28)

LS
The solution of this for (Zrc]([Ir] is

L

Zjc )(IrI3 (9-c + Yrc)- (YrI VI (29)L

where 1Lrc 4 c1 The solution is now given by (17) with (VI re-
placed by

(v'w) -(VI+v (Lo)

wile rV VLI is the matrix obtaliwd by ad&Lng the ripprcpriate zeros to

(Z~ rcj r.

. ,rc r Xcl-i f,,rt,,

Sexcitation 'a thcu vrewed at; the eu•j-erpoa lction of tt pese
VC! ge (Vja Plus the load ý V 2

71he cmuWin of the tnext sctionn- fc- loaded attewnlaz and acat-
terer4 were made uainip this asecond f'ormu'katlen. A, prgble- arizez 'Ln the
cas, of an open; clrcullu, zince then eleents, asl nZL ay becc~e Infinite.
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However, [Lc] is still well defined, and may be obtained from [Zrc]"I by

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

III. REPRESENTATIVE COMPUTATIONS

The graphs of this section are intended to illustrate some of the types
of coaiputations 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 routines, so that rough graphs of the computations are avalkl-

able immediately.

All programs have been run on spherical bodies, and compfred to the
classical eigenfunction zolutions for spheres. Far-zone quantities, such
as radiation fields, agree very closely (usually within a fraction of one

percent) with the classical solution. Near-zone quantities, such as currents
on the body, .tlso agree well (usually wi•lin a few percent) with the classical
solution. Examples of such coamparisons are given in the previous report. 11

The programs have been written to handle correctly the following types
of bodies: (A) solid conductors, such as spheres, c."sed cylinders, (B) zero
thickness conductors, such as diask, open cylinders, (C) bodies intersect-

ing the axis, ýuch ad sphere, diaks, (D) bodies not intersecti.ig the aWis,
such as toroids, washers, (E) bodius with points, duch as c•ne-spheres,
(F) bodeis vith ed~e4i, such us disks and oj=: cylinders, and (G) bodiea with

cormlora, auch aa cz.osed cylinders. 'Me progrtk= have vat been Written to
* handl.e =.mlti-bxdy prvtevz"-, tuuý the c=41ficationp mequired i.a s-m-ple. --he

accuracy of. cop-aions dopv-.;ds %,n UtL a r,, a,; of U f bedy 4nd or the
~tor F or zozzlot, wit$.h todies lhavir ints or ed-des con-

v~erge core slO*Wly mhat. -~ui ~for bodle4 wit~h geritly curved, vrfacti.
Za1utmis ror locli;: aptertre ectaincornvergc =ore 4slowIY thani Solu-
tions for P.anne-wave excit-,n.

5lons inoing cord tord in the z 0 p~ane are
ineresting becausc they are 21calkolautios 1.o the dual prý!Iez olf apzrtures

in an inrf. rite co-n~1.0ctin acre-en (B.abin.-et'd princlkvle).kL~ ri PrtA~cu"-ar,
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the duality relationship is

E: =J/2 - J /2 (32)
p

where J , J is the current on the conducting plate, and E , E is the tan-

gential • field in the complementary aperture. A number of computations for

the circular disk and aperture were made, and compared to available measure-

mentsL9,1,rli The agreement was within the estimated experimental accuracy.

Figure 1 shows the current on a circular disk ofdiameterD = 0.8 8, excited

by an axially incident plane wave, as computed by the program of Section V.

Note that J -- > 0 and J -- > o at the edge, as theory predicts. Figure 2
P

shows the computed bistatic radar cross section patterns for the same disk.

The ciirve labeled r is the E-plane pattern, and that labeled axO'/,. is

the H-plane pattern. (See the previous reportIl for a discussion of the

notation.) By duality, the same patterns are also power patterns for the

field diffracted through a circular aperture in an infinite conducting plane

excited by a plane wave at normal incidence.

"Figure 3 shows the computed current on a circular washer of outside

diameter D = 2.4X and inside diameter d = O.8%, excited by an axially inci-

dent plane wave. Again J and J have the expected behavior at the edges.
P k

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.

Figure 5 shows another example of a bistatic radar cross section pattern

for a bo6y of revolution excited by an axially incident plane wave. It is

for a teroid of i.aean radius R = 0.5ý. and circular cross section of radius

0.12%. The previous report showed bistatic radar cross sections of

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

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. gure 6 is the power gain

pattern for a circular disk of diameter D 1.6k excited by a voltage across

--- -
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a narrow slot at a radius R = O.4%. Figure 7 is the power gain pattern for

a toroid of mean radius 0.5k and cross sectional radius r = 0.12k, excited

. by a voltage across a narrow slot at the furthest point from the z ;xis.

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

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 v:lcctric

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

spheres are shown in the previous report.1I] 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 aee/ 2 are for 9-polarized incident waves, and the

curves of a-/IX are for O-polarized incident waves. There are no cross-

polarized components of backscattered fields from bodies of revolution.

Figure 9 shows the monostatic radar cross section of a disk of diameter D = 0.8%.

Figure 10 shows the monostatic radar cross section for a hemisphere of radius

* R = 0.7%. The computer print-out of Appendix D gives the monostatic radar czoss

section for a cone-sphere,'half cone angle 10 °, 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 whichvary as e•+Jn the n-th modes, for accurate far-field patterns one should in-

clude all aodes for which

n < C +1 (1,)

where Cmax maximum body circumference in wavelengths. A justification of

(33) can be made in terms of spharical mode theory. Those modes having n L
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
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slot at the cone-to-sphere junction, extending over a 900 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 radiated
by the entire aperture, 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 9
vs. frequency for a conical sector of a sphere. Our computations (x's) are

(12)compared to those by Schultz et al., who used an eigenfunction expansion

and nonfinal determination of coefficients. Also shown are an approximate

solution of Keller and measurements by Keys. The accuracy of our computa-

tions is estimated to be better t.mn -an 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
I

points of loading are pictured in Fig. 13. Computations were made for four

types of loads as follows:

(A) Short circuit

(B) Open circuit

(C) Resonant load

(D) Matched load

For the scatteri,% problem, these loids 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 problez, the excitation
was taken at one of the four polnts, and one of the other points wace loaded

by one of the above Louds. We have a complete set of t-ese patterns for all
permutaltiona or the excitationa and leads. Repres entatlve acts of scattering

and radiation pattennns are 3shew in Figs. 'I and * to "lustrote the results.

TIs rtgraz comput-ea 11he (zIagA (K1 _atr-rei for bodiies of ravolu~osi.

Ite theory is; theA. cf thc preeias rep:r. M-O4t i I ied t:O alo I 1WU ttnqt. Ve-

=ents of contv~r. The Input dato consots pzrllsrA'y of' U1 poihf,! 1sc'Iyin
the coritour plur. the ,de -izber. T.e v~ttt c-c-i.sta prýnxariL of the

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

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

The subroutine LINEa(LL.,C) replaces the LL by LL matrix C by its inverse. C
this a complex one-dimensional variable. The (iJ) matrix element resides in

C(I + (J-l) * LII). 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(l,51, END 52) NN, NP, NPHI, BK

5 FORMAT(313, E14 .7)

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

READ(l,53)(ZH(I),, I I1, N~P)

55 FORMAT(10F8.4)

The excitation will haye ed( NN) dependence, NPHI has the same meaning as on page 55 of

the previous report. 1  BK is the propagation constant k = w•V-. An odd number

NP of points are taken from the generating curve of the body of revolution. BH(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
P°

the coordinates at I = I identical to those at I - NP. The data is printed Just

after it is read.

thIf the first and NP data points are the same, the second and third data

points are overlapped into the NP + I and NP + 2 position and NP is increased by

two before going to do loop 57 which interpolates to find the distance DH(I) be-

tween the Ith and (I + 1)th data points, the radius p midway between the Ith and
(I ÷ 1 )th data points, the corresponding z coordinate ZS(I), and the sine SV(I) and

cosine CV(I) of the angle between the z axis and the straight line from the Ith to
ththe (I + 1) data points. Next, a few constants are entered among which PI is it

and ETA is the intrinsic impedance 1 - 376.707 taken from the second edition of

SmytheJ13" The third edition of smythe gives n = 376.730. DO loop 117 computes

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

Ith triangular expansion ftunction. TJ is printed. DO loop 10 calculates



CSM(K+(I-NN+1)*NPHI)= * COS PI*(K-5) for K = 1,2,...NPHI
NPHI LNPHIj

and I = NN-l, NN, NN+.l.

DO loop 16 calculates

l '• e J k R

D f dt f e cosno (34)

The t integration is over the portion (assumed to be a straight line) of

the generating curve between the Jth and (J + 1)th data points. 0 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
cos nOpotential at (t', O) coming from a c charge density on the lateralp

surface of the frustum of a cone. The index J of do loop 16 indicates that
th ththe 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-

th thtween the I and (I + 1) data points. Except when the field point lies

on the surface charge, the surface charge is approximated by line charges
(K-.5)*PIat P - NPHI , K = 1,2,.. .NPHI. When the field point lies on the surface

charge, the surface charge no is approximated by cos (.5*PI/NPHI)/R(I)

when 0 , but for the region 7C _< ,t it the line charges at

= NPHI , K 2,3,...NPHI are used. Do loop 5 stores the results of
tI o (K.5)*PI

the t interations at -_ NPHI ' K = 1,2,"'NPHI in GS. Do loop 13
multiplies the GS(K) by PI * cos (n* (K-5)* ) and sums them over K to

NPH-- NPHI
obtain expression (34) stored in G. Do loop 68 obtains n = NN-l, NN, and

NN+l. The location G(I + (J-1)*(NP-l) iý (NP-.) * (NP-1) *(n-NN+l)) cor-

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

curve closes upon itself, the pre8ent NP is two more than the original NP

of the input data.

The impedance matrix Z will be the same as that of equation (45) of

tue previo,3 report except that the previously defined Gn's will be used

and the Tp an1 T' are modified. Also, since the new Gn 's are divided by k
Spto make them insensitive to the absolute size of the body of revolution, the
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new Z's must be multiplied by k. Because of possible unequal spacing of
data points the 8 numbers T and T' were stored separately for each tri-
angular-expansion function. In do loop 74, the index J refers to the J

* triangular function while the numbers T and T' are stored in T and TP
th p p' respectively. The J triangular function is approximated by 4 pulses of

base lengths DH(I + 2 *(J-l)), I = 1,2,3,4. The derivative of the Jth tri-
angular function is just a pulse doublet. Denoting base lengths by AL, 42,

L and.

2

T(l + 4*(J-I))=

T(2 + 4*(J-1)) = L2 ."

(35)

TP(l + 4*(J-l)) =iA

TP(2 + 4*(J-l))

Similar expressions involving n and A4 are used to treat the trailing edge
of the tritngular 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 Gn s
have afctor 1= which must be offset. Also, the factor 6. is neces-hav afacorDH(7J A ,

sary for the field integration. 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 funuction over radius p will reduce
to a constant at a starting point or end point on the - axis. However, if
the starting point or end point is not on the z axis, the expansion functions
reduce to zero there. In problems involving, perhaps, a conducting disk, the
electric current normal to the rim goes to zero as the square root of the
distance from the rim and the current parallel to the rim becomes large as one
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over the square root of the distance from the rim, at least when an incident

plane wave propagates perpendicular to the plane of the disk. The triangrlar

functions used to expand the 0 directed current were modified near the ex-

tremities of the generating curve where no ovw.-rlapping occurs remote from

the z axis. The triangular function (associated with the ¢ directed 2urrent)

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 0 directed current are assigned TR.

Using Gn) T, TP, and TR the impedance matrix is calculated inside do

loop 30. The calculation of the present impedance elements is very similar

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

Statement 81 CALL LINEQ (NY2, 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 to are replaced by rs and if r = 0 denotesZrs
t, r = 1 denotes 0 and similarly for s, then ( i ).i' i = 1,2,1..N-1 is

given by the [J + r * (N-l) + s * 2 * (N-l)it execution of write

statement 96. Here, N-1 is the number (either NP--3 or NP---) of triangular

functions. Immediately following statement 81, the admittance matrix of the

array Z is recorded on a direct access device by

WRITE (6) (z(i), I = 1, NZ)

If no direct access device is available, statements should be added to either

punch the admittance matrix on cards or store it on tape. At the end of the

program, execution is transferred back to read statement 50. If there is

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

The dimension statements in the main program will not accommodate NPHI

larger than 40 nor NP larger than 41, if the generating curve closes on itself.

If the generating curve does not close on itself, NP may be as large as 43.

Assuming that the generating curve might close on itself, miniium dimensions

are:
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DIMENSION RH(NP+2), Zn(NP-2)., DH(NP+2), TJ(Np-)

DIMENSION SV(NPm ), CV(NP+ l ), zs((NPl), R(Np4l),
ANG(NPHI), AC(NPHI), cSM(3*NPHI)

DIMENSION TP(2*(NP-1)), T(2*(NP-l)), TR(2*(NP-l))

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

* V. PLANE-WAVE SCATTERING, AXIAL INCIDENCE

This program computes the current on a conducting body of revolution

Sand scattering patterns for excitation by a plane wave axially incident on

... the body. The input consists primarily of NP points defining the body con-

S.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 inp~t-

output data are given in Appendix B.

Subroutine PLANE(VVR, THR, NT) provides the measurement matrix elements

of equations (77) and (81) of.the report.-Il NT angles er (in radians) appear

as input in THE. Other input appears in the common statement. U is the com-

plex constant (O.,1.), 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 senerating curve and the z axis. R(I), ZS(T), SV(I) and CV(I) are
th thevaluatpd midway between the I and (I+th) data points RH and Zli by draw-

* ing a straight line between them. BK is the propagation constant, there are

*. (NP-I) R's, the excitation has e J(NN) dependence, and T and TR are the pre-

viously computed weighted samples of the triangular functions for both the

t and 0 directed electric currents. When execution returns to the main pro-

gram, the (R )i of equation (77) or (81) of the report l will be stored in
VVR(i + (K-l)*N.N + (L-l)*4*V4) where K = 1,2,3,4 denotes respectively

(Rte) (ROO),, (Rti and " As defined in the subprogram, NM is

the number 2 of the trianpgular functions and L denotes the L of the

angle3 8 r.

L1
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In the subroutine PLANE, do loop 153 puts J! in FK(J+l). Do loop 156

sweeps the NT angles er Do loop 302 computes the required Bessel functions
( 1 )K n+2K

according to Jn(X) = K' (n+K)W " 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), JNN+K (k sin er) will be stored in

* BJ(J + (K+l)*(NP-1)) for K = -1,0,1. To avoid direct computation of a

Bessel function of negative order when NN = 0, JI(x) is obtained from Jl(X)

in do loop 309. With pf. being represented by either T or TR, the t inte-

gration of equations (77) and (81) of the reportll is simulated in do loop 301.
"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-I), ZS(NP-1), SV(NP-I), CV(NP-I).,

T(2*(NP-3)),TR(2*(NP-3))

DIMENSION BJ(3*(NP-I))

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 variables, their present dimension of I is always

sufficient.

The subroutine REQRD(K1, 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 correspondence between the elements of K3 and

those of K1.

Punched card data is read in early in the main program according to

50 R•AD(1,51, END = 52) NN, NP, NT, BK

51 FORf.IAT(3I3, Bi4lh7)
IURD(1,53)(RH(I), I - 1,1NP)

MID01,53)(71(I, I = l,14)

5 F5 1OAT(lOF8. )

1a
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All the input variables except NT are the same as the variables of the

previous program. The receiver angles er are given by

U- 1)(er)i iNT- = 1, 2 ,*"'NT

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 4the

generating curve are identical. If they are identical, the variable KL is

set equal to 0 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, KL is 2 and execution proceeds
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 PLANE. Statement 85 inserts the

receiver voltage matrices into VVR. Statement 127 inputs the admittance

matrix appearing in (17) of the report. (1 This admittance matrix will have

been generated by the previous computer program.

Nearly all the statements following statement 127 are enclosed in do

loop 108. When INC 1, the electric field of the incident plane wave is
-jkz k* Xe and when INC 2 it is -- xe . 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 voltage matrices obtained from the last

(0r= vý INC -1) and firstrl = 0, INC = 2) receiver voltage matrices.

SEquation .(82) of the report' and the fact that Rn is even in n and Rl

is odd in n are used to relate the transmitter voltage matrices to the

receiver voltage matrices. Do loops 7 and 8 compute TJ(J), the arc l6ngth

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 .oop 9 performs the matrix muitiplication indicated in equation

(65) of the report. The measurement i- stored in El and 1: correspond-

Sing to the 9 and 0 receiver polarizations. In do loop 11, El and 2 are

normalized so that the quantity a/k associated with each one is the square
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of its magnitude. The phase of El is set equal o zero in the backscatter-
-Jkzing direction which is er = n for the e incidence and er =0 for the

+Jkz
e incidence.

Do loop 128 divides the expansion function coefficients by p to obcain

the current. A multiplication by 2 or 2j converts from the exponential ejo

to cos 0 or sin 0. The factor q.is necessary to normalize the current to
i.the incident magnetic intensity Ni Do loop 129 averages the ¢ directed

current J according to

j (j-1l+2 (i) +J(i+l)

The averaging was deemed necessary to attenuate extraneous oscillations in
SJ . If the generating curve does riot close upon itself, the first and last

J 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-

aetic intensity ý = ye-Jkz (INC 1) or Hi = %ejkz (INC = 2), the current

sinor • is given in terms of the printed output JT and JO by

lt= •JT cos 0 + V JO sin A

SDo loop 120 print the scattering patterns as functions of Or. SIG Xe is U/X2

in the E plane and 12IG X0 is o/k2 in the H plane. LSIG X9 is logl o O/k2

in the L plane and LSIG U• is loglo /k in the H plane. SIG XO and SIG X4

are rejpectivwly the magnitudes squared of SXe and S-W. The phase of SXe
it taken to be zero in the buckscattering direction. The magnitudes (MAG)

and iihase (AMNG) of SXe and SXU are also tabulated. The scattered electric
field will be proportional to

11- (SX0) co04 + (sxO) , P

All the statements fo'ollowin do loop 22 are devoted to obtaining plots

of the previously tabulated quantities I TAG JTA, tAG 0, IG Xe, and SIG X0.
SDo loop 13 zcales the current for plettina. K5 is the t directed current

|o~o
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"and K4 is the • directed current. K3 has been assigned the abscissa Kl and

K4 the abscissa K2. After execution of statements 14 and 15, K3(J) will
.7 bethe th" be the J largest K3 and K1(J) its abscissa. The quantities K3 and K4

with abscissas KI and K2 are plotted by do loop 20. Entering do loop 20,

•K5 = 1. One line is printed for each J. If K3(1(5) is greater than or

equal to (51-J), an X is written after Kl(K5) blanks and K5 is incremented

* by one. If K3(1K3) is still greater than or equal to (51-J), another X is

* written after KI(E5) blanks and K5 is incremented. The process continues

until K3(E5) is less than (51-J) in which ca,e statement 20 iz reached.

* Similar action is associated with K4 and K2. If K3(NM) is larger than or

* equal to zero, K3(NM+l) will be observed, but K3(NM÷I) has been set equal to

* -1 immediately after do loop 14.

*.- The patterns SIG X9 and SIG X0 are plotted in a similar fashion.

Actually, the logarithms of SIG XO and SIG X0 are plotted but the scale is

graduated in terms of SIG XO and SIG X0 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 K4 in descending order. Do loop 87 plots SIG X9

and SIG X0 as X's aid O's respectively. After do loop 108 is satisfied,

execution goes back to the read statement 50. If another set of input date

* 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 v-pon itself or 2 plus the original NP of the data if the

-enerating curve closes upon itself. When rP > 43 or NT > 73, some variables

require larger dimen•ions. These variables are listed along with their

minimum dUmens ions.

C r y(4 vv(4wf),T2*t

* ~DINM~IC'IO RMN1i(2P), Wc:P), DH!(, -1). 7J(114) TIL IRi)



"The variables KI, K2, K3 and K4 must be dimensioned at least as large as

the larger of NM and NT. Here, as in the main program, = 2 2

VI. APMTURE RADIATION, ROTATIONAL SYMMY

This program computes the current on a conducting body of revolution

excited by one or more rotationally symmetric apertures. 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 = 0 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 program listing plus

sample input-output data are given in Appendix C.

SThe 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. (l)

The subroutine PLANE provides the measurement matrix elements of

equations (77) and (81) of the report for the special casc n 0 0. This

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

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

n % 0, R and Rto may be dispensed with since they are zero.

The subroutine RWO.RD is exactly the same as the one of the same name

appearing in the program concerning scatteri%- for axially incident plane

Wave,,.

Pnched card date is read early in the r.-Ain program according to

&(l,-T)(1(l), 1 1, NP)
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53 FORMAT(1OF8.4)

I(KK.EQ.2) GO TO 40

REA(l,,68)(E1(I),, I i= P

168 FORIAT(TEll. 4)

KIF(Kx.E.i1 GO TO 41

4o READ(1,168)(E2(I),: = 1, NP)

41 KL =1

KK = I if the aperture electric field has only a t component.

KM = 2 if the aperture electric field has only a 0 component.

KK = 5 if the aperture electric field has both t and 0 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

odd. The gain pattern will be observed at N7 angles 6 r. In degrees,

= o80(-l)
r =NT-I - ' = l,2,-- NT.

BK is the propagation constant k .j-e R11(I) and Zii(I) are respectively

the cyl•.1rtcal coordinate radius p and axial distance z at data point I of

thU generatitn curvfe. El and E2 are complex. If KR 2, 2E(I) is the t

ompnent of the uxially sjm=etric aperture electric field at point I or the gen-

eratirg curve. All the ElSl except Ktl(J) being zsor represents an

aperto'r! Ciel.d bet een the (J-') and (J+1) point' or between the
th. Ut thJ and (J÷I) points if j - I or between the (J-1) and J points if

j z.P. If it'tO.) Ofus:w 0 and ti( 10 - a.(nP) SuiW El zi st be ac-
coczpanied by an Identical Z(). .If KK j 1, &9(V represents a 0 directed

aperture field in exactly the same way as EI(I) repre-tented a t directed

maperture fikeld. if KK i 5, b*th E and W occur Zi-uktncctcly. The

v-unched card dAta 1i; prinited cut soonzv after It- L4 reed.

$ten • "2+2t aets KL Q, overlaps two of the data onIs, amrd adds

to P; "r he generatAing curvýe clonec, upon $itseS.- ac 1*oo 5? dreau a

;traieht Ilne between the ( 1+•)h eBrd 1 data points to c'•ti - Di(I), 1 (:), zR(i),
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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

t and ,he z axis, all evaluated midway between the (I+1)th and Ith data
points. Do loop 1 stores the NT angles Or 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.

" .t j-2 t j-1 t j j +1 tj+2 t _.

Ti(t) for i 2 (-)

For J odd, the (J-l)th modified function is given by

t-t.
I + t,,0t. < t < t.

,J 3-2

T i(t)

t. < <t<t
t j+2-t - j+2

0 all other t

where i
2

The subscript j on t indicates the Jth data point. For J odd, this

(J-2f1)th Panct:ion is characterized by 4 numbers T(2*J-6÷C), I = 1,2,3,'.
Coming out of do loop 74, T(2*J-&.I) is Ti(t) midway betwper. the (J-3+I)h

and (J- 2 +I)th data points multiplied by the arc length included between the

(J-3+i)th and (J-2+I)th data points. The multiplication by the increment

of arc length factor facilitates integrations over the source and field

regions.
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"If KL / 0 and if RH(i) is not zero, the body of revolution has a rim.

The previously defined T(t) nearest the rim will be zero at the rim. Since

the 0 directed current is not expected to be zero at the rim, the T(t)

associated with the 0 directed current nearest the rim was changed to 2 at

* the rim. This amplitude 2 makes the function linear in t when the points

Stj in question are equally spaced. The logic between statements 74 and 78

Srepresents the functions associated with the 0 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 44 uses the aperture electric field data to calculate and store in

*,_TM E3 the excitation voltage matrices, (equation (27) of the report[l]). If E3(J)

represents excitation in the t direction, E3(J+NM) represents a correspond-

ing excitation in the 0 direction. Actually if KK ý 3. there is only one

type of excitation and either E3(J) or E3(°T+NM) is aatomatically 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 multiplyirg the admittance matrice Y by the excitation

* voltage matrix E3. Tf TI(J) represents a t directed current, then TI(J+NM)

represents the corresponding 0 directed current. Since the admittance sub-

matrices yýt and yto are zero, the t directed aperture field will excite

only a t directed electric current and the 0 directed aperture field only

- a 0 directed yarrent. Still in do loop 134, the power requi.red to main-

tain the aperture field is obtained by summing the products of the complex

conjugate of a coefficient of a current expansion Panction with the corres-

pondiing excitation voltage matrix element. The power associated with the t

directed aperture electric field is put in PI and the power associated with

the 0 directed aperture electric field Ln P2. Since only the real part of

the complex power is required to normalize the gain, neither P1 nor P2 a&e

defined to be complex variables. P1 and IN' are written Just after do loop

104. The sample printer output for t~e cone sphere data came from an

SE
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earlier version of the, program which printed P1 and P2 according to

WRITE(3,169) Pi, P2, P3

169 FORMAT(lX, 7En-.4)

2where P3 was just the constant 4g/k2r . If KK 3 5, either P1 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 obtaining the

source and field integrals.

Do loop 9 calculates 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 v,.ltage matrices VVR previously supplied by the sub-

routine PLANE. The proper normalization is obtained in statements 190 and

191. El and E2 at 1 and NT are expected to be zero. Just to be definite,

the 4 statements before do loop 159 assign the phase 0 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 0 directed aperture electric field. Since the

measurement voltage submatrices R and Rto are zero, the t directed electric

current will excite only a 0 directed far field and the 0 directed current

only a 0 directed far field. Do loop 139 converts the coefficients TI of the

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

the cylind.ical coordinate radius MH.

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 140 or do loop 143. These currents in amperes per unit length

are independent of 0 and possess real and imaginary parts. The gains are

printed in either do loop 156, 159 or 167. In the heading, GO is the gain

associated with the t directed current and Go is the gain associated with the

0 directed current. EO and F4 are the square roots of the respective gains.

ANG EO and A14G FK are indicative of the phases of the 0 and 0 directed

electric fields Wn the far zone.

In do loop 171, M I obtains plots of the t directed current JT and
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gain GO while M 2 obtains plots of the 0 directed current J0 and gain Go.

Do loop 172 finds Xl and X2, the maximum magnitudes of the real and imaginary

parts of the current. Do loop 13 normalizes Xl and )2 to full scale. K3

and K4 represent the real and imaginary parts of the currents and Ki and

K2 their corresponding abscissas. CALL REORD(KIK3,NM) arranges K3 in

descending order. The abscissas Kl are arranged accordingly to maintain

the original correspondence between K3 and Kl. CALL REORD(K2,K4,NM) operates

similarly upon K2 and K4. The current is plotted in do loop 20. One line

is printed for each J. Data 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 some

data is out of range, that which is too large accumulates 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 K1. CALL REORD(K1,K3,NT) arranges

K3 in descending order while still keeping track of Ki. 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.

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 vari-

ables require larger dimensions. These variables are listed along with their

minimum dimensions.

COMPLEX Y(4*NM*NM), VVR(2*NT*NM), TI(2*XM),

E3(2*NM), El(NP), El(NT), F2(Nr), F2(NT)
CO MN R(NP-1)., zs(NP-1)) SV(NP-1), VNP1.

T(4*NM), TR(4*NM)

DIMENSION RH(NP), ZH(NP), DH(NP-l), TJ(NM), THR(NT)

DIMENSION Kl(NM), KI(NT), K2(NM), KX(NM), K3(NT), K4(NM)

Hlere, as in the main program, NM = ýh . e variables EI,E2, KI, and K32"

serve a dual purpose. The common statement in the subroutine PLANE should

be exactly as it is in the main program.



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.

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(l,51, EM = 52) MK, NP, NT, BK

51 FORMAT(513, E14.7)

READ (l,53)(RH(I) I 1, NP) 0

READ (l,53)(ZH(I, I 1, NP)

53 FORMAT(1OF8.4)

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

for the program concerning scattering for axially incident plane :aves

except that NN is replaced by KK. For oblique incidence, the Rn's of equa-

tions (77) and (81) of the reportIll are considered for only n = 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 transmitter

and a 0 directed receiver, and E2, the maeasurement for a 0 directed trans-

mitter and a 0 directed receiver. When both transmitter and receiver are

located at 0 - 0, there are no 00 or 00 polarization components. For the 00

and 0 polarizations, R.. n - Vn = Rn Yn Vn so that the measurement must be

a.1,tiplied by an extra factor 2 if n 0 O. Inside do loop 40, the subroutine



42

PLANE is called upon to provide VVR, the receiver voltage corresponding to

R for n = KK-l. From the KKth record of data set 6, statement 127 reads
ththe admittance matrix Y for the same (M -I) mode. Each L of do loop 41

denotes a different polar angle e. For transmitters in the direction e from

an origin near the body of revolution, do loop 3 puts the currents in E3 and

E4. The transmitter voltage 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'e and Rt . Do loop 43

adds the measurements R Yn Vn to El and E2. Toward the end of do loop 41,

SIG ee and SIG 0 along with their square roots NAG see and MAG So are
printed. SIG ee and SIG 00 are echo areas per square wavelength (a/x 2 ) obtained

by squaring the product of El or E2 with Pl. P1 is the constant k2 Ti/2i3/2

defined earlier in the program just after do loop 1.

* The fixed point ordinates K3 and K4 and abscissas KI and K2 appearing

in do loop 80 facilitate plotting the echo areas per square wavelength on a

logarithm scale. Do loop 80 also repeats the final printing of the echo

areas per square wavelength. Statements 14 and 15 arrange K3 and K4 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 E4 which must be
dimensioned at least as large as TI was in the program for axially incident

plane waves.
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APPENDIXl A. PROGRAM AND? SAMPIE INPUT-OUTPUT DATA~ FOR SECTION IV.

1/ (0034,EE,6t2),'MAUTZJOE',MSGLEVEL~l
IIEXEC IFORTGCLGtPARM.FORT='MAP'

//FORI.SYSIN DO
SUBROUTINE LINEO(LL,C)
cOMPLEX C(1h#STOR9STOtSTtS
DIMENSION L0 (5R)

* 1DO 20 I=1#LL

20LR(I)=I

DO 18 M=1#LL
K=M
DO 2 I=MtLL

K2=M1+K
IF(CABS(C(Kl))-CABS(C(K2))) 2,2,6

6 K=T
2 CONTINUE

LS=LR(M)
LR(MV=LR(K)
LR(K)=LS
K2=Ml+K

* STOR=C(K2)
J1~o
0O 7 J=1,LL
K1-jl+K

* K2=Jl+M
STO=C(KI)
C(Kfl=C(K2)
C(K2)=STU/STOR
Jl=Jl+LL

7 CONTINUE
K1=M1+M

* C(KlV=1./STtlR
* 00 11 =ItLL

* IFt I-M) 12911,P12
12 Kl=Ml.I

ST=C(Kl)
C(KI )=0.

DO 10 J=lLL

K2=J1+M
C(KI )uC(Kl )-C(KZ )*ST
JI-Jl+LL

10 CONT INUE
11 CONTINUE

M1=M1. LI
IA CONTINUE

Ju00
D0 9 Jzl#LL
IF(J-LR(J)) 14*9*14

14 LRJvLR(J1
J2=(LRJ-1 )*LL

21 00) 13 IulsLL

Kl-Jl*I
SxC(K2)
C(K2)-C(KII

4 C(Kl)=S
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13 CONT INU E-
LR (J)=LR (LRJ)
LR(LRJ)=LRJ
IF(J-LR(J)) 14,8,14

AJl=JI+LL
9 CONTINUE

RETURN

COMPLEX A3,A4,Z(l600),fS(40),G(5292),U
DIMENSION RH(43) ,ZH(43) ,OH(43) ,TJ(20)
DIMENSION SV(42) ,CV(42)hZS(42b#R(42),ANG(40),AC(40),CSM(120)
DIMENSION TP(80),T(80)fTR(80),JK(4)
RFWIND 6
U= ( 0.9t1.)

50 REA(D(1,51,END-52) NN,NP,NPHI#BK
51 FOkMAT(313,E14.7)

READ( 1,53)(RH(I ) I=lNP)
READ(1,53)(ZH(IhI=1,NP)

53 FORMAT(I0FS.4)
76 WRITE3t354) NN,NPNPHIBK
54 FORMAT(IX//f NN=1I3#' NP=',13#' NPHI=',I3,* BK='tE14.7)
55 FORMAT(IX/' RH9)

WRITE(3,55)
WRITF(3t46)(RH(I),I=1,NP)

46 FnRMAT(1X,l0F8.4)
WRITF( 3,56)

56 FORMAT(1X/1 ZHI)
WRITF(3,46)(ZH(I),11l,NP)
IF((RH(1)-RH(NP)).NE.0..OR.(ZH(1)-ZH(NP)).NE.0.) GO TO 59
RH( NP+1 )=RH( 2)
ZH (NP+1 )=ZH(?)
RH(NP.2) =RH( 3)
ZHtNP+2)=ZHC 3)
NP=NP+2

5V4 DO 57 1=2,NP

RRI=RH( I)-RH( 12)
RR2=ZH( I)-ZH( 12)
DH( 12)=SORT(RRI*RR14RR2*RR2)

R( I2)=.5*(RH( I )+RH(12))

CV( I2)=RR2/0m4C12)
57 CO)NTINUE

KG=NP-1
NmKG/2
NMN -1
NM2=NM*2
NM4=NM'4
Ni =NM2 'NM7
NG=KGOKG
mS=NN+2
Mh=NN*4
FM c NN
FK2=NN*NN
P1 *3. 141593
ETA=376.707
OtP*i /NPHI
CA=BK*BKsIETA



* CO=ETA
SSsO.
DO 117 I=1,NM

12=11+1
SS=SS+0H(11l+LH(12)

* TJ(I)=SS
*117 CONTINUE

* ~WRITEI 3,118)
* 11A FORMAT(lX/# TJ'I)

WRITE(3946) (TJ(I)1I=1#NM)
DO 2 J=ltNPHI-

* ANG(J)=(J-.5)*DP
* AC(J)=COS(ANG(Jfl

2 CONTINUE
M3=0
00 10 MM=M5,M6
M1=MM-3
M2=M3*NPHI
00 11 K=1,NPHI
KI=M2+K
CSM(Kl)=0P*COS(t41*ANG(K))

11 CONTINUE
M3=M3+1

10 CONTINUE
on 16 J=I#1KG
DEL=.5*DH{J)
DEL1=DHtJ)*PBK
AA~=IP*R (J )*DE*
tnf 17 Ih1,KG
Z3=ZS(J)--ZS( 1
RR1=SV(j))*R(J)+CV(JI*Z3
RR2=-SV(J)*R( J)
RR3=R(J)*R(J)+RtI)*RUI)+Z3*Z3
RR4--2.*R(J)*R II)
Xl=ABStR(J)-R(I)l*ARS(Z3)

* 1)0 5 Km1,NPHI
IF(K.NE.1.OR*Xl.NE.Oj GO] TO 7
X=R(J)*DP
XX=SQRT(DEL*D)EL+X*X)

SWl=(X*ALUIG((DN..XX)/X).DEL*ALOC((cX+XX)/DELflAA

GS ( IV=Wi(4:Jw2
(fl TO 5

'k Y-A6SfRRi+ACtK)*Rft2)
AD=RRl4RR4*ACIK)
RK=BK*SQRTtRD)
0)2=RD-Y*Y
Y) =Y-DE1.
v ? v . DEL
Rj1-S0RT( Yl*Yl+02)
R2=%0RT(Y2*Y7+D2)
IFYIl) 72,73193

?~ 2 lINaAL0ru~f-Y1.Rl)s4Y2.R?)/07)
GfJ T 0 2

73 lIN-AL0G((Y244A?)/fY1.R1))
25 SNaSINIRK)

CS=C054 RKo

* 5 CflNTINUE
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M3=(J-1 )*KG+I

010 68 MM=I,3
MI=MM-1
M4=M1*NPHI
M2=M1*NC,+M3
G(M2)=O.
00O 13 K=1#NPHI
K?=K+M4
G(M2)=G(M2)+GS( K)*CSI4(K2)

13 CONT INUE
68 CONTINUE
17 CONTINUJE
16 CONTINUE

00 74 J=1,NM
J2-2*(J-1 )+1
J3=J2+1
J4=J3+1
J5=j4I-1

J8=J7+1
J9=J 8.1
iF:L1=0H(J2)+DHiJ3)
DEL2=014(J4)+DH(J5)
TP(J6)=[JH( J2)/DEL1
TP(J7 )=[OM(J3)/DELl
TP(J8)=-IJH(J4)/DEL2
TP(Jg)=-DHCJ5)/DEL2
T(J6)=DH(J2)*DH(J2)/2./DELI
T(JI)=DH(J3)*CDH(J2)+DH(j3)/2.)/OELI
TtJgh=DH(J4)*(OH(J5),0H(J4)/2.)/DEL2 t
T(J9)=DH(J5)*DHCJ5)/2./I0%2

74 CONTINUE
DO 75 J=1,NM4
TR (J)=T( J

75 CONTINUE
115 IF((ZH(1)-ZH(NP-?fl.EO.D..AND).(RH(1)-RH(NP-2)).FO.O.) GO TO 7A

IF(RH11)) 77,23*77

TR(2lrnOH(1)Sl.41flH(?)/./DELI)/./E

23 IF(RlH(NP)) 79,70*79
79 jl=IN-2)04+3

J2=J1ll
I)EL2'zDH( NP-2).DH(KCG)
TR(J1).ODHNP-2e*(1.014(NP-21?2./OFlL?)

11A TR(J2)mDH(K(;)v.( 1.41014NP-2).H(KG,)/?. )IDIL2I
714 DO0 3(1 Jal#N?

JLv(J-1 )*NM2
J3nlIJ-1 I4
J1-20CJ-11

00 31 IuINM

L2eLl*NM
L~3'mN?*NM?.L 1
L4!IL3.Nm

14 L3)-Cb.



1 1=2*( 1-11
13-( 1-1)*4
On 70 JJ=lt4

* J2=Jl+JJ
* - *J7=J3+Jj

* 100 71 11=1,4
* 12=11+11

17=13+11
* J4=(J2-1)*KrG+12

J5=j4+NC,
J6=J5.NC,

* SS=SV(12)*SV(J2)
* CC=CV(12)*CV(J2)

A3=.5*UH(J6)+G(J4))
A4=.5*(G(J6)-G(J4))
?(Ll)=Z(Ll)+(CA*T( 17)*T(J7)*(SS*A3+CC*G(J5) )-Cw.*TP(17)*TP(J7)*C,(J5

* ~Z(L2)=Z(12)+CA*SV(J2)*TR( !7)*T(J7)*A4-FM*CQ*G(J5)*TR(17)*TP(J7)/R(
112)
2(L3)=Z(13)-CA*SV( 12)*T( 17)*TR(J7)*A4.FM*CO*G(JS)*TP(17)*7R(J7)/R(

WJ2)
7 (14)Z(L4)-4ICA*A3-FM42*CQ/R(12)/R(J2)*G(J5) )*TR(17)*TR(J7)4LJ

71 CIJNT INUE
70 C(INTI NOF
31 C!1NTINUE

*30 COINT INUE
9 1 CALL LINEO(NM2#Z)

JK(1)=l
* JK(2)=N

.1K43)..NM2*N 9*1
* JK(4)=JK(3).N14

011 93 jm1,4
KI=JK( J)
WRIfTF(324) J

24 F1)RMAY(1X/I V'I11)
00) 92 Im1,NM
K2=Kl.NM-l

"qAk WRIIH(3,891)(l(KiK=KIK2)

* KI=KI.NM?
q2 CONTINUEF
4 3 CONTINUE

f,4) IQ) 50
105 STOP

fNI)

//IC.Idl04fP0O 00 kDSN&KEOOE34.REVl,0ISPuonLD~hUNt~2314..
I/ VOLU4IEm$ER-SU0OQ4.OC~c(E 54CP14V,,LK5I lEeIAOO, LIECLWI NA)
I/ri11.SYS1IN 00l 0
001041 2O0,O4654995E+00

0.0 0.08lbA 0.173#6 0.?605. 0.3473 0.4341 0.5209 0.6o78 o.6oQ#A o.?A14
O.R11 82 0,9551 1.0419 1,1287 1.2155 1.3024 1.3A97 1.4740 I.5hA2~ 1.&4sq?
1.7365 1.R233 1,9101 1.9970 2.(0838 ?.1706 ?.Ž57's ?.:.4442 7.4)11 ?.5179

2.6047 2.6037 Z.6863 2.5969 2.4184 2.1570 1,A21& 1.4ZIR 0.011;? 0.4911

ti (10 0,4924 O.QR'.4 1.4772 100069 2.4h2O ?.4544 1.4.40%0 3.0392 .41
4.9740l 5,41606 S.')OAR 6,4013 &.A937 7.3061 7A77R5 9.1709 R,8633 q.1551

* Q,848) 10.3405 10.8379 11.3253 11.8177 12.3101 I2.80?5 13.294q 13.7043 1'..27V7
14,7721 15.2657 15,7650 16.2562 16.7225 17.1-478 17.5177 17.A195 18.0427 IAk.179a
18.2260
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APP=3JC B. PROGRAM AIM SAMPLE INPUT-OUTRJT DATA FOR SE~CTION V.

II (0034,EEA,2),'MAUTZ,.JOE',MSGLEVEL-1
IIEXEC FORTGCLGPARM#F0RT='MAP*

//FORT.SYSIN DD
SUBROUTINE PLANE(VVRiTHR#NT)
COMPLEX VVR(lbtA5tA6,U
COMMON 1JR(42btZS(42),SV(42),CV(42),BKNPNNT(RO) ,TR(80)
DIMENSION BJ(126)#THR(1),FK(2O)
KG=NP-i
NM=KG/2- I
M2=NN+2
A5= 2. *3.*141593*U**( NN+1)
NV=NM*4
FK( 1 )1.
DO 153 J=1,M2
J1=J+1
FK(Jl)=FK(J')*J

1.53 CONTINUE
DO 156 L=1,NT
Ll=( 1-1 )*NV
CS=COS(THR(L))
SN=STN(THR(L))
BC S= BK*C S
DO 302 J=1*KG
X=R(J)*PiK*SN

I 1=NN
IF(Il) 3039304,303

304 11=11+1
JL=J1+KG

303 DO 305 JJ~I1,M2
TF(X-l.F-S) 1,1,2

I IF(JJ-1) 3,3,4
3 BJi(JI)=l.

GO TO 306
4 HJ(Jl)=O.

GO TO 306
2 RH=X/2.

RH2=RH*RH 3
- - RH3=R1k**CJJ-1)

BJ(J1 )=RH3/FK(JJ)
SS=Bj( 41)

8 SST-SS*1.E-7
DO) 155 K-1*20
SS=-SS*RH2/K/ (K+JJ-1)
t4141 )aRJij1 )+SS
IF(ARS(SSI-SST) 306#304%#155-

155 CONTINUE
STOP 155

306 J1.414KG
305 CONT INU E
302 CONTINUE

IF(NN) 307,308,30?
30A 00 3019 Jr1,KG

J1=4 4Ž.KG
"J41J)C-RJ( 41)

309 CONT INUE
307 O0 300 JUlNN

JILJ4Ll
j2ujl.NK *



J3=J2+NM
J4=J3+NM

VVR(J2)=0.
VVR(J3)=0.
VVR (J4 )-0.
00 301 1=1#4
I1=2*( J-1 )+I
14=4*( J-1.)+1
12=1l+KG
13=!2+KG
A6=(COS(ZS(11)*BCS)+U*SIN(ZS(Il)*BCS))*A5
BJI=(BJ( 13)+BJ(11Ti.
BJ2=(BJ{ 13)-RJ( I) )*.5
VVR(Jl)=VVR(Jl)+A6*(CS*SV(11)*BJ2+SN*CV(11)*RJ(12)*U)*T(14)
VVR(J2)=VVR(J2)+A6*CS*B.JI*U*TR( 14)
VVR(J3)=VVR(J3)-A6*SV(I1)*BJ1*IJ*T(14)
VVR(J4)=VVR(J4).A6*BJ2*TR( 14)

301 CONTINUE
300 CONTINUE
156 CONTINUE

RETURN
END
SUBROUTINE REORD(KltK3,L)
DIMENSION Kl(l),K3(l)-
00 81 J=1,L
KR=K3(J)

(DO 82 I=JL
IF(K3(I)-K8) 82,82,84

A4 K8=03(1)
K6=1I

82 CONTINUE
K3(K6)=K3(J)
K31J)=KR
K8=K1 (K6)
Ki tK6 )=K1 CJ)
K1(J)=K8

Al CONTINUE
K3(L.1 )=-1
RETURN

COMPLEX A3,Y(1600) ,VVR(5840) ,TI (40),E3(20),E1(73),E2(73) ,U
COMMON UR142) ,ZS(421,SV(42) ,CV(42),BKNPNNT(80),TR(80)
DIMENSION RH(43),ZH(43),DH(42) ,TJ(2o) ,INT(11fltI4kc73)
UIMENSION AA( 105),KI(73),K2(73),K3( 13) ,K4(73)
OVTA AA(1) ,AA( 104) ,AA( 105)/s '9 'XO,,'OI
DO 107 1-1,102

107 AA(1,1)=AACI)

ETA&376.707
* ETA2=tTA*?.

P1=3.141593
PRulRO.IPl
REWINO 6

50 RkAD(1s51*END=v,2) NN,NP,NT,fBK
51 FORKAT(3139E14.7)

READ(1#53)(AHfI)*t=1,NP)
READII,53N(ZHMIl~hI1NP)

'53 FORMATCIOFR,41



57
76 WRITE(3,54) NNtNP,NT,IIK
54 I-ORMAT(1X//' NN2'#13,S NP=0#139' NT=',13,' BK='tE14*7)

WRITE(3,55)
55 FORMAT(lX/l RHI)

WRITE(3#46)(RH(I)#1=IqNP)
46 FORMAT(lX,I0FR.4)

WRITE(3t56)
56 Fd]RMAT(1X ZH')

WRITE(3t46)(ZH(I)qI=1qNP)
KL=l

126 IF((RH(l)-RH(NP)).NE.O..OR,(ZH(1)-ZH(NP)).NE.O.) CGfl TO 5A
KL=O
RH(NP4.1)=RH(2)
ZH(NP+1 )ZH( 2)
RH(NP+2)=RH(3)
ZH(NP+2)=ZH(3)
NP=NP+2

58 DO 57 1=2tNP
12=1-1
RRI=RH( I)-RH( 12)
RR2=ZH( 1)-ZH( 12)
I)H( I2)=SORT(RRI*RRI+RR2*RR2)

-~~ ZS(!2)=.5*(ZH(II)+ZH(12))
R( !2)=.5*(RH( I)+RH( 12))
SV( I2)zRR1/DH( 12)
CV( 12)=RR2/DlH( 12)

57 CONTINUE
DT=PI/(NT-1)
Do 1. J=,NT
THR(J)=I)T*(J-1)

I CONT INUE
NM=(NP-3 )12
NM4=NM*4

NM2=NM*2
NZ=NM2*NM2
DO 74 J=I,NM
J2=2* IJ-1 )+1
J?3=J2+ j
J4=J3+1
J5=J4+1
J6=4*IJ-1 )41
j7=J6+1
JR=j 7.1
JqmJB,1

.7- 0L2=)H( J4).OH( j5)
T(J6)=DHIJ2)*tJHlJ2)/2.IDELl
TIJ7t)c:HIJ3)sbOH(J2).r)H(J3)/2.j/IWL1
T(J8)u0H1J4)*IOH(J5).OHi4j')/2.)/OFL?
T IJ9)mOHfJ5 ) *HfJ51/2./DEL?

74 CONTINUE
Onl 75 Jal.NM4
TQIJV=TgJ)

75 CONTINUE*
115 IF(KLtEO.O) GO TO 79

IFURHIM) 77*23,77
77 OFELl=lUH(l)+0M(2)



*23 IF(RH(NP)) 79,78,79
79 Jl=(NM-l)*4+3

* DEL2=DH(NP-2)+DH(NP-1)
TR(Jl)=DH(NP-2)*( I.+OH(NP-2)/2./DEL2)
TR(J2)=DH(NP-l )*(1.+(DH(NP-2)+nH(NP-1)/2.)/DEL2)

*78 SS=0.
DO 7 I=1,NM
11-2*( 1-11+1
12=11+1

* SS=SS+UH(11)+OH(I2)
TJ( 1)=SS

7 CONTINUE
OEL=TJ(Nm)
IF(KL.NE.O) DEL=OEL+DH(NP-2h'DH(NP-1)
DEL=DEL/10.
00 8 J=1,NM

* ~TJ(J'J=TJ(J)/DEL.
8 CONTINUE

*85 CALL PLANE(VVR,THR,NT)

127 REAO(6)(Y(I)sI11,NZ)

J3=0
* - IF(INC.EO.1) J3=Nt44*(NT-11

DO0 2 J=1,NM2
TI(JL=0.
DO] 3 I=1#NM
Jl=J+(1-1)*NM2

* J2=J1+NM*NM2
* * 111+J3

12=11+NM
TI(J)=T1(J)-VIJII*VVR(1fl4-Y(J2)*VVR'(12)

3 CONTINUE
2 CONTINUE

Of) 9 Jml,NT

E2IJ)=O.

Jl14J-1)*NM4
00 10 hlmNM2

12=11,NMZ

E2(J)*E?(J)+VVR(Ij)*T(I(

10 CONTINUE
* * CONTINUE

A3-CARS(E14J5))/El(J51*48K.RK*ETA/2./Pi/S0I&T(Pj))
t0n 11 Jcl,NT
El (J mI~I(J )*A3
E2IJ)mEI I)*U*A3

11 CONTINUE
WRITE (391IM)

110 F0RMAT('I',2X,'T'.4X*'REAL JT'*lX%*MAC6 JT'*ZX9'*.,e' JTI*,1K*RFAL J
1O'*1X.'IMA(; J0',?Xol"AG JO1)

aR) TF(3, 109)
109 1t)RMATI'.' ,37XS/l.7XS/@,7X,I/t1

00 128 Jul,,NI

J2e201 J- ) *3
TS(J)mTI (J)*ElA2/I&HlJ2)



59

E3(.J))T1 (Ji )*Lj*ETA2/RH(J2)
128 CONT I NUW

DH) 129 J=11,NMl
Jl=J+NM
J3=J-1
J5=J+1
IF(J.NE.1.AND.J*NE*NM) GO TO 125
J3=Jr
J5=J
IF(KL.EQ.1) GOl TO 125
J3=NM

* J5=J+1
1F(J.EO0.1) GO TO 125
J3=J-1
J5=1

125 TI(JI)=.25*(E3(J3).2.*E3(JI+E3(J5) )
129 CIJNT I NiJ

DO3 4 J~ltNM
J1=J+NM
X2=REAL(TI (JI)
X3=AIMAG(TI (J))
X4=CABS(TI(J))

A ~X5=REAL(TI(Jl) )
XA=AIMAG(TI 4J1))
X7=CABS(TI(Jl))
WRITE(3*124) TJIJI ,X2,X3,X4,XS,X6,X7

124 FORMAT(IX,I-5*2,6FR.3)
4 CONTINUE

WRI 'L(3,112)

112 FOkMAT('1',' O',4X,'S!G XO't2X,'SIG XOlt2X*'MAG SXQO,lXt'ANn SXO'
hIX,'MACG SXO'*1X,'ANG SXO*,1X,'(.SfJG Xo',IX,'LSIG X06)
WRITE(39113)

113 FORMATi *+s,2X,*-',9X,.-'.7X,*t/',AX,'-'t7X,'-l,7X, */1,7X, *i',-?Xl

D0 12 J=1*NT
X1=THR( J)*PR
X4=CABS(El(Jl)
X6=CABS(E?(J1)
X2=X4*X4
X3=X6*Xh

X7=PR*ATAN2 IAIMAG4 EZI J))IREAL IEZ(fI)I
XA=ALOGIOI X2)
X9=ALOflG10X3)

- -. WRITE(3. 111) X1,X2,X3*X4*XSX6*XlX8,Xq
11FnRMATI 1X,F5.1,3Ffl.3,FR.1,FR.3,F8,1,2F#,37

12 CONT I %0
DO 13 JzlNI
KI (j eTJ(j 7*10.+3.5

K4fJ)-CAHS4 TI (JI) *0.*.5

13 CONTINUE
14 CALL ItE(JR0KIK(3,NN)
15 CALL RE0RI)(K?,K4.NM4)

On 104 je1.11
tNT IJ 7!J-1

104 CONTINUE t



K5=1
K6=1
WRITIE( 3, 16)

106 FORMAT(11')
DO 20 J=1*51
J1:51-J
WPITE(3,25)

*25 FORMATC' T'1,99XI'l)
IF( (J-1)/5*5-(J- ) )21#22,21

*22 WRITE(3,123)
*123 FO M T ' ' 3 #' - * 7 t - '

* !~F( (J-1)/1O*10-(J-1) I 219122t21
*122 WRITE(3,24) K

* -24 FORMAT('+0,12)
K=K-1
IF(J.NE.1) GO TO 21
WRITE(3,116)

*116 FORMAT('*',4X,50('--l))
WRITE(3,47)

* 47 I-ORMAT(*+t#SX,19i'Il#4X))
*21 TF(K3(K5).LT*J1) 6O TO 26

60 KR=Kl((5)
WR I IF 3,48 ) CAA I) , 1=1,8) ,AA( 104)

48 FORMAT(6+19105AI)
* K5=K5+1

IF(K3((5).,GE.Jl) GOi TO060
*26 IF(K4(K6).LT.Jl) GO TO 20

*61 Kg=K2(K6)
WRITE(3,4R)(AA( I ),11,KR),AA(105)
1(6=1(6+1
IF(K4(K6).GE*J1) GO TO 61

*20 CONTINUE
WRITE(3*47)
WRITE 13,116)

* WRITE(3.63)( INTCJ),J:=1,11)
63 FORMATI3X,11I 1298X) I

WRITI-(3#64)
64 FORMAT('01,20XX X X PLOT OF #4AGNITUI)E (IF I DIRECTED CURRENT VER

ISOS LENG;TH T')
WRITEH3#65)

65 FORMATMWO,* 0 0 PLOT (IF MAGNITUJDE OF 0 DIRIECTFO CURRENT VERSUS
ILFNGYN TI)
WRITE(3,66)

64 FORMATC.+'t~4fX,'/')
00l 80 Jcl,NI

K3CJ)=KO.ALOl0(ASF(f)2.

K4(J)=20.*ALI(;IDi(CAf3S(E2(Jfl))*2O,5
90 COiNTINkJE
16 CALL REL)RtNKK39NY)
17 CALL ki-ORD(K2,K4,N1)

00 105 Jul,5
INT (JleCJ-11045

105 CONTINUE
X1= 1000.
K5i=

WRI TEl 3,106)



61

01) 87 J=1951
j 1=51-j
WRITHE3R8R)

RA FORMAT(9X, *P ,71X,'I')
IF( (J-1 )I10*10-IJ-1) )92t90,92

90 WRITE(3,9) Xl
91 F(IRMAT(e¼'F74.' -,6X$-'

IF(.NEi)G6 TO 92

WRITH3,93)
93 FORMAT(1'9'17Xt7('I',RX))

WRITF(3*97)
97 FORMAT('+#,8X,73('-l))
92 IF(K3(K5)*LT.J1) G;O TO 94
95 KR=Kl(K5)

WRITE(3,4R) (AA( I), I=lK8) ,AAt 104)
Kb=K5+1
JF(K3(K5).GE.J1) GO TO 95

94 IF(K4(K6)*LT*Jl GO TO A7
q 6 KA=K2(K6)

WR ITE(3 .44) ( AA(I) .1=1,K8) ,AA( 105)
* K6=K6+1

IF(K4tK6I.GE.Jl) GO TO 96
87 CONT INUF

WRITF(3#93)
WR1TL(3,97)

* ~WRITE(3,98I)fIINT(J) ,J=1 5)
* ~9k FO'RMAT(7Xt31 13*l5X), I4,15X,13)
* ~WRITE (3.99)

99 Et1RMAT(10S,15XX X X PLOT (IF SIGMA XC) OVER LAMROA SOIJAREl) VFwcitJS
I THETA$)
WRITEI 3,101)

101 FI-IRMATII.',37X.'-'I
WRITE 3.100)

100 I-ORMAT( 16X00 0 0 PLOT O1F SIGMA XO LIVER LAMRI)A S01tAREI) ViýQSI)S THE

WRITkI3,1021

WRITE(3910A)
1094 CONTINUE

GO TO 50
52 STOP

ENU

//IG0.PFoedF0o 00 O)SNAMF-EE0O34.REV1,D)ISP~oLu,19)NJT.2314,
IIVOL UMEmSER aS00004 s )C0a( RECF MmV s L KS IIi-wIEmMfllLR f-CL a1746%

//GO,SYSIN 00 *
00104.1017 0,4e.59995E~n()

0.0 0A0869 0.1736 0,2605 0,3471 0,4341 O.5Sflq 0.607A4 n.kq46 n.79414
0.9468? 0,9551 1.0419 1,12R47 1.Z155 1.3074 1.394? 1.47&0 I.S4700 1,&4q?
1,7365 1.1(233 1.4101 1.997n Z.083A 2.170h 2.75?4 2.344k? .4.311 7.S)79
2.1,04.7 2.1,837 2.hR63 2.S969 2.4.194 2.1570 I.A716 1.4.21A n.4772 0.4471

-0.0000
0.0 0.4924 0*98494 1.4772 1.9696 ?,4s620 .7.9S44 .4.4eshp 3*939? 4.411 P'
4.9240 5,4164 5.9088 h6.4013 A,8937 ?.3"h1 7.0A5~ A.17n9 94.833 4.3%',?
q,8481 10.3405 10.8329 11.3253 11.8177 12,3101 12.0025 13.2944 13.79473 14.7797

14,7721 15.2657 15,7450 16.?542 16.7225 17.1478 17..5177 17.8195 3A,0421 IR.17Q'4



NOT REPRODUCIBLE
6e

NN- I NP- 41 Nim 31 1( - :t

- - 0.1 C,;8A8 O.1730 L.2605 0.3473 0,4341 0.5209 0.6C?8 0.6946 C.7b14
"5 5 1 1,41 I 1, 125 1.3024 1,38q2 1.4760 1.S6O8 1.6497

1-M-•5 1.8233 1~e l,+?.203 ,76227 ,4 2*4,311 2,5179

/.lt,4 f.6P ý 7. A 1h 2. 5'Lg Z.14I1? .A216 1.4238 C.'07I 12r.4'17 1

*~ti-
" .41424 C. 88 .4,772 1#46q6 2,46Z0 2,QS44 3,4468 3 0q392 4.4 116

4.12'd, f.4164 S~~! t.'4013 6.41s97 7.3q61 1.8785 8.3709 O.q643 q).3557
4.il 3,4, 5 1.. !2,' 11.3?75 1I.n177 12. 11rI 12.C2b ll.?oQ4, 13.7873 14.?717

/1,.77/'1 -!..C, 1 , ",.7225 17.1418 17.5177 1a.,'1,5 14."4•7 Iir.179PS...... L .g e'A "

V.,

ST kEA&L Jr IMAG JI NAG Jt REAL J& 1'4AG JA PAG JF
C., 2.474 -3.212 1.484 -0.437 -1.U81 0,445I' #, L'." l.N16 -1.*'..5J 1. S25' -C.18o ,'.337 0.34S

I):t.) *'I•z' -2.*. J+'; *'.)l' (. :1' '* 'q(.. c,..JQA

4~~~~~ A1-*~ C *, -. .?, 0.&~ 1"?

' .. " -- . -- * . . 111 1. It . 14 5 1"

3. .. ' 2.-4l -C.773 ?.271 -4.(31 . 17 . 0.443

"k, I It. -' 1 S.4 ,1 iS - *32'r. -- *171 -•.36

)t.q*I .}t++ } ,t.j I r..' - .,' - .1 7 t .|61

6.s L k.0t 3 , .2Ct i*6ý, -%.2557 -.. '1,,4 C,.20I
1.5. .;q9 1 ". 57' t ,• If l ... 36",t "JS 1 0.177
2I, •.4,24 -'C2• 7.41 (9 11 .021C 0.47•

+.', ,:• -t, .t!,,• 1 .64,,. .1 1 1.,+ ,.64t



OTREPROjDtyjrjF~

63.

0 SIG XO SIG xg 'lAG SXit ANG SXG NIAG SXI ANG S~@ LSIG XP LSIC, XF
G.O 0*121 .,121 '1.34A -89.8 0.348 9C.2 -C.917 -0.917
50%. 0.115 7. 123 Z.4 -92,3 2.351 89.2 -C.926 -0 *91C

1'. .,114 '17 ? .1 -11 ,1.1 .I7C; $1.2 qS- * -,..8f2

c. .14i .311 -131*A le.18 74.1 -1."14 S .2 6
25*C pl.(5 I.t, 4 C .3 1- -155.7 -*J405 64.1 -1.016~ ?'.84
3('~.,.. C.1U to,; 181 C.324 176.5 -).426 53. (.07mi --ý.741
350C C012A 19's C.357 141.' j446 3Q.2 -8.94 -v.70?1

'*** L14 ~ ~ ~ -~ 117.7 ^.464 23.L - *4$ -*'A'

*4* .- 1 .' .46ý! 1 ~4 7e 4,0 -' *h7l -'44

',. c.e l .'21 ^.C9v _0 0.46C -lb.?) -C *%5 '.67';

65.L L# 7,~1I .J1 I 11; -31.7 0.0433 -92.'S -(o427 --Cf!727

'VO.C -64.-0 J. 1zi 1... 19'7 8.3Z -t42'7 -. 8"1~

I ~ ~ ~ ~ 4 A~ 35 .11 ' 5N~ d.? 1 '*

A1 5 5 e .,I 11.% %. *q 124, 7 -*S7 -1

li~ C.ý 71 .. 7 I -o~7'. 11 0.76 81*3 --f *64 1.1

It*'. 'J.171 ..1 41 -t4 vý, %.4 (1. -4. "A - , * 7 1 A
*~. , ? ' * .4 .. ill -41. o 'it.j~ .*%

f . ' r'. -IS.' .. z -~ 9-.* t, ."P

jI .SO C..),' I~' I . 1Ast 3i.; 0 ll *17 11.,g f-*ji -

L~et.C G. 1 :*I j 4 it~j 1

1,2 . *lký4 C. s IL1 111 1 14159 1 ft'%.C . 04 R'
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NOT REPRODUCMII ,'
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"kE -L " ,JT ;,AA!,J 1 AL J1 I 4A; JZ 1A.; 4 1J
o• 1.L5• -- " 7 '.4" -(.43 -." 1 *'.444

S ,' ti 1 •. . LL ,. l -..- - 3. 7 .7.1",
1..., _t.t • ... :,:" , 4, . ,',. -. : .6 • .o ' •
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*~~~~ .O ERDJTL
': .'' -'.h ~ - SI.,'t I/ A.', '- .o2. - .. o11; "~ A . S Vi4; S ,

S,.. .1. -? - .'1l '.'14 *..+, .*.'14 -. i ,/ 744'* A

i56.2 1 I4 .-1.t•,, .i lI , - , .1? ,.172t ".7* ; PZ4 - .
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APPRNDIX C. PROGRAM AN~D SAMPIE INPUT-OUTPUT DATA FOR SECTION VI. 69
II (0O34,EE,6,2),IMAL)TZ#JOEI,MSGLEVEL~l

//EXEC F(JRTrCL7,.PARM.FORT='tMAP'
//FORTSYST14 DD

SUFBROOTINE PLANE(VVR,THRNT)
cOMPLEX VVR(11,A5,A6,U
COMMON LJ,R(42),ZS(42),SV(42htCV(42 ),BK,NPT(R0),TR(RO)
DIMENSION hJ(84) ,THR( 1)
K(;=NP-1
NM=KG/2-1
A5=2,vc3, 141593*13
NV=NM*2
DO) 156 L=19NT
L=( L-1 )*NV
CS=CtlS (THR ( L)I
SN-SIN( THR(L))
BCS=BK*CS
00 302 J=1,KG

X=RCJ)*KK*SN
0t) 305 JJ=1,2
IF(X-1.E-5) 1.1*2

1 IF(JJ-1) 3,3,4
3 BJ(Jl)=1.

G1) TO 306
4 BJtJl)=O.

GO TO 306
2 RH=X/2
RH2=RH*RH
RH3R3PHo IJJ-1)

SS=BJ(J1)
A SST=SS*'l.E-7

DOI 155 K=Is2O

rP(ARs(SSI-SST) 306,306,155
15CONTINUE

STOlP 155
306s Jl-Jl+KG
305 CON71NIJE
302 CCINT I NiO1

DO0 30f) Jul*NM

J2tJl*NM
VVR(4 .1) v0.
VVR( J? I O.
00 3t,1 1-1.'.

301 C ONT IN Uf
300 C()NT INUE
1#>h CONT I NII

REURN
E NO)
SUJRROUTINE REORI)(KI.K3*L)
DIMENSION KlfI)oK3411



70

00 81 J=1,L

K8=00()
K6=J
DO 82 I=JPL
IF(K3(I)-K8) 82#82,84

84 KH=K3(I)
K6=1

82 CONTINUE
K3(K6)=K3(J)
K3(J)=K8
K8=Kl (K6)
KI(K6)=Kl(J)
KI(J')=KA

*81 CONTINUE
* K3(L+1)=-1

RETURN
ENr)
COMPLEX A3,Y(1600),VVR(2920),TJ(40),E3(40),E1(73),E2(73),U
COMMON UR(42),ZS(42),SV(42),CV(42),BKNPT(80)tTR(A0)
(.TMENSION RH143),ZH(43),DH(42),TJ(20) ,INT(11 ),THR(73)
DIMENSION AA(110),K1(73),K2(20),K3(73),K4(20)
DATA AA(1LbAA(109)*AA(110)/' '9l,'X¼'/
00 107 1=1,107

107 AA(1.1)=AA(Il
U=(0191.)
E T A:37 6.707
P1:3.141593
PR:180./PI
RFWINC) 6

* S0 R&AI)(1,5,,ENfW52) KK.NPpNT,PK
51 i')RMAT (313 9E 14.7)

REA0(1q53)(ZH(T)tl~lNPl
53 FMIRMAT(IOFR.4)

WRITE13,54.1 KK,NP*NTBK

WRITE(3*551
5t FORMAT(IX/i RH')

WRVTE(3,46) (RHU ) ,1:lNP)
46 I4WMAI(1X91OF8.4)

* ~WRITE13tW6
5~6 Ft)HMAT(1X/I ZH')

* , ~WRI'rI3*4h) (ZH4(1)#I:1,NP)
On 144 Jzl,NP

144 CONTINUE
* !FIKK.EO.2) cit) TO 40

REAi jjAI) ~I RIIEl (I)q* tat NP I
16A4 fý(MAT (?7Gl1 .4)

RIYE01, 131)
131 FORMAT(1X/I En')

WRIYE 13, 132 1
*132 FORMATI'. -4)

* ~ * W~ttIEt3.1h4)1tE1fl)tI&1,NP)
169 FOfRMAT(IX,7fE11.4)

IF(KK.EL.11 GO TO 41

WS&11E1,131)
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WR TIE (3,133)
133 FORMAT($+ /t)

WRITE(3,169flE2(1),I=lNP)
41 KL=1
126 IF(fRH(l)-RH(NP)).NE.O..OR.(ZH(l)-ZH(NPU.*NE.O.) GO TO 58

KL=O
RH(NP.1 )=RH(2)
ZH(NP+1. kZH(2)
EI(NP+1)=E112)5

RH( NP+2 )=RI-( 3)
ZH(NP+2V=Z1(3)
El(NP+2)=El(3)
E2fNP.2)FE2(3)
NP=NP+2

58 DO 57 1=2,NP
12=1-1
RRI=RH( I)-RH( 12)
RR2=ZH(lI)-ZH( 12)

BH( 12)=SORT(RR1*RR1.RR2*RR2)
ZS( 12)=.S*(ZHI 1).ZH(12))
R( 12)=.5*(RH( I)+RI4(12))
SV( 12)=RR1/OH( 12)
CV( 12)=RR2/DH(1-2)

57 CONTINUE
tOT=PI/ INT-1)
00 1 J=1,NT
THR(J)=DT*(J-1)

1 C0NTINUIE
km=(NP-3)/Z
NM4=NM*4
NM? =NM*2
NZ=NM2*NM2
0)0 74 J=1*NM
J2=2*( J-j 1.1
J3=J2*1
J4=J3+1
J5=J4*1

J7=j#&*1

JQVJJH.I

0EL 1mUHIJj?)*OHtj3)
DELmUDH( J4).OH(J5)
I (J6~) zfli4IJ2)*0H(J2) /2./DELI

TlJI4DU'44J3)OIOH(.J5).Dfj3)/?.1/t)EL.?

I 1J9)auDHIJ5.)*tH( J5)/2.AQEL2
74 CtONTINUE

00) 75 Jej,NA4
BkI J)a'T(J)

75 CONTINUEg
115 IFIKL*EQ.O.) GO TO 78

77 ElIHI.H2

23 fF(RHfNP))79*7la.79

J2=JI.1



* 72

* OEL2=DH(NP-2)+DH(NP-1)
TR(Jl)=OHCNP-2)*(l1.+DH(NP-?)/2./OEL2)
TR(J2)=DH(NP-l)*(l.+(014(NP-2).OH(NP-l)/2.)/DEL2)

78 SS=O.
DO 7 I=1,NM
11=2*( I-I) +1
12=11+1
SS=SS+DH(11)+OH(12)
TJ (I)=SS

7 CONTINUE
DEL=T.J(NM)
IF(KL.NE.O*) OEL=DEL+DH(NP-2)+DH(NP-1)
L)EL=DEL/ 10.
DO 8 J=lvNM
TJ(J)=TJ(J)/DEL

8 CONTINUE
1D0 44 J=1,NM
JI=J+NM
J2=2*(J-1)
J3=4*(J-1)
E3(J)=O.
E3(J1 =0.

* DO 45 1=194
11=J24-1
12=1.1+
13=J3+1

* ~E3(Jl)=E3(JI)-(E2( I1).F2( 12) )*TR(13)
45 CONTINUE

* * E3(J)=E3CJ)*PI
E3(J1 )=E3(Jl)*P1

44 CfNTINUE
185 REA)(&) (Y( I )i=lN7)

P1=0.
P2=0.
P3=4 .*P I/8K/8KlETA
00l 134 J1,*NI
J1=J+NM4
TIC J =0.

13mI2.(Nl4?+I)eNM
1411! NM

13b CONTINUE
PlmP'&.C0NJC.dTI ll)*E~3(J)
P2mP2+C0NjGftY4Jl I *f3IJI)

134 CONTINUE

PI=SC"T (ARS(P1 )*P3)
PuST4~ARS(P2)GP3)

IIFIP2.NE.O. I P21.I P2

CALL P'LANE (Vikl T,411NT 1
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E2(J) =0.
Jl=(.)I-)*NM2
DO 10 1=1,NM

12=1 l+NM
13= 1 NM
El(Jl=El(J)+VVR( 11)*TI (I)
E2(J)=E2(J)+VVR(12)*TI(13)

10 CONTINUE
*190 El(JI)=El(J)*P1

191 E2(J)=E2(J)*P2
9 CONT INUE

E1(1)=l.E-10
E2( 1)=1.E-10
El CNT)=1.E-10
E2(NT )=l.E-10
DO 139 J=1,NM
J?=2*(J-1 )+3
J1=J+NM
TI (J)=T! (J)/RH(J2)
TI(Jl)=TI(Jl)/RH(J2)

139 CNIIN7IJUE
GO TO0(145,146,137),KK

145 J1=O
WRITE(3*13I41

138 F(IRMAT(1',2W,'PXREAL JT',4XvlIMAG JI')
GO TO 147

146 J1=NM
WRITEt 3, 149)

14A FORMAHj'l',2X,'Tl,5X,lREAL J0',4X,'IMAG Jot)
WR ITE(3,149)

149 FORMAT( '.4,4X,'/',10Xq#/s)
147 00 140 J=1,NM

J?=J1.J
WRIIE(3*1?4) TJlJ)vT1 (J2)

124 FORMATf1X,F5%2*4F11.3)
140 CONTINUE

60 TO 150

137 WRITE(3,11O)
110 FORmAT(#1',2x,lT',SX,'REAL JTt,4X,#IMAG JT'94X#OQFAL J06#4x,*!MAC;

WRITý43,1091

00 143 J-1,NM
Jluj*NM
WRIrE(3, 124) TJ(JhTI IJ),TI(JI)

143 CONTINUE
150 GUl TO E1151152*153)oKX
151 WRITF(3*155)
155 FORMATE'1 0W,6WGO',4X,4f06,4X,*ANG t~t)

WRITE(391541
154 FORMAT(** ,?,#7XS,9~l

0)0 156 Ja1.NT

XI'TtIRI J)OPRt

X4UPR'AIAN2 (AIMAG I EI( J I),R1EAL(ElI(JI)
WiR17F13*111) Xl ,X2*X3,X4

I'A CON~TINUE
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GO TO 157

152 WRITE13#155)
11RITE( 3,158)

158 FORMAT(#~+ /'tXi

* DO 159 J=19NT
X3=CABS(E2(J))

* X1=THR(J)*PR
X2=X3*X3

- -
X4 =PR*ATAN2(AIMAG(E2(J)),REAL(E

2 (J)1))

WRI1F:(3,111) X1,X2tX3tX4
159 CONTINUE

GO TO 157
153 wRITE(3916O)

160 FORMAT(#1 0f, 6X,fG0O¼AxtEO,*4XsfANG 
EO,,4Xf,0Io,6Xt'E0,t4XANG

wR ITH(3, 161)

161 FORMAT(' ,l~~,x~,Xh5,/,X''
9 t/

00 167 J=1*NT
X3 =CM"4S(CE1( I

* X1=THR4(J)*PR
X2=X3*X3

X6=CARSSE2(J))

X7P* N2AMGE2(JI ,REALCE2(JW))

WRITE(3. 111) Xl,X2vX3*X4*XS*X6*X?
167 CONTINUE
157 M1~1

M2=2
IF(KK.FO.1) M7=1
IF(KK.EO.2) M1=~2

DO 171 P4=Ml *MZ
M3=(M t-1 ) NM
X1=APS(REAL( TI1M31) ) )

X2=AB~S( AIMAGCTI C$3*l)))
On1 1?? J=1,NM

X3mAIKS(REALfTH l, )))

X4=AHS( AIMAGCCI (Jl)l1
IF-UX3-XI).GT.O.)~ X1=X3

172 CONTJNUE
IDt) 13 Jo1,N?4

KŽ4J)*K1CJ)

13 CONIN I NUF
CALL 0fP(jK*M
CALL REW(X?,K4#NN)
DOC 10'6 !a 911
INT ( JeiJ-

104 CONIINLII

URITtH4,1 31Q61
IC)" F(1QAI('I'
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DO1 2C J-1951

J1=51-J
WRITE(3t?5)

25 Fi)RMAT(9X91!',99Xt1')
!H(J-1)/5*5-(J-1)) 71#22,21

22 VIRITE(3,123)
123 FORMAT('+',A1X,*--'#97X*1--#)
122 WRITH-3924) X1
24 FI)RMAT(1+',F7.1)

X1=X1-.2
IF(.J.NI-.1) GOi T0 173

11h FoRmAT(1+1,9Xs50(1--'))
WR ITH I3,47)

47 FI)RMAT(#+##I3Xt19( 'J',4X))
173 IF(J.NE.26) GO TO 21

WR ITFI 3, 116)

21 IFIK3(K5)*LT.JI) GO TO 2ts
60 KR=K1(Kb)

WRTTH3,48)(AAý(1),1=1,KP),AA(109)
4A F(IRMATUf+1110A1)

KS=K5+1
JIF(K3(KS),GEJI) Gfl TO 60

26 IF(K4(K6)*LTJl) Go TIo 20
61 KJ4=K21K6)

KA=K6. 1
IF(K4(K6).GFJI) GO TO 61

20 COINT I NLF
WRI TF-I3,47)
Wk ITF-13s116)
W$411H3,h3)(jNTIJ)*jz1,11)

43 P;)14MATfSX,1I11?t2RX)/s1X)
Wk4fl-13,114)

174 FORMAI(32X,*X X X PLOT I)F tkFAL J I/MA?''QAL J It V1~14%IIS L-NfT

tf-fMJI0. 1) bdR ITI- 13,115)
175 FfORMATt'*'l,S4X, '1',IPx, 'T')

I~f~t-.?)WRlTI-13, 17&)

18t) FIRI4AYI3?xvot (1 o POT I- nk MAC. J I/MAX*IIMAf. j1 4 VI4Rcttfr LIN-Nr.
IN TO)

IFUMI-0l IW14UT-13,175,I
IFI,10?)WRIMI3, )Tb.

163 Oil NO1 Ja I NT

X1IJ)aTHMIJ)*72./PI.A.-

CALL RfEOR1)IKIK3q14T)
1`10 1"S J-10 I

105 CUNT I NU

1i11-51-1 1
WR TI1,1414 1
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RA F1iRMbTf9X,'1',71X,1jl)

Q(0 WRITH3t91) XI
91 FfRMAT('+IF7.3,t-'A9,-'

X1=Xl/ 10.

WRITH-3,931
q3 F0RMATf0','17Xq,7(f1#,RX))

WRIT 1 3,97)
97 IAf')XC-f
9? 1 4K3 (K5). LT. J I) GOf 1)A R7

WRIrT-(3t4R)(AA(1),Iq,*KR),AA(109I

* 'F(K31K5).GE.Jl) GO TO 95
97 CIINT I NIE

W.R I TF ( 3 0193
wRITH3,97)
W4 ITt3#9h)1) NT (J).,J=1.5)

99 FOMMtATI TX,3(13,lSX),I4.1'jX,I3/.1x)
WR 17F f 3, 177 Y1

**17 7 Ff1kmAT134X,'PL1)T (IF GOl VI-RISIS THFTAl)
ip'-I;".4,17.1

17H Ff1MAT('I,S.4?X,S-f)

171 Ciitil INIO-

S2 fltP

I/r'l1.F TOFOOI 01) I"%CNAt4'I4ý0O34..$V1I. )S~.rLn).uNI Ta2314, x

01)

(~ti~I n.' (11 .0t0.]1 73A 0.2400S 0.147 0,tf0 .0( 41 flthfn.504 V.r1A0flH .0. fliirnli 1) An

!i.R0nW (.qs) 64 1.12A7q)I.. '40'~~r 7'(04 46n 0*l101492 ant t.r"p 1m)( I). AAtpw .&4j

*~I ii antt 1.6124. 1.410' 1~. 4470iI at ?.Amlmt 7.170h* rt' ?. STG -P . 16 4- . 1.4 I~tit1tt 7.%114

4.-44 6PI I .tt-14nV t ] .9 A~i 219Oi~t 11 Q l 11 A )41t aflO f01 I'tI.'0741 1,flflflt .110 .7l0101Ia i

tiiOt .ttuoonr ant k1i'(t,0*0 -Anti 01*O00l~t c6t0 5'.ont4t! *00 t.1 6n 0nWn- 0

t.1t1O410.111.10 Otinfrogý .06f ttnqi.ou Oj.flnntil o .r)t .rtttlon' ati .at~ni~s ioun ti. ttqnt. .ano

*j.ifrtunn .,-t] n fl*QO-,Ptof o fl.tlti0i ant] n o0 ntt'.6lt*n ns 00 tDi *ona~ tnrlnt inti.tt0 tO440 -kil,

,1,410064t ."tIO o Wlit~tinl.10 * '1(1t nnf.o i*onl Vt) ntul * Otiu O11f ann0t ian kirv.OOi *00 11.~i -nil

4].nnuns- tiv p kmnn t *a 0I.oAtittt] -or! n~0.f)0Wi;*o .o ta.01flf oni o .0 vinnrpuIt at)] ainflout -t!

n.0ttttinf at! [Int .41! .tIO4ifi .0']0 6.110it' -V" 41. nnfialt'.1( (t* n (tý n "W . ndt. c k -' at'M

as nri u in. one.ttQfl ala0no o. ii~not * o.tvmfo( fui' ri. ntiml. mp10 *~otsen n n.~timiti *fi

ti*Lnflqi* antIru ri*ý01t ct 10 .11010.t 0 .001 aQ-0~ *no n000101- .r0, 0.]40!0 ati .(In1.{iqt~ Mt.

I..llfO t10(i i.P. 11 n.notn ."n 01. (g100+ afX' 0. flohttt Of 0 t 4. A110t't - nn 0.0001 ntiott 0,ý a~~w9wi

o*0fl214n1 atf -0 ianronuvsri zat on 0Ut, w * aot' 0*O401 at]!] n0*004 ton



.,

KKw 3 NP= 41 NTs 37 OKu 0.4659995E 00

RH

0.0 0.0868 0.1736 0.2605 0.3473 0.4341 0.5209 0.6078 0.6946 C.7814 P
0.8682 0.9551 1.0419 1.1287 1.2155 1.3024 1.3892 1.4760 1.5628 1.64q7
1.7365 1.8233 1.9101 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

ZH

0.0 0.4924 0.98648 1.4772 1.9696 2.4620 2.9544 3.4468 3.0392 4,4316
4.9240 5.4164 5.9088 6.4013 6.893? 7.3861 7.6785 8.3709 8.8633 q.355i
9,8641 IC.3405 10.8329 11.3253 11.81?7 12.3101 12.8025 13.2949 13.7873 14.2797

14.7721 1i.2657 15,7650 16.2562 16.7225 17.1478 17.5171 17.8195 18.0477 IG.179t
18.2260

E9
0.0 0.0 0.0 0.0 0.0 6.0 0.000.0 0.0 0.0 0.O 0.0 G. 0.0
0.0 000 0*0 O*C 0.0 0.0 O.C

0.0 0.0 0.0 0.0 0.0 1,.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 r"o 0.0
0.0 0.0 0.0 0.0 O.0 C.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 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 O.O0 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 A:,.:
0.0 0.0 0.0 0.0 0.0 C. c! 0.0
0.0 0.0 0.0 0.0 0.0 M.O O.C
0.0 0.0 0.0 0.0 3.0 C.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 lo0 k.0 O.o
0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 z.0 0.0
0.0 -0.3360E 02 0.0 0.o 0.0 C.0 Q.A
0.0 0.0 0.0 0.0 0.0 C.0 0.0
0.0 0.0 0.0 0.0 0.0
0.3961E Ol 0.2006E 0 0.1536( 00

S
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T REAL JT INAG JT REAL JO I NAG Jo
0.50 0.2781-01 0,269E-01 -0.159E-03 09442E-03
1.00 0.278E-01 0#303E-01 -0,378E-03 0,362E-03
1.50 0.232E-01 0.291E-01 -0,554E-03 0,213E-03
2.00 0.162E-01 0.249E-01 -0,656E-03 -0,6601-04
2.50 0,828E-02 0,184E-01 -0.657E-03 -0*101E-03
3.00 0.6628-03 0.10C7-01 -0.521E-03 *0.775E-03
3.50 -0,550E-02 0.279E-02 -0.232E-03 L0.720E-03
4.00 -0,941E-02 -0.431E-02 0.215E-03 -0.169E-02
4.50 -0.IC7E-01 -0,9711-02 0.807E-03 0.7728-04
5.00 -0.9281-02 -0.128E-01 0.152E-02 -0.3778-02
5.50 -0.575E-02 -0.132E-01 0.231E-02 0.631E-02
6,00 -0,845E-03 -0.109E-01 0.311E-02 -0.142E-01
6.50 0.4488-02 -0.608E-02 0.395E-02 0.394E-01
7,00 0.9251-02 0.127E-02 0,468E-02 -0.717E-01
7.50 0.1268-01 0.1348-01 0.579E-02 0.261E 00
8.00 0.1441-01 0.391E-01 0.739E-02 -0.468E 00
8.50 0,141E-01 0.1638-01 0.711E-02 0.268E 00
9.00 0.110E-01 0.718E-02 0.5368-02 -0.769E-01
9,50 0.466E-02 0,226E-02 0.202E-02 0.446E-01

a GO E8 ANG Ea G0 E8 ANG El
0.0 0o,000 0.000 0.0 0.000 0.000 o.r,
5.0 04040 0.199 -47.6 0.030 0.173 77.0

10.0 0.155 0.394 -51.4 0.116 0.341 72.3
15.0 0.337 0.580 -57.6 0.249 0.499 64.6
20.0 0.565 0.752 -66.3 0,416 0.645 53.9
25.0 0.811 0.900 -77.3 0.600 0.774 40.3
30.0 1.C32 1.016 -90.6 0.785 0.886 23.9
35.0 1.181 1.087 -106.2 0.957 0.978 4.7
40.0 1.213 1.101 -124.2 '1.105 1.051 -16.9
45.0 1.106 1.052 -145.0 1.223 1.106 -40.9
50.0 0.878 0.937 -169.3 1.308 1.144 -67.2
55.0 0.592 0.769 160.9 1.361 1.167 -95.4
60.0 0.352 0.594 120.6 1.387 1.170 -125.5
65.0 0.265 0.514 65.1 1.389 1.179 -157.2
70.0 0.389 0.623 9.0 1.374 1.172 169.7
75.0 0.698 0,835 -33.5 1,345 1.160 135.4
80.0 1.076 1.037 -67.7 1.308 1.144 100.1
85.0 1.359 16166 -98.6 1.266 1.125 64.0
90.0 1.41? 1.191 -128.5 1.219 1.104 27.4
95.0 1.217 1.103 -159.0 1.171 1,082 -9.5

100.0 0.850 0.922 16717 1.122 1.059 -46.5
1O50 0.490 0.700 126.9 1.072 1.035 -83.4
110.0 0,312 0,559 71.1 1.024 1.012 -119.8
115.0 0.417 0.646 11.4 0.97? 0.986 -155.5
120.0 0.791 0.869 -31o6 0.930 0.965 169.9
125.0 1.320 1.144 -62.6 0.8)3 0.940 136.7
130.0 1.848 1.360 -87.7 0.831 0.912 105.3
135.0 2,232 1,494 -109.1 0.170 0.818 76.0
140.0 2.367 1,545 -127.9 0.697 0.835 49.3
145.0 2.296 1.515 -144.4 0.608 0.780 25,2
150.0 2.COO 1.414 -158.8 0,505 0,711 4.0
155.0 1.575 1.2155 -171.1 0.391 0.626 -14.1
160.0 1.104 1,oEo 178.? 0.275 0.524 -29.1
165.0 0.661 0.813 170.? 0.167 Q0408 -40.8
110.0 0.306 0.553 165.0 0.078 0.260 -49.3
175.0 0.078 0.260 141.5 0.020 0.142 -54.3
180.0 0.000 0.000 0.0 0.000 0.000 0.0
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APFMIXfl D. PROGRAM AND SAMPLE INPUT-OUTPUT DATA FOR SECTION VII. 8

II(0034,EE,8,2bSIMAUTZJOE,*MSGLEVELOI
IIEXEC FORTGCLGPARM.FO.RT=#MAP#

//FORT.SVSIN DO
SUBROUTINE PLANE (VVR, THR, NT)
COMPLEX VVR(l),A5,A6,U
COMMON UR(42) ,ZS(42),SV(42) ,CV(42),BK,NPNNT(RObtTR(8O)
DIM.ENSION BJ(126)tTHR(1),FK(20)
KG=NP-1
NM=KG/2-1
M2=NN+7.
A5=2.*3.141593*U**(NN+1)
NV=NM*4
FK( 1 )=.
DO 153 J~lM2
J1=J+1
FK(J1 )=FK(J)*J

153 CONTINUE
DO 156 Lul,NT
Ll=(1-1 )*NV
CS=COSCTHR(1))

* SN=SIN(THR(L))
BC=BK *C S
DO 302 J=1,KCG

. . .. . .X=R(J)*BK*SN
J1=J
I 1=NN
IF(I1) 303,3040303

304 11=11+1
Jl=JI+KG

303 on 305 JJ=I1,M2
IF(X-I.E-5) 1,1,2

I IF(JJ-1) 3,3,4
3 BJ(Jll=l.

GO TO 306
4 BJ(Jl)=0.

GO TO 306
2 RH=X/2.
RH2=RH*RH
RH3=RH**(JJ-1)
BJ(J1 )=RH3/FK(JJ)
SS=BJ( dl)

8 SST=SS*1.F-7
DO 155 K=1#20
SS=-SS*RH2/K/ (K+JJ-1)
BJ( dl) =BJ( dl) +SS
IF(ABS(SS)-SST) 306,306,155

155 CONTINUE
STOP 155

306 Jl=Jl+KG
305 CONTINUE
302 CONTINUE

IF(NN) 307,308,307
30A DO 309 J=1,KG

Jl=J+2*KG
BJ(J)=-BJ(J~I)

309 CONTINUE
307 00 300 J=1#NM

J1=J+Ll
J2=J1+NM
J3zJ2+NM



J 4=J3 +N M
VVR(J1 )=0.
VVR(J2)=0.

* - VVRIJ3)=0.
* VVR(J4)=0.

on0 301 1=1,4
* - I1=2*(J-l).1

14=4*(J-1 )+I
* 12s11+KG

13=12+KG
A6= (C0054ZS( i) *BCS I+tL*ST NIZS( i) *BCS))I*A5
BJ1=(BJ( 13)+BJ( 11) )*.5

VVR( Jl)=VVR(IJ.) +A6* (CS*SV( i) *8J2+SN*CV( 11)*BJ 412 )*U) *T( 14)
VVR(J2)=VVR(J2)+A6*CS*BJ1*U*TR( 14)
VVR(J3)=VVR(J3)-A6*SV(11)*BJ1*U)*T( 14)
VVR(J4)=VVR(J4)4A6*BJ2*TR4 14)

*301 CONTINUE
*300 CONTINUE

156 CONT I NUE
RETURN
END
SUBROUTINE REORD(Kl#K3,L)

P. DIMENSION Kl(l),K3(l)
DO 81 J=1,L

* . KS=K3(J)
K6=J

* 1DO 82 I=J,L
* ~IF(K3(I)-KR) 82,82,8'

84 K8=K3(l)
* K6=1

82 CONTINUE
K3(K6)=K3(J)
K3(J)=KS
KS=K1(K6)

KI(JKE)=K1 J

81 CONTINUE
K3(Le1)=-l
RETURN
E ND
COMPLFX A3,Y( 160O),VVR(5840),E3(40),E4(40),E1473)tE?(73),U)
COMMON U,R(42) ,ZS(42),SV(42),CV(4?),8K,NPNNtT(RO),TR(RO)
DIMENSION RH(41),7H(43),DH(42) ,TJ(20),INT(5),THR(73)
DIMENSION AA(110) ,Kl(73),K2(73),K3(73),K4(73)
DATA AMfl),AA(109),AA(110)/' elt'Xtl*O/
t00 107 1=1,107

107 AA(1+1)=AA(1)
U=4 0. ,1*)
ET A=378. 707
PI=3.141593
PR=18O./PI
REWIND 6

50 READ(1,5liEND=52) KKtNP,NT*BK
51 FORMAT(3I3,E14.7)

REAO(1,53)(RH(li,,-t~NP)
*READ( 1,53) (ZI-tII) ,1=1NP)

53 FORMAT(10FS*4)
76 WRITE(3,54) KKNPNT,BK



54 FORMAT(1X//l KK~',13,1 NP=*,13t' NT-1,!3,1 RK=I#El4.7)
WRITE( 3,55)

55 FORMAT(IX/I RH')
W'RITE(3#46) (RH(I I),I=1,NP)

46 FORMAT(IX,1OFh.4)
WRITE(3,56)

56 FORMAT(1X/i ZHI)
WRITE(3t46)(ZH(I )#=1*NP)
KL=l

126 IF((RH(1)-RH(NP)).NE.O..OR.(ZH(l)-ZH(NP)).NE.O.) GO TO 5R
KL=O
RH(NP+1)=RH(2)
ZH(NP+1)=ZH(2)
RN(NP+?)=RH(3)
ZH(NP+2)=ZH( 3)
NP=NP+2

58 00 57 1=2,NP
12=1-1
RRI=RH(I )-RH(12)
RR2=ZH( I)-ZH( 12)
O)H( I2)=SQRT(RR1*RR1.RR24RR2)
ZS( 12)=.5*(ZH( I )ZH( 12))
R( 12)=.5*(RH( I)+I!H( 12))
SV( 12)=RRIIOH( 12)
CV(12)=RR2/t)H(12)

57 CONTINUE
)T=PI/ (NT-I)

DO 1 J=I,NT
THR(CJ )=DT*C J-I)

1 CONTINUE
BK2=BK*BK P
PI=SORT( BK2*BK2*ETA*ETA/4./PI**3)
NM=(NP-3)/2
NM4=NM*4
NM2=NM*2

NZ=NM2*NM2
Do) 74 Jrl,NM
J2=2*(J-1 )+1
J3=J2+1
J4=J3+1
j5=J4+1

J7=J6+1
Jg=J7+1

DEtA=OH( J2).OH(j3)
tJEL2=OH( J4)+DH( j5)
T(J6)=OH(J2)*OH(J2)/2./DELl
T(J7)=[OH(J3)*(DH(J2)+DH(J3)/2.)/OELI
T(J8)=OH(J4)*(DH(j5)+DH(J4)/2.)/DEL2
T J9)-D)H(J5)*0H(J5)/2./DEL2

*74 CONTINUE
DO 75 J=1,NM4
TR(J)=T(J)

75 CONTINUE
115 IF(KL.EQ.O) GO TO 78

IF(RH(I) 77,23,77
77 DEL1=OH(1)+DH(2)

TR(1)=OH(1)*(l.+(DH(2)+DH(1)/2.)/DELI)
TR(2)=DH(2)*(1..eDH(2)/2./OELI)



A.28 IF(RH(NP)) 79978,79

79 j1=(NM-1)*4+3
J2=J 144
DEL2=DH(NP-2)+DH!NP-1),
TRiJl) =OH(NP-2)*( 1.+DH(NP-2)/2./OEL2)

TR(J 2 )=DH(NP-1)*(l.+(DH(NP-2)+0H(NP-1)/2*)/DEL
2 )

78 SS=O.
DO 7 1=1,NM

12=11+1
SS=SS.OH(11)+DH(12)
TJIIII SS

7 CONTINUE
DEL=TJ(NM)
IF(KL.NE.O) 0EL=DEL+0Di(NP-2)+DH(NP-1)
OEL=DEL/10.
OnI 8 J=ltNM
TJ(J)=TJ(J)/DEL

8 CONTINUE
DO) 42 J=ltNl
ElI J)=O.
E2(J)=0.

42 CONTINUF
00 40 M=lKK
NN= M- 1
CALL PLANE(VVRTHR,NT)

127 REAO(6)(V(H),IfflNZ)

* WRITE(3,112)

112 FORMAT(/3X*1Oh,4XOSIG OO',ZX9'MAG SOWOtWXSIG 
001,.'XMAC, SOGI)

WRITE (3,1 13)

113 FCIRMAT('+ lXt-,7t-45i/'XI/)
M) 41 L=Il,NT

00) 2 J=1,NM2

E3(J)=O.
E4(J)=O.
On 3 I=1,NM
jl~J+( 1-1 )*Nf42
J2=J1+NMONM2

P ~1 2=1I1+NM
13=1 1+NtM2
14= 13+NM
E3 (Jh-E3(J),Y(Jl)*VVR(Il)-Y(J2)'*VVR(12)
E4(j)=4(J)-Y(jl[VVR(13)+Y(J2)*VVRC 14)

3 CONT I Nkl
2 CflNTINOE

(JO 43 J=1,NM2
J1=J.Ll
J2-J1+NM2

E2(L)=IE2(L)+E4(JV)'VVR (J2)

43 CONTINOE
IF(NN) 44,45,44

R - E2(L)=.5*E2(L)

X3-zPl*CARS(E1(L) I
X2=X3'*X3
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X4= X5" X'
WRMTH39111 ) X10*29)(30X405

41 CONI I NUl-
4n CTINI I WIFI

wR I I 1 3, 11?
WRI I-("3,l13)

AO~I J=1,NT

K2(J)=K1 (JI
K3(JV=20.*ALLIGflO(P1*CAI.SUEl(J)))+20.5
K4(J)=?0.*ALUG1O(Pl*CAHS(tx?(J)))+2?0.5
Xl THR 13) *PR

X?=X3*X3
XS= P 1*C AKS (2( J I
X4=X5*X5
wRITFH3,111I XltX2,X3.X49X')

AU CIINI 1141J
14 CALL)..RIRIKM KI K~ 31,N1
11) CALL kFI-RDNK2,9(4,NT)

* IM)1 105 i1=1*

105 CUNT INIJI
X I = 1 (1(0 .
K)= I

- WA I T- ( 3, 106)
10f, H-LIMAT I('1'I)I

DO) A7 J=0

40O W)kITH-3*4i) X1

x1=X1/10.
IF I J. Ný. u 11GOT (

93 I-URMAT(¼'t,17X,7(' * I X)

97 HMkMA1I *'+4,X,73( e-#)

9 f(tK3(K5).LT.J1) ril 10 95

* WkIT(3,4j4)(AACI),j1,*KfflAAfl(10)

IF(K4jKh).GL.jj) 6.0 10 96
117 LON II NWF

WRITFI 3*43)
U I TF (3,97)

99 ýI-UMAT(7X,3( 13,lbX),14,ISX,13/,lX))
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r-..WR|TE(3,9g9) W99 F(RMAT(16X,IX X X PLOT OF SIGMA 00 OVER LAMRDA SQUARED VERSUS THE

ITAI)
WRITE(3,101)

101 FORMAT('+et36Xt*--*)'":WR ITE139,100)

100 FORMAT(I6W0O 0 0 PLOT OF SIGMA 00 OVER LAMBDA SQUARED VERSUS THE
ITAI}

WRITE(39102)
102 PrJRMAT(l+',36X,'II')

WRITE(3,106)
GO TO 50

52 STOP
ENn

II/GC..FT06FOOl DD DSNAME=EE0034.REV1,DISP=OLDUNIT=2314, X
1/I VOLUME=SER=SJ0004,I)Cgm RECFM=VBLKSI E=IROOtLRECL=I796)
//G(O.SYSIN DD *
005041037 0.4659995E+0O

0.0 0.0869 0.1736 0.2605 0.3473 0,4341 0.5209 0.607A 0.6946 0.7A14
0.8682 0.9551 1.0419 1.1287 1.2155 1.3024 1.3892 1.4760 1.5629 1.6497
1.7365 I.R233 1.9101 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 1.216 1.4238 0.9772 0.4971

"-0.000)
0.0 0.4924 0.984A 1,4772 1.9696 2.4620 2.9544 3.446A 3,9392 4.4316
4.9240 5.4164 5.9088 6.4013 6,A937 7.3861 7,87A5 A.3709 8.A633 9.3557
4.8481 10.3405 10.8329 11.3253 11.8177 12.3101 12.8025 13.2949 13.7A73 14.2797

14.7721 15.2657 15.7650 16.2562 16.7225 17.1478 17.5177 17.A195 18.0427 1R.179A

0
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KK= ~,NP= 41 NT= 37 AK= t ).4654995E j,1

4H

C..ACo 136 d C,°17 1 C.2605 C., -.413 C,414.1 ,52 9 ý,sf, "7 ,'.b1.'. o -
C.0662 C.9551 1.1419 1.1287 1 , 5 5 1.3024 !..?RA92 j.4 1,f_ / .',7
1. 7 31L 1.8233 1.91-11 j.q97] 2Jcia ?.17*6 ?.;)574 ? . 4.2 2.,I 3 .1 1 7
-2.6047 7.6837 2.6863 2.S564 2..,4 2.157C 1.8216 1.4238 .. 1 7 .1

-0o ý

ZH
0,0 C.4424 (.Q84&8 1.4772 1.96'5 2.467C 2.9544 3.4468 3.93.-2 4.-.; 51i
4. 924C 5,4164 S.q~dh 6. 4 -13 6.84ir 1.3dbl 1.8 IAS 8.0rg 6. -b16 11 '~
().94b1 1,#'( 5 V .43?9 11. $253 11.8177 1?. ~i ,1 12.1,1(5 13.2949~ 13.fE13 14..,74?

14.7711 15.2657 15.7e.(' 16.256? 16.72?5 17.1478 1W.'117 17.4195 1t...4'11 '.!.').
18.2 2C

) S IG L.-4 M&G SOe SIG 00 -,AG SIP

*.n .,)'CcA ),i 2% L.OnL ) Ca
lOr 0. "( 1t 2.I ) L .01%0 G,.C0•

15.. C. 5l 1.725 C.0' C.01f
2r.. u.15? -.. sq C. C%:O C.017
25.Z. 0,.37 ,S'B1 1.,.001 C.027
3 36C A 7, .776 C.Oc1 0.038

35.,. •,. 9", ". o.)44 --.0C3 ,

r I.q 1.(46. " . C5 0 . G68
h4!.# 1.107 1 i.4 t.037 04.08p
CIL. , f~nl .. t' 9 1 Q 4 ,*".01 I .,IG

55. t.- C1 781 U•015 C.123

6n L e 35 *.5t, 1 .2 i',44"

hsC Q,18 le c.427 ,0. m30 (14l74
7t:,. 1.(5" 1.23'. -.10W C,228
75.L. r, (06•. 2( f0t 0.095 S.606
800.C 0. ?S3 0 5C81 0 o G.1)397

4 [5.fC 0.(4.1 1).908 0.00'. 0046?

9(,) 1.,605 W.767 0ý254.0 0.SC

140.0 108C'1 11.16 0.238 .028R

loc. p 1, .99 10 24, 4:. II fw1 ,. 26

145,n 0.04t 0.220? 0.000 0.020

1IV0.' f. 266 0.t1 0.056 0.73?
I15.(" C,(3i 0, 1 a1 10 0 2 3 0,153

12 i.u 0- C21C IQ a 0.014 C,094

125o0 C..)•. ).201 0.004 0.006
13C.0 C.002 ;?d6 0.00? 0.00•
135.0 0.C065 1 275, 0.001 0.001140*0 01C59 Ce,•,, 0.001 06028

175.0 0.009 0.220 0.000 0.020
I SC. 6C r..C36 0,1I88 0,000 0,014,
155.u 0.e21 ,.146 0 ,• .000 C.010
160.o0 0.OO ).0O0 C.Oci 0.0061t 6'%* O.C0 r1, ,.( 60 C.000 0.003

170.G0.001~ 0.(.27 0.00i 0,001
I T5.O 0.000 061roT 0.000 0.000
1B0.0 OCCO OCO0 coo 0.0

8 SIG eO NAG SOP SIG 0, AG SOO
0.0 0.??2 1.414 0.172 0,414
5.(; 0.192 .34' -. 17? 0*415
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10.0 0 259 0.509 0 172 0.415
15.0 0,385 0.621 0.174 0.417

20,0 0.576 3.759 0.176 0.419
25.0 0,811 0.901 C.179 0.423
30.0 1C.27 1,CI4 0.185 0.430
35.0 1,128 l.'.,62 0.192 0.438
40.0 1.032 ..(16 0,198 0.445
45.0 0.749 0,866 C.o17 0,444
50.C C,428 0.654 0,186 0.431
55.0 0.264 0,514 0.167 0.409
60.0 0.326 0.571 0.165 0.407

U 5.0 0.451 1*671 0.226 0.476
.0 0)403 0.635 0.396 0.629

75.0 0.183 0.427 0.680 0.825
80.0 .0.106 0.326 1.009 1.004
85.C 0.483 0.695 1.253 1,120
90.C 1.218 1.104 1.296 1.138
95.0 1.835 1.354 1.109 1.053

IOC.0 1.916 1.384 0.774 0.880
105.0 1.463 1.209 0.431 0.657
110.0 0.816 3.903 0.189 C.434
115.C 0.314 1.561 0.078 C*279

12C.0 0.070 1.264 0.065 0.255
0 125.0 n.C09 0."92 0.095 0.308

130.0 0.C20 0.142 0.128 0.357
135.0 0,044 0.211 0.147 0.383
140.0 0.067 0.259 0.153 C.39?
145.C0 0C90 q 0.4c) 3.153 C.391
15C.0 0.111 ý,. 314 CA i 0.,88

155.C 0.127 03.57 CA,147 0.384

160.0 0.136 0.369 0.144 0.380
165.0 0.140 ).374 D.141 0*.376
170.0 0,139 0.171 r,139 0.373
175.C C.138 ".371 C.138 0.371
180ao• 0,137 .. ),37 1 1.137 C.371

O SIG 0 RAG SOO SIG Of6 RAG SIt

0.0 0.172 0,414 0.172 0,41.
5.0 0.192 J.438 0,171 0.414

IG.C 0.256 '.506 0.170 0.412
15,ou C.177 's,614 0,168 C.41

2U.0 0.559 %748 0.165 0.40?
25.0 0.784 0.8o 6 0.163 0.4C4
30.0 0.995 3.998 0.16Z 0.403
35.,0 1.105 1.051 0.162 0.403

• 40.0 1.037 l.1,14 0.10o0 0.40l

45.0 0.?96 3.892 0.151 0.369
50.0 0.500 0,701 0,132 0,064
55.C 0.316 1.562 n1,10? 0.327
60.0 0.311 0.551 0.095 0.308
65.0 0.365 1.604 C,131 0.364
70o.O 4.294 0.54) C.256 0.506
75.0 0.106 0.326 0,470 0.6PS

80.0 0,065 0.255 0.7116 0.846
85.0 0.421 0.649 0.896 0.94?
90.0 1.072 1,036 0.920 0.959
95.0 1.596 1.261 0.770 0.878

100.C t.e38 128V 0.515 0.718
105.0 1.224 1.106 Z.263 0.513
10k.0 0,661 *.P14 0,093 0.306
115.0 0.24) .4142 1.027 0.164
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12r.C ".r46 1.213 C.033 C. 181
121.)b, ".rC I ).o.'30 C.O68 C. 26 C

63•.¼14 . 7212 l .417
13 5. .. ,.31 1.43 I. 1.414
15.1 * .•3. .614 .*131 1..41.

145. 2.9 j.286 v)6$~,.

ISO a. # I.,3 -42,1 ".137 C.17'
P75.Z ¢.12 % 347 13 7 C . 37911 6C." . 131 o36• • 134 "."171

165.' * 1ol *.'2.13 A .371

I 7(.C i3 #' %.'. li 7 G.133 C3 71

175.. ). 1391 .37 1 '. 13 7 C .31
8: ... ru. 137 J. 71 1.137 C. 371

. SIG ,v9 MAG S- SIG ?; ,4A'; SIO,. .' . -72 .414t .172 J. 414+
0,• ,. 19? 4,;J ",. 17l C.414I•

Ir ., e 256 .1506 -0 1I.1 4. 1~2
15.ý* J.377 !.614+ ^. 16,8 rLo 41
ZL..'" ý *.56C) ..74 1+ 'i .161) '.40+,
25,,ý P, ?7.'j '.1 8f, ' 16 4t• dfc',
3C.- 0,.996 -,.944 C. 164 4,,.•
3s," 1. 11 ' 14 , t.5 +. - ob :,4ri
4C*(,L l.C37 LI,¢ 1. 161 4%,),l
45,13 r' 7145 ;. 89)1 r. 153 3.. •
5P .. 0,497 'i.7ci 114• t,- o.

5S • .." 31} c•'b ,1:19 " }
60--. u.311 c' s7 C+J .096 I?•
6S. ,, -3," :.6C 7 C. t3e,6 36t,'

i TG.' .30r ..S4,8 -,.. 67 f). .511
7S." lit, jI : 3? 1.4, ý1 -6•. 91

85 .. . 424 t. 's 1 * '-t41 C.95i

qO•*, I.C• .|, 4%'16 .14, 02 . T464

lOS.( 1.237 1.112 2. 1%? S?, I
11C.," f" PO{ "111, ýl+ +. Oq? 1!, W1
1 15o.1 14%+ A •, . 495 ",129 ( . l6o

I1COC 1). i lit+ I, ; I . +it
I i$.,! O , + o"ý 19 +'4' ,. P ',

1 4 +5 . ', r " ?2 • 2 k' + , I . I A ;P ' -+,j

16. .,+ t" .... M•. ý4.6 % lip C,. li
1Tt6 56 1~~ 3 ,N .9) 1 Zr.|+ 110 0.

175.) U.|} 6.+? .ItP 1'.+71
I at). I , M ),?.17 1 ".1)? tInl

6 1 IG, KAN~G $,4* SIG Ol AA&G •-4
C.t -J. 172 .r .* ,114+ + +

I~~ ~~. I0r . . • o. IQ? C.41,06

15.• f), 77 jkI• .1.16+4 (. 4l"

?L :.•O • G. 5 t 1- ) .744 % .16% C. 4 ,
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35.0 1.s I5 1.051 0.163 0.403
40.0 1.C37 1.018 0.161 0.401 / I
4t.C 0.795 0.891 0.153 0.391
5C.C 0.497 0.705 0,134 0.36b

* 55.C 0.313 0.560 0.109 0.331
60. C 0.311 0.557 0.097 0.312
&5.V 0.368 3.607 0.136 0.36q
70.0 (j.300 ).548 0.261 0.511
15.0 0.110 0.332 0.478 0.691
80. 0.U67 0.258 0.728 0.853
85.0( 0.424 3.631 C.911 0.955
90.0 1.081 1.040 0.936 0.968
95,C 1.610 1.269 0.785 0.886
100.G 1.655 1.286 0.52? 0.726
105.0 1.237 1.112 0.270 0.519
liC.0 0.670 0.819 C.097 0.312
115.0 0.245 0.495 0.029 C.169
120.3 0.046 0.215 0.034 0.184
125.0 0.001 3.033 0.068 0.262
130.1 O.CI 3.121 V.1Q1 0.319
135.0 C.C3R J.194 0.122 0.349
1 4Q.(' 3.(160 'J.244 0.132 0.363
145.' 0.*82 3.287 3.135 0.368

* 150.1. 0.104 )*322 0.*17 0.37r
155.C 0.120 0.6? 0.137 0.371
i60.c C.131 0.362 0.138 0.371
165.C 0.136 3.369 0.138 0(371
17-. 18 0.371 CO,13R 0.371
175.C Xl3• A.371 t.137 0.371
180.( 0,131 0.371 0.137 0.371
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pa

fit SI G v MAG S9• SIG 70 4AG S11
C. ;. 172 1,414 6.172 ' .4145.f 6.IQZ .)438 .171 C..414
10.C 0 O.2b !* .5C6 0.*170 0.412C. 3? 7 0.,6 14 C. , 16A ., #41"

2,2CC 'J.560 1.748 1.165 C2.4C7
25.* 0.785 0.886 0.164 r o4C',
3C., 0.996 )*•991 0.1j3 0,404•3 ,"' Il.I?,) I-tC l C.163 .' 4C3
40.. 1.C37 L.018 0,161 0.401
45., 0.795 .. dgl 0. 153 0.391
50C 01.4q? J.705 0.134 U.366
55OG 0.313 0.560 C.1*9 0.331
6n.C 0.311 J.557 %.M97 .1312
650. o.368 1.607 0.136 0.36W
7ý ." •30-'/ 54 8 %•261 V. 511
7'.r n. 110 3-332 0.478 0.(,91
82i.' C.C6? )Is8 C1718 2.853
85.L %4•24 .)651 ('.91 c q56,
90.t. 1.COI 1 .G4J 0, 36 (,9(-S
95.0 1. I0 1.?69 C.765 ".88f,

!0t..or 1*.675 t . z .09 C.*12 7 72f,1050C 1*?217 1.1.12 0. 27i o,51,)
C. lO • 6 67(" )*Hlq 019 O 7 CIO.'1

I 15.t: J.*24i 4,9 5 •.D,16q
IZ*C4.{(6 .21S 0.034 0.181"'

1 0O.C15 .121 :.1-1 C.319
]3 * .0,' * 17 O 19 Cie 194 1?. ?• C'.* 49
l4G.~ 0.Co) 3.244 C.131 C,.1"63
14 5o C, cO. e 9.28 7 0- 1 IS .)•66

(.L o, I ;. 32.2 ". '.137 A?7"
155.0 7. 0.3'.- ..17 C.371lQ.0oe .• t '.11 .3 2. 0.i18 (0..371

165,C 0. 116 43.69 ,.138 0.371
17CIC 1) 3IJ8 3.371 Q. 138 o.371

i0.c :'..137 1.371 0.13' -.371

V,.

--
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