INFORMATION TO USERS

This material was produced from a microfilm copy of the original document. While
the most advanced technological means to photograph and reproduce this document
have been used, the quality is heavily dependent upon the quality of the original
submitted. :

The following explanation of techniques is provided to help you understand
markings or patterns which may appear on this reproduction.

1. The sign or “target’”’ for pages apparently lacking from the document
photographed is ““Missing Page(s)”. If it was possible to obtain the missing
page(s) or section, they are spliced into the film along with adjacent pages.
This may have necessitated cutting thru an image and duplicating adjacent
pages to insure you complete continuity.

2. When an imags on the film is obliterated with a large round black mark, it
is an indication that the photographer suspected that the copy may have
moved during exposure and thus cause a blurred image. You will find a
good image of the page in the adjacent frame.

3.When a map, drawing or chart, etc., was part of the material being
photographed the photographer followed a definite method in
“sectioning” the material. It is customary to begin photoing at the upper
left hand corner of a large sheet and to continue photoing from left to
right in equal sections with a small overlap. If necessary, sectioning is
continued again — beginning below the first row and continuing on until
complete.

4. The majority of users indicate that the textual content is of greatest value,
however, a somewhat higher quality reproduction could be made from
“photographs” if essential to the understanding of the dissertation. Silver
prints of “photographs” may be ordered at additional charge by writing
the Order Department, giving the cataloa number, titls, author and
specific pages you wish reproduced.

5.PLEASE NOTE: Some pages may have indistinct print. Filmed as
received.

Xerox University Microfiims

300 North Zeeb Road
Ann Arbor, Michigan 48106



73-31,480

HU, Teh-Kuei, 1935-
LIE SERIES SOLUTION OF INVARIANT IMBEDDING
NEUTRON TRANSPORT EQUATIONS.

The University of Oklahoma, Ph.D., 1973
Engineering, nuclear

e e U UGN AU SO

THIS DISSERTATION HAS BEEN MICROFILMED EXACTLY AS RECEIVED.

University Microfilms, A XEROX Company , Ann Arbor, Michigan '_,

3



THE UNIVERSITY OF OKLAHOMA

GRADUATE COLLEGE

LIE SERIES SOLUTION OF INVARIANT IMBEDDING

NEUTRON TRANSPORT EQUATIONS

A DISSERTATION
SUBMITTED TO THE GRADUATE FACULTY
in partial fufillment of the requirements for the
degree of

DOCTOR OF PHILOSOPHY

BY -

TEH-KUELI HU
Norman, Oklahoma

1973



LIE SERIES SOLUTION OF INVARIANT IMBEDDING

NEUTRON TRANSPORT EQUATIONS

APPROVED BY

N Cbn & 224
(A
mu ot P
cZL,,% /A»

f‘/M '/2 //,Aw

DISSERTATION COMMITTEE




ABSTRACT

The invariant imbedding neutron transport equations were studied by
the iterative Lie series perturbation method, taking the first three
terms of a Taylor series expansion as the solutions to the perturbed
system, which has the same initial condition as the given equations,
and using it as a starting solution in the iteration method. Three
terms of the Lie series expansion were used in each process as a
correction.

The principal result from this investigation is that the iterative
Lie series perturbation method is effective in solving the invariant
imbedding transport equations. Numerical results obtained for the
reflection function of a semi-infinite homogeneous slab were in
excellent agreement with those by the Runge-Kutta method given by
Bellman. The local truncation errors in the calculatiohs vere below 10-12.
Furthermore, because of fast convergence, the higher orders of the method
are not neceasary to yield accurate results. Also, with the variable step
size controls, decreases in rounding errors are expected in comparison
with the fixed step size calculations.

From indirect comparison, the iterative Lie series perturbation

method is faster than the Runge-Kutta method.
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LIE SERIES SOLUTION OF INVARIANT IMBEDDING
NEUTRON TRANSPORT EQUATIONS
CHAPTER I
INTRODUCTION

Neutron transport theory is concerned with the neutron flux
distribution as a function of position, velocity, and time in the medium,
The engineers' interest in neutron transport theory is in the study and
design of nuclear reactors, such as their radiation shielding and reactor
criticality calculations. The methods developed in neutron transport
theory can be applied to other transport problems in engineering and
physics, such as the study of wave propagation, electron motion in
plasmas, electron discharge, penetration of gamma rays through scattering
media, radiative transfer in stellar atmosphere(l), etc.

The invariant imbedding formulation of the equations in engineering
and the physical sciences, including neutron transport has been developed
during the past fifteen years with a goal of achieving a formulation
more suitable for application of a digital computer. The reason for this
is that the invariant imbedding formulation of the equation is a non-
linear initial value problem, which can be solved relatively simply. But
in the classical approach, the result is a boundary value problem, which
requires at some stage the solution of a large system of
linear equations(Z).

There is another advantege of invariant imbedding appréach over the
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classical Boltzmann approach. For the invariant imbedding approach, an
extension to a slab of large thickness is easy; the transmission function
for a thickness 2X can be obtained readily from the fumction for a
thickness X by utilizing the functional relationship (3 .

The essence of the invariant imbedding concept is to imbed a particular
problem in a family of problems. The family provides a means of advancing
gradually from the solution for one member to the solution of the total
problen.

The mathematical tool we employed here to solve the invariant
imbedding transport equations is a Lie series method. The Lie series is a
special power series containing differential operators. It is named after
Sophus Lie, a Norwegian mathematician, and was introduced by Wolfgang

(4) , Innsbruck University, Austria, in the early 60's to solve

Grobner
special problems in algebraic geometry.

The possibility of solving differential equations by power series
expansions has been known since B. Taylor (1685-1731) first undertook
this work. As a practical computational scheme this approach has been
deemed infeasible because of the task of deriving expressions for higher
derivatives. On the other hand, series methods can give results of
arbitrarily high accuracy, provided that the series converges, and that
a sufficient amount of time is expended on their calculation. Good
numerical results obtained by Taylor series expansions have been
reported for certain differential equations (5-6),

Due to the impact of modern high speed digital computers, the
calculation of higher derivatives in the series expansion is no longer

a problem. Thus, the feasibility of studying the differential equations

by the series method is coming to the fore.



CHAPTER II

RESEARCH OBJECTIVES

The primary objective of this work is to show that the Lie
series method is suitable for solving invariant imbedding transport
equations. It is also to be shown that accuracy is maintained and that
savings in computer time are realized,

There are four variable parameters encountered in applying the
iterative Lie series perturbation method to a problem: one can choose
from several approximations (for example, the number of terms in the
Taylor series expansion) to the solution of the perturbed system, its
initial conditions are the same as the given equations; number of terms
used in the Lie series expansion, in each iterative process, as
correction; local error bound used in the step size control; and the
number of nodes in the Gaussian quadrature formula used to approximate
the integrations,

A secondary objective is, then, to study the effects of these
parameters on the precisionof the results, and on the computing time

required,



CHAPTER 1III

LITERATURE SURVEY

When a neutron balance equation is written for any region of a reactor
core, we get the classical starting point of neutron transport theory,
the Boltzmann transport equation. The most comprehensive work in this area
is probably the book of Davison and Sykes(7); other notable publications

(8) 9

are by Kourganoff , and by Case and Zweifel'"’. However, by reviewing
some relatively new theoretical efforts as well as the new development of
the old ideas which arose from other fields, the basis of neutron
transport theory has been broadened. The following is the summary of the
recent (from mid 50's to date) developments in neutron transport theory,
with emphasis on the invariant imbedding concept.

1. Quantum mechanical approach. The most fundamental of this type

(10)

approach has been the works of Osborn and Yip , and of Jauho and Riska

(112 They gave conditions for the validity of the transport equation: the
side.of a cube of the smallest region of validity is A>>10 * cm., and the
energies of the neutron must be >>10 % mev. To date the quantum mechanical
transport theory has not been used to obtain any results which are not
more simply found from classical theory.

2. Stochastic transport theory. Neutron transport theory is ordinarily
concerned with the mean or expected value of a neutron density. The actual
neutron density in a system may or may not resemble the mean value of the

density. Generally speaking, if there are few neutrons in a system, the

actual density at certain time within certain region of the system 1is
4
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unlikely to resemble the mean density of the system. But if there are many
neutrons in a system, the actual density for a certain region of the system
is likely to be very similar to the eipected one.

These two extreme examples typify the two most important types of
practical questions which have motivated the development of a stochastic
theory of neutron transport.

In formulating the transport equations, we generally treat the
function as continuous in space, velocity, and time. But it is more
fruitful in the stochastic process to treat neutrons a generation at a
time. It appears that there are mathematical advantages in doing so.

The neutrons in successive generations are simply related and their prob-
ability generating functions are connected by a transformation which can
be studied.

Pal(lzz who

There are several people working on this area: notably,
in 1958 published the theory of stochastic processes in nuclear reactors.
He framed his theory in terms of the probability that a single neutron
would lead to '"n" neutrons at a later time. By considering the various
possible first collisions, and introducing the generating funétion, he
derived the nonlinear integrodifferential equation satisfied by the
generating function. Because of ignorance of the space and energy de-
pendence in his theory, it ends up as a point reactor model.

In 1965, Be11(13)c1arif1ed the relationship of the extinction

probability to the generating function, and in 1966 Otsuka and Saito(la)

elucidated the relationship between generating functions and product
densities of all orders.

(15)

Abu-Shumays uses the generating functions to treat the one energy

group transport problem for slab geometry with axial symmetry and constant
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cross-section. Numerical results for reflection and transmission functions
were carried out based on the X~ and Y-functions of Chandrasekhar.

Also in 1966, the Langevin's equation was introduced by Sheff and

(16)

Akcasu . It borrows from the Langevin theory of Brownian motion,

In this form of transport theory it is postulated that the difference
between the actual neutron density and the mean one is maintained by a
random source which arises from the fluctuations in neutron density itself.
The physical basis of the Langevin approach seems less rigorous than the
first two.

3. Invariant imbedding approach. The invariant imbedding, or the

method of continuity, is a fundamental technique of mathematics (17).

It stems from the principle of invariance, introduced by Ambarzumian(ls)

in astrophysics in 1943, and was extended to radiative transfer by

6(20--31)

Chandrasekhar %) in about 1950. After 195 , through the efforts

of Bellman and his colleagues, it found a wide application in radiative

(19)(33'41), neutron transport (3)(35)(42-752 random walk and

(3) (76-82) (83-85)

transfer

scattering
(86-87)

» wave propagation
(88)

, rarefied gas dynamics

, Hamilton's equation of motion (89):

(%90)

» nonlinear filtering theory
(91)

quantum mechanics , and solid state physics . In short, the invariant

imbedding concept is applicable to the treatment of boundary value problems

(92-106) .4 eigenvalue problema(1°7-1°8).

The invariant imbedding equations can be obtained from an analysis of
the original physical process (in transport theory it is called the
"particle counting" technique), which we will employ in the next section,

or from the classical equations representing the process (21)(26) (29) (44)

(93—104{ Wing(73) i1liustrated that the reflection equations derived from

the classical method and those from invariant imbedding are equivalent.
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The "particle count;ng" technique is fairly prone to error for
cylindrical and spherical geometries(QS). However, it does provide a
clear picture of the processes. |
Although the bulk of papers deal with invariant imbedding formulation
of the transport equation, and little work has been done actually on the
methods of solution, the problem of deriving invariant imbedding equations

for internal flux'>3->3)(65)(70) (78a)

, anisotropic scattering , etc. are
still under investigation.

Thus, there are two ways we can approach fhe study of transport
theory: one is from the analytical aspect, the other is from the numerical
aspect. From the analytical aspect, one deals with the formulation of the
equations and proof for the existence and uniqueness of the solutionms.
From the numerical aspect, our goal is to find an efficient technique
for obtaining numerical solutions on digital computers.

There are four numerical results which related ﬁo the invariant
imﬁedding aprroach. In 1963, Bellman and his colleagues(z) solved the
reflection equations for a one-dimensional slab; in 1966, Mathews(él)
applied the invariant imbedding method to a shielding problem; in about
the same time, Shimizu(a) applied the invariant imbedding method to the
reflection and transmission problem of gamma rays. In 1970, Zink(75)
extended the method to the two-dimgnsional slab problem for both
- reflection and transmission functions.

In the four above cases the Gaussian quadrature formula were used
in performing the integrations with respect to the angular variable.

Bellman, Mathews, and Zink used tha Runge-Kutta method in the numerical

calculations. Mathews also tried the Adams method, which was faster
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than the Runge-Kutta method and gave a relatively easy estimate of
truncation error per step, but was discarded because of problems with
numerical instability and because of the large amount of computer memory
storage required. The Runge-Kutta method was easy to apply, but it was
very time consuming, and it also lacked an easy method of estimating the
local truncation error. Shimizu used the iteration method, starting
from the first order first degree solutions by neglecting the second
degree terms in the equations. Solutions of adequate accuracy was
obtained upon two to ten iterations.

Numerical results for the one-dimensional monoenergetic reflection
function were found within one to two percent of those that obtained

(19)(109) ' por the two dimensional

from Chandrasekhar's X- and Y-function
case it was found that the results were smaller than those of a one-

dimensional slab because of the leakage from the sides. The theoretical
results of Shimizu's calculation of the energy and angular distribution

of transmitted photons were compared with experiments and found to be

in good agreement.



CHAPTER 1V

FORMULATION OF THE THEORY

4,1 Hypotheses

The most important assumptions made in derivation of the transport
equations are:

1. The neutron is a point particle, moving at speed c,
characterized only by its position and direction of motion.

2. The mo7ing neutrons may collide only with the fixed nuclei of the
medium; interaction between the moving neutrons will nct be considered.

3. A collision always results in the disappearance of the original
neutron and the appearance of "Y' new neutrons at the point of collision.
These are emitted isotropically and intantaneously.

4. No more than a single collision is assumed.

5. No internal source.

The assumptions made in solving the transport equations are:

1. The transport functions are continuous, and satisfy a Lipschitz
condition, so that the solutions exist and are unique.

2. The transport functions are sufficiently differentiable, so that

all the terms in Taylor series and Lie series exist.

4,2 Formulation of the Reflection Equations

In the following derivation of the transport equations, a new
praphical representation of collision process was introduced. The one-

dimensional invariant imbedding reflection equation was first formulated

bv Bellman(z), and explained partly due to Wing(73)

9

. The two-dimensional
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equation was introduced by Zink(75). In this Chapter clarifications

were made on both one~ and two-dimensional equations.

4.2 One dimensional reflection function

Consider an input of one particle per second per unit area of a slab
surface, and moving in the direction Q.
The probability of one of the injected particles having a collision

in passing from x+A to x (Fig. 1, top) is

p’ A
2 = 0(3)1-—-r
uo

vhere o(x) is the probability of collision ﬁbf unit path length, and u, is
the cosine of angle 6,. The expected flux thus produced in direction {2 is

—
Ra pzk(x,ﬂ,ﬂo)t

wvhere k is the expected number of secondaries per cm2 per second going
in direction Q as a result of a collision at x, due to a unit incident
flux in direction Qo. This process is symbolically represented by Ra
in Fig, 1.

Now, consider an injected particle having a collision in (x,x+4)
and giving rise to particle going in direction ", where Xn<6'"<m, and
8" is the polar-angle component of Q". The number of such particles
impinging per second on a unit area petpondicular to the outward normal ;
at x and moving in direction Q" is

pik(x,010,).

This amount of flux at x produces a neutron density at x+A, moving in

direction 2, due to reflection, of

pik(x,2900)R(x,2,0") (1-pJ),
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and thus contributes to a flux (moving in direction Q) normal to n of

2T¢ro
Rb - pgkcujo [lk(x,n,n")du"d¢" + o(d),

where ¢ is the speed of neutron. R(x,Q,0") is called the reflection function,
and it has unit of density {#/cm®. This result is shown by Ry in Fig. 1,
where pY! = 1 - p] is the probability of suffering no collision in traversing
a distance A/ig. The term involving p3p2 is small in comparsion with p?
and thus is represented here by o(A).

Here we also assume the collision process is isotropic,so that k is

independent of Q@ and x. Thus,

or k = vy/4m,
whare Y ic tha total expected number of secondaries per collision,
Continuing this kind of analysis we will obtain the expressions for

Rc’ Rd’ and Re respectively.

All other processes involve two or more collisions in (x,x+A) and only
contribute a term o(A) to those already included.
By combining five processes in Fig. 1, we get the flux at x+A which
is normal to the slab and moving in direction 2,
cUR(x+A,1,Ho) = Ra + R, + Rc + R, + Re'

b d

A
Let CUR(X,U,UO) - R(XQUvUO)-

1im ?((x-'-A;u,uo) - 3ﬁ(x,llillo)
A ox
A+0

Then,

2T A
= oy/4m|uo| + ov/4m|ue] ° Jo d¢"j°R(x,u,¢;u','¢")du"
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A 1 1
- R(x,u,d;5u0,90) [W + i-l-]
2T 1A '
+ %IO d¢'I°R(X,H',¢';Uo;¢o)§'ET ‘ (4-1)

2

 ¥8 v (2T 1A
* %%Jo a IOR<x,u"¢':uo,¢o>9§vJ d¢"J°R(x,u.¢;u".¢")du”,

0

with the initial coﬁdition that
R(0,M,5M0,00) = 0. (4-2)

The purpose of introducing ﬁ is to change the function R, which is odd
in its argument, M, to an even function. Thus we can confine the domain of
angular variables i to (0,1), and simplify the transport equation.

By substituting

T(x,1,85H0,0) = 4THOR(x,i,dili0,00)

into Eq.(4-1) and letting 0 = 1 (unitary mean free path), Eq(4-1) becomes

dr 1 1 1[ 1{? du"]
— —_— - - - + = L) Yoo
ax ¢ o " )x Y 1 zjor(x,u.u ) 0
1f? ' QEL] -
X [1 + zjof(x,v ,Uo) ul (l‘ 3)

with r(0O,u,up) = 0.

We see that (4-3) is symmetric in its angular arguments.

4.3 Two-dimensional reflection functions

The physical model of the collision processes is shown in Fig. 2.
From this one can determine the flux at angle { from the normal to the
slab at position (x+A,y) due to the neutrons incident at (x+A,y°) in
direction §$; &t the rate of 1 per cm? per second. This can be written as:

CUR(x+4,y,02,00) = R+ R, + R, + Rd‘ +R..

Let cuR(x,y,Q,2) = i\{(xth,QO)’
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then, 1im ﬁ(”A’y’n’Qo) - ﬁ(x,y,Q’QO) - gl’i

A0 A ox

- Z%J_; -(ﬁ%- + %‘) a(x:Y9Q990)

+ uﬁ(x’y’nyn")dnn

Wl
LY TRY £Y4

A)
X R(x,y',2',80)
b g o RETLRLE gray

A
+ _"%JQ"JY'JQ' Mﬁ?&dﬂ'd}"ﬁ(&y,ﬂ,ﬂ")dﬁ", (4-5)

with the initial condition that
A
R(O’Y’Q:go) = 0. (4'6)
Although we assume that the collision process is isotropic, it does

not mean that the reflected flux 18 azimuthally-symmetric. To simplify
(75)

the equation, introduce a new function

2™

ﬁ(x’Y9u9¢;u°) - zﬂjo ,ﬁ(x’y’nyno)d¢0' (4'7)

2m 2T
Operating on (4-5) by Jo d¢oJo d¢" and applying (4-7), we have

'a—g'i(xyy’u’¢;u0) - %' (ﬁ% + %‘) E(X’Y)u’¢;u0)
1= " " ! ' 2" lﬁ(x ! ';l-l ) ] '
+ g}ojok(x,y.u,d»;u Jdu" + ;}Ldy LL Ty u'dd
+ E}ITJZ“JlJIJI ﬁ(i’y"""w;p°?ﬁ(x’y’u’mu")dy’du"du'd¢', (4-8)
o JojoJo H

with the initial condition that

ﬁ(°v}'n“v¢;u0) = 0. (4-9)
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Fig. 1. The physical model of the collision processes,

A dot indicates that a collision has taken place in (x, x+A).
The normal components are represented by Ra’ Rb"" Re.

The paths are dashed in (0,x) to emphasize the fact that the details of
the particle behavior there are of no interest to us,
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sical model of the collision processes for a two-&imensional
(A) represents higher-order terms, or terms involving

powvers of A higher than first.



CHAPTER V

LIE SERIES PERTURBATION METHOD

The dévelopnent of the Lie series method are due to Grobner, Knapp,
Wanner et al.(llo), of Innsbruck University, Austria, In this section we
try to clarify some of their ideas, consolidate scattered materials
into one piece, and to use them to solve the invariant imbedding
transport equations.

5.1 Definition of the Lie series

Let F(x,y) be an analytic or a sufficiently differentiable function

of the variables x, Yyseereess Tpo

Where

y=|° (5-1)

are solutions of a system of first order ordinary differential equations.

Yj'_ - fi(x’ylt"" yn)' (i - 1!"'! n) (5-2)

Ingerting solutions yl(x),..., yn(x) in the place of Vyseees ¥, We find
a function that depends on x only. By the chain rule, its derivative with
respect to this variable is

d n
Ewumu» [§+r —4 ... +F —

dy1 dy ]
yldx yndx

. (5-3)
x,y(x)

Since the functions y(x), which we have inserted in Eq.(5-3), are

supposed to be the solutions of Eq.(5-2), we have
16
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dyi
= - fi(x,Y(x))

o FCS0

and
d oF oF
—_— = | F — =z
2 P yx)) [ x FE ) S e+ E ) B ]
1 nix,y(x)
= | . -
[F]X.y(x) (3-4)
We have defined the linear differential operator
= 9 9 2 -
D= 5% + fl(x,y) 35'1 oo f ayn, (5-5)

as the Lie series operator.
By iteration of Eq.(5-4), we find for the higher derivatives,
4% P,y ) = [0°F (s =1,2,3, ...) (5-6)
dxs b 4 x,y(x) 9’ ’ 9 e .

A series of the following kind:

o s 2
5 0°F = Flx,y(x) + xF(x,y(0)) + 30 F(x,y () +... (5-7)
s=0

satisfies these relationships and is called a Lie series, frequently

denoted by the symbol e™F.

5.2 The properties of eXD

(1) The symbol eXD fulfills the following relations:

e e (x,y) + g(x,y)J - [exnf(x.}')] + [e"”gcx,w]. (5-8)

and

P f(x,y)s(x,y)] - [exnf(x,y)] E!xng(x,y)J- (5-9)
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(2) Commutation theorem: If F(y) denotes any function which is
xD
e

analytic in a neighborhood of (yl, Vpseses yn), and Y1 = ¢i(x,y) - Yy

Y =¢ (O,y)=y,, 1 =1,2,,.., n, then the corresponding power
i/x=0 i i

series expansion F(Y) still converges at the point (Yl’YZ”"’ Yn)'

That is

© g
F(Y) = ] 5 0%F (),
s=0 °

or F(eny) = eXDF(y).. (5-10)
Thus, the function sign F of an analytic function may be commuted with the
symbol eXD for the Lie series.

(3) Multiple Lie series:

Let m linear differential operators be given by

) )
Dk - fkl(y) 5;‘1 4.0t fkn(y) a-y";, (k - 1’.‘_, m) (5‘11)

all of which be holomorphic in a certain domain C. We introduce m new

independent variables Xjs Xgyenes X using them for the multiple Lie

series:

x1D1+ oo +xD

m m T 1 s
e £(y) -BZO -;T{;lnl + ...+ mem] f(y). (5-12)

Positive constants Tk can be found such that the series (5-12) is

absolutely convergent for (y)eC at |x|sTk.

. The commutation theorem is valid also for these series:

xlD1 + ... +xD
Y, - n mij (=1, 2, ..., n). (5-13)

We may change the function sign F of each function analytic in C with the

symbol of the Lie series:
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x,D. + ... +xD
F(Y) = F(e © ! mmey

xlD1 + ... +me
=e RFy). (5-14)

The operators Dk in general cannot be exchanged.

5,3 Lie series perturbation method

(1) The problem and the main theroem.
Consider a system of ordinary differential equations
yi‘(x) = fi(x’yl(x), see yn(x)), (i L 1’---’ n) (5-15)
with the initial conditions

v (xe) =y, . (5-16)

If the functions fi satisfy a Lipschitz condition, than the solutions

yl(x), coony yn(x) (5-17)
are unique. But only in a few simple cases can the solutions be written
in terms of well-known elementry functions. In most cases, approximation
methods must be used.

The method we introduce here is a perturbation method. Hence, there

should be given another system of differential equations

5,00 = (x, 5, veny F 0, U1, e, W) (5-18)
whose solutions:

V100, e, 5 @) (5-19)

are known, which satisfy the same initial conditions

'}\'i(xo) =Yy, (5~20)

Next, we define the differential operators

3, § )
D 3% * Z fk(x,yl,..., yn)——- (5-20)

k=1 3y
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belonging to the given system (5-15), and
..Bn" A A ]
D, S +] £ 00,08 5 (5-22)

k=1 3y
belong to the chosen system (5-18). Then

]
ayk

~ip

D .=

£ ( ) - £, (x,¥ ‘)]
2 [ k x’Yli" "yn k x’yl""’yn

k=]
*b-D (5-23)

taking into account the discrepancy between the original and the chosen
system,

A
Now, let fk(x,yl,...,yn) and fk(x,gl,...,§n) (k =1,...,n)

be continuous in the compact domain

C= {(x,yl,...,yn) x€ E“” x°+a] , |y1 - yiolsb (i=1,...,n)}
(5~24)

of the (x,y,,...,y_)-space. Then they are bounded in C. The conditions
1 n
A
Ifk(xoyltn "yn) €Ay, Ifk(x’/y\l9”°9ly\n)|s30’ (5-25)

(111)

and the Peano-theorem guarantee the existence of corresponding

solutions yk(x) of (5-15), and gka) of (5-18) at least for
XE LXQ,XQ + h],

where b b
h = min(a, K$"§o)' (5-26)

The main theorem

N A
If fl(x’yl'""yn)’""fn(x’yl""’yn) and gl(xiylv---'yn)oovoo

gn(x,§1,...,9n) are s-times continuously differentiable (s0) in C

then the following formula holds, at least for xe[xo,x°+h] :



21

B = @ + ] OLO ———Q[D > Yelg,5(5)% * Fee ™)

=y, (x) + R (x) (k=1,..., n) (5-27)
where
- (x - E) s+1 8+l
R, (%) Lo i k]E () - [ ykjg (E)}dg (5-28)
and
- A 8 fx (x -£)° “
Y ) =y, &x) +a=20 X0 ———g_al D’zD yk]E,;ii £y - (5-29)

Proof :
First, we introduce three auxiliary formulas. We recognize that:
(a) If g(£) and h(E) are continuously differentiable functions

with g(£o) = h(E,), then

g() - h(g) = Jg (g'(n) - h'(n))dn. (5-30)
0

(b) Let yl(x),...,yn(x) be the solutions of the original problem and
91(x),...,9n(x) be the solutions of the chosen equations. If now
F(x,yl,...,yn) is sufficiently differentiable, then for the derivative of

F(x,y) and F(x,§), we have, by the chain rule:

_d - |9F(x,y) . 3F(x,y) 3F (x,y) ‘
- F(x.y) [ 22l 4 37, £, (x,y) +...+—§;:J—fn(x,y):‘

x,y(x)

- ‘DF(x,y)] (5-31)

x,y(x)’

and

4 A 8F(x,y) BF(x,y) A BF(x,ﬁ)E A ]
dx F(x,y) | 9x + oy fl(x’Y) toot ayn n(x,y) x,¥ (x)

1

(5-31)

- DF(X’9)]X,9(X)’

respectively. Finally,
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©f &-0%F gt

J -—E;rli—jl k(n)dndg = J%—?a—;—IST——-k(E)dE- (5-33)
X0 X0

This can be proven easily by integration by parts.

The left hand side of (5-33) gives:

(x - )a+1 '3 Enx x (x - g)ez-l-l
[- &8, k] L Jx—-———o & -8 e

where the first term vanishes by inserting the integral bounds.

Now, we may begin the proof of the main theorem. We write

by (a) and (b) we have

X

¥ (x) - ?rk(x) = j [yk’(n) - 9k’(n)]dn

Xo
) J:o{ [Dyk]n,y(n) N [Dl"k]n,§(n)}d"
) J:o{ [Dyk]n,?'(n)_ [Dlyk]n,'}‘v(n)*‘ [Dyk]n’y(n)
i [D”_k] n, 519"
} J:o[DZYk]n,?-(n)d“ * R, (s (5-34)
where

X
Rio ®) = ng [Dyk]n,y(n) B [Dyk]n,§(n)}dn

This proves our main theorem for s = 0.
Now, for any positive integer s, and a<s, then by (a), (b), and (c):

R ) = J oﬁgzgl_{ [ o+l ] [ o+l

Yejgy@ | yk]ES'(E)}dE

x o ek
) o+, o [
Jxo al Lto{([ Jn,y(n)) ([ }’k]n (n)) }dndg



23

J __g__J o[DD y“]"’m)'[Dl”aﬂ’k]n.wn)}""dﬁ

J _?'QL"[[ aﬂ’k]s ()" [” ™y ]e.m)
*[”"Ml’k]a,y(e) [ aﬂ’k]z g5y

x o+l
=-£) a+l
) J (+1)1 [”2” Yk]g,g,(g)dﬁ +R LX),  (5-35)

Xq Kyl
vwhere x at+l
- (x=£) (| po+2 ] _[at2 R
Ry a1 @ Jxo (@+1)1 [D YklE,y () {” -"k]a.y(en}“'
(5-36)

Thus, the main theorem is valid if a<s. From Eq. (5-29), we notice that
our method is an expansion of the solutions in the neighborhood of chosen

functions, whereas the Taylor series is an expansion in the neighborhood

of a point.

(2) Order of the remainder term.

I1f, in addition to the assumptions in the main theorem,

8 8
I D fi(x’yl""’yn) - D fi(x’ylv"'!yn) x’y**l

x,y*
n
sxak.z_{ AR ALl (5-37)

for (x.yl*,...,yn*)ec and (x.yl**,...yn**)ec (that is the Lipschitz

condition for the functions Dsfl.....D'En with a constant Kh in C),

m+l
and lYi(X) 9 (x) |sM 113—37%31—- for xe[xo,x¢ + hl, (5-38)

where M is a constant and m is an integer, then



CETETY for xe[xo, xo + hJ. (5-39)

s+l

Proof: Since D Yy " DB(Dyi) - Dsfi, and because of (5-37) and

(5-38), we can estimate Ris

X 8
. (x - £)°% [s¥1 ] _ s+ ]
Ry @1 |Jxo TR [" Y1lE,y(8) [D Yije, 9y 14l

X 8 n
< ljxo I=-£l” K, kzllyk«:) - §,.8)ag]

< le Ix -Elf K oM 'g— X0 n+1dgl‘

%o s! s  (m+l)!

Introducing

3 o B a+B+1
(x - £) (£ - x0) o (x - x0)
Ixo st B %"+ DI (3-40)

where a and B are positive integers, we get (5-39).

(3) Iterative method interpretation

It is indicated in section V - 3 that the solu;ions to the perturbed
system must be known. In our case,for example, we use the first m terms
of a Taylor series. We get the first approximate solutions from Eq.(5-27)
by substituting the perturbed solutions for ?k and neglecting the
remainders. In this way, we have an iteration process which yields the
desired solutions. To put it another way, let us introduce a left subscript
v (v=0, 1,...) to denote the index of steps of the iteration. Then,

oyi(x) - 91 (x) ’ (i - l) so s on) (5—41)
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and by Eq.(5-27), we have
X (x

A 3 - £)° &
Yi® =y,x) + Zo Jxo——aTg‘ [.,Dzn yi]é;,y(a)dg'
a-

In general, we calculate v+1yi(x) by

- x - &)°* o
v Y1(®) =y, () *QZO T [szD yi]r:,vy(s)dg (5-42)

where

n
WPa = PR fk(x,yl,...,yn) - vfk(x)}5§— (5-43)

k=1 Y

(4) Convergence proof
s 8
1f the functions D fl(x,yl,...,yn),..., D fn(x,yl,...,yn) are
continuous and satisfy a Lipschitz conditfon (5-37) in C, given by
Eq. (5-24), then

lim y, (x) = vy, (x).
o V1 £

Proof ;

Recall that,

(a) Under these assumptions the existence and uniqueness of the
solution are guaranteed, at least for xe[xo, xo+ h];

(b) If the functions vyi(x) are (s+l)-times differentiable and

(x, yq(x))eC for xe[xo,xo+hv], then (x) are also (s+l)-times

w171

differentiable for xe[xo,xo+hv]. The functions vfi(x) are, therefore,

s-times differentiable.
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Note that

da Jx (x - E)0.-1

o (0]
o )y, @- DI % ’i}ts,\,y(l»n“‘E [P yi]x,vy(:o

is still (s - a)-times differentiable; therefore each term of

x-£)%!

g a
vip &) = £y, ()y000, v (X)) + )) —?E:ijj—w;DzD yi]g, y(g)dﬁ,
a=1'xq Vv

and the sum itself are s-times differentiable. This together with

X
Wi =y + JXvai(E)dﬁ

proves the assertion.

Thus the iterated functions w1

(x),...,v+1yn(x) remain (s+l)-times

differentiable in H [xo,xo+hu] if the starting functionsoyi(x) have
u=0
this property. Hence they may be inserted into (5-42).

Now, we first have to show that there exists an interval [xo,xoi4ﬂ
with h # 0 such that (x,vyi(x))ec for erxo,xo+h].(Or in other words, we

00
have to show that there is an h ¥ O such that [xo,xo+h}: N Exo,xo+hu].)
=0

For this we do the following:
Functions which are continuous in the compact domain C are uniformly

continuous. The assumptions stated lead to numbers Ay, and Co,...,Cs

such that
(£ (xayyseeeny ) sho (1=1,...,n)
(2 oy ] <c (k= 1,...,0) (5-44)
ayk iix,y | 2 (@=0,...,8)

for (x,yl,...,yn)ec.
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Now let

|°fi(x)|sno for xe[xo,xoth]. (5-45)

Restricting the interval to [XQ,XQ‘H-'I], with
h = min[a, %o-] (first restriction), (5-46)

we have the estimate that

I.,Yk("> - V| - J:oofkmd& <Bo|x - xosb. (5-47)
Thus we obtain the rough bounds

| °D2Dayi x’},IS(Ao + Bo)nC, = A, (5-48)
and  [f, @ <]E G,y 3D ens D]

8 rx
- 5% %y
+IZJ @- D! [Dz Ylg, oy )]
o=1’xg

§ X X0 a
< — A =B, (5-49)
om0 of o 1

Under the assumption Ao<Bg, we restrict the x-interval to [xo, xo+h], with
h = min]a, %6 , a) (second restriction),
where a is the positive root of the polynomial

-] ta
p(t) = Bo - [ opA .
o=0

Then B <B° from which follows

Ly £1 OO ISIE Gy (R)seney 3y ()]

(x - :
*0'21 J x @- 1): [ Prlg, yierel
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8 a
sZ_.Lx_"EQJ_A < Bo,

!
a=0 o o

and ‘ X
o 7@ =3 | = IJx0 w1 Ei (E)4E<b, (5-50)

for all v =0,1,.... Since, for the estimation of (x), we have only

wifi
to repeat the above techniques beginning with (5-45) by considering vfk’
Wi and sz instead of ofk’ oyk, and oD2 (k=1,...,n), no further

restrictions on the x-interval are necessary to ensure that | f i(x)|£Bo.

v+l

Now, we show that the sequences of functions W i(x) converge toward

y i(x). This is easily done, because in [xn,xo-i-h] the main theorem holds.
Written with vyl(x),..., vyn(x) as approximate solutions, we have:

8 (X (¢ .
y ) =y, () + ZJ x=2) 1 o0%,] dE + R, (x)
v i =0 x, al tv2 74 E,vy(E) is

-\H-lyi(x) + vRis(x). | (5-’51)
If in the interval [x,x g+h]

ly, x) - Ji® |<2b, (b<b)

then we have (using the Lipschitz condition (5~37))

_ Ksnlx - xo|s+l
lyg @) =y @] = | Ry ) 2b —7y .

Induction over v then leads to the following result:

If |yi(x) - 0yi(x) |€2b  for xe[xo,xo+h] (b< b)

b = Mi -
where 1xl A yio|,
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then
(K n]x - x°’s+1) (1=1,2,...,n)

lys @) = oy @ <2 FyeT (v =0,1,.....) O3

To prove this we use (5-51) for the corresponding index v, and the
Lipschitz condition (5-37), and integrate with the help of (5-40)

According to (5-38) the errors decrease with increasing V.

Hence, 1lim

AV IR

vyi(x) ™ yi(x)

for xe[xo,x°+h]. This completes the proof of the convergence. Incidentally,

if mHl
'X-XQ'

PACORICACHIES Saravery

then (5~52) becomes

[k ql}-xols 1]v.

xolm+l (5-52')

‘ y,(x) - Oyi(x)‘ M‘x =
Next, we try to find the error bounds without knowledge about the

solution, We have :
V1@ =y =y ) -y )+ Ly () -y ().

= 1R ® = Ry () (5-33)
(x - 6) (r ooy s+l
- L - AT JE - yi]a,\,_ly(a)}dg’
0

If for the first iterated functions 1y1(x),...,1yn(X).

then bv induction and applying the Lipschitz condition (5-37),(5-38) and

(5=40}, we have s+l v
(X nlx - x|l ) (5-55)
IRACRSAII [(s + D! ’

where x€ [xo,xo+h], (1 =1,..., n), (v=10,1,.....).
Specifically, if
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Ix‘xolm*l
|1yi(x) - oyi(x)l <M @01
then Eq.(5-55) becomes
+1_V
[K n[x=xo" "]
| Ly, ® - v, ] Mlx-xt)lm+1 al OF X (5-55")
vHl’1 v [m+14v (s+1)
From u=1
pq ) = vy (x) = ) {pﬂyi(X) - pyi(x)}. (u>v)
p=v
we can write
Y ® -y x) = T os1Yq ®) - pyi(x) } (5-56)

p=v
and by (5-55') we have
P (Ksnlx - x°|a+1)p.

ml -57
ly, ) -y, () |sH|x x| va (mt1) [T (s+1)p]! ©-37

Similarly, we can iterate the main formula Eq.(5-27), Recall that,

oYi(X) = §i(X)’ and lyi(x) - $i(x)° Thus. from (5~27) we have
y (®) - ¥, (x) = Ry (%)
* (x=E 3[ 1 s+l R
- foxs!) Dy de gy - 7 Yile sy
*(x=E s[ 1 s+l .
- ﬁﬁ"ss’ Dy e s @ P vde s -5
(x-§)8[[ns+1 ] __[1.’8‘!-1y ] _ }dE
* I:o 81 Yilg,y (&) 1€, (8)
‘- Ris(x) + R::(x).

We see that R¥* (x) is of higher order than R*; (x), Herce, in actual

computation we can use R*is(x) instead of Ris(x).
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5.4 Numerical Consideration

Recurrence Relationships

Recurrence Relationships of Simple Derivatives, In a system of

differential equations, like

dyi
(_l;—- fi(x,yl,..., yn), (i=1,..., n)9

one can display each f, as the result of the final operation in a finite

i

sequence of arithmetic operations, each of which defines a partial result
- %*
Ro(x,¥p5eees¥p) = Po(X,¥y500 0,9 )%Q (X075 0057)s

where * represents one of the arithmetic operations +, -, -+, /, etc.

and s =1, 2, ...,S1 is a finite sequence.

We want to apply the appropriate rule for the jth derivative of a
sum, difference, product, or quotient etc., corresponding to each partial

result Rs(x,yl,...,yn) so that we obtain a sequence of subroutines for

each des(x,yl,...,yn)/dxj, and hence for each fi(j), since

d3+1y1/dx3+1 - fi(j).

Let us abbreviate _LdR
3! axd

two functions P(x,yl,...,yn), and Q(x,yl,...,yn) we have

of a function R(x,yl,...,yn) as (R)j' Then for

(PtQ)J = (P)j + (Q)j, (3 =1,2,..., J)

(eQ), = % ®) (@

r=0

3
and (J’-é -1 [(P) - 3 (@ ] .
7} " @™ 1 e @,

The second relationship follows directly from the expression
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3
& g =} (J) p®)gU1)

dxj r=0\F
Thus, 3
A ot o) 1 (3-r)
j!dxj(PQ) r-%-o Y Got @
]
r§o<p>,«»,_r,
and so J
(®Q), = rZom'(Q)J"'

The third relationship is the consequence of direct application of
the second relationship.

Each of the quantities P and Q in the above expressions can be:
(1) a constant, (2) one of the variables Vs OF (3) one of the intermdiate

results R,

These relationships cam be found in the literature of the mid-SO's(llz)-

More relationships were established in the 60's, mostly due to Gibbons(lla)

or Moore(114). and LGGWitt(lls).

Since for any function F, we have ((F)l) - (j+1)(F)j+1, then for a

3

system of differential equations

dy1
‘a'x"" fi(x’yl’ coe 9yn)’

ve add 1
Oy = 5 1)y

with which the procedure can be repeated, leading to a recurrent

calculation of the expression (yi)j+1'
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Recurrence Relationships for Expressions with Two Differential
Operators. As was shown in Eq.(5-27), combining the perturbation method
with the Lie series method gives rise to a D2D° term in the expression,
This requires additional recurrence relationships to carry out the

calculation of the differentiation involving the operations DzDao

Let the second differential operator be represented by D. Operating

with D on
-1 pl
(R)J 71 DIR(X,¥, 500 05Y,)s
we get
Rad
3 D(R)j.

Applying the operator D to the formulas obtained for Dj, and using the
notation we just introduced, we havet
for a sum or difference r = piq,

gyt

j;
for a product r = p-q,

1
®, - rgirrm)j_r + ™3]

and for a quotient r = p/q,

ﬁj - {ij - &[ﬁt(Q)j"r + (P)raj_r] - (P)jQO}/(Q)O‘

r=0
In deriving this expression, we first multiplied the simple recurrence
relationship by (Q)o, then operated D on it.
Finally,
fi

- 1
Vi T faue
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The operator D here can be either (1) DZ’ or (2) 5%— , which
k
appears in a simple Lie series expansion. In the first case, we have the
expression
(v}

. ) D2D yi

yi,a al ’
and it has to be started with the initial values

- A

Yi,0 = Do¥y ™ £ 0y seensyy) = £1(X5¥p50005y).
In the second case we have

v = —l-i.Da

Yi,a o! ayk Yy
Here, it starts with

_ <1, for 1 = k,

1,00 o, for 1 # k.

In both events, if we encounter the independent variable x, or a constant,

the results vanish. That is,

)_(o 'il'...'o,

and Co =C,=...=0.

(2) The concept of transfer matrix.
Let yi(x) be solutions of the given differential equations for the

initial values yko. The matrix

dy, (x)
H(x) = [Hik(x)J - —ay—k——- (5-62)
0

which consists of the derivatives of the solutions yi(x) with respect to

h

the kt initial value yko, is then called the transfer matrix pertaining
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to y(x).
In other words, the transfer matrix describes, in first approximation,
the variation of the solutions Yy at the point x if the initial values yko
are changed., When we change the initial values yio, by Eio’ the solutions

y, at the point x will in the first approximation change by

dy, (x) dy, (x)
ei(x) = aylo €, + ...+ ayno €no”
Thus, o [T 3y, )
El X) ayl eesss e ayﬂo €1°
. y Ll (x) ® 000000 y L] (x)
e (x) n 20 00 00 n e
n aylo Byno ng
or, in vector form,
£(x) = H(x)eyg. (5-63)

From (5-63) we see that errors committed in the numerical
integration can be mappaed to any fixed point by means of the transfer
matrices. These also describe how an error committed at a certain

place influences the final result.

(3) Step size control.

There are three possible schemes for step sizg control. These are:
(a) constaﬁt step size, (b) step size control wusing the local truncation
errors, and (c) optimal step size control.

The idea of step size control using the local truncation errors is

to choose a step size which keepé the local truncation errors below the
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presét bounds. Let Ris(xo+h) be the remainders of the solution yi(xo+h),
and Yi the desired sizes of the local truncation errors. Then we define
the error ratio as

" Max lRis(x°+h)|

i Yi

For a control of the step size h, one tries to keep n = 1.
From Eq.(5-39), it shows that Ry (xo+h) is on the order of ms+2 §

it follows that n is proportional to hm+8+2. That is, if we calculate

one step with step size h, then

ne hm+s+2.

Suppose h is the second step size, and n the error ratio for the second

step, and n « h m+e+2'

then

5T

ETRE

Since we want to keep n =], then

E-h Msﬁ."z/-;’

and we see that we have the equation of a parabola. One can plot h

against n as shown in the following figure.

h

Fig. 3. Step Size Control Using the Local Truncation Error.,
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If n> 1, it is evident from the definition of n that the remainder
is greater than the Jesired size of the local truncation error we set.
In this case the step size, h, is recalculated. Otherwise, the original
h is taken as the step size for the calculation of the solution.

If n << 1, as is indicated by the sketch, a too-rapid increases of
the step size occurs and causes oscillation in the solution. Thus, from
a practical point of view, we choose upper and lower limits of n, for
example, nl = 0.1 or 0.01, and n, = 1.1 or 1.2.

For nl < n« n, we use the formula

E_hm+s+2 %

to calculate the step size; and for n < Ny, we replace the parabola by

its tangent at n = Ny that is,

= m+s+3 més+2 1 _ n
h=h m+s+2 \/ ny 1 (m+a+3)n1}'

Optimal step size control: From the concept of the transfer matrix

3
is given by

e(N) = H(xN)H-l(xj)ej.

if e, 18 an error committed at the point xj, then its propagation at Xy

We want to know how the step sigzes h h2""‘ hN are to be chosen to

1’
give minimal final error.

Neglecting rounding errors, we may write that

ptl
‘1 3

where p is the order of the method, that is m+s+l. Then, we have the

- lpjh

relationship that

N H(xN)H-l(xj)wjhjp+1 - thjp+1-
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We try to minimize
N N
(N) p+l
e - h
I e I x4h
=1 =1
under the condition that

N

= X. ~ Xp

h
gm0 48
= constant.

The method of Lagrange-multipliers yields the result

Thus, for local error we can write

- ptl
&= Vyhy

I
-1 !
H(xN)H (xj)
that is, the hj are optimal if

-1
H(xN)H (xl)e1 e

hj 3

In other words, if the contribution of each step to the final result is
proportional to its step size, the total truncation error will be the

minimum. In the above expression, H(xN) is a constant and need not be

known at the moment, but it can be calculated when the solution at Xy
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is obtained, since H(xN) = By(xN)layo.

Thus, for optimal step size, one has to keep

-1
H (xj)etj ‘.
by

a constant.

From this we also find that the propagated error of e, at Xy is

k|
th(xN)k,

and the total error at Xy due to the propagation of local error is

estimated at
N

E = E th(xN)k

n(x

N xo)H(xN)k.

5.5 Application of the Lie Series Method to the Reflection Equation

In order to perform an integration in Eq.(4-3), we employed the

Causs-Legendre quadrature formula

flrwar- 1
f(x)dx = c, f(x, ),
6 kel k 'k

where ¢, are the Christoffel numbers, defined by

k

1 PN(x)dx
ck ™ J k=1,2,..., N,

. ' ’
o Cex )Py (x, )
and x) are roots of Legendre polynomial of degree N, Eq.(4-3) is then
replaced by the approximate equation

Ne ' Nc
dr 1 1 k 1 k 1.1
= )14+ = —_— RTRTN + = _— Ju', -+ = -
dx Y[ 3 kzluk r(x,u uk)][l 3 kZ]ué r(x,up Ho)] (uo + u)r (5-64)
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with the same initial condition,
r(0,u,uo) = 0.

The sets {u{} and {ué} are the same. In Eq.(5-64) discretize u and

N and Uy only the

Uo by letting u assume only the values ui, ué yeoesl

11

values ul,u;,...,u§ and define
v = t 0
"-ij (x) r(x’ui!uj)'

Eq.(5-64) then is replaced by the following set of N2 nonlinear ordinary
differential equations:
dr N ¢ N ¢
-U~1[1+12 er[1+lz k ] (1 1)
—— - - -— 5 r - = +T r ’ (5-65)
dx Y 2k-1 My ik 2 K=l My kj Hy uj ij
with the initial conditions

rij(O) = (.

By the symmetry condition,

rij(x) - rji(x), i,j = 1,2,..., N.

This allows one to reduce the dimension of (5~65) from N2 to N(N+1)/2.

In applying the Lie series perturbation method to Eq.(5-65), first
three terms of a Tavlor series expansion of the functions were taken as
the solutions to the perturbed system, which has the same initial conditions
as the given equations, and make use of it as a starting solutions in the
iteration method, in which three terms of the Lie series expansion were
used in each process as correction,

In order to compare the results of the Lie series method with that of
the Runge-Kutta method given by Bellman, seven nodes were used in the

auss-Legendre quadrature formula,



CHAPTER VI

RESULTS AND CONCLUSIONS

In this investigation calculations were made for v = 0.1, 0.6, and
1.0, The results* for v = 0.1 are in exact agreement with those from
Bellman's Runge-Kutta method, and the results from vy = 0.6 and 1.0
deviate slightly or not at all (the maximum percentage deviation from
Bellman's results is found to be less than - 0.02%).

No direct comparison of the speed of calculation for both methods
has been made. But from indirect estimation, the iterative Lie series
perturbation method is many times faster than the Runge-Kutta fourth-
order method. The comparison is based on the following facts and
assumptiom: _ | .

1. The speed ratio of UNIVAC 1108 to IBM 360/50 computers in
solving a restricted-three-body-problem by the Lie series method is
about 3.

2, The time for solving a two-dimensional reflection function,
with five y-divisions, five polar anples, five azimuthal anples (125
equations) , énd 25 x-steps by the Runge-Kutta method is about one hour
on UNIVAC 1;07 comnuter(75). It is about 1.663 sec./Eq.-step on UNIVAC

1107.

* The results from the computer output are the solutions of the symmetric
functions r(x,ui,u ). In order to compare with the results given by

Bellman, we have to divided these figures by four times the cosine of
angle of reflection. -

41
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3. The speed of UNIVAC 1107 and 1108 computers are assumed as the

same,
4, The rate for solving a one-dimensional reflection function with
seven polar angles, or 28 equations by the Lie series nerturbation method

is about 0.938 gsec./Eq.~-step on IBM 360/50 computer.

The iterative Lie series perturbation method can be operated with
some.flexibility. In addition to the calculation of the reflection function
with three Yy values at the same order of the method, the effect of other
parameters on the accuracy of the results and on the computing time were
also compared. These comparsions were (1) double precision vs. single
nrecision, and (2) varying the order of the method.

Based on the three point anproximate reflection function, the first
three térms in Taylor series expansion were taken as first apnroximate
solutions. Three terms in the Lie series expansion are used in each
iteration as a correction, with y = 0.1, with the thickness of the slab
0.6(0.6)3.0 mean free paths (mfn), and with the lower bound of local
truncation errors of 10—8. The results from single precision calculation
ténd to be smaller than that those from double precision calculation bv
the order of about 10_6, as shown in Table 1. The computing time in
double precision calculation is about 1.66 times that of single precision.

Thus, for a slab thickness of 3 mfp or less, a double precision
calculation seems to be unnecessarv.

The purpose of using double precision calculations is to reduce the
rounding errors. Thus for a thick slab, say 20 mfp, and vy = 1.0, the

differences in the results of double nrecision and single nrecision

calculations still need to be investigated.
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Table 2 shows the comparison of the results by varying the order of

the method. These results are also from three-point approximate reflection
functions, with vy = 0.1, the preset bound of local truncation errors
are 10"8. We see that oscillation occurs at almost every solution. In
this case, the proportion of the computing time for the order of the
method of 7, 10, 15, and 20 18 1 :1.21 : 1,26 : 1.56.

The oscillation occurring in the solution can be reduced by tightening
the error bound. Table 3 shows how the situation was improved by choosing
a proper error bound for each method. It is because when we use the order

1, then

of the method of p, and if the step size is on the order of 10
the truncation error involved in the solutions is on the order of 10~ (1),
If the error bound we selected is greater than 10-(p+1)’ than a bigger
step size will be taken in the next step of calculation. This leads to

a less accurate result, or causes the oscillation in the solutions.

In the actual computations, the step size often varies from 10-1 to
10-2. Thus, for a given order of the method p, the truncation errors can
be varied from the order of 10-(p+1) to 10-2(p+1)_ Because the error
bound remains constant throughout the computation, small oscillations
in the golutions are inevitable in the Lie series method.

The proportion of the computation time in the later case, for the
order of the method of 7, 10, 15, and 20 18 1 : 1,38 : 1.69 : 2.11.

The computing time can be varied appreciably in the same order of
the method. The order of the method 1is defined as p = m + 8 + 1, here
m is the order of the Tavlor series expansion, and 8 is the order of
the Lie series correction. Generally speaking, for a given order of the
method, the more terms taken from the Taylor series, the better

the starting solution we get, and the fewer terms needed in the Lie
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Table 1

Comparison of the Results

from

Double Precision and Single Precision Calculations

Double Precision Single Precision Relative Error | I,J*
r1(0,6) «5813125D-02 .5813103D-02 ~3.96E-06 1,1
r2(0.6) «9566489D-02 «9566460E-02 -3,03E-06 1,2
r3(0.6) «28595890-01 «2859582E-01 -2,45E-06 1,3
r4(0.6) .2381252D-01 «2381246E-01 -2,52E-06 2,2
r5(0,6) .2884260D~01 «2884253E-01 -2.43E-06 2,3
r6(0.6) «3553846D-01 . 3553836E-01 -2,81E-06 3,3
r1(3,0) | «5826996D-02 «5826946E~02 -8, 58E-06 1,1
r2(3,0) «9624760D-02 «9624705E-02 ~5,71E~06 1,2
r3(3.0) «3467144D-01 «3466594E-01 -1,58E-04 1,3
r4(3.0) | «2647722D-01 «2647680E~01 -1,58E-05 i 2,2
r5(3,0) | . 3508860D-01 « 3508293E~-01 -1,61E-04 : 2,3
r6(3,0) | «5041230D-01 «5034984E-01 -1,23E-03 £ 3,3

* I,J = 1,2, and 3 represent the cosine of the polar angles:

1is ,1127017, 2 is .5000000, and 3 is ,8872983,
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Table 2

Comparison of the Results by Varving the Order of the Method

(with the error bound of 10'8)

Relative Errors
Order of 20 Order of 15 Order of 10 Order of 7
r1(0,6) 0,5813107E-02 -0,69E=-06 0.00 -0,69E-06 | 1,1
r2(0,6) 0,9566456E~02 0.00 +0,42E-06 +0,42E-06 | 1,2
r3(0.6) 0.2859852E-01 0,00 0.00 0.00 1,3
r4(0,6) 0.2381246E-01 +0,42E=-06 ~0,42E-06 0,00 2,2
r5(0,6) 0,.2884254E-01 0.00 -0, 35E-06 -0,35E-06 | 2,3
r6(0,6) 0.3553836E-01 0,00 ~0,28E-06 0,00 3,3
r1(3.0) 0.5826958E-02 +0,51E~-06 ~0,69E-06 -0.21E-05 | 1,1
r2(3.0) 0,9624705E-02 -0,42E-06 0.00 0,00 1,2
r3(3,0) 0,3466954E-01 0.00 +0,29E-06 0,00 1,3
r4(3,0) 0,2647679E~01 +0, 38E-06 0.00 +0,38E-06 | 2,2
r5(3,0) 0.3508290E-~01 +0, 86E~-06 +0, 86E-06 +0,86E-06 | 2,3
r6(3,0) 0.5034985E-01 0,00 0,00 -0.20E-06 | 3,3

* 1,7 =1, 2, and 3 represent the cosine of the polar angles:

11is ,1127017, 2 is ,5000000, and 3 is .8872983,
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Table 3

Comparison of the Results by Varying the Order of the Method

(with the error bound of 10-(p+1))

Relative Errors

Order of 20 Order of 15 Order of 10 Order of 7 } I,J
rl1(0.6) 0.5813096E-02 +0,52E~06 +1,89E-06 +1,20E-06 1,1
r2(0.6) 0.9566449E-02 +0, 31E-06 +1.15E-06 +1,15E-06 1,2
r3(0,3) 0,2859805E~01 +0,35E-06 +0, 70E-06 +0,70E-06 1,3
r4(0.6) 0,2381242E-01 +0,84E-06 +1,.68E-06 +1,68E-06 2,2
r5(0.6) 0.2884251E-01 +0,35E~06 +0,69E-06 +0,69E-06 2,3
r6(0.6) 0.3553833E-01 +0,56E-06 +0, 84E-06 +0,84E-06 3,3
r1(3.0) 0,5826954E~02 +0,69E-06 +1,20E-06 -1.37E-06 1,1
r2(3.0) 0.9624701E-02 0.00 +0,42E-06 +0,42E-06 | 1,2
r3(3.0) 0.3466590E-01 0,00 +1,15E-06 +1,15E-06 1,3
r4(3.0) 0.2647677E-01 0.00 +0, 76E-06 +1,13E-06 2,2
r5(3.0) 0,3508287E-01 0.00 +1,41E~06 +1,71E-06 2,3
r6(3.0) 0.5034978E~01 0.00 +1,19E-06 +1.19E-06 3,3

*1,J = 1, 2, and 3 represent the cosine of the polar angles:
1 is ,1127017, 2 is ,5000000, and 3 is ,8872983,
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Table 4

by Taking the Different Starting Solutions*

Case I Case 11
rl(0.6) «3813103E~02 «5813103E-02
r2(0.3) «9566460E-02 «9566456E~02
r3(0,3) «2859853E-01 «2859852E-01
r4(0,3) «2381246E-01 «2381247E-01
r5(0.3) «2884253E-01 «2884254E-01
r6(0.3) «3553836E~01 «3553836E-01
r1(3.0) «5826961E~02 «5826961E-J2
r2(3,0) +9624705E-02 «9624701E-92
r3(3.0) « 3466594E=-01 «3466594E-91
r4(3.0) «2647697E~01 «2647680E-)1
r5(3.0) « 3508291E-01 »3508293E-01
r6(3.0) «5034984E=-01 «5=34985E-01

* In case I, first 10 terms of the Taylor series were taken as the starting
solutions, and first 4 terms of the Lie series were taken as the correction.
In case II, first 11 terms of the Taylor series were taken as the starting
solutions, and first 3 terms of the Lie series were taken as the correction.
The computing time in the Case I and Case II are 0,5702 and 0.4375 second
per step per equation respectively,
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series correction process. Since it is easier to calculate the Taylor

series than the Lie series, in the actual computation, it is favorable to
take as many terms in the Taylor series as possible. For example, an
order of the method of 15 (partial results are listed in Table 4), in

one case, we use the first 11 terms in the Taylor series as a starting
solution, and the first 3 terms in the Lie series as correction. The
computing time is 0.4375 sec./step-Eq.; in another case, we use the first
10 terms in the Taylor series as starting solution, and the first 4 terms
in the Lie series as correction. The computing time is 0.5702 sec./step-
Eq. The ratio of the computing time for the two cases is 1.3, The differ-
ences in the computing time will widen i1f a higher order of quadrature
formula is used, and if more terms of the Lie series are calculated,

as one might expect.

The symmetrical property of the reflection function T, (x) with

3
respect to its angular arguments is best explained by the reciprocity
property of transport function. In terms of the principle of

(12), the symmetrical reflection function can be explained

reciprocity
as follows:

(1) The interchange of the direction of incidence and the direction
of reflection of particles effects the interchange of the magnitude of
source strength and the magnitude of the reflection function.

(2) For a piven thickness of the slab, the component of the
reflected flux normal to the slab surface in direction 2 due to a given
strength of incident beam in direction Qo is the same as the normal

component of the flux of the reflected beam in the direction -, due to

the same strength of the incident beam in the direction -f.
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Figs. 4 through 7 show thz normalized reflection curves in the polar
coordinate. Only two limiting cases for a given value of Y are plotted.
These results are obtained from symmetrical reflection functions divided
by four times the cosine of reflection angle, then normalized. An
interesting characteristic common to these is that no matter what
direction the incident particle may come from, the maximum reflection
flux always occurs at the maximum reflection angle.

Figs. 8 and 9 show the typical normalized reflection curves,
obtained by normalizing the symmetrical reflection functions. We see that
for vy of 0.1 all the curves level off near the slab thickness of 3.0 mfp,
and for vy of 0.6, the curves level off near the slab thickness of

4.0 mfp.
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Fig. 4, Normalized Reflection Curve with Gamma = 0,1, the Angle of Incidence

of 88.5°, and the Slab Thickness of 0.1 mfp.
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Fig. 5. Normaiized Reflection Curve with Gamma = 0,1, the Angle of
Incidence of 13.0°, and the Slab Thickness of 3.0 mfp,
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Fig. 6, Normalized Reflection Curve with Gamma = 0,6, the Angle of Incidence
of 88.5°, and the Slab Thickness of 0.1 mfp.



53

88.5° 82,6°
90° 72,7°

60,0°

45,3°

29,4°

13,0°

00
0.0 0.2 0.4 0.6 0.8 1.0

Normalized Reflection Function, r/r_

Fig. 7. Normalized Reflection Curve with Gamma = 0,6, the Angle of Incidence
of 13,0°, and the Slab Thickness of 3.0 mfp.
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60.0°, and (c) 88.5°/88.5°.

(c) (b)
(a)
1 2 3 4 5 6

0,6, and the Angle of



0.9
0,8
0.7

- 0.6

5

ol

&

0

é 0.5

=

]

ol

i8 )

0

]

o

P 0.4
0.3
0.2
0.1
0.0

Fig. 10,

56

o
-
- -
-
-
-
-
-
-
-
-

A

I A Il 2 " A - A

1 2 3 4 5 6 7 8 9 10 11 12
Slab Thickness, mfp

Reflection Curve with Gamma = 1,0, and the Angle of
Incidence = Angle of Reflection = 60.0°,



57

From these results the following conclusions are reached:

1. The iterative Lie series perturbation method is effective in
solving the invariant imbedding transport equations. It can give results
of arbitrarily high accuracy by simply increasing the order of the
method, provided that a sufficient amount of time is expended on their
calculation. Also, because of the rapid convergence of this method, the
same accuracy can be obtained as with the Runge~Kutta method, at much
faster speed. But in the Lie series method, a bigger computer memory is
required (248K vs. 32K).

2, We cannot estimate the rounding errors involved in the calculation
by the iterative Lie series method, but decreases in rounding errors are
expected with the variable step size conﬁrols in comparison with the
fixed step size calculations.

3. The invariant imbedding reflection functions satisfy a reciprocity
relation.

4. The reflection function increases with increasing angle

"between the direction of normal to the slab and the direction of
reflection while the other paramters are fixed.

5. For ¥ less than or equal to 0.6, a slab thickness of 4.0 mfp

is essentialy equivalent to infinite thickness.



CHAPTER VII

RECOMMENDATIONS

1. The effectiveness of the Lie series perturbation method in solving
the one-dimensional invariant imbedding reflection function implies that
it can be applied equally well to similar problem of greater complexity.
Thus, to gain more knowledge of the usefulness of the Lie series method
in invariant imbedding transport calculations, it is worthwhile to
recalculate the two-dimensional problem and the problem of gamma ray
penetration.

2. The invariant imbedding formulation of the transport equation for
cylindrical geometry with finite height has not been done yet. Since it
1s of practical importance, any efforts to derive the transport equation
for this geometry should be encouraged.

3. One advantage of iterative Lie series perturbation method, as
indicated by the transfer matrix, is its capability to calculate the
total truncation error. There 1s no existing numerical method to estimate
the total truncation error easily for the problem of tﬁis complexity,

Thus if one is interested in knowing the total truncation error in his
solution he may atart from the Lie series perturbation method.

4, Although the Lie series perturbation method allows easy estimation
of the truncation error, it is even better if one can confine the error to

(114)

a certain interval. Such a method has been proposed by Moore , and a
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computer program has been written by Ladner and Yoheuu). In order to
find a better numerical method to solve the invariant imbedding transport
equation, the method of interval analyoi; “s.hould be investigated.
5. According to Bellman's result, for Yy equal to 1.0, in a 20 mfp
slab, the reflection function decreases with increasing the angle of
reflection. The reason for the inversion of this property is not clear,

a further studv seems te be needed.
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Appendix A
Description and Listing of the Computer Programs

The Lie series computer programs were originally written by
Mathematics Research Center, The University of Wisconsin(116), in
Fortran V, for UNIVAC 1108 computer. Because of extreme machine
dependence of the subroutine NXTCHR, it was completely rewritten to fit
IBM 360/50 computer, Others were also modified to meet our purpose.

Subroutines MMULT and INVERT in the original programs were replaced
by subroutines GMPRD and MINV of IBM system/360 Scientific Subroutine

Package Version III, respectively.
The stacking of the deck is as follows:

« Main program,

« Sub=programs,

o Fixed input data: Quadrature coefficients A and C.
o System of differential equations,

« Variable parameters:

a. Order of the Taylor series expansion (MM), order of the Lie
series correction (LL), number of nodes in the Gauss quadrature formula
(KK), number of equations (NN),

b. Switch for the table control (ITAB), number of abscissas
(NNTAB), switch for step size control (ISTV), switch for intermediate
step values outputs (NZWI), switch for the calculation of the transfer
matrix (IJAC), and the order for the calculation of the transfer matrix
(MMT) .

c. Initial step size (STH), initial value of independent variable
(XX0), and the initial values of dependent variables (YYO(NN)).

d. Bounds on local truncation errors (GAM(NN)).

e. The lower tolerance bound (ETAl) and the upper tolerance
bound (ETA2) for the error ratio.

f. The abscissas at which the results should be printed out
(TAB(NN)).

VW=

or f'. The table~difference (DTAB), in case a constant step size
is choosen,
and g. A signal of the end of the program (any negative MM).

I
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MAIN PRCGRAW
THE MAIN FPRCGRAM MANAGES THE INPUT, THE CLTPUT, THE STEP SIZE CCNTRCL
AND THE TABLE LCCP.

LIST CF PRINCIPAL VARIABLES

MM THE ORCER OF THE APPRUOXe SOLUTION OR THE NUMBER CF TERMS IN TAYLOR SERIES
(0K MMLS) o
(N THE ORCER OF THE LIE SERIES CCRRECTION (0SLLL10).
KK THE NUNMBER CF NOCES IN THE GAUSS-QUADRATULRE FORMLLA (1<KKSS8).
NN THE NUMBER CF DEPENCENT VARIABLES IN THE SYSTEM CF DIFFERENTIAL EQGS.
ITAE SWITCH FCR THE WANTED TABLE
ITABA=0: THE SOLUTIONS SHOULC BE PRINTED QUTY AT DIFFERENT ABSCISSAS TAB(1)
eessesss TAE(NNTAR).
ITAB=0: TrHE SCLUTIONS SHQOULD BE PRINTED OUT AT EGQULIDISTANTY ABSCISSAS,
AND ONLY THE TAEBLE-CIFFERENCE DTABR WILL BE READ IN LATER.
MNTAE NUMBER CF ABSCISSAS TAS(I1)
TAB(I)=X(I) THE ABSCISSAS AT WHICH THE RESULTS SHOULD BE PRINTED CUT.
ISTV SWITCH FCR THE STEP SIZE CONTROL
ISTV=0: CCNSTANT STEP SIZE. THE PROGRAM wILL USE THE STEP SIZE STH WHICH
IS REAC IN LATER.
ISTV=1! STEF SIZE CONTROL IS USED WHICH KEEPS THE LUCAL TRUNCATICON ERROCRS
BELCW EOUNCS WHICH ARE ALSO READ IN LATER.
ISTv=2: OPTIMAL STEP SIZE CONTROL USING THE CCNNECTION MATRIX (IN THIS
CASEs T1JAC=1)e
NZwl SWITC+ FCR INTERMEDIATE STEP VALUES CGUTPUTS (IN ADDITION TC THCSE OF THE
TABLE ABSCISSAS)
NZWI=0. NC INTERMECIATE RESULTS ARE PRINTED 0OuT.
NZWI=JU>0: THE RESULTS AFTER EACH J-TH STEP ARE PRINTED (CULTe.
IJAC SWITCH FCR THE CALCULATION OF THE CONNECTION MATRIX
IJAC=0: ThE MATRIX IS NOT CALCULATED.
1JAC=1: ThE MATRIX IS CALCULATED AND PRINTED CUT TOGETHER WITH THE
CTHER RESULTS.
¥VJ THE CRCER FCR THE CALCULATION OF THE CONNECTION MATRIX (0OSMMJICMNM),
ST THE CURRENT STEP SIZE He IF STV =0, STH 1S USED AS THE INITIAL AFPRCXe.
FOR THE ITERATIVE CALCULATION OF A SUITABLE STEP Sl1ZE.

L
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STHFC THE NEw STEP SIZEs (=STH*(1/ETA)**{(1/(M+L+2))
IF ETALETAZ, UPPER TOLERANCE BCUNDe.
=STHX( ZETA-ZETALBETA)
IF ETACETALl, THE LOWER TOLERANCE B8O0OUND).
XX0 THE INITIAL PCINT OF THE INDEPENDENT VARIABLE X
YYC(N) THE INITIAL VALUES FOR THE SOLUTIONS Yle
R(1) THE LCCAL TRUNCATION ERRORS OR THE LCCAL ERROR ESTIMATES.
GANM(N) UPPER FOUNLC CN THE LOCAL TRUNCATION ERRORS (RENMINDERS).
ETA THE ERRCR RATIC(=IR(I)I/7GAM(1)).
ETAl THE LCWEF TOLERANCE BOUNDe. (O<ETA1<1).
ETA2 THE UPPET TOLERANCE B0OUNDe (FROM 1.1 TO 2.0).
CTAE THE TALE--CIFFERENCE OR CONSTANT STEP SIZE He.
HJ THE CCNNECTION MATRIX.
| 4 THE NUNMBER CF THE STEPSyy WHICH ARE USED FOR THE CCNTINUATION CF THE
SOLUTICN,
I2Z1 THE NUMNBEF CF THE REPEATED STEPSs WHICH WERE NOT LSED FOR THE CCNTINUATICN
PECAUSE TrHE CCRRESPONCING TRUNCATION ERRCRS WERE ABOVE THE ALLOWED BCUNDS.
ISw THE SWITCr. IF ISW=1l, THE SUBROUTINES CALCULATE THE MU-TH ORDER TAYLCR
COEFFICIENT o
IF 1SwWw=2, THE CCEFFICIENTS OF GROEBNER®*S FORMULA ARE CALCULATED.
YHAY(IL) THE TAYLOR SERIES APPROXIMATION.

YGLER(I) TrE LIE SERIES SOLUTION.
CJ(I+K) THE LCCAL CONNECYION MATRIX WITH CRDER MMJ.

0001 IMPLICIT REAL%4(A-F,0-2)

0002 COMMON/ L/LLLLIZMMM/MMaMM]L /K/KK/NNN/NNZSTHH/ZSTH/ZN I/ MM ¥MJL
0003 COMMON/ JAC/1JAC

0004 COMMCN/ZXY/X0sYO(28)

000S COMMNON/CUT/YHAT(28)s YQUER(28)/STORE/STOER(30s11)/GG/Q(28)
0006 COMMON/CJIJ/CI(28B928)/RR/R(28)

0007 COMMGN/ZAA/A( 69€E+€)/CC/C( 69696)/COEF/CM(Epll)

0008 CIMENSION YYO(28),GAM(28),TAB(60):HJ(28,28)sYJ(28,28)
00093 CIMENSION YOST(28):24(28,28)+sR0OST(28).TEMP(28,28)

0010 KEAD (S5104)(((A(IsJ9KO)sI=1s 6)sJU=1,€E)sKO0=1,6€)

0011 READ (Se108)(((C(IsJeKO)sI=1s 6)eJ=1,€)eKO=1,6€)

0012 CALL GETEG(NN)

0013 75 HREAD (5,100C) MM,LLsKKsNN

€L



0014
0015
0016
o017
ootie
00173
002¢C
0021
0022
0023
0024
0025
0026
0027

0028
0029
0030
0031
0032
0033
0034
0035
0036

0037
0038
0039
0040
0041
0042
0043
0044
0045
0046
0047
00448
0049

1000 FORMAT (151¢%)
IF (MM L. Te O0) GC TC 20
READ (S+1000) ITABNNTAB, ISTV.NZWIJIJACNMNJ
READ (5+1001) ST+, XXO
READ (5+1001) (YYO(N)s N=1eNN)
MMJLl=NNJ+1I
104 FORMAT (E24¢7+2E17¢75E13.7)
1001 FORMAT (E23e7 +E30¢7 )
KONTR=NZW {
1Z=0
WRITE(6+2000) MM,LLsKKsNN
2C0C FORMATY (6+HOMM = I3, 7H LL = 13, 7H KK = [3+7H NN = 13)
. WRITE (6+2012)ITABSNNTAB, ISTVNZWISTIJACINMI
2012 FORMAT (BHOITAB = I1I3,10H NNTAB = 1I3,G6H ISTV = 1I329+9H NZwl = 13,
1 9H [JAC = 13,8k MM = I3 )
) WRITE (6:,20C1) XX0:sSTH.12
2001 FORMAT (1HO / 7FO0XX0 = E31e7 s7H STH = E31e7 +8H I2 = 16 )
REAC (S+1001) (GAM(N)s N=1sNN)
READ (S+1001)ETAL.ETA2
WRITE (6.,2011) ETAls ETA2
2011 FORMAT{( B8HOETA1l = E31e7 +s9H ETA2 = E31.7 )
WRITE (6,2006)
2006 FORMAT (7Xs4HY = 30X 6HGAM = )
WRITE (6+:2005) (NsYYO(N)sGAM(N)s N=1sAN)
200S FORMAT (1Xs13s3XsE31e7 +3X+sE3147 )
IF (ITAEB .EGCe 0) CO TO 2
READ (5+1001) (TAB(N)s N=1.,NNTAB)
GO TO 3
2 READ (5+1001) DTARB
CO 4 N=1,NNTAE
SSS=N
TABI(N)=XX0+SSS*CTAB
3 IF (NZW1 .ECe 0) NZWI=13421
NZWIL=NZW1
IF (IJAC <.EGe 0) GO TO 8
WRITE (6,20C3)
2003 FORMAT (6HOFI = )

L
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0050
0051
0052
0053
0054
0055
0056
0057
oose
005¢%
006¢C
00€1

0062
0063
0064
006%
0066
0067
0068
0069
0070
0071

0072
QQ73
0074
0075
0076
0077
0078
0079
0080
00u1

0082
0083
0084
008s

10
2004

11

12

61

CO 10 I=1.AN

cCo 9 KO = 1sNN
FJ(I+KO)= 0.0EOQ
hJ(I+1) = 1.0F0

WRITE (6+2004) Is (HJ(I+sKO)s KO = 14NN)
FORMAT (1S+SEX+3E3Se7 o/ (10Xe3E3S5«7 ))

Ifr = -5

1Z = O

1zl = 0O

NTAE = 1

IT = 1

ITT = -1

MMl = MM + 1

LLl = LL + 1

SMZ2 = MM1 4+ LLI1

IF (ISTV LECe 2) SM2 = SM2 — 1.0EC

ZETA = (SNM2+410EQ0)/(SM2%ETA1%%(1.0EQ0/7EM2))
ZETAl = ZETA/((SM2+1.0EQ0)*ETAL)

CO S KO = 1..KkK

CM(KOs1) = C(VMM]1,KKsKO)

CO S TALPH = 2, LL1

CM(KOs IALCPH) = CM(KOs IALPH — 1)%(140EQC — A(MM]1,KKKO))
X0 = XXO0

CO 11 N = 1eNN

YO(N) = YYO(N)

CALL JACGE

CONT INUE

CALL GRCEEN

IF (IT «Nfe 1) GC TO 14

IF (ISTV .EC. 0) €O TO 16

IF (ISTV .EGCe 1) GG TO 63

CALL GMPRLC(CJsHJI» TEMPNNsNNoNN)

CALL MINV(TEMPsNNesDsLOsM)

CALL GMPRC(TEMPs;RsQeNNsNNs1l)

CO 61 I = 1NN

G(I) = ABS(G(I))/STH

Sl



o086 €3 ETA = 040:0

00&7 CO S1L N = 1, NN

ooze SSS = C(N)/CGAM(N)

00cS IF (ETA <LTe. SSS) ETA =SSS

009¢ 51 CONTINUE

0091 IF (KCANTR +EQ. 0) GC TO 69

0092 WRITE (65,20C9) STk (C(I)sI=1sNN)

0053 2005 FORMAT (7HOSTH = El1le49SXy 7E12e4s /7 (23X, TE1244))

004 69 IF (ETA +GEe. ETAl1) GO TO S2

0095 STHG = (ZETA-ZETAL*ETA)*STH

0096 IF (Il .ECe 1) GC TO 23

0097 Ga TC 22

0098 52 EPS = 1+.0LtO0O/ETA

0039 STHC = STHXEPS*%(1,0EQ0/SM2)

0100 IF (ETA «GEe ETA2) GO YO 24

0101 11 =1

0102 23 12z = 1Z + 1

0103 Ga TU 25

0104 22 IT = II + 1

0105 24 STH = STHC

0106 I1Z1 = I1Z1 + 1

0107 GO TO 12

0108 16 STHQ = STh

0109 GO TO 25

o110 14 WRITE (6+,2008) XTAB.STHST,1Z2.121

o111 2008 FORMAT (1HO /7 SHOX = E3l1e7 +€EH H = E31e7 +7H 1Z = 16+,8H 1Z1
1 16)

o112 WRITE (6.,20C2)

o113 2002 FORMAT (7Xes4HR = 30Xes4HW = )

o114 CO 80 N =1s NN

o115 80 R(N) = RCST(N)

o116 WRITE (6+20CS)I(NsYQUER(N) +RIN)sN=1oNN)

o117 IF {(IJAC JEGe. 0) GO TO 27

o118 CALL GMPRLC(CJIsHJISYJIsNNogNNNN)

o119 WRITE (6+20C3)

0120 CO S7 I=1.NN

o121 sS7 WRITE (6+42004) I1,(YJ(IsKO)s KO=1,NN)

9L



o122
0123
0124
o125
012¢€
0127
o128
0129
0ol 30
0131
0132
0133
0134
0135
0136
01437
0138
0139
0140
o141
0142
0143
0144
014S
0146
o147
0148
0149
0150
o151
0152
0153
0154
0155
0156
0157
o158

27

53

33

S4

55
35S

58
42

31

IF (NTAB .EGCe NNTAB) CO TO 75
ANTAB = NTAB + 1

STH = STHST

SSS = X0 + ST+ - TAB(NTAB)
SSS = SSS%STH

IF (SSS «GEe 040EO0) GU TO 31
ITT = -1

IF (IT oNiFe 1) GC TC 23

X0 = X0 + STH

co 53 N = 1s NN

YO(N) = YCUER(N)

IF (IJAC oNEe 0) CALL GMPRD(CJUsHJIsHISANNNsNN)
GO TG 35

X0 = XOST

CO S4 N = 1le¢ NN

YO(N) = YOST(N)

IT =1 .

IF (IJAC .ECe 0O) GO TO 35

D0 S5 1 = 1NN

E0 5S KO=1+AN

FJ(TI+KO) = ZJ{1+KO0O)

CONT INUE

NZWIL = NZWIL - 1

IF (NZWIL .ANEe 0) GO TO 42
NZwWIL = NZWl1

WRITE (6+42008) X0+STHeIZ,IZ1
WRITE (6+2002)

WRITE (6+2005) (NsYO(N)sR(N)sN=1sNN)
IF (1JAC .ECe 0) GO TO 42
WRITE (6+2003)

0O S8 I=1.NN

WRITE (6+2004) I+(HJ(I+KO)s KO= 1.NN)
STH=STHQ

GO TO 12

1T = 0

ITT = ITT + 1

IF (ITT onEe O0) GC TO 39

LL



0159
Ol1€¢
Il

Cls2
01£3
014
01e53
0106
o1r€7
ol1s58&
0165

U
o

20

X0S5T = X0 + STH

CO 56 N
~CST(N)
YOST(N)
STHST =
IF (1JAC

=1ls NN
= R{N)
= YCUER(N)
STH
eNEe 0) CALL GMPRD(CJsHJISZJIsANNsNN¢NN)

STH = TAB(NTAE)
XTAE = TAE(NTAB)

Go TC 12
STGRE
END

X0
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0003
0004
0005
0006
0007
oo0o08
0009
o010
o011
ooL2
Q013

SUEBRLUTIN® CRCEEN
SUBRCUTIN- CGRCEEBN CALCULATES FOR GIVEN
NUMEER OF EQSe NN»
PARAVMETERS MM, LLs KK (AND MMJ IF 1JAC=1).,
INITIAL VALUES X0s YO(1l)seeesYO(N()
STEP S1ZF STk
CUACRATURE CCEFFICIENTS A(*,%,%) AND CM(%,%), AND
[JACsy THE SWITCHs WHICH EFFECTS THE CALCULATICN OF THE CCNNECTION
MATRIX,
THE RESULTS
YHAT(I)e THE TAYLOR SERIES APPROXIMATICN.
YQUER(I)es THE L IE-SERIES SOLUTIONe.
R(I)s FSTIMATES FOR THE LQOCAL TRUNCATICN ERRCRS.
AND IF T1JAC=1, IT ALSO CALCULATES
CJ(I+K)s THE LOCAL CONNECTION MATRIX wiITH ORDER MMJ.
THE SUERCUTINE TAYLOR CALCULATESs FOR THE SAME GIVEN CONDTICNSs THE
RESULTS
T(IsleM)y THE (M-1)ST TAYLOR COEFFIEIENT OF YI(X) FOR N=1,VMMl,
YHAT, THF TAYLGOR APPROXIMATION OF CRDER MM FOR YI(XO0+STH)e.
CJ(leK)s THE CCNNECTION MATRIX.

IMPLICIT REAL*4(A-H,0-2Z)

COMMCN/AA/Al 6+6+E)/COEF/CM(E511)/STHE/STH/MO/M/MNI/MMIMNI]
COMMON/ XY/ X0+ Y0(28)/K/KK/ZL/ZLL sLL 1 /MMM /MM MM1 /NNN/NN/TSWH/ZISW
COMMON/QUT/YHAT(Z28)+s YGUER(28)/STORE/STOER(30,11)/7 QQ/G(28)
COMMCN/CJII/CI(28,28)/RR/R(28)

COMMCN/ JAC/IJAC

COMMON//T(4C00e24+4)

CIMENSICN PF{(28),YHATA(28, 11)+FHATA(28.11),YHATAK(28)
KORET = 1

GO TC 42

ENTRY TAYLOR

KORET = O

08



0014
Qo1s
0oL €
0017
ooL8
0019
0020
0021
0022
0023
0024
0025
0026
0027
0028
0029
0040
0031
0032
0033
0034
0035
0036
0037
0038
0039
0040
0041
0042
0043
0044
0045
0046
0047
00a8
0049

42

61

65
64
60

MVMM] = MV -~
LLP2 = LL +
£O0 2 J = 1y

[LINP V I

T(2000:2sJ) 0.,0EOQ
T(200041sJ) = 060EO
T(2000+s152) = 1.0EOQ
(Sw = 1

CALL RECUR(X0sYOsMM)
CO 7 N = 1sNN

SSS = T(Ns1sMM]1)

IF (MM LJEGe 0) GC TC 31

CO 5 J = 1,MM

SSS = SSS*#STH + T(NslsMMLI - J)
YHAT(N) = €SS

CO 7 LO= 1.LL1

STOER(NSLO) = O0e0EO

IF (1JAC <EGe Q) GO TO 4
ISw = 2

CO 60 I = 14+ NN

CO 61 KO= 1+ NN

PHI(KO)= 0.0EO0

PHI(1) = OeCEO

CALL RECUR(XOsPFHIsMMJ)

CO 60 KO=1,NN

SSS =T(KO0,2,MMJ1)

IF (MMJ <tQe 0) GO TO 64
CO 65 J = le MMY

SSS = SSS*STH +T(KO0s2sMMIL1 -
CJ(KOs1I) = SSS

CONT INUE

IF (KCORET EQe 0) GO TO S8
ISw = 1

CO 11 KO= 1,4KK

AKH = A(MM] KKsKQ)*STH

CO 11 N =14NN

SSS = T(Nsl1sMM])

is



0050 IF (MM .ECe O) GC TO 36

0051 CO 6 J =1.MNM
0052 & SSS = SSSA#AKH + T(NeleMM1 = J)
0053 3é YHATA(N+KO)= SSS

0054 SSS = 0.0F0

0055 IF (MM (EGe 0) GC TG 41

0056 SSS = T(100C+Ns1,MM)

0057 IF (MM .ECe 1) GG TO 41

005¢& CO 8 J =1sWMM1

0055 8 SSS = SSS*AKH + T(1000+Ns1,MN=J)
0060 41 FHATA{N,KC)= SSS

0061 11 CONT INUE

0062 CO 19 KO= 1,KK

0063 ISw = 1

0064 , CO 13 N=1.NAN

0065 13 YHATAK(N) = YHATA(N:sKO)

0066 AKH=A{NM1 KK, KO)*STH

0067 CALL RECUR (XO+AKF,YHATAK,LL)
0068 CO 15 N=1,AN

0069 15 PHI(N) =T(1000+4Ns1s1) = FHATA(N+KO)
0070 ISW = 2

0071 CALL RECUR(XO+AKEksPHISLL)

0072 CO 19 M=1,LL1

0073 CO 19 N=1,.NN

0074 STOER(NsM)=STCER(NsM)4+CM(KOsM)XT(N,2,N)
0075 19 CONTINUE

0076 0O 20 N=1s NN

0077 SSS=0.0E0

0078 . CO 21 LO=1,LL1

0079 21 SSS=SSS*STH4STOER(N,LLP2-L0)
0080 YQUER(N)= SSS*STF + YHAT(N)

0081 20 CONT INUE

0082 ISw=1

0083 CALL RECUR (XO+STF,YQUER, LL1)
0084 O 53 N=1.NAN

0085 53 GI(N) =T(1000 + NesloLL1)

Zs8



o086 CALL RECUK (XO0+ST+e YRAT , LL1)

oos87? MM 2=MNM 42

00B8 RE ALNM=NMM2

00cS S55=1.0EO0/REALM

0030 ] IF (LL «EGe O0) GC TC €£9
00491 C0O 36 J=lsLL

0092 REALJ =J

00353 ~EALM = MN2 +J

00v4a SSS=SSS*RuALJ/REALM
00395 26 CCNTINUE

0096 59 SSS=SSS*(STH*x%LL1)

00937 E0 37 N=1sNN

0098 RIN) = (CCN) ~— TC(1000+ NeslsbLL1))%*SSS
00y9 57 GIN)= ABS(R(N))

0100 58 RETURN

o101 END

€8



0001 SUBRCUTINh: FECUR (XTOsYTO0sJJ)
SUBRCUTIN. RECUR HAS THE FOLLOWING FUNCTICNS
1) I+ TFE STATEMENTS ARE
ISw=1
CALL RECLR({(X0sYOsMM)
wIThH GIVEN INITIAL VALUES
XO0s YO(U)s eeosYOUNN).
IT CALCULATES Tre TAYLOR COEFFICIENTS T(Is1.M)
IT1sAN WNM=MU41l, MUS0sMM,
2) IF THE STATEMENTS ARE
ISw=2
CALL RECLR(XO:PHIMMJ)
wITH THE INITIAL VALUES PHI{1) =0 s+PHI(K)=1seees PHI(NN)=0
IT CALCULATES TiHc TAYLOR COEFFICIENTS T(I,2+M)
CF THE K-1H CCLUMN OF THE LOCAL CONNECTION MATRIX.
3) IF THE STATEMENTS ARE '
I1Sw=1
CALL RECUR(XO+AKHs YHATAKLL)
wITH THE STARTING VALUES
XO+AKH. YHATAK(I) ( I=1,NN)
CR ISw=2
CALL RLCUR(XO+AKhsPHI.LL)
wiTH THE INITIAL VALUES

A A
PHI(1)=FI-Y1 (I=1.NN)

- J
IT CALCULATES THE TAYLOR COECFICIENTS T(I+2+M) wiTH TWO CPERATORS DD

OO NOONODONODONNONOONOOOD

0002 IMPLICIT REAL*4(A-Hs0-2)
0003 COMMON//T(400042+4)

0004 COMMON/ ISWH/L1SW/MO/M/NNN/NN
000S CIMENSICN YT0(6)

0006 JJdJd=JJ

0007 T(2000,151) = XTYO

0008 co 7 J=1sNAh

0009 7 T(JeISW,1) = YTO(J)

8



o010 IF (JJJ «-Qe 0) JJu=1

0011 CO 6 NM=1,44J
0012 VI Y

0013 CALL EGUATN

0014 CO 2 N=1, NN : ,
0015 2 T(NsISwsM+1l) = T(1000+N, ISWsM)/RM
0016 £ CONT INUE

0017 KETURN

oo18 END

S8



SUERCUTIN= EQUATN
SUBRCUTIN- EQUATN INTERPRETS THE INTERNAL CCODE SET UP BY THE SUBRCUTINE

GETEG AN CALLS TFHE APPROPRIATE RECURSICN SUBROLTINES FCR INTEGRATING THE
SYSTeM EEINC STUCIEC.

COMMOCN /IRPG/ IRR, IPP, IQQ

COMMON/CKK/ CK

COMMON/CCOL /NXTCCC+sCOCE(SOOO) dsNXTLITSLITERL(100)
INTEGER NXTCOC+sCCCENXTLIT

REAL LITERL

I=1
GO TQ 9999
9993 1 =1 + 3

GO TQ 9999
9G94 I=]+4
999G IFUNC=CODE(T)
IRR=CCGCE(1+1)
IPP=COCE(1+2)
10G=COCE ( I+3)
GO TO (1s 2339495596+ 7s B85145145,14,12,148),IFUNC
GO TO 14
2 CK = LITERL{(IPP)
CALL KNST
GO TO 9993
3 CK=LITERL(ICQ)
CALL SUNK
GO TO 9994
4 CK=LITERL(ICQ)
CALL PCCK
GO TO 9994
S5 CALL SuUM
GO0 TC 9994
() CALL CIFF
GO TC 9994
7 CALL PRCC

98



0032
0033
GG3s
003s
003«
0237
0038
0033

i

12

14

GO TC 9994
CALL CUCT

GO TC 9994
CK=LITERL(ICQ)
CALL CCPO

GG TC 9994
RETURN

tND
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[« =]
N =

0003
00G4a
0005
0006
0007

ooct
0002
0003
0004
0005
0006
0007
0ooo8
0009
oo10
o011

THE FCLLC~ING RECULRSION
FOLLCwING FELATICNS

CCASTANT

SUM wiTH A CCNSTANT

FROCUCT wiTF A CCNSTANT

SUM

CIFFERENCE

PRODUCT

SUBROUT INES ARE PROGRAMMELC ACCORDING TO THE

CK=T(IR,*,%)

T(IPs%ks%) + CK = T(IRs*%k,%)

T(IP k9% )%CK = T(IR %,%)
TOIP sk ¥ )4T(IQo ¥ ok )=T(IRsk %)
TOIP ok 3k )=T(IQo*s*)=T(IRs*4%)
TOIP+*¥+%)%kT{(IQo*+%)=T(IRe*s%)

WHERE [Ps IGs QR IR IS THE STORE ADDRESS ASSIGNED TGO THE EACH OPERAND.
ARGUNENTS ARE OETAINEC FROM THE COMMON BLQOCKS IRPQ, ISW AND M.

SUBRCUTIN: FQOCK

IMPLICIT KEAL*4(A-H,0-Z)
COMMON//T(40002254)/IRPQ/ IRR, IPP, 1QQ/CKK/CK
COMMCN/ZISWH/ISW/MO/M

TCIRRy ISWeM)
RETURN
END

= CK*T(IPP, ISW.M)

SUBROCUT INF KNST

IMPLICIT REAL%*4(A-+,C-2)
COMMON//T(4000+2+4)/ IRPQ/ IRR, IPP, IQQ/CKK/CK
CCVNCN/ISYH/ISW/NO/M

GO TO (1,2)
1 IF (M oNEe 1)
T(IRRs1ls 1) =
RETURN
2 T(IRRs ISW, M)
RETURN
LND

ISw
GO 70 2
CK

= 040EO

88



o0cC1
ooc2
0003
Q0Gsa
€005
oooe
0007
o008
0009
Q010G
oo01t1
0012
0013

0014

001S
o016
o017
o018
0019
0020
0021
0022

0001
o002
0003
0004
000S
0006
0007
ooos8
0009
0010
0011

(8]

N

SUBRUUTIN CUCT

IMPLICIT REAL%4(A~+,C—-2)
COMMCN//T(4C00+2,4)/ IRPQ/IRR, IPP, IQQ/CKK/CK
CCMMCN/ISWH/ISW/VMO/M

MLl = M - 1

ML = M + 1

GO TO (1+2) » 1ISwW

SSS = T(IFPsl+M)

IF (ML1 «2Qe O0) CC TO 4

Co S J =1, vL1

SSS =SSS - T(IRRs1+J)%XT(IGQ,1sM1-J)
T(IRRs1sM) = SSS/T(IQAQs1.1)

RETURN

SSS = T(IPP,.2.:M)

IF (ML1 .£Qe. O0) GC TO 8

CO 6 J=1.ML1

Nl U=M1-J

SSS=SSS=T(IRR»2+J)*T(IQQ+1sM1I)-T(IRR»1:J)XT(IQQs2sM1J)

SSS=SSS-T(IRRs1,M)*T(IQQs2,1)
T(IRRs2sM)=SSS/T(IQQs1s1)
RETURN

END

SUBROUTINE SUMK

IMPLICIT REAL*4(A-+,0-2)
COMMON//T(4000+254)/IRPQ/IRR, IPP, 1QQ/CKK/CK
COMMON/ ISWH/ISW/NO/M

GO TO (1s+2)s ISW

IF (M oNEs 1) GC TO 2

TCIRRs1sM) = TLIPPsle¥) + CK
Ga TG 3

TCIRRsISWsM) = T(IPP, ISW,M)
RE TURN

END
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0001 SUEBROUT IN: SUM

0002 . IMPLICIT ~EAL*4(A-HsC—-2Z)

0003 COMNCN//7T(4C00,5,24,4)7IRPQ/ZIRR, IPP, IQQ/CKK/CK
GO0Ca COMNON/ ISWH/ISW/MO/M

0003 TOCIRRS ISWsM) = T(IPP, [SWeM) + T(IQQsISWeM)
0006 GO0 TO 3

00C7 ENTRY CIFF

0008 T(IRRs ISWsM)=T(IFPs ISWsM)=-T(I0Qs ISWsM)

0009 3 RETURN

Qo010 END

0001 SUBROUTINt FRCC

0002 IMPLICIT REAL*4(A-F+0-2)

0003 COMMCON//T(4C00+2+4)/7 IRPQ/ IRR, IPP, IQQ/CKK/CK
0004 COMMCN/ISWH/ISW/MNO/M

000S SSS=0.0E0

0006 ¥l = M 4+ 1

0007 GO TO (1+2)s ISW

0008 1 Co S J =1.W

0009 S SSS = SSS + T(IPP,1+:J)*T(1QQsleM]1 -J)

0010 T(IRRsleM) = SSS

o011 GO TO 3

0012 2 CO 6 J =1 s+ M

0013 MLJ = ML - J

0014 6 SSS=SSSHT(IFP 2+ J)%XT(IQQs LeM1JI)+T(IPP1+J)*T(IQQs2sM1J)
0015 TC(IRRs2+¥) = SSS

0016 3 RETURN

0017 eND

06
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N3Nl 3d
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SUBRCUTIN, CGeTEG(AN)

SUBRCUTIN GETEG IS THE MAIN RQOUTINE RESPONSIBLE FOR READING EGCS. AND
COMBILING CCDEo GETEQ FIRST INITIALIZED ALL VARIABLES ULSED IN THE
CCMO[LATICN PRUCESSe THEN GETEQs USING THE RCUTINE NXTTCK, CCNVERTS THE
EXPRESSICANS OCCURRING IN THE INPUT STREAM TO POUSTFIX NOTATICN AND CALLS
THE RCUTIAE GENRAT TO PRODUCE THE APPROPRIATE CCCE WHICH wliLL BE
INTERPRETFD AT EXECUTION TIME. THE CONVERSION [S CONE IN THE CONVENTICNAL

NANNER
AFTEK CCMSILATICN IS COMPLETE, GETEQ PRINTS QUT THE GENERATED CODEe.

COMMUCN/ALCCAT/TAVAIL+TUSE(4000)sGARBAGs TMPADR(10CC)»
1 LAVAIL. LUSE(1000)

INTEGER TAVAIL,TUSEsGARBAGs TMPADRSLAVAIL,LUSE
COMMCN/CCLE /NXTCCCosCOUCE(SOOO) o+ NXTLITHLITERL(100)
INTEGER NXTCOCsCCCESNXTLIT

HEAL LITERL
CCMNMON /SCAN/NCLASSINSYMBSLCLASS, COLUMNNSCARD(E0) +NUMERR.NAXY

INTEGER NCLASS NSYMB.LCLASS,COLUMN,CARDsNLMERR MAXY
COMMON/STACKS/ ATCPSETUOP,ASTACK(1C0)+ESTACK(100)
INTEGER ATOF,EBTCP,ASTACK.BSTACK

CCVMMON//T(4C00+2,4)

LOGICAL GiNFRAT
INTEGER KINCes ACCRES TOPOPOPNAME

CIMENSION OFNAME(13)
CATA CFNANE /3HENLC,4HKNST s 4HSUMK » 4HPODK s 3HSUM 3 4HD IFF 4 4HPRCD »

1 4HQUCT+4FHEXPCs4FrLOGAWAHSINK ¢ AaHCUPO» 4HWURZ/
e o 2 ok ok ok ok ok ok ko o ok % ok ok ok ok koK kR kK K kR ok Rk ok ke kR koK ok o ok ok ok ok kK ok kK ko ok kok K
INITLALZE ALL VARIABLES
INITIALIZ: VARIABLES IN COMMCN BLOCK ALOGCAT
D0 1 I = 154000

1 TUSE(I)= [ - 1
TUSE(29) = TUSE(1)
TUSE(1029) = TUSE(1001)
TUSE(2001) = TUSE(2000)
TAVAIL = 40CO
CO 2 1 = 1s 1000

OO0 o0

6

e e et e it ek i el



gQ23 2 TMPADR(L)=0

0024 GCARBAG=0
0025 to 3 1 = 3, 1000

0026 3 LUSE(IL)=1+1

0027 LUSE(1000) = O

00z8 LAVAIL=3

C EEREEERFRER LIRS R R AR RE KRR R KRR KRRk Rk Rk Kk Rk Xk
C INITIALIZE VARIAELES IN COMMCN BLOCK CQODE

0029 NXTCOD=1

0030 LITERL(1)=0.0E0

0031 LITERL(2)=1.0EO

C 2 R 2SR EEE R R 222222 2 2222222222222 222232222222 R R RS 2 R R R R 2 X
C INITIALIZ: VARIAEBLES IN COMMCN BLOCK SCAN

0032 NAXY=0

0033 NUMERR=0

0034 LCLASS=6

0035 COLUMN=81

0036 CALL NXTCHER

C INITIALIZE STACKS TO PREPARE FOR NEXT STATEMENT
0037 80 AT OP=0

0038 BT OP=1

0039 ESTACK(BTCP)=-2

0040 99 CALL NXTTUK(K INCs ACDRES)

0041 GO TG (100+200,300,400+50056005700+80C)»KIND

C CPERANDs PUT IT CN THE ASTACK

0042 100 IF (ATCP .GEe. 100) GO TO 101

0043 ATOP = ATCP + 1

0044 - ASTACK(ATCP )=ADCRES

0045 GO TO 99

C CPERANLC STACK OVERFLOW

0046 101 CALL ERRCRK(2)

0047 WRITE (6+102)

0048 GO TC 800

0049 102 FORMAT (32HCOPERAND STACK CAPACITY EXCEEOCED )
C COPERATCR

0050 200 TOPCP=ESTACK(RBTCPF)
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0031

0052
0053
GO»>4a

0055
00-6
0057
0058

0059
00b0
0061
0062

0063

0064
0065

0066
0067
0008

0069
0070

0071
0072
0073
0074

007s
0076
0077

201

202

203

300

400

Soo

502

501

S03

€00

1IF (ACCRES 4GT, TCPOP) GO TO 201

CURRENT CFERATCR FAS LUOWER PRECEDENCEs.s SO EMIT SCME CCDE
EYOP=BTCP-1

IF(GENRAT(TCPCP)) GO TO 800

GO TG 200

CURRENT CHERATOR +AS HIGHER PRECEDENCE, THEREFORE STACK IT
IF (BTCP .GE. 100) GG TO 202

LTOP = BTLP + 1

ESTACK(BTLP)=ACCRES

GO TC 99

CPERATCR STACK QVERFLOW

CALL ERROR(2)

WRITE (6+202)

GO TO 800

FORMAT (3SHCOPERATOR STACK CAPACITY EXCEEDED)
FUNCTICN,s TREAT IT AS A UNARY OPERATOR

Gao TU 200

LEFT PARENTFESIS, STACK A ZERO ON THE BSTACK
ADDRES=0

GO T 201

RIGHT PARENTHESIS

TOPCP= EBSTACK(ETCP)

ETOP=BTCP-1

IF (TOPCP) S019999502

EMIT ALL STACKED CPERATORS UNTIL YQU GET TO A LEFT PARENTRESIS
IF (GENRAI(TOPOP)) GO TO 800

GO TG S00

THERE WAS NC LEFT PRRENTHESIS IN THE STACK
CALL ERRCH(1)

WRITE (6+503)

GO TO 800

FORMAT (24HOEXTRA RIGKHT PARENTHESIS)

COLLAR SIOUN

TOPCP=ESTACK(ETCP)

ETOP=HTCP-1

IF (TGPCP) €01,6C2,603

Y6



C CPERATCR STACK IS NOW EMPTY.

no7e €01 IF (ATCP .ECe. 1) GO TC 80
0076 CALL ERRQOK(2)

oCeC aRITE (6+61C)

0081 GO TC 80

0022 €10 FORNMAT(15HO0 INTERNAL ERROR)

c COEHATCR STACK CCNTAINS AN UNBALANCED LEFT PARENTEESIS
00&3 602 CALL ERRCR(2)

00c4 ARITE (6,220)

09¢5 Go TO 80 .

0086 620 FORMAT(SSIOASBCVE STATEMENT COMTAINS AN UNMATCHED LEFT PARENTHESIS)
C EMIT CCCE FCR ALL OPERATORS STILL IN THE OPERATOR STACK
0087 €03 IF (GENRAI(TOPGOP)) GO TO 80

ooea GO TC 600 '

C END OF INPUT,EMIT THE END OPERATOR

0089 700 CALL EMIT(1)

C LIST THE CELLS ASSIGNED TO TEMPORARY VARIABLES

0030 IFLAG=0

0091 CoO 741 I = 1, 1000

0092 J=TMPACR(T)

0093 IF (J «EGe C) GC TO 741

0094 IF (IFLAG «NEe 0) GO TO 743

0095 WRITE (6,740)

0096 IFLAG=1

0097 743 WRITE (6,742)1+J

0038 741 CONT INUE

0099 740 FORMAT(5SHOTEMPCRARY CELLS WERE ASSIGNED TQO THE TARRAY AS FCLLOWS)
0100 742 FORMAT (1+0+s30Xs1+T,13,21h WAS ASSIGNED TO CELL,IS )

C LIST THE LITERALS ASSIGNED DIRECTLY TC THE T-ARRAY

0101 1IFLAG=0 :

0102 CO 751 I =1, 4000

0103 IF (TUSE(1) .NEe S699) GO TO 751

0104 IF (IFLAG «NEe 0) GC TO 753

0105 WRITL (6,75C)

0106 IFLAG = 1

o107 753 WRITE (6+75Z2Z) T(lslel)sl
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otos
0109
0110

0111
o112
o113
Ool1la
0115
o116
0117
o118
0119
0120
o121
o122
0123
o124
0125

. 0126

o127
o128
0129
0130
0131
0132
0133
01 34
0135
o136
0137
0138
01 39
0140
0141
o142

731
750
732

7C9

710

711

713

721
722
723
729
730

760
761

CONT INUE

FORMAT (4&¢HOL ITERALS WERY ASSIGNED TO THE TARRAY AS FCLLCWS)
FORMAT(1HOs30XsE34e7 +21H WAS ASSIGNEDL TC CELL,IS)

EOIT ANC 2RINT THE GENERATED COCE

waR[TE (6+706G)

FORVMAT (SCHCTFHE FCLLOWING COCE WAS GENERATED FROM THE EQUATIONS
=1

J=CCCE(1I)

GO TO (730+711+7124712+713,713+3713437134724,714,713,712,714),J
LIT=CQCE(1+2)

WRITE(6+721) OPNANE(J)+CODECI+1)sLITERL(LIT)

I= I+3

GO 7GC 710

LIT =CCCE(I1+3)

WRITE (6+722) OPNAME(J)sCODE(1+1),CODE(I+2)LITERL(LIT)

i=1+4

GO TO 710

WRITE(6+723)OPNAME(J)+CODE(I+1)+CODE(I+2),CODE(I+3)

I=1+4

GO TO 710

WRITE(S6e6723) CPNANME(J)>»CODE(I+1),CADE(I+2)

I=1+3

GO TO 710

FORMAT(1HO» 30X+ A6+ 110,E34.7 )

FORMAT(1HCs 20Xs A6+2110,E34.7 )

FORMAT(1HOs20XsA693110)

FORMAT (1+:0+30Xs 14+38H LOCATIONS WERE USED IN THE CODE ARRAY )
wRITE (6,723) OPNAME(1)

WRITE (6+72G)1

CO 760 [=1.,VNAXY
IF (TUSE(I1+41000).LTe O0) GO TC 760

CALL ERRGR (2)

WRITE (6+761)1

CONT INUE

FORMAT(32+-0NU VALUE HAS BEEN ASSIGNED TO Y.I2.6H FRIME)
AN=MAXY
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0143 ARITE(E+,7399) NUMERR
FORMAT (1H0+14+21F+ ERRORS WERE DETECTED )

0144 755
016 I[IF (NUMERKX oEQe 0) GC TO 4o

Glas «QRITFE (6,79G69)

Glav 73535 FORVMAT (42HO%*%% EXECUTION WILL NOT BE ATTEMPTED *%%kx%
c ERKRCK RUNCUT LOCP

Olas ECC CALL NXTTUK(KINC,ACCRES)

0149 [F (KINC «NEe 6) CU TO 800

0150 GO TC 80

0151 4 RETURN

0152 £END

L6



001

NOoOONOOCONNNOO

0062

0003
0004
0005
0006
0007
o008
0009

0010
0011
o012

o013
0014
0015
0016
0017
o018
0019
0020
0021
0022
0023

LOGICAL FUNCTICN CENRAT(OP) )
LOGICAL FUNCT ION GENRAT IS INVOKEC WHENEVER IT IS NECESSARY TC PRCODUCE

THE CCCE TERTAINING TO ANY ARITHMETIC OGPERATORe. THE PARANMETER OP INDICATES

sHICH CPERATOR IS EBEING CONSIDEREDe. GENRAT AUTOMATICALLY FOPS THE PRCPER
NUMBER CF OFERANCS OFF THE ASTACKs CALLS DEFCHK TC TEST IF THE CPERANDS
ARE CURRENTLY CEFINEC AND THEN GOES TC THE GENERATOR APPRCPRIATE TO QPe.
THE VARICULS GENERATORS WILL USUALLY CALL CONCHK IN AN ATTEMPT TC PERFCRWM
SOME LCCAL CPTIMIZATION BEFORE ACTUALLY PRODUCING ENTRIES IN THE CODE
ARRAY THE VALUE RETURNEC BY GENRAT IS TRUE IF AND CNLY IF ERRORS WERE
CETECTEC CLURING THE ABOVE PROCESSING.

COMMGCN/ALCCAT/TAVAIL,TUSE(4000)»GARBAG TMPADR(10CC),
1 LAVAIL, LUSE(1000)

INTEGER TAVAIL+TUSEsGARBAGs TMPADRJLAVAIL sLUSE
COMMGON/COD /NXTCGCC,COCE(SOOO) o NXTLETLLITERL(100)
INTEGER NXTCOD+CCLCELNXTLIT

REAL LITERL

COMMON /STACKS/ ATOP+BTOP,ASTACK(100)+BSTACK{(100)
INTEGER ATOF.BTCPsASTACK, BSTACK

INTEGER QOP+CP1+,CP2,0PCUODE+GETCEL s TRUE.FALSE

222222 2RSS S SR 222222222222 22 2222222222222 222222 R R R R R 2 2

GENRAT=,FALSE.

FALSE=0

TRUE=1

CETERMINE NUMEER COF OPERANDS AND POP THEWVM OFF OF THE STACK

IF (OP «GTe 6) GO TO 9991

CP2 = ASTACK(ATCPR)

AT OP=ATCP-1

CALL DEFCHK{(OPRP2)
9391 CP1=ASTACK(ATCP)

IF (ATCP .LEe. 0) GO TO 9992

IF (0P oNre 1) CALL DEFCHK{OP1)

GO TO (1224325 495+€6E37:8514,14,14,14,14),0P
9992 GENRAT=eTRUE.

CALL ERRQCR(Z2)

WRITE (6+99SG3)
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0024 GO TO 14

0025 $392 FORMAT(17+ONISSING OPERAND )

C EEEEEERERIRARRRR R R RN R RN RN KRR R R R KRR KRR R AR ERE R RS AR KRR KRB R SR KRBk &

C ASS IGNVENT CPERATCR =

002¢ 1 IF ((CP1 «LTe 1) oCRe (OP1 oGTe SC0C))GO TO 101

0027 IF (TUSE(LP1) +LTe. 0) GO TO 105

0028 TUSE(CP1)=—CP1

0029 IF (QP2 LT« 0) GC TO 102

00 350 IF (OP2 +GTe S000) GO TO 103

0031 CALL EMIT(3)

0032 CALL EMIT(QF1)

0033 CALL ENIT(OF2)

0034 CALL EMIT(1)

G035 GO TC 14

0036 103 CALL ENIT(2)

0037 CALL EMIT(OF1)

00138 CALL EMIT(OF2-5000)

0039 GO TO 14

0040 102 CODE(-CP2)=CP1

0041 GO TO 1a

0042 101 CALL ERROR(2)

0043 WRITE (6,104)

0044 GENRAT=.TFUE.

0045 GO TG 14

0046 104 FORMAT (64HCA CCANSTANT OR EXPRESSION MAY NOT OCCULR TO THE LEFT CF
1AN = SIGN )

0047 105 CALL ERROR(2)

0048 WRITE(6:106)

0049 GENRAT= ¢ TRUE o

0050 GO YO 1a&

0051 10€ FORMAT (BSHOATTEMPT TO ASSIGN A VALUE TO A VARIABLE WHICH ALREADY
1HAS A VALUE ASSICGNED TO IT )

C AR AR AR A R R A B ook o ok O o ok o ok ok ook o o ok Kk ok o K ok ok K o ok ok ok kR Rk ok kK

C +

00u2 2 CALL CONCHK(NUMCGCGN,(0OP1,0P2, TRUE)

0053 - GO TO (200+2015202)+NUMCON

00v 4 200 CPCCCE=S
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0055
205¢€
N0>57
0058
0059

0060
0061
0062
0063
0064
0065
0066
0067
0068

0069
0070
0071
0072
0073
0074
0075
0076

0077
0078
0079
0080
0081
00a2
0083
0084

201

202

300

301

302

400

401

402

$00

S01

502

<O TG 999%
COCCDE=3

GO Tu 999y

LITERL(CPI)=LITERL(OP1)+L ITERL(OP2)

Go To 9801

I T T T T Ty P P PP P R L Lttty
MINUS

CALL CCNCHK(NUMCCN,0OP1,0P2,FALSE)

GO TO (300+2014302)¢NUMCON

CPCGDE=6

GO TG 999¢

LITERL(CPZ)=-LITERL(OP2)

CPCCDE=3

GO TU 9993

LITERL(OP1)=LITERL(OPL)-LITERL(OP2)

GO TOU 9801

222222 R 2222222232233 3 2232322333223 333 32322 R R R L Y]
*

CALL CCNCHK (NUMCCN,0P1,0P2, TRUE)

GO TO (400+401,402)¢NUMCON

CPCCLE=7

GO TC 9999

CPCODE=4

GO TG 9999

LITERL(CP1)=L ITERL(OP1)*L ITERL(OP2)

GO TG 9801

et Ak o ok ok o ok ok % ok b ok o ok o o ok ok K o ok ok o a3k ok ok ok ok ok R ok ok ok ok o 3k 3 ok e oK sk ok ae ok ok 3k ok ok ok ok ok ok o ok kok Rk ok kK
/7

CALL CCNCHK(NUMCCNsQOP1,0P2,FALSE)

GO TU (500+501,502), NUMCON

CPCGDE=8

GO TO 9999

LITERL(OP2)=1.0E0/LITERL(OP2)

CPCODE=4

GO TG 9999

LITERL(CPI)=L ITERL(OP1)/L ITERL(OP2)

00T



101

anN2

NN 13

(2d0)LTW3 VWD (0 *3AN® 2d0) 1

(140)1TA3 VD

(0)LIA3 VD

JOJLXN==(dILV)INIVISY

(303Dd0D)LIN3 TTIVD

SYO1VH3NID 3A08v A8 dN 13S 330D 3JHL LINW3

A e sl ook o o o o ok dk ok ok o e ok ok o ok ok o ook ok o ke ok ook o ol o ok ok o ol o o ol ok ok ke ok ke oK sk ok ik ok o oK ok ko ok K kR ok ok ok Xk ok ke
LA ! 01 09

¢d0="T11VAV

TFIVAVI=(Sd0)IsN

3SN JuNLN4 HO0d 3IOVEILS IEVIIVAY DL 13D WH3LIT v N3N13IM

SEEEE AR R R R AR AR ARk kR kR kR k kk kb ke kb hkhhhkk kXK
%1 D1 09

(000S - 1dO)W3L1IT~ = (0005 - Id0) W21l

' 6666 04 09

¥=300D2dJ

2=2d3

108 0L 09 (000S *19°* 1d40) 4l

— AYVNN

REERR AR R R RR R R R KRR ARk Rk kR kok ko kk ok kb kk k%
1 01 09

+ AHVNN

ERERE R R ARk AR AR R R R KRR RNk kR Rk ko Rk xRk kk ke kR kX &
1086 01 D9

(2d0) WILI M2 (1d0)IH3LII=(1d0) 3L 1T

6666 01 0O°

21=3a22d2

(¥3MO0d INVASNOD V 01 39 L1SNW NOIAVILININIGXIOHF®) LVANDSS

v1 01 09

*AINZL®=1vdNZD
(609¢9)3211nn

(2)d0¥83 VD
NOJDWNN*(209*103¢009) D1 09
(ISIVA*2dO*T1dO*NIDINNN) H-DINID TIVO
X%

EREEE R RS R R AR AR TR KRR R R AR SRR R R R R R R T kR Rk kA h kT kR XS
toee N1 09

vl

5666

1086

108

<09

1095
609

€09



o
o
o
[

OO0 O0

COONNOHOOHOON

SUBRCUTIN- CONCEFK (NUMCONJLEFTRIGHT,CCMNMLT)

CONChk [S USEC TC OBTAIN A CERTAIN AMCUNT OF LOCAL CPTIMIZATICN IN THE
CODE EEIN: FRCCUCECs IT IS CALLED BEFCRE GENERATING CCDE FCR ANY EBIMARY
CPERATCR.

MUNMCULN=3 [F BCTF CPERANLCS ARE CONSTANTSe. THE CPERATION IS PERFORMED AT
COMPILE TIME BY THE APPROPRIATE GENERATOR,

AUMCON=1 [F NEITHER QOPERAND IS A CONSTANT. :

NUNMCCAN=2 IF The RIGHT UPERAND IS A CONSTANT, OR IF THE LEFT CPERAND IS A
CONSTANT ANC THE CPERATOR IS COMMULTATIVE. IN BOTH CASE A MCRE EFFICIENT
CPERATICN CCDE CAN THEN BE EMITTECs EeGe A PODK INSTEAD CF A PRCD.

IF LEFT CPEwAND IS A CONSTANT AND THE OPERATOR 1S NCT COWMMLTATIVE, THEN THE
CONSTANT IS ASSIGNEC PERMANENTLY TO A CELL IN THE TARRAY AND TREATED AS A

VARIABLE.

COMMON/ALCCAT/TAVAIL.TUSE(4000) +GARBAG. TMPADR(106C)
1 LAVAIL, LUSE(1000)

INTEGER TAVAILsTUSE, GARBAGs TMPADR sLAVAIL sLUSE
CCMMON//T(4000+2,48)

COMMON/COL /NXTCCC+COLCE(SGOO0) +'NXTLITHLLITERL(100)

INTEGER NXTCGDsCCOE,NXTLIT

REAL LITERL

INTEGER NUMCUNSLEFT,RIGHT,CCMMUT, GETCEL

NUMCON=1

IF (RIGHT oCT. S000) GO TO 3

IF (LEFT J.LEe 3000) GO TO 4
A3k o A ok ok ok ok ok bk ok ek o ok ok ke ko e ok o sk ak ok sk ko 3 koo dk 2k ok sk ok oK ok ik ok ok ok ok ko ks ok ok ok ok ok ok k kR ok ok ok

LEFT OPERANC IS A CONSTANTs RIGHT QOPERAND IS NOT
IF (CCMMUT 4EQGe 1) GO TO 2 .
IR 22 RS EE R R R RS 22 2 RS R R S 2R 2R R RSS2 2RSSR 2222 2
CPERATCR IS NCT CCMMUTATIVE, ASSIGN CCONSTANT TO T-ARRAY
K=GETCEL (LUNMY))
TUSE(K)=939G
CO 1 I=1+4
T(Kels[)=0.0E0
1 TIK+2+1)=06CEO
LIT = LEFT - 500G

20T



0019 TCKs 1o 1)=LITERL(LIT)

0020 LUSE(LIT)=LAVAIL

0021 LAVAIL=LIT

0022 LEFT=K

0023 Ga TO 4

C AERREER AR A RRR KRR R R AR AR RE KRR KRR KRR R AR KRR AR KRR IR AR SRR AR EE R
C CPERATCR IS CCMMUTATIVEs., SO wE CAN SwAP THE OPERANDS

0024 2 Kk=RIGHT

0025 ‘ RIGHT = Li.FT - 5000

0026 LEFT=K

0027 NUMCON=2

ooze GO TO 4

C EREFRAFERERARRR SRR R AR AR KRR RN R R AR R SRR AR R R R RS AR RE SRR RSREE SRS
C RIGHT CPERAND IS A CONSTANT :

0029 3 RIGHT = RIGFT - S000

0030 NUMCON=2

0031 IF (LEFT .LE. 5000) GO TO 4

0032 LEFT = LEFT - 5000

0033 NUMCON =3

00134 4 RETURN

G035 END

€0T



0001 SUBRGCUTINT CEFCHK(OPRAND)

c SUBRCUTINI CEFCKFK IS USED TO CHECK THAT AN OPERANC HAS A VALUE ASSIGANED TC

C IT BEFCRE IT IS USEC IN AN EXPRESSIONe. THE ONLY CPERANDS WHICH ALWAYS HAVE

C A VALUE ASSIGNEC TO THEM ARE X AND ALL Y VALUES. VARIABLIES CF THE FCRM T

C AND YNNP CANNOT EE REFERENCEC UNTIL A VALUE HAS EEEN ASSIGNED TO THEMe

C

0002 COMMCN/ALCCAT/TAVAILsTUSE(4000) s GARBAGs TMPADR(100C) » Tt T
1 LAVAIL, LUSE(1000)

0003 INTEGER TAVAIL+TUSEs GARBAGs TMPADRSLAVAIL sLUSE

0004 DATA I1HT/'T'/, 11RY/Z'Y*/, 1EHP/* P*/y I6H/® v/

0005 . INTEGER OPRANC

0006 IF (CPRANC «.Te 0) GC TO &

0007 IF (OPRAND .GTe S000) GO TO &

0008 IF (TUSE(CPRAND) .LTe 0) GO TO 4 -

0009 IF ((OPRAND .GE.1001) .AND. (OPRAND .LE.1028)) GO TO 2

0010 NAMEL1=11HT

oo1l1 NAME2=TUSE ( CPRANC)

0012 NAME3=16H

0013 GO TO 3

0014 2 NAMEL1=11HY

0015 : NAMEZ = OPRANC - 1000

0016 NAME3=16HP

0017 3 CALL ERROR(2)

oo18 WRITE(6s1) NAME1lsNAME2,NAME3

0019 1  FORMAT(75H0A VARIABLE CANNOT BE REFERENCED BEFORE A VALUE HAS BEEN
1 ASSIGNED TC 1IT sAls I34A6)

0020 4 RETURN

0021 END

vot



0001 SUBRCUTIN: ANXTCHR

(o AXTCHR CBTAINS THE NEXT NON~BLANK CHARACTER FROM THE INPLT STREAM AND SETS
C THE CCwM(Cr. VARIAELES NCLASS AND NSYMB ACCORDING TC THE FGLLCWING TABLE
C

C SCANNEC SYMBOL NCLASS NSYMB
C

C A 1 A

C B8 1 B

c [ J [ ] L J

C . . .

C z 1 Zz

Cc ] 2 (v}

C 1 2 1

c [ ] [ ] L ]

C . . .

C 9 2 9

C = 3 1

C + 3 2

C - 3 3

C * 3 4
(o / 3 S
(o ( 3 €

C ) 3 7

C 3 3 8

C . 3 9
(o

0002 COMMON/SCAN/NCLASS s NSYMBo,LCLASS:COLUMNL,CARD(80) s NUMERR,NAXY
0003 INTEGER NCLASSsNSYMB,LCLASS: COLUMNyCARD¢NUMERRsMARXY

0004 . INTEGER ISYMB(S)s INTG(10)s ISS(G)s11H+INTGR(10)

0005 CATA INTGK/001929324825+6+7:8+9/

0006 CATA I1H/°* v/

0007 DATA INTG/ 90" 010,020,938 ,043°0,050,08¢ 070,080,090y,

0008 CATA ISYME /09X ,0Y0,0Te8,0ES Dy

0009 CATA ISS/t=0,0 40,00 0 k0,0 /0 ,8( 0 ,0)0 00,8,/

0010 100 IF (COLUMN «.GTe 80) GO TO 2

0011 11 LSYMB = CARC(COLUMN)

o012 COLUMN = COLUMN + 1

SOT



0013
0014
0015
00116
o017
ooi18
0019
0020
0021
0022
0023
0024
0025
0026
0027
0028
0029
0030

0031
0032
0033
0034
003S
00136

0038

0039

0040
0041

0037

30

40

S0

10 -

IF (LSYMB +EGe IlF) GO TO 100
CO 30 J=1,5 :

IF (LSYMB .EQ.ISYME(J)) G0 TO 10

CONT INUE

CO 40 I =1,10

NCLASS = &

NSYME = INTCGR(I)

IF (LSYMB .EQe INTG(I)) GO TGO 6

CONT INUE

CO SO0 J = 1.9

NCLASS = 3 .

ASYME = INTCR(J+1)

IF (LSYMB .EQ. ISS(J)) GO TO 6

CONTINUE

Go TO S

NCLASS = 1

NSYMB = LSYNB

GO YO 6

AEERRRER R IR AR ERR AR R KRR R RRERERKR RS R R R R R R R AR R R KK &
READ A NEW CARD ANC SCAN CHARACTER IN COLUMN 1
READ(S+3,ENC=6) (CARD(I), 1I=1,80)

WRITE (6+4) (CARC(I)s I = 1, 80)

FORMAT (80A1)

FORMAT (10X, 80A1)

COLUMN = 1

GO TO 11
SRARRERRRFRARARRRRARRRRRERRRRRRRR KRR R RR R AR RRRRRRER R R AR R R AR RK KRR RR
ILLEGAL CHARACTERs PRINT MASSAGE AND DISCARD THE CHARACTER
CALL ERROK(1)

WRITE (6s1) LSYME

FORMAT (19HOILLEGAL CHARACTER + Als, 12H WAS IGNORED )

(X3 EE SRS 222222 222 22222222 22 222222222222 2222222222 2 R T L

RETURN
END

90T



DODOOOAANNOONDONNOOAOONONOAN OOOONOONON

SUSSCUTINE AXTTOK
AXTTCK CETAINS THE NEXT TOKEN FROM THE INPUT STREAM. IT USES NXTCHR TC
ACTULALLY +HEAD CHARACTERS FROM THE INPLT STREAMe THE PARANETERS CLCUT AND

INCCUT AR: SET ACCURIDNG TO THE FOLLOWING TABLE

TCK=N cLouT INDOLT
CFERAND 1 ADCRESS OF THE OPERAND IN THE TARRAY
CFERATCR 2 PRECEDENCE OF THE OPERATOR
FUACTICN 3 INCEX OF THE FUNCTICN (I.Ee SIN=1e COS=2, ETC,.)
( 4 MEANINGLESS
) S #
$ 6 "
ENC CF INPULT 7 "
8 “

ILLEGAL TCKEN

AXTYTCK ALSO CONSULTS A PRECEDENCE TABLE TO MAKE SLRE THAT THE CURRENT
TOKEN MAY LEGALLY FOLLOW THE PRECEDING TOKENe THE PRECEDENCE MATRIX IS

GIVEN IN THE FOLLOWING TABLE

CURRENT TCKEN CLASS > 1 2 3 &4 s 6
LAST TCKEN CLASS V
: 1 € L E E L L
2 L € L L E E
I & E E L E E
4 L € L L E E
s € L E E L L
6 L E E E E L
ACTICN E = ERROR
L = ILLEGAL TOKEN PAIR

C - CONDITIONALLY VALID (leEe VALID IF THE CURRENT TOKEN IS A

ULNARY CPERATOR)
INTEGER FUNCTION SCNINT [S USED TO SCAN AN OPTIONALLY SIGAED INTEGER FROM

THE INPUT STREAN,

LOT



0001 SUBROUTINt AXTTCK(CLOUT, INDOUT)

0002 COMMON/ZALLCCAT/TAVAIL.TUSE(4000) s GARBAG, TMPADR(10CC)»
1 LAVAIL. LUSE(1000)
0003 INTEGER TAVAILsTUSE s GARBAGs TMPADR LAVAILLUSE
0004 CCMNMCN/COC /NXTCCC+CODE(S000) NXTLITLLITERL(100)
0005 INTEGER NXTCODsCCCESNXTLIT
0006 REAL LITERL
- 0007 CCMMON Z/SCAN/NCLASS,NSYMBoLCLASSs COLUNNSCARD(80) sANUMERR,NAXY
0008 INTEGER NCLASSsNSYMB.LCLASS+COLUMN,CARD s NUMERR MAXY
0009 INTEGER CLASS s INCEXsGETCELsSCNINTLEXPCNCLOUT,INDCUT, TABLE
0010 CATA I1HE/'E*/
0011 DATA I1HX/®*X'/e I11HY/'Y'/,s T11HT/Z'T'/s L1HP/ Py
0012 GO TO (100+200+4300)s NCLASS
C ’ PERER R RS AR KRR R KRR KRR KRR AR R R R KRR Rk Rk Rk bk ek kb ®
C FIRST CHARACTER IS ALPHABETIC
0013 100 IF (NSYMB .EQe I1HX) GO TO 110
0014 IF (NSYMB +EQe I1HY) GO TO 120
0015 IF (NSYMB .EQe I1KT) GO TO 130
0016 GO TO 999
C t F TR I E R S R L R R P PR E T Y T Y E R Rt T Y T YRS P RIS R
Cc INDEPENDENT VARIABLE (IEeX)
0017 110 CLASS=1 ‘
0018 ) INDEX = 2000
0019 TUSE(2000) = -2000
0020 GO TO 998
C R 2 2 232 E 2 R R R R 22 22 2 2 2 2 2 2 2R PR R R YT I IS SRR RS RE LY
C CEPENDENT VARIABLE OR ITS DERIVATIVE (IE.Y28 OR Y28P)
0021 120 INDEX=SCNINT(CUMMY)
0022 IF ((INCEX oLTe 1) «ORe (INDEX oGTe28)) GO TO 121
0023 CLASS=1
0024 IFCINDEX «GTe MAXY) MAXY=INDEX
0025 TUSE( INDEX)=-INCEX
C CHECK IF NEXT CHARACTER 1S P, THUS INDICATING A DERIVATIVE
0026 IF (NSYMB .NEe. 11FRP) GO TO 996
0027 : INDEX = INDEX + 1000

0028 GO TC 998

80T



0025
0030
0031
0032

0033
0034
0013S
0036
0037
o038
0039
0040
0041
0042
0043
0044
0045

0046

0047
0048

0049
00s0

0051
0052

0053
0054

121

122

130

131

132

133

200

210

CALL ERROR(1)

WRITE (6+122)

GO TO 4

FORMAT (46HODEPENCENT VARIABLES MUST BE NAMED Y1 THRU Y30 )
LRI RSS2SR S22 R 222222 22 222 22 22222 R R 2222222 S R 22 2R R 2 R 2 £ 2
TEMPORARY VARIABLE (1Ee T20)

INDEX=SCNINT(CUMNY)

IF (CINDEX oL Te 1) «ORe (INDEX oGTe10C0))GO TO 132

CLASS=1

IF (TMPADR(INDEX) .NE. O0) GO TO 131

I=GETCEL (DUNMY)

TUSE(I)=INDEX

TMPADR( INLEX)=1I

INDEX=TMPADRKR( INCEX)

GO TGO 999

CALL ERROQOR(1)

WRITE (6+133)

GO TO 4

FORMAT (48HOTEMPCRARY VARIABLES MUST BE NAMED T1 THRU T2000)
2222 RS2 RIS RS R 22 2222 222222222222 222222 E 222 R R RS E 2SR 2 LT 2
FIRST CHARACTER IS NUMERIC

CONS=NSYMB

PROCESS THE INTEGER PORTION

CALL NXTCHR

GO TGO (211+212,213)sNCLASS

NEXT CHARACTER IS ALPHABETIC, CHECK FOR E INDICATING EXPCANENT
IF (NSYMB +EQe. I1lHE) GO TO 230 '

GO TO 290

ACCRUE NUMBER ANC CONTINUE INTEGER LOCP

CONS=CCNS*10 +NSYMB '

GO TO 210

NEXT CHARACTER IS SPECIAL+ CHECK FOR DBECIMAL POINT.

IF (NSYMB <.EQe 9) GO TO 220

GO TO 290

L EL RS RS2 R R R 2RSSR 22222222222 222 222222 2222 R R R R R R S}

PROCESS THE FRACT ION PORTION

60T



220
229

222

230

290

291

292

300

309

399

FRACT=0.1t0

CALL NXTCHR

GO TO (211+222+290)sNCLASS

ACCRUE NUMBER ANC CONTINUE THE FRACTICN LCOP
CONS=CCNS+NSYME*FRACT

FRACT=FRACT304.1E0

GO TO 229

SRR ERRKEPRERE AR AR KR RER R Rk kR kR Rk ko kR ko kg ko kkk kk Bk
PROCESS ThE EXPCNENT PORTION

EXPCN=SCNINT(DUMNY)
CONS=CCNS*( 10 « OEQ**EXPON)
##t**t#*t#*#**t##tt*#tt**t*t##t#*t*t*t*t#t*tﬁ***##*#*#tttttt#####t
ASSIGN A PLACE IN THE LITERAL ARRAY FCR THE CONSTANTY
INDEX=LAVAIL
CLASS=1
IF(INDEX .ECe 0) GO TO 291
LAVAIL=LUSE(INDEX)
LITERL(INCEX)=CONS
INDEX = INDEX + S000
GO TO 999
t******#***t**t#*##***t#*ttt##t***t*******t***#*##**tt*t*ttt**#t**
NO MORE SPACE AVAILABLE FOR LITERALS
CALL ERROR(2) '
WRITE(64+292)
GO TO 4
FORMAT (39HONO MCRE SPACE AVAILABLE FOR CONSTANTS )
AEERRB AR R R AR ARR R AR R RN R R kR kAR AR Rk R Rk h Rk
FIRST CHARACTER IS A SPECIAL CHARACTER '
GO TO (399,399,399,304,399, 388, 388.38E8:309) +NSYMB
=" + - * /7 ( ) $ P
L2 22 22 R RS R R 22 S R 2 22 2222 22 R 2 RSS2 RS2 R R R R R R R RS2SR R
CECIMAL PCINT .
CONS=0.0
GO TO 220
AEXRERFIN LR AR AR AR R AR KRR KRR KRR R AR KRR R RS RRR SR KRR
= + - 7/
CLASS=2

0TT



oo7ve
0079

0080
0081
0082
0033
o084
008S

o086
0087
oos8s8

0089

0090
0091
0092
0093
0094
009S
0096
0097

0098
0099

0100
0101

0102

0103

30a

388

998

999
10
20
30
40
50

60
80

29

28

69

INDEX=NSYNMB

GO TG 998

T T T T T PP T

STAR, CHECK IF TIMES OR EXPONENTIATION IS DESIRED

CLASS=2

INDEX=4

CALL NXTCHR

IF ((NCLASS oeNEe 3) «ORe (NSYMB «NEe 4)) GO TO 9S9

INDEX=6

GO TO 998

(2 2 2222 222 22 22 SRR 222222 2222222222232 222222232232 222 2 22T E SR Y2 R
( ) $

CLASS = NSYMB - 2

IF (LCLASS +EGe €) GO TO 999

GO TO 998
XA RE SR AR AR R AR R TR KRR R R AR R E SRR R AR A SRR X R R AR R R ER X R R SRR R EE R

ADVANCE THE SCANNER FOR NEXT ENTRANCE

CALL NXTCHR

TEST FCR LECAL ACJACENT TOKENS IN INPUT STRING
GO TO (10520530+40:50+60960,80),LCLASS

GO TO (2+1+2429141)5,CLASS

GO TO (1+29913519292)s CLASS

GO TO (2:2+2+192+2)sCLASS

GO TO (19299191929 2)sCLASS

GO TO (2+1+9292+1s1)sCLASS

GO TO (132+29292+69)s CLASS

GO TO (4+454+454,1) o CLASS
‘*********************“***‘**********************‘*‘.**‘*******‘*
CHECK FOR UMNARY COPERATORS + AND - )
IF (INCEX EQe 2) GO TO 28

IF (INDEX o.EQe 3) GO TO 28

GO YO 2

INDEX=INDEX+S

GO T0O 1
EEREEREERXENRERREXRR XL RN R RRERKKRERR R SR RERRRRKEEK KRR SR REE R XK LR FREEK S

KLUDGE FOR ENC-CF-INPUT DETECTION
CLASS=7

11t



01G4

0105
0106
0107
0108
o1¢c9
o110
o111
o112
o113

co TC 1
at##**####* t*##****’#****#######*#t## EER R R E AR AR EEEEE R EEERNEEE R
CALL ERROR( 1) '

wRITE (6+2222)

FORMAT (23HOILLEGAL CHARACTER PAIR)

CLASS=8

CLOUT=CLASS

LCLASS=CLASS

INDCUT= INCEX

RE TURN

END
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0001
C
C
C
0002
0003
0004
0005
0006

0007
0008
0009
0010
o011
QoiL2

00t 3
0014
0015
0016
0017
o018
0019

0020
0021
0022
0023
0024
0025
0026

INTEGER FUNCTICN SCNINT{DUMMY)
INTEGER FUNCTION SCNINT IS USED TO SCAN AN OPTIONALLY SIGNED INTEGER FROM

THE INFPUT STREAM,

COMMON/SCAN/NCLASS s NSYMBsLCLASS+COLUMNCARD(80) s NLMERR, MAXY
INTEGER NCLASS+NSYMBSLCLASS +COLUMN,CARDsNUMERR NAXY
IS IGN=1 '
CALL NXTCHR
GO TU (99951005300)+NCLASS
EEEEARERRRR PR ERR AR AR R ERRRRKE KRR EERRR KRR AR R RR R R RRE R AR R RAE G R RKE
SPECIAL CHARACTER, SHOULD BE + OR -
300 IF (NSYMB .EQ. 3) GO TO 301
IF (NSYMB .EQe 2) GO TGO 302
GO TO 999
301 ISIGN=-1
302 CALL NXTCHR
GO TO (999,100+999)+NCLASS
BEREREEERARIRRRRREERRRERERRERRRRRRRRRRRREEEERRRR AR AR RSB ARREREREE
ACCRUE NUMBER
100 SCNINT=NSYME
101 CALL NXTCHR
GO TO (103,102,102),NCLASS
102 SCNINT=SCNINT*10+NSYME
GO TO 101
103 SCNINT=SCNINT*ISIGN
GO TO 14 _
kg kkhkbh ik bk bk bk kR kxR khgh kg kk gk kg ki Mgk
, ERRURes NG INTEGER FOUND WHERE ONE WAS EXPECTED
999 CALL ERRQE(1)
WRITE(6999G)
SCNINT=0
GO TO 14
9995 FORMAT (31HOINTEGER EXPECTED BUT NOT FOQUND )
14 RE TURN
£ND

=~
=
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Q003
0004
0005

0006

0007
coo08
0009

0010
o011
o012
o013

0014
0015
"0016
0017
0018

SUBRCUTIN: EMIT(ARG)

SUEBRCUTIN= EMIT [S USED TO PACK GENERATED CODE INTO THE CCDE ARRAY.e A
FOSITIVE 2RCUVMENT INDICATES THAT ARG SHOULLD BE PLY INTO THE NEXT
SEQUENTI AL LOCATICN IN THE CGCDE ARRAYe A NEGATIVE VALLE FCR ARG MEANS

THAT A REFERENCE IS BEING MADE TO THE RESLLY wHICH WAS CCNPUTED AT
LOCATICN ARS(ARG) IN THE CODE ARRAYe. A TARRAY CELL IS ALLCCATED FCR THIS
RESULTs AND A REFERENCE TO IT IS GENERATED IN THE NEXT SEGUENTIAL LOCATION
CF Tkt CCLE ARRAYe.

COMMON/COC /NXTCCLC+COCE(SOQO)+NXTLITHLLITERL(100)
INTEGER NXTCOD,CCEESNXTLIT
KEAL LITERL
INTEGER ARG.TEMP,GETCEL
BREEEREERER PR BEER R AR RRE AR R KRR R AR R R Rk R E PRk R Rk RE Rk R
A NEGATIVE ARGUMENT INDICATES A REFERENCE TO A PREVIOUS RESULT
IF (ARG .GEe 0) GG TO I
ALLOCATE A TEMPORARY STORAGE CELL AND BACKPATCH ThHE REFERENCE
TEMP=GETCEL(DUNNY)
CODE(-ARG)=TEMP
ARG=TEMP
ERRERRRERIR IR AT R AR SRR LR ERE R SRR kR R Rk
STORE THE SYLLAELE IN THE CODE ARRAY
1 IF {(NXTCCL GTe S000) GO TO 2
CODE(NXTCCD )=ARG
AXTCOCD=NXTCCD+1
RETURN
2 R R R 2 SR R L S R R R L e R R 2 2RSSR TR S22 220
CODE ARRAY CVERFLCwe FATAL ERROR

2 CALL ERRGK(2)
WRITE(€E,.,3)

3 FORMAT(SSHO INSUFFICIENTYT SPACE FOR STORING EQUATICAS IN CCDE ARRAY)
RETURN

END

Vit



SUBSRCUTIN: ERROR(IFLAG)
SUSZCLTINT ERROR IS USED TO INDICATE THAT AN ERRCR HAS BEEN DETECTED AND
T3 INCICATE THE APPROXIMATE PLACE IN THE INPUT CARD STREAM WHERE

THEZ

ERRCR OCCURREC.

CCMMON/SCAN/NCLASSsNSYMBILCLASSsCOLUMNGCARD(E0) s NULMERRMAXY
INTEGER NCLASS+NSYMB+LCLASS, COLUMN;CARDsNUMERR ¢MAXY
CIMENSICN ICARD(81)
CATA I1RH/® /s Jl/7%%y
CO 10 I=1,81
1C ICARD(I)=11¢+
IF (IFLAG +FQel) ICARC(COLUMN)=JI1
WRITE(6s11) ICARC
11 FORMAT (14HO*%*%* ERROR **% ,27X,81A1 )
NUMERR=NUMERR+1
RETURN
END

STT



0001

%9002

0003
0004
0005
0006
0007

0008
0009
0010
0011
ooti2
0013

INTEGER FUNCTION GETCEL{DUMMY)
GETCEL IS USEC TU OBTAIN AN AVAILABLE CELL IN THE TARRAYe IT SINMPLY PCPS

THE TCP ENTRY OFF THE TUSE STACK.

CCVMMON/ALCCAT/TAVAILsTUSE(G40CQO) +sGARBAGs TMPADR(100C)»

1 LAVAIL. LUSE(1000)
INTEGER TAVAIL+TUSE.GARBAG TMPADRSLAVAIL ¢LUSE

IF (TAVAIL .€EQs 0) GO TO 1
GETCEL=TAVAIL
TAVAIL=TUSE(TAVAIL)

RETURN
T e I I T T I T I,

NO MORE AVAILABLE CELLS IN THE T—-ARRAY
1 CALL ERROR(2)
WRITE(S5+2)

GETCEL=1
2 FORMAT (43HOINSUFFICIENT SPACE FOR COMPILING EGUATIQONS )

RETURN
END
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0001

0002
0CC3
00C4
00n05
006Ce
00cC?
GCCe
0009
0ocCc10
0011
Q012
0C13
0014
0015
001¢
0017

1¢C

SUPRCUT INE GMPRD (A EByRyNyM,yL)

CIFENSION A(1),8{1)sR(1)

IR = 0

IK = =¥

CC 10 K=1,L

IK = IK + M

CG 10 J = 14N

IR = IR + 1

JI = J =N

Ie = IK

ROIR) = O

BC 10 I = 1,¥

JI = JI ¢ N

18 = I8 + 1

R(IR) = RUIR) + ALJI)*BLIE) -
RE TURN P
ENC



n9C1

cco2
7003
0004
0GcCs
0006
coo07
0008
coco
0010
0011
0012
0013
0014
0015
Colé
0017
o018
c01s

0020
0021
0022
0023
0024
0025
0026
0027
coz2e

10
15

2¢C

25

3C

SULBRCLTINE MINV(24NsLCyLyN)

DIMENSICN A(1),L(1)oM(1)
C = 1.0

AK = =N

DC 80 K = 14N

NK = NK & N

Lik) = K

M(K) = K

KKk = MK + K
BIGA = A(KK)
DO 20 J = KsN
12 = N#(J-1)
DC 20 I=K,N
Id = I7 +1
IF (ABS(BAGA)-ABS(A(IJ))) 15+2C,20
BICA = Al1J)}
Ltix) = I

M(K} = J
CCANTINUE

INTERCHANGE RCHWS

Jd = LK)
IF (J=K) 35,35,25
KI = K=N

DC 3C I = 14 N
KI = KI ¢+ N

HCLD = =-A(KI)

JI = KI - K + J
A(KK) = 1.0/BIGA
A(JI}) = FCLD

INTERCHANGE CCLUNMAS
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7¢C
75

80

100

10¢

1Ct

11C
12C

125

SIVICE RCwW BY PINVCT

KJd = K = N
CC 75 J = 1,N ,
KJ = KJ ¢ N

IF (J=K) 7C+75,7C

A{kJ) = A(KJII/BIGA

CCATINMLE

PRCOUCT CF PIVCTS

C = C*BIGA

REFLACE FIVOT BY RECIPROCAL
COMTINUE

FINAL RCw ANC COLUNMIN INTERCHANGE

K N

K {K=-1)

IF (K) 1%0,150,1¢C5
I = L(K)

IF (I-K) 120,120,108
JC = N¥(K-1)

JR = N2*{]-1)

CC 110 J = 1,N

JK = JC + J

HCLD = AUJK)

JI = JR + 4§

AlJK) = -A(J1)
AGJul) = RGLD
J =NM{K)

IF {(J-K) 1CC,100,125
KL = K =N

0¢T



CCel 23C 13C I=1sN

00€e2 X[ = KI + N
Q083 =ZLC = A(KI)
Q0Es JI = KI - K-+ J
0CE&s (k) = =ALJI)
QCee 120 2(.1}) = kCLD
0087 GC TO 1CC

cos8s 12C  RETURN

cces ENC

12t



0«<000000E

0e2571427E

0e9136634¢L

0e9379241E

066514993E

0¢9601991E

0e9662347E

0e9807972E

Oe 0

0e5298S79E

0e¢6529962E

0«7231569E

0e 7692 346E

0e8734027E

0.8923851E

0«0

Qe 0

0e212340S5€E

cC

QC
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cQ

ocC

ocC

00

co

00

00

00

(¢

(o]}

oo

00

CeCHE6H66E6E

Qe788¢€7¢<1E

0e9247639E

Ce345997SE

0.9578471E

0e9654210E

0e970€83SE

0.0

0«0

0.58633€6E

0.698¢112E

0«.76139S1E

0«80198€6E

0e83006047F

Ue90135C7E

0«0

0.0

0e¢2949978F
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00

00

00

00
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00

0¢

0+.7S00000E

0«84494E9E

0.8872G83E

0.3522110€

0.9€627240E

0+.96943S7€E

0.97409%3E

0.0

0.2113248E

0630791S5€E

0.7338€93E

0.7902831E

0826S197E

0.8519214E

Ce0

0.0

Q0

0+3632€46E

CCEFFICIENTS A(6,6,6€)

00

cC

co

co

co

cQo

co

0o

co

00

0o

co

G0

o¢

C«B8000000E
CeB87748S2E
Ce911411SE
0e930S681E
Ces9665886E
0e9726143E
0e97679S3E
Q.0

0355051 CE
CeS000000E
0«7616239E
0.812891SE
C.8456051E
C.868436CE
Ce0

0.0

CeO

0«4201130€E

00

00

00

00

00

00

00

00

00

oo

Q0

00

oo

00

0.8333333€

0.898713SE

092700S9E

0¢94289S8E

0¢9530899E

0.9751938E

09789852E

0.0

0«4558481€

05905331¢€

06 69990SE

0.8310789E

0.8608863E

0.8816167E

0.0

0.0

0¢1127017E

0.4679832E

00

00

00

00

00

[4A)

00!
00
00

00

00

00

00



O« 330003SE 0OG

0e6146694E 0OC

06800592 00

067256027E 0O

0.0

0.0

0.C

Ce0

03121355E 00

04171002E 00

0.4909636E CC

Oe O

0.0

CeC

OeC

O0e0C

0.1489457E 00

0.2307661E 00

C+41640S6E 00

0«S0000COE 0O

0.7063328€E OC

0.74823€SE 00

Ce0

0.0

003568937E 00

04609336E 00

0e5324115E 00

Oe Q-

0.0

0.0

0.0

Ce0

0.1962120F 0C

O0e28431E89E 00

0.4829527E CO

056202%2E 0C

06193C9SE 0O

0«7€E8413SE CO

0.0

0.0

0.0

0¢1397598E 00

0e2307€S3E 0O

04987098E 0O

05675724E 00

Oe0

0.0

0.0

0.0

OeO

0e2397920E 00

0«3313C04E 0O

0«5348464E 00

Ce6101136E 00

Ce66301S2E 0O

Ce0

C.0

Ce0

0.0

0«204148SE 00

0e¢3045357€E 00

0+3806904E 00

CeS597789CE 00

Ce0

C.0

Ce0

0.0

0+4€91007E-01

0e2796931E 00

Ce3727S11E 0O

057891S7E 00
0.6485699E 00
0.6975S631E 00
0.0
0.0
0.0
0.0
0.2614778E 00
0.3656664E 00
0.4413285€ 00
0.0
Q00
0.0
0.0
0.0
0.9853500€E-01
0.16939S3E 00

04095333E 00
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0eC 0e0 0.0 ' CeO 0«0

OecC 0.0 0.0 Ce0 0.0
0.0 0«0 ' 0.0 Ce0 0.0
0.0 0.0 0.0 Ce0 0.0
0.C Ce0 0.0 Ce0 0.0
0.0 0.0 0.0 Ce0 0.0
0¢3376524E-01 0«7305425E-01 0.1131943E 0O C«.1522731E 00 0.1894696E 00

0.2244639E ¢C

1



0.1000000E O1

0e3602323E CO

02165682E 0C

01562502€E OO0

001224810E 00

0«1007941E 00

08566225E-01

0¢4898897E-01

0.0

0e¢4497610E CO

0634297S7E 00

0«.2813560E 00

02393143E 00

01378693E 00

0e1177105E 00

0.0

0e O

0e 3288442E 00

0«7S500000E 0O

05000000E 0O
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Oe0
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COEFFICIENTS C(€+€+6€)
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043764030E 00

062777777E 0O

0.1210€S1E QO

0e9457G64E-01

0+7766€E46E-01
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0.0

0.5000000E 00

0.383879S5SE 00
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0.2208490E CO
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0.0
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0«1659088E 00
0.1423749E 00
Ce0
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0.2522389E 00
0.1828570E 00
0.143713SE 00
0.1184634E 00
0.6318581E-01,
0+5357164E-01
0.0

0.4850196E 00
0.3881934E 00
0.1994007€ 00|
0.1817043E 00
0.1505875E 00
0.1288624E 00
0.0

040

0.2777777€ 00

0.3250821€E 0O

SCT
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0e0
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0e2844444E
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0.1739274E

0.2650126E

02262012E

0.20226S4E

Oe0

0.0

0.0

Oe0

0.0

0.20130S3E

O0«194468E5E

(o] o]
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Q0
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Qo

1 ]0]

0¢

ocC

02942587E

0e2604€234E

02339S€9E

0e15S48BE67E

0.0

Oe0

0.0

0.2231039E

02393143€E

02181501€

0.1923066E

0.0

Oe0

0.0

0.0

0«0

0.2108042E

Oe1948467E

00

00

Qo

co

00

00

Qo

co

00

co

0e2764993E

Ce2396317E

0Ce2123S1SE

0.0

Ce0

Ce0

Ce0

02483943E

Ce242693SE

062339S6SE

0.1829978E

Ce0

0.0

0.0

Ce.0

C21184634E

0.2160023E

Cel1930C448EE

00

00

00

00

00

00

00

oo

00

00

0.2596964E 00

0.2215SS90E 00

0.1943656E 00

0.0

0.0

0«0

0«0

0.2605729E 00

T

N
0.2397361E 00 ©

0223S5548E 00

0.0

Q0e0

Q0.0

0.0

0«0

0.1598203E 00

0.1803808E 00

0.1899267E 00
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00 GeO 0«0 Ce0 0.0

OeC Ce0 0.0 C.0 0«0
O.C Oe«0 0.0 Ce0 OO
0.0 Ca.0 0.0 C.0 0.0
0.C 0«0 0.0 C.0 0.0
0.0 Oe0 0.0 Ce0 0.0
0.8566225€E-01 0«119€1326E 00 O0e1429CE0E (O C«1590899E 00 01702574E 00

0e1778B027E ©C
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Appendix B, Computer Output



621

SYMMETRICAL REFLECTICN FUNCTION R(XsI,J) FOR GANMA Oel
[ed X = 0.1 X = Qe X = 063 X = Ce4 X = 0e5 N
1,1 0e12835S0E~-02 06128432€E-02 0.1284352E-02 0.12843€E6E-02 0.1284373E-02 1
1.2 062136011E-02 042162914E-02 062165527E~02 0621€€411iE-02 0.2166754E-02 2.
143 062345844E-02 04239246SE~02 002399802E~02 024C3559E-02 02405690E-02 3
1.0 062419388E-02 062474848E-02 0.2485089E~02 0624G1062E~02 0.2494923E~02 4.
1.5 0e24SI1789E-02 0e2511533E-~02 062523249E~02 0.2530539E~-02 0.2535498E-02 s
1.6 0¢2467396E~-02 0.2529328E-02 0.2541849E~02 0.25498S0E-02 0.2555462E~02 6
1,7 0e2474433E-02 042537348E-02 062550247E~02 0.25S8607E—-02 0.2564526E-02 7
2.2 0.5168006E-02 0+6312598E-02 0e6570127E~02 0.6629929E-02 0.6644562E-02 8
243 0e6137464E=-02 08228969E~02 0¢8946564E~02 0.91968SSE~02 0.9286590E-02 9!
2.4 066495927E-02 09029824E-02 041002383E~01 0.1041974E-01 0.1058161E-01 10:
245 066656613E-02 069405930E~02 061054749E~01 Oe1102861E-01 0.1123669E-01 11
2.6 0e6734945E-02 0e959318GE~02 061081247E~01 O0o1134040E—01 0.1157495E-01 12
2.7 066770305E-02 009678584E-02 001093426E~01 0.1148457E-01 0e1173200E-01 13
3.3 0e7397372E-02 041127417E~01 0e1330094E~01 0.1436145E~-01 0.1491748E-01 14!
3.4 0.7866688BE~02 041258527E-01 0.1540525€~01 0.1708979E-01 0.1809661E~-01 15
3,5 0eB8077595E~02 041320744E-01 061645217E~01 0.18502SSE~01 061979941E-01 16
3.6 0.8180529E-02 0e1351863E-01 061698745E~01 0619239€1E-01 0.2070201E-01 17
3,7 0.8227028E-02 0+1366083E~01 001723463E~01 0,1958302E-01 0«2112623E-01 18
4.4 0e8378465E-02 041413016E~01 00180S945E~01 Ce2073904E~01 0+2256469E-01 19
4,5 0.8608624E-02 041486557E~01 061938953E~01 0,22€6S3€E9E~01 0.2500595€E-01 20
4.6 0e8720983E~02 041523390E-01 062007173E~01 0.23€ES744E—-01 0.26311S53E-01 21
Go7 0e8771747E-02 0¢1540232E-01 02038723E~01 0.2412660E-01 0.1692771E-01 22
545 0e8887527E-02 0+1565591E-01 0,2086592E~01 062484322E-01 0.1787478E-01 23
5.6 0e8964162E~-02 0+1605198E~01 062162419E-01 0e2599383E-01 0.2941480E-01 24
Se7 0¢9016857E-02 0e1623315E-01 062197506E~01 0.2653220E-01 0.3014288E-01 2s
6+6 0.908289BE-02 0.164620GE~01 0+2242199E~01 0.2722296E-01 0.3108356E-01 26
67 0¢9136543E-02 0e¢166496SE~01 0,2279129E~01 0e2754321E-01 0+3198970E-01 27
77 0e9190626E-02 O0+1684024E—01 042316915E~01 0.2839130E-01 03269221E-01 28
I+ = 1s2seees?e WHERE 1 IS EBeS DEG FRCM N, 2 IS 82.6 DEG FRCM fhe 3 IS 727 DEG FRCM N,

4 1S €Ce0 CEG FR(CM Ne S IS 453 CEG FROM Ny € IS 29¢4 DEG FRCM Ny 7 IS 13,0 DEG FRCM No
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£ 20~329S80v¥C*0 20-326£80»2°0 20~-3v2180%2°0 <20-352940%2°0 20-3SE£690v2°0 £er
2 20-381024912°0 20-30104312°0 20-32669912°0 20-30969912°0 203-32.689912°0 21
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Leu
1.1
1«2
1.3
1+4
15
1¢6
17
2+2
2+ 3
2.4
245
2+6
27
3.3
3.4
3¢5
3+6
3.7
455
46
G+7
SeS
Se6
Se?
€+6
6.7
Te7

SYMMETRICAL REFLECT ION

X = lel
0.1284389E-02
0.2167027E-02
0.240383675€E-02
0.29502219E-02
0.2546330E-02
02568570£-02
0.2578804€E-02
0.6650325E~-02
09344239E-02
0.1071298E-01
0.1142508E£-01
0.1179909E-01
0.1197431€E~-01
0.1552587E-01
0.1953557E-01
0.2190072E-01
0.2322509E~-01
0.2386556E£~01
0.2607356E-01
C«3020871E-01
0.3260697E-01
03378692E-~-01
0.3564756E-01
03885562E-01
0.4044692E~01
04257209E-01
Ce4445451E~01
0.4640656L-01

I1+Jd

1.2‘...'7.

WHERE

4 1S €ECe0 CEG FRC™ N

X = 1e2
Vel2B84390E-02
0.2167031E-02
0240874 1E-02
0.2502502E-02
0e254686€EE-02
042569298E~-02
02579638E~-02
0.665035%E-02
0e9344690E-02
0+41071490E-01
01142873E-01
0.1180404E-01
0¢119799SE-01
0.1553281€E-01
0.1956493E-01
02195624E-01
0233004SE-01
0e¢239519€E-01
02619794E-01
0«3044397E~-01
03292638E~-01
0e¢3415319E-01
03609264E-01
0¢3946000E-01
0+4114000E-01
04339283E-01
0.4538958E-01
04748600E-01

IS BEeS CEG FROM N,
IS 4543 DEG FROM N. €

FUNCTION R(XsIsJ) FOR

X = 13
0«1284389E-02
02167034E-02
0+2408784E-02
02502702E-02
02547267E-02
0.2569856E-02
0.2580285E-02
0.6650377E-02
0¢9344976E-02
0.1071621€E-01
0e1143134E-01
0«1180768E-01
0¢1198420E-01
0«1553665E-01
0.1958297E-01
0.2199220E-01
0.2335055€-01
0.2401009E-01
0.2628282E-01
043061333E-01
03316243e-01
0¢3442707E-01
0¢3€43063E-01
0¢3993112E-01
0.41686€68E-01
0+44049S7E-01
0«4614670E-01
044837034E-01

GAMMA

X = l1leé4
0.12€843G0E~-02
0.21€67035E~-02
0.2408810E-02
0.2502845€E-02
0e2S547SET7E-02
0.2570286E-02
0.2580788E-02
0.6650388E~-02
069345144E-02
0«1071711E-01
Ce1143324E-01
0O«11E1040E-01
0.1158739E~01
Ce15S3879E-01
0.1959411E-01
02201S63E-01
0.2338406E~-01
0.2404942E-01
0.2634079E~-01
0¢3073529E-01
0e3333690E-01
0e¢34€31S1E-01
0.36€8726E-01
0.4029828E-01
0«4211777E-01
0e4457493E-01
0.4675955€~01
0«49C9462E-01

2 IS 82.€6 DEG FRCM N

QOel

X = 1S5
0+1284392E-02
0.2167038E~02
0.2408830E-02
02502949E-02
02547795E~02
02570620E~-02
0+.2581184E-02
0+6650403E~-02
09345252E-02
0«107177SE-01
0¢1143464E-01
0.1181246E~-01
0e¢1198984E-01
01554000E-01
0«1960104E~-01
02203101-01
02340663E-01
0.2407622E~-01
0«2638042E~-01
0308231S5E-01
Ce3346590E~-01
03478514€-01
03688209E~-01
04058438E-01
0e4245765E-01
0449951 0E-01
0.472SSSCE-0O1
0e496876SE-01

Rs 3 IS 72.7 CEG FRCM ﬁ.
IS 29.4 DEG FRCM Ns 7 IS 130 DEG FRCM N.

DOONOUNEWN=T
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SYMMETRICAL REFLECT ION

X = 261
0.1284392E-02
042167044E-02
0.2408862E-02
0.2503172E-02
0.2548365E-02
0.2571516E-02
0.2582284E-02
0.6650433E-02
0¢9345461E-02
0e1071912E-01
0.1143812£-01
0.1181793E-01
0.1199654E-01
0.1554165E-01
0«1961229E-01
02205919E~01
0.2345075E-01
0.2413018€E-01
0.2645768E-01
03101839€E-01
0.3377379E-01
0.3516133E-01
0.3737862E-01
0.4136755E-01
0e4341921E-01
0.4623260E-01
0.4876652€E-01
0.51557C0E-01
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X = 262
0.1284392E-02
042167044E-02
0.2408863E-02
0+2503183E-02
0.2548397E~-02
0257157 3E-02
0.2582358E-02
0.6650432E-02
049345464E~02
0.1071918E~-01
0e1143832E-01
0.1181827e-01
0.119969GE-01
0.1554169€E-01
0.1961261E~-01
0+2206022E-01
0234525S€E-01
0.2413251E-01
0+2646053E-01
0¢310273SE-01
0.33788S6E-01
0.35181676-01
0e3740692E~-01
0.4141732E~-01
0e4348338E-01
0.,4632011E-01
0.4887866E-01
0517025S1E-01
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FUNCTION R(XsIsJ) FOR

X = 23
0.1284392E-02
0¢2167044E-02
0.24088€E4E-02
02503190E~02
0e2548422€E~-02
0.2571618E~02
0e2582417E-02
0.6650433E-02
09345472E-02
01017922E-01
0«1143847E-01
0«11818SSE-01
0+1199734E~-01
0.1554171E-01
0.1961284E~-01
02206095E-01
0e2345387E-01
0¢2413423E-01
0.26462S50E-01
03103385E-01
0.3380027E-01
0¢3519695E-01
063742842E-01
0«4145608E-01
004353394E-01
0¢4639003E-01
0.4896930E-01
0«518215S0E-01
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X = 248
0+12843G2E-02
0e21€7044E-02
Ce240886SE—~02
02503167E-02
00254844 1E~-02
042571654E~-02
0e2582463E-02
0.6650433E-02
0e¢9345472€E-02
0.1071926E-01
0e.1143858E~-01
Oel118187SE-01
0e1169726E-01
0.1554173E-01
0e19€1299E-01
0.2206147E-01
0.2345483E-01
0.2413549E-01
0.2646386E-01
0¢31038S6E-01
0+33EC8S8E-01
0«3520843E-01
0e3744473E-01
0.4141627E-01
0e4357377E-01
0.4644587E~01
0¢490425SE-01
0eS191877E-01
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X = 28
0.1284392E~-02
02167044E-02
02408866E-02
062503200E-02
0«254845S5E~02
0.2571681E-02
C«2582500E-02
0s6650433E-02
0e934S5476E~-02
0¢1071928E~-01
0.1143866E-~01
0.1181891E-01
0e1199784E-~01
0.155417SE-01
0e1961310E-01
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03381545E~-01
03521708E-01
0e3745711E~-01
0e4150977E-01
0436051 6E-01
0¢4649048E-01
0«4910174E-01
05199829E-01
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SET

SYNMMETRICAL REFLECTICN FUNCTION R(XsleJ) FOR GAMMA = 0.6

IsJ X = 0al X = 02 X = 03 X = Qe4 X = 0% NMh
1ol 0e80B6778E-02 0e8112J94SE-02 0.8120809E-02 (.8125819E-02 C(.8129302E-02 1
1.2 0.1378705=-01 041427338:-01 061442047E-01 0.1448975E-01 0¢1452686E-01 2
143 0¢1523420E=-01 O0+160851€EE-01 041645788E-01 OCel16€E89S4E-01 0.168415S0E-01 3
1.4 0e1574508E-01 0Qel1676418E-01 06172710SE-01 0.17E239SE-01 0.1787947E-01 4
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2.2 0e3370528E-01 064294711E~01 0.4572248E-01 0.46€E8551E-01 0.4708253E-01 8
2+3 064010014E-01 0eS648I02E-01 0.6346840E-01 0.66E7614E-01 0.6829286E-01 9
244 0e4286643E-01 0+6217918E-01 067164347E-01 0.7€650942E-01 0,7923019E-01 10
2.5 Cel352741E-01 0.6485641E-01 0.7564121E-01 0.8146840E~-01 C.84885S60E-01 11
2.6 0e44084866E~01 0+6619048E~C1 0e¢7766962E-01 0.8402252E-01 0.8783S8SE-01 12
247 0e4427822E-01 Qe6679G10E-01 0e7860309E-01 O0.8S20651E-01 0.8921212€-01 13
3.3 0e¢0837373E-01 0e7776242E-01 0.95452GS0E-0! 0.10€61870E 00 0.112783SE 00 14
3.4 0e¢5145622E-01 0¢8693767E-01 0.1109972E 00 (0e1273136E 00 0O.1384284E 00 15%
3.5 0eS284154E-01 0.9129417E-01 0411874S7E 00 0.1383033E 00 0.1522718E 00 16
3,6 0e5351762E-01 0.9347379E-01 0e.1227107E 00 0.1440427E 00 0.1596346E 00 17
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4.6 0.5381258E-01 0.9770370E~01 0.1304611F 00 0.15S28S6E 00 0Qe1740292E 00 19
4,5 0e65632206E-01 Q(e1028297E 00 Q+,1402234E QQ 0e16S9923E 00 0e1935SS68E 00 20
449 € 0eS705896E-01 010539732 0O 0e1452323E 00 Ce1777088E 00 0.2040170E OO0 21
447 0e¢S57391875-01 0.106571SE 00 0.1475943E CO C.18131€7E 00 (0.2089S73E 00 22
5,8 0eS5788783E-01 0.108328BSE 00 001510236E 00 0.18€E7287E 00 0.2163597E 00 23
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SYMMETRICAL REFLECTICN

X = leb
0e8139588E-02
0e1460224E-01
0el1718664E~-01
0.1863379E-01
041950200€&-01
0.2000411E-01
062025227E-0G1
064764514E-01
07087803E-01
0.8477843E-01
0e9294134E-01
0e9756202E-01
09981692E-01
Oe1247141E 00
01638935E 00
0.1890S27E 00
0.2038965E 00
0.2112814E 0O
0229467SE 00
02747428E 00
03024764 0O
03165325 00
03364525E 00
0e3750906E 00
0.3948866% GO
0«4210900E 0O
0e4447928BE 00
0.4705782t 00

IeJ

1320 c0e97e

1S €Ce0 CEG

WHERE
FHCM s

1

=

X = 1.7
08139763E~-02
014603332€E-01
0e171904€E-01
0«1864509E~-01
0e1952364E-01
02003462E~01
020288207E-01
0e64765191E-01
0«7090162E-01
0e8484211t-01
0¢930748€E-01
069775031E-01
0«100037€E 00
0«124796SE 00
0164136€E 00
01895183E 00
02045533 00
0.2120518E 00
02301844 0O
0«276116CE 0O
0¢3044130E 00
03188044 0O
0¢339082%E 0O
0«3788000E 00
043992382 00
064263220E 00
04450930SE 00
0e6477779CE 00

IS 8&e<

CEG FROM N
IS 4S.3 CEG FROM N,

FUNCTION R(Xs14J) FOR

X = 18
0«8139908E-02
041460421E-01
0¢1719350E-01
0.1865406E-01
0¢1954122E-01
0.2005983E-01
0.2031787E-01
064765738E-01
07092023E-01
08490324E-01
0¢9318298E-01
0e69790546E—-01
0.1002212E 00
01248600E 0O
0e1643247E 00
001898871E 00
0.2050819€E 00
0.2126771E 00
Ce2307410E 0O
02772073E 00
06305977SE 00
063206S47E 00
03412221E 00
0.3818675E 00
0.40286€4E QO
0«¢4307200E 0O
04561330 0O
0e.4839321E 00

2 1¢g
€ 1Is

GAMMA

X = 1.9
0«8140024E-02
0.14€04G3E~01
0e¢17195SS90E~O01
0.18€6118E~-01
0e1955549E-01
0.20C80€3E-01
0e20342€8E-01
0e47€61E0E-01
0e«70S3SC1E~-01
0.84G46G3E-01
0e9327072E-01
0e9803325E-01
0.1003736E 0O
0e124909SE 0O
O0.1644711E 00
0«.190180SE 0O
0.208S094E 00
0.2131868LE 0OC
0e2311743E 00
0«27807S7E 00
063072426E 00
0¢3221632E 00
063429626E 00
03844030E 0O
C.4058898E 00
0e4344136E 00
0+.460S373E 00
0«48S1840E 00

B2.€ DEG FRCM N,
29.4 DEG FRCM N,

3
7

X = 2.0
Oe«8140117E-02
01460552€E-01
Cel7198783E-01
0.1866686E-01
0e195671 0E-01
0.2009781E~01
0e2036333E-01
0e4766539E-01
0e7094687E~01
0.8498180E-01
0933421 3E~-01
Ce«9813869E 00
0«1005003E OO
Cel1249484E 00
0.1645858E 00
O0«19041S1E 00
0.2058563E 00
02136039E 00
Ce2315128€E 00
0e2787682E 00
03082669E 00
0e3233944E 00
0e344378SE 00
03864978E 0O
0C«4084079E 00
Ce4375130E 00
0464263 0E 00
04936622E 00

IS 727 CEG FRCM N,
IS 13,0 CEG FRCM N
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SYVMMETRICAL REFLECTION

X = 21
0eB8140195E~-02
01460600E~-C1
Cel719937E-01
01867140E-01
0.1957657E-01

‘0e2011202&-01

0.2038055€E-01
0e4766830E-01
0.7095629E-01
0.8500957E-01
09340000E~-01
0«9822577E-01
01006057 00
0.1249790E €O
0.1646760E 0O
0+.1906032E 0O
0.2061389E 00
C«2139460E 00
0s2317781E 00
0¢2793209E 00
0¢3090973E 0O
0e3244004E 0O
03455306 00
0.3882281E 00
0+4105040E OGO
0«4401120€ 0O
044674115€E 00
0e4974766LE OO

1+J

#.N‘....N.

WHERE

4 1S E€0+0 CEG FRUM N,

X = 22
08140262E-02
0¢146063SGE-01
01720062E-01
01867504E-01
01958427E-01
0e2012377-01
0.2039489E-01
0ed767068EE~-01
07096392E~-01
08503193E~-01
0e9344721E~01
09829772E~01
0.100693EE 00
0.1250035E 0O
0e1647474E 00
041907S47E 00
0.2063€69€EE 0O
0214227€E 00
0.2319868E 00
02797631E 00
03097714E 0O
0.3252233E 00
0+3464681lE 00
03896S68E 00
0«412248%EE 00
0.4422897E 00
0«4700704E 0O
0.500722GE 0O

FUNCTION R(Xs1.J) FOR

X = Ze3
O0e8140314E~02
01460670E-01
0«17201€2E-01
0e1867796E~01
0«1959056E~01
062013349E-01
0.2040685E-01
0s47672€1E-01
07097000E-01
0.850497SE-01
0.9348565€E~01
0e9835714E~-01
0.1007667E 0O
0.1250229E 00
0«1648040E 00
0«1908767E 0O
0.20655S83E 00
0.2144598E 00
02321512 00
0.2801173€E 00
0«3103190E 00
03258970E 0O
0¢3472310E 00
0.39083€4E 0O
0e4136996E 00
0e4441132E 0O
0.4723139E 00
05034832 00

GANMA

X = 24
0e81403S2E-02
O0Oe14E06S6E—~01
0.1720243E-~01
0«18€8031E~-01
061959569E~-01
020141 53E~01
0e2041682E-01
0¢4767420E~-01
0.70975C1E-O01
0.850€411E-01
09351 701E-01
0e9840631E-01
0.1008276E 00
0.125038SE 00
0.16484S93E 00
0.190S7S4E 0OC
0.20€7131€ 00
02146516 00
0.2322813E 00
0.28C4016E 00
0e3107646E 00
0.32€44G3E 00
0e3478521E 00
0«3918100E 0O
Ce41490E6E 00
0e44E639S5E 00
04742059€ 0O
O0e.50£828SE 00

IS B85 CEG FROM Ry 2 IS 82.6 DEG FRCM N,
IS 453 CEG FROM RNs € IS 2G.4 DEG FRCM N,

0.6

X = 25
Ce8140393E~-02
Ce1460718E-01
0s1720310E-01
0e1868220E-01
Oe1959988E-01
020148B20E-01
0e2042514E-01
Ce876755S0E-01
0«7097906E-01
08507568€E-01
09354258E~01
0«9844702E-01
01008785 00
0.125051 3 00
0.16488SSE 00
0.19105S4E 00
0.2068403E 00
0«.214810SE 00
0e2323844E 00
0«2806299E 00
0s311127SE 00
0«3269025E 00
03483577€ 00
0¢3926136E 00
0.4159101E 00
0.4469162E 00
0.4758004E 00
CeS078197E 00

IS 72.7 CEG FRCM
IS 130 TEG FRCWM

VENOULUN-TZ

NNNNNNNN =t e e s 0 s b ps o
NOUNPUWUNCLOOONOCNLWN=~O
6ET

28



SYMNETRICAL REFLECTION FUNCTION R((XsIsJ) FOR GAMMA Ce6

{eo X = 2eb X = 247 X = 248 X = 29 X = 3.0 NN
o1 0.8180419FE-02 0.8140437E~02 0.8140456E-02 0.8140478E-02 C.8140482E-02 1
1+2 0e18607355-01 0e146074GE~01 041460760E—-01 O0e14€E0770E-01 0.1460778E-01 2
1.3 0e172036SE-01 0a1720408E-01 0.1720444E~-01 0e1720474E-01 041720498E~-01 3
1.4 0.1868373E-01 0.186849€E~-01 0.18685G7E~01 0.18E8678E-01 0.1868744E-01 4
1+5 0¢1960332E~C1 0¢1960611E-01 O0+1960840E—-01 O0e1961028E-01 0.1961182€E-01 s
1.6 0.2015371E-01 0.2015825E~-01 O0.2016206E~-01 0.2016520E~01 C.2016780E-01 6
17 0e204320BE-01 0e2043787E~01 0.2044270E-01 0.2044673E-01 0.2045010E-01 7.
2.2 0e4767656E-01 004767743E-01 0Qe4767814E—01 0e47E7874E—01 0.4767921E-01 8
2.3 0¢7098240E~01 0.7098508E-01 0.7098728E-01 0.7098G13E~-01 0,7099056E~-01 9
204 0e8508497E~01 0«8509260E-01 0.8509868E-01 0.8510369E-01 0.851C762E-01

245 0e93563S0E-01 0+9358060E~01 0.935945SE—01 0693€0600E-01 Ce.9361541E-01 11
246 0e9848058E-01 0e9850854E~01 069853154E-01 0e¢9855062E~01 0.9856641E-01 12
2.7 0.1009208E 00 0.1009S61E 00 0.1509856E 00 0.1010101E 00 0.1010306E 00 13
3,32 0.1250616E 00 0.1250700E 00 0.1250768E 00 0.1250824E 00 0.1250868E 00 1a
3.4 Oes1649144F 0O 0.164937GE OO Oe 1E495E6E 0O 0e1649719E OO 01649842E 00 15
3.5 0¢1911204E 00 0419117332E 00 O0e1912162E 00 0Qe1912514E 00 0.1912801E QO 16
346 0e20639449E 0O Ce2070312E 0O 0e2071022E 0O Ce2071608E 0O Ce2072092E 0O 17
3.7 021494225 00 0+2150514E 00 0.2151420E 00 0.2152174E 00 0.2152801E€ 00 18
444 0e232466SE 00 062325320E 00 042325842E 00 0e2326261E 00 0.2326598E 00 19
4,5 0¢2808139E 00 0«280962CE 00 0.2810815E 00 0.2811782E 00 0.281256SE 00 20
4,6 063114234F 00 0.311664GE 00 0.3118622E 00 0.3120237E 00 0.31215SSE 00 21
4.7 0e3272747E 00 O0+327SH08E 00 0.3278325E 00 0.328C401E 00 0.3282112E 00 22
5.5 034376965 00 003491052t 00 043493788E 00 0.3496017E 00 0.3497836E 00 23
5.6 0¢3932766E 00 043938237E 00 0e3942751E 00 Ce394E477E 00 043949552E 00 24
5,7 0.4167443E 00 0e4174376E 00 0.4180138E 00 0.4184927E 00 0.4188905E 00 25
€Esb 0e4479836F 00 0+44887S7E 00 044496207E 00 044502431E 00 0.4507626E 00 26
6.7 0.4771433E 00 O0e4782737E OO0 0.4792247E 00 Q.48C0246E 00 Ce4806969E 00 27
7.7 0«eS509S090E 00 0e510941SE 00 0651215S2E 00 C«S131832E 00 0.5140532E 00 28
Ised = lecreees7e aRERE |1 IS P85 DEG FROM KN, 82.6 DEG FRCM NRs 3 1S 72.7 CEG FRCM N,

I
4 IS €Ce0 CEG FRCM N, & 1

nn

2
IS 45.3 CEG FROMVM Ks € 29.4 DEG FRCM K, 7 IS 13.0 DEG FRCM N.
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SYVMVETRI CAL REFLECTION

Ied X = 4,6
1o1 Ge8140545E~-02
1.2 Cel4608148E-01
1.3 01720606€E-01
| 'Y 0¢1869029E-01
1+5 0.1961859E-01
146 Je2017982E-01
17 0.2046617E-01
202 Ced768140E-01
23 07093724E~-01
294 0.8512509E-01
2¢5 0e9365660E-01
246 0.98639SSE-01
207 0.1011284E Q0
3,3 0.1251068E QO
3.4 0¢1650369E 00
365 0.1914049E 00
3.6 0.2074307E 0O
3.7 02155763 00
444 02327983E 00
445 028158S3E 00
446 0e3127393E 0O
4,7 0.3289909E 00
Se5 0«3505647€E 00
Se¢6 063963417E 00
S5e7 Ce4207439E 0O
€96 064532269E 00
67 0¢4839939E 00
77 0.5184679E 00
Ied = 1sZseees?7e WHERE

4 IS €Ce0 CEG FRCM N,

1

X = Q4,47
0.8140548E~-02
0.1460814€E-01
0«1720607E-01
0.1869031E-01
01961864E-01
0.2017993E-01
02046632E-01
04768140E-01
0.7099730E~-01
0.8512521E~01
0¢936569€E-01
0.986402€6E-01
0.1011293E 00
0.1251070E 00
041650372E 00
0.1914060E 00
02074327E 00
0.2155792E 00
02327994E 00
02815877 0O
0.3127441E 00
0.3289981E 00
0.3505708€E 00
0.396353¢SE 00
0.4207609E 00
04532502 00
0.484027€E 00
0.5185159E 00

IS BR«S DEG FROM N,
S IS 453 CEG FROM No

FUNCTION R{XsI+J) FOR

X = 448
0e8140545E-02
01460814E-01
0e¢1720608E-01
0¢1869033E-01
0.1961868E-01
0.2018002E-01
0.2046646E~-01
0.4768140E-01
0e7099730E~-01
0.8512533E~-01
0.39365720E-01
0.9864080E-01
0«1011301E 00
0.1251072E 0©O
0.1650375€ 00
01914068E 00
0e2074344E 0O
0.2155815E 00
0.2328002E 0O
0.2815899E 00
0e3127483E 00
03290039E 00
03508759E QO
0e¢3963634E 00
04207752E 00
0.4532697€ 0O
0.48405S6E 00
0.5185564E 00

2 1<
€ IS

GAMMA

X = 4.9
0.8140545E~-02
0«14€E0814E~-01
0¢1720608E~-01
0.18€E903S€E-01
019€1872E-01
0.2018009E-01
0«.2046656E-01
0.47€8140E-01
0e7089736E—-01
0«8512539€E~-01
0e93€5743E-01
09864122E-01
0«1011307€ 0O
0.1251C74E 00
0e1650379E 00
0e1914074E 00
0e20743S7E 00
C.215583¢E 00
02328008E 00
0¢281591SE 00
063127517E 00
0632S0088E 00
0«3505799E 0O
0e39€3715E 00
0«4207870E 00
0.4532859E 00
0.4840789E 0O
0«51859C3E 00

82.6 DEG FRCM E.
29¢4 DEG FRCM N,

-

3

Ce6

X = S60
Ce814054S5E-02
0.146081S€E-01
0«1720608E-01
0.1869036E-01
0.1961876E-01
0.2018015€E-01
0.2046665E-01
0.4768145E-01
0709974 2E-01
0.8512551E~-01
09365761E-01
0.9864157E-01
0¢1011313E 00
0.1251075€E 00
0.1650380E 00
0.1914080E 00
0«2074369E 00
Ce.2155852€ 00
042328014E 00
0«2815930E 0O
0e312754SE 00
0.3290129E 00
0.3505833€ 00
Ce3963783E 00
04207968E 00
0.4532992E 00
0+.4840986E 00
0.5186190E 00

IS 727 DEG FRCM E.
7 IS 13.0 DEG FRCM N

20|
21

22
23
24
25
26
27
28
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SYNMETR ICAL

X = Sl
0e814054SE-02
Cel46C31SE-O1L
01720610E-01
0¢18€0337€E~-01
0el96187RE-Q1
0.2012021C-01
0«204€673E-01
0.4768148E-01
0e¢7089G742E-01
0«85125S57E-01
0e93€ES795E~-01
0.98€64193E~-01

[* ]

1
€

0.1011318E 00
0«12351075E 0O
0«1650383€E 0OC
0«191408SE 00
0e2074378E 00
0.2159586EE 0OC
0«2328019E 00
02815940€E€ OC
NDe32127567E OC
0329C1€23F 0C
063503860E 0O
039638 38BE 0C
0«4208049E OC
0645331 04E OC
0e¢4841149E 0C
O0«S518B€430E OO0
v2e00es?7e WHERE

CeQ LCEG FRCM N

1

=

-

REFLECTION FUNCTICN R{XsIed)

X = a2
Ce814(C545€~02
Cel4€0813E-01
Cel720610E-01
Cel8ES027€E~-01
CelGELlEBEQOE-CQ1
C.2018025E-01
Ce204E673E-01
Ced47€8148E-C1
Ce7099748BE-0O1
Ce85125€3E-01
Ce93€58C3E~01
CeG8EA223E~01

Ces1011322E 0OC
Cel251076E 0OC
Ce16€5038SE 0C
0«1914089E OC
C«2C74386E OC
Ce215SS877E OC
Ce23228024E OC
Ce281534GE OC
Ce3127S86E OC
Ce32S0191E 0OC
Ce350588E1E 0C
CeJdSE3EESE OC
C.4208117€E CC
Ce«4S33197E GC
C+4841287E OC
CeS186631E O0C

IS 88.5 CEG FRCM KR, 2 IS
DEG FROM N, € IS

IS 45S.3

X = S43
CeR14CEASE~Q2
Qe 14€CE15SE~-01
Ce1720€10E-0Q1
Q¢ 18EGC3GE~-Q1L
O«1GELEEBIE~O1L
0«.2C1EC28E~01
0.2CAEEBQRE-OQ1
Ceq47€L14GE-01
Ce70G9748E~-01
C. 8E12568E~-01
Oe G3ESECIE~01L
C.CBEA247E-01

C«1C113225E QO
0e12S1C76€ 00
C«1ESO3EG6E 00
0.1G14CS2E OC
C«.2C743292E COC
O0.2155€87E 0OC
Ce2328C28E QC
0.2E815GS7E 0O
0.3127602€ CC
0.3226021SE oOC
0« 3S0SSO1IE CC
Ce3G€3G22E 0OC
C.42C8173E OC
0«4S33273E OC
O0«4E41400E OC
0.S12€E01E 0O

FOR

GANNA =

X = Seéb
0e8140545E-02
0¢146081SE-01
0.1720610€E~-01
0.1869039E~-C1
0e1961883€E~0C1
0.2018031E-01
0.2046689E-01
0.4768149E-01
0« 7099748E-C1t
0.8512586E~01
0S365815€E~-01
0.5864265E-~01

0.1011328E 0O
Ge1251076E CO
0.1650388E 00
021914095E 00
0«.20743S8BE CO
0.21558958E 00
02328032E CO
0.2815936E CO
0e3127615E CO
0.3290235€ 00
0¢350591SE 00
0.39€39S4E QO
0+4208220E 0O
04533337 €O
0«.4841496E CO
0.5186944€ 00

82.6 DEG FRCM R,
2Se4 DEG FRCM N,

O0e6

3

7

X = S5
0.8140545E-02
O0e14€E081SE-01
0e1720610E-01
0+18€9039E-01
0.19€188SE-01
0.2018034E~01
02046693E-01
Qe 47€B8149E-01
0¢67099748E-01
0.8512568E-01
0eG365821E~-01
CeS8€642E83E-01

0.1011329E 00
0.1251036E 00
0.1650388E 0O
0«1914097E 00
0«2074401E QO
02155902 00
0«2328033E QO
0.2815968E 0O
063127626E 00
032902S0E (O
0.3505929E 00
0¢3963981E 00
0.4208260E 00
0.4533390€E 00
0+44841577E 00
0.5187064E QO

IS 72«7 CEG FRCM
IS 130 CEG FRCW

VONOUNEWN=2Z

NN N RN R e bt opd e oo o e b
NONOWN=OD VNN WN-O
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s J
11
1,2
1.3
led
1+3
1s€
1,7
2+2
293
2+.4
2+%
2+6
2¢7
3,3
3.4
3.5
36
37
4,4
445
a'é
‘l.?
S¢S
S46
Se?7
6 €
€7
Te7

SYMMETRICAL REFLECT ION

X = Seb
0«8140545€E-02
01460815E-01
0e¢1720610E-01
0.1869040E-01
0+1961885€-01
0«2018036E-01
0.2046696E-01
0.4768149E-01
0¢7099748E-01
0.8512568€E-01
0.9365821E~01
09864289E-01
0«.1011331E 00
0e1251076E 00O
0.1650388E 00
0.1914099E 00
0.207440SE 0O
Ce2155908E 00
0.2328035E 00
02815973E 00
0«3127635€E 00
03290262E 00
03505939E 00
0¢3964001E 00
04208292E 00
0.4533435€E 00
0.4841643E 00
0.5187165E 00

| GRS

1I2'...'7.

WHERE

4 IS €Ce0 CEG FRCM N,

X = Se7
0¢8140354SE-02
0.146081SE-01
0e172061CE-01
0.186904CE-01
0+196188€E-01
0.2018037E~01
0.2046698E-01
0424768149E-01
0e7099748E-01
0.8512574E-01
0.9365827E-01
0.9864300E-01
0.1011333€ 00
0.125107€E 00
0.1650388E 00
0«1914101E 00
0+2074409E 00
0.2155911E 00
0.2328037E 00
0+281597€E 00
0.3127642E 00
0.3290274E 00
0.3505948E 00
0.3964019E 00
0+4208319E 00
0.4533473E 00
0+4841699E 00
0.5187249E 00

1 IS €845 CEG FROM K,

S IS 45,3 CEG FROM N,

FUNCTION R{(XesIesJ) FOR

X = S8
0.8140545E-02
0«146081SE-01
01720610E-01
0.1869041E~-01
0.1961887E-01
0«2018039E-01
0.2046700E-01
0.4768149E-01
047099748E-01
08512574E-01
0.9365833E-01
0+9864306E-01
0.101133SE 0O
0.1251076E 00
0.1650389E 00
0.1914101E 00
0.2074411E 00
0e215%591SE 00
0.2328038E 00
0.2815980E 00
0.3217649E 00
0«3290284E 00
0.35059S6E 00
0.3964035E 0O
0.4208341E 00
0.4533S03E 00
0.4841746E 00
0.5187319E 00

2 1I¢
€ Ic

GAMMA

X = S.9
0.8140545E-02
0«14€0815E-01
Oe1720611E—~C1
0. 18EQ041E-01
O0«19€18E8E-~01
0«2018040E~-01
0.2046702E-01
0eQ7€E8149E-01
0e¢7089748E~01
0+8512574E-01
09365839E-01
0«9864312E-01
0«1011336E 00
0.1251077E 0O
0«.1650389E 00
01914102 00
0.2074413E 00
02155918 0O
02328039E 00
0.2815983E 00
0e31276S4E 00
032S0293E 00
0+350S5G&2E 0O
0«39€4048: 0O
0«42083€0£ 00
044533572 0O
0«4841784E 00
0.S187379E 00

82.€ DEG FRCM N
2G.4 DEG FRCM N,

=

3
7

Ceb6

X = 6.0
C0e8140Q054SE-02
0¢146081S5SE-01
0172061 2E-01
0.1869041E-01
0.1961888E-01
0.2018041E-01
0.2046704E-01
0e4768149E-01
0«7099754€E-01
0.8512574E-01
0.9365832E~-01
0«9864318E-01
0.1011336€ 00
0«1251078E 00
0.1650390E 00
0.1914104E 00
0.2074416E 00
02155922E 00
C.2328039E 00
0.2815986E 00
0e3127658E 0O
0«3290299E 00
0+3505968E 00
Ce39640S9E 00
0.4208373E 00
0+4533548E 00
0.4841817€E 00
0C.5187429E 0O

VONGOADUN~D

b g gt
WN = o

14|
15 o
16
17
18
19
20
21
22
23
24
25
26
27
28

IS 7247 CEG FRCM N,
IS 130 CEG FRCM N



I’J
1s1
1.2
1,3
1.4
15,5
1+€
1.7
242
2¢3
2+4
2995
2+6
27
3,3
3'4
3¢5
3.6
3,7
444
4,5
44 &
. N 4
55
Ze€
Se?7
6+ &
Ees?
Te7

SYMMETRICAL REFLECT ION

X = 0ol
01407084E-01
0e2443987E-01
0.2720429E~-01
0.2816632€-01
0+2859155E-01
0e28739756E-01
0.2889030E-01
0.6040168€-01
0.7196879E~-01
07625163E-01
0e.7817233E-01
0.7910889E~-01
047953173E-01
0.8687967E-01
0.9243578E-01
09433297E-01
0«9615153€e-01
0.9670204E~-01
0.9847826E-01
0«.1011958E 00
01025224 00
0.1031218E 00
0.1040133E 0O
0.1053888€E 00
0.1060103E 0O
0.1067883E 0O
01074207E 00
0«10805S8B0E 00

IeJ

’.92....'70

AHERE

4 IS €Ce0 CEG FRCM N,

1

=

<

X = 0e2
Oes1418610E-01
0.2€600808E-01
0.2981061E-01
03127671E-01
0e3194647E-01
03227592E-01
0e3242533E-01
0.8041608E-01
01066042 00
0.1176581E 00
0.1228671E 0O
01254648E 00
0e«1266S03E 0O
0.1473549E 00
0«1649569E 00
0.1733182E 0O
0.1775026E OO
01794149E 0O
01855370 00
0e1953378E 0O
0200247SE 00
0.2024928E 00
0.2058352E 00
0e211096CE 0O
0213502%E 00
02165343 0O
0«2190222E 00
0.2215472E 00

IS €8.C

CEG FROM N
IS 453 CEG FROM N

FUNCTION R({XeslIeJd) FOR

X = 03
0e1423359E-01
0.2664901E-01
0¢3130798E-01
063327458E-01
0e3420950E-01
Oe3467824E-01
043489275E-01
0.8813280€E-01
Ce1245452E 00
0.1415476E 0O
0«1499029E QO
01541518E 00
0.1561089E 0O
0«1892707E 00
02208827 0O
042366669E 00
0e2447497E 00
0.2484848E 00
0.2602177€ 0O
02799617E QO
042900957 00
0«2947839E 00
0.3017423E 0O
0e3129321E 00
0«3181112E 00
0e324670%E 0O
03301042E 00
0«3356566E 00

2 IS
€ IS

GAMMA

X = Cea
Cel1427931€E-01
0«27C2847E-01
0e3239342E-01
Oe34E86S547E-01
036C908B8BE-O1
0«36717GS8E~-01
0e63700784E-01
0eS176S€4E-01
O0e1349219E 0O
0.15€73S0E 00
Ce1678516E 00
01736048E 00
O«17€2776E 00O
Ce21893€6SE 00
Qe2643507E 0O
0«2880651E 00O
0300470SE 00
03062620E 00
0.3232948SE 00
03553418 00
Ce3718268E 00
04379S372E 00
0.39C9134E 00
0e4066230E 0O
04183807 00O
0«429S5186E OC
0¢4388348E 00
0«.448413GE 0O

82.€6 DEG FRCWM N,
2G+.4 DEG FRCM K,

1«0

X = 0e5
01431096E-01
Ce2728493E-01
0e3321941E-01
0«3617801E-01
Ce377054SE-01
Ce3850317E-01
03887563E-01
0+9384978E-01
Ce14161S3E 00
Ce1673626E 00
0.1809192E 00
0.1880S04E 00
01913900E 0O
02404876E 00
02985858 00
03301 705E 00
03470219E 00
03549653 00
0.3783581E 00
0e42227S4E 00
0.4458368E 00
0e4569722E 00
0«4732634E 0O
C«5006847E 00
0«5136591E 00
0¢530216SE 00
0¢5441971E 00
0.5586573E 00

IS 727 CEG FRCM
IS 13.0 CEG FRCM

VCONONDPUNSD

o bt e P et s B e b
VO~NOCUMLEWN™O

20
21
22

24
25
26
27
28

Ne

LYT



SYMMETRICAL REFLECTION

[ed X = 0e6
lel 0e1433726E-01
1,2 062747620£-01
1.3 0e3387003E-01
1+4 03728499E~-01
148 0e63911688£-01
1.6 0.4009267E-01
17 0.4055273E-01
242 09524226E-01
2+3 0«1463510E 00
2+4 0«.1754164E 00
25 C«1911859E 00
246 01996108E 00
247 0.2035869E 00
3,3 062565944E 00
3s4 0.3259823E 00
35 0636S5S097SE 00
3,6 0.3863519€ 00
3,7 0.3964618E 00
444 0.4249727E 00
4,45 04817134E 00
4,496 0e5127742E 00
447 065275997E 00
Se8S 05490597& 00
SeE& 0.5860487E 00
Se?7 0«.6037310E 00
6.6 0.6263583E 00
6,7 0.6456425E 00
77 0+6656995E 00
Isd = 193290037 WHERE

4 [S €ECe0 CEG FRCM N

1

a

X = 07
Ce143596EE-01
0276291 32E-01
043439713E-01
0.3823387£-01
0.4036€88E-01
0.41524676-01
0¢4207574E-01
0.9628510E-01
01499457E 00
0.1818860E 00
06199707SE 00
0.209372€6E 00
0.2139688E 00
02689847 00
0.348282SE 00
0¢39447CG3E 00
0.4199998E 00
0.4322465SE 00
0.4651174E OO0
065345972E 00
0.573358€E 00
0.5920341E 00
0.6187308E 00
0.6658680E 00
Q+688624€E 00
0.7178062E 0O
0.7429050E QO
0e7691467E 0O

IS 8.5 CEG FRCM N,
CEG FROM K,

IS 4S.23

FUNCTION R(X»1+J) FOR

X = 0.8
0e¢1437919E-01
0e2775719€E-01
03483439E-01
0¢3905769E-01
0e41484S8E-01
0.4282576E-01
0«4346993E-01
069712589E-01

GAMMA

X = Qe9
0¢1439642E-01
0.2786775E-01
03520449E-01
03978046E-01
Ce42491S3E-01
0«¢4401547E-01
0e4475387E-01
0e9783578E-01

0«1528162E 00 0.1551929E 00
0e1872938E 00 061919349E 00
0.2070438E 00 0«2135096E 00
0e¢2179123E 00 0.2255S1SE 00
02231149 00 0.2313635E 00
0.27878SSE 00 0.2867417€ 00
0¢3667453E 00 0.3822814E 00
0e4195168E 00 0.4411S9SE 00
0.449153SE 00 0.4747233E 00
0.4634861FE 00 0.4910802E 0Q
0.4999027E 00 0.53C2424E 00
045817911E 00 006240590E 00
0.6282947E 00 0.6782342E 00
046509017E 00 0.70479€0E 00
0e6827639E 00 0.741652SE 00
0.7404085E 00 0.8099877E 00
0+.7685009E 00 0.843S909E 00
0.8045799E 00 0.88€7916E 00
0.8358912E 00 0.92461S0E 00
0.8687904E 00 0.9645424E 00
2 1€ 82.€ DEG FRCM K,

€ I

29¢4 DEG FRGM N,

3
7

1.0

X = 1«0
Ce1441178E-01
0e2796516E~-01
Ce3552321€E-01
0.4042023E-01
0:4340425€E-01
0«.4510888E-01
Ce4594177€-01
C«9845334E-01
0«1572133E 00
0«1959909E 00
0.21929S7E 00
0.2324830E 00
0.2388940E 00
02933533E 00
Ce3955525E 00
Ce4600913E 00
0.4974024E 00
0«S157190€E 00
0.5568824€ 00
0.6620632E 00
Ce7237622E 00
0«7542588E 00
0.7958711E 00
0.8749417E 00
0e9141S5S93E 00
0«9646077E 00
0410091S7E 01
0«1056393E 01

IS 727 DEG FRCM N,
IS 13.0 DEG FRCM No

VONOUVIWUN =P



SYMNVETRICAL FEFLECTION FUNCTICN R{XelIeJ) FOR

GANMNMA = 1.0

| Y X = la1 X = lec X = le3 X = le4 X = 15 N
1,1 0e614425615-01 Ce1443816E-01 Ce1444G€E1E-01 0al646012E-C1 0.1446980E-01 1
1.2 0e2B0S213E-01 Ce2813074E-01 0+2820220E-01 0.2826763E-01 0.2832786E-01 2
1+3 De358C17SE-01 Ce2€E0A4830E~01 0Q+2€268E8E-01 0e3%46806E~-Cl1 043664931E-01 3
1sa 0e409S097E-01 Ce41503E6E-C1 0e419€E706E-02 0e4238531E-01 0,4277319E-01 4
1.5 0.48235848E-01 Ce44G96G7E~Cl 0e.456GE34E~C1 0.4634136E-01 0.46S3818E-01 5
1+€ 0e4611802E~01 Ce47CS5272E~-01 0.47G2114E-01 (0,4873028E-01 0.4948608E-01 ]
1,7 04704509FE-01 Ce4807309E~01 0e4503359E-01 Ce4993324E-C1 (0e5077776E-01 7
2.2 0e99CO0075E-01 Ce$949255E~01 O0.GSG93IES7E—01 0.1003461E 00 0.1007206E 00 8
2+3 0.1589657 00 Ce160S093E 00 O0.1618859E 00 0.1631262E CO0 0.16562532€E 00 9
2.4 0199S5S814E OC Ce2027912E OC O(.2CSGE3GE OC 0e208306SE CO O062106996E 0O 10
2+C 0.2245272E 00 Ce2292923E 0OC 0.23236S70E 00 0.23767376 CO 0.241384SE 00 11
246 0.2388314FE 00 C+244€E831FE OC 0.2%501C29E 0C 0.2551416E CO 0+2598407E 0O 12
2,7 0e2458348E 00 CeZ25Z20707E CC 0Qe2S82€S0E OC (+2638674E CO ©02691184E 00 13
3.3 0.2989626E OC Ce3038072E OC O0.3080S63E CC 063118320€ €0 0.3152241€E 00 14
3.4 0.407042SE 00 Ce41711G4E OC O0e¢A42C04E1E 00 0.4340314E CO 0+4412340E 00 15
3.5 0e47EE361E 00 Ce4917912E 00  0.5CS2€34E CO 0eS174903E 00 O0.S286593E 00 16
3.6 0eS5177218E 00 CeS3€E0BETE NC 0 ES28149E 00 0.5681528E CO0 05822966E 00 17
3.7 0+.5379338E 0C Ce5S81325E OC QeS7€E6340E 0C 0+S936876E 00 0.€60S4917E€ 0O 18
444 0e¢5804304E 00 Ce6013795FE O0C GCe€20133CE OC O0+€370210E CO 0.6523147E 00 19
4.5 0e6962733E 00 Ce7274729E OC O0e67SS7762E 00 0,781638S3€E 00 0.80S3S07E 00 20
446 076539685 00 Ce803ISEBEBE OC 0.83B7327E 00 O0eE711716E CO 0.901203%E QO 21
4,7 0e7997782E 00 Co+B8417825E OC 0eEELO06S22E 00 OCeS167200E CO 0+9502778E 00 22
S48 0+8B45EE3€EF OC Co8920332E OC 0.G347SCOE OC 069743466E CO Ce1011121F 01 23
5,6 0«935E077E OO0 Ce9923071E OC O0e1CA4S347E 01 0.1095017E C1 0.1141586E 01 24
547 N.9804866E 00 C.1042844E 01 O0.1101S07E 01 O0.115673SE 01 0.12C8773E 01 25
€+ € 0.1038225E 01 C<11C078S6E 01 (0e.1173717E 01 0.1236029E 01 0.1295003E 01 26
Eo7 0¢108G64SE O1 C.1166227€ 01 041229074E 01 0.13083S6E C1 0.13742SSE 01 27
77 0e1144392E 01 Cel22E621E 01 O0.13C91G1E Q1 0e1386225E Ol 0e145S9863E 01 28
Ied = 192seses?7e WHERE 1 I5 8845 DEG FRGM Rs 2 IS 8246 DEG FRCM N, 3 1S 727 DEG FRCM N

4 IS €Ce0 CCG FRCM No S IS 4543 CEG FROM Ny € IS 2944 DEG FRCM Ny 7 IS 12,0 CEG FRCM N,

671



[ed
o1
1.2
143
1.4
1¢S5
1+€
1.7
2e¢2
2+3

244 .

245
2+6
2+7
3.3
3.“
345
3.6
3.7
4+4
4,5
4.6
4.7
5¢5
S5+6
Se7
€€
Ee?
77

SYMMETRICAL

X = 1leb
Oel14478775-01
0e28383€4z~01
0«3681538E-01
0.4312648E-01
OQed7492C7E~-01
0.5016362=-01
O0e31572190€E-01
0.1010663E 0Q
O041651845E 0O
0.21283935%% 0C
0.2448241€E OC
0e2642347E 00
02740512 0O
0.3182000E 00
044477780 OC
0538G190E 00
0.5954024E 00
D.6242047< 00
0.66623€9F 00
0.8271780& 00
0.929085GE 00
0.9815798E 0O
041045339E 01
0.1135293E 01
ND.12957849E 01
0e135C8B44E O1
Deld43€E94= 01
041530242 O1

Isd

1.2. ....7.

WHERE

1

4 IS €Ce0 CEG FRCM N, S

REFLECTYIGN FUNCTICN R(Xe1e4J) FOR

X = 147
Cel4a4a28710€E-01
Ce2843520E-01
Ce369€839E-01
Ce4345218E—~01
Ce48BCO7SSE-01
C«350ES741E-01
CeS232CS8E-01
C.1C1328€9E 0¢C
Cel€EE2338E OC
Ce2149143E OCC
Ce2480224F O0C
Ce2E838531E 02
Ce2786980F 0O
Ce2622111E 02
Ce4537€616€ CC
Ge2€S4839E 02
Ce607S973E 0O
Ce2663795€ 02
Ce678G734E OC
Ce2684734E 02
CeGSS5S0433E OC
Ce2€101C7E 03
Cel1077244E 01
Ce2€12263E C3
Cel1304176E 01
Ce2€14038E 02
Cel4396601E O1
Ce2€E15974E 023

IS 88.¢%

CEG FRCM E.
1S 453 CEG FROM N,

X = le8
O+ 14494E€6E-01
0.28483233e-01
0s2711CO7E-0O1

Ced4275362E-01 -

CeA4E4EEBS7E~Q1
CeS148138E-01
0eS3027C4E-0O1
O.1Cl€ES2E 00
CeléE71122€ OC
0«21€783CE 0O
Ce2S1CGC4EE OC
Ce2722214E 0OC
CeZ2E30749E 0OC
O0e223€971E «QC
Ce4SG2E€34E OC
Oe=S71€8GE 00
0.€189858E 0C
0.€S08SC1E OC
0.ESQ0E7BSE OC
Q«+BEECI1E3E 0O
0.5792731E OC
Ce.1C38280E 01
Cel11C7CS0E 01
0.12€5C47E 01
O0e1347SS4E 01
0e14E539CSE 01
O.1SS£338GE 01
C.1EEL1ECSE 01

2 I¢<
€ Ic

GANMA =

X = 1e9
00 1450212E-01
0«2852830E-C1
Qe3724183E~-01
0e440335GE-01
0.4893849E-01
0. S206896E-01
Oe S3694E89E-0Q1
0«1019637E 0O
0s1679285€ CO
02185177 CO
0e2537923E CO
0e2758622€ CO
0.2872130E 0O
Qe 3260896E (CO
0e4643469E CO
0eS5653384E CO
0« 6296551E 00
06 €E629768E CO
Oe7014812€ 00
0. EB337S3E 00
0«100194SE 01
0«1064047E 01
Ce1134948E 01
01301482 01
O« 1389366E (01
Oe¢e1501487E 01
Cel1607471E 01
0.1723277E 01

82.€6 DEG FRCM N,
29.4 DEG FRCM Ko

1«0

X = 2.0
Ce14S0891E-01
Ce28%57041E-01
0e3736480E-01
0e4429446E-01
0e¢4936026E-01
0«52€2318E-01
OeE432714€E—-01
0«1022246E 00
0.1686901€ 0O
0.2201335E 00
0625€4046E 00
0e27G92947E 0O
0.2911286E 00
03283132E 00
046G80647E (€O
0«S7296S2E 00
046396772E 00
0e6744096E 00
0.7114900E GO
0«8995563E 0O
0«.1023206E 01
0.1088302E 01
0«s11€1107E O1
013358S7€E 01
014285S79E 01
O0e1S466S9E 01
0«1659000E 01
Oes1782061E 01

VO NOOURPUN=2Z

NNRNNNNNDNDN o e o ot g o
ONOVNSPUNTOOVONOONLPWN~-O

3 1S 727 DEC FRCM N,
7 IS 130 CEG FRCM N.

0ST



Is9
1.1
142
1.3
1v4
1+5
1+€
167
2+2
2+3
294
25
2+€
27
3.3
3s+4
3¢5
3+6
3.7
444
4.5
446
447
545
Se6
Se?
€106
€E+7
77

SYMVNETRICAL

X = 241
Q0.1451531E-01
0286C3397E-01
QDe374799€E-01
0.4453834F-01
D .4975653E~01
0e65314684E~-01
0eS492€S4E~-01
0¢102469SE OC
0+.1694031F OC
0.221€432E 00
0.258857%E 00
0.282536SF 0C
0294828390F O0C
0.3303887E 00
Ce4734598E 0C
0.5801070E OC
0e649115S1E 00
0.6859212u¢F OC
0.7207975E 0C
0e914€8B02E 00
0¢104318%E 01
0.1111177E 01
Oe118BSE6HI1E 01
0.1368333€ 01
De614€S7SZE 01
0.1958GS76E 01
0e1708123F 01}
Ce1838290F 01

ILedJ

102000017,

WHERE

4 IS €Ce0 CEG FRCM W

1

=

~

REFLECTION FUNCTICN R(XsI,4) FOR

X = 242
Cel4S2132E-01
C.28€47183E-01
Ce3758807E—-01
Ce4475587E~01
CeS012950E-01
CeS3€4228FE-01
CeS549544E-01
Ce«10269G89E O0OC
Ce1700722E 0OC
C¢2230576E 0OC
Ce2€116S9E O0OC
Ce28S€027E 0C
Ce29836C1lE OC
Ce3323324E OC
Ce47756E3E 0C
CeS8EB120E CC
Ce€6580214E 0C
Ce«€954335E 0OC
Ce7254808E O0OC
C.9288S11E O0C
Ce10€2012E 01
Cel132792E 01
Ce1208806E C1
C.13GS0ESE 01
Cel501027E 01
Ce1630386E 01
Cel7E4980E 01
Ce183920G4E 01

IS EEeS
IS 4,3

CEG FROM N
CEG FROM N

X = 2632
0e14S2€89E-01
Ce2EEE231E-01
0e3768GE8SE-CO1
0«44S81€4E-01
0.5048126E~-01
CeS411176E-01
CeS€EC3€13E-01
Ce1029172E 0O
0e1707C22E OC
0.2243862€ 0QC
0.2€633421E OC
C.2885Ca42E O0C
0+32017CS52E 0OC
Oe32341588E CC
C.48142C8E OC
Ce€c321216E OC
CeEEEL4427E (QC
Ce7CE1382E OC
Ce7376072E O0OC
0.G421€11E 0O
Ce1C7G7276E 01
0.11532S0E 01
0612320€CSE 01
Ce1428149E 01
OCe15£324534E 01
CelE€S213E Q1
017697C2€ 01
0«1G543S99E 01

2 1¢
€ Is

GANMMA =

X = 204
0+1453236E-01
0.2871549€E-01
0e37785S8BE-C1
0e4518393£-01
050813S7E-01
0.£455720E-01
0«5655056E-01
01031224E 00
0«1712946E CO
02256374E CO
Ce2653977E CO
Ce2912624€E 00
0e 3048870E CO
0«23587S3E €O
0.4850431E CO
0«S5930728E QO
0e€744193E CO
0e 7143503 CO
0+.7452336E CO
05546902€E CO
0+10965S69E 01
Ge1172645E 01
01251188 01
0.1455740€ 01
0e¢1566397E 01
Ce1706194E C1
O0e1842410E O1
01992922€E 01

82.€6 DEG FRCM N,
29+.4 DEG FRCM N,

1«0

X = 265
0e1453744E-01
Ce2874691E-01
0e3787683E-01
0.45374L4E-01
0.5112808E~01
0«5496038E-01
C.57040SSE-01
Ce1033168E 00
0.1718S28€E 00
0.22€8183€ 00
062673425E 00
0.2938793€ 00
0¢3079172€E 00
0¢3375041E 00
0«.4884577E 0O
0+.6046966E 00
0.6819870E 00
0.7231125SE 00
0e7524096E 00
0+96€S090E 00
Oe1112473E O1
0.11910S8E 01
0« 12706S6E 01
0.148193SE 01
0.159672SE 01
O0e1761442E 01
0.1883223 01
0«2040177E 01

CONOCADUNZ

3 IS 727 CEG FRCM N,
7 IS 13,0 CEG FRCM N.

TST
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L.J
1ol
1,2
13
1.4
1,5
1+€
1.7
22
2¢3
2¢4
25
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1.4 Ded851275C-01 Ce4B8SE78IE-01 0e48€62148E~01 (04867363E~-01 04872433E~-01 4
1+S 0e562339EE-01 CeS5E421E2E-01 O0eSES2C72E-01 Q0eS5660740E-C1 0.5669171E-01 s
1.6 Deb6213784E~01 CeE22BSSEE—01 O0e€E240974E—~01 O06€E2S3046E-C1 0662€E4800E-01 6
147 0eE6SSCS1SE-C! CeESESTE2E-01 O(+ESBOSESE-01 046595010E~-01 0.6609040E-01 7
2.2 0+1065544F OC CelO0EEL14E OC O0e10EG6E7IE OC 001067212E CO 0.1067738E 00 8
2,3 0+181181E8E OC Ce18132462E 0C 0.1E1SCE2F CO 0.1816616E C0O 0.1818132E 00 9
244 0e246Z06CE OC Co246S4E4E OC OCe2468774E CO 002471995E CO 00247S128E 00

245 062995448E CC Ce2CC1106E OC O0e3CO0EE11E CC O0e3011964E CO 0«3017171E 00

246 0033222S8E 00 Ce33G0145€E OC 0e3I3S7ELISE OC 0e340S276E CO 0.341253S5€ 00

2.7 0+43602170FE OC Ce3E61158B4F 0C 0e3E20740FE OC 003629646E CO0 0.3638314E 00

3.3 0e36632S40E 00 Ce3€48271E OC 0De3IES2ETLIE 00 0e36S57346E 00 063661700E 00

3.4 0eS544291EE OC CeS4S2708E OC O0.S4E2229E CC 0.,5471491E CO O0C«S480499E 00

3,5 0.6974335E 00 Co6990615E OC 0.7006444E 0C 0»7021841E CO 0.7036817€ 00

346 0.809E9S7E OC CeB119E42F O0C OCeE141702E 00 O0.8163159E 00 0.8184037€ 00

3e7 0e8737234E OC C+B7E4310F OC O0.E7GCEA3FE 00 0.EBl16261E 00 0.8841189E 00

444 ODeEEBS172C 00 Coe87CS441FE 00 OCeE725147E OC O0aE744314E 00 0.8762962E 00

445 0ell5G348Z 01 Col1€E2718E Ol (Qe11€65695FE 01 0.1169181E 01 0Ce.1172279E 01

446 0el1378030E O1 Ce1382726E .01 C.13287292E 01 (e¢1391733E 01 OC.13960SSE O1

447 0¢1504230F 01 Coel1S5CS8322E 01 O0.1S515283E 01 0e1520S86E 01 O0.152574SE 01

SeS 0¢i590960E O1 Ce1SGESE2E 01 O0e1€02009E Ol O0+1607306E C1 0e.1612460E 01

SeE 0e19230175 01 Ce193CB23E 01 0e1S3B414E 01 (e194S797E 01 0.1952978E 01

547 0e211€901E O1 Ce212E213E 01 C«2135279E 01 0eZ1440G4E C1 0.21S2670E O1

€s+6 02348307t 01 Ce22SG7E86F 01 0.2270262E 01 0.23806S1E C1 0.2350663E 01

647 0e259GE71E Ol Ce2€E12656E 01 Ca2€25282E 01 042637567E 01 0.2649521E 01

77 0.2885S223E 01 Ce23C0717E 01 Ce2515790E O1 O0«29304S6E O1I 062944730CE O1
I3J = 1s2ssees7e WHERE 1 IS €845 CEG FROM KRy, 2 IS 82.€ DEG FRCM N, 3 IS 72,7 DEG FRCM N,

4 IS €Ce0 DEG FRUM No S IS 4S.2 CEG FROM Nes € IS 29,4 DEG FRCM Rse 7 IS 13.0 DEG FRCM Ne



SYNNETRICAL REFLECTIUN FUNCTYICN R(XelsJd) FCR GANNA = 1.0

65T

) ™) Y = 6Hel X = €42 X = €03 X = 6e4 X = €EeS NN
1.1 Delgbzl3EE-01] CelGE2CEEE~OQL Cel4631G3E£~-01 Oel4€3317E~-01 O0e14€3438E-01 1
1+2 Ne2931475=-C1 Ce2G22282E~-01 Ce2G623C70£-01 0e¢2933836E~-01 Ce2934582E~-01 2
1+3 043951132E-C1 Ce3GE2515E-01 Ce 3GES777E-C1 Oe 3957G82E~-C1 Ce32360131E-01 3
1,4 Oed&77271F-01 Co48€2173E-C1 O.abEEEE2E~C1 0e4891426E-C1 Qe a8SSB71E-01 4q
1+S N0e5€77376F-01 CeS€RE3€68E—-01 Ce=EG31ZE3E-01 0.S70073BE-01 CeS7C8127E-01 S
1+¢ Qe627€20645-01 Ce€287372E-01 0+.€2GB22¢€E-01 0e€3088C0E~-01 06€319106E-01 6
le7 Oe€6E227T02E-C 1 Ce€CEZEQOEBE-C1 e EEA4ESTCE-CL 0« €EGEL1SSA4E-C1 0e€E673920E~01 7
242 Ce1068251E 0OC CelCEB743E 0C C«1CEGS23SE OC 0.10€9708 CO 01070170 0O 8
3 OelB1l1G€EQZE OO. CelE21040E OC Ce 18E22436E 0OC 01823798 0O 0e1825126E 00 9
24 0e2478177E OC CeZuE1147E OC C«.2484039E O0OC 0.248¢€8S7€ (CO 0.2489604E CO 10
245 0e30cz24CE OC Ce3CE7175E 0QC Ce3C31G84E CC 0e3036668E CO 0e¢3041234E 00 11
2+€ Ce3413€00F CQC Ce242€4E0F OC Ce343321E2E CC Ce3433712E CQO 0e3446077€ 0O 12
247 Ce3€4EL7S2E OC Ce2€654970E QC 0. 2€€2G7SE 0C 0e3670777E 00 0.3678383E QO 13
3.3 0636€£5937E OC Ce3£700€ 3E 0OC Ce3E74082E CC Qe 3I6779S9E CO Oe3681816E 00 14
364’ 0e348G269E 0C C.S4G78C3E 0QC C.SSC€126E 0C 0.€S5142323E 00  0.5S522134E 00 15
3.5 07051394E 00 Ce70ES5E8E 0C 0«.707S413E OC 0. 709Z88B6E 00 0e7106016E 0O 16
3s€ 0«8204356F CC CeB224144¢ QC Ce£243417E CC Ce8262L1S7E CO 0.8280S05€E 0O 17
3.7 NeBBESL4ST7E OC Ce2BPGOSOE CC 0.8G12115€ 0OC 0. 8934S5S3E CO 0.8956427E 60 18
494 QOe87R111SE 0O CeB7S87839E O©C C.E€E816C04E CC Ce 8832778E 0O C«8849127E 0O 19
425 Oell17S237E C1 Cell782325€ 01 Oes1181CS7E 01 Oellg3gevE o1 Ce«11E86603E O1 20
446 0.140C261F 01 Cel14C43S6FE 01 Oel14Cg34SE 01 O0«.1412231E 01} 0.1416020E€ 01 21
G447 0«1S3C7€8E 01 Cel1SE3CEEIE 01 CelSa4C424€ O1 0e154S067E C1 Oe15495G4E 01 22
Se = Oel&61747€EE 01 Cel€22358E 01 CelE27115E O1 Cel631748E C1 0e1636265E 01 23
Set. 019589 70K 01 CelSee778€E 01 0.16724C8x C1 01979868 C1 Ce1986166E 01 24
9.7 0e.21€102¢% O Ce21€G149 01 Ce2177C?72E O1 Ce21847391E C1 0.21G2314E 01 25
€, € . 0e240CC4CGF 01 Ce24CSES8BE 01 0.241G142E 01 0.,2428147E 01} 0«¢2436927E 01 26
67 0.2661160E 01 CeZ€E724S5F CG1 Ce2€E83E37€ 01 Ce26G43C0OE C1 Ce270C47G0E O1 27
797 Ge29SR€ 3CE O1 Ce2G721€7F C1 0« 2GES3SSE 01 0e2998217E 01 0«30107S1E 01t 28

Ied = 142s0ees7e WHERF 1 IS HEeS CEG FROM Ny 2 1S B2.€ CEG FRCM N, 3 1S 727 CEG FRCM N,
4 IS €ECe0 C=C FRILM N,y S IS 45,2 CEG FROM Ky € IS 2Ge4 DEG FRCM N, 7 IS 1340 CEG FRCM N,



el ]
- - . L ) - L]
N>y N ~

1.

L
.
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242
2+ 3
2e4
2+%
2-€
247
33
3.4
35
3+ €
3.7
444
445
4,.,€
447
m’m
Se€
l"\.v
€7
Te7

SYMNETE ICAL

X = Ceb
Cels6ZEECE-O1
Qe293=32)1CE-QC1

0.39€2225E-01
0«49CC207C~01
QeE718323F-01
Ce€325149F-01
0«E685G25E-01
0.1070€20F 0O¢€
0.182€42CF 0OC
0.26492282E 0OC
0+3045€845 CC
Oes3a852234 0OC
0.368S8C0E OC
0+.368SS3EE OC
0.55258326E 0OC
0.7118818E 0O
0.d2GE354E 0OC
0.89777S7€ 00
D.EB&ES0ERE OC
0.1185252F Q1
0.1415714E 0il
01554006 01
0.164CEEI- O
0e19923G7F G1
0e21$5ESIE O1
0.2445488% 01
0+271S019E 01
0.302297S¢ 01

Ied

1v8ve0ees?e

WHERFE

4 [S €ECe0 CEC FRCVM No

REFLECTION FUNCTICN R( X4l +4)

X = €a7
Cel4E2E7LIE-C1
Ce2G2€022E-01
Ce3GEL2EIE-O1
Ce8G0644327—-01

«eS7223€5¢~C1
CeE3IREQECE-01
C+EEGT7E62?E-01
C«1071059E @C
CelB8Z27€82E OC
Ce24G4ESSE (OC
C+32CS0026E 0OC
Ce34SE337E O0OC
Ce26S202SE CC
Ce32€EEQ1E7F OC
CeSE273493%E O0OC
C.7131306€ OC
C.E82157€6E OC
CeR9G85€E4F 0C
C.88E0E17E 0OC
Cell1G1827E C1
Ce1423318BE 01
Ce1SE8316E 01
CelE449E€E3E (I
CelSSE2SSE O1
Ceac2CEBCIE O1
Ce245383HE 01
CeZ27249G8E 01
Ca23C249COE 01

IS €8.5 CEG FRCM N, 2 1
IS 4S+.3 CEG FRCM Ny € I

X = ﬁom
Cel4632784E-C1
0.26326715E~01
Oe 3G€€62€3E~01
Ce4SC8SE4F—C1

«e€72G9222E~0C1
0.£34ES21E-01
0+€E7CSCESE-C1
C«1C714E6F 0OC
0.1828S14F 0C
Ce24S7443E CC
Ce.3CSa42€1E CC
0«24E4244E OC
Ce37CCCS2E OC
0«3€G2709E CO
CeSS44€78E CC
0.7143487€ 0C
CeE3327%1E OC
0+SC18EESE OC
C.EEGS78SE 00
Ce11943S8E O1
0e1426E322E 01
Cel1SE2S17E Ot
Ce1€45154F C1
Ce2CC4l37E O1
Cez213790E O1
0eZ4E1GEEE O
Ce273473SE O1
Ce2C4ES37E C1

FOR GANNA = 160

X = €e6G
Cela€Ee38G3E-C1
Ce29373G2E~-C1
O0e 3968209E-01
Ce4912SS1E~C1
06€735G16E-01)
Ce« £3578SS€~C1
Ce€720221E-01
0.1071905 CO
0.1830115€ 0O
0. 2499931E CO
0« 3058394E CO
0«34700Q07E CO
0+ 3706G98B2E CO
0«3696166E CO
C«S551831E CO
0.7155376E CO
0«8349328E CO
0.6038680E CO
0. 8910589E CO
011956818 C1
0. 1430263E C1
Qe l15S€E6618E C1
0. 1653244E 01
0.2009838E C1
0e2220606E C1
Cs24€9G937€ C1
Ce2744237E O1
Qe 30578G6E O0O1

€ B2.,€ DEG FRCN N,
S 2G.4 DEG FRCM N,

X = 70
0e¢14€4000E-01
Ce2938052E-01
0«3970108E-01
0e4916522€E~-01
0e57426448E-01
Ce €E3E69E2E~-QL
C«6731111E-01
0.1072313€ 00
C.18212€8E 00
025C23S7€ 00
Ce30€62429E 00
Ce3475633E 0O
0«3713708E 00
0¢36S9540E 0O
0.5558814E (O
0.71€6981E 00
0.8365S11E 00
0.9058024E 0O
0.8925S038E 0O
0.1199219E 01
O0«1433611E 01
0.1570621E 01
0.1657233€ 01
Ce201540SE O1
Ce22272S9E 01
0.24776G8E 01
0«27S3S13E 01t
0.30€89E7E 01

IS 72.7 DEG FRCW
IS 120 CEG FRCWM

VONONDPWN~2Z

09T

Z 2



