
LBL-1418 r.Y 

A COMPUTER PROGRAM TO CALCULATE 
LOW ENERGY ELECTRON DIFFRACTION INTENSITIES 

Marlo Martin 

December 197Z 

prepared for the U. S. Atomic Energy 
Commission under Contract W_740S-ENG-48 

TWO-WEEK LOAN COPY 

This is a librar C' which y "culating Copy 
may be borrowed f 

For a personal ,or two weeks, 
retentIon co 

Tech, Info D' , , P!I· call 
. IOISIO", Ext. 5545 



DISCLAIMER 

This document was prepared as an account of work sponsored by the United States 
Government. While this document is believed to contain correct information, neither the 
United States Government nor any agency thereof, nor the Regents of the University of 
California, nor any of their employees, makes any warranty, express or implied, or 
assumes any legal 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. Reference herein to any specific commercial product, 
process, or service by its trade name, trademark, manufacturer, or otherwise, does not 
necessarily constitute or imply its endorsement, recommendation, or favoring by the 
United States Government or any agency thereof, or the Regents of the University of 
California. The views and opinions of authors expressed herein do not necessarily state or 
reflect those of the United States Government or any agency thereof or the Regents of the 
University of California. 



LBL 1418 

-1-

A COMPUTER PROGRAM TO CALCULATE 

LOW ENERGY ELECTRON DIFFRACTION INTENSITIES 

Marlo Martin 

Inorganic Materials Research Division, Lawrence Berkeley Laboratory 
and Department of Chemistry; University of California, 

Berkeley, California 

Introduction 

This report consists of a detailed writeup of a multiple scattering 

Low Energy Electron Diffraction program. The first section exhibits the 

essential features 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 

a proper derivation" of the formulas used. The reader is referred especi-

ally to references 1, 2 and 3 for this purpose. Section II presents the 

commonly 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 

dependence into the multiple scattering problem. In Appendix A, the 

computer program is described taking each subroutine separately. 

Appendix B is included which reproduces a listing of the program plus 

sample input and output formats. 
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I. Thet-matrix method for LEED calculations. 

The LEED calculation and the computer program which is the subject 

of this report is based on the t-matrix approach to the electron-crystal 

scattering problem. The method to be followed was first set forth by 

1 Beeby who derived the multiple scattering, or t-matrix method, but did 

not include the inelastic processes which are responsible for the 

severe attenuation of the reflected elastic electron intensities. This 

attenuation of the elastically scattered electrons was introduced 

2 phenomenologically by Duke and Tucker who related an electron-electron 

mean free path for inelastic collisions, A ,to the complex electron ee 

self energy of an electron moving through a crystal. It is the presence 

of this damping factor in an exponential which rapidly attenuates the 

elastic electron beams and makes multiple scattering summations converge 

rapidly. We employ the notation used by Laramore and Duke3 in our 

description of the t-matrix method and the computer program we have 

constructed. 

The differential cross section of an elastically reflected. LEED 

beam is proportional to the observed intensity. 

(1) 

'. 

The differential cross section is t.aken with respect to the energy of the it' 

incident (and emerging) beam and the solid angle dn. The delta function 

restricts this description to elastic scattering processes for which the. 

incident and emerging propagation vectors at points far outside the 
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crystal surface are ~i and ~f' 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(~f'~i;E) is obtained by employing the two~dimensional 

periodicity of the surface, resulting in the expression 

= 
-ig.a, -i(k -k )d 

e - -II. 6(k -k -2.) e -f1 -i1 A· 
-ftl -in ~ 

The normalization factor (27T)2/A (where A is the area of the two 

(2) 

dimensional unit cell of the surface layer) and the summation over the 

two dimensional reciprocal lattice vectors g results from performing -
a summation over the 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 ~i and ~f parallel to the 

surface (ki and kf ) to be a reciprocal lattice vector g_. In other 
- /I - /I 

words, this delta function, which is obtained from imposing the con-

dition of an infinitely extended perfect two dimensional lattice, 

describes 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 which the (x,y) 

directions are in a plane parallel to the surface and z is the inward 
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normal to the surface. The remaining exponential term in eq. (2) accounts 

for the phase difference between the normal components of the incident 

and emerging beams, kf...L and ki.L' due to the perpendicular distance 

between the origin and the Ath plane, dA• 

The factor T (~f'~i;E) is the t-matrix for the Ath layer. That is 

to say, it is the matrix element for all orders of scattering by 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 wave 

vectors~i and ~f' This factor can be conveniently expressed in terms 

of two intermediate quantities whose physical significance can readily 

be appreciated. We introduce TA(~2'~1;E) as the t-matrix for scattering 

an initial plane wave ~l into a final plane wave ~2 by a single atomic 

layer parallel to the surface. This includes the effects of all possible 

multiple scattering events within the Ath plane and ignores all scat-

terings between different planes. 
AA' 

The second factor G (~'~i;E) is 

the propagator for scattering between planes A' and A. It contains the 

phase and amplitude factor for the sum of all spherically scattered 

waves measured at the origin of the Ath plane due to all the ion core 

locations in plane A' ~ 
AA' 

Detailed expressions for TA and G will be 

presented. 

= 

'" 
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The first term in this expression contains the effect of scattering of 

the incident beam, ~i' into the final beam, ~f' by means of all single 
/ 

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

effects of electrons scattered from all planes A'fA 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, lA' are sufficiently 

weak, this expression can be expanded in a perturbation series by 

always expressing the final TA,-factor in terms of the right hand side 

of equation (3). It will be seen later, when we work with a particular 

matrix representation of this equation, that the inversion of a rather 

large'matrix will yield the complete multiple scattering result for TAO 

The layer t-matrix lA(~2'~1;E) appearing in eq. (3) can finally 

be related to the scattering of electrons from individual ion cores of 

the crystal. We write the t-matrix for ion-core scattering from plane 

wave states ~l to ~2 as tA(~2'~1;E). We further restrict all ions 

within the plane labelled by A to be of the same material. The resultant 

simplification in 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., dA, = dAD The expression 

for lA can be written in a manner similar to eq. (3). 

= 
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The structure of this equation is similar to that of eq. (3) with GSp 

being interpreted as the sub-plane propagator which contains the phase 

and amplitude factor for the sum of all spherically scattered waves 

impinging on an ion-core due to scattering from all other ion cores in 

the same sub-plane. A schematic diagram of the relationship between 

these quantities is furnished in Figure 3. 

A perturbation method can be applied to solve eq. (4) as long as 

4 relatively weak scattering materials are used. A more general technique 

I involves a matrix inversion, derived by Beeby, in which all quantities 

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

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

= (Sa) 

This series can be summed to yield the exact expression, 

= (Sb) 

tn order to proceed further we must specify the matrix representation 

to be used 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 conventional complex spherical harmonic Y.tnt (8 ,</»::: YL (!5-), 

where.k is a vector whose angular components are 8 and </>. The subscript 

L is written to replace the combined (~,m) subscripts. Values ofL 
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corresponding to various values of i and m are listed explicitly in tpe 

writeup for the spherical harmonic subroutine (YLM) appearing later in 

this report. 

The t-matrix tA(~f'~i;E) can be expanded in a series of Legendre 

. polynomials Pi (cos 8), where e is the angle between~f and ~i. When 

the ion-core potential is spherically symmetrical there is no functional 

dependence of tA on the azimuthal angle <p. Due to this lack of dependence 

on the quantum number m, designation of i or L alone suffices as a label 

for such quantities. 

00 

= (6) 

The Legendre polynomials can be expressed in terms of the spherical 

harmonics whose angular arguments are the vectors ~f.and ~i by the 

5 formula, 

+i 

= 2: Y~(~f) Yim (~i) 
m=-i 

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

paragraph and the expansion can be rewritten as, 

= 

(7) 

(Sa) 

For the quantities LA(~f'~i;E) and TA(~f'~i;E) one can no longer 

assume spherical symmetry and the expansion in terms of :Legendre 
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polynomials is not possible. However, it can be shown that any such 

function which depends on ~i and ~f (and not simply ~f-~i) can be 

. 1 h . 1,3 expanded in terms of a double sum over the spherica armon1CS, 

T A (kf , k. ; E) ~~ T~L' (E) y* (~f) YL, (k. ) - _1 L L' L _1 (8b) 

TA(~f'~~;E) = ~~ TLL ' (E) y* (~f) YL' (~i) 
L L' A L 

(8c) 

Substitution of equation (8c) into equation (2) allows us to write 

= ~I: 
L L' 

(27T) 2 

A 

2 

I: (9) 
g 

A similar substitution in equations (3) and (4) allows us to factor out 

LL' the spherical hermonics and to work directly with the matrices LA . (E) 

and T~L' (E) . For a given maximum R.-va1ue of R. the maximum value max 

L = (R. + 1)2 become (L xL) square matrices. Thus, the max max . max max 

complexity and cost of the computer calculation will vary approximately 

as (R. + 1)4. The value of R. is set, in a particular problem, by max max 
L the requirement that the diagonal matrix element tA(E) for L corresponding 

to (R. + 1) be negligible. The t-matrix elements for the ion core max 

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

scattering amplitude f(8),6 



~ 
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1 2: [i20t 1] f (e) = (21 + 1) P1(cOS e) . e 21- . , k 1 

by the equation 

f (~f '~1) 
m 

t(~f'~1) = - 211'ti2 

Equating (10) and (11) and using the relationship of eq. (7), the 

1-component of the expansion (eq. 8a) becomes, 

= 
47T 2.fi 2 i -...:...;..;..--
mk 

(10) 

(11) 

(12) 

where 01(E) is the energy dependent phase shift that must be calculated 

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

purposes of the computer program being described here, the 01(E) are 

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

the literature for various approximations which find frequent use in 

LEED calcu1ations. 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 ~i and ~f' and is related to the real 

part of the renorma1ized energy of the electron 1n the crystal by 

E - 1\2 k2. 
- 2m 
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~ ~ LL" AA' L"'L' , L.J L.J. T, (k)GL"L'" (~i) T" (k) 
A';A L",L'" 1\ 1\ 

L",L'" 

LL" sp '( ) L" 'L' 
tA (k) GL"L'" ~i TA (k) 

There are a number of manipulations necessary in order to transform 

(13) 

(14) 

equations (3) and (4) into (13) and (14), and these ate detailed in the 

3 paper by Laramore and Duke. The simplicity of the last two equations 

and their straightforward substitution in eq. (9) are offset by the 

AA' 
complexity of the matrix forms of the propagators G~i, (~i) and GLL , (~i)' 

Explicitly they are, 

= 

and 

-ki' P 
e -. - 1 

R," [,] , L (-i) ,-m1Tik h (1) (kP) • 
21T 2 -t'i 2 R," L" , 

iki[P+d ,-d ] 
e - - -A -A 

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. 

(15) 

(16) 

,,-
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The summation in eq. (15) extends over all such lattice points except 

the one at·the origin. In eq. (16), the summation includes P = ° since 

in that case the difference between the origin positions of planes A 

and A' must be non-zero. When ~A is written as a vector it denotes the 

three dimensional vector from the origin chosen for the problem to the 

origin of the Ath subplane, ~A = (~A,dA)' where ~Ais the displacement 

parallel to the crystal surface and dA is in the z-direction (inward 

normal to the surface). The spherical hankel function of the first 

kind (h~~~(kP»desCribes the phase and amplitude of an outgoing spherical 

-fl 2k 2 

wave of energy E = ~ The quantity I (L ,L ' ,L It) is the angular 

integral of a product of three spherical harmonics, 

I(L,L',L") 

1 
= [ (2R.' +1) (2t"+1) / 4'IT (2R.+l) ]'2: 

C(R.',t",R.; m',m",m) C(t',t",t;o,O,O). (17) 

The present section reproduces the results of the t-matrix formalism 

which are to be incorporated into a computer program. There are two 

further points to be discussed in the next two sections before we can 

proceed to thedetai1~ of the actual program. These involve the inner 

potential and inelastic damping factor, and the inclusion of temperature 

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

The propagation of an electron inside a metal differs from the 

propagation of an electron in a vacuum. There are three principle 

mechanisms operating on an electron moving through a metallic crystal. 

The first is a surface dipole layer due to the fact that metallic 

electron wavefunctions extend a short distance outside the surface layer 

of ion cores. This gives rise to the work function which presents a 

barrier (tYP1cally 2 to 4 eV in height) that must be overcome by an 

electron if it is to escape the metal surface. Conversely, an external· 
. 

electron entering the surface will experience an increase in its kinetic 

energy upon crossing the dipole layer region. This simplified model is 

sufficient for use with LEED calculations, though more detailed theoretical 

9 treatments are available. 

The second mechanism that alters the propagation of an electron 

inside a metallic crystal is the presence of positively charged ion 

cores. The third mechanism is due to the presence of valence and con-

duction electrons, which tend to screen the attractive potentials due 

to the ion cores. The screening is a dynamic effect and is dependent 

on the local free electron density and the momentum of the incident 

electron. The behavior of an electron moving through a uniform electron 

gas (the positive charge is assumed to be distributed uniformly in 

.order to maintain charge neutrality) is well understood and yields a 

model which is useful for the understanding of the more complex problem 

at hand. 10 

l' 

... 
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Electron states at the fermi surface of a metal are infinte1y 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 "cloud" 

of electrons which interact with it, and the dynamical behavior of such 

an entity is considerably more complex than that of a single free electron. 

The finite lifetime of 'a quasiparticle results when part of its energy is 

given up in the creation of an electron-hole pair, or by plasmon excita­

tions. Since we are normally concerned with elastically diffracted 

electrons in LEED analysis, the effect of a finite lifetime is to diminish 

the elastic beam intensity as the beam travels through a metal. The 

quasiparticle energy can be expressed as the energy of a free electron 

whose wavevector outside the electron gas is k plus a self-energy correc­

tion L(k), which is a complex quantity. 

Figure 4 shows the relationship of the real parts of the various 

energies considered. £ is the kinetic energy of the electron far outside 

the crystal and ~ is the work function. The real part of the electron 

self energy correction, Ll(~'£)' is a negative quantity as measured 

from the Fermi level. The real part of the quasiparticle energy, 

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

in the solid. 

E(k,£) = (18) 

The imaginary part of the quasiparticle energy f(k,£) is simply the 

negative of the imaginary part of the self energy correction, L2 (k,£). 
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r(~,e:) = (19) 

Finally, the complex propagation vector inside the electron gas is 

obtained from 

2m 
= 1}2 [E(~,e:) + !f(k,e:)] (20) 

10 Lundqvist has performed calcula.tions to determine L(k,e:) for a -
uniform electron gas of different densities. The real part, Ll (~,e:), is 

a negative quantity and can be identified with the inner potential cor-

rection familiar in LEED studies if we write V (e:) = - Ll (k,e:). The 
o - . 

imaginary part, L2(~,e:) is a positive quantity that goes to zero at 

the fermi energy, and attains a nearly constant value for energies 

greater than twice this value. The inner potential V (e:) is nearly 
o 

constant below a.n energy equal to twice the fermi energy, and diminishes 

at higher energies, approaching an asymptotic 11k behavior. 

It should be stressed that the foregoing discussion concerns a 

simplified model of the metallic crystal in which it is approximated as 

a uniform electron gas. While the concepts are useful, the validity 

of the detailed form of L(~,e:) for the uniform electron gas is question­

able when applied to a real metal. The positive char,ge in a real 

metal is localized at the ion cores instead of being uniformly dis-

tributed, and the excitation of core electrons presents an additional 

inelastic loss mechanism. In the computer program under discussion 

here, we have made provisions for the calculation of kl(e:) + ik2(e:) 



\,0;." 

-15-

from the Lundqvist model,IO and also from an optical model potential. 

The optical model potential treats the real and imaginary parts of 

the quasiparticle energy as constants, independent of the incident 

electron energy s over the LEED range, in which case 

E(k,s) 

f(k,s) 

= s + V a 

= - L 2 

(21a) 

(21b) 

Comparisons between theoretical calculations and experimental LEED 

profiles have not yet been able to resolve which of these treatments is 

most accurate. In Figure 5 we plot the (00) beam of the aluminum (100) 

surface using both approximations to allow direct comparison between 

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

Laramore and Duke3
,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 quite simply accounted for by 

introducing a quantity 

= (22) 

where WA (~f-~i) is the Debye-Waller factor of the lattice. If the 

expression for bA is inserted for tA in equations (4) and (5), the 

effects of thermal lattice motions on the LEED beams are properly taken 

into consideration. 

The partial wave decomposition for bA is similar to that for tA 

of eq. (Qa), except that bA need no longer possess the same spherical 

symmetry of tA and the ion-core potential. 

= (23) 

In the model we use here, WA is taken to be a function possessing 

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

direction in the crystal. 

= (24) 

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

b~L' is di 1 . LL' A agona , as ~s tA • A further simplification is achieved if 

'. 3 
we approximate the phonon spectrum by a Debye model. 
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T is the absolute 
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= 
3h 2 (~f-~i) 2 

2M ~ 0~ 

M is the ionic mass, ~is 

temperature of the crystal 

of the }..th sub plane of the 

dx (25) 

the Boltzmann constant, 

}.. 
and 0·· is the effective D 

crystal. The propagation 

vectors k. and kf refer to the incident and final waves scattered by 
-1 -

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

vectors for scattering from the entire crystal. Thus, ~i and ~f are 

different for each order of multiple scattering and the Debye-WaUer 

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 

= 

Since only elastic collision are considered, I~il = I~fl = k and 

where a is the angle between the vectors ~i and ~f.Using this expres­

sion for W}.. in Eq. (22) and expanding tx in spherical harmonics, one 

obtains 

= (26) 

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

series of Legendre polynomials or of spherical harmonics, 

t' 
L: (27a) 

m '=-R,' 

where 

= t (27b) 

-1 

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

= (28) 

m,m' 

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

13 such· products and the double summation can be expressed as 

+R," 

L: (29) 

where the delta function is unity for any combination of R,"-va1ues 

which satisfy the combination rule for vectors R," = I R,-R,' I, R,+ R,', 

and is zero when R," is outside these bounds. The expression for bA 

can then be simplified to 



.• 
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t"+t 

til ,mil 
L· L rt t (k) (4'IT ) A .] i . 
RrO t'=ltll-tlL''' 2t'+1 t' ( 

= 

(30) 

The quantity inside the braces thus represents the matrix element of 

bA corresponding to til and mil, and these are the values b~ calculated 

by subroutine (FILLB) to be described shortly • 
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Figure Captions 

The incident electron beam k. and one of the diffracted 
-~ 

beams ~f' and their projections onto the surface ~ill and ~fll 

are shown. The angles e and cP 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 ion-core 

chosen as the origin. The black circles show the lattice 

positions of the Ath layer which are shifted with respect to 

the origin by a vector ~A which is parallel to the.surface 

layer. 

Schematic view of the relationships between the t-matrices; 

(a) tA for a single ion-core; (b) LA for the multiple 

scattering of k. between all ion-cores in the Ath subplane. 
-~ . 

The subplane·propagator GSp accounts for the phase and 

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

(c) TA for the mUltiple scattering between subplanes (LA) 

including all possible scattering paths ending on layer A. 

AA' 
The interplane propagator G accounts for the phase and 

amplitude of .the scattered wave b.etween 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 trav~ling in the vacuum, and E(k,£) is the 

quasiparticle energy 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 energy 

inside the metal, ~l(!'£)' are measured with respect to 

the Fermi level £F. 

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

two approximations for the electron self energy. The solid 

curve UEeS the Lundqvist model ofL (E) for a free electron 

gas. The dashed curve uses the optical model potential with 

the real part of the self energy,~ 1 = ... 11 eV. 
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Appendix A. Organization of the Computer Program 

The LEED program which is the 8ubjectof this report has been 

written in Fortran IV for use on a CDC 7600 computer. Use has been 

made of the extended core facility of this computer and provisions 

will have to be made for this is a different machine is to be used. 

If this ~sto be done, care must be taken in the handling of all 

variables appearing in the LARGE statements. 

The program is written using overlays to minimize necessary core 

requirements. The O-level overlay contains a driver program (LEED) 

and two subroutines that are used in both overlays that are called by 

LEED. In addition, it contains a number of COMMON block definitions 

through which most of the subroutines are connected. The first overlay 

called consists of a program (READIN) which causes input data cards to 

be read and several arrays to be initialized. The second overlay 

(LOOP), also called by LEED, causes the multiple scattering problem 

to be solved at a sequence of incident electron energies as specified 

in the input data. 

'r' 
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OVERLAY 0 

ENERGY 
LEED 

YLM 

OVERLAY 1 OVERLAY 2 

READ IN LOOP 

ATOMIC {FILLB} rTACK I MOX 
COEFT KINEM 
CLEB GSTACK 
LATTICE SCATT 
BEAM TSUM 

rEBYE I INV 
CUBINT CINV 
GRATE INVERT 
TABLE .EXCH 

ARITH 
TEST 
PERTB 
EXCX 
ARITX' 
GREEN;~ 

- HANKEL 
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I OVERLAY '(0) \ 

LEED 

This is the driver program that controls the calling of the two 

overlays and causes punched card output to be produced. All cotmllon 

blocks through which data are passed between the overlays and sub-

routines are defined here. 

ENERGY 

This subroutine is furnished with the incident electron energy . (NRG) 

in electron volts. It then computes the real and imaginary parts of 

the quasiparticle energy B(E) and r(E) as defined in equations 17 or 19 

(ESIG and SIG2). Also calculated are the real and imaginary components 

of the quasiparticle propagation vector k1(E) and k2(E) (XK and DAMP), 

and the complex renormalization constant ZNORM. The quantity NRGY is 

L an index that is used to label the atomic tA.-values as a function of the 

incident energy. 

The subroutine is not completely general. The data in arrays SG1, 

. 10 
SG2, ZRL, and ZIM are taken from the work of Lundqvist and. refer 'to an 

electron gas whose density is that of the conduction electrons in 

aluminum, as does the fermi energy (EFERMI). 

Provisions are also made for calculating E(E) and r(E) by using 

an optical model potential (eq. 19) in which the inner potential Vo and 

the imaginary part of the self energy iL2 are supplied as constant 

values in the input data cards (POTL and GAMA). An integer variable 

.. 
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read into the program causes the Lundqvist model to be calculated if 

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

YLM 

The spherIcal harmonics Y R.m (8 ,</» are computed for m = -i,-i+1, ••• ,+i 

for i ~ O,l, ••• ,LMAX. The resulting values are stored in a complex 

array Y. The input angles (8,</» are given by specifying the three com-

ponents ofa vector~, of arbitrary magnitude, having the same angular 

directions. If CONJ equals -1, the complex conjugate of the entire 

* array is taken, Y£m(8,</». 

The linear array YL(~) = Y£m(~) is stored using the algorithm 

L = i 2 +i+l+m, or ••• 

L R- m 

1 0 0 
2 1 -1 
3 1 0 
4 1 1 
5 2 -2 
6 2 -1 
7 2 0 
8 2 1 
9 2 2 

10 3 -3 
11 3 -2 

II 
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OVERLAY (1)] 

READ IN 

This program reads in the following quantities: 

DATE alphanumeric data specifying date of calculation. 

MULT 0 for kinematic scattering 

= 1 for multiple scattering 

MAXR ..• maximum value (in Angstroms) of radial distance 

between ion cores to be included in the propagator 

summations 15 and 16. 

TIME = 0 computer time intervals for each of the major 

segments of the calculation are not printed. 

= 1 ... computer time intervals ~ printed on the output. 

SIGMA = 0 ••• specifies Lundqvist model for electron self-

POTL 

GAMA 

energy. 

= 1 ... specifies optical model potential for electron 

self-energy. 

= 2 ... specifies a constant elastic electron damping 

length. 

... 

... 

inner potential in electron volts (a negative number) 

ignored if SIGMA = b 

ignored if SIGMA = 0 

imaginary part of self-energy (electron volts) if SIGMA = 1 

damping length (angstroms) if SIGMA ~ 2 

NDIF the number of ite~ations to be carried out in the 

perturbation expansion of eq. 13. 

.. 
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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 to ascertain if NLOW is 

L within the range of·energy increments for which the tACk) are supplied, 

and stops the program if it is too large. The energy and intensity 

arrays E, EN, and S are initialized to zero and the direction of the 

incident k-vector is calculated and stored in VI. Then, YLM is called 

to store the spherical harmonic array for the incident beam in YIN. 

Subroutine TABLE is now called and control is returned to LEED. 

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

calculations at various energies. 

ATOMIC 

L The angular momentum matrix elements, tACk), defined in eq. 12 and 

used in the summation of eq. 8a, are stored as a function of the incident 

electron energy. These values are read in at 2 eV intervals and stacked 

in the array T(I,J ,K). The index K specifies the angular momentum 

quantum number t - (K=t+1), and due to the spherical symmetry assumed 

for the ion core scattering centers, there is no azimuthal quantum 

number dependence (independent of m). The J-index labels the energy 
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intervals, and the I-dimension of the array allows several different 

ion-core types to be read in to the calculation. Presently a maximum 

of 2 types is permitted. 

This subroutine first reads ITYPE, the number of ion core types to 

be included in the calculations. ITYPE must presently equal 1 or 2. 

The maximum value of the angular momentum quantum number, ~, is read 

in as LMAX. This establishes the dimensions of all arrays in the 

program. 

For each ion-core type, an identifying TITLE card, the atomic 

weight of the ion-core (ATWf) and the following parameters are read in: 

LTOP = total nUmber of ion-core t-values read in at each 

energy (LTOP = ~+l). Note that LTOP > LMAX, otherwise 

the program will subsequently setLMAX = LTOP - 1. 

LOWEN = lowest energy value (in eV) for which a member of 

~ the array tA(k) is read in. 

NNRG = total number of energy values for which array member 

t~(k) are read in. 

Finally the array T(I,J,K)is read in and the subroutine returns to 

READIN. 

STACK 

The expression I(L,L',L") is calculated by function COEFT and 

stored here in real array C. For each ~-value there are 2~+l values 

of the azimuthal quantum number m~ Thus, the corresponding maximum 

value L = (~ + 1)2. If the quantity I(L,L' ,L") were to be max .. max 

... 
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stored as a 3-dimensiona1array, its total storage requirements would be 

(t +1) 2. (t +1) 2. (2R, +1) 2. For atypical value R,= 4, this max max . max . max 

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 C (NUM). 

The L "-values for which I (L,L' ,L") are non-zero are recorded 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 Lit is stored as KX(ISTEP). 

ISTEP ranges from 1 to (R, +1)~ as the one dimensional index correspond­max 

ing to the two angular momentum indices Land.L'. Specifically, we have 

ISTEP = (L-1)·LMAX3+ L' 

where LMAX3 = (2R, _1)2 
max 

and L = R,2 + R,+ m + 1 

L' = R,,2 + R,' + m' + 1. 

The three arrays KX, LL and C are used in subroutine GREEN for the 

summations in the subplane and interp1ane propagator expressions (eqs. 

15 and 16). 

COEFT 

This function delivers the expression I(L,L' ,L") of equation 17, 

which is stored by STACK in.arr41Y C. It employs a library function 

CLEB to calculate the C1ebsch-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: 

TYPE specifies the type of crystal structure. 

Allowable input in A3 format is, 

BCC - for body centered cubic latt.ices 

FCC - for face centered cubic lattices 

RCP for hexagonal close packed lattices 

GRl - for graphite 
FACE .•. can be 100, 110 or 111 for BCC or FCC. Unnecessary 

input for hexagonal surfaces which ca.n presently only 

be used for the 0001 face. 

ALAT ... lattice constant a in Angstroms. . 0 

REX ••. Distance between hexagonal stacked planes for a 

hexagonal structure. This quantity is ignored if 

the type is BCC or FCC. 

LAYER ••• total number of crystal layers parallel to the 

. surface over which the calculation is to be performed. 

Since each such layer contains ion cores of a single 

type, LAYER more precisely specifies the number 

of subplanes. 

The following corrections are read in layer by layer, starting 

with the outermost layer: KT, ITP, MM, SHIFT. These values cause the 
;-

geometry of a given layer to be altered and the origin of the subplane 

to be shifted. When the program encounters a blank card, the remaining 

layers are left unaltered 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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KT ••• denotes the ion-core type of the subplaue and is 

stored in KTYP. 

ITP .•. denotes the subplane geometry tyPe, stored in ILYR. 

MM ..• an array of dimension 4, these quantities specify the 

primitive lattice translations in a given subplane in 

terms of the primitive lattice vectors parallel to the 

surface, ~ and ~. 

A' = M(l) • A +M(2) • B 

B' ... M(3) • A +M(4) 'B 

SHIFT (I) ••. A 3-member array which expresses the deviation 

of the subplane. The x and y components of the 

shifts are specified as a decimal fraction of 

the lattice constant a (ALAT). The z-component o 

0: ... .3) is specified as a; decimal fraction of the 

interplane distance. The coordinate system is 

such that z is zero at the surface and increases 

in the direction away from the surface into the 

bulk. A positive value for the. z-component . / 

(SHIFT(3) indicates ail expansion over the bull<. 

inter layer separation, and a negative value 

is a contraction. 
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The subroutine continues by filling the arrays A(I,J) and B(I,J). 

These are the two dimensional primitive lattice translations within the 

Ith subplane.The index J specifies the x and y components for Jml and 

2 respectively. The location of the origin of each subplane is stored 

as a three dimensional 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,y) components of D(I,J) are the vectors ~A appearing in eq. 2, and 

the z-component is dA from the same equation. In eq. 16, the three 

dimensional vector has been referred to as ~A = (~A,dA). 

Finally the reciprocal lattice vectors are calculated for a two 

dimensional mesh whose primitive translations, A(I,J) and B(I,J), have 

been stored earlier in this routine. Details 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, 

e = 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 (in eV) between successive 

calculations. 

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

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

ITP indicates the type of subp18ne geometry (which must 

have previously been defined in the input to subroutine 

LATTICE). 

NN ••• an array composed of si~ pairs of integers. These 

integer pairs are the beam indices in standard 

notation ••• i.e., (00), (01),(21), etc. Each of 

the pairs listed will appear in the calculation. Each 

set of indices refers to the reciprocal lattice vectors 

g of the subplane geometry given by the corresponding 

parameter ITP. 

The two dimensional arrays VXX(I,J), where 1=1,2 are the x andy 

components, stores the parallel components of the k-vector ~_ (eq. 2). 

For the index J=1,2,3, ••• components are stored for all beams specified 

in the input instructions. 

DEBYE 

This subroutine performs the operations indicated in eq. 25 and 

calculates the coefficient of the factor (~f-~i)2. The quantity stored 

is W(I), where I is the subplane ind.ex and 

= 

The lattice temperature (TEMP) and the bulk Debye temperature 

(BULK) are read in (degrees Kelvin). The integral 
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is performed numerically by calling subroutine CUBINT, which is a 

standard library routine. 

TABLE 

The summations that appear in eqs. 15 and 16 over the planar lattice 

vector P are essential in order to correctly account for the scattering 

from each ion-core. The values ~ assumes are determined- by the lattice 

structure and are calculated in this subroutine. The vector quantities 

~ and ~~A'-~A are necessary as arguments for the spherical harmonics 

YL"(~) and YL"(~~A'-~A). These values are ~tored serially in the 

array RVEC, where the x, y and z components of ~ and ~~A'-~A occur in 

that order. Since the direction of the incident beam~i is fixed during 

a calculation over a number of incident energies (Ikl = ~~ E ), we store 

the scalar product 

magnitudes I~I and 1:~A'~Al are stored in RMAG for use as an argument 

to the hankel function hi~,)(k 1~+c!A '-~A I). The array dimensions 

required by the program are printed and compared with the actual storage 

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

* 0 ~i is the value of the incident wave vector calculated for the lowest 

energy specified, NLOW. 
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OVERLAY (2) I 

LOOP 

This overlay performs a series of intensity calculations over a 

number of incident electron energies. The number of energy values is 

supplied byNNUM. The lowest energy calculated is NLOW and the increment 

between energies is NDELTA. The variable NRG is set equal to the energy 

value being calculated in a given pass through the loop. 

Subroutine ENERGY is called and calculates the real and imaginary 

parts of the renormalized electron energy and propagation vector. It 

also supplies NRGY, which is the index of the array ti(E) corresponding 

to the value E = NRGY. From this the incident electron propagation 

vector VI is computed and stored. The three comporienCs depend on the 

incident beam angles and the real part of the propagation vector inside 

the crystal. The spherical harmonics corresponding to the incident 

direction are computed by YLM and stored in YIN. 

The reciprocal lattice vectors VXX have been calculated previously 

(subroutine BEAM) for a specified set of beam indices. These are added 

to the x,y-components of the incident beam VI to yield the outgoing 

propagation vector components V2, V2 = k +~. The third component 
-il\ ~ 

of V2- (in the perpendicular direction) is calculated from the condition 

that the scattering be elastic. The outgoing wavevector V2 defines a 

direction which is used as input to subroutine YLM to calculate the 

* outgoing spherical harmonics YOUT = YL(~f). 
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R, 
Subroutine FILLB is called to compute the array BBB = b A as defined 

by eq. 30. 
.. R, 

This corrects the ion-core t-matrices (tA) for finite 

temperature effects. Subroutine GREEN(l) is called to compute the 

LL' subp1ane propagator G ,which is stored in a linear array (G) in sp 

extended core memory of the CDC 7600. 

PERTB performs a perturbation series expansion using the subp1ane 

propagator and the quantities b~ in a manner similar to that shown in 

eq. Sa. 

The same quantity (LA) is then computed by an exact matrix inversion 

method (eq. 5b) 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 iterative expansion method. if the two 

values for 

indication 

LA so calculated are in serious disagreement it is an 

LL' 
that the iterative method of solving forTA (eq. 13) may 

be non-convergent, and that a complete matrix inversion treatment of 

the problem may be necessary. 

LL' 
The values TA are calculated in the single scattering (kinematic) 

approximation by KlNEM. Using these values, subroutine TSUM calculates 

the differential scattering cross section for each specified beam 

using equations land 2. 

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

all interp1ane propagators are calculated by GREEN and stored linearly 

in array G. 
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The second order diffraction. computation is performed by sub-

routine GSTACK, after which TSUM calculates the cross section for each 

beam. Subsequent iterations are made (to ·the diffraction limit 

specified by NDIF) by subroutines SCATT and TSUM . 

. If the parameter TIME # 0, central processor times in seconds are 

stored and printed at the end of each LOOP calculation. This indicates 

the amount of time spent in performing each of the above steps. 

At the end of the series of energy loop calculations the final 

results fo"r the scattering cross sections of each beam, S, as a 

function of the incidentb.eam eneJ;'gy, E, are printed as output. 

Control is then passed back to the main program LEED which 

punches the same output if requested. 

FILLB 

The array BBB corresponding to the temperature renormalized ion-

_ -WA (kf-ki) core t-matrices, bA - e - - t A, is computed in this subroutine. 

Each of the diagonal matrix elements b~ can be written as a linear 

L combination of the diagonal unrenormalized matrix elements t A, 

-8 e 
00 

E 
R,"=o 

R,+R," 
. LB 

R, '= [T-R,"I R.' 

The first call to this subroutine computes an array CP of the coefficients 
.. -8 

of the Legendre polynomials. Using these values the coefficients e BR.' 

are computed and stored in array BCF. Subroutine MOXperforms the 

R. summation and delivers the result bA• Since this value is (2m+l)-fold 
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degenerate (depends only on the t quantum number and not on m), the 

final array BBB is filled including the degeneracies. 

KlNEM, GSTACK and SCATT 

These three subroutines are used with TSUM to calculate values of 

TA(~f'~i;E) for each beam. KINEM is used to obtain TA in the kinematic 

scattering approximation whereby this quantity is simply replaced by 

the ion-:-core t-matrix renormalized for lattice motion, 

= L 
LL' 

GSTACK is called to compute T~L' in the approximation of double diffrac-

L "L' L "L' 
tion. The quantitiesQA 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"L' S (2)L"L' QA = IS + A 

where (2)L"L' L L L"L" , L"'L' 
SA = GAA , LA' 

A';'A L'" 

L"L' 
The arrays QA are passed to TSUM where TA is obtained from 

= L 
L,L' 

L"L' 
SCATT adds one more term to the perturbation expansion for QA • The 

L"L' previous final term is SA and the additional term becomes 
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= LL 
L,L'" jJ~A 

The process is repeated for each iteration (i) and one obtains 

(i+1)L"L' (i)L"L' 
SA from each previous SA • Ihe matrices delivered to 

TSUM are obtained from the summation 

, (i)L"L' 
QA 

,TSUM (1TR, FTR, J1NDX) 

= 
(i)L"L' 

+ SA 

If the interation 1TR = 1, this subroutine uses the values TA(~f'~i;E) 

for each beam obtained from the kinematic approximation of KINEM. The 

scattering'cross section is then calculated for'each beam by means of 

equations 1 and 2. 

If ITR > 1, the qUantitiesTA are recomputed from the intermediate 

L"L' 
arrays QA supplied by subroutines GSTACK and SCATT. 

= ~~ 
L,L' L" 

These values are then used to recompute the beam scattering cross 

sections from equations 1 and 2. 

INV 

This subroutine performs the matrix inversion for the subp1ane 

scattering matrix (see equation 5b). 

LL' 
1:A = bL (I - G A sp 

b -1 
A)LL' 



-46-

LL' Array G must appear in the first (t +1)4 locations of the complex sp max 

array G (stored in extended core memory) .. This subroutine computes the 

matrix in parentheses and stacks it rowwise , in the singly dimensioned 

array Q(also in extended core memory). 

Subroutine CINV is called to perform the actual inversion of the 

matrix Q. The inverted matrix is then delivered in array Q, this time 

LL' stackedcolumnwise. The matrix elements LA are obtained by multiplying 

L bA by Q. Subroutine TEST is called to print out results. 

TEST 

This is an auxiliary subroutine used to calculate and print out 

values for LA. This can be called byINV and PERTB so that the matrix 

inversion method and the iterative method of obtaining LA can be 

directy compared. 

CINV 

A complex square matrix with {tmax+l)2 elements on a side is 

supplied by the real array Q in the extended core memory of the CDC 

7600 computer. Real and imaginary arrays are constructued, and the 

complex matrix is inverted. All computations are performed directly 

from the extended core storage locations using the following subroutines, 

EXCH, INVERT, ARITH. 

The resulting inverted array is stored columnwise in array Q. 

The original array, Q, to be inverted, must be stored rowwise in the 

singly dimensioned array. 
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EXCH(Nl,N2) 

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

and stored at Q(Nl+l). Nl may equal N2. 

INVERT (Nl) 

A real matrix inversion is performed on the matrix stored at 

Q(Nl+l). The inverted matrix is returned in the same location. 

ARITH(Ml,OP,M2,M3,SIGN) 

OP may equal 1 indicating a matrix addition, or 2, indicating a 

matrix multiplication, between the two real matrices stored at Q(M1+l) 

and Q(M2+l). The result is delivered in location Q(M3+l). 

SIGN can equal +1.0 or -1.0 and can be used to change the sign of 

the product matrix when a multiplication is performed. 

Care must be taken when OP-2 is called for that the matrix at 

Q(Ml+l) is. stored rowwise and that stored at Q(M2+l) is columnwise. 

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

PERTB 

This subroutine performs a perturbation expansion (see eq. Sa) 

LL' , 
to obtain the matrix LA The same matrix is calculated by a matrix 

inversion process (INV). This subroutine may be removed from the 

program along with the Fortran 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 transposes a matrix stored 

in complex array G, and ARlTX which performs matrix additons and 

multiplications. EXCX and ARITX are the counterparts of EXCH and 

ARlTH that operate on the large core array G (instead of Q). Up to 

20 iterations are performed, with the computation terminating when the 

-it convergence of successive iterations is within 10. 

GREEN (INDEX,IBEGIN) 

This subroutine is called repeatedly by LOOP to calculate the 

sp AA' complex matrices GLL , and GLL ,. When INDEX=l, the subp1ane propagator 

G~i, is computed from eq. 15 and stored in the first (tmax+l)it locations 

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

H' array GLL , is stored beginning at G(IBEGIN+l) and is calculated from 

eq. 16. 

The positions of all ion-cores have previously been calculated 

from the lattice geometry and stored in arrays RMAG and RVEC (See 

subroutine TABLE). The spherical harmonics YL"(~ + ~A' - ~A) are 

computed and stored in array YINT. At each value for the incident 

energy, each lattice point must be summed over to 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 hg)(kl~ + ~A' - ~AI) at each such point, 

.. 
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the major portion of the computing time for a given problem is spent 

within this subroutine and auxiliary routines called by it. 

HANKEL 

The spherical hankel functions h (l)(KI~+~A '-~AI) 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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PRCGPA~ L~ECII~PUT,CUTPUT,P~NCHI lEEO.~ 
C LEEC.4 

c 
c 

c 

C 

C 
C 
C 
C 
C 
C 

C(~~C~/eUFF/L(G,~eC,KKK lEEO.~ 
C(~~C~/eLCCK~/AI10,ZI,&(lC,2I,O(lO""RA(lO,2"R8110,2I,'L,T,SPACEA.' 

2, B II SIS I ?I ,~p. II S I SA. ] 
CC~~C~/BL(CKe/TI;,eC,71,JLYRIIOI,LSY~IIOI 8.2 
C(~FLfX T ,8.~ 
C(~~(~/AL(CK(/VI131,V21~,121,~J(3,121,VX,Vy,Vl,SQKI121,'~KI121, C.2 

2 VIIII14o;l.Y(\,;TI4<;.121,XKlEKO,A~EAZ ' C.3 
(C~FLcX YIN,VCUT C.4 
C(~'O~/eL(CKO/NLCk,~NU~,NCELTA,~RG,~PGy,LAYER,~U~"',~CIF,IST(b,~IO.2 

2 ,LQ O.~ 
CC~~C~/ULC(K~/L~/lX,lTC~,L~AX1,L~AX2,L'AX~,l~')4,lX E.2 

2 tlCNE,lhOtlTHREE. ' E.3 
t("C~/8LCCKF/IT~T,I~HI,ThTT,0IST,CSTH(12I,V)XI2,12.,K~L"J~1121, F.2 

2 J",:n,lCIl2I,K<;IIL1 F.~ 
CCM~O~/aLCCKG/[5IG.SIG2,XK,DA~P,I~QR',~CTl,GA'II,SIG~A,l(~E~,N~RG , G.2 

2 ,LII~eCA G.3 
PEAL L~'nDA G.4 
I~TE~ER ~IG~A G.5 
CC~PLf~ l"C~~ G.~ 
CC~~C~/8LCCKH/KX(24Cll,C(753~I,Ll(75~21,YINTI1~91 H.2 
~("L[X YINT H.] 
C(~~C~/~L(CKJ/MAXX(<;!I,RMAG( 90COI,X'IIC( 90001,~AXR J.2 
CCM~n"/HLCCKK/88B,!~,21,TAU(36,~t,21,TTIIO,121,KTYP(lO1 K.2 
C(~PLI-~ pe~,TAL,TT K.:! 
CG'~C~/eLCCKL/APG,H(169),XD(~I,PATH1(lOI,PAT~2(10,1,J l.2 
CC~PLEX ARG.~ L.l 
C('~C~/BL(CK~/R6TI(,XCON,K5TIIR M.2 
CC'PLFX KSTAR,XCC~ ~.3 
C C ~., n Ie L C CK ~ 1 F' , c: 1 I ,i:N I 5 .. 1 , S ( 12 .51 , N.? 
CC~~G"/ALCCKX/TIME,11EM,MLLr,ISCALE, I.,AX,ITYPE,LSU',llCCP,IPWR x.z 
t"HGfP rlOolE X.'I 
[C~~G~/HlKOEH/~I\OI,Al~T(~QI,l~.,P,SU~f,eULK,CI~llOI,COUTllO,121 oEH.2 
(NTEGP HJ!H <; 1 LEfD.2! 
CC~"(~/CJNST 11'1 ,P14 ,P 14.2 ,(;Ol~ .. ,CCN2,CCN3.CON4,CCNSTT ,If! ,C~ST CONST.2 
CC'PLf~ I" CONST.] 
LARGE C.~"(:29~I,RVEC(3000JI,C.LI490COI LARGE.2 

01".2 
OI"E"SIC~S CF KX,(,ANU LL. 01'.3 
1I;~3=~~Cl. $ "'Ml=7"~Z $ ~MZ=7532 01".4 
~I~E~~ICNS CF R"AG lI,..u xMAG 01".5 
N~4=~CCC $ ~M~=90CO Of".6 
O,I"E"5ICNS Cf PV~C AND G-A~kAY IN lAqGE CORE "f~C~Y. 01".7 
N"~=3COCO $ "'~7=49CCO OIM.8 

01,..9 
LEEO.i'5 

PR~CRA~ HA~CLES "AXIMUM Of 10 LAYERS LEEC.Z6 
L"6X=~ lEED.27 

l fED. 2t' 
LHC.:'9 

LJ=36 L£EO.~C 
ISCALF~~ LEEC.3! 
I~AX=~l LEFO.3? 
I~=C~FLX'C.C,l.OI lEED.3~ 
PI=!.!41~<;?t"4 LfEO.]4 
P14=40PI LfEO.~~ 
PI42=PI~ •• 2 LEeO.~~ 

c. 



2~ 
27 
30 
~2 

3f. 
4C 
41 

51 

51 
~4 

60 
62 
~~ 

?C 

10 

1! 
14 

10Z 
\04 
132 
1~? 
156 

C 

c 

CC~1=2.·PI/SCRTI15C.01 
CC~Z=f'I1.50.C 

CCN~=P'Il€c.C 
CC"4=CCi\~ •• 2 
C(~STT=CONl··4.PI4··3·PI 
C~ST·F14Z·CCN1··4 
ITEI'''C 
REAC ~lC. JP~"C~.HA~ 

lCO CC"T'~I.E 
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c o~eRL~~ll.CI REA~S l~ ~ARAHETtMS A~C '''ITIAlIiES _PRAYS ••••• 

LE~C.:P 

lEFC.3!1 
LEEC."'; 
LEF'C. lor. 
lEEC.41 
LfEO.lt' 
LHe.lo? 
Lt:FC.4 .. 
LEEn ... ~ 
LEfC.:'~ 

lHe.47 
lEED.41l 
U:EC.4<; 
LEI'C.5C 
lFI'O.51 
LEED.52 
LEED.53 
LEt:r.~" 
lEF.U.5~ 
LE~D.~c: 
lEFC.:)7 
LHO. ;8 
L fEC. ~9 

e 

C 

C 
C 
C 

C 
C 
C 

CALL CVFRLAYI2LTl.l.0.6H~ECALLI 
IFIITEI'.=C.21 STCP 
IFIlHt-l.IH.<1 GO TC 110 
PRI"T~CO 
STep 

1\0 CC"T,II.U 

O~~RLtYI!.OI ~ERFCR~S ENERtiY Leop CAlCULATIC"S ••••• 

CALL CVEKLA~12LT\.2.~.6HkcCALLI LE(D.~~ 
lHO.e1 

PU"9:~. Cl.TPLT ILHe CU~"ESI LF.FC~~1 
LE£O.~3 

IFIJPl;~CH.(C.OI GC TC lZO LEEC.~4 
PUNCH ell. HA~ LEEC.6~ 
DC 115 '=l.K~UM LEEO.~~ 
PUNCH ecz. tQIII.J~III,JNII),LMAX,LAYER,IT~T,IPHI.~~U~ LEEC.f1 
PU~CH iHll. (EIJI,SII.JI, J=l,NI'cU,") lEt:O.e~ 

l' 5 CCNTIr-LE LEFO.6~ 
120 CCNTINUf LEFC.10 

C LEFO.71 
C LEED.12 

S"Ol FCP,.ATI 4IF7.2,E13.~) J LHC.1~ 
ao~ FCRI'ATI ~X*TYPE=.12,*BEA~I.213.*) L.-12,* lYR·*12 •• T~fTA·.I!, lEFO.76 

2 • ptd=.n •• r.;c. CF POINrs ... 13 I ·LCFC.7': 
810 FCP~jlfl "'x I:'. C;A8 ) LEfC.7., 
BIZ F~PI'ATI s~p. ) L~EC.77 

C LE~C.7d 
AOO FCIll'ATI II !Ox*s,sss RUN AijURTEC SSStl AR~AY tl~t~SIC~S fXCEfDED.LE(O.7C; 

Z .) LE~Q.~O 
e LElO.D~ 

E~C 

PROGRA~ lE~GTH l"llUCI~G I/C P.LFffPS 
001716 

FU"CTICr.; ASSIG~I'c~TS 

STATE~E~T ASSIG~~E"TS 
100 000052 110 
eC1 OCC214 eC2 

000074 
1l00'!17 

110 
8 .. U 

- OCCl51 
OCOZ!Z 

CCCl37 
CC023'5 



5 
12 

15 
2C 
22 
22 
2:: 

31 
'3 '. 
3~ 
?4 
:4 
37 
41 
47. 
44 
45 

45 
-47 
5!' 
'17 
01 
t:3 
eO; 
67 
70 
7? 
73 
77 

lC3 
lCe 
111 
122 
122 
124 
13? 
13~ 
134 

C 

C 

c 
C 

C 

c 
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5Le~(L11~~ ~~EkGY(~~b,NRGYI 
Cr~~O~/~L[CKG/~5IG,SI~Z,XK.DA~P,lNCQ~,PCTL,GA~A,SI'~A,lC~E~,NNRG 

2 .L~"~['\ . 
~EH U/"~CA 

(~TFCCP S ICVA 
CC/"I'LI')( l~CF/" 

r.C~PL~X Y,l 
Cl"F~SIC~ ~G'C'~I,SG2(1~I,lkL(131,lI~Cl!1 
OATA SGl/.e:,.q~,.~~,.7~,.~o,.3~,.c~,.4e,.44,.41,.~8,.:t,.341 
DATA 5G2/.C~,.,~,.~~,._O,.41 •• '4,.44,.44,.41,.41,.4C,.!~,.~71 
O'T~ l~L/.C,.70,.~~,.~w,.qO"S2,.~3,.~~,.q~,.S6,.~t,.~~,.G71 
CATA ll",.~,.!~,.~O,.2a,.2J,.21,.,q,.17,.16,.14,.1]~,.1!,.1 21 
PI~l. '4~:C;.~""4 

LCI\l=.'*PIISCklC 1":0.1 
CCI\Vf<G-=t.Ot:-lJ .. 

F F Ff<~' 1= 1 t • Ii 

IF(51G"j.E~.11 GC TO laO 
IFCSIG",A.EC.2) GC TU ~70 

XKK=O.C 
r.pp=().c 
xx=SC~lC~PG/FFF.R~11 

iCC rCI\TII\LI= 
("1 
)1=' .• "0 

llC r:(~TJ~LE 
IFCX.CF.~.~I GO TC 145 
(F(XX.lE.XI GO TO 1,0 
X=)I+0.2; 
1-= 1"'1 
r,C TG :10 

!ZO CCI\TINLE 

C=)I-XX 
(F(lI.LE.t.5CI 1=2 
SC!=SGIC1'-SG1CI-11 
SC~·SC2(11-!C2Cl-l) 
Zt:ZRl(tl-lPLCl-ll 
l~=l("CI)-ll~(I-.) 
Cl=4C<C*SiJl 
C2="·C*SOZ 
O~=t.·C*l1 
04 .. 4*C*1.2 
IF'X.LE.i.~OI 1~1 
EtEE=(~GL'I)-Cll·EFE~~I+N~~ 
SSSS=' SC:;l C I )-C21 *EFERMI 
Y=C~Pl)CEEEE,SSSSJ 
Z=CCN!*CSQ~T(YI 
lCY=FEAL(ZJ 
OCCC=I1I",AG(ZI 
tf(I1eS'XY-XKK).LE.CCNV~C:;J GC TC 140 

l~O CCI\TII\LE 
UPP=DCCC 
lIKK=XY 

E'lERGY.2 
G.2 
G.3 
G.4 
G.e; 
G • .) 
ENERGY.4 
ENERGY.; 
ENERGY.6 
EI\ERGY.7 
HERGY.8 
EMIIGY.9 
E~ERGY.'O 
ENI"RGY.ll 
H'ERGY.12 
EII;ERGY.~3 

ENERGY.14 
EI\FllCiY.15 
el\eRGY.l~ 
ENfRGY.l1 
EI\EI'cGY.tB 
ENERGY.19 
ENEPGY.20 
ENEPGY .• 21 
Er..ERGY.22 
ENERGY.?3 
EIliEIlGY.24 
ENERGY.Z" 
ENERGY.26 
HE:RGY.27 
El\fPGY.28 
EI\ERGY.29 
PIERGY.30 
EIliEFlGY •. n 
EI\EI<GY.32 
ENt:P.GY.33 
ENFRGY.~4 

ENERGY.~5 
Er..ERGY.36 
ENfRCY.31 
ENERGY.38 
EIIOERGY.39 
ENERGY.4C 
ENF.RGY.41 
ENERGY.42 
ENERGY.43 
ENERGY.lt4 
ENERGY.45 
ENFRGY.46 
ENERGY.lt7 
EI\ERGY.48 
Et.oFRGY.49 
EhERGY.50 
ENERGY.'n 
ENERGY.52 
EI\ERGY.53 
ENERGY.54 
ENEilGY.55 



1:!6 
143 

145 
14!J 
1 ~~, 
152 
15Z 

15~ 
1'54 
156 
H:C 

163 

163 
16~ 
167 
17 '. 
~02 
~C2 
2C4 
207 

211 
211 
213 
216 
221 
~24 

227 
2~O 
,,31 
234 

245 

245 
246 
250 
2~2 
Z'!7 
262 
j!~4 

26 7 
?7C 
272 

C 

C 

C 

~)=S~R~(EEEE/EFER~II 

GC TO 100 

140 CCI,lI1\"E 
IFC'BSICCCO-CPPI.l£.CONYkG' 
GC TCUO 

145 CCI\TINeE 
EEEE=C.C 

150 CCI\UI\"'E 
III: zlIun-c:! 
1I=-1l1" I I '-(4' 
ZI\C~"=C"PLXIIR,ZI) 

C EI\C CF LUl\C'~IST MC:THOO 
C 

GC TO teo 
C 
C OPTIC.L MGOEL POTfl\TIAL 
C 

C 

C 

16C ccr. TlHE 

EEEE=I\IIG-PCTL 
SSSS=GA,"A -
V=t~PL)IEEEE,SSSS) 
Z.CCIIIl.CS~RT IV. 
n=REALIII 
CCCC=~ I~AC C I) 

ZI\CF"·C,"PLXC1.O.0.0) 
GC TO 180 
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GO TC t'50 

C SIG"'A=~, CGNSUI\T Cj\MPII~li LI::NGTt· CL,,.eCA). 
c 

C 

170 CCI\T '''I.E 
EEEE=I\RG-PCTL 
AK1=CCI\1··Z·fEEF 
£K2=CCl\l*S'NTCEcEEI/L.~80~ 
'I'=CI"PlXIAK1,AKl) 
l=CSCIi TC V) 
)'1' =R ElIL I i) 
crrC=A [lIAGe I' 
ZI\C""'=C,"PLX(l.O,C.C) 
PRrl\T 9CO, Lt~eOA 

900 FCII~ATI I tCX.LA~~CA=. flO.5 
GC TO 180 

C CETER"INE EI\ERGV ARRAY INCEX CNIIGY) 
C 

180 CCI\T1I\UE 
I\=EEEE/2 
1'<=2·'" 
[F(I~EeE-N).CT.\.OI ~:N+~ 
I\RCY=II\-LChE~'IZ+l 
ffINRCY.LT.l' N~GY.O 
IFII\R(;~.~T.I\I\~GI "RliyaO 
ES [("(EEt: 
S lci=sss::. 
-IlK=)Y 

EII/f.0(;\,.<"6 
E"!:~CY.'"7 
ENERCY.:le 
EPliEAC.V.!9 
ENer<C't.60 
ENERf:V.tl 
F.NERGY.62 
E"'';:RI';'1 •. ~J 
FIIJ[RGY.'J4 
Et\"RCY.,,>S 
F"4E"CY.">~ 
ENF~GV.1>7 

E"'''RGV_.~8 
EI\E~GY.6~ 

F.I\E"CY.7Q 
EN,=R<;'1.71 
EI'fIERGV.72 
EI\EIII';'1.73 
EIIIERGV.74 
EMII"'1.7<; 
E"EPCY.7': 
ENERCV.77 
e"~RCV.78 
EN<:RG'I'.79 
EI\FAC'I'.80 
EI\l~GY.et 

E"fRGY.32 
E"ERGY."3 
ePliFRr.'I'.!I'" 
EHRGY.clS 
E""RGy.e" 
E"!:RCY.P.7 
EI.ERGV.f!f! 
E"~PGY.6q 
EI\C:~CV.C;O 

ENERGY.C;' 
ell\ERG'I'.'iZ 
FI\ERGY.93 
E"C:RG'I'.'l4 
El\ERGY.9~ 

ENFRGY.'l1> 
ENEkGY.97 
ENERGY.98 
C:I\HGy.c;q 
EN!:RGY.100 
E .... EilGY.101 
E""RGY.I02 
EI\,EIlG'I'.10: 
e_I\L~GV .l04 
ENr;f:.GY.10" 
E~EIlGY.!OE: 

H.I'~G'I'. '.01 
ENFRGY.1C6 
EM·PCY.10g 
ENt.f:1;'1.11C­
rt<I:.I<GV .11; 
E",fRCY.\!: 
EIliC:PCY. n '! 



.'~ 

2.73 

175 
276 

c 
C 

SU8PRUGRAM (E~GT~ 
0011501 

FUNCTION AS5IG~M~~TS 

STAT EME NT 
100 
1 It \.I 
170 

ASS[G~~EHS 
O')JO.l2 110 
000146 145 
000212 IdO 

~lCCK NA~=S ANJ LE~GTHS 

8l0CKG - JOOOL" 

VAl/lABlE ~SSIG""'ENTS 
AKI \.I004r6 AKl 
0 000457 DA.'4P 
Ul '- 000404 02 
FHE "':,;47" ,FER"'I -
t 11000\.55 LA'4eOA -
NNPG ~O((!l25\'l PI 
S02 OJI)461 SGl 
SlG2 ror0C'lS~1 5SSS 
XKK 00.1452 XX 
l 00\136') l.r 
lR \)0o",74 LRL 

STAIlT OF COl'.STANTS 
000301 

:>TART OF TENPCMoARIES 
0011322 

START OF INOIRECT5 
Oil0344 

UNUSED W'1PIl.ER SPACE 
1231>00 

000035 
')OOl'H 
()00246 

00()477. 
oaoooJSol 
000'065 
0004!>1 
000013501 
1)0010100 
000362 
0(111471 
000454 
000475 
000 .. 14 

12<": 
150 
900 
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OCC046 
0001~4 

OOC 315 

CIJNVRG - O'~':· 450 
"ULlO \.IJ0411 
03 00')46(, 
ESIt> JOJOJOSUI 
LOWEN 00J011501 
pon 01l001l6S01 
5G2 000377 
X (\:a4~H. 

XV 000412 
LIM OJO'tH 
II 0'>.)"1>2 

130 
100 

CONI 
LlPP 
04 
(lA'4.\ 
r\j 

SO 1 
5IG"IA 
l(K 
Y 
lNi.JRr1 
12 

-

,)00134 
0,)0164 

'))1447 
000.4)3 
000467 
0110001501 
JOIJ500 
U01l4t.0 
0011010501 
:)OO('):.1ZS"1 
IlJ0356 
0·)<;)00451)1 
OJ04bl 

ENERGY. 11'< 
ENEQGY.115 
c"lEQGV.116 
ENFIl.GY.lll 
e~O:RCY.1l8 



11 

!~ 
14 
15 

:t: 
n 
23 
?2 
~~ 
3:" 
34 
~~ 

~t: 

41 
103 
!'i0 
~7 

"C " . . . 
1,4 

t:5 
t:l 
67 
t:7 
70 

C 
C 
C 

C 
C 

C 

C 
c 

C 
C 
C 

5C 

'.CO 
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SL8RCLTl~~ Yl~I~X.~Y.Vl.Y.l~AX.CC~JI 

L"AX Jll'lST ~CT fXCEEC 10 UNLESS tIMENSIONS ARE CHA~GED ••• 

OI"E~StCN Pll!I.VECTOAI31 
.UCUAlF CF1,(F2,FtCI~1I,FACr 
CC~PLF.X X,YIlI,XX,BCP 
I/l.TEG~R Cll\J 
CAT~ FACI !.OOCCccuo~cacuooouCCOOOCOC+OO. 

• 1.OCCCCCOCCOCCOCCCCOCCJOCOO+Ou. 2.0CCOOOOOOCCOOOCCCCCCCCCOO+OO, 
• e.CCCCCJCC~CCOOCOCCOCOOOJOO+OO, 2.4CCOCOCCOCCCCOC(CCCCCCCCC+Cl, 
• :.~C(CCGCCCCCCCCCCCOOOOUOuu+OZ, 7.2CCCOOOOOCOCOOCCCCCCCCCCO+CZ. 
• 5.C4CCCOCCCCCCOCCCOOO~OOCJU+C3, 4.0!2CCOOCCOCCOCC(CCCCCCCOO+04, 
• 3.tl.f.~COCCOCCOOCCCOOOJOOOOO+O~, 1.b18~COOOCCCCCCCCCO(CCCCO~+C6, 
• ,.ssl~eccccooOOCCCCCCOOOOOu+07, 4.7SCC!60COCOCCCCCCCCCCCCOO+08. 
• e.Z~lC?O~OCCCOOOOCOOOOOOJOU+09, 8.11182~12CCCCCOCCCCCCCCCCO+IO, 
• ~.~07t143ceCCOCccCCOOOOOOOD+12. 2.~~2Z18ge98CCOCC(CCCCCCCOC+l3, 
• 3.:;5 t 1'7:.2 ~C<;"'COOCOCOOOOOOOD+14. t:.~CH 7 37057280000CCCCCCOCO+l!i, 
• 1.~le~~!OC~C8~~lCOOOOOOOOOD+11, 2.4~2~0~CC~11t:~4(CCCC(CCCCO+16, 
• ;.1 J';oc; .. Z 1 7! 7C<;,."CCOOOOOOOO+1 q. 1. 1240007277176C7t, 80CCOCO,oO+21 , 
• Z.~8~2Clt7?8e84~76t:~COOOOOO+ZZ. l:.ZC44a40173~239"3~)t:CCCOCO+2~, 
• t.~~1121004~~~o~e;sa4000000+Z5. 4.03291461l2~6056~~584CCOCO+26. 
• 1.C8P88~94!i0419~521~07080JO+~8, 3.0488A344611113860501~0400+2~. 
• H.P.417619~'13~701<;~~S4361~D+30, 2.~~25Z8598121qlC~et36~C850+321 

PI=-3.1415c;HS4 
PI4=t,tPI 

VECTORI1.=VX 
VECTOr. «.?I =~Y 
VECTr.I'I3J=VZ· 

IFIl",AlC.GT.l,,1 GO TU 500 
IFllIolU.liT.OI ric TC SO 
Yll'=1./S'Pl(PI41 
0([ TUN 
CCI\Tl/1.l.f: 
l"'AX1:lII'AlI+t 
ll"X .. li"ax-1 
I/l.e:! 

H=~ECTCRI!'··~+VECTC~I~I.·2 
RhC .. S~R rep. 
MQ=S~RTcu+VfCTr.R(11··2' 

IFI "iI.F:·~.C.CI Gt 10 400 
ST~.~~C/RP . 
rT~a~FCTCF(31/PR 

IFIPHC.~J.O.C' GO TO 100 
SP~·VECTGPI21/R~~ 
CPH&VECTCP(l'/q~C 

GC TO 110 

Yl".Z 
YLIII.] 
YlJll'.<\ 
Yl~.5 

n".6 
Yl". '7 
YLJII'.8 
YL/II.9 
YLI'!.lO 
n"'.ll 
Yl"'.lZ 
YLH.13 
YLfII.!4 
"l".1.5 
Yl"'.16 
Yl"'.ll 
YL"'.le 
YL"'.19 
Yl".2C 
YL M. Z I 
Yl"'.2Z 
"lH. 2~ 
Yl".24 
Yl".25 
YU'.2l: 
Yl".21 
YL".Ze 
YL"'.Z9 

. Yl".30 
YLH.31 
YL".H 
Yl".33 
n'.H 
Yl".35 
Yl'.36 
YL/II.31 
YV.38 
YLtI.)" 
YL".40 
n".4! 
YlM.4Z 
YlI'I.43 
YLM.4" 
YL"'.45 
Yl".46 
VL",.47 
YlJll'.48 
Yl".49 
Yl"'.~O 
YV.51 
Yl"'.5Z 
YL".5~ 

CCI\TII\LiE . ----- ----- - TV'. 54 
·SI'~=O.C 
CI'~=C.O 

Cl\l .. 1"=0 SPHERICAL ~A'I(f1oJNICS ARE NCN-lEqO ••• 

Yl".5S 
Vl".56 
YLI".'i7 
n".58 
Vl"'.~9 
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7C [~C:O 

11 llf1.=L"'AX:' •• Z 
13 CCTCc [.l,L)Z 

lCl Vfll=(C.·),O.O' 
lC~ lC~ CC~TI~LE 

C 
l!O itO CC~TI~Uc 
110 )f=C"PlX(CP~,SP~' 

C 
C CC~PUT~ P'=C "AlUC:S f(;k IP) A~C (V) ••• 

n7 
1'<: 
14;:> 
14~ 

1'<'" 
161 
!73 
1H 
lee 

201 
204 
2C~ 

213 
He 
220 
222 
2Z~ 
2~2 

Ztt 
~C'< 
~l: 

311 
~ZO 
~Zl 
~Z!: 

333 
~I,C 

~4Z 
"!44 

354 
357 
~(:2 

36~ 
!(:'< 

C 

C 

c 

PPI=l.O 
Yfll=~./S~~T(P[41 

PP'aClt­
y,~~=s~~r(~.C/PI41·PIZI 

rr. 12C L=Z,l"'AX 
LZ=L-l 
l T=L+! 
LL=L. (L+'.I +' 
CFT=S,Pl( (2*l+!I/P[4 ) 
P! L! 1:·( (;>* L?+ll otC ' .... PI LI-lZ.P( l2' III 
VIUI=CFHPlllI 

l2C cern I~Lt 
IF'I~(.FQ.O' GC TC l40 

C CC,.PUlf ,.,.~F.O VALuES OF IY) ••• 
C 

c 

c 

c 

",,:(:.C.o.C) 
CC t30 M·~. ,lI"'AX 
lIlIzXX*X 
SIGlII .. C-l.C' ... ·'" 
Nr.. .. II"+!I·.2 
~"=I\II:-Z*'" 
101',,,,2."'+1 
CF1~OSr.~TC,.2·FAC("ZI/PI4) 

·CFl~SIGr..·FaC(,.,+ll·~.O··M 
~~I\I\I .. CF~/CF2·STH··"'.XX 
~'I\~I=S[~~.CC~JulY(~~)) 

Ift~.EC.L,.,AX' GO TO l~O 

OC l'3C L"'""lf'X 
ll=I.+1 
Cll~(2·L+!I·'l-M+11 
CLZ=(~·L+11·(l+~+11 

(FI=SC~TICL1/(L2) 

CL:=l+" 
Cl2=L-M+l 
CFZ-SCRT(Cll/ClZ) 

l ?,.L. (l+i.1 
1I:J.=lC!+Z·L+f'+3 
I\'Z"LZ+;'of+l 
1\o:!=-l2+" 
N4"lI:l·'·M 

Ytr..lt=CF1.ICT~.Y(N21-CF2·STH·X·~IN3) 
Y(~41=S[~~*CC~JG(YI~1)1 

YL".~C 
YL"'."l 
YL".6Z 
YL".63 
YL". '>4 
YL"'.65 
YL"'.6" 
YLI"./l7 
YL"'.68 
YL".6Q 
YL"'.70 
YLi".7l 
YL".7~ 
YL"'.73 
Yl /II. "14 

Yl"'.71j 
YL"'.76 
YL".77 
Yl"'.18 
YL".H 
Yl"'.80 
Yl",.8! 
Yl"'.&2 
Yl"'.tB 
YL"'.84 
YL"'.85 
YL".86 
YLi".Q7 
YL".I!"1 
YL",.il9 
YlM.90 
YL"'.91 
Yli".9? 
YlM.93 
Yl"'.94 
YLi".9~ 

Yl"'.9t 
YLi".9"7 
YLII.9!! 
YLi".99 
YlII.lCC 
YLII.lCl 
YLII.I0Z 
YL"'.103 
Yl"'.lC' 
YL"'.105 
Yl".!Cf. 
YL"'.107 
Yl"'.108 
YLM.IO~ 
Yli".110 
Yl/ll.!ll 
YlM.l1Z 
YL"'.1~3 
YL",l1l, 
Yl"'.tl5 
Yl"'.lH 
YL"'.1l7 



'''' 

437 
4<44 

444 
.. 46 
45C 
loSe 
"6C 
4~! 

<462 
462 
474 
474 

C 

C 

C 

C 
C 

l~C CeNTINLE 
1<4C CCI\TII\l:E 

IF(CC~J.'ljE. (-111 
LXlC2=l",.,Xl*·2 
DC 1 ;C I=\,l)lX7 
'Y( I I=CCr-.JGfYlI II 

'. ~O CCII:TIM .. E 
P t TlR/\ 

!.CC CCl\TI~Lt 
PRI~T 800, ~~CTOR 

~OO COl\TIII;UE 
PIlII\T 1:(2, lfol.,X 
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RETURN 

Ylfol.1l8 
YlI'ol.1 ~ 9 
YL".lZO 
Ylfol~lZl 
YLf".122 
"L"'.12~ 
YLI4. 'l.2 4 
YLfI'.125 
vt".lU 
YV.127 
YL".128 
YLI".12C; 
yt".l ~O 
YLfoI.1H 
YUo!.132 
YL",.l~'3 
YLfI'.114 

iOC FOA~AT( III lex !~HS~H~RICAL hAR.eNIC ~CUTINE ••• ~ECTCR·C 3E16.I!Yl"'.13~ 
YL".~3i!: .. ,11-1 III I 

a02 FC~~AT( I~I :ox 45kSUdROUTIr-.~.YL'" ••• L-VAlUE IS Tee LARGE 
2 I".).' I 

Il: YLM.D7 

5C7 ~fTLR~ 

~C7 EII,C 

5UEPRC(PAfoI lEII:GT~ 

000173 

Fl,;I\'CTICt- ASSICt-HIITS 

STATEMEI\T ASSIC,..",cI\TS 
50 OOGe?4 !CC 
loCO Ooe4t) :ee 

VARIA8lE ASS I01"EIITS 
8 0007 4 : P.CP 
CofZ CCO~24 CU 
CTH 00e745 FAC 
11\0 ece74e l 
LI"X 0007">7 LlC)C2 
L2 C007B ,. 
11:1\ CeC-'61. Nt 
1\4 00C771. P 
RHC 000747 PR 
5TH oe0744 life TOR 

STAR T Cf cellSlA" TS 
00C!'12 

S TAk T CF TEHCRA~ H.S 
OCO'i~l 

STAR T Cf III.eIPEns 
'OCC577 

• 

OC0070 
OeO<4b 

000732 
000"'i!:4 
000626 

- . 000152 
000112 
0007';-1 
OOCHb 
OOOH .. 
000743 

- OOet17 

110 
800 

/ 

eFT 
el2 
FACT 
LL 
LX2 
MZ 
"2 
PI 
SIIiN 
)( 

000111 
OC0527 

oe07;6 
00C765 
oeel:?4 
000155 
OCC7;0 
OCOH~ 
OC071')7 
CCC7110 
OC0760 
OC072!> 

140 
802 

eFt 
CPt' 
I 
lfolAXl 
II 
1\" 
11:3 
Plio 
SPH 
XX 

CC0445 
oe0540 

CCCtZZ 
OC0747 
000751 
CC0736 
oe0754 
OC0762 
OC0770 
CC0735 

-'. 00071,6 
oe0730 

--- .. -.- ----

Yl"'.138 
Yl".~'3C; 
YLfoI.140 



c 

c 
c 
(; 

C 

12 
~6 

42 
C 
C 
C 
C 
C 
C 
C 
C 

72 
C 
C 
C 

10c 
120 

C 
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1<,,4CI".3 
HAulf\;." 

CC~~C~/~LCC~t~~(;J,21,O(lC,~).OllO.31,~AI,~,:I,~~IIC,~I,ALAT,5PACf~.' 
2,~~SIS(21,~~t~IS A.' 
CC~"C~/F.LCCKP/TI ",ee, 71, ILV,,' 101 ,LSY~( lCI fl •. ' 
CC~FLEX T ~.' 
C C~ ~GPI I [!L cr: K C I II: , 3 I ,II i. , .; ,:.. 2 I ,II 3 ( 3 , , 2 I ,V x, VV ,II Z, S (.;K ( I ~ I ,I; 1;1< 11 Z I , C • ~ 

l YI~(.~I,Vc~r(4~,~il,XKLl~U,A~tAl C.' 
CC~FLF.X ~I",YCLT C.4 
CC~~UPl/eLCCI<G/"LCW,PI~uM,NUtLTA,"RG,hRGV,LAVE~,"UM~~),~[If,lST'6,~ln.~ 

2,LR 0.3 
CC~.CPl/eLCCI<E/L~AX,LTCP,L~AX.,L~4X?,l~AX3,L~4X4,LX t.2 

2 ,IC"E,IT .. C,IT"'~fE ~.~ 
CC~~c"/elCCI<F/IT~T,IPbl,T~TT,DI~T,C5T~(121,VXX(2,121,K~L~,J~(:21, F.: 

2 J",'.21,I";1121,KCI121 F.·~ 
CC~~C~/eLCCKGI ES IG, S 1 .. 2 ,AK, C.\~I', l~OR)/, P,JTL ,GAl"li , 5 I C"'A, lC ~E" ,tIII\RG ' ••• 

2 ,lA"'~CA G.~ 
~EAl lA"'dD~ G.4 
IPITEGE~ ~IG"'A G.~ 
C["'FlE~ l"G~'" G." 
Cr.I""'O~/P.L(CI<I'/KX(?"Cll,CI75jll.lll75?21,VI"T'1.tC;1 H." 
(C~~Lr~ '111\1 H.' 
CC"'~C"/~L[CKJ/MAXXI~:I.R~AGI c;oCOI,i~4GI qOOOI.~AXF J.' 
CO"''''Cl\/eLcr:I<K/dP~'3t,21.TtUl3t,!c.ZI.TTI!O.lZI.KTYFC!CI K.2 
CC"'PLEX E~f,T~L.TT K.' 
CO~~UPl/elCCI<L/A~G,~I:t91;XOI~).~ATHtl\OI,PATH1IlO.lZI L.' 
CC~PLEX ~~G.~ L.? 
CC"'~C"/RLCCI<~/RATIC.Xcu~,~srAk ~.2 
tC~PLEX K5T~~.xcnN ,.,.~ 
C(~~O/P.LCCKII/E(C;11,E/I;(51I,:)I12.C;\1 N.' 
CC~"'O~/~LCCKX/11~E,ITEM,N~LT,liCAL~.I~AX,ITVPf,lS~~.llCCF.I~~~ x.~ 
I/I;TEGER TI~[ X~, 
CC~~C"/eLKrEP/k(lO).ATWT'lOI.TE~P,SU~F.2UL~,cl"'lel,ccL1IIC,l21 O~~.% 
(C" ~Ul\ I C:JN S T II'I • P 14 .1' 1 .. .1 , CUN 1, C C/l;:.>. C (I\; ~ ,c eN .. ,CC N S II • 1M. (" S T C r 1\ sr. :> 
CC~PLfX I~ C(IIST.' 

~EAC 11\ 11\5TI<LCTICIIS (;ONTAI~EC I" FCLLCWING Su~FOU1I~f~ 

;lEac t!ce,(A.TE 
REAC eec, ~!,~2.~~.~ .. ,H5.H6.H7.H8 
PI<I/I;T Bel 
PRIII'T Eel. tn..H',H3,tI4.H5,H~.H7.Hfl,(~.TE 

~LLT·C ••• SII';Glf SC.HTfHING , 1\0 ~PI/l;TCUT 

~LLT=l ••• SI"GlE 5( .. TT tK ,:~" , FLCT 51"Gll: 
"IJLY"Z ••• crURLE SCATTER tr~G • PLeT I"CLfllE 

••••• 

"'LlT"~ ••• [cueu SCA TrEK Ii~C. • HCT SI"GLr:+r.CL~lE.cc.el"~C 
"'ULT=~ ••• DeUOLE SC .. TT i:R It." 
~LLT='i ••• LC~RLF SCAT Tt'-I/ljG 

~E~C ~03, ~ULT,MAX~,lSUM.TI~c 

REAC SELF E"ERGY Pl~~~ET£RS 

~EAC ~et, )ll~A,FCTL,G~MA 
IF(SIG~A.E~.21 lA~~UA:~A~A 

• PLOT S!I\GLE+D(LeLE+(c~el"EC.C~A~E 

• "0 PRII\;TClIT 

REIICIPI.21 
RE/lOI~.?2 

Q!::AI.ll".1.3 
~EaUI"l.24 

R£:AiHr..2Cj 
RE~DIN • .?6 
HF~DI"..Z1 
11E4l:!I\;.:f.l 
AEIOI".:9 
~EICI".?O 

'RF.t.r.I~ •. n 
~UC 1/1;.;7. 
R[ACI"."1~ 

~.Rf.\Cr" .:::10 
RueI". ;~ 
qF.~CH'. 't, 
R F. ~ C 11\ • '7 
Rf'~CI" • .3e 
K[.lCI""'~ 
~!:6::1".40 
REj)CP;.4~ 

QI:ACI" ... .? 
Rt. 6f; 11\ ... ;\ 



124 

132 
133 
13~ 
l't 
U7 
1 .. 1 
142 
14~ 

!44 
\5C 
1<;2 

1,,-
- < 

153 

15~ 

157 
207 
nc 
211 

21t 
213 
2U: 
222 
lZ4 

22" 
224 
226 

226 
2~ '. 
24~ 
2H 
247 
Z5C 
t~l 

2~! 
,5~ 

2S2 

C 
c:' 

e 
C 
c 

C 

~~~r ~~TRIX I~VE~SIC~ iNSTRUtT1CNS 

REac EC'·,r..;CIF 

RE~C JTC~IC SCATTEPI~~ FACTG~S ••••• 

CHL tTCMIC 
L,.,A"!=L",AX+' 
'L"A)(2=2*L)lAX+l 
li"AX'=L~I\X:""~ 
L"'AX4=Li"l)n~·2 
C~Ll STaCK 
I=IT£" 
ITE"=2 
If(IT~PE.EC.OI $TCF 
ITEI'I=I 

110 CC"T[·I\UE 
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C REAc LaTTICF PARA",ETEkS BY SuOPLANES ••••• 
C 

C. 
c 
c 

C 
C 
C 

C 

C 
e 
C 

C 
C 
C 

CALL UHICr 
12C eCI\ TlIIUE 

Rt:C fEll" CCrkCINATEs,ENt~GY RANGE AIIO eAMPI~G P~RA"'ETtFS ••••• 

PI-II\T ~C I. 

PAI"T ~C:, I- ~, .. ~ .1-3 ,11't,H; ,r1::.,ti7,H8,CA, TE 

CALL PEA,.. 
ULt (E[] VE 

)40 CC:\TIIIUe 

CSTAI!lISH LO,," cNEflGY INLU",' Al\u ... -\IALt:E ••••• 
CAll EI\E~G~II\LC~,I\R(Y) 

IF III:RCY .GT.C) GC rrr 145 
IF' 1\ L C "'. -.> T • ? CO I STeP 
1\1.(10""LC .. +2 
<.:C: Te 14J 

14!' eCI\TII\l;E 
lIKlERC"l./XK 
)I(Z=XK 

CLE~fI EIIERGY Iof\C IIIHNS lTV ARRAYS ••••• 
I\IlG=I\LCIo-"CEL U 
CG 15C J"I,!l 
FlU J I"C.O 
"F<G,,"RGH.[El TA 
UJ.)=I\>lG 
S Il,J I=C.O 
SIZ,J);C.C 
S(~,J)=C.C 

SI4.JI=C.O 
Lee C,G"TI"UE 

SET II>C lilf 1\ T .. -\/!CCHk LlJ{tlTIC~ •••• * 

i;l[AC111.44 
Rr:AOllI.45 
kE~I)III.4t 

Ri:.liHf\.47 
REaCT".4~ 
R(AO!I\.4S 
RfAl;I~.C;C 

R(/ll:II\.~: 

Rf-A(:If\ • .>i' 
"Oul".:? 
A~ACI!\.;4 

PfAU!~.:= 

~E~C 11\ .:,b 
RE~rll\.~" 
!:.(DUI ~ .·;e 
RlACIII..:·'1 
REAell\."O 
~. r-,l elF\; .'> 1 
Rf;ACI".oZ 
k€.GCII\.I-,~ 

'1~AC!II."4 

REfCIII.t" 
RE.~OII\."''> 
R!'Ael~ .r::7 
Il,U011\ • ..,fi 
pt:~c I~ .f><; 

.1<!:~ell\.7o 

I<f4011l.": 
,<FACIII.7" 
'<cAOII\. P 
R!.G[;lo.;.74 
RUCll\~7'5 
I<i-AUIf\.7;' 
ilEAC I!'.:."" 
Rt:'~DI".78 
,H: at.: 1".7<; 
Rrar:I~.t!O 

ReACH ...... 
r.(tcn,.~? 

R(·6C 11\ .'1' 
RF.AOI".e4 
~f~C[r.:.8" 

RUC11\.P.~ 

II.I'I.C Pl.~" 
. RUeT"· .dS 
"':AOII\.~'1 

II.FIICIN.90 
~EAOTII.C;l 

RUCI".C;:> 
fI~6CllI.C;~ 

ROC I II.C4 
REACI'>:.<;" 
l{(lCll\.C;f­
I.t~DIII.C;7 

Krllel".98 
"E -'C T". C;C; 
PI:~LII\.lCC 

I.(F:lCl".tO: 



2"C: 
2'57 
261 
U2 
U; 
21C 
27" 
274 
2H 
277 

C 
C 

·c 
~CC 
30'? 
'u 
~lO 
"!l~ 

:n~ 
315 ltO 
~l~ 
32C 
321 
324 
~~! 

341 
C 
C 

eoc 
eCI 
e02 
P.03 
B04 
>t06 
!!ce 

TI-El A= I THT*CCtd 
PH 1= IPI- 1 .(C~·: 
'iT=SIH1HEU) 
11)1=514((50'1-1 I 
VY=ST·SI;~(PI-I ) 
'iZ=((SI1:-iET:') 
TI:·TT=~./VI 

'Oll)=IIX*XKl 
V: (ZI=II"*)rKl 
v! (31=VZ*XKl 

-60-

SPH[kl(AL HAP~(~ICS fOR l~C'CENT eEA~ ••••• 

L()c='?·L~")I 

C~ll Yl'I'illl',VlI2I,VlI3I,YlN,lOX,+11 
~RG=~l("-I\CELT" 
rF1~NL'.L[.~11 GC TO 160 
ISCALt .. , 
"AX=:(": 
CnTI~l;~ 

IF(TI~E.NE.OI (ALL SECONulTIMEll 
OLL TAHE 
'F(TI~E.NE.O) CALL SECO~O(TI~E2J 

IfITI~E.~E.CI PPI~T 834, T'~El.TtME7 
APEA2;CCNSTT/IAII.I'¥BII.2'-AI1.2'·SI1.11' •• Z 
~15T="eSIC(~.3'-[18.311*0.5 

FCP,..AT I 
FeRMAT! 
FO,..l\T( 
FCP"IIT ( 
fCR't.TI 
fl;~~ATI 

fOMAT ( 

fllll C, 
1 ... 1 I 

I ].ox t .. ..... 
41e; I 
Ie; I 
!:;XI2,2F'2.4 I· 
2,HC , 

BAIO. l4X 2AIC. 1/ 1 

834 FOP~ATI I lC)I*Tl'E FOR ~XECUTIO~ Gf TABLE. FP.3,. TO .fe.3 I 
C 
C 

34~ HIe 

FRCGP"" lEN(TI- l~CLu[I~~ I/C eUFFERS 
0(C40 

Fl~CTIC~ ASSI(~~~~TS 

STATE",HT ASSIGl\"E~TS 

110 CCC~."~ 12C 00015<, 
ItO COO2'lt !!ce OOO?H 
8C3 eCC37!; e04 OOO~77 

e~4 CCC4Ct 

BLCCK ~"~FS A~C LE~GTr5 
BLOCK" OOOl~1 HCCK'3 - CC4~2" 
SLCCKE - 0')OC'2 PlCCKF - OOOL~: 

BLCCKJ - 04~7~4 !'LCCKK - 0'.2712 
BlCCK~ - OCl~J2 eL (CIO - OCCC~~ 

140 oe0212 l4!; OOOZ25 
801 OCC~t:5 8C2 CCC~67 
800 00040\ soa ce0404 

I!lUCKC - OO?C;4~ HCCKC - OeOOS! 
ijLOlKG - CeC014 BLOCKt- - CI,2t: 13 
BLOCKL - 0007~7 HCCK", - ecooo~ 
dLKDE6 - OeO,~! r.CNST . eccc! ~ 

Q:ACI .... IGZ 
~1'4el".10? 
~E'OI~.:04 
PE~CIt\.lO~ 

l<EACI .... :O~ 
RE.lCIl\.'.01 
REAOI~.~oa 
REAOI .... IO~ 
"EACIN.He 
~E4DI~.lll 

~EAOI~.112 
RFACIPI;.ll: 
~~ACI~.114 

REACIN.l1 ! 
REACI~.llt 

REAOI~.l\ 1 
REAOI~.l1 e 
REACI~.ll~ 
REAOIN.t2C 
REACII\".121 
REAOI~.14:~· 
REAOIN.12:! 
REAOlI'i.124 
REACI~.12~ 
REACIN.12t 
REAOI~.127 

REAOIN.12E 
REAO'N.12~ 
REAOI~.13e 
REACIII.131 
REACI~.13:? 

REAOII'i.13? 
REaCI'" .U4 
REACIII.!:! 
REAOIN.13t 
RFAOI~.137 
ReAOI~.13f 
REAOIN.13~ 
REAOI~.14C 



.. 

7 
IC 

16 
20 
~7 
.. 6 
loa 

65 
t;7 

105 
110 
13~ 

136 

C 
C 
C 

C 

C 
C 

C 

C 
C 

C 

C;C 

ICC 
2eC 
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SLe~CLTI~E ~TCMIC 

ITYP~ IS NL~~ER OF DIFFE~E~T ATC"'IC TYPFS ••••• 

CC~~G~/BLCc~e/T(2,8C,71,ILYR(lOI,lSY~(lOI 
CCf'tPL>)( T 
CCf't"C~/eLCC~f/L"AX,LTCP,l"AX1,l"Ax2,L"AX~,L"A~4,lX 

2 ,lcr,F,ITI\C,ITHilEF 
C(f'tf'tC~/elCCKC/ESIG.SIG2.XK.DA"F.l~O~".POTl.GA"A.SI(MA,LC.E~.NNRG 

2 ,l t~eCJl 
f<EtL UI"P.CA 
I"TEG~Q SI<:f'tA 
CCf't PL D {/liD II,.. 
((""C~/eLCCK)(/TI"'E,ITEM.~ULT,ISCALE. IMA~,ITYPE.LSU~,IL(Cf,IPI\R 
It\TEGfP TIME 
C C ,.,.., JI\ Ie L K tJ E ~ 1\;( 10 I • A Tw T ( 1 I)) • T t:,. P • S U 101 F • e U l ~ • C i " I 1 C , • DeL T ( 10.12 , 

"'FAll FCC, 11'P~ 
IFIITYfE.[C.CI GO TO 200 
flue ec.~ , L ,.t. x 

DC ICC 1='.,llYPf 
KEAL: 802. ~l,~2,H3,r4,Hj.H~ 

f1EAC ROH, An-Till 
REAC €C; • llCP,LGI>E~.NNRG 

IFILMAX.'::.LTOPI L"AX=L TOP-l 

CC co L=l,LTCP 
READ 804. (T ( I, J.L I • J=l,NNRGI 
COTJf\LE 
PRINT ec~. LI'AX.I ,~1.H2,tU,H .. ,H5,H6 
CCf\TI"LE 
CCNTINL[ 

80C FCR,.ATI 12 ) 
801 FCPI"tr I 15 I 
eC2 FrRMAl( ~A~C 

803 FeRI'AT( ;I~ ) 
~04 FCR"AT( ~flt.8) 
~C6 ~C~~AT( II lex *l-FALTUkS MtAC IN TO l·* 13, * FCR _TC~I( TYPE • 

2 I" •••••• SAlC I, 
eee FC~"AT( F10.~ , 

SU~PR((P~~ LE~(T~ 

000211 

FU~CTIC~ ~SSl(~~t~TS 

STATE~fNl ~SSI("~Ef\TS 
zce eCCl?1 FCC 
8C3 00015~ eC4 

000\4; 
CCC1~' 

!l0" 
!lO() 

000141 
IlCC16C 

ce015l 
CC0172 

AT(MIC.2 
4TC'-IC.3 
ATCfoIIC.4 
AT(~IC.5 

8.? 
8.3 
E.2 
E.1 
G.? 
G.~ 
G.4 
G.<: 
G.6 
x.z 
X.1 
Cfe.2 
ATC"IC.ll 
AlfJ"IC.12 
ATC"'IC.13 
A'1'O"IC.14 
ATC"IC.15 
AT("It.U, 
ATCMIC.t7 
ATC"IC.18 
AlGfo!IC.l9 
ATC"'IC.20· 
ATCMIC.Zl 
ATC"'C.22 
ATC"IC.Z3 
ATC~IC.24 

ATLJI'IC.25 
ATCMIC .26 
ATCI"C.2 7 

ATO'YC.28 
AT(MIC.7.9 
ATCHIC.30 
AT(I'I(.31 
ATCf'tYC.32 
ATCMIC.P 
AH"IC.34 
ATC"'IC.~C; 
ATCMIC.3b 
A1(MIC.37 
ATCMIC.?8 
ATCM'C .3'l 
ATC,.'C.40 
ATC,-,C.41 



2 

4 

5 
~ 

10 
:i1 

12 
14 
l~ 
le: 
2C 
2: 

22 
24 
26 
27 
~? 

~4 

3·« 
:e 
'C 
42 
43 

44 
52 

c 
C 
C 
C 
C 
C 
C 

C 

C 
C 
C 
C 
( 

C 
C 

C 
C 
C 

C 
C 

C 
C 
I: 

C 
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SLepCLTINE STACK STACK.2 
STf.CK.~ 

T~tS SLeRCUTINE COES INTEGR~L OVER 3 SP~ERICAL HAR.C~ICS fCR ~HICHSTACK._ 
1L'.,"lI ~t-.C (L,-,~21 l.Rl INDICES OF ThC CF THH. Sf:'CK.~ 
LlI~~") DElt~EAS CC~6INEC I~DICE5 F(P IL1,M31, FOP ~~IC~ T~E INTEt5TACK.~ 
IS NCT EQU~L Te lEPC. 'l3,~31 A~E I~CI(ES CF CO~PLEX (~~JUGATE FLST6CK.~ 

STACK. ~ 
.ST.aCK.<; 

C("~C~/elC(KC/~lC~,~~U~,NDELTA,~RG,~PCy,LAYE~,~U""AX.~CIF.ISTI~.6)O.2 
2 ,LR O.~ 
C(""O~/~lCCKE/l"6X,lTGP,LHAX1.L"AX2,L"AX~,l"A)4,LX E.? 

2 ,IC~E,ITkC,IT~~EE E.; 
CC"~C~/eLCCKH/KX(24C11,CI7jj2.,lLI75~2 •• YI~TI16~. H.2 
CC~PLEX YI~T . H.' 

ST.aCK. '0 ~ 
~U"=O STACK.!4 
ISTEP=O ST4CK.~5 

L(~ A.P6Y (IIN,OUT) IS STACKEC BA(K~AAOS I~ CROER 
T( ~E~FCR" "ATMIX ~LLTIPLILATIL~ EFFICIE~TLY. 
NCTF ••• INCC"ING eEA" IhU[x VARIES ~CST RAPIDLY FCR G(I~.GUTI 

SL" C'IEI'! (LeL TI ..... 

r.C t'cc LLl~:. ,lfolAXl 
M)Cl=Z.Ll ~-~. 
K~ =-Ll 'L 
L3=LLl-~ 
OC 100 M~I=1 ,~Xl 

"!=""~+Kl 

SU~ C~~~ (LI~) ••••• 

DC laC LL2=1,L~AXl 

"X2=2·ll::-1 
K41=-LL·2 
U=LU-l 
cc lcb M~2=:,MX2 
"2="~2+K2 

~1=~12-f43 

ISTEP=tSTEP+l 
"~=IAE'SloHI+~ 

LCk= I AfSI L.2-I.? I +1 
u-l=l?+Ll+t 
KKK=C 

C( ClO lL3=lCIo,LHI,;: 
IF(lL3.LT.~~1 UC Te 90 
KKK=KKI<+l 
"L"=~L~+:o 
ll=Ll?-l 

CI~~~I=c~erTlll,L3,L"Mi,Mj,~21 

lL(~L"'=L.·(Ll+ll+"l+l 

STALK.!6 
STIICK.~7 
STACK.~B 

.·.STACK.19 
STACK.?C 
HACK. H 
STII(K.22 
STACK. ?J 
SlACK.Z4 
STACK.;''; 
STACK.2~ 
ST.aCK.27 
STACK.?C! 
STIICK. :'1 
STACK.30 
STACK. ;'0 
STACK.?~ 
STACK.1:! 
STACK. ~4 
ST"CK."'~ 
STACK. !t 
STACK.~7 

STACK.:!! 
ST.ACK. ~9 
5 TACK .40· 
ST~CK.-l 
STACK.42 
STACK.'-! 
STACK.~4 
STIICK.4~ 
STACK.46 
STACK.'-7 
STACK.4d 
ST~CK.(.9 

STtlCK.'C 
STACK."l 
SUCK. 2 
STACK. 
ST/ICK. 4 
SUCK. 0;: 

S rACK. t: 

... 



51 
62 

1>4 
16 

11 

c 

C 

C 
C 

<10 CC~flNU~ 
-<XIISTEPlzKP<K 

IJC Clr..T INJ[ 
'W""t,X",'ljUM 
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8le FlR~AT( I l1X*SUBROUTlNE STAC~ FJ~~S I~TlR~EDIATE AFRAYS ILLI AND 
2ICI.* I 10X*L·. 1].* L~IX4·.15,* IL1,Ml,L2.~2.L3,M31·(* 

3 613. *1 I\U,."'AX=* 15 1 

125 
126 

c 

SUePKOGKA~ LEI\GT~ 

000211 

FuNCTION AS51GW-l~IITS 

STATEMENT ASSIG~~EIITS 
90 JJJ06J ~OO 

BLOCK NA~E5 INC LENGTHS 

000133 

E'lOCKll - i.cee 55 BLJCI<E - CO(\()12 

VARIAtlLE 
C 
KX 
LL 
LMAx 
L2 
M~2 

"'2 
YINT 

ASSIGN'lEI\TS 
U04541SC3 I~T 
OCJOCu,C3 K1 
023310;503 LLl 
OO()(1l,1S"l L'lIX1 
OJ011r L3 
OC02UO MXl 
'10'\ 2f\ 1 M3 
042C115C3 

START OFCO~STANTS 
000131 

START OF TEMPCRA~lfS 
J0015 .. 

START UF l~DIRECTS 
(eC162 

UNUS~D COMPILE~ SPAC~ 

124500 

000010S01 
000170 
0001t-1> 
cOUOO.?S02 
Of)(\111 
0001b1 
0')('173 

8LOCKH - 042tol) 

IS TEP 0001#>5 KKK 00020& 
Kl 1)0',>176 LHI 001Z05 
LLZ 00J174 LL3 000207 
LO," 00UZ\)4 Ll JilOZ10 
MM Q:>':'2(Q I4M1 ')00172 
MXZ OOU 115 141 000102 
N~:-4 CC."Hb4 ~U~MAX - I)f\COt:6S01 

STACK. 51 
STACK. 58 
STACK. 5'1 
S TACK. 1>,1 
SUCK.tol 
S1ACK.62 
STACK. b) 
SlA(I(.64 
S14CK.65 
STACK.bb 
STACK.61 
Sl~CK.68 
STACK.b9 
SlACK. 70 
SlACK.71 
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FLM TIC/I CCEFT(il,l2,Ll,~l,~Z.~31 eCEFT.~ 

C eOEFT. ~ 
c t fwF. /I S I c.~ X(U,I'I'l1 eeFFT.4 

C eOEFT.5 
XIll=U eeEFT .~ 

11 Y(!)=ll eCEF T." 
12 X (21 "l"? eOEFT.p. 
!3 Y(2).:l~ eeffT .~ 
14 XiJ)=l~ COeFT.tC 
10; Y( ~ )"L~ eli~FT .11 
Ii: X(41""1 CCEFT.r2 
20 lC(.,)=M2 eOEFT .13 
2l :C(i:I="~ eeEFT. '4 
22 Y(4)=(.C eOEFT .15 
2J YI~I=C.C eeEFT.!? 
23. Y(i:)=C.C eCEFT.17 

e eeEFT. ~8 
'/.4 r. F T= seRT ( (.2 *L 1 + 1,. ( 2*l2+ 111 ( 12. ~~i:3 7Ct:* (2*l ~+ 11 U CCEFT.l<; 
43 .. CCEFT=CFT*Clf~(XI*ClEe(YI eOEFT .20 

C eeEFT .21 
c e(eFT. ZZ 

o;Z flF.TlRr. eeEFT .23 
52 E/ID eeEFT .24 

.... 



FLf,CTICI\. CLEEIX) 
OlfolEI\.SICN xl~1 
tlfoIEI\.SlC~ FlCTIIOll 
rATA EPSIlC.t:-j/ 
CAHIHCTlll.1=1,3CII 
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) :.CCCCCJOUCCOOJCE+CO, 1.cooccbcCCCOCCCE+OO, 
x !.414?lJ;~2:7341(+CC. Z.4494697427e~71~+OO, 
x 4.8~8S1~4e5~t~5CE'CO. !.O~544;11~ClceCE+Cl. 
x ?fd~?El~/:CCC~oE+Cl. 7.099~Gj73~72240E+Ol, 
x 2.CC798~Cc;te3C!E.C£, 6.023S~21S1C4e8p.E+02, 
x 1.9C4S;JS~2S6762E+C3. 6.j17974l~8S?~95~+O~. 
x ~.:~e~!C51EllS34~+C~. 1.~911474450~457E+04. 
x 2.~52~S7(\2eO?:"c+C5, 1.143535scse6437E+06, 
x 4.57L!4ja?~45827E+C6J 1.8d59677~062t!4E+07. 
x e.COi483'2E:485 7 E.C7, J.4077t576t3456~E+08, 
X 1.r~~77D268t2~~~E+09, 7.1417~2~tSle15tE+OS, 
x 3.?~2~12CCE2!767E+'C. !.6078~623545420E+ll, 
X 1.~7f~54·71~2?957E.ll. 3.93~427356b145~E+12. 
X :.CO~Zl179442L2~E+'J. t.0434S74580GC42E+14, 
x ~.521~t~53:f7054F+'4. 2.91351CC4~OlI42E+15/ 
CATftiFiCTIII,I=):,6011 

~ t.~Z€tS~~!71~~t~E+l~. 9.007SdoSOb78b41(+lo. 
x ~.12~~~~C?tECllSE+ll. 2.94L746S5~!3~33E+18, 
X L.7IH1~3S742~t17E+lS. 1.01t520S2179C88~+20. 
x t.CS~:2S~f~7~3~lE+20, l.10ii532464S!91E+21, 
x 2.2EtSed714!C"3F+~i. L.42a211~4!7S!e2E+23. 
x S.C328C!SC~~~a8CE+2~. j.ld3815~2143c64E+24, 
X ~.74€~4112341413E+~~. 2.451S51t4P.4SC41F+26, 
X 1.f3042~614:7~~~E+~7, 1.0937194!18'!IC~+28, 
x 7.4tl~t~13~2Ce~2E+~~. ~.Odj~Cl)6672S7;E+29, 
x 3.5?3~3at~St33~CE+!O. 2.46~337(~q7~72ZE+!1. 
x '.74~~~3t8C~~~7b~+3~. l.2~S439i8C~8!17E+33, 
x 8.secr,q9654?G10ZE+3~. ~.~3~Z59l5917C8~F+34, 
x 4.&04~lgt?'2~;S:[+:~. '.503~Cl'7884e41E+36. 
x ?t~~455h77!!t36E+37. 2.0l~l2qE89t!719E+38. 
x \.~331~404cd1445E+39, 1.171637~6e75L!7~+40/ 
uaTA(f~(Tlll,l=61.901/ 

X G.121~444Elt~793f+40, 1.lZ44t&3S315476E+41, 
x ~.~CS~:04477e243E+'2, 4.~52649C041!'6tE+43, 
x ~.5e'11S2C32~~3;f+~4. ~.a71ti7231410e4Cf+4~. 
x 2.!3!~2CCS17GOll[+4b. 1.~097411C59~~41E+47. 
x '.57~81~e5S487!!E+'a, 1.30dl~le078~4C~E+49. 
x ~.C~44to~1!C046iF+~O. 9.:~213SeC2~145!E+!O, 
x 1.~~~24494C;204;E+~~, o.t8j8~22C780S14E+52. 
X 5.731~219411S3j5~+53. 4.980877!1415CB2E+S4. 
X ~.J42??B~4~e!i2!~+r5, j.dlozeiS~O~~721E+56. 
x ~.!~C!5&93~'4q47~+57. 2.991Ct6~C577C17E+~8. 
x 2.t7~2~~b4S~~2~~E+:9. ~.4ul12l1t4;3tI4~+60. 
) 2.!aC2E~15C3~c8EE+tl, 1.9~o314304tUC97f+6Z. 
x 1.820~C~461261a2E+6}. 1.61ij4231034~4e7E+64, 
x ·.5~c;CiS:~574!~E+t5. 1.4518117'9t4C!4E+t~. 
x l.~c192vl?!4C039E+t7. 1.!~4a3Z~;47~282E+68/ 
etTa I FlirT I t 1 • to: q 1 • : 01 II 

x 1.~1~E~~4eSC~3CLE+tS. 1~lb27~bC0520414e+70. 
X !.t1527t3eC7]~vlE+71. 1.075533!S177e91E+72. 
x 1~O'~1~M!C57t71~~+7j, i.U:~~o5C1749511~+~4. 
X 9.~;~:C274tlCq~~E.74. ~.d0779C7e443tlc~+7S, 
~ ~.10S211~Cl:E211E+7t. 9.DtJ54S~~780SC4E+17. 

CLEB. Z 
CLEB.3 
CLEB.4 
CLEe.5 
CLEB.6 
CLEII.7 
CUS.B 
CLE8.9 
CLE~.lC 

CLEB.ll 
CLEB.12 
CLEB.13 
CLEB.l4 
CUB.IS 
CLEe.lt 
CLEB.17 
CLEB.If 
CLEB.l9 
CLEA.:'C 
CU:8.21 
CLEB.22 
CLEB.13 
CLEB.24 
CLE8.'-~ 
CLEe.26 
CLEB.27 
CLEB.28 
CLI::B. 2~ 
CLEB.!O 
CLEB.~l 
CLEB.n 
CLE8.3~ 
CLER.34 
CLEe.3O; 
CLE8.36 
CLEe.~7 
CLEf'.38 
CLES.39 
CL~e.4C 

CLEB.41 
CLEe.4;> 
CLEA.4! 
CLEB.1,4 
CLE8.4 5 
CLEB.46 
CLEB.47 
CLEB.48 
CLEA.49 
CLE8.~O 
CLE8.c;1 
(LEB.n 
CLEB.53 
CLEB.0;4 . 
CLEfI.':'" 
CLFB.56 
CLEB."'? 
CLEe.58 
CLE8.'i~ 



2 
~ 

10 
12 
20 
26 
'!'3 
43 
'of. 
~1 
54 
64 
73 

IO? 
105 
111 

l~C 
132 
134 
l~~ 

14C 
142 
143 
145 
147 
\ !: 1 
157 
165 
172 

2l~ 
21~ 

2~C 
~?2 
234 
~;~ 

2?6 
HO 
'247 
25? 
2!~ 
263 
267 
HI 
272 
274 
274 

x G.6eC~4q4371ce4~E+7dl 
CLI'E'=C. 
NlI=2.*X(!)+EPS 
I\C-Z •• X <21 + EI'S 
NC=~.*X(1)+EPS 

I\C=SI('II~eSI2.*)l14"+t:PS,)(I") I 
NF=SIC!\I~e<;12.*XI:;II+EPS,Xljll 
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~,F =- S I G 1\ , ,I f' S ( :; • ~ )l I ~ I' + F.P S ,x II, II 
TFllIBS(XI41+X(5'-X(ell .CT. EFSI ~ETl~~ 
L3=X(2' +X('I I+EP:; 
lE=JlIll+XI41+EPS 
llC=X(!I-x(el+FPS 
IFIlIASIXIZI+X(31-Fl(/lT(L:11 .GT. EPSI RCTURI\ 
IF(lIBS()((1I+X( .. '-FLCAT(L81,.~T. EPSI Il.:Tl.iRN 
TF(I\F\S()l(31-X{f:.-FLCATILlull .GT. EPSI !lETUR'" 
LC=L 3+le+L!C 
IFILC .CT. <;C;I GC TC 2 
1~IIA~5(~C' .~T. I\A .C~~ 

X I A!' S ( " E I • G T. N e • OR • 
X IlIP,,(MI .IiT. I\CI RUU~N 
Ll=LO-I\C 
L:'''LB-!\C 
l,=L3-H 
ll1=llC-I\;F 

. Lc=LO.;~e 
L7=LC-lIlI 
L4=L':-L2 
l5=L7-l3 
L2C=NC+l 
K~I"=~AXJ(~,-L4,-l51 

K~~X=~I"CILl,L2,l3' 
IFIK~A)l .LT. K~III'~FTUkN 
CCl=FACT(LI+lloFACTIL6+II*FACTIL7+\'.FACTll8+11 

X *FACTIL2+.I*FACTILl+1' 
X*FlICTILC;+1'*FACTIlIC+1,*FACTILll+I'/FACTILO+21 
~ *FA(TIL20+\I/F,lCTIL201 

SGII=I. 
CC 1 K=K"'If\,K~AX 

Ll2=Ll-I<+1 
Ll~=L2-K·l 
l14=L?-ul 
L t ~=Lt,+I<+ 1 
l16=L~+K+l 

CE~.~AC'IK+!I.FACT(l~lIOFACTlllll.FACTIL141.FACTILl'l.FAtTILlfl 
ClEe=rLE~+SG~cCCl/t(~·*2 
5(,1\=-5(1\ 

CCI\TII\LE 
IF(~rr(K~I~,~, .~E. 01 CLfKa-CLFB 
RETL"'" 

2 bRFF=C. 
ClER=C./A~FF 

RETLI<" 
E't\C 

SUePRC(PA~ LE~GT~ 

CCO~65 

CL£I!.t,C 
CLte.~l 
ClEe.~2 
(LEe.!:> 
Clf!!.!4 
CLEB.!)" 
CLEA.~~ 
(l~~.,7 

CLEB.'::/! 
C.Lf~.~<; 

CLEB.~C 
CL~I\. 7~, 

CLr:9.1;; 
CLE!!. B 
ClEti.7t. 
CLEB. P 
ClF9.7f) 
CLE~.17 
cu:e. ~8 
CL!:A.7<; 
CLEH.80 
Cl"S.S' 
CUB.E' 
CLFe.~~ 

ClEe.!!4 
CLEP.": 
(LEA.S/) 
CLEB.a7 
CLEB.PA 
CLEs.lie; 
CLEB.C;C 
CUB.e;) 
CL:8.C;' 
CL(R.C;~ 

CLEP'.C;4 
CllB.C;" 
CLC8.9f 
ClFH.C;7 
CH8. e;e 
CLE8.'l'l 
CL:~.!CO 
CLE8.!Ct 
CLEP..102 
ClEt\.10 
CLE8.104 
CLcD.tCo; 
CLe6.~C6 
ClEP..tC1 
CLC:d.~ce 
CLfP..1C9 
CLEa.IIO 
CLEe.l1l 
CLEe.llZ 



'. ~ 
17 
2! 
2t 
?O 
?2 
33 

:?~ 
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SLapCLTINE L~TTICE LATTICE.Z 
C ~ATTICe.l 
C LATTICE.4 

CC~~C~/fL(c~a/AI~O.~1 .a'~0.~I.O'10.!I,RA(10,Z'.R8(lC,2I,ALAT,SPAC~A.l 
2.BASISI21.~eASIS A.: 
CC~~C~/eL(CK~/T(2.eC.11.ILYR'101.LSY~IICI A.2 
C(~FLEX T 8.; 
CC~~U~/eLL(KU/~LC~,~~~M.NGELTA.~R(.~PGY.LAYFR.~~~~AX,~Clf,ISTI6.610.l 

Z .LF D.? 
C l~"C 1\ IH (CKK 1 e ee, ~c. <: 1 • T AU'I 3~. ~t:, 2 I • TTllO .121.1( T YF! \C I 1(.2 
(C~PLEX e~E.1A~.TT I(.~ 
CO~'C~/~L~C~L/AR(.~1~69).XD(~I.PATH\(iOI.PATH2(lO.121 L.Z 
CC~PLF.X aRG.H L.~ 
C(~~OIl/~L(CKx/TtMf.ITtM.M~LT.ISCALE,I~4X,ITYPE.LS~~,ILC(F.IP~R X.2 
I~TEGER TIMfX.~ 
Ccr~~(~/CCN51/PI .PI4.f1~i.CU~~,C(~2,CCIl3,CCII4.(CIISTT.I".CIIST CC'ST.? 
CC~PLEX 1M ceIlST.; 

( LATTICE.12 

C 
C 
C 
C 

C 
C;C; 

DI~ENStC" tXI21.eXI21.ShlfTl!1 ,/'4"'14' LATTICE..1~ 
DI"'EIIS1CN g(27.BI LATTICE.!£ 
IIITfGr:R TYPE.FACE LATTICE.l e 

DATAI~I II .1=1.271 1.,.u •• O.,.S •• 5 •• ~,-.~.O ••• ~.0 ••• 5,C.,.5.0.,.5.LATTICE.If 
20 ••• 5.~C.C.CI LATTICE.l1 

OATt.11;1 II .1=?1;!.541 1.35E,339.0 •• 0 •• C •• l ••• 1071C67e.o.. LATTtCf.1E 
2 O ••• 3'735339.0 ••• 35j553~9.u •• 3~~553~q.0 ••• 3~~5533~.0., .35:553~q. L4TTICE.IG 
3 C ••• j.( ••• ·,0 ••• 5.( ••• :;.0 ••• 51 LATTICE.2C 
OlTAI~II~.I=~5.81)1 .577!5C2~.ll •• O ••• 35~553]q,.~12!7Z44 •• 353~53~q,L~TTICE.2' 

Z -.c12'7244.0 ••• 3j~~S3~~ •• 7U71C~7e.0 ••• !~355!~~ •• 1C~lCt16, L4fTICE.2Z 
3 0 ••• :;~>~3:~ •• 7C1~C67d.0 •• 0 ••• ~0412415 •• 4C824a~0.c ••• 2C4!241~. LATTICE.2: 
4 .4CH~~ejo.c ••• l04t~~I~ •• 4Cd248!C.C.1 LATTICE.24 
D.TAICIII.I=82.\Cel I .5.0 •• J •• 0 •• l •• 1 •• 0 •• 0 ••• ~,C ••• 5.C ••• ~.C •• LATTTCE.25 

2 .;.( ••• 5.C ••• 5.C ••• 5.0 ••• :'.0 ••• O:.0 ••• <;1 . LATTICE.2t 
DA~~I~III .I=lC9.1?~) 1 .7U71C~1e.0 •• c.,.7071C~7a •• 5 •• 7(71Ct78.-.5,LATTICE.2; 

z C ••• 7Cl1C!le.0 ••• 1C7iOb78.0.,.707:0673,0 ••• 70110618,O ••• 7C71C678,LATTICl.ZE 
: lC.O.CI LATTICE.2~ 
04TAI~III.I=1!6.1621/.2dd~15'].C •• O ••• 1C71C61e.1.~2474l~ •• 70~!C67eLATTltE.!C 

2,-1.224744C;.:C.0.0.C ••• dl~49b;8.1.612'7'731b.O ••• 81t4~o5E,l.(32C;q;tfLATTI~E.31 
3 .0 ••• 81:l4<;c58,1.6:::r<' .. :316.0.1 'LATTICE.~~ 
DATAICIII.(=ltJ.:S;"l •• 0.0. 0.0 ,.j •• 8~cC254C4 •• 5~-.Et6C2~·C£LATTICE.3! 

2.0 ••• 5.C ••• 5.C ••• 5.~ ••• ~.O ••• ~.O ••• 2e80151~5,O ••• 2e8~75135.0.. LATTICE.3£ 
1.2€e~75135.c ••• 2e861~13:.0 ••• 2ae6751~!1 LATTICE.!5 

DATtlYll1 .1=!'70.2!~1/1~O •• 8:l6C2~&04 •• 5 •• e6~02!4C4,1.~.1.~320508ce,LATTICE.3f 
2 c.c.c.c •• e~tC25£04.0.0 •• 8o~0254C4.C.C •• d6602~404.C.C •• et6C2~404, lATTICE.37 
~ C.G •• e~~CZ~4C4.C~C,-.5.J.U,-.5.0.0.-.5.0.C,-.~.c.c.-.~ I LATtlce.3M 

LATT rCE. ~'7 
LATTICE.4C 

PE'O 1~ L~lTICE 5PECIFICATIC~S. LATTICE.4' 
LATTI("~.;42 

PEAC ecc. TYFE.F'CE.ALAT.~CX LATTIce.~? 
IFI~F).E~.C.CI ~FX.ALAT LATTICE.44 
qeac 81C~ LAYER LATTICE.4~ 
JJ=~ LATTICE.4~ 
IF(TY~t.E~. ~FCCI C~ TO 100 L~TTICE.47 
IFITYPE.E~. ~eCcl G0 TJ 110 LA1TICE.4E 
I~ITYFE.~C. ~~CPI Cu Te i~O LATTICE.4'7 
IFIfY~E.t .... HR'.I GO TJ UOLATTICF.5C 

LaTTICE.51 
CC~TI~lE LATTICE.52 



47 
.. 7 
t' 
H 

10~ 

102 
le2 
IH 
Ul 
PI, 

140 
140 
1!l2 
1~~ 
lS't 
156 
1!'7 
l~C 

.!~l 
1~2 
!"63 
1~4 

173 

114 
lU 
H4 
2i~ 
2H 
2H 
2,0 

224 
22: 
Z~~ 

2H 

C 

C 
C 
C 

c 
C 
C 

C 

c 
c 
C 
C 

C 

C 
C 

p~r~T E20. l~FE.FAce 
STep 

fCC (k~srAl FACE~. 

!CO CC~ TIt-I." 

, 
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If(rA(F..~r..1CO.~R.FACE.(~.vl0.:k.fACF..iC.0041 JJ=l 
I F ( F 4 ( ~ • t' I.J • 1 ' a • I) P • f AC t: • .: i.I • !.Ill .ll II • F 4 C F • EO. 0 1 1 I J J • 2 
IF(FAr.E.rC.llll JJ=3 

GC TU ltO 

ecc r.~YSTAl FACES. 

110 ':(1\ fll\l.E 
IF(FACE.EC.1CC.CR.FACE.E'.O~O.O~.FACt.EC.001' JJ=It 
l~(FACE.EC.~lC.O~.FACe.Ew.!Ol.CR.FACF.EQ.Oll) JJ=~ 
rFCFACE.E,".l.~ll JJ=c, 
GC TO 1(:0 

HCP CRYSTAL. COO~-FACE. 

12C (;CI\ T {I\LE 
JJ=7 
GL TC teo 

':C COI\ ry"LE 
JJ=6 

T~ANSfE~ p~crER CRYSTAL GcCM~T~Y FRC~ OATA STATE~EI\T. 

bO Cr:~TlI\I.E 
IFIJJ.EC.OI GC TC 9Q 
SPACE=Q(l.JJI 
l~P:SF~CE·"fX 
fiASIS(!I=~C2.jJI·ALAT 
~ASISC21=QC~.JJ'·AlAT 

A~ll':'C4.JJI·ALAT 
A)CZI=QC5.JJl o4LAf 
IllIO , .. CC,>.JJ,oALAT 
a'CZlz~(7.JJI·AlAT 
"BASIS=l 
IFC~ASISC!I.(Q.O.O.~NC.ijASIS'2'.EQ.O.CI ~8ASISaC 
1(=7 

DC 17C. J=l.~ 
DC 170 I-!,lC 
1( .. 1<+\. 
otf.JI=CC~.JJI.ALAT 
A C I, J I" ~X C" I 
I!tr,JI=eXCJI 

17C CC"T IHE 

SP=-lSP 
DC 172 1=1,10 
flYR( 11'"1 
SP-SF+lS ... 

LATTICE.5~ 
LATT ICE.51t 
LATTICE.55 
LATTICE.Sf: 
LATTICE.51 
LATTICE.'5e 
LATTJCE.5Cj 
LAfTICF..6C 
LATTlCe.61 
LATTICE.6? 
LATTrCE.6~ 
LATTI("E.64 
LATT ICf.6~ 
LATTICE.6t 
LATTICE.61 
LATTICE.tl! 
LATTICE.6Cj 
LATTICE.7C 
LATTIC E. 7] 
LATTICE.7;: 
LATTICE.7'? 
LATTlCE.74 
LATTICE.7~ 
LATTICE.7t; 
LATTICF.77 
LATTICE.7E 
LATTICE.7Cj 
LATTICE.8C 
LATTICE.8'. 
LATTICE.82 
LATTICE.8? 
LATTICE.!!' 
LATTICE.85 
LATTICE.8f: 
LA TTl CEo 87 
LATT ICF..88 
LATTICE.8e; 
LATTICE.ge 
LATTI CE.91 
LATTICIE.C;2 
LATT ICE .Cj~ 
LATTlCE.94 
LATTICE.9! 
LATTICE.9f: 
LATTICE.97 
LATTICE'.9E 
LATTICE.9e; 
LATTICE~ teO 
LATTICE.ICI 
LATT ICE.I02 
LATTICf.1C3 
LATTlCE.IOl, 
LATTICE.tc! 
LATTICE.lel: 
LATTICE.I07 
LATTICE.lC8 
LATTICE.IC9 
LATTICF..110 



2n 
2~7 
24C 
240 

331 

3t:3 
~64 

365 
~6t: 
~t:7 

37C , 

:72 
:17 
405 
413 
421 
427 
4?~ 
44S 
45! 

C 
C 
C 

C 

C 

C 
C 
C 
C 
C 
C 

C 

C 

OII,'!I=SP 
KT'I'PII'=' 
LSY"liJ=l 

11? CC!'\TIl\l.f 

~69-· 

ALTER T~E LATTICE GEU~ETRY LAVE~ BY LAYER 

LI'"O 
1 74 cet. TII\UE 

REAC &12,KT,ITP,~~,5hIFT 

IFIKT.E'~OI GC TC 17i 
LP=UH ~ 
TlYRILfll=ITP 
KT'rPILR I=KT 
AIlR,!I="'.\lI'~I*AXClI + MMIZI*SXllI 
A(lR,21=~~(~I.~XI21 + MMI21.~XI21 
8IlqJ11=\lM(~I.AXJII + M~(41.BXI11 
BIlR,?I=M~I~I.~X()1 • ~~(_J*bX(21 

CILq,ll=~(LP,ll+S~lfTILI·ALAT 
OIlR, ?I=,J( L~, 21 +S~ 1FT e 21*ALAT 
CILR,~I=DILR,31-S~IFT(jl·ZSP 
IFILR.GT.11 xoeLR-ll=ueLH,31-0ILR-I.31 
G[ TC 174 

176 CCt\TIH'= 

Llll=LF<+! 
IFeL~!.lT.21 LRI=J. 
DC lac I=LRI,lO 
~11,3I='C' l-l,31+ISP 
XCII-ll=l)el,,,I-O(I-I,31 

He CC".TI~L( 

CALClLATE RECIPRCCIL LATT ICE t.cT. 

CC t9C J=\,LAYE~ 
AREA=AIJ,~I·dIJ,21-teJ,21.6eJ,!1 

XX=?"PI/AREA 
RAIJ,l'= eeJ.21.XX 
PAlj,21=-BIJ,11·XX 
R8IJ.l,=-AIJ,71*XX 
RE'eJ,21= A(J,II.X)( 

190 CC"TIflilE 

IFIJJ,~'.ll PRI"T eUl 
IF(JJ.~'.21 PRINT 802 
IFIJJ.E~.31 PKINT b03 
IFIJJ.EC.~I PRINT bC4 
IF(JJ.~C.~) PRINT b05 
IrCJJ.E~.61 P~it.T 806 
IF'JJ.~Q.71 ~~I~T ee7 

P~I"T ~!~, ALAT,lSP 
P~I"'T ioll.O, ~ASIC; 

C~ ~OO l=l,lAYE-

L~TTfCE.ll1 
LATTICE.l!2 
LATTICE.l~~ 
L~TTICE.1l4 
LATTICE·.n~ 
LATT fCE.llt: 
LATTfCE.l17 
LHTICE.lle 
LATTICE.l1e; 
LATTICE.12C 
LATT ICE.l a 
L~TTICE.122 
LATTICE.la 
LATTICE.124 
LATTICE.12~ 
LATTICE.Ht 
LATTICE.In 
LATTICE.lle 
LATTICE.IZC; 
LATTICE.130 
LATTICE.I?l 
LATTICE.I?2 
lATTICE.'?~ 
LATTICE.I?" 
LATTICE. p~ 
LATTICE.l~t 
LATTICE •. 1 ?7 
LATTICE.1 ?8 
LATTIC~.I?C; 
LATT I CE.140 
LATTICE.llt1 
LATTICE.142 
LATTICE.lI,2 
LATTICE.lltl, 
LnTICE.14~ 
LATTICf.ll,t 
LATTICE. tl,7 
LATTICE.II,@ 
LATTICE.II,,> 
LATTICE.I!SO 
LATTICE.l"} 
LATTICE.1~2 
LATTICE.IS3 
LATTICE.l~4 
LATTICE. I ~ ~ 
LATTICE.l~t 
LATTICE.l!7 
LATTICE.l!:P 
LHTIC'E.15C; 
lATTICE.ltC . 
LATT ICE.ltl 
LATTICE.lt:l 
LATTICE.l~" 
LAfT ICf. HI, 
LATTI(C:.H~ 

lATTICE.IH 
LATTICf.H7 
LATTIC!:olH 
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463 PI<INT ll~iJ.I.KTYP(I).lLYfdll.fC(1.J).J=1,:".A'I,l"A'1,2,.eCl.1), LATTICE'.lt'i 
2 ell .21 LATTICE.ne 

522 2CC CC~lI~LE LATTICE.1 71 
525 PRINT dCo LATTIC~.17Z 

53C PQI~T q~U.(J.MA(J.!I,RAtJ,~I,RB(J,1"PB(J,21, J=I,LAYER I LATTICE.I7! 
C LATTICE.174 
C LATTICE.17~ 

ecc FGP~~T( A3.:~I3.:~ 2F10.~ 1 LATTIC~.17t 
qOt FCP~AT( IIIIII~OX 5~** •• ~ .fCC (!OOI-S~~FAeE. , LATTICE.~77 
d02 ~C~~AT( IIIIII'OX 5~.* •••• fce (110~-SUQFAC~* I LATTIC~.l,e 
eo~ FCR~AT( 1IIIIIlOX 5~**.* •• Fce Illll-S~~FAeF. , LATTICE'.17'> 
804 FCP~~TC 1IIII110X ~~ ••• *. *oCC CICOI-SURfACE* I LATTICE.IEO 
805 F~R~~TC lIlli/lOX ~~.* •••• ace (IIOI-SURFACE. I LATTICE.1EI 
ect FC~~~j( 1IIIIIlOX c~ ••• ** .dCC (lill-SLRFACE. I LATTICE.!82 
e07 F(R~Alj II/illlOX 5~ •• **. *HlX. CLLsE PACKEC LATTICE •• I LATTICE.!e~ 
etc ruR~~l( l~ ) LATTICE.!e~ 

A12 FCP~Aj( 615.?FIO.4 , LATTIC~.:ec 
e2C FCP~~TC II lOX.U~RECCGNIZAbLE CRYSTAL TYPE • A3.1X13 ) LATTICE.IEt 
~30 FCR~AT( II lOX.LATTICE CUNST~~T IS * Fq.~, • A~GSTRC~S, INTE~LALATTICE.ld7 

2YE" SPIICIIIG III BULl< IS • f9.5, •. ANGSTRQ~S* I , LATTICE.1H 
e4C FO~MAT" 10X*SASIS ~lCTU~ I~ SU"FAC~ PLANE IS '* f~.5 •••• fQ.5, LATTICE.leq 

2 .,. ) LATTICE.!~O 

B!C FCR~AT' lOX.'. 12,.' CG~E'* [2 •• ' SY~'* 12,., [-,t ~Fl0.5, LATTICE.l~l 
2.) Aa'*ZFIO.5,., a .. ,. 2FIC.5, .,. I , LATTICE.I"~ 

8~8 FCRM~T' 1110X*RECIPRUCAL LATTICE. SU~FACE NET ~ECTCRS* I LATTI(E.l~~ 
e~c FCR~ATC j5X*'* 12,*) kA=C*ZflO.5,.' ReaC* 2F10.~, .,. I LATTICE.l'>4 

e LATTIC~.l"5 
:~7 RETL~II LATTICE.l~t 
5f:C ENe LATTICE.ln 

sUPPQe(RA~ LENGT~ 
OC13~O ' 

STAT E~EII T .... 
130 -
8CC 
e04 
810 
e40 

~ SS H~~EII Ts 
CCCO".!e ),CC 
0001100 I~C 

CCCHC eOl 
OCC~H lies 
COOo,:\7' 81 Z 
COC1C1, c5C 

BLeCK ~~~ES Aile Lf~GT~S 
BLeCKA - COC1~~ fLeCKS -

'BLOCKL - COC13 1 BLLCKX-

VAI'UeLE 
A 
AX 
BlI 
HX 
1ST 
k 
LR 
NBASIS -

ASS I(III"'~NTS 
CCCCCOSC~ ALAT 
00C777 l:' 
C01CC7 t: 
001344 I 
tlCe::10SO,; IlF 
CC!",'.7 K1 
OC0051·~CJ LRl 
00Clt2S0J PATH 1 

,.' 

CCo.C!lC 
CCC141 
COC6C4 
06C~14 
OOOttl 
0.00.717, 

0.0.10324 
CCOC II 

OCC1~6SUt 
OOOCi .. Sul 
Oo.OC!CSUl 
oon~l 
OC13= .. , 
OC13::~ 

OOl~·:) 

OCC~'~Su; 

1:&.0 OC01C3 120. CCC' 36 
174 CCC244 17'> - 0.00.332 
Bo.2 o.C0612 eC3 " CCC~20 
806 OCC642 80.7 CCo.650 
lI20 OC0664 e30 OCC67'3 
de; tI 000. 7 3'3 860 o.CC742 

BLUCteD - 0.00.0.5; Bt.r.CIC)(' _., C1271Z 
CONST OC001' 

.. i(E>I 0.0.1356 AMe; 00.0.0.0.050.: 
[lA!)1 S 0(C1,':o.501 eR~ ceooooso.4 
FACE CCl?4:, ' .. CCCC02SC!I 
ILVk CC43COS02 ' I" OCCC1CS07 
J OC!!'5C JJ CCl34~ 
KTYf O~C!"OOS04 LIIYCR CCOCO~SOl 
LSY~ CC4; 12SC<: ~" enCCb 
PATt12 OCC~47SC' PI CCCCCOS\)7 



l' 

23 
24 
24 
~4 
.,c 

4" 
45 
4f 
51 
5?-
<':C 
70 
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SLe~LLtINF ~f~M BF~Y.' 
C ~tA~.3 

CC~~Ch/~lC(K"A(iO,?I,~'lO,il,~(lC~"),~A(lC,?I,Re(lC,;),AlAT,5PAC~A.? 

c 
c 
c 
( 

C 
C 

C 
( 

C 
C 
C 

~,eASIS(2,,~~A5IS A.l 
CG~'C~/!LCC~e/T(2,8C,71.1LYR(lUI,lSY'(tCI e.? 
CC~Fl~X T ~.~ 
C c.,.,. C 1\ / P. Lee /(..: / 1\ L (" , 1\ I\ul'!, ;,1..1:: l r A , ~ f1 G, N lOG Y , L A't ER , ~UM ~ t )l , 1\ C IF-, I C; T ( .~, '. ) a • ( 

,LA . ' C.3 
CC~~(h/eLCCKf/l"AX,LTLP,LMAX~,L"AX2,L"A)l",L~A)4,l) E.? 

2 ,ICfq,,"ITOC,ITf'lFI.: E.? 
r. r:" "C '\ / r:J1. C 0 KIF") q ( ~ i:. <: I , T A,I( ::: , 2 ~ .21 , TT ( 1 C , i 2 I • K TY P( tel K. 2 
CC~Fli:)( e~t.TAL.TT K.: 
( C 1''' C 1\ I;1L L C K FlIT H • I PHI. T t-T T • C I 5 T , C 5 1 t- (·1 Z ) , II X X, <. , ~ 2) , I< ~l." . J" ( 121, F. 2 

2 J i\ ( l:; I , I'~ ( , 2 , • K C (.It ) F • ~ 
CI"E/lS!CI\ ~/I(?L) Ut~".)C 

CEH A.)O, IH·T,!,:'t-1 

PF6C 11\ E~[NCY RANGE ANU UA~PING lE~CT~ AT lC ~.v •••••• 

K~U~ I~ TCTAL ~U"etR uF UfAMS TC BE CCMPurEC. 

KI\U,.=C 
lce CCI\TI~lF. 

R~AC !'JCE. ITP,~~N 
IF(ITF.F..~.O) (iC to dO 
nc llC 1=~,lAYt:R 

K= ! 
KT=KTYP(!) 
IFJIl't~(K'.E~.ITP) Gl Te ~~u 

no CCI\TI~uE 
PRll\T E!Z. ITP 
~cAC aCB, ITP,~~ 

IF(ITP.I\~.O) step 

6f.1\l".1~ 

O[/1".l~ 
~!:,.jt).\? 

rtFt\rJ.'4 
elJlM.' < 

"lOll"'.:! 
HrA",.~7 

P.El".~f' 
I'I:AI'.· .. 
P.[AII'.ZC 
I't~"'.21 
BE·"~. ~: 
~I:~r--I.~~ 

er:.,,,.:·~ 

eF.A"'.?~ 
t:'E Ho· • .:~ 
A£: ,\,.. ,'" 
b:::A~.'e 
~EdI.·.?c; 

(lE/I~.1C 

I3[A~.~~. 

I'f'/I".'~ 
~fd"'.~: 

.7! GC Te !~O 

I)~A"."lo 
Btt ..... ., ~ 
BEAM.~~ 

!3EJlII'. ;7 

b':"".>~ 
t'b\Y.3<; 
~E'JI.".40 

tlr: ·'~.4: 

C. 
14 :£C CCI\TII\LE 

h 
7e-

10" 
11' 
120 
120 
l2\ 
t23 
'. ~~. 
131 
14! 
144 
14~ 

C 
C 

'C: l'.e I:',f 
IF(J.~Q.:.6H.tTP~H:.1I GO Te :~O, 
IHI\I\(t,I,.tC.O.AI\C.MI,(2tl' • .:,.CI :(C T~ 14C 

l!C CCI\ Tl fiLe 
":1\~.(1.I) 

~"'~'I(l:,ll 
i<.I\L~:~I\Li'1+! 
IF(K/lL"'.GT.t2) GC TO 140 
1I)r)".,t<.I\\.I";f'o*RA'!<,:' • "*Ril'K,LI 
V~X(~,KI\I.")=~*~n(K,2' + 1\*~U(K,2' 
J"(KI\L:O'=I' 
J/I(KlI;l;J)=N 
H;(KI\L""=;lTP 

PEA".4"' 
Cfl" ... , 
~tA"'.4L 

~~A".4:: 
H\: /.". 4~. 
erA"'."" 
P.f~"'.':''? 
~(~.v."~ 

I'F.I.:J. ~r. 
8E6"'.:' 
er::6 Y • c : 

I'[A"'.~: 



! 4~ 
15C 

152 
l~~ 

1"7 

1"" ~, 

1 t " 
17: 
203 

211 
212 

C 

C 
C 

C 
C 

C 

Kc.: (K/l.U"I=K T 
140 CCf\TIf\LE 

IF(Kf\t,;iI.GT.121 Kf\I.":I' 
r;c Te lCJ 

!~C l,( "T!~,I.E 

N~IGh="lO~+(f\f\U~-ll·NCELTA 
1''<·1 f\ T "C .. , "IT''T,IP~I 

PRI"Y EC'), ~lrl\,f\I-IGB 

Pro I" T i:l10,U'AX 

baa FCR~~TI ?15 ) 
~C~ Fl,R~~T( 315 ) 

-72-

804 FaR~'T( II 10X*INCICENT BEAM ANGLES APE THETA:. I~+. P~I·* 1 4 , 
2 I ~£X i3H............. ) 

~C6 FC~~ATI II ICX .INCI~ENT ElECT~C~ E~EPGV FRC" • 13, • Te ~ 13, 
2 • ,=.v •• ). 

ece FCR~ATI 15.~~lX 2(2) ) 
dl0 FCP~ATI I lex ."Axl~u" L-VAluE 15 • 
e~2 FeR~ATI III ~OX*ICN CCRE TYPE. 12.-

2~. cUT I'HASE ~~IrTS /l.GT SUPPLIEC.* I 

PI 
ENCOUNTERED t~ SLBPCUTINE 
I 

BEA .... 54 
HAl'''. ~ 0: 
BEAM."c 
BEA".57 
8EA .... o;e 
BEA".59 
BEAM.I:O 
BEAM.~l 

BEA".~;> 
flEIIM.6" 
BEAM.clt 
SEAfoI.'J'; 
BEAII.H 
BEA".I':7 
BEAII.b8 
BEA .... 6<; 
BEA"'.70 
BEA"'.71 
eEAM.72 
BEA".73 
eEA"' •. 74 
BEAM.7'; 

eEABFAII.7~ 
BEAJII!.7" 
BEA .... 78 
BEA"'.7C; 
8EA"'.80 

SUePRC(R~~ lEf\GT~ 

OC0342 

fLI'ICTICI'I ASS IGI'III£/I.T5 

5TATEIoI(/'d ASSIGI\"EI\TS 
100 00.OC2~ llC 000O~2 120 OCOO?~ 130 CC01t5 
140 0()01 !:l 1.5C OC0160 800 OCC2H eez OC0223 
eCit 01:C22" I!Cl: 000?'!7 Bca OCO?:!IO 810 COO25'! 
81Z OCc:?:.o 

BLCCK I\A/WES AI\CLEI\GHS 
B I:'CCKA - OOOH: eLCCKI:! - 004124 tlllJCKU - OCOO~5 eLOCI<E - OCOO12 
eLCCKI< - 012 7 12 PLCCKF - OOOlH 

VARI ABLE AS5IG~""EI\TS' 
A' CCCCOOSOl B OCCCZ450t 6A 51 S OC01f:OSOl ellB CCOCOOS05 
C5TH CCCCC4SCe: c OOOC~US.)l I OeC33't Il VR CC4300502" 
IPHI CCCCC15C~ IQ OCCIC1S0" 1ST oeCOI0S03 ITH OCOC00506 
UP CCC333 J~ OOOC~IS06 IN OCCC~~5C6 K CCC335 
KI\U,", CCCC:;CSCI'- KC OCCll .. Silo KT 000336 KTVP 012700505 
LAVER CCCOO=~03 LMAX CCOCCUS04 lSV" 004)11502 " OCC3H 

'" 000340 I\nELTA - 000CCZ50J NHIGH OCC34! "'LOW 000000503 
Nil. OCC~11 ~I\L ~~ COOCC1$03 RA CCCIOHOl R8 ((0132501 
T CCOCCCSr.2 . TAL OCC220S05 TT 012320505 '-XX OCOC?OS06 

STAR l' (F COSTAI\TS 
00021~ 

'I 



2 

21 

Z6 
37 
3~ 
35 

40 

4C 
41 
42 
4" 
4~ 

~1 
5~ 

6C 

7S 
1~ 

101 

104 

11? 
114 
114 
lit 

llt 
no 
131 

131 
\~t 

1?7 
14C 

140 

c 

C 

-c 

c 

C 

C 

C 

C 

C 

C 
C 
C 

C 

c 
C 
C 

C 

C 
C 

C 
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SleROl Tl!llE CHV( OEI!VE.2 
DEBVE.3 

[C~~C~/elCCKE/TI2,ec,11,IlV~IIOI,lSV~IICI B.? 
r.C~PlEX T B.3 
~C~~C~/~lrC~(/~lCW,~NUM,N(ElTA,~Rt,~PGV,lAYER,~UMP'X,NttFiIST(6,~ID.2 

2 ,U, - D. ~ 
cc~~c~/elKDEe/w(101,ATWTIIOI,TE~P,SU~F,BULK,CI~IIC),DCl1110,12) DEe.2 
CI~E~SIC' X(~OO),VI2001 OEBVE.1 

C("~ST=7<.04CB 

"L"Bc~=ZOO 

P[~C Bce, lE~1' 

R€~[: ~C!, SL~F ,BLLK 

HTFcY CEoiYfl 

IFITE"P.LT.l.OI 
SRF=SLRf/TF."P 
!!l~=I!LlK/T!:"F 

l"~=O 

GO TO 150 

CEeVE.8 
DEB'rE .<; 

------ ----- -- --llEI!VE.tO 
OEeVE .11 
OEBVE.12 
CESYE.13 
CeeVE.14 
OEI!VE.15 

DEL=S~F/"'l"'~ER 
1CO (Cf\TI~t:E 

-----OESVE .16 
(EeYE.l? 
OEIlYE.18 
OEBYE.19 
OE8VE.20 
DEBVE.21 
lleBVE.22 
OEBYE.Z3 
OEBYE .24 
OEBVE.25 
OE8VE.26 
IlE8YE.21 

110 

)(11I=C.C 
Y(lI=~.e 

l""=l~~+l 
DC lie I=2,~L~~ER 
XI r I=XI I-I liCH 
V(II=)I(I111EXPIlIIII'-l.O 
e.c" TJ "l.E 

IFIl~~.GE.ZJ GC TC 120 
FSURF=CCNST·IC.25+A~S/S~fl/SuRF 
CEl=PlK/I\\J~!'fM 

GC TC leo 

12C COITl"l.E 
Fa~lK=CCNST.IC.25+A~S/8LKI/HUlK 

------------- -------llESYE.28 
OE8VE.Z9 
OHIVE.30 
OE8VE. ~!. 
OEBVE.~2 
OEBVE. B 

-----OEBVE. ? .. -
OEI!YE.35 
OEIIYE.36 
OEI!VE.?l 
OE8VE.38 
OEBYE.39 

-------- -- -"OEBVE.40 

CALCULATE CEeVE-hALlER CURRECTIC" FCR EACH LAYER IW(l1J ••••• 
OEevE.41 
OEBVE.4;? 
DEeYE.43 

'13C 
l"C 

~I11=FSL~F/AT~T(1) 

CC 130 1=-:', LAYER 

FCR SIf\GlE ATG~IC TYPE ••• NN~l. 

~"=l 
WI II~feLlK/AhT(N!Ij I 
CC~Tl"L" 
ClNT INLE 

Pkl"T ~C4. l[,.~,SURF.BUlK 
P.FH.R~ 

L50 CG"T1I\LE 

CC :::c 1=!.lC 
~(I)=O.C 

'_~C COITI~LE 

':C TC ~4~ 

DEBYE.44 
DEIIYE.IoS 

.. - -.- ---- ---- ----------CEFIYE.li6-
DEBYE.41 
CE8YE.4e 
OESYE.4Ci 
OEBYE.-C 
DEBYE.51 

--------------~--DE8VE.52--
OEeYE.5) 
OEeYE.SIt 
OE8YE.'!5 
DEeVE.56 
DE8YE.'!7 

CEeYE.S8 
UE8YE.c<; 
CESYE.tO 
()EeYE. t1 

-DEeYE.t2 
CeeYE.B 

~O fCR"~l ( F'_O." I OEAVE.64 
eo t-lR~41 ( ZF1C.:: I OE~YE.i:'5 

po ~r~"TI II lex *l4TTICE TEMPtRAIURE=. F~.O, 110x.ceeY(- TF~PERATU~ECE~VE.i:~ 
25 ".F".C, • ~I\CO F~.(J I OEIlYE.~l 

HC 
CEBYE.i:B 
OEIlVE.69 
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!Ler.1l TIllE tL&."( J. ,. t., .t.s I (ue."'.l 
O.~f~S.c.; .. IUOOt. .hOQ' . ,,,' .. ,,,.) 
ICC ~ (1J~1,,'.4 
tCI' C,U'-.,.lU't.CZ.-IUU CIJ~I"'.; 
['''.2 • '1f1'-YClIl/UIlJ-UZII CUBI"'.· 
Ol2'lt,Z-CCI"e.e'!.-"11" CUtl",'·.1 
NI • ,,-! CUIt."T.! 
Cr.1 l-l.!\l CUCl"'H.~ 
~ .. '! • '" "'1-" "&11/(.1, ")I-XCI.211 cuel-.T.I0 
~l! .. CC.t'!"'C!2I1Ulh!J-Uh.JI (1,;"."".11 
;)(1 • 1~13-[C2l/irc "!I-lUll (up ... T.ll 

"'I .-.( I ,., CC~.-";'.I 1'11-' JOi- J( 1.21-0C'l' i (\1111-" .. 1 '! 
P _ (( I"CC!-U:, I JU U'U ,.~.J!.III t ,..)( ":'1*,11'21.'( t, "1 l'll*XI "(\,1(' ,-., .14 

1111 Cuel""T.U 
C • (CZ .. cC!.lIilll.)tI ... J+&C •• ZII (\.IU""T.H 

r.C! CUPI"'." .'f " .E;. 4) co '(' .t Cuelfro".18 r., TO: O. ) ... I, ICC CL21I1rtT.1'9 
(t,LL ('-.uu. 6. (. t, 0.0. O.U, Ult, .UI, u·s. Cuel",T.l0 
IG( • ? C\l8INT.l\ 
IF, 1 .E~ .... 41 IG( • j Cu!''''.l! 
r.C '3 ! Cul)lft'.21 
(AU (OItTElI. P. Ct. C. O.C, 0.0, 111'1), IU'11, st.", (l,i""",.?4 .""! • .u.s. Sv CUP.INT .lS 
1Ft I .U~ .. J\-4, ICC _ ) CU-IHT.lb 
coC TC :i (u""'.11 
(.AlL GJt'TfU. ". C. G. Q.O. U.O. lC)tll,·IU" •• St.,. . C"P'''f • .!! 
u.s ..... S.SU' cuel"".! __ 
CCr.. T U,U cue .,-T.!lO 
COl' ttl Ct,;Pt"", .!'1 
c\Z • ell (UIHU.!' 
UCI • eli ("PltHT.)) 
CI.:~' ''''UE CU!iNf. 34 
aE n-.-. CuBINT.!S 
call GUrU a. I. C. ~. D.U, o.c. leu. IC41, '''51 CUiHN'.Jf 
MUU''''' Cu!IPt.'."" 
t;.t.c CU.rN'."~ 

$UBPAfGAa .. I.E~GT~ 
aeon· 
FL"C'It" .aSSIC""f"TS 

S'AU"ef\, asSHt."H n 
- eaolet ! 

A 
eel 
en 
01 

- eCOle· 

- ·CODIC" 
- Geuu 
.- eCOlC' 
- OOQ?'O?: 

STAAT Ct (C"ST.ItoIS 

(CCll' 

SUAT CF U"'''CfiiuIES 
CCQI !6 

SUAT Cf '''ClfIf:CfS 
OCO?U 

• lel 
DU ", 

UltoUSEC CC".llfA 'iP.l.CE 
11.)CO 

-

---

OOCt..iCt - OC01~" 

OOO!!O c - orC'Hl e 
cco:=c" CO) 000)06 til 
eoe'!r4 I - ecele1l IGt 
oeeHl 

S"!RC\lTI~E '."H A. I. C. O. f, F. '1 •• 2, A"St 
OI~fUI", 'HI. lC!1 

l' 
I! 
21 
2' 
~. 

Z1 
!2 ,. 
!7 
!Z 

ze1 I •• 1 
lill • I' 
OCI 1-1.1 
J1 • Hl". 
'! • e-UIU"ll/l.C 
.!' • C-UI""'IIl.C 
u •• '-ezel'.'''',/4.C 
.. ~ • E·U'II •• ~I/~.t' 
• - • '·U I tJ"61/~.C 
f..t II •• 1 ... c •• ).A ••• ' ..... 
,"$. 'C.!'-C'!. 
R:H .. 1IIt.. 
£'C 

-

---

eeel"5 

CCO!U 
(COloa. 
QCOt7b 

CU! INT. t4i 
C"81Jrt.1.-,0 
C.UU"T.40t 
C ...... t-T .4tl 
(ULlaIJoT.4"! 
(\I"'IN' .44 
tL_I~'.4' 
C\lIII"T.4I& 
C""llI.f •• 7 
Ctu)lu .... 
,",,"I"T." 
(UBI~1.'!IO 

Cu~lftT.!l 

CU!lt.T.·n 
C. ... I!I~'.H 



4 

5 

~O 

t1 
12 
16 
2C 
21 
2'5 

3~ 
34 
34 

:!5 
:n 
40 
47 

,~ 

~4 

56 
'37 
61 
63 
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SLP.P0LTI~E TtP.Lf TAeLE.2 
C TAeLE.~ 

C A TARlE CF SP~ERIC!L ~ARMLNIC5 (STOREI IS STORED I~ TME LARGE ARPAT~BLE.4 
C fCR EACH LATTICE PCI~T LL~SIST~~T ~IT~ T~f GEC~ETPY • TABLE.~ 
C T~E PAPA~ETE~ ILAYEPI OETE~MINES ELECTRC~ P4T~ LE~GTh CLTeFF •• ••• TA~LE.6 
C TAijLE.7 

c 
c 

C 

C 

C 
C 
C 

C 

C 
C 
C 
C 

920 
C 

rOil U I fl L C ct< III r. ( 1 C, 21 , i3 I .. 0,21 , U I la, 31, R A I lO,? 1 , R B (10,2 I ,on AT, SPAC EA. Z 
2,1'''5IS(~I,~r.r.SIS A.3 
CC~~C~/eL(Ct<C/V1I;1 ,V213,121,V31~,12),VX,VY,VlfSQKI121,"K(121, C.2 

2 YIt"':'SI,VCI.TC49'r1£),XKlcf..Ll,A~EA?' C.l 
CC~FLEX YIN,YCUT C~4 
cr/'/'C~/BLCCKO/~LCh,~~LM,~~ELTA,~PG,NPGy,lAYER,~U~~lX,~CIF,ISTI6,610.2 

2 ,LR D.~ 
CC~~C~/8LCCt<~/LIIAX,lTCP.L/,AX1,L~AX2,l~AX3,L~~~4,L~' E.2 

2 ,IrNErITIoC,IThREE E." 
CCI'/,C~/eLCCt<H/KX(?4Cl),CI7j321,LL(75~21,YINTllf91 H.? 
CC/,PLEX YI~T H.~ 
CC~~G~/eLCCt<J/MAXXI~ .. ),KMA~1 90COI,X~AGI qOCCI,~A~R J.2 
CCI'/'C~/eLCCt<X/TI~E,ITEM,MLLT,I)C6LE, II'AX,ITYPE,LSUI',ILCCP,IPWR X.2 
I~TEC(R TI~E X.3 
LA~(f C.~/'(12q61,RVEC(30000),C.GI490eO) LARGE.? 

01".2 
FJII'F~SICNS CF KX,C,~ND LL. C[I'.3 
~~3=2401 i ~1'1=7532 ~ NM~=1>~2 011'.4 
DI/'E~SIC~S CF RMtG ~~c XM~G OI~.5 
NI'4=9CCO $ ~Mc=~ceC 0110'.6 
O[MENSIC~S (F RvfC 6NO G-ARK~Y I~ LARGE CORE ~EI'C~Y. 01~.7 
~~6=3COCO $ ~~7=490eo . 011'.8 

OIfo'.q 
TAeLE.l1 
TABLE.l8 

LI~T=L~AX2-1 TABLE.l~ 
~I'A~=2CC TAeL~.20 
~~~X=2.~CIL~Y~~,21+ U.05 TABLE.21 
IF('A~F.~[.CI P~6X=MAX~ TARLE.Z2 
lY~=LAYE~ TABLE.23 
IF(~LLT.I.E.l) LYR=l T~BlE.24 
P~I~T fCJ, ~~~X TABLE.25 

TABLE.26 
LCC=O TARLE.Z1 
INCEX=O TABLE.28 
LCCC=C TABLE.29 

TARLE.30 
I~OEX~INul-1).LAYE~+~U2 TAelE.~l 
SU~~ATICN IS FASTEST CV~k LAYER OF I~ITIAL SCATtERI~C ••••• TABLE.3Z 

DC 2ce NU2=1,LYR 
OC 20C ~L!=~,LYR 
IFINU1.EQ.NU~.tNC.~Ul.NE.11 Gb TO 'CC 
I~CfX=I~JEX+~ 
FLPM~T( ~).lAYE~S *13,.,.13,* I~OE)·. 14 I 

A'_=A(~Ll.lI 

4:?=AI"1..!.2) 
el=eH-Ul,lI 
~2"BI~Ll.2) 
RK1=OIl\U!,l'-CINU2,ll 
RP2=CI~Ll,21-CINU2,21 

TAI!LE.33 
TABLE.~4 
TABLE.3~ 
TABLE. ~!: 
ueLE.:n 
TAeLE. "'8 
TA8LE.3q 
TABLE.40 
TABLE.4l 
TABlE.42 
TAeLE.43 
TABlE.44 
TABLE. loS 
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e<; 
c 

':.7 Rc(;)':;R'*~? 

70 ~x;~~.x-C(~Ll ,~I-C('U2.31 

C 
C 
C 

L5U~=2 CALSFS SU~~ATIJ~ UV~~ C~LI~CPICAl VCLl~E. 
LSU~=l CAUSES SU~~ATION QVE~ ~iMISP~E~ICAL VOLUME. 

72 

7~ 

77 
1 CC 
tel 

1e2 

102 
lC3 
lC~ 
1. C7 

C 

·C 

C 
C 
C 
C 

C 
10C 

C 

RX 1& TH~ ~AXI~U~ FAT~ LE~GT~ FeR SU~~ATICN I~ lAYf~ (~Lil ••• ** 
(~~ll~LAYEP SL~~ATI(h FJLlJ~5 * •••• 

DC II'C ;~l=t .",MAX 
~"'~:-l 
ICC"=C 

CC~Tl~Ut 

C St.," rVt~ (~.C E .lEQC I ••••• 
C 

RI!S=C.C 
CC 12C N1=I,MMAX 
!'\=~! ,..1. 
~l=V.Al+~·e!+RRI 

114 P~="*~2.~.@2+PP2 
12' PS~·Rl •• :+Q2 •• ?+Rse~ 
134 IPASS=O 
124 IF(~QASIS.Fc.eJ G( lC 103 
!H ~4=R'-+!!A)lS(1I 
127 R5=P2+P'SIS(21 
1~1 RHS=K4.*l+RS*.2+~SC? 
13~ IPASS=1 
\3~ 105 CC~TI~LE' 

C 
13e IF(N.Ee.OI k~~=RSC 
141 tF(N.E'.O.~Nc.NeASIs.NE.OI ~(TC 102 
147 IF(~SC.LT.c.ell GC Te l20 
·15~ 102 CCNTINUE 
l~! IF(RS'.lE.RX~1 GC TC l,~ 
1~4 IF(~8ASIS.E'.CI GC TO 130 
~55 IF(I,eS.lE.RXil IPASS=2 
.1~C IF(T PftSS.EQ.71 GC TO 110 
162 IF(IlS'.L:;.IH"~I·GC Tr ~Zi) 
1~4 GC TC 1~0 

C 
1e! 110 C(~TI~LE 
l~~ {F(IP4SS.EC.t.A~C.~S~.lT.O.O.1 GO ~C l!q 
17~ IF(IPA5S.E~.Z.~~C.Res.lT.O.Oll GC TC 120 
2Ct IF(T~ASS.EC.~.~~c.~e~.GT.RX~1 CC TC IZC 
21~ lCC=LCC+l 
21t R~6G(LCCI~SCRT(RSCI 
22' If(IPtSS.f~.?1 R~a~(lCCI=S~kT(FeSI 
23.0 X~AC(lCCI=1I1(11.Rl+II~(ZI4I{Z.Vl(!I.R3 
Z ~ t I r ( I PAS S • E <; • ? I . X" A G ( lOC I .. v 1 ( 11 • il4. V t ( 2 I -R :;. V 11 ~ I • R; 
2~t LCCC=LCCO+: 

YAel!: ."1'> 
TAHLE.4 7 
TAf'LE."8 
TA.Jl~.~C; 

Tl\tlLE.:e 
TAMLE.':i. 
TAilI.E.~l .. 
J.lf.lU:.:'3 
TAilU. ~ .. 
.TA'jlE.~" 

TASLE.=e 
TAi'lE."7 
T6cLE."e 
TA~lE."C; 

TAtilE.'C 
T4IjLf.H 
TAGLE.,,'! 
TAt:.Lc."~ 
TAblF.e4 
TA~lE.~5 

TA"LE .H: 
TAP.lE.e7 
TAt'LE.":a 
TAI'LE.t<; 
TAALF."O 
TAI::L;;.7~ 

TM'lE.72 
TAI'LE.71 
TAflLE.74 
TAeu:. 7 5 
TI\:llE. ~': 
TAl!lE.7" 
TAf>lE.7H 
TAMLE."S 
TAeLE.I!C 
TA~lF..Pl 

TAI!LE.e? 
UHE.'!3 
TAP-LE./!4 
TABlE.e~ 
TAOL(.e~ 

TAELF. F.7 
TAlllE.sa 
T~dUi.lIc; 

TAlllE.GC 
U~LE.9~ 
TABlE.C;~ 
T/II~lE .c;, 
TARLE.C;" 
TAALE.C;C: 
TAPlE.';~ 
TIli'llE.C;7 
TAl'u::.c;e 
UI'IU.c;c; 
TABlE.'CO 
TII!-lLF. 01 
TAlIlE. CZ 
TA ~L E. 0:' 



Z'?3 
n4. 
214 
2H 
271 

:!C2 

3U' 
:!~O 

334 
~:5 
Bt' 
?~c 
~41 
~4! 

;4:-
345 
3~0 
?·~2 
:!54 

~.-: ~ 

~5~ 
:!H 
~~7 
!'73 
401 
407 
411 
421 
423 
427 
410 
4~3 
437 
440 
442 
443 

C 

C 
\. 
C 

C 

~~ECIL(CC)=~l 

IFIIPIISS.EC.:'l 
LCCC=Lr:CO+l 
t<IIECILCCC)=R2 
tF(JPASS.Er.;.21 
LCCl=LCCO+l. 
Rl/ECILCCU)=R} 
LCL=LCCC-2 

910 FCR~ITI leX*I. 
ICC~"l 

!l<; CCI\TII\LE 
IPASS=IPASS+l 
IF! IPIISS.EC./.21 

J.20 CCI'\TIt\I.E 

13CCCt\TINI.E 

~IIECILOCOI=R" 

PVECILOC{JI=R5 

214. *1 

GO TO 110 

Sl~ CIIEP (t\.LT.ZEPC) ••••• 

DC 15C Nl=l.~~AX 
/Io=;"l\l 
q\=~·'l+~*B!.ARl 
R2=~·A2+"'·A2.RR2 
RSC=Pl··~+R2··2+RS~~ 
IPASS=O 
IF(t\~IISIS.[Q.OI GC TG 135 
R4=P:+~ASIS!l1 
R:'=AZ+P.AS IS I? I 
R~S=R4.·Z+Q5·*2.RSC~ 
IPASS=l 
GC TO 13u 

135 .CCr-TIHF 
.IFIRS'.lT.O.O'.1 

136 CGI\TIt-lJE 
IFI~S'.LE.~X21 
IFII\UASIS.EC.OI 
IF(IJP.S.lE.RlC('I 
IFIIPASS.EQ.21 
IFIRSt.:.lr:.RI'1'1 
GC TO 160 

'.4C CLNl rr..LE 

GO TLl 150 

GO TO 140 
GC Te 160 

IPASS=2 
GC Tu 140 
GO Te 150 
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y ... F9.4,. 

IFI IPASS.EC.~.IINC.APS.GT .RXll GC TO l!:C 
lCC=LCC+l 
~~AGIlCCI~S~kTIASCI 
X'AGIlCCI=V1I"*t<1+lIll21·A~+VlI31·R~ 
IFltPIISS.EG.ZI RI'AGIlOCI=SCRTIPeSI 

z.* F9.4 I 

IFIIPA~S.EQ.2' XI'AGIlOCI:VlIlI*R4+VlI21*R5+VlIJI.1I3 
lCCC=lCCC+~ 
flVECILCCiJl:R: 
IFIIP'SS.EC.2IPVECILOCOI=N4 

. lCCC=l(Cu+~ 
PVt;'CllCCOI=PZ 
IFIIP~SS.E~.2' RVE((luCCI=~5 
lCCC=lCCO+l 
~\iECILCCO,=q3 

lCL=LCCC-2 
ICCI"=! 

TABLE.IOit 
TABlE.I05 
TABlE.106 
TAeLE.IC7 
TABLE.Ioa 
TABLE.109 
TABLE.1l0 
TADlE.lll 
TABLE.ll2 
TABLE.H) 
HBlE.!l1t 
TABLE.llS 
TABlE.1l6 
TABLE .117 
TABLE.U8 
TABLE.1l9 
TABlE.l20 
TADlE.121 
TABLE.122 
TAbLE.123 
TABlE.121t 
TABlE.12S 
TABLE.126 
TABLE.IZ7 
TABLE.!28 
TABLE.l29 
TABLE. DO 
TAbLE. Ul 
TAI'LE.132 
UBlE.IB 
TABLE.l31t 
TABlE.135 
TABLE. U6 
TAtlLE.137 
TABLE.B8 
TABLE.139 
TABLE.l40 
TABLF.141 
TABlE.142 
TABLE.14J· 
TABlE.llo4 
TABLE.l4S 
TABLE.llt6 
TABLE.lIo1 
TAelE.lltil 
TABlE.149 
TABLE.HO 
TABlE.15I 
TABlE.l~' 
HDL E. "B 
TAIlLE.t54 
TA8LE.15~ 
TABLF.156 
TABlE.l!:1 
TABlE.lOiS 
TA~LE.15q 
TABlE.HO 
TAALE.161 



44~ " 
445 
441 
4~C 

45.3 

45? 

455 
4~5 

45c 
45C: 
4~7 

462 
4f~ 
4~4 

4E:~ 
4E:1 
'lC4 
~ll 
'H2 
5H 

5~t 

~Z 
73 
C4 

C 

C 

C 
C 
C 

C 

C 
C 
C 

,IoS CO~TIME 
IPASS=(PASS+l 
IFtlPASS.E'.21 GC TO 140 

I';C CO~TIf\l.E 

IF(~.lE.O' GC Te 170 
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i~ClUCE NEGATIVE "-VALU~S IN THE SUM~ATIUN **.** 

,.,:-~ 

GC TO 1C0 

170 CCNTl~lE 
IFC IC['" .E'.O I 

1 PC CCNTlr-.LE 
GC T( 19Q 

SL~~ATI(~ CVE~ Ll~EP C~U21 IS C(~PLETEC .**** 

TABLE.162 
TABLE. i6:! 
TA~LE .164 
fA8Lf.165 
uelf. H:C) 
TABLE.! 1,1 
TA~lE.168 
TAf.1LE.~!l9 
TABlE.17Q 
TA~lE.17: 
TARLE. I?? 
TABlE.113 
TABlE.174 
TASlE .11! 
TAt'lE.~7" 
TAhlE.!P 
TAtlLF.118 
TABLE.119 
TASlE. lee 
TAeLE.lbl 

ISO CC~TI~~~ TABLE.tS2 
M~~xII~CcXI=lCC TAflE.l83 
~~X=Nl~ TAAlE.tS4 
~l~=~l? TAP.lE.19; 
PPtNT 810,~YX.NUY.I~uEX.~AXXCINC~XI TAnlE.li6 

~OO CCNTINU~ TASLE.l87 
lC=~*l(C TAeLE.leg 
NL:lA)ER*CLAYER+ll.lMAX1 TAelF.189 
Fql~T ~2J. ~l~~AX.~~1,~uM~AX,~~Z.LMAX4.~~3.LCC,~~4.LCC,~~5,lC,~"E:,TAfLE.!90 

2 ~L,~~7 . TA~l~.!~l 
P~I~T 81J TA8lf.~;2 

;CC ~CR~ATIZCX*X=* f9.4.* Y-*F9.4.* Z=* f9.4 TA~lf.\~! 
IFC~U~~AX.GT.~~I.CR.NuMMAX.GT.N~21 IT!~=5 TA~lE.lq4 
IFILCC.CT.~~4.CP.leC.GT.N~~1 ITEM:; TABlE.IG5 
TF(l~AX4.GT.~~1.CP.lC.GT.~M6' ITE~=5 TA8lE.~96 

C TAIllE: .!97 
C TABlE.LSd 

eco FeRMATC II 10X*SUBRCyTINf. TABLE SETS PROPAGATrR CLTCFF LE~CTH AT ~TA8lE.!99 
2~A)(=. F8d I TABlE.?CO 

IlIO FC~~AT' 'CX*FI~6l l6YERS (f SLM~ATIC~ ARE c* 12 •• ,.12.*' MAXXC* TAaLE.?C~ 
2 13.*1=* 15.~ = TOTAL NuMR~R tF !TC~IC SITES ~ITHI~ CUTCFF. * I T~elE.202 

820 ~Ch~6Tt I iCX*AQA6Y DIME~5ICNS R~'UI~EC tAke SUPPllECI e, PKCGRA~*TA~L~.2C! 
2 1!7X. . c-* I~.. c* I!. *1* TA6l c .204 
3/27X* ll-. It., * C*I:,. *1* TABLE.?J5 
6 /2.7X* ,<X-.E, * '* 10, *1* TA"lE.2Ct' 
5 127X* Rt'aG-* Ie, * 1* I!l, *1* TAetE.:'07 
Eo /27X* JCI'AG-* IQ,. C* 16, *1* TA6lE.'C"I 
7 /27)(0 ""t::C-* I">, * C* 16. *,* TABlE.;!C9 
e t27X.GIC8~Pl~XI-. 1~. II C* 16.*1. TA8lE.210 

E)C ~CR~ATC II/II I TA6lE.~11 
C TAI'LE.212 

RETUflr-. T"Rlr.213 
TAelE.:!'.4 

SLPPRCGRA~ lE~GT~ 

001072 
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13 
H: 
!1 
ZC 

U 
?3 
25 
27 
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FRcrRA~ LCCF LCCP.3 
C LOCP.4 

c 
c 

C 

C 

C 
C 

C 
C 
C 

C~~~c~/eLCCKAIA(lO,21,H(lO,ll.D(10.3'.RA(IC,ZI,RB(lC,2I,ALAT,SPACEA.2 

2,eJlSISPI.H'Jl5IS A.3 
cc~~c~/elCCKe/T(2,8C.11,lLYRCICI,LSYU(lC) e.2 
C(~Plf~ T 8.3 
C(M~G~/eLr.CKC/V!(:),VZ(~.121,Vj(3.1ZI.~X.VY.vl.S~K(121."KIIZI, C.2 

2 VI~(4~I,Y(LT(4~,~".XKleRJ.A~EA2 C.; 
CC~Pl~X VI~,V~UT C.~ 

C(~~C~/6LCCKC/NLC~.NhuM.NOELTA.~RG.NPGY.LAVER.~L~~~X.~CIF.IST(6.610.Z 

2 .LR Do~ 
r.(~~(~/elCCKE/L~AX.lTuP.l~AX4.L~tX2.l~AX3,LMAX4.lX E.Z 

2 ,IC~E.ITwC,ITHHEE E.3 
CC~~C~/elCCKF/IT~T,IPhl,THTT,~IST,CSTH(lZI,VXXI2,121,K~~~.J~(121. F.2 

2 J~ll?I.rCI121.KCIlZI F.3 
CC~~C~/eLCCKC/ESIG,SlG2,XK,OA~P.I~OR~.PCTL,GA~A,SIG~A.lC~E~.N~RG G.2 

:1 ,I.. AfI~CA G. '3 
RE~L L~~eCA G.4 
I~TF.G[~ 5IG~JI G.5 
CCflPl~~ l~C~~ G.6 
'C(fI~C~/eLCCKH/KX(Z4Cll,C(15JZI,ll(75?21,YINTClfql H.2 
CC~FLFX YINT H.3 
C(fI~C~/eLCCKJ/~JlXX(Sl"RMAGI qOCOI,X~A~( 9000).~AXP J.2 
cc""cr./eLCCKKI ee t' ne. 21, T bU (36,36,21, TT ( 10,12 I ,K TYP C lC 1 K. Z 
CC"PLE~ eSH,TbL,TT , K.3 
Clpt"G~/elCCKl/ARG,~(16ql.XO(91,PATHl(101,Pb'H2(10,lZI L.l 
CC"PlEX bRG.~ . l.3 
C(~~O~/~LCCK"/P~TIC.XtU~,KSTbR M.Z 
CCptPLfX KST~R,XCCN M.: 
CC""C~/elCCK~/EI511,t~(311,S(!2,~11 ~.2 

CC"ptC~/eL(CKC/PX.PY,PZ Q.2 
~c~"a~/PLCCKX/TI~E,ITtM,MULT,ISCblE. IMAX.I'YPE.lSU~,[L(CP.IP~R X.2 
I~T~G~~ TI"~ X.' 
CCptflO~/eLKOEe/w(101,ATNT(lOI,TE~P,SUPF,eULK,CI~(lCI,DCLTelO.IZI OEB.2 
CC~"C~/CCNST/FI,~14,PI~2,CuNl,CC"2,CC~3,CGN4,CCNSTT.I~.C~ST CC~ST.? 
CC~PlFX I~ CaNST.? 
CI~E~SI(N TIW(201,JeI121 LCCP.Z3 
LA~CE C.Q"(~Z~~I.RVfC(30UOUI,C.C(490COI lARCE.2 

01"'.2 
DI~E"SIC~S CF KX,C,INC LL. 01~.3 

N~3z24Cl i ~"1=1S~2 ~ ~M2=7532 01~.4 

~1"E"5ICNS rF ~MJlG JlND XMAG 01".5 
~~4=qCCC $ ~,,~=~CCC OI"'.~ 

OI"'E~SIC~S CF PVEC AND ~-AKRbY III LA~GE CORE ME"ORY. 01".1 
""6=30000 $ ~"7=49COC OI~.B 

01/1..9 
LCCP.Z6 

ICJ\E=LIIV::"*(LAYER-11*LMAX4 lCCP.H 
IT~C·IO"~+LAYER*L"'b~4 lCCP.Z8 
IThREE·IT~O+L'YER.L"&X4 lCCP.2~ 
LCX=2.L~~X LOOP.3C 

lOCP.3'. 
ShEEP CVtR ENERGY RtNCE AND CALlULATE I~TENSITIES •• e.. lCCP.!Z 

·LCCP.3! 
ILCCP=! lCCP.34 
UC l!C J=!.~~L~ LOOP.3~ 
IF(TI~E.~~.CI (bLl SECU~O(TIME31 LOCP.~~ 

~~r,=~~G+~CFlTA lCCP.'7 



-80-

~l Cbll E~tkC'I~~(,NRGY' 
~~ IFIN~(Y.=~.C' GC TC !30 
~4 tNIJI=E5IG 
~6 RbTIC=XK$~Kl~~n 

4C K~Tt~=C~PLXIXK,Cb~~J 
4~ XCC~=-I~~CC~2.PI42.~STAR 

~2 1111: I=X~*IIX 
5~ II1U)=)K*"Y 
55 Vl(31=)K.IIl 
57 rTR=~Rtt2/IIlI31 •• 2 

C 
tl P~[~T ~,~ 

e~ P~I~T ~3C 

70 C~=l./C~~P 
72 PRr~T @~0 , ~~(,NRGY 

le2 ~RI~T e??, ~SIG,SIC2 
1!2 PFI~T ~,~, XK.CA~P 

122 PRI~T E2~. l~CP~ 
130 PPII\T a '-3 , [P 

C 
C O~~p IS T~E CL~PING FACTOR ••• ~ULTtFLY P.Y PAT~ LE~GT~ ••••• 
C IF V2 IS A PROPbGbTlNG liEA", CALCULATE IH [-CC"PCf\[J.T ••••• 
C 

l~b CC 11= JEt~"=l,K~Ul' 
1~1 JeIJe[A"'=l 
1~1 V21!.Je"\fo·J=IIl(11+V)(X(1.JI3~A"" 
1~3 V2Ii,JeE~")=IIllll+VXXI2,J~~~MJ 
15~ S'K(JeFb~I=II?(I,JeEa~I.·Z+V21~,J~EA"I·.2 
157 QCK(JeEb"'=SCRT(SQKIJBEAMII 
If? IFICC~IJeEA",.(E.XKI J~IJREA"J=O 
170 TFIJB(JeEA~I.cQ.OI GG TC ll~ 
172 XKP=S~~TIXK •• Z-SCKIJtEA"JJ 
zee IIZ(;.Je;A~I=-XKP 

2CO C~T~IJ~~a""=)K/XKP 

C 
C OOTbl~ I~CIDE~T b~O LLTG~~~G CA"PII\G AR~AYS ••••• 
C 

2C2 DC tce II=l,LAYER 
204 IF IJeEbl'. EI.;.l J PAn! (I I J=I ,)111,3)+01 STJ.THTT 
211 'FIJeEA~.E'.ll DI~IIIJ=fX~I-P~T~l(III.CAMP) 
221 PATr.2(II,JBEb~J=ICIII,3J+UI5TI·eSTHIJeF~I'J 
227 OCUT(II,JEEA~I=EXP(-PATH2(11,JdEA~I.r.b"FI 

2~f ~CC CC~TI~LE 

Z4C 

?1t7 
ac 
2~2 

C 
C CST~(JeEA~1 IS INVE~S~ OF CCSI~~ FCR CUTGCING e~A~ ••••• 
c CC~~LTE ~~HEkICAL ~Ak~L~IC~ F[~ CUTGCING eEA~S ••••• 
C 

C 

c 

CALL YL"III2(l,JeEb~"V2(~,JdEAI'),V2(?,JerA"),~I~T,LCX.-IJ 

CC 105 L=1,L~AX3 
~ClTIl,JeEA"'=YI~TIlJ 

1C5 CCI\TII\«.;E 

2~1t OC 1IC L=l,~ 
27~ V~(L.JeEA~I=II1ILI-~l(L.JeEAMJ 
c74 llC CC~TlhLE 
27f GC TO lt5 

C. 

LC(P.38 
lC(P.1e; 
LtcP.40 
LC(P.l.l 
lOCP.It; 
LC(P.4' 
LCCl'.44 
lCOP.4: 
LCCP.4e 
LC(F.47 
LC(F.t.e 
LC("P."" 
LCCP.=C 
LCCP.3~ 

LeTP.3' 
L(lCP.~: 

Lee p •
e
". 

LCC:P.':''' 
LCrP.':': 
LCCP. 'P 
Lc.;(.p.~e 

LCI:P.~c, 

LCCP.I'-C 
LCCP.c;l 
lOOP."2 

. LC(P.';: 
lCCP.c{. 
LCCP .... :: 
LCCP •. ~I.' 
lC':P.f7 
LC(F.{·~ 

LCCP.f:t; 
LOPP.7C 
LCCP ... , 
LCCP.7" 
LCCP.7' 
LCCF.~4 
LOllP. 7: 
LeCP.7e 
LCCP.17 
LC[P.7t1 
LCCP.?" 
LCCP.8C 
LCrp.'l~ 

lCCP.8~ 

LOu p • ".' 
LC[P.~4 
LeCF.'!: 
LO')P. '!f: 
LCCP.'!!? 
U!'W. f'" 
LUP.!l>; 
lCCP.C;C 
l('~p.c;~ 

LCr.P.q~. 

leCp.e; : 
LeCp.:! .. 
leCp.e;: 



276 
~o~ 
!C 3 
?04 
~O4 

~C" 

'Oc 

" 
~1" 
?H 
~lC 
311 
~;>7 

?? 1 
C 

·332 
3~5 
~40 

"41: 
3:;0 

374 
C 
C 

~77 

4CC 
t.C3 

"C5 
4C7 
't10 
4~~ 

.414 
. itl 7 

c 
417 
420 
421 

C 
424 

( 

C 
C . 427 

,,·:n 
Ion 
loB 
434 
4:?/: 
437 
441 
443 
45e 

C 
c 
C 

452 
~5~ 
4~4 
457 

112 CCNTll\U~ 
1I?13,JeEAI'I=0.0 
II!I' .JPEAI')=C.C 
lI'I:,Jt:E"I')=C·.C 
v;(3,JHl/')=C.O 
CQt'IJPE':'''''=O.O 

1. ~. 4 

i!S 

CC ll? L=l,LAYt R 
~(LTIL,J3EA~I=~.C 

PMTf2IL,J~EA"'I=C.0 
CO.TIf\LJE 
JC l:~ L=1,LI'AX.! 
ye~TIL,Jr.E~I')=IO.O,O.ul 

CO,TIME 

Cr:r-.TI"LE 
f'~ If\; r ~ 12 
PPtrH c1.~, VI 
CC 1'~ JeEA/'=:,K~L~ 
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PRIJl.T 6:9, 1~IJBEAI'),JMI~eEAMI,JNIJBEA",,(V2(I,JBEA/,I,I=I,3J. 
2 11/3II,JeEAI'), 1=1,:;1 

Hi! ecru I~l!' 

120 

.-

12'3 

CAL"L FlUB 
IFlfo'LlT.Lf.H GC TC 120 

IFITI,.,E.NF..C) OLL SEClJNlH T lIo1E'" 
C/ILL C;Ht::NI~' 
CtoLl FF.RTI! 

lFITI"'E.NF..Ci OLl SECONOCTIME51 
( IILL '"'' IHTl"f..NE.C) OLL SECOND( T 'foIh 1 
ce'\T II\"LF 

LI'=1 
C4ll KI~E" 
CALL TSL/'IL~,FTR,Ji 

tF("'LLT.LE.ll GC TC i28 

CC,..PUTE I~TERPLANE ~PU?AGATURS. STACK HORIZONTAllY IN GCINCEXI. 

If\CEX=l 
IR.EGI~=-L"'AX4 
DO i2~ 12=1,LA~ER 
O~ 12~ 11=1,LAYfP 
IFIIl.Ei;.121 GC TC 125 
I~ECI~=IAEGI~+L"AX4 
If\CEX=If\IJEX+! 
CALL G~Ee~CI~CEX,leEGINI 
CO~TIl\"lJE 
IFITI"'E.NE.CI CAll SECONO( f1"E71 

lOCP.'H 
U!CP. <;1 
lOOp.<;e 
lCCP.99 
lCCP.1CO 
lCCP.I01 
leCP.IC2 
lOOP.lC3 
leCP.,104 
leCPo105 
lOOP. 106 
lecp.!C1 
lOCP.:C6 
lOCP.tC9 
LCCP.1l0 
LCCP.111 
LOCP.112 
LOOPe113 
LeCP.114 
LOOP.ll~ 
lCCP.116 
lC(P.117 
lOOP.118 
LOCP.llQ 
lCCP.120 
lOCP.121 
lCCP.122 
lOCP.IB 
lCCP.124 
lcep.llS 
lO(P.126 
l(CP.127 
lCCP.128 
LCCP.129 
lecP.t30 
lOOP. Ul 
Leep.!:!2 
lecp. U3 
LCOP.IH 
lCCP.135 
lOOP. I'!" 
leCP.U1 
lCCP.U8 
lOOP.l~9 

LCCP.!4C 
leCP.l41 

•. LCCP.HZ 
lOCP.l43 
LOOP.l"4 
1.((1>.145 
I.COP.146 
l(CP.l"1 

GSTACK SETS UP MATRICES FOR DcuelE OIFF~ACTICN~ . -"" - teep.1"! 

L,.,=2 
CDLL C;STACK 
CALL TSLMIL",FTR,JI 
IFIT'''E.~E.CI CALL S~CIJNOITI"E81 

LOCP.149 
LC(P.150 
LO(P.l'H 
lOOP.152 
lOCP.t53 
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C LCCP.l~4 
C ITF .. H= Te ["fi:R I'4Clf. LCCP.lo;5 
C LGCP.!:~ 

462 KL~=O LC(P.157 
463 ~CF=NCIF-! LCCp.tse 
465 IFlt.CF.Lt:.J'-GC TO oi2S LOOP.i5q 
46~ CC ,,7 l=l,~CF LCCP.!~O 
~7C C~LL SC~TT LOCP.ltl 
47. CflLL TSLHI.?,FTP,JI LCCP.162 
47~ If( T IMt: .NE.C j CAll ~ECO';illT I~l1 II LCCP. H3 
SC! Kl~=I LCCP.lt4 
£03 127 CC~TI~LF. LCCP.lt~ 

C LCCP.l~~ 
;0; t2~ CC~TI~LE LCCP.lt7 
505 I"'IT I"'E."C.C' GC TC 130 LCCP.!6B 
5C'" P"I~T Ij~~, T("E~,TI"tit,TI"E5,TI"E6.TI"E7.Tl"Ee LCCP.lt:q 
5H IF(I<L~.F";.CI Gr: Tr. 130 LCCP.170 
~27 PRltd il~4,(T(I"IIJKltlJ"'=j,.I\.LM) -LCCP.l71 
5!t l~C CC~TI~LE LCCP.112 
536 140 CL~TI~~F LCCP.l13 
s~e PR(~T Bl~ LOCP.174 
.. t.? ~~C CGUI.M;!' LCCP.175 

C LOCP.176 
( LC(P.177 

~45 PQINT ~C6 LCCP.178 
_£';0 CC ~':O I=l.KNIJ" LOCP.179 
~ .. ~ P"lt-T ec'trI~III,J~CII.JN'" LOOP.1EO 
SH: P~H.T 8C?1 EIJI,SCI,JI, J=l.~I\IJ" LOCP.IBl 
607 t!C (C~TI~CE LCCP.le2 

C LOCp.~e3 

C LCCP.184 
ec~ ~C~"AT( / ~OX 41.e·. F4.0.*--. El~.B.5XI 1 LOOP.I~5 
e04 "'CfI"ATI /1/// lOX*f'(PI::(*12,.' BEA" •• 12 •••• I2 •• ' EI\EIlGY-VS-INTEr.;LOCP.1S6 

251Ty. / lax 7~.......' - LCCP.187 
ect F(RMATI 15, t(lX 2[21 1 LeOP.les 
Rll FCQ~AT( / 1 LCCP.lSq 
e14 r~~~ATI / lOX*f~ERGYI*Iz,*I=. F4.C,. E.~. SlNGLE •• E14.6.. OCUBLCCP.l~O 

2Ll=.E!~.~,. TR[PL~=.E14.6. /40X 14~ ~ •• *.*...... lOX LCCP.191 
. ~ !4H ."' •••••• "' ••• !2X 14tf •••••••••••• / I LCCP.l~2 

elt FC~"AT( 2) '~(lO~ ••• "'. ) I LOCP.193 
618 FCR~ATI / lC)*PROPAGATIUN VECTORS IN CRYSTAL VI •• ~F9.5 LOCP.194 
81~ FC~~Al (l~x.Tvpe(.12.*1 ~~A"(.12 •••• 12,""V2-. 3F~.~. LOCP.'~5 

:!. ~!=. '!Fo;.S 1 LOCP.196 
820 FCF~AT( / IO)"'INCICfNT BEAM ~NEkGY IS • I~ •• E.V. SSSSS NRGY •• LOOP.IO;7 

2 14 I LCCP.l'HI 
612 e12 FCR~AT( tOX.RENC~MALllEO UUASI~AkTICLE ENERGY e- •• LOCP.199 

HZ 

c 
c 

2 I'q.~,.,* F<;.4, ., E.V •• 1 LCCP.2CO 
e:!4 FCR~AT 1 '.O)"'CCI"PLEX K-IIECTuK KSTAR-C*lOOP.2Cl 

2 FA.";,.,. Fe.<i,., [NVE~SE ANGSTRC"S • ) LCCP.?02 
82~ FCR~ATC lUX.CLA5I~ARTICLE KE~CR~ALll'TIC~ CC~STANT ZNOIlM-C.LOCP.2C3 

2 Fe.'S, ",,* Fe.;. *1'" 1 . LOCP.?04 
828 fC11"ATI !OX.I~ElASTIC DAMPING ~ENGTH lAMBCA •• LCCP.2C5 

Z F8.:', • AflG5TRC~S * I' lOOP.:?C6 
A30 FCR~4T( 11-<1 I LCCP.207 
d~~ FC.~6T( / ~CX.TI"E Pt'UIREMENT~ FOR eXECuTION OF ENE~GY LOOP. LCCP.2C8 

, / !2).dEGI~ LUCP aT .• fci.3, LOOP.2C9 
~ / 12).T~ E~C OF FILLS • F~.~, LCCP.210 
4 I 12~.TC ~~O CF SL~PL '" f8.~, LCCP.211 

7 / !.lXtTO EflC 
5 / \2)tTC cto.Q 
t / l~)r.,J(lLBL E 

8'4 FC~~AT' 12X. 

:::~c 

CF [~V • F8.), 
CF G~EE~ • Fe.l. 
OlfFRACTIO~. Fe.) I 
~eXT ITEKATIC". F9.3 

lCCP.212 
LOOP.l'.3 
LOCP.214 
LeCP.ZI5 
lCCP.216 
LOOP.211 
LCCP.218 



2 

3 
6 
7 

11 
11: 
t7 

2C 
2! 

22 
27 
27 
31 
32 

72 

73 
74 
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. SLe~CLTI~F FILLB FIlLB.2 
C FILlB.3 
C FILLS FILLS THE e-~RRAYS. ~HIC~ ARE GeTAI~EC fRC~ THE ATC~IC FllLB.4 
C T-I~~/YS t~[ T~E [Eey~ wALLE~ F.CTCRS. PROVISION IS ~ACE FOR FILLH.S 
C DIFFERE~T SLkFACE A~C BULK DEeYE-~Al~ER FACTCRS. FIllB.t 
C ff A~D T-AMRtYS A~E 60TH OIAGG~Al, IMFlYI~G SP~ERICAl S~~~ETRY·····FIlLA.7 
C FILLE.? 
C Flll~.9 

r. (",,,, C" Ie L( C I( 111 TI 2 • 9 C, 7) • Il YR I 10! • L S 11''' ( 1 CI e. ~ 
((""'l "X T 8.3 
Ct~"'C"/ALCCI(I:/~LCW,NNvM,NDElTA,~RG.N~Gy,LAY[R.~L",.,ax.~tIF.IST(6,6IC.2 

~ ,lR 0.3 
C(~"'O~/~Lr.CKE/L~AX,lTUP,l~AX4.L~AXZ,l~AX3.l~A~4,lX E.2 

7. .ICP:,rTwC,ITHRfE E.: 
CC~"'C~/eLC(K(/F.SI(,SIG~,XI(,DA~P,Z/\OR,."POTl,GA"'A,SIG~A,lCkE~.N"KG G.2 

2 ,lA~~DA G.3 
REAL lt~eca G.4 
I"TrG~~ SIG/IA G.S 
CC~PlEX z~c~,., G.b 
C C ~,. C III e l (C K K lee e « 3 to Z I , T AU U 6. :: h 2 I • TT I 10,1 Z I , Ii. TV P ( 1 C I 11..2 
CC"PlE) eHe,lAl,TT K.3 
CC/l~CII/PlCCKX/TI/lE,ITEM,MULT,ISCAlE.IMAX,lTYPE,lSV~,ll(CP,IPWR X.2 
I/\TEGEP TI/IE • . x.~ 
CC~~G~/eL~UE~/~IIOI.ATwTIIOI.TE~P.SURF.BUlK,DI~II01.CCLTIIO.121 CE8.2 
r.r/lF~SICN rpl?l.~l"BCF('ll.XI/\TI?O) FtlL8.17 
CC/lPl~X TXIll,.80C FIllS.IS 

C FIllB.!9 
C FILl8.20 

LC~=21 FIlLB.21 
S~ALL=l.CE-IO FIlLP.22 

C FIlLB.23 
C CAlCUl~TE ARRAY (P If IlUOP:l ••••• FtlLR.24 
C FILL6.2~ 

IFlIlCCP.NE.11 GC TO .2u FILLR.2£: 
lLl=LC~-2 FIllB.27 
lLU=lC~.*2 fllLB.~e 
uc 100 L~l,lCO FIllB.29 
(PILI=O.O FllLR.~O 

~CO CC~TI~LE FllLB.~l 
C FIlLB.32 

(PC1.!1=1.C Flll~.?3 
CP(~,21:1.C FIllB.~4 

C FIlLS.3~ 

DC 'lC L~!,lll FIlLB.~e 
LLl=l+l FIlLB.37 
ll2=L+2 FllLR.~8 
Fl:t./lLi FIlLB.39 
CPIl,lL~I=-L.Fl.(Pll,ll FIllB.40 

C FIllB.41 
DC 110 ;\J=2.ll2 FlllS.42 
.CP(~,ll21=Fl.I(Z.L+.I.CP(N-1,lLl)-l.CP(N.lll FlllB.43 

11C CC~TI"LE FllLBo4~ 
IlCCP=l FIllP.45 

C FllLB.46 
DC ll~ l=!,LD~ FIllS.47 , 

C FILLB~48 
SL"'.O.O fllLB.49 
DC P2 ~=l.l FILLB.cO 



tC3 
104 
'10c: 

110 

11C 
112 
11~ 
1 , = . ~ 

116 
123 
124 
126 

126 
140 
14'; 
144 

t44 

147 
151 
153 
156 
H:3 
It4 
164 
\H 

Iff 
17? 
113 
173 

17!! 
176 
177 
2C~ 
206 
211 

c 

( 

( 

C 
C 
C 

C 

C 
C 
C 

C 

c 
C 
C 
C 

c 

c 

SL"=SL~+CV(",LI 
112 CC"Tl"L.E 
ll~ Crt\Tl"L.E 

12C Cr:t\TII\LE 

Cl 2~C 11=!,l.~YfR 

KT=KTYPIII I 
IFIII.fC.II ec TC !,4 
In=II-~ 
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If 1(" CIRE TYPE (I(TI HAS PKEVICL.SLY bEEN CALCUlATEC, 
r,c TC T~E ~I\C OF THE LOOP. 

DC 122 J=ltllt 
IFIKT~EC.KTYPIJII Gu TO !lO 

122 Cn.TIt\LE 
'.2~ ee" T I"LE 

DC i3C L=l,LTCP 
TX(ll:T(~T'''~Gy,ll 

l"O c(r--Tlr--L.t 
14C rCl\TIi\lJE 

SET DEeYE-RALlER FACTCk ••• 8ETI. STACK EXPC"E"TIAl 

XI"T(!)=l.O 
DC 15C 1=(,1<; 
X 11\ T ( 1 + t J = X 11\ T ( I J .I! E TAIl 
IFIABS(XINTc HlIl.GT.S04.\LLI GO TO PC 
UflGE= t+: 
('iC TO l~O 

150 CCr--TIM.J[ 
~tC CC'\Tii\LF 

CC~PUTE FCURIER CCEFrIClti\TS BCF ••••• 

"FCf.. =~ XFI- fe HI 
oc l<;C L=l.LTOP 
TCTAL=O.O 
ISIGN=-l 

or lec "'=l,L 
ISIGN=-ISIGt\ 

. IFIAa~IC~I~,lll.LE.C.OOOOll GU TO lEC 
UTAR1=2 i. 

IFIISIGN.GT.OI LSTAkT-l 
SUIII:iO.O 

elZ DC ;10"=L·-START,LAPGE,2 
2~3 SL"=Sl~+XII\TI"'/I"+i\-11 
227 17C CCi\TIt\L.t 

C 
230 TCTAL=TCTAl+(F(i\,LI·SU" 
23~ 1eC COr--Tll\lE 

FILLS. 
FILLiI. ~ 
F IllR. __ 
FILL',. " 
FILLB.' 
FIllB. e 
FILlol.q 
FIIL8.'hl 
FILL'l."C; 
F II LB. to 
F ILL ~. 6: 
FILLO.~<: 
FILLF;.6~ 

Flll~.£4 
F ILLe.e~ 
FlaS.tb 
FILLfI.C1 
F1LLe."~ 
FILlS.foe; 
HLlB.7C 
FILLe. 7 1 
F ILLO. 7.~ 
FILL~.'Y3 

FILLB.74 
CCeFFICIf~T5~FILL~.?C 

FIILIl.7" 
FILL~.77 

FILLB.7C 
FIllP..7C, 
FILLS.Fe 
FILLB.el 
FILL'3.82 
FllL!}.~~ 

FllLB.d4 
FILLS.!'" 
FfLU.dl: 
FllLB.1!7 
F ILLI3. ~I! 
FllL~.I;C; 

F ILLI'.cC 
F ILLB.c:t 
FILL~.c:~ 

F IlLH.<;~ 
FILL~.C;4 

F ILLR.C;= 
FILlB.C;': 
FILlB.G'" 
FILlIl.Gij 
FILL.!' .c;e; 
F flUI.' 00 
FILLd.'Cl 
FILL~.10Z 
FtLLI'.~O~ 

.F ILLB.:C .. 
FIllP'.'.t)'! 
FILLA.!eo: 
F ILLB •. !~'Y 
FILL".'Oa 
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C FlllB.!09 
2"C leCf=l Flll8.HO 
24C oCF(l)=TCTAl·XPC~ F Ill8.111 
243 IF'AHS!T~TAl).LE.S~All' GO TC ZOO FllLS.llZ 
24c :0;0 Cn.rr~LE FIlLI3.113 
2~C iCC CC.~Tlr,Lc FILLB.H4 

C Flll8.115 
C ltlCI- IS n-F. "AXI"li .. 1M;!:); FUR BCf.GE.S"All ••••• FlllEl.1l6 
C FlllP.1l7 

2~0 lLLL=C f1LL8.lIS 
C FILL8.l!S 

25!. t'C dO L=I,LTOP fILLS .120 
253 ~=~.L-t Flll8.12l 
-"" .: -- CALL ,,"CXIl,eCF,TX,LTOP,lBCF,BCvl FILlS.l22 

C FllLI3.123 
U! r.C ZIC 1';=1, .. FillS. Hit 
2C6 llll=LLLL+l FIllB.t25 
267 Fb~'lLLL,KTI=eCG FIllR.126 
t7 ~ ZIC CC~TIHE FILl8.127 

C FIlL8.128 
3CC PIII/U GCu, II,t<T , F III t3. '.2<; 

'iCC FC~"ATI I lClIOFIlLP. LAYf:R. 13 ,* t<TYP ... 13 I FlllR.BO 
?1.C 220 CCt\TIt\l!~ FlLlB.Ul 

C Flll8.132 
C FlllB.J33 

3l~ HETUIlN Flll8.134 
31~ Er.D FlllB.n5 

F Ill8.'. 36 



CI"f"'5ICIrri rnnl 
(r_Plt;t _.'.1. 'Jlllt J 

".I(.C.C.CI 

" " tT 

":": • Ie Ll-l.LTCP 
'.,.1 )'Ill. 

" " 2t 

u: .. ·,~e!flL-l:ll·l 
ll-I-lloll-l 
TFll~I.(f.l.e(F' U·t-l8CF 
UILH.Lt.ln, GC TC 110 

'1 
't ., ., 
52 

cc ~r:c ... ;-H •• VoI 
Z.yo']{f ILl I 

,. 
" 

1{.sJl.l 

ICC (CII.n"lE 
110 c.:.-II.r I~vf 

SL8PACOH U"'I7l" 
,calC ~ 

SUTE"HI "~~tC"'Ht.TS 
liD - eeeen 

SlecllC "'HS 'Ar lHGUS 

.,.,IIHlf ASSlo."o,TS 

..... ... OOC!C3 le. 
Y ... OCC015 1 

sua, (f (c,,!1un 
OCOOH 

n ... u CF UflPCflU IES 
ocoee-

SlUT Cf If\[ lAtCH 
(eeOH 

IJ"",HC (,,"PILE" SPACE 
4.14'(( 

IJC01C.z 
QOCCn 
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u - OC0101 LZ ... C(C104l 

PIUS.'!" 
FI\.U.t,. 
flllll. ~!fI 
F".L!.~40 
-F'JU".141 
.ft. .. , ... , 
flLl.lI.l41 
FILL8.1U. 
f ....... ".1.! 
f HL!i.l"b 
FJlUI.:'", 
F U,1.8. h8 
"".1.8.\4' 
FULl. ~ 'C 
FllUl.IH 

.F 11."8 .. 1"1 
flu.e.t'!! 
"Illlt. !'5" 
fU.llt.l~' 
FUl8.1'56 
'ILL!.'.'!Y 
flt.LI!I.I~. 

Fu'LI!I.'5t 

_r"E".? .,.I: •. ! 
CC""O""LtCkClvll J 1 ,'liZ 1 ). 12 I, ""',12' ,v. ,Y",vl,SQJIUI .,',. nu. C .. l 

.c 

" 

c· 

2 'l'1"{"~I,'I'C\lTl"'''.\4I • .u.LEIC''''''''1''2 Co.) 
CC"'PLf'J 'l'J"II.'I'Ct,;T C.40 
CO'.O"/elCClllll\IlC~ ''''''uM,hlK:1. rat ""G ... 11110 Y ,lATE_ ,"UP,.' ••• e I', ISfC •• ~.O.l 

2 ,l" '0.1 
C (""Co" IP.Lec IlE Il ",ax.t Tep. L,ul. L ""x2, l ""'1.l",)4 .L. £ .. l 

2 .1t"~.IT~C.ITt'QfI E.! 
C.:::"-"C/l./eLCCllf II '''''. I .... ', 'It".tl Sf ,CS , ... , UI.Vl.ll. 121 .Il.JrilUI".J"Ult, F.::' 

1 J~I·21.1't121.I{JI121 F.I 
C("O/!Lee ... /t!"! I Jc .21 " "VI JO. !t.ll. "110. Ill. k 'Ttl C Ie I .... 1 
(("I'll I !tt'.'Al,TT . Il.~ 
(C •• C'-/!LIlCU,..t 10) ."I.Tlll)l, n"',sutl' .dULJI..CU,' lCl ,OCLt' IO,U' ••• 2 
","PLEI .. . . 1l,.E_. ~a 

D( l1t .IrE'''-I.'''''';. 
CC 1',C ,.\,LAYER 
I{J." T't'~1J ) 

':C lee l.l,L·U'!' 
x_): II! Pili I. ,II: .I ,-'ttl' Il • .I8E;AIIII.T IN Il' 

~cc CC~TI'-lf 

I'll .JOt""".".JI'" 1'-owl'l ,JU.'~I 
! It ':CII,TIt.L'j:' 

PC 

... ae-.l1 

.U.t: ... U 

.,t.€'.U 

.,af·.14 

.I~·.~. 

.,.e".'o 

.. I .. ~·.lf 
1l1,,-•• !! 
1l.".".I" 
a •• [·,IO 
&.Itot".H 
.'U".l.! 
.... aE-.l' 
.I.~". 24 
.Ia~ •• ;o,! 
"1·~',:Z" 
a,III.t-.ll 

"'.'",''' 



4 

5 

10 
~ 2 ' 
1" 

It 
20 
21 
24 
25 

27 
"e 
32 
3? 
~4 

:!6 
37 

42 
,53 

0;4 
66 
f:7 
7C 
74 
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Sl8RClTINE GSTACK GSTACK.2 
C GSTACK.3 

c 
c 

C 

C 

C 
C 
C 
C 

C 

C 

C 

100 

·U.C 
C 
C 
C 

CC'~G~/ELCCK[/~lCh,~~tiM,NOElTA,~RG,~PGy,lAYER,~UM"X,~CJF,IST(6,6ID.2 
2 ,Li~ 0.3 
CC~~C~/eL(CK(/L~~~,lTGP,l~AXl,L~AX2,l~AX:!,lMA'4,l' E.2 

2 .rC~E"T,,("THFIEt E.:! 
CCMMO~/~LCCKK/BBBI1~,2I,TAUI36,!f:,2I,TT(10,12I,KTYF(10I ~.2 
C(~PlE~ 'eee,TAu,TT K.! 
ct~rC~/eLKOEe/~I!OI 'ATwTIIJI,TE~P,SU~F,~UlK,[1~110I,C(LTIIO,121 DEe.2 
CC~PLtX l,l~RC,UNIT GSTACK.8 
LAPCE (.~~ll?S~I,RVEtI30JOOI,C.GI4qOCCI lARGE.2 

01".2 
Cl,..tI\SIC~S CF KX,C,ANO LL. 01".3 
~~3=24Cl $ ~~1=7~3? $ NMZ=751Z 01M.4 
OI"E~SIC"S CF K~HG AND XMAC. 01".5 
~~4=9CCC $ ~"~=;OCO 01".6 
Dl"E~SIC~S CF AV~C AND G-ARRAY I~ LARGE COPE "E"CPY. DIM.7 
~,,~=jOOOJ $ ~~7=4SCGO 01".8 

DIM.q 
GSTACK .11 

,~~LTI~LY G*T.U ANC ST~RE IN GIIO~E). OAMPI~G NOT INCLUCEC. GSTACK.IZ 
GSTACK .13 

U~IT=C"PLXll.C,O.OI GSTACK.14 
lERC=IC.u,C.CI GSTACK.15 
I~E(IS=-l"AX4 GSTACK.l~ 

GSTACK.17 
Dr l~C 12=1,LAYcR eSTACK.18 
cc l~O Il:l,LAYER GSTACK.lq 
IFfIl.H;.121 GC Te DO GSTACK.2C 
KK=KT)P(I~1 GSTACK.21 
leE(I~=IBEGI~+LMAX4 GSTACK.l2 

GSTACK.Z3 
lZ=IC~E GSTACK.2 4 

LS=IBtGl~-L~~X} GSTACK.25 
DC 11C L(UT=l,L~~X~ GSTAC~.?6 
LS=LS+L~AX3 GSTACK.27 
DC ~lC LI~=1,L~6X3 GSTACK.~8 
LG=LS GST6CK.29 
l=lEQC GSTACK.30 

·GSUCK.31 
DC 10C L=l,L~AX3 GSTAC~.32 
LG=LG+l 
l·l+G(lGI·TA~(L,LIN,~KJ 

CC~TI~\.E 

LL=L?+~ 
GIL21=l 
CCNTII\UE 

516(1( GIIO'\t'l eACt< IN lilll. 

101 DO 12C 1=' ,L"AXIo 

GSUCK. '3! 
GSTACK.34 
GSTACK.35 
(;STACK.~6 
GSTACK.37 
GST~CK.~8 
GSTACK.~<; 
GS TACK .40 
GSTACK.ltl 
GSUCK.42 
GSTACK.43 
GSTACK.44 
GS TACK .45 
GSTACI< .4~ 
GSTACK.47 
GSTACK.48 
GSTACj(.49 

III (( It!E(;(~+ I 1 'eli I IeNE+ 1J 
114 12C (C~TI~Lf 
11~ l30 (C~TI~\." 

C 
C INITlALIlf G( IhGI=O. 
C 

'2~ J"tX=l~~~R.L~AX4 



125 
127 
13~ 
134 
l~O 
14\ 
1102 
l~~ 

1~5 

147 
151 

10:2 
154 
157 
li:C 

162 
173 
202 
2C:: 

2C6 
2C7 

214 
21t 
220 
2n 
2.2: 
234 

23b 
Z4'! 
2~'! 
257 

C 

II=ITI.C 
CC ~~C ~=l,J~AX 

II=II+l 
CIII)=lE;;:C 

'.40 CCr.T I"L:E 
LR=LA'rER-l 
(!l=-l,.AX4 
{A=I':"E-L,.AX4 
IC= I h(-L~AX4 
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C SL~ T~E GlleETA) OVE~ INCIDE~T LAYER lIt) TJ oeTAI~ (lleELTA) 
C VAL~E5. ~(IDElT~) INClUUES UA"PI~~ CF II\CIOEIIT ~AvE. 
C GIICELT4) IS STACKEO HCkiLCIITALlY. 
( 

( 

C 

C 

ce 16C ~~·l,LAYER 
IU=ID+L"~X4 

DC InC 11=1,LAYER 
IFIII.EC.121 GO Te 160 

'F=CIN(IlI 
11!=18+L,.AX4 

DC !~C L=1,LMAX4 
" I I C + L ) -= G I I C • L 1+ G ( {e+ 1I *F 

1!'0 CellT IIILE 
t~c CCH IM.E 

( TRAIISF(S~ (I.DELTAI A~O STU~E III ((IALPHAI. 
( GIIALPHA) ~S STACKEC VERTICALLY. 
( 

IA=IA+l,.AX4 
CALL' [xCXlIA+!.tO+u 

C 
( ACC L"11 ,.ATRIX TC vl!AlPHA) 'I\C STCRE VERTICAllY III ((ICELTA). 
C 

c 
C 

F=CINII,) 
ICl=IC 
tAl= IA 
C( 17C L=1,LMAX3 
CC !7C LP-] ,LMAX! 
let= ICL.+1 
I II l= rAL + 1 
G(ICl)=ClIALI 
IFIl.fC.lFI· GIICll.'(lDL)+UNI'*F 

17C ClJ\TIIILE 
18C (ell T 1r.I.E 

SU~PRC(RA" L~"GT~ 
000346 

FLI\C1ICI\ AS~lGI\~t"TS 

GSTAC~.~O 

GSTAr:IC.~l 
os HCK. =? 
GSTII(K.::'; 
GSUCK.'"4 
GSTACK.5'i 
GSTACI(.'b 
GSTAC~.q 

GSTACK .~8 
GSTACK.ec; 
GSUCK .1:0 
GSTACIC.b 1 
GSTACK.':2 
GSTACK.c! 
aSTACK .64 
GSTACIC.n,: 
GSTACK.;'6 
CSlACk.~7 
(S TACt< .~a 
GSTACt<.b9 
GSTACK.70 
GSTACI<. "t 
G£TACK. H 
GSHCK. 7~ 
GSlArK.74 
GSlACK.7". 
GSTACI<.71: 
GS T ACK.77 
CSB(.K.7e 
G5TACK.79 
GSTt.t.:t<. ec 
GSTACI(.!i ! 
GSTACK.~2 

GSlACK."~ 
GSTACK.e4 
GSTACK.i!~ 

GSTAt.:K.'!" 
GSTACK.tl7 
GSTACK.!!~ 
GSTACK.>!<; 
GSTACK.<;O 
G;;TACk.<;: 
GSTACK .92 
(iSTACK."? 
GSrACIC.<;4 
GS TACK .n.:; 
GSUC:K.'j" 
(iSTACK.<;7 
GSUCK.'it! 
G~UtK.C;C; 



4 

5 

10 

12 
14 
17 
-" £~ 

~C 

41 
4~ 

44 
50 
6t 

76 
1.00 
Ie" 

l07 
'.t7 

C 
C 

C 

C 

C 
C 

C 
C 
C 

C 
C 
C 
C 

C 

c 
C 
C 
C 

C 

C 
C 
C 
( 

C 

lee 

11C 
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SLepOLTINc SCATT SCATT.2 
C ("1'0'" t! LCCKD/NLObl, ",,"liM, ('Wt::LT A, "RG, NIIG'I', LAVER, P\UMI'!AX ,N[ If, 1ST (6.6 JO. 2 

Z ,lK D.~ 
CCI'"n~/eL(CKE/L~AX,lTCP,l~AXl.L~AX2,L"AX3,LMAX4,lX E.Z 

2 ,(L~F.rT .. C,rTHt<EE . E.~ 
CC~~lfx lEF( SCATT.~ 
LARGE (.J"112~tl,RVEC(300eOI,C.G(490CO' LARGE.Z 

D("F"SIC~S CF KX,C,A,..O LL. 
"~1=2401 $ "Ml=l~?Z , HM2=7532 
DI~c~sIC"S CF R~~G AND XMAG 
NI'4=9coe $ ~";=ge(C 
CI~~"SICflS CF RVEC ~"'O G-AMRAV IN LARGE CORE ~EMORY. 
"~t=~eGCC $ ~M7=4"CCO 

ZFPO=IC.C,O.OI 

l~ITIAlILE ~CPKI"G SPACE 

111= I H·P E E'+ 1 
11?=ITt+LAYE~·L~AX4 

r,c lOa 1=IT.,IT2 
GII'=lERO 
CC~THLE 

(;(IGA""'AI=C. 

OI~.Z 
01".3 
011'1.4 
OI~.'5 
DI"'.b 
01".7 
011'4.8 
0114.9 
SCATT.8 
SCATT.S 
SCATT.IO 
SCATT .11 
SCAlT .12 
SCATT .11 
SCATT .14 
SCATT .15 
selllT .16 
SCAlT .17 
SCATT .18 

IflCI'E'ASE (ReEIl r.F PERTURBATICr. EXPUHCfI FeR T-"'ATRIX. SCATT.le; 
~(IGA""'AI=G(leETAI.GIIALPHAI. G(IGA""AI IS STACKE[ ~CIIIlCNTALLY. SCATT.2C 

IC'ETA=-lMAX4 
IGA~"'A=-L"'AX4+ITHREE 
DC lte IZ=l,LAVER 
IGA~MA=IGAM~~+ll'AX4 

UC ~lC Il=l,lAVER 

IFClI.E~.121 GO TO 110 
Ip.ETA=leFTn+LI'~X4 

I~LPrt=IUNE+(ll-!I·l~AX4 
CALL ft~ITX(leETA+l,2,lALPHA.l.IGAMMA.l.l.11 
CC~TIH.E 

TQANsrE~ G(IGAMI'41 TO 
4UC C(~T~IOUTION FRCI' 

CC 12C I2=1,lAYFR 
I 1=1 I2-tl*l"A~4+1 
I CA~= IH;{Ec+ II 
IAlPh=ICflE+11 
(GEl= lT~O+ I I 

CAll t::~CXIIAlPH,IGA~1 

GIIALprAI ••• STACK VERTlCAlLY. 
G(I~LPHAI TO G(ICELTAJ. 

SCATT.Zl 

CAll to R IT )( I ICE L tl, I ALP H, WE L; C. C J 
'.2C CC~TI~t;F 

SCATT .22 
SCATT .23 
SCATT .24 
SCATT.25 
SCATT.26 
SCATT .:n 
SCAlf .28 
SCATT .2<; 
SCATT.?O 
SCAlT.3l 
SCATT.~2 
SCATT .33 
SCAll.:!4 
SCATT.~5 
SCATT .36 
SCATT.~7 
SCATT. ~8 
SCATT."" 
SCATT.40 
SCATT .41 
SCATT.42 
SCATT .43 
SCATT.44 
SCAlT.4! 
SCAlT .46 
SCAlT .47 
SCATT.4~ 

SCATT .49 

GCIC~lTAI IS T~E ITERATED PART CF T~E SCATTERING ~ATRIX. 
IT IS TC ~E I'UlTIPLIEU BY TAU.OCUr*GIIDELTAI ••• I~ TS~I'1. 

SCATT. ~c 

SCATT.:;t 
SCATT .~:? 
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SI.f'~OLiTl\E TSL'1( llq.fTK.JH.vX) TSL~.! 
C TS~~.' 

CC~~C~/f'LCCKl/A(tC,21.bllC.2).CllO.3'.Q6(lO,2'.ke(1C.21,6L~T.SPACEA.! 
2,e~SI!(2).NPASIS . A.1 
CC~~C~/eLCCKC/Vl(]I,~2(3,lZI.Vl(J,121.VX.VY.VZ.SQK(121.CCKI121, c.! 

2 "F~(4<;I.YCLT(4<;,121 ,XKlEf;Q,AR€A:? C.~ 
cc~rLEx YI~."CUT C.4 
CC~~L~/eLCC~CINlC~.~~~~.~v~lT~.~PG.~~Gy,lAYE~,~U~~6',~[If,IST(~.~IO.Z 

2 ,l~ 0.] 
C(~~O~/ELCCKf/L~AX,lTCP.l~AX:,L~AXZ,l~AX!,l~A)4,l) E,? 

~ ,)r:\F. .IT"C,)THFEE E.J 
C(~~C~/eLC(KF/IT~T.IPHI.THT1.CISl.C~lH(t21.VXX(~.!21.K~L~,J~(IZI. F.? 

<: J~('21,)~(';:'~KC(:;:I· F.~ 
C C"~[; r-I e L C C K 1'., R H iH ~ h 21 , T Aul If:, 3 t ,2 1 , I" 1 0 ,! Z ) ,K T\IF ( ! 0 ) K. 2 
C:C~PlEl< ePE,TAL,TT K.~ 
(("~G~/dLCCKr-/~(~11.[~(51',S(L2,51' ~.l 
CC .... Q~/~LKCEP/W(!OI.ATWT(iO'.TE~P.SURF,RULK,CI~(lCI.CCLl(10.121 OEB.~ 
CC~~lF~l,ZEkC,CPX,I~RM.SM'.S~t\21 TSI-M.12 
CI~r-~S(CN \EtA~(4' TSI.~.l~ 
CAlA (f\eE A/I ( I) ,I=1.4I1UO,CldO.UI TSL~.14 
LAPGE C.J~(12~tl,RVEC(30vOOI,C.~(4qOOOI LA~GE.2 

C 
C CI~f~~IC~S CF KX.C.~~C LL. 

N"'~:24Cl S ~"'1.7~32 ~ N~~=7j32 
( CI~F~SI(NS (~ R~~G AhC X"AG 

~ ~"4=SCCC , ~~~:SCOC 
C CI~Er-STCNS CF RVEC AN~ ~-A~~AY I~ LARG~ CORE ~E"CP". 

11 ~"'~=,OOCC s ~~7;49COO 
c 

I: lfRC=(C.O.O.OI 
l~ IF(ITR.EQ.ll GC TC lZ5 
17 IREGI~;IT~C-L~AX4 

C 
21 DC 12C I2=!.LAY[~ 
24 leEGI~=18fGI~+L~AX4 
25 KK=KTYPI121 

C 
21 DC SO l=l.K~UI" 
]4 S~(II:lERC 

3f. SO CC~TI~LE 
c 

37 DC 11C LCUT=l.L~AX~ 

42 i(=IBfGIN 
. 4~ DC ~ IC L I ~=, ,If'lAXl 
45 Tf~H=lE~O 

c 
41 DC laC L:l,L~AX3 
~1 I(=IG+\ 
=2 TERJII=1ER~+TIIL (LCl.T .l. KK'*C( 1(;' 
73 100 CC~TI~I-E 

c 
74 CP)=TE~"'~YI~(LI~I 

104 rr. 110 1=:,I(~U'4 

117 51"11' =~,.( II+CFX""Cl riLCUT ,II 
121 l1C CC~T(~L~ 

C 
U7 DC ~2C (=, ,K~U~ 
150 TT"~'( '=S~III·nCl;T( I~." 

O()I.2 
() (I •• , 

C p ... '+ 
Ol~.r; 

011".'> 
C'~.1 
OI~.S 

01'''.9 
TSL".11 
TSlJ"'.le 
TSU~.~C; 

TSL".!C 
TSl:"'.ll 
TSU!I.22 
1Sl. ... :.'? 
TSUI'. ;'4 
TSU"' • .?c 
TSl;"l.:>~ 
T SIJM.? 1 
TSl;M. ,,. 
T5U'.1t; 
TSI. ... 'C 
TSl;I".31 
TSl."'.~2 
TS""'. P 
TSU"'.~4 
TSL~. H 
TSliH.?~ 

TSI.~. :!7 
TSl.I'.:E 
TSLI4.~<; 

TSU"'.4C 
TSI.;".'" 
TS..,"'." ! 
TSl." ... ' 
TSuM."4 
TSU:o'.4~ 

o. 
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IS4 ~~C CC~TI~~E TSUfo'.4t: 
C 
C S~~ TT-VAlLES C~E~ SuRFAC~ LAYERS. 
C 

TSI.IM.47 
TSUM.lte 
TSU"1.4'7 

162 lZ5 CC~TJ~~E TSL~.5C 
162 GASP=C.C TSUM.51 
163 PRII\T 8CO, ITR TSl.M.;2 
111 C( lltC JEEA"=l,K"L" TSL,..53 
17~ S~!=IERO TSU~.~4 
177 PRINT dC~,J~(JeEA"'.J~(JBEA~1 TSU~.5~ 
211 DC l~C I2=1,lAYER TSUM.lib 
21: Y=lt~C TS~"'.57 
217 DC 12E INC=l,3 TSU".5E 
230 Y=HV? (J~C ,JilEA~I.C( 12,111101 TSUM.5'1 
232 :28 CC"Tll\lE TSUM.bO 
2:/t I=C"PL)(CCS(~),SI"(YII TSU"'.~l 
2/tt: TI=R~=Z.TTI 12,JeEA'" TSUM.c2 
2~~ S~l=s,,\+rE~" TSu".~~ 
2~1 T~G=CABS(TT(12,JeEA")1 TSLM.~4 
~6'5 IFIT"G.GT.2.C) GASP=l.OO.O 'TSU".6<; 
274 PRJI\T AO:, I ,HG,nl 12,Ja~A"'.TER",S"! TSL~.66 
:11 l~O CC"TII\LE TS~"'.67 

C TSUM.6e 
:2~ S I JE:H,J I~C;C ,=FTP.C .. ES(S",1IUZ TSUM. ~'7 

,331 SlCG=ALCGIOISIJBEA",JINOXII Tsu~.1C 
:36 P~IIIIT ~C~,EIJINCXI,S(J8EA"',JI~DXI,SlCG TSUM.7~ 
:61 l4e C[~TII\LE TSCfo'.72 
3t:4 I F (GASP.ll.O .00011 KETul<1'Ii TSL~. 7:? 
:61 PRI"T ~C8 TSU",.14 
:1? STOP TSUM.1~ 

:77 
Itce 

C TSUfo'.16 
C TSUM.77 

@OO FCR"ATC III lOX*ITERATIUN OF T-~.TRI) TC CRDEP. 13 I I TSUM.78 
802 FCR"AT( lOX*lAYEF=.I~,. T=,.Fll.6,.' .ZFIO.6.* TER~=.~FIO.~. TSL~.7G 

2 * SL~=*ZFIC.6' TSUM.80 
eC4 FC~~~T( IIOX~ENfRGY=* F4.0 •• E.V. INTENSITY •• ~14.6,. LCGARITSU~.81 

ZT~~=. FIC.5,1 4ZX I1H........... Tsu~.e2 
ecf, FC!lf'lATC I 3X 2IZ,* BEAM. I TSUI".Il" 
@08 FC~~AT' II ~OX*PROGRt~ STepPED CUE TC NCN-CC~VERGE~CE Cf lAYF.R SCATS~~.84 

ZTTER If\G AI'Pl I l~DE* I TSU~.~" 
C TSL~.8~ 

TSlJfII.!'7 
TSU"'.8B 



4 

!5 

10 
11 
11 
12 
14 
27 
~1 
H 
34 
3t 
42 
!!4 
60 
62 

H 

70 
71 
73 

llC 
112 

~ 

12C 
125 
132 
12~ 

\~4 

In - '. "!") 

C 
C 
C 

c 
c 
C 

C 

C 
C 

C 
C 
C 
C 

C 
C 
C 
C 

C 
( 
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SI.PIiCI. TIM I"V 

I"~fPT~ ~ATPIX CI-BeO*GSPI A"O CALCULATES TAU~~ATPIX. 

Cr.""C" lel CCKClV1(3) ,V2 n ,121, V313, 12 I, YX ,VV, V l,·Sc;tc (12 J. ttK (12 J, 
2 YINC4~I,YClTC49,121,X~LE~U,A~£A2 

CC"Plf)r Yll\,YCI.T 
CC""O"/eLrCKF/L"AX,LTOP,L"AA1,l"AX2,ll'A)r~,l~A)4,LX 

2 ,IC~E,IT~C,ITHPEE 
C(~~O"/dlCCKF/IT~T,IPHJ,THTT,DI~T,CST~C121,VXXIZ,121,K"L",J"(12), 

2 JI\1121t1CIlZ),KQCl2J 
CC"~Cl\/el(CKK/Beel!t,21,TAUI3c,3t,21,TT(10,121,KTYf(lOI 
CCI'PLEX eee,TA~,TT 
CC"'C"/~LlC~X/TIMe,ITEM,MULT,ISCAlE,I"AX,ITYPEtLS~",TlCCF,IP~P 
",TEGEP TI"'E 
CC""C"/CO"ST/PJ,PJ,,~14l,CON1,CC"2,CC"3tCON4tC("STTtl",(1\51 

. (("FLEX I~ 

lCC 

lIe 

~t2 

CC"PL~) ),l.TERI',PI12' 
CII'EI\SICN PXI121 
lA~Ge C.~'112~6"R~eI.13000UI,(.Cl490001 
l6F<GE gl2CCOCI 

C("fN~IC~S CF KXtC,~NO Ll. 
~"~=2401 S N"I·7~~2 s N~2=15~2 
CI"EI\SICNS CF P"!G _NC X"AG 
~~4=qCCC S I\~5a~CCC 
OI"E~SICf.4S CF RVEC ~t--ID G-ARR"/IY I .... LAPGECORE "E"CIIV. 
N~~=]COCC S "~7a490CO 

UC 112 KK=l,iTYPE 
(NCEx:C 
1)1=0 
CC laC 'al.L~A)c3 
CC 100 J=1,l~AX3 
X=eeel",IC.KI 
I X= [)(+1 
IfI:(EX: I"UEX.Z 
I.:IC.C.C.CI 
IFII.Et.JI U=(~Pl)l(1.0,0.OI 
U:U-X-GCIX) 
CIIN~E)c)=AI~~G'UI 
~(INCEX-11=PEALIUI 
C CI\ Hill. E 

Q (5 .... C~ STACKEC RC~~ISE lAS IS GI 
Tf\VEPT C:-~Allfrx 

(ALL (I"Vll"AX31 

C~TPUT IN A~RAY Q is STACICEC C~lUM~kISE 
CALCULATE TAl-ARRAV ••• TAU=~.Be~ 

I"CEX=C 
DC 11C 1=I,L"AX] 
CC 110 "·l,l~A)c! 
I"CE)r:It.OEX+Z 
T~R"=C~flXI'IINCtx-l',w(JNOEXII 

TAI.IJ.I,KKI·eeelJ.K~I*T~F<" 
CC"'TI",-E 
I=C 
C. ~ll lEHIl,KKI 
COTIHE 

wnU~!\ 

t:t.c 

IN~.2 
INV.~ 
Ih~.4 

n!v.5 
C.2 
C.3 
C.4 
E.2 
E.~ 
F.2 
F.l 
IC.2 
K."3 
X.2 
x.~ 

C("ST.2 
cell.ST. ~ 
111.".12 
IN~.I~ 
LARGE.? 
I"Y.15 
011'.2 
01".3 
0114.4 
01".C; 
01".6 
CI".7 
01".8 
0(".9 
INV.17 
INV.l! 
111".19 
IN~.2C 
INV.21 
INY.:!2 
Ih".:n 
IN".24 
I"V.25 
Itiv.H: 
I~V.27 

IN"."!e 
IN".'!C; 
II\V.30 
INV.31 
IN".32 
IhV.l:? 
IN~.34 
INV.35 
INV.:!t 
H:".37 
INV.38 
HIV.3~ 
I"'V.40 
IN~.4! 
INV.4? 
JNV.4~ 
IN".44 
1"".45 

IN'I.4~ 

1~".47 
I"'V.4t! 
INII.49 
I~V.5C 
IN'I.'" 
1"'1.52 
I"V.;? 
1"'''.34 
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.5L~RCLTIN~ CI~vt~C~1 
C 
C 
C 
C 
C 
C 
C 
C 

C[~PlEX ~6TRIX [~~~RSION ROUTI~E. 

C 
C 

C 
~ 

C 
Eo 

C 
C 

12 
1.2 
'.4 
14 
\3 
Ii: 
17 

C 
C 
C 

T~T'L L6~CE CCRE lE~GTH 15(5.NDIM.NOI~'. CIME~SIO~ IPlvCTI~OI~I. 
THE C[MPLEX ~aT~IX ~(NDIM,NDI~I [(CLrIES T~E FIRST 12·~rl~·NOI~1 
lCCATIC~S I~ EXTENCEO CURE. THE I~VERTtD MATRIX 15 CEtlVERED 
[~ T~f SA~E lCCATI[~. THE RE~AI~ING LE~GT~ ~E'U[REC I~ 
E~rENOEC CCR~ IS FC~ INT~~MEOIATE "CRKING ARRAVS. 

LARGE C.~~(lZ~~I,RVEC(30UOOI,C.t(490(CI 

lHCf el2cocel 
C[~~[~/~TQX/~CI~.~SC,Nl,~2~~3.N4,~~,IFiVOT(501 
f~TEG~. PLlS,TI~~S 

etTA PLL5.TlvES/1,21 

LI~f~SICNS CF ~X,C,6NO lL. 
~~3~2401 5 ~~1=75]2 , NMZ=1532 
t1~E~!fC~S [F ~~'G tNU X~A~ 
~~~=90CC I ~MS=~CCO 
CI~~~S[C~S Cf RvEC 6N~ G-A~K6Y I~ lAPGE CCRF ~EMCPY. 
~M~=3e000 S NM1=49COO 

NCI~=~l:~ 
~s~=r-.cr~.l\cIl' 

N~=C 

"'2=~SC 
~~=~2+I\S(,; 

~4='. 3+fI Slol 
~~=~"+I\S"; 

STCRE REAL A~C I~AGINA~Y PAKTS CF (QI I~ SlCCKS 3 A~C 4. 

21 DC !CC 1=1,~5Q 
21 J(=2*1 
~C Jt:J2-! 
31 ~(N3+11=~(Jl1 
~4 "~4+II·C(J21 
!6 =CC CC~TI~LE 

C 
C PE~r[R~ I~~E~STC~ C~ BlOlKS 3 A~C 4. 
C ~T f[~4L STEP, elCCK5 j ANO 4 A~~ THE REAL ANC I~lCI~A~Y PARTS 
C tF THE lWVE~TEC CC~FLEX M~TRIX (QI. 
( 

C 
4C CALL EXCH(~3,~31 

42 call EXCH(~~,N~I 
44 CALL EXCn(~2.~31 

46 CAll 1~~EPT(~21 
~O CALL ARITfl~£.TI~ES.N4.Ni.+l.CI 
54 CALL EXCH(~4,~41 
=6 CAll ARlr~(~~,TI~ES,Nl,~~,+l.CI 
62 C~lL ARIT~(~~,Pl~S,~2,~31 
c~ C~LL [~~~FTI~~I 
61 C~lL FXCHI~l,~11 
71 CALL ARlr~(Ni.TI~ES,N3,N4.-1.CI 

C 
C 

C STC~E 1~~ERTf( CC~FlEX AkRAY CClU~NWISE IN CCI. 
C 

1~ CC !!: I=l,~S~ 
1(5 J2=2*' 
lCe Jl=J2-1 
le7 ~(Jll=~(~3+fl 
112 c.;(J;')=C(.'~4.11 

11~ 110 CV~TI~Ui 
( 

C 
116 R~T~Q~ 

ill: ~"C 

INV.o;C 
P./V. t; 6 
INV.'51 
Il\v.:;a 
INII.~q 

INV."C 
I~V. H 
INV.62 
INV.6~ 
lAQGE.2 
INV.b~ 

I~v.~" 
IIW.67 
1~".68 
01".2 
0'1'.3 
OI~.4 

UII'.5 
DIM.!> 
011'.1 
C 1".9 
01".9 
(NV.7C 
'''v.n 
11\~.1Z 
INV.1~ 

INII.14 
IN".1'l 
II'\V.76 
INV.71 
INII.78 
INV.7'i 
INV.8C 
I~V.8t 
[NV.82 
INV.8~ 
I~V.84 

It,v.s5 
INV.8t 
If\v.s1 
I~v.ee 
IIIIV.B9 
1""'.9C 
INV.'il 
INV.92 
IM,.93 
INV.94 
TII.V. q~ 
INV.9'; 
I~V.97 
I ~V. 'il' 
INV.99 
I~V.I00 
INV.1C! 
II\V.10' 
11"'~103 
I'"V.104 
H,V. \O~ 

Il\v.lC~ 
INV.tO" 
Il\v.~ce 
INV.'er; 
Il\v.l:C 
1~".111 
INV.1I2 
Hv.l1~ 
lI\v.1l4 
INv.l!~ 
1['0,"'.116 
INV.l11 
I"'''.ll !' 



C 
C 
C 
C 
C 

C 
C 

C 
5 

C 
t: 

C 
C 

11 
12 

C 
C 
C 

1] 
14 
20 
21 
24 
]0 ICC 

C 
C 
C 

34 
34 
35 
:n 

C 
4C 
4S 
46 
5~ 
~s 
56 
57 110 
(:0 
~~ 

c 
t:4 
72 
n 
74 
75 

tC? 
~C4 12C 

C 
··lC6 

lC7 
C 
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SlP.POLTI~E I~~ERT(~~J 

RE'L ~AT~lX l~~ERSIC~ IS PERfCR~EC C~ THE ~ATRIX STeREt J~ 
EXTENCEL CuRE ~LCCK ~~GI~~IN& AT LOCATICN (~~+l'. 
I~VE~TEe ~ATPIX IS RETURNED I~ SA~ELCCATION. 

LAPCE C.QMCl2~~I,RVfC(300CO',C.G(490CC' 
ll!PGE <:(~CCCCI 
CO~~O~/~TRX/~Ct~,~SC.Nl.~2.~3,N4.~5,IFIVCT(50' 

or~F~SI[~S [F KX,C.A~C LL. 
~~3.2401 5 ~~1=75l2 $ N~Z·75~2 
OI~f~S[CNS Cf R~AG AND XMAG 
~~4=~CCC s ~~;=~CCC 
DI~[~SIO~S CF qVEC AN~ G-A~~AY J~ LARGE CO~E ~EMORY. 
~~6=3CCOO S ~~7.4~COO 

S"ALL=1.E-1.5 
KK=O 

INITJALIlE THE UNIT MATRIX START[~G AT LaCATI(~ (~5+!' 

DC ICC l=l.~CI~ 
DC 10C J=l,l'\eI~ 

Kj(=KK+l 
c.;(~C;+KKI=C.C 

IfII.E:Io:.JJ C:(~~+KKJ"1.0 
CCPiT(I\LE 

PEI<fCP,", INVERSICN USING GAUSS-J(RCA~ ~ET~OO. 

JJ:C 
KK=C 
CO 160 l=l.~CI" 
PIVOT-C.O 

CC 11C J=I.~OI~ 

JJ=JJ+l 
IF(AeSI"~"'+JJ".LE.PIVuTI GO TO 11C 
prv=C(~"+JJ' 
PI ve T .. Ae S , P I If I 
IPIV=J 
CC~T[M.E 

.1F(Plvcr.lE.s"AlLI GG .TO ~oo 
Pllfcr-I./p[1o 

DelZC J=1.~CI" 
KK=KK+l 
~l=""+"K 
"2=11,5+11" 

.~("ll=~(,.!t·P[VOT 
C'''21-<:'I''2,-FIVCT 
CC~ T IM.E 

""-JJ-~CI~ 
ll=C 

rNV. ti Cj 

I~V.i'C 
I"V.!~' 
rM'.~2~ 

r"'~.'-<1'" 
INII.12" 
LAH(E.l 
I" II. ! l!": 
r",I1.1.27 
DI~.? 

0[".1 
0(1"." 
0[".5 
D''''.~ Dr.,.. 7 
D'''.!! 
O[ "'.9 
1"''1.12<; 
INV.t?C 
IN~.13l 
It.~.t'!2 
rt\V.l~3 

I~V.134 
'/'oIV.l:!'! 
IIIIV.1 ~~ 
IN~.l ~7 
IIIIV.t3l! 
INV .• 1~~ 
I,..~.140 

I~~.141 
IN~.14:? 

INV.l"~ 
INV.144 
1"~.14: 
I"'~.14~ 
IN~.1"7 
INV.14e 
'~~.t4~ 
INV.'5C 
IN~.l~! 

I"V.l~Z 
INV.'.5? 
rN~.l«;t. 
I~V.l~c 

I"V.:~" 
rN~.1~7 
INV.lse 
I"'~.I'5C; 
INV.16C 
IP,V.!":l 
111.\/. le:2 
I~".lc; 
IM •• HI. 
Il\Iv.;,e= 
INV.!~~ 
1~~.1~1 
r'ljv.I~~ 

11l1li. '.e ~ 
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.~ 110 oc 10;C K"'l,t.CII" INV.1?C 
112 IF(K.t.e.11 GC TC l~O l"v.17: 
11 It lL';LL+P.O'I" 11\1I.1.72 
115 GC TC 150 INV.1P 

• C I"V.11~ 

IH !3C eCI\Tlf'.LE 1"".17~ 

lit 4AA=~(I"I"+LL+IPtVI 11,11.1.71; 
C INII.171 

122· DC 14C J=l.!>;CI" 1"".1.7e 
134 lL=LL+l 1"".17<; 
135 "\=I"I"+LL INII.18C 
1~1!: M2=f'.<;+Ll INII.li1! 
IH '(":I='(~ll-A~~.'(I""+"N+JI II\v.l~? 

IItS C(I"21=~(~21-AAA·Q("!+"N+JI .1" II .113? 
151 litO eel\TI"UE IJ\V.i.!!4 
151t !5C eel'. Tl"LE INV.1F.~ 

151 IFIVCTI I I=IPIIi HI/.l8f: 
It:l HQ CCfotTII\UE 11\11.181 

C IN".lP.fl 
C RESTACIC iHCCK 5 IN elOCK 1"11. IIW.1S<; 

C I"".!SC 
1(:3 L=C I "V 01 cH 
164 DC He I=l.t-oCI" II\V.1<;2 
165 K=(IFIVCTIII-ll·t.CII" INv.l<;~ 

111 DC 170 J=l.I\CIM INII.!C;4 
114 L=l+l 11\11.1<;: 

·175 K=K+I ("'''.lcH: 
176 '" ""+1( l=iJ I N5 HI 111,11. ~ <;"' 

2C2 HC CC!I\ TI I\L E (1\1I.1S@ 
C 11\'11.1<;<; 

2C6 RETURr-i lIW.loe 
C INV.2C: 
C H'V.2C~ 

.207 2ee CCI\TIt.LE H.v.2C~ 

207 PRINT eco. I INV.?Q4 
800 FCPJotATI /I 10X.CETE~MINA~T·O PivOT ELEME!>;T ZERC F(.II pew ·13111 H,II.ZO:; 

216 STCP (N" •. ~C~ 
C 1"".207 

220 "NC I"'''.ZC~ 
INV.~CC; 

". 



6 

10 

12 
13 
15 
H: 
23 
24 
26 
32 

36 
44 
4:» 

~(' 

~o 

C 
C 
C 

e 
C 

C 

C 

c 
C 

c 

C 
C 

ICC 

110 
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SLB~CLTINi EXCH'Ml'~LI 

EXCHA~GES STCRAGE FRC~ COlU~~~lSE TO ROWWlSE AhC ~ICe-VERSA. 

LARce C.Q~(12~61,RVEC(30QOOI.e.C(490CCI 

LA~GE "2COCOI 
CCM~O~/~TR~/~CIM.NSC,Nl,~Z,N3,N4.N5.1PlVOT(50) 

OI~f~5ICNS CF KX,C,ANC Ll. 
~~!=240) $ ~~1=7532 $ NMZ=1532 
CI~E~5ICNS CF R~tG ANC XMAG 
N~4=qOCO $ ~~5=~eco 

DI~E~SICNS Cf RVEC AND G-ARRAY I~ LARCe CORE ~EMORV. 

N'b=3COCO $ ~~7=4~CCO 

L=~:: 
DC 100 1=1 ,t,c 1M 
K=I-~CI" 
CC IOC J=l.NCIM 
t<"K+~CI" 
L=L+l 
Q(N5+I<I=Q(l) 
CC~TIf\Le 

DC 110 l=l,~SQ 
C(I'l+1 I=e (~~+ II 
CC~TlNUE 

HTURt-
E~C 

IN~.210 
INV.211 
1~~.212 

JII;V.2U 
LARGE.2 
INV.2IS 
l~v.2H 
DI~.2 
01~.3 
01M.4 
DI~.5 
Ol~ .6 
OI~.l 

01M.8 
0111.9 
Ih~.21e 
INV.2!Q 
IIW.22C 
INV.221 
INV.222 
l~v.2n 
INV.2~4 
INV.225 
INV.2a 
H:V.227 
11\I~.22!! 
INV.~ZC; 
INV.2!0 
H,Y.2n 
I"'Y.Z!2 
Ihll.2?1 
INII.Z!4 
INV.Z35 



• 

". 

11 

j,~ 

1~ 
17 

22 
~2 
35 
:!7 

37 
~1 
H 
42 
43 
52 

~J 

54 
55 
56 

~C 

65 
H 
13 
14 

1C2 

ICT 
107 

c 
c 
c 
c 
c 

c 
c 

C 

C 

C 
C 

C 
C 
C 

C 
C 
C 

C 

C 

C 
C 

SLBPPC(PH 

lOC 

lle 

l~C 

l;C 
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P~~FC~"S A.CP.~=C, kHE~E (P=IPL~S,TI"ES). 
FCR OP=TI"'ES, (A) [S KJ~wl~c, leI IS CCLUMII;~ISE, AI\C 
leI IS CELIIIE~[D AS A COLUMNW'SE ARRAY. 

LAFCE (.Q"(12C;f.),R~ECI300001,C.CI4"CCCI 

LARGE "(~OOOOI 
CC""CII/l'r~X/"(I".I\S(,I\1,N2.~3,N4,~~,IFIVOTI~OI 
I" r(GEP CP 
ReAL IFIIICT 

CII'EI\SICNS CF KX,(,~NC Lt. 
1\I'~=24Cl $ l\"I~'C?2 $ N~2·1jl2 
CI"E~SIC~S CF R"ACA~O XMAG 
1\I',,=~cce $ ""~=9coa 
Cll'f"S(CNS CF RVECANO G-ARRAY IN LA~GE CO~E I'E"C~Y. 
"I'6=3COUv 5 "'~7=4qCCO 

IF(CP.FC.21 GC TC 110 
IF (LP.N~.l1 STep 

~AT~I) AceITICr-. P~CKAGt. 

DC ~CC 1"1,1\ S' 
Q(~~+II=UI~1+II+~1~2+11 

CC~TI"LE 
R!:TLRI>; 

~.A T.~ I X "'ULT IPL ICAT ICN PACKAGE. 

CCI\TlI'\Lf. 
II=-"f.II' 
DC 11C l=l,I\CI'" 
I1=II+I\CII' 
SI'ALlI"IIFIIICT,QI"'2+11+1),Nul~1 
JJ=-II:Q I" 

I)C l3C J=!,I'\CI" 
~J=JJ+I'\CI'" 
it=II+J 
x=c.c 

DC 12C K"l,~Cf" 
n=JJ+~ 
X=X+IPIIiUTIKI*C(foIltljl 
CCI\Tlt\LE 
'1I':!+Ill=SIGN*X 
COTI~LE 

RETURII 
fNC 

LEI\CH 

'''".?~t ',.,V.,-:!l 
I"lV.2;F. 
1"1I.2~C; 

'''".,?4C 
I PI; 11.210 1 
LAHGE.2 
(:,,11.2 .. 1 

'" II. '?',4 
III".?4~ 
INV.24~ 

OP' .2 
[JIll. ! 
;)1"'.4 
Ol".~ 
Ol .... ~ 
CII'.7 
o I~'. d 
01"." 1"".2,.» 
IIIV.1.4<; 
111;\l.?~C 

1"".2':;' 
(/;11. ,~., 

I"V.2~! 
1"".2~ .. 
(I\1o'.1':~ 

1"".Zc;t 
TNII.'?';7 
1 "". ~~!! 
H.V.2~C; 

I~II.2eC 

'''".2t~ 

""'.~~~ 
'''V.2t!' 
11\11.':6 .. 
INV.2':: 
'I\1I.2H 
'''".2!7 
III;II.~~11 

III.V.:!6C; 
11111 .'.7C 
1"". ~'71. 
1I'\".27Z 
lilllI.27" 
,NII.l1lo 

1"'". ~H 
1~1I.':7~ 

'1\11. ~77 
INII. ne 
1r-.1I.2"<; 
("".zeC 
INII.2~~ 
1I\1I.~b' 



11 
13 

14 
17 
20 
~! 
45 
'55 

64 
~5 
74 

7t 
1C? 

c 
c 
c 

c 
c 

C 

C 

C 

C 
C 

C 

lCC 

110 

12C 
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SLe~OLTI~F TESTIITER,KK' 

TEST ~~C P~lhT S~~~E~ TAU-VALUES. 

cc~~c~/eLCCKC/VIC3"V2(),l2"V3(3,121,VX,Vy,Vl,SOK(12',t~KllZ), 
2 YINC4<;1 ,'tCL "loCi ,121,XI<.IEHU,ARi:A2 
CC~PLE)I 't1,""YCUT 
CC~~O~/eLCCKE/L~bX,LTCP,L~AX1,L~bX2,l~AX),L"~)l4,LX 

2 ,JC~E,IThC.ITHREE 

Cl~~C~/eLlCKF/IT~T,IP~I,T~TT,CI~T,CST~(12"VXX(2,12"K~U~,JMI12', 
Z J'''12',JCI12"KCn<.l 
CO~~G~/BlCCKK/66613t""TAU(36.3~,2'.TT(10.12),KTYF(IO, 
CC~PLE)I eeE,lbL.TT 
Cr.~~C~/CCNS1/PI ,Pl~,PI42.CUNl.CC~Z,C(~3.CC~4,CCNSTT.I',C~ST 
CC,"PLEX l~ 

C(~FLE)I TE~~,PP,P(l,' 

CI'E~SI(N PXC12' 

00 100 I=!,KNU' 
PC 1I=(C.O,O.OI 
CC~Tl"'LE 

ac 11C LIN=1,L'bX) 
OC HC L(LT=l,L~U~ 
~ER~=TALILCLT,LI~,K~I.YIN(LIN) 
DC HC J"l.K~UM 
PIJI=P(~I+TER".YCL'(lCUT.JI 
CC~Tlt\UE 

DO 12C l=l,K~U" 
PX(I'=C~ST·(~eS(PIl»··l 
CCt\TlNLE 

Pl'I"T €CO, ITER 
PRINT PIa, ( I< ~ • 1(;( I .. J~ I I "Jt\ (I It P x ( IJ • I·I.K~U" 

eco FGF~b'( I lCX.NU"BE~ OF ITERATICt\S=. 14 
81C FCP,.AT( £CX.CC~E(.12,., SY~(.12,.) TAUI-12, ••• 12, .) •• 

l El~.e ) 

PElLR~ 
He 

HST. 
T~H. 
TE~T. 
T~5T • 
C.2 
c.:> 
C.4 
E.Z 
E.:; 
f.Z 
F.~ 
1(.2 
K.? 
CCNST.2 
ceNST.? 
TEST.ll 
TEST.l2 
TEST .13 
TEST.14 
TEST.15 
TEST.16 
TEST .17 
TEST.18 
TeST.le; 
TEST.lC 
TEST.21 
TEST.22 
TEST.l3 
TEST.24 
TEST.Z~ 
TEST.26 
TEST.n 
TEST.28 
TEST .29 
TEn.3C 
TEST.31 
TEST. :H 
TEST.:?? 
TE~T.~ .. 
TEn. ?~ 
T£ST.:?f 
T£5'.3" 
TrO::T.:~ 
TE~T.:c 



~. 

4 

c; 

'.0 
'0 

, ~ 
.L 

\4 
15 

H 
17 
~, , , ... 
3Z 
:n 
44 

47 
54 
5~ 

57 

7t: 
77 

101 
111 

C 
C 
C 

c 
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SLliP.CLTIt-.E PERT!! 

PE~FGP~S FE~TLReaTICN EXPA~SICh TO ceTAIN TAU. 

C(~~c~/eLCCKr/Vl(3),VZ(l,(ZI,V31~,121,VX,Vy,~Z,SQK(12),C'K(121~ 
Z YI~(4SJ,Y(LTI4S,\2),X~l~~U,A~EA2 
CC~PLEX YIN,yelT 
r(~~C~/eL(C~F/L~~X,LTCP,L~AX!,L~AX2,L~AX3,LM~)4,LX 

l ,ICt-.E,lhC,ITHPEL . 
C~~~u~/~LCCKK/Be~llc,Z),TAUI3b,3t,21,TTI!O,12I,KTYPllC) 
C(~PLtX eee,TAL,TT 
CC~~Ct-./BL(CKX/TI~E,ITEM,MULT,ISCALE, IMAX,ITYPE,lSU~,ll(LP,IPWR 

It-. TEtEIl T I~E 
C(~~(~/Clt-.ST/PI,FI4,PI42,Cu~1,CLhZ,CC~J,CaN4,CCNSTT,I~,C~ST 
CC~PLFX I" 
C(~~LlX r,PP 
CI~[t-.~ICI\ IU2e) 
LARCE (.~~1129~J,RV~LI3000~I,C.CI490CCI 

C OI~lt-.SlC~S OF KX,C,AhC LL. 
t-."]=:~O! $ ~,,~=7~32 S ~M2=7332 

C Ol~t~S(C~5 Cf 1l~.G ANU XMAG 
t-.~4=9CCC S ~"~=SOOO 

C CI~[~SIC~S CF Ilv~CAN~ G-A~KAY l~ LAPGE CORE "E~ORY. 

C 
C 

C 

C 

c 

C 

C 

c 

N"~=~CCCC S t-.~7:49COu 

11'",,11=;'0 
51'4LL=( • .:>001 

DC !7C KK=l,ITYPf 
JK=LI'~)c4 

KL.=O 

DC ~lC J=1,LI'AX3 
PP=fFlPIJ,KKI 
DC l1C K=l,l/lAX3 
JK=JK+l 
Kl=KL+J 
GIJK J=PF*GIKlI 

110 CC~Tl~l;E 

DC :2C I=!,lPhR 
ILIII=II+11*L"AX4+! 

12C CC~l'Ir..LE 

C~lL EXCXlltltl,L~AX4+11 

DC l~C I=?,IPWR 
C~LL 4~lTX(L"AX4+!,~,ll11-11,ll(II,2,CI 

l~C CC~Tlt-.LE 

C ST~CK l~[T "ATRIX l~ GI2'. 
C 

JI<=LI'AX4 
DC 14( 1~1,L"AX3 

DC 140 J=l,L"AX~ 

JI<=JK+ '. 

PE~T." 
PEIIT.? 
PERT.4 
PERT.S 
C.2 
C.3 
C.', 
f.Z 
E.~ 

K.Z 
K.3 
X.! 
X." 
CONST.2 
CCf\ST.~ 
PERT. '1 
PER T .12 
LAIIGf.2 
Ol"'.? 
01".3 
01,..4 
011'1.5 
01".6 
01".7 
01/'.8 
CI"'.9 
PERT.l~ 
PEIlT.P, 
PERT.n 
PERT.~8 
PERT.IQ 
PERT.~O 
PERT.21 
PERT.2l 
PEPT.23 
PERT.Z4 
PEiH.25 
PERT.H 
P[;lT.2'" 
PERT.2f' 
PEPT.29 
Pt:RT.~C 
PEPT. H 
PERT. H 
PERT.~~ 

PERT.~4 
PERT.3!' 
PERT.?t 
PERT.:'7 
PERT.3B 
PEIIT.39 
PERT.ltC 
PERT.'l 
PERT.lt2 
PEIIT.4 1 

PERT.44 
PERT.45 
PERT.4t 
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112 G(JK)=(O.C.O.O) 
11~ IFCI.~Q.J) GCJk)=C~PL~C~.O,O.OJ 
123 14C CC~TI~~E 

C 
C PERFCF~ ~ATIlIX ~llTIPLICATIO~S UP TC (G*T).*'PkR. 
C 

121 IFC«k.E'.!) FRI~T 800 
134 DC ISC l:ltlPIoR 
~~~ CALL ~RITXCL~AX4+1,1,ILll),L"'AX~+1,0,C) 
l4~ JK=L~AX4 
14,. OC 14~ J=l,l~AX~ 
15C pp=ep.eCJ.~KI 

1 5 ~ ·c ( .~ 45 K = 1 ,L ~ A X? 
167 JK:JK+1 
17C TAlCK,J,KKI=GIJK,*PF 
177 145 CC~TI~~F 

C 
C TEST feR CC~~ERGlNeE 

C 
2C3 Paco.c.e.c) 
20~ DC 14~ LIN=1,L~AX3 
207 CC :4t LCUT=t,L~~X~ 
?22 P=P+Ttv(l(~T.LI~,KK)*YIN(LINJ.YCUT(LCUT,l' 
l~~ 146CC~11~LE 
;: .. 1 FX=C~ST·C6es I,P )**2 
244 IFCI.lt.-' r,C TC 148 

C 
~47 IFCAbSIFX-SlrRf,.LE.&~ALL' ~c TO 160 
2~3 148 CC~ll~LE . 
2~3 STC~E=PX 
2~~ ~~C CC~TI~LE 

257 ItO CC~li~UE 
C 

257 CALL TE~TCI,KK' 
261 110 CC~Tl~UF 

C 
C 

eoo FCR~ATC I 1cx*oeTal~ SUbPLANE PRCPAGATCR BY ITERATICN* J 
~t4 R~TUq~ 

HI, HC 

PE~T.47 
PEPT.4e 
PERT.49 
PERT.5C 
PERT.51 
PERT~C;7. 
PERT .• 5? 
PERT.~4 
PE~T.55 
PERT.'H: 
PERT.57 
PERT. liS 
PERT.59 
PEH .bO 
PEIH.~l 

PERT.6? 
PERT.63 
PERT.~4 
PEQT.t5 
PEFlT.6t 
PE~T./)7 
PERT.~fI 

PERT.~<; 
PERT.70 
Pt:RT."1 
PEQT.7? 
PEH.H 
PERT.74 
PEIlT.75 
PERT.1I! 
PERT."" 
PI::QT."8 
PERT.7<; 
PERT.8e 
PERT.81 
PERT.l!l 
PEWT.A3 
Pt;RT.8 4 

PERT.8~ 

PERT.8~ 



·6 

Ie 

12 
1~ 

15 
1~ 

23 
24 
2'!l 
33 

36 
It4 
It7, 

51 
'51 

C 
C 
C 
C 

c 
C 

C 

C 

C 
C 

C 

C 
c 

ICC 

ne 
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eXC~A~GES STCRAGE FReMCOl~MNkISE TO ROkklSE ~Nt ~ICE-~E~SA 
REPlArES ~ATPIX STA~TING AT GlM?1 BY O~E STARTING AT Gl~l'. 

CC~~G~/elCC~E/L~AX.lTUP.lMAXl.l~AX2.l'AX3.LHA)~.LX 
2 ,1(~E.ITk(,ITHREE 

lARGE C.~~'12S61.RVEL'300001.C.G'490COI 

CI"=~SICNS CF KX.C.A~(; LL. 
~'1=2401 S r.n=7532 $ NM,=1532 
o I1"""'SICNS CF ~"AG AND XMAG 
",,'=seco $ ~,,:=<;oco 

CI"E"SICNS CF RVEC A/I;O G-AKRAY IN LARGE CORE ~E"C~Y. 
t\"~=~ceoo $ "'''1:49000 

lG=~~-l 
DC loe J=l,LP'A,X? 
I<=I-l"AX) 
cc 10C J=l,l"A)c~ 
K=K+lP'AX3 
lG=lG+l 
~f04'KI=G'lGI 
CC"TIUF. 

CC He I:l,l~A)c' 

G'~!tI-lJ"C:~1I1 
eO~TJNlE 

RETUR~ 

He 

EXCH.2 
EXCI1.,? 
EXCH.4 
t:XCH. ~ 
EXCI1.~ 

E.2 
E.~ 
lA~GE.2 
01'.2 
01"'.3 
01".4 
01".0; 
DIM.'" 
01~.7 

0["'.8 
01".9 
EXCH.I0 
EXC".11 
EXCh12 
eXCH.13 
EXC ... 14 
ExeH.l') 
EXCH. H 
EXCI1.17 
Exct-.le 
EXCH.IC; 
EXCH.20 
EXCH.21 
EXC .... 22 
EXCI1.23 
exC .... 24 
EXCI1.2~ 

EXCH.U 



12 

II, 

Ib 
17 
21 
Z2 
2~ 
21, 
21, 
25 
27 

:2 
45 
53 
54 

~5 

~c; 

~7 

6e 
1:1 
~': 

1;<; 
67 
70 
71 

100 

Ie! 
102 

10 ~ 
104 

1C7 
IH 
l' 7 
131 
B2 
11,5 
1:7 

1~4 

1~4 

C 
C 
C 
C 
C 
C 
C 
C 

C 
(. 

C 

C 

C 
C 

C 
C 
C 

C 
C 
C 

c 

C 

C 

C 

C 
C 
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SleRCUTINE ~PITX'~1.GP.M2.M3.[UT,ACCI 

~~T~IX ~CCITI(~ IINC MUlTIPLICATICN RCLTINE. 
CP=: FC~ ACCITIC~. LP=2 FOK ~UlTIPlICATIO~. 
G/~ll ~LST er HC~IlC~TAl AND G'~21 ~lST BE ~fPTICAl. 
II' CUT=~. l]UTI'Ur IS b('Rl.lONTAl. IF euT .. Z, OUTI'I,.T IS ~ERTICAl. 
ACC=C F:~ GI~:I Te BE A SI~PLE F~(CLCT. 
IF aCC=I. ~(M31 IS A eU~UlATlvE PRecuc'. 

CC~~~~/~~CCKE/l~AX.LTOP,L~AX1.l~AX2.t~A~3.lMA~4,LX 
'} ,I cr,,,.I H.C .ITt-REE 
I~TEGe~ ~P,CLT,ACC 

CC"I'LE)( X. CP {4~ 1 
lHCt" C. ~r- {!2~6 ' .• R~E( /3JOIJOI ,(.(, .. qOCCI 

Cl"F~SIC~S CF KX.C.ANO Ll. 
~"3=Z~Cl , ~~1=7~!2 , ~M2=7S32 
Dl~~~SICNS (F R~AG A~~ XMA~ 
~~4=9CCC $ ~"5=SCCC 
01~E~SIC~S CF RVlC A~C G-AR~~Y I~ lAPGE COP~ "e"cpv. 
N"t=3noCO $ ~"7=I,~CCO 

l"/l)("·2·l~A~~ 

J'·"l-l 
J2="2-1 
J: .. I'3-t 

"'="1 
N2="~ 
f\~=pt3 

IF1Cp.EC.21 GO TC 110 
IF,ep.~E.1I STOP 

~AT~IX AOCITICN PACKAGE. 

DC ICC 1=1.~~AX4 

C(J~'I'=G/Jl·II+C(J2'II 
~CC Cer;TlI\LE 

Pl:TLRI\ 

~ATPI~ .~LTIFlICATI(I\ PA(KA~E 

lie CCIIT[~Uf 

IF (CuT .E ... z 1 GU TC a~ 
IIZ-'" 
J~"J2 
IFICU1.HolI S.TCP 

ll! CC~TI~UE 

11-=-l~U3 

DC ~~c l=l,l:~AX: 

II:II+L~I\X3 

S~ALll""P,C'~~+III,L~AX~1 
JJ-=-L"4XJ 

DC I ~C J=l.L"AX"! 
JJ"JJ'L"A)(3 

pal1.J 
~=(C.C,C.OI 

l;: ! 7L K~l,L~A~' 

I'>=.JJ'~ 
)(·)"~H"'·';(J·+!:;' 

'2C cr~ T lI\tE 
IF (t·lL .;;",.C 1 G' J 3 + Id·=X 
1~(~CC.i'\,j.·_1 ~'J"111.~IJ1+lll.)( 

~'O ((F\T ~t\~': 

.. <Tl'" 
~~C 

AR nH. 2 
ARnH.~ 
AR(TH.4 
AR (TH. ~ 
AJ:(TH.b 
A~IHi.7 

ARITH.e 
APITH.<; 
ARITH.'C 
E.2 
F.:! 
A~ [TH.1.2 
AR[TH.!3 
LARGE.? 
011<1.2 
01".3 
01(04.4 
011'.'5 
01",1'0 
OI~.7 
CI~.8 

01".0 
ARITf'.16 
ARITH.17 
AI< !TH.! e 
Alot "H.le; 
ARITH.~O 

ARJTH.<l 
A'HTH.22 
ARITH.1~ 
ARITH.l4 
AI< !TH.?3 
AR!TH.U 
AQ(TH.?7 
ARITH.2e 
AIotITH.29 
AtlJTH.30 
ARTTH.?: 
A~TTH.~2 
A~ITH.~"l! 

ARITH.14 
AM!TH.,\'5 
AIIITH.'''' 
APITH.n 
ARTTH.~8 
AI< I TH. ,<; 
AP ITH .1,0 
APITH.41 
AP.ITH.42 
Act ITH .0;; 
ARITH.Io4 
ARITH.45 
AIIITH.4b 
ARITH.47 
AR(TH.4B 
ARJTH.I,C; 
ARITH.~O 

A!nTH.')l 

AQITH."~ 

AQJTH.~~ 

AP ITH.~4 
AM !TH.~~ 
A~ITI1.'1: 
A~ I TH.C"~ 

A" !TH.~" 
AIlITH.=C; 
AIlITH.!O 
A;<ITo.i.e: 
AR!TH.~2 
AM I Ttl.~:! 
A~IlH.·4 
AI< lTH.c~ 



~ 

10 

12 
13 
1E: 
n 
Z4 
32 

;a3 
~? 
~7 
4C 
44 
lot: 

5C 
~t 
~2 
~4 

5S 
57 

~J 

70 

!Oc: 

'.CI: 
lC7 
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suepCLTtNE G~Efh(I~[lX,lb~GINI GPEE~.2 
C . GREEN.~ 

c 
C 

C 

C 

C 
C 
C 

C 

e 

e 
C 

e 

C 

CC~~C~/PuFF/lCG,~~C,kKk GREEN.4 
CC~~C~/eL(C~C/~lC",~~UM,NCELT~,~PG,N~GY,LAYER,~UM~_~,NClf,IST(6,610.Z 

~ "L~· o. '3 
.CC~~C~/eL(C~E/L~A~,LTUP,LMAXl,L~AXZ,l~A~~,LMA)4,L~ E.2 

2 ,tC~E.ITI.L.I'H~EE E.3 
(C~~C~/eLCCK~/K~124C1I,CI7j3ll,LLI~5!2I,YINTI1691 H.2 
CC~PlEX YI~' H.3 
CC~~O~/el(CKJ/MA~XI~li,RM~G( SOCOI,X~AGI 90001,~AXR J.2 
CC~~O~/eLCCKK/B~BI~6,2IiTAUI36,lt,2I,TTIIO,121.KTYFIIOJ K.2 
CC~PLEX p.Ee,lAL,TT K.~ 
CO~~C~/eLCCKl/ARG,HI1691,XUI91,FATHIII0I,PATH2(10,121 L.2 
C(~PLEX tRG.~ L.l 
((~~C~/eL((K~/~ATI(,XCCN.KSTAR M.2 
CC~~le~ KSTA~,XCCN M.3 
CC~~(~/eL(CKt/PX,Py,FZ Q.2 
Cr.~PLF~ XX,Tf~M GREEN.14 
LA~(E C.~MI:2S61.RVfCI~OOCOI,e.GI490COI LARGE.2 

DIM.2 
DI,,[I\SICI\S CF KX,C.AND LL. 01".1 
~"~=~4ul S ~"1=15~2 S NM,=1S32 01".4 
CI"H'SICNS CF. RM~G AND XMAG DI~.5 
~N4=9CCC s ~~5=90CO DIM.~ 
CI~E~SIC~S CF RVEC ANC G-ARRbY I~ LAPGE CORE "E~ORY. OI~.7 
~~6=3CCCO s ~M7=49CCO DI~.8 

01~.9 
GREEt; .11 
GHEN.18 

1[= IeEe It\ GREEN.lo; 
IF(INCE~.EQ.!I 10=0 GREEN.20 
DC 50 1=1,LI"AX4 GAEEN.21 
f~.IC~1 GREEN.22 
GIIVI"IC.C,C.OI GREEN.23 

5C CCt\Tlt\LE GREEN.24 

foIlt\=l 
IFIINCEX.GT.11 "'1~·"'AXXIIND~X-ll+1 
"U="AX~( I!I;CFX I 
Ifl"I~.(T.MAXI GC TU 130 
LceC=I~IN-ll·~-~ 
LI~l=L"AX~-l 

DC 17.C LCC="'I".~~1 
LceC=Leca.? 
Rl=PVr:(ILCCCI 
R2:RVEC ILece+l) 
R:';=PV'O(ILCCC.21 
CftlL YL~IR1,R2.~3,~tNT,LIt;T,-11 

ARr,=KSTAR.~~A(IL(CI 
XX=1[C".~FXPI eMFLXIO.O,XfoIAGILeC'*RATIOI 

CAll I-Ar\KFL 

If\CX=lC 
~Cx=o 

GREEN.2~ 
GREEN.26 
GREE".<11 
GREEN.28 
GREEN.;?" 
GRfEN.30 
GREEt;.31 
GREEN.32 
GREEN.33 
GREEN.34 
GREEN.35 
GREEN.:H: 
GREE".31 
GREEN.38 
GREEN.l9 
GREEI\.40 
GREEN.41. 
GREEN.42 
GREEN.It] 
GREEt\.It,. 
GR~EN.45 
GREEN.4t: 
GREE~.47 



110 
lt4 
IB 
120 

12! 
12(: 
127 

ill 
14(; 
~41 
161 
l.6:? 
115 
2ce 
2eo 

201 

c 

c 

C 

C 
C 

DO 1tC L=1,L~AX4 
JJ=I<X(LI 
Tf.~",=(e.e,O.CI 

(t-.CX·I"CX+l 

oe 'CC l=l,JJ 
HX=NCX+ 1 
lll=LL("'CXI 
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TE~"'=TER~+YI"'T(llll·HllLll*C'NOXt 
1riO ce,.,TI"'LE • 

G( 1M)! I=I,;( It-.CX I+TEP"UX 
llC CC,.,TI"'LE 

IF("'C'.GT.NL~"'AXI ~~INT BOO, Nex 
1.20 CC,.,TIt\LE 
l~(; CC,.,TIHE 

IlETlRN 

eoo FOR~AT( lOX 44~ •••••••••• INDEX OF ARR.Y EXC£ECS ~U~~AX 
2 1';, 13H 1 •••••• •••• t 

8lC FeRMATI II lOX IOH ••••••••••• E~D CF fILE T~PE 2 I~CEX •• 14, 
2. Lee·. 15 I' 

820 FC~~AT( II lex lC~ ••••••••••• PAPITY ER~OR TAPE 2 I~CEX=. '4. 
2. Lee·. 1= I 

Et\O 

GREEN.'8 
GREEN. 40; 
GREEN.5C 
GREEN.51 
GREEN. 52 
GREEN.53 
GREEN. 54 
GREEN.5'i 
GREEN. ~t: 
GREE~.'i1 

GREEN.~e 

GRHN.r;9 
GREEt<.l:C 
GIlEEN.l:l 
GREEN.t:2 
GREEN.t:3 
GIlEEN.64 
GREEN.t:5 
GMEEIII.t:1l 
GREE~.61 
GIlEEN.~9 
GREEN.t.o; 
G~!'EN.70 
GrcfE~. '1 

"GREE:-J.1.? 
GP~E"'."; 
CREF.N.14 



,.. 

C 

C 
C 

1.5 
C 

?3 
14 

C 
~: 
tfo 

100 
C 

tCl 
tc.: 

C 
iC= 
1C: 
lC" 
llt 

C 
12 ~ 
1 ? • 
1 ~ • 
: ~: 

~ -
~ .. ' 
.-< 

10':: 
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SI.8roCtTINE ~~NKEl 

CC~~UII/P.LCCKF/LMAX,lTOP,l~AXl,l~AX2.l~AX3,l~AX4,lX 

~ ~rC"'[.[T~C.ITH~E[ 
CO~~CII/eLCCKL/4RG,~(lb9),XD(91.FATH1(lOI.PAT~2(lO'121 
CC,"FLEX APG .... 
CC~~(II/CGIIS1/P[.F[4,P141.CUNl,C(1I2,C(t\3,CO"'4.(O~STT,[M,("ST 
CC,.PLrX I'" 
CC~PLEX ~~(?ll.IX.~~~,XPUt\.lINV 

"A)I'"'L".A"2-~ 
XPC"'=CEXP(I,..~qGI 
ZIIW=! ./ARC 

hH(!t=-I,..lIIIV·XPOf\ 
H~(2t=-ZI"'V.ll.+I~·ZIt\VI.XPCN 

CC lOC [=l,~/I)( 

H~tL~~).( 1.'.:'*ZIIIV*HH(I+l,-HHII' 
CC~TIt\l.E 

.... c: 
111=1'" 

DC ItO l"l,l~AX? 

I\;PiI:.!·I-1. 
r )=-D* I'" 
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"ssss~s,' OATA D£CK LISTING" 'SSSSSSSSS 
PUNCHaf\O 

1 DECEMBER 1<112" 
AL",04INUM (PEATU~8'TION EXPANSION) PE\lDA'; PHASE SHIF"TS ••••• 

~ 30 i 1 MULT.HAXA.LSUHtTIH£ 
SIGMA-no 

5 NOIr 
i ITYPE_NUMREA OF ATOMIC TYPES CONSID~AED 

3 LMAX . 
ALUMINUM ••••• 
26. 98 15 ATOMIC WEIGHT OF ALUHINJM 

6 40 11 LTOPtLOWE~ AND NNAG 
5.85;163640E-:1 -o;.98!83025E-"oi 5.69191909"'-01 -6.21556115E-Ol 5.51888103E-01 
~6.4240qI51E-:1 ~~33666305E-9! -6.61J65J86~-01 5.141iS139E-Ol -6.784!2968E-Ol 
4.95321422E--1 -6.93152629E-Ol 4.15726765~-nl -7.069;2431E- Ol 4.55914424E-oi 

-1!18~1070RE-~1 4.36000773E-01 -7.28899886~-01 4.160QI926E-OI -1.37837210E-01 
3.96;84099E-~1 -1.4548375AE-oi 3.7683~~37~-nl -7.516!4909E-Oj 3.S7517060E-oi 

-7!56 A37265E-:"1 ,.38561097E-Ol -7.61020432.-01 3.198~5652E-Ol -7.64275189E-Ol 
3.01488133E-~1 -7.66653055E-OI 2.83675748~-~1 -7.68~~9745E-ol 2.66202636E-OI 

-7!68779901E-~1 ?49093718E-oj -7.68851?14_-n1 2.323;lr42£-01 -7.68311396E-Ol 
2·16r53903E-t·1 -7.67191993E-OI 2.00243446_-~1 -7.655~0786£-01 1.848280'10£-01 

-! !63J3]141.f-r.t 1.69818H2f-Oj _7.60725536 .. -01 1.552;B44E-oi -7.577090 25E -"01 
1!41~49953E-~1 -7.54~10137£-01 1.27424002.-01 -7.5~5~8809E-OJ 1.14169335£-01 

-7.46431859E-~1 l.nI288386E-oi _7.4207oq43_-ftl 8.878;7016E-0~ -7.31453733E-0\ 
7!66~2978nE-~2 -7.32602872E-ol 6.49706038 ... -02 -7.27~;4~77E-Ol 5.362~9647E-o~ 
-7.22'59004E-~l 4.26209167E-o, -7.16822637.-nl 3.195~9185E-0, -7.l122962lE-oi 
2'16i45571E-~2 -i.i5494252£-oi l.i66n5iI6~-02 -6.996;8753£-oi 2.00875512E-0~ 

-6.93651318E-· 1 -7.34366784E-03 -6.87572R98 ... -n1 -1.639Q7563E-O, -6.81404171E-oi 
-2!51~2R36RE-'"2 -~.75155533E-oi -3.36012900 .. -02 -6.68840~30£-oi -4.17723033E-0~ 
-6!62i65236E-~1 -i.96793459£-0~ -6.56037507.-01 -5.73~~0508E-02 -6.49565373E-Ol 
-6!4 7162040E-:2 -6.43U56536E-oi -7.1 8 268846.-02 -6.365;.601E-Ol -7.87029565E-0~ 
-6!29Q6R471E-'1 -A.53480775£-OZ -6.2339'220--n1 -9.176~9q64£-0' -6.16807745£-01 
-9!7q~05459F.-~2 -~.ln214756E-Ol -1.03911?48~-nl -6.036;7304£-01 -1.~9669079£-01 
-5!97~41483E-~1 -i.152l6667E-oi -5.90'6IR84.-01 -1.20566686E-ol -5.83892Y48E-ol 
-J.2S721~55E-·1 -5.77338966E-Ol -l.J0672Q47.-n1 -5.708;0401£-01 -1.35443404£-01 
-~!64~02tl0E-Q1 -1.40037013E-oi -5.57917$72_-n1 -1.44457179E-0\ -5.51J~01,7£-0' 
-1.48707425£-,1 -5.4,933067E-Ol -1.5278n;o25_-nl -5.385.6;071£-01 -1.566Q60?4E-Ol 
-5.32iQ"77~E-~1 -1.60 458064£-6i -5 • .,5975157.-n1 -1.64~~9~92E-oi -5.195Q59;o6E-01 
-1!67~33R55E-;1 -~.133S7469E-oi -1.70854~95_-"1 -5.071~2~82£-oi -1.74033551£-01 
-5.01~1196uf-n1 -i.77075454E-Ol -4.94909202~-G1 -1.799A3~25E-Ot -4.88855810£-01 
-i!82759471[-~1 -4.~2853691E-G' O. _ o. ~ 
-1.~3~98214E-~1 "-q.14831520E-~3 -8.31~01968.-n2 -6.080A67&7£-0~ -6.42315045£-0~ 
-3.7074022~E-"·3 -'.62866446E-02 -1.965510Rl.-n3 -2.923;0701£-0' -7.99958152E-04 
-i!30~4J497E-~2 -1.6148'916£-O~ 2.69561S66_-n3 -7.07'~4111E-0~ 1.15433186£-02 
_3~05460278E_·.4 ~.15886077£-O;O -l.00~25475.-03 4.487~4175E-0? -2.07529984E-03 
5!74475128E-~2 -3.464 1559A£-03 6.9J697i63~-n2 -5.144~2710E-03 8.06305278£-02 
_7!07~59237E_'3 9.1262532iE-02 -9.;02951614.-03 1.012Q6r.14E-oj -1.15717675E-0? 

1.10?5926.,E-;l -1.40823A92E-02 1.19611699.-nl -1.67113669E-02 1.27981043E-OI 
-1!94~44n02E-~2 ;.15888749E-oi -2.;o3223742_-n2 l.433S5r81E-oi -2.526754R5E-0~ 

1.50399211E-;1 -2.82834531E-0~ 1.570Jii61.-n1 -3.115;4RI4E-0, 1.63281311E-Ol 
-1!44~22061E-~2 ;.69165060E-nJ -3.16026~53.-02 1.746Q8,48£-oi -4.07607811E-0~ 

1.79R9573AE--1 -4.39254015£-02 1.84Bl~164~-nl -4.711!1514E-0? 1.89405124E-Ol 
-5.02?06~26£-~2 l.93677163E-~i -5.33962907.-02 1.976i6~40£-oi -5 •• 47834n7E-o~ 

1!01325756E- II -5.9508'I74E-&;o 2.04470181~-nl -6.230<:1303£-0;0 2./1748760"E-Ol 
-6.51i8193&E-;2 2.10381561E-oi -6.79451R96~-o2 2.11l.5430E-oi -1.0784587AE-O;O 

2!i5RI2454F--l -7.36337424£-02 2.18'JliOO~-01 -7.655;079 1£-0? 1.20898881£-oi 
_7·94454]SJF_:! 2.2322119;tE-ci -8.?1139?97~-~2 2.?54:3,51E-Ol .R.5IS185A7E-n;o 
2·2745011~F-~1 -R.79626A62E-O~ 2.29149153.-n1 -9.072i8~OqE-0. 2.31132263£-01 

_9.34~314Jr,E-~2 2.32802846E-OI -9.61548372~-02 2.343~'989E-oi -9.88251221£-0' 
,.'5A2?465£--, -i.nl 46?346£-n; 2.37167j75~-nl -1.o4nc2828E-o; ;o.18421607E-oi 
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-1:~66i3223E-:i 2:j9587 o30E-OI -j:~9i42?80.,.-ni z :406" 7r,JIE-O; -i:i163S8l7E-oi 
Z~41"64516E-'1 -1.1 41 01766E-0; 2. 42S75j 42 .. -n,1 -1.1 65;1113E-oi 2.434126nE-oj 

-1.!IS 909301E- r l :>.4417953;>I;"-oi -1.Z1265486"-II1 2.448:;8~83E-Ol -1.23S8888ZE-Ol 
2'45~10f'l3nE-'~1 -i.25878752E-01 2. 46074677.,.-n1 -1.Z~1i'7642E-0 i Z.46S79696E-0; 

- i: 30'45052E-'~ 1 ;;.471127648E-oi -1.32535416",-111 Z.474?0445E-oi -1.34683210E-01 
2: 4 77599S5E-: 1 -1.3680Z945E-CI 'Z.48045146,.-01 -1.388114517E-01 ;>.4828Z1AaE-01 

_i!40934489E-~ 1 :>.41347;>70SIO-OI -1.4Z~5;>48f1 .. -n1 2.4SI,;8?96E-Oi -1.44938174E-0;~ 
Z. 487;>OS07E-; 1 -'.4689 1234E-O; 2.48785,,59 .. -n1 -1.48~!1385E-Ol 2.488008 3SE-Ol 

_i.!50"'9"369E-~1 2.48 78 1A85E-ill -1.5Z5S1956.,.-nl Z.487.,S4Z3E-Ol -1.S437 1941E-Ol 
2.48"32A34E-oil -i.5615814iE-01 O. O. 

_5.51)"16M1f'1E-; \ -J.857114991O.;,ci~ -5.4832"; 111 .. -;11 -4.106,,1 74 1E-0\ -5.44099187E-oi 
-4:33:>9 90201'.:-: 1 -<;.38119AS6E-CI -4.535971194.,.-111 -5.307,,1198E-q -4.71568589E-OI 
-5!224?960~E-fll -4.137Z49;:>71)".:-01 -5013330479 .. -nl -4. 99?;>4 772E-0 1 -5.;;3895 171E-0\ 
_5'0911?;>406E- r l -4.94255720E-Ol -S.1 9087368.,.-nl -4. R4 5;5986E-OI -S.;>7068718E-0; 
-4!74 I1 O"l67"'1'.:-':1 -5.33 d18CME-O; -4.6S323181 .. -1i1 -5.38';:6431E-Ol -4.S5985683E-Ol 
-5!"2<;3693nF:-~1 -4.4682S05"E-oi -S.45935:>53 .. -lIl -4.37870<34;>E-Ol -5.4872 7050E-oi 
'-4.?9\44 Q 6JF:-' 1 -c;.<;n9J7 724E·Ol -4.;10 nil!!> :14 .. -11 I -S.52i94S94E-OI -4.IZ~35769E·Ol 
-5!'5JIJn\17~- '1 -4.r.4721354E-tll -5.~375SCl~8.-01 -3.97039192(-01 -S.540Ud I 4E-OI 
-3oiR9<;94qOl'>f-~1 - ... 541249O;3 F-ci -3.8Z,.8~798"-"1 -5.536';0623£-01 -3.15567909E-01 
-S~S3!\3eI31E-:l -, .68853895E-:1\ -5.52;>9) jOZ,,"-OI -3.623,6556E- 01 -S.SI4139~6E-Ol 
-3!S6!1)3"l01E-"1 -S.501o100S7E-ot -3.49~10f'l39"-01 -S. 492;;5S57E-01 -3.43985Z8ZE-oi 
-5.4795;:>677E-:1 -3.38235026E-01 -5.46593770"-01' -3.3Z6~7;:>97E-oi -5. 451S1192E-Ol 
-3:27:>49626£- ~,1 -':;.43627313E-OI -3.22033314 .. -n1 -5.41 9a1rl0E-Ol -3.1697 0907E-01 1:1. 
-S.40:;S0898E-~1 -~.lZ059743E-oi -S.3S528~41"-OI -3.0 7291;>76E-01 -5.36724332E-Ol 
-3!02F,S1 054E-,-, 1 -S.3487 0473E-01 -2.98228406"'-01 -5.329-1S119 1E-01 -2.93907684E-01 
-S.3097 0709F.- ',1 -2.e9716462E-oi -S.;:>Sn5499"-01 -2.856~240~-01 -5.269508SiE-01 
-z.81713272E-",1 -o;~;>4897374E-oi -2.7n I5a59.,.-ill -5.221117567E-01 -2. 74229695E-Ol 
-5!20F,64 786E-' 1 -2. 7n652632E-Ol -5.1 8529070.,.-01 -Z.671112605E-Ol -5.1638 (1487E-01 
-2.631!1 1624E- 1 -S.1 42 19123E-01 -2.61)573118I)e-Ol -5.1 2020202E-oi -2.57422369E-Ol 
-S.!0911~1~>lRE-; 1 -2.5436 1244E-01 -5.6 76;>303b-01 -z.513118728E-Ol -5.0S424134£-01 
-2.!48~03 1 09E-'; 1 -5.03224649E-01 -2.457181196"-01 -S.010"3448E-0\ -2.4301024ZE-Ol 
-4!98191953E-~1 -ii. 40375597E-oi -4.965890;93"-111 -2.37S;3473E-oi -4.943951t33E-oi 
-2.35327433E-'1 -4. 9221nI6I1E"'01 -2. 32~ lItll64 .. -1i1 -4. 9O';15456E-Ol -2.31)568444E-Ol 
_4!87a3650ZE-·~ 1 -?.2tl21l2501E-~i -4.85672",1 9.-01 -Z.2«10';5605E-Ol -4.83S23160E-Ol 

j _2.?3M6575E-'1 -4. 81387506E'-oi' -2.21784~03 .. -nl -4. 797o;33 72E-01 -2.19732457E-Ol 
-4.!77i3 7909E-1'1 -2.1 7730298E-oi -4.7504041 8"-1)1 -2.1 5776722E-Ol -4.72960Z30E-Ol 
-z.13A7n76(lE-~1 -4.70896707E-lll -2.12011471,,-01 -4.68849:>40E-01 -2.101 979 j}E-oi 
-4!661117243F.:-~1 -;>.o~429366E-ol -4.64900jS9 .. -nl -2.067~4818E-oi -4.62797451E-Ol 
-2' OS~23507E-'11 -i..60 808603E-OI O. _ ~ O. ' . . ~ 

-1 :04? 1 2514E-,: 1 -9.34874CH2E-01 -1.13994733~-01 -1.1 48,,4"53E-02 -1.2)434929E-Ol 
_).38169 786E-"2 -1.32559472E-O) -1.63361140"-112 -1. 41390434E-01 -1.90400633E-oZ 
_1.!49 946336E-=1 -;.19253783E-02 -1.58726331.,.-01 -Z.514~9793E-0?' -1.6699018 4E-OJ 
~.84721!>032E-;2 -1.747~6300E-Ol -3.18961~R5 ... -"2 -1.82136iI4E-OJ -3.S4008043E-07 
-1·1t9~6452I1E-',1 -,.a973 7193E-I)2 -1.9591ijA77 .. -111 -4~27~Zzi75E-0~ -2.02062656E-ol 
_4. 64313754E- :.2 -2. (1784 7770E-0 1 -5.01.601S8e-02 -2.131921 91E-0) -5.3832325"E-02 
-2.18;ZOI65E-'1 -S.14 777373E-O;' -2.22693O;41~-nl -6.10940611E-oii -2.26873400E-01 
_6.46"167384E~;2 -2.3068 1289E-ot -6.809~6637 .. -112 -2.34137490E-01 -7.14617432E-07 
-Z!37~6111ZE-', 1 -7.47Z68173E:-0? -2.40023050 .. -nl -7.784"4209E-O~ -2.42S12~93E-oi 
_1I!08 137745E-;2 -Z.4474 433AE-Ol -8.37~47i9S~-02 -2. 467-11511E-Ol -8.66076235£-0;-
.2.4841171)0 8£--,1 -1!.~3084402E-02 -2.49961304.-01 -9.184~2~02E-O? -2.51<!60374E-Ol 
-9.!42a091;>7E-~2 -2.52392917E-()1 -9.6(253)4Z"'-02 -2.53367i88E-oj -9.8~724962E-O~ 
-Z!S4 i 91 1)31 E-~: 1 -;.01020687E-Ol -2.54gi4?88~-~1 -1.03~i2750E-Ol -2.55332226E-Ol .I~3 
"i·04Q3(1791E-:l -2.55749697E-01 -1.~6773Q85.-nl -2.56~7i331E-oi -1.08541621E-O) 
-2!'56'0IS46F.-~1 -,.102]3105E-01 -Z.56.03106.-nl -1.118:3944E-01 -2.56444Z99E-?1 
-i!131197j~E-'1 -Z.5642593I1 E-ti1 -1.;4786197.-nl -2.563Si131E-oi -1.16J"5121E·~1 
-?!S6:>22281E-, 1 -;.1 75]4332E-Ol -Z.56016i26~-~1 -1.18797430E-oi -2.55773958 E-01 
-1.Z0019786E-'~'1 -?.55497195(-01 -1.2120)32Z .. -nl -2.551a7201E-01 -1.22341 985E-Ol 
-2.!54114S?'96E-;,1 -'.23441745E-01 -Z.54458;34e-cil -1.Z44aI784E-01 -Z.S4049ZS9E-oi 
-i !2549~371 E- ~ 1 -2. 5361947(,E-Ol -1. 2f>4674 94"-01 -2.531£9554E-oi -1.274131S5E-Ol 
-?!527n0263E-i l -,.2832736Af:-Ol -Z.52204486.-n1 -1.Z9199?51E-01 -2.516949 i 4E-oi 
-1.!30n 45234E- 1 -Z.5) 17Z044E-01 -1.30865333e-;'1 -Z.506~6364E-Ol -1.31659510E-Ol 
-2·5I)n88351E-'1 -; .324 279 7AE-0 1 -Z.49524;'39.-nl -1.331~4;>78E-oi _;>.48950935E-01 
_j;331'7AI)1 4E.:l -2.48368178E-ol -1.3 4369;;1 7 .. _01 -2 47778;06E-oi _1.352379?4E-ot 
_;>;47i7924AE-~1 -'.358S4\79E-Ol -2.46569692._01 _1:36~~3S05E-Ol _Z.4595 4073E-Ol 
_1~3710?758E-~1 -2. 453 32632E-OJ -1.3768i~81 .. _(l1 _2.447~5610E-oi _1.3824121 8E-0] 
;.Z.4411'13242E- r l -i.3818OS20f:-01 -Z ."H3575ge-Ol _1,39799938E-Ol _2.42793388E-Ol 
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_1!SI'4~S63E-~Z -1.9S367911E-04 -1.7379541Z._02 _2:643~5301E-04 _1.97698604E-02 
_3.S0""4799~-:~ -2.22&89964E-07 _4.55138643._n4 -2 493;3543E-02 _5.8117 0230E-04 
_2.7601R~63f-~2 -7.32648642E-04 -3.~654~308~_02 _9:157c8R78£-04 _3.l679 5279E-0? 
_1:1~~723S5E-·3 -~.676SS282E-O? -1.36766~42~-n3 -3 99ii1986E-0~ _1.64i73936E_0~ 
_4:31i~190q~-"2 -i.94BI6n"OE-Ol _4.64~39?51~_n2 _2'303~S97SE-~3 _4.986 6 39 ;o3E_02 
_2.69,135469[-· 3 -5.1234?3~4E-O~ -3.11921449.-n3 _5'659Q83B9E-O~ _3.S8102443E-03 
_S.99"1349(,[-"2 -4.0A03A39'5~-03 -6.3471So71~_n2 _4:640;>6C;S7E-0~ _6,69 036336E-0? 
_S:23~7S764E-:3 -7.~261S216f-02 -S,8S121S92~-n3 _7.354Q9~10E-0' _6,50104273E-03 
_7.67~932S4f- 2 -7,17968194E-03 _7.99490jS9~_~2 _7.89i~6"4SE-Ol _e.JOSS4139E-~2 
_8; 62 0 (1)346£ -';3 -R. (1)91 5S0Sf.-02 _9, 390'96()91~-03 _8. 906.2989E~02 -1,01716450E-02 
_9:i9~47qAIE-:2 _1.~9879q~qE_O~ -9,4901i,,71 __ n2 _1.1845SjI9E-O; _9,71285083E-0? 
_1,;:>71 447Blf -:2 -i .00 4S n318E-ni -1.35~32?13 __ 02 -1 030100;91E-01 _1.44801621E_O~ 1:'1 
_1.~5O;92773E-~1 _1.53737934E_0, -1.08 0Sn981 __ nl _1:628;1447£-0' _1.10401 813E-Ol 
_1:11A99n73~-:2 -i.126491aSE-Ol -1.80957isl--0Z -1 14196;57£-01 _1.89918113E-02 
_i.16A4"J42E_;1 -1.9B94A436E-0~ -1.18910~28_-nl _2'01BR2191E-0? _1,20680168E-01 
_2:16126784f--2 ~i.224S79R3E-~i -2.?5~67"68~_02_1:24146~59E-oi _2.34 a 9 34 45E-0? 
_1:2S149057f-:l -2.4259~R27E-02 -1.27263716_-01 _2.509'0135E-0~ _1.286988 31E-oi 
_2.59i32553E-:2 -i.30US902?E-Oi -2.'71 9 1i51 __ 02 -1.31346~15E-oi _2,15a9 7564E-oi 
_';32S6194AE-;1 -2.a2B43906E-O~ -1.33696292_-nl -2.903~5~49E-02 _1.3411 0094E-O] 
_2.97140"15E-I.2 -i.3S78S040E-oi -3.04963~68~_~2 -1,36742156E-Ol _3.12029224E-0? 
_1!37t44803£-,l -3.18?32227£-0? -1.38478618_-01 _3.255~8!98E-0? _1.j9267059E-01 
_3.32126729E-'2 -1.40011126E-01 -3.38514318_-02 -1.407,2016E-01 _3.44157675E-02 
_i,41~10829£-~1 -3.S0SS3109E-Qi -1.4i~76613~-~1 -3.561~lR68E-oi _1.4Z547691E-oi / 
_~!6249051S£-~.2 -1'430B6668.~-~~ -3.6BI27~58.-n2·-1.43593123E-0! _3.7364 10?5E_0? J 
_1!44n69609E-~1 -~.19029059E-02 -1.44505034_-01 -3.84232569E-02 ~1.44915812E-Ol 
_~.89335104E-~2 -1,45302670E-rii -3.94337i99._~2 -1.45~!5956E-oi _3.992)58~2E-02 
_1!46006?44E-~1 -4.04030566E-0~ -1.46324~30 .. -(ll -4.087l'OZ53E-O' _1.4661 91J 0IE-Ol 
_4.131n3927E-~2 -1.4689402S£-Oj -4.17180657_-02 _1.411.1i59E-oi _4.22i49569E_0~ 
-1!41379646E-"1 -4.264 09851E-02 O. O. 
_1!18426~23E--l -2.71B65443E-06-2.12560430_-03 -3.95360888E-0~ -2.5324849SE-03 
_5.74414023£-;6 -1,0010393j£-03 -8.24761311 __ 06 -3.527R6132E-03 -1.16426690E-05 
_.!1~99616SE-,~3 -i.61276075E-05 -4.71831n91,,-03 -2.16749?73E-OS _5.39084 744E-03 
_2.88)54083£-£5 -6,12445639£-Oj -3.19008068_-Q5 -6.916~~Q36E-03 _4.91946381E-05 
_1.16472952E-'3 -6,30608252E-n~ -B.66102835.-n3 -7.97SAo099E-05 .9.61225639E-0) 
_9.98;37156F.-:5 -1.C6164362E-02 -1.23649140.-n4 -1.167;1467E-0? -1.51105821E-04 
_1.27765049E-;2 -i.844447ROE-04 -1.39750~39.-02 -2.238;2431E-04 _1.S196 0659E-02 
_2,68,97282E-'4 -1.64393135E-0? -3.18228870.-"4 -1.170.3803E-0~ _3.739428 06E-04 
_1!89009106£-.. 2 -4.35180616£-Q4 -2.02589Q54 .. -02 -5.02124873E-0, -2.15~83~74E-02 
_5!16~84009E-~4 -2.29179197E-O~ _6,58 203R28 __ 04 -2.43066A03E-02 _7. 49044440E-.4 
_2.S7336576£-;2 -8.49179814E-04 -2.72544j21 __ n2 _9.63i90A96E-0~ _Z.81823899E-Ol 
_1;08~02~99E-;3 -3.03176987E-02 -1.21795469.-n3 -3.186~4'71E-0?' _1.15921935E-03 .( ~ 
_~.34106429E-':2 -i.510211496E-O:l -3.~9998~9h_n2 _1.67~?8r91E-0~ _3.6S~1i4465E-Ol : 
_1!A4724056E-~3 -3.81528AI4E-O? -2.C292~760~-(l3 -3.971!6~21E-0~ -2.ZZ.4 28 30E-03 
_4.12151631E-'2 -2,4208S102£-03 -4.,8544913_-02 -2.634,6~31E-03 _ ••• 41~61~oE-02 
-2 !A5~)4888E-'; 3 -4.5950282jE-o~ -3.0843Z689 .. -~3 -4 •. 746'!!2jJ7E-0~ -1.:szio0932E-OJ 
_4!89,,70776(--2 -3.S6531562£-03 -5.04705655_02 -3.820-.8nOoE-03 -5.1 ..... 3741£-0~ 
_4.08;91134E-;3 -~.33893a30E-02 -4.34885'31h-03 -5.480A4l'83E-0~ _4.62112103£-03 
_5.~1C1630S6E-~2 -4.898 66256E-03 -5.751611.24.,.-n2 -5.184i944 2E-OJ -S.89t186 71E-02 
_S!473114i5£-)3 -6.02344413E-02 -5.76530901~-03 -6.15i.7~81E-0?' -6.0"31299E-0~ 
_6!2763494nE-~2 -".35791634E-03 -6.39~14457.-n2 -6.65992~58E-03 -6.51844214E-02 
_6.9610436SE-.,3 -6.63432727E-02 -7.26695136--03 -6,146881 82E-01 -1.51131714E-03 
_6,85618455E-=Z -j.87602153E-93 ... 6.96275345~-(l2 -8.181;'7347E-0) .. 1.06599314E-02 
-8.48"51523~-';3 -7.16597923E-0? -8.79027;94.-03 -1.26?:;8462E-0~ -9.09Z(,79 63E-03 
_7! 351'.4 7971E-.-'2 -9.393484 75E-03 -7.44711486.,.-02 -9.692';561 5E-03 -7.5361J7163E-02 
-9.98~49361E-03 -1.~1963395E-O? -1.02840707~-02 -7.70j~2364£-0~ -1.05!60700E-0?) 
_7!78n60050E-~2 -1.08~52831E-02 -1.a5692?43~-02 -1.115,5101E-0? -1.93jS45 45E-0? 
-j.i4345590E-~2 -a.00 152386E-O? -1.17142463 .. -il2 -8.0690in24E-0~ -1.tM639s7E-02 
_8!13575559E-:,2 -1.22628386E"02 O. O. 

.~ 
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T-F~CTC~~ RF.C I~ TC L= ! FOk AIC~IC TVPt I •••• AlL~1~L~ ••••• 

sueRCUTI~E ST~CK FCR~5 IhTLMMECIATt ARRAYS (LlI AND (CI. 
l= 3 l~t~.= ,z=e (ll,~~,L2,~i.L3.~]I·( , 0 ~ :; ~ 'I 

••••• FCC f:OOI-SL~FACE 

LATTICE C(~~TA~T IS 4.04~CO A~GSTRC~S. INTeRl~YER SPACI~G I~ SLlK IS 

e'51S ~ECTC~ IN SL~F'CE FLA~E 
( 11 CC~E( 11 SY"( 1I D=( 
( II CeRE( tl SY~( II C-I 
( 'I CCRE( ~I SY~I II c=( 

IS (, a.ooooe, 0.000001 
c.~uooa o.coooo c.OOOCOI 
£.o~coc O.COOOO 2.C2C(CI 
a.ooooc 0.00000 4.C4CCOI 

RFC IPolCClL LATTICE. SU~fAn NET VECTO~S 

1I RA'( 1.~ ~4 1. SZ .. I 
Zl .RA" I !.5 2" 1. ~21t t 
31 RA-( 1.5 24 1. 52,,1 

RP·C 
Re·( 
Re-, 

A=( 
A" I 
A=I 

2.C2000 
2.C2C(c 
l.ezooo 

1.'''~ " -t. 
1 .~::; =; .. -1. 
1.5;5 " -1. 

:.O~OOOI 

;:.C'OCCI 
2.e2COCI 

~!i.". 
5S;~:') 

;Sliol 

2.U200C 
Z.C?CCC 
2.e2000 

-2.0<:0001 
-2.C20001 
-2.0;:OCOI 



••••• .lU.I~"" (PEMTURe.TIC~ EX •• NSICNI PE~DRV P~'SE StlFTS ••••• 

l~eICE~T e~~. ANClES ARE ThETA- o 
0, •••••••••••• 

l~eICE~' ElEC'RC~ E~EA~Y FRC~ 40 TC 40 E.~. 

lATTler TE~PER~TLRf. Zq] 
CEeVE TE.PE~ATuAtS' 426 A~O 42~ 

Sl~RCUTINE T~eLE SETS PPCPAGATO~ eCTOFF LHGTH AT. R"X- 3C.CCC 
FI~~l LAYEAS tF SU •• AT\t~ ·AAE I I, 11 'UXXI 11- 348 .- TCUl 
FI~~l LHfR~ tF St"MATICN ARE I Z , 11 .AHI 21- 648 • lCTH 
FI~Al lAYtOS CF SU".AT teN AilE I 3, 11 MAXXI 31- 897 - lCTAl 
FI~AL lAYER~ tF Sl".ATln ARE ( I, 21 .AUI 41- 1197 - TCTAl 
FIo,H LAVE.S CF SUI!MATICN ARE I }', 21 "UX( 'I- 1413 - TCTAl 
FI"'lri. LA'E.~ CF 5t •• AT ICN ARE I I, 31 MAXXI 61- 1662 - TCTAL 
FINAL LAYE~S Cf S\J~"A TI C" ARE I 2, 31 ~AUI 71- 1878 - TCTAl 

AARA' CI.e"SICNS RE~UIPec IANO 
C­

u­
~X­

R"AG­
X~AG­
R~EC-

5uPPLlfCI 8Y P'CGR'" 
.. ~& I 7H21 

GleOMPLExl-

""8· I 75321 
,5; I 24011 

ISH I qeOCI 
1878 I qocel 
SoH (3000CI 
30Ti- ( 4900CI 

TI~E ft-~ lXf(LflCh r~ TAPlt 2.~1~ TC l.~;2, 

~UM8ER 

~UMeER 
~UH8t~ 

~U"8ER 
~U"~ER 
"u"Bt~ 
"UM8ER 
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OF ATt" " sITes ~ITHI" CUTCH. 
CF ATC" \C SITES ~ITHN CuTCFF. 
OF HO." SITE S • lTHN CUTtFF • 
CF ATC"" HlES ~1T"IN eUTeFF. 
CF arc." 511 es ~ IT~ IN CUTOFF. 
CF ne.le SITE S • IT''l~ CUHFr • 
OF A TtJ" IC SITES • !THIN CuTCFF • 

I ••••••••••••••••••••••••••••••••••••••••••••••••• " ••••• _ ••••••••• 
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[NCICENT BE~~ F~E~GY IS 40 ~.V. SSSSS 
4~.88Et. 4.0~S·1 ~.~. RE~C~~AL [lEe '~6SIPtRTICLE ENt:~G'I' 

CG~PLEX ~-V~CTGF 
'~ASIP~RTICLf ~ENCF~ALIl~TluN eCNSTANT 
I~EL~STIC CA~PI~G LE~GTh 

~AGY= t 
E=C 

KSTAR=C 
lNOP"=C 

LAMeOA= 

3.t?t~~. .148251 l~vERSE A~(STPC"S 
.f2761. -.2~23S1 

PRCPAGATIC~ VEeTCoS IN CRYSTAL 
HPE( il eEAMC C. 01 
TYPEI 11 PEAMC C. 11 
T'PfC II Hf6~C 1. vI 
TYPE(.I bEAMC 1. 11 

lHER 

CPUIN SLBPl A~E PRrF6GATCP BY 

,,"U~BfR CF ITEPAT [C~S= 8 
CC~E( 11 SY~( 11 

&.745; AI\(STR(;MS 

ITEio.ATlC,," 

TAul O. 01- 2~45351e4~E-C! 1 
CC~E( 11 SY"C 11 TAUI 0, t ,. t.0C;4e86HE-Ol 1: o HailleJ ~ C';I<EI tI 5'1'1'1 A.I TAuI' 1, 01= 1.09488~3lE-01 
CCREI 11 SYMC 11 TAli I 1, 11- 4.34C?!18EE-C' 

"'L~eER CF lTERATICr.;S= c 
C(PEI 11 SYI'C 11 TAU I 0, 01= 2.453'o69C?E-Cl } 
COPEI tI SY"C 11 TAUI 0, tl= 1.094Cj1,llH-Ol 7: o &"fd iJteJ ~ CCI<EC 11 SYMC 11 TAUC 1, 01· 1.C'>4C;4UH-OI 
CCREC 11 SY~C : I TAUI 1, 11= '. HOC;4146E-02 

. 
ITERATICN Cf T-"ATR IX TC nCER 1 

eEAI' 
Lt· YEP- 1 T-I .146<;42/ -.1l4n41 -.13'1C~6 TERM- -.C47!47 -.t ~4fO!~ !l~;' 
LAYE~" Z T·I • 08C7HI -.Ulb1Z3 -.C16388 TeR~ • .07<;~'i1 .Ol<,8lQ Sl."· 
LAYER" 3 T~I .044354/ -.014352 -.C4!<;68 TER~. -.Oi,E!~q .c~!c;c;: Sl"':sl 

E~EPGY" 40 E.V. i"TENS ITY: .... 021Z~6E-C? L(lGAP lTtI~· -2.J«;564 ......... ~. 
eE)I" 

LA'YE"- T_I .OP.BIBI - ."'0'17<: -.C81'162 TFAI" -;C~C<;'/z -.OA'9~~ ~L'" 
'LAYEM- T-I .0445631 -.01,'53 -.C4:080 TE~f04- -.UCS~"2 .04:'1t.,~ 5l."" 
LAYf~· T-I ;022H5/ -.001$0:'2 -.C2UC2 TER'" .0 It ~" .. -.QlI:6f! 5lP'cr 

E~ E R 0- 40 E.V. INTENS IT.'Y." 1.74.'>1'£-0 LeGAII 1Tt-I'- -?7!'ac;b 
••••••••••• 

SEAI' 
LAYERs t T-I, .0HHat -.03(;C;72 .,..ce1<;&2 TERM- -.O?CC;72 -.081'1" SV'" 
LAYE~· Z Tsl .C44<;t>31 -.UlS75? -.("Hal!: TEll". -.CCS€4;? .04:41> SU': 
LAYER- 3 T., .OZlH~/ -.OJtlOI2 -.C21Z0~ TER"= .Olo?t<4 -.OI~l>e 4!l"'s 

ENERGY= lot: E.V. I1\TE"IIiS ITY" 1. 7419B~-C! LCGAA tT"". -<.7~1l9~ 

••••••••••• 
p.o" 

C.OCCCC 
1.~5·24 

-1.·~'Z4 
c.occee 

;fer:at;,,~ 

matrix 

-.O47~4" 
.01161C 
.CC?'l, 

-.C~0~7" 
-.0"C~1. ~ 
-.C244!C 

-.C3C<;72 
-.040e1; 
-.C~·4'.~C 

f!,"e,ansi" P\; 

i" ve'l ion. 

-.13o;03t 
-.121,201 
-.C~C2~4 

-.01!'C;~' 
-.O3~4~<; 

-.O~"le1 

-.O@\C;t2 
-.0384 '1<; 
-.cc41H 
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LIiVER: 1 T:I .0lHilJI .01C61,,, -.C2110;4 TE""· .0~C64~ -.021154 su,.· .01064<; -.0211 'I, 
LII'IE~= 2 T=I .009H051 ' .-.104'0.:1 ~ -. CO~158 TEP." .. -.((11291 -.OC5234 n,,- .00235<; -.026388 
LAYE~= T=I .004C~C;1 .OOHlS -.CC~~'6 TEPI'· -.CC2;,89 .003207 Su"· -.ceooc -.C2:H81 

er.:~RGY= 1.0 f.V. 'Jr-.T"~SITY· 2.t.4S31CE-C4 LeGAP IT""- -~.S768b 

• •••••••••• 

;-i 

ITEqHIC~ CF I-I'HPIX TC (ket:p. l 

0 C !'fA" 
LAYE~= 1 T=I .10P211 - .-.145228 -.C«;I7H2 TERI"" -.04~228 -.0«;17))7 51.:'" -.01,5228 -.0C;7B2 
LAYEN. 2 T'I .C4'ilntl - .OI3d4~ -.C47197 TERM: .C47<;C3 .01l1~C; 5t"· .C02H6 -.08tl73 
LIIYci'= T=I .(jcccu -.-.10':;08 -. (29<,72 TE~"- ,-.C22334 .02CO'o0 SU,,· -.eI96 c p -.0l\6B2 

FM po= i,e F..v. i"'Te~S lTV: l. 3 .. HCCE-0~ LeGAIIIT .. ,,- -2.62954 
••••••••••• 

C etA" 
LII'IF.R' 1 T=I .07C77~1 -.01125t -.C6<;875 lElI"· -.01l2~2 -.0,6987,5 ,51."'· -.0112~2 -.06<;875 
LAVE"· ~ T=/ .O~4~!i~1 .0(;32,.'7 -. CH'!04 TER". -.02l-B3 .CU99~ SL"- -.CHc;e6 -.C428S0 
LAVEll- T-l • C 1..ti 2'i 3"1 .00C193 -.0182<;4 TER". .016<;C6 -.00t994 St.,,· -.016C8C -.04C;873 

Er.iPG'I· .. c (.v. IIITl"SIT.V" 1.353755E-0! LOG411IT""· -2.8t-846 
••••••••••• 

t e lIEA" 
LA 'I Ell" T-I .07C77'1 -.011252 -.C6'11175 TER". -.011252 -.069875 SU,,· -.01l2~2 -.069875 
LA'IElh 2 ,T-I .Oh~C;61 .OU32't7 -.0,.'04 TERI'- -.C21133 .02t9"~ Slil'· -.C~2c;e~ -.C42880 
L6VE,Ia' 1 T-I .C1'32951 .000193 -.C18Z94 TER". .016906 ,-.006994 SLI'· -.CI608C -.04un 

E~E"GY= 'C ,'e.v. Ir.H"SIT'I- 1. 3S3755e-c~ LOGAR IT .. ". -2.8684~ 

••••••••••• 
1 1 PH" • 

LA'IER- 1 T-I .O~2C;t:41 .0 .. 096t -. C31571. TEIlM- .0400;66 -.'033571 5U"· .040966 -.033571 
LAH~· 2 T-I .el!>l""'1 .01955'i -.Cl7151 TER". -,.0IB8l -.021144 SL"'· .C25~8' -.05471" 
L .. VEP" 3 T=I .coeze41 .0.:15847 -.C057!;5 TEA"- -.CC68"5 .004523 SUI'· .C1874C -.0~01<;2 

E"E~GV" 40 E.V'. I" TENS IT 'I- ~.4151~7E-0~ LeGAR IT .. ". -2.84920 
• •••••••••• 

IHRAfiCr.: c, '-"ATUII 10 CROER , 
0 0 'P.U" 

LII'IER- T-I .C9<;8841 -.042094 -.C90!!8l TE""· -.042094 -. C90'l8! Sli"· -.042C94 -.090581 
LA V e R. 2 T-I .0490171 -.1l10Ul -.C46780 TER". .046C57 .013580 SUM. .003963 -.077002 
Lj\YEA. 3 T-I, • ,CH!'051 - .007azc -.C32580 TER" • -.C2!no .02!'U 51."·' -.C!9907. -.0'H89 

E"!::PGV. 40, E.V. INTENSITY- 1.6058'i8E-0? LCGUIT .. "· -2.791028 
••••••••••• 

o 1 eE~" 
LAYERa 1 T-I .064'597/ -.008122 -.064084 TERM- -.OC8122 ·'-.054084'" 5U"·- '-.0011122 -.064C84 
LA'II:R'" 2 T-I .C-nC;091 .00S81~ -. C31408 TERM- -.OZ3268 .024666 51."- -.031390 -.039418 
LA'IEII- ! T-I .C2C!7Z1 -.000695 -.C20!!0 TERM- • Cte4~8 -.OC6621 SY,,· -.C12<;32 -.048e]C; 
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EHHYa 40 E .V • II/TEN5 ITY- 1.2201 j8E-C~ lOGAIlITH". -2.91351! 
••••••••••• 

1 C ~E~'" 
LAHR= T=I .C~:'5PI -.008122 -.064084 TER". -.OC8121 -.0£>4C84 SUM- -.CC!l,22 -.C64C84 
LAYE~= 2 Tal • C33<;091 .0<)501:1 -. C311,C8 TERM- -.023268 .021,66£> S",,· -.031~90 -.039418 
LAYER: Tal .OZC~721 -.OOCC9~ -.C20'360 TEflM. .0181,58 -.008621 SUIt· -. C12<;32 -.0l,I!C3o; 

EI\r.RCY· 100 E.Y. I/';TE~SITY= 1.Z2C178E-C? leGAA ITH,.,= -2.<;1358 
••••••••••• 

I 1 PEA'" 
l.AYE~· Tol .C~21411 .O"J45~ -.C281117 TERII. • 040'31,55 -.02881" SUIt • .C40]4" -.028817 
LAH~·, r z I .02M 8~1 .02111>( -.C16156 TEAll- -.014U5 -.<122631 51.1"· • C2<;~\9 -.05144 • 
LAYER. 1 Tal • C09COZI • OilS C;H -.0067~2 TERM- -.OC71-.1 • 00540111 !t;M • .C22118 -.OH'J67 

fNEPGY= 4: E.V. I~H"S ITY· 1.284ZC3E-0~ LOC.RIT .... • -2.1!9137 
• •••••••••• 

lTERATIC~ CF T-,.,ATPIX TO Cf<eER I, 

0 C ~EA" 
L4YF4. 1 T-I .IOOHZ! -.CIt'S1C -.09'0497 TEIIM. -.0421!10 -.0'104097, SI,;M. -.C402810 -.0904<;7 
LAYEP- Z. Tel .0l,70~SI -.0.0''i0 -.C45<;26 TERM .. .0l,5C48 .OB63C ,SU"- .00lB8 -.C7U67 
LAYElh 3 T-I .0~'H<;71 -.J077S8 -.0328'15 TER,., .. -.024171 .OB623 51,;"'· -. C21933 -.053244 

ENE~GY= '0 f.V. H,TE"S ITY" 1.631t8C7E-0' LCCAflITH,h, -2.78651 
............... 

C fFU' 
L4VER= T=I .0640221 -.00IltIt2 -. C63436 TEflM- -.OC8H2 -.OtH36 5u"· -.00U42 -.0111416 
.AVEP .. ? T=I .03?~R7I .00~75~ -.02900 TERMa -.023779 .02H2C Sl;"· - .C326 20 -.039716 
LAVf~= 3 T-I .O:!0~2tl -.COC598 -.020512 TER". .0186H -.CCe59l 51."· -.C13784 -.048307 

EM:~GY. ~O E.'J. II';TEI>tS ITY= 1. ~4it1 HE-C? LOGAR ITt'". -:1.<;CHit . ........... 
1 C fEA" 

LAYE~· 1 T-I ,0"'''C221 -.OO8t:4£ -.C6:>4311 lEflM. -.OC8642 -.06H36 SU"· -.008642 -.063436 
LAY(R= Z T=I .0~?~871 .0.:1075<;, -. C.H900 TERM. -.C2!77'1 • 02~nC 51.'" -.032420 -.03<;716 
LAVH- Tal .C~C~2!1 -.C0059E -.C20512 TER"'- .C1U,36 -.008'91 ~UM· -.C137840 -.048107 

E~HGY= 1·0 Ed. INHI'<SITY" 1.2441~~"-O? LCGARIT .. ,,- -2.<;C51" 
••••••••••• 

1 I HAl' 
.AYE'P. ,T·, .OHB51 .1.l1t300t -.C27884 TER'" .C43C06 -.027884 5\;"· .O":,OO~ -.C21884 
LAYf~" T·I • 027itHI .U2i:32~ -. CH005 TE II" • -.C1 !773 -.013706 SLIt. .CH214 -.0'1." 
LI.YE~· T·I .00<;1161 .Ul.lbC55 -'.OC6dI4 TEIIM. -.OC7252 .OO~ 523 51.1"· .CHUl -.040U28 

E"'~RGV= ~C -:.v. i",Tf:t.5ITVa 1. ,a72C'IE-OJ LCGARIH·". -2.119035 ............ 

ITEPATIC" CF T-"aT~IX TC (,,"OEM ~ 

0 0 eEA" 



0 I 

1 C 

I 1 
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LAVEO. T-I • C~~~401 -.04)U5 -.C~CC05 TE~~' -.<l4H25 -.09C005 
LAH~' T-I .C468'1~1 -.;)1039< -.045~~2 TER,.. .C44~32· .on441 
LAVER. hI .C~38!1t1 -.?07H5 -.cnOll TEAJlfa -.024494 .023311 

ENERCY' ·c E.V. I~TE~SITY- 1.63"06~E-0~ lCGU 11l'~' -2.78145 
• •••••••••• 

eEA~ 

LAYEh I T~I .C634211 -.0088H -. (~U!02 TER'4' -.0(8834 ,..062802 
LA·yeo.· 2 T-I .0";)10121 .C06t-i8 -.03.273" TER"- -.O2!~l6 • 023616 
LAYER- ~ To/ .02C539/ -.OOO21~ -.C2e538 TER". .018808 -.00eZ53 

E~ERCY· 40. E. v. I"TE~SlTY' 1.201:iHE-0? LCGAR IT~'" -2.~2021 
••••••••••• 

HAl< 
lAYER- 1 T-/ .06:!4Z11 -.00a834 -.CU80l TER'" -.ocee!4 -.062802 
L~YER' Z hI .C3~4121 .00069e -.03P)" TER'" -.02!t!6 .023616 
LAYE~- l T-I .02C'3c;1 -.OO021~ -.0205'S· lEA". .C18~OS -.008Z5~ 

E~HGY. 4C €.v. INTEN! IfY- l.l0l5l1E-0? LCGAR IT~" • -2 .~2021 
••••••••••• 

eUI< 
l." fP. Tal .OQ08)41 .042914 -.(27217 tERM- .042934 -.027217 
LA''-"". 1 .1 .(21'811 .OllJU -. cus.,' TfAM- -.0116" .... Ol:Jl.· 
lAV(lh , -I .OO~Ull .0001S' -. CCUle lE~~· -.OCH!) .00'49\ 

ENE~CY' 40 E.V. INTF.N~ITY· 1.25·Ht2E-0) lI:G'AIT~" -2.90172 
••••••••••• 

TIME AEQUIRE~~~TS feR 
eEGI~ LCCF aT 

EXECUTION OF ENERGY lCCP 
2.'23 

TC f~C (F Fille 
TC ENe Cf S~BPL 
TC EH CF I~V 
TC E~C Cf GPH~ 
CC~BlE ClfF'ACTIC~ 

NEXT ITE~ATlC~ 
.,En ITE~ATlCN 
NEXT lTERA1ICN 

2.H! 
4.10;6 
4.305 

lC.142 
I 0.~6:> 
11.CH 
1l.17t 
n.nl 

5~"· -.OH225 -.090005 
su .. • .001701 -.076564 
51.'" -.C227e7 -.0!!252 

------ ... - --

SUI" -.0088!4 -.062802 
SUIil • -.C3247C -.cnl87 
51."· -.Cl:!H2 -.04743~ 

·SU .. •·· ~.OD8834- -.062802 
51;"- -. C32"7C -. cnU7 
SUII' -.01!662 -.047439 

Sl"· .042914 -.Ol7Z17 
su"· .Cl'19~ -.C'C~61 
$U"· .0iUU -.04'471 

• • • • • • • • • • • • • • • • tot ••••••••••••••••••••••••••••••••••••••••• , 

TYF~' II Be.,. C. 01 
••••••• 

TYPE( ! 1 ef'~' O. 11 .. , .... 

~~ERGY-VS-I~TE~SITY 



.. 

.... 
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TYPE( 1) eE~~( ]~-O') . E~ERGY-VS-I~TE~SITY 

******* 
E= 4C-- 1.2C153C5~~-03 E= 

TYPE( 1)' EE~~( 1, I' 

******* 
E~ERGY-VS-I~TENSITY 

E= 40--" 1 ~ 253 (U:l c; e E~C3' -.... ~. E=' ---'---'-. "'-.-. " .. _-, ... _ .. _-_._-.-



r-----------------LEGALNOTICE------------------~ 

This report was prepared as an accoun t 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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