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'intfoduction

Thié fepdrt cpnsists of a detailed writeup of ;.multiple scattering
- Low Energy Electron Diffraction program. The first section exhibits thé
essential featufes of the formalism used in the computation, and references
are made to the numbered equations in a later section where the program
is described in detail. This report is not intended as a substitute for
Va proper de;ivation‘of the formulaslused. The readér is referred especi~-
ally to references 1, 2 and 3 for this purpose. 'Section Ii présents the
comménly used models used to account for the "inner potential' and the
"inelastic damping" of the scattered electron. Section III is concerned
with the presentation of the formalism for introducing temperature
dependénce into the multiple scaftering problem..'In Appendix A, the
computer progfam is described taking each subroutipe separately.
0Appendi_x B is included which reproduces a listing ;f the program plus

sample input and output formats.



I. The t-matrix method for LEED calculations.

The LEED calculation and the computer program which is the‘subjéct
of this report is based on the t-matrix approach to the electron-crystal
scattering prdbiem. The method to be followed was first'set'forth'by
Beeby1 who derived the multiple scattering, or t-matrix method, but did
not include the.inelastié procésses which are responsible for the
severe attenuation of the reflected elastic electron“intensities. This
attenuation of the elastically scattered electrons-was introduced
phenomenologiéally by.Duke and TuCker2 who related an electroﬁ—electronA
mean free path for inelastic collisions, Aee’ to the complex electron
self eﬁérgy of an electron moving through a crystal. -If is the presence
of this damping_factor in an exponential which rapidly attenuates_the |
elastic eiectron beams and makes multiple scattering summations convefge
rapidl&. We employ the notation used by Laramore and Duke3 in our
description of the t-matrix method and the computer progfam we have
constructed.

The differential cross section of an elastically reflected LEED
beam is proportional to the observed intensity. |

w2 | - e seem IiGekm |t 8
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The differential cross section is taken with respect to the energy'of‘the
incident (and emerging) beam and the solid angle df. The delta function
restricts this description to elastic scattering pfocesses for which the .

incident and emerging propagation vectors at points far outside the



crystal surface are Ei and Ef, respectively. The mass of an electron is
denoted by m.  In Figure 1 the propagation vectors and their projections
onto the surface are shown.

The quantity I(gf;gi;E) is obtained by employing the two-dimensional

periodicity of the surface, resulting in the expression
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The normalization faotor:(Zﬂ)Z/A (wﬁere A 1is the area of the two
dimensional unit.cell of the surface layer) and the summation over the
tﬁo dimensional reciprocal lattice vectors g results from performing

- a summation over tﬁé periodic lattice positions in the surface layer.
This also gives rise to the delta function which restricts the difference
between the components of the wavevectors k and kf parallel to the
surface (ki" and Ef") to be a reciprocal lattice vector g- In other
words, this delta function, which is obtained from imposing the con-
dition of an infinitely extended perfect two dimensional lattice,

| descrioes the.experimentally observed pattern of discrete spots observed
.on the LEED screen. The two dimensional vector a, is the shift of the
origin position of the Ath plane parallel.to the surface from an
arbitrary zero position (often taken to be the origin position of the

- surface plane). We choose a coordinate system in whlch the (x,y)

directions are in a plane parallel to the surface and £ is the inward



normal to the sufface. The remaining exponential term in eq. (2) accounts
for the phase difference between the normal components of the incident
and emerging beams, kfi‘and kiif due to the perpendicular distance
betweep the origin and the Ath plane, dA' |

The factor T (gf,gi;E)_is the t-matrix for the.Ach layer. That is
to say, it is the matrix element for all orders of scatteringvby the
Ath layer, in the presence of all the other layers, between incident and
final plane wave states of energy E denoted by the asymptotic Qave
vectors"1~ci and k.. This factor can be conveniently expressed:in terms
of two intermediate quantities whose physical significance can readiiy
Be appreéiated. We introduce TA(Ez,gl;E) as the t-matrix for scattering
' an.iniﬁial plane wave k) into a final plane wave k2 by é single atomic
layer parallel to the surface. This includes the effebts of all‘possible
muitiple scattering events within the Ath plane and'ignoresvall scat-
terings bétween different planes. Tﬁe second factor GAA'(E ;Ei;E) is
the propagator for scgttering between planes A' and,i; It contains the
phase and amplitude factor for the sum of all spherically scatteréd
waves measured at the origin of the Atﬁ plane due to all the ion core
locations in plane X’, betailed expressions for‘TA and GAA' will be
presented.

. ll' 3 - 1] AA' . v. |
Ty(keokysE) = Ty (keoky3E) + ZZ Ty (kgsk 3E) 6 (k,k, 3E)

T, (ki GE) (3)
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The first term in ‘this expression contains the effect of scattering of
the incident beam, Ei’ into the final beam, Ef’ by means of all single

and'multiple scatterings within layer A. The second term represents the

effects of electrons scattered‘from.all planes A"#\ summed over all

» - propagation directions k and impinging on plane A, and include all sub-

- sequent multiple scatterings within plane A. When the inelastic damping

factor is sufficiently large and the t—matrices,vrx, gre sufficiently
weak, this expression can be.expanded iﬁ a perturbation series by
aIWays'expressing the final TA,-féctor in terms of the right hand side
of eduation (3). It will be seén later, when we work wifh a particular-
matrix representation of this equation, that the inVersion-of a rather
}arge'matrix Vill yield the complete multiple éca;tering result for TA'
‘The layer t—matrix'TA(Ez,El;E) appearing in eq. (3) can finally
be related to the scattering of electroms frbm individual ion cores of
the crystal. Wé‘write the t—matri# for ion-core scattering from plane
wave states 51 to Ez as tA(BZ’EI;E)' We further restrict all ions
within the plane labelled by A to be of the same material. The resultant

simplificafionvin the calculation causes no unnecessary limitation in

.. generality since additional planes, A' (now referred to as sub-planes),

made up of different types of ions can coexist even at the same per-
pendicular distance from the surface, i.e., dyv = dA; The expression

for T\ can be written in a manner similar to eq. (3).
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The structure of this equation ié similar to that of eq. (3) with c°P
being interpreted as fhe Sub—plane propagator which contains the phase
and amplitude factor for the sum qf all spherically scattered wéveé
impinging on an ion-core due to scattering from all other ion cores in
~ the same éub—plane. A schematic diagram of the felationship between
" these Quantities is furnished in Figure 3.

A perturbation method cén be applied to éolvé éq. (4) aé lopg as
reiatively weak scattering materials are used.4 A more generai technique
invqlves a matrix invefsion, derived by Beeby,1 in which all quaﬁtities

appearing in eq. (4) are written in an appropriate matrix representation

(to be specified below). Using a simplified notation, we write formally,

sp oSP,_ ~SP | . ‘
t, +t,6°t ,+'tAG tAG ty + ... _ (5a)

P\ A A

=
il

A

' sp SPm 12 SP, 3 |
tA(I + (G tx) + (G Tx) + (G tx) + ...)

This series can be summed to yield the exact expression,

-1

T A]

v = glI - G5P¢ (5b)

In order to proceed fdrther we must specify thevmatrix representation
to be ﬁsed with all the foregoing equations. It is convenient to use an
angular momentum representation in which these quantities are expressed
in terms of summations involving spherical»harmonics. In what follows,
we write the convghtional complex spherical harmonic Ylm(6,¢) = Y#(g),

where k is a vector whose angular components are © and ¢. The subscript

L is written to replace the combined (%,m) subscripts. Values of L



corresponding to various values of £ and m are listed explicitly‘in fhe
writeup for the spherical harmonic subroutine (YLM)_éppearing late?'in ‘
this report. |

:Thé t;ma;rix tA(Ef’Ei;Ej can be expanded in a Séfies Qf Legéndré
vpolyhbmials Pi(cos 08), where 0O ié the angle beﬁween E_ and 5’.: When'
thg”ion—core potenfial is spherically symmetrical there is no fuﬁctional
dgpendéﬁqe of t, on tﬁe azimuthal angle ¢.‘ Due té.thié.lack of_dependeqce
on the quantum number m,'deéighation of % or L alone suffices as a label
forvs#ch quaptities, |

- Q0

)\(kf i,E) =. E tA(E) Pz(cos 0) | : (6)
2=0
'The Legendre polynomials can be expressed in terms of the spherical
harmonics whose angular arguments are the vectors k and k, by the

formula,5

E%’—-L)—P(cose) - z m(k)Y &) D

The (£,m) indices will be combined as indicated in the previous

_ paragraph and the expansion can be rewritten as,

£y (ke k 3E) = Z A(E) (ko) Y, (k) 3 - (8a)
. L '

For the quantities Ty(k.,k,3E) and T (k.,k ;E) one can no longer
ANE S AL

assume spherical symmetry and the expansion in terms of Legendre



polynomials is not possible. However; it can be shown that any such

function which depends on Ei and 5 (and not simply Ef—gi) can be

' - . ., 1,3
expanded in terms of a double sum over the ‘spherlcal harmonics, ’

IRUEACRED 39D @ vy k) Y, k) 8D)
L L' : .
T, (kg ki 3E) = 22 S OR AR SRR S
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Sﬁbstitution of equation (8c) into equation (2) allows us to write

ZZ (k)Y (k) Z (g =ity ) oL T (5)

2

g) e 182 (9)
" ~iu 8 _ '

T(ke,ki3E) =

am® Z (kg -

“A éimilar‘substitution in equations (3) and (4) allows us to factor out
.
. the spherical hermonics and to work directly with the matrices TiL‘(E)
1] : .

and TkL (E). For a given maximum f-value of zmax the maximum value

L = (& + 1)2 become (L xL ) square matrices. Thus, the
max max , max max’ "~ _
complexity‘and cost of the computer calculation will vary approximately

as (& + 1)*. The value of % is set, in a particular problem, by

max max . _
thevrequirement that the diagonal matrix element ti(E) for L corresponding
to (Khax + 1) be negligible. The t-matrix elements for the ion core

scattering problem can be directly related to the phase shifts for the

scattering amplitude f(G),6



“

" LEED calculations.

o [i28, "
= 1 e -1t

£(0) = m :%: 22 + 1 Pz(cos 8) [ 51 ] (10)
by the équation

Fleesky) = -~ oz tkeskyp - 1)

: Equating (10) and (11) and using the relationship of eq. (7), the
L-component of the expansion (eq. 8a) becomes, |
R, _ . 4n’A2 126,(E) _ » E
t)\(E) . 1 mk : ( e 7 l)’ v . (12)

where 62(E) is the energy dependent phase shift that must be calculated

sepafately from an assumed form for the ion-core potential. For the

purposes of the computer program being~des§ribed-here, the GQ(E) are

supplied as necessary'input parameters, and the reader is referred to

- the literature for various approximations which find frequent use in

2,7,8

We now write explicitly the matrix forms of equations (3) and (4).

These functions can be written so that the independent variable is k,

- which is the absolute value of ki and kf, and is related to the real

; part of the renormalized energy of the electron in the crystal by
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T (1)

B0 + 2 2. ‘;“"(k)c "L"'(k) e
)\ #)\ L" L"l

LIIIL'

oy o= o+ D G e @) v P aw

T .
}\ ) A "L"'
Lll ,L" )

Thére aré a nﬁmber of manipulatiqns necessary in order to transform
equations (3) and (45 into (13) and (14), and these are detailed in the
~ paper by Laramore and Duke.3 The simpiicity of the lastrtwo equations
and théir straightforward substitution in eq. (9) afe offset by the
complexity of the matrix forms of the propagators G L,(k ) and Gxé,(k ).

Explicitly they are,

_ -ky P L—i) N-mmik] (1) .
LL'(k) .'-'P#ZO e~ %,:,3 212 [ K2 ]hSL'l' (k?)

¥, 0 (®) I(L;LY,L">$ o am

and -

2z | A2 "

' ) _ . . _ —2'"
TANCRIED DRC TN R DRIC 'm"ik] hgd) (k|4 -d, -

P ' L" A

~

YL"(E-"QX'—S}\) I(LsL'sL")$ (16)

A derivation of these results is presented in reference 3.
The vector P is the distance from the origin in a plane parallel

to the surface to any of the other lattice points in the same plane.
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The summation in eq. (15) extends over all sucﬁ iattice points except
the one at the origin. In eq. (16), the summatiﬁn includés P = O_Since
in that case the difference between the origin positidns.of planes A
and A' must be non-zero. When ék is written as a vector it denotes the
three dimensional vector from the origin chosen for the problem to thé
origin of the Ath subplane, ék ='(§A;dk)’ where ék'is the displacemgnt
parallél to the crystal surface and dl is»in the z;ditection (inward
normal to the surface). The sphericai hankel function of the first
}51%kf))describes the phase and amplitude of an outgoing spherical

R’"
o p2g2 ‘ : _
wave of energy E = T The quantity I(L,L',L") is the angular

kind (

integral of a product of three spherical harmonics,

' " * * \
et = fa o @ v

[(2z'+1)(2zﬁ+1)/4n(2£+1)]%,

C(L',0",4; m',m",m) C(L',2",2;0,0,0). (17)

The present section reproduces the results of the t-matrix formalism
which are to be incorporated into a computer progfam._ There are two
further poinfs to be discussed iﬁ fhe next two sections before we can
p;oceed to the details of the actual program. These involve the inner
poténtial and inelastic démping factor, ana the inclusion of temperature

dependence in the formalism for the reflected beam intensities.
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II. The inner potential and inelastic dampiﬁg.

Thebpropagation of an electron inside a_métal differs from the
prépagation of an electron in a vacuum. There ére‘three principle : -
mechanisms.operating on an‘electron moving tﬁrough'a metallic crystal.
' The first is a surface diﬁole layer due to the féct'fhat metallic
.elgctron-wavefunctions extend a short distance.outside‘the sgrface layer
| of ion éores. This gives rise;tolfhe work function which presenfs a
barrier (typically 2 té'd eV in height) thaﬁ must be overcome by.én
electron if it is to escape the metal surface. . Convéfsely, an external -
“electron entering the surface will expérience an incfease‘in its kinetic
. energy uéon Erossing the dipole layer region. This simplified modél is-
sufficient for use with LEED calculations,ithough more detailed theoreticall
- treatments are avaiiable.9 |
The second mechanism that alters the propagation of.an élgctron
' inside a metallic crystal is the presence of posi;ivgly charged ion
cores. The third mechanism is due to the preéence of valence and con-
duction electrons, Vhich tend to screen the attractive potentials dﬁé
to the ion‘cores. The screening is a djnamic effect and is dependent
on the local free eleqtron denéity and the momentum of the incident
electron. Thevbehaviop bf.an electron moving through a uniform electron
gas (the positive charge is assumed to be distributed pniformly in
order to maintain charge neutrélity) is well understood andvyields a ¥
‘model which is useful for the understanding of the more complex problem

at hand.lo
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Electron states at the fermi surface of a metal are infintely long
lived. Electrons injected with higher energies form what are known as
quasiparticle states, which possess finite 1ifetimes.11 These quasi-
particles may be thought of as a "bare'" electron surrounded by a Y'eloud"
of electrons.which interact with it, and the dynamical behavior of such
an entity is considerably more éomplex than that of a single free electron.
The finite lifetime of a quasiparticle results when part of its energy is
given up in the creatipn of an electron-hole pair, or by plasmon excita-
tions. Since we are normally concerned with elastiéally diffracted
electrons in LEED analysis, the effect of a finite lifetime is to diminish
thé elastic beam intensityvés the beam travels through a metal. The
quasiparticle energy éan be expressed as the energy of a free electgdn '
whose wavevector outside the electron gas is 5 plus a self-energy correc-
tion Z(E), which is a complex quantity.

Figuré 4 shows the relationéhip of the real parts of the various
energies.cohsidered. € is the kinetic energy of the electron far outside
the crystal and ¢ is the work function. The real part of the elect;on
seif energy correction, 21(5’5)’ is a negative quantity as measured
from the Fermi level. The real part of fhe quasiparticle‘energy,

E(E,e), is the effective "free particle" energy of the quasiparticle

in the solid.
E(k,e) = € - Z,(k,€) ‘ . (18)

The imaginary part of the quasiparticle energy I'(k,e) is simply the

negative of the imaginary part of the self energy correction, Zz(k,e).
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P(k,e) = - Za(k,€) | (19)

' Finally, the complex propagation vector inside the electron gas is

obtained from

Iy (e) + 1k, (@12 = 2 [E(ke) + 1T(,0)] @)

Lundqvist has performed célculationslo to detérm;ne Z(E,e) for a
uniform electron gas of différent densities. The feal part, 21(5,6), is
a negative quantity an& can Ee identified with the inner potential cor-
rection familiar in LEED étudieé if we write_Vo(e) = - Zl(g;g); The
imaginary part, ZZ(E,E) is a positiﬁe quantity that goes to zero at
the fermi energy, and attains a-neatly constant value for energies
greater than twice this value. The inner potential Vo(e) is nearly
- constant below an energy equal to twice the fermi enérgy,.and diminishes
at higher energies, approaching-an asymptotic 1/k behavior.
| It should be stressed ﬁhat the foregoing discussiﬁn coneerns a
simﬁiified model of the metallic crystal in which it is approximafed as
a-uniform electron gas. Whiie thg concepts are useful, the validity
| of the detaile&.form bf Z(E;e) for the uniform.elgctron gas is questibn-
able when applied to a real metal. The positive chafge.in a real
metal is localized at the ion cores instead of being uniformly dis-
tributed, énd the excitation of core electrons presenté.an additional
-inelaétic loss mechanism. In the computer prégram under diécussion

here, we have made provisions for the calculation of k;(€) + ikp(€)
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from the Lundqvist model,10 and also from an optical model potential.
The optical model potential treats the real and imaginary parts of
the quasiparticle energy as cbnstants,_independen; of the incident

electron energy € over the LEED range, in which case

E(k,€) (21a)

"
m
-+
<

(21b) -

[
t
™

I (k,€)

Comparisons between theoretical calculations and eXperimental LEED
profiles have not yet been able to resolve which of these treétménts is
most'accurate; In Figure 5 we plot the (00) beam ofAthé aluminum (100)
surface using both épproximations to allow direct comparison between

the two approaches.
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III. Temperature dependence of LEED calculations.

Laramore and Dukes’12 have investigated the effects of lattice
vibrations on the elastic LEED beam intensities. The result of their
work is that temperature effects can be qui%e simply'accouoted for by

introducing a quantity
by (ke,ki5E) = exp(-Wy (ke=k)) ty (ke ky3E) (22)

ﬁhere.wx(gf_gi) is the Debye-Waller factor of the lattioe. If the
expression for bA is inserted for tk in equationsv(4) and (5), the.
effects of thermal lattioe motions on the LEED beams are properly taken
into consideration. | |

The partial wave decomposition for bA is similar to that for ty
of eq. (6a), except that bx need no longer possess the same spherical
symmetry of tx,and the ion-core potential.

by Gk E) = ZZ bR () YRR Y, (k) (23)
ANECL | T T A L ~f L' ~1i
}

In the model we use oere, WA is takon to be a funotion_possessing

spherical symmetry; i.e., ;he Debye-Waller factor is independent of

direction in the crystal.

In such a case, bA and tA are both of the same symmetry and the matrix

o , ' , :
b&L is diagonal, as is tiL . A further simplification is achieved if

we approximate the phonon spectrum by a Debye model.3
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2 2
NGRS = i |
~f <1 A 4
2M k, OD .

In this equation, M is the ionic mass, kB is the Boltzmann constant,
T is the absolﬂte temperature of the crystal and O;-is the'effective_
Debye temperature ofAtheFAth subplane of the crystal. The pfopagation

vectors ki and k. refer to the incident and final waves scattered by

‘a given lattice site, and do not represent the intial and final wave-

vectors for scattering from the entire crystal. Thus, ki and kf are

different for each order_of multiple scattering and the Debye-Waller

‘factor cannot be factored out of the final expression as in the case _

. of single or kinematic scattering.

The expression for W of eq. (25) can be written

- = —-— 2—
Wy Ckgky) (ke=ky)™ Wy

Since only elastic collision are considered, |ki]'=_|kf| = k and
Wy (ke-k,) = 2k*W, (l-cos 6),

where O is the angle between the vectors ki and kf. Using this expres-

sion f°r.wx in Eq. (22) and expanding tX in spherical harmonics, one

obtains

-2k %W 2k W
by (kke) = 2N el MO oy v () (26)

£,m
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The exponential term inside the summation can be expanded in a

series of Legendre polynomials or of spherical harmonics,

2k 2 6 o -
o™t TATOP ZAJL'Pz'(C"S 0 = Z‘m%'

t
% 2
'2' . .
2 vh ) Yk, (27R)
m'=-% T h
where . ; 1 .
: ' 273 .

-1

Substitution of eq. (27a) into (26) yields, -

| _2K?d % 4 o
= A . _
bykikz) = e ;"‘)\(k) § 20+ A | (28)

20 Yanka) Ypug (ko) Y, (k1) Yo, (ko)

m,m’

The summation over m and m' is performed using standard formulas for

such'-products13 and the double summation can be exptessed as

", : * ' '
z Z anmu(lfz) anmu(l‘fl)(s(ksll ,»Q'") (29)
L mM==g" :
where the delta function is unity for any combination of &'-values
which satisfy the combination rule for vectors &" = |2-2'[, ... &+ &',

and is zero when 2" is outside these bounds., The expression for bx

can then be simplified to
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_ L | . ) | o
' ' -2k2W - %, [ 4T :
b, (k1,kp) = Z ;e A Z Z [c (k)(————) A .
A ~ 2,",111" 2=0 2'=12"—2«|_' A 2841 2!
. .
anmn (152) anm‘u (1’51 ) (30)

- The quantity inside the braces thus represents the matrix element of
bA corresponding to %" and m'", and these are the values bi calculated

. by subroutine (FILLB) to be described shortly.
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Figure Capfions

The incident electron beam ki and one of the diffracted

~

beams kf, and their projections onto the surface kil and kf
- : - -~ ~Iy

are shown. The angles 0 and ¢ are used to describe the

‘orientation of the incident beam.

‘The white circles represent the real space lattice positions

for the surface layer of a crystal, with the central ionfcoré
chosen as the origin. The black circles show the 1atticé_
positions of the Ath layer which are shifted with reépect.to
the Qrigin By a vector é which is parallel to the,surface

layer.

Schematic view of the relétionships between the t—matriées;

(a) £ for a single ion-core; (b) T for.the multiple

scattering of ki between all ion-cores in the Ath subplane.
'The,subplane‘propégator G°P accounts for the phase and

‘amplitude of the scattered wave between the ion-core encounters;

(c) TA for the multiple scattering between subplanes (TA)

inclu&ing éll possible scattering paths'ending on layer A.

The interplane propagator GAA accounts for the phase and -

amplitude of the scattered wave between subplane encounters.
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Relationships between the real parts of the energies for

quasiparticle motion are shown. € is the kinetic energy of

an electron travelling in the vacuum, and E(E,E) is the
Quasiparticle energ& inside the electron gas, where k is the
propagation.vector in the vacuum. The metallic work function
¢ and the real part of the renormalized electron énergy |
inside the metal;_Zl(E,e), are measured with respect to

the Fermi level EF'

The (00) beam:of the aluminum (100) sufface is plotted using

two approximations for the electron self energy. The solid

~curve uses the Lundqvist model of Z(E) for a'free‘electron

gas. The dashed curve uses the optical model potential with

the real part of the self energy,Z1 = - 11 ev.
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Appendix A. Organization of the Computer Program

The LEED program whiqh is the subject of thié report has beeﬁ
written in Fortran IV for use on a CDC 7600 computer.‘ Uée has been
made of the ex;ended core f;ciiity of this computer aﬁd provisions
will have t§ be made for this is a different machine is to be uéed.

If this i$<t6 be AOné, care must be taken in.the-hgndling of all
variables appearing in the LARGE s;atements. |

The progfam is written using overlays to miniﬁize necessary core
. requirements. The 0-level overlay contains a driver program (LEED)
and two subroutines that are used in both overlays thét are called by
LEED. in additien,-it_contains a number of COMMOﬁ'bl§ck definitions
thrqugh which most.of the subroutines aré connected. The first overlay
called consists 6f a program‘(READIN) which causés input data cards to
be read and several arrays to be initialized. The second overlay
(LOOP), also called by LEED, causes the multiple scaﬁtering prdblém'
to be solved at a sequeﬁce of incidgntvelectron energies as specified

. in the input data.
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OVERLAY 0
o ENERGY
LEED
YLM
OVERLAY 1 OVERLAY 2
READIN LOOP
ATOMIC {FILLB
STACK MOX }
COEFT KINEM
CLEB GSTACK
" LATTICE SCATT
BEAM TSUM
DEBYE INV
CUBINT ‘CINV
GRATE INVERT
TABLE .EXCH
ARITH
TEST
PERTB
- EXCX
ARITX -
GREEN
- HANKEL
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[ OVERLAY (0)]

LEED

This is the driver program that controls the calling of the twq
overlayS'ana causes punched card outpﬁt fo be produced. All common
blocks through whiéh data are paésed'betweén the ove;lays and sub- -

routines are defined here.

ENERGY

_'This subroutine isvfurnished with the incident éleétronpenergy;(NRG)
Vin.electron volts. Iﬁ then computes the feal and ‘imaginary pérts.6f .
the quasiparticle energy E(e) an& I'(e) as defined in equations 17‘or 19 ,
(ESIG and SIG2). Also calculated are the'real aﬁd imaginary components
of the,quaéiparticle propagatioh vector k,(€) and k,(€) (XK and DAMP),
and the complex‘renormaliéation constanﬁ ZNORM. The quantify NRGY is
an index that is used to label'the atomic tk-values as a function of the
incident energy. | |

| The subroutine is not cbmpletely general. The data in arrays SGl1,
SG2, ZRL, and ZIM'are_taken from the Qork of‘Lundqvistloand,refer'té aﬁ g
electron gas whose densitylié that of the conduction electrons in
aluminum, as dées the fermi energy (EFERMI).

Pfovisions are also made for calculating E(g) and I'(e) by using

an optical model potential (eq. 19).in which the innér potential Vo and
thé imaginary part of the self energy 1I, are supplied as consﬁant

values in the input data cards (POTL and GAMA). An integer variable
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read intovthevprogram causes the Lundqvist model to be calculated if

SIGMA = 0 and the optical model potential is calculated if SIGMA = 1.

The spherical harmonics Yzm(6;¢) are computed.for m=-L,-041, ...,+%
for % = 0,1,...,LMAX. The resulting values are stored in a compiex

array Y. The input angles (6,$) are given by specifying the three com- .
ponents of'a-vector'g, of arbitrary magnitude, having the séme angular
directions._ If CONJbeéuals -1, the complex conjugate of the entire’

afray is taken, Yzm(6,¢);

The linear array YL(E) = Ylm(E)?iS stored usiﬁg'the algoiithm

L = 2%4%4+1+m, or ...

HOWwoOoOSNOWUMSWN M
WWRNNNNRNERBO o
i
N

e
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This progrém reads in the following quantities:

DATE ... alphanumeric data specifying date of calculation.

for kinematic scattering

for multiple scattering

. maximum value (in Angstroms) of radial distance

MULT = 0
=1

MAXR ..
TIME = 0
=1

SIGMA =
POTL ,..
GAMA ...

" NDIF ...

between ion cofes to be inclhded.in'the‘p:opagator
summations 15 and 16. |

oo computér time‘intervals for each of thg major

segmentsbdf the calculation are not printed.
... computer time intervals are printéd on ;hé outﬁut.
0 ... specifies Lundqvist modei for elecfron self-
energy. |
1... sﬁecifies optical model potential for electron:
self-energy.
2 ...'épeéifiés a éonéfantnelastic electron damping.
length.

inner potehtial in electron volﬁs'(a negative number)
ignored if SIGMA_= 0

ignored if SIGMA = 0

imaginary part of self-energy (electron volts) if SIGMA = 1
damping length (angstroms) if SIGMA = 2

the number of iterations fo be carried out in the

perturbation expansion of eq. 13.

-



-33-

The following subroutines, each of which reads in and organizes further
data, are read in by READIN:

ATOMIC
STACK
LATTICE -
BEAM
DEBYE

The subroutine continues by calling ENERGY ﬁd ascertain if NLOW is
within the rangé of ‘energy incremeﬁts for thch the ti(k) are supplied,
and stops the.program if it is tod.large. The energy and intensity
arrays E, EN, and S are initialized to zero and the direction of the
incident‘g-Qector_is calculated and stofed in V1. Then, YLM is called
to sfore ﬁhe.spherical harmonic array for the incident beam in YiN.

Subroutine TABLE is now called and éontrol is feturned to LEED.

At this point all arrays are prepared for one or a series of LEED_

calculations at various energies.

ATOMIC

The angular momentum mafrix elements, t (k) defined in eq. 12 and
used in the summation of eq 8a, are stored as a function of the incidént
electron energy.  These valpes are read in at 2 eV inte:vals and»stacked
in the érray T(I,J,K){ The index K specifies the aﬁgular momentum |
quantum hﬁmber'k ~ (K=2+1),‘and due to the sﬁherical symmetry assumed
for the ion cb;e scattering centers, there.is no ézimuthal quantum

number dependence (independent of m). The J-index labels the energy
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intervals, and the I-dimension of #he arréy allows several different
ion~core types to be read in to the célculatibn. Presently a maximum¢
of 2'>types is permitted. | |
This subroutine first reads ITY?E, the numbe::of ion core types to
be inciuded‘in the Calculations; ITYPE must presently equai 1 or 2.
The maximum.vaiue of the angular momentum quantdm.ﬁumber, £, is read
iﬁ as LMAX. This establishes the dimensions of ail arrays in the.
program. o
For eéc‘h ion-core type, an identifying TITLE éard, the atomic
" weight of thé ion-core (ATWT) and the foliowing parameters are read in:
LTOP = totél number of ion-core t—values réad in at each |
.eﬁergy (LTOP = f+l). Note that LTO? > LMAX, otherwise
the program will subsequently set LMAX = LTOP - 1.
LOWEN = lowest energy value (in eV) for wﬁich a'member of
| thg array ti(k) is read in.
NNRG = total number of energy values for which array member
ti(k) are read in.
Finally the array T(I,J,K) is read in and the subroutine returns to

READIN.

The expression I(L,L',L") is calculated by‘funétioﬁ COEFT and
stored here in real array C. For each f-value there are 24+l values
of the azimuthal quantum number m. Thus, the corresponding maximum

value L
ma.

= 2 ' rn -
x (Zhax f 1)*, If the quantity I(L,L',L") were to be
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stored as a 3—dimensional“arfay, its total storage‘requitementé would- be

(a5 (R #1)2: (20 +1)%. For a typical value & =4, this

' amounts to storage of 50625 numbers, many of which are zero! We reduce

the size of the array C to a tractable value by storing only the non-

zero values. in CA(NUM).

The L"—valués for which I(L,L',L") are non—zero érevrecorded~in

array LL (NUM). For given values of L and L' (eqs. 15 and 16), the

" number of non-zero values in the summation over L" is stored as'KX(ISTEP);

- ISTEP ranges from 1 to (Rﬁax+1)“ as the one dimensional index correspond-

ing to the two angular momentum indices L and L'. Specifiéally, we have
‘ ISTEP = (L—l)fLMAX31+ L'
" where LMAX3 = (2% . -1)2
and L = 8% & i:+ m+1
L'=2'24+ 2" +m' +1.,
The three arrays KX, tL_and C are used in subroutine GREEN for the
summations in the subplane aﬁd in;erp1ane propagator expressions (eqs.

.15vénd 16).

*° COEFT . -

This function delivers.thevexpressidn’I(L,L';L") of equation 17,
which is stored by STACK in.arfgy C; It employs”a 1ibrary function

CLEB to calculafe thé Clebsch—-Gordan coefficients.

LATTICE

'The'purpose'of this routine is to read in the lattice geometry and

to calculate the two dimensional reciprocal lattice vectors parallel to
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the surface. The following parameters are»read:b |
TYPE ... specifies the type of cryétal.structure.
Allowable input in A3 format is,
BCC - for body éentered cubic"latt,ivces

FCC - for face centered cubic lattices
HCP - for hexagonal close packed lattices

"~ GR1 - for graphite
. FACE ... can be 100, 110 or 111 for BCC or FCC. Unnecessary

input for hexagonal surfaces which can presently only
be used for the 0001 face.
ALAT cen lattice-constan; a, in Angstroms.
HEX -... Distance between hexagonal stacked planeé for a
hexagonal structure. This quantity is ignored if
the type is BCC or FCC.
' LAYER ... total number of crystal layeré ﬁarallel to the.
‘surfaéevover‘which the calculation is to be performed.
Sincé each such layer contains ion cores of a single
type, LAYER more precisely specifies the number
' pf subplangs.
The following cofrections are read in layer by layer, starting
Qith.the.éutermost layer: KT, ITP, MM, §§£§1, These values cause the
‘ geometryyﬁf.a given layer to be altered and the origin of the subplane
to be shifted. When thé program encounters a blank -card, the remaining
1ayefs are left unéltered from the bulk layer geometry. If the surface
is simply a truncation of the_bulk structure, the first card should

be blank.
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KI.,..idenotes'tne_ion—coretype‘of the suobiene»and is ,
stored in kIYP. o |

ITP ... denotes the subplane geometty type, stored in ILYR

MMV... an array of dimension 4, these quantitles specify the
primitlve lattice,translatlons in a given subplane in
terms of the primitineilattice vectors parallel to the

- surface, A and B.

Al = M(1) - §+ M(2). - B
.g' =M(3) - A '~+V.M(4)'_ - B .
:SHIFT(I) ;.;.A 3—nember etray.which expreeses’tne deviationi
| . of the subpiane._ The x and y components of the
_shifts are-epecified as a‘decimal fraetionrofn
the lattice constant'a0 (ALAT). The z—component‘
(J=3) is specified as a decimal fraction of the
interplane distance. The coordinate system is
suoh that.z is zero at the surface end increases.
~in the direction away from the surface into the
bulk, A positive velue for the z-component ‘
(SHIFT(3) indicates an expansion over the bulk

'interlayer separation and a negative value

is a contractlon.
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The subroutine.continues by filling the arrays A(I,J) and B(I,J).
Thése are.the two dimensional pfimitive lattice translations withiﬁ the
Ith subplane. The index J specifies the X aﬁd y coiponents fof J=1 and
2 respectively. The location of the origin of each subplane 1is stored
as a three diménsional vector in.D(I;J). Again, I specifies the sub-
plane and J=1,2,3 indicates the x,y.or z component of the vector; The
x,¥) coﬁponents of D(I,J) are the vectors a, appeafing in eq. 2, and
‘the z-component is dx from the same equation. In eq. 16; the three
dimensidnél'vecto; has been referred to as gk = (ix,dx).‘

| Finally the rediptocal lattice vécﬁors are calcﬁlated for a two
dimensional mesh whose primitive traﬁslétions, A(1,J) and B(1,J), have
been storéd’earlier in this routine. Détails of the surface geometry

~are printed on the output before a return is made to READIN.

- BEAM
The angular coordinates of the incident beam are read in degrees,
@ = ITHT and ¢ = IPHI. The parameters specifying the energy values over

which the calculation is to be performed are read:

NLOW = low incident electron energy value in eV.

'NNUM = total number of energies to be calculated.

NDELTA =-energy increment.(iﬁ eV) betwgen successive

calculations.

This subroutine reads ITP and NN, which are instructions about which

reciprocal lattice vectors, g, are to be used in the computation of
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of various LEED beams.

ITP ... indicates tﬁe type of subplane‘geometry (whiéh‘must
have'previously'been defined in the input to subroutine
LAfTICE)..  | |

NN ... an array éomposed.of six pairs of integers. These'
1n£egér pairs are the beam indices in standard

notationv... i.e., (00), (01), (21); etc. Each of

the pairSvlisted will appear in the calculation. Each

set of indices refers to the reciprocal lattice vectors

g of the subplane geqﬁetry giveh by the-corresponding
parameter ITP. | |

The two dimensional'arrays VXX(I,J), where I=1,2 ére the x and y

components, stores the parallel components of tbe_k—vector E' (eq. 2).

Fo: tﬁé iﬁdex J=1,2,3,... components are stored'forﬁall beams spécified

in the input instructions.

DEBYE
This subroutine-perfprms the'dperations indicated in eq. 25 and.
'éalculates the coefficient of the factor (kf-ki)z., The quéntity stored

" is W(I), where I is the subplane index and
= . - 2
Wplke=ky) = W(I) " (keky) ™.
The lattice temperature (TEMP) and the bulk Debye temperature

(BULK) are read in (degrees Kelvin). The integral



is performed numerically by calling subroutine CUBINT, which is‘a

sfandard library rouﬁine.

TABLE
fhe summations that appeaf.ip eqs. 15 and 16 over the planar lattice
vectorlg are essential in orxder ﬁo correctly accéunt for the scattering _
from each ion-core. Tﬁe values g assumes are'determined-byﬂthe latt}ce
struéture And are calculated in this subroutine. The vecfor quantities

g and g+§X'_§A are necessary as arguments for the sphérical harmonics

YL"(P) and Y (P+dA'-dA)’ These values are gtored serially in the

L"
array RVEC, where the x, y and z components of g and E+§A'—§ occur in
that order. Since the.direction of the incident ﬁeam‘g is fixed during
a caléulation over é_ nﬁmber of incident energiés (|k| =J-——;2? E ), we store
the scalar product K{-P and ki'(P+d),~d,) in array XMAG.* Finally, the |
magnitudes |P| and |f*§x"éxl are stored in RMAG for usé as an arguﬁent
to the hankel function héi)(k|3+éx"éx|)' The ét;ay dimensions
required by the program are printedvand compared with the actual storage

allotted in each case for arrays C; LL, KX, RMAG, XMAG, RVEC and G.

* } .
: E; is the value of the incident wave vector calculated for the lowest

energy specified, NLOW.
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OVERLAY (2) ] |

LOOP

This errlay performs a series of in;ensity calculations over a
number of incident electron enérgies. The number of energy values is
supplied by‘ﬁNUM. ‘The lowest énérgy calculated is NLdW_and the increment
between energies is NbELTA. Thé variable NRG is éet equal fo the energy
value being calculated in a given éass thfbugh thé loop.

Subroutine ENERGYvislcalled and calculates the réal and imaginary_
‘parts of the renormalized electron energy and propagation vector. It
' also supplies NRGY, which isAthe.index of the atray tz(E) corresponding
- to the Value E = NRGY. From ﬁhis fhe incident elect;on propagation
vector V1 is computed and‘stﬁred. Thérthree compbﬁenus depend on the
iﬁcident-béam angles and the real part of the propagation vector inside
1 the crystal.v Thé épherical harﬁoniés.corresponding to the incident
direction are computed by YLM and stored in YIN. |

The reciprocai lattice vectors VXX have been calculated previously
(subroutine BEAM) for a specified set of beam indices. These are added
to thg x,y~components_of the incident beam V1 to‘yield the outgoing
propagatioﬂ vector'compoﬁehts V2, V2 = EiJ + g. The third component
:.qf V2 (in the perpendicular direction) is calculated from the condition
that the scaﬁtering.be elastic. The outgoing wavevector V2 defines a
direction which is used as input to subroutine YIM to calculate the

outgoing spherical harmonics YOUT = Y;(Ef).
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Subroutine FILLBVis célled to compﬁte the'arréy BBB = bi as defined
by eq. 30. This corrects the_ion—cbre t-matriqeé (tf) for finite
temperature effects. Subroufine GREEN(l) is calléd to compute the
subplane‘propagator 62:', which is stored in a 1ihear'array:(G) in
extended core memory of the CDC 7600.

PERTB performs a perturbation series expansiqn'using the subplane
propagator and theiquantities bf in a mannerYSimiiag to thaf shown in

eq. ba.

= b, + b.6Pb, + b.6°Pp.c%Pp

) A TG TR FBETRE T e

The same qdantity (TA)'is theﬁ.computed by an exact matrix inversionm
method (eq..§B) by calling INV. The matrix inversion result is always
employed,“but both results are printed on the'output. This is a check.'
on the convergence of the iterativé expansion method. .if the two
values for Ty 30'qa1cu1ated afe in serious disagreeméﬁt it is an
indication that the iterative method of solving for T§L' (eq. 13) may
be non-convergent, énd that a compleﬁe matrix inversion treatment of
the problem may be necesséry. A

The values TKL' are calculated in-the_éingle scattering (kinematic)
appfoximation by KINEM. Using these values, subroutine TSUM calculates
the differenfial scattering cross sectioﬁ fpr each specified beam
‘'using equations 1 and 2.

If a multiple scattering computation is requested (MULT > 1),

all interplane propagators are calculated by GREEN and stored linearly

in array G.
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The second ofder'diffractibn.computation is pefformed by sub-
routinévGSTACK, after which TSUM calculates the‘crOSé_section.for each
beam. Subséquent itera;ions are made (to the diffraction limit
specified by‘NDIF).by sﬁbroutines SCATT and TSUM.

 "If ﬁhe parameter TIME # O; centfal procgssor‘timesvih seconds are
stored and printed at the end of each LOOP calculétibn. This indicates
tﬁe amount of timevspént'in performing each of the above steps.

| At’the.end of the series of énergy‘loop:calculations the final
féSults for the spattering crbss se@tioﬁs of each beaﬁ, S, as é
' functiqn of’thevincident_beam energy, E, are prinﬁed as outpﬁt.

Contfol is then passéd back to the maih.prograﬁ'LEﬁD which
punches the same output if reﬁuested.

FILLB

‘fhe array BBB_corresponding:tb‘the temperatﬁre fenormalized ion-
core t-matrices, b, = e‘WA(Ef'Ei)tA, is computea iﬁ.this sgbroutine._
Each of the diagohai matrix elements_bk caﬁ be wfit;en as a linear
ébmbination of the diagonal unrenbrmaiized matrix elements ti,

N AT

g —. —'B
b>\ = e ,'Bll t)\'.

w20 w=fEen
The first call to this subroutine.cbmputesran array CP of the coefficients
of the Legendre polynomials. Using these'values.tﬁe coefficients e—sBl,

- are computed and stored in array BCF. Subroutine MOX performs the

summation and delivers the result.bi. Since thils value is (2m+1)-fold
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degenerate'(depends only on the £ quantum number and not on m), the

final array BBB is filled including the degeneracies.

KINEM, GSTACK and SCATT

These three subroutines are used with TSUM to calculate values of
Tx(kf’ki;E) for each beam. KINEM is used to obtain TA in the kinematic
scattering approximation whereby this quantity is simply replaced by

the ionfcoré t-matrix renormalized for lattice mdtion,

g ;" "LL.' * ‘ o
B §, by GLL' YL“Sf) YL'(lfi) '

]

GSTACK is called to compute.TkL in the approximation of double diffrac-
o ‘ L L"L" L"L' ' S

tion. The quantities‘Q>t and SA are stored linearly in a single
complex array G, which resides in extended core memory of the CDC 7600

computer.

L"L' - L"Ll (Z)L'!Ll
S "yt L i npwr wep v
where S)(\z)L L - E Z GI)i)\I'J TI)t' L

}\'#A Lll'

"y

The arrays‘Qx are passed to TSUM where TA is dbtained‘from

_ ' LL" L"L' & .
W Z, E;TA Q- YLk Ypalky)
L,L' L
L'.IL'
SCATT adds one more term to the perturbation expansion for QA . The

M"mrr
previous final term is Sk L and the additional term becomes
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"yt ‘ . ' ‘ n.nv wip o g . ' '
'S)(\a)L L_ o Z Z GI): L L"'L g(2)LL .
CLLL" uA 3} u .. M ‘

The process'is_repeated'for'each iteration (i) and one obtains

NEL AR (1)L"L'
A A

from each previous § . The matrices delivered to

TSUM are obtained from the éummation'_-
) "t Crnpr R "t
Q}(\i)L L = GL_L + S)(\2)L L

(3)L||va ’

e 4 gDLL
)\ | -+ + SA

+ S

TSUM (TTR, FTR, JINDX)

If the interatiqn ITR ='1,_this'subroutiné uses the values T, (kg,k, ;E)
| . for eaéh beam obtained from the kinemgtic approximh;ion of ggggg. The
scattering cross section is thén calcuiated'for'ééchbbeam by means of
requations 1 and 2.

I1f ITR > 1, the quantities»TA are'recomputed from the intermediate

"nrv o

arrays QA< .suppliéd by subroutines GSTACK and SCATT.
| . L Lo -
T)\ = 2 Z T}\- ' QA YI*.. (kf) Y‘L' (ki)
L,L' L" R, i

.. These values are then used to recompute the beam scattering cross

sections from equations 1 and 2.

This Subroufine-performs the matrix inversion for the subplane
scattering ﬁatrix (see equation 5b).

LL' L ,. -1
- -G b
T b)\ (1 “sp >‘)LL'
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' ‘ . )
must appear in the first (lmax+l)“ locations of the complex

Array GLL
sp _
arréy G (stored in extended core memory)f' This subroutine computes the
vmatrix.in parentheses and stacks it rowwise . in the singly dimensioned
array Q (also in extended core memdry).
Subroutine CINV is called to perform the actuél-inversion of the
matrix Q. The inverted matrix is then delivered in afray Q, this time
. v

stacked-cplﬁmnwise. The matrix elements TKF are obtained by multiplying

bk by Q. Subroutine TEST is called to print put results.

TEST
This is an auxiliary subroutine used to calculate and print out

values for Ty This can be called by 'INV and PERTB so that the matrix

inversion method and the iterative method of obtaining T, can be

directy compared.

glgl.
A'gompléx squate matrix with (R,max+1)2 elements on a side is
supplied by the real array Q in the extended corevmeﬁory of the CDC_
7600 compufer. Réél'and imaginary arrays are constructged, and the
complex matrix iérinverted. Ali computationé are perforﬁed directly
from the extended core storage locations'using the following subroutines,
EXCH, INVERT, ARITH.
The resulting inverted array is stored columnwiée in array'Q.
The priginai array,'Q, to be inverted, must bevstoréd rowwise in the

singly dimensioned array.
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EXCH(N1,N2)

The real matrix whose first word address is Q(N2+l) is transposed

 and stored at Q(N1+1). N1 may equal N2.

INVERT (N1)
A real matrix inversion is performed on the matrix stored at

Q(N1+l). The inverted matrix is returned in the samé location..

ARTTH (M1, 0P ,M2 M3 , SIGN)

| (0) 3 ﬁéy equal 1 indicating a matrix addition, or 2, indicating a
matrix multiplication, between the two real matrices stored at Q(Ml+1)
and Q(M2+1). The result is delivered in location Q(M3+1).

. SIGN can equal +1.0 or -1.0 and cén be uéea fo change the sign of
tﬁevproduct matfix when a multipiication is performgd.

.Care must be taken when OP=2 is called for thatvthe ma£r;x ag

Q(M1+1) is.étored rowwise and that stored at Q(M2+i) is columnwisef

The resultant matrix at Q(M3+1) is delivered columnwise.

PERTB

,Thié.subroutine performs a perturbation expahsioﬁ (see eq. 5a).
to obtain the matfix Tip'. The same matfix.is‘éaiculated by a matrix
inversion process (INV). This subroutine may be rémoved from the

. program. along with the Foftran instruction that calls it in program

LOOP. It is retained solely for purposes of checking the convergence
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of the iterative expansion as an approximation to the true matrix
inversion method. |

Use is made of subroutines EXCX, which transposés a matrix stored
in complex array G, and ARITX which performs matrix additons and
multiplicatibns; EXCX and ARITX are the counterparts of EXCH and
ARITH thatboperate on the large cofe array.G (instead of Q). Up to
20 iterations are performed, with the computation terminating when the

-4
convergence of successive iterations is within 10 .

GREEN (INDEX,IBEGIN) .

This subroutine is called repeatedly by LOOP to calculate the

|
complex matrices Giz, and Géi,._

GEE, is computed from eq. 15 and stored in the first (Zmax+l)“ locations

of array G (stored in extended core memory). When INDEX > 1, the

When INDEX=1, the subplane propagétor

array Gii, is stored beginning at G(IBEGIN+1) and is calculated from
eq.-16.

The positions of all ion-cores have previously been calculated‘
from the lattice geometry ana stored in arrays RMAG and RVEC (See
subroutine TABLE)} ‘The spherical harmonics YL"(E + gk' - ~A) are
cbmputed and stored in array YINT. At eacﬁ value for the incident
energy, each lattice point must be summed over fo obtain its contri-
bution to the subplane or interplane propagators. Due to the
necessity of computing a complete set of spherical harmonics and the

spherical hankel function héﬁ)(kIP + ék' - dx|) at‘each such point,
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the major poftion.of the computiﬁg time for a gifen-pfoblém is spent
‘within this subroutine aﬁd auxiliary routines called by it. |
HANKEL ' , . A
| The”sﬂmxical hankel functions h(l)(K|§+§A,—§A1) needed to evaluate
the expression in eq. (16) are calculated.for use in subroutine GREEN.

They are delivered by the complex array H.
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PROGRAM LEEC{INPUT+CUTPUT 4PUNCH)

CCMMCN/BUFF/LCG 4NEC oKKK

LEED.?
LEEC.&
LEED. €

COUMNMLAN/BLCCKAZALL092)40(1Ce2) .D‘lo. ,,oRA(10.2’vRB‘IOvZ,o‘L“'OSP‘CEA ?

+BASISL?2),ANRASIS

CLNPCh/BLCCKE/T(:|8C07).1L7N(10).LSV?(10D

CCMFLEX T

CCMMCR/RLCCKC/VY (31 4V203,412),V313012)9VX,VY,VZ,5QK(12),CCK(12),
YIN(4S) s YCUT(4S,12) 9 XKZERD, ANEAZ

COCMFLEX YIN,YCUT

CCNPOP/ELCCKO/&LCH-AAUM NDELTA.ARG'NFGY.LAVER AUNWAX.NCIF 15T{645)

LR
CCVPCR/ULCCKE/L”DX'LTCP'LPAXI'L’AXZ LrAXE.LFAIQ.Lx
s ICNE 4 ITwO, ITHREE

" CCMMCA/BLCCKF/ITHT, IPHI, ThTT.DlST.CSYH(lZ)nV)X(?ch)pKhLP'JN(IZ)o

JA(I2),1Q112),KC(12)

CCMVUA/BLCCKGIESXGySlGZ'XK'OAPP.ZNORF'¢CTL-GAPA,SICPA.lChEh'NhRG,

sLANEBLA
REAL L4MSDA
INTEGER SIGMA
CCMPLEX ZACKM
CCMMCA/BLCCKH/KX(24C1),C0T532),LLITS522) o YINT(LEG)

CCMPLEX YINT

CCMMON/BLUCKJI/MAXXESL)yRMAG( 90C0O) 4 XMAG( 9000) MAXR
CCMMON/HRLCCKK/BBB(26,2) s TAU(3692642)9TTL10,12),KTYP(10)

CCMPLEX  BBY,TAL,TT

CGMMCN/BLCCKL/ARG,H{169)+XD(5)y PATHL(10),PATE2(10,12)

CCMPLEX ARG F

CCPNCh/BLCCKN/RdT!C.XCDN.K)TAR

CCMPLEX KSTAR.XCCAN

CCMMON/BLCCKN/FLSL) 4EN(541,5(12,51)
CCMMON/BRLCCKX/TIME g ITEMyMULL T ISCALE, IMAX,ITYPE, LSUP.ILCCP IPWR
INTEGER [IME

(LN&OA/&LKDEH/N(’O)'AlhT(AO)'TtPP’SU“F'BULKoClh(lOloCOUT‘\O.IZ)
INTEGER HAK(S)
CUNMMCN/CIONST/PT4Pl4 4P 1424 COWa 9CCN2,CON3,CONG o CONSTT, EM,CAST
COMPLEX M

LARGCE CedM(1294),RVEC(30002)}+C.G(499C0)

DIVENSICHS CF KX,CoAND LL.

N¥3=24C1 & NMI=7%22 § NMZ=T7532

UIMENCSICNS CF RFMAG ANUL XMAG

Nv¥4=G5CCC $ NME=90C0

DINENSICNS CF RVZC BNO G-ARKAY IN LARGE CORE MEMCRY.
NMe=3C0C0O0 $ KM7=49CCO

PROGRANM HANCLES MAXIMUM OF 10 LAYERS -
(%4} £34 ' '

Lx=36

ISCALF="

I¥Ax=51
INSCNELX(CL.Cela0)
PI=2,141562¢656
Pla=42p1

Pl&2=plass?

xxzzxrrxxsz:onnoommmmuonnnbm

A.2

@ © 06 5 0 & & o o % 9 O 8 0 G g " S 0 8O s 0 s 8 o

.MNNUNur\JuroNuNOw&wmtuNlenwbun-uN

*

DEH 2
LEED.2)
CONST.2
CONST.3
LARGE.2
DIv,2
DIv.3
DIF.&
DI¥,.5
DI¥.6
orr.7
DIM.8
Dln.g
LEED. 2?25
LEEC.2¢€
LEED.27
LEED. 28
LEEC.?29
LEED. 2C-
LEET.31
LEFD.32
LEED.32
LEEB.34
LEED, 2%
LEED. 2%
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23 CCN1=2,.9P1/SCRT(15C.0) LEFC.37
27 CCN2=F[/.50.C LEFC,. 28
30 "CCN2=PI/1EC.C. LEEC,.26
12 N o Y d o V1 1 ¥ LEEC.6C
iz © CONSTT=CON1#%48PT4#434P LEEC.41
3¢ CAST=FP142%CCNL1#*24 LEED.4?
40 TTEN2C LEEL.4?
41 REAC B1C, JPUNCF,HAF LEFC.4~
C LEED .S

51 1C0 CONTIALE LEFC .58
o v . : LEEC.47T

C OVERLAY(L,C) REACLS IN PARAMETERS ANC INITIALIZES ARRAYS ¢#%es LESU,.62

c LEEC.4S

5 CALL CVERLAY(2LT1,1,006HKECALL) LEFC.5C
54 IF(ITENM2C2)  STCP LEFD.SY
&0 IF(ITEM.4ELS) GO TC 110 LEED.52
62 “PRINT '#CO . LEED.52
&% STCP LEEC.Ce
C LEFD .57

©9C . 110 CCATIALE LEFD. ¢
c ' . LEFC4>7

. C OVERLAY(2,0) PERFCRMS ENERGY LCOP CALCULATICAS #vese LEED. 58

c . - o ' : LEEC.SS

7¢ " CALL CVERLAY(2LT142,0s6HKECALL) LECD.AQC
c _ LEED. 6

¢ PUNCH CLTPLT (LEEC CURVES) LEFC.E2

_ ¢ . LEEC. €3
73 v [F(JPUNCHLECL0) ~ GC TC i20 LEEC. %4
76 PUNCH . B12, HAk - LEEC.&S
102 S 0C 118 =1 KAUM - LEED. <
104 PUNCK €C2, TQUI)sJNMUT)oJINII) yLHAXGLAYER,ITHT IPHI JARUN LEEC.LT
13z . PUNCH 80L,s (E(J)sSUIyJd)y J=lyNNUM ) LEED. 2
o182 115 CCATINLE ) : LEFD,.&¢
156 120 CCNTINUE LEEC.TO
S v LEFD.71

C : LEED.T72

801 FCAMAT( 4(FT7.2,E12.5) ) LEEC.7?

802 FCRNMAT( 2X#1YPEz#12y2 BEAM(3213,%) L=3124% LYRS*IZ.‘ THETA=®]2 LEFD. 7%

2 % PrI=#13,% NC. CF POINFS =¢ I3 ) LTFC.7%

810 FCRMAT( 5X 12, 628 ) LEEC.7¢

812 FCRVAT( S48 ) LCGEC.77?

c ' ) LEFC.73B

R00 FCRNAT( // 10X®$t$$s RUN ABURTEC $$$38 ARPAY CIMEASICNS EXCEEDED.LEED.7S

2 *) LEFC.30

c LEED.®??
LEED.EZ

15¢ ENC

PROGRAP LENGTH INCLULING 1/C:RULFFERS
00177¢

FUNCTICK Assxc«renrs
STATENMENT ASSICANVENTS

160 - 000052 110 - 00007i = 120
8C1 - ocC2le  EC2 - 000217 84U

0cc157 200 - ccc237
0¢0222 812 - €C023%
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SUBRCLTIAE chckGV(\ﬁb NRGY)
LFVNOh/“L(CKL/ESIu'Slug.XK.DAPP'ZNCQV'PCTL'GAVA'SIGVA LCWEN ¢ NNRG
2  eLENECA R

REAL LaNMACA

INTFGERP STIGVA

CCNMELFX INCFWV

CCMPLEX Yol

CIMFASTICN  SG1(12),SG2412),2RL(13),2INM(L2)

DATA SC1/ e84 4851 0Py aT500001e380aS290889s64,4010028042¢€0034/
DATAL SCZ/7 eC%e e 1% 0o, 00030431 0%80e86,9048,,43,041,504C04264027/
DATA [PL/eCoe?04.87 toﬂb'o"O'ug"oqa'o‘l“"q,IDvaoge'.‘;fl097/
CATA lly/ D9e2590200e200023002L00t90elTyalbyralbyelizyeli, et/
FI=3,1410624F¢4

CONL= °FI/S KT(1S0.)

CCRV“G‘-.O'—L“

FFFRMI=11,9

IF(SIGMI.EY.1)} GC TO 150
IF{SIGMALEC.2) GC TU .70
XKK=0.C

CFF=0.0 .
*X=SCRT(NRG/EFERMI)

CCNTINLF

1=1

X=1,5C

CUNTINLE

IF(X«CFereS) GO TC 145
IFIXX,LE.XY GO TO 20
X=X40,2%S

I=1+1

GC TC 210

CCNTINLE

CaX=XXx
IF{X.LEsla5C) I=
SCl=Sciir)=-sclitl-
SC2=SCz(1V-5C2(1-
Tr=2RL(1)=-ZPL(1~]
2=21M(1)=-2IM(1-]
Clza&kC%8D])
C2=4%L*SD2
D3=e¥Cx}
Q4=6xCe72
IF{X.LE.ie50) I=1
EEEES(SGLUTII-CLISEFERMI+NRG
SSSS={SG2ZUII-C2)%EFERM]
¥Y=CMPLX(EEEE,SS5SS)

"Z=CCN1*CSQRTLY)

XY=FEAL(Z)

DCCC=AIMACGILZ)
TF(ABSIXY-XKK)oLEL,CCNVRG) GC TC 140
CUNTINLE :

gpP=DCCC

XKK=XY

CENERGY,2

G2
G.2

God

G.q

Ged
ENERGY .6
ENERGY.S
ENERGY.6
ENERGY 7
ENERGY.S
ENERGY .9
ENERGYL10
ENERGY.11
ENERGY .12
ENERGY.13
ENERGY.16
ENFRGY.1S
ENERGY.14
ENERGY.17
ENERGY.18
ENERGY,19
ENEPGY .20
ENERGY. 21
ENERGY,.22
ENERGY .23
ENERGY.24
ENERGY .25
ENERGY .24
ENERGY.27
ENERGY .28
ENERGY .29
ENERGY. 20
ENERGY .21
ENERGY. 32
ENLRGY .33
ENFRGY .24
ENERGY. 25
ENERGY .36
ENERGY .37
ENERGY.38
ENERGY .39
ENERGY 4G
ENFRGY .41
ENERGY .42
ENERGY .43

" ENERGY .44

ENERGY .45
ENFRGY .46
ENERGY .47
ENERGY.48
ENERGY +49
ENERGY.50
ENERGY.S1
ENERGY .52
ENERGY.53
ENERGY .54
ENERGY.55
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143

145
14%
182,
152
152

152
154
15¢
1¢C

163

211
211
213
21¢
221
224
227
2720
231
234

245

245
246
250
- 2¢2
251
262
286
267
27¢

[aNaXa] [g] [aNeNal [aKaXal

ano

140

148

150

16C

176

300

180

272
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¥x=SCRT(EEEE/EFERVI
GC TC 100 .

CCATINLE

"IF(ABS(COCC~CPP).LE.LONVRG) GO TC 150

GC TC 120
CCATINCE
EEEE=C.C

CONTINVE

IR= ZRL(T)-C2
Ll==(2IM(1)-C4)
INCRM=CMPLXC(2R,2Z1)

EAC CF LUNCCVIST METHOD
GC T0 teo

QPTICAL MGDEL POTFATIAL
CCNTIALE

EEEE=NRG-PCTL

SSESS=GANMA _ :
Y=CMPLX(EEEELSSSS) .
Z=CCNL*CSQRTLY)

Xy=REAL(Z)

CCCC=21MAC(Z)
INCFMsCMPLX{1404040)

GC TC 180

SIGMA:Z. CONSTANT CAMPING LENGTH (LANRCA).

CUATINLE

EEEE=NRGC~-PCTL
AK1=CUNL**2*EEEE
AKZ=CCNL*SCRT(EEEE) /L AMBLA
Y=CMPLX(AKL1,4K2)

Z=CSCRT(Y)

XY=REAL(Z)

CCCC=AIVAC(Z)
INCHNM=CHMPLX(140,CoC)

PRINT SCO, LAMEDA .
FCRAMAT( / 1CX®_AMPLA=% Fl0.5 )
GC 10 180

CETERMINE ENERGY ARRAY INGEX (NRGY)

CCATINUE
A=EEEE/2
N=2%N )
IF(LEEEE-ND.CTL1.0) N=N+gz

-NRGY=(N~LCWER)/24Y

TF(NRCY.LTa1) NRGY=Q
TF(NRGYLUTOANRG) ARGY=0
ESIC=CEEC

SIG2=S55%3%

‘XK=XY

ENERGY.S6
ENERGY.FT
ENERGY .58
ENERGY.T9 .
ENERGY.60
ENERGY ¢ ]
ENERGY .62
ENERGY .53
ENERGY 494
ENFRGY.AS
ENERGY .44

_ENERGY ST

ENERGY .28
ENERGY.£9
ENERCY,.TO
ENERGY .71
ENERGY T2
ENERGY,T3
ENERGY T4
ENERGY TS
ENERGY,. 7%
ENERGY.T7
EAERGY.78
ENERGY .79
ENFRGY .80
ENERGY.EL
ENCRGY.3Z
ENERGY.P3
ENERGY, 52
ENERGY .03

ENFRGY. 84

ENERCY.E7
ENERGY.B8
ENSRGY. 39
ENERGY .S0
ENERGY.S'
ENERGY .62
FAERGY .93
ENERGY.S6
ENERGY .S
ENERGY.S6
ENERGY.ST
ENERGY .98
ENERGY.SQ
ENERGY .00
ENENGY. 101
ENFRGY,.102.
ENERGY.102?
ENCRGY . 104
ENERGY.10°
ENERGY L10€
ENERGYL107
ENERGY.1CE
ENEPGY.10S
ENEESY.LVC
ENEKRGYLLLS
ENERGYL 122
ENFFGY 112
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ENERGY . L L4

2713 DAMPaDDND .
c ENERGY.11S
C : ' ENERGY,116
275 RETURN S ENFRGY. LY
276 END ) ENSRGY. 118

SUBPRUGRAM LENGTF
000501 -

FUNCTION ASSIGNMENTS

STATEMENT ASSIGNMENTS

100 - 033032 119 = - 000035 - 120 . = NGCO46 130 - J002134
140 = 000146 L45 - 00153 150 ~ 000154 160 = 0NJOl64
170 - 000212 130 - 000246 900 - 092315

BLCCK NAMES ANJ LENGTHS

BLOCKG = J000Ls

VARIABLE ASSIGNMENTS

AK1 = JJuga’rs AK2 - 000677 CONVRG = 027450 CON1 - )47

0 - J00a57 CavP - 030003501 vuLOD = UJJ4eTl | vePpP = JIJ453

vl = 000404 02 = Q00465 D3 - 000466 04 = 0093467
EEEE . = IL34eTIN TFERMI - 000451 ESIG -  J0V0J00SUL GAMA = 000007S01
1 = 000455 LAMBOA - J00013S01 LOWEN = Q0J011S0Ll N = JOUS
NNRG = 2acaL2sNl Pl - N004406 POTL = 0000065Vl SOL- = Q0V46)
s02 - 000461 SG1L - 000362 SG2 - 000377 SiIGMA - 000010801
siG2 - £30001S"1 SSSS - 00NGT1 X - 020456 XK - 209¢I25°1
XKK - 04Ques52 XX - (000454 XY - 000472 Y - Q30356

z - 003363 Z1 - 000475 LM - 020643} INURM = 2090045191
LR - 000614 LRL = Q00«14 11 = 00402 L2 = 0J0463

START OF COANSTANTS'
000301 :

START OF TEMPCRARIES
000322

START OF IMDIRECTS
000344 '

UNUSED CGMPELER SPACE , )
123600 , _

e
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SLERLLTINF YLP(VX-VYvVloY'LNAXoCChJD

Lrax PLST NCT EXCEEC 10 UNLESS CIMENSIONS ARE CHANGED®®s

DIPEASICN P(ll)'VECTQR(3)

UCUBLF CFL1,CF2,FEC(21),FACT"

COMPLEX XoY(1)4XX,8CP

L0 25 20 B BN BE IR BE BE R R BF NN

CATA FAC/

INTEGER  CUNJ

1.0CCCCCOCCOCCOCCCCUCCINCOD+00,
€.CCCCCICCCCCO0COCCOC000000+00,
1e2CCCCTCCLCCCCCCCCOOUOU0DU+02,
S+C4CCCOCCCCCCOCCOCO0LICCUD+C,
3,£2€88C0CCOCCCOCCCOV0I00000+05,
21,6574 ECCCCO000CCCCCCOO000U+0T,
¢+227C2080CCCO00CCOU0000I0D+CT,
.107€753&8CC0CCCCCO0000000+12,
3.35¢6£7429CS4C00C0C0000000D+14
1.71€%510C%C8422C000000000017,
_5.1a;o<~217!1cc44cc00000000019.
LBF2CLET2BEBLGT6E2C000000422,
1.=<1121oo«333098595400000u»25.
;ceeaase«=041 252160758000+28,
HeB417619527267015%45436150+30,

P1=3.141362¢€54
Pl4=43P

VECTOR(1)=VX
VECTCR(2)=VvY

VECTNF(3)=VZ -
IF(LMAX.GT.15) GO Tu 500
IFILMAX.GT.0) GG TC 50

Y(1)=?-ISCPT(PIQ)
ETLPN.

CONTIALE
LMAXI=LMAXS]
LoxzLrvax-1

" INC=1

H=VECTCRU1) 9= #VECTCR(Z) 882
RHC=SGRT(R)
RA=SCRT(USVECTLR(I)482)

GC 10 400

CTreyFCTCF{3)/PR
"IF(RHC.EJ.0.C) GC TO
SPRaVECTLOR(Z)/RFD
CPH=VELTCR (1) /RHC

6C 1C 110

CCATIAGE

$Pr=0.C

CPH=C.0

100

1.08CCCCUCUCACUO00UCCO00COC+00,

2.0€C000000CCO00CCCCCCCCCOD+00,
2.4CC0C0CCOCCCCOCCLCCCLcCcCccC+Cl,
7.2€CC00000CCCOQCCCOCCCCCCD+C2,
4.022CC00cCcC0CCCOCCCCCCCCCOD+0%,
3.6288C000CCLCCCCCCOCCCCCOU+CE,
4.76CC160COCOCCCCCCCCCCCCOD+08,
8.71782612CC0OCCOCLCCCCOCCCO+10,
2.0%22789888CCC00CCLCCCCCCCOC+12,
€.%C23737057280000CCCCCCOCD+LE,
246226020CR17664CCCCCCCCOCOLE,
1.,124000727777607¢80CCCCO00+21,
6,2C4484017222364263£6CCC0OCD+22,
©.03291461124605625584CCOCD+26,
3.04888344611713860501%5040D+426,

2.5%252859812191C586362C850+32/

CALY ¥=C SPHEthAL FARMUNICS ARE NON-ZERQ #%»*

YLP *9

YLre2
YiM,3
YLV, 4
YLM.S
YLF.6
YLwr,7
YLV, 8
YL¥,9
YL™.10
Yiv 11
YLM.12
YLM,.13
YLM.1G
YLM,IS
Ytr.16
YLMLT
YLM,. 18
YLM,19
yLr.2C
YLM.21
YiM,22
YLM, 22
YLM.24
YLF.25
YLM,2¢
YLVML2T
yLv, 28
YLr.29

T YLM,30

YLM. 31
YLv,32
YLr, 33
YLM, 34
YLM,3S
YLM, 36
YiLr,37
YLF.38
YLVM.3S
YLV.40
YLVM.4Y
YLM.42
YLM, 43
YLK, 44
YLM 45
VLM, &é
VLM, 67

T YLM.4B

YLV, 4S
YLMm,50
Yir, 51
LM, 52
YLM.52
YLP. 54
YLM.S5
YLP.56
YLM, 37

YLr. 58
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114
124
12%
177
14l
142
142
146
“lé6l
173
17¢
2C<C

[aXa¥p]

[a¥aka)

1C*
itc
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INC=0
LH2=LMAX, %2

CC -TC®  I=V,LXx2
¥Y81)=(Ce)e 3.0}
CCATINLE

CCRTINGE
X=CMPLX{CPH,SPH)

CCMPUTE ~=C VALUES FCKk (P} ANC (YY) s*»

pPeY)=1.0

Y1) =" /SQRTUPI4)
PLZ)=CTF :
YEF)=SCRTUILC/PIG)*PLL)

rC 12¢ L=2,LNMAX
LtZ=L-1

LT=L+] :
tisls(L+1) e :
CFT=SCRT( (zZ*L+1)/Pl6 )

PELI)=( (2%L2+1)¢CTHpP(L)-L2%PIL2) /L
YOLLY=CFT*P (L1}
CONTINLE

[F¢INCLFQ.O) GC TC 340

CCMPUTE  MoRFoO0 VALUES OF (Y) ##»

XN=(1.C4C.C)

CC 130 M=1,LMAX

AX=XXRX

SIGN=(-1.C) oM
NA=(M+1)e92

AMSAN=2%N

pZ=2eVs]
CFI=DSCRT(M2SFAC(N2)/PI4)

CCFZ=SICNEFACIN+1)¢2,0%5M

VENKDI=CF_/CF2eSTHo#NEXX
YERMI=STGAXCCNJIGIYIMND)
[F¢MLEC.LMEX) GO TC 140

0C 13C L=PM,.LMX
Li=Lel
CLl=(2¢L+2) o (L-Me]))
CLZ=(ZcoL+l)={L+Me])
CFI=SCRT(CLL/CLR)
CLI=L+V

CL2=L-Me}
CF2=SCRT(CLL/CL2)

L2=L®(L4i)
NI=Ld+2%L+M+3
N2=L2+Me1
NIal2+w
N&aNi-2%M

YENLI=CFLB(CTHBY(NZ)=CF2eSTH®X®Y(N3) )

YING)=SIGNSCCNIGLY(NY))

YLVM.AC
YLV, AL
YLM.62
YLM.E3
YLM, 54
YLM.63
YLV, 64
YLN.6T
YLM.68
YLV.5S
YL¥.T0
YLM, T}
YLM,T2
YL#,73
YLM,TS
VLM, TS
YLN.GT?
YLV,78
YLF.TS
YLV.80
YLM.8?
YL¥.82
YLM.B2
YLM,.84
YLM, 85
YLV .86
YLM,S?
YLM,.BY
YLM.39
YLM.SO
YLM.9Y
YLVM.9?
YLM.S3
YLM.%4
YLV, 9E
YLM.9E
YLN.9?
YLM. 98
YLM.99
YL¥,1CC
YLM.1C1
YLM,102
YLVM,103
YL¥,1C4
YLM.10S
YLW,1ICk
YLM,107
YLM.108
YLM.10$
YLM,110
YLr,11
YLM.112
YiM.1l3
YLM, 114
YLMLLLS
YLM. 118
YemM,117



12C CCNTINGE

YLM.118
YeLM, 119

437 .
444 .14C CONTINLE YLV.120
c : YLM, 121

444 IF(CCNJGNEL{-1)) RETURN YLv,122
446 LXXZ=LNAXL®S2 : YLM,122
45¢C DC 15C I=1,Lxx2 YLM,124
45¢ © YUT)=CONIGLY(T)) YLM.125
46¢C 160 CCNTINGE YLM.12E
4¢Y PETLRN ‘ YLM, 127
. C YLM.128
462 - 4CC CCNTIMNLE YLM.126
T 462 PRINT 800, VECTOR YLV,120
474 00 CONTINUE yLr.1 3]
474 . PRINT gC2, YLM,132
C YLM.123

o L o YLM,134

30C FORMAT( /// CX 3ISHSFHERICAL RARWCNIC RCUTINE ##* VECTCR=( 3E16.8YLM.13S

£, 1F) : YLV, 3¢

402 FCRMAT( /// 10X 4ShSUBROUTINE_ YLV ®®s L-VALUE IS TCC LARGE (L YLM.127

_ 2 17,8380 ' YL¥M.138

sc7 RETLRA YLM.13S
sc7 EAC YLM.140

SUEPRCCRAM LENGTF
000772 -

FUNCTICN ASSICAMERTS
STATEMENT ASSICNNEATS
sC - 00GC24 1CC
4C0 -~ 00C4e) s¢C
BLCCK NANES ANC LENGTFS

VARIABLE ASSICGAMENTS

8 - 0007s7 BCP
CF2 - CCCr24. cLe
CTH ~ ~ 00C765 FAC.
IND = CCCT4C L
LMx - 000727 Lxx2
L2 -~ €00753 M

NA - CCC7é& - N1
Na - 00CT7 P
RHC - 0C07%2 PR

STH - 0CQ74« VECTOR

START CF CCANSTANTS
gccete

START CF TENFCRARIES
0cose1 .

‘STAKT CF INCIRECTS
‘aces??

€C€0070

0Cco4a?s

000732
00C7¢4
00626

00782

000772
Q00757
00C746
0006Cs
0C0743

00CELT

000111
0c0527

0C0756
0CC7¢5
0CCc724

- 000735

cCC75¢0
0C07¢2
0C0767
CCC734
0CO7sC
0CC725

- 140

802

CFL
cPE

LrAXL
Lt

LY 4

N3

Pla - -
“SPH

xX

]

CCO445

0C0540

cccezz
0C0747
0co751

€C073s

CCOo754
€C0762
0Co770
CC0735

~ 000746

0C0730



12
36
42

T2

10¢
120

aOcCoO0

[aNaNal COAOCOOOOD

~-58-

PRCCRAY REZLIN

. COMNCA/BLCCKA/ALCO,2 '1B‘LC'¢"D‘10'3)vKA(‘n'g)'<5(lpqr) ALAT,SPACEA,

ZvEASl‘(ZD'heL\lQ

CCMMCN/ELCCKP/T{?,8C, 73, ILYRI10),LSYN(1C)

TCCMFLEX T
CCV”CA/ELCFKC/V-(:)'V¢l:..2).v3(3.12\.VX.VY'VZ.SLK(lc)vLCK(L4lo
2 YINC4S) yYCLT(4G 220 s XKLERUYAREA2

CCMFLEX YIAN,YCLT

ReBCIN. D
RtAOlN.~

Lo
R.2
8.?
Cec
C.’
Ce

CCMMUN/ELCCRE/NLCW yMNNUMGNUELTAS ARG NRCY »LAYER, AUMFA).NCIF,IST(G,:!F.;

2 LLR

CCF'CR/ELCCKE/LFAX'LTCP:LFAX;,LFAX?.L#AX:,LPAX‘.LX
2 SICNE,ITaC,ITHREE

D.3
Ee2
Fe? -

CCFPCB/ELCCKF/[TFT'lPhl-TkTT'DlaToCSTk(12lvVXX(2ylt)oKhLP.J”(12).'F-F

2 IN(T2),10(12),KC(12)

CCMNEN/BLCCKCG/ZES IG oS 1ud e AKy DAFP,LNURV PUTLyGAMALSIGMA,LUWENyNNRG

2 yLAMOCA

REAL LANVZEA

INTEGER SICMA

CUNMPLEX INGERM

COEMMON/BLUCKE/KXU264C1 )2CLT7532) LL(1:’”).YIAT(169)

CCMFLEX YINT

CCMNCAN/BLUCKJI/ZMAXX (S ) oRMAGH GOCO).X#AC( S000) MAXE
COMMOCN/PLOOKK/APR(36,2) 9TRUL3E42642)sTTLY0,12)KTYF(LIC)
CCPPLEX EEBELZTAL,TTY

COMMUN/BLCCKL/ARG,F (L ¢9l.XU(S).PATH\(‘O).PA!H?(10o1¢)

CCMPLEX ARG+

CCMMCN/BLCCKM/RATIC 4XCUNyRSTAK

CCNPLEX KSTARLXCON

CCNP(h/PL(LKh/E(ﬁ‘).Eh(bl);)('Zo“ll
LCNPGA/ELCCKX/I!NE.ITFM.ILLT.I:CALE'IPAX'ITYPEoLSLF.ILCCFolPhR
INTEGER TIME
CCMNMOA/BLKDER/W(10) yATWTL10) s TENPZSUSF 4BULKyCINCLC),CCLTI(IC,L2)
CCNMUA/CUNST/PI'FIQ'Pl#dnCUleCCN?.C(N!'CCN«.CCNSTY.IM-CAST
CCMPLEX IV i

REAC IN INSTRLCTICNMS LONTA[NEC IN FCLLCWING SUBFOUTINES #senx

REAC eCELCA,TE

REAC 2CCy FYyF24H2 Ko HSyHO6 s HT o HS

PRINT 8CY

PRINT EC2y HY yH29H3 4HiG o HS yHS 9 HT sHR LA, TE

MLLT=(C 9% SINGLE SCATTERING
MLT=1 e%s SINGLE SCaTTerR NG
PULY=2 0o CCURLE SCATTERING
MLULT=2 a8 CCUBLF SCATTERING
MULT=% #9% DCUDBLE SCATTERING
MLLT=5 #92 CCUALF SCATTERING

ND PPINTCUTY
FLCT SINGLE
PLCT FCLALE
FLCT ‘INGLEQPCLPLEOCCOEIREC

.- ® @ e e -

A0 PRINTCUT
REAC RO3, MULT,MAXK L SUM,TIME
REAC SELF ENERGY PARAMETERS

REAL BC&y SICMALFCTL,GaMa
IF(SIGMALEC.2) LAMEDA=GAMA

Fo

Ged

G.‘.‘A

Gete

G.%

Get

He¢

H,?

Jo2?

K,2

K"

L.?

L.’

M.z

F.,-T

Nel

Xel

Xe?

DEn,2
CONSTL?
CCAST,?
REACIN,Z)
READIN,22
QEADIN,22
REAUIN.24
REACIN,2S
READIN,2¢
RFACIN.27
REAMCINCA
RE2DIN,. 29
REACING?O
‘RELLIN,2
REACING32
REALIN, 23

PLOT ‘INGLEODCLELEOCCVPlhEC;(QA”E ‘QFAC!R.J

REAUIA.

QE‘CIN.‘&
REACTIN,G 2?7
RFEACIAN.28
REACIN.3S
REATIN,4O
REACIN,4Y
REACIN .2
REBLIN. &)



124

122

133 -

13¢
12¢
117
lal
142
142
144
1s¢C

152 .

el
212
21¢
222
224

224
224
22¢&

226
221
245
24¢
247
25¢
13
28
=2

282

cean

[aXa)

[a Xz Xal

fOoo

-~

ano

(g N aNel

110

12¢C

Aeo

140

~59-

REPC MATRIX INVERSICH INSTRUCTICNS
REAC €04 ,NCIF '

REAC 3TCYIC SCATTEPING FACTGRS *¥%+e

‘CELL BATCMIC

LMAXY=LMAXS

LNAXZ2zZ2*LVAX+] N =
LMAXI=LPAXL*%2 ) ’
LMAX&=LMAX32%2

CCALL STACK
S I=11ew

1TEM=2 :
IFCITYPELEC.C) STCF
ITEM=] :
CENTINUE

-RE‘Q LATTICF PARAMETERS BY SUBPLANES ¢ssex

CALL LATTICE : - .
CCATINUE , :

REAL FEEM CCORCINATES (ENERGY RANGE AND CAMPING PARAMETEFS ssess

PRINT BC! ’ '

PRINT BCZ s FLobh24F I higeHS vﬂbvﬁ-,vHaQ_CAlTE
CALL PEAM S

catt CEQYE

CCNTINUE

LSTABLISH LOW ENERGY (NLUW) AND K-VALLE ws#&s

CALL ENERCY(ALCW NRCY)
IFINRCY.CT.C) GC TT 145
IFARLCWe53TL.2C0)  STCP

N .Cw=flCne+2

GC TC 140

.

CCATINLE

XKZERC =1, /XK

*KZ=XK _

CLEAR ENERGY ANC INTENSITY ARRAYS sosws

NRC=NLCW-NCELTS

| BC 15C J=1,°1

1¢C

FA(JI=C.0
NKG=NRG+NCELTA
E€J)=ARG
S{lsJ)=C.0
S(24d1=C.C
$t2,J1=C.C
Sta,41=C.0
CONTINUE

SET IACIDENT K-VECTCK LIRECTICN #es2x

REACIN (44
REACIN &5
KEADIN, &8
REadIN, a7
REACTIN .48
RCADIN .45
REALIN,SC
REaCiN.T!
REALINGL2
CEADINGZ?
REACIN .36
PFADIN.ZR
REACIN G S
REACIN.ST
REODIN, 8
RLACIN LTS
REACINL#0
“EMCINGAL
REACIN .62
RELCTIN AT
2EACTA o0k
RELCINGES
READING~%
RELACIN o7
FELDIN.AB
PEALIN o866
KEACINGTO
READIN, ™Y
REBCINGT?
KcADIN. T2
RELLIN.TG
REACIN,TS
READINGTA
HEACIN,T™
HEADIA.T8
PEALIN.TY
REACTIN,BO
REATIN.HL
RELCTN A2
REBCIN o2
READIN, 24
REACIN,BF
REACIN.E.

RELCINGOTY
*REACTIN 88

®=A0LN.PS
QRFACIN.QO
REALIN,.S?
RE2CIN.S?
REACIN.G2
RCACIN. .G
REACINGSF

RCACIN.SE

READIN.S?
KEACIA .98
REACTINGSS

REALINGLICC -

KEACIN.1C3



se
257
2¢1
z€2

272
274
¢7¢
277

L

[aNeNel

eac
ect
€02
203
804
#Q6
ece
234

FRCGRANM LENCTH

QCC4¢€3

FUNCTICN ASSICANMENTS

CIFUANLM.LELSY)

-60-

THETA=]THT*CCA3
PHI=IPFIeCCN?
ST=SIMYHETA)
VX=ST2CCS(PHT)
VY=ST2SIN(PHI)
VZ=CLS(TAHETA)
TETT=1./V2
VI(l)=vX2XKZ
VI(2)=vysxKl
VI{3)=VvisxKl

SPHERICAL HAFNMCNICS FCR INCICENT BEANM stsns

LCX=22_pbaX

CALL YLMIVILL),VI(2)yVI{3)sYIN,LOXe+1)

NRG=NLCW-NCELTA

GC TG 160

ISCALE=Z

IvVAX=CY

CCATIACE
IF(TINMELNE.O)

CALL TagLE :
IF(TIMELNELO) CALL SECOND(TIMEZ).

IF(TINMELNELC) PRIANT 834, TIFMEL,TIME?

AREAZ=CONSTT/(A(L1,41)%B(L1ls2)~A(1,2)%B11,1))#*%2

DIST=ABSIC(S+3)-C(8,3))%0.5

CALL SECONO(TIMEL)

FCRVMAT( R381C)

FCRMAT( 1hH! } v
FCRNMAT( / 10X Ertsass
FCR¥MAT( 415 ) ’
FCRVMALTL( IS ) :
FCRMAT({ X 12,2F12.46 )
FCRMAT{ 251C } ’

8A10, 14X 2A1C, // )

FCRMAT( / 1CX*TIME FOR EXECUTICMN GF TABLE * FP.3,%* TO *F€.3 }

ENC

INCLUCING 1/C BUFFERS

STATEFENT ASSICGANENTS

cccrs? - 12¢ -

110 . - 000154 140 - Qco212 145 ~ 000225
160 .= G600321¢ 8cc ~ 0003243 801 - 0CC2¢5 . 8C2 - CCC2e7
a8c3 - CCccz7s 2ce ~ 0C0277 800 - 000401 808 - CC0404
214 - CCcacCe

BLCCK ANAMES ANC LENGTES }

BLOCKA - 00Q01l¢#*? ,BLCCKY = CC42Z& BLUCKC - 0C2S542 BLCCKC - 0C005¢
BLCCKE - 0920C'2 PLLCKF - 000120 8LCCKG = CC0O0l4 BLOCKEF ~ (C42¢€13
BLLCKY - 042254 OLCCKK - 0v271C BLUCKL - 0C0727 eLCCKNM - CCO00%
BLCCXN - aLCcCKkx - 0CCC', dLKDEB - 0C0Zz2l CCNST - " CCccl2

0c1212

228CINL1GE
RESCIN.10?
ReMDIM. 104
REMCIN.10S
wEBCIN. 104
REACIN.YO?
READIN.LOB
READIN.10S
REACIN.LIIC
READINGILE
READIN.1L2
REACIN.IL?
REACIN.114
REACIN.11¢
REACIN.11¢
READIA.1V?
READIN.L1E®
REACIN.LILS
READIN.12C
REACIN.121

READIN.1Z2?2

READIN,122
READIN.124
REAQIN.125
REACIN.Y2¢
READIN.127
READIN.12E
REACIN.12S
READIN.13C
REACIN.12]
REACIN.132
READIN.122
REACIN.124
READIN.1ZE
READIN.13¢
RFADIN.137
READIN.13E
REACIN.136S
READIN,14C
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SUBKCLTINE ATCMIC
ITYPE IS NUMBER OF GIFFERENT ATCMIC TYPFS #####
CCMMGA/BLCCKEB/T(2,8C+7), ILYR{10),LSYN{10}

CCvPLFX T
CCVMMCN/BLCCKE/LMAX,LTCPsLVAXL yLMAX2LMAX3,LMAXS,LX

2 LICKREZITWCITHREF

2

CCWNCN/BLCCKC/ESIGySIG2 ¢ XKy DAMF ¢ ZNORN ,PCTL,GANA)STICMA,LLCREN¢NNRG
JLANMBCA

KEAL LANPCA

INTEGFQ SICGMA

CCMPLEX INORWV .

COMMCN/BLCCKX/TIVEL ITEMgMULT g ISCALE,, EMAX,ITYPE (LSUMILCCE,IPWR

INTEGER TIME

COMMON/BLKUEE/W(1014ATWT(10), TE¥P, SUKF \BULK,CINCICD,GCLT(10,12)

RFAD ECCy TTYPE

7 IF(ITYFELCC.CY GO YO 200
1C REAC BCLy LMEX
16 DC 1CC I=1,1T7YPE )
20 REAL 8C2o FletF2+H3 4oy HI 4 HS
27 FEAC ROB, ATWT(I}
“b REAC EC2, LTCP,LGWEN,NNRG
€0 IF(LMAX.CELLTCP) LMAX=LTOP-}
65 CC €0 L=1,L7CP
€7 READ 804, (T{I,JsL)s J=1,NNRG)
103 SC COCANTINLUE . .
110 . PRINT €C5y LMAXoI,F1yH2eH3,Ha H5HE
132 1CC CCATINLE
13¢. 2CC CUNTINLE .
80C FCRMAT( 12 )
801 FCRM2T( [5 )
€C2 FORMALT( -~AYNC )
803 FCRMAT( 315 )
A04 FCRMAT( 5F16.8) a
8CE FCRMAT( /7 1CX ®T-FACTUKS REAC IN TO L=#* [3, % FCR ATCVIC TYPE *
2 1dy Peees ® 581C ),
808 FCRNMAT( F10.° )
13¢ FETLRA
127 END

SUBPRCCPANM LENC

cgo21!

Tr

FUNCTICN ASSIGANMEANTS

STATEMENT ASSICAMENTS

2¢cC - ccer2a £CC

8C3 - 000152  €C4

- 000145 80i - 000147  RO2 - CCO151.
- ceeess 805 - uccisc ecy - cco172

ATCMIC.2
ATCMIC.2
ATCMIC o4
ATCMIC.3
B.7

8.3

Eod

E.3

G2

G.2

[

Ge5

Geb

Xe2

Xe2

CER.2
ATCMIC.11
ATMIC 12
ATCMIC.13
ATOVMIC.14
ATCMIC.15
ATCMIC.16
ATCMIC.17
ATCMIC.18
ATCMIC.19
ATCMIC.20°
ATCMIC.21
ATCMIC.22
ATCMIC.23
ATCMIC.24
ATUNIC.25
ATCMIC.26
ATCMIC.27
ATCMIC.28
ATCMIC.29
ATCMIC.20
ATCVM[Ca31
ATCMIC,.32
ATCMIC.22
ATLVFIC.34
ATCMIC. 2%
ATCMIC.36
ATCMIC.27
ATCMIC.28
ATCMIC.39
ATCMIC.40

. ATCMIC.4)



1o
[l = M4 RV B NPV

12
14
183
ie
2C

-a

Lo

22
264
26
27

22

24

[2XsXaXaN=XaXa)

OO OOO

[eXaX gl

coo

SULBRCLTINE SYACK

62~

STACK.2
STACK.?

TPIS SLBRCUTINE COES INTEGkAL OVER 3 SPPERICAL HARPCNICS FCR HH!CFSTACK.&
(LY9yM1l) ANC (L2,M2) LRt INDICES QOF TwhC CF THEN,
LL(NUM) DELIVERS CCMBINEC INDICES FCR. {L3,M3), FOR wWHICH THE INTECSTACK, ‘
INCICES CF COMPLEX CLhJUGAYE FUSTACK.”

IS NCT EQUAL TC ZERC. (L2,M3) ARt

STACK.

STACK.P

.STACK.S

CCNWCA/ELCCKC/NLCdythMyNGELTA.hRGyN#CY'LAYER-hUPPAX,NCIF.lST(évé)D.Z

2 sLR

CCMMON/RLCCKE/LNAX,LTCP, LMAXLIsLFAX24LMAX2,LMARG,LX

2 yICNE I TWC, ITHREE

CCMMCN/BLCCKH/KX(24Ci)CUT532)4LL(T522),YINT(16S)

CCNMPLEX YINT

NUM=0
ISTEP=Q

‘LCM - ARRAY. CG(IN,OUT) 15 STACKEC BACKWAROS [N CROER
TC PERFCRM MATRIX MULLTIPLICATICMN EFFICIEATLY.
NCTE ... INCCMING BEAM INDEX VARIES MCST RaPIDLY FCR GUIN, CuT) *®e=STACK.

SLM CVER (LCLT) #%sex

fC CC LLi=t,LMaAXL
Mxl=2%LL1-"

Ki=={11

L3=LLi-1

DC 10C MM1=1,MX1
M3I=MMI4K]

SUM CVER (LIN) %¥%x%

DC 106 LLZ=1,LMAX1
MX2=Z7#LLZ~1

K2=-LLZ

Lz=LLZ-1 :

CC 1CO MM2=1,MX2
M2=MM2+K2

MlzsM2-M3
[STEP=TISTEP+1
MYv=[ARS(Mi)+2
LCwW=TABS(LE=L2)¢1
LEI=L2+4L 341

KKK=C

SLM OVER (LANMECA) swsss

BC 90 LL3I=LCmo LHI,2
IFCLL3LLT.¥M) GC TC 90°
KKK=KKK+1

MUNM=ALM+Y

Li=tL?-1

CANUMI=CTEFTILYL L3, LeodiaM39N2)
LLINUME Lo (L1el)envle]l

D.!
E.?
E.2
He2
H..’
STACK.'?
STACK, 14
STACK.'S
STA(K, 16
STACK,.17
STACK.‘S

STACK.?C
STACK .21
STACK.22
STACK.?22
STACK. 24
STACK.?S
STACK.2%
STACK .27
STACK.Z2
STACK .29
STACK.30
STACK. 3\
STACK 22
STACK.??
STACK .24
STACK,.2*
STACK, 2¢
STACK.27
STACK.2E
STACK.29

STACK.4Q'

STACK,.«1
STACK .42
STACK .43
STACK. %4
STACK .45
STACK .46
STACK .47
STACK .43
STACK 49
STACK.‘C
STACK."
TACK.EZ
STACK .32
STACK .54
STACK.SS
STACK, =¢&

s



57 90 CCNTINYE

~63-

62 ) KX(ISTEP)=KKK

64 ‘ LOC CONTINULE ,

76 NUMMALX =NUM

17 ¢ PRINT SOO.L“AX'lSTFPyLLlevLZ'HZoLJoW3pNUﬂMAX
E .

2(C)e* / LOXSL=% 3,4
NUMMAX=% [5 }

3 613, =)
<
125 RETYSN
126 . END

SUBPROGRAM LENGTH
voo21l1 '

FUNCTIUN ASSIGHMEANTS

STATEMENT ASSIGNMENTS

90 - JUJ06Y 800
BLOCK. NAMES ANC LENGTHS
CBLAICKD = .CCC55 BLICKE
VARTABLE -ASSTGNMENTS
c - Q04541SC3 18T
KX - 006JUCU3C3 K1
L S- 023315503 LiLl
LMAX = “00NCONSNZ LMAX]
L2 - 0doLrT L3
MM2 - 0C0200 MX1
. M2 - 161201 M3
YINT - 042CT1SC3

START OF CONSTANTS
000131

START OF TEMPCRARIES
30015+ .

START OF INDIRECTS
cCCl62

UNUSED COMPILER SpPACE
124590

000133

corni2

000010501
000170
Q00160
€0V00V2502
0nn1T1
000167
cenl73

LMAXGz®]5,%

BLOCKH

ISTEP
K2

L2

LOw
MM

MX2
NUM

LI T O I N O

83C FCRMAT( / 17X#SUBRNUTINE STACK FIR4S INTERMEDIATE AFRAYS (LL) AND

(LLsMLoL2oM24L3 M3 )=(*

042613

000165
002176
000174
000204«
Q372013
QOuLTS

CcCol64

KKK
LHI
LL3

Ll

MM

L3¢
NUMMAX

[ I I B N |

t

000206
000205
000207
J90219
el &
090202
nneoresol

STACK.S7
STACK. S8
STACK. 59

STACK, 60

STACK,O1
STACK, 62
STACK,. 63
STACK, 64
STACK,. 65
STACK. 66
STACK.67
STACK. 68
STACKa 69
STACK. 70
STACKe71



82
S5¢

64—

FUMTICN CCEFT(LLILZoL3 oML MN2¢M3)
CIMEASICN  X(&),Y(4)

X(11=11 : . 4
Y(li=Lt i .

X(Z)sL?

Y(2)=L2

x(2)=L3

Y(2)=L3}

X{4)=M1

X(5)=M2

X(€&)ava

Y(4)=C,.C

Y(S1=C.C

Y(&)=Col
CRT=SCRT({22LV+1)#(2%L2¢1)/(12.55€3T7CE*(2%L3¢1)))
CCEFT=CFT*CLEB(X)*CLEBIY) ’

RETLRN

‘. ENC

CCEFT,.?2
COEFT.3
CCEFTL6
COEFTY.:
CCEFT .
CCEFT,?
COEFT.P
CCEFT.S
COEFT.1C
CGEFT.11

" CCEFT.12

COEFT.13
CCEFT. 6
CCEFT.15
CCEFT. 15
CCEFY.17
CCEFT.'8
CCEFT.16
COEFT,20
CCEFT.21
CCEFT.22
COEFT.22
CCEFT.24



23 W I W I B KK M W XK M X W X WA D W I W K M M I M M X X W

M M B W I M IC W I M I K W K X

W I M WK X

FLACTICN CLEE(X)
DIMENSICON Xx(€)
CINMENSICN FACTI(101)
CATA EPS/1C.E-5/
CATA(FACT(I)sI=1,2C)/
L«CCCCCICUCCU0UCE+CO,
1.64142135€237341E+CC,
4,.858576485€45CE+ (0,
2,€0822E15T2CCCERE+CL,
2eCCT584CE2€BICE+CLy

1.9C04S30SH2GETE2E+C2,

Lo lREAICELELYOILTH+Ch,
2.S5:235S7C128021HC4C5,
4,57 4367 44582TF+CE,
8.C0148342E5485TE+(T,
1.58G770268E628G5E+40G,
2,257212CQ€22767E+C,
7.97685671222957€+11,
2,00821175442425E+13,
€.32146S535€T7054F 14,
CATALFACT(I)I=324€00)/
Lot 2EcSHS2TYLBE2E 415,
£L.12Sc23C2€EECLISE+1T,
1.71827367420€617E+415,
ECGCL2E5LATGRELE+ZC,y
2.2565637742CA13F 425,
5,C325C25C321eBCE+23,
2,74€24112246416403E425,
1.€6304216T741TS55E+77,
T.417C€c1362CE3ZE+2E,
3.5223233665¢3539CE+20,
VLTS 23£8CEIBTOI 22,
8.580659G683425102F ¢35,
4, E604R10626253G1F42h,
7, E2£4356TT11136E+27,
1.53215404€631445E+29,
UBTA(FACT(I),1=61,904/
So1215444E1€5TF3F 40U,
Se~CSGR_QG4TTR242E 442,
3.5¢71162C326533F 444,
2.23272CCST750110448,
1.5764R120SG64RTIIE44S,
YaCS84EQE13C04ELF+70,
7.82524494C22C62E+5,,
547314219471S355E433,
6,34222R34LE£527C+ 55,
1,36F155G3274G94 75457,
2.67524LB452A275E+59,
Ze18CZB515C3EEEEESEL,
1.8208C545124182E+4613,
CLEEESCISS?ET4IBEHES,
1.2¢16201224C035E+¢7,

CEeTA(LFACT(L),I=9]1,.01)/

1,21PESS4ASCA3CLEGES,
1LL1827L38CTIS32E¢7),
1eG42TFKECETETTREST S,
G.5382C27411C322E+ T4,
CoTOS217SCLLEQTTE+ 7€,
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1.CO0CCUCCCCOCCCE+00,
2.449469742782715+00,
1.0954435115C1CECE+Cl,
7.09926573572240E+01,
6.023652161C488R8E+02,
6.3179743586258554+02,
7.8911474450845T7E+04,
1.1435356C586437E4+06,
1.84596772062€624E+07,
3.487T€576634565E+08,
7.1477526161815¢EE+0S,
1.60785€23545420E+1%,
3,53842735661453E+12,
1,04346745805C42E+14,
2457351CC4H01142E¢15/

9.06768650678641E+1 0,
2.G4£T74665523633€E+18,
1.01£52062775C885+420,
3.70555324£45591E+21,
Le4282115417G2E2E+23,
5.783815C2143%64E+24,
2.457G51¢4845C4TE+26,
1.0937194378121CF+28,
3.03859C1366T26T5E+29,
2.463337(B9T75T722E+21,
1.24543Gi8038217E+32,
5,5352591597T7CBTFE+34,
3.5032C127884¢€41E436,
2,013129E8511718E+38,
1.177637€6875127E440/

7.1244€535315675E441,
4,452649C0411 VEEE+LT,
2.87167221470L4CE+4S,
1.5097411C59541E+47,
1.208137€07824CSE+49,
9.2221356C251451E+50,

6.6838622C780514E+52,

4,98087751415CBZE+S54,
3.dlU2896 05¢T21E+56,
2.951C16SC577C17¢E+58,
CeGUTTZ21€422€14C460,
1.985234306060CSTE+62,
1.6T842310348487E+64
1.45181172G5£64C24E4€%,
1.20483287475282E+68/

10182756C0520414FE+70,
1.,075533561T7EGLE+T2,
1.023505C174951 E+7 4,
S.3077SCT¢443175C+75,
F.0£054542780GC4F¢TT,

CLEB.SS

CLEB.?2
CLEB.?2
CLEB.4
CLER.S
CLEB.S
CLER.7
CLER.8
CLEB.9
CLEB.L1C
CLEB.11
CLEB.12
CLEB.12
CLEB.Y4
CLFB.15
CLEB.1¢
CLEB.17 -
CLEB.1E
CLEB.1S
CLER.2C
CLEB.21
CLEB.22
CLEB. 213
CLEB.24
CLEB.?2%
CLER.26
CLEB.27
CLEB.28
CLEB.2S
CLEB.20
CLEB.21
CLEB.32
CLEB.2?
CLER.34%
CLER.25
CLEB.3&
CLEB.?T7
CLER.28
CLEB.2S
CLfR.4C
CLEB.G1
CLEB.42 -
CLERLS2
CLEB.44
CLEB.&5
CLEB.4E
CLEB.47
CLEB.A8
CLER,.4S
CLEB.ZC
CLEB.S]
CLEB.S2
CLEB.53
CLEB.%4
CLER.EF
CLFB.36
CLEB.E?
CLEB.S8
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1C
12

2¢
23
43
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€

54
&6
73
1c?2
108
111

12¢
132
134
12¢
14C
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147
151
157
165
172

3§
21%
23C
e22
234
23
22¢
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247

52
2%
263
267
T
272

274
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X G.66C%494377¢85LE+1d/
CLEE=C. :
NA=Z *X(1)+EPS
NB=2.#X({2)+EPS
NC=Z.*X(3)+EPS
AC=SICN(AES{2.%X(4) J+EPSyX(4))
NE=STICN(2BS(2.%X(3) }+EPS,X{5))
NF==-SIGA(ABS({Za2X(S)II4EPS X (H)]
TF(ABSIX(4)+X(5)- -X(€)) +CT. EFS) RETLRA
L3=X(2)+X(5)+EP5 : :
LE=X{1)+X(4)+EPS
L1C=X(2)=-X(E)+FPS v
IF(ARS(X(2)+X(3)-FLCAT(LA)) .GT., EPS) RETURA
IF(ABSIX(1) +X{w)=FLCAT(LB))eGT. EPS) RETURN
TFUARSEX(3)=X(4)-FLCAT(LLIV)) +GT. EPS) HETURA
LC=L34LE+LIC )
IFILC «CT. $5) GC TC 2
TH(IAESING) J6T. AA LCR.
X IARPS(VE) .GT. NE oORs
X TABS(NF) oGTo NC) RETURN
L1=L0=NC
L2aL8-A\C
L3=L3~-NE
L11=L1C=NF
. Lé&=L0=AP
L?=LC-NA

S Lée=LA-L2

5=L7-L2

LzC=NC+1

KMIN=NMAXD (Dy-L4y-L5)

KMAX=NINC(LL1,L24L3)

IF(KMAX JLTe KMIN)RFTUKN
-CCI=FAC7(L101)‘FACT(Lb’l)‘FACT‘L7*I"FA(T(La’l)
X EFACT(LZ+ L) SFLCTILI+])
XEFACT(LS+1)#FACT(LIC+1)*FACT(LI1+1)/FACT{LO+2)

X #FACT(L20+1)/FACT(LZD)

SG'\=1.

CC Y K=KMIN,KNAX
L12=Li-K+1
LiZ2=L2-K¢+]
L14=L2-K+]
L1S=L4+ks+

Lle=L +K+]

CEN=FACT(K+1I#FACT(LL Z)#FACT(LL‘)‘FACT(le)‘FACT(Ll‘)‘FA(T(Ll‘)

CLEP=CLEJ*SCN*CCl/LEN®S2

SuUN==SCA

CCNTINLE

[F(MCO(KMINGZ) oMEe O) CLEH==CLEB
RETUKN '
ARFF=C,

CLER=C./ARFF

RETLKA

ENC

SUBPRCCRAM LENCTH

CCOces

cLEg,. sc
CL’EI L
CLER.é2
CLEB.&?
CLEB, ¢4
CLEB«S*
CLER.AL
CLER, =7
CLEB.4D
CLEB.*S
CLEB.TC
CLER, T
CLF3,7:
CLEB.72
CLEH,7¢
CLER,T®
CLES .76
CLER.T?
cLEe.78
CLERLTS
CLENL8C
CLFB.8"
CLEBaEZ
CLFP.R?
CLER. 8%
CLER,®:
CLER,84
CLEHK.BT
CLEB.RS
CLEB.8S
CLEB,<C
CLEB.S!
CLEB.Sc
CLER.S?
CLER.SS
CLER.S®
CLEB.9¢
CLER.ST
CLEB,.SE
CLEB.SS
CLER,1CO
CLEB.ICL
CLER.102
CLEB,1C3
CLEBL 104
CLEB.1CE
CLEB,L'CS
CLER,1C?
CLEd.'C8
CLER.1CY
CLER.110
CLeB. 111
CLER, 112
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SLARCLYINE LATTICE LATTICE.2
. . : LATTICE.?
' LATTICE.S
LCVVLN/ELCCKA/AK‘O'gi.B(‘O.z).0(10'3l.RA(lO'Z).RB(IC'ZD. ALAT,SPACEA.?Z
2+BASTS(ZY,NBASIS Al
CCMMCN/RLCCKB/T(2,8Cy7) o ILYR(10)LSYV(1C) Re2
CCMFLEX T 8.2
CCMNUN/BLLCKO/NLChyNVUMoNCELTAZNRCyNRCY,LAYFK, BLFP‘X'K[]F']ST(éob'U 2
2 sLF ’ 2
'CLV”CN/PLCCKK/BEE(‘C!C’:TAU(J&,Jéoz)'TT(10112"KTVF(\C' ) Ke2
CCMPLEX BBE,TAL,TT, . Ko2
COFWC#/PLQFAL/APGQF(ng)'XD(q,vPATHl(iO,pPATHZ(IOJlZ’ Le2
CCMPLEX ARGH L2
CCMMORNFULCCKX/TIME L ITEM, Ner'ISLALEQIPAX.]TYPE;LSLF'ILCCFrIPhR "Xe?
INTEGER TIME Xe
LJNNC&/CFNS‘/PIvPIA'Fl#drCUNA'CCNZQCCN,'CCNﬁycchSTY,[VuChST CCAST,.?
CCMPLEX [M ' CCAST,?2
LATTICE.1Z
DINENSICH  AX(2)4BXUZ),SHIFT{2) MM{4) LATTICE.1?
DIMENSICN G(27,8) LATTICE. e
INTEGFR TYPE,FACE o LATTICE.1"
DATA(CL(I) 121,27 /-D'U.vO.Q.SQ.SOoSo‘.va.o.500.'.50Cooosto'-vaAYYICE-lé
2049.392CC.C/ : : . LATTICE.LY
DATA(G(L) o 1=72454) /4353253394069 009Ceslare7071CE6TE,40.0 ' LATTICE.)E
2 0e9ed3?3533940e943% 35535G90e¢35255379,0.,5435255336,044+.35255329, LATTICE.LS
3 CovedsCoreafsCereSr1CosessQaresS/ LATTICE. 2C
DATAIC(I),1=53,81)/ 87735 C2640¢9009e3E25533G, ,61227244,.3532535G,LATTICE.R2?
2 —et1277244,009¢35352339, ,7071C4T8)0.,+.7°355226,,7C71CETE, : LATTICEL22
3 Ceypeli23E37 540 TC71C678+00900 10 20412415,.4C824B30¢Caye2C412615, LATTICE.22
4 JACHBI4E309Ca9a22041241D,44C0d2482C+Ca/ LATTICE.24
DATA(Q(1),1=8241C8) / -5.0..0.v0-v]-v.o'00'0-'-510-0.59Copo5'°.' LATTICE.2E
2 ¢30Cese31Cear1e531Ce 165900505000 0e® 90e9en/ LATTICE.2¢

DATA(CIT),I=2C9,125) / .707LC‘7E'0.qC.'.70710678..5'.7(71C678.° SyLATTICE.27
2 CopeiCT1C2T7H, 0-o-7C7xOb78.O.'.707‘0675.0.'.707‘0678.0...7C71C678'LATTICL.£E
2 1C*0.C/ LATTICE.2¢

DATA(G(I)»1=126,162)/.288575139C0s044o7CT1CHTE, 1.22474¢5,,707 . C6TELATTICE. 2C
29=1.2247445,2C%0,0+Ceye8l154962841, 6’299’16'0-..81669558'1 €32G92 14 LATTICE, 31

2 40e9e8154665841.622563164904/ LATTICE.
CATAIGUI) y1=163,285)/1ey 0.0y 0.0 10 30e8960254C4, e 4= ELO6CZEWCLLATTICE, 3’
290-'o5vc-v-:ob-v-9vC-v.)v0-1-510.c-29857511510-00288675135'001 LATTICE.24
«2EBET51359Caya2 P867"3;'0.'.288675"‘/ LATTICE.2Z

DAYA(&([),I"GO.Z‘&)/l V9o BOEC25404%1e5408640254C4,1.541.7320508C8,LATTICELDE
2 CoCiCuCyoBEEC25406,0.0408650254C4,CoCyeB8660254C49C.CraEE6C2E404, LATTICELD?

2 Col1»e855C234C63CiCe=0330eU0 1059000105900 Co=eSeCelr~e <€/ LATTICE, 38
. : LATTICE.DS

! LATTICE.SC

REAN IN LATTICE SPECIFICATICNS. LATTICE .4
LATTICE 42

REAC 9CC, TYFE,FACELALAT, kX ' . LATTICE..?
IF(FEXLEGLC.C) FHEX=ALAT o ) LATTICE. %4
QEAL 81C, LAYER _ LATTICE.%%
JJd=C : LATTICE.G*
1F(TYFELECL3FFCC) (3 TO 100 ) LATTICE.47
IF(TYPELEC.2RECC) GU T 11O ’ : LATTICE 4E
IF{TYFELECLIFFCP)  CU TC 420 _ LATTICE.4S
IF(TYFELEQeZFCRY) GO T 430 LATTICF.5C
LATTICE.S51

6 CCATIALE ‘ ' LATTICE.52
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PRINT €2Cs TYPE,FACE
STCP

FCC CRYSTAL FACES.

CCNTIMLE .
IF(FACELECLICONRFACELEGeDLOIRFACELECL,00L)
IF(FACEEWe1 0P FACLEU« 01 .URFACE.EQ.OTL)
IF{FACE.cColll ) JJ=3

GC TU lécC

BCC CRYSTAL FACES.

CCATINGE
IF(FACE.EC.1CC. LR FACEL.EGC.0i0.0FR.FACEL,EC.O0L)
IF(FACECEC. Y1 CeNRFACELEWLOL LR, FACF.EQ.V1L)
IF(FACELEG.IIY) JJ=¢

GC TG 1éC )

HCP (RYSTAL, COOl-FACE.

CCATINLE

3=7

GL TC 1€Q .

COATIALE
JJ=8

TRANSFER PKCPER CRYSTAL GECMETRY FRCM OATA STATEMEANT.

CCNTLNLE
IF(JJ.EC.C) GC TC 99
SPACL=G(L,JdJ)
ISP=SFACE®HEX

CBASIS(1)=G(2,JJ)%ALAT

3ASIS(2)=007,JJ) $ALAT
AX{1)=CloeJd)®ALAT
AX(2)=G(5,JJ)2aLAT
AXE)1=CasJJ)#ALAT
AX(ZI=3(ToIJ)OBLAT
ABASIS=1 !

=7

BC 17C . J=1,2

oc 170 I=1,1C
K=K+l
DeTed)=ClRyJJIFALAT
AUled)=aX0d)
BCI,J)=EX(J)
CCNTINLE

$P=-25P

‘ac 172 f=1,10

FLYR(E) =1

‘SPsSF+lSP

Jd=1
=2

JI=4

JJd=£

IF(EASIS(l).EQ.O;O.ANC.HAS‘S(Z).EQ-O.C) NBASIS=C

LATTICE.S?
LATTICE.S4
LATTICE.SS
LATTICELS¢E
LATTICE.S5?7
LATTICELSE
LATTICE.SS
LATTICE.6C
LATTICE.61
LATTICE.6?
LATTICE.S?
LATTICE,. 64
LATTICF.6F
LATTICE.&¢
LATTICE.67
LATTICE.L®
LATTICE.ES

LATTICE.7C

LATTICE.7)
LATTICE.7Z
LATTICE,7?
LATTICE.T4
LATTICE.TE
LATTICELT¢
LATTICE.7?
LATTICE.T8
LATTICE.TS
LATTICE.8C
LATTICE.8Y
LATTICE.82
LATTICE.82
LATTICE.B¢
LATTICE.85
LATTICE.8¢
LATTICE.87
LATTICE.88
LATTICE.8S
LATTICE.SC
LATTICE.9!
LATTICE.S2
LATTICE,S?
LATTICE.94
LATTICE.SS
LATTICE.SE
LATTICE.$?
LATTICE.9¢
LATTICE.SS
LATTICE,1CO
LATTICE.1C1
LATTICE.LC2
LATTICF.1C2

-LATTICE.1C4

LATTICE.1CS
LATTICE.L1CE
LATTICE.107

LATTICE.1CH

LATTICE.1CO
LATTICE.110
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405
413
421
427

42¢

443

4:2
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4el
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172
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176
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ClI,3)=S
KTYP( D)=}
LSYMII)=1
CCNTINLE

p

ALTER THE LATTICE GEUMETRY LAYER BY LAYER

LR=0

CCATINUE

REAL B124KT,1TP MM, SHIFT
IF(KT.EC.C) GC TC 176
LR=LR+L

TLYR(LR)=ITP
KTYP(LR)=KT
A{LR,1)=MM{Y)BAX (1) +
A(LR,21=MK (L) %AX(2) +
B{LR,11=¥M(Z)%AX(1) + MM{4)*BX(1)
BILR2)=MM(2)%8X(2) + M4A(«)%BX(2)
CILRy1)=0(LR, 1) 4SRIFT{L)SALAT
D(LRy2)=0({LR,2)+SHIFT(2)2ALAT
CALR,3)=0(LR,3)=SFIFT{3)2ZSP
IF(LR.GTol) XD(LR=1)=UlLRy3)=D(LR=1,3)

MM{Z)*BX(1)
MM(2)*8X(2)

GC TC 174

CCATIANLE

LR1=LR+L
IF{LR1.LT.2) LR1=2
DC 18C I=LR1,!0

Clle3)=CULI-1,3)+2SP
XCU{I=-30=0(1,2)-0(1-1,3)
CCATIALE |

v

CALCLLATE RECIPRCC#L LATYICE MNET.

CC 19C J=1,LAYER .
AREA=A(JL)*B8(J92)-21Jy2)%60Jyl 1}

‘XX=2.*P1/ARED

RA(Js2)="B(J42)%XX
PA(J2)==B(J, 1) ®XX
RB(Ja1)=-80d,2)¢XX
RE(Je2)= A(J,] XX
CCATINGE

IF(JJL,FC.1)  PRINT 80Ul

IF(JJ.EC.2) PRINT 802
IF{JJoEQe3) PRINT 803
IF{JJeESe4) FRINT bC4
1F(JJEC.5) PRINT 805
IFUIIEC.D5)  PRINT 806
IF(JJEQ.7)  PKINT &C7

PRINT #30, ALAT,ISP .

PEINTY H40, PASIS

CC 200 I=l,LAYEF

LATTICE.111
LATTICE.L122

LATTICE.1'2

LATTICE.L14
LATTICEL1TS
LATTICE.11¢€
LATTICE.Y1?
LATTICE.1]E
LATTICE.11S
LATTICE.12C
LATTICE.121
LATTICE.122
LATTICE.123
LATTICE.124
LATTICE.12%
LATTICE.12¢
LATTICE.127
LATTICE.128
LATTICE.12S
LATTICE.120
LATTICE.121
LATTICE.L12Z
LATTICE.122
LATTICE.12¢
LATTICE.12¢
LATTICE.12¢
LATTICE.Y?7
LATTICE.128
LATTICE,126
LATTICE.140
LATTICE.141
LATTICE.142Z
LATTICE.142
LATTICE.144
LATTICE.14°
LATTICE.14¢
LATTICE.147
LATTICE.148
LATTICE.14S
LATTICE.150
LATTICE.15]
LATTICE.152
LATTICE.153
LATTICE.158

" LATTICE.15¢

LATTICE.1S¢
LATTICE.157
LATTICE.15¢
LATTICE.156

LATTICE.1€C.

LATTICE.L1EL
LATTICE.1E2
LATTICE.147
LATTICE.1€4

CLATTICE, 165

LATTICE,. Y éE
LATTICE.1€7
LATTICE.L1€E
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BEQ o Lo KTYPLI ol LYRIE) o (CCA0d) 0d=1s2) oA s1)s80L2)48(Jq4L)y

PRINT LATTICEW1¢£S

2 B{I,2) LATTICE.Y7C
ZCC CCATINLE LATTICE.1T71
PRINT 3¢, LAYTICELYTZ
PRINT qsuv(J-KA(Jy!)'RA(J'a)'RB(J.!‘.FB(ch)v J=1.LAYER '} LATTICE.172
LATTICE.)1T4

LATTICE.17S

8CC FORMATI( A3+°X1342X 2F10e~ ) : LATTICEW17¢
901 FCRMATU( ////7713X Spaseée 2FCC (100)-SURFACE®* ) LATTICE.Y.T?
802 FCRNMATL /7//7/7710% Sresses FCC (110)-SURFACES* ) LATTICE. 178
EO3 FCRMAT( /77777 0% Sressss «FCC (111)-SURFACF® ) LATTICE.17¢
B8Q4 FCRMEY( ///7//7/710X Skxsssé #p(C (1CO)=-SURFACE® ) LATTICE.280
805 FrRMAT( /////710%X Zresess %3CC (110)-SURFACE® ) LATTICE.1E1
8Ce FORMAT( ///777'0K Sressex =gC( (11V)-SLRFACES ) LATTICE.182
€07 FCRMAYL ///77/710X S5tesxss wHEX, CLLSE PACKEC LATTI(CE. % ) LATTICE.YE2
B1C FURMAT( IF ) . ' LATTICE.ZE
A12 FCRMAT( 515,2F10.4 ) LATTICE,. €%
82C FCRMAT( /7 LOX®UNRECCGNIZABLE CRYSTAL TYPE * A3, IXI2 ) LATTICE.YEE
A30 FCRMAT( // 1O0X®LATTICE CUNSTANT IS * FG,Z, & ANGSTRCMS, INTEKLALATTICE.187
2YER SPACING IN BULK IS * FG.5, * ANGSTROMS* / ) "LATTICELIEE
84C FORMAT(/ IOX*BA‘IS VECYUA Iiv SURFACE PLANE IS (% FS 59402 F9.5, LATTICE.L1ES
2 %)% ) LATTICE,1SC
BYC FORMALT( 20X#(# 12,%) CCRE(% I2,%) SYM(* [2,%) C=(* 2¢10.5, LATTICE.1¢]
2 %)  A=(%2F)10.5¢%) B=(#* 2F1Ce54 %)% ) LATTICE.LS?
858 FCRMAT( //10X*RECIPRCCAL LATTICE, SURFACE NEY VECTCRS' /) LATTICE.162
EEC FCRMAT( 35x*(% J24%) Ka=(%2F10.5,%) REa(* 2F10.5y #)¢ ) LATTICE.154
C ) S C LATTICE.1SS
RETULRA LATTICE.1G¢

END LATTICE.1S57

SUPPQCCRAF LENCTH

. GC13éC

FLACTIOA nssienweavs

STATEMENT ASSICAMENTS

SS - 0CC03e A - 0000%0
130° - 000140 1ecC - CCCl4l
8CO - GCcecCC act - CQOosC4
804 - 0CCkr2€ ECSE - 00Cs124
810 - CQ065T LAV - 000¢é¢1
e4Q - ¢cocrcT E5C - 000717
BLCCK NAMES ANC LENGTFS

BLCCKA - (COClé&? ELCCKB - 004324
‘BLOCKL - C€0C737? BLLCKX = QCOC1i
VARIABLE ASSICNMENTS

A - CCCCCOSCi ALAT - Q0cCClEesol
ax - 0o0cC777 o - 003CzeSUL
8x - c¢giccer C = 000Cc0501
HEX | =~ 001344 I - 0012¢}
1sT = 0CCCTloS02 ITF - GlLl13%«

K - CCl347 KT = QCl3=2

LR = 0C00345CY LR) - 0017°%5
NBASIS = 00Clé€2S0) PATHL - 0CCEf5S05

110
174
802
806
820
458

8LUCKD
CONST

ARE A
BASIS
FACE
ILYK

KTYF
LSYN¥
PATHZ

QCco103
0CQ244
oces12
0CCE42
0CO¢ts
g00733

000055
occcln

001356
CCC140501
. 0C12az .
€C«3C0802
oclicc
012700504
CC4312502
0CC?47SC*

Q01 3¢

120 -

17% - 0€0332
EC3" - cCCCe20
807 - 000650
830 - CCCeTy
860 - 0CC742
BLOCKK -~ C12712
ARG -  000000S0%"
CLE) - €C0000S04
> - €CCCO2S0S
v - 0C0C10S507
JJ - CC13sf
LAYER =~ (©C0C07S03
Vv - CC\CCs

P.1 -

€CCCause?
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74

104
11¢
12¢
12¢C
2!
122

13,'

137
1472

146

‘145

ao0n [aNaNal
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SUBRCUTINF nEAM

gEav, 2
EtAN 3

CCNNCN/FlCrKA/A(1017)93(50.4’1L(¢bq1) RA(LIC,Z)4RBELIC,Z) W ALAT,SPACEA,

PASIS(2)oNEBSTS
CDFFLA/“LCCFF/T(ZyEC 7),1LVR(‘UleSVV(!C)
COMFLFX T

A 3
8.2
Ba?

COUNMMOCA/BLLOCKS /hLCknANUM.mLtLTA.BPC'FSGY.IAYEP AUMP!X,ACIF'IQT(ap‘)J.c

s LE

CCNP(RIELCCKF/LFAX.LTLP,LVAX;.LNAX’.LPAX’.L”A)ﬂylX

¢1CNE T TWC, ITHRFE

COMMON/BLCCKK/RPB( 3, 2)y TAJ(24,2442),TT(10,12),KTYPLICH

CCMFLeX  EUlE, TALLTT

CCWMMON/HLUCCKF/ITHT G IPHL o THTTLC15T, CQTF(lc)'VXX(coll),KhLF.J”(IZlo

INLLZh, [0V 2),kC (L)
CINMERSEICAN  AN(2,%)

FEAC IN OtAN CCCRCINATES owxas

REAC 80, ITHFT,IPKI

PFAC IN ENERCY RANGE AND DAMP ING LENCTF AT IC €.V,

ReBC 2CZy NLCW o NNUM,NMDELTA

KAUV IS TCTAL NUMEER UF BEAMS TC BE CCMPUTER.

KANUM=C

CATINLE
REAC 2C&, ITP,NN
IF(ITF.Fa.0) GC FQ 130
NC 11C - I=%,LAYER
K=1 '
KT=KTYP (I}

IFLILYR(R)EW1TP)  GC TC 120

CCATINGE

PRINT 812, [TP
REAC 8C8y ITP4NN
IF(ITPNELQ) STCP
GC TC %0

CCNTINLE

'Cu 14C =6

IF{T1.EGQG.l «ANC. !TP FCel) GO TC 120, -
IF (AL, 1) eEC.OLARCMNE2y T1eEk.C) ' CC TO 14C
CCATIRALE '
MzANA(1,1)

A=AA(Z,1)

KALM=KALMSL .

TF{XALY,,GT . 12) CC YO 140

VXX{Y gKALM) =M#RA(K, 2} ¢ N¥RB(K, L)

VXX KNLM)=E3RA(K,2) + N¥RU(K,2)

JMIKALY ) =M -

JN(KNLM) =N

ICIKNLM )= ITP

Ce3

€2

£.2

KeZ

Kae?

Fal

Foz

yEIv, I1C
BEANMLLY
Btﬁ'”‘ 1 14
CI L
HFAM, 14
BEAM YT
REAM, T E
BUAM, 7
REAV, L&
RLAM, 'Y
REANM,ZC
BEAM. 2l
BEANM, 2T
BEAM, 22
nEAN, A
BEANG P F
BEAMLE

CREANGZT

bEAN. ZE
AEAN, 26
BEAN,?
prav,
BEAM, ?
BEAN, 23
AEAN, 24
BLAN, 23
pEAM, ¢
BEANM. AT
beANM, 25
QEAV. 3G
AEAML4D
HEAM.S S
REAN .47
CEAMew?
HEAM &2
REAN,4S
HEAN L GF
BFAV,a?
REANM, %9
LA, a€
REAY .30
egnw.,
peav,
FEA~.=



s7
164
172
203

KQ (KA
140 CCAT

1F (KN
6C TC
TEC CUNTY

LM)EKT '

NLE

LiteGTe
180
ALE

12)

KALM=12

NFIGh=NLO 4+ (NNUM=1 ) ENCELTA

B&INT
PRINT

PRINT &10,LMAX

600 FCRVA
9C2 FCRMA
804 FOAMA

2 [/ 4
£C4% FCRMA
2 o F

ACw,
€ECSy

TG 215
T 31%

TTET, 1P+

M ChoAFICH

}
)

-72-

T 77 10X°INC1EFNT BEAM ANGLES ARE THETA=# 14o
IX L3H®R R0 RR ¥ aRaE

T( 77/ 1Cx l'INCIDEN‘I’ ELECTRCN EKERCY FRCM * l3v

Vo ‘

).

8C8 FCRMAT{( Iﬁvé(lx 2121 )

310 FCAMAT( -/ 1CX #MAXINUM L~VALUE IS *

812 FCRMAT( 77/
2%y EUT FHASE
C
- RETLRA
ENC

SUBPRCCR2M LENCTH

0C021F

11¢
t5¢
ace

2LCCKY

PLCCKF

B
c
1Q

S

K¢
LMAX
ADELTA
AALM

.Tay

0C0342

FUNCTICA ASSICANEATS

STATEMENT ASSICANMENTS

100 - 000C2¢c-

140 - 060151

eC4 - ocgazs

812 - 0C€C2s0

BLCCK NANES ANC LENGTES

BECCKA - 000163

BLCCKK - 012712

VARIABLE ASSIGNMENTS:

A -  €CCCOCSOl

CSTH - CCCCC4SCe

IPHI -~ CCCCClSCé

1Tp - ¢CC332

KAUM - CCCCSCSCE

LAYER . -  CCCOGZc<Q2
N - 000340

NN - 0CC21L7

- ccoceccse?
START CF CCNSTANTS

}

12)

*

PHi=® 4,

TC ¢ 13,

BEAM,S4
REAM, £€
BEAM,S

BEAV,57
BEAM, S8
BEAM,SS
BEAM, 40
BEAM, &1
BEAV, €2
BEAM, 67
BEAM, &4
BEAM, 45
BEAV €4
BEAML£T
BEAN, 58
BEAM,6¢
BEAM, 70
BEANM,T1
BEAM,T2
BEAM,T3
BEAM, T4
BEAM, 75

1TOX*ICN CCRE TYPE * I2,% ENCOUNTERED [N SUBRCUTINE EEABFANM,7¢

[ A | '

000052
0C0160

1 000227

004324

000121

0ccC24s501
000CSuUsSOL
0CC1C1505
000CE1506
00G11.,500
CCOCCUSO4
000CCZzs03
€00CC1503

- 9CC2¢0S05

i20
800
8C3

BLUCKD

BASIS

IST
JN
KT
LSYM
NHIGH

17

SHIFTS NCT SUPPLIEC.* / )

6coor:
0cczzi

-0€02%0

0CQ00c5

0C0160501
0CC334
0ccolr0so03
QCCCésSCs
000334

004312502 ¥

0CC34
CCCL0€£S01
012320505

120
ece
210

BLOCKE

eeg
ILYR
ITRT
KTYP
NLOW

vxx

CCo115
0C0223
cco252

0c0012

€CO0CQOSsos

€C4300s02°

0C0C00S06
CCC335

' 012700SCS

CCC337

000000503
€C0132s01
0C0020506

BEAM,T7
BEAM,T78
BEAM, TS
REAN,80



S wWwwWwieN
O th e

é6C

&2
(1]
T2
13

1<
1%

101

104

112
114
114
11¢

11¢
120
131

131
12¢
127
14C

140

(9] [aN el

[aNaXal

1Co

i2c

‘13¢

l4C

150

HOs
eq:z
ROS

~73-

SUEBROLTINE CERYC . ) CEBYE,.2

. . DEBYE.3
CCMMON/BLCCKEB/TUZ9BCoT) o ILYR(LOD ,LSYNM(LC) . . 8.2
CCMPLEX T , Be3
COVMON/BLCCKL/NLCWo ANUMyNEELT A, ARC,NRCY, LAYER ,NUMPAX,NCTF, IST{&,810.2

2  sLFk D.?
CCMMCN/BLKDEB/W{10),ATWT( 10}, TEMP, SURF yBULK,CIN(1C),DCLT(10,12) CERB.2
CIMENSICN  X(20Q)Y(200) OEBYE.?

. CEBYE.8
CCNST=72,04C73 BEBYE.S
ALMBER=200 ) T T T T T T T T T DERYE L 10 T

’ OEBYE .11

REAC B8CCy TENF . . DEBYE.12
READ £C2, SLRF,BLLK i CEBYE.13
' . 1 CERYE,14
ENTRY CEAYEL . DERYELLS

. . g e e c—peayetyg o

IF(TEVMP.LTL1.0) GC TO 150 CEBYE.17?
SRF=SLRF/TENF ’ ‘ "~ DERYE.l8
BLK=RLLK/TENMF DEBYE.19
L¥MA=0 ' . DEBYE.20
UEL=SHF/NL¥BER OEBYE,. 21
CCNTINCE ' ) - . ' oo Tt " CEBYE.22
. DEBYE.23

Xt1)1=C.C . DEAYE .24
Yi{li=1.C DEBYE.2S
LMA=LMA+L : ) ) " DEBYE.26
OC Y1C I=2,AULMBER i CEBYE.27
X{T)=X{1I~1)4CEL oTTrTmoo T T e e T T DEBYE . 28
YOI)=X(I) ZUEXP{X{I))}~-1.0 ) : DEBYE,.Z9
CCNTINLE ' o DEAYE,. 20
. . DEBYE.2Y
CALL CUBINT(X,YsANUNBER,ANS) . - DEBYE, 22
, : DEBYE. 23

IF(LMN.GE.2) GC TC 120 TUTTT T ToTmrmmm e mme e S T DEBYE. 247

FSURF=CCNST2(C.254¢ANS/5RF)/SURF . DEBYE.3S
CEL=PLK/NUMEER . DERYE. 3¢
GC 1C 1CO ) DERYE. 27
: COEBYE.38

CCNTINLE OEBYE,. 29
FBULK=CCNST*(C.25+ANKS/BLK )/ BULK Tt o TmmemTms st e “DEBYEL 4O

) ' DERYE.4)

CALCULATE CELYE-WALLER CURRECTICN FCR EACH LAYER (W(I)) ®eexs DEBYE, 42
. : . DEBYE.43
W(l)=FSLRF/ATRT(1) ’ OEBYE. 44

) ’ DERYE.45

CC 130 I=2,LAYER Tt T omrme T e e e e e == LERYE 446 T
: ) DEBYE.4T
FCR SINGLE ATGMIC TYPE... NN=1, - ’ : CEBYE.48
: DEBYE. &S

AN=1 . - ’ ’ DEBYEL.=C
WII)=FRLLK/ATRTINN) : ’ ‘DEBYE.S1
CCATINLE : . T TTTT T T T TDEBYEL 52
CUNTINLE DEBYE.52

o ’ I ~ DEBYE.S4

PRINT £C4&y TLNMP,SURF,BULK ’ DEBYE.%5
PETLRA ' OERYE.56
CCATIANLE . i N DEBYE.E7
CC 13C I=1,1¢ : . CERYE.S8
w(I)=0.C UEBYE.SS
CCATIALE - CEBYEL£0
¢l TC 140 . . CERYE.€1

) ‘DERYE. €2
R CEBYE.E3

FCARMATL FID.5 ) ) DEAYE.64
FLRMBT( ZF1Ce3 ) DERYE.€5
FCRNMZ2TL /7 10X *LATTICE TtAVERAIURE * F3.0, IlOX‘CEEYE TEMPERATURECERYE L&A

28 =3F3.Cy & ANCT FTL0 DERYE.4T

~ CEQYE.¢8

tAC ‘ . DEBYE .69



=74

SLEATLTINE CLBINTC Be Vo Ay aRS)

Cugint, 2
OIFEASICN X(50Q}, v1>00) SCLRINT,Y
. 16C = % X CUPINT . &
133 LCL = {Y120-Y1100740(2)=KtL ) CuRINT,.3
1% €12 = (VEII-Y{2IH/UXI3I=-KL2D) CuBINT,*
él 0€2 = ((42-CLIIZLRLTI=XLLD) CueInt,7
26 Nl = & CurInT. .8
24 CLY I=i,A1 CyYaINT.S
0 rey s l‘ll'!l-'(l#;l)lllll')l-l(l'?ll Cupint.10
e CLY & (L23-L22021K(Te3)=2010.2) CLAIAT L
.2 3CY = (Ci3-TOQV/7(X(Te2i=-R(I}) CURINT, 12
.5 A= YULP=N(IPOQLCI<RILoLI0(02-X(1021003C)) CuP AT, 1Y
3 B s (L} CC"(X(llllllbl’lOOJ‘G(l(l)‘)(lt l'l(IOZD’,(l)'l(l'll‘lll'CuFINY 14
11 CugInT .19
C e CCI-COIOIRUTIexMlo dokilo2)) CUBINT, 14
v e C? CurinT,*?
TFC % (63, &) GC TC ¢ CupINT. I8
G0 TS H2e 30 )y KKC CL2INT, 16
2 TEUS, B84 Co Co 0.00 0400 X1}y XiI)y BAS) Cueint.20
16C = 2 CLUBINT. 21
1FL 1 ofCe R«4) {GC = 3 CuBIKT. 22
6C 13 8 Cudint, 23
3 CALL CasTEts, Py Cy Lo 0.Ce Co0e XITo13, X{102), SLP) CUPINT, 26
MRS = INSeSLP CUBINT, 2%
IFt 1 <EQ. KN-4) ICC = 3 CusINT. .28
GC 7C 5 CUaAT, 27
I CALL GPATE(S, B, Co 0- Qe0r 0o0s Xilelld,. X{1e3}, SLM) - CuPINT. 20
MRS = ANSeSLY . Cugint, 28
s CCATIALE CUBINT. 20

€01 = Ci2
€12 = €23
VC2 = £
’ CUNTINUE
RETLAN :
¢ CALL GRATEL &, By Co Lo 0.0, 0.Co Xt11, XI4), ANS)
RETURN
eAC

SUBPRCGRAP LERGTr
0c0314

FLACTICA BSSICAPERTS
snr:ven ASSICAPELTS ) -

- coo1c? H] - 000%s © 4 - 0CO1%e L]
a - CCGace
BLOCK MOPES ANC LEACTHS

V‘RIAELE ASSICAMENTS
L]

'€003C7 - ogorwo 14 - gecerd 4
CCX - gce2re e - €toti (3] -~ 000308 tt2
c13 -~ Gco3cs 023 - CO0QIC4 ] - <cerer 16C
- Qce3l3

L33 - g00702 SLr

STARTY CF CCASTAATS

cec2zs

START CF YEMPPCEARIES
cca2e

STARY CF INCIRECTS
acaree

UAUSEC CCPPILER SPACE
1243C0

SUBRCUTINE GRATEL A, 8, Cy» O¢ €4 Fy D)o K2, BAS)
OIPERSICH GULI), 242D
61 o 2

]
E0LIt11902172.C
[SITLARLLLR NS M|

MS a Gl’l-c1'|
RITLAA
(114

({4404 8

cconz
€Ca300

acozte

CURINT,
CURINT, 32

CURINT,. 32

CURINT, 34
CuBINT, S
CURINT 3¢
CUBINT, Y
CurINT.I®

CULINT, 36
CuBiInT 50
CuRInT, &t
CLPINT .42
CURIAT. 43
CUPINT .04
CLPLIAT a8
CuBINT 48
CLPINT AT
CudinT, a0
CuRINT. 49

“wmO
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SLRPTILTINE T2HLE

TABLE.?Z
TABLE.2

A& TABLE CF SPFERICAL FARMULNICS (STORE) IS STORED IN THE LARGE ARRATABLE.S

FCK EACH LATTICE PCINT CUASISTEAT wiITH THE GECFMETRY .

TABLE.S

THE PARAMETER (LAYEP) DETCKMINES ELECTRCN PATE LENGTHh CLTCFF ###$3TARLE.S

TABLE.?

rCPFCP/ELCCKA/A(lCr?)vB(lOoz)00(1003)|R5(10'2)URB(IC'Z)'ALAT'SPACEAuz

yBASTIS{2),ARBSIES

CCMMCN/BLCCKC/VY(3) 4V2(3,121,V3(2,12),VX,VY,VZ:5QK(12),CCK(12},

YIN(3S) 9y YCLT(4G412) ¢ XKZERUYAREA?
CCMFLEX 'YIN,YCUT

A.2
C.2
c.3
c.

CTMNCA/BLCCKD /AL W AN M, hLELTA.hPC'NPGY LAYER, hUHPtX.h[lelST(bpb)D 2

LR
LCNFFA/ELCLKL/LNAX'LTLP.LﬂAXl.LPAX?'LPAXB'LPAlé.LX
'lrr\E'IThCQ‘THREE
CCMNCA/BLCCKH/KX (24C1)9CU 75320, LLITS22),YINT(LEG)
CCMPLEX YINT
CCMMGA/BLCCKJI/MAXX(SL JoRMALL 90CO) ¢ XMAG( SOCC) MAXR

CCNNCB/ELCCKX/TI"EvITENvMbLTvISCBLEyIPAX lTYPE.LSUPolLCCPvIPﬂR

[NTECER TIME
LARCE C.aM(1256),RVEC(30000),C.C(490CC)

DINENSICNS CF KX,Ce8ND LL.

NM2=2401 § ANMYI=TE32 § NMe=T7532

OIMENSICNS CF RMAG ANC XMAG

NM&=9CCU $ NMT=6CCC

DIMENSICNS CF RVEC AND G=-ARRAY Ih LARGE CCRE VENCKY.
NvE=3C0C0O $ NMT7=490C0

LINT=LMAXZ-1

MrMAX=ZCC

RMAX=Z 2CALAYER,Z)+ U055
IF(MAXE NELC) RNAX=MAXR
LYR=LAYEKR

IF(MULT.LELY) LYR=1

PRINT €COys RMAX

LCC=0

INCEX=0

- Lccc=c

520

INDEX=(NUL-1)®LAYERNU2
SUMMATICN 1S FASTEST CVik LAYER CF [INITIAL SCATTER!RG 90

OC 2€C  NUZ=1,LYR
0C 20C NLY=1,LYR '
IF(NU1.EQ.NUZ.ANC,AUL.NE.1) GO TO 2cC
INCEX= INDEX+L :
FURNMAT( SXSLAYERS #13,%,%(3,¢  INDEX=® [4 )

Al1=A(ALL,1)

AZ=A(NLY,2)

er=e(rul,l)

R2=B(NL1,2) .
RR1=D(NUL,1)-CINU2,1}
RR2=C(NL1,2)-CI(NU2+2)

De2
Ee.

2
Eo3
H.?
H.!
Je2?
Xe2

Xe3
LARGE.?2
DIv.2
Civ,.3
DIV &
DIV,5
DimMe.p
DIF¥.7
Div.8
DIv.S
TARLE. L7
TABLE.18
TABLE.1S
TABLE,20
TABLE.21
TABLE.22
TABLE,.23
TABLE.Z4
TABLE.2S
TABLE.26
TABLE.27
TABLE. 28
TABLE.29
TARLE. 20
TABLE,.31
TABLE, 22
TAELE.2?
TABLE.24
TABLE, 25
TABLE.?
TABLE.27
TABLE.?8
TABLE.39
TABLE.4C
TABLE.4]
TABLE.42
TABLE.42
TARLE. 4G

TABLE.4S



7‘

17
1ccC
1ci

1C2

102
1c3
1ce
e
114
127
134
124
12¢
127
121
135
13¢

13¢

"151

17¢

‘21¢
22?2

230
22¢

<=

24t

o OO

OO

S0 (o]

10¢C

103

;76_ o

R2 =0(NLLI¢2)-CINLZ,2)

RCQz=R¢8? .
RX=RFAX=C(NL1,2)-CIAU243)

LSUMN=Z CALSFS SUMMATIUN UVek CYLINCRICAL VOLULME,
LSUM=1 CAUSES SUMMATION NVER HEMISPRERICAL VOLUME.

IFILSLM.5C.7) RX=KMAX
FXI=RXe¥]

KX IS THE MAXINMUN FATH LENGTE FCR SUMMATICN IAN LAYEP
(NU2)=LAYER SUMMATICN Fullia$ $s¢sss

DC.18C Mi=1,MMAX
Mepi-l
1ccr=¢

CCNTINUE
SUM CVER (NJCELZERC) ®sp%%

rES=C.C

CC 12C Nl1=),MMAX
N=NI=~1
Riz=leAT+ivegI+RP]
R2=p2824NBRZ4RP2
FSC=R1%424R2%%2+RSC?
IPASS=0
IF(NCASIS.FCL.Cd GL 1C 105
R64=RL+2ASIS(Y)
RZ=R2+RAS[S(2)
RBS=R4F%:14R5+%24RS(2
IPASS=1

CCATINLE S

IFINCEC.O0) KkMM=RSK
IFINJECeO«ANCNRASIS.ANELO) GO TC 102

TIF(ESCLLTLCeCL) GC TC Q20

CCANTINUE

IF(RSC.LELRXTY  GC TC 140
IF(ABASTIS.EC.C) GC TO 120
IF(RBSLELRXZ) - IPASS=Z
IF(1PASS.FQ.2) GC 70 110
IF(RSCeLELRMM) "GC TC 320 -
GC TC 120

CCATINLE : '
IF(IPASS.EQel s ANCFSQetT.0.0i) GO TC 119
IF(IPASS.ECeZaANCRESLLTL0.0L) GO TC 120
TF(IPASS.EC.?.ANC XBSGTRXZ) CC TC 12C

LCC=LCC+:

RMAGLLCC)=SCRT(RSC)

TF(IPLSSeEN?) RMAGILCCI=SCRTLFES)
XMACILCCI=VvI(I)%RI+VI(2)4RZ+VI{3)3R]

IF(IFPASSLEGe?2) . XMAGILUC)I=VLI(1)¥R4*VI(Z)I*RI¢VI(?2)*R2
LCCC=LCCU+ : :

(NLz) $*sxxk

TAPLE. 4%
TABLE.47
TARLE. 4B

TABLE.4S

TABLE.=C
TAYLE.SL
TABLE. =2
TARLE, 3
TARLE.Z¢

-TAYLE, €<

TABLE. e
TABLE <7
TacLE.TR

TARLE, =S

TABLE.4C
TantE.4l
TABLE.=2
TabLe.*?
TABLF.c4
TARLE.*E
TAOLE . ¢¢
TARLE.E7
TAQLE .48
TABLE.ES
TARLE.TC
TAgLF. T
TARLE.?2Z
TARLE, 73
TARLE,74
TABLE,?5
TAJLE. ™%
TABLE.??
TAPLE.?8
TAHLE.?S
TABLE.BC
rTagLe,.el
TAELE.E?
TABLE.Y2
TA2LE.R4

.TABLE.&8%

TABLE.E%

"TABLF.E7

TARLE,B8
TABLE . RS
TABLE.SC
TAeLE .92
TABLE,.G?
TARLE .97
TARLE.G<
TABLES€
TAPLE.SS
TARLE,G?
TARLE,.G8
TARLE,SS
TaBLE.'CO
TavLf, 201
TAQLE, 02
TARPLE, 02
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-

FoE
aQ~
o

407 -

a7
421
422
4217
430

423

437
440

[a N alal

310

120

13C

14C
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RVEC(LLCCC)=R]

IF(1PASS.EC.2) AVEC(LOCO)=R4

LCCC=LCCO+1

RVEC (LCCC) =R2 _ : _
IF(IPASS.EQ.2) RVECILOCU}=RS : ;
LCCL=LCCO+L

RVEC (LCCU)=R2

LCL=LCCC-2

FCAMAT( LCX#(* 2]14,4%) X=% FGo4,* Y28 FQeb,* 1=* F9.4 )

1cCr=1

CCNTINLE

IPASS=IPASS+] .
IF(IPASSL.EG.2) GO 10 110
CCATINLE

CCNTINLE

SLM CVER (N.LTLZERC) s%es#

DC 15C Nl=1,MMAX

N==N1 . )
R1=NM2A14NSB14RR1
R2=M¥A24N®B24RR2
RSC=P1##24+R2%424RSQ?
[P2SS=0 .
IF{NBASIS.EN.0) GC TG 1355
R&4=PL4+RASIS(1)
R5=RZ+PASIS(2)
RRS=R42224058324RSQ2
1PASS=1

GC 10 13

CCATIALF .
JIF(RSC.LT.0.0%) GO TO 150
CCNTIMUE

IFIRSCL.LELRX2) GO TO 140
IF(NBASIS.EC.0) GC TC 160
IF(RRS.LELRX2) 1PASS=2
IF(IPASS.EQ.2) CC Tu 140
IF(RSCLLELRMNM) GO TC 1350
GC T0 140

CUNTINLE

JF(IPASS.EC.2.ANCLRPS.GTJRX2) C€C TO 15C
LCC=LCC+1 ’

RMAGILCC)=SChTIKSQ)

COXNMAGILCCI=VILL)®R1I4VI(2)*%RL+VII2Z)*R2

IF(IPASS.EQLZ) . RMACG(LOC)=SCRT{RES)

IFOIPASSL.EQL2) XMAGILUC)I=VI(1)*R4+VI(Z)*R5¢V1(3)*R3
LtCCl=LCCC+

RVEC({LCCUI=RY .

IF(IPESSLEC.2) PVECLLOCOI=RS

TLCCC=LCCOMY

RVEC(LCCO)=P2
IE(1PASS.EC.2) RVEC(LUCCI=RS
LCCC=LiCUsL

RVEC(LCCU)=R2

LCL=LCcc-2

TCCK=1

TABLE. 104
TABLE.105
TABLE.106

" TABLE. 107

TABLE.108
TaBLE.109
TABLE.110
TABLE.111
TABLE.112
TABLE.112
TABLE.Y14
TABLE.115
TABLE.116
TABLE.117
TABLE.118
TABLE.119
TABLE.120
TABLE.L121
TABLE.122
TABLE.1223
TABLE.124
TABLE.125
TABLE.126
TABLE.127
TABLE.128
TABLE.129
TABLE.130
TABLE.121
TAPLE.132
TABLE. 133
TABRLE.134
TABLE.135
TABLE. 126
TABLE.127
TABLE.138
TABLE.139
TABLE.140

TABLF. 141

TABLE.142
TABLE.143
TABLE.144
TABLE.145
TABLE. 146
TABLE.147
TABLE. 148
TABLE.14S
TABLE.150
TABLE.151
TABLE.1SC
TABLE.'S3
TABLE.154
TABLE.15¢
TABLE.156
TaBLE.L1E7
TABLE.1%8
TABLEL15G
TASLE.1¢€0
TARLE.161



448
445
447
45C

453

452

a0 o A

455

&~
\n
v

45¢
45¢
4%7

[aNaNal

467

4t4
4es

£16
517

SLAPRCGRAN
0C1072
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145 CONTIALE L TABLE.162

IPASS=[PASS+: - o TABLE.162
IF(IPASS.EC.2) GC TO 140 ' . » TABLE.164

15C CONTINLE _ " TABLE.L6S
_ TABLE 160
16C CCNTENGE : S o TABLE, Y47
. . o TARLE 168

IF(M.LE.O) GC TC 170 - TABLE, 149

- . o : TABLE.17D
INCLUCE NECATIVE M-VALUES IN THE SUMMATIUN #s#%s TAOLE,172

. o _ TARLE. 172

" , : TABLE.173

GC TQ icu . TABLE.174

o TABLE,17¢

170 CCNTINLE ‘ TARLE. T4
IFLICCYL.EC.0) GC TC 190 TABLE.LTT
1PC CCNTINLE ' N : TABLE. 178
: © TABLE.179

SUMMATICN CVEF L2YER (NU2) IS CCNPLETEL sexss ' TABLE. 1EC

» » . ' TABLE.181

150 CONTIANUF TABLE . 162
MaXxx(INnCEX) =LCC : TABLE, 182
ANUX=NLY . TABLE,. 186
MLY=AL? : TARLE,. 183
PRINT BIO.AUX'NUY,IAOEX.MAXX(INC‘X) TABLE.12h

200 CCNTINUF TABLE,187
LC=2sLCC . TagELE.189
NL=LAYER®(LAYER+1)9LMAXS TABLE.189
FRINT 220, NUNMAXsAMLNUMPAK,AM2ZoLMAX4 K3, LCC.&P4.LCC.A#S,LC.hné,TAELE.'qc

2 NULJAMT TARLE 151
PRINT 870 ‘ _ TABLE.152

SCC FCRNMATL 2CX%eX=% F9,4,%  V=%FQ,4,%  I=#* F9.4 ) ' _ TABLF, 152
© TF{NUNMAX.GT.NML.CR.NUMMAXeGT.NM2) ITEM=5 . TABLE.1S%
IF(LCCL.CT AMS.CRLLCCLGT.NM3)  ETEM=3 _ ' : ' TABLE,. 165
TFILMAX4.CToNMICR.LCLGT.NM5)  ITEM=5 : . " TABLE.154

- - TABLE.1S7

' ' : TABLE. 158

eco FLRMA1( /7 YOX*SUBRCULTINE TABLE SETS PRCPAGATCR cuvc;r LENGTH AT RTABLE,99
2MAX=2 F8.2 .) TABLE.?CO

810 FCRMAT( "CX*FINAL LAYERS CF SUMNMATICN ARE (¥ [2,%,912,%) MAXX(* TABLE. ?Ca
2 I3,%)=% 15,% = TOTAL NUMBER CF ATCMIC SITES WITHIN CUTCFF. = ) TABLE,.
820 FCKMAT( / iCX*ARRAY DIMENSIUNS REQUIKED (ANL SUPPLIEC) BY PRCbRAF‘TAHL:.:C’

2 /27x® C-% b, * (% Jc, *)* TABLE, 204
3 /27X» LL=* Joe ® (815, %)3 ) ' TABLE.2J5
& f27x%* KX=-% J&£, & (% J6, *)* ' TARLE,2Cé
S /27x% RMAG-#% lcy * (& 14, *)* : TABLE, 237
& 727TXxe T OXVNAG-% lo, * (% 16, *)* i TABLE.?CH9
7 /27x* RVEC-% [5, &« (% J6, *)% v : TABLE, 2CS
8 /27X2GICONPLFEX)=% 14, & (% [&, *)¢ } . : TASLE, 210
€3C FCRMAT( /7717 ) T : ) : TaBLE,. 211
: TARLE.212

RETURN TARLF. 213
EXE - : "TABLE.?'6

LENGTH
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FRCCRANM LCCF

LCCP,2
LOCP.4

CuVNCh/ELCCKA/A(L0v<)'8(10v£)90(1003!'RA(IC'Z"RB(IC,ZD ALAT,SPACEA.?2
SeBASISL?) 4 ApASIS

CCMMCN/BLCCKB/T(2,8CsT)y ELYRCLIC) LSY¥(1C)
CCMPLEX T
COMMGN/BLECKC/VIE2) gV2(3 9121 9V5 (39121 ,VXoVYoVZoSEKI12) 4GCK 1121,

2 YIN(4S)4YCLTU(4S422) e XKZERJAREA2

CCMPLEX YIN,YTUT

CCNMMCN/BLCCKE/NLCW o NNUMyNDELTA ¢ ARGyNAGY o LAYER ALMPAX NCIF o IST (6461}

2 LR

2

2

2

COMMON/BLUCKE/LMAX LTUP JLMAXL o LMEX2,LMAXI L MAXG,LX
2 ICNE, ITWC, ITHREE

CCVNCN/BLCCKF/ZITHT L IPHETHTT, ClST'CSTH(LZD;VXX(Zlevihb# J¥(L2)

JNE12),ICE12),KC(12)

CLNPGA/ELCCKC/ESIGqSlGZoXK'DAMP.ZRORN,PCTL.GANA'SIGPA,LCh‘k.NhﬁG

yLANMECA
REAL LeveCa
INTEGER S1CM2
CCNMPLENX INCRWV

‘CCNPFK/ELCCKF/KX(ZéclDoC(7532)|LL(7 22),YINT(1€S)

CCMFLEX YINT ‘
COMMCN/BLCCKJI/MAXX(S]L ) RNAGL 90CO) ,XMAG( 9000} ,MAXP
CCMNON/BLCCKK/BBR(2¢y2)9TAUL36+3642),TT(10,12),KTYPL(LC)
CCFPLER  EBBE,TAL,TT |
CUMMGN/BLCCKRL/ARG {1069}y XO(S )y PATHL(1C),PATHZ(10,12)
CCMPLEX ARG,k

CCMMON/BLCCKM/RATIC yXCUON, KSTAR

CCMPLEX KSTAR,XCCN

COMNMCN/ZBLCCKNZE(SL) +ENESL Y9 SEL2451)
CCMNOA/BLCCKC/PX,PY,PL

CCHNMCN/RLCCKX/TIME,, ITEM, MULT:ISCALFvIMAXpXTVPE LSUM,ILCCP, IPHR

INTEGER TIwve

CCMMON/BLKDEE/w 10 ) ATHTLL0) ,TEMP, SURF,BULK,CIN{1C),0OCLTE10,12)

CCFNMON/CONST/FI 4FI14,P L1924, CUN1oCCNSyCON3 4 CONGyCONSTT, [MoCAST
CCHMPLEX [V

CIMENSICN TIvM(20),J40(12)

LARCE CoQM{2255),RVEC (30000} CaC(490COD

CIMENSICAS CF KX, Cy2AnL LL.

NM2=24C1 5 NMI=T7572 3§ NM2=T532

SIMENSICNS CF RMAG AND XMAG

A¥4=SCCC $ MAvS=6CCC

DINENSICNS CF PVEC AOND G-ARRAY IA LARGE CORE MENORY.
AME=3C003 $ AMT=49COC

ICNE=LAYZR*(LAYER~L1)*LMAXS
ITWC=T0Nc+LAYER®LMAXS
[THREE=ITWO+LRAYER*LMAXSG
LCx=2*LMaX

SWEEP CveR ENERCY RANGE AND CALLULATE INTENSITIES vtoss

ILCCP=1
DC LEC J=Y,ABMLY

IF(TIME.NE,C) CALL SECUND(TIMEY)
ARG=NRCeNCELTA ‘

r:«z:z EXCFCFXRLIIOONOOT mrnn\c(af\r)r)mtn

A3

© & & & ¢ & 0 & ¢ 0 & 6 8 & 0 0 0 & & & O 0 8 3 8 G &
uNNNkUNwNWNf\)uN(rmbuNthlNMN&\QNuN

DEB.2
CCNST.?
CONST .2
LCCP.23
LARGE.2
DIM.2
Div.3
DI¥.4
DIv.S
DIN.&
DIVM.7
DIM.8
OIM.9
LCEP. 26
LCCP, 27
LCCP.28
LCCP. 2§
LOGP.2C
LOCP. 3
LGCP.32

‘LCCP. 32

LGCP. 3¢
LO0P. 25
LOCP . 3¢
LCCR Y



21

91

34
1e
4C
42

-

&1

5¢
$7

'3l
LX)
70
72
1c2
112
122
120

126
151
151
1%3
15¢
157
1¢2
170
172
2ce

2C0

2c2
204
21
221
- 221
21¢

24C
247
-zé&C
2¢2

. 2¢€4

O A0

s XaNakg]

aon

1C5
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CALL ENERCY(ANRCINRCY) .
IF(NRCYszLeC) GC TC 130
EN(J)=ESIC
RATIC=XK2XK It KN
KSTLR=CMPLX(XK,CANF)
XCCA=-INa3(CCNZ2P[4Z#ASTAR
Vi€l )=XKavX

V1{2)=xK%x\VY

Vi(3)=xKav!l
FTR=8REL2/VI(2)*%2

PRINT ®1%
PRINT g2C

CP=1,/CANP

PRINT 820. 5, NRCoNRGY

PRINT €22, FSIC,SIC2

PEIMT 324, XK,CAMP

PRINT €294 INCRWV

PFINT 923, [P

DAMP 1S THE CLMPING FACTOR eee MULTIFLY BY PATH LENGTE #8583
IF V2 IS A PROPAGATING BEAMy CALCULATE ITS Z-CCFFOCNENT sesse

CC 112 JEEANM=1,KNUV

JelJjeeav) =1 * :
V2(LsJBFAM)=VI(1)4VXX(LsJBEAV)
V2(2,SBEAN)=VLI(2)+VXX(2JBEAM)
SCKIJRFAM) =v2 (1 ,JBEAN)E24V2 (29 JOEAN)®S?
QCK(JBEAM)=SCRTISGK(JBEAM))
IF(CCKIJBEAN) LCELXK) JE(JUBEAM)=O
IF(JBLJREAM).EQ.0) GC TC 1ic -
XKP=SURT(XK#2Z-SCK(JEEAM) )
V2(3,JREZAN)=-XKP

CSTH{JPEAN) =XK/XKP

OBTAIN INCICEMT AND LLTGUING CAMPING ARRAYS o%43»

DC 1CC 11=1,LAYER |

IF(UBEANLECLY) PATHL(LI)I=(O(I143)4DIST)I*THTT
TF(JREAN,EQCeL) CINCIL)=EXV(-PATFI(II)*CAMP)
PATH2(I1,JBEANM)=(C(T143)40ISTI*CSTH{JEFAV)
OCUT(TIJEEAN)=EXP(-PATH2( LI JBEAM) =T ANF)
CCATINLE

CSTH(JREAM) IS INVERSE OF CCSINE.FCR CUTGCING gEtAM svess
CCMPLTE SFHEKICAL FARMUNICS FUR CUTGCING BEANS *xves

CALL YLMIV2(L 3 JBEANM) V2{2yJOEAN )4 V2(29JEEAM) s YIATHLEXe=1)

CC 105 L=lyLMAX3
YCUT(L,JBEANM)=YINT(L)
CCATINLE

DC 11C .L=1l,a

V(L JREAM)=VIIL)=V2(L,JBEAM)
CCNTIANLE

GC TO 115

LCCcP,.28
LCCPL3S
LLCP. 40
LCCP, %!
LoCcP. 42
LCCP,62
LCCP, &4
LCOP. 42
LCCP.%c
LCCP.e7
LCCP,c8
LCCP &S
LCCP.7C
LCCP,. 5
LCCP.57
LOCP .S 2
LCCP,. 54
LOCP.T7
LCorP. 54
LCCP. 37
LELPL3 8
LLCIIPe 3G
LCCP. T
LCCP,c!
LOP,. &2

LLCCP.AZ

LCLPect
LCCP, &%
LCCP.5¢
LCTP.€7
LCCPL &2
LCCP, &5
LOnP, 7C
LCCPL 7Y
LCCP.7?
LCrP. 7
LCCP.Ta
LOUP, 72
LCCP.7e
LCCP. 277
LCCP.78
LCCP, 7S
LCCPL.EC
LCCP.9Y
LCCP.8C
LUGP, #2
LCCP. .34
LCCP 5T
L3IP, BE

S LCCP. 27

Lenp, g
LETP.BS
LCCP.SC
Lecp, e
LCCP.S™
LCCP.S:
LCCP.
LCCP.SF



&

177
4CC
4C3
4GS
4C7
410

412

414
417

417
420
421

424

427

452
452
4%4
457

ann (2]

112
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CCNTINUE
V2 (3, JBEAN
VI S JREAN
V(2 JEEAN
VI3, JECAN)
CSTHEYREAMT =D
€0 117 L=1,LAYER
QCLTILJ3EAMI=T,.C
PATH2(L,JAEAV)=C.0
CCNTINUE

—

o0

20 114 L=l.LMAx?

YOLT(L JREAMI=(0.CyCaU)
CCNTINLE

COATINLE
PRINT AL2
PRINT 213, V1

L CC 178 JEEANM=1,KALP

2

PRINT 519, IC(JBEAN) yUMIUBEAM) yUN{ JBEANM) , (V2(]I,JBEAN),121,3],

(V3CT,JBEANM), 1=143})

118 CONTINLE

120

12¢

[aNaX el

T CAaLL FILLE

TF(MLLT.LE.1)  GC TC 120
IF(TINELNE.C) CALL SECUND(TIMES)
CALL CREEN(L)
ChlL FERTE
TF(TIVMELNELC) CALL SECOND(TIMES)
CaLL TNy
IF(TIMELNE.C) CALL SECUND(TIMEc)
CCATINGF ,
Le=1
CALL KINEM . ‘
CALL TSLNM(LF,FTR,J)

TF(MLLT.LE.Y1) CC TC 128

CCMPUTE INTERPLANE PRUPAGATURS. STACK HCRIZCNTALLY IN

INCEX=1

[RECIN=-LMAXS

DG 125 12=1,LAYER

DT 125 Il=1,LAYER

IF(I1.€Q.12) GC TC 125
IBECIN=IBEGIN¢LNAXS

INCEX=INDEX+!

caty GFEFR(IRCEX.IEEbIN)

CONTINGE

IF(TINELNELC) CALL SECCOND(TIMET)

GSTACK SETS UP MATRICES FOR UCUBLE DIFFRACTICN.

Lr=2

CALL CSTACK

CALL TSLM(LNM,FTR,J)

{F(TIMENELC) CALL SECUND(TINMES)

LOCP.9¢
LOCP.ST

LOOP,SE

LCCP.99

LCCP.1CO
LCCP. 101
LCCcP. 162
LOOP. 1C3
LCCPo104
LCCPo1CS
LONF. 106
LCCP.1CT
LOCP. 1C8
LOCP.1C9
LCCP.110
LCCPL111
LOCP.112
LO0P. 113
LCCP.114
LOOP. 1€
LCCP.116
LCCP.117
LOOP. 118
LOCP. 116
LCCP.120
Lccp.121
LcCP. 122
LocP.122
LCCP.124
LCCP.125
LOCP.126
LCCP.127
LCCP. 128
LCCP.129
LCCP.120
LOCP. 131
LCCP.122
LCCP. 123
LCOP. 124
LCCP.135
LOOP. 124
LCCP.127
LCCP.128
L00P.129
LCCP. 140
LCCP. 141

"LCCP.142

LOCP. 143
LOOP. 144
LCCFPe145
LCCP. 146
LCCP. 147
tCCP.148
LOCP.1 45
LCCF.150
LoCP. 151
LOQP.152
LOCP 133



462
463
465
46¢
47C
473
475
sCt
€G3

5C3
305
ECe
52¢
527
53¢
536

824

£42

€45
.E€0
se2
Sét
8C?

612

€12
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LCCP. 154

ITERATS TC CRCeR  NCIF, ‘ ‘ LCCP.155

: : -~ LOCP.13€
KLM=0 ‘ - LCCP.157
NCF=NCIF-2 v o " LCCP.158
IF(NCFL.LECI) "GC TO i28 ' : LOOP. 156

CC 127 [=1,NCF - LCCP,. 140
CALL SCATT . LGOCP, 161
CALL TSL4LI#2,FTR,J) ) LCcP.162
IF(TIMELNESC) CALL SECONDITIMLID) . LCCP,1€3
KLM=1 LCCP.1¢4

127 CUNTIMLE ‘ LCCP.1E5
4 : : ’ LCCP. 166

128 CCNTINLE : Lccr,. 167
IF(TINELEC.C) GC TC 130 i LCCP.268
PRINT 822, TIMEY?,TIMeaw,TIVES,TIFES,TIMET,TIMEE , : LCCP.169
IF(KLVM,EZLC) GC TR 130 _ | Lece.170
PRINT 8244 (TINITJK) ¢ [UK=0sKLM) : LeePL171
“1L3C CCNTINLE R LCCP.172
14C CUNTINLF ' LCCP.173
PRINT 815 LCCP.1746

1EC CGATINLE _ _ LCCP.175
‘ LOCP.176

: . . : ‘ : LCCPL1T77

PRINT 2C6 : ' LCOP.178

CC 14C  I=1,KNUV . LGCP,179
PRINT 8CaICCI),IM(T) INCID . LGUP,1EQ
PRINT 8C2¢l ECJ) oSt Ted)e J=lohNUP ) LOCP.181

14C CCATINLE . : LccP. 182
‘ ‘ LOCP. Y82

. LCCP. 184

8C2 FCRMAT( / 10X 4(%E=® F4,0y%=-% E15,8,5X) ) LCOP. 185
804 FCRMAT( ///7/7 LOX*TYPE(#[2,¢) BEAVM(?12,%,%12,%)  ENERCY- VS-!NTEALGCP 186
2SITY® / LOX 7h#%sssss ) . LCCP. 17
8Ce FCRMAT( 15, &(1x 212) ) ' LCOP. 188
A12 FCRMAT( / ) ’ : LCCP.189
€14 FURMAT( / LOX®ENERGY(®¥]Z,%)=% F4oCo* EoVe SINGLE=®Elé&.5,* DCLBLCCP.150
2LER®E a5, % . TRIPLE=#%El4.6y /60X 14H ®*sssssnssss 10X LCCP.151
-2 14H suoteeRR Rty 12X 14H t 2222 22 2 R X 22 /7 V. : ’ LCCP.152
Bl€& FCHMATUL 2X Y2(10k* % * % & ) ) o : LOCP. 193
818 FCRMAT( / 1CX*PROPACATIUN VECTURS IN cnvsrat Viz® 2FG,5 ) LOCP 154
81S FCRMAT( LSXSTYPE(*12,%) GBEAMI®]I2,%,% [2,%) V2= 3FG.E, LOCP. 165
2 vi=® 2FG.E ) ‘ LaCP.158
820 FCFMAT( / LOX®INCICENT BEAM ENEKGY IS & 13,% E.V.  $3$$8 NRGY=# LCGP.1S7
2 1&) - LCCP. 158
822 FCRMAT( LOX#RENCRMALIZED QUASIPARTICLE ENERGY . E=(*LGCPL1SS
2 F9e24%y% FSo.by *) EV. ) _ LCCP.2CO
824 FCRMAT( LOX®CCMPLEX K=VECTUR KSTAR=(*LCOP.2Cl
2 FB.%y%,% FB.S,%) INVERSE ANGSTRCMS * ) ‘ ) LCCP.202
826 FCRMAT({ _UX¥CLASTIPARTICLE RENCRPALIZATICN CONSTANT _INORM=(*LOCP.2C2
2 FE.5y 7¢* FR,5, %)% ) ‘ < LOCP,. 204
828 FCAMAT( LOX#INELASTIC DAMPING LENGTH : LAMBCAz* LCCP.2C5
2 FH.%y * ANGSTRCHNS 2 ) LOCP. 206
A3C FCRMAT( 1K1 ) Lcer.207
832 FCHMAT( / VCX®TIME REQUIREMENTS FOR EXECUTION GF ENERGY LOOP® Lccp.2c8
2 /7 12Zx#3EGIN LUCP AT . % Fde3y L0O0P.2C9

2/ 12x*TC ENC OF FILLE ¢ FeE.2, ' LCcpP.210

4 / 12x#TC ENC CF SLEPL = FB8.3, Lccr. 211
T/ 12XeTQ ENC CF IANvV * Fg,.2, : Lcee. 212

€ / 1Zx*TC &NC CF GREEN  * FE,3, : » LoCcP,. 23

& 7/ 1Zx%00UBLE DIFFRACTION® FE.3 ) LocP.214
834 FCRMAT( L2X* NEXT ITERATICN® FS8.3 ) ' LCCP, 215
: . ‘ LCCP. 216

L ‘ : LocP, 217

INC , LCCP. 218
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B-ARRAYSe wHICH ARE GETAINEC FRCM THE ATCMIC
CEBVE WALLER FACTCRS PROVISION IS MALCE FOR
CIFFERENT SUKFACE ANC BULK DEEYE-hALLER FACTCRS,

B AND T-ARR2YS ARE 80TH UIAGUNAL,

FILLB.2
FILLB.3
FILLA.4
FILLB.S
FILLB.S

IMFLYING SPFERICAL SYPPETRV‘#‘;&F[LLﬂD7

FILLE.®
FILLP.S
B.?
6.3

C("NCA/PLCCK‘/NLLH.NNUM.NDELTA:hRGoNFGY.LAYER AUMMAX NCIFIST{64+6)Ca

LR

CCVPUN/PLPCKE/LFAX,LTUP,LVAXLerAXZ.LFAXBgLPAX4'LX

o ICME, ITwC o ITHREE
CC#NCA/BLCCKCG/ESIC,SIGZ s XKy DAMP,ZNORN,POTL+GAMA,SICFA,LCRER,NARG

s LAMACA
REAL LEMEDS
INTEGFPR SIGMA
CCMFLEX INCFEWV

CLNFCA/PLCCKKIPEE(36:2).TAU(Jbv:éoZl-lT(lO'lZ)pKTYP(ICI

CCHPLEX BHER,TAL,TT
CCFNLA/PLCCKX/TXNE.ITEM.HULT.lSCALquHAXplTYPEvLSUF !L(CP IPWR

INTEGER TINME

CCPPGA/ELKDEE/&(IOD'AThT(1Ul,YEVP.SU“F«BULK.D!R(!CDpCCL?(lOvIZ)

CIMENSICN CP(21,21),BCFLZLl)+XINT(20)

CCMPLEX TX{(1l)},BCC

‘tome=21

LCFPIN,LL2)= Fl’((?‘LO‘)'CP(N'loLLl) L*CPIN,L )}

SMALL=Ll.CE-10
CALCULATE ARRAY

IF(ILCCPW.NELY)
LLt=sLCv-2
LLB=LCMe=2

BC 100 L=1,LC0.
CP(L)=C.0 .
CCATINLE

CPiilqs1)=
CPlLy2)=

—

GC Y1C L=1,LLL
LLl=L+1
LL2=L+2
F1=1./LLY

CP(loLLi)=-LoF1eCP(1,L)

DC 110 N=Zz,LL2

CCNTINLE
fLCcCe=1.

DC 115 L=1,LOM

SLM=0.0
9C 112 N=1,L

IF 1LOQP=] #*u*»

0.3

FILLB.18
FILLB.t9
FILLB.20
FILLB.Z1
FILLR,22
FILLB.22
FILLR.Z4
FILLB.2F
FILLR,2¢&
FILLB.27
FILLB.28
FILLB.29
FlLLR.2¢
FILLB.21
FILLA,.22
FILLS.22
FILLB.24
FILL8.3E
FILLB.?&
FILLB,37 -

“FILLB.?8

FILLB .33
FILLB .40
FILLB.41
FILLB.4Z
FILLB.43
FILLB 44
FILLR W45
FILLB.46

"FILLB.47

FILLB48
FILLB,4Q
FILLB.SC



11¢
123
124
126

12¢
140

144

144

147
151
182
156
1€3
164
164
1&¢

1¢¢
172
173
173

17¢

17¢

177
2cs
206
211
iz
223
227

220
235

(2] e Na¥el [aNeNakKal

[a¥a¥alal

120
14C

15C
1ec

DC i3C L=l,LTCP

-84

SLM=SLV+CP{N,L)
CCANTINLE

© CONTIMLE

CONTINLE

CC 22C TI=1,LBYER :
KT=KTYP(IT) :
IF(I1.EC.1)  CC TC &
Ti=rr-1

' IF ICN CIRE TYPE (KT) HAS PREVICLSLY BEEN CALCULATEC,

GC TC THE FENC OF ThHE LOOP.

CC 22 J=1,112
IF(KTJVEQ.KTYP(J)) €U TO 220
CONTINLE

CCATINLE

TX(L)=T(KTARCGY,L)
CCATIALE .
CCNTINLE

SET DERYE-wALLER FACTCR +es BETZ2. STACK EXPCAENTIAL CCEFFICIENTS®

BETA=2.ﬁh(Il)”XK“2

CXINT(I)=1,.0

DC 1S5C 1=V,16 :
XINT(I+1)=XINT(I)®BETA/] :
IF(ABSIXINT(I41)).GT,SMALL) GO TO 15¢C
LARGE=T1+7 '

GC TH 140

CCATINUE

CCNTINLE

CCMPUTE FCURIER CCEFFICIENTS OBCF *%232

XFCN=EXF(-BETL)
CC 1SC L=1,LT0P
TCTAL=0.0

" 1SIGN=-

17¢

OC 18C N=1,L
1SIGN=-ISICN

CIF(ABSICPINSL))LELC,00001) GU TO LEC
i

LSTART=2 , ,
IF(ISIGN.GT.0) LSTAKT=l
SLv=0.0

CC 170 'P=LSTART,LARGE,2
SUM=SUNMEXINT(M)I/Z(PeR-1)
CCATINLE

TCYAL=TCTAL+CF{N,LI*SUNM

‘18C CONTINCLE

FlLLB.®

]
FIlLe.:?

FILLR.5E

FILLY. "4
FiLLB.ER
FILLa.*
FILLa.S
FILLB .53
FILLALTS
FliLB.e0 -
FILLALEL
FILLB. %
FILLR.&2
FILLB.L(4
FILLB.A*
FlitB.¢s
FILLR.ET?
FILLBe#®
FILLB.ES
FILLB.7C
FILLB. 7!
FILLB.7Y.
FILLR 73
FLLLB.T4
FILLHY,.?*
FILLR.Ta
FItLA.T?
FILLB.T7E
FILLB.7S
FILLB.FC
FILLB.2!
FILL3.22
FILLB%.2?
FilLLe.do
FILLB. 2=
FILLR.3¢
FILLB.E7
FILLB FR
FILLR GRS
FILLR,SC
FILLB.C1
FILLR,.S?
FILLR.S?

&
7

n o

CFILLALSS

FItLR,.S*
FILLE.,S5%

CFILLB.S”

FILLA,.SA
FILLR.SS
FlLLn.'00
FILLB.'CL
FILLB.102
FILLR,'02

CFILLB. (Ca

FILLR.O®
FILLR.1Ce
FILLB.'C?
FILLR," 03



[aNaNaX

%S0
2CC

SCC
220

~85-.

LECE=L

BCFIL)=TCTAL®XPCN ' .
IF(ABS(TLTALYLEL.SFALL) GO TC 2CC
CCNTINLE

CLANTINLE

LaCE IS THF MAXIMUM [NDEX FUR BCFL.GEJSMALL ssss»
Leet=C

0C 210 L=1,LTOP
M=28L-Y

CALL MCX(L ,BCF,TX,LTOP,LECF,BEG)
CC 21C N=i,¥

LLLL=LLLL+Y

FBB(LLLL KT }=ECG :
CCATINLE | .

PRINT GCO, II,KT

FCRMAT( / LCXxe®FlLLE LAYER®* [3,% KTYP=s [3 )

CCNTINUE

HETURN-
ENG

FILLB.10S
FltLes110
FItLs.111
Fitie.l12
FILLB.112
FILLB.114
FItLB.1i5
FILLB.116
FILLR.117
FitiLB.118
FILLB.11S
FILLB.120
FItLB.121
FILLB.122
FiLLB.123
FILLB.124
FILLB.125
FILLB.126
FILLB.127
FILLB.128

CFILLB.22S

FILLRL.120
FILLB.121
FILLB.132
FILLB.) 33
FILLB.134
FILLR.125
FILLB.Y36



5«
5%

AoA

1cc
110

SLBAOLTIAE MCRELL,ECF TR, LTCP LECF XD

CIFENSICN  BCHILD
CORPLES A.¥, 2, 7501}

¥efC,CrClCH

TEOTIC LIslLLTCP
Yalbxiels
LEwel2ESLAL-L1) )

L lstiogl=1 -
TELLPILCT,LRBCFY thlaiBCF
1F(LrT.LTLEe)  GC TC 110

¢ 1rC Listlr el
2aYICELY) :
X=xel

CENTINLE

CONTIAGE

BETLEN
33

SLAPACCFA» LEACTY

icoice

CFUMCTECA BSSTCAPERTS

STATEFERT ASSICAPENTS
cceesy

110 -

BLCCK MAPES ARD LEAGTHS

WARISBLLE ASSICAMENTS
06CiC3 LCw - 0C0iG2
oCCers i - gocerT

STARAY CF CCASTANTS

STARTY CF TEWPCRARIES

STARY CF INCINECTS

UALSEC CCPRTLER SPACE

(] -

v -
[{{ 1114
ccage*
cecory
d247CC

£

‘11

hed

7

«C

82

87

[19

faXa)

an

SLEROLTINE KINEP

u

ocotol L2 =~ CCCLOa

CCPPOR/PLLCRC/VELIDoV2(3a1200vI(T¢12) N, WY, VI, 5QR12) .G"llll.o
2 YIN(SS)  YCUT(AS 12 ) XRZERU AR EA2

CCPPLES YIN,YCLY

. Ce
CTPPOR/BLECKL/NLCS JARUM NUELTAL ARG I NPGY JLAYER JAUFPIR ALLF, 15T06,39D. 2
o

e
COWPUA/BLCCREZLPAX o LTCPA  LPIRL LPAXZ  LIAND LR34, L2

2 S IONE, I TC ITHOEE

€
COPPONRLCCKEZITEY P RE  THTT L CEST o CSTPLLR)»YREL2,22) JRKNUPINTIDE,
¥

2 AN, 16412, A2

CCPPCAZBLCCRR/BPRI3a,20 THILS0, 28020, TTU10, lll,l"ﬂ(l(l_

CCPPLEX  EEE,TAL,TIY

CCOPCA/BLECELS/mi 10}, ATuT (101 TE

CCrPPLEX X

OC 11C JREAP=1,KRUP
CC 10 fel,LAYER
KSARTYEL])

X% (C.CoC.0)

CC 1CC Lol ivany

fSURF L BULK,CINILIC) DCLTIL0,130

XaR4RPOCL RJIPYCLT{L, SBEANIOYINIL)
TCC CCATINGE

Tl J0earIeacIIA(TIO0UUTII J0ERR)
110 COATIsLF

FERTRIN
e C

FiLLs. Y
FILLA, 108
Fltie.29
FlILL9.'40

FILLAL 141

FILLY 102
FILLB.T43
FILLB. 144
FILLA 148
FiLL®
FILLA. AT
FILLB, 1a0
FILLB,\49
L.t iC
Freie.lsl

FILLB, 142

FILLB.1%2

S PILLB, 1S5

FILLA, V55
FILLA, 156
FILLs,107
FlLLe . 1%8
FILLB.' 39

RERES,?
AEN,Y

2



N

10

12

1€

1¢
20

21°

24
25

27
ac
32
- 32
24
2¢

37 .

42 .

83
€4
6¢
&7
7C
T4

101
111
114
116

(g} [aNal

[aNeRaNel

[a¥akKe)

100

.
I
(2]

SLBRCLTINE GSTACK

GSTACK.2
GSTACK.3

CCHMNCN/ELCCKE/NLCw s NAUM NOELTA, PRG,NPCY,LAYER, hUHVﬁX'hCIF IST{64+6)D.2

2 SR

CCVNDA/PLCCK[/LNAXILTGP'LMAXI'L"‘XZ'L"‘X?'LHA’“’L’

2 JICNE,ITwC,yITHREE

CCMNUN/BLCCKK/BBB(36,2I1TAU(3¢v?6 2)4¥T(10,12)KTYFL10)

CCMFLEX "BEEB,TAU,TT
CCNFCR/ELKDEE/“(‘O,'ATHT(IQ)nTEFP'SUFFyﬂULK'Elk(;o',chT(lQ,lZ)
CCMPLEX 2, ZERC,UNIT

LARCE CodM(12G6),RVECI30000),C.C(4S0CC)

CIMENSICNS CF KX4CoBAND LL.

AM3=24C) & AM1=T7532 8 NM2=T532

DINMEANSICiS CF RYMAG AND XMAG

AMe=9CCC 8 AME=50C0

DIMENSIECNS CF RVFC AND G-ARRAY IN LARCE CORE MEMCRY.
NVM5=30000 $ AMT=45CC0 :

MULTIPLY G#TAU ANC STURE IN G(ICNE). DAMPING NOT INCLUCEC.

UNTIT=CMPLX(1.C,0.01}
LERC=(C.U,CeC)
I3RECIN==-LMAXS

CC 12C 12=1,LAYcR

CC 130 [I1=1,LAYER
IF(I1.EC.12) GT TC 130
KK=KTYP (L1}
IEECIN= {BEG IN+LMAXY

L2=ICNE
LS=1REGIN-LMAX2

DC 11C LCTUT=1,LVAX2
LS=LS+LMAX3

BC 1iC LIAN=1,LMAX3
LC=LS

l=2ERC

0C 10C L=1,LVMAX3
LE=LG+1

l= Z*G\LC)‘TAL(L.LIN:RK)
CCANTINCE

Lz=L2+0

G(L2)=2

CCNTINUE

| STACK  G(ICNE) EACK IN Glide

[aXaXa]

D0 t2C I=',LMAX4
GUIRECIN+I)=GUICNE+])
CCATINLE

CCNTIALE

INITIALIZE G(1TwG)=0.

JVMLX=LAYER¥LIMAXS

D.3

E.2

Eo2

K.Z

K.?2

DER.2
GSTACK.8
LARGE.2
CIv.2
CIv.3
DIM.4
DIM.5
DIN.S
DIM.7
DIv.8
DIM.9
GSTACK.11
GSTACK.12
GSTACK,.12
GSTACK, 14
GSTACK,15
GSTACK.154
GSTACK.17
GSTACK .18
GSTACK.19
GSTACK.2C
GSTACK.21
GSTACK,22
GSTACK .23
GSTACK 26
GSTACK.25
GSTACK,. 26
GSTACK.27
GSTACK,.Z8
GSTACK.29
GSTACK.30

‘GSTACK,. 31

GSTACK .32
GSTACK,.3?
GSTACK,34
GSTACK,.35
GSTACK,.2¢
GSTACK .37
GSTACK.28
GSTACK.2S
GSTACK.40
GSTACK.41
GSTACK. &2
GSTACK.43
GSTACK.44
GSTACK %5
GSTACK.46
GSTACK 47
GSTACK .48
GSTACK.49



125
127
132
134
140
141
142
144
145

147
151

152
154
157
1&C

162
173
202

2c:

2ce
2¢7

214
21l¢
220
‘222
223
234

i 14

.ow

236

247

2.1

P

257

[2X3XzXzLa)

[aXaKaXe

ano

140

-88-

I1=1TwC

CC 34C  g=1,JMAX

1I=11+1 ‘

G(11)=2€RC ' .

CCNTINLE : .

LR=LAYER-1

[B==LMAXS

[A=[CNE=-LMAX4

IC=ITwC-LVMAXS

SLM THE G(IBETA) CVER INCIOENT LAYER (I1) T CETAIN G(ICELTA)
VALUES. C(IDELTA) INCLUGES UAMPING CF INCIDENT $AVE.
G(ICELTA) IS STACKED HCRIZUNTRLLY, . .

CC 18C 1Z=1,LAYER
IU=I1D+LMAXG

0DC 16C. T1=1,LAYER.

"TF(T1.EC.12) GO TC i60
CF=CINCIL)

150
tec

171C
i8¢

I2=1B8+LNAXS

0C 1EC L=1l,LMAX4
GUIC+L)=CICHLI+G(IESL)*F
CCATIALE

CCATINLE

TRONSFCSE G(IDELTA) AND STURE IN CUIALPHA).
G(ISLPHA) 1S STACKEC VERTICALLY,

Ta=TA+LNMAXS
CALL EXCX(IA+Y,IN+1)

ACC LNIT MATRIX TC GliALPHA) ANL STCRE VERTICALLY IMN C(ICELTA).

F=CIN(IZ)

ICL=1IC

iaL=1A :

cC 17¢C L=l,LMAX3
CC Y7 LP=),Lmax2
ICL=1CL+1
Lap=1aL+]
GUICL)=CG(IAL)
IFILEC.LF) GUICLI=G(IDL)*UNIT*F
CCATIALE

CCNTINLE

RETURA
ENC

SUBPRUCRAM LENGTH

00034¢

FUNCTICN ASSIGAMENTS

GSTACK .50
GSTACK,S)
GSTACK. T2
GSTACK,5:
GSTACK .4
GSTACK .55
GSTACK,.%6
GSTACK (&7
GSTACK .38
GSTACK.SS
GSTACK -0
GSTACK.S1
GSTACK.:2
GSTACK.CE
GSTACK ¢4
GSTACK ,6°
GSTACK .56
GSTACK 57
CSTACK .68
GSTACK,.69
GSTACK.70
GSTACK .71
GETACK,. T2
GSTACK,7?
GSTACK.T4
GSTACK,.?S
GSTACK.TE
GSTACK,T?
GSTA(LK,T7E
GSTACK .79
GSTAUK, EC
GSTACK,.51
6STaCK,.82
GSTACK . 52
GSTACK,.284%
GSTACK.2¢
GSTACK 4.
GSTACK .87
GSTACK.8Y
GSTACK.BS
GSTACK.SO
GS3TACK,.S L
GSTACK .92
GSTACK 92
GSTACK .54
GSTACK.OS
GSTACK . G5
GSTACK .67
GSTACK .50
GSTACK .SS
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14
17
3
ac

[T TSI I
LY e I I N T

oS
TR g

(e V]
oo

Ces

"

74

7e
100

1C4 .

107
1¢7

ao

[aNaNal

aonn [zXaXaka)
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SLBRAOLTINE SCATT

CCVNCNIELCCKC/NLON.ANprNDhLTA hRG.NFGVoLAYER'hhHFbX'N[va157(6'6)0 2

LK

CCNVUA/PLECK‘/LFAX.LTCP LrAxl.Lrsz.Lrnxa.LMAxa.Lx
s ICNE 2 I TaC, [THREE

CCMFLEX  ZERC

LARGE C.JM(1ZG6¢),RVEC(300C0),CeG(49CCO}

DIMFANSICNS CF KX,Co2ND LL. .
NF1=26401 $ KM1=7922 § NM2=7332

- DIFENSICNS CF RMAG AND XMAG

1CC

11¢

NM4=9C0OC $ AMZ=GC(C
CINENSICNS CF RVEC AND G-AKRAY IN LARGE CORE NENORV.
AME=ICGCC $ AMT=4SCCO

ZFRO=(C.0,0.0)
INITISLIZE wCRKING SPACE G(IGAMMA)I=Ce
[T1=1TFREES]

IT2=ITL+LAYER®LMAXS
fC 100 I=1Ti,I1T2

G(1)=26R0)

CCATIMLE
INCREASE CRCER CF PERTURBAT {CN EXPANSICA FCR T-MATRIX.

“GUIGAMMA)=GUIBETA)*GL IALPHA)e GUIGAMMA) IS STACKEL HCRIZCNTALLY,

[CETA=-LMAXS :
IGAVMMA=-LMAXG+ITHREE
DC 11C 12=1,LAYER
ICAMMA=IGAMMA+LMAXS
UC '1C I1=1,LAYER

[F(Il1.E<.12) GO TC 110

IPETA=IEETA+LNMAXSG

[ALPRL=TUNE+ (I L-11*{ MAXG

caLL ARITX(IEETAOIqulAL?HAOl,IGAMHA#l 1.1}
CCATINLE

TRANSFER G(IGAMMAY  TO FG(IALPPAl...STACK VERTICALLY,
AL COATRIDUTION FRCM GCIALPHA) TC G(ICELTA).

CC :12C I2=1,LAYER

TTI=(12-1)2LMAXGH]

ICAM=ITHREE+]I
TALPH=ICNE+TT]
ICEL=ITwG+1I

CALL EXCX{IALPH,I1GAN)

CALL ARITX(ICEL+1y JALPH, IDEL+G,C)

CCATIALE

GUICELTA) 1S THE ITERATED PART CF THE SCATTER!NG FPATRIX,
IT 1S TC EE MULTIPLIED 8Y TAUSDCUT*G(IDELTA) **% IN TSuM.

RETURN
EANU

SCATT.2

D.?

E.2

E.?
SCATT,.S
LARGE.2
DIx.2
DINM.L3
Dim.6
DIM.S
DIV
DIv.7
DIN.8
DIM.9
SCATT.8
SCATT.S
SCATY,!0
SCATT,11
SCATT,.12
SCATT,.12
SCATT, 1%
SCATT,.15
SCATT.1¢&
SCATT,.17
SCATT.18
SCATT,.1S
SCATT.2C
SCATT,.21
SCATT,.22
SCATT.23
SCATT .24
SCATY .25
SCATT.26
SCATT,.27
SCATT .28
SCATY, 25
SCATT.20
SCATT, 31
SCATT,22
SCATT .22
SCATT.24
SCAYT,.25
SCATT.36
SCATT .27
SCATT,.28
SCATT.?S
SCATY .40
SCATT,.41
SCATT,42
SCATT.43
SCATT 44
SCATT.4%
SCATT ,4¢
SCATT.47T -
SCATT .42
SCATT .49

SCATT.SC

SCATT, 31
SCATT,.S2



11

12
1¢
17

F
24
[

-

27
24
3¢

37
4z
42

47
&2
&2

S<

73

14
104

127

1 o
(o™
o~

&5

2

2
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SLE“OLTI\E TSLMUTTR,GFTR yJ LUX)

TSUM,2
TSUM,?

CCNPCN/ELCCKJ/A(IC¢?).B(;C 2).u(10-3).94(10'2).NE(IC.2IcALAT SPACEA.?

s BASIS(2),NPASTS

CLWVCAIELCCKC/VI(’)'V¢(30L7).V)(3o’2).VX,VY VZ,5QKI(12),CCK{LlZ),y
YIN(4S) yYCULT(4G,12) yXKZERUJAREAD

CCMPLEX YIN,YCUT

A3
C.?
C.?

Cot

CCMMUN/BLUCKC/NLCh o ARUMyNOELT A, BPG AHEGY,LAYER, hUPFﬁl.kCXF.]ST(a.o)D

LR
COMNMON/ELCCKE/LNMAX o LTCPyLMAXL gL MAXSJLMAXZ LMANG,LX

s ICNE 4 I TnCy ITHFEE o
COMMCN/BLCCRF/ITET, IPHL, THTI&‘I“.CSIH(!Z)'VXX(Z.!ZDyKhLPvJH(IZ)'

JN(Y2),1C(T 2D ,KQI12)
CC“N[h/PLCCK\/BPB(‘6:2)'1Ad(aéy36'2)-YT(IO"Z)'KTVF(‘CD
CCMPLEX BPELTAL,TT
CC“"Gh/dLCCKh/r(‘l)yLN(?l).S(l‘c
CC””GA/“LKCEF/H(‘O)oATHT(;OD.TENP SURF 4RULK, CXh(lC)oDCLT( Csl2)

CONFLFX 2, 2EKC CPX TERM,SMLySM 1 2)

SG

100

CIVMEASICN  NEEANML(4)
CATA(NBEAVMIT) ¢ [=144)/004Ciy1l0011/
LAPGE C.IM(125€),RVEC(30000),+Cet(49000)

CIVMENSICNS CF KX4CyBNC LLW

NM2224CL & AMI=TE32 5 NMe=T532

CIMENSICNS CF RMAG ANC XMAG

Av4=G6CCC $ AVM3=6CCC .

CINENSTCNS CF RVEC ANU G-ARKAY IN LARGE CORE MEWCRY,
AVM&=200CC & MNvT=49CC0 )

LERC=(C.0+0.C)
IF(ITR.EQ.1) GC TC 125
[REGIN=ITWC-LNMAXS

DC 12C [2=1,LAYER
IBECIN=IBEGIN+LMAXSG
KK=KTYP (12)

CC €0 I=1lsKNUM
SMIT)=ZERC
CCATINLE

BC 11C LCUT=1,LMAX?

IC=1BEGIN

OC 11C LIN=Y,LMAX3

TERM=ZERQ _ :

DC 10C  L=1,LMAX]

16=16+1 '
TERV=TERM+TAL (LCLT, L, KKI*GL1G)
CCNTINLE

CPx=TERMXYIN(LIN)

oo o110 =1sKAUM

SHLTI=SMUTI+CEXBYCLTILCUT B 1)
CCATINGE

0C 2C 1I=1!,KANU¥
TTCI2,1)=SMOLIANCUT (g1

D. 1 .
Ee2
E.3
F.2
Fo?
K,2
K2

N2
0r8.2

TSUM. Y2
TSLv,12
TSLM. 14
LARCE .2
Olv,2
OIr.1
Clven
DIN.S
DIV.5
CiV.T
DI¥.8
DIv,.9
TSLM17
TSUM. !
TSUVM. S
TSLMG 2C
TSLM. 2%
TSUV. 22
TELm, 22
TSUM, 4
TSUM, S
TSUM, 2¢
TSUM, 27
TSUM, 28

- TSLM.2S

TSLv. 2C
TSUM.31
TSLM, 22

S TSUM, 32

TSuUM,. 36
TSLM, 25
TSUM, 2¢
TSLML 27
TSLM.3E
TSLM, 26
TSUM.&C
TSUM,. 4
TSuw,e?
TSLM. 42
TSUM. ¢4
TsUNM.e°



162
162
-1é2
17
117¢
177
211
21¢
ra %
220
232
234
24¢&

288

i

261
26¢

274

217

32z
. 331

,16

261
3éq
2€7

172

-3

2717

- 4CC

125

.28

200
802
8C4

ace

CCATINLE
SUM  TT-VALLES CVEF SURFACE LAYERS.

CCNTIALE

GasP=(.C I
PRINT 8CO, ITR

CC 34C JEEANM=1,KALP
S¥1=7ERO

PRINT 8C54JMIJBEANM) yUNIJBEAM)
DC 12C 12=1,LAYER

Y=2ErC

DC 128 INC=1,3 ’
Y=7+V3{INC,JBEAVM)XC(12,IND)
CCATINLE
Z=CMPLX(CCELY)4SINIY))
TERN=22TT([2,JBEAN)
SM1=SMY+TERY
THG=CABS(TT(IZ,JEBEAN))
IFLTMCCT42.C) GASP=100.0

PRINT 807, I +TNMG,TTH( lZyJBEAp')frERvsspl

CCATINLE

S(JEELM 4 JINCAISFTRECLES(SML)*%2
SLCG=ALCGLO(S{JBEAN,JINDX))
PRINT BC«.E(JINEX),S(JBEAP.JINDX) SLCG

CCANTINLE

IF(GASPLT.0.0001) RETURN

PRINT ACS3 :

sTQP

FCRMAT( /// 10X=ITERATIUON OF T-pATRIX TC CROER®

FCRMAT( LOX*LAYEF=#*IZ,% T=/%Fll.64%/

2 % SUM=%ZF1C.€ )
FCRMAT( /1OX*ENERGY=%¢ F4.0,¢ E.Ve  INTENSITY=# E14.6,°
“2THEM=% F1C.54/ 42X Ll1HSssessessns )

FCRMAT( / 3X 212,% BEAM% )

TERM=t2F10.6¢

TSUM. 4¢
TSUM.4T
TSUM. 48
TSUML4S
TSLM,.5C
TSUM,S51
TSLM.52
TSLM. 53
TSuv, 54
TSUM, 5%
TSUM. 56
TSUMLST
TSUML.SE
TSUM, 59
TSuM, 60
TSUM. &1
TSUM. &2
TSUVM. €2
TSLM, 64

" TSUMLES

TSLM. 66
TSUM. LT
TSUK,. 468
TSUM. kS
TSU¥,7C
TSUM, 7Y
TSLN. 2
TSUP.7A
TSuM,.7¢
TSUM, T¢
TSUM,. 77
TSUM.78
TSLP. TS
TSUM.80

LCGARITSUM, 81

TSur, 82
TSum,.8?

808 FCRMAT( // 1OX®PROGRAM STCPPED CUE TC NCN-CCAVERGENMNCE cF LAYER SCATSUM,.B8¢

2TTERING AMPLITLDE® )

RETULRA
ENC

TSUM, R
TSLM, 8¢
TSUM, 87
TSuv, 88
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SLBRCLTINE TNV _
INVERTS MATRIX (1-BEB*GSP) AND CALCULATES TAU-PATRIX.

CCPMMCA/BLCCKC/VL (3 ,V203,412),V3(3,121,VX,VY,VZ,SCK{12),C0CK(12]D,

2 YINL4S) 2 YCLT (4G 12) o XKLERUYAREA2

CCMPLEX YIN,YCLT
CCFPON/ELCCKF/[PAX.LTUPvLFAxlpLPAXZ'LPAIE.LHA)LoLX

2 +ICNE+ITaC,ITHREE
CC“FGA/dLCCKF/lTthIPHI,TNTT.DIST.CSTH(IZ)yVXX(Z.lZ).KhUP'JF(IZ).

2 JUNI(12).1CH12),KQ(12)

CCMMCA/BLCCKK/BBRL26,2) o TAU(36936421,TT(10,12)4XKTYFI10)
CCPPLEX PBEBE,TAL,TT

CCMMCN/BLUCRX/TIME, ITEMMUL T, ISCALE, IMAX, lTYPEoLSLP'YL[CFvIPHR
INTEGER TIME
CCMMCN/CONST/FLoPIC P I424CUNLsCCA24CTN34CONGCONSTT, IV ,CAST

- CCMFLEX IM

CCMPLEX  X,L,TERF,P(12)

CIMENRSICN PX(12)

LAKGE Co grtxqu;.RVELcsoooob.c €(490C0)
LA8RCE Q{2CC0C)

CINENSICNS CF KXyCyAND LL.

'NM2=22401 $ NM1=T7522 § nNM2=7552

CIFPENSTCNS CF RM2G ANC XPAG

Ar4=GCCC $ AF535CCC

DIMENSICNS CF RVEC AND G-ARRAY IN LAPGE ‘CORE FMEFCRY.
NME=3CCCC $ AMT=490C0

DC 112 KK=1,[TYPE
INCEX=C

1x=0

CC 10C . I=1,LFAX2

CC 100 J=1,LMAX3
X=PRB({J,KK)

Ix=IXel

INCEX=INUEX+2
L={C.CesC.C)

IF(I.EC.J) USCMPLXL1.0,0.0)
U=yU=-%2C(1IX) :

T QUINCEX)=AINMAC(U)?

1CC

CUINCEX-1)=REAL (V)
CCANTINMLE

G IS NCh STACKEC RCWWISE (AS IS G)
INVERT C-MATRIX :

CALL CIAVILMAX3) . i

‘CUTPUT IN ARRAY Q IS STACKEC CILUMNWISE
CALCULATE TAL-ARRAY ... TAu=yeBEHB . .

INCEX=C

DC 11C 1=1,LMAX3

CC 110 J=1,LMAX?

IACEX= INDEX+2
TERW=CVFLX(CUINCEX-1D ,u{ INDEX))

TAL(J ol oKK)2BRE(JoKK)STERN
CCNTINLE

1=C

CALL TESTUI.KK)

CCNTIMLE

wETURN
1Y> _ R

LARGE,.2
IKV.1S
DIr.2
0Iv.3
DIM &
DIF.S
Dl”.b
CIV.T
piv.8
DIv.9
INV.17
INV.1E
IKV.19
INV.2C
INV.21
INV.22
INV.22
INV,24
INV.25
INV.2E
INV.27
INV.28
INV. 26
INV. 30
INV. 31
INV.32
INV.2?
INV.34
INV.35
INV. 3¢
INV.37
INV.38
INV.3S
INV.40
INV. 4!
INV.62
INV.63
INV. %4
IAV.45

INV.&E

INV.47
1KV, 48
INV.4S
IAV.5C
INV. S
INV.52
INET
1AV, 54



n

12
12
14
14
1¢
17

21
27

ac’

31
24
2¢

4c
42
44
4é
50
sS4
£¢
62
(33
€7
i

78
1C¢
1C¢
1C7

114

laXaXaXzXaKkakalsal

OHEoO

aocOonn

zcc

110
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SUBRCLTINE CINVEACN)
CCMPLEX MATRIX INVERSION ROUTINE.

TCTAL LARGE CCRE LENGTH IS(5*NDIMSNCIM), CIMENSION 1PIVCT(NDINM) .
THE CCMPLEX MATRIX CINDIM,NOIM) CCCULFIES THE FIRST (2%ACINENDIM)
LOCATICNS IN EXTENCED CORE. THE INVERTED MATRIX 1S CELIVERED

IN THE SAME LCCATICAN, THE REMAINING LENGTF REQUIREC IA

EXTENDEC CCRE IS FOR INTERMEDIATE wCRKING ARRAYS,

LARGE C.GQ¥{125£),RVEC(30000),Ce({490CC)

LERCE C(2C0CC)
CCNMON/NTRX/NCIM,NSCoNLy NEgN3yN4 o N5, IFIVOTLI50)
INTEGER PLLS,TINMES

CATA PLUS,TIVES/1,2/

CIMENSICNS CF KXyCyBND LL.

AV¥3=2401 5 NMI=7522 ¢ N4Z=T532

CIMENSICNS CF “MZG AND XMAG

AM%=90GC § AMS=SCCO

CIFENSICNS CF RVEC ANL G-AKRAY IN LARGE CCRE MEMCRY.
NM5=3C0C) $§ NMT=49C00

NCIM=ALM

NSC=NCIMSNCIV

Ni=C

Nz=NS(C

N2=A24NSQ

Na=h34ASS .
NSzN4+ASY

STCRE REAL ANC IMAGINARY PARTS CF (Q) IN BLCCKS 3 AAC 4.

GC 1CC E=1sASQ
J2=2%1

Jlsg2=?
CIN3+1)=QJ1)
CiNe+I)=0(J2)
CCATINLE

"PERFCRM™ IAVERSICN CA BLOCKS 3 AMNC 4.

AT FINAL STEP, BLCCKS 3 AND & AKE THE REAL ANC I’tGlhARV PARTS
€F THE LWVEKTEC CCMFLEX MATRIX {Ql.

CALL EXCHINZHN3)

CALL - EXCH{NG NG)

CALL EXCRH(N2,K3)

CaLL INVERTINZ) )

CALL ARITH(NZ TIMES NaeNis+l.C)
CALL EXCH(N4,AN&)

CCALL ARETH(NeyTIMES NI yN2o+i.C)

CALL ARITHF(N?,PLUS,N2,N3)

CALL INVEFRT(AN2) .
CLLL FXCH(NI,NI)

CALL ARITHF{NI yTIMES N3 ,N49¢=14C)

STCRE INVERTEL CCMFLEX AKRAY CCLUMNWISE IN (Q).

CC 11T I=14ASC
J2=2%1

Ji=J2-1
ClJ1)=CUIN3+T)
ClJI2)=CNes+T)
COAT IACE

RETLAA .
Y

TNV, S¢S
INV.S6
INV.ST?
Inv.Z8
INV,. €9
INV.5C
INV, 51
INV,62
INV.62
LARGE.2
INV.6E
INV. 58
InV.67
INV.63
0IM,2
Div,.3
Div.4
DI¥eS
DIM.5
01¥,7
Civ.8
DIM.9
INV.7C
INV,T
INV. 72
INV,. 72
INV, T4
INV.TS
INV.76
INV.T7
INV.78
INV, 7S
INV.8C
IAV.81
INV,82
INV,82
INV,.86
INV.85
INV.8E
INV.87
InV,. 88
INV.BS
IAV.9C
INV.S1
INV.92
INV.93 .
TNV, 94
TNV, 95
INV.95%
INV.97
INV. S8
INV.99
INV.100
INV.1C!
1INV, 102
INV.103
INV.106
INVL10S

INV.ICS
INV. 107
INV,1C8
Inv,*CS
IAV.1.C
Invelll -

- INV.112

IAV.I12
IAV.114
INV,112
INVL11E
INVL11T
INvelle
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)
- SLRROLTINE INVERT(MM) o ) - INVL 13§
C , i INV.iZC

(o REAL MATRIX INVERSICN IS PERFCRFMEC CM THE MATRIX STCREC IN IAV.12?
. C EXTENCEL CURE BLCCK BEGINNING AT LOCATICN (Mwel). - " INVel22
4 c IANVERTEC MBTRIX IS RETURNED IN SAME LCCATION. INv,12?
c . : INV.124
LARCE C.QM(125¢&),RVEC{300C0).+C.G(490CC} LAKCE,2
LARGE C(2cCCC) : Ny, 124
COMMON/MTRX/NCINM JASCyNLeN2oN3 N4 A5, [FIVCT(50) INV,.127

C : ' - ‘ olmv,?2

C DINEANSICNS CF KXsCyBNC LLe o 0iv.2

AM322401 & AM1=7522 § NM2=7552 , OlM.s

c DIMENSICNS CF RMAG AND XMAG ’ . : 0IM.S

5 K NM4=GCCC $ AM3=S0CC ' CIM. &

o CIVMENSIONS CF RVEC ANU G-AKRKAY [N LARGE COKE MEMORY. BIv.T7

& . -AM6=30C00 $ AMT7=245000 ) DIM.R

(o ) ) DIM.9
C o : IAV.126
i SPALL=1.E-15 . _ _ INVL12C
12 KK=0 _ : ' ' , INVL131
: C v ' _ ' INV.122Z
(o INITIALIZE THE UNIT MATRIX STARTING AT LOCATICA (NS+l) INV.122
o . INV.134
12 . OC ICC I=1,ANCIM INVel2E
14 DL 10C J=1,NCI¥ ) C INV.123
20 KK=KK+1 . . COINVel2T
21 CINS+KK)=CaC ' _ INV,138
24 . IF(l.ECed) CUNS4KK)=1,0 . ' INV.126
20 16C CCNTINLE : ’ IKV.140
C o : - : . . IAV.14L
c PERFCRM™ INVERSICN USING GAUSS~JCRCAN FETFOD. - INV.142
[ : - INV,142
34 . Jd=C o INV. 144
34 KK=C e INVL165
35 " CO 160 I=1,NCI¥ : IAV.14s
ay PIVCT=C.0 . - INV.la?
[ ' , INV.14P
4C CC 11C J=1,ADI¥ _ IAVel4S
45 S dd=dd+1 : INV.15C
46 - T OIF(ABS(CIVMMAJJ) ) .LELPIVUT) GO TO tLC o INV.151
LK) PIV=CUINMM+ ) : INV.1E2
€5 PIVCT=ABS(PIV) : INV,15?
56 . IPlv=y o ' INV. 156
7 110 CCATINLE B ' INV.18<
€0 . _IF(PIVCT.LE.SMALL) GG TO <00 ' INV.15%
€2 PIVCT=1./PIV _ . INVeiST
c ' . . INV.158
&4 : DC 12C J=1,NCIM . i _ INV. 156
72 KK=KK+1 . I INV.16C
2 PlaMYeKK : _ ' , IAV.14Y
C T4 PZ=N54+KK ' : INVelE2
S8 LC(MLI=C(MLIRPIVET ‘ : - INV.le2
So1c2 C(M2)=C(M2)*FIVCT ’ . INV 10
L uC4 12C CCATINLE ' ' INVeit s
o c o _ INV.1EE
7.1C6 MA=JJ-ACIM o . IAV.1¢7

1C7 tL=C . B INV.1EQ
. c : . INV.YES



a4

‘110

112
114

118

11¢
11¢

122

134

13¢

2~

13¢

127

145

151
154
157
161

162
164
165
171

174
11¢

176
2c2

2C6

..207

2c7

216
220

[aXaKs)

b
w
o

15¢C

1€0

2€C
800

DC '18C K=1,ACT¥
IF(K.NELT) GC TC 120
LL=LL4ADIN

GC TC 120

CCATINGE
AAA=CIMNM4LLHIPIV)

OC 14C J=1,NCIM
LiL=LL+1
Ml=MM+LL
M2=NS+LL
CUINLI=CUMYLI=ALASC(MN4MNGY)
CIMZ)I=SG(M2)~AAAXQ(NE+FNY)

. CCNTINUE

CCATINLE
IFIVCTUI)=1IPIV
CCNTINUE

RESTACK BLCCK S5 IN BLOCK MM.

L=C

DL 17C I=1.NCIV
K=(IFIVCT(L)=-1)3NCTPM
0C 170 J=1,NKCIM
L=L+1

K=K+l
Q(MMEK)I=Q(NSeL)
CONTINLE

RETURN

CCATINLE

PRINT 8CC,1

FCRMAT( // LOX*CETERMINANT=0
STCP

ENC
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PIVOT ELEMENT ZERC FCR RCw *I13//)

INVel7C
IAV.17%
INV.172
INV.172
INVL1T7%
INVel17€
IhvelT7¢
INVelT?
INv.1T78

IAVL17S

INV.18C
INV.18!
INV. 18?7

AAv.182

IAV,1Ra
INV. 182
INV. 186
INVel181
INV.1B8
INV.18S
IAV.16C
INV. 151
IAV.162
INvel62
INV.1G4
INV. 162
INV.16¢
IAV.1S”

INV. 168
INV.165
INV.20C
INV.2CE
INV.2C?
INv.2C?
INV.206
INV.202
INV.2C%
IAV.207
INVe2CE
INV.2CS



K2 Xa2¥a)

10

12
13
18
1€
23
C 4
26
32

3¢
44
4

[aNal ﬂ- [a] (s X gl

1¢¢

110

SUBRCLTINE EXCH(ML,MZ)
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Tt

-EXCHANGES STCRAGE FRCP COLUMNWISE TO RCWWISE ANC ‘lCEfVERSA.

LARCE C.QF(IZG&)'RVEt(BOOOOI.C.C(RQOCCl

LARGE C(2C0CO)

CCMPON/MTRX/NCIM, NSCoNL s N2+N3 N4 NS, IPIVOTISO)

DINMENSICNS CF KXoCoANC LL,
AN2=2401 $ ANM1=T7532 $§ NM2=7532
CIPEMNSICNS CF RM2G ANC XMAG
NVM4=90C0O0 $ AM5=SCCC

DINENSICNS CF RVEC AND G-ARRAY IN LARGE CORE MEMORY.

NME=3COCO $ AMT?=4SCCO

L=Mb2

CC 100 I=1,KCIM
K=I~NCIWV :
CC 10C J=14NCIM
KxK+NCIV i
L=L+)
QINS+K)I=Q(L)
CCATINLE

DC 110 1I=1,ASQ

QUFL+T1)=C(NE+])
CCATINUE

FETURN

. ENC-

INvV. 21C
INV.211
IAV.212
INV.212
LARGE.2
INV.21%
IV, 216
OINM.2
DIM.3
DIM.4
DIM.S

DIV 6

DIv.T

Dir.8

Dl“.q

INv.218
INV.219
INV.22C
INV. 221
INV,222
IAV.22?
INV.224
INV.225
INV,22¢
INV,.227
INV.228
INV.225
INV.220

"INV, 231

INV.222
INV.223
INV.224
INV,235



C
c
c
C
c
C
c
c
11 -
c
i2
c
¢
[
17 .
c
c
C
22
22
as
27
c
C.
¢
17
a7
41
42
43
Y
: d
€3
5¢
55
s6
C
eC
&5
'Y
73
14
1c2
c
c
“1cT
107

SUBPRCCRAY
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SLEPOLTING ARITH(NM1 U M2 M3, STGN)

PERFCKNS A®CP®R=C, WHERE C(P=(PLUS,TIVES).
FCR OP=TI¥ES, (A) IS ROwwist, (£) 1S CCLUMNWISE, ANC
(CY IS CELIVERED AS A COLUMNWISE ARRAY,

LARCE CoQM{12G&),RVEC(30000),CaCl45CCC)

LARGE ¢ (20000} ,
CCMNOA/MTRX/NCIM JASCoNL N2y N3 sNGy NG, IFIVOTISO)
INTLGEP CP :

© REAL IFIVCT

10C

11¢C

CIMENSICNS CF KXsCyoANLD Ll

AM2=24C1 $ AMI=T7822 ¢ NM2=73532

CIVENSICMS CF RMAG.AND XMAG

AM&=GCCC & AM3=9C00 .

CINENSICNS CF RVEC AND G-ARRAY IN LARGE CORE NENCRY.
AM6=3COC0 $ NMT=49CCO : ' '

IF(CP.FC.2) GG TC 110
IF(CP.NE.1) STGP

MATRIX AUCITICM PACKAGE.

0C 1CC I=1,NSC
QIM2+TI= (NI 1)+ (NZH])
CCANTINLE

RETLRN

MATRIX MULTIPLICATICN PACKAGE,

CCNTINLE
[1==NCIV

DC 13C I=1,ACIV

11=114NCIP
SMALLINCIPIVET,Q(M241141) ,NUI#)
JJy==-NOI¥

DC 13C J=1,.NCI¥
Ji=JJsneIv
t=11+J

X=C‘C

DC 12C K=1,ACT¥
132JJ+k

X=X+ [PIVUT(K)#C(M1413)
CCATIALE
C(MI+[1)=SIGN®X
CCNTIALE

RETURN
ENC

LENCTH

{

TNV, 224
INV.227
NV, 23F
IAve22S
IAVv.24C
INVeZal
LAKGE.?2
INVe24?
INV.244
[NV Z4E
INV, 244
DIv,2
Diwv,:
o2 LA
0Iv,*=
DiMe5
Civ,?
Dih..d
0IM.S
1AV, 243
IAV. 265

INV, 258
TNV, 267
IAV,23¢
IAV. 288
INV.2eC
Ihv 2€
[NV.2€2
INV, 287
INV,2ow
INV,25E
AV, 26¢
INVe247
INV. 248
IAV.26S
INV.27C
INV, 2T
INve272
INV.27?
INVL,2T74
INV,2T%
Ihvec 74
INV,277
INV.27E
INVL27S
INVe28C
INV2A
INVe28?



11
13

14
17
20

212

> -

45
55

&4
&5
714

T¢
1c?

(s X e Xa)

~-98-

SLEROUTINE TESTCITER,KK)
TEST ANC PRINT SUPMPMEL TAU-VALUES.

CCMMCN/BLECKC/VL(3),V2(3412), V3(3-12loVXoVY.VZ.SQK(lZ)’CCKllt)v

2 YIN(6S) s YCLT(4G,12) 9XKZERUAREA2
CCrMPLEX YIN,YCUT
CCHMNMON/ELCCKE/LNMAX LTCPoLPAXLoLPAX2LPAXI L MANGL,LX

2 +ICNE,ITRC,ITHREE

1ccC

110

12¢

8CO
81¢

COUNMNCA/BLCCKF/ZITHT IPFI, TFTT.CI‘TQCSYP(IZ)'VXX(ZcIZ)oKRU?oJN(IZ)'

Z JN(12),1C012),KC(12)
(COMMGN/BUCCKK/BBBI3E12) s TAUL3642¢42) ,TTU10, 12) oKTYF(10)
CCNFLEX EBE,TAL,TT
CrNrCh/CCNSTlPl.Plh.PI«Z.CUNI.CCNZ.C(ha.CChb.CCNSTI.IP.(RST
CCMPLEX 1V _
COMFLEX  TERM,PP,P (1)
CINENSICN PX(12) -

00 100 [=1,KNUV
PII1=(C.0+C.0)
CCATIALE

.CC 11C LIN=1,LMAX3

0C 11C LCLT=1,L¥aXx2
TERM=TALILCLT yLIN,KKIBYIN(LIN)
0C 11C J=1,.,KNUM
P(J)-P(JD#TERP#YCLT(LCUT'Jl
CCATINUE

00 12C I=1,KNUM

PX{T)=CNSTHCARS(P(I)) %2

CCATINUE

PRINT €CO, ITER ) -
PRINT A10, (KKoIGUIDdMUIDedN(TIPXLT), Ex1,KAUP)

FCFMATL / 1CX*NUMBER OF ITERATICAS=* [& )

FCRMAT( :CXSCCRE(812,¢) . SYr($12,°) TAULS12,%,% [2, *)=*
2 ElE.E ) .
PETLRA

ENC.

TEST. 2
£5T.%
TEST.4
TEST.S
C.2
C.?
Cot
€e2
E.2
F.Z
F.-
Ke2
Ka?2
CCONST.2
CCAST,.2
TEST.11
TEST.12
TEST.13
TEST.14
TESTL15.
TEST.1¢
TEST.1?
TEST.18
TESTL1S
YEST.2C
TEST.21
TEST.22
TEST.22
TEST.24
TEST.2¢
YEST.2¢
TEST. 27
TEST.28
TEST.29
TEST, 2C
TEST.21
TEST.32
TEST,22
TEST 24
TEST. 2

© TEST.2¢

TESTL2”
TEST, 32
TESTS2C



63
[
73

Te

101
111!

(aNaXal

110

12¢C
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SLERCLTINE PERTE
PERFURNS FERTLREATICN EXPANSICN TC CETAIN TAU{

CCMMCAN/BLCCKC/VY (2),V2(3912)9V3(2,12)4VX,VY,VZ,5QK(12),(CKI22]),
2 YINUGG) ,YCLT(4G,12) 9XKLzRU9AREA2

CCVMPLEX YIN,YULT
COMMCN/RLCCKE/ZLMAX G LTCP LMAXY JLMAX2,LMAXZ )L MAXGSLX
2 +ICNELITwC,ITHPEE.

CUMMUN/BLCCKK/BBBLYEs2) o TAUL 3642 erZ'vTT(‘OOIZ)'KTYPKIC)
CTMPLEX EBBP,TAL,LTT

CUMMCN/BLCCKX/TINE,, ITEM MULT,y ISCALE'IHAXnITYPE'LSU"[LCLPQlPHR
INTECER TIME
LCFPrﬁ/CLKST/PI’F141P1421C0N1'CLNZQCCN3VC0NA.CCNSTT IV'CKST
CCMPLEX IV

CONMFLEX P,PP

CIVMENSICN TIL(2C)

LARCE CouM{12S€),RVECI3000U)+CC(490CC)

DINMEASIUNS GF KXoCoANC LL.

NM2=2401 ¢ AM1I=T832 § NMZ=7532

DINENSICNS CF RMAG AND XMAG

NVM4=9CCC ¢ NME=50C0

CIMENSICNS CF RVEC -ANL G-AmRRAY  IN LARGE CURE MEMCRY.
‘WMe=2CCCC & AMT=49CC0

1PwWR=?
SMaLL=C.0001

DC 17C KK=1,I1TYPE
JK=LMB X4
KL=0

C 1iC J=1,LVAX3
PP=BRP(J4KK)}

GC 11¢ K=silsLMax3
JK=JK+1

KLi=KL +}
GUIK)=PF3G(KL)
CCNTINLE

BC 22C 1=1,IPwR
ILCL)=(T+1)%LMAXSe])
CCNTINLE

©CALL EXCXUIL(1),LNMAX&4+L)

-DC 13C 1=2,1PWR
CaLL ARlTX(LPAX4* 220 ILLI=1)y 1L L1}, 2,C)
CCNTINLE

STACK ULANIT WATRIX IN G(2).

JK=LVAXY

0C 14C 1=1,LMAX3
‘CC 140 J=1l,LPAX2
JK=JgK+1

PERT,2
PERT,2
PERT.4
PERT.S
Ce2
Ce3
Coer
€.2
E.?2
K.Z
Ke3
Xe2
Xe?

. CONST.2

CCAST,?
PERT.V]

PERTL1Z

LARCE,.?2

DM, 2

Oivr.3
DIv.4
DIM.5
DIv.S
DIr.T
Cir~.8
CiM.S
PERT.1E
PERT 1S
PERT.17
PERT..8
PERT.19
PERT.20
PERT .21
PERT.22
PERT,.23

PERT.24

PERT,2%
PERT,. 2%
PERT.27
PERT.28E

. PERT.29

PERT,.2C
PERT,21
PERT.22
PERT,22
PERT .24
PERT.3F
PERT, 2¢
PERT .27
PERT,. 28
PERT.39
PERT.4C
PERT.41
PERT .42
PERT.4?
PERT .44
PERT LS
PERT.4¢



112
11¢
123

127
134
12¢
14F
147
15C
15¢
167
17¢

172

2C2
20¢
207
222
22°
eal
244

247
£3
252
&C

-

287

257
261

2€4 -

264

[aXaXal

[aNaKal
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S CGlJK)=(0.C,040)

14C

145

146

800

IF(I.EQed) GUJIKISCHMPLATL 04040)
CCATINLE : S

"PERFCRM MATRIX MULLTIPLICATIGAS UP TC (G*T)**1PuR.

IF(KK.EC.1) FRINT 800

OC 1SC I=1,1PhWR ' .

CALL ARTTX{LMAXG41,1, ILII},LMAX441+0,C)
JK=LMAX4 .

NC 145 J=i,LMAX?

PPRBE(JoKK)

BC 145 K=l,LVAX3

JK=JK+1
TAL(KyJeKK)I=G(IK)SFPF .
CCNTINGF

TEST FCR.CCANVERGENCE

P=(04CyCC)

OC 14¢ LIN=1,LMPAX2
CC ~&¢ LCUT=1,LMAX2
P=P+TALILLUT,LIN,KK)*®YINCLIN}SYCUT(LCUT,1)

CCNTINLE

FX=CAST#CARS(P)**2
IF(I.LEe~) GC TC l48

IF(ABS(FX-STCRE).LELSMALL) GC TC 140
CCATINLE )
STCFE=PX

CCATINLE

CCATINUE

CALL TEST(I,.KK)
CCNTINUF

FCAVAT( / LCX=0BTAIN SUBPLANE PRCPAGATCR BY ITERATICN® )

RETURN
ENC

PERT 47
PERT, 48
PERT,49
PERTY. ZC
PERT,51
PERT,S2

. PERT.52?

PERT.S4
PERT.5S
PERT.S5¢

" PERT,S57

PERT.S8
PERT.59
PERT.60

 PERT.€1

PERT .52
PERT. 63
PERT.44
PERT.tS
PERT, 66
PERT .67
PERT, &8
PERT.€S
PERT.70
PERT, 71
PERT,.72
PERT, 72
PERT.T4
PERT.75
PERT,.T¢
PERT. 77
PERT.78
PERT,. TS

PERT.8C

PERT.B1
PERT.?2
PERT .83
PERT, 84
PERT.BS

" PERT.8%

“r
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aXa

1cc

11C

2

SUBKCUTINE EXCX(M1,M2)
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EXCHANCES STORAGE FRCM .COLUMNWISE TO ROwWISE ANC VICE-VERSA
CREPLACES MATRIX STARTING AT

G(M2) B8Y ONE STARI!NC_ATA Girl),

CCVMVCN/BLCCKE/ZLMAX o LTUP s LMAXYLgLFAX2yLMAX3 L MARG,LX
s ICNEZITWC,ITHREE ’ ’
LARGE CedM(12G6)yRVE((30000),C.C(490CO)

CIVZASICNS CF KX9CoBAL LL.

N¥3=2401 $ NM1=T7522 § NMZ=7332

OINMSASICNS CF RMAG AND XMAG
Nr&=G6CC0 $ AMZ=G0CC
CIMENSICNS CF RVEC AND G-ARRAY IN LARGE CORE FEMCRY,
NV£=3CCCO $ AMT=49CCO.

LG=r2-1
DC 10C T=1,LMAX2
K=I-LNBX3

CC 10C  J=1,LVAX3
K=K+LMAX]3

LC=LG+1

CM(K)=G(LEG)

CCATINLE

CC 11C [I=1l,LMAX4
GivYsel-1)=CQM (1)
CONTINLE

RE TURN
EAC

EXCH. 2
EXCH,?
EXCH.&
EXCH,. S
EXCH. ¢
E.2

E.!
LARGE.2
DINM.2
0Irv.3
DIM.4
0IN.S
DIM.%
OIN.7
oIv.8
Dx".q
EXCH.1C
EXCHs11 .
EXCr.12
EXCH.13
EXCh.14
EXCH. 15
EXCH.1E
EXCH.17
EXCh.18
EXCH.156
EXCHL20
EXCH.21
EXCH,22
EXCH.23
EXChe24
EXCH.2ZE
EXCH.2¢



12
14

16
17
21
22
2?
24
24

27

ws
s7
§C
el

[ 32

€S
67
7C
1
1¢0

1C}
102

1c?

10«4

1Cc7
11¢
17
13
122
145
187

ite
144

[alalaNaRaNalal o BN

= Xgl

[aXaXal

[aXe¥al

(o)

-102-

SLBRCUTINE APITX(Nl'UPyHZpHJ.CUToACC)

MATK[X BCCITICN ANC MULTIPLICATICN RCLTINE.
CP=: FCR ACCITICAN, LP=2 FOR MULTIPL ICATION.
G(M; ) MULST BE HCRIZCKTAL AND G(#2) MLST BE VERTICAL.

I¥ CuT=i, CUTPUT IS HCRIZONTALe IF CUT=2, OUTPLT IS VERTICAL.
" ACC=C FCR GUIM?) TC BE A SIMPLE FRCCLCT, : .

JF ACC=1, «iM3) IS A CUMULATIVE PRICUCT.

CCNF:A/BLﬁCKE/LPDXvLTOP'L“AXI'L'AXZotfﬂlEnLHAX‘vL%:

2 +ICNE,ITWC, ITHREE

INTEGER CPLCLT,ACC

COCMFLEX X,CE(4S)

LARCY C.J”(LZQ&).RVEC(JOOUO)'C €(«90CC)

CIMENSICNS (F KX,CeAND LLo

ANMI=24C1 8§ AM)=TRIZ § NMZ=7S32

DINMERSICNS CF R¥AG ANu XMAL

AM4=GCCC $ NM3=5CCC ’ ..
DIMEANSICAS CF RVEC ANC G- ARKAY lh LAPGE CORE MEMCRY,
NME=3N0CO $ AMT=4SCCO

LNAXT=23  MAX2 -

Jr=r1-1 .
J2=v2-1

Jiam3-1

SEI

" NZ=NM2

11C

112

N2=N2
IF(CP.EC.2) GG TC 110
[F{CP.NE.L1) STOP

MATKIX ADCITICN PACKAGE.

DC LCC I=i,pMAX4
C(J2+1)=GIJ141D4GC(I2¢1)
CENTIALE

RETLRN

MATRIX MULTIFLICATICN PACKAGE
CCATINUE

IF(CuUT. Eu.Zl GU TC 419
A2=At

Ji=42

JFICUT.NELL) STCP

CCATINLUE

II==~LVAX3

0OC 12C [=lsLMAXZ
11=11+LMAX3
SMALLIN(CE,CUIN2+ 1) oLMAXS)

S JJ==LNMAX3

CC 12C J=i,LraX?
Jd=JdJsLMAXI

Nalley
X={C.CyC.0)

L 120 K=l,Lrax?
13=gdex :
X=XOJE(RKIEG{I ¢ 13)

CONTINLE

LFEALL.TwaC) Giddelid=X
IF(ACCLENLL) ClJIYeIl)=Glyielldex
CORNT ALY )

RETL2N
ENL

ARITH.2
AR[TH.2
ARITH.4
ARITH. S
ARITH. %
ARITH, 7
ARITH.8

. ARITH.S

ARITH.'C
Ee.2

E.2
ARITH.12
ARITH,.'3
LARGE.?

"DIML2

01r.3

DIM.4

DIN.5

DIv.A

oIv».7

civ.8

DIv.©

ARITH, 16
ARITH,17
ARITH, '@
ARITHW1S
ARITH.20
ARITH.Z) -
ARITH.22
ARITH,223
ARITH.24
ARITH, 23
ARITH,2¢
ARITH.?27
ARITH,.28
ARITH,29
AR[TH,.30
ARTTH, 2.
ARTITH,22
ARITH,2?
ARITH.36
ARITH 28
ARITH, 2%
AR ITH, 37
ARTTH,?8
ARITH, S
ARITH.40.
ARITH.G4L
ARITH,.42
AQITH &2
ARITH .44
ARITH,.45
ARITH,.46
ARITHe 47
ARITH.48
ARITH,4G
ARITH.SO
AQITH,.S)

ARITH, %"
AQITH,E2
ARITH,S&
ARITH, &
ArITH, 3¢
AR [TH,°™
ARITH, %8
ARITH,®g
ARITHL4O
ARITH, &3
ARITH, €2
ARITH 42
ARTTH, %4
ARITH,cS



Y .3

10,

43

10

108

Vv CE
1C?

GO a0

[ EnXal

-
<

2

-103-

SUBRCLTINE GFEEN(INEEXyIELGlN)

CCMNCN/BUFF/LCGNRC KKK

GREEN.2
- GREEN.2
GREEN.4

CCFPCB/ELCCKC/NLCk'ANUH.NCELTA.hRG,NFGY.LAYER AUMPAX'NCIF'IST(bvﬁ)D 2

LR
CEP”CF/ELFCKE/LNAX'LTUP,LMAxlgLPAXZ,LPAX?.LMA)A,LX
s ICNE, IThC o ITHHEE
CCMMCN/BLOCKR/KX(24C1),CLT532),LLETS22),YINTI169)
CCPPLEX YINT
COMVON/BLCCKJI/MAXXIS1) 4RMAG L QOCO)'XPAG( 9000 ) ,MAXR

CCMMON/BLCCKK/BRBI3642) s TAUL 3642642} TT(‘O:XZ)'KTYF(IO)

CCWPLEX PEE,TAL,TT

COMNCN/BLCCKL /ARGy H (169) 4 XO(9), FATHL (101 ,PATH2(10,12}
CCMPLEX  ERG4F

COMMCN/BLCCKN/KATIC XCON, KSTAR ' .

CCMELEX KSTAR ,XCCN ,

CCNMMCN/BLCCKC/PXPY P2

COMPLEX XX, TERM

LARCE C.uM(1256),RVEC(500C0),C.C1490CO)

DINEASIGNS CF KX,CyeAND LL.

NM222401 $ AMI=T532 $ NMz=T7532

CINMENSICNS CF. RMAG AND XMAG

NM4=9CCC $ NMS=G0CO )

CIFMEANSICANS CF RVEC BNL G-ARRAY IN LARGE CORE VEMORY.
NM&=3CCC0 $ NMT=49CCO : '

IC=I8ECIN

TFCINCEX.EQ.Y) ID=0
0C 50 [I=1,LNMAXS
FvsIC+(
GEIV)I=(C.CsCaO)
CCNTINLE

MIN=1 v
TFUINCEX.CT.1) MINsWAXX(INDEX=1)41

_MBX=NAXX{INCFX)
IF(MINLGT .MAX) GC TU 130

LCCC=(MIN-1)%2-2
LINT=LMAX2-]

CC 12C LCC=NMIN,MAY
LCCC=LCCO+2
RYzRVEC(LLCCC)
R2=RVEC(LCCC+1)
=PVECHLOCC+2)
CALL YLNM(RIJR2,)R3yYINTSLINT,y=1)

ARG=KSTARBRMAGILCC)
XX=YCCNSCEXP( CMPLX(0.0¢XMAGILCCI®RATIO) )
CalLl FANKFL

INCX=1C

ACX=0

III""!K‘—II""M
s & o 8 o o ¢ 0 * 0

[
w

D.3

N\UNI“NI\’UI‘J‘.MN

" Q.2

GREEN.14
LARGE.2
DIM,2
0iv.d
DINM.4 -
DIM.5
DIMesd
DIr.7
Div.8
DIM.9
GREEN.17
GREEN.18
GREEN.1S
GREEN.20
GREEN.21
GREEN.22
GREEN.23
GREEN.24
GREEN.2S

‘GREEN .26

GREEN. 27
GREEN.28
GREEN.2?S
GREEN.20
GREEN.31
GREEN.22
GREEN.23
GREEN.24

" GREEN.25

GREEN.3&
GREEN.37
GREEN.28
GREEN.?9
GREEN.4O
GREEN.41.
GREEN.42
GREEN.43

" _GREEN .44

GREEN,45
GREEN.4E
GREEN.4T



110
114
112
12¢

121
12¢
127
131
14¢
147
1€1
162
17c
2CC
2C0

2ol

1€0
11C

120
12¢

-104-

00 11C L=1,LNMAXG
JJd=Kx (L}
TERM=(C.Cy0.C)
INCX=IACX+!

CC ICC I=1,d4
ANCX=NCX+]
LLL=LLINCX)

TERM=TERM+YINT(LLUD*H(LLL )®C(NCX)
CCNTINLUE ‘

G{INCX)=G{ INCX)+TERNMEXX

CCNTINLE ’
IF(NCYX.GT NLFMAX) PRINT 800, NCX
CCNTINLE

CCATIALE

RETURN

€00 FORMAT( 20X 44Hescessxsae [NDEX CF ARRAY EXCEECS AUMMAX (

81C FCRMAT( // 10X 10H#»sexax¥xs ¢ END CF FILE TAPEVZ

820 FCRAMAT( // 1CX lCH*#*‘****** * PARITY ERROR TAPE 2

2 165, 13H ) d0eddeds3s )
2 ¢ LCC=* 15 )~

2 = LCC=% 1% )

END

INCEX=% (4,

INCEX=* 14,

GREEN.<8
GREEN, 4S
GREEN.SC
GREEN.51
GREEN.52
GREEN,.53
GREEN.S54
GREEN, 55

GREEN.SE

GREEN.S7
GREEN,.FE
GREEN.%S
GREEN.&C
GREEN.&1
GREEN.&2
GREEN. &2
GREEN.&4
GREEN, ¢S
GREEN .66
GREEN,67
GREEN.¢B
GREEN.&S
GREEN.T0
GREEN.??

*GREEN.72

GPEEN,72
GREFN.76
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SLBFCLTINE HANKEL

. CC”?UA/PLCCKF/LNAﬁ'LTOPcLFAX1 LVAX2,LMAXD LMAXG,LX

2 JICNEC»ITwC o ITHREE

COMKCN/BLCCKL/ARG,F{169),XD(5), FATHI(IO).PATPZ(!Olel
CCoPLEX ARG,H
CCPPCA/CUASI/?[.F14vPlkZ.CJNLvC(AZOCCASyCONQ,CONSTTyIH.CRST
CCPPLEX 1M

COMPLEX FrR(21)oIXsFHH XPUNs ZINV

MANSLMNAXZ =2
XPCN=CEXP (IM$ARG)
ZIN¥=1./ARC

hHl')=-lN'Zth°XPUh
HPGZ)--ZIKV*(L.OIP‘ZINV)‘XPCA

CC 1I0C [I=1.,¥AX
He¢Lez)=(Lelel l‘lth*HH(lﬁl)—HH(l)
CONTINLE

K=C
Ix=fn -

DC ILC 1=1.LVMAX2
NBRR=29[=-1%
Ir==Lx#1¥
FEEEIXARF(T)

CC YIC  J=14N2R
N=h+! .
r(N)=b b+
COMNTINLE

R8T AN
N

HANKEL .2
FANKEL 3
E.2

E.2?

Lt.2

Le? .
CONST.2
CCNST,.?
HARKEL.T
HANKEL .8
HANKEL .S
HANKEL .10
HANKEL .11
HANKEL .12
HANKEL .12
HARKEL.14

" HANKEL.1f%

HANKEL 16
HARNKEL .17
HANKEL.18
HANKEL .15
HARKEL .20
HANKEL .21
HANKEL.22
HANKEL .22
HANKEL .24
HANKEL .25
HARNKEL .26
HANKEL .27
HAAKEL .28
HANKEL .29

HARKEL +30

HANKEL.21
HARKEL .32
HANKEL.23

‘HANKEL .34

HANKEL .25

CHANKEL . 2€



$$33SS%S88  DATA DECK LISTING $SSSS8S5SS

. PUNCH=p0

7 DECEMBER 1072

ALUMINUM (PERTURBATION EXPANSION)

5 30 \
§16Ma=00
3 NDIF

i 1TYPEaNUMRE

3 LMAX
ALUMINUM woses
26,9875

6 40 T

5¢8536364¢9E-"1
-6442609151E~"1
"4095321422€--]
~7:18610708E=7}
3.96784099€~"
«T256837265E«"]
3e01488133E=n]
«7:68779901€=1
2+16053903F=n}
=7¢63333140€~r)
1241049953671
«T+46431859E=~")
7266529780E=:2
=7.22759006E=21
2416145571€~ .2
«6.93651318E~"1
«225142R36BE-r 2
«6:62865236E-41
" =6247162040E=-2
«6¢29968471E="1
=92 79435459F =52
-5297041483E-7)
=)+25721RA55E- "}
-5264102110E=71
«1e48707425E=)
=54327192770E=]
«1267833R55E-71
-5.91n1196uE=~4)
«1282759471E-.,1
=1+23098214€~51
*3e70740220E-"3
«1230063497E=:2
«3+05460278E-"4
5:74475328E«°2
=7:07659237€E<-3
1+10759262€=-1
«1294544002€=c2
1.50399233E-;1
=3244K22063E-, 2
1.79895734E-"]
«5¢02708226€~,.2
2201325756E~1]
~6:51181936E-72
2:15R]12454F=")
«7+9445435)F= 2
2:27450110F=7)
«9.34631436E-72
2+15822465E6-7)

PENDRY PraSE

1 nqu.uAXR.LSUM.T!&E

R OF ATOMIC TYPES CONSIDWRED

ATOMIC WEIGHT OF ALUMINJM

LTOPsLOWEN AND NNRG

~5.987183025€-5]
€,33666105E-01
«6.93752629€-01
4,36000773E-0)

1 =7,45483758€-0]

1438567087E~01
=7.66653055E=01

2+49093718€-0]
«7.67197993E~0})

1.69818442F=0)
=7.54310137€-0]

1,01288386E~0]
~7.,32602872€E=-0}

4.26209167E=02
~7.05494252€~01
=7.34366784E-03
=4.75155533E=0)
=6+496793459E-02
~6.43056536E=0]
~n,53480775€-02
=As10214756E=01
*1415216667E=0}
-;.77358966E-g%
=140037013E~0]
=5,44933067E~0]
=1.604%5R064E~0]
~5,13357469E-9]
=1477075454E=p}
~4,82853691E-01

=9,14831520E~03

*4,62B66446E-02
=1,61484916E-04
1.15686077€-02
*3.46415598E-03
9,12625321€~02
~14408230892E-92
1.35888749E~0)
=2.82834531E~02
7.69165060E~0)
*4,39254015E=02
1.93677163E-n7
=5,95084174E-C2
2.10381562E=0]
=7.36337424£-02
2.23221192€-¢1
“n,79626R62E~02
2.32802846E-0)
=1.01%62346E=n1

5069197999 =01
«6,61365386.-01
4,75726765u=01
~7,28899886v<n]
3,76834837w=n1
~7.61020432e-01
2.836757480=01
~7.688512140=n]
2,00243446u=-01
~7.60725536%=01
1.,27424002v=01
'70Q2070§63soﬁl
6,49706938-02
=7416822637y-n1
1.16605716u=02
«6,87572898x~n1
«3,36012900+~02
=6,56037507a~01
=7,182688464-02
=6.23394220-~0)
-;.039l7?68,-nl
=5,9046)1884e=91
-1.30672557.-31
«5.57917572u=01
=1,5278n225w=n1
=5.2587515%n1
*1,70856095w=0]
=4,94909202¢-01
0,
«8,316010685~02
«14965510R1e=03
2,695615664-0)
=1,009254754~03
6,93697163v=02
*9,229516145~n3
1.19611699=01
«2,23223742-202
1.57031461e=01
=3,76026553v~02
1.848161640=01
*5,33962907e~02
2.0447018) =0}
=6,794530960.-02
2,18431100v-01
=8,23139297w-n2
2,29349353%=n]
~9,61548372wen2
2.37167775w=n)

SHIFTS ssese

-6,21556115E=0]

5,14745739€=0)
~7,06972431E~0)

4,.1609)926E=0}
=7,51674909E~0]

3,19855652E=01
«7.68429745E=0)

2.3233)¢42E0]
«7,65520786E=0)

1,55223364E=0}
~7,50578809E~0)

8,87857716E-02
=7,27554477E=0]

3,195.8185€E=0>
-6,99558753E~0]
-1,63997563E-9>
~6,68810630E-0]
=5,73240508E-02
=6.36534601E~0]
«9,17669964E=0>
=6,03657304E=0]
=1,20566686E=p]
=5,70870401E~0)
=1,46457179E=-0]
«5,385(6271E~0
“].64049592E=0]
=5,07142482E-01
«1.799a3425E=01

00
~6,08086767E-03
«2,923350701E=0>
=7.07¢n4311E=08

4,48744)75E=0>
=5,14452710E-03

1,01296014E-0)
=1,671713669E~02
1,43355081E-01
=3.13574R14E=0>
1.74608248BE=-01
«4,71123514E=0>
1,97656240E~0{
~6,230<1303E-0>
2.131&5430E=0)
~7,65570791E~02
2,254%3281E-01
«9,07278509€-02
2.34344989E-0
«1,04nc2828E-07

S451888193E=0]
=6,78462968E=0)
4455914424E-0)
«7,37837210E=0}
3.57577060E=0]
=7.64275189E=0}
2+66202636E=0]
=7.68311396E=9]
1.84828090E=0)
«7.57708025E~0]
1.14169335€~0)
«7,37453733E~9]
5.36269647E~02
«7.11229621€~0)
2,008755)12E=01
~6.81404171E-0)
=4,17723033E-02
«6,49565373E=01
«7,87029565E~0>
«6,16807745E=0]
=14n9668079E=q)

=5,83892948E=9]
=]1435443404E=9)
=5,513%0147E=01
«]1e56696024E=0
=5.19595926E=01
=1,74033551E~0)
-4,88855810E=p1

=6,42315045E~0>
«7.99958752E=04
1.75433186E~¢2

=2.07529984E=03

8.06305278E=02
«1415737675E-02
1.27981043E-0})
=2.52675485E~0>
1.632813)11E-9)
=4.076078)1E-02
1.89405124E=0)
=5.647834p7E~02
2.07487606E-0)
=7.0704387AE=02
2.208988681E-9)
«~8,51538587E=n>
2.31132283E=0]
«9,88251221E~p>
?2.38421697E~0)

\

1-1

to b
Esv0,42,49y,.. eV.
lalses are hsted i
Reak poid Alloved

5} Iny'ma7 énrf _

Jor each erengy.
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b
o
T



«1406613223E=~"1)
< 2e41A645]16E«-Y
«1218909301F=r]

2:45510630E-r)
«1230345052E="1

2.47759955E- "]
«]1240934489E="]

2448720507E~31
~1250698369E~"1

2.,4BK32R34E-n1
~5450168416E-"1
-4233299020F-"1
=5322429608E=01
=5409422406E-r1 -
«6274R0R6TAF =
-5262536930F-"]
“4429160963E ="
~5:5313011 78~
~32R9596906E~
=5,53n038137E~"
«3256013801€=9]
2504795267 TE="
«3227249626E~ ]
«5,40>80898E="
=3202581054E~"]
«5e30970709F="1
«2¢81713272€=~"1
=5:20564786E="1
~2463R17624E=")
«52092216]1RE=~"}
=2248503109E~1
«4598791953E=1
=2¢35322433E-"1
~4287R36502€~-]
=2,23R86575E="1
«4277737909E=¢1
«2413R70760E="1
=4266217243F "1
«2205023507E-11
«12062]125)14E~-"1"
~]381697A6E-*2
«1249346336E=-"1
S2484726032E=-2
«1eA9n64528E-"1
~4064313754E=°2
~2¢18120165€~°1
~6+46167384E="2
~2237261112€~ "1
-B20B8737745E--2
'20‘84370085-ﬁ]
«9:42R09127E~"2
«2954191031E="]
=1904930791E-"
~2956301546F=")
. =1213319732E-"1
~2256222287E=. 1
=1.20019786E~.]
«2:54R65296E~1]
=102549)3T71E="]
«2+52700263E=1
~1230045234E~"1
«2:50088351€-"]
«1¢33R78014E-"1
=2+8T17924RE-"1
«1637102758E-~)
«2e84n732428er)

—

2.395870305-01-
~1,14101766E=01)
2.664179532F-01
~1.25878752E=01
2.67U276485=0]
-1.36802945E=(]
2.484727085=01
~1466891234€-01
2.48781885E-0]
~1.56158141E=01
-3,857114995=(1
~6,38119856E~0]
“4,B726927T0E~01
~3.94255720E=0]
~5,33818060E=01
-6,4682585nE~01
-€,8n937724E=0]
~4s(4721354E=01
“6e541264983F=¢)
-3.68853895E=2)
«5,50410087E=01
-3438235026E=q]
-5,43627313€-0)
~3,12059743E=p})
~5,34870473E=0)
«5,89716462E~9)
~5,24897374€E=9]
~2.70652632E~01
=5,14219123E=9}
-2,54361244E=0)
-5,03226640E=01
=5,40375597E=0]
=-4,92210168E%=0)
=2.28282501E=9)
~4.81387506E~01
=2417730298E=01}
-6,70896707E~n
=2,08429366E-0]
=6.60808603E=01
=9,34874912€-03
-1.32559472€=¢]
=2419253783E=92
=1.747B6300E=01
~2489737193E=92
-2.078477T9E=¢g]
«5,74777373E-02
-2,30681289E=0)
-7,47268173E=02
~2.4674433RE=0)
=9.93086602E=02
=2.52392917E=9}
=1.01020687E=p1
~2:55749697E=9]
=7410233105E-01
-2.56425938E=0)
=1.17534332E=9]
«2.55697195E=0]
~7,23%41745€E=01
«2,53619472E=07
=7.28327368F=0]
~2.51172044E=0)
-7,3242797RE=01
«2,48368778E-0)
-7,35864179€-0}
-2,45332632E-0)
-~1.38780520F =01

~107j

=1.09142289==n1
2.42575]42%=n1
«1,21265686u=n]
2.6607467Te=n]
=1,32535616%=n1
'2,48045]46v=n]
“1,629525688e=n1
2,6878585%=n1

=1.52551956x=01

0.
=5.,48328161%=n1
=4,53597A%n=N]
=5413330479%-=0n1
~5419087368x=01
~4,65323381e=nl
=5,45935553p=nl
“4,20778KY4pen]
=5,53755098_ ~01
=3,8268)798u=0]
=545229)1302%~01
=3,4971063%~01

=5446593770%=01"

=3,22033314w=n1
=5,38528241%=p1
=2.98228406==01
'5028;756995'01
=2.7791585%=01
=5,18529470%=n1
=2.,60573880w=n1
=5,97623331»=01
~2,45718a96u=pn1
-4.96589593-00]
=2.32714464e=n]
«4,85672419.=01
=2,21784203w=n1
=8,75040418w=01
=2,120116477w=01
-4,64680015%=n1

0. _ .
~1.13994733e=01
=1,63361340%=02
=1458720331e=01
=3,1896]6A5==n2
~1.95910A77w~nl
«5,01460158%=02
«2,2269354)w=n1
=~6.8095663Tw=n2
~24400230500-n1
«8,37347995+=02
~2.49961204w~0]
=9,66253342v=02
~2.,54814288.«0]
~1e06773985==n1
=2.56403706w=n]
~141478¢19Tw-n1
=2456016126:=p1
=1+21201322%=01
~2,544587345-01
~14264674%w=0}
«2452204486.=n)
-1.30865333:-01
«2,49526239_-n1
«1,36369717wan]
-2,66569692v.01
«1,37581081wa0)
«2,43435759%e.01

2.4064T731E~0)
~1.16531113E=0)
2,&6878n83E-01
-1.28127642E=-01
2.47430445E=0]
-1,388R4517E=-01
2.484578296E-0)
-1,48871385€=-0}
2,48735423E-01
o.

~4,10661741E~0]

«5,30781198E=C}
-4,99224772E=-0)
-4,04535986E~0)
-5.38526431E-01
-4,37870942E-01
-5,52194594E-01
~3,97039792E~0)
-5,53650623E~0]1
-3,62316556E~0Y
-5,49255557€=01
=3,32657297€~g]
-5.,41%9a1010E=01
-3,07297276E~0]
«5,32915R91E-0]
-2,85652407E~0]
«5,227AT56TE~0]

-2,67182605€~01"
-5,12020202€-01

-2,513r8728E~0]
-5,01073448E=0
=2.,37873473E=0)
=4,90015456E=-01
«2.,260c5605€-0]
~4,79253372€-0]
~2,15776722E=0]
-6,68859240E~01
=2,06774818E~01

o. C - -
-l.l‘&;‘n53€'og
=1,41390434E~-0]
«2,51429793E-02
-1,82136]14E~0]
=4,27922175E~=02
-2,13192191E~-0)
-6,109a0611E-0>
-2.34)37490E-0}
~7.784n4209E=02
«2,46741511E~0}
-9,18452502E-0?
=2.53367188E-0]
=1.03n12750E~01
~2.56071331E-01
-1.11823964E=0]
-2.56351131€-01
«1.,18797430E=01
«2,551A7201E~0}
«],24401784E-0]
-2.531A9556E-oi
«1.29199251E-0)
-2.50616364E=01
-1,33146278¢-01
=2,67778106E-0]
-1,36§%3505€-01
-2,46725610€-0)
«].39209938E-01

-3 zaa¥ s
-1+11638827€=0}
2443412672E~0]
-1.23588882E~0]
2.46579696E=01
«1.34683210E-0]

2.,482821R8E=0Y

~1444938174E-01
2.48800835E-0]
~1054371941E-01

=5:44099107E~0]
-4,71568589E-01
=5.03895777E~01
~5,27068718E~0)
~4455985683E-01
-5.48727050E-0}
-~4412635769E-0)
~5.,54083814E=0)
«3475567909E=9]
~5,516139R6E~0)
=343985282E-0)
~5445151192€~0}
*3.16970907E-01
=5,36724332E=0]
«2¢93907684E~0)
=5.26950851E~9]
=2+ 74229695E~0]
=5.16380487E-9)
«2457422369E=0]
=5.05424134E-9)

«2+430102642E=01

-6.94395833E-0]
=243956B444E«0)
-4,83523160E~91
=2.19732457E-01
«4,72960230E-01
=2.10197971E-0}
«4.62797451E-01

«1423434929E=01 =

~14904000633E-02
=1.66990104E-0)
=3.54008043E-02
«20020626S6E~0]
=5.38323280E-02
=2.26873800E-0]
=7,14617432E=02
«2+42512093E-0}
=B.66076235E~02
«2+51260374E=01
«~9,88724962E=92
=2455332226E-0)
«1¢08541621E~0]
=1+16185121E=4]
=2+55773958E«p)
=1422361985E-01
=2.54049259E-01
=1¢27413155€=0)
«2451696914E=0)
=1431659570E=0]
«2448950935€-01
-1,35237924E07
«2,45954073E.01
-],38241218E.0)
«2.42793388E-01

LI:L

.




«1:51242563€=12
«3.501h4799E- 6

=2:7601R5%63F=: 2
~1¢1£472355E= 3
-4 ,31151908F <2
«2¢697185469F - 3
~5199613490E<"2
=5¢23n75764E~"3
«7+67693256€- 2
-8 62“60306€~\3
-9-]966?9ﬂ15- 2
1427146781F"2
=1295892773E-"1
-1,71R99373F "2
-1~16ﬂ66362F—'l
-2216726784F="2
~1,25749R57F ]
-g:ggl 32553E-| 2
«103256196RE=]
=2¢97740615E=1.2
«1¢37646803€E-1
«3+32126729E-132
-1.611708295-”1
«32624905]15€=( 2
-1.460696095-‘1
-3-89335705E—('2
«1266006244E=r1
-6.131039Z7E-’2
-1-473796665-'1
-1-78A26“23E-

=5,74414023E=76

-he 210996165€=3
.z.aaasboaaE-fS
«Te76472952E=73

-9,987137156F=_5
-1 .277650696-'_’ 2
=-2e68297282E~ 14
-l 2RB9009]106E~.:2
~5:76184009E= &

~2:57336576E=72
«1208/02099E~r3
-3.341066295--2
«12R4724056E"3

~4.12751631€E="2

«2eR5653488BE~"3
«42898T70776E= 12
-6.081917365-'3
«5,61963056E-"2
«5247317415E-3
-6'276359‘“5-1

: -6.9610636SE-~3

«6+85618455€="2
«Be48651523k=n3
«7935647971€~"2

=9¢98949361E=:3

«T278060050E-52
1.14345590E=72
«8213575559E~-2

-1,95367911€-04
-2,22689964E-072
-7,32648642E-04
-2, 67655282E-07
-T,Q«B)&nsoE-oa
~5,32342354E-0>
-4,nR03RIVSE~03
-7,02615216F=0?
«7,17968194E-03
~8,60915505€-02
-1, 09879949E-0>
=71.,00450378E-0]
-1 53737934E-0>

.12649108E-0]
-1 198948436E-02

L224579R3E-n1
..2 6259?82?E -0?
«1.30059022€-01
-2.82843906€-02
-1 ,35785040E~01
-3,18932227€-0>
-1.600111265-01
«3,50853709€-02
-1,43086668£=-01
«3,79029059E=02
-1,45302670E-0)
«4,04030566E~02
-1,46894025E-0]
~4,26409851€E=02

-2,719656635-06'

~2,00103931E<03
-1.612760156-05
-6.124656395-03
=6430608252E=-05
«1,06164362€-02
«)¢B44644T8B0Eagy
~1,64393135€~0?
~4,35780616E=04
«2,29179197€=-0>
«8,49179814E=04
-3.031769ATE-0>
«1.5102R498E-03
«3,81528R14E«p2
-2.42085102E-03
«4,59502821E=03
=3.56531562€-03
-G, 33893830E-02
-4,89866256E=03
~6,023444]13E=02
~6.,35791634E-03
~6,63432727E-02

-7.87602153£-o3v

=7.16597923E«02
«9,39348475E-03
-7.61963395E=02
«1,08652831€=02
~8,00152386E=92
-1. 22628386E-02

~1,737954129-02
-%,551386430-04
=3,06565308¢v.02
] ,36766242vun3
-4,6693975] w02
=3,11921449-.03
-6,3671507Twwn?
«5,85121592e-03
«7,9949035%=202
-9.39o9bo9lr-03
«9,49011671wan2
=1,35332733u.02
«1,08050983van1l
-1,80957{51~=02
-1.19910625--01
«2,254676684.02"
«1,272632160=01
«2,67191157.02
«],33696292.-01
-3.049636685-02
=]1,368478678wa01
-3, +38514318w-n2
1,41976013x=01
«3,68127558p02-
-x.t4505634--ql
«3,9433719%-02
=1,46326030%~01
«4,17780657w=02
O,
=2.12560430w=03
=8,26761311w-06
«4,71837097w=03
=3,79008(068w=05
-8,66102835v=n3
-1.2366?!‘0.-n6
«1.39750639==02
=3,18228870s04
«2,02589854u=02
«6,58203828w=04
~2.72544]12Twan2
©1,21795469%¢-n3
~3,69998696y-02
-2.c2925160~-03
-4 ,78544913w=02
«3,08432689%-03
=5,04705655w=02
«4,3648871311~03
«5,75761224w=02
=5.76530801%=03
«6,3991445Tn=n2
«7 426695736003
649627534502
=8.79027194x=023
“To44717486==02
=1.02840707=02
~7.85692243¢-02
=1.17142463%=02
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-2, 603653015-0&
«2,4937 3543E-02
-9, 157:8378:-oa

-3, 991\19865-09
-2 303n5975€ -03
5, 659:83896 -02
-t 640765575 03
-7 35‘n9eloE 0>
-7 891;666$E 03
-8 906»29895—02
-l 18055119E-o>
-l 03070ﬁ97E-01
-l 628al467£ -02
-1, 14196157E-0\
-2, o7en2191£-o?
-l 24146059E-o]
-2 509~013SE-07
«1,31346n015E=0]
-2, 90365«49E-o>
-1, 36762756E‘01
-3 255q819aE-07
-1, 407\2016E-01
=3,56711068E=02
-l, $43503723E-01
«3,84232569E=02
«1,45665956E~0]
«4.08750253E-03
.1 671¢1159€-01

-3 9536b8685-0h
-3 52786732E-03
-2, I16749573E~05
«6,916585036E~-0)
-7 975800995’05
«1,167774067€E=02
«2,2387243T7E=04
-1.77623803E-0>
-5 02]2‘8735'04
-2 63066“035-09
-9 63190“965-09
«3,186747T1E=0?
-], 676780975-01
-3, 97176627!-0’
-2, 63016n31E-o3
-4, 746082]37E~02
-3, BZoaeoooE-oa
-5, 48046283E-07
«5,18479442E-03
-, 15147081E=02
«6,65992858E-0)
-6 746088i82E~02
-8, 181573b75-03
-7, 26?186625'0?
-9, 692§5615E-03
-7, 701:236¢E 0?
-1, llSvSlOlE-O?
«8,06901024E=02

«1,97698604E=02 j

«5,81770230E-04
=3, 167952196-07
-1,64073936€-03
-4,98663923E.02
«3,58102443E40)
«6,69036336€E=07
«6,50106273E-03
-8,30554139E-02
«]l,01778450E«02
-9 712850835-07

-1,44801627E.02
=1,10401873E-0)
«1,899781i3E-0?
«1.20680168E-07
-2.34093645E€-02
-1.25599631£.n1
«2,75097564E~02
-1 3017009¢E-01
«3,12029224E-0?
«1,39267059E-0]
-3, o¢75767SE-oz
-],42547691E-01
«3,73641025€-0?
‘-] 44915872E-01
«3,99235862E«02
el,46619801E-0)
-A.22169509E-oz

«2.53248495E-03 ")
=]1.16426690E=05
«5,39084744E=03
o4 ,91946381E~0%
-9.612256395-03
«1,51705621E=04
«1,51960659E-92
«3,73942806E=04
-2.15683~76£-oz
«T7,89044440E-04
-2.878238995-02
-l, 359279355-03
-3, 65806‘655-0?
-2.220#28308-03
«4,44126120E~-02
«3,32100932E~03
«8,19643741E-02
-t 62!121032-03
«5,89218671E-02

00“312995'0?
«6,31844214E=02
-7.57]377165-03
«7.06599314E-02
«9,09267963E-02
«7,83487163E«02
-1.05160700E-oz
=7493354545E-07

«1419933957E~02 J
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% sexse  LALUNIAUNM (PERVLQEATt(thXPANSlCN) FENCRY PHASE SHIFTS eenes

o T-FACTCRS RFAC IN TC L= 2 FOk ATTNMIC TYPE  l.eee  ALLNMINLY stoss’

SUBRCUTINE STACK FURWMS

INTLKMEC {ATE ARRAYS (LL) ANC (C).
L= 3 LMAXA=  2%€  (LlaPMeol2,Mi,L3,¥3)=( &

o 2 3 2 7 ANUMMAX= 468

4s330F(CC (100)-SURFACE

LATTICE CCASTANT IS ?.GACCO ANGSTRCMS, INTERLAYER SPACIMG [N SLLK IS

EASIS VECTCR (N SUKRFACE FLANE (S (, 0.0000C, ©€.00000)
€ 1) CCREC 1) SYv( 1) C=d{ C. w0000 0.C0000 C.00CC0O) a={ 2.C2000 2.0:000)
C 2) CCREC 1) Ssyv( 1) C=( 2.04C0C 0.GCCCO 2.02CC0OY a=( 2.C2CCC ceCz0CC)
2 COREC U SYyM( ) c= 0.0000C 0.00000 4.06CCCH A= 2.Cz00C 2.€2C0C)
RECIPRCCEL LATTICE, SUKFACE NET VECTORS

€1}y RA={ 1.5%%24 1.%5324) Reat( 1.89%.4 -1.9%%24)

( 2) Ra={ 1.5%524 1.5%62410 Rg=( 1.53524 =-1.55%7%)

{ 3} Ra=l 1.55%2¢4 1.5£524) RE={ 1.53576 =-1.£3524)

24CZCCC ANGSTRCNMS

B={
LEYY
-2

T UECEFBER 1972

2.L200C
2.0?7CCC
2.C2000

=2.02000)
=-2.€2000)
~2.020C0)
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e 9r  ALUNMIAUM (PERTURBATICN EXPANSICNY  PENDRY PHASE SHIFTS 9eees 7 c(CENFéﬁ 1972

INCSCENT BEAM ANGLES Aﬂf ThETas= 3 PHIs= 0
) SEINENSORIONDY

INCICENT ELECTRCN EAERGY FRCM &0 TC 40 E.v,

FAXIMLF L-VALLE IS 3

LAYTICE TEMPEWATURF=s 253
CEEYE TEWMPERATURES = 426 AND 426

SLARCUTINE TABLE SETS PRCPAGATOR CUTOFF LENGTH AT RMAX= 3(.CCC . -

FINBL LAYERS CF SUMMATICA ARE ( 1, 1} MAXX( L1l)= 348 TCTAL NUMBER DOF ATCMIC STTES WITHIN CUTCFF,
FINAL LAYERS CF SLMMATICN ARE § 2, 1) HAYX{ 2)m 648 TCTAL NUNMBER CF ATCMIC STTES wITHIN CUTCFF,
FINAL LAYERS CF SUMMATICN AmE ( 3, 1) MAXXt 3= 897 TCTAL NUMBER OF ATOMIC SITES wITHIN CUTCFF,
FIANAL LAYERS CF SLMFMATICN ARE ( 1+ 2) PAXX( &)= 1197 YCTAL NUMBER CF ATCMIC SITES wITHIN CUTCFF.
FINAL LAYERS CF SUMMATICN ARE ( 3, 2) ¥AXX( S)= 1413 TCTAL NUMBER CF ATCVIC SITES wITRIN CUTOFF.
CFINSL LAYERS (F SUMMATILCN ARE ( L, 3) MAXXL &)= 1682 TCTAL AUMBER CF ATCMIC SITES mITHIN CUTCFF.
FINAL LAYERS CF SUMMATICN ARE ( 2, 3) FAXXt Ti= 1878 TCTAL NUMBER OF ATOMIC SITES WITHIN CUTCFF.

[ I B

ARRAY CIPEASICNS REGUIREC (ANGC SUPPLIEC) BY PRCGRANV
: C= ©56  ( T7532)

L= 98 15321
KX 259 2401}
RMAG- 1873 §COC)

RVEC- Sol& 3000¢C)

{
{
(
XrAG- 1878 ( S0CC)
[}
GICOMPLEX)- 3072 | «SQ0C)

TIME FUR llfthth Cr TaPLL - 2.376 A1 2.422;
D I 2 A I B O R B AT B R R B BN I A S e 0 e s 0 e sse s T e e s NI NS IO SEEEBEE eSS
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INCICENT BEANM ENERGY [S 40 Eev. $33388 ARGY= [

RENCRMALIZEC CUBSIPARTICLE ENEKGY E=( 45.88E¢, 4.0855) © V.
COMPLEX K=-YEILTOFR KSTAR={ 3,€2€%<, .14825) INVERSE AhCSTR("S
CUASIPARTICLE RENCRMALIZATIUN CCNSTANT INORM=L L E27¢]Q, -.2523S)
INELASYIC CAFPING LENGTH LAMBOA= 6,7455 ANCSTRUMS
: R k.
Yy Y. Ve /lncndcﬂt beam R
PRCPAGATICN VECTCRS IN CRYSTAL Vi=s 0.0C0C0 0.00CC0 2.£z¢%5
TYPE( 1) EEAM( C, O} gve=. C.ICCCO 0.C00N0 -2,62¢5S v3i=. 0.C00C0 C.0CCOC 7.25217
TYPEC 1) PEAM( Co 1) Jvi= 1,9%524 =1.96574 -7,882%C vi= -1.5852¢ 1.55%24 ¢€.%1008
TYPEL LE BEAM( 1. 0D vas 1.55524 1.°965%524 -i,BRISC Vie -1,5€536 -1,5€524 ¢,71008 k.- ‘k;
~

TYPEC 4} bEAM( 1, 1) vie 3.11C4% 0.C0000 -l.Ec4e? Vie -3,11C86 C.OCCCC ¢,4S124 ~
FILLE  LBYER 1 KIYE= °"+""‘J beams !f '
CPTAIN SUBPLANE PRCFAGATCR BY ITERATICA

NUMBER CF ITERATICNS= 8

CCREC 1) SYM( 1) TAG( 0y 0)x  2,45357842E-C! '

CCREC. 1) SYM( 1) TAUL 0, 1= 1.05488621E-01 ; iberative expansion.
CCREC 1) SYM( 1) TAVC 10 01- I.oscaneale-or [ T obtained é? iterative exp "
CCREC 1) SYM( 1) TAUC 1, 1)= 4.34C2518EE-C: '

NUMBER CF ITERATICNS= C

CCRE( 1) SYM{ 1) TAUL Oy O)= 2.452469C2€-G1 )
CORE( 1) SYF( 1) TAUL Oy )= 1.0949411€E-01 . . . . .
CCrRE( 1) SYM( 1) TAUL 1, 0)= 1.0945411¢E-01 t °kta"€J éy maf:rn: nversion,
CCRE( 1) SYNM( 1) TAUL Ly l)=  £,24054746€-02
L4 . : . .
ITERATICN CF T-MATRIX TC CFDER 1 ' ' .
[} O 131 ‘ ) ) .
LAYERs 1 T=/ « 146642/ ~e047%47 ~-.129026 TERM=» ~,047%67 =-,12602¢4 S Mz «, 047567 -,13603¢
., LAYER= 2 TYa/ .08C721/ =+026122 ~,.C76368 TERNMe «076257 «014829 SLMs «031610 -.124207
LAYER= 3 T=/ 044354/ -.0164352 =-.0416G68 TERM= -~,02E%29 «C23682 SV «CC2271  =-.(5C2%6
ENERCY= 40 EJVe INTENSITY= - 4.021236E~-C2? LOGARITHM=E -Z,26564
CHEIBIOREED .
o [ eear : :
: LAYER= 1 Ts/ +0RTS18/ C=e0I09TZ  ~.CB1962 TERMs  -,03CST2 =-,081942 SLMs =,C3087¢ =-.081642
"LAYER= 2 T=/ «066563/ ~+012T52 =-.Cl086 TERMa «,(CGER e 043442 SLFMe  <,04CEVE  -,03845S
LAYER= 1. Ts/ « 022665/ -+.008012 -.€212C2 TERNFS: «0lt2e8 ~,01°68. SiFe =-,02445C -.(0Fale
ENERCY= 40 E.V, INTENSITY= 1.741577°E~C2 LCGARITHMs. -2 ,753%%
) REEBEDREEL S .
1 C geav . . . ‘
LAYER= | T=/- «08741237 -e03C572 -.C81562 TERM= ~,02CS72 =.08194% SLM= -,03C€72 ~-,0816¢2
LAYER= 2 T=/ «C4a563/ -s015752 =-~,C4adé8¢  TERM= ~,(CGE42 «0626862 SLM=  +,040815 ~.02€495
LAYER=z 3 Tay .022€6¢S/ ~.GUB0L2 =-.C21202 - TERM= 2016264 =.01558! SLMz  =,(2445C -.C561FL
ENERCY= 4C €,V, INTENSITY=  1.,741973%-C? LCCARITHIP= -7 ,7549¢
‘tt.‘ﬂ““_t

1 1 REAY
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LAYER= 2 T=/ .C451a8/ -.01384¢6 ~.C47197 TERM=  ,C476C3  .0131%6
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LAYER= 2" T=/  ,034555/ .003247 -.C34%04 TERM= <-.021723  ,C2699%
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LAYER= )} Ta/ 2052564/ 2040966 =.C33571 TERMs 040666 =-.03357]
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LOGARITHM= =-2.91358 .
TERM=s ~-,008122 -.064C84
TERM= =,023268 « 024666
TERMs «018458 ~-.008621

LCGARITHF= -2,513%58
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TIME REQUIRENMENTS FCR EXECUTION OF ENERGY LCCP

BEGIN LCCF AT 2.823
TC ENC CF FILLE 2,431 -
TC ENC CF SuBPL 4.186 ’ Coo T T T TrTmm TmmTTr e Tt T oo
TC EANC CF IAV 4.305
TC ENC (F GREEN 1C. 742
CCUBLE CIFFRACTICA 10.€85
NEXY [TERATICN 11.C32
NEXT ITERATICN 1l.17¢
NEXT ITERATICN 11.221 Tt ST TTTTI e rmes e s o mm e i
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REEE R R B3 ’ .
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LEGAL NOTICE

This report was prepared as an account of work sponsored by the
United States Government. Neither the United States nor the United
States Atomic Energy Commission, nor any of their employees, nor
any of their contractors, subcontractors, or their employees, makes
any warranty, express or implied, or assumes any legal liability or
responsibility for the accuracy, completeness or usefulness of any
information, apparatus, product or process disclosed, or represents
that its use would not infringe privately owned rights.
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