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C .U N I T  Y C L A S S I  F ( C A T ( O N  OF T H I S  PAGE(W7,.,, 0,1, Entered)

We- “ S ,’ .’  I~ d~ e most general available techni que is the Hartree—Fock
Self—Consistent ield Method . In th is case for most , if not all solids ,
this is best implemented by means of a l o c a l — o r b i t a l  t r a n s f o r m a t i o n .
Since t h e  H a r t r e e — F o c k  method is a m e a n — f i e l d  t h e o r y ,  i n c l u s i o n  of
c o r r e l a t i o n  c o r r e c t i o n s  is im p o r t a n t  fo r  s t u d i e s  of ground State properties
(charge densities , Comp ton prof i les , equilibrium lattice spacings).

-l4~ u”nuitaée~~ he best method overall in terms of economy and accuracy is
the electror~

”c—polaron model in its Improved form . ~~ - ale~ ~on~ lud~—th~t-
similar techni ques are viable for surface State and interface state studies.
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FOREWORD

Contract Number F336l5-72-C-1506 , project AFAL-TR-76-140, The
Electronic Structure of Crystalline Solids , per f o r m ed by A. Barry Kunz ,
Ass oc iat e Pr o fess or Ph ysi cs , The University of Illinois at Urbana-
Champaign , Urbana , Illinois , 61801. This Contract monitored by 1st .
Lt. Ronald Greene , AFAL/NP, Air Force Avi ,mics Laboratory , Wright-
Patterson Air Force Base , ‘1 rio. Research performed during the period
i j aruj ary 1972 - 31 Nar~ 1’ 1976 , by ~. Barry Kunz , and submitted July
1976.

The research performed during this contract period was dane with the

assistance of Dr. T. C. Collins , Dr. R. N. Euwema , Dr. D. R. .Jertnison , and
Dr.  R.  J .  B u n t .  This is a f i n a l  r e p o r t .
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ABSTRACT

This project was deisgned to study accurate , non—empirical theoretical
techniques which permit one to have a predictive theoretical capability for
systems of interest in electronic devices of a solid state nature. Thus the
classes of materials of interest include insulators (principally oxides),
semiconductors, and some metals . Properties of bulk crystalline solids are
needed as are properties of surfaces and interfaces . We desired to develop a
unified technique for all classes of systems.

We conclude the most general available technique is the Hartree—Fock
Self—Consistent Field method. In this case for most , if not all solids , this
is best implemented by means of a local—orbital transformation . Since the
Hartree—Fock method is a mean—field theory, inclusion of correlation corrections
is important for studies of excitation properties and densities of states but
less important for studies of ground state properties (charge densities , Compton
profiles , equilibrium lattice spacings). We conclude the best method overall
in terms of economy and accuracy is the electronic—polaron model in its im-
proved form. We also conclude that similar techniques are viable for surface
state and interface state studies.

i v
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I .  INTRODUCTION

A t the start of this project , the available techniques for deter-
mining the electronic structure of crystalline solids were essentially limited
to empirical techniques or highly approximate methods employing ill—defined
approximations . These techniques were very limiting in scope in that to be
able to use the very accurate empirical techniques one needed to have a great
deal of spectroscopic data available for the system of interest. This res-
triction clearly limited the predictive ability of such theories . On the other
hand the approximate techniques based upon local electronic density approximate
operators were incapable of systematic improvement since the derivations were
ill defined. This means that whe’ such theories work , all is well , but when
they fail there is no real remedy .

There was a third alternative available and already in extensive
use in atomic and molecular physics . This method is that of Hartree—Fock.
Preliminary results by Lipari and Kuna had demonstrated that Hartree—Fock
studies were possible for systems such as solid rare gases and alkali—halides.
They further demonstrated that the inadequacies of the Hartree—Fock method were
capable of systematic improvement by way of including electron screening effects.
in general the work of Lipari and Kunz was a substantial improvement on the
local—density methods (now renamed the Xa method by some users). This improve-
ment is illustrated here for a typical case , KC1. Two quantities of extreme
interest in any system are the magnitude of the band gap and the width of the
valence band. In the case of KC1 the experimental band gap is 8.6 eV and the
valence width is 3.0 eV. The most accurate available xcs results which are due
to DeCicco find a band gap of 6.2 eV and a valence width of 0.67 eV. The
Hartree—Fock case finds a band gap of 13.8 eV and a valence width of 3.4 eV.
Af ter correcting the Hartree—Fock case for correlation effects , we find a
band gap of 9.2 ~V and a valence width of 2.9 eV. In both cases the error is
less than lO~ for the corrected Hartree-Fock case and as much as 500% for the
x~s system. In addition we find the corrected Hartree—Fock method accurately
reproduces trends from system to system. Typically then these Hartree—Fock
corrected results are in fact more accurate than those quoted for KC1.



II. GENERAL EXPERIMENTAL CONSIDERATIONS

The study of optical absorption edges in insula tors has consumed a
considerable amount of effort in the past 10 years. By this statement , the
author includes soft or even hard x—ray edges in the class of optical ab-
sorption edges. Of course , in the recen t few years most of the e f f o r t has
been concentrated on the soft x—ray region of the spectrum , a region which ,
u n t i l  the advent of convenient synchrotron radiation sources , was most d i f f i -
cu l t  to s t u d y .

Most of the experimental work has concentrated upon ordinary op-
tical absorption experiments. Especially in the soft x—ray region there has
h~ en an absence of any exper iments using modula tion spec troscopy techn iques
or two quantum absorption studies , which permit one to identify to some ex-
tent the symmetry and the character of the transitions in question . Thus ,
fo r exampl e, in the soft x—ray region it has not been possible to unequivo—
cabl y establish the presence or absence of excitonic transitions such as
dominate the optical absorption spectrum of an insulator in the region of
fundamental optical absorption .

Another class of interesting and useful experiments which are
performed are ESCA (Electron Spectroscopy for Chemical Analysis) or the
x—ray pho to emission (XPE) experiments.  In this type of experiment the
sample absorbs an energe tic pho ton and the kine tic energy distribution of
the emitted electrons is analyzed . In such an experiment when subject to
pr oper analysis , the energy distribution of the initial states may be de-
duced and also sometimes that of the conduction states , prov ided they over-
lie the ionization continuum . The essential differences between an ESCA
or an XPE measurement involves the type of photon source and is of no con-
cern for the present time .

Consider the following example . The crystal in question is LiF
and we may wish to know experimentally the energy separation between say the
LiK—shell (is shell) and the Fluorine L11 ~~ 

—shell (2p shell or the valence
band). One could imagine measuring this in ~wo or t~ yee ways . In the

2~
irst

of them , which has been performed in part by Stephan— and by Sonntag,— one
measures the onset of optical absorption from the F L 

~ 111—shell and alsofrom the LiK—shell. One might then interpret the dif~ etence in these ener-
gies as being the energy difference between the K—shell and the L11 1—shell.In the present case, the K—shell absorption begins at about 54 eV w?dfe the
L11 1—shel l absorpt ion beg ins at about 12 eV yield ing a d i f f e r e n c e  of 42 eV
for ’~~~e sp l i t t i n g  between the K—shel l  and the L 

~ 111
—she l l .  The a l t e r n a t e

is to study t~~y 
XPE spectra of these shells as ~~~ recently been done by

Guda t, et al.— In this case, one finds that the splitting of the K—shell
and the L11 111—shel l  is 50 eV. Clearly there is some d i f f e r e n c e  here . In
addit ion , ot%e might also do a direct measurement by partly depopulating the
K—shell and then measuring the energy of photons emitted as electrons from
the L11 ~ 

—shell fall into the K—shell. This measurement would in principle
yield a ’s~ Ill different result. The d i f f e r e n c e  between these resu l t s  is not ,
in the author ’s opinion , due to any lack of experimental precis ion , but  is a
direct measure of the s t rength  of electron—hole or excitonic interaction in
these crystals.

2
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Bore it is fuown from valence tad ex cit. i t  b ars t h a t  th e  strenhth
or the Cx i t u O ~~L ci t~~ L (billdln A er;o rR ’,) in t h i s  r~~~i cn ea the sp~.

. t r u r .  is
about .5 to  2 oV .  Tb 1. shall be r ; lo vn to r e n a , in e f f .  t , t i i .  t i r e ’  s o f t
x—ray regic. ~~ the spL’cLr’arr , tb. S L r F u~~t !; of such e x c i t o n  ~ fx oct is ab ou t
10 e1. or lr~~r~~c .,b . , t  the fir 10 .V ; i  t h ~ s oft  x — r a y  spec t rum r.~ust be due
to either ioccill ~~ed :it n r i v — l j i e  .x ’i~ t i o r l S or  e x : i t  n s .

‘i h e  t l re r~~t i c n b  s i t u lt  E l -p us b.’en muc h more fr r r ef lt a r ’  . It  was
i i  r s t  observed by hr  .. ‘ a l  . ct i~. . , . u t  t h e  soft x — r c r c a b s o ro t  n
s p e c t r a  b o r e  an a rea~ :1’1~~nc t ~~‘ many bu t  not  d l  cases to the  dens i ty  ci
S ta t t a  CL LIrt r ond ,r. L ) l ~ ~~~~~~~ . [h IS  i d e a  is  b e n  ext  ended by ti~.-~ present
a u t l e r f u r  t , . . ~~~~~~~~~ 1 - h i , ; j j c i e~~ . by  ‘Bss~~ct,

l i r  t he  n r c  gas solids ,~~ and
by t h e  a L i L t ; c r  a rid ‘ 

~ni. I sn £ 5 1  L u ~ ~- ases . yost  re~ c nt i v  , ~~~~ r i o  e t a l .
ha ve a O e a  t h r t .. i a e . r  of  h a n d  st n’’ c re  r L~~l ’ being e n ti r ~~~v r~~c p c r ~a~~~ 1e
fo r  the  op I j;  p r o l ) e r  t E S  H .n .: c.ento I r c a  I . , iK—sh ~ ll r e g i o n )  c’
However , as we’ see f r o m  c t ie  c r c  u i  h n g  ana lys i s  ol d a t a  or L1F , t h e  t heo ry
of Meu zo , e t a b .  becomes lrnU s s ih l  s i n ce  i f  band t h 0 u r v  were c o r r e c L  , the
ESCA and a b s o r r i t  ion d a t a  w o u i d  a c r e . ’ . Aicd y s i s  of a t y p e ’  l ike  t h a t  used in
this  a r t i c l e  to cur t exc it cn from band e f f e c t ~ us ing  t :~ ’~’r i c ~~n t a l d a t a  r a t h r
t ih i , i t r  t i r . ‘ct’ was  done  f o r  RbC1 .‘ S o l t e  I fl cv ond Brown .—

,‘.lt ern ,ttc studies ci soft x— ray spo t ra in in sai,~t c rs , and pa r—
• t i cu l a r ly  thi.. .. :e ~n~ .a t  u p u n  p r e~~i c~~~n ,~ a b s o r p tI o n  peak p o s it i ur t s  h ; v e ’  hee~ 44 ,

e i t h e r  o~ a dee p mi~ r i tv  t y p e  -——
~~~

- c r ’ 01 the  more usual  e xc it o n i c  ty p e . ’-——
ln s n a r l  ca l c u l a t ion s  or t he o ri e s , the shape  of abso rp t ion  spec t ra  is u s u a l l y
sec ’ndar ’; to t h e ’  q ue s c  i n  of l i ne  pos it i ons . In a d d i t i o n , the re  r o e  been
some exc it0n  t h e o r i e s,  L a c e d  upon c r i t i c a l  point typ e  a n a ly s i s  advanced by
Onodera an d  ‘r -- ~~~,.0~~~ Ha. ’ 

~ which sp l i t tin g s  of e xo i t o n  l i ne s  formed front band
s ta tes  it  c r it . rc~J p c ” i r l t s  are s tu d i e d  f o r  both  c l e ct r o s t at i c  and sp i n — o r b i t
interac t . r ’ :  . It  shal l  be coon t ha t  fo r  such c ry s t a l s  as c o n - ~ider ed  in tb .
p r e s e n t  case th~ s t r . ’n gtd  of  the e l c c  t 5, ’i- - ho le  i n t e r a c t i o n  and the  local  i z a —
t ion  of t I ; . . ~ow l y i n c  e x ci tor t  c ’ y ’ L t ~~i st a t e s  are such tha t  c r i t i c a l  point
ana l.vsis becomes p o in t l e s s  in m an y  i~utc nces.

F i n a l  ~v , in l i t  h o  run—down of  p e r t . in~~n t  p r e l im i n c i r ’ ’  r e s u l t s , the
a u t h o r  rc~~:rs to r o s u l c s  of th e  c a l cul a t i ons  us ing  the  o p e r a t o r  HA l l  c t
Coil ins and Kun z .— In t h i  ‘. , the st r u n g t i  of the coulomb—hole  i n t e r a c t  ion
wa s s tu d i e d  f or :  a t . ’: h e O~~~~I t . i t ~~OC ’ . It  was found , in general , t h a t  t h ese
e f f e c t s  w r e  s n b s t , ; r r t !  1. I t  wa s  a lso r ound by a C( ’r i i p a r i s u f l  of these r e su l t s
to exper r u n t  t ha t  - i m p l e  u t m i c  re .l I x a t i o n  or p o l a r i z a t i o n  e f f e c t s  w e r e  ex—
c e p t i o r i :r i  I ’ . la rge  r o d , in  f a c t . or many core e x c i tat i o n s , t h e s e  u’ c I xat  i r i s
f a r  exceeded t i t  s r cn g t l i  of t i r e  e l e c t r .’r—h ole  i n t e r w t i a n  f o r  such S l a t e s .
It  was also see ; ;  t h e n  t 5 ’ t  a s i m p l e  d i e l e c t r i c  t l t ~~or’ ’ i l c ;d . ’ .i . ‘ the elect r
hole h u t , . - r - t L O ,~ in  a r i o  r to  de s c r i b e  the  p o l a r  c a r t  ion  cc cx a t i o n  would in-
volve a dielectr ic . o nst a n t  l c’ss V a i r . ‘ m l  to. i f  su c h  a J ’.’~ . c i  Pt  io n  were t i
succeed . No one ’o e ras a n x i o u s  to use s u c h  a d i e ’ :  e c t ri c  c o n s t a n t  . ‘Fb i in—
dtcat . ’u  t o . .  scru p le , t I  tcctiv ~ rca’;s t’,’p.’ t a b e r i e s  fo r  i n c  e x c i t o n  I a r n r : r t i o n
is poi.ntleus in most , or at o .ist many , c...s e’ .

In  t b ~ p r e s e n t  r e p o r t , in s O n  t i o n  I I I  we c u n s i l e r  ID ner l I t i n  5’ret —

i ct i  ur ns !  - n a t  j O t S .  j E n ~ i t r t l t r c x , I r t m nes t h i s  b o t h ;  f r o m  the  s t a n dp o i n g  I
o n d i r s o ; v ‘ ‘ m r  r g v  ~‘ r o d  t h t o ’ r v  and a l S o  I run. ; t i n e  V u  n T ’u i n t  I a h i  t i e r — L o n d o n
theory . Iii Se’et ~~ l i ’ , r h o  w t h i e r  l i k e -  t h i  y ’ ’ m.  m u l  e ’ n m ; ! I o c r t  i n s  of

i ’ . I I I  and r o e  i ~ I t  rn t o  so 1 vì h 1 e mod c i  s w i t  i. I t  i i ’  u sed in  tb - r e
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sys tem 01 a tt a c k .  In Sect ion V , the au t h o r  provides ~ series of atomic
sys tem ca lcu la t ions  which i ll u s t r at e  the theoret ica l  f e a t u r e s  of the pre s  nt
ideas. In Section \‘, a number of solid s t a t e  ca lcula t ions  are performed in
which a quantitative value is placed on a variety of pert inen t effects as
well as experincnt.r .1 quantities. Throughout this report , the author neglec ts
lat tice relaxation or lattice dynamical effects. It is not , however , to be
inferred from this neglect that the author considers such effects unimportant ,
but rather they serve simply to modif y the dominant  e lec t ronic  e f f e c t s  dis-
cussed in this paper by amounts which are comparable in size to the errors
introduced by the approximation to the larger electronic terms .

III .  (~E NE i~\L THEORETICAL CONS1DE}~~TIONS

In this  sec t ion  the author  const ructs  a br ief  theore t ica l  review
from rather general points of view . On the whole such viewpoints are not to
be regard ed as new but are, none theless , not so completel y assim ila ted by
the scientist as to make such a review superfluous . In the l a te r  s tages of
this work it shall be advantageous to adopt d i f f e r e n t  viewpoints  for  pur-
poses of economy in computing different contributions . Therefore , it is of
some use here to s tudy  the quest ion of band theory and exciton format ion
from both the molecular orbita l  (Bloch o rb i ta l )  and f r o m  the Hei t l e r—London
(or general  valence bond) poin t  of view. There are any number  of places
where the informatiun conveyed here ~~1

available in greater detail. Perhaps
the most accessible is that of Knox.—

‘1
in our mettiod we view the solid as being described in the first

approximat ion by a sing le Slater de t e rminan t  of one—elec t ron  o rb i t a l s .  If
these orbitals are suitably chosen via the variational theorem , subject to : -

c o n s t r a i n t s  of o r thonormal i ty,  one may obta in  the one e lec t ron  orb i ta l s  as
being g iven by the canonical un re s t r i c t ed  H a r t r e e — F o c k  fo rma l i sm .  In th i s
case , the one e lec t ron  ei gens ta tes  are symmetry adapted  ( i .e .  they hav e the
perioJi4ity of tine lattice) and general ly each one spans all the infinite
periodic  l a t t i c e . It turns  out  that  these o r b i t al s  are a convenien t  set fo r
descr ib ing  p r o p e r t i e s  such as c o n d u c t i v i ty  but  much less convenient  fo r
descr ib ing  localized phenomena . If the  o rb i t a l s  are chosen such t h a t ,

F (p )  ~ .( x )  = e 4 . ( x ) , ( 1)

wh ere F( p ) is the l e a k  operator  for  the system then  one has

f  ~~~ 
~~ (x)  dT = ó~~~. ( 2 )

dow one allows r~ to stand for both spatial dependence r and spin dependence
s of the  o r b it a l s  and fd’r includes summation over spin coordinates. One
r e c o g n i z e s  t h a t  some s o l u t i o n s  to Eq .  (1) d e f i n e  orbitals which have elec—
C r  us in them (occupied or b i t a l s )  in the ground state as w e l l  as unoccup ied
s tat e s  ( v i r t u a l  o r b i t n b s ) .  I assume here N e l e c t r o n s  in the  sy s t e m  and use
the n o t a t i o n s  — -‘i, j < N > ——--—a , h w i t h  the i , j l abe l ing
occ up ied orhitals and the a , b being virtua l orbitals.

_  
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In terms of this no tation the f i r s t order densi ty ma tr ix is def ined
as

p (~~~~’) = 

~ 
~~~~~ ~~~~~~~~ (3)

From this one has some immediate physical , consequences which are summed up
in Koopmans ’ theorem. These are , if all the orbi ta ls  and ~ are chosen
from a self consistent solution to Eq. (1) for the ground s tats  then in this
frozen orbital limit the eigenvalues c represent the energy needed to remove
the elec tron in orbital k from the system. That is, one goes f r om an N to an
N—i body system. The eigenvalue c represents the energy needed to add an
electron to the system , putting i~

ai~ an orbital a. Thus one goes from an N
to an N+l body system.

In much usual solid state phys ics , one also ident i f ies  the energy
d if f e r ence c — c . as being the amoun t of energy needed to exc ite an elect ron
from state iato st~~te a. This ident i f ica t ion  is onl y j u s t i f i e d  if the orbi—
tals span all of an i n f in i t e  periodic la t t ice  whereby the e f f e c t  of changing
the number of par t ic les  on the potential  is total negligible. The abov~81descriptions constitute what is generally regarded ws Koopman ’s theorem .—
The consequence of this is to say that the usual Hartree—Fock virtual orbitals
do not see any electron—hole interaction. It has been recently shown that
th e absence of electron—hole interaction in a simple Hartree—Fock system such
as given by Eq. (1) is a consequence of an arbitrary choice for the virtual
manifold rather than as a consequence of Hartree—Fock theory and there is a
proper choice of F which permits one to obtain virtual states which see elec-
tron—hole interactions , possesses a real Koopmans ’ theorem for ~~~itation
even for localized states , and satisfy a variational principle.—

One recognizes that the Hartree—Fock system so far described ,
posaesses several defects even if electron—hole interaction is properly
included . These defects are , of course , when one uses Koopmans ’ theorem ,
one neglect s the relaxation of the other orbitals and hence the associated
energy changes of the rest of the system . This correction is termed a re-
laxation correction and stems solely from not performing self—consistent cal-
culations on both ground and excited state or alternately on both ground and
ionized state. The second defect is that all dynamic correlations between
electrons are’ neglected . The correlation and relaxation corrections are
together taken to be the self—energy correction . It is norma l for extendod
systems then to solve beyond Hartree—Fock by s9~ y in g  Dyson ’s equation , to
which Hartre,’- h - o c k  is the  f i r s t  approximat ion .— Thus i f  e . is the a c t u a l
energy of the electron in state 1, one has

e e .~~+ ~~~~~~~~~~~ (4)

~~ 
i

* 

b e i n g  the  s e l f  e ner gy .

. ~~~~~~~~~~~~~~~~~~ .~~~~~~~~~~~~~~~ .
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IV. DEVELOPMENT OF SOLVABLE MODELS

In this section , the author  will derive a series of reasonably
simple solvable models for the phenomena of optical absorption and for photo—
emission experiments .  In this case , development is made s t a r t i ng  wi th  both
the band theoretical model (molecular orbitals) and the Heitler—London
formalism (valence bond model). author will , in the cai~e of correlation ,
rely heavily on previous efforts.—

IV—l.  CORRELATION CORRECTIONS

One beg ins with the molecular orbital model and includes correla-
tion as required . Traditionally this is done in two ways . The first way
which is terme92~ creened—Exchange plus coulomb—hole was give~ 3yseful informa-
tion by Hedin — and was used f i r s t  on a calculation for Si.— This model
was later ex~ e~~~e~ 6~ s an adjunct  to a Hartree—Fock formalism by Lipari and
the author.

The second model used is that  of the electronic polar9~~,(EPM) which
was introduced for  the case of conduction electrons by Toyozawa — and was
given a

2~~
ndamen tal deriva tion and extended to the case of h~ les by the 

*
author .— In this model , the correlation contribution to , called 

~nc (k)
is found to be for conduction electrons

2

~ac~~~~ 
= _______ 

‘ 

, ~6)
-

~ ~ (k) -‘nw — c  (k — q)q, b a ex b

an~ for holes
nm 2

~nc (k) = , (7)
-
~~ c ( k ) + - f t .~ — c ( k — q)
q, m n ~x m

where

2 irtTW (1-1/c )
= e ex 1 f ~~~~~~~ 

~~~~~ 
iq ’r  d r .  (8)

I~I

In this case the summation on Is over the first Brlllouln zone. For elec-
trons the b summation extends over all conduction levels and for holds the
m summation is over the occupied space. V is the cryst al volume , e the
electron charg~~ the optical dielectric constant , is the Wannier func—
tion for the I band ,’1”W is the quantum of the polarization field (in
this Instan ce , the l ong 1t~ àinal exciton field) and is assumed dispersionless.
Th is model is va l id In so far as the w i d t h  of the  band being correlated Is
less t h ;n r  ~~~ ‘ . This m ethod  o f  corre1a

~~~r 
may he gen e r a l  I z e d  and even ex-

tended t o  t In ~~~case of  m t ’t a l l  he  sy st. en is .—

In



It is clear that it is also possible to develop a d e f i n i t i o n  of
the energy band model from a valence bond or Heitler—London point  of view .
To the best knowled ge of the author , no such band calculations have been
carried out at the p r e s e n t .  I t  is noted tha t  the s t r u c t u r e  of the energy
band Hami l ton ian  as a f u n c t i o n  of wave vector  here is s imi la r  to that for
the molecular  o r b i t a l  case. Furthermore , in the unrelaxed orbital limit
one would expect f o r  insulators that the energy bands would be quantita—
t ive ly  as well  as qualitatively similar to the molecular orbital case .
Correlation corrections based upon the Heitler—London model are not fully
developed . Th~~ y is, however , an available limiting theory of such a model
due to Fowler.— In this model (a semi—classical one), the el ect ron charge
is situated at either a cation or anion (or atomic) site and the atom or
ion at this site is neglected . The remainder of the crystal is then treated
as if it were consisting of a collection of non—overlapping polarizable ions
(or atoms) . The polar iza t ion of th is  assemblage is computed , as is the
energy ~ssociated wi th  this polar iza t ion4 This energy is then i d e n t i f i e d
with ~ , . Clearly this model neglects k dependence. It does , however , dis—
tingui~h between events on non—equivalent lattice sites. Most importantly ,
this model clearl y and unequ ivo cably neglects the effects of relaxation on
the ion or atom at  the origin , and , most importantly ,  this model is seen to
be equivalent to the e lectronic  polaron model if one takes a static limit of
the electronic polaron (i.e., tha t limit in which the bands are dispersion—
less).

It is also necessary to make a brief comment about the agreement
found among the variou~ correlation models. At this point , there are a number
of ca l cu la t ions  of ~~~. , u s ing  all three models fo r  the same crystal. These
models , firstly, are1~ n excellent qualitative agreement . Secondly , for the

f number of crystals for which all three types of results are availal4e and
computed in a seemingly rel iable manner , one f inds  tha t roughly 

~~~

. serves
to lower the band gaps by about 4.0 + 1.0 eV and that the agreemen~ on this
quantity among t h ~ models is of the order of 10%. For most practical purposes
this level of agreement is adequate.

It Is neces sary  at this point to say a word about the presumed
local states which occur as virtua l levels in the Heitler—London scheme .
Tine virtua l orbitals , if the c matrix for the virtual states Is to be dia—
gonal , are just the ordinary virtual Bloch functions. This is undesirable
for a localized description and unnecessary. The virtual levels are ar-
bitrary. Let one define

0 = 1 — p  (9)

\1F  
= , ( 1 0)

then let one solve

I” +pU; ;  + ~~~~~~ 

~A i 
= C AI~~~~\

i ( 11)

Here  bo th  U and A are  ; n r h  h r  r a cy  H e r m i t  i n n ;  op e r a t o r s .  1!owever , i t  A is
chosen t e’ f e ’  a t t  r o t , i v r ’  and t o  m t  r n u j t the  p e r i o d i c  I t y  of ti;~- lattice , one
can obtain I n - s r i ized virtual rt .rtes f r o m ;; Eq. (11) . Some p u r t  icu larly useful

7
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cho ices ~gr1~ 7 
based upon phys ical considera tions , are given by Kunz and

Collins . ‘ One may consider Eq. (11) to be the generalized Hartree—Fock
equat ion .

IV—2. RELAXATION MODELS

The basic problem of relaxa tion can be handled , in principle , from
the viewpoint of the molecular orbital approach. In the case of atoms or
molecules , it is standard to include relaxation corrections totally by the
simple expedient of solving for the ground and the excited or ionized states
of the system in fully self—consistent calculations . In such calculations
then the differences in total energies include not only Koopmans ’ terms but
also complete relaxation in format ion . In addi t ion , fo r  the case of excita—
tion such a calculation also includes the electron hole interact ion in a
manner which is correct , save for  the inclusion of correlat ion corrections .
In the cases of deep core states especially , correlat ion corrections have
been seen to be minor compared to other e f fec ts and the answer based upon the
total energy dif~~ yence of self—consistent calculations has been capable of
great precision.— In the case of the infinite solid with its infinite total
energy such a simple and direct  calculation has thus f a r  been imprac t ica l .
Of course , such difficulties as infinities may be avoided in the direct ap-
proach with molecular orbitals by using a perturbation expansion in terms of
unrelaxed orbitals and thereby directly cancel the infinities prior to cal-
culation. To date no one has actually performed such a calculation for any
real solid.

A more simple and direct method for constructing the effects of
relaxation is possible if one considers the Heitler—London model. In what
f ollows , the au thor relaxes the res t r ic t ions  that  the orb i ta l s  used in the
excited state or for the ionized states be obtained from solving self—
consistently Eq. (11) for the orbitals. Instead the author assumes that
Eq. (11) is solved self—consistently for  the gro und state , as is true for a
number of solids now . One proceeds by permitting the orbitals in the wave
functions given by Eq. (11) to be chosen variationally by minimizing the
energy of the Hamiltonian with respect to these wave functions .

To do th i s , one proceeds as follows , which  is very s imilar  to the
der ivation of Multi—Configurational Self—Consistent—Field Equations by
T. L. Gilbert ,— except that in the present case the coefficients of the
single Slater determinant (called patterns by Gilbert) are constrained by
symmetry cons idet a t ions  wi th in  a mu l t i p l i ca t i ve  factor  of modulus u n i t y .
The to ta l  energy is represented  as

E = < 
~f

’J ,l > + < fp > + << (gy) > >  (12)

where , in keep ing  w i t h  the u t u a l  usage in th i s  type  of t h e o ry , one has

p = H c
~
)1
~~~~l 

(13)

y =(
~ 

) < > (14)
H— 2 
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There are M electrons and p and 
~ are the reduced f irs t and second order

density operators. In proceeding, we could follow Gilbert in not constrain-
ing the orbitals to be orthogonal , but this complexity is not needed for the
present case. If orthogonality is desired the correct variational equations
are simp ly

~ [E 
- < Ai l Bi>A

AIBj jI
6
~AI = 0 (15)

Ai ,Bj=l

or

~ [E  
- < Ai~ Bj>A A . B .  J~~~AI 

= 0 (16)

AiBj=l

The evaluation of these variations yields the equations for the orbitals
which become

M
F
~A i — A = 0 , (17)

Bj+l 
Bj BjAi

and

* 
M 

*FP A~ 
— 

~~ ~
‘BjAi ~~Bj 

= ( 1~~)

Bj=l

Here the orbital operator F is found to be

F = fp + 2 < gy > , (19)

wi th

fp = 

~ f p (~~,~~”)f.(~ ”,x ’)d~ ” (2O~

and

< tci > 1~J H
1~~~ 1 1 ~~~, )y 

~~~ 
x
2 , X~~X )  dx dx 2 dx

1 
. (al)

~~~~~~~~
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Finally, the author also specifie~~ that here ~p~ ra tor s are ~r~ at~ d ~s local
ke~ n~1s , ~~~~ is for example , f .(xx ’) = f . ó ( x — x ’) and g . . ( x ,x ’ ,x1,x 1

t )  =

S (x—x
1
)ni (x’—x

1
1)g. .. Equations of this nature of complex~,ty are roufinelysolveo in ca1cula ~~ ons for simple atoms and molecules . To date , implementa-

tion of a scheme such as outlined above has not been feasible for the general
solid state case.

What is very beneficial from the standpoint of our present con-
siderations are the specific approximation schemes which one might devise front
these considerations and it is for this reason we explicitly include the
preceding discussion on Gilbert ’s work . Therefore , the model s being emp loyed
are at least correct in some realistic limit , which , in part , justifies the
inclusion of this material. This limit is one in which one assumes that the
atoms or ions comp r ising the system overlap slightly or not at all. (Such a
condition is often met in the alkali—halides or solid rare gases , In wh ich the
ground state local orbitals overlap by about 0.05 or less). In such a non—
overlapp ing limit , the energy expectation value of the wave function (11)
is about the same as for the symmetry—adapted wave function . Therefore , one
need not prefer at this level one wave function from the other in calculating
energy differences.

In this  l imit  consider f i r s t  the case of o pt i c a l  exci ta t ion . Here
one has the atom at site A being excited and the other atoms remain in their
ground state. The ground state of the other atoms need not be the same as
when the system as a whole were in the ground state . However , when one ex-~
cites the atom at site A this atom doesn ’t alter its state of charge , since
we consider here fo rma t ion  of excitons , rather  than exc i ta t ions  which ionize
the atom in question. If the atom is ionized relaxation effects due to the
surroundings will increase the values of the re laxat ion  energ ies given in this
paper . Theref ore , in the small overlap reg ion , one may anticipate that the
polar iza t ion  of the sur rounding  atom is weak compared to t ha t  of the atom at
site A. Therefore , if all atoms other than that at site A are fixed in their
system ground state configuration , that at site A must be solved for in the
ground state and the excited state configuration self—consistentl y. The total
energy d i f f e r e n c e  then represents the exc i t a t ion  energy and , by cons t ruc t ion ,
contains the following contributions , that due to Koopmans ’ theorem , Hartree—
Fock relaxation and electron—hole , but no correlation , since this limit is
clearly a single de t e rminan t .  One may subtract the Hartree-Fock contribution
and obta in  the magni tude of the relaxation plus e lec t ron-hole  i n t e r ac t i on
f rom r e l axa t ion .  There are two ways to do this. The first is to solve for
the excited state at A in the canonical Hartree—Fock limit a~ g_~~~

n in the
OAO limit , choosing A to properly represent the hole formed. ‘ This is
a simple procedure to implement and has been dono here extensively. From
th is evaluation of electron—hole interaction one then subtracts from the ef-
fects of relaxation plus electron—hole to obtain the effects of relaxation
alone. The second procedure is to use the ionization processes from (11).
and , in the vanishing overlap limit , calculate self—consistently the energy
to ion~~~ tia’ atom at A self—consistentl y in the f i e l d  of t he  fixed other
atoms .— From a comparison of the Hartree—Fock eigcnvalue to the total
ener gy one has 

~~
R j  d i r e c t ly .  That  is , one has

10 
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(A)
E

(A)
+ • . ( 2 2 )

Ri l~~i )  g Ai

This has been tested for the rare gas systems : He , Ne , Ar. It is concluded
directly for rh~ rare gas systems that the relaxation phenomena is strictl y
a local a t n m c  e~~Itct . Due to their cost and complexity , similar calcula-
tio ns were not made for the alkali—halides . However , one may i n fer  a s i m i l a r
result from available information . Although the alkali—hal ides overlap mo ore
s t r o n g l y than  t l~ s o l i d  rare gases (S < 0.05 ) the overlap- is s t i l l  q u i t e
small comj nr ed to snikt y. It is also ~~ll known that the cohesive’ energy o l
the a lk a i i  hal ides is essen t ia l ly  accounted for  by the Madelung e’ne~~ y termwi th  the  det a i i ed  e lect ron charge e f f e c t s  being quite insignificant— by
comparison. Since the Madelung c o n t r i b u t i o n  is s imi l a r  in the relaxed and
unrelaxed state and since the relaxed state is less diffuse than the un—
relaxed state so that the detailed electronic structure is even less impor-
tant, one argues that here too the greatest part of the relaxation energy
is due to the central cell atom (or ion) relaxation . It is true in the ionic
crystal case the wave function of the atoms around the central cell atoms are
also distorted by having dipoles induced when the s t a te  of i on i za t i on  of
central cell atom changes.

26~
Jowever such effects a~~_~~ ,

part at least included
in either a Nntt-Lit tleton—— or electron—polaron ‘ model. Finally it
is also worth ncnting that even though the r e l axa t ion  model is der ived f rom
a H e i t l e r — L o n d o n  model and the correlation model from a Bloch picture that
both effects a~ 6g~~~

n here are distinc t and contributions are not being
counted twice._,_~

i_ .

IV- 3 ELECTRON-HOLE INT ERACTION

The highly approximate version of the self—consistent H e i t l e r —
London model as d e s c r i b e d  in Sect ion 3 .2  provides one with electron—hole
i n t e r a c t i o n  s t re ng t h s . In f ac t , in the l imit  described which is a p p r o p r i a t e
for either an ‘ i :npurity ” state , or a descri ption akin to such a state , or f o r
the more normal ov;n;netry—adapted state , one finds the amount by which the
electron—hole paired state (called hereafter an exciton whether It be an
“impurity state ” or a true crystal stationary state) lies below the continuum
or band—like s ta t e .  T h i a  energy d i f fer e n c e  can be expressed in t e rm s of the
OAO fo rmal i sm as f o l l e v ~~. Let  i r e ’ f e ’ r  to t ine  hole and a to the e l e c t r o n .
Let c~~ be t ; n e  U ,\U energy of e l e c t r o n  a in the p re sence  of hole  i , and l e t
be t 1 m ~’ ca n o n i ’ n l  l l i r t r e ’-Fock enerpy of e r b i t i ]  a .  The e l e c t  con ItO k i n t e r — ’
a ct i rn  S L r t ng th  is t i m e n i  f ou n d  to be

K . = — . (-a )
ia a a

In t in ’  s imples t  l imi t  one vonnl d 
~ 

nd i - t that the ~r n- , n  t r -~ t amoun t
by which  t ar -  e x c i t m n n  l ine  would  l ie  be low t h e  band s t a t  is  H ot  F( . . T h i s
limit clear i v  neglec ts any di -~perslon in t he  ener gy  l e ve l s .  One ;;~~~ln t  , i n
principle , solve l’or  t i r e ’  ex I ton st a te  i n  on d er  to correct this d~~t i c i i - n c v
Such a c a l c u la t i o n  is m e t  c u r r e n t l y p r — i m ’ tl c a l . a l t  a n m i g h  v e r - . d e s i r a b l e .
There are o t h e r  intl Ps which p er im i t nc t - take into accoun t t i ne band shape. 
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The most s imp le  ‘m odel is the  e f f e ct i v e  mass model . In tin s limit ,
the exc iton ’s electron is assumed to be in a very dif iu s€- orbit so that the
et feetiv e electron—hole interaction looks like that of a point charge . This
is a i n y d r e g n - n m i c  model , Here one f in d s  E

B~ 
t i n t -  b i n d i n g  ene rgy  below a band

extrennu in , is

= ~~~ —
~

-
~~
-

~
— (24)

.c Ii ii

In Eq.  ( 2 4 ) ,  m is c i t e  e l e c t r o n — h o l e  reduced mass , e is an a p p r o p r i a t e  dielec-
t r i c  c o n s tan t  (> 1) and n the exc i ton  p r i n c i p a l  quan tum number .  In the ionic
system or t h e  solid r . n r ~ g n c e o  t In ’  radius  of the p r inc i pal ex c i t o n  (m l)
is too small fun the assumption leading to (24) to be val id and the au thor
never uses the effective mass tiue ’orc for computing n=l exciton states in this
pape r .  However , the hi gher states are often much more diffuse and (24) be—
comes tenable . One r e s u l t  Is to use Eq.  ( 2 4 )  to assi gn a l i m i t  to the posi-
t ion of n=2 l e v e l s  (s or p cha r ac t e r )  as being s imply  25% of the binding
energy for the n=1 level in the effective mass limit. Thus in the calcula-
tions , one may assign the lower lim it (the state would be raised in energy
by dielectric screening far more than it is l owered  by an e f f e c t i v e  mass for
the e l ec t ron  less than  an e l e c t r o n  mass) to the  n 2  l ine as being 0 . 2 5  K . .

as given in E q .  ( 2 3 ) .  13

In these c r v s t - n i s , t a o  e f f e c t i v e  mass idea is q u i t e  s imple to apply
to the  case n n f  core s t a t e  ex c i t a t i o n s .  The e f f ec t i v e  mass of the core holes
is i n f i n i te  (he nce i s o t r o p i c ) .  The conduc t ion  band min ima  are r states and
hence also p o r m e c t l y  i s o t r o p i c .  The au thor  notes tha t t i n e  e f f e c~~ive masses
a c t u a l ly  ca lcu la t ed  in several  d i f f e r e n t  d i r e c t i o n s  in k s p a c e  fo r  the energy
bands used here wer e  found  to be i s o t r o p i c  as the  t heo ry  r e q u i r e s .  In t h i s
a r t i c l e  the e f f e c t i v e  cma ss  a p p r o x i m a t i o n  is onl y a p p l i e d  to fo rnn a t ion  of
n=2 , £= l  ex c it o n s  (p — e x c i t o n s )  ob t a ined  bt- e x c it i n g  core el e c t r o n s . I t  is
bel ieved th i s  is reasona ~,e here In tha t the  I ) — e x c  l i o n s  ,r r e  far  more d i f f u s e
in r space than  are the n=l , ~~O , ( s — e x c i t o n s )  wh ich  we compute  in the one—
band one—site model discussed below , and hence s a t i s fy  icore  n e a r l y  the  cri-
t e r ion  f o r  val  i d i  Ly of e t  f ec t i ve  mass t h e o ry , i t  i s  al so  noted tha t  due to
ti n e ’  e s s e n t i a l  n a t u r e  01 the one—band one—site model , oni ’.’ a single bound state
is found fo r  any of the case ’s cons idered  hero  so ti . m t  e t  f~- c t i v e  mass ideas
are  the on ly  s imple  way to c o n s t r u c t  p — e x c i t c ’n s .

There is a second l imi t wh ich  is ap p r o p r i . ~t e  f e r positioning the
n=l cxc i torn l i ne  in many c r~ s t~ n Is n t  which Eq. (24) is in a pp r o p r i a t e  and
which  is a lw ays  emp l o v e d  4 9r e .  T h i s  is  t i ne  t i L t — b o u n d  l i m i t  or ~ltn ter—Ko st er—
One Band—One — S f t c  model .  -

~ 
- ‘ l i i  is is a d e e p  i r m p u r  i iv  mode I l i m i t  in which the

c ry s ta l  band m l  r u c t u r e  is c o r r e c t  i ’  t ake n in te r  a c c o u n t .  In  t h i s  mode l , one
assunnes t h at  t i m e  cxc i ted e lee - t n on i s  t t r ,n  t ed to  t a h o l e  b’~’ a ce~ulo~ b
interacti r n and t h a t  t i n e  h~~le  i s  l~~c’ tt I to au i o n  or  a t o m  S i t e’ and t h a t  the
wave [u n c t i o n  tot t h e  e l e c t r o n  may be expanded  i n  t elms of t~~ ,one electron
band orbitals . It is assumed the  i n t e r a c t i o n  i s  s h o r t  range— ” and o n ly
or h i t a l s  o t  a s i n g l e  hand Ir e  ; ; e ’,l inn  t h e  a c t u al  e x p a n s i o n . One f u r t h e r
assumes r r n ;  the h an d  t un e t  ion ~- n n ~ - - n e t r u c t s  t i -  1~n~~r j e r i , n t e  W a n n i e r  functions
on a g i v e n  s i t e .  I t is as ; ; n m t - ,t t l n t ’ n n  t i n t  i t t ’  m a t r i x  e l e m e n t s  o t the electron—
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hole interacti on in the Wannier representation are given by

‘ R  , n J V ~~~ , m > = V 4 t v ~ ~ (25)
in \ 0 nc mc t.o

V is the e t :e et iv e  interaction ~nd may be given by R in an ~)AO ca l c u l a —
ia~ 

-
~t~?on . Here K ,mc - is the rn tlt W annie r  f u n c t i o n  at s i te  R and s i te  R I s

the sIte’ of t it “impurity ” . The quantum number c standsv for the con~ uction
band fo r  which the sum is over. In t h i s  r ep resen t a t i o95~ he p r o b a b i l i t y  t ha t
the e l e ct r o n  is in th e  cell wi th  the  hole Is given by —

l-V A ( E )  ~~~~ , (26)

lim f d t N ( t ) / ( E - t  + i f- ) ,  ( 2 7 )

In ( 2 7 ) ,  N ( t )  is the  state density f o r  t he  bands d e f i n e d  by l R , co .

One sees at once t h a t  in the n o n — o v e r l a p p i n g  limit the quantity
V in ( 2 5 )  and (26)  is i d e n t i f i e d  w i t h  K g iven in (23) for our model. Thus
o~~e def ines  the needed p a r a m e t e r s .  The ~~ thor  assumes that  con t inu ing  t o
identifr’ K , with V in the small  o~’e r 1 a p  limit introduces negligible error
in the ,-as~~ oni h~in~~.

V. ,\ fn ’~ i l  C ILLLST RA T I Ot~

The t h e o r y  ou t l i n e d  in t i , ’ prev ious  two sec t ions  makes a number  on
d e f i n i t e  p r e d i c t i o n s . For examp le’ , r e m ov i n g  an electr on from state 1 re-
qui res  e n e r g y  in r h .  am ount  ( - c

1
) ,

C
1 

= + (28)

The energy needed i n  excite an c i ’ -  t n mm f r o m  a S t  t I e -  1 to a st  t n  3 b e c ome s

*
K - = 

~ Y — 

~~~~ 

—
~~~ K (2 9)

13 3 ‘;  
~l

The expr --o - .ion (5) is l c ’r t i nten t icr stuJh- .~ ci I - : ~U\ or  p i n t emi s si on spec—
t r a m  p win e- r e am ; it is ( 2 9 )  w h i c h  1;; p e n t  ine’nt Ion opt Ical ~bm ; t ion or
emissi on. From tha t ; t  i s  possibl e t o  —~~~~ - ‘ a -  e t - i  t - i  Icci I i n t e r e  a t
nupp moe one i s  i n t e r e s t e d  in t i m - sepn r~rt ion et two On cupi e_ ni l e v e l s  sa’. ( 1)
and (2) . TI n s - o l d  he de t e r m i n e d  i n n t i r t - c t l v  t r o m  e ither 1-SCA n n ’ p t i ~~~n I
abso r p t i on . I” - r ‘ K

1 ,  
by I I A ‘ne has

I I



-- -~~~ 
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~~~~~~ ~~~~ .

= + — t
l 

— (30)

whereas by optical absorption one has

AE 12 • 
t

2 
+ ~2

* 
— 

~l 
— ~~~ + K 13 

- K23 . (31)

Furthermore , if direct optical absorption is possible from the level 1 to 2
(e.g. for a Li atom is to 2s is possible), one has

AE 11 = + 

~2 
— c i 

— + K 12 . (32)

In general there is no reason to expect these three expressions for to
agree. It is noted however , that if one uses Eq.(3l) to determine the ~ydberg
series limit , then the values for AE

1, from Eq.(3l) will agree with those
from Eq. (30) since the K ’s vanish in ~his limit. However , they will not agree
with the results from Eq.(32) in general .

The author suggests that a criterion such as this could serve as
an experimental distinction between exciton levels and band levels . Such a
criterion is often needed in the soft x—ray range since the excitons (or
states analogous to deep impurities which we don ’t differentiate) are reson-
ant states and hence such traditional tests as photoconduc tivity are not
useful for making distinctions.

To test these ideas in a simple framework , a few simple atomic
calculations were performed . These were done for the Li atom and the Be atom.
In this case , the energies of t h e  various states of single ionization were
computed as were the energies of the lowest excites state fo~ each occup ied
level and , for Li , the energy of the transition iS 2S 1S2S . All calcul~ —
t ions  were p e r f o r m e d  in the unres t r i c t ed  H a r t r e e — f o c k  U n i t .  A common basis
set for all Li c-r sc- s is used and likewise for Be. In all cases a basis of
10 gaussian orbitals is used. In Li several possible spin states are some-
times given. From these self—c’ nnsi stent total energ ies the author calculates

for t h e se  sy s t ems as pertinent for the types of experiment outlined
above. These results are summarized in Table I . The disagreement among the
var ious models to define ~L - ,~~ is of the order of 1 to 4 eV , an amount  which
is significant. In the nex~~~~ ction , this study is extended to solid systems
and the author shows how in solid state cases this disagreement may be
greatly enhanced.

V i .  SOLID STATE SYSTEMS

in the e v€’ntt of excitation of solid s t a t e  sys tems t i n e  a u t h o r  pre-
dicts that there should be two distinct t yp e ’s  of b e h a v i o r .  The f i r s t  of these ’
is anal (dn us to t he atomic system disernssed in ti-nc p r e c e d i n g  s e c t i o n . In
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Table I

A summary of calculations for the atomic Li and Be systems . The
results of several calculations are given here for total energ ies in s e v e r a l
ground and excited states. All calculations are by means of the unres-
tric ted Hartree—Fock formalism . The energy differences between the is and
2s level as deduced by optical absorption , photoemission and nor Li dire ct
transition from is to .ls level are also given . Results mi re ’ in Rvdbergs.

State Ene~gy
Li 1s

2
2s 2S 14.8609

. 2 1 -Li is S 14.47 10

Li ls2s 3S 10.1008

Li ls2s 1
S 10.0417

Li 1s
2
3s 

2
S 14 .7499

Li ls2s3s 
2
S 10.2129

Li ls2s~ 
2
S 10.6140

Be ls 2 2s 1S 29 .1356

Be 1s2 2s 2 S 28 .5454

Be 1s2s 2 2
S 20 .0570

Be ls22sjs 1
S 2t~.6988

Be ls2s 23s 1
S 20.2651

Li \E(is2s) for photoemission 4.3702, 4.4293

Li AE (is2s) from optical absorption 4.5370
to 3s level

Li AE(ls2s) for direct absorption 4.2469

Be AK (ls2s) for photoemission 8.4884

Be A E ( l s 2 s )  f o r  o p t i c a l  a b s o r p t i o n  8.4A37

this type of sy s t e n n  c ’ne ex p ec ts ti-ne separ~it ion o f  core icv els to be cx—
pc ri~.eanL ue1,euael,L , but by about I. U c i  ~-i .  so. Such systems would he
t”p if~ ed by the colt ,’ rare c’i.~e’~ mind t he ant -h er  experts will, include most
if not all n o n — i n n i h ’  sys tems , t h a t  Is sys tems  in which ex citon formation has
t i n e  e l e c t r o n  mind l t n  1 e on t h e  S,nlr , e S i t e .  The second type of av s  t n - cm would be
the ionic c r v rn ml; ; w h i c h  a n n  t y p i f i e d  b v Lin e ’ alkali—halide’s. In such  s v s t n , -ns
one will have fl e l I ci l y l i i  I e r  c -n i t b e h a v i o r  d e p e n d i n g  upon whet I ce  r it  is  t h e
a n i o n  or  c i t  I o n ;  w h i c h  Is ~xci tn ~ n i .

I
- —-~~~~~~ -~~~~~~~~ —~~~~~~~ - -- ---- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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C~ n side r  r i t e -  l im it  of van ish ing  over lap : if th~ ion being ex-
cited is an anion (hero a negative ion) it will generally not possess any
bound states other than the ground state. Therefore the e l ec t ron  migrates
from the anion and may be trapped on the surrounding cations . If this occurs
due to tile clnargcd lattice there still exists a net coulomb attraction between
the exc i tad  e l ec t ron  and t i ie  now neut ra l  an ion .  In this case , the coulomb
h ol e  t e r m  is rou~~H i y  bu t  reasonably well  descr ibed  by them expression

K .. = —
~~

—-—- (33)
1_I

-3- -3,

R —R c
a c

In Eq. (33) R -d is the average sepa ra t ion  of anion and ca t ion  and c is put
to include th~ effect of screening which reduces the size of the attraction.
In the present model calculations , where pert inent , the author uses the
opt ical  of electron constant, which serves to maximize K . .. In general there
is additional screening due to ionic mot ion  which wou 1d~~~nhance c above the
optical limit. Thus , in general , the value given by the author for excita-
tion of anions will be

3~ ? 
upper bound on the exciton b inding (lower bound on

the exciton position) .—

In ex c i t i n g  the c a t i o n , th ings  are much d i f f e r e n t .  The cation
itself has a coulomb attraction for tl-n€m excited electron -n and hence an infinite
number of bound states on the sane ion as the hole. In this case the value
of K . - is given as described in Section IV —3. Due to these physically dif—
fer e ~~ mechanisms for  ionic c rys ta l s  the  d iscrepancies  in energy be tween core - -

levels as d e L ~-rmin ed by d i f f e r i n g  p rocesses  cam vary subs t an t i a l l y  and are
found to differ by as much as 10 eV or so. The author would anticipate tha t
such effects would be prese’nt in polar  molecules to a degree similar to the
ionic crystals. In the remainder of this section , the author describes the
results of specific calculations for th e solid state systems , Ne , Ar , L1F ,
NaF , KI- , LiC1 , N aCl , and KCI. In these calculations the author will ignore
the small d i f t e -r e n c e s  between levels as t y p i f i e d  by t ine  a tomic ca lcula t ions
in Section V .  The reader should be aware of their presence . In the methods
used here such s p l i t t i n g s  fo r  these solids were of the order of 0.25 eV.
He concentrates instead on the large- n effect of charge transfer versus non—
charge t r a n s l er  and in calculating the absolute position of true band ab-
sorption ed ges , lower bounds for exciton absorption loT the band edges , in
some cases actual positions of exciton lines using the theory of Section I\’—3 ,
and the positions for ESCA type edges.

The actual models used h e r e  are the following: The bands are com-
puted first in the restricted Hartree—Fock limit. For tine substances here
these calculations are available and henc~ no new calculations of this type
are performed. The correlation part of ~ is evaluated by the EPM except
f or NaC 1 and KC 1 , for which the available coulomb hole plus screen-ned ex-
change results ar~ 6ysed and for occasional cor~ levels where Fowler ’s
resul ts m i r e  used .— The r e l a xat i o n  p a r t  of ~ is evaluated  u s i n g  t ine
I l e i t le r—Lo nc l n n a p p r o x i m a t i o n  given in Section IV—2. Th€- K~ 1

’s come from

II,
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t i l t  OAt,) o f ~,ec t ~~~~ — 3 , eX ce p t  I or  L ;~~ m i c a n g e  t r -~ a ;  f c ’r  s t a t  0 .- - m r  which
Eq. ~

‘.7 )  iS Used . In usn ac t~ ;~ L c p a r i  mu~d / m - r dun / r o s - a i t s  for I,iCi , hst’l ,
and KLI ti~ - -n - n’ fl e’ h nnds mir e’ re~c ’~~~m m t c i in positi on to corr ect nor poor
con1~’e- rgen 1cc - o: I p i d i c e w nv n - hit s is i i i  rl; -~ original calculation . It is noted
in p~~’? ’ i n m  s in. l ;  eurroctions a’ en ‘ t ne - ole - I for LiBr and Nslm r of L u - e r  i and
Kun ~ ~ n es e  i T e ’ l e t  ic r converged.

I i ;~~J i v , t I ~~- auLh ,c r s il l diScuss the  p r a c t i c a l  a spec t s  of app l s i r m g
the OA O isaac I to c o n c h - a t e  t m i e ~ e l e ct  ron h o l e  i n t e r a c t i o n  s t r e n g t h ; .  In do ing
this , tine mm ; thor i i  oH  v sm nr : mnn a r  I zes a s e r i e s  of t h e ~ m ren;~ p r o v e n  i n  R e f .  I h i

by Km~t’z and Cal’ ins. .\ cording to Ref. 19 , the p m er c h o i c e  of t ime opt r~,—
tu r  OAt. ) ~~ i V e - ; ,  by

dAd 0 (-1) < n~ g
12

( l — P 10 ) n> 1o ‘ 
( 34 )

where °n e de f  inn - s P 1 . ,  by

< a i ;~~n [g 19P12j n>O ja> <an L19 n ; ;- . (35)

In Eq .  (35)  g - is t h e  two body oper . it  - m  ( e ~~I j r
1 1) and n - is the wave

f u n c t i o n  for tri,~ hole v a c a t e d  in the band of prilicipal quantuni- numbe r n-n.
I d e a l l s  L h e ’i; , in t e r ; m - o - of the  Bloch f u n c t i o ns  ~m ,‘ fo r  th i s  band , - ‘n e  has

nn’m

= 

B.Z. 

a~~ ‘
~1 -JT (~~) d k .  ( I t )

• The c o e t f i c i e n t ’ - a o , ma ’- be r i m o s e n  such ti -nat  the  e x p e c t a t i o n  va lue- of t he
v i r t u a l  o r b i t al  ;

°
~~
‘ solv~ r- c~ F l i . (11) is m i n i m i r e d .  This p r e s c r i p t i o n ;  is

reasonable , s i i ; - .~ ~~ e cho ice of v i r t - m . ~l o r b i ta l  ii; F .  ( 11) has l c ~-n sh ow~
to be v ar i a t i c i ; a i i v  do ter r , ; i i ;cd  ~1gn ~ 9~ o possess a ~~ cpman;s 

‘ t heo r em for ex—
cit at i ’ra-m o f  the- i~ bod y sy s te m. - ‘ Theretore the si-nape of hm ~ Ic wh ich
o p t i m i z e s  th e  energy  at 

~ 
also op t imizes  the  exci ted  s t a t e  to ta l  c ; n n t - r g v .

This of course neg lon  ts r t l a x ; c t  ion of core ~ r l it a l s  shape and c o r r e l a t i o n .
These e f t 0 -  r s here mi re t r ea ted  separat .el-

in p r a c t ;  ce , f o r  t i n e  c isc of n o n — o v e r  l a p p i n g  o r b i t a l  s ( I . , .  t h e
o r b i t  c i , ,  t a r  cor c-  St  a t e - c-; in th i s  C - n i  c u i n t i ,  n - n) , t i e  proper  cho ice  of I n ”
t o r  u se in  L q .  (ii) ms loun ,d to be i d i - local orbit a l , 

A 
I c r  t h i ~ Itch’

v a c a t e d . For ~ i :mi 1 — ~~i n - i t v . ~~~ a u t h o r  m i s c  uses t I m i ; m p p r i m x ; ; ; m ; ’~olv f - n  t h e
c isc 01 v a l e n c e -  , y ,  i t , ; t j n i ’ m ; . her - , of course , e on-lap cons i d e r m t  i~’ns dic—
t m e  t h a t  I m i s  c l n o m c e  o f  n>  is not n ;r ima l . h o w e v e r , here  t n

n r c  SnIc.c l i ( c i th~ - rde n of fe •Q 5  ~‘r l e s s )  and t h i s  sh~ uid no t  he n s i gn i t  I —
c c c l  p r o b  I to;; T h e  calculations ire c r 1  nime-d 1 4 1 0 g  r h o  ~~n nc - n:e d e as i’m
m m m cd i c c  s ; l vj n ~- I r the local orbi ti ls . f o r  t i n e  gr mn ,nnd s t a t e .  Iwo shel  is
0 1  neigh bo r in g ata ntt - , tt - I n c  l n n d e d  n t h e  c ;n l c m n l a t j c ’ n m n - h  t I m e  i ~-m a in d er  of
t i :, i n i t i  ~

- I s  t n ~~~; r e d  b t p r i n t  i on  m o d eL  th is seens r t a s n ’n m i h e l e - , in
t ; ; . i t  t ,  - I i  i m a  - xc l i e d  l e v e l - i  t o n  t h i c ’ c at  .‘ns - - t n a r e  gas atoms lie a - lv

insid~- l I t ,  1 n ~,t  i c e  ~ln ’ i n h i s t a n m ’e w h e n  Oaf) a;; d e s : r i b c i i n - n e  ;s ; c s e - d .  li ce
v , t l c n  ci K n -~ ti ~~-n t ‘ ‘h t c~~ncd by s o l v i n g  ( I l l  w i t h - , A in  d A m )  set i n ’  m e r e -  and

I ’

_ _ _  _ _  _ _
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by tak ing  the d i t f e r e n c e  of the expec ta t ion  value fo r  C
A in these two

l i m i t s .

In p r a c t i c e ’  ante- could  also ob ta in  the value of K f o r  the  anion
exc i t a t i ons  by th i s  model .  However the  d i f f u s e n e s s  of the ~~ r s t  exci ted
level r equ i r e s  thlat one use a mor n- var ied  angu la r  b a s i s  set than -n the a u t h o r
is able to p rov ide -  at  this t ime in order to have an a c c u r a t e  e s t im a t e  of
the energy . Therefore it is simple and about ~s ac~ urate in this case to
use Eq .  (33) to determine K . In t h i s  case (R

A 
— R ) is the nearest neigh-

bor d i s t a n c e .  The au thor  hi~~ tested th is  appr ox imation  on several  molecules
fo r  which -n he is able to p rov ide  accura te  ca lcula t ions  of charge  t r a n s f e r  type —

e x c i t a t i o n s  or core s t a t e s .  He f i n d s  the use of (33) i n t roduces  an error of
about 2O~ iii the value of K , . ln the test  cases the  value of K . given by
(33) was too l a r g e - and thus~~~n no way compromises  the conclus ion~~~f this
man uscr ipt.

The basis  set fo r  the solid s t a t e  ca lcula t ions  cons is ted  of s , p ,
and d type  Sla ter  orb i ta ls . The same basis set used f o r  the local o rb i t a l s
calculations on Lin ~~ ground state was emp loyed and was augmented by four
addi t ional  d i f f u s e  s — t y p e  o r b i t a l s  fo r  desc r ib ing  the excited state (note
svcicr ;etrv prevents mixing of p or d orbitals in the  exc i t ed  s t a t e ) .  The o rb i —
tals wec :n -  even tempered in these  ca l cu l a t i ons .  In sum then  f o r  a l l  ls cx—
ci tons  t h e  - - n 0 — b a n u  o n e — s i t e  model is used and fo r  a l l  dp  e xc i t o n s  ti -n e
e f f e c t i v e  mass t h e o r y .  For exc i ta t ions  of ca t ion  or rare  gas a tom the OAO
t h e o ry  is used to compute K . and E q . ( 3 3 )  is used fo r  anion e x c i t a t i o n .

Band s t r u c t u r e s  fo r  substances Ne- , Ar , LiF , NaP , KI-’, LiC1 , N m n b l ,
KCI mire show;; in F-i gs. 1—4. These bands are o b t a i n e d  bv 5~~t a r t in g  w i t h  t he
s e l f — c o n s i s t e n t  ‘ - n r t r e e — F o c k  resu l t s  in time l i t e r a t u r e .  — To these results

is added . ~ here inc ludes  both  c or r e h ~n t i o n  and r e l a x a t i o n .  This had
not  been r epo r t ed  n - x e o p t  f o r  L iP .  In add i t ion  t ine  bands f o r  N C I  and KC 1 are
cor rec te- u fee ’ the c c ’ n m v c r g e ’ n i e e  of the  plane wave basis. (This is needed n e i n i  v
fo r  the I I) v c .l cano e b a n d s . )  Tb i s  co r rec t ion  was computed by t h e  a u t h o r  by
c o m p u t i n g  il -ne r point in a self—consistent LCAO model .

i t ; addition i t  t h i s , the values deduced by a c t ua l  c a l c u l a t i o n  fo r
the values  01 the  c o n s t i t uen t s  of ~ and or the  I’ . .  ‘ s fo r  t he  v a r i o u s  cr s’ s—
t i  i s  s t ud i e d  ~l r e  given in h ; n h  Ic - s  11— V . I - ron ~h e c - ’ ~~

3 tab 1es one can -n d e d u c e
the great d it 1 e r e n c c -  O e t w & ’e i l  t i -ce K ’s b r  o n — s i t e  c x c i t a t i o r n  and b r  charge
tr iti ;t c r  e x :limi t ion. In -cdd it i o n , one can m o e -  quite quickly t n T  deep cx—
cit — it ions t h e  gt e -mi t dom i m e l e e  of the  r e - i  i x n t  ion t e r m s  in (let c- r im ; u t  ing  t h e
ed ge positions .

l ’s 
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TA BLE II

Fo r tine rare gas sys tems Ne and Ar the  var ious  c o n t r i b u t i o ns  tc  the
energy gaps are g iven .  The correlation contribution is svmbolizea by ~ (c)
whereas the relaxation contribution is given as ~*(r). The electron h o l e -
i n t e rac t ion  is essent ia l ly cons tant  fo r  all pa i r  e x c i t a t i o n s  on the N et or Ar
atoms . For excitations to the 3s level we dm’n.luce the value of K to be 3.45
+ .1 eV and fo r  exc i ta t ions  to the Ar 4s level K is found to be 1.5 eV.
Results in eV.

Level (c) ( r )

P t: : 22 :89

2p Ne l.Oa 2.95

Conduction band He —1.85 — 0

3p A r  l.5b 1.29

Conduction band Ar —l.b~ 
— 0

_ _-  -- -____ _ _ _  -- -- _ _ _ _ _ _ _
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TAK ~.h III

l i n e  self energ ies and the electron—hole interactions are given tar
LiF and L 1C1. Resu l t s  are  in c-V.

Level Sy s t e m  
1 

r ( c )  y * ( r )  K 1

l.i l~ LiP  2 . 9 2  1.52 — 1 0 . 3 8

F Is LiP 1 .79  2 4 . 7 5  — 3 . 74

F 2s LiF 1.79 -..00 — 3 . 7 ’ .

F 2 p LIF 1.79 3.56 — 3.74

Li Is LiCI 3. -cS 1.52 —10 .38

Cl Is Lid 2.-cd 3 3 . - 4  — 2 . 0 4

Cl ds LiCI 2.42 11.51 - 2 . 0 4

Cl 2p Lid 2 . -.2 12. i -c  - 
— 2 . 0 - .

Cl 3s LiC 1 2.-cd 1.99 — 2.0-.

Cl 3p LiCl 2.42 l. -.8 — 2 . 0 4

c.b. L1F -2.38 -1.0

c.b. Lid -1.61

____ __________  _____ ______

L 
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TAB LE IV

The Self—Energies and the electron—hole interactions are given
for NaF and NaCl. Results are in eV.

*
* ~~ (r)  KLevel 

— 
System ~

‘ 
(c) Ia

Na is NaF 2.13 22.70 —8.60

Na 2s NaF 2.13 2.79 —8.60

Na 2p NaF 2.13 3.10 —8.60

F is NaF 1.99 24.75 —3.59

F 2s NaF 1.99 4.00 —3.59

F 2p NaF 1.99 3.56 —3.59

Na is NaCl 2.43 22.70 —8.60

Na 2s NaC1 2.43 2.79 —8 .60

Na 2p NaC1 2.43 3.10 —8.60

Ci is NaC1 1.31 33.41 —2.28

Cl 2s NaCl 1.31 11.51 -2 . 2 8

Cl 2p NaC1 1.31 12.54 —2.28

Cl 3s NaC1 1.31 1.99 —2.28

Cl 3p NaCl 1.31 1.48 —2.28

c . b .  NaF —1.11

c.b. NaCI -2.16

c i  

-  - - - - -  - - ~~~~~~ - ‘ - - - - --- - - ‘ -—-~~~~~ - -
~~~~~
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TABLE V

The self energies and the elect ron—hole  in te rac t ion  s t r e n g t h  are
given for KF and KC1. Results are in eV.

Level Subs tance ~
*(c) ( r )  K

ia

is K KF 1.75 32.14 -7 . 2 2

2s K KF 1.75 9.98 -7.15

2p K KF 1.75 11.21 —7.13

3s K KF 1.75 1.36 —7.00

3p K KF 1.75 1.20 —6.84

is F KF 1.93 2 4 . 7 5  — 2 . 9 3

2s F KF 1.93 4.00 — 2.93

2p F KF 1.93 3.56 —2.93

is K KC1 1.96 32.14 —7. d2

2s K KCI. 1.96 9.98 —7. 15

2p K KC1 1.96 11.21 —7.13

3s K KC 1 1.96 1.36 — 7 . 0 0

3p 1K KC1 1.96 1.20 — t e .84

is Cl KC1 1.06 33.14 — 2.16

2s Cl KCI 1.06 11.51 —2. 16

2p Cl KC1 1.06 12.54 —2.16

3s Cl KC1 1.06 1.99 —2.16

3p Cl KC1 1.06 1.48 —2.16

c.b. KF —1.14

c.b. KC1 —1.99

-I ~)  
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VII. EXTENSION TO NARROW GAP SOLIDS AND METALS

All the preceding theory applies with only trivial modifications
to systems such as narrow gap solids like Si or to metals. The method of
local orbi tals used for  getting localized descriptions of the charge density
opera tor may be modified in three equally usef ul ways. The first is to
construc t atom based local orbitals in a RI-IF mode by averaging over the
needed low lying exci ted confi gurations . For example , i~ th~ case of Si , in
which the Si atom exists fo~ the at~mic configura tion is 2s 2p 6 3s 3p 3(5S)
one includes the virtual 3s and 3p in localization and projects out the
occupied space using the b and theory code to perform the separation . The
second possibility is to localize some electron on atoms and some in bonds .
In the case of Si one would then have a Si atom with electron in a is 2 , 2s 2 ,
2p 6 conf igura tion and 4 doubly occupied sp 3 covalent bond orbitais. The third
is to use a UHF description in which the up spin electrons localize on the
A sugla ttice from the n=3 shell and the down spin ones are the B sublattice.
There is a four th possibility and this is to form non—local orbitals which
localize say on a Si

5 
cluster. This latter prospect is not appealing in that

it is bo th inefficient of time and cumbersome to implement .

The band theore t ical techniques used h~rein go over unchanged for
me tals or sem iconduc tors

The electronic polaron needs only minor modifica tion to be gener-
ally useful. This modification is to use for a metal the plasma freq uency
ra ther than the exciton f r~.quency and to recognize that for wide bands the
expressions (6) , (7)  are for  many cases and one solves this by expand ing
the bordered determinant in the electronic polaron derivative exactly rather
than by use of perturbation theory . In this limit the exact answer is given
as

*

~ 
(~~) 

= (37)
ac ~ ,b c (k) — ~~~~~~~~~~~~~~~~~~~~~~~~~ + 

~ac ~~

and mm 2
* -~ I v-c’ I

~nc 
(k) eJ  

,÷ 

q 
* 

. (38)
q, m c (k) +

~
?
~
W
ex 

- c ( k  — q) +

ijThe def ining V-c- are given by (8) .

A repr in t  de t a i l i ng  the extension in p rac t i ce  for  a m e t a l  is given
as Appendix 1.
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V I I I .  LOCAL ORBITAL COMPUTER PROGRAM

This is a series of four programs used successively to solve for
a solid state self consistent first order density matrix . The use of these
pr ograms and the listing are given here .

VIII—i. USE OF THE CODE

This set of calculations uses four programs . The first is LOPAS .
It solves self consistently the equation

1
L A A A i  

~ ~
Ai 

= 

~~ 
~
j k ~Aj 

< Aj I A I Ak > 

~~~~ 

.1 
~Ai

for  a given U
A
. A is a square well of radius 5.0 Bohr and depth — l .ORy .

The remaining three programs form U
A 

f or LØPAS . For a diatomic substance the
fir~n t - pass oi LØPAS solves for both types of atoms in the solid . This program
produces two disk or tape output files. These are KØUT on device 6 and KLØUT
on device 7. It may also need two input files . This is a data option as
shown below. These files are KLRP on device 8 and KSRP on device 9. In
add ition there is card data as given below.

The third program used is called WFN . This produces potentials for
the fourth program . The potential is produced in file KINTER on device 5 and
is 

V(r)  = 

~ 

e
2
~~.(t2

) 
dr

2

This program needs card input and a file input on device 7, KLØUT produced by
LØPAS . Card input is specified below.

The second program is PIØN , it generates the poin t  ion poten t ial
(spher ical  p a r t )  about both a posi t ive  and nega t ive  ion s i te  for  a fcc  l a t t i c e
it requi res  card input as specif ied below and produces the ou tpu t  f i l e  KLRP
on device 8 wh ich is used by LØPAS .

The f o u r t h  program is D~ UB , it takes the potential generated by WFN
and expand s it about other sites . As th i s  deck is used for cubic solids we
retain only the Y 0 term of the expans ion , the y

1
m_y

3
m are identicall y zero .

‘the next term y
4
m° is small by our tests and is neglected . This forms its Out -

pu t on file 9 and is KSRP . It uses file KINTER produced by WFN on device 5
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and also card input. The potential generated here is only for the f i r s t
two neighbors (i.e. the alkali and halogen are expanded about the halogen) .
We assume

y (r) a ~ a~ (r)  ~~m (0~~ )

a
1

( r )  = V ( r _ R ~ )Y
f

m (e ,~~) d14

In file KSRP is stored Y °(8,~~)a (r). This program is quite flexible and
can generate other expansion nem€~ rs if desired as well as do o ther double
integrals.

The standard way of using this program is to use LOPAS to solve
for the free ion solutions or the solutions assuming U

A 
= V~ 1

(r). Then
use PION , WFN , and DOUB to get U sense LOPAS using input from these programs
and cycle through this until sel’ consistency . This is normally only one
or two passes.

V I I I — 2 .  I N P U T  DATA D E F I N E D

The following set of data for each ion or atom needed .

Card 1: Z LA B ( I ) ,  1=1 ,20 20A4
Holor ith da ta to prov ide a label or outpu t

Card 2 : Z , RH~ ,H,NTYPES , T~L,FRACN ,MAXIT ,KDl ,KD2 ,3FlO.4,I4 ,FlO.4,IlO , 312 ,
6I2 ,2F4.O ,IATOM ,NEF ,NEG ,INT ER 1,INTER2 ,INTER3 ,WT 1,WT2

Z = AT number

we genera te Rmesh from R (I) EXP (RBO+(I_l)*H)/Z

RHO is usually —3.0
doub assumes these values

H is usually 0.0625

NTYPES = no . of different ang . momenta present , i.e. for 1=3
i 10  calls ex i t .  fo r  Na +=2

TOL. self consistency cryterion try 0.005, this is adequate usually

FRACN determines wave function for 1+1st interation from — I N T E G E R  T R I G G E R S

PRATT IMPROVEMENT . USE 9999 to avoid

~I+1 
= FRACN + ( l— F R A C N )

use 0.5 to 0.8. (If it works 1.0 Is best ) now it seems to work
much of the time .

2 i
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MAXIT = max. no. of i t e r a ct io n s  allowed if it is not specified program uses
MAXIT = 2I and FRA CN=O. 5

KD 1 if = 0 gets e s t ima te  of t r i a l  wavefunc t ions  f rom card data otherwise
from file KOUT , almos . always use 0

KD2 it 0 gets input data for potential from cards if not 0 gets data from
fi1e~i KSRP and KLFP use 0 for first pass of LOPAS and otherwise for
subsequent runs for a given material.

LATOM ~ 0 if we compute on atom

NEF = no. of extra F
k needed

NEC, = no. of extra ck needed

INTER 1 ,2 and 3 for mixup of state

INTER 1 gives L values of functions interchanged as L+l

INTER 2 is one replaced by INTER 3 (allows one to get excited states for
example)

WT1 is no. of atom in nearest  neighbors ,

WT2 is no. of atom in next nearest neighbors

Card 3: VE ST( I ) , 11,161 8F10.5
this is the point  ion potential . -

Card 4: 1X,5F12.6 K(t) is short range potential.

Note: Read in card 3 and 4 onl y if KDZ # 0 and then only from disk or tape .

*Card 4 : RNA X , DEPT , 2FlO.4 Well part of rad RNAX and depth Dept with a

t a i l R > R M A X V =  D E P T + R M A X

(Ignored in programs if cards 3 and 4 received in from disk or tape)

Card 5: 314
NES = no of S functions expansion used
NEP = no of P functions expansion used
NED = no of D functions expansion used

Card 6: 14 ,F14.7 1=1 , NTYPES , J=l , NES , AJ(I ,J ) , ZJ (I ,J)
NEP
NED

wavefunc tion assumed to be of form

AJ +L

~nfm
(t
~ 

= ~~~ (O , q )  ~ CJJNJ~ r ‘~ eX P (_ ZJ ~ R)

here the A+Z are readins . hogram from the NJ t s use A+Z from
Freema n and Wa tson or Bagus papers usually or extrapolate

26 
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Card 7: NO(I),I=l ,3,314
N O ( l )  no. of occ S o rb i t a l s  (shells)
N O ( 2 )  = no. of occ P orbitais (shells)
N O(3) = no. of occ D orbi tals  ( she l l s )

i .e .  for  Na~ NO(l) 2 , N O ( 2 ) = l , NØ(3) 0

Card 8: 6Fl2.5 I=1 ,NT YPES , .Jl ,NO (I),K 1 ,ll PSIØ(I ,J ,K). Initial estimate
of CJ c o e f f i c i e n t s  can be r a the r  bad makes li tt le d i f f e renc e see
Wa tson and Fre eman , etc. Always on cards but if KDl~ O also gets
them from disk. Uses disk version if readin

Card 9: 214 , N F ( l ) ,  N 1 ; ( i ) ,  I=i ,NTYPES
NF is no of Fk in tegra ls  needed fo r  each type of o rb i ta l  (see
Har t ree ’s book for  de f i n i t i on )

NG is no of Gk in tegrals  needed for  each type of orbital  (see
Hartree)

Card 10: I4,Fl2.6 1 1 , NTY PES , J l ,NF’(I) F(1 ,J ) , XF (I ,J ) ,
F tells which function in core is used in the F° integral , XF tells
its weight see Hartree. Functions are stored as follows . All S
functions then all P functions , then all D functions stored from
lowest eigenvalue up.

Card 11: 2I4 ,Fl2.6 11 ,NTYPES , i 1 ,N G ( I )
G(I , J ,1), G(I ,J , 2 ) , XG(I ,J)

kG(I ,J,l) gives the K of G to evaluate
G(I ,J ,2) g ives the funct ion used
XG(I ,J) gives the weight
see Hartree

Note in list sample input for LCR is given outpu t is essentially the
energies and the CJ ’s found for S then P then D functions .

Card 12: 314, Fl8.lO if needed
I,J ,K,WT for extra Fk~s

K is the 
k of Fk

I and J t e l l  which funct ion
WT = 1.0

Card 13: i ,J ,K as card 12 excep t if needed for G
k ,

s

Input Information for WFN — set for each ion or atom

Card 1: Z , N , F lO . 4 , 14
Z = at.no
N = no of 0cc sub . shells
If Z = 0 call exit

Card 2: N times FlO.4 WI’
WT is 0cc . number  of this  shel l
also 1- lIe KLRP
only useful output is on KINTER

27 
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Data for PION

(1 set for  each atom)

Card I. : NRE G 14
r~’ of regions needed , use 6 if 0 call exit

Card 2: IPT , RHO , H , Z , SIGN , I $ , $ Fl2 . 6
IPT = 161
RHO ,H as in LOPAS
Z a t/ m p  + —SIGN= — ionicity i.e. for Na is —1, for Ci is +1

Card 3: BOIJND,CONS ,COFT is NREG Terms 3Fl2.4
Band is R max of region
in Reg ion we have V = CONS+COFT/R
use for  fcc latt ice the set

BOUN D CONS COFT

a / 2  — 6 . 9 9 / a  0.0
V2 a/2 17.01/a — 12.0
/~ a/2  —17.01/ a 12.0
2 a/2 1.445/a —4.0
/~ a /2  —10.55/a 8.0

0.0 — 3 . 7 4

a is lat t .  param in Bohr un i t s  use fu l  ou tpu t  is on f i le  KLRP for zinc
blende lattice

Card 1: 4

Card 2: 161 —3.0 0.0625 Z ± lonicity

Card 3: 4~—~ —7.5658/a 0.0

10.88/a -8.0

-23.0/a  16.0

0.0 —3.11

28
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Input Data for DØUB

also gets data from KINTER

Card 1: NOFUN 12
no of types of atoms , i.e. for alkali halide = 2

Card 2: Z(I), I=l ,NOFUN 20F6.0
Z = at. no. of each type of atom

Card 3: I ,J,K,L,M,N,A 6(2 ,Fl2.6)
here for an dia tomic sys tem use the following 4 cards only

3 3 2 2 2 1 a/2

3 3 1 2 2 1 /2 a/2

4 4 1 2 2 1 a/2

4 4 2 2 2 1 V’2 a/2

General Input Data for DOUB for HF routine(if used as an integration
program rather than extension program)

Card 1: NOFUN 12
no of funct ions read in

Card 2: Z( I ) , 20F6.0 1 1 , NOFUN
Z at m

Card 3: I ,J ,K,L,M,N,A , 6I2 ,F12.6
I = fun at cert
J = oth
K = fun at oth cent
L = 1 1.0

2 = So
3 = Pa
4 = Pit
5 = do
6 = dit
7 = dS

M
N
A = separation of origins

1, ()

~
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VIII—3. LIST OF PROGRAMS

L~~ :~~~~~ A~~~ ~~~ , 
, i~~~~ ~ ~ - c~~~~ , ~ 

-

!.cJn ~~~~~~~~~~~~~~~~~
~~~~~~~~~

_______________ ,~~ (C , ~~~~~ -- __________________________
~~~~~~~~~~~~~~~~~~ LS~~~ ”
L ~ -c I T T E  ~, ~ 7 r  ~ P t - k T ) ~~ r.T  C F p~- ’ y s Ics  u - d - - E - .SI T Y  ~ f ILL INO IS  Ci~~~ u
L. -~~~~~~~~“~~~t -‘~~~~~ ~ ~‘C T c  ~~(, ~ ~~F’ (.) T i-c E iB~ 36 — 7 ~J I r i ~~.SI ’j ~ Z L . , r - ( c )

A )  ( I  s o I l  1 , 1 1  ( , c ’ ~R ( 1 1 ( , S ~.LI  11 ,161  ( , P S I  - i , 1 1 , 1 b 1 ),

_ _ _ _ _ _

~~~

( 1 o 1 , - .- -

~~~~

, ) ,~~~~,~~~‘~~~~ , i ( ,Z J ( . i ,i j , 1 ,

~~~b i 1 (3, 1 ‘ 1 , ~~ 1 f ‘3, 1 , ~1I , E ( 3i 1 1) ,
d ( - i s  ( I , .~ - ( 3 , l l a l l  I ~ -~~~~ ( 3  , ~E X P  ( 3 ) ,  0~~b U

3 ) , F  3 s ~- t ’  ~~~~~~~~~~~~~~~~~ ,~~b s x i ~~i,.~5 ) , 5 C j 3 - - —____________________________
~~~~~ - 1 !~~~ / ‘ 3~~ 

A — ,  c- ~~~~~ ~~~~~~~~~~ i~~~~i > ,  ~EXT I 1 61) ,  v P k I  I l~ - 1
L~)I 1 M ’i\ / L ) I~./ ~~ - r ~ - — 1 ’ ( 1~~, l l (

UL~,L~ P- c L C I~~~~~’ ~~~~~~~~~~

~~-~~L N~
£ ‘ 1~~, ,2E’~ ~~c ,F ,, OA. 1 I.~

~~- A T  I i • . ”1~~’ ~~3 - L  r-~~~~~~~~~~_ p Re - ~~~A.. r-’ !~~ ~~~ ~~~~~~~ 0 1 e v

d ~~~~i-~-~A T  (7 2 —

C A ~~ Q
3 ~~c’, ’ iA ’  — A • •‘s “)~~~~ ‘ .‘., I i  ~~~~~~~~~~~~

~ l’~~~ i M A T  ( C A b ))

~ l~ ..-c~• ’ * T 1 ” ’ P •  A ” • / (  0 1 7 ) )

— 
0 ~ 1~~ ’ A T  t r , n 1~~~.

_

“ M’ ~.I I ~~~~ A t  O 1~~ c
~ •~~‘~~~~~ A T  ~~~~~~~~ J (  ~~t Cc c

~
, 

~“ -‘_:~_2: ‘ t -  t. _ -~~ ~~~~~~~~~~~~~~~~~~~~~~~ Cd ~~i,
10 ~~~-~~ A (~~. s~ , 5 ) ’ A ,  .~ ‘I
A 1  ~~)i~~~- iA ’ “~~ j - , ~~
A d  l”~~.~ ” A T  - - ~~~~~~~~ ~~~- .‘ - - 

— - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

l i d  - - -
~~ 1—  ~~~~~~~~~~~~~~~~~~~~~ I c S~ ~Sa ~~ X ,F 1j . A4 (

/ 1 -  ~~~~~~~~~~ i~~~.
/1-. F~~.~ -’~~ ( ~~~~~~~ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

~~) M A T ( 1 - , 1 , 3 ’ ~ - i r ’ -, - J , ,ECi )
~E SLJ L 1S ~ t’LL~~W

A A P U T j T T ~
— --~.,L C~~C’ (~~ T ) ’ ~~ L ’ - ,-- ’ ,~~~~Y - ’ I

a A ~

~~ j ’s 1 j

$.A ,~~j ’,1’ 
~.‘ I Z L ~~~I — )  ~~~~~~~~~~~~~~~~~~

T I  L~~~~ •-~
•
~~ j J c l v

‘ t A 1 )  3 5 L  ~~~~~~~~~ ~~~~ ‘- , u,,, 1 T 1  A 5 ”~~A~~ ~ T , K c 1 , k ,  ~? s  1 - -  ~ -- , N ~~F ,r.E~~,
~~ c~~~~ l’l~~~,~~ A , C ~~’~~’ 5

t~ ( f ’ c~~~~~i 1~~~~ s 1 1 i . ’ ~‘

/ A A  
~~‘ - A C ~~~~ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _

/ , j d c~~ c 1 I N j E  
- _ _ _ _ _ _

x -  (~‘A ~~I r( / .~~~ / ,, ~~~~‘

/ A.A .~ ~e s X T _ cA 1  
_ _ _ _ _

l~~. ~-c( ” cT I ~.~~
A )  ( A T ~~ — c .~ , • ~

. 
~~

- 
~

LJr~ 31 I l , ~~~b 4 1 ~~

L 

(L ( .E ~~~Pl P . ,e ( , .  
—

a X  ~~~~~~~~~~~~~
J~~ M ) 1  1 . s  ( — -/ . .  

— - _ _ _ _ _ _ _ _

“I  I + j  I I T  ) •

30



r 
-- -- 

~~~

‘

- ‘ ( j + d ) ~~ - ’ ) ’ ) + ~~~~~
, ~ i

4 , i  ~ I I + 3 ) ~~~i~~ j I 4 J . 4
A r  I T — ’ .~ . -  I ‘ 3

—— 
‘ L A U t , l 1 l I~~ r , i A ) , rl, t 6 l I

I ~~, i~ - I I  I I, T a T ,  16 1 )
~
, 4 _ _  ~~~~~~~~~~~~~~~~~ 

-

L1t
~ 

1 L  - ./ T i , ~~~

~~~k 1 I I)
I ~~~~~~~~ ~~

, A I ?, 11 j 2
1 A ,J , ~~i-A ,<I (1 

_______

1~~ J, Lc N 1 j N ~ i~
L)~~ 13 l a 1,~~ c j

i -3  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
) ) J  999 ’~ I 1 J i C ~

~J - - ; ~~, 1~~ _________ ______________________________ ________ ______

LU A T 1 I \ ~ . 1E

‘-t, A 3  ~ s - ‘~~~s t  I

,‘~~l 1- ’~ ~ ____________________

L r  ( — ) 1 ) - k - .A~~ - ~~,

~~LA0 A c x T  (11= -~~ ~~~

-cO 1’ 13 1~~’ 
-

~~c- / ~ L-~- 1 I  I I - ‘ ~~ I I )
i~~o LC ~. T 1 - I -

ci 1 1) - ~ ~~~~~~~~~~

~~~~~~~~~ ~~P R I I 1 ) = — ~~~
--~~~I - ,, , I c y ) ,

i~~ L~’~cT ~~~~~
~ ‘~. X ; A I  1 , 2 . )  •~~ A I ) I s  ‘ a~~,~~ 6 l )

~~~~~~~ ~~~~~~~~~~~~~~~~~ ~~~~~ .-

~~ ~~~~i ,  ~~~
- .

~~~~~ 5 , 4~~~~i 2 s ,  , ,  , I

~s =~’+ a J I  ,~~~~~~~.. 0 310
is i s

- I l ; I O i b o
4 ~:s=1 ~~C

3d ,.,J I I , 1 P Z ( t I r . , . ,  I1,~~~) I + + ! $) / T ) + + i i . 5  03~~U
i ( ~~~~~~~~ - . ,- 0’. ~U

A ’ ~ ~~~ ~~~ 
. 

- - 041)) —

~-c 4L ~‘ ‘ ‘ ~~ ‘, ,~~~- . . J I ’ - , I  O4 d o
04 3 0

I ’ 1 0440

~~‘. 
. .j ) ~~~s c a l l  l - .~~~~’ ~~~‘ + + TS I , T )~~~~c-~~~~.

-
~ O . 5 0

~~~~ ,P- ( 
~ 

) .~~~ • I I - I’— O4bI j
-,-~~ ,3#-, I~~~)~~ ~
)LAL ~~~~~~ ~~, , ‘ j c  - , ~~~~I

•

T a i - ~~~~C1- ) I  L ’ 3~~ 
0b~~~ U

-5 a j -)
ao . J ( l ~~~~J ) a ( l C . 4 , I , , r 1 ? + ~~ J S ) / T I + 4 .5 

____________________

J,) - P 1 1  -~

.~~* P ( 3 I S  ~ ________________ ___________________________

~~~~~~ ~~~~~~~~~~~~~~ .~~~~~.
‘ ~~~~~

‘ -A C S ~t’ 1 I + I ~ I O~ bu

~~ ,~ / j S ’~~ l~~~~~V - ______ ______________________ 
05/c

-. et’ I I I

L.O .1 — 1 s  0b ~IU

31

L _ _ _  

_ __-- —~~~~~~~~~~~‘- -- —-  -



~~~~~~
---_--

~~ 
_—~~~~~ -- 

I

,iI “~~~c:.~~ o, 1 - S i t ( l ,  , r l , .’ j , J l)

i r  i c  ~~.c l  ,I- 1 - ’ 1

A- - 1 p 1  I T A - F

~. ~‘ j~~~
öc d -‘~~ ..V ( ‘ , - . I I — , J ’  -

o~~~1 LL~~T 1 r ’.;F 
— _______________________________

A . 1 T i 4 ~~ T 1 A , T c z ~ ~. M - L  F I L L  I A  ~~1-T A hL~~C~~~ ~i c T ~~ A A ~ L u A T I O M S  0b1.,A
-~~~ ~~ j a ~~~, - T y i ~~~~ ___________ 

0b~ 3
~P I 0o .~C’

ic2 ~~ 3 = 1 ,  -

&- ~~ ~~~~ ~~a ,p  i t~~ ______ 
C n ~~c

~~ r (I,~~~ , c l = ’ ,j~~~~~,,l ‘ . U t~ - ) ’ . + 1 T + 4 J I 1 , . - I l I *~~ZP ( Z c 1 1 , . - I i 4 ’ . I $ , I I  L e o) )
~~~~ ~~~~i~~~~r A T  I

~~~ - L - A T  : ‘ . i  F ” . - ’ -

‘.~~ i~~~~~~~~~~~c ’  C e / C
‘.1 c~ V~ ‘+,~~ .- ~~l I ~~

_____ ‘~~~ , =~~~,. ~~~~~~ ‘

-~~~~F ( 1 I  0/~ c
LA -:; ‘.d ,,c=~~~s - 0711,

‘.d ~~~~~ 
7, ’- I I  5 , 1 ’  5 1  c i  ‘~,J _______________ 

C -/ ~~~ i_, 
-

i~ ~
, OH))

01 +11
‘.3 ,j=’ , - 0 / 5 c c

‘.3 --- r A c  ~~ , ~~~~~~~~~ - , T , J ,2 ) , A ) ) I  i,, J I  0 /e l_I
L A L L E A ~~~~~~ ‘ - c  ~~~ - ‘ ~~/-~~.L- ~~‘ ‘ L L E c ., T~~ Fl J ,~ - _ - ‘ - S I A  A l  L c . T A  b LO C KS  C l / U

— A _ I  ‘ . +  1~~~ ,~ - 1 ~ - ( 0 / b A ,
,a , 1 A p l  1 1  OHc

~~~ “
AT ,i= , , C o  c

c U  4-. ~, J g  - C~~ 1c
J I J ’  I ~~5 ‘A ~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~

~~~~~~~~ 
T , J , c T ~~~A 0~~ iv

-L I l , c , f l A  -~~ Or ’ .c
c - . L.L  ‘: v r ( , s -  s U- . J, 1J ,ZJ , ” l  05~~U
i i  ~~~~~~~~~ -.~ ‘~. Oo~ c

4’. ‘ A l j , P , s J c A ’ :~ _______ 
OO/A.A —

- 1  T a o

L iI 5 A 4 I~~ ’~ - c 1 , . V ~~~~L -  L1O ’
~~L

‘VS, ~~ - 4 ~~~~~~ c s -  C
. 2  . T =~ I 1 1+ . 0 5 1 ) )

I ci V • r  - . - • c r. - ~~r, ,- ‘ .

I _______________

A- 2 ,~c . 1 1

4 3= I _ L. A

‘.~J ~-‘~~ L I  A l _ I l —  * C~~oo
o s / u  —

1~~’ J~~ U~~ T .  ~~t~~
- C~~~I~ L

-1 ,c~~s P I J )  
__________

~~~~~~~ A l l  
-

c) ’~ j-4 .~~~~~~~, -

1i~~c.’

i i  l I a 1 ~~ i ,  1 A ’ ” L c
J~~ ~~‘L 1 L , i I I ~~~~~ I, . i i l .t T i i 4 I _ , c c , L I 8 c ~~,1 I _ , L , 1 I ,

UU 1 1  l a l, r ( 
- - - - -

iJU I ,_c a l  p 
_________

i A ,~~ A ~ Sa A ~
-. ‘ ‘ .  - ( - - - 

- ,c / ‘~ . 1- ’  I -V. L I I ?  ~‘ + ~‘ + •. . - A- I . ,j * I I + ~ ,
- + 

-

- I I s 4 ,A 
- - • . c

—



_ _ _ _  -~~~~~
-

.- - - — - --- —

L.II_1 l - - i~1 j a l s I ,  I

1 - .-~~ ~~l - . L I l I_ I ) ’3 . L I 1 ,~~~1/ c:_ ,. ’~~l~~~ , S )  1 1 1 ) )

-.j -2 ‘4~~ 1=t , , T ~~~- l  l Ad ) )
:~ f X P I  I I 1130

cO Ad j j ,  . 1 14 0

-.~~ ~ / 
.~~~~j, -

_________  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
11,60

4/ n IJ~~K I - ( , , , ,  1l
v
7o

C - I - - b ~~~~c r  - U t ,  :1 ‘- ‘1 ’ r L .
~~~ P L ET E  A~~~~3 I I,  F t P E k A T~~~~~~S ‘ - E x T  1 1 w ) )

~~L 4 1  j l ,  1 1’
~~ U

- ,2 4 1  K J ,  c ldc - c c
c F  ~~~~~- c ~ Ii ‘ 1A~1U

JCA +‘) L 1 i  ~~~~ 1d~~~ U

LL F I I . L (  ida) )
L” L I_  I ‘ci -‘, c . i  , ‘ ~‘ I,  ~~~ - L ‘3 ’ ” ’  A ’ .S, II Id+0

‘.-~ . Ij,i K l l- ( 1 , .  -~~c ‘ - + AL , 4  I 
_____ ________ — ______ 

l d bU

L ~~cj ,j I;. 
~~~~ ~~~L t  F

- c: ~~ ,j=:,. Id/ U
,jr, ‘. ‘~ .~~. p 1db’)

‘ ‘ ‘A = - L~,l 1 .  1d~~U
“~~ L ,  I~ 

ljc I j

LI_ ~~~ , l 1 , L , C l  131))
‘ \F  Ic I I , l p l  I l id) )

A, ’-*LL Gc’ . I  ‘ p ~~ ’ - L , ’ -’ - I ’ ” • L L , j 5 ~~~l M N A 1 I I

~~a “ I j ,’ c J A~~~l L~~~i (4,- - + / l ,J,l~~) 134 0
1 i c . . 1 ’ - - ‘1.  ~,l • U T  ~‘‘ -~ l2.,:i

5,~~ J ’ ’ ’ ’

A J  1:’ I” ?,5’  - , — - ‘l ,~ - -

t~~~d .I:-c= 1
£ 1

-c c  T U  ‘
~ - 3

5 - i  ~~~~~~~~~~~~~~~~

‘c ~~~N ’ l  1 1 + ’ 1 - ,
-c~~’ T 3

5 ‘4 ‘A ~~~1’~~~I l l $  ~~I —  4

5c~~D L , .T l I , l r
c ~c ) F ’  L ’ ” s

U 5 ‘ L~~~~~ .b ,  -
-i - = I.

— — ‘A L L  ‘ , i U - i , . ~~-~~~,- , I , - I , J , ~~~,~~- ’ , I o
S~~o ~‘ - , c A I A T ,,+ LA .

A- ~~~~~~~~

‘i — i  = , J ~~~~~I .,c _ ,r c ’

X C ) ) ,  LI,1 A T  I T *

L U  3’J Ja  I i  u S c
_ I -. 5 ’  ~ a I p  

__________ _____ - —

1~~~~~~ ’ 13/ c
:i_ I ~‘ I s ,J ) a ” I ,, - I  1-ibc,

0 - c  ~~~~~~ c. -- 1’ l ~~~~~ j ’  ~~ l [ c C i V A l L L 5  _ I t, E J ) )~~~ ’ v~~~( ’ - ’..5

L A A ,. l ..,~~- , , . , - - L  1 4 c c
,-F=  r - (~~ 

j A I,,
.-.J C i  J~~~~ - .

L I  j J ) ~~~ • ( c
c . 5~ 

d I  -

_I~~ ‘ , ,i I( 1.~~~, P I ” . ’ - .~ ,- - _ . ,  I 
- - - 

l u
2 ~T 1  -L

I i , \, t r 1 • t  - . . ‘ -‘

I I

- - - ------- ~~~~ _- —-- 



- -~~~~~~~~~~

~ .
T E’ - ,

i�~o~ r = ~~,~~ 1
1 L U .- ‘-~~ 1 1 1 1  ~T i. ‘- , I . 1,- ‘- p 1 - a 1—U-, I I I  I 4 LF’ 1 1  I *T E  P3 ,  H

a i c c , , 3 ’ .T j ,  ~~~ - ____________ ______ ___________

C ~JCc E .~~ ~~~ A-~~Lc ~~ r ’  T E S T  F~~ R S E L/  C ” F S I S T E  - C Y  1 + / _ c

______ - 
,‘AJ ~~~~ 

•
-~. , , c~~~T V A - t

I 
_____________ 

1+~~ c,l

I I 15  30

- t  A’ I I - 151))
Sd .= 1, ’ ______________________________ IbdO
5~

- 
~~~~~~~~~~ 

153))
,t L 5I ”~T I 1 1,  ,‘ l~~ i - I t ’ I I,c , l( i )  15 4) )

~~ c — ~~~— , , ‘ : , ‘- ;- 
______ - 

1553
Si L~~~ L l _ L  1501-

~ d L T $ ,T  ~~~~
r’ r— j ,T  / 1 , ’ ., ______

I~ ( a - ~~~~~~ A P ’ — 15~~U
5- c’—~~~c E L c °  - - ( 1 , - I ~~~~~ 

T i p FU ,Ne, r, LA ~~,csII , PS IrI
- U 1 ~ ¶~~~j l ,~~~’

- .-~~ 5 _____

.A~~A i’ j = 1 .

bcS ‘ F
~~I 1 E  I ‘., p t’ l ,d- 3 ‘ c ~~~~~~ I ,I(al, 1 1 )  __________

~~~~~~ F I i_~ b

‘~~. ‘I ~LT -~
_____ 

.~~. TU ~~s ___________ 
lb S - c

5-. ~, 1 1~~~~ , Y c I , . - S

____ _____ _____ 
l b /U
l e A ) )

cr3 57  ,-c = 1 .  1e~~u

____ ~~~ir ,T  5 , L I~~~~~ _ c I  i l _ I c

- e l ,.- * , l .r. I  cc  ‘‘~‘ ‘- 7

,.‘ II TE  I1, 4 i  
~~,j ,.,

/~~j  l- I 4 f ~~ 4 T  1 l ’ I’ .

‘‘ -— I T — , I l , F , , _ o , ! i i T , J , , c ) , ~~~a l , M I

4 “ ‘ i T c ’,/ - __________________________________________________________

l ’~~~— l  ~~_c I , k I , c s 1 , r I
* /  ‘~~~~

‘_ T  i ; , l I’ - I ; l 1 ,,.-,’~~l, c (a 1 , 1 ’ , )  1 1 1 _ c
~~~~ ,c ‘ - c .

- ‘ r - , I  _- c = ; ~ I

- - 0- ,c ‘~~ 1, l - ’- ,,-
_~~~~~I ” ( K $ ’ T I .  I - c A .

0_ c, .~~~~c a A ’ . ,*  • i . -  - I , ’ I’ ‘ L 1j , P~~l 4 1 c l I l , , I + + a ’c A L I l , F + 1 i

• • ‘-‘ L .-~.‘ 1  I ’  - ‘ - ( * 1  + S N L l J’~~ + c’ I  ~~~ ‘ L I  I ,~ -- d i~~ - c P ’ -- I  c K + d I  I

o~~~ x — .-. 1 ’ , -r 
~~~~~~~~~~~

O L A . )  ,. Ic k - .’ A T  I I - ., • c i ~~.V ’ t~~.. ’

a
— - 

‘01 i ’ _ ,  o ’ ~. — S
I_c .-~~~~- 1 Ja l ,  c c

I I .1 2 +  
_____________________________  _______ __________— -~~~~ 

A~~ I I I  • ‘~~~~. I i  ‘ , ‘ 1~ ’ 
‘.~ ‘,_I I,.

~ ~~~~~~~~~~~~

S ’A L , l i , s - I  . 
-

c~~ 3~ ~ ~~~~~ . 1

i ’ . i’~_ l I I ,p c la F,~~~~~~~~, .1 - S T I I I , _ c ,L l . P S I I J , L , . )

- ‘i’ -L 
_________

i i . -  - ‘ V -L

— i  l r — ’ a ’ , ’~ I — ‘

_ _  - - - - _ _ _



iL .O
- - i F ’  ( NS - J M * I ,,T .4 I ~~ T ’  :39 ’  3

• ‘ “ ' I T € .  I l I c  , 5 - 1  , L )

1 2  390.. Ia ! ,  I V I  r~~ ______

J~~ 39C ’-’ J a j , t 1 1  I

F ’ ‘ 1 = 1 1 + 1
i~~~ d .  ‘~~~ I TL  l T I I . ) .- I I T , , , ( , .Ual, 161)
i,u., L~Y~T I r . _ c~

A. ” LL -.‘ ‘ L U ~ _ I ,  r r , ’ .~~ ,, -~ T Y P E S I
1’ i_ c  ____________________________________________________ __________________ 

1 /d O
o W - .  2-3 , T I N - J E

A - . 6

.c 

-

_________— - 

L ’ D  F I L . ~ 1 
—

- T r s I ~ I I ’ /

L” ..- FI~~~ I 
_____ ______ _______________ _____

i~~a J T ’ ’ 1

L- .LL ~~~ir  67
1 /AL )

TIP ’ ( O I J i I A i  ‘‘ c~~~L,0GI, l-.,L,LL,,J,ec,AN s ,l~e)
.~‘ I IL ‘ .S i • “ -1. I I I , I p ~‘S II a, lu  101) ,  ~ ( 1 6  1)
i_ --c r- :rcc j -. / ,~ - ‘ c i — , C- 1 • ST’ I lb 1 ) s  VP k il l  6 1 1, IE xl  I le 1 

___________

C ALJ c,) S EA t i l ~~. ’A ,- c c _~~~~~~’ .F T EPM Te ~ A T P I x

• U

c~~~LI • 0
~.‘Ti 1 ~ a l , i 5 9 , c

A a A + I)4 ( P lI I c V ’ A _ c , .~~)~~C . A L I L , M ) + 4 . , P S i( lC , J , M+ 1 )~~S I A L i L , M + 1 )
‘A$ ’T ’A S I IN ’ilJl + e 1 4 C . . L I I S I ’ + 2 1 I

LaC + 3 # IP S l I, , , , l 4 C . c L ( L L , r 11 + 4 . +~~SI I ’ .f’2 , K , M + 1 l + SN L I L L , M + 1 I  
-

- + r 5 1  (~~,I’ , K 1 “-. , 4 ’ - L  I L  Cs  . - 1+ 2 )  I
o~~3 .) ) 4 I ,~~L I L,  I + T , ! I L l _ , T I 4 i E X 1 I T ’ I + $ *~~S1, L ( L , N + l I 4 S 0 A L l L L S M ’ ~ l)

~~~~~~ L X T t t , + t I + 5  L I I  ,,- + 2 I + S N L C L L , M + 2 ) 4 - / E X T I c ” + 2 I 1

~~~

l clc c !CT Ic”IN F M C 1 ’ - ( ! 5 I
1 /bu

A I ~ I I S )  ‘ , s r  1 / e l _ c
f r A C T r~.1 • 1 / e u

1/~II)
l b - c c )

U’i 3 I~~~~t . l  i b l U

1 6_ c c
I S )  ‘.,,, ‘ 1640

S ri I S  1640
4 -. A .5  lob) )

~- A ~43., ________________ _______ - - 
166U

— t  Iu ’~~. 1. 5 / U

L A L )

d’ ,_c .i_ ’I ,- ‘ ~~ ,‘- ‘ c -

*i_ Il~ a — ? ” ~ .

•~ I x . L T . X L I  - -

L A , 1’ * ~~ l A
—

c - - c l ;
I 0 C ,~~ c s I ’ s “, A N S ,  N))~~ 4 _ c a  Z j s  I. I

3 -) 

—~~~~~ -- .- -_ ~~~~- _  _ _



ci ~ E NS I ~ - - -j I :, I I  , 431 3, 2 1 ) ,  Z3 I 3’ 1 1 1  a~~ ) 1 b l )  __________________________-—

C~IM ( - eN  / A,- , ’- c l ? , l ) , S N I I 6 1 I , V E X T ) 1 6 1 1 , V P R I I X L I I

~ LA L  I’-J
j N ’ I E ( j E c~ ,

~ _c

r.L~~ .,’I’ pA J I  ~ - ‘ ‘ a

LT.CE+r)E
M a F A C T I L T I

U S ( Z J I ’ 4 ~~ ,L L + j I c - , F ’ . ) ) 4 + I L l + 1 )
4- ’ j, :0,1 l + 4/ e

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
uIr1Er~S 15c  ~~~~~~~~ ~~~~~~~~ 3~~11 ) , Z 3 1 3 , 1 1 ) ; R T  1 5 1 )
~*~~~4L ~-J

-: i’- .T EJ E4 .-. j  
__________________ _______________________________________

L’i ’1M514 / 3 K - - A~~~~f L I ) , S 1 ) , S N I 1 b 1 T , V E X T (1 6 1 ) , V P F . I I I I 6 X I
LLa N ’ l + AJ ( N , L c
- 1 L ~~N l + A J I ~c 3 , c I

C. c’A E TE+U ~ F ’ I - ’Sl

LT.LE+)lE l
4af ACT  IL T I
D*(Z JI- T .~I , L I + Z I e - ,~~ I I + + ) L T + 1 )

C A - . ) )  ‘cE T - ,~” - E  )‘ ‘T
~
, Ta C. r + a

u.(-’A C T  I L  T I
c 3 . i L J I  

~~‘L  I + L A , I ’  ~ ~~~~~~ ) + 4 - ILT + 1  I
I ~~U — I

C FT dIE It,? - E.~~
I L~~— 1  I

f~~~’4 J J I N ; , , C ) 4  ,, ( - r ,”- ) 4 - 4 / e

L I a L E + ’OE - l
.A~~F A CT l i _ I  I
0 I 2 J )  A~~ ,L I + A , c  .. s- ’ I  I + 4 I L T + l

J d •4D~~L J I .0 , r ~ ). cI F ~~’,LI +N .- JlNt pT’lI4A/Ij
L 1 a L C + M E

~~~f A C I I L d I
U (ZJ I ,0’,l_ I + i _ c I I - ’,”I I 4 + L L T +1 I

A S — C + ~ + F’. ~-c+ —
L L N i + A J l T ’ -~~ , 1  1 +  •j 1950

I +  ‘1
, 0  I I a l ~~~i i -’1 1 9/) )

SI L I  N J (  -~ U s C  1 4 1  2 - 1  — Z J I  NP ,L I4 P I  H 4 - 4 1  II 4~~LE 19~~u
51-c ( I I  *-..j I ’ C , ’ I ~~~ 4’- I — ~~J I k t 1  (‘A I ~~R I I I I  +k  I I)  4-~~~~ E 159))

A • (3 • 0 __________________________________
d I al ,159,~~

4.5 (1 ) + S . ~~ I I ) .v F  A T  I T  I
o — S  ( I  + 1 1 4 -  5\ I I  + 1 14 -  V F’ /1  II + I I

CSS (I+d) SO, I I , , I 4 v F X T I I +2I
A N C A N+ ( (1) 1 ~~~ a N !  T I  1/3 .  1 + I A ~~4 .* 6 + C )
A N S AN S .A~AT 

_____ ____________ - -  - -

r~~ TUW I ’.
IN))

_______ 
F U N C T I e ’ . F A l _ ~~ ( T I  

________________________

3 1
a_ c

36

-- ~~--~~~~~~~~ ~~~~~~~~~~~~~~~



IF ) J . L L . t -)  cc ’  TC  I

a _c _ c — i

il 3.” , . ) _c c T I  2
,a ’.~ 3

c.o TO 3
d

“i - Ic,’”’’
i - A C T I .. c

Nt Ti  -Q ’- .

T i  E I I~
U~ 1E ‘~S 10 . S I - - 

- 
- , — 1 1  ‘-- (  I

~- I.2 1 ~~~~~~~~~~~~~~~

I ~ I l l  - I — ‘ ) 1’- , 1 , —  -~‘(7 + 2)) # I I ~ I I )  —~~ (1+3),
I ., I -. i~~~• l A . ) c  I ’  I T  I. ’. i I + l )  I 4- I4 I 1 I. , , ( 1 + 3 1 1

L I II 1 —  I — ~— ‘ I • ‘ — ‘ — I 1— 1  I 1 +  I 4 I I I — f — I I + S I
I 1 ’ , i c I , ’ ’ I T I~~~~I i — 1 I ) 4 - I k I 1 1 k l l + l I I

A_ 1 1 A d (  j~~~~~ - I i — ’  • !4V I —~~ c ’/ I 1 + 1 1  1 4 - C F / I  I 3 I~~~~I L+ i I  -
p. a ( ., - — -  , - • - -. I I 7 — 1  1 — ” )  I’1 I 1 4 - I l -  I 1 1  ) P ~ I A +3.-I c
LA~~ I f -  I T  + I c — -

~~~~~; — - ~ ~ I I + 1 I —~~ I I — 1 1  1 I 1/ I I  .1 I~~~ ’ l I + 3 ! I

‘‘ 1 - I I + - - ‘- . , — ‘ I ~ I “ I I • i I — ~~I I — 1  I 1-4 - 1 I 1 + 3 I -~ I I + x I
c S I i I S I I — ’ , . , , . ‘ A l  — ,

“- L i

- - ,  A-c

‘~L ccl - U ‘~~ ‘ -  - --  - i  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ d c / - c
“i - It U S . - - - - - p AT l ’ . I , 1 6 1 1  , 5 1 1  3.s 1 1 , 1 61  I 1OU

- ‘U ‘T A / T ” ’  — i- / I I ’ - ’  I, 5’- . ( 1 6 1 I, /L XI 1 1 0 1  I, v P-  1 ( 1  ~~ ; -

A. L ’ I ’ - U .j T - 5  ~~r -
, ‘~~ , ‘  ‘

~~

UT, I l~~ ’. , i c c  dd C _ I

2b 4 c )

‘ c) .~ T *j , ’ ,

A

. 4 . 4 - ! 3 i . L I ,~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
~ 1 . ° .V

4 - “ I  i I A T I  I c I +  . ‘ - c i c L (  I 1  I I / 3 ~~l 4 1 S N i _ ) L , t I 4 4 c ~4 - c L I I 4 - 4 - ,

‘ A — 
~~~~~ 4- .1 ( 4 4 K+ SN L I L ,I 2 I 4 - 4 - 2 4 - a c 1 1 ? I 4 - 4 - K J

1= .. I t . 5 ,

~~~ I . ”
A , - , I I 4 - ) 3 ( I I / f - I I I 4 - + I I L + 1 I  2 3 _ c _ c

.‘c i j , 4 + ’ + l ’ — ,  c , ’ c r 3 ’ I T I I I  2 3 4 ) )
,I d I = . • ‘D 4 - I : ’ , a , *T - i ’ ) (  

. - 4 C I T C I I I

C A A L -
,, I 4” I ’ - , , -

c c i  ~c I a a  .2 U- ,.

e A , ’ J .~~c, , -.’ I I . I j ,  ‘. ‘ T l I / 3 . ) 4 I S I j I ~~~’ .4 - S ) 1 + J , I + S I 1 + C~~~
-~~~~~~~~~~-‘ . .. ‘, - 2 3 / c
- - jU

~~~- 2 iou

- ________

s : ’ .’TT T T - ,~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
c_c , . f c ~ S1,-~ . - ,  , ‘ s - ”

_
t ( 1 1 , T b l I , P -c I I  ‘s l l , I t’ I I  2 + 1) )

c I I . Ir ‘V’ A / ~ A I .- I I, ‘3! . I 1 C l  I 5 .1 A T  1 1 6 2  II ‘ P ’ c  I I 1 61  I

~~U - c 1 ” c ) T - c ‘ ‘A ’ ’ - ’ !

2-..))
c~c) )  1 I~~~~ .2  ‘ .

iI ,I c  ‘0. .
-~~‘.i lI  •

3 J a .~. . l . .
3 ‘ I I I • ,‘ - I - — ,- , . - , - V — --  c T — I I I / 3  • I 4 I Sr, - - I L , I I P ‘-‘ I I - , • ‘ a I I / P (I I •.I 1 + I I

- A T L I L . 1 1 - .. . .  . I”’, -’ , 1 — I I / I T I I I I 4 4 I P + 1 I

_ _ _ _ _  — - —_ - _~~~~~~~~  

-- -- -- -- - - -



C 4 - 5 ’ ,L (L ,  1 ?  c + ’  ~~~ 
Ur ,l-’ , T — _1 I / ~

(I 1 — 2 1 4 - 4 - 1 K - i - i I )  
____________ _________

4

-. ~~I 1 I 5 I  I — ?  1 + 1 ,  - - I - — ‘ ~ (I— 1 1 1 / 3 . I 4 - I  551-IL , 1 1 4 - P S I  15’ ,‘~~‘ 1 1  •R I i  b 4 - 4 - K
- • 4-5! ’. 1- I Ls 1 I + ,  Ic I . ‘ , “‘ s I • 1 I 4 - i I  I 1 1  1- 4 - 4 - K  

____________________________________________________

_ + S - L I L , T ? I 4 I — ’-- J “ ,r” , I — ? I 4 F / )  1 2 )  4 - 4 - K )

U FJ 5 i~~ T . 1 - c , , -
S S I f la F ’_ c I ( t ,-F, ,J 4S I I L , I I 4 - I S I ! I / F / I I I 4 - 4 - 1 i - ,+ I ) 2560

I~ l++e .4 - c ‘ci, I c • ‘ I s ’ . ( I I I  I 2 5 7 0
3 I d I ’  • 5 + c I ” c , I * — , : ) I

~~I 1 6 ) 1 —  •~~~4 - t 5 l  I~~ A -  -‘~~~f l e l  L I
L ’~~LL 1 . T~~~l 11,,I - l

cc) t- Ia la  i 3” , ,
o ~~‘.5aA ’ ,~~— i I ~~ I .  — .-(I I I / 3 . I 4 - I S I I I + ’ + . 4 - S I I + 1 I + S I I + 2 I I

— ‘ .~~— d .  ~~..ss 2euu
‘~tILiF/N 2e 1 0

— - 
26 2))

SUAT k ~ r I ‘F ~ - - ‘I ls .F ~~~ ‘Eu ,  NT Y P E S  I

C’i M r’lirs. A I 1  - . s c  l , L 1 1 1 , 1 1 I , f - R I l 1  I,PSI (I1 ,2-,Il 1, 1-/ Id Ii 1 , 5 1 2 0 1  I,

- _ c t A O  19 1 I~~ * I - ‘ I .P I 1 1  1, L~ 1 1 1 1 f-T~~ ( 3 1 ) ,  1 P~~S 1 1 1 1 ,
~~~ I 3~ 1 1 1  , U I  

~~, I~~ 7J I S s  I I I  i PS I I I  3, 11, 1 1 1  ‘PSI ~ I 39 b  I p

,)IJA ( S il t ,  1’  I , : I j~ 1 1 , 1 1 )  ,5e 13 ),f-E*P ( 3 1 1 5 F ’ ( 3 ) , F  1 3 , 2 5 1 ,

_______________  _________________________________________-
013u1’ILE l’-?~~i i’ . , 2 . -  ~ t 8: ,A, c-l ,RR
U3c8LE d’’~c C I 3 c  -

N UA L ~u - _____________________________________________

i’ .T EJI ’  ‘4 A -c1~~

A “ O F / T A T  I ‘ I + ~~c c. . 1  - I
‘F O 0c- l” 8 1c  I. ’r- 1’ I , i _  ~~‘ ‘ P G V  ! S , 2X S 2 E l S . ~~~I
S ~ U F / ’ - A T I / —  - - ‘ u ’~~r ~ Fr~~f- ~Y lS,2X, ’dp . 18.6?
o ~ U ‘*1 U T  1 3 ‘-~~~~~~~~ ,- ‘ ‘ - ..  , ‘ I ‘4, 2E 18.~~
/ 1 t : N r , A T  I A-- ,- I ’ - ,- ~ (TA d , 2 E 1 8 .S I

3~ .LF C ‘~~A , I 3 i c -  ‘ S ’ I  a T~~~’15 ~~
‘ NA F, I) Fj f - M

C 
~~~~~ ‘~~~‘‘ LI Z t  -~~~ ‘t  R ,-1 ,C II ~~NS

i_c_I 3 1 1’ . s d~~~~~~, ’.

F-’ - / ,

A X  ~‘-i ti a F / ” - c- , . 4 - i -

_c ’l :1/ I — . , V ~,. ,-
- c  I - ~~

..
‘F I I + I I — U c I - -

‘-1 1 1 + d I -i- A I • A I . F -

ad F I  1 $ ’ i I a - ’ I l  I - d c . .  
_________________________________________

•
c _ c r ’  i_I ” 1a~~, .1

.3_I 3~ ~J = I 5  A 
_______ _____ _______________________

35

L .

UI:  3 3  L a I , 9  
__________________ __________________________

IF I Iti l I 1.’A~~. i ‘ T ’  ‘3 3
7 )

Ic C 3’. a t , - 
_______ —_________  ~~~~~~~~~~~~~~~~

L L + 1  -
I I

cC’ _ c 4  ,1 t ,~~~~ _________ ______

c_J l ,3’. c~~~~~,--

.i+ “5 I (L ,J ) ~~~’ ’,, - I , .  c + ~~~~1 T  l I s M s d c  I 4 c A d 3 1 I ,~ I 8 P I J I a a I I + A , ,c c 1, 1 ( 1 1 4 -

- A ’ -  — I I 
-_________ - _______________________________ - -

ii a t - T 1 , J ~,
.30 iS L i ~ ~

- ---- _ - - - _ - --- _ _



A - J S I) .
c 3  37 c~~~~~~i 5 i c ’ , r

a /  M. ’ S AT ~ 5 + , . j 3 j a 4 3 3 c _ 3 i ’ 3 3 3 4 - ( R ( J * 1 ) R ( J )  , - . CP S I ( I , , j I 4 -4 2

0)) 38 _ c ’ i S C _ c I
A o  ~‘A 9 1 I l , _ c I a P S I I i ,~~~) / ”c~~ f- I ( A N S )
30 S (1 1 f l 5 L . d F / I I A t S c

3- ) 39 I~~~l , a

IF  I - ’ L ’ c I I . C , , . ‘ T”T 39
,~ j N 1 1 1 l

c_ c 4~ I c_ a 1 ,3 ,~j - _________ - __________________________

U~~ ‘ 4 - -  L , , - .
‘4 —’ “S II I i’ - _ ’L I~~~~~~- i ll  c ‘cisC 1/ 9 1 1( 1
_, 9 )- ‘7- ~~T i N - ,,cF.

cC ’ 42 1 1 i 3
II” I i’iI l . c, .  I ‘-J ” 

-r, -~ ~4? ___________

I I

.21’ ‘.dc ) c_,1 c , c _ c _ :

‘-‘F/I ~~T , I P ~
, 1 i I ,  i_c, A, I ‘ ~ 1 a K K I

‘F d , .c LU ‘.T I ”-ciE

+2
1 c i  1S’ -~ i — ’ s ~~

1~~U . ~~~1 / T  i 5 ~~ I 1~~ I F 1  I AJ ? I  ) , J x ~~,N T )
C -..1~~~~A L I ~~~~_I ~~- - ~ T I ’  ~ ~~N .‘A4641) C5~~P UT E TM TAC E. IEi-~G Y

! ‘ L’ R I I A I  I ’ A s ’C p c . C I

C ‘~~4-j
’!’~~ U . -

b fr .. F / , i A J  ( ‘ -‘ “ ,~~ _ — .‘—‘ c
c p.’)~~~’ ;I ’i 1

~c0 +U1 l 2 , ~ - I
4 -c s i ”VIS (I l~~~~

,_c ,i 4U? j 1 ,  I ’ r S

‘.~~ (ci 1

c_i ll 4 03  $ a I , c
~ ‘ (  I ) J +  ‘—

Lr’ II ) — -~~~

I 1 1  I - 
~ I

4c.,J j a~~~4 j

*) ) ,  C U - ,T i S u t
’

2_ c 2  F- ’ , I A T  l~~~~’ . , ’ - ; . C I
1- 0r’ T~~ I’. U A r ‘ -  ‘ IV -~~- -‘ I r, !~~ i II’. 15 15141- ENE~~IjY

ci i) 2-14 I a I , - ,i

L L ’ - I I  I”A

c c

UI d I ’ c. J l  i c c

4

dc.~~ L , L I( ! J Y_ L . t ( V 4 . , ~~~1 i I 1 . . , J I 4 p .d i ) I I I L, N , K I 4- 5 N t , I L , _ c , A I . ñ T P ) 1 )
P.’ , 1 \ T  5k, . 

~~~~(JT

C !,, ‘-‘ )3’- L f  T c’- ’ ‘. -

Jc.- ,~ 1 ’ _ c ~~ ’ - ’AT  (!‘,2A - - I  ______

a _ c d c . - ~~~ . g 7  I i ’ , ’  A c . -  I
A--I’ I?,’ -~ I’1,I~~!

i-.’~~ c . )S ,, 1, ’- l
II” l I. t  ..,,,I I  ,, , ‘ I ’..

. I — I i -~ ’~ - I  I I

39

L - ~~~~~~~~~~~~~~~~~~~~~~~~~ - - -- -



3ci—IPSSIJ ____
L L R  I I I
CL C”l ( Jc I
..I W T R I I + ” I - 1 3 1

~ EY~~L +LL +L -4-LL -F 1
CALL FuK 1 1 1 , 1 1  s , ,,.) , d c i i ’ ,PS I ,R,A N S ,S  I
AC. T i I ? 7 , C .~~’ , ?’  ,2I~~~ l’ 1 0s2 1 1 ’ ’2 1 1 s2 l 1 ,? 1 2) ,~”,EY

2 _ c l  CMLL F u K I I I , , _ c ,,,,T1,JJ, (),PSI,R,AN,S)

~ “.t f! a E - , F ” i j  ,. ,, , y . ,~’- c — -  .5 4 l~ T 4 - A N
i-~~ I-i , ‘

2_ ca

L a _ I  11 ______________________________________________________________
d J~ C’~ LL F c_ crc I I 1, ~~~, i ) ~~JJ~~2’ PSI,  R~ AN ,  S I

-A~_I T i  ~~~~- ‘ -, 
_____ _____________________________________

21) )  CA L L  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
CALL Fi,~c I 1 j , ,.,.,,Tj,JJ, ,PSI,f/,AN,S )

ENE Y a E ,~ E R b ’ ~.f - T 4 u 5 ~~/ l 5 . + f - t 4 - A N S~~4 T 4 - A N/ 6 .  
-

uS 15 d-3~
2~~1 CA LL F - -c~~ ( I  1 , _ c _ c ,  T i ,  Jj ,  I ,PSI,R,AN,S)

C A L I_ F I ,,Pc . ) I L , _ c , 1 1 , ) ( ,~~,P S 1 , k , A N N , S )
~~‘ F ~ Ii ’Y E ~Ek V’v _ c ~ T 4 - A T l N +3 ./ 70  .+ , ‘ IT4 -ANS . .~~T 4 - 4 N / 15 .
A~~~~ 15 205

2~~2 CA L L  F Lc dI  Ii ~~~~~~ I I,J,J , ’,PSI,R,Ar’I,S)
C A LL F’3~ 1 1 1 , _ c~~,J 7 ,  Jj ,2 ,P SI ,R ,A A N , S  1
CALL F -,,s, 1 I I , _ c~~,1I,JJ, 4.,PSI,R,ANN,S )
t5E~~i,.V-= F 4 EI’cu ‘I.,I 4 - A N~,/35. +I’.T4-ANS IqT+AN /jU .— ,dT4-AAN/ 3~~.

uS T O  2c ,IS

d u o  i l a l P e k I  1
L L R  II 1 + 1
i —.’.T-~~j I ’i- .1

1)5 213 11I 1,l,- ,1
2 i_ 4  ‘~T s h T ’ 1 . I + F L ( I A T I  l I T )

cli ie 12 I ’F,215,,-1o ),L
21+ _ cA L L  FGi( I 1 ,1 1 , 1 1 ,  TI, I~I,PSI,R,ANS,S I

~ I’. ER 0 V • E. NE P ) )  ‘~ + ~ 14-AN ~
uS I~~ 2u5

2 5 A.~~LL F ti~. ( I I ,  ) i  , 1 i, IT , i_ - ,PSI , R, A NS, S I
L NERG ’ V F  .EJ~ I~- , + . T + A NS
C A L L  F ,~ 1 1 1 , 1 1 , 11, TI,2,PSI,R,ANS,S I
LI L PG ’V E  ~~~~ ~‘ —~~ T4 - AN S . p . /2 S .

uS  T~1 dOE ’
2 L O  L AL L  F,j i-’, I  11 ,  ~ 1 , I L , T 1 , L I , P S I , W ) A N S , S I

C A L L  F’ ’JK ( 1 1 , 1 1 , 1 1 ,  T I , 2 , PS I , k ,A N , S )
CA L L  FG K I I l i I l , 1 1 ,  I T , 4 , PS I , ~~ ,A N N , S  I

2 _ c j~~ C5- ’~T 1531 _____________________________________ _______________________

~~
‘ ‘  T S T 4 L  ~~~~~~~~ N ~ A N f l  w E ARE DONE W I T H  T H I S  S E T  5F ) ) A T A

T ” P I N T  + , E N E f - ,,~
iF  ( N F i - .~~~i~~.:, I  I~~ ’ I~ 4-8 

________ ________________

US 46  L 1,NEI’
4 EAi )  3, 1,J,k,,, 1

____ 
CA LL F l A K  I I , I ,~~ ,J , K , p S I , R ,A N S , S )

4-b ~‘ F / I N T  b , 1 , J , - , A - ’ . S
+ 6  _ c U N T I I . -JE 

________ _________________________

IF  ( ‘lE’ . i L ( .~~~L I  ,,r I~~ +9
uS ‘+7 L.1 ,r ,F

41)

- - - -- -- - ~~~~~~~~~~~~~~~~~~~~~~



N t A D  3 , I , c i , K ,~ . T
-- 

CULL F~ j K ( I a A , , j , _c j I ~ , P S 1 , l - , A N S s S I
A - ‘  5. A I’, 54 -  1

+1 1-~~ 1NT /,I,J,~~,AV ,5 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _—

+9 L S sT ; s u E
tNL)

SU8N SLcTINE F l ,,. (A ,b,C ,D,K,SNL,R ,Ac”lS,S)
IJ I( IENSI~~ ’ A S T - L I i ’ ,’2r’ l ),P(201),S(2Q1 ),SN (21J1)
USUBLE P4EC IsI’ -r, SNL ,c’~,S,A NS?SN
INTEIi E I-) t,,tI,L, L_______ _____________________________________________________
455.0 • - ,

IcC 1 I l a d -  I
S I  I )~~~~ ‘ .(‘

c S 3 l z j ,2  1,,~’

___________ 

(I ) • Or , ( I — ?  I I ’ l l )  —~~ 1 1 3  I) / 3  • C 4-) SNL C A, 1) 4SNL 18, 1 1 / P C I  I
i- 4-4- t K + 1 1 + ’ + . 4 - E - , L I A ~~I — 1 I 4 - SN L (6 , I — 1 ) / R ( I — 1 ) 4 - 4 - ( l c + 1 I

3 S I l l  — s I I  ~~~ ‘ A I I I 1 1 — P I I 1 ))/3 • I 4 - I  SNL 1 A ,  II +SNL CS, I I
i 4 -~~ I I ) 4 - 4 -~~~ 4 . + ” — ’- . L c A , T — I ) 4 - S N L I b , I 1 ) 4 - R 1 I — 1 ) 4 - 4 - K

i_ cU ~ 1 1 t 2 c  1 s 1
6 3 t I ) $~~LI C , l l 4 S ’  L C D , I 1 4 - I S l I ) / R ( I I 4 - 4 I K + 1 ) + R I 1 I 4 - 4 - K * I S !~ C 2 Q 1 1 SN~,1 ) ) )

5 1 d I 0.~~+ I i - 1 ~ + C i ( 3 )  I
S I  2 O I J ) . .

~~~ 4 - I U l  199 + S l ?( ’ l  1 )  ____________________________________
_ c A C L  I’~ T I 5 , -  I
cO 6 l l, IQi-’ i ,c
.AI’.S A r ’ c + I I N I  i ’ I ” - I T  - I / 3 ’ 1 4 - I S I I I + 4 . 4 - S ) I + 1 I + S I I + 2 l 1
A I-,S AN, ~ + 2 .

5 TUPS
t ~ L)
SU:~~0SI,I T J  ‘~E 

I . )  I - ‘ f’

c i  M I  r-.S I C’ , S I , 1 ‘ , — I P - I I
cUuSCE P - ~~ L I c i 1 - ’  5, I , ,A ,B ,C ,D ,E , F , G , p - ,

~))) i~~~’.I~ P-” ,r
0 . 14 1 1 1 ’ I  1 — i l  ) 4 - (~~ I I  l~~~ F- (  1 + 1 )  I 4 - I R ( 1  I — ’ ~~1 1 + 3 1 )

I k I I — -‘ I I — - I I • I “ I T  I —‘c I I  + 1)  1 4 -  I 1-1 I l l — R I  I + 3) 1
C. I k I T ( —  :11 .. , - . F A C T  I~~~,-’ ( I — i )  l 4 - I R ( I i — ’F/C I ’s- 3 ) I

14  I 7 ) —— I 1— ; (4 Cl - (~ I •~~ I I — I l  I 4- ( l- ( I  I — f - I l  + 11  I

- i + I ~ ’ I I — 3 I — f - I I + l 1  1 4 - I R ( 1 3I F / I I + 3 I 1
F—  I P I  I — I  I ”  I . — i i  1 4- I~ I 1 1  ) i ~~C 1 + 1 1 ) 4 -  I R I  1 1  I — R I  1 + 3 )

I I 1 • I - — - , — , I ~ I 1’ I I  + 1 I k I 1 1 )  1 4- 1 k C I  + I I — 1/ I I + 3 I I

.—, i-/ C ) . . ~~~, — ‘ I l — ’ I I 4 - I L I I + 3 I 4 C I 1 ) I 4 - ( P ( I + 3 ) ’ I j + i l I
I c I j ) 1 , I — . i ) 4 - . . , c _ +S I I a I I 4 - F s / F + S C I + 1 1 4 - C / G + 9 1 1 + 3 I 4 - _ I , H
a~~~

C ‘LI

5LJP~I f - ) T I ’ I E I J ~~~I,~~~~,,, ,I1, F/ ’ T )

01 ‘1L “SI ’’ A A~’ - I - , I I I  , i-I I I i  , II Ii -~I 1 : 1)
-_c I -~~ -~S I” A I I 2 1 I ~~ P ’L  1 21 I, ~cu  (12 1 I 

-
L c c M r U r~ / 1 ” .1/ ,,,”. ii, 1 1  I
‘“ L A S _ c E  P C 1 S~~r A, Ic ,,.’,t’~~,bt~a ,0

j i - ’ ”a ’ -A ’  I 7 - , — c  - ‘ c l

d 1. 0 . / r A T  I / ‘- F 1

3 1. 5a~r’- A T  I ‘ 2 ’ — ~~, - , i - I . v r r ’ l -  I

‘4 I’ 1-’ U ’ I A T  I .  • ‘ “- -
A • ‘J l

.313 ~~1 1 J . i
c_ I I L I I  

________ ____ —

.IA(I I — A ) - ., -

41

_________ —— - -~~~~~~



~~~~~~~~
- ‘ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~

-
~~~~

- -
~~~~ 

- - - -

‘it’ ( I — n I , ~ I

LL - ‘ 1’ ‘ ‘ ‘ ‘ a ‘ - . - ‘I s ~ 1 , ~(, I

Li .3 I~ )r- ,,~~~
,

~‘t- ~~~ )~~A ,,~~~~
T 
,‘

3 —1 * 1
,.i~~ uA’4 i ’ .~~~L i I , - A ’ A , -

C i I ,~~ -A~ AL U U - - - ‘ T I ‘ - -E U yE CIOPS IN 5 A r - ’
_I c-F , ,t~~ .A ’ c l c  “ _ ‘- I i~~ ‘- ‘

~~~~~~ T~1 ~~~ S ECUI .CL
L” LL  ‘A ,~ ‘‘ .. - F- , 5 ’ 1 si I 

_______ ________________—________

A 
~, It, -~ S

L U

~ f- ‘it, 1 1 ‘h ‘A ’, - ‘- I ‘ ~ • 
-
‘ .-i I ‘~~ ~ I 5~ - ,iI)

9 I’1~~~j 51 r ’ , I l - i _ I T  I , 1 ’ I  - ‘1 T F- ,I~ l)1MI 
— 

5 o 1 ) )
cil,IbL F P~~t C j - 1 ’  - V

— , — ‘

c_ I ‘12 ‘1- A l ,  58a_c
Id • c” j + . 56+11

‘ - ;  ‘~2 ~~
= -  ~- ,  

_________ _________ 
5850

iF I A / I  I - — c c ’ - c I U , ‘112k 92 S 8 SIJ
-‘ F’ , • ~~I M 1 I  5 6 / c_ c

V I T ’ l I • ‘ I l :  ~~~~8_ c

A I I 3 I  = - ‘1 5851.,

-‘ a , 55_ c l)
- -1 • S I  1’F~ 1 I 59 1_ c
3 1 1 A ,, ’ I I  ‘1 c ’ ’. s ”~~~I 5~~~-~

l5 S c T ” c k , ’- , I  — ‘ , SiJLc

c,,: ‘I 1 l-  - . ________________________________________________

cC- F/ ~~1 ’ A 1 ) -  5 51)

1” 1 5 I i , - ‘  I I I ‘: A’ , 
C, I, ,r 5 U’C’ C

3 - c L .  “‘1 ~~~~~~~ _____________ _______________________________________

9~ - S I  1 2 , T  1 I ’ - - -  - . i- I

- Il l ”
6i ,cc ,, cJ

C, 1-’.) 6_c l))
Sc, , - ‘ - A - I

i_I~~ ’ -i - .5 1: - ‘ , - P I - I ~ PS I !  I ‘3, 11 , 1 1 I, PS I ‘II is  11 s 1 1  I
I_ c A  ‘E .‘3:1’. ~- ‘ - - I~~~. 11 , I I I

-, I F - ’ -

c — T A  I C - ’ t / , , I  ~ F tT / .T PUE /

-~ 1 1 1,- I ,  ‘ L . I .-
~~’ .I , l - I~ S T )  1. 5 III ‘3

— A , ,’  ~~ -

21’ I I 1’’ _I 1 •~ 1,’~~~
.’,T -  I ,C’ IS 3

l ’,, ~~ , A c_ ~~~~~
/ I — 1 ’ ~~~~~~~~

3!, 2
c_i 3 c ~~~~~~~~~~

7 I 1 ,c ~ ~ I .1 - I C T  I I Ti J ~ I PSI SI Ia c~ “ I + P5 I , F I I i _ c s  F, I

“T’ L I A T

5) F’ ~~~~~~~~ I ’ ‘ , ‘ , ,- ,, 1-’ ”I A~~ i ” ’ , C,l P LO ’V 1[)~ I

_ cL~~~ F, I,~~~a .
i

‘. 1 1 , ’ I c ’ ,-

- I - I  I -

‘ ‘a)- ‘- I T I

.3 ‘. ._c 1 s 1

‘~ “~~~~~~~. - ‘ - —
“ s I , 1 1 , ,’ I~~~’~~~~i I , , ,- , ’ I

“S i~~ 1 I.j ,’ c a A  I I I  j,,,j’’ I 

- _ _ _ _ _ _ _ _ _ _ _ _



“C, 1’~ -~~‘ -

‘C, - ‘ - “ “ ‘  I ’ - s A , B , ,a( L i - 4 I NR~~~ 31

c1M E~~S 5 .  . - i , ~~ I l l , ~~L I 1 I , X ( 1 I  
_____ 

NRbe 3bu. . ‘
. ~~~~~~~~~~ ~~~~~

11 ’ - ~~~~~~~ ~~‘1~~ ’~~~~ 5N V E R S I S S  ~~ T c .c j s  ReI,JT II,E IS 1) ES IRLD,  T e~E NR~~S ‘.dc_ ’
_____ 

C I .  C” L ‘ I 5-’~~ iLD SE RElIeV ED ~ ‘/5M 1141 US uBLE PRECISI6N NN~~5 ‘.3_c

S T o 1 1 ” F ’. ’ — .--T C ’- C A A I L( ,’.S. 5~~S~ -,40
A. NRS S  ‘.Sc

A JLi ,jr, c,t P’/ECIb . ’ i,,~~ ,~~ L~~ X , 5LJ ”hV N R e~~ 
.A b I)

LIBUBLE P’~ E J I ’ ~~~~ A , c - , ” _ c , x , S _ c r ” v 
- 

NR~~e ~~~ I
L N R S ti 4 / _ c
C T”E C ‘- c,-sl A - L 5 ’ -  ~~~ ‘+~, “~~v E D  Ff -~~ i DCUBLE PRECIS IS ’ . STATE M ENT S NR~~~ ~~~~c

A P P S A /  ~G 1’ 0 T ” F ’~ P~’_ ci ’ JNE S USED IN CeNJU’.CTI ON + c I ’T H THIS NPSC 4~~ci
C P~~U T 1  ~L •

C NF /~~ C 510
C ‘“F DL’c_ bL~~. 

,.E C T ~~IP~I V E F / S I e N  SF THIS SUBRSUTJ - ’E M UST ALSe NRb~ 520
C C O ’~~1 A I ’  A U - U I ,  C ~“ L C I S i ~~~ F S l - T U A N  FUNCIIBNS. S_ cF / I IN S T A T E M E I N T S N P S S  5 _ ic
L 1 : - - 0 , 1  1 / ~~ “ c _ S T  IAE C’ i A I . ) ) E L ,  T S  DSG. RT.  A B S  IN STATEMENT 110 \f-O~
C H OST SE C — A ’ ,G E - 7 ”  1’,A c S.  NR~e 5sLI~~
C sp~ 5 5 7 ) )
C L S M P U T 5 C j U L  c_~~~~ 

,,~~ S er - c I ( E ” c V E CT S1. lS SF NR S S  5 5_ c

C N P~~~~ b c i_ c
K— i  5R 55  61))
LAS lou c~~~~s r  

________________________________ 

Nl, D~ b d _ c
L r 1~~1_c — 1  - 

- 
N R S C  b i D

05 100  I I s ~~ N4CS

L L+1 S HOe b~~~.

NP~~5 CA !1 .,,

i l_c ,. 6 I K I S 1 _ c

I, 51. 12 5 ~~~~c.c_

C TrI E ‘ -A ’~~~7 . ~ - iS ~ ‘, Ect -,, S’c ’ IM E T F / I C  ‘ I A T I / I X .
C ‘.‘.Oe ,_ ,,, A

51,125 i t , ,
L 0L L  E I c r ’ I ’  , c , ,’ - ’V I  51/ 55 ic ,

C ‘,,~ es , i~
1- P’O ’c’ k~~ _c~~~ ~~~~~~~~~ C ~~~~~~~~~ F / S S T  SF C I G C , - A / A L ,,-F ,s . i,,~~ R~~s_ c~_ T S  s — s e  i.,,
C A~’1t ~~~~ - , L T V ,  -

‘ A- Cy  7-i F A S S M C I A T E C  E I G F - ’ 4 V E C T ~~kS .
1. \A.SC’

A., L, “d’SC A//,,,

cS l ’ A A  c~~ i ~~~ 

- 
51,5 _c 

-

5A.5” - ‘~~~

1 ‘- _ c I J I I .  / L - ~~~~’~~I , .A - ’-’~~~I I - IL I I l  “ ‘ . C ’
F¼~~ ,, \IC tI~~ 1~ 2~,.

U S  ,i5 , A 5  N ’ c C,S ‘ ,

c_ ce 1 ’~~ 1 1 i ” 
_____ - 

N I’S~~ r-i.,
0, _ F , ,  51/ 5” ‘ ‘. 1,

, 1 - , Sc rc — ‘ I ,  • A L , ,,, i N~(t e
C 51/55

C Ft’f-” - 1 4 - 4  I I, I c F /c ,  1” .  • f, 4- I t I4 - a  I — 1 / 2 1  I ‘-- ,PT S ~ T I ,, -
L Al” ’ ? ‘ S A ,

2 I V ’  7 a , ‘c l _ _ I _ c  l ’j c,)

N1/SB ‘ 1,0
c_ , c  

~~~‘ - - _ c = - , ’- -s~ oe ‘.1_ c

‘- I s ” e c
_ a” .( — , . 4 1  ‘.~—~‘5 ‘.j,

• - .1.120 ‘1’, c,
1? F, 1 5 51,05 ‘1’~~))

NI/ I’ S S C ) )
51, 55 ‘ 17w

~

-- - - -—-- - -“- --- --—-- - ----- —--- ---- - - --- “ 
_ _ _ _ _ _



_ _  

- -  ~~ ‘ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

12 -A X I L I X I L I + B I N I I # A I N P I  
____  

NROe S$0
L.Q NReO 990
LAB 130 ,j.1,~~- MRBB1UOU
LA B 130 I — l i - .~ ____________________ _______ 

N p - e e l u l O
NRB~~1Q~~I)

N2 M 4 - I J — 1 ) NR ~~e io3LI
L L+1 NRSelo4o
A I L I O .fl NReelobo
LI/i 130 K.1,M NRS~~1Q6Q

HR BC 1070

N2.N2+i NROQ10~~()

~ 3, A (L ) .A I L I . ’ X I r , I I 4 S I F ,2I NRBB1O 9O
C 

— — 
NRS C1100

C CBr’IPUTE EIGES’,A LuES A N D  EI~~ENV EC I6RS BE A N R B S I 1 1 0
c N R B C 1 1 2 O

CA LL E IG~j~ I A , X , M,MV I N R B B I 1 3 O
L 0  NRBC114O
LAB 1’40 1.1,1”
L•L+I NRSC116O

141, X L C I I . A I L I  NR55117 0
NRB B1j ~~0

C CSMPUTE THE ,5 ’c ”A L IZLU E1~~ENV ECTBRS NRB~~11 9U
C N R S C 1 2_ c 0

I/B 150 1 .1i~~- NR~~B 121LA
52.0 

- _______________ - __________

i_ cS 150 _c~~ 1S i 5 R 5 5 1 2 3 _ c

L 1’14- 1 _c -..1) .I  _______________ _____________

A I L I — 1 ) .Q NRB B126I_c
06 1T’G I( 1,F
‘ l — N l+”  ____________________— N R 5 5 1 2~~ U

NP BC 12 90
j5. A I L ; . A l L l + r , I , ,I .~~~I - ,2 I  N R S B I’3 U O

L I J  
- 

N R B ~~131 U
N R B C I 32 _ c

US i~~~: , j- i , r N R B B 1 3 ’ 3 L )
S_cMv ’ .  . -) NRBBI,34U
US 170 1 — 1 , 1  NRBC13S _ c
L L + 1 NRI3C136U

i/ c, SU M V S c J M , + A I L 4 I A I L I  NRCBI 3/_ c
1 7 _ I  S U M V = 0 S L - ~/ T I A -, . . - V .  NR85138_c

115 111-) 1 1s r ’ NRBC1aSU
NP 55 14 U I_c

1o X I I c 1 . A 1 K 1 / 5 _ c - ’ c NRB BI. +10
“ET L J P N  N R 5 5 1 4 2 0

______________________________________________________________ NP 1 4 4 1
SUBRBU ’t E L I I ,,~~S I1 ,~~,1~,M V I  EIUE 41~
O I M E N S I B ,  1 1 3  I,C ( 1 I  EIl,a 4 2 0

C • EI i,,L. 440

C I~ A , I l ’ ’1’ ,,~~ ) - 1 ’ E f l S I SN  v E k s I B N  CF TH IS R B_ TINE IS ULSIl~ED, THE EI(,L 4 6 0
C C 10 IYLI,” : . I S”~~- LO BE RE)IBVED FRS”’ THE, LIBUBLE PHECISICS EI0~ +10
C S T A T E  1 F ’  I ,1. T C~ C” LLSI’AS . 

_________ 
EII~~ 4110

C ‘DC l_c B LL P P E C ) N 1c ’ N  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
C i CHC ,2,SINCS,R AN CA E EIUE, 510

U B U BL E  P I-f
~~ C 1~~~~~

l r ,  A , r , A N ~~R M , A N R M X , T r I R , X , V , S j r . y , S I 5 C 2 , C 5 5 A s  E IA . E s t , u
I C~~~Xp,S1N CS ,RANGE E ILE 52cc

1. T I l E C F ’ c S T  / L _ I ”  TM E P E M B V E D  FPBM CSUBL E P R E C I S I S s  S T A T b M E N T S  EIUL 5j 0
C A P P E A i ~~i ’,L, 1’  ‘~~ “ F~ R B U T I N E S  USED I~ C SN J U  C T I 1IN # ITM T HI S  LIIs E b+L -

I,, QCU T I- - E .  E I A ,.L 5s~C T HE O S c I — L E  ~ “ C C T ~~ I’~N V E R S I B N  (iF 1 - i IS  S O U P S -  h F  rc uS t  A L S ~ LILIt. 5 /~

44 

~~~~~~~~~~~~~~~~~~~~~ 
,,  

- -- ‘~~~~~~ - -~~~~~-.



C - ‘A ’  - 
‘A - cc_ ~~~~~~~~~~~~~~ / 0 - - i — A  - Iu ~ ,C 1 I - ’, ,  s i ’T  I - S TA T C ,”EN T SEI ct 5~~ cc

C  ‘~~~~~ / 5 - 7 ’  3 T ‘ 2 C i’,A’ ,- ._c F _ c  T 1’ I,c ‘I, A S  1’ . ST ATEMENT El iF

C - - - . i  -C D~~’-S 
1 - ~~ ~~ ‘ F~~”1~1

- ,T  ii S I O T E  ~E , c _.T S r I B L _ c _ I D  C .  -‘C C , _ c

C - r’C - _ ‘‘ -- ‘ ,t ‘ “ - • — 1 ~~~ E l - c t  C l - ,

L, ,~ i-~i

-cA , .,t=’ • ‘~~ 
E I c ~ b / _ c

.I’ I1’- - l  c 1 s -  s F1 it. C O ,

A ‘ - 
- - - - - 

~~~~~~~~ C S _ c

- cC c-V , E1 c_~~ 7 c , U

A A c _ . A - E l - c c - / _ c

i - C 2 I s  S I -- c L 7 A ~~ .

A ”,:. ,~~~~, 1IcE~ 
A/ _c.,

- 1 7 _c l:  • L 1 , a !, .‘ .,,

i .  - ‘ I~~~,- I . .  C , 1~~it 
‘ t i ,,

2 _ I’ - .TL ,, .c t. I,,1’ A / / c,.
A-, EIcE i b ,

1. C l ’  ‘ - ‘ - , .- L  A FI’- ,Ac ic, F - ’ A 5  I L ’ ~~~’ I A ’ .. ‘ ‘ c l  L I  -it. ~~~~ -

L &I,,t , cI~ ,,
2 cc-.t1 ,”- . L l c t  ‘,

cO 3”.~ - A, - ,,C, 1’

A-A ’- ,~~ ~ I,t- - c cc c’~ ..

- 1 — ~ . i , , - , E , .a E, ~~~
,i ~ —~~~I ” I  ,~~~ 

.‘
~~~~,, ,  F,’A ’_c t ,  - 1 5 .,

Ac . -~ A ‘ A~~ -‘ ~l- • , , ‘ . I ” f - i , E1~.t, C C ,,

3 ~~~~~~~~~~~ E I ’ E  6/,,

_ I A  - “ ‘ I  ~~~~~~~~ 
5 3 c c

V i ’ . ‘ -- I” I 
______ — 

E I Vt  ri,,
,,.-i- .a , - , -i - - 

~~,
1 I  ‘~~ T ,  , i  L i c L SIJ I-

I,, C ,I V C  ‘1 ,_c

7 -1 T I  I, i , ~. ‘“ ,IC . 0 _ c  C’ ,” P _c ”~ ‘ —1- -~ , b ’ ~ r’~~V s  ‘ ,at~
,, It, 0,, ,’,

C , A U  1”’!,

S I _ c t  O ’A A )

‘. , T ’ - c a T - ’ -~~,’ A -’ - 
~~T - ‘

~ S l u t  S b~
3 t I c S
-_c - - =~~~.1 E l _ c E  ~‘ s c _

E l i _ c E’ ~u
L _ I 1 ’ ~~~~

‘. ,. “~ c E l _ c t .

_____________- _______________ 

i l - a t - i L l_ c

o - -‘ . c  ‘ . 
—

A, , . A  ‘ _c~~~~ / c _ ’ E IL, C , , I J i U
U =~~~

. ,
F) ~F -  . , _ c . ’ ’~~- I  ~~~~~~~~~~~~~~~~~~~~~~
LI, I ~~~, l c , I u L l . t . ,

F :  ‘L 1 _ c i _ c
- - — s t i  .aF l, -”

_ c . ’ •  .1- i ’ c~~ ,- - c S I  , L l _ I S _ c

~ l —;, t ,, 1 /  A ,, - 
~~,, I 4 t , I t , I I A A ’ 1 7 , 1 , 1 1 ,- ’..

A r  - 7 5 / _ ’ i

I ‘ — — ‘  E i ’ - ,A ,i CI-,

/ 1  l ’ ’ c c / c ~ I , , - ’ .‘ , ,,, IC_ I~~, T I 1 . i ,,— c 4 A 1  I 5 j_c t i i ’

0. ~ -‘—~~ l ~~
. ,

/ - , ‘ - ‘ ‘  , 5 ’~~~~~ , .. _ 7  - , ,0~~
- ~~. LI

I “, ! ‘ . ‘.  ‘ - , EI ,a~ ~ 7 A / _ c

A,

I,, — ‘T ~~ ’~~ c ‘ 
C ” - —‘- 1 5  t. n L 1 , ,

I, 
- 5 1  a L l , , ,) ’,

A L ~~ 0 , 1

,--- --— -,---—‘--—- --- --—--- ..--—- - - — -. ,-



~~~~~~~~~—-~~~~~~~- ---

i(V,,— N 4 - I N — l  E L , t l c 2 L
c~~ 125 1:1 a N  57 5 1 c i c
, , . —  c s ’ 1 — I I / ~ ’

- -
4 ~~‘c i l — c ~~~~ s 1  ,~~ s ’

u_ I T O  ‘,U

_c I - ~~c_ -“7 - ‘ E l l . a L l c - ’S c_

7 -  i F~~~~— 0 c  l , , ‘~~ ‘ E I - c E i _ c c i c -
~~Li 1L~~~ ‘c c_ - 

________ 
E I c t , l_ c l~,
L I _ c F  IV 0,,

I I . 1L ,- ’I .
A~~ A — a l is I.: -  - —

~ I - - - Y A 
— 

L I _ c t - l i - ’ -,,
- ‘ U I  ‘ A ’ - ‘ “ I  #C’AE ,A E l _ c t - I _cs_ I

“I I L i a c  S I _ c t - i _ c t - ’ ,
i i, -’ Ic’ I M c -  I l~~~~c , l - S s , 2 

— - - _______ _______ 
E l - ,,t i_ c / U

id ,, c _ c _ ,  l&, • a’~~ E l , , t 1 i80
1 E I U E I _ c I i c_

A: ,- I IL ”  - + C’V - — - c l ’  L’ j :’- I i , ’ _________

“ I ” ) ” c J  - i I A E I ’ . c , - , I ”-I/ :C O S A  L ! u E l ” i_ c

i d :  Cdl 1 I I A J E  
— __________________ 

F I A t - j ’ . il,

A 2 . 4 A l c _ , ” 1 4 5 1 ’  IV E I _ c L 1 + . _ c
Y a _ c I L L~~~~C S ’ - A - ( c r c  ,, c-~~ - ,l - 1c _ ..4 L I ~~t i”s~
Xa .,~ CL 1 7 c - , - -‘ , I * C ~ ’ S A c ’ + ‘ F T _ c c ,  l : t c _
A l _ I  I 1 5 1 L , — , , ‘ I I .S I ’ .,C S + A I L ” I 4 I C E - 5 . ’? S i N X 2 I  E I V E , i4 /Ic

A I L L I Y EI u 1 , 1” 8 c
A I NI U I = A 

- - __________________________________ 
E I ,‘L l4 ’4~

C E I c E 1 5 ~~ I_c
C t _ I I 5  F ’ ’- ( ‘ - c-A, U T 3 r ’~ . L I _ c t - i _ I l _ c
C ___________________________ ___________ 

S I _ c E  1’ o -~-

C C 1 C~~ C c ” - ’ = L~~’.i~ C _ I L-V
E 7 ~~t l 5 +U

ii ‘ — ‘ - i . ’~~~,, .. 5
,c- 5 1 _ c t - l b _ I c c

14:- .-I M.- 1 E I _ c L i 5 b _ c
u_I  T I  6 )  5 I _ c t , 1 b / c .

C 
___________ 

L I _ c t - i S o ) )
C T ’  5 ’  ‘ c ’ -- 

- _ ‘~~~~~~~~~_ c 5 M  L A 5T  C CLU”’ c LIVS 1551-
C L I _ c t - b  _c

1” A 1 I ,. 0 . - I i  c - ’ ” ,i t’ , ~- “ 5  E l - c t - I t - l U

1’.,, L L  E I _ c t - l 1 ’,~
c_

_ c 1 ’ T C  55 Li L I C _ c _ c

i i ,) i l ’ I l . . - l  1 ~~.~~‘ “ s 1 I
- 

i i
C E I V t II ’/ _ c

C L ’ - ’l-’A - - i ’ - , ,  
~
, - I I  ‘,, l T ’ ~ FI N A L ‘

~0~~c’

C E I V L 1 C S .
lb ,l’ I T ’ - c i..: ,.~~

- - 1 ’ 3 s T , - ’ s i. ’- E i u S 1 / c _ c a ,

C _____________ L I - a u / i _ c
C I 1 _ c I  -~~ -‘ ‘ .. 11, 1’, -0/ FE T 7 ’ A - A, E l  JE 1 i c  U
C E I V t l / _ c c ,’

lb , a , t : - .,L1 .
c,, ’ 1 ’ ~~ 1 I 5  

- -

, , a F l a t  I I

LL 1 ’ - : ‘ I — i  ~~ . - - 1’

u’ ~~~ _c~~ l ’ ’ 
~ I_c t - I ’ S .

c .•,-. • ‘c a I
- - ~~

“ — I _c - — / 
— 

1 1 ‘1, 7 C I -

- - /  i i~~_ I a 1 / ’ 5



_________________________

~~ -‘ A l Lc, I F l _ c t .  l b _ c .

A I A A L c , I A I  I
t , l _c t - l a s ,

_ c’ c ’ 1 7  ‘, 7~ - , _ A , r.1 - t  .bUc .

~~~~~~ih  
‘J
~~~ 1 1 1 -. =~Js 

- - -

S Ic , L l a o _ c
A l F c _ c _ c -~~’

t I _ c t

c l  I_ c ’. -- - I I M ”  1 L I u t - i S i _ c
L A .  “ (I” - ’- a-

i8:  1, _ I  c 1 I V c E E l _ c E l l _ c ’.
‘ F T  - - . EIuLio ’ .,,
C, 

~
_ c LI _ c t - IS _ I _ c

C _ c E - , e ’ . o ’ f r  - ‘ ‘ 7 c
~~~ - t ” ’T’~~ ’-~T~~ A 3,

- “ ,5 a .  I c -  -

L ~~C A- ~ l A T  l , ” - - -
0 l’ i H , i _ c l - ‘~~ Ii •~~ -

3 ‘ 0 ’ - i i ” A T  — a ’ 1  1~ .t -

‘4 I ‘l AA ’ - 1” i c - F
- -  - -- 

~~~‘ 1 ’ 1F  
~~~~~~~~

i _ c _ c  “ Cl ,,. l , l.’/E ,A

A c ’  I ’ ’ L ,.’’E’,.• - I I  ~‘

“ C A A., j i ; , . A ’T , . _ , 1 i r, , i, , _ I I I , ’,~ .,

‘.1 :111 I 7  ‘ l I / I  a ”

i _ c l  “‘

LAS I C t .  I 1 , 1 i , - .
. t - L I N I I + ’. c — . ‘ ,~~..  —

C A -

“ I j - - a A . 1 1  ‘ c L
1,_ c c . , - i  “

— ‘~ A - - 1 1 , — r. ,a

“t. A ; 2 , r’ I I L - - ’ , ,5’- ’  ‘~~~r’’-’C~~

r-is 1 1 5 1 ,  ~~‘T

, l 1 1 /  1 ‘ LI- - -
,,~~~~~~~~ ‘ . l . CEI ’. F ’ C F ’ ,’ I l l  c . - I G N

A _ c  “ t A A, 2, ’- ”LA ,C , (’ ’- ’c , C ’ t ’  

c i ’  . 5 - I - -N 
_____

i i  :~
‘N ’ :N -  

~
““75 1 A , I N ,,, A - -  . , I a I , I P T I
“‘I’N. ~~~~~~~~~ -

— ,a~ T O  I _ c
2,- i c,5 ,T ,N•.jg

C l c I , ‘ , -

‘- ‘LU 1

7 ’ T C..’~~~~~~.
”j~~ 

“
~
‘

_c~~~~ ,.c l I , ’,c l ,,, .I Ii ‘ c + . I I ,  ‘ ‘ I 1 1 i + ’ 1 ’

l~~~i 0 — - A ’ c-
~~ • . , 7 I

A c .A A ,  • ‘.~~~~‘

/ “ ~ ‘_c _ c 5 ’,T~~~.. , 
_ 

-

—

~~l - —

i_ cO I ,~~~l . ’ 

-- - -_



.‘ c?

C _I _ c U a i  1 -  LZ ’ I ,~~ ‘ i  c~~~~ r ,,

~~t A,~~~U C A , *  A ’.
‘tA’ I I V . ’ i -•

A t--’

.c’ 
~~~~~~~~~~~~~~ - 1 ‘

~ 1
- a l _ , ,, 7

— IVI’ ., ~~~~~~~ “~~ 
0 1  I~ 

O A T _ c
1.’ — :  - ‘ 7- .’ ‘ ./ ~~~.I

_ c I l,.’. I
‘ . 4 1 _ l a _ I , ’ I ,

3 I_
_c 

,-‘ l~~- - .

i,- ’-’LL p ’ ”  I I  -‘i t ,  s ,” c I
c- - I’ F I:

. ‘+ -, , L _ I c  
_____ ___________________________

1”~ 1= ~~~i - ‘ .

“ti. ,, 3 1 ’ . ’ ’

il- 7’_’ ,‘,:),‘..i 
_____________________________________________

4-S 3IA i,,5 I ,,c I ’ c , ,,, ‘

A l  I a — .’ .. , ‘c

A _ c l  1 ” - ‘ : -~~~~ — ‘ ,

I I c A, I I — - I - I I — - ~ I I i I I 4 I S - 1L _I~ I .1 I + S aL S I I 1 I
i _ c

UI / ~~~~~~~~~
A4 ‘ = • c_c
u t -c  2” = I , -~~.

c~~ 
,
~~

, A + I ’ . 1 ij *~~~~ ’,~~~c j I I S I S I ’ L i , ’ I J I/ k X I J l + Sl, L O ( _ c +~~ d / _ c A c J + f l I
c l  A A ( I : V c I I I 4 A , ,.,. A I T )

V A ( . 4 ’+ l  I -i c l - .~ - I

‘.‘_ I c_V

co , . k I l I a , ’ , ;  I — ’ .’-

‘ “ i l U  (~~‘A ’ A  ‘ , 1 ’ , , I Al ,T 7 , A. ’~ 1 I
c_c ”, “ - /5.,,, ________________________________-i _ c _ c ,  ‘ - c t - c l .2~ 7
L A ,,) I ’ J A , A  A-’

,_ A LL £ ‘ i ’

) A ’ UN :I I i  c . - - I i~~~~
’

I_ ct ‘11-, ~~~ I’’ - ‘3 I j ‘ , “ * I I , P — 5 1  I , C _ c  I 11 I s N _ I l  11 I, A _ c  I 11 I i A: i. I i i )
‘c” - ‘ AL ‘ U

,l, c’ ’ ”c ” ’
~, ’ I

4 ‘c ’ l c ” , A ’c T  i _ c c’ I c . ’
4 ‘ - ‘--~~~4 T l 5 , 1 ’ - 

__________ ________

~+ ?‘ “ -‘ a’a I  I i ’ s ,

5 ~~~ I .

A A L I  I 1 , 7 1 1 - ’  ‘ 1  I

‘ t A  I ,’ ’ c I I _ c i _ c  s c a l a ’ I

a “~~~_ c; I s I l l , - , F _c- a ’ 5 ’ I
‘- t. .l 1 / .  I c , , , i c a ’ ,

c - c l  e, ,,= 7  .5

L a _ c . • ,‘ _c -

.‘-‘Z? *L+ j , ’* , _ c  -

= A •~~~~A ’

- -~ — I ’ —  i
I a c ’ _ c C T ” : , II

o , _ c I J I a _ .-41 .,i I

c c _ I  7 , J = 1 . - -

-15

- - , . , , -- - , ,
~~~~~~~~~ -



— ‘ ~~~~~~~~~~~~“

7 SN (IaJ ) A: .G
S

LI~~ S k . 1 s N
6 SN (I,,j).S7.(I,,_c1 ,C_ c (e )4NJ (K)4EZP ( ZJI~~~)4 R ( 0 I ) 4 R ( J l 4 4 IL+ 1+A _ c ( I’~))

S u M . j  • U
L)~~ 9 ,j~~~1, 43 9s c

9 ~~UN .SU f 1+( (~~~I J ..-~ j a ’ .  ( J )  )/3 .I4ISNII,,J).42+4 .4SNII,,J4j Io42+SN(1,~J+2 ) -——

SUM.SQRT(Sui’
1)0 10 J~~1,” ’~1

~~~

1)0 11 .Jal, c

~~1 C.J)J —C ,j(J I/SI ~
5 P R I ~~~~~~ ,(C J I J l , , ,~~~7~~ I 

-

c’(t- 1 U”~N
N

FUNC T I~~N E A C T ~~~i I S l  
— -  -

iF C I S I  h u e
j p A C T ~~.j .  

__________ ______________

N ElI I) R N
4 A I S

U~ 3 I a l , 1 - ’ ,I

iS—IS—i
iF C I S I  ‘,“,t

S ~~~~I S  
______ ____________

4

~ ~~~~~~
~ E TuRN ______________ ___________________________

FU NCTI~~N E Z P IA I
X L .— 2 5 .  ‘.1 

_______________ __________

IF (X.LT.XL) 
~~~ 

Tr 1 
—

t- LP EX P I  X )
P~~t- TO kIld

1 LLP.0.-
r~~~ Tu RN
EN Li

C 1)I~UBLE I ~TEL,~~~ T i 5 0 ~h PF P F~~F~MED FOR C E R T A I N  S~~LID ST *TE CASES 1

C ~R IT TE N F~~I? 
~~~~ C[C ~~~~~rl FA LL  1966 AT LE’41G,-’ U N I A E ~~S 1 T Y  by A B 2

C ~‘LcNZ I ’~ F’~i ,1, -~~ - , 3
EX TE NDED T~~ ‘ - C L U c  F t, S T A T E S  BY E .CA LABRES E, ~~A Y  196b
C0i”~10N ST,Ll’ I~~ ,~+~, 1  ),XI ’+~~1),RI I6,441),SNL1 (~~~ 1),S5 C3 (*~+1),

I .k’~ _c l ’.41 I, ~F1JN (4’~1 ),Z12 011) ~ 0 R M A T  1 7 2 ;
20 F~~R i-1 A T ( 1 - 6 . 1 )  8
41) ___________________________________________
‘+1) F~~Rr i AT  I I ? ,~~, t 4 . )  10

~~i) ‘cjRi’iAT C l ’ c 4 i , I 7 A ) c c ,-~’T,~~laCEN TER INTEGRALS / I 11
bO I’th~”i A T (~~~‘ci 5F 1 2 . 6 )  

______________ - 12
75) F O R M A T  I a,3c- ~~ T I- v A b~~v E  ARE A F T E R  I N T E G R A T  IO N O V c F  T~lETA ,/ I 13

~ Q ~‘0RMA T (16-” F- c _, r , C T i P r ~ S USED ,312,1X ,312,1”4,,7A ,31 .I A ,F1U.b,2$.4 ,,12X1~
A I 3 2 HTH~ ~ f5 CLT t’~ T~~F, I N T E G R A T I ON  IS,3X, F’ la..?,//l 

—~~~~ 15
uO 5001 1 1 i 1 6 1

5uU~ ~- I 1 ) a 0 . 0
1)0 5002 I~~i i.  ___________________

51)04 W R ITE  (9s3507 ) ( c ( j  l u s t s  1 6 1 )

l’~kj N T  30 
______ ____________________ — — 

le

‘~t -A D ~~~~~~~~~ 17
READ 2 0 , 1 1 1 1  Ls 1.l, P - PF ~~,N ) 18

49

L ~~~~~~~~~~~ _ _

~~~~~~~~~~~~~~

,

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

.~



UO i I — 1 , N _ I F , -   19
kE~aD l 5 ,~~~~’ 1  l _ I . L ’  I j , j I , J a l , 1+’+ i I

1 C ccc ’.T I N  )L 21
C LaL~~~E R A T E  S ‘L  1’ ‘-F~~c- fl S 22

,-L _ c T A a .  • 2~ 23
1 1  24

25
Ut - C cc 1 s 1 1  26
u~J 3 ,(a1.~ + 27

_______________—

~~~~~~~~~~~~~~~~~ 

28
4 A I I )  A I I — 1  1 + - F L ‘ ~, 29
4 _ It L TA — AcJE C T A + I ~~~L’ ,- 30

_,C 4f 1 — 1 . 5 7 1  
______________ __________________ 

31
C C . i~aV ,~ ’+1 i ” / L  I I  )#a( 7 . / 3 . 1  32
Uc 5 j—i ,- .~.i 33

- 
S ‘.I I I , J I LaA I I , 

_____ _____ 
34

-p C~~r’,TIr. -_ c E 35
0 11 I- cU_I - “1 ~~~~~~~~~~ - ,4F ’ F ” M T E L I  36

i_ c U 6 l i,-\ l’F - - 37
S ‘a 5, tl I i  s I, Ia - . - 38
L c ’  Il 0 2.w.1 39

/ S’~~LO I 1 ,_ c I S I . L c t J . ,’ . , I / - - II  l i d  40
o CLIa T Ic-c UE 4 1

ccli 4 ’) ’a-~~ I 1 , ~ - I ’ I
L I I + -,fr’. ’ c _ I , I a Z c i  - __________ _________________

.10 i+ I ’ 4 j  J~~~~~~, , 4j

5 r . _ c~~ I I +,‘IFIIN ~ ,.c I a J • 1

‘4’., ‘4_c N i I 1 +1, - _ I’ ,J I I 1 , - - I

L PkOCEDC ‘I” F’~~’i A~~~~ I.- A  IN T E L I RA T I ON  42
Uti  14 + l , ’,’4 i ‘44
‘.1 I 5 s l ’( 1 a S c I ~~) 

_______ ____________ ______________________________________________

1’~ b A L O (b, a()=i.

lb c’ILAD N , L C L , 4 - L F r , l ~~T_ 4 ,CI ,L 2iL3 , A i l A F  47
IF (IN F ) ‘,9,5 48

9 U ) )  11 I ’ L , - . ’+ i 49
5- - L i l I l a 91 c, c l I C t i l  I sN C e II IC -E ’A , I I  50
S ’ L J C  I )  5 - L I ’ ) ‘ ulc’, I I  51
N M I ( I I rIII i L t , I I  52

l4 l- I - 4 4 ( L l a N i (  IF- 7~ ill  53
1 1 C O N T I N U E  

- 
54

C~~s_ c .8 -~S 3 ’ + l _ c c _ ,  7 ’! c’1- I a a I  1./i . I 55
CA L L X ’~ A i  L i , l~~ ,L~~,u ,I~ ’T ’.,ClA,SNL3sF ,kl ,R k3, *IlU’c,1 56
ZL— [Tf~rT 

- — ____________

~I c’,))~~~~~3. c

_______ __________________ — -  _______________________________________________
,,(1 3,J I_c’1 i I i i t h lAa

-“ i  ~~i ~ 
i s.  A A ’ I A c  ‘ c / I ?

,j _ c j ,  ‘A c-, P-i R c’a ’ l+ , .* l - - c  
_____________

i~;1 3(152 1 = 1 , 1 ’  /, c
~

—‘C L I k I I 6 , 1 + +  I — 4 ’  I le ” ~ I I I/’. .

“ 1 1 6 , 1+ 1  a - , I t ,  I I + f ’ F L  
_____________________— 

“I l b s  1 + ?  I a  ‘ I c t ,  1 + 1  ) + [ ~ L 
- - - - - -

4 _ c _ c  N L l b , 1 + J l ’.’ I I C , i +?)+ FL

C 1’ ,T E R P I I _ c A T t -  4 1 -~~ - ’ A ‘A ’ c )  ST ’l,E IN A

dl  3003 I s & i ~~~~ I

‘~‘~.R I Ib , I I
Liii 3 I G ’ 4  J5l,’.” l 

__________

i F  (“I’ ’ - i I i L t , _ c c I  3 I c ~~
c .~~ l_c 6 , 3 L - ) ’ .

- -- -- -~~~—~~~~~ --~~~~~~~~~~~ ,~~~~~~~ 
‘- - - -~~~~~~~~~~ - - -_



3,j l)’, _ c O i T I~ . _ c r
ii.J O c, S~ I I I A ’  ~) - i - ‘

c _ I  Tc’I ic ,, _c

i _ c _ c l _ I  A l  Ii X c ’ - -  ‘- - + -  #‘~~‘~~~C H C E , ’ ( ’ l. ( I a  I X 1 -  ‘ - I  4 I~~~ I -U - Il 4. l I I / ( k ,II £CE ,K )
I -

ic -L I _c L C , T 1 4 s ,,t ,
j c,’ A j /  ~‘ ‘~~~~8I I l~~ g~ ’i ,~~~~.Cc I 

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

r,’.I I r I’I , 3  l, / I I , ( 1 ) , T 5 1 , 1 t - c l l
_ c _ I  1~~ i = i i = ’ , i  57

ii XI’ cJ rc. I i i  _ c . 1 , c 1 c 4 A F ~~~ l 1 c  58
59

_c
~~LL b - ’1”~~’ I’ .  iU ,~~~ F P ~- - ‘ l I 60
i 4 I A - F  I h / , ; , i /  6 1,

17  ~~~~~~~~~~~~ a.’ , i ‘~~ L I ‘ c s  i a~~~, ’4 ’e~~ I 62
‘r ’ i N T  1- ’ 63

~ t- -“ IN 1’ -“. - ‘s i I ot , - ‘ ‘ - , T A - ’  I ri C I , , ? s  C_ I ,  I-A5 I-

i - T~~ b 
— 

65

~~ _c ” iT j ’ .J r, 66

“ - “ 1  cl , S 
_ _ _ _ _

t~~~~i P 1 ~~ t-. “A

I ,D ‘9

c-
~~~c-1. 

L A I I  
_ _ _ _ _ _ _ _ _

- c _ c  58
) c- i~ ’ . 7 _ c i’ l .E A - c ’ - I _ c C l , L L 2 , _ c L _ c , A s ’ c, L : , : c ,SF .L ,M’ .i ,i~

I
~~~,c,, _c A - )  69

C _ I : c - U R ’j u i ’ T - U  .4~~ , ’ c L L ’ , , I c , C L c c , f ’ s ’ L ’ 7 s L s I I . _ c t ,  
~~~~~~ D_c- ’ ”oc , jI~~IE ~~ f4AT IeN 70

. i : ’ t~~~1 _ c . ’ 7 ,  ,,  , , c l , U- , , 1 ( ’ , ’ 4l ) ,~~ R 3 ( ’ , ’ 4 I 5 A F 1 - ; I ’ 4 A .~~~~,T F - C _c~.I 1 _ c 7 l  7 1
L _ c r  1,’,, 31’ 1 - ‘ A ”  1 ’-, A ‘ A -  ‘ 7c

_ _ _ _ _ _  
73
74

• ‘ * ‘

A r _ c , I I =  • 7 - ’

i. 1 I ’ I :4 . , , ’, I  “‘~

,7 9

• SC

“. ‘~~~~ , i i j  I - I

~,I3 A.’ I-’ ‘:1, 7 , 
“ ‘

~ 

- —  

5- 3
- ‘ c l  - I

L c a , , + _ rl ,c ’ c i , c ’, ,
811

i c  117

- , ,  .
~~ ~ /•

- 85
a L,, /1 ‘fl—

A., c - , I - N  , -  , ,. A’ -’ , 9 1

I ’ , , ’ , ’ ,A p  _ c P ’  , — . - ,I_ I

-
, ; ‘ ‘ 7 = 7 .

H

‘ . 1  ‘ ‘ I ./ ,-’ . a ’ - , 
- .,,

, . c

A-I t,

3 ‘‘ ‘A 1 ’ . / - ’ . A ~~ 
- . ,, . , i  ~~~~~~~~~~~~~~~~~~~ 1/

A I ”  c_ c

‘4 , l 1 A . / , . :~~ , . , , ‘ . , a A t , C l l , t T A I

_c I - ’ ~-,
_c
~~ ~~~~~~~~~~~~~ . 1* .  .,~~~. - . i ,., . a C 4 ’ 5 L l l ~~ F T _ c , a ’~~~~~I T r l , , c _ . / C . )  to .

- - ‘_  I c , C

4~~ - “ • . c  ~~~~~~~~~~~~~~ 
- L , T H t T 4 I a J t ~~~~ I T — E T A I  l U - _ c

‘3 - - “

- •  ‘ ‘- ‘ 1 — V ’ c • ~~ ’ • / , . ,, • .  1 , F ; r , , F T _ c I a s I , F I T _
~~ r A I

A- c l  

- - .— —  - -



- - -.—- —,,~~-,,-- -- - -.-  —---- - -~~~~~~~- .- - -- -.- ‘- -

0 L t,H.TIN,r 106
c ” T” I7 ’c ” ,_I,” ,cU r- ,27,28I,L2 10/

/ Ir,2 1. , l O o
-~ l T i  1~ 10~

45 T’.251~~/c~ •+~~ I ,./~~ • I  1 I L I
c,3 r1 T’i u ’ .  111

9 Ic ’ .(3./2. I . ,I . ,C . Ia C ~~S~~~I Tl-lETA( 114
ij)) T ” A  i, ,, 113

0 T ,~~ (3./s. I +-s - • • I +5 INF ( TH E IA) 11*
_ c 7  T I  ‘, _ c  

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
u S

46 i ” d s i 5 . I ? . I + + 1 ./~’.).I3 ./2.oCeSF(THETA )+COSF (IHETA)—1 ./2 .) 110
1” 1,. 1 1 _ I

~~/ I ’ 4a ! 5 .a , I 1 . ,c ./~ - .#SI’cF (T r l E TA ( + C O S F IT H E T A I  
_ _ _ _ _ _ _  

110
-_c -2  T’1 lI_ I 119

CO 1~~2=t5 .a + I 1 . /~~ ., , ’ 4 . A~
C
~I r F (THE TA )4SINF (TI-IETA)

I-U c c _ I ’c c T I N .j E 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _   

1,21
c-_I T O  I l I , ’ S , ~~S , l ? , , 3 ’ , , 3 1 , 3 2 ) sL3 124

1~ T r’ija~~.,,, 124
cili T i  14 -~~~~~~~~~~~~~~ 12*

29 T r’13=j./2. +a’ I •/ ~— •  I 125
ut ii 1’+ 126

-Li I l - c 3 a (3 . / 2 • I ’ i c 5 A I i . / _ c . ) 4 ( ~~ 1~~  12/
u:i ‘i’ ll 1’+ 12~

~ d fc-3 ~~(j./~~. 1 + 4 1 1  ./~‘.) + S J N  129
c,j T~ I 14 

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _    
13 .’

ic_ c l c l - 3 . I 5 ,/ ? . ) 4 4 , ’ • / 0 . I 4 ) 3 . / 2 . + C O K 4 C O K. 1 . /~~.) 131
j i T - ’  1 4  132

ii f ” 3 a 1” . # + (  1 •/ c_  • / o . - p -~ 1 K a C c ’ i K 
—

c T O  
~~. 

1_ c s
cC I - ,j a l ” . + 4 I  ~~~~ . - ‘‘ .~~~_ c i~~~-~’ S I c  13_ I
‘4 =_ I 1 14” Ut 

- - _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _

IF- ( i L l  — / l  I ‘c - c s  ~~~ ,‘~ 1 3 /
.33 r-c~~~j  . 13o

- ,i ,I T’ ” . 
- — 

13i
i~~ u_ I 15 1 — 1  u ’ ” ,’- - 1 $ _ c

J I c - I 141
14 4

j F  I RR il II — I- I ‘ i 1 7 , 1 — 14-i
0 Li c i  INJ i , 14”

1_ I LA: A - T I r A-I UI 14_ I
1 /  ~‘‘.~~) = -‘1 .1 _ c l  1411

1 j 7 1  T I  i i  14 /
4-~~ U M c ”, J /  -

- j49

“ A , S R A N 3 I J I ” 15-
• -

~~~~~~~
- 

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

J - J _ J L _  - c

“ A L )  — ~~~~~ - _ - A  - + - ‘  ‘I  J I  I ) ‘ 4 I S N L I J I S L I - c 1I I/

~ l N , 3 ( J ( —  k A ( a 1 c  15_ I
— U  I T i ’ ~ - t  1511
lP’~~C c l  - - , a I. _c~ •~~~~

c-,
~~ 

a ’T~ .;a T~-c3 . S I N F ’  I T c-i L TA I 
-

4 l ’ . E ’ ( A s i c ’ , A’T ’ T 0 + ,  1_
ut , 2 c)  ~~~~~~~~~~~~~~~ 15- ’
,‘I’ c_ ,I’ X 1- - I I - .  I , ‘1’,- ~~~~~ 1 + 1  THFU ’,t f l + ’4 .+ T c-’H.’ ,I •+~~ - . 1 — f -  ‘.J’.Il. + C )  I

Cc) C ’ 7 ~~T I - _ c ’-. 161
I L U ) . )  1” i l r c

c’~LT u ~~N 
_ _ _ _ _  

i t - i
C, - ’ , ’ 16”
cUONUI I ~ I -t ~ A I ‘~U I L I  C , ~~f- _ c N , R R 1  I it- S

- _ 
- - ---.- ‘ ‘ - —~~~~‘—,,- -----



- ‘ - -.‘- -  --- ‘ 

c_c I c ’~1 , S 1 ) ,  ‘~~ I c . A I I , , I .( ( 4 4 1 I , TL F’ . I N I’ 4 N l I  lob
c, ~~~ ‘ ~~~~~~ r - ~ 16/

)~~ 1 1 1 , ’- - . l  160
L T L r , , - A l  1 = A A  - 1 ~~1 ‘ 1 ) 1  ) a ~~k1 I I I  

_______________ ______________ — —________ 
169

“i 2 I l.’. ,- - ,~ ~7u
‘ - c - c  3 A I-, ~ + 

, “ A - I • - — - 1 II I I / cc • I I T C ~ 
- - I I I * 4 . a I C  ~

. - I 1 + 1 I + T~,, I’ - ‘N  (I  .2 I I 1 7 1
4 L’A ’ T~~~

, -r 
_______ 

17C
17i
17$

‘c , c- , .,

~~1 ,F —~~ j ’;( X I

F - i - _ c ‘A

A- . _ I T~ ‘ ‘-c .c’ ‘ c . c  
-

- A A ’ ’ ~ T I A -  - ‘ - -

‘t ~~$J ”A ’ 

-

_____________

C-

U .,LTJ ~~
- ~~~~ - S c

44 c. T I,- 1- I

E - cL

S I



IX. TI lE BAND THEORY PROGRAM

This is a compl ica ted  program and the control option and data
are s p F - l l c .-d out  i n c l u d i n g  examp les  he re .

IX . U SE OF THE CODE

CONTROL CARD S

!d ob
!LIMIT
!ASS 1GN F : 5 , (FILE , IISI DATA), (IN), (SAVE)
!ASSIGN F : 6 , (DEVICE , LO)
!ASSIGN F: 13, (SAVE), (OUTIN), (FILE ,HFILE 13 ) , ( S N ,KUZ 6)
!ASS L GN F :2 0 , (SAVE), ( O U ’ I I N ) ,  TRIES ,20) , (FILE , HFOPKNTHS), (SN , KU’Zb)
!ASSISN F:,ii , (SAVE), (OUTIN), (TRIES ,2 0) ,  (FILE , H1”lRRSTR) , SN , KUZb)
!ASSIJ_IN F:22 , (SAVE ), OUTIN) , (TRIES ,20), (F[LE , HF2CCTH), (SN ,KU Z6)
!ASSII ;N (- ‘ : 2 3 , ( S A V E) , ( O LI T I N ) ,  (TRIES , 20) , (FILE , HF3 COEF ) , (SN ,K U Z 6 )
!ASS LC N F : 2 4 , (SAV E ) ,  ( O L T 1 N )  , (TRIES ,20) ,(FILE. 1-IF4BNL B TH ) , (S~~,KI’;-~h )
!ASS1I_ I N F” :25 , ( S A V E ) ,  ( Oi l  i N ) ,  (TRIE S , 2 0 ) , ( F ’ILE , HF5PLM C T H ) ,  (SN , K17cc )
!ASSIGN F : ,_ I 6 , ( F l  L i - .,  AL I A A S I )  , (OU ’I ’ I N ) ,  ( RANDOM) , (RSTOR E , 7 4 7 ) ,  ( SA l E ) ,

(SN , N [ ’Z o )
!AS SI I_ IN F : 2 7 , (FIL.E , ALPXXS 1) , (1,_ IlTIN ) , ( R AN D O M ) , (RSTOR E , 690) , (SAVE)

( SN , K L Z u )
!ASS I SN F’: 28 , ( l ’iLL , ALI~A X SI ) , ( OI , ’T I N)  , R AN l ) O~ - 1)  , RSTORE , 737)  , (SA\ ’l - : )

(SN , l’iI l(6)
!ASS (SN 1 :2 9, ([-‘1 l,[,AL PX AS I)  , 1,01 1-IN ) , ( RAND OM) , (RST ORF ; , bill), (SAVE),

(Sr, ,KUZI )
!A S S J w N  (:30 , (FILE , NTGRLSI), ( I ) L 1 I N ) ,  (SAVE) , (‘I’Rll- S ,2U), (SN , KU Z a)
!A S ,— I ( N  F :  31 , (l” ILE , S 1EV) , (011(N) , (SAVE) , (TRIES , 20)  , (SN , KI’:~l-c )
(A ~- S l i - N Y : 3 2 , ( D L V I I i - , NO)
!A SSISN N :L>I , ( 1 1 1 , 1 .,  ‘ l , T ,~ I i A N S )  , SN , F [ _ I t )
!oI \Y (EL , IIII(.-\NI ;RIIM ) , (slO (<l’ 1 (111 , N R L I R )  ) , ( ( M N  , H L M N B A N C )  , (11 EM) , (MA !’)

RUN LMN ,III,MNIIc\NI - )  , IA- SN , Ni, Nb)
i A  TA

Checkpo ~llt t :cc’ a rt’
I-’ [N

above , t lii ’ I 1 1€-s - c r c ,’ :

II SIDA1 ’A , in p u t  d i t  -I I L - , i’. be dci ~c r ib c d  la t -r
111”ILEIi , sc r , I t c h
( i l l l ( ’ k M ’ U l i I ~ , l U l l -IRS  I N , Ifl 2c S Cli , II LICOEF’, ) I l .R N SN ’ CO , H F  - F i , M 1 i l ( , ~i 1l i- - r , I t c l ’ t
ALI’AAS I , A1 ,I’NXS I - AL I’ , \ ’ AcI I , A L I ’ ~ ,,\ S I , ~ c,’ x~~.iiii-i ion f i : A I un’.’t I ~ms , u I - cc C l t
oti i~ ’r A ~i t .-~ - , X lunc I I A - - l I t - c  ~Ihout ~\ sit c - ’~ A I unc t I o ns  e x pan d e d  about >: sit i- s
N I U TIc ,’t  j U n t A  ‘.‘ X ( I I I I A I I - ci - I D - l I l t A ,s i t ’ . -~~- r t ’ U- - c( ’ ’.’ct  ivelv
N I  I ; R I , S  I • 1 1 1 1  t ’ ) ’ , l - I I  I u s ’
SI Ii.’, - ~ - l - i  - I i  II: , ,In ’- ’-,- c T i , : l , l l c t - 1 j n~’, In) c c , ~.,‘,l’,’~ ’ t  t i ll, I l c I I ’-c , 1-’ il’ ’ I U ’ A I IUCS 
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IX. - 2 INPUT DATA DEFINED

i-U\ND OM -i—F I Li- . D L I  i- kN 1 N A I L  ON

fo r  AX 5 c C :

‘l of words MXP ’J ’S * MXPAN * ( N S I - T S  * LADINX (LAMAX + 2) + 1)

MXPTS = C of radial grid points used
MXPAN = (1/ of L’ values used in cz—expansions)—l
NSETS = o f ne ighbor  shells of type we are expanding
LADINX II of functions , both occupied and virtual , on site A , counting 0

and position only M values, and counting only functions be1o~ the
value of 9. specified . (u. is the subscript —1)

Example:  have 2 s functions
3 p f u n c t i o n s
1 d function

then LADINX(l) = 0
LADINX(2)  = 2
1,ADINX(3) = 8
L A D I N X ( 4 )  = 11 = LA DI NX(L AMA X + 2), if LANAX = 2

for AX set (A orbitals expanded about sitet X) like above , but don ’s add I
to  C of words

f or XX se t , l ike abcvc,’ m r  Dl , b u ,  w i t h  X
for AX like above hut don ’t add I

DATA FILE

Card 1 . LLL I T AI ,  , N R O l ’ I , t l ,M ’F IS\ ; l O X , L5 , 15 , L5
LL D TAL: log ical variablo is TRUE if a debugging r u n  is made ,

otherwise sot it FALSE
NROU1’: ~a-i equa l I c c  3

log ical variabli’ causes ncatr i’.- c-s to hi’ p r in t e d  out  aL- n 1- .
with bands

Card 2. I.LAØA , N I -  I S I I A , LLAØX , N E I G L I X ;  1( L5 , I 5 )
LLAØA : TRUE if curbit als exist at u ite A ( true If onl y one t v ~~’.-

of a tom)
Nl- ,I GRA : II of sh i l l - c  of neighbors ‘I A t c c be considered

( u p  to  6)
LLAØX: l E C I - . I f  or l - c i t a l c - c  e x i s t  a t  s i t , & X a l so
N I - i c - I l : ’ : : ~I shi ll s of nei ghbo rs ~c f  X to 1cc’ ‘.‘~~- n s i - S - r c - c (

(up t - ’

‘-- - - - -- -~~~—-~~ -— -— - -~~__ _ _ _ _



Card 3: Z , ZION , ZR , RHO , H , IPTS , NØCC , NTØT (5F10.O , 315)
Z: atomic C of atoms at A site
ZION : ioniclty (e.g. —l for F in LiF)
ZR: integration parameter.Set at 15.0
Ri-LU : i i c t o ~~r a t i o n  p a r a m e t e r .  Set at — 2 . 5
£1 : into ;ration parameter. Set at .05
IPTS : C Ut points in mesh.  Use 161
N(c5CC : ~~! occupied orbi~ als2

at ghe center (e.g. 3 fo r  F in
LiF since F is ls 2s 2p

NT~T: total C of orbitais , m d .  virtual at site A (For site A
maximum is ‘L\Al-’N in program , for Site X maximum is
MAXIM)

Ca rd 4 :  L , N L I A S E S , LØCVN , LT~ FN: 415
L: 9. quan tum number of atomic shell
N BA SI - :S : C of basic func t i ons  for  th is  ~ (up to 15)
LOCF’N : of occupied shells for this S
L I ’OFN : ci of t ctai shells for this 9. (total ft of f u n c t i o n s

t~ o wish to build f or  t h i s  5)

Card 5: As I I I A I L I V  card s ,is needed . Wi th  8 (F8 , 0 , 12) read in exponent and
p r i n A i L p a l  .-Iuantum number of each of the NBASES basis functions
(S.T.~~.) The function we wish to make a block function out
o f has t i l a  f o r m

N I I A S E S  - r~ . —l —z . r
-
~ 

= 
~~ 

m
(0~~~) y ~~~~ N , r

nkm I ‘-‘ j

j =1

So fo r  each ~ , fo r  all  j ,  we read in Z 9,. and r~, .

Card 6: As many cards as needed. With 8F10.O, w i t h  one i l l E i c t i l record
pe r each 01 ti le LTi~l - N f u n c t i o n s , read in the  NBASES c o e f f i c i e n ts
plus  FR , FR SI~ RCUT
M u s t  g ive occupied  f u n c t i o n s  f i r s t

FR:  e f f e c t i v e  o l : c I I ’ i;e in U l n i t S  of — c u  t ’or e ’ l c~- t r c c n s  in t h a t  s
shel l , if  FR = cl , default is 1. Room must  be l e f t  f c , ’r
FR w h e L l c o r  or  no t  shell is occupied

FRSP:  f r i c t i o n  01 the  s p i n  s h e l l  w h i c h  we ar e  s o l v in g  f o r  w h i c h
is cu ’cup i e d  f o r  t h i s  slid 1 (i .c’ . , f o r  a 2 p shell , if there
cr c .3 ~~~ i i i  up p e l e c t rU ns  and one sp in  down , FRS I~ 1.
and FR i’ . I 0 I , I I~~I ,  I c ’r t h a t  shel l  i f  we a re  so lv inj~,~~~r
the  ,~ p i I I  i~j~ A- ,~ - 1 l A t 0-ni,’ ,

RCUT : I 11111 1 ion W I 11 hi- t r I I n c - .ltet d I or dist anc e-~-c b ey on d  t h i s
val III’ . ( i I () . — l l c ’ t l I I t ) c  t I ‘1))

_  -~~~~~~~~~~~~~- -
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Repeat cards 4, 5, and 6 b r  each I. v a l u e  on first center (A). A-

If LLAØX is t r u e , repeat card 3 and set of 4, 5, and 6 for center X.

Card 7 : A , UNIT , N Y P A N , ITHPTS , LLSLNA , LCHALL , LLBUF; FlO.O , F lO .5 ,
213 , 3L5.

A: cube edge in Bohr
[N i l :  use .25 f o r  d iamond  or z inc blend lattice
N X I c A N : of -:t functions per expansion (max = 30)
IThPTS: Set at 101 (angular integration grid for a function

gc -ne rat ion) 
‘ 

-

LL GENA : Set  TRUE i f  c f u n c t i o n s  need t o  be genera ted  th i s  run
Set, FALSE if ~ functions have already been calculated

and Ire -n hand in  I Dc-f r 1 lies

LLCHAL: ~‘iust  he’ ~- -~~ t I l-O R if I L I ; i : M 1  ( s~ -e below) is true.
Otherwise , set TRUE i f  p r e s t - n c e  and s ize of ~ f i l e s  a re
t . ’ be checked

LLBUF : TR [I-. Ii F u l l e r  IN/O tT Sigma—5 subroutines are to be
u s e d .  Set FALSE for other computer.

Cards 8—10 pe r t a i n t ’ - site A c u e  center i n te g r a l s

Card 8: NAF (I), NA G ( I ) , 1=1 , LANAXI = 3; 214 ( t h r ee  cards)

N A F ( I ) :  ft ol F t ype  i n t eg ra l s  to be c a l c u l a t e d  for  c v a l u e
I — 1 t y p e -  electrons feeling presence of each sh e l l
in t u r n

NAC (I): # of G type integrals (See Hartree ’s book for defini-
tion of F and C i n t e g r a l s

Card 9 : FA( l ,J), XAF(1,J ) ,  I = 1, LA>1A X +1; J = 1, NA ! (I); IH, F 12. 9
(as many cards as needed)  - -

FA(intege’r) tells which shell i s  causing t h e  potenti al being
considered in the pre’t;ent integral and XF tells its we i ght.
I f  I = 1, 2 , or 3 , then we are finding contributions t o  the
pot e nt tal c l i  s, p , cr d electrons respectively. A l w a y s  li st
s h e l l s  as fo l io s ’s :  first all occupied s shells , then ,cIl
occup ied  p she - i  I ~~, then all occupied d slid is.

C c r 1  10: SA(  I , J , 1 ),  OA( I ,J , ,), XA S(I ,J), 1=1 , I .A M A X + 1 , J = 1 , NAI ~ 1 , 1 ) ;
2 1 4 , I I~~ .9
(A t , I ,J , I)  : ~ i ves K va 1w- I or t he  G ( K )  inti-gral
( , c \ ( I , J , 2)  : t e l l s  wh ic,- Ii - h~- I l  j l r c l c l c - c - s  c c - h Il t j u l
XA (- (I ,J) : is m u l t i p l i e r  fccr th at i n te -~ r - c1

- c r c l s  8 , 0 , cud 1( 1 I c c r  s i te  N I t  l , l . , -\~~>, ‘I ’RU E

“7

I
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Card 11: NBLCHA , NBLCHX; 215

NBLCHA : # of Bloch functions made up of orbitals at center A
(counts all m values and uses all functions built up
in ca rds 4 , 5, and 6.)

NBLCHX : as above for  site X

Card 12 ,a,b: for each function read in through card 6 we assign
angular quantum C LA (as before) and label with principal
quantum number NA( no relation to the N read in for STO
evaluation) beginning with LA , LA + 1, etc . until wll func-
tions from card 6 have been assigned in order.

Card 12 a NA , LA: 215

Card l2b : Using format 8FlO.O supply the complex coefficients of
m = 0 , +1 , —1 , ... for the Bloch function whose NA and

L~ values are read in jus t before
Repea t Card s 12 NBLCHA times
Rep ea t Cards 12 NBLCHX times

Card 13: LLETE , NLETE ; L5 , 15

LLETE : set TRUE, if some Bloch functions are to be deleted
from already calcula tes H and S matr ices due to
linear dependences

NLETE : II of basis functions to be deleted

Card 14: KLETE; 1615
(skip card 14 if LLETE FALSE)

KLETE : the serial # of each basis function to be deleted
(will be numbers anywhere from 1 to NBLCHA + NBLCHX)

Card 15: XKX , XKY , XKZ , 13W , LLGENI , NEIGHA , NE IGII X , NVEC; eFlO .O ,
15 , L5 , 315

XKX , XKY , Xl(Z : the X , Y , and Z components of k vector
IWT: # of equivalent k’s in B.Z.
LLGENI: set TRUE if all integrals are to be generated
NEIGA .: // of shells of neighbors at A (overrides p r e v i o u s

spec i f i ca t ion unless 0)
NEIGX : as NEIGA , for center X
NVEC : Ind icates ft of eigenvectors to be printed ;if zero ,

none wil l  be pr inte d

Repeat Card 15 for each k poin t desired . LLGENI will automatically be
set FALSE for all successive reads

c
)cA
~ 
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1.78 181 .000 L L N A O A . .NO T .LL A OA
179 — t82 .000 çLNA OX ..NeT.~~~A OX
1 80 — 183.000 W R X T E I 6 ,9 0 3 )  L LA O A ,N 5 I G NA ,L L A O X , N I I O $ X
1.41 — 184.000 903 F O R M A T ) ’  ‘ s ’ L).. A O A  •‘ sL2’ ’ NEIGI’4 5 •‘s13 s ’ L LAO4 ‘,L2.
182 — 185.000 1 ‘ NE~~QHX — ‘.13 )
1.83 • 156.000 IF C LL N A OA. A M0. L ’ LN A O X )  CALL EXIT
154 — 187.000 CCCCC ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
185 — 188.000 C A 0 ’S
186 • 189.000 CCC CC ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
187 — 190.000 2 ZAsO .0
188 — 191.000 ZxsO.0
1.89 — 192.000 ~A E L O
190 — 193.000 NXEL .0
191 194.0 0 

— - -
192  — 195.000 LXNII•1
193 — 196.000 IF (LL N A OA ) 00 TO 4
194 — 197.000 IF )NE10WA .0~~,1 .*P4D.N1IG+4A. LE .9S~~YS I 00 TO 3
1 95 • 198.000 WR ITE (6,904) NEIGNA,N$ETS
196 — 199.000 904 ~~ RM AT ) ’  ‘,‘N ~~I3WA •P ,I3. ’ N SE T I ,‘,13)
1.97 — 20 .000 CA ~~ E X IT
1.95 201.000 3 W P ITE (e,905?
199 — 202 .000 905 F O R M A T ) ’ 1 ’ ,’I4iPuT DATA FOR CENIE I t~~A ’ ’  F OLLOWS’)
200 —  203.000 CALL W A V E F 9 ) Z A ,ZA I O N ,ZA R ,R+4O A ,WA aIAPI$,R AM6 S+4,RANL.~~RA p 41. ,MP* I6s
201 • 204.000 1 MXP T S, LAM AX 1,L 0CA FN, Lt 04FN, LA HI1 ,N A( L ,F8A lF~~A i I)
202 • 205.000 NTO A FN -0
2o3 — 206.000 00 30001 L1 l,LAW!1
205 — ~07.OOO 30001 N T O A F N . NTO A F N . L T O A F N IL 1 )
205 • 208.000 00 30002 I—1, IAP TS
204 — 209.000 RR.R *ME SM)I)..2
207 — 210.000 ISX F N — I
208 — 211.000 00 30002 P49.I.NIOAFN
209 — 212.000 R PA ML(IN XFN )UIAN L)IP4XFN ) . .2.R R

- — 
210 — 213.000 30002 INx FI9.IPIXF N ,IAPT S
211 — 214 .000 DO 30005 NN.15 NTO A FN ,U
21.2 — 215.000
213 — 216.000 IF ( S MA X . Q T . N T O A F N )  N M A X . NI OA F N
214 — 217.000 WR ITE (6,9053 ? ) N 1 N S N M 5 N M A X )
215 218.000 9053 ~ORM A T ) ’ 0 ’ ,’ I ’ ,5X ’RM I S P 4) I ) ’ ,28813812 , ’ OR 6 I T A L ’ ) )
21 6 — 219.000 DO 30005 I •15IA PTS
217 — 220.000 30005 W R I T € ? 6 , 9 0 5 7 )  I , R A M ES ’ . I I ) , ( R RA N L I ( M . l ) . I A P T S . I I , N . h h , NO A A ?
21 8 —  221.000 9057 F O R M A T ) ’  ‘,13aF12. 6 ,288F13 .6)
219 — 222.000 4 IF (L L R A OX ? 30 10 6
220 — 223.000 IF (N EIG+4X.3(,1. A N D .NEIGkX .LE. N SCY S4 00 TO 5
221 — 22 4.000 W PITE )6 ,906) N E I GW X , N V E T S

~22 — 228.000 906 r P R M A T ) ’  ‘,‘ N 1 - I O M X  —‘ ,I3 . ’ NSE T I .‘,IJ
223 — 226.000 CA LL E X I T
.~24 — 227.000 5 WP I TE 6.907)
225 — 228.000 SQl c’P R M A T ) ’ 1 . ’ ,’~~N PU T D A T A  FOR CENT ~~ HA ’ ’  FOL L O W S ’
224 — 229.000 CA LL W A V 1 - F N (  zx,Zx 1 oN ,zx R, pH ox ,M* ,lxP sRx M E sW, q *4L,gN*w L ,M fl~~N ,
227 — 230.000 1 M X P T 5 , L X M A X i ,L O C X F N , ).T0 X 1 8 , L X W I 1 , 4A LL ,~~$ * S P M X S ~~)
22$ — 231 .000
229 — 232.000 DO ~0001 L 1 1 , L X + 4 1 i
230 — 233.000 ~~- c- i N TSx rN .’D O w r N . L T O X F N I L l )
231 — 234.000 o~ 50002 1•1,~~X PT$
232 — 235.000 PQ.R ’ .MESP4)I)..2
233 — 236.000
234 — 237 .000 ~~ 50002 NN.1. N l o x r N
2.15 — 23~~.OO0

L ~~~~~~~~~~~~~~~~~~~~~
,.  

_ _ _



23 6 —  239 .0013 5 (002 I N A F 4 1 N 4 1 6 1 * P I S
237 — 2*3.000 Oll 50005 .l ,1, 6T 9 ) F N ,8
238 • d*l.O~ -.)
239 — 244.)0Q IF L SM A * . OT . IA T 9XFN ) NMA 8.NTOX F ’,(

— 2 83 .3 1’)  .51T116,91 - .53 ) (N ,N,• N N , N MA X )
241 — 244.OQO 0” 50005 1 1,IXPIS
242 — 245.000 5 (05 ~A ITE?6,9057 ) I,9%MES’.I1) , (RRXN _ I ( N,1)41XP TS+1),N N%,NM&X )
d ’.3  — 2 4 s . 000 8 L ’ A X l ’ I A * O ) L A W I X , L X p ) I I )
244 — 247.000 IF ) F L O A T ( NA E L + N X E L ) . E 3 . Z A + Z 8 (  00 16 b0005
2 45 •  2 4 8 . 00 0  , A IT E I 6 , 908 )  NA E L , N X E L ,ZA , ZX
246 — 2 4 9 . 00 0  90~~ F).RM A T ) ’  ‘ ,‘ S Y S T E M  DOE S N O T  + 4 A V E  NEU TRAL  C + 4 A R & E  N*~~L •‘ .~~4,

• 2 50 .0 0 0  ‘ ~‘+~~EL •‘ i13a ’ LA •! ,Fb.1, ’ Z x  • ‘ ,~~b.1.~
24 8 — 2 5 1. 0 0 0  C A L L  E M I T
249 — 252.003 C C C C C  CA LL ELA PSE ) IM IN U ) (LABE L IS s 00 0 8~
2 50  — 252.500 53005 Cs ’DTINUE
251 — 253.OQO C C C C C  ~ ‘I~-. F L 6 A T ( F” I ’ D0 ) 4 1 . 0 E 3
252 — 25* .0Q0  CCCCC Im 1 I N i J T~~ 1N U ,F M j NU
Si — 255.000 CCCCC ‘.~~ITE(6 , 9095 ) FMIN0, TMIN- o

25’. — 256.003 93q5 ‘3 M A T ( ’ Q ’ ,’I ’D T E +4VAL ‘ ,Fb.2 , ’ MI (m. ’ i l (jX ’TIME •‘,18.2s ’ ?1I N’I)
255 — 257 .000 CCCCC -‘

— 258.000 C A C  N X P A N
2 57  — 2 5 9 . Q 0 Q  CLC C C 4 * # 4 . 4 4 4 8 4 4 +* 4 ~~ 4 4 4 4 ~~ 4 4 * 4 ’ . 4 4 4 4 . . 4 . 4$~~ * 4 # 4 • • 4 4 4 4 S # 4 5 4 S* 4 * 8 4 4 • 4 4 4 • 4 4 ê

258 — 261.000 ~E8 l 5 .909 ) A0 ,UN IT , N X P A 6 , J T + 4 P T S , L L G A , L L KA L , L L B U~
259 — 261 .000 9139 c ” R~’ A T ? 2 F i0 .O ,2 I5 , 3 L5 (
260 — 262.000 C VECT O R S ‘3o—’ 3’ L- ( AND R U B — R ,3) +B A R k  ST6+4~~3 IN 061 IS 0)- hJW1 T~~A 0
261 — 263.000 4Q ITE (6,910 ) A O ,U N I I ,N X P AN ,JI k PT $aLL ljE NA ,L LC KA L ,LL b~fr
2b 2 — 2b~~.300 SIO F S R M A T ? ’ 1 . ’ ,’4U ’,F7. k, ’ U N I T  •P~~f7.* , ’ N X P A N ~~~)l 1Ig
263 — d 6S.-)QQ 1 • .J1PIP15 •~~,J4~~’ LLOE NA ‘,i..2,’ L L~~KA L •‘øL 2,
d b’. — 266 . 00 0  2 • LLSUF •‘,L 2(
265 — 267 .000 C C A L C U L A T E  ‘ D E I U + 4 8 9 R  D I S T A N C E S
266 — 2 6 8. 0 0 0  IF ) L L N A O A ) c.ll T~~ 12
267 — 254.000 ~ P I I E ) b , 9 135 )
‘~~~4 —  2 7 ~j . 0 0 0  9 1 1 5  ~“ P”A ’) O P ,’ A A ’ D E I , ’ 3 T ’ 3 S  IN UN ITS OF UNIT .A 0’)
259 271.000
210 272.OuJ ~P 10 “ j S E T 1, N S E T S
2/ 1  — 2 7 4 . 0 0 0  m1 L L I m 1 _ N A A $ E T ( M J S E T )
212 278.)Ou wPl ’E)6,9’41 )
2 / 3  — 275.306 11 ~‘ ‘.,Q - ’ 4 T  I
2/4 — 2 7 6 . - .10~ D~ 9 r — 3 • 1 , -1 - . 0 1 M
2/5 • 27/.000 ~~ 1TE 6,912 ( IRU M U I N X + 1 ) , I N U ( M U I N X t 2 I , I R U ) M 3 ) I N X + 3 1
2/6 — 278 .3 00  91? F ” P ” A T (’  ‘ . 3 1 4 )
2/ ) — 2 7-9.300 P - l ” --)INX + l )•FLOA 7 )1kUl ” )IN* + 1)

— 283. -C - . P l m 1 J I N x * ) 1 F L’I A T (IPU )MU IN *+ 2)?
2 19 — 281.000 ~ I 1 ~J I’ ,*43) IL 9 A T ) I 5 U I M U I 6 * + 3 ) )
2813 — 262.300 9 ~ TN ’ . M U I ’DX~~3
2 6 1 —  283 .1%-,-. 10 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
282 — ~~~~ ‘ . .  ~1%- - i

— 28-) . ) -  C A L L  )‘ J T I I A A )) I.1I,’ D S E l ’ S , Z A A J I S )
( 1 ) 3- 12  1r ? L L N A ~~ *( 1,0 19 16

285 28/.JL - w P I 1~~~( b , 9 1 3 )
4 6 8 2 8 8 . 00 q 1 3  r R l - A ~ ’ ( ’ 0 ’ , ’ A X  N E I O S B S ’ 3 S  IN 1 - N I T S  0)- 3 611 .40 ’ )

28/ — 2~~9.0Q0 ‘1UIN-~~~ ’
288 — 293.000 ~ 1’. ‘1L~~ET•1~~3-)c)1 S

— 2 9 1 . 3 0 0  ~,) L I ’ 1 . N A * S L T ( M U S E T )
2-9~~~~~ 292.0 (00 .“ .SI TE) 6,9 1 1 1

291 — 2 9 3 . 3 0 3 )  ~~• 294.000 . . 5 j ’ F ? s ~~’ . 1 ?)  I~~u f m ) m ’ I N X . 1 ( , I m 4 L m* I M L 1 6 ’ . , 2 ) , I W L ’ .~~( ’ -~~ 1 NA . 3 )
— 295 .)oo P) ( M )  IN.. 1 (•FL ’A T (1RU ~~(l)U I N X , 1 ) )
— “ ‘ 3 - . 3 0 0  D I P ) ” I) . . . 2 ) •( L ’ A 1 ( I 4 L ’ 3 I M : I N . . 2 ) )

19’ ) — 291.300 Q 3 - 5 ) m 1  1’ ,..3)— ~~L 5A T I I W L ’ 9 (” u I N x .3 ) )



— 2 9 - ’ . 0 0 0  1 - 9 M - I ’ . ’. M L 1 ’ , ,3

2 9 1  — 2 9 3 . 3 0 ( 3  1 -  A ) ) S o (~~~J I ( Si T ( M U B ( M 1 ) I N X 2 I 4 2 t W U b I M U I N X 1 ) 4 2 + ~~Ub ) M U I 8 5 )~~~~2 )
296 — iL- - .OOC ) 1 *VNIT,&0
299 301.—)U’i - : . ‘ LL ‘-~~~1 ( A’11 3T ,NSE1S,ZAX 1S )
3 3)3  — 3 - 2 . 3 0 1 -  C C A L C U L A I s  P A S T  I A L  IN D I C E S  ~~‘R D IR E C T  A C C E S S  81 A L PM *  )-~~8 C TL C N S
i L l  — 903.3 13 Cm 18 ~~ I CL NA ))A ) ,~6 I 6 18
33-2 — 3 - 4 .000 L A D I N N ( 1  ) L

.3~~ 3 — 30s.  ‘300 L A 8 )  6 2 ( 1 ) —
— 30~~.0u0 ‘~~~ 1 7  0 1 .1 ,L A ” -A X 1

3U5 — 307 .000 L A R I N S ( L 1 + 1 ) L 8 S I N X (L 1 ) ’ .L T O A F N ) L l )
43-8 — 3 0 8 . 3 0 - )  17 LA 0I’ (~~)L1.41.) L A D I N X (L 1 , 4L1 * L T 6 A F N ) L 1 . )
3 3 - 1  • 30 9 . 0 0)  JF’ ) L L O I A L ) C A L L  I6 ) T 1 ) L A R I N X , L A M A X ~~,1 ,lLA I4NX )
308 — 3 10 .000  j L  (OLDIAL ) CALL Ir - . T 1 (LAC1N X ,L 4MAX1.1 ,ZLA DNX )
4139 3 1 1. 00 0  N5 EC N E I G H A 4 L A D I - \ * ) L A M A ~~1 + 1 ) + 1
310 — 3 1 . 2 .00 0  IF (LL G E NA . O ~~. L L C 6 A L )
311 — 313 .0 00  1 C A L L C ’ . AL Pk U A A F L E ,N R E C , A LP W a *M X P 1 S , M X P A N , L L G ~~N A )
4 12 — 3j~~.oO0 1~ I F (L L N A O X )  ‘4.6 T’l 20
3 13 — 3 1 5 . 30 3  L A D I N X ) 1 1 7
3 1 4 — 3 1 8 . 0 0 )  L~. ’~ t N x ( 1 ) . 0
3 1 5 — 3 1 / . 0 0 0  ‘~r 19 ~~1 1 , ~~ *~’A X 1
316 — 318.000 L ’ . ( 1 ! N . ( L l . 1 )~~~. X R 1 N 6 L 1 ) + L T O X F N ( L 1 )
.311 — 319.00 ) 9  L X D I N X { L 1 * 1 ( L * U I N X (L 1 ( + L 1 S L T S X F N ) L i (
318 — 323 .000 IF (L L D T A L ) C A L L  I 9 % T t ( L X R 1 N X ,LX~~A X 1 . .1 , LL X R N X )
319 — 42 1 .003- I F (L L J TA L ( CAL L  I O L J T 1 I L .C I N X ,LXMAX1.1,LLXDNX )
32u — 322 .00 ) N p E C • N E I -.3sA 8 L x D I N x ( L ~~~ A 6 1 . 1 ) + 1
321 — 3~~3 . ) 0 C  IF )LL 3 FNA.OR. LLCKA L )
322 — 32* .0fl ,) 1 C A L L  C + A L P M ( I X X F L E , N R EC , A L P $ + A & M X P T S , M X P A N , L L G k h A )

323 — 325 .1)0 i~~ I F )L L N A O A . ”~~,L LN A 9 X ) GO TO 2005
324 — 32~~.jC 7 N P E C • N E I , M~~.~~A D I N X ) L A M A X 1 + 1 )
325 — 327 .0)1, I F I L L G E N A .~~~~.LLC K A L )
326 — i2~~~ 000 I C A L L  C + , A L P M ) I A X F L E , N R E C , A L P W A , M X P T S , MX P A N , L L G I IA )
.321 • 329.000 N PE C N E I U m 1 X 4 L 8 D I N X ) L X M A X 1 + 1 )
328  — 330 .000 IF ’ (LL ,E ),A. 6 ’ .~.LLC k A L )
.329 331.300 1 C A L L  C4 A L P S ( I X A F L E , N R E C , AL P W A * M X P IS ,”X P A N ,L L G E N A (
3 3 3) — 3 3 ? .) t ,(’ 2o 3 -~ f1~ 200 8  1 1 ,MX8~~S331 — 33j. -3C 3 - V C Z A V N ) I  1— 3.0
33 2 — 334 .000 V C Z A F N I I ) ~~J . 0
333 335.000
.344 — 33b .000 ? - ) - ~~~ 2NT ’ A. ”N ( I ) O . O
335 — 33/.000 II I .NOT.LLGEN A ) 0)) T~~ 36
338 % ‘-+.o~~0 IF’ )LL A m 1 A )  CALL V N C ( + 4A N L ,L A M A * 1 , L 0 C A~~9,L AF ’,,~~A M 1 b 1~,I*RT ~~,

331  — 334.000 1 V N C A F ’,,F R A )
338 ~~~~.13OC’ IF (L L A 6 + )  CA LL V N C ( P 1 N L , L X M A X 1 , L O C X F N , L T 0 6 ) - N, M E b W , I Z ~~~1S ,

-3-3 3 — 1 ” ’.’ . 0 00 1. v N C X c P -., ) R S (
343 )~~“~~ (Ou ,PI’t I ”-,~~ 1 3 2 )  (I, 8 4 M E S 5 ( I ) ,V N C A F ’~~ (1 ),

— (4 (.1(1%) 1. #XME S~~)i )~ ,N C X 6 N I I  ).1.~~,” k P T 5 (
.34 2 —  9 . 4 . 1 3 - I 9~~~2 r ” P ’ A T ’ t ,4. ’ I ’ ,9~~~ 3) 4”E S ’— ,45 A T $M i C  LO,J L C ’
3 + 4  • )4’- .~~ f1%) I 10X 8~~M ( 3-m_ ,46’ A Y O M 5 C CCUL A ’ /

,$~~ 4 3 4 5 . 0 0 ) )  2 $ ,I4 , 4 X 1 P 2 ) I 4 .~~.’ X ? E 1~~ .8 l 4
345 — 447 .000 C F A P A N U  ‘A ’  O S t ’ I T AL S  4 6 6 UT  SI~~t ‘ a I
3.6 — 34  X • 3(00 C I • A N~ - ‘ 

$ 6 N M  I T  A L S A R O UT N I TE - 
*

347 l~~ 4.~~()t) I A A U N ” 1
348 — 95 .)~~Q
3.. ‘ — 3’ 1 • 33- LI ~~,‘ 79 NI ~ .1. ~ E I ii~ ’A

43-0 35.’. 3-)) CC . A A (  I S T  - 3-i 7 )

.151 — 4”~ 
$ . 00 - ’ 4 . ~ 3” ~ —~ C O A T  ( N  A C  SF - ‘ I I I

352 — + 5 ’ .U c ~) IF’ LL’ ,A ” A I -~~6 l I T  2”
.35i  — ( 5 .(1Ør) C A L L  ‘ 4 U,L~’ C ’ . 1 ,V N C  N ,0,PA~~Eimm ,5A M T 3 - ,  I A P T S , A A .
J5~ i~’b .QUO 1 CL~~..A,~~ . pA - , , 1 , R A ~~f s s ,Z C W ,W.1 rA , + 4 A , 1A P T S , . 1 1 ” P ’ .T s ,
355 — 9’~~~. )(1 . .‘ C L I I . ,  ,0 ,LL A -. . LLS U ) - I 

- - ~~~~~~~~~-~~~~~~~~~~~~~~~ -- - -~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



~~~~~~~~ -~~~~~~~~~~~~ -~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~

350 3b~~.000 06 2105 I .1,IA PTS
357 • 35 .ouu  2105 V C / A F N ) I I V C Z A F N ( I ( + A A N O R S 4 A L P H A C I C 1 )

358 — 36 0.000
359 — 361.000 06 23 L1 1 ,L A ” I l
460 — 362.000 L .L 1•1
3b1 — 3 b 3 . 0 0 0  LT M F N , T 6 A ~~N ( L 1 )
362 — 36 4 .0 0 0  IF’ ( L 1 6 F ’ N . E L . 0 (  GO T 9 23
3b 3 • 365.000 3-~~ 22 .J—1,L1IiF N
35 .  • 38b.OOfl C A L L  E x 3 - A N D ) L , L M A A 1 , R A N L , I N X F N , PA ME S H, M X P T S ,  IA P T S , A4 ,
485  — 367.000 1 A L P H A ,  M X P A N ,  N X P A N ,  RA M E S H , Z A N ,F4 H04, HA, I £~~TS giJTH)’1S,

3 8 8  — 368.000 2 •T4 U E.,I AA FL E,IA AU NM ,LL QTAL,LL8UF )
3d — 369.003 22 IN X F N I N X F N + I A P T S
388 — 370 .000 23 C M N T I N J E
389 — 371 .000 25 IF (L L N A O X )  GO TO 29
3/0 — 372.000 C A L L  E ’ A 5 D ) J , L M A X 1 , V N C X F N , 0 ,R X M ~~SH.6XP1S ,I*PTS,4A~
3/1 — 373.000 1 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
3/2 — 374.000 2 .)- ALSE., O ,O,LLDTAL ,LLSU )- ) 4
3/3 — 37s .000 06 2505 1n 1 ,IX PTS
3 14 — 376 .000  2 505  V C Z X F N ( I I . V C Z X ) - N ) I ( + A A 8 O R S * A L P H A ) i a l )
3/5 — 377.Q00 IN X ~~N L )
376  • 378.000 3” 27 L 1 1 ,L X k I i
3 /7 — 379.000 C — L i — i
.3/8 • 380.000 L T ) ) F N • L T O X F N (L 1 (
3/9 — 3b1 .00-~ IF (LT9FN.E0.0) 06 T O  27
3 8 3  — 382 . 0 0 0  0” 26 J - 1 , L T O F N
.381 — 383.000 CAL L  E X P A N D ) L , LR A V I ,R X N L , I N X F N , RX M E S + 4,MX P T S , I X P T S , h* ,

382 — 384.000 1 A L P M A , ’ I X P A N , N X P A N ,  R X M i S H , Z X + 4 , 1 4 + 4 O X ,  +4 X , I X ~~IS.~~IH~~IS ,
383 385 .000  2 .T RU E . , I X X F L E , Ix * U N M , L L D TA L I L L 8 U F )
3 84  385.000 26 TN XFN IN X FN + IX P T S
385 — 387.000 27 C” TI N U E
380 — 3 8 4 . 3 3 ) )  79 C~~5T 1601
38 /  — 389.000 C EX PA N C  ‘ A ’  O R B I T A L S  A B O U T  S I T E  ‘ X i

388 • 39i.000 C E X P A N D  ~~X i  Ok ) ITA L S  AB OUT SITE ‘ A ~
389 — 391.30-3 IF (L L N A ) )A . OR . L L N A ) )X) (.6 1-9 35
390 — 392.000
.391 — 3 9 3 . 00 0  l~~ 4 - j N X ’ — 1
392 • 39~~.O00 0” ~ 4 ‘4~~N) T—j,.LjG+4X

393 395 . 00 0  A X A . L I S T I M U S E T (
39’. — 39 6 . 0 00  A X S ” I 4 S F L O A T I N A X S E T ( M L S L T ) )
395 397.30.j CA LL E ..-A N D (JI ,3- — A V 1 , v NCAFN,o, RX 6~~SHaMx MT S ,IXPTS ,A X~
398 — 398.000 1 A L P M A , M X P A N , l ,R A M E SH ,ZA k , H H 0A , + 4 A ,l A P T S ,~~1+’ M TS ,

3 3 7  3’- ( 9 . 3 C 0  2 . ( A LS [ . , 0 , 0 , L L D TA L , L L 8 U F I
398 — 400.000 0” 2 9 0 1  1 -1 , I . P TS
3~9 9 —  40 1 .000  29~~l V 1 l * 1 6 ) I I 2 C Z A F N ( I ( * A * ’ 3 0 ( - ( S . . A L P H A C I I 1 (
400 — 4(2.003- IN .F’’m.O
S i/l — 403.000 (7” 29c~ L1—1 , , A~~l j

— 40 4.001) L — 1 1 1
• 405.300 L T ’ I N L I O A F N ( L l )

4 3 4  — 4 0 5 .0 0 0  IF ( L T ’ ~) - ’..E~~.- .) ) GO T O  2904
4 US — 0 7 .  ‘0. - ‘ 

~~~ 2 J•I, LI ~~~ N
406 404.03-3 C A L L  F x P A ’ , ,L M A A 1 , RA N L, I N~~1N, m~x~~k S +4,M X P T S , 1 X P I S,A~~,

— 409.Q0 ) 1 A L M M A , ~ X P A N , N . P A N , i A M L S H , Z A N ,R + 4 6 A , + 4 A , I A u 1 S ,~~ T $ ~~~) 5,
‘ . 4  4 1 0 . 1 0 0 2 . T R U E . , i A A F L E , I A 4 N~~, L L D T A L , L L 8 U F )

— 911.300 29- 2 Im *F’6 1 N * F 4 * I A P T S
410 — 41 +1 • ~0’ 2964 ~~~‘~~T I N U E
4 1 1 — 41~~.)CI ’ C A L L  L . ( A \ ’ ( Q , L ) - A X 1 ,~~NC N , C , R A M E S P 4 j~~.I- T S ,Z A P l S , A A ,

— ‘.19.30)) 1
‘13 — 415 . iOu •)- A~~ SE . .0, J,LLUT A L ,  L L80 ) -  I

~~14 — 9 1 - . - - - “ 2906 I — 1 , I * ~’TS

~ l 5 —  4 1 1 . 1 0 -  2 4 .6  - 9 ( Z A c~- I ) — v C L * F N I I . a + -   

~~~~~~~~~~~~~ ~~- -~~— ~~~-~~~~~-~ -~~ -- ~~~~~~~~~~~~~~~~~~~~~~~~~ -- -~~~~-—~~~—-



4 10 — + 1 1 4 . 3 0 0  ) 6~~~ 6 — 3 -
41/ — ‘4 19.001) ““ 31 L1 1, LX H I 1
‘418 420 .000 L T ’ F N — L T O X F N ( L 1 1

‘419 — ‘.21.3 (0 IF IL T O F N . E . .0 (  GO 1)) 31

‘42 0  — 422.300 L L1- ~~
421 — 423.000 06 30 .—1 ,LT 1)VN
422 — 424.300 CALL E ’  - N)(L,L~’Ax1 , P%:9L, I\xFN,RAMiSH ,MxpTS,I#P1S,~~~~

,

‘4+13 — 425.000 1 A L P H A , M X P A~~, NX P A N, NX SH,ZXN ,RHOX , H X a I ~~~~TS ,,JTHt~IS,
4+14 — 426.000 2 .TI9UE .,ICA FLE ,1xAL NM ,LLDT AL ,LLO0 FJ
42 5 • 4 2 7 . 0 0 0  30 I NX F N I N X F N + I X P T S
42 6 — 4 2 8 .0 00  31 C O N T I N U E  C

4+17 — 429.30) 34 CONTIN UE
428 — 930.000 35 IF (L L 3 T A L ) .(RITE)6, 9134 ) ( j ,R A I ~~V 4II) , V CZ C F F 4 ) I ) , R ~~~65~~(I ) D
429 — 431.000 1 V C Z X F N ) ~~~ , Z — 1 , M X P T S )
‘.jO 432.000 913’4 F O P M A T ) ’ O ’ ,3X ’ I ’ ,94 ’RA M E S H ’ , SX ’C O L J L  L N V I O R  A ’ ,
431 4 3 3 . 3 0 )  1 9 8 ’ R ~~t1ESk ’ , 5 X ’ C O U L E N V I O R  X ’ /
432 434 .30-) 2 C ’  ‘ , 1 4 , 4X 1 P 2E 1 4 . 5 , 5 X2 E 1 4 . 5 I 1
433 — ‘4 3 5 . 0 0 1 3  36 3504 I—1,MXPTS
43+ 438.00)) ~NC 4FN(J)S0.Q
435 — 43 / .0 0 0  35O ’ 4  V ’C )$FN)I (NU .O
4 3 o  — 438.000 IF (ZAION .EQ.0 .0 GO TO 37
43/ — 4 3 9 .0 0 0  C A L L  PTION(ZAION ,AMOL ,4x01S7,CNAZ8ET ,AAOIST,NAASETS NSITS,
43$ — 44).Q00 1 VNC AF N ,RA M E S4I,IAPTS I
439 441.100 C A L L  P T I 0 N ( Z X I 0 N ,* M C L N 3 , A X 0 1 S T , N A X T, A # D I S T , N A A S E J N5~~TS ,
4 40  — 442 .000 1 V N C X F N 1 &XM E SX , , jXPT S(
491 — *43.000 3- 6  3506 I 1 , M XP T S  $

442 444.000 V C ZA F N ) I ) UV C Z A F N ( I ) + 4 N C A F N U (
4 ’ . 3  — ‘.45.000 ?5C6 vCZ~~cN ) I 1 1C ZXF N IZ ) + V N C X F N ) I (
4 ’4 4 — 446.000 -i”  T O  3 7
4*S — 447 .000 36 IF ’ ) . N O T .LL 3 t NA . A N D . . N 9 T .L L CKA L (  GO TO 38
446 • 448.300 IF (L L A O A )  IA A U N M — N E I G H A . .L A D I N X I L A M A * 1 + 1 . ) + 1
447 449.-)0~ ) F  (LLA ~’*( IXA UN’-1.NE !G9IA .LXL INX )L_ XMA X 14 1 )+ i

— ‘450.000 3/ CA LL I61CZ (LLGENA ,LLA OA ,LLA ))X,Y C ZAFP4,VCZX FN?iA PTSá~~XPIS~
4,4 9 — 451.000 1 AL PbA, MX PTS ,MX PAN ,iA A ~~LE,IA A U NM,I X X) -L E,IXXUNM)
450 — 452.000 4811E )6,9138 ) II,RA M ES I4(I) ,VNCA FN)L t ,VCZ A FN)I),
‘4 -31 — 453.000 1 P1MESH(I),VN CX FN II1 ,V L ZXFN)1), I .1JPXP T~~

(
452 4 5 4 . 0 00  9 1 ”  F’~~P M A I I ’ 0 ’ , 2 X ’ I ’ , 9 X ’ R A M E S H ( I ( ’ ,3 * ’ ION ~NV IOR A ’ ,2X )TOT kNV * .0* A’ j
4 5 3  455.30(7 1 9 X ’ P X M E S H I I ( ’ ,3 X !1 6 N ~~~N V I O R  X ’ ,2X I I O T  E 44’jOR *‘/

454 456 .1)00 2 I ’  ‘ ,I4 ,4 X 1 P 3E 1 4 . 5 ,5x 3E i 4 .5 I~~
4~~5 — 457.0C~0 IF ) L L N A O A ) GO T O 3705
456 — 458.300
45/ 859 .303 J M A X L A R I N X (L A H I 1 4 I (
4 5 4  — ‘.50.300 3-6 3703 J 1 , J M A X
459 — 461.000 36 37 (13 L — 1 a I A P T S
480 — 4 6 2 . 1 3 ) )
461 463.300 37 - 4 PPANL (~ 1 ) 0 RA N L )K).VC ZA FN(I(.RAN L (KC
4 62  — 464.000 37Q5 )F (L L N A O X ) ~t’ ~O 3709
463 — 465.3 - -) -
46 ’. — 484. ’00 J M A X • L 9 8 I 5 8 ) L X H I I + I (
4b5 481.-,)’)) ~~ 37~’7 .J 1,JBA X
4 6 8  — 4 5 4 . 3 ( 3 , )  0” ~~Y~~~~1 I—I, IV P T S
467 — 489.000 • .‘,l
‘4 6 8 — 4 ‘ 1 • + 7  / “P ‘ N C)  • —C -H A  NL • (,VC ZX FN( I )*I4KNL Ii ~ I

• ‘‘1 .03-0 C3 ’- ~ ‘ul E L A P S E )  1 M I ’ ~U )
— ‘.71 • ‘3 3- 3 l ç ,,- 9 C’ 61 16 ) 4

4’l — 472 .3)31) C c C C C  r~~I.,Lj F’L A T I I~~16L ~)4 1 . 1 :~~~ 9
4/? — 479.1 (1 ’) C C C C C  T”I’ , _ X M I ’ - . 4 ’ 1 N 0
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4/6 — 477 .30 1 CCCCC ...... • , 4 . . . .* . S . 4 4 e , 4* * . * 4 S* e * * . * t t S * * S 4 S S* S * *~ S S * 4 S S . 4 , 4 S 4 0 4 0 . 4 . .

— *7/.j05 36 T F C L L N A O A )  GO TO 520
4/8 — 477. 3 10  flP 601 I 1 ,L A M A X 1
‘+/ 9 — 477.015 601 5E40)5,649 ) N A F (I ( , N A G I I I
‘+80 — 471 .Jjb WPIT E (5,-551)
+81 — ‘4~~~~.J17 651 FM~~1’ AT( /+1X ,’I J FA )I ,,J ) X A F ) I , ...( I / 4
‘482 — 477.020 06 ~ i2 I 1,LAI IAX 1
483  — 4 7 7 . 0 2 5  N— N A F )  II
484 — 4 7 / . 0 2 6  IFIN.E ~~.0) GO 16 612
*85 — 4 7 7 . 3 3 0  06 602 J.1,N
488 47/.033 READ (5,6’+8 ) F A ( I , 3 ) , X A F I I , J )
48/ • 477.034 602 w P I T E ) 6 , 6 5 0 )  I , J , FA ) I , , J ( , XA F I I , . . (
488 477.035 650 FOPMAT (1X ,I2 ,1X ,I2,1X ,14,F12.8)
‘48 9 — 477.035 612 CPr-.TINUE
49U 477.337 wRITE(6,653)
‘491 — *77.038 653 F’OPMA T )/’ I 0 GA ) 1,0,11 GA l  I, .j, 21 ~~A U ) I , J ( ’ / )
4 92  — 477.34 ,) 00 613 I .1 ,L A M A X I
493 *7/.0 45 ‘(— N A G ( I )
‘.9’. — 477. 346 IF ( N . E  0.0) GO TO 613
‘.95 — * 7 7 . j 5 u  06 6 03 J •j , 6
496 4 7 7 . 3 5 3  P F A D ) 5 , 6 4 7 1  G A ) I , , J . H , G A ( I ,J . 2 1 , X A( j ( I , J I
4 9 1  477.05’. 603 4P11E (6 ,652) I , J , G A ( I , J , 1 ) , G A ) I , 0 , + 1 4 , A A G ) I ,_J )
49 8 4 1 7 . 3 5 5  652  F P R ) I A T ) I X ,I 2 , 1 X ,I 2 ,1 X , 1 5 ,5 8 ,t 5 ,1X a E I + 1 . 8 1
499 — 47/.056 613 CPNT INUE
SUO — 4 7 7 . 0 6 0  64 9  F ’ 6 5 M A T 1 3 1 4 )
501 • 477.)5~ 648 F6R~’A T )I* , F12.9)

— 477.365 64/ F O P M A T I 2 I 4 , F 1 2 .9 )
533 — 4 7 / . 3 7 o  620 I F ) L L N A O X )  GO TO 624

— 477 .U 75 00 621 I • 1 ,LX 4 I AX I
505 47/ .080 521 ~FC0 )1,.6 49( -‘(X F(I ) , NX G ) I (
5o6 4 7 / . ) $ j  W P T T E ) 6 ,6 5 4 )
50/ 477.082 65” FOPMAT (,2X , ’1 .J F X I,J xxFII,.J(I ~’~
5,8 — *7/.~~85 DO 632 I — 1 , L X M A X 1
509 — 4 7 / . 3 9 0  7) 94F ( j)
51.3 477.091 T F ) N .E 3 . 0 )  09 10 632
51 1 — ‘.77.395 06 622 J • 1 , N
512 *7/.099 PFA D ) 5 ,64 8 (  F X ) I , , J ( , X X F ( I , J )
13 477•IQI) 622 W P I T E ( 6 , 85 U )  I , j ,F X ) I , J ) ,X x F (I ,J )

51 4 — 477. 101 632 C 0 N T I N U E
51 5 —  471.102 ITE (b.655(
516 477 .103 555 F ’ ” P M A T (/ ’  I J 0811 ,0,1) ‘4,X( I ,3 j 2( *X (.(I,..J)’/)

— 
~71•t05 00 633 1 1 ,L X M C A 1

518 4 7 7 .1 1 0
S19 4 7 / . 1 1 1  IF N.E ,.0 ( 06 10 633
5+10 — ‘.77.jj5 ‘~~‘ ,s23 0.1,6

521 47 /.119 PEAD)5,e-* 7) 3 - X I I , i / , j I , .~~~II,J ,2)’*4 4(IIJ )
52+1 — 477.123 s2 ‘.PITE( ’--,6 52) I ,J,G 9(I ,J ,1I ,G ,)I ,3~~2I,**U(1,,. )
5+13 — 47/ .121 633 C~~ 7,1 1 6 4

52’ . — 4//•125 ~~~~ I V ( L L N A ” C i  16 5+15
5+15 — 4 7 1 . 1 3 3 - -  P A T . ))

5+16 — 4 7 7 .1 3 5  “f’ s07 t • 1 , u A M A * 1
5+1/ — 4 7 7 . 1 4 0  6 ( 7 7  L” C F~~—L O C’ • L”(.A (” I  I
5+18 — 477 .145 - ‘17’ . 4  I • 1 , L * M A * 1
5+19 — 4 7 7 . 1 4 5  IF N A F  (I ) . E t ., , . 3 . A N C . 7 - . * 3 ’ (.9, ..0( ~,I1 T O  s 8
53 U 4 7 / . j 5 ~ T F ’ I F ’ 4 ( I , N C F ( 1 .L, .L~~(F I .:’ .1 . G A ( Ia 6 * , ( 1 ) , 2 ) . E L . L F l C 4 T I
531  — 4 7 7 . 1 5 5  13” ~~“ 6(18

532 — 4 7 7 • 1 6 3 -  ) • , 4 4 3 ( 4 A  I 1,6*4 (1 ( I,G* 1, 6* 0) L ,2).L0 _
~ 1,1

5 j 3  — 4 7 / •  loS ,-,, ,J  F’PI-~- A T  (1’ , ‘ ‘ C l  1 , 6 4 4 1  1 ) ’ — ’ , I?. $ , 4 I ! 1 6 4 0 ( 1  ) ‘ 2 1 ’ .I+1i
5 3 4  — 47/ . 1 7 ’  1 ‘i —r — $ 12’ ‘ I  — ‘ a I?)
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536 — - ‘ “. 1~ - r 8  C ’ ,T 1’- U(
53 7  — 4 7 / . j r ’ 5 625 i 0 l L L ’,L’~~~i GO TO 6 1 1
5.38 — ‘.77.j9~ L ” C (T 3
505 — 417 .195 DO o 3 9  1 1,Lz ’ . A X I
5 4 0  — . /.?0) ,~r -9  L~~ CF~~ — . T • u O C X F N C I  I

— 47/.20s s i n  I 1 , L A ’ - l A A I

5 ” cC “ ‘ . 2 06 Ic(N ~~t C I ) . F 3 . 0 . A 6 D . NX G C I I . E Q .0 ) 36 T~~ 8 1 0
543 — ‘ + 1 1 . 2 1 3  ‘~~ ( A  J ,  -I~ F l  II 1 • EQ • L OC FT • A N D .6 X l  

~ a 
N X ,, I I I , +1 I • LI. • L OC~ T I

5’.’. — ‘.71 .2 15 10,6 ‘rP 61-i
545 ‘+77.220 ,,8ITEI6,b’+2 ) F X ( I , ’,X V ( I ) ( , 3 x ( I , N g G 1~~~I , 2 ) , L OC F T , I

— ‘. ‘ / . 22 5  p . ?  T~~P.-$ A T (1X, ’FX ( I ,N X F ) I I ( ’ ,I2, ’G X l I 4 NXG)1 ,2) ’,Id,
5 4/ 47/.23~
54$  — ‘ . 7 7 .2 3~~ C A L L  E x i t
549 — ‘. 1 ’ .2 ’+(1 610 C ” N T I ’ ,,, E
550 4 7~~.3 O0  sil P F A r ~ ( 5 , S ’, ,. )  N O L C ’4 / , , N B LC ,X

— 47 9.Q 3.i 91’ . (“ 3 -”A~~ l 2 i 5 l
55+1 — ‘+OU.(1L-’1 •L- I T E ) 6 , 9 1 5 I  (,OL ’,A,NoLC ,-l A

5S4  ‘. . U . - 9 1 5  A’~~ , R 7 ” A T l ’ 0 h , ’) * L C H A  .‘,13, ’ N B L ( 7~~ -’. •‘,13/ l
— 4 8 d . a~~ .~ ~~ I L L ’OA9A ) ~ O T~~ 4 4

555 — ‘ + 6 3 . 0 0 )  IF l PLC~~A . , T .0l GO ‘O 40
550 • ‘ + 4 ” . 0 Q 3 -  39 ‘ . c . t T E l~~ ,9 i 6  3 - _ A , N B L C k A , M B L C hA
551 — ‘ . �) ‘ 3 . U C j~

) 918 0”6~~A ’ ’  ‘ a ’ LL~~~’ A •‘ aL2’ ’ NBLC P” A ‘,I 3, ’ (
~$LCH A •?,1J ~

5-33 - — 486.3(1-3 -~~ L L  E~~I~
— ~4’7.OU0 ‘.0 :F ,,1L C -~~~~, T ,MBLC (-4A ) -06 T O  39

5 8 0  — “ 4 4 . 3 0 1’  ~~2 + -L C ” 1, NI4LCHA

5b1 489.30-i P E 4 3 1 5 , — ’ l b S l  6 A A J L A A
55+1 — 493 .30’) 9)~~ ”- r~~-.- ’~~T ) 2 : 5 )
Ss.3 — 4 9 1 . 1 ( 0  1’ ( 0 A A — L A A . L E.L~~~ AF~~( , A A + 1 ) )  35 75 41
Sb’. • ‘+9+1 . 13 0 .) ‘.0 e ,  9~ 7j ‘, A A , L A A , L T O 4 0 ’ ~ ) L A A + t
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— . .9p ~~~3-lJ~ j C A 3 - u  I
569 — ‘. ‘ +l .  J O ’ )  • I N~~ -6~~ ~‘ .646

5/U — -. ‘~~‘ . .0 0 0
5/1  — •3-AI.)Q ’)

5/2 — s O O . 0 0 3  ‘ .2 ( ? E#: ’ l 5, N I 5 I  )CA( NBLC+9,I (,1•1, MTO~~)
5/3 501.000 9).’ F’~~~~~AT (gF1U.0)

— 50 + 1 .0 0 ) 1  3-” ‘.3 54LC~~~ 1,6BLCH A
— 5 0 4 . 0 ,0  O A A . ’ ( A  (‘.OLC .~ I

5/8, — 3). .30u L A A _ L A ( . S L C H )
5 / 1  — 505.00)’ -*PI E (s, ’1 9( N 5L C#,NAA,L LA
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57 9  5 0 / . 3 0 0
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581 — 5 0 9 . 3 0 0  3-” ‘.3 - ~~~~~~~~~ 1
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5 9 0  s)’ ..ODO * F A : ) - 5 , 9 1 8 - - 6 . f ,L’A
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059 — 5 8 / . 0 0 0  2 N8 L C H A , N B L C N X , R A N L , R * N L a I J R A N L , 0 ’ . X N L , A L P 4 A~~PI X PT I g
660 588.000 3 M X PA N ,N* PA6, RAMES ’.,RX,I~ESH ,IA PTS,jXPIS,
661 — 89.000 4

88,2 590.,00 S NEIGA C ,NEIG X C,KLET E , .9LjIE,-XI’~X ,Xk Y, XKZ, 1WT,N4EC,
0 63 — 590.500 6 N A 0 , N X G , X A F , * X F , G A , G X 1 X A U , X X 6 , F R A S P , F R X I I ” ,
864 — 5 9 1 .3 0 0  7 L L - : ; E N I , 1 I F I L E , I A A F L E , I X X F L E , I A X F L I , 1X A F L ~~,L ~~~~~~ 4 ,  C
665 592.-D OG - 

8 L L N A 0 A , L L N A 6 X , L L D T A L , ~~ L B U F , N R O J T , L L M T R ~~ I
666 — 593.-)CO CCCCC CALL ELA PSE I IN 181))
607 — 594.000 CCCCC FM T N U — FL OA T C I ” 1N U )’ .1 .O E— 3
868 — 595.000 CCCCC TP”jN T ’-’INU+ FM INU
669 — 596.31)0 C C C C C  ‘ . 6 1 7 E 1 6 , 9 3 9 5 1 FN INU,1M18u
b7 U  — 5 9 / . 3 0 0  36 T ”  5290
67 1 5 9 8 . 0 0 0  54 CALL E x I T  C 1
6/2 — 599.000 STOP
8,73 — 8 0 0 . 00 0  END
6 / 4  — 60~~ .o 00 T o N C T I O N  F A C T ( I )
6/5 — 602.003 C O D E D  FL -NC T ’ON FA C T I  I) DETERMINES FA C T O R i A L  OF INTEG IM 1 p5 1C~t*
6/6 — 603.000 CCCCC F L 6 A T I N G  ~ O I N T  ARITI.l#ITIC.
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683 — 6 10 .000  1 c” .pp’AT (’ ‘,‘ N E U A T IV E  AR GL )NENT IN cUN C T I O N  F A C T ,  RE S tJLI • 1 .1’.,’,

684  — 611.300 1 ‘ AR G LtN E N T ‘ a I l 2 I
685 — 612.000 2 ‘ IFRP N E ’ . ’ . 4 i
045 — 613 .000 IF )-NE RR .G E .L IMER R ) CALL E X I T
6 c7  — 614.000 A F T L 9 N

888 — 615 .000 3 IF I I . LE  . 1 1  R E T - o R ’ .
689 — 616.300 IF C I . L E . 5 6 1  GO TO ~
b91) 6 1 / .0 0 0  ‘ . 8 1 7 1 ) 6 , 4 1 1
691 618 .000 4 0’.P’-~ A I I ’  ‘ ,‘ A RG U 6 I NT  — a l ’ . ,’ IN F U N C T I O N  F A C T .61. ~ p, I
692 — 619.000 1 ‘ RESUL’ — 7 . 2 3 7 1 + 7 5 ’ )
693 — 620.000 i~ T I  2
69 4  — 6+11 .000 5 04CT F~~5 A T  I I
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856 — ‘.75.000 F A C T — ’ . j . c A C T
699 — ‘.cP.OOO ,T~~~~1 l.0
/ 30 — 627.000 (36 16 p

101 • 628.000 END
73 - 2 — 629.000 SL 3-06 T I N E  I 6 o I 1 I I I I I I I , ’~ ,ZZi.1 I
/ 0 3 — 6 33 . 3 1 31 )  O I M E N 3 - 1 6 N I I I l 1 1 ) ’ . l
7 o 4  — 631.000 PFAL .’’ . Z / + ’Z
I-U S — 4,’ .3~~3 ‘.017(16 ,11
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7 1 3  6 4 0 . 1 ) 1 )0  
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7~~b 64 3 . 00 0  ,~P I T E ) 6 , 2 )  )ZZZZ ,~~~, X XX X X X ~~ J . ,J — 1 , N 4

71 7 — 64’..QQQ 2 F~~R T~~1P 4 ) 1 *A b , 1k ( , I 3 , 3 k )  — . E 1 3 . e U
71~ — 645.000 ~ ETu~~N
7 19 — ~~•~)Q) E~ 0
720 b~~1.U00 SUB~~~uTI NE IR12X (P3P4, )(,SS,RME SH,IPIS, X~~)
/21 — 6*8.000 DI~~~NSI6N P3P4(1),SS (1;,R~1E$~~(1)
7~~2 — 649.000 CCCCC CO MPUTE A~40 S~~~R E  ‘R ~~~ I(’ I NTE6~~AND
723 — 65u.000 SAVES—3 .0
7d~s — 651.000 SAvESN— 0’O
1+15 — 652.QQ0 R IN T •RM E S H~~IPT S /aI
726 653.000 D~ 13 J .3,IPTS,2
127 — 654 .000  IF ‘.J.~’4E ’~~ G~ T~ 11
728 — 5. ’)OO R 1~~R M E Sk (..J 2 ) / R IN ~
72 9  — 656.QQQ F 1s P 3 P k ~~.j 2 )
/30 — 657.000 R1K .R 14~~K

73~ — 65~~.Q Q0 RlK 1I 1.0/ (~~1oR1~KJ
732 — 6 5 9. 0 0 0  G~ T~~ 12
733 — 660.000 11 R 1 — R 3
73* — 661.000 F1 .F 3

662.00(3- R1K .R3K
136 — 663.000 RIK1I .R3$(11
31 - ~6-’t.U Oo 12 R2aRt’1E~~H E ~~~1I/RINT

738 — 685.000 ~2— P3P4).J 1)
739 — ~o~,.ooo R2X—R24~~~
7 4 Q  — 667 .OOu P 2 X 1 I .1 . 0 / tR ~~.R2K ,)
74~~ — 668 .000  ?3a p M E S H (~~~)/R~~?’fl
742 — 669.000 ~ 3~~p 3 P 4 ) J J
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751 678.000 1~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
152 — 67’9.000 SS (1).~~~./RMESH (1~
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75$ — 685 .000 P t M 3 P I RM ES~~( I 3 )
759 — 686.000 ~IM j RI RM ES~~~I t )
/60 687 .000 RI1 .RI RM ISH(I+1 )
761 — 6 8 8 .00 ) )  R I3 .R I RM ~~SHU + 3 J

762 — 6 8 9 .0 0 0  I F  ) I . ~4 E , 4 )  G~ T~ I
763 — 690.000 R J M 3 M 1 . R I P I 1 — N I M J

— 691 .000 P I M 3 1 — I ~ II R I M 3
lab — 692.000 R IM 1 1~~~~I1 .R1M1
/86 — 693.000 ‘~~3— SS )1)
18 7 —  ~ 94 .0 Q 0  SM1 SS (3)
76d 695.000  S 1— S S ~~~~)

/89 — 69o.000 ~~ 2
710 — 6 9 7 .0 0 0  I R T ~6 C M 1 R I M I 1
711 69-1.000 R T M 3 1 _ ~~1 M I 3
7/2 — s99.000 ~ T M 1 1 — ~~Z I ~
/ 7 - 3 — 100 .000 S N 3 — S M I
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71 6  — /03.000 2 Vt ~~~~3 — R I 3 — R I M3
/ 1 1  — 704.000 R I N I 9 — 8 t  l .-~ IN 1
778 — 705.000 6113”- 1 3 + 1 i 1
719 — 706.000 S3— SS (I-.3)
780 — 701.000 3 c s I I I ~~SN~3.’ .I6 1 ,i 1 ’ . R I 3 / ( R I — 3 M 1 . R X M 3~~. R IM 3 3 )
181 — 708.000 1 ~S M I . R I ’ .j . R I 1 .R I 3/ I R j M 3 M 1 . R I M 1~~,R~~M 13;
782 —  / 09 . 0 0 0  2 +S1.RI~’ 3 . R I” 1 .R I3 / )R IM 3 1 . R I N t 1 ,R I 1 3 l
183 — /10.000 3 —S3.RI’~3 .’.IP’1,RI1/)RIN33 .RIML3 .Rji3)
784 — 711.000 R(T ,,-RN
/4 5  — 7 12 .000 END
18~ — 7 13 .000  S U R R O U T I N E  R , . ) L 0 C , I FX L E , B U F F E R , I w ~~RD5,LL w RT , L L B0FI
787 — 714.000 DI M EN S IO ’l BUF FER) IW OR DS
748 715 .000 L G I C A L  L L W P ’,LL )L F
789 — 716.000 IF’ I L L B ~, F (  GO TO 2
/90 — 717 .000 IF I L L W R T )  GO T O 1
791 — 718.000 R EA D ) I F I L I )  9~~F F E R 
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793 — 720.000 1 ‘ . A I T E I i F I L E )  BUFFER
794 — 721.000 REToRN
795 — 722 .000 C 2 )+OPDS .1WO RD S42
/96 — / 22 .500  +1 C O N T I N U E
7 9 7  — 723.000 IF LL ’ . R TI t,O ~~O 3
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811 — 737 .000 3 ~ I~ ,4PY ‘a L 2 )
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813 — ‘39 .000 END
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817 — 743 .000 1
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822 — 74~~.000 2 ~ F~~1 l  3030),RjPF 2) 9 03 O~~
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825 731.000 1 I E 4 U F F I I 1 ) , C C T H I I ( , R N L P T w I l I , R C O L F ) 1 I I a
82 6 — 75+1.0 00 2 I B —~~ F 2 I I  I a ~ P S I R )  1 I a LI “ I 1)
8cC 7 — /53.000- L~~Ij I C * L LL ’ ’ , L L ’ . 1 A , L L O UT ,L L U A L , L~.1$UF
8+18 — ‘5 ’ . .00 0  3 A ’ - A  P1/3.1 81’~ - 6 5 3 5 ~~9 7 9 3 2 / , * T 1 # P , 0 . O / ,
829 — /55.00 ) 1

— /5.,.QQ13 2 I ° I S 2 1 / 3 , ,B 21. O w , 0 . O , , 6 2 R I I 0 . Q~~.
831 — / 5 7 .0 0 0
8 3 )  1~~4.000 O A T A  IFI  ~ 0/ ~~C / ,  )1 I L E I / + 1 l ,  , IF I L E 1 / 2 2 / ,  IFI LE3 / 23 . aI! 1L~~~/2’~~a
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8 3 6  — 761 .500 C C+~A~~3E HERE FOR REAL .8 A L P HA S
84/ /62.000 1ALP T~~~!~XPTS~~.”XPAN
838 — 1 6 3 . - D U O  ‘~ 4 P A N U T H P T S 8~ 1 X P A N

839 / 6 4 • 0 0 0  o ’ ”4 PT 3 .J T )1PTS~~3
8 4 0  — 765.000 J5’.-~PT 5.,..THPTS
8 4 1  /66.000
8 42  — 7 6 1 . 0 0 0  C DT ~ ’ENS IO N W O R K I M X P T S I ’ , MX P A N T + l )
843 — /a8.QQO C CT~IiSTH I MX TNPT I
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8 4 7  • 7 7 + 1 . 0 0 0  C P R O G RA ’) RI .u IR IS IX P I $ T . Q E . M X T R P 7 AN~) NRW T BE A MULTIRI.I ~P S
8 4 8 — 773.000 0 1 L + 1
849 7 7 4 . 1 ) Q - o LI’~A~~~L ’ x A x 1 1
85U 175. ;J O Q IF . “~. P TS 1 . L E , M X P 1S T I GO TO 1000
851 776.QQQ 6’~1~~EJ 6 p$ 9 9 I  ‘-‘~~~181, 6 X P T S T
852 — /77 .000 ~/ 9~ I O ’ .P ’ AT ’ ‘ ,‘MX P TSE •1 ,14,~ .01 . MX~~T8T ‘,I4,
8 3 - 3  — /74.QQQ 1 ‘ IN ~1)8ROUTINE EXPAND ’I
85’. — 779.20-) C A L L  L X I I
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858  — 7 8 3 . 00 0  T 4 L L  E X I T
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861) • 785. -:u wP)TE)6, 901( L a L M A X
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865 79Q.QQQ ‘.8111 )6,902) ~~T~~PTS,M X1 PT
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— ) 4 7 3 . D I J O IF N’ .L ~~ .~~ W~~’ . A N . 1 , . ~T . I 6 T S 1 )  31 10 1?
9’’) — ‘ 7 — ’ OC O  CA LL ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
33-U — ‘ ‘,. 

- 
‘., 4 ’ .  8, # .,,L - , C1.~, IN4X-. , .TW LI,~~.,,,bu 6

951 — 4 ~~ . ,~ 7

951 — “ ‘‘‘—3
454 • ‘ 6 -  ‘ 3- L~~N

’ I N . .
— 4 ’’). ‘~~ -~~~~ ‘ T4 ~~ . 1 E I ~~~~.~~~~~

’ - -

955 — 4’- • 333 I ,
~ ‘~~., ‘.0*~~’.

’. - - ‘ , ‘ 81. -: I~ BL ‘.~ • 0* ~ C 01 -AT LO r ~ I ‘ /



-~~~~~--~~~~~~~~-‘-~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

956 — 881.000 ‘ ‘ a ’CCT ~ B L O C K  CA LCULATED F L L L + 1 ’ )
957 — ~‘~ - 2.000 L L I I N D  l fi,1 1
958 — -~~3.00C 61,2ND I 6 I LE +1

— 8~~~.000 ~ CALC ULATE .,AI8L ES T 1NDE~~ I I  S~~C’s TM~ T ~ TWO I11J ,LT ,R ~ 3f ~ TWC MESH
91.8- — 885.000 C HAS C H A N G E L -  (F~~~E3 )
901 — 888.000 13- IF )LL A,OR, 1P152 .74E,I PTS2T .OR.
962 — 667.000 j 8 1 W 5 l  1) .NE.R2L5w.5R .~~~~~0( IPTS2I .NE.R2~~ I ~C 13 14
963 — 88,1.000 00 TO 23
9 04  — 889 .000  14 FTS2T IP7S2
965 — 49-j .Q- ’~ R2 ’..l~T W 5 ) 1 I
96 8 —  891.000 R 2-~I P T H O I I P ’ S 2 I
9 1. / — 8 ’2 . 3 0 0  IN.~~~L ’ ’ ~54 .~

INP’E

966 — 893 .000 NP.-NP’~
969 — 894.009 INFR.,.NF~~.JTRPTS
970  — 895.000 ‘x0,5—0
9/1 — 898.000 INXR~~5 Q
9/+1 — 89 7 .0 0 0  0.’ 22 I— 1,I PTS1
9 73 - 898.000 ir 5’~~ ,,LT .NR,T, GO TO 1 406
97. — 899.000 10 IIP T S I I$1,GE .NR ’ .T) GO 15 1402

~ 75 — 900.01)8 1 NX R # I I P T S I~~~~~ 1) * .JTHPTS
976 901.000 1402 C A L L  p ’ . ) 8 , I F1 L E 1 ,R R S T R , IN X 6 W , . FA L l ~~.,LL8JF I
9 7 7  — 3ç .~ .çIQ Q
978 — 903.000 1 N X P .—0

— 91)4.000 1’ . 0 6  I N D E X I N X N , 4 5
9o1~ — 905.300 DO 21 J— 1 , J T H P T S

981 — 906.000 RP— R N STR (INX RW + J )
982 — 90/.000 IF I R p . G T ,R I W O I 1 ) I  GO TO 15

— 983 — 9o9.Q1)Q
984 — ‘ ‘ ‘ -~.o00 13~ 15 20
985 — 910.000 1$ I I .1 ,I F I X I ( A L O G ( Z 2 R 4 R R ) 6 M 5 2 1 / H 2 )
9 85 — 911 .000 I I — 4 4 I I 1 1 1)/4).5
987 — 91+1.000 I~ U .LI .101821 GO TO 1505
988 913 .C00 PC”~~F IN0EXi ~1) FLOA T )1PT S2 I
989 ~~~~~~~~
990 3 1 9 .0 03  ~C O E F I I N D E X , 3 ) 0 .0

— 916.000
992 911.vOQ R C ” 1 F t ’ I N -~E X,5I 0.0
993 — 914.000 13” 9 21
994 — 91- 4 .000  19C5  0’. 16 ~~ 1a ’.
995 — ‘ ) ? o . .,QQ
996 — 921.001’ 10 ‘- . 1 0 . 4 )  2.0 ‘0 17
391 • 4d+1. ’) 16 IF 1 P k , G ’ ~~’ T $ O I I I . X )  ) GO TO 17
9’)8 • -‘ -‘3.3-00 1, 1 1 — I I — ’
9 -99 — 9 2 4 . 3 0 - j  II II.GI .2 GO TO 19

1000 — -‘)~~.QO0 Il.?
— 92b.QQ ~ P 1-1 2~

1 0 - 2  — 92’ .000 i~~ 10 U. , ’ , IP 1S2 2 1  I I . I P T S2 — 2
1003 d~I . 3 0 Q  1. A ,~~~~L A I L  .A,R A N C J 1 A N  IN T L RP 5 LA T IOF .~ ~.BE~ F I C 1 E N T S  (FILL3 )
300’ — ‘~“9.a0fl 20 I *’ 1~~~~~~’ .T’ .O) I I 1 I
11)05 — 930.001)
13 06 “31 .000 O P I 1 — 1 . - J — ’ .’..O I l I .l I

100 7  ~3 + 1 . Q Q Q
1008 - -i f l.3 -00
1,J 9 33 4,000
1010 — 935 .000 R P I ’~ 12 .5’ .12 W R 1 6 1
1011 — 946.99-3 O P I Q 1 • ’ ’ ” I 1 6 1 x 1 J
1012 — -. 4i.000

— ‘i i 8’ U o
014 — 9 1 ‘ . 00 0  0-~ - 0 I IN Dl ‘ • 1 “ ~ 9 * 1  I I I )

1015 — ‘4’,.300 41 ’. 3 N E ~~.2 i • ~~8I 0. W I 1 . R R 1 2 / 6~~18~~Q , H N i M t 1 . 1 . 9 I 6 1 l 1



l O b  — -‘~~~~~.90O ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
101 / — 94+1.3 - 0 -3 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
1018 — - ‘ * 3 . 30 0  PC4 13 F~ IN-) E X 4 5 ) .0 5 R I6 1 .5 6 I 0. R 5I U) R R 1 M 12 4 R R I 0 2 8 !~~124
11)19 — 5~~4 .  )C ’0- 21 IN0 EX ’I ’~ 0E x’5
18120 — 945.300 N 4  , —“-- ‘+t
1021 1 — ~‘b. ’300 I6.~~F,’. I N X R . , 0 T H P T S
2.1)212 — ‘),7.300 N P ’ . ’ ~~~~~~~~~~
1043 — 944.000 j\AP~~’~~INXR ’.5+J5T’.PT
102 4 —  94-..000 IF )‘ -.5 .4’ .8 1 .NRI .45 T .A N D .I.LT .IPI S I) GO 15 22

1023- 35j.300 CALL R.l(5, IFILE3- ,RCOEF,IMX 5W5, .TIU~~,,LLb0F )

1 0 + 1 o  — 951.3-03
1o27 — 952 . 0 0 0
1028 — 953.000 22 C O N T I N o E
1029 — 954.000 IF I L L O ’A L ) ‘ . W ITE 8 ,907)

103w — 5 5 . - 0 0 0  9)7 r ” ’~’A T ) ’  ‘,‘RCOF BLOCK CALC U LAT L O P11-13’ )
1031 — 956.000 6 8 , I ’ 9  F IL E t
1 032 — 93- ‘ . 000  RE,INI-  I~~ I LE3

— 958.000 C CA LC U LA 1 E R N L ) R N ) R , . T H E T A I )  (F~~~L4)
1 03* - 

~5 5 . 3 - O 0  C ‘~. O TE BUF ~~2—R C 5EF ’ I N S T E A D  OF USUAL 8U FF1 SINCE !NLRIH~~~U FF 1
103 5 • “)

~~~- . Q ( ~
1) 23 4N,.~ - N-’ .5’

1038 —  91.1.000
1037 — 96+1.000
1038 — “~~~ 4 . O Q 0

1 3 9  — 9o4.000 05 28 I i ~~IPT~~1
1040 — 985 .000 IF I M P’ .’- .LT .518 W 5 1 )  2.0 15 2304
X U L  — 968.000 TO ’ I I P T S 1 I + 1 .ul.N 9I.8T ) GO TO 2303
104 0 —  9 s / . 0 0 0  I N XP , ( I PT C I I+1)’ .JSTHDT

10”- 3 — 9,~*.0O0 ~~39 2  C A L L  R ’ . I 6 a I F I L E 3 , B , 0 F 2 , IN S N ’ .5 . .F A L SE , I L L B U F )

U’’. — 9 -  - ‘. 00 ’)
1U’~ — 370.000

— 97 1~~0L0 2 3 2 ’ .  !‘,0E1 .IN*R,5
10’ ’ — 972.300 06 /5 , .I,JT ,,PTS

— ‘ ) / 3 . 0 0 0  I I — 1 O ’ I  , 14L~~F 2 )  150 15 . 1)
1 0 + 9  — 974.001) IF ) I I . N A ~~~~ 1S2i G O TO 2 4
1 9 3 - U  — ‘~~~.J ~~9 P ’,0 8 T . 4 ) I N * R ” 9 ’ 0 , 0
1051 — 9 1 6 .0 0€  13.’ 19 /5
1U 52 — 7 1 . ’3 -OQ L I* , TLQ ~’OLA TE USI NG C A L C U L A T E D  coE ,r~~c I~~N TS

— 978.000 T’’. 1 1 • 1 I , I N X F N
1:3-, — ~l ’ - I .030  P’ L 8 T . 1 I N x 8 ,,J •9uFF2)IN) Ex *2I .R~~~~èI .l)

— ‘6-, .U(J L) I
105 8 —  -941.000 2 •4uFF2I1NDE ~~+ 4 ) ~~PWIUI 4 1I
1- 05 7  • ‘ / ‘ .000  3 +60 F O 2 I  I ND E A ,5 ) 8 R P I L ) e 1 , 2 )

1058  — ~ 6 3 . U 0 1 3  25 TN ’-~~4 I ’ U E ’ * 5
105-4 — ‘~M’..00~

— .000

— 46’ ,.3-0 ’3- ‘,1,,. N 8 ’ . , t

1082 — -~ 6 7 .’ ’~ I~ - X 4 ~~~ 
‘-‘~~ Ii’., 0 ’H~~~~5

8 0 5 3  • ‘+ S ’l.’ )O- i )  jF ) ‘~l ,4 - .L, 1’ .’~6~u T . A N D . I . L T . I P I S 1  I 35 10 26
10.- ’ — 46’ ‘•000 ‘ P ’ . t  ~a 11- I LE 4 a PN L Q ’ ”4, ~~~~~~~ .

T~~tJ~~a ,LLb 0F I

11385 - + ‘0.300
1 .-~~ 

— ie I .30€- I N ’ - ’  ‘-‘C)

. 0 8 /  — ‘‘2.301) / 5  )6 ’~ T IN ,jF
3 0 5 8  ‘ ‘ 1 .0 00  1’ I L I’ ’ ._ , R I T E , . , , 6 L , 8 1
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10/b • 100 1.000 r~~ TO 3201
1 0/7 • 1002 .300 29 L T L
10/8 — 1003.000
10/9 — 1904.000 

-

1080 • 1005.000 IN~~~~1 NP ’.fJTHPTS
1081 — 1006.000 3-0 32 1—1 ,10151
1082 — 1001.000 IF (N B ’ . .L T . N R H T )  GO TO 3006
1083 — 1008.00’) IF (IPTS1 I4~~,GE .NR8T~ GO TO 3002
108’.— 1009.000 INXPW •(IPTS1 .I+tI4JT~~P T S
1085 — 1310 .000 3QQ2 CALL 5H18 11F 1L12 ,CcTH, INX R W , . FA LBIIILL 8UFI
108 8 —  1011.300 NP ’.— ’)

1 0 87  — 1012.000
10)3 8 — 1013.000 3-006 “0 31 U’1,JT6 I PTS
1089 — 10 . 0 C ’~ C ALL LEG IN)L ,M,CCTH)TNX RW +JI,PLM )
1090 — 1015.1000 31 PLM CT H IINXN ’ .+0 ) PLM (L M 4XI
1091 — 1018.000 N~~r,•NP.+1
1092 — 1017 .300 I.,xP.~.TNX Rw+ 0THPT S
1093 — 10 18.000 IF ( N R H . L T . N N H T . A N D . , I ,L T . I PT S 1 )  as 10 32
3094 — 1019.000 CAL L PW)9,IF1LE5,PLMCTll,IN*RW , .TRU~~~,LLB UF1
1095 — 102 0 .000  22  C’.NTINUE
1u96 — 1021 .Ju ’) IF IL L O T A L I ,MI TE(6,909) LiM
1097  — 102~~.000 9Q 9 F0~~P A T1 , ’  ‘ ,‘ P L M C T H  BLOC K C A L C U L A Y L D  ld jT H t. — • ,12* ’ ~ ML1 ~
1098 — 1023 .-JO) 1 ‘ FILES’)
1099 — 1024.000 RE HI ND IFILE2
11u 0  — 1025.000 PEWIND IFILES
1 1u 1  — 1O26.~)~~” 3201 CAL L P’ .(10 ,I LEO, PK MTHS ,JTH PAN , .FAL$ E .,LLBU F)
1102 — 102/.000 INDEX • M,JTHP1’S
1 1 1 ) 3  — 10211. o-: 05 3405 K1~~ l2. j NX P A N
1104 1029.000 ‘( - 1.1_ I
1105 — 1-030.000 ~s o p M _ r L O A T I 2 . K # 1 1 4 F A C T l K • M I , ) 2 . 0 o F 4 C T ( K + M )
11 1)6 — 1031.000 NPC4 NR HT
110 7 1032 .000 I N X R W N R #* ’J T P4 PTS
1 1 o 8  — 1034.000 3-6 3* I—l ,IPTSI
113 9 • 1034 .000  F N~C ’ . .L T . N R H T )  GO T~ 3208
1110 — 1J35.000 IF II P 1S I I*1,IIE .NPHT ) GO TO 3202
111 1 — 1036.000 I~~~P,,•(IPTSi,~~+ 1).3THP1S
1112 — 10 3 1 . 3 - C O  32 02  CALL  R’ . ) 1 t, IFILEA IRN L R T N , I M X R W , . FA L S E . , L L B U F )
1113 — 1038.000 CA LL P~I ( i2,1F1LE5,PLMCT$,IMXRW ,.FA&SL, ,LL5’JF l
1134 — 1039 .000  NP’. ’)
1 1 1 5  — 1040. NxPw 0
1116 — 1041.3-00 32~~% ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
1117 — 1042.000 1 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
11 114 — 1 ’) ’ . J . O O O  2 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
1 1 19 — 104 4 . 0 0 0  3 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
1120 t1)’.5.000 3-0 3 3  J— 2 1 ,J T N P T 3 , 2

11+1 1 — 1)46 ,0 00  3 3  S., 6 S 0 3 , ’ . , 0 4 R N L R 1 H l 1 N X I+J I , P1c MT UN0~~X 4 0I’.Pl.61C T N ( L N X M V~~,J4
1122  1041.000  1 ,2 ,0 .RNLRT #iI INXRW ,J+ ICsPXMTH S NO1X,J+1)~~PLM~~1H )jNXW~~4~I41)

1123 — 13-’.8.000 N P w • N R ’ ~~~1
112’ . — 10*9.000 INX6~~~INXPP ~+ ,o 1HPTS
1125—1050.000 34 A L PH A 1 I , K 1 C .~~~5PM.DTH38SUM
11+16 — 1051.000 T5Of * 1901’.+OTHP?S
112 / — 3 0~~2 .0Q O R E . . I s C ’ 1 I L E 4
1128 1053 ,000 PEdNI.- I F IL E 5
1129 — 1054.000 3.o5 r .’81164U1
1130 — 1055 .000 IF I I P T S 1 . E Q , M *~’1S1l GO T O 2 4 4 0 7
1 3 - i l  • 1-J ~~b.0 1)’ 00 3406 K1 •1, MX PAN
113+1 • 105/.003 ~~‘. 1..’)4, I . 1 , T P T S I I , ” A P T S I

1133 ” 1)~~6.000 48 1 5  A L P N A I I , - ’ .1 1 0 , Q
1 1 3 4  • 1059.000 3’ .~~ 7 IF , M .E1).O) ,,r 15 3409
1135 • 11362 .000 1)0 1* 0 8  ‘ . 1 11 M
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113a — 1051 .000 D 3-.)6 1.1,D- TS1
1 1 3 7  — 1062 .000 3 4 ) 5  A L P k A (  1,41 —0,0
1138 1063.1300 34)9 -‘.PI T E , 6 , 91 0 1  A ,IN~~

FN ,L,M,I.jNLM ,LL6UT
1339 — 1064.000 9~ O O’ P I ” A T C ’  ‘ ,‘ AL PH A BL OC~ CALCULATED FOR A — ‘,F9.5, ’ jN X~~~ ‘sI~~,
11~~0 — 1065.000 1 ‘ L •‘iI 2.’ —‘ ,12a 1 IUNL M — ‘ ,13, ’ ~~OUT ‘ s1.~~/ )
11 4 1 — 1066 .000 C IF 1-LOU T IS T6CUE , ALP HA  FUNCT IONb ARE W R ITTEN ON Dj~~K. 0P08
1142 — 1067.300 C RE TU R N 19 C A L L I N G  PR O GRAM T W ~ ARR AY ALPHA C ONT * 3 -N I LA ~~T RET
1143 — 1068 .000 C 00 A 1- PHA FUNCTIONS GENERATE D (M — L ) .

1 144 — 1069.000 IF (.NOT .LLO L)T ) GO TO 35
1145 — 1070.000 C C C C C ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ••
1146 — 1071.000 IUNLM. IALP T S .IILJNLM 1 )+1
1147 — 1072 .000 ~P I T E  01544 IFLL E6, IU I~4LM , A LPH A
1348 — 1073.000 T U N L M ~~I I U N L M 1 ) / I A L P T ~~+1
1149 — 1074.000 CCCCC ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ••
1150 — 1075.000 Ccci .,.,4. ’.444’..*~~~~~~~~~~~4 4 e s 4 4 , , , . 4 4 4 . ,~~ , 4 4 44 4 4 4 4* 4 . e 4 4 # 4 # 0 8~~ 4 4 4 4 s . 44 •

1151  — 1076.200 C _ WRI T EII F ILE 6’I U N LM I ALPHA
1152 — 107 / .000 C C C C C  ~~‘ *. 4.., 4.4.4 . .~~.• .ö$, .~~ 4444-4 .*44 4....... ,4*4.4.I~~~•
1153 — 1078.000 TUNLM _ X UN L B +X
115* — 1079.000 35 CON ’INUE
1155 — 1080.000 REWIND IFX L E0
3156 — 10 8 1. 0 0 0  RETU RN
1157 — 1082.000 END
1158 1083.000 S~~NF~5LT1NE LEGE NILL ,M ,X,PLM)
1159 — 1084.000 CC C C C  S U BR O U T I N E  LE G E N ) L L , M , X , PL 1’l I C OM P U T E S  THE A SSC~~ZA 1~~D
1360 — 1085 .000 CCCCC L E G E N D R E  P O L Y N O F I IN A L S  P)M*M ) TO P)LL, M I O~ AR(~W’IE9~ X A N ~
1161 — 1086 .000 CCC c C 8 T O R E S  1’NEP j N  4 E C T O R  PLN.
1162 — 108 7.-~00 C C C C C  W R IT T E N  5Y 0. 3. M IC K I s H , F E B 8 A R Y  1972
1163 — 1088 .000 CCCCC E V A L U A T I O N  IS BAS E D ON 1641 RECU RS ION R E L A T I O N  FCK A~~SOC~~AT (0
1164 — 1089.000 CCCCC LEGENO RE POLYNO#I INALS P ) ~~~~M , X l
1165 1090.000 CCCCC PIL , M,XI.?4X .PIL I,M ,X) P1L 21 MaX )
1166 109 1.000 CCC C C + ( 2 1 ) 4 ) X . P ) L 1 , M ,X ) P ) L 2.~~,X U /( L M)
1367 — 1092 .000 CCCCC TB I S IS THE FO RM A N A L O G O U S  TO TW A T  USED IN I B M I R  S~~P St,IW
1168 — 1093.000 CCCCC R O U T I N E S  FOR LEI3ENO RE P0~.TN5P41N ALS . THE £QYA ~~1AG ~~P A~~E
1169 • 1094.000 CCCCC ‘E C O N O M Y  A N D  N U M E R I C A L  B T A B 1 L I T Y ’
117 0 —  1095 .000 CCC C C S TA P l I N G  4A L U E S ARE P t M — 1 , ’-I,X ), Q iO
11 7 1 — 1096.000 CC~~~C p ) M , M , X I . ( 2 . M • 1 ,I H - . I 1 . 0 X . , $) . el ’ l / $ )
1172 — 109/ .000 OI”[N S IO’ 4 P L M ) 1 )
1 1 / 3 — 1098 .000 CC C C C  ~~~~~~~~ P I M ,N)
1174 — 1099 .3(3-1)
1175 — 1100.000 1’ )L, .NE.O ) ~O TO I
1178 — 1101.000
1 1 7 7  — 1102 .000 3/ ~ 0 5
1 3 - 7 8 — 1103 .000 . ,i - ~~~—c’ - ”’

,
~ (2.,,.— j I

1179 — 1108 .000 LC C 1, - ‘6 ‘~‘-‘1s~, IF S I O L A R E  RO O T  NE C~~R 8 A R Y
11 80 — 1 1 0 5 . 0 00  1” I L 2 . CL ’2 ) , E Q . 0 4  GO 1 5 2
1181 — 1L0 ~~.000
1182 — 1107 .000 (3~ 10 3
1183 — 1108 .000 2 DL X I N ~~~I 1 .0 — 8 ~~~) ,0CL /2)
1184 — 1107 .001) I M A .~~~— ’
1 18 5  — 1110 .000 Ic I P l A . . L E . Q )  ,O “0 5
1186 — 1111 .000 • I— 1 , 1 ’ .A X
1187 1112.000
1188 — 1113 .000 4 

~~1

1189 — 1 1 1 8 . 1 3 0 0  5 
~ L ’-’ 1 • o

1190 — 1115 .000 CCCI C RE ’ RN IF ~~~~~~ .‘NF 9ALUE R E C 0 IR E D  )LL— ~~ l
11 91 1 1 1 6 . 300 I~ I LL • E 3 .L )  8 1 1 8 1 6 ’,

1192 — 1 1 1 7 ,3 0 0  C IC E C  s~ RECO R SIO N “ I , A T I O N S ~# C O M P ~IT E  6 4 E M 8 I N I -~0 P O U Y N O M I N A L8
11 93 1 1 l ~~.00~
1 1 3 4 1 1 1 4 . -00u 0 L 1 6L
1195 — 1 12 0 . 3 - 0 0

_ _ _ _  —~*——-‘- -— -—~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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11~~b — 1121.00’) ‘1’ ’~~ L ”A T (F.4~ — 1
119 1 — 1122.300
11 9 i~ — 1 1 2 3 . 3 - 0 0
1199 — 112”.3-0’) 39 8 L L’11N ,LL
1d J o  — 1125.01)0 ‘PLi ‘. *21-1
i d o l  — 112s .OOu PL’..PLI—~’L 2+*PL 1+X2O1. (XPL1—PL2)/XL )’I
12o2 — 1127.000 PL-l I4~)E 5I PL
1203 — 1128.000 PL2.PL1
12 ’. — 1129.000 °L 1 PL
1235 — 11 93 .1300 XL~ I X L h l + 1 I O

3206 — 1131.1303 - s INDEX .INUE* .1
3 - d o ? — 1132.000

— 113-3 .000 END
1+139 — 113’..00() C !43-SI ’35 ?‘ PO,(FILL, Mr VEPOTD),) S A V E )
1210 1l~~~ .00O C FPPTRAN L S , F ~1~, A O P
1211 — 1 1 3 5 .O L O  SLJ I3ROU T I-N E .‘4AyEFN (Z,ZI~iN,ZR ,RHO,H 3 IPTS,MMES N ,RNL ,Dkp)L,
1212 — 13-3/.0( 0 1 MXFN , Mx PT s,LMAX1, LOCcFM.LTO r F N ,LkI1,sEL ,frN,)RsP~
3 - 2 3 3  — 1138.)Oo DIMENSION E S H I 1 I , RNL )1),DP NL )1),LOCC~~N )1 ) ,L T O T F N I 1 l
121* — 1139.000 D I M E N S I O N  N P R IN C ) 1 5 ) , ZE T A (  1 5 1 , X N O R Mj 1 5 ) , C (  1 5 ) , F R ) 3 a 1 5 )
1215 — 1 1 39 .500 D IM E N S I O N  O ’ R 5 P ( 3 , t 5 )
121p — 1140 . -O Olj PEAL .P Z L E T A , Z N P R I ’~, Z C , Z N O R M C , Z L 0 C C a Z L T e T
1217 — 1 1 4 1 . -) O C )  ‘ A T A  ? Z E I A/ ’  Z E T A ’ / , Z N P R I N/ ’ N P R I N G I / , Z C / ’  C 3 ’ / g
12 18  — 1142.U” ll 1 ZN’IlXM C/’ N’1~~~C h / ,Z L 5 C C / ’L O C C F N 1 / , Z L T O T / ’L T O T F N ’ d
1219 — 1143.303 0 ’ - )RM l Z Z , N N ) S-~ R l ) (2.O4ZZI..(2.NM.3 ~~/ F AL T (2.NN))

1221) — 13’’.))) “A .~ ’AS 15
1+121 — 1t 4~~.J0o 0 0 1  I — 1 , L M A X 1
1222 — 11 48.000

— 114/.000 1 L~~0 T c ~~ ( I ) 0
122* — ll.’~.- ) ( ’ ( )  PEA p )5,’~00) Z,ZION ,ZR ,RHO,H,IPTS,NOCC , NTOT
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, I*PTi,iX~~~I,
1518 — 1416.000 1 ALPWAaMX PTS,MXPA LAAFLE,IAAUNMDZ8$FLISIX 8WNN )
1519 — 1417.000 DTMENSLSN VCZAFNI1),VCZXFN(1 ),ALPWA~ MXPT8,MXPAN~
1520 — 1418.000 LOG ICAL LLGENA ,LLAOA,LLAOX
1521 — 1418.500 C CHANGE HERE FOR REALS8 ALP NA S
1522 — 1419.000 !ALPTS .tIXPTS*MXPAN
1523 — 3420.000 IF (.NOT.LLOENAI GO TO 5
15�4 — 1421.000 06 1 K1s1.MXPAN
1525 — 1422.000 DO I 1 1,PIXPT3
1526 — 1423.000 1 ALPHA(I,K1).0.0
1527 — 1424.000 IF (.N6T .LLA6A ~ GO TO 3
1528 — 1425.000 DC 2 I.1,IAPTS
1529 — 1426.000 

— - 2 £LPHA (t ,1~~.VCZ AFN (I)
1530 — 1427.000 CCCCC ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

1531 — 1428.000 TAA UN M IALPTS.(IAAUNM.1)+1
1532 — 1429.000 WRITE DISK IAA FLE, IAAUNM ,ALP HA
1533 — 1430.000 IAAUNM.(IAA UNM I)/IALPTS+1
1534 — 1431.000 CCCCC ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
1535 — 1432.000 CCCCC ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
1536 — 1433.000 C W P I T E ( I A A F L E ’ I AA U N M )  ALPHA
1537 — 1434.000 CCCCC ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
1538 — 1435.000 3 IF (.NOT .LLAOX ) RETURN
1539 — 1436.000 DC 4 1.1,IXPTS
1540 — 1437.000 4 ALPHA(I,1~~~VCZXFNU)
1541 — 1438.000 CCCCC us su
1542 — 1439.000 IXXUNM IALPTSSUXXUNM I)+1
1543 — 1440.000 wRITE DISK IXX FLEeZXXU NN,ALPHA
1544 1441.000 IXXUNM .(1XXUNM .1~~.fIALPTS*1
1545 — 1442.000 CCCCC • .ss  5.55 4 4 4 5  4 4 5  4 4 4 4  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
1546 — 14*3.000 CCCCC su us
1b47 — 1444.000 C WP TT E (IXX FLE ’IXX UNM ) ALPHA
1548 — 1445.000 CCCCC ‘4 ’s
1549 — 1446.000 RETURN
1b50- 1447.000 5 IF c.NOT .LLAOA ) GO 16 7
1551 — 1448.000 C C CCC us
1552 — 14~~9.000 IAA UNM IALPTS.UAAUNH .1),1
1553 — IØSU.000 REA D DISK IAAFL E ,jA *UNM, ALPHA
15 54 — 1451.000 I A A U N M ( I A AU N M I ) / I A L P T S + 1
1555 — 1452.000 CCCCC 5 45 u



1556 — 1453 • 000 CCCCC 4 4 . 5 55 4 4 4 4 4 5 5 1  4 4 4 4 4 S 4 4 4 4 4 4 4 5 + 4 4 4  s*~~~~~~S 5 4 4 4 e 4 4 4* 4 4 4 4 4 4 4 5 4 4 45 4 4 44 4 4*

1557 — 1454.000 C REA P(IAAF LE ’IAA UN M ~ ALPHA
1558 — 1455.000 CCCCC ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

— 14bb.QQ~~~~ ~ L 1iIA PT S
1560 • 1457.000 6 VCZAF NII) .ALRHAII,1)
1561 — 1458.000 7 IF (.N6T.LLAOX ~ RETURN
1562 — 1459.000 CCCCC ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
1563 — *460.000 IXXUNM *ALPT$4(IXXUNM.1~~41
1564 — 1461.000 READ DISK IXXFLE ,IXXUNMa AL PHA
565 — 1462.000 X X X  M-IIXXUNM— 1 1/IALPTS+1 -
1566 — 1463.000 CCCCC 4S,~~ S S 4 4 4 4 4* *4 4 4 5 4 5 • 4 4 4 4* S 4 S 4 S 4 4 # 4~~ 4 4 5 4 5 4 4 4 4 4 4 4 4 5 54 4 4 4 4 4 4 4 4 4 4 4 4 4 4*

1567 — 1464.000 CCCCC ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
1568 — 1465.000 C PEAD (IXX FLE ’ZXXUNPI ) ALPHA
1569 — 1466.000 CCCCC ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
1570 — 1467.000 DC 8 1 1,IXPTS

~b / i j 4 6 8 .~~~o ~~~~~8 VCZXFliui~~~LPHA 11,1L
*572 — 1469.000 RETURN
1573 — *470.000 END
1574 — 1471.000 CIASS IGN M IB6 ,(FILEaMMTRXD~~, (SAVE )
1575 — 1472.000 C~~FCRT PAN LS,8O,APP
1576 — 1473.000 SUBROUTINE MTRX(NA ,NX,LA,LX ,FPA,FPX 4LeCAFN,L6CXFN,laR1~~*,L3MjNX,

~~~~~~~_3M~~’09Q ~
_
~~1 - 1 1518 • 1475.000 2 NBLC$AsNBL CHX,RANL ,RKNLaPRANL .DRXNL, AL PNAi~~XPTI.

1879 — 1476.000 3 MXPA N,NXPAN ,RAME SH,RXM~~~H,1APTS,LXPTS~
1580 — 1477.000 4 RUaRUB,UNI1,NAASET,NA *SE T.NEIGHA,NEI0H~ ,
158* — 1478.000 5 NEIGAC ,NEXGXC ,KLETE,NL~~TE~~XKX ,XKY ,XK ZajPTsNYEC,
1582 1478.500 6 NAG,NXG,XAF,XXF ,GA,GX,XAG,XXQ ,FRASP,FR*SP,

~~~~~ 147 ~~~~ QQ 7 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
1584 — 14g0.00o 8 LLNAOA ,LLNAOX ,LLDTALaL~.8UF,NROUT.LLMTR $)
1585 • 1481.000 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
1586 — 1482 000 1 LOCA FN( 1 ),LeCxFNc1 ),LARINx g 1~~,LxRINX (1),
1587 — 1483.000 2 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
1588 — 1484 000 3 RANL (1),RXNL (j),DRANL~~1 )a0RXNL (j ,AL PHA I. M3PT3IMX~~$N ),• 1589 1485.000 4 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -
1590—1 486.000 5 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
1591 — 1486.500 6,NAG (3 ),NXG( 3~~sXAF (3.25) sXAG(3a25)a8XF13,25)sXXG (3 .l5)• 1592 — 1487.000 LOGICAL LLGENI,LLNAOA ,LLNAOX ,LLDTALaLL8UF,LL (ITRX
159 3 —  1487.500 INTEGER GA (3a25,2),GX(3,25,2)
1594 — 1488.000 COMPLEX CA,CX,H,8,MHt595),SS (595).DWMHIt156),DUHS(~~~56~~.5~~~~~488. 5o0 • 1QUP1S~~( 1*56 )
1596 — 1488.600 COMMON DUMS,DUMS2.DUMH
1597 — 1489.000 Q~~MCNS ION ALPN A 2 I 1 )
1598 — 1490.000 DATA DUMMY/0.0/
1599 — 1491.000 C DIMENSION S$,HHIN.(N41)/2) wHiNE N MBLMAX
1600 — 1492.000 C ALPHA2 (!ALPTT )
1601 - i4~~3.00O 1AL T 48~~Q
1602 — 1494.000 PIPLHAX .34
1603 — 1495.000 IALPTS MX PTSSMXPAN
140 4 — 149~~.O00 IF (IALPTS .LE .IALPTT) GO TO 51
1605 1497.000 WPITE (5,899) *AL PTE,!ALPTT
1606 — 1498.000 899 FORMAT )’ ‘,‘tIXPTS.MXPAN — ‘ .15, ’ flCEEOS DI MENSION •(,L5•
1497 — 1499•000 1 ‘ IN SUBPROGRAM MTRX ’)
1608 — 1500.000 CALL EXIT
1699 — 1501.000 51 IF INBLCHA+N BLCHX .LE.MBLHAX ) GO 10 52
1610 — 1502.000 wRIIEI6 , 9001 NBLCHA ,NBLC$X,MBL )4A8
1611 — 1503.000 900 FCRMATI’ 1 1 59M OF NBLCHA — ‘.13,’ 680 NB%..CMX ‘ .13,
*412 1504.000 1 ‘ EXCEEDS DIMENSION MIL NAX •‘.13
14*3 — 1505.000 CALL EXIT
1614 — 1506.000 52 C~~NTINUE
1615 — 1507.000 IF (LLNAOA ) GO TO 57 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
. - - —~~~~ •—- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



1616 — 1508.000 INX ~~S 0
161 7 — 1509.000 D~ 54 J—~~,NBLC HA
1618 — 1510.000 IF (LLGENI ) WRITE (6s910 ) J

• 1619 — 1511.000 910 F~~QM A T ’  ‘s ’bEGIN COLUMN ’,I 3) • •
1620 — 1512.000 ‘)~ 54 I 1aJ

• 1421 — 1513.000 CA LL A X ELE M ) .?RUE,,I,~~,NA, NA ,LA ,L*A FRAsFRA sLOCAFN~~ lCA~ W.
1622 — 1514.000 1 LAR INX ,LARINX , LADINX, LADINX ,LAMAX1~~LAMAX tS CA lCA S MNLC~~AaM3IsCHA~
1623 — 1515.000 2 RANL ,RANL ,DQA NL I DRANL ,ALPHA ,ALPNA2 ,MXPTS,MXPANINRANI
1624 — 1516.000 3 PAME SH,RAMESH, IAPTS,IAPTS,RU,UN!TSNA ASET,NEIGHA ,NEIGAC,
1625 — 1516.500 4 NAG, XA F,GAaXA G,FRAS P ,FRASP ,
1426 1511.000 5 XKX , XKYa XKZ,LLGEN ISIIFILE ,IAAFLE4~~AA FLEI I4ISl
1627 — 1518.000 6 LLDTAL,LLBUF )
1628 — 1522.000 925 FORPIA T (’O’ ,’FOR A A  MATRIX ELEMENT Iu ’s13 s ’ J
1629 — 1523.000 1 ‘ H s ’,1P2E14.6,’ $ v~~,2E 14.6///(
1630 — 1525.000 INXHS INXHS+1
1631 — 1526.000 IF ( L L D T A L ) W R I T E ) 6 , 9 2 5 )  I,J,H,S
~o32 — 1521.000 SS(INX~4S)SS 

-

• 1633 — 1528.000 54 N~~( I N X W S ) . ~ 4
1634 — 1529 .000 IF ) L L NA B X ) GO TO 60
1635 — 1530.000 DC 56 J 1,NBLCHX

• 1636 — 1531.000 JAX .J+N BLC HA
1637 —

• 
1532 .000 IF LLGE N* WRITE (6,9255) JAX ,NBLCW * - -

1638 1533.000 9255 F O R M A T ) ’  ‘ ,‘ B E G I N  COLUMN ’,13, ’ )
~~Z R S T ’ ,13, ’ ROW S ) ’ *

1639 — 1534.000 INX HSJ J A X 4 ( J A X — 1 ) / 2
1640 — 1535.000 06 56 I—1 ,N BLCHA
1641 — 1536.000 CAL L AX ELEM (,FA LS~~.,j,J,NA,NX,LA,~~Xa~~RA,FRX,L6CA~ NSI.6CUN,
1642 — 1537.000 1 LARINX ,LX R INX ,LADINX ,LX D INX ,LAMAX $,LXMAX1,CA ,CX,MSLC~~*,~~E.CHX,
3643 — 1538.000 2 RANL ,RXNL,DRANL,D RXNL ,AL PHA, ALPWA2,MXPTS,MXPAN.N*3AN . 

— -

1644 — 1539.000 3 RAME SH ,RX MESH, IA PT S , IXPTS ,RU B,UNIT ,NAX S ET,N EIGHX * hE lG$C ,
1645 — 1539.500 4 N A O , X A F , G A , X A G I F R A SP,FRXS P,
1646 • 1540.000 5 X KX ,XK V ,XK2,LLGENI,IIFILE,IAXFLI4IXA FLE ,’4,S,
164 7 — 1581.000 6 LLDTAL ,LLBU F )
1648 — 1545.000 9~~ FCRMAr(’o’ ,’FOR Ax MA TRIX ELEMENT I •‘ a 13# ’ ~J •~~,I1 l
164 9 — 1546.000 1 ‘ g H •‘,1P2E14.6, ’ $ .‘,2E14.6///) 
1650 — 1548.000 IF (LLOTA L ) WRITEt6,926) IaJsHaS
1651 — 1549.000 SS)INXHSJ.I).S
1652 — 1550.000 56 k k( I N X HS J . I) .H
165 3 — 1551.000 57 IF (LLNAOX ) GO 16 60
1654 — 1552.000 DC 59 J—1,NBLCHX
1655 — 1553 .000 J*X —J sN8L C HA • -
ia56 — 1554.000 IF ( L L G E N I )  W R I T E ( 6 ,9 2 6 5 ) JAX , J
1457 1555.000 9265 FORMAT )’ ‘,‘FINIS H COLUMN ’ aI3, ’ I~~A3T’sI3, ’ ROWS )~~3
1658 — 1556.000 INXHS,J JAX SI .J1X 1(/?+NBLCMA
1659 — 1557.000 DC 59 I 1sJ
1460 • 1558.000 CALL  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
1661 — 1559.000 1 LXRINX, LXR *NX, LXDINX,LXD INX, LXMAXteLXM*X1,CX,CX,MILCW$,M~~~CHX,
1662 — 1560.000 2 RXNL,RXNL,PRXNL,DRXNL,AL PHA, ALPNA2,MXPTS,MXPAN,NIINANØ
1663 — 1561 .000 ~ RX M E S,I,RXMESH,IXPTS,IXPTS,RU,UN!T.NAASET,NEIOHA,NIIG$c,
1664 • 156 1.500 4 NX G ,XXF,GX ,XXG,FRXSP ,FRXSP ,
1665 — 1562 .000 5 ~P~~,X K Y ,XK Z , LLG ENI , I IF ILE, IXXF L IA IXXF LE,H ,S ,
1666 — 1563 .000 6 LLDTAL ,LLB UF )
1667 — 1561.000 927 FCPMAI(’O ’ ,’FOR %X M A T R IX ELEMENT ~ •‘ .I3s ’ .1 .P,Ia.
1668 • 1568.000 1 ‘~~ H ‘,1P2E14•6, ’ I .‘,2E14.6/,/)
1669 • 1570.000 I F  ILL O TAL ) WHZTEI6,927) !,J,H,S
1610 1 571.000 SS INX -~SJ+I)uS
161 1 15’2 .000  5~ ~ (j N X - ~S •I).H
1672 — 1571.000 ., fl CALL 1~~~LLG E N I , I I F 1 L( , 0 UM MY , . T R U E . m L L BU F )
1613 — 15 74 .000  N.NI3LC.lA.N8 LcHX
1678 — 15 ’S . O O O  IF (~~ L E T E , E G . 0 )  IjC TO 63
1615 — 1~~76.)C~ fl~ ~? ILETI .1, NL (TE

91
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lb/b • 1571.000 K— KLETE (ILETE )
1677 — 1578.000 IF ( K .EQ . N  GO TO 62
1678 — 1579.000 KTO— K* (K 1)/2
1679 — 1580.000
1680 — 1581.000 k1.K+1
1681 — 1582.0W) D~ 61 J.K3sN
1682 — 1583.000 DC 61 I— h i
1683 — 1584 .000 kF ROM.KFROM+1.
1684 — 1585.000 IF (I.EQ .K) GO TO 61
1685 1586.000 K1~~—KT6+1 -
1686 • 1587.000 S5~~<TO )—SS(KFROM )
1687 — 1588.000
1688 — 1589.000 61 CONTINUE
1689 — 1590.000 62 N—N— h
1690 — 1590.010 é3 x15N4 N+1 /2
1691 — 1590.020 • DC 10 J~~~j1N • • --
1692 — 1590.030 J N J P + 1
1694 — 1590.040 06 lO IPS1,N
1694 — 1590.050 I .N—I P+j
1695 — 1590.060
1696 — 1590.070 IF (I.GT .~ 1) GO 15 9
1697 1b90.080 DUMH(K )sH~~(K1)
1698 — 1590.090 0L ’MS (K)— SS (Kl)
1699 — 1590.100 K1 .K3 1
1700 — 1590.110 G~ T~ 10
1701 — 1590.120 9 K2 N 4 ( ! 1 ) + J
1102 — 1590.130 DUMH (X).CCNJG(DUMI4 (K2P)
1703 — 1599.140
1704 — 1590.150 10 C~~N1INUE
1705 — 1590.160 LINDIM.N4N
1/06 — 1590.170 ISTARI .LINDIM,1
1707 1590.183 MATMAX SM8LNAX.MB~~H A X
1708 — 1590.190 o~ ji ISISTARTIHATMAX
1109 — 1590.200 0oMHl I ).C~~PLxI0.o,o.o)
1710 — 1590.210 D U M S ( I ’ C M P L X I O . 0 a0 . 0 )
1711 — 1590.220 11 00M921I.CMPLX (0.0,0,0I
1712 — 1590.230 0~ 1 2 1.1. -

~
1713 — 1590.240 0~ 12 J.1,N
1714 — 1590.250 K — N s ( J 1 ) + I
1/15 — 1590.26C ~EL.0.0
171 6 —  1590.270 IFII .Ei.J) REL—j.0
1717 — 1590.28) 12 OUMS2tK ).CMPLXIREL,0.0)
1 /18 1590.290 wPIT((23 DUMe~,DUM S
1719 • 1590.300 PE~~IN0 23
1120 1591.000 CALL EV DN~~E)N,XKX,XKY ,XKZ,IwT ,NVECaIEVFLE ,LL0TAL ,NNlU1,
1721 — 1591.500 ILLMTRX )

— 1592.000 PFT V R N
1723 — 1593.000 END

t -• •- —- —~~.—-—- ~~ - - - ~~~
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co~v HCMP~~2 TO LP~ K )
1 • 1.000 C !ASSIGN P4 B6,)FILE,MAXELEND,, (SAVE )
2 • •_~~ cIIeRTRAN_LS,B!i A DP • • ••~ • • • • •
3 — 3.000 SUBROUTINE AXILEM(LLSAME,IA ,JX,NA,t4X,LA,LX,FRA,FRX,
4 • 4.000 1 LOCAFN,LOC XF N,LARI NX ,LXRINX , LAp~~lX ,LXDINX ,LAMAX 1,~~XM A*1,
5 • 5.000 2 CA ,CX,MBLC HA,MBL CHXSRANL ,RXNL ,OIA8L,ORXNL,

- • 6 • 6.000 3 ALPHA,ALPHAaaMxpTs~ MxpAN,NxpM4,
7 • 7.000 4 RAME SH,RXME$H,IAPTI, IXPT S,RUB,UPdfl,NAXSET,NSETB,
$ • 8.000 5 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
9 — 8.500 6 XKX ,XKYIXK Z,LLGENI,IIFILE,IAXFLE.IXAFLE,

_ 1~~~! 9.000 • 7 N,S,LLDTAL~~~LBIfl)
1i 10.000 DIMENS ION NA(1),NX(1),LA (1),LXII),ERA)3,15)sFRX (3,1I)s
12 — 11.000 1 L6CAFN(1 ),LOCXFN(j ),LA~~~NX (1 ),LXRINX (1),L.$OINX (13,
13 12.000 2 LX0INX(i ),CA (MBL CHA,1),C X~ MBLCHX,1),RANLU).NXNL~~)),
14. 13.000 

- -  
3 DRANL II ,DRXNL (1),ALPHA (MXPTS,MXPAN ,

15 • 14.000 ALPHA 2UIXPTSIMXPAN ,
16 15.000 5 RAMESH (*),NXMESN(1),RU$IU,NAXSET (1),
17 — 35.100 6 NAG(3),xAF (3,25),XAG (3,l54,FRASP(3,15)aFR*8P~ 3,1I)
1$ — 15.200 INTEGE R GA )3,25,2),GATEMI,QATEM2
19 — 16.000 COMPLEX CA,CX .H,8,ZSUPI,Z,ZCROTM,ZCRN,ZKCRM
20 — 17. RE~~~~~~ !M~ CRM 

— -  - -  - — 

21 • 13.000 LOGICAL LLSAME,LLGENI,LLACC,LLXOCaU.ANOC,LLXNOC,LLPT ALat.LBW~
22 • 12.500 LOGICAL LLCNFG
23 — 19.000 DIME NSION DUMMY(2)

- — 24 • 20’OOO EQUIVALENCE )jCRM ,DUMP4Y (t),REZCRM). )DUMMY(2).IMZCR~~)23 — 21.000 DATA TWCPI/6.2$31$5307179586,,EP$I.ON,1.OE.05/
26 • 21.500 C CHANGE HERE ~5R R EAL s I ALPHA S
27 • 2~~.000 IALPTS.MXPTS.PIXPAN
2$ — 22.500 LLCNFG..FALSE.
29 • 23.000 H•(O.O,O.0)
3 0 —  24.000 8.10.0.0.0)
31 • •a .ooo  H A I . N A ( IA )
32 — 44 .000 kA1.LA (~~6)• • • • •~~~~~~~ •~ - • • - • - •
~i —  45.000 LAII .LAI •1
34 • 4 4 .Q~ 0 MATOT .2.LAI+1
35 — 37.000 NXJ .HX LJX)
3b — 63.000 LX,J.LX (JX)
37 • 49.000 LX .J1.LXJ.1
33 — 

- 
50.000 MMAX1 .MINO (L6 .LXJ),j

3 j _  5~~.O0 Q IASEQ .LARINX (I.AI 1 ) +NAI•LAI
40 — 52.000 JxSEO .LXRINX)Lx,.j1)+NxJ.Lx0
41 — 53.000 LLAOC ..FALSE.
42 • 14.000 LLX6C .FALSE .
43 55.000 LO C C A I . L O C A F N ( LA I 1)

______

~~~~~~~

_!

~~

!

~~

00 t.Occ XJ .LØCXFN (LX ,J$) - •
45 • 57.Dt.0 IF (NAI•LA I.Lf .LOCCA I) LLAOC— .TRIJI 4
46 — 58.000 IF (NXJ—LXJ .LF .LOCCX .1 ) LLXOC..TR)J3 1
47 • 59.000 LLANOC .NOT .LLAOC
4$ 60.000 LLXNOC..NOT .LLXOC
4 9—  31.000 !NXAI.IA PTSS(IAS EQ— 1)

- 62.000 • ~~~~~~~~~~~~~~~~~~~~~~~~
51 — 63.000 IF ).NCT .LLSAME .OA.LAI .NE.LXJ ) GO TO 6
52. 34.000 2$UM.(0.0,0.Q)
53 — 35.000 DC 1 I . 1,MAT OT
54 • 66.000 1 ZSUM .ZSUM*C6N,J0 (CAIJX,I)).CA (IA,Z)
55 67.000 IF (LLDTAL ) WRIICI6,188) NXJ,LXJ,NA~~,LAI,ZSUM

______ 
56. 

- •  68.000 338 FORMAT )’ ‘,‘NXO — ‘.12,’ LXJ ‘ ‘Zh ’  MA X • ‘ .I2. I Lal •‘ *la,
57 69.000 1 ‘ ZIUM •‘,1P2E14 .71
5$ — 70.000 IF ).NOT .LLGENI) 00 TO 4

9 3  

- - - • -  --- - - —  • -----——-—-- —-- •———“ • -•------- ——-- • • • - • a .•——- - —“ ~~~~~~~~~~~~~~~~ — .-• _ ~~~~~~~~~ 11i4



—~~~~~~~ -•-- • ~~~~~~~~~~~~~
- -- - - - - - •. - .-- - - - ~~~~~~~~~--

09 — 71.000 M 0
60 — 72 .000 O CT 1 E L 1 C T 1 ( R X M L , I N X X ,.j,X NULL,RANLa *NXA I,RAMESH,IA PII, .~~*~.S~~1) —

61 • 73.000 IF (LLDTAL ) wRITE(6,$90) NXJ,LX..j,M~ NA$,LAIiM,OC T3
62 — 74.090 890 FORr 4T (’Q ’ ,’NX J •‘d2a ’ LXJ •‘iI2a!~ ~~~~~L1t_

_••
63 — 75.000 1 t NA ! — ‘.12.’ LAI •P.12a ’ N — ‘.12.
64 — 76.000 2 ‘ OCI1 ‘,1P514.b )
65 • 77.000 F.EL1CT1 (RXNLl INXXJ, XNULL,DR ANL, INXA1iRAMES$,IAPTS ..FAI.$E.~
66 • 78.000 IF (LLDTAL ) WRI T~~~6~~392) NX0,LX.l,PI4NAISLAI,M,F —
67 • 79.000 892 FORMA T (’O ’ .’NXJ ‘.?‘I?, ’ LX.) ~~~~~~~~~ P1 •‘.I2.
68 — - 80.QQ 1 • - - - - NA,~ — ‘ iU.~ ‘ 1.AL .t.Z&e !~ M_ o ?,~~_ __________

69 — 81.000 2 ‘ FlU •‘aIPEI4.6)
70 — 81.100 I F ( . N OT . L L O TA L. A N D . . NO T . L L C N FG ) 33 10 $04
71 — 81.200 FSAVE— F
/2 — 82.000 DC 3 LAK1U1,l..AMAXI —
73 — 83.000 LOCCAK L 6CAFN~ LAK1 )
/4 •&4,002 • • - IL_IL ~CAK~~ Qi~~LQ 1~~ 3~~~ __ • — —- _____

/5 — 85.000 LAK .LAKI .t
16 — 36.QQQ NAKMAX .LOCCAK ,LAK
/7 • 87.000 MAKT0T•2SLAK .1
78 • 88.000 DC 2 NAK LAKIi NA KMA X
/9 — 89.000 INXAKSIA PTS4(LAR INX (LAKI) +NAK LAKI I
8Q — 

- - - 90.000 Do 2 NNASt1, ’1~XT0t • ~~~~~~ • ~~~~~_ 

81 — 91.000 MAK .MMAK LA K$
82 — 92.000 VCCT1 EL2CTIILX.JaM,RXNL, INXXJ,LA IaS RANL,INXAI,
83 — 93.000 1 LAK,MAK ,RANL,INXAK,LAK .MAK, RANL,INXAK .

— 94.000 2 RAMESH,IAPTS ,.FAL$ (,)
85 • 95.000 IF (LLDTAL ) WRITE(6,894) NXJ.LXJ,M~ t9AIILAIaM,NAK,L4I,M4~~,VQST1

— 
- 96.Q QQ 89~~f6R~ 4JJ ’ ~~~~~~~ 

.!L12,~ L.X.) - ‘,Ilti. N e!~~j
87 • 91.000 1 ‘ NA I —‘ .12.’ LAI ,~ .I2,’ N ‘ . I2a
88 — 98 .O QO 2 ‘ NAK —‘ .12, ’ LAK i P s 1 2 ~~’ MA K ’,I?,
89 — 99.000 3 ‘ VCCT I •‘.1PE1 4.6)
90 — 100.000 VECT 1 EL2CT$)LX .J,M,RXNL,INXX ,J,LA~~aMA ~~.RANI.,iNXA IC,
9 1 —  10 1 .oo f l  1 LA K,MA K ,RANL ,INXAK,L*IaM,RANL ,INXA IS
92 — 102.000 2 - RAM1$P4,1~~PTS,.FALSE.1 - — - ~~~ • • _~~~~~ ~~~~~ _~~~• -
93 — 103.000 IF (LLOTAL ) WRITE (6.$96) NXJ,LXJ,M.bAK .LAK,MAKsNA I,UA I,~~,V3GT1
94 — 104.000 896 FCRMAT )’ ‘.‘NXO — ‘.12, ’ LX.) •~~~l~ 1 N
95 — 105.000 1 ‘ NAK •‘.12.’ LA K .1.12,’ MAK ’.IZ,
96 — 106 .000 2 ‘ NA ! •‘.!2, ’ LA! .1.12.’ N •‘ .12e
97 — 107.Q0o 3 ‘ VECT I ‘,1PE1 4.6)
98 — 108.000 2 F.F,)8.04VCCT$ 2.04V~~C71)4FRAU.AK$*8AK LAK ) •
99 — 109.000 3 CONTINUE

— 109.005 WPITE(6,199) NXJ .~~XJ,MINAI,LA I,M J~
*01 — 109.010 199 FCRMAT( ’O ’ ,’CLOSED SHELL VERSION 4IVU’/’0’,’NXJ.’.12,
*02 — 109.015 1’ LXJ ’’12s ’ M•’,12, ’ NAI.’,12,’ ~ A1.’,I2, ’ M.’,12,! FA~ .’4
103 — 109.020
$08 — 109.025 F FSA VE 

— — - ~~_ •~~~~ - -

105 — 109.03’) 108 KOUNG 1
106 — 109.035 KCLJNF•1
107 — 109.040 06 103 LAK 1 I,LAMAX 1
198 — 109.045 LOCCAK LOCA FN(LAK * )
109 — 109.150 IF(LOCCAK, EQ.0) 00 T~ 103
11 0 — 109.355 LAK LAK1 .L •
111 — 109.060 NA KMA X LOCCAK.LAK
112 — 109.061 DC 102 NApc —~~A~~~,NAK MAX
1 13 • 109.065 INXA K IAP TSS(LARZN X (LAK 1)+NA K L.AK Ii
114 — 109.070 GATEM2 .GA (LAIt,KOUNG,2)
1 1S — 109.075 CALL FK)RAMESH,RANL ,0, INXAK, INXA I, IWXXJ. ANS,
1*4 — 109.080 F.F+XAF(I.ALjaKOUNF )~~ANS —

117 — 109.085 ~~ LjNF•KCUNF,1
118 — 109.090 100 DATEN1—G A (LA I1 ,KOUNG,1P

— — -  —-



-

~119 • 109.095 CALL GX)RAMESH,RANL,OATEMI,INXAK,ZNXAI ,INXX.J .ANS )
120 — 109.100 F.F+XAGILAIIeK0 UNO )AANS
ltl

• 
— 109.105 KOIJNG KCUNG.$

122 • 309.110 Z!J~ _ ’GI!~~~~~~ A I 1 ) 1  00 6 102
123 • 109.115 XF’)G*TEN2.EQ,OA(LA!1,KOUNG,2)I GO to Lao
124 — t09.t20 102 CONTINUE
125 — 109.1a5 1o3 CONTINUE
126 110.000 IF LLOTAL .OR.LLCNFO) WRI TE)6,598) NXO,LXJ.M,NAI,L.A&,M.F
127 • 111.000 398 FORMAT )’0~ a ’P4XJ “.12.’ LX.) ‘‘.136’ N ‘.12.
$28 • i12.9~~~~_ _ 4  _ i _ !’’J? ’ ’~~ 

LA ! •~~s$~~.’ - N — ‘.12.
*29 — 113.000 2 ‘ FAU •~~,jP($4.4)
130 — 114.000 8 CALL I6 (LLGENIaIIFILE.OCTIs.FALSI,4I4BUF )
131 • 115.000 CALL 16 (LLGEN ,IIFILE.F, .FALSE.,L).BWFI  
32 — 116.000 S.CMPLX (OCT1aO.0).Z8UM
$ 3  ~ 117.000 k.CMPLX (r.o.o).z8UM
134 — I18.000 _ _ _ _ _1! ~LLD _ W~~ITE) 6~~~9~~1 ~~~S _~~~~~_ - ~~~~~ _
$35 — j j 9 . Q~~ 399 FO R M A T ) ’  ‘,‘~~cU~ .‘.1P2E14.7.’ SCUM ‘‘.2(14.7)
134 — 120.000 6 IXJDNL LXDINXILXJI )+LXJI4(NXJ LXJII
237 • 121.000 IA IDNL LAD INX )LAII )+LAII .(NA I LAI1 ).
138 — 122.000 INDEX.0
139 • 123.000 DC 17 MLJSET.1, NSETS
140 • 124.000 !D!SP— UiUIET.1).LXOINX (LXMAX1,1
141 — 125.000 IXJDU.IXJONL,IDI$P
142 • 126.000 IAIDU.IA1ONL,INUSET—3)4LADINXILANAXI,1 )
143 — 127.000 NAXIJLN NAXSET(MUSET )
144 — 123.000 DC 16 Mje l ,M) l*X1

— 129.000 M.Ml•1
146 • 130.000 MIJINX .IND (X
147 — 133.000 ZKCRM.)0.0,0.0)
148 • 132.000 DC 607 MUSI,NAXULM
149 — 133.000 RLJBX RUB (MUINX+1)
350 — 134.000 RUBy.RUB(MU !Nx+2 )
151 — 131.000 RtjeZaRUB)MUINX+3)
152 — 136.000 M(01P4X .MUINX+3
153 • 137.000 IF I .P40T. LLGENI) GO TO 603
154 — 138.000 IF )MUSET.LE.NSETSC) GO TO 601
155 — 139.000 ZCRM— 0.0,0.0P
156 • 140.000 GO TO 603
151 — 141.000 601 ZCRM .ZCROYM( M,RUBX.RUOV,RUSZ,.JX,L*J.CX,MBLCHX, IA.L3I,C&.MBI.~ WA )
15$ — 142.000 603 CALL I5 (LLOENX,IIFILE,REZCRM,.FAL$i.,LLBUF )

CALL IO1LI. GENI,IXFILE. IMZCRM,.FALJE.,LLBUF )
160 — 144.000 IF (MUSET.GT.NSETIC) GO TO 607
161 • 145.000 ZK CRM .ZKCRM+CEXP ICMPLX t0.0,0.0.TWSPZ.LJP4IT. IX KX~~RUB84XK~’4RUWW
162 — 146.000 1 •XKZ4RUB~~j~))tjCR3
163 — 141.000 607 CONTINUE
164 • 148.000 IF (LLDTAL ) WRXTE(6s 9001 MusET,.J)c.~~x.),IA,Lal,M,zxcRMeN6xuLp
i~~~~~~~~149.00~~~~~9oo F~~R M A T ( / ’ O ’ ,’NtJSET ‘‘.12,’ OX “.12.’ LX .) —‘ .12. ’ 16
166 — 150.000 1 ‘ LAX ‘“12.’ N •‘,I3~ ZKCRM •‘,IP$(14,4,
167 — 151.000 2 NAXULM ‘‘.13)
143 • 152.000 IF (.NOT.LLG (N1) 06 TO ii
169 — 153.000 SUS(TN 0.0

~~~~~~~~~~ 154.000 H9SETMSO .0 -
171 — 155.000 IF (CABS(ZKCRPI .G(.EP$LON GO TO 408
1/2 • 156.000 ZKCRM (0.0.0.0)
1/3 — 158.000 608 !XJDM .XX.JOU+M1
174 — 159.000 IA !DN XAZDU+$Z
175 — 160.000 CCCCC ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~__!_~_ _1e1~~9Q0_~~~~ IX PM~~IA$,PTS .tIXJ0M 1)41
177 — 262.000 READ DISK IXAF LE .IXJ DN,ALPHA
378 — 163.000 IX O D M . ( I X .J0 P l • $ )/ IA L P T I . 1
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179 — 164.000 C CCCC ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
180 — 165 .300 CCCCC ~~
181 — 166.000 C R E A D ( IX A F L E ’ I X J D P I ) A LP~)A
1X2 — - 141._ QQQ cc cC i 44’ !4 •4_44~~4 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -
183 — 168.000 SUSETM •OVRLAP (LX ..j,M,AL P)4A ,MXPTS ,M*FAN,NX PA N,LA1,M,RANLAiNXA 8,
184 — 149.000 1 RAMESH , IA PTS)
185 • 170.000 IF I L L DT A L ) W R I T E ) 6 , 9 O 1 )  NX J ,LXJ,M.8A I .LA I ,P1,$ US ETPI
186 — 171.000 901 F O R M A T ( ’ O ’ .’NX ,J ‘‘ ‘I?, ’ LX.) — ‘‘12.’ N ‘‘ .2 2. ’ ~ A I ~~‘~~j Ip187 — 172.000 1 ‘ LA! •‘.! 2s ’ N — ‘‘Ili) 0 •‘.1PE14~ 4/I
i88 ~ i3~ 3Q~~~~ _ _ ~~_iLiA!OYR_LA P(j~~J, N1 AL~~ A, MX PT 3, MXPA N.NXPA N Ajj pR4~~~,j~~~~~~ — - -
189 — 178.000 RAMEIH,IAPTS )
190 • 175.000 IF (LLPTAL ) WRIT ((6,90012) NX.),LKJ.L),NAIILAZ.MIELIS
191 — 176.000 90012 FORMAT )’ ~,fNXJ ‘.I2, ’ LX.) ‘aIla ’ N “.12.’ hA l  • ‘s~~3a192 • 177.000 1 ‘ LA I ‘p 2 2.’ N ‘sXl.l RIA ‘~~$PE14~~~)
193 — 178.000 HTEMP.0 .5eEL1A

~~~~ ~_ i  __
~~~~~~_7~~ 3LA ic~~ 1LL4MA~L• •~~~~ ~~~~~~~~~~~~~~~~~ • •~~~~~~~~~~~~~~~~~~~~ •~~

195 • 180.000 LOCCAK .L6CAFN)LAX1 )
196 — 181.000 IF ( LC C CA K . E Q , 0 )  GO TO 7003
197 — 182.000 LAK .LAKI—1
198 — 183.000 NAKMAX— LOCCAK$ LAK
199 — 184.000 MAKTOT•2*LAK,1

~1QQ - 185,0~~0~~~~~~~~~~ O 1~ 0LNAK.LkM.ItAKNAX • - - • • - •~~~~~~
201 — 186.000 !NXAK IAPTS 4(LA RINX(LA K1)GNA K—LA K I4
202 • 137.000 DC 7002 NMAKU1,MAK TOT
203 — 188.000 MAK —MM A K• LAK1
204 — 189.000 HYVC HYBAAA (I.X.),M,AL PHA,NXPAN ,LAI,M.RANL,INXAI,
205 — 190.000 1 LAK,MAK ,RANL ,INXAK,LA K,MAK,RANL , INXA ~~,

- 1~~~~o~~o j — _~~~~_ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ _____

207 • 192.000 IF )LLDTAL ) WRITE(6.90014) NXJ,LX,JaM,NA1,LAI,M,NAK .I~AKet )AK,WYVC
2u8 — 193.000 9001~ FORMAT )’ ‘s ’NXJ ‘,I2~~’ LX.) ~~~~~ 

N ‘‘.12,
209 — 194.000 1 ‘ MA t  — ‘ .12, ’ LAI .!. !2’’ N —‘ .22,
210 — 195.000 2 ‘ NAK •‘,12,’ LAK ‘1a12’ ’ MA K ’.12,
211 — 19b.000 3 ‘ HYVC — ‘,LPEI4.6
212 — 

- 197.000 • - - NYYE kYSAAA )LX J, M 1AL PHA ,NXPAN ,LAKa#4K,RANL ,1NXAKS ~~~_ -

213 — 198.000 1 LAK .MAKIRANL ,INXAK,LA I,M .RANL.INXA I,
214 — 199.000 2 RAMES H ,IAPTS,MXPTS,MXPAPd .IFALSE.)
215 — 200.000 IF (LLDTAL ) WRITE(6,90015) NXJ,L~~,j.(l,NAK .LAK.P1AK,N63.L43,N.WYVE
216 — 201.000 90015 FORMAT )’ ‘i ’NXJ ‘‘.12.’ LX.) - ‘,~~3~~f N — ‘ .22.
217 — 202.000 1 ‘ MAX “.22.’ LAX •l.12.’ MAX ’.12.

•~~~~~-- ~~~~~~~~ ‘ - • ~~~ •‘ ,*2i~~_ L AI ,l.12’’ M .’ .j2~ - -
219 — 204.000 3 ‘ MYVE •‘,1PEI4.6
220 — 205.000 NTEMP.HTEMP,2,0.MYVC.FRAILA)cI,NAx.Ls,c )
221 — 205.500 HTEMP MTENP—R .0.HYVEoFRASP (LAK 1, PIAK.LAK )
222 — 206.000 700? CONTINUE
223 — 207.000 7003 CONTINUE

~~~~~ 208.QOQ ~~USE TN HV3 ~IM±iiT1N ! -
225 — 209.000 IF (LLDTAL ) WRIT~~~6,9001 6)
226 — 210.000 900*6 FORMAT (’0’)
227 — 211.000 8 IF )LLANOC .OR.LLXNCC ) GO TO 9
228 — 212.000 C—COOL (LX.l,M,ALPMA,NXP AN ,LXJ,M,ALPH*,NXPAN a
229 — 213.000 1 LAI.M,RANL,INKAI .LAI,N, RAML,INX4I,
230 — ~ $4 . Q 0Q - RAMESM,zAPTs,M1eI MXPAN,N~ PT3,~JPA~~~.r~~~3L.I_
231 — 215.000 IF (LLOTAL ) WRITE(6,904) P4X4,LXJ,WsP4A1,LA1,M,C
232 — 216.000 904 FO RMAT )’ ‘.‘N* O “.12, ’ LX.) — ‘,Il~~! N —‘ .12,’ MA X 2’aLI~233 — 217.000 1 ‘ LA I —‘ a!?. ’ N — ‘‘Xl.? C •‘,lPEj4a4/)
234 — 218.000 HUS(TM HUlgTM.2.0øC.8L)$(TP14SQRT(~~~X$p(~~XJ1,NX,J LK44pFR$$p (
235 — 218.005 ILA I1,NAI .LAI))

~36 219.000 9 CONTINUE -

237 — 220.000 IF (LLSAME .ANO.IX,J0M .EQ.IA IOM) Ge TO 3009
238 • 221.000 CCCCC •*#* ~~
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239 — 222.000 I A I 0 M — I A L P T S . IA I D M— * ) . i
240 — 223 .000 READ DISK IAXFLE, IAIDM ,A L PHA
241 — 224.000 IA IDM )IAIDM•11/IAL PTS+ 1

~~~~~~~~~~~~~~~~~~~~~~ 44 44 4+ 44 44 .. •44444 444444 •4 . 4 4 S . . . 4 S*
243 — 226.000 CCCCC 4+44
244 — 227.000 C RE A O ( I A X F L E ’  161D M) A L PHA
245 — 228.000 CCCcC ~. +. .. ~~.ea+... ...o...,4....* ..44..4..+. . .+,. .e.4444.444o.+.4.
246 — 229.000 EL1X OV RLA P(LA 1 ,M ,ALPHA ,MX PTS,MXP*NaNXPAN ,LXJ,N,DR 8hL,4~~XX~~,
24 7 —  230.000 1 RXME SH,IXPTS).)~~j.0 ..(LAI,LXJ )
24$ — 231.000 

- 
IF )LLDT AL ( WRITE)6 ,90043) NXJ,LX~~~N ,NA1 aLA I,M,ELt~

249 — 232.000 90043 FORMAT )’ ‘,‘NXJ ‘sI2 a ’ LXJ - ‘.12.’ N “.12. ’ hA L 4’i4~~
250 — 233.000 1 ‘ LA! —‘ .12, ’ N — ‘a !?.’ EL1X ‘,1PE I4.ø)

- - 
251 — 234.000 HTEMP— 0.5.EL1X
252 — 235.000 00 9008 LXK I.1,LXPIAX I
253 — 236.000 LOCCXX.LOCXFN)LXX 1 )
254 • 237.000 

- 
IF ( Loc ç x K . E Q , o )  GO 70 9008

255 — 238.000 LXK LXK1 I

- 
256 — 239.000 NX )~pIAX LOCCXK4I.XK
257 — 240.000 M X K T 0 T . 2 4 L X K . 1
258 — 241.000 00 9007 NXK .LXK1,MXKMAX
259 — 242.000 INXX K—I X PTS4t LX R INX (LX K 1) ,NX K— LXK II
260 — 243.000 DO 9007 MMXX. 1,MXKT OY —
261 — 244.000 MXK,MMXK .L XKL 

- 

242 • 245.000 H’rVC HY8AAA)LAI,M ,AL PHA ,NXPAN ,LX .J,N .RXNL,INXX~J,
263 • 246.000 1 LXK,MXK,RXNL,INXXK, I.XX,MXK.RXNL,INXX~.264 — 247.000 2 RXMESN,1XPTS,p1XPTS,MXP6N,.FALSE .).(.*.0)44)L4l+LX .)~
265 — 248.000 IF (LLDTAL ) WRITE(6,90046) NX .J,LX.JaN,NAI,LAI,M,NXKaI.XKa8XK IMYVC
266 • 249.000 90046 FORMAT )’ ‘,‘NXJ ‘‘‘I?, ’ LX.) •au~~ N — ‘ .12.
267 ~~~~0.0O0 1 ‘ NAI ‘‘‘12, ’ LA ! .1.22,’ N •‘a12.
268 • 251.000 2 ‘ NXK ‘‘‘12. ’ LXX .1.22’’ PIXX.’.I2.
26 9 252.000 3 ‘ HY VC •‘2PEI4.6)
270 — 253.000 .1yvE— HY SAAA ( LA I,M , ALP HA,NX PAN, LXK .NXK ,RXNL ,INXXK ,
271 • 254.000 1 LXK,MXK,RXNL, INXXK,LXJ,M .RXNL , INXX .J,
272 — 255.000 3 

- 
RXME sH,IXPTs,MXPTs,MXPAN4,FALSE.).(—j .O)4p(LAI+L3.J)

273 — 256.000 IF ,LL DTAL ) WRITE)6a90049) NXJ,Li,J.~~,NXK,LXK.MXK,Na1,L4I,M.WYVE
274 — 257.000 90049 F O R M A T ) ’  ‘,‘NXJ ‘‘.12, ’ LX.) ‘‘.12.’ N ‘s12,
27$ — 258.000 1 ‘ NXK “.12,’ LXX .1.12’’ MXK ’.12a
276 — 259.000 2 ‘ MA ! •‘aI2, ’ LA! .1.12’’ N •‘aI 2e
277 — 240.0Ô0 ‘ HYVE — ‘lPElI .o
278 — 261.000 HTEMP HTEMP,?.04HYVC .FRX (LXK1,NXK.L~ K)
7U 261.500 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

280 • 262.000 9007 CONTINUE
281 • 263.000 9008 CONTINUE
282 — 264.000 9009 HUSETM MUSEIM,HTEMP
283 — 245.000 IF )LLD’AL ) WRITE)6, 90016)
284 a66.)0O jI CALL I O) L L3 E N I , I 1 F I L E ,S U S ET M , . FA ~~$E~~,LLBUF )
235 ’ 267.000 CALL IC(LLGEMI, I IF ILE , ’4USETM,.FA L$E.,LLBUF )
286 — 268.000 IF )MUSET .GT,NSETSC ) 00 TO 16
287 — 269.000 S~~S+ C M P LX ) S U 6 ET M , 0 . 0 ) . Z K C R M
238 — 270.000 H..H+CMPLX)NUSETM,0 .0).ZKCRM
289 — 271.000 IF (LLDTAL ~ W R ITE( 6,899, H,S
290 • 272.000 16 CONTINUE
291 — 273.000 j7 INDEX .INOEX ,3.NAXULM
292 — 274.000 RETuRN
293 — 215.000 END
294 • 275.005 SUBROUTINE FK(’~,PSI,K,IN XL ,INXN, 1hXN,AN S )
295 ’ 275 .010 DIME NSION R (14j),PSI)I)
296 — 2?5.0t5 COMMO N /9XRAP/S)261) ,SN (163)
297 — 275.020 CCCCC C~~MPUTES ~X RADIA L INTEGRALS
298 — 275.025 ANS— 0.0



299 — 275.030 D~ 1 1 1.1 61
JUO — 2 7 5 .0 3 5  S ( 1) • 0 .0
301 — 275.040 1 SN)I)•0.0

— 27~~.04 5  flO :3 i—3.161a~
303 • 275.050 INXL I— IN X L + I
304  • 27 5 . 0 5 5  3 S N ( I ) • S N t I 2 ) + U R ( I ) R ( 1 1) ) / 3 ) 4 ( P S Z ( L N X L I ) 4 4 2 /
.305 — 2 7 5 . O 6 U  1 P ( 1 ) 4 # ( K 1 ) + 9 . 4 P S I ) I N X L I I ) + +2 / R )X . 1 ) .+ ( K 1)
306 — 275.065 2.p $I(INXL.I—2).+2/R)I—2)+.(K 1))
3 0 7  — 275~~070 * 1 — 3 . 1 61,2  

INXLI—1 N~~L+I
309 — 275.080 4 5 (I).S(1 2 )+ U R t I ) R( 1 1))/3.)+CPSL(1NXLI)4+2+
310 — 275.085 1P)I?*#)X+2 )+4.*PSItJNXLI 1)4+24R (1.1)*+(K+2)
311 — 275.090 2+PSHINXLI—2 )4+24R (I—2)4+)K+2))
3 12 — 275 .395  oo 5 1—1,161,2
313 — 275.100 INXMI INXM+ I
31* — 275.105 _LNXM~~INX~N+I - _ - -

315 — 275.110 5 Su)SPSI (INXMI).PSI (INXNI)4(S (I)/RU )44(K 1)

3 16 275.115 1 + R ( I ) + * ( X + 2 ) + ( S N ( 1 6 1 ) S N ) I H)
317 — 2 7 5 . 12 0  2 .0 . 5 + I S U ) + S) 3 ) )
318 — 275 .1 25  S ) 1 6 0) 0.5~~( S ( 15 9 ) + S t 1 6 1 ) )
319 — 275.130 CALL INTP)S,R)
32.) — 275.135 D~ 6 1 1’159,2 -

321 — 275.140 6 AN S—4N S+l )R) j.j)—R(I;)/3.)+(S~~1 )*4.4StI+1)+St1+2))
322 — 27 5. 145  ANS—2 .O 4ANS
.323 — 275.150 RETURN
324 — 275 .155  E~~D
325 ’ 275.160 SUBROUTINE GK)H,PSI,K,INXL ,INXM,IWXt3,ANS )
326 — 275.165 

— _ OP1ENS16~ R (~~~1 )jPSI(t)
.327 — 2 7 5 . 170  CO MMON / S K R A P/ S ’ 1 6 1) , S N ( 1 6 1)
328 — 275.175 CCCc C CPMPUTES OK R A D I A L  I N T E G R A LS
329 — 275.180 ANS—0.0
333 — ~ 75.1~~5 00 1 I—1~~161
431 — 275.190 S I — 0 . 0
332 —

- 275.195 1 ~~~~~).0.0
• 2 7 5.2 0 0  fl~ 3 1 3a 16 1 ,2

334 • 2 5.205 INX LI— INXL + 1
335 — 275 .210  IN XM I • IN XM+ I
336 ’  275.215 3 SN (I).SN (I~~2)+ (tR(I).R (I 1))/3.),(P~~2t 1N X L 1 )4PS1 (IN~~M I)/
337 — 275.220 1P(I )4 m (K 1 ) + P SI t IN X L I 1)44.4PSI(1MXMI.1)/R(I’1)+~~~KP1 )
338 — 2 75 .2 2 5  - _ 2+PSI (INXL2— 2) .PSI (INXMI’2)/R)1 2).4(K 1))

• 339 — 27s.230 DC 4 1—3.161.2
340’ 275.235 INXLI INXL+ I
341 — 2 75 .~~* 0 INXMI .INX M+ I
3*2 — 275.245 4 St  T ) . S ( I 2 ) + H R t I ) • R C I 1 ))/3.)+tpS$(INXLI)4PSI (INXNII+

3*3 — 275.250 1R(I)4+(X+2 )+4.+PSI(INXL I— i)+PSI (IhXN I 1)4R (I 1)44(
~~t2)

344  _275 .25 5  2 + P S I ( I N X I.4 2 ) 4 P S I ( I NX M I 2 ) 4 R ( 1 2 1 . 4 ( K+ 2 ) )
— 275.260 ~ 1—1,161,2

346 — 275.265 INXLI .INXL+I
347 275.270 T,~XNI INXN +I
348 — 275.275 5 SU ).PSI (INXNI )+PSItINXL1)4)SCI)/RU ).#(K 1)
349 ’ 275.280 1 + P I +s ( K + 2 ) +t SN (!61 )— SN ( I ) ) )
350 ’ 275•2~~5 S)2)’0.5~~(S(1) +S (~~))
351 ’ 275.290 S(160) 0.54(S)159J+S (161))
352 — 275.295 CALL INT PtS ,R )
-~53 — 275.300 DC 6 1—1.159,2
35~~~— 275.305 6 6NS.AMS— ~~tR )I# 1 ) R ~~I ))/3.)4(St1),4,#S (I+1)+S (I+2))
355 — 275 .310  A N S — 2 . 0 + A N S
.35 6 — 275.31S - RET URN
357 — 275.320 END
.358 — 275.325 SUBROUTIN E INTP Sa R
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359 — 275.330 DIMENSION S (161),Rt161 )
360 — 275.335 DC 1 1-4,158.2
3ô1 — 275.340 4 (R(j )R (  I 1 )  )4-) R II ).R( 1+1) ).(R(I~~~R ( 1+3))
362 — 275 .34 5  8 — ( R ( I ) — R ( I — 3 M 4 ( R ( 1 ) — R ( I + i ) ) + ( R ( 1 4 . R ( 1 + 3 1 1
363 — 275.  350 ~

. ~p ~~ ~—R ( 1— 3 1 ). (R (j ) — R (  I — i )  )+ (P ~ 4~~R( 1 + 3)
• 364 — 275.355 D . ( R ( I ) — R ( I 3 M . ( R ( I ) R ( I 1 ) ) 4 ( R ( 1 ~~.R ( I + 1 t )

365 — 275.360 E. RtI—3 ).R( 1))o(R (I 3)—R (I+1)).~~R (1 3) R (I+3))
36 6—  275.365 F.(R (1 1)R (I’3))4(P(I 1) R (I+1)).(R(I 1).RtI+3 )i
367’ 275.370 Ga (R (I+ 1)R (I .3 ))4 (R(!+1)R(I1))61R( I+l ) R (I + f l 1
368 — 275.375 H.(RU+3 ) Rt I3 )).(R (1+3 )— R (I 1))4(N(1+3) R(I+1))
369 — 275.380 1S (I)—S (I—3)46/E+S (I—t )#B/F+S (I+1).C/G.S (I+3 )40/H
370 — 275.385 • RETURN
371 — 275.390 END

• 372 — 276.000 SUBROUTINE IO(LLGENI,I1FILE,DATUM,LL~~N0,LLBUFJ
373 — 277.000 DIMENSION BUFF ) 512)
374 — 278.000 LOGICAL LLGENI,LLEND,LLBUF
375 — 279.000 DATA INX~~1/,~~NXL IM/ 512/

-~ 376 — 280.000 IF (LLGEN I ) GO TO 5
377 — 281.000 IF (.NaT.LLENQ ) GO TO 1
378 — 282.000 

- 
REwIND IIFILE

379 — 283.000 INX— 1
380 — 284.000 RETURN
381 • 285.000 1 IF IINX .NE. 1) GO TO 3
382 — 286.000 2 CALL R W ( 13 , I IF IL E,B UF F , IN XL IM , . FA LS L . ,L LB UF)
383 — 287.000 INX .1
384 — 288.000 GO TO 4
385 • 289 .000  3 IF C INX .GT .INXL IM ) GO TO 2
386 • 290.000 4 D A T U M — B U F F ( I N X )
387 — 291.000 INX— I M X + 1

• 368 — 292.000 RETURN
389 — 293.000 5 IF .NOT.LLEND ) GO TO 8
390 — 294.000 IF IINX .GT .INXL IM ) GO TO 7
391 — 295.000 DO 6 I’INX ,INXLIM
392 — 296.000 6 BUFFII)—0.0
393 — 297.000 7 CALL RW (14,I1FILE,BUFFsINXL IM, ,TRU~~,aLLBUF )
394 — 298.000 REW4ND IXFILE
395 — 299.000 INX .i
396 — 300.000 RETURN
397 —

- 
301.000 8 IF (INX .LE .INXL IPI ) GO TO 9

398 302.000 CALL RW (15,1IFILE ,BUFF,INXLIM,.T~~tJ~~.,LL8UF )
399 — 303.000 INX—1
400 — 304.000 9 BUFF(INX ).DATUM
401 — 305.000 INX—IN X+ 1
402 — 306.000 RETURN

• 307.000 END
404 — 308.000 C ! A S S I G N  p l : B 6 , ( F I L E , M I NT G D) , ( SA v E )
405 — 309.000 C~~FORTRAN LS,BO,ADP
406 • 310.000 FUNCTION EL 1CT1(RNLI,INXL ,V ,RNL2 s NX2,NMESN, IPTS,Ll.V l
407 — 311.000 DIMENSION RNL1 (1),V(1),RNL2( j),RM~~SN(t)
408 • 312.000 LOGICAL LLV

*09 — 313.~Q0Q ELLCTI•0’0
4 10  — 3 14 . 0 00  

- - 3~ K~~3sIPTS~~2
411 — 315.000 INX1)(— INX1+K
412 — 3 16 .000  I NX 2 K . I NX 2 + K
413 — 317.000 IF X.NE .3) 60 TO 1
414 — 318.000 R1—RMES )4(1)
4jS — 319.000 F1.PNL1(1NX1,~~).RNL2l1NX2 +1)4R14R1
416 320.000 

- 1F .JL L V )  F1 — F~~* V ( ~~
)

417 — 321.000 GO 10 2
418 • 322.000 1 ~ 1-~~3 

~~~~~~~~~~~~~



_ _ _ _ _  - - - •~~---- - • • ~~~----~~~=—
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‘19 — 323.:)QJ Fj.F3
— 3 2 * . O L O  ~ F2— P N L 1 t I ~.X1 1 )4RNLZ(INX2K 1)4RME S~~(K 1)442

421 — 325.000
• 326.Q0Q~ - F3.R NLL(IN)UKI!RNL2 (INX2K)4R3,R ~ - - -

4~~3 — 327.000 I~ 
(.N9T.~~~V ) 06 76 3

— 328.00.) F2—F2*’ (~~~11
425 — 329.000 F3—F 3 .V (~~ )

— 330.000 3 EL 1CT1 ELLCT I+( R 3 R11/6.04)F1+4.04F2,F3)
‘27 — 331.000 ~E T ~~~N
4~~8 — 332.000 E~.0

— 333.000 FUNCTI ON OVRLAP (LXJ ,MXJ ,AL PI .4A,MXPYS.MX PAN ,NXPAN .
430 • 33*.000 I LA I,MA1,R NL ,INX I,I~1E$N,IPTS)

— 3 3 5 . 0 ~j~) 0IM ENSI ON AL PMA )MXPTS ,MXPAN ),RNL (j&.RME SH(1t
43? — 3 3 6 . Q Q Q  X N O R M 2 t L , M I . F L O A T t 2 4 L , 1 ) 4 F A C T ( L L 4 8 S ( M ) ) / ( 2 .V 4 FA C T ( L + I * ~~S ( P l ) I
4.33 — 337.000 OV PLA P O.0
43* — 33~~•QQQ LXJI LX .J.1 - - - • • - - - • • -~~~~~
4-35 — 339.000 LA I I LA I.1
436 — 3*0.00.) IF (MXJ .NE.MA1) NETURN
437 — 341.000 IF ,Nx PA ~~.GE,L A I 1 p  GO TO 1

~48 — 3*2.000 w~~ITE t6,900) LA I1 , NXPAN
4 3 9  — 343.000 900 F~~RMAT t ’ ‘,‘I N SUFFIC IEN T ALPHA FUMCTIONS TO DETERNIhE OVERLap ’

— 34~~.OQ0 1 ‘ LAI 1 —‘ .13.’ NXPA~ — ‘.13)
441 — 3 4 5 .  ~ 00 CALL EXIT

— 3*6.000 1 D~ 4 K 3,IPTSa2
443 34/.000 INX IK INX I+K

— 34$.QQQ F (K.3E..3I ~6 10 2
445 — 349.000 R1 ,~.~-lES H( 1 )
446 .35-).)Qi F1—4 LP -~A )1 ,LAI1)4RNL )INX I41) .R1.4Z •
447 — 3 5 1 . 0 0 0  00 T~~ 3
‘448 — 352.000 2 R1~~~3

— 3 5 3 . 00 0
450 — 354.000 3 c2 AL P -~A l c — 1,LAI 1) .RNL (INXIK—1 )#RME SMIK—1 )442

— 355 .~J~~Q ~ 3 PME9 H (*
452 — ~5e.000 c3~~6L PNA)X, L AI1 )4RNL)INX IK) .R3 .42
453 35/.)(~~ 4 ~V P L A P • ~~V N L A P + I R 3 R 1) / 6 . 0 . ( F 1 + 4 .O o E 2 + F 3 )
‘04  — 35~~.D00 ~~~~ A~~~S T (XNOPM2 (LX .)sMX 0 )/XNCRN 2)LA 1,MAI))4OVRLA~
405 — 359.000 ~FT~ RN
456 — 36.e.000 FND
457 • 361.000 FuNCT IO N ZCPOTM M,PUBX ,RUBY1RUBZ,JX4LXJ,CX ,MXBLNX ,

— 36 2 .0 0 0  1 ! A a L E I I C A , MX B L N A )
459 363.000 C~~MPLEX ZCP~~T~~,CX) MX B L NX ,1 ),CA (M X8LNA ,1),ZCCX .),ZCAj
460 — 364.000 DATA EPSLON/L ,OE OS/
461 —  360.000 7CROT~~~(0.0 0.0t
462 — 3 6 6 .  )

~~
) LAJI LX J+1

46.3 — 361.000 LAI 1— L 4 I .1
464 — 368.000 M X T C T . 2 4 LX ,J+1
46 5 — 3 6 9 . ) C O  ~ A T ~~T — 2 . L A I + 1
466 — 3 7 0 .0 0 0  IF ( P U B X . N E . 0 , 0 . O R . R U BY . N E . 0 . 0 )  00 10 2
467 — 3 7 1 .0 0 0  A L P H A . 0 . 0
468 372 .0 00  Ct ~E T A 1.0
4 69 • ~7 3.QQ0 F ( P ~ ~Z . E Q . 0 . 0 )  0~ 76 3
4/ 0 — 37+.0c0 CBETA .S IGNt1.O ,RUBZ)
4 7 1  • 375.000 ro’ T O  3
4 / 2  — ~76.000 2 ~L°~~A A T A N 2 t N U b Y , R U t~X )
4/3 — 3 7 1 . 00 0  C P E T A PUBZ/S ~~R T) R UBX . . 2+ RU BY . .2 + I UB~~..

2 )
4 /4  — 3 7 )4 . 0 0 0  3 00 5 0_ 1 , M X T O T
4.’S — 37~~.000
4 / b  — 380. 00 !N~~~~.J.24IAb~~t M X .J~ —

“ 1 / — 381.300 ~ ~~~~~~~~~~ IN%M ~~J.I N x MxJ41

‘‘8 — 3~~~.00Q

___ — -  • •~~~~ . -  ~~~~~~~~~~~~~~~~~~



479 — 383.000 IF CABSIZCCX ,J).EQ.0.0) GO TO 5
480 — 384.000 ROTXJ .ROTCOE(N,LX .j,MX,J,CBETA )
481 — 385.000 R0TXJM•0,0
48 2 — 3 8 6 . 0 0 0  (M.NE.O ) - ROT X 3P4—R OTC0E (0—M,LXO,M*.J,CBETA )
483 • 387.000 IF (ABS(ROTX ~J ).LT.EPBL 0N.AND .ABS)IOT X,JM).LT.EPSL0N ) GO T O O
484 — 388.000 DC 4 I 1,MA TOT
485 — 389.000 MA I—I— LA I1
486 — 390.000 INXM A I—2 4 IAB S)MA II

• 487 — 391.000 IF (MAI .LE .0) INXMA I .INXMA I+1
468 ’ 392.000 ZcAI .CAfl~.I MXIlA 1)
689 —

- 
393.000 IF (CA8S (~~CAi ).EQ.0.0I GO TO 4

490 —  394.000 POTAI .ROTCOE (P1,LAI ,MAI ,CBEIA
491 — 395.000 ROTAIM-0 .0
492 — 396.000 IF (M.NE.0) ROTAIM .ROTCOE(0—M,LAZ,8AI,CBETA )

• 493 — 397.000 IF (ABS (ROTAI).LT,EP8L6N.AND .ABS IROTAIM ).LT .EPSL0N I GO TO ~
494 — 398.000 RR—ROTXJ 4ROTA I
495 — 399.000 IF M .ME .0) RR— RR+ROTX JM ,ROTAIM
496 — 400.000 ZCROTM ZCROTM+ZCCXJ ZCAI.CMPLX (RReO.0)
*97 — 401 .000 1 .CEXP )CMPLX (O .0,FLOAT(MAI .MXJ).ALPHA))
498 — 402 .000 4 CONTINUE
499 — 4Oi.000 5 CONTINUE
500 — 404.000, RETURN
501 — 405.000 END
502 — 406.000 FUNCTION ROTCOE (K,L,M ,T)
503 — 407.000 C ROTATIONAL TRANS FORMATION COEFFICIENTS OF SPHERICAl . HAwMoN~~Gs
504 — 408.000 ROTCOE I.0
505 — 409.000 IF (K .NE.0 .OR.L.NE.0.OR .M.NE.0) SI TO 6

• 506 — 410.000 RETURN
507 — 411.000 6 T T T
508 — 412.000 SIGN I.0
509 — 413.000 IN—N
510 — 414.000 I K K
511 — 4j 5 . ~~Q~ IF ( I N )  12,14 ,15
512 — 416.000 12 IM O— IM

— 
- 
417.000 IK O— IK

514 — 418.000 RCTCOE ROTCOE .) 1.0). IIM — I K )
515 — 419.000 IF IIN.GE,I K ) 00 TO 4
516 — 420.000 i3 IKEEP IM
517 — 421.000 IPI.IK
518 — 422.D00 

- -  
IK— IKEE P

519 — 423.000 SIGN O.O OIGN
520 — 424.000 00 TO 4
52 1 — 425 .000 14 IF , IM.GE. IK ) GO TO 4
522 — 426.000 1M 0•IM
523 • 427.000 IW—0— IX
524 — 428.000 - R~~T C 0 E - RO T C O~~4 ) t .0) . ,I IM IK)
525 — 429.000 00 76 4
526 — 430.000 i5 IF (IM.L T SI K ) GO TO 13
527 • 431.000 ‘4 IF T T . G T . ( ’ 1 . 0 )  ) 06 TO 10
528 — 432.000 IF (IN.NE.(O’IK) GO TO 8
529 — 433.000 ROTCOE .R6TCOE. (’t.0).4(L—M )
530 — 434.000 RETURN
531 — 435.000 8 ROTCOE.0.0
532 — 436.000 RETURN

— 437.000 10 IF (TT.LI.1.0) GO TO ii
534 — 438.000 IF IIM .NE .IK ) GO 16 8
535 — 439.000 RETURN
536 — 440.000 11 Fv~I1 .F*cT (L.Lk)
53/  • 44 1.000 FLP)K FACT(L,1K)
538 — 442.000 T11, (1 .0—TT,/(1.0.rTl

L



539 — 443.000 MIN•0 IK
540 444.000 MA* .MINQIL IM IK,L)
541 — 445.000 LIM MAX— MI N .1
~42 — •

543 — 447.000 DC 5 I 1,LIM
• 544 — 447’QtO J .MIN+ I— 1

545 — 447.020 5 SU M SUM,t•1.0)*.IIM,J).FLMIk/(FACT M.J)4F ACT(L IMP$~~~~1t
546 — 447.Q3Q 1 .FLPI~~/ (FACT(L ..J)4F ACT(IK..J1I.TT1..0
547 — 4 4 7 .04 0  RCTCOE ROTC0E.SUM.S IGN..)IM,IK I

— _~~4 7.Q 5 Q• •• I .S~ RT (F*Cfl L.IN 1/ F L P I I . tFA C T  IL—I’l l /F&.ML1’4TU’oIIM.IKJJ
549 — 447.060 2
550 — 447.070 RETURN
551 — 447.080 END
552 — 447.090 FUNCTION EL2cy1(L1,Mi. RNL1,zNx1,I.,.Maa RP4Le,IP4~ a,
553 — 447.100 1 L3,M3.RNL1.INX3,L4.M*,RNL4,INX4,

~~~~~~~~~~~ J~~l l Q_~~~2 - • MESH.. .~~‘s,0LTA1U
555 — 447.120 CCCC C FUNCTION £L2CT I CALC ULA t TWO—ELEcTRON ONE•CENTLM INTISRAl.
556 — 44 7.130 CCCCC GIV EN THE AM5 UI. AO *414 .111 NIIM5ER$ AND THE RADEAL IWNC I~ ONS
557 — 447.140 CC CCC WRITTEN BY 0. .3. MICK~~Sp. SEPTEMBEI £872
558 447.150 DIME NSION RNL~~(1I, RNL2 (1),RNL3 (1),Rf~ .4)1).RNESM ($)
559 — 4 4 7 .~~6Ø COMMON /TWOEL,P3P4(141)a$S(161l
540 — 49 ?.170 ~~~~~ DETA IL IS ~JSfP TO çA~~~~ PR1NY1P4~ OF TERMS OF RIIULTINQ •o~561 — 447.180 LOGICAL DETAIL
562 — 448 .Q0Q IP T SLM•1A1

• 563 — 449.000 EL2CTI.0.0
564 — 450.000 CCCCC POLAR ANSLE CONDITION
565 — 451.000 M.M2— M1
5b6 — IF 1ft~E~~ N1M4~ Q8 T O 97 • • - - •

567 • 453.000 WRITE (6s96 ) Mj,112,M3.M4
568 — 454.000 96 FORMA Y t ’ ‘,‘Ml —‘ .12.’ N2 ‘‘.12,’ P33 ‘‘.12,’ P34 •‘,~~~)
569 — 455.000 RETURN
510 — 456.000 97 L1L2 LI+L2
571 — 457.000 L3L4’L3+L4

- 5 7 2  — 458.000  L111.~~~IA8I(U’L2)573 — 459.000 L3 M L 4— I A BS I L 3 L4 )
574 — 460.000 IWCPK L1LE+L3L4
5 75 — 46 1.000 IF I X W O R K , N E . 2 4 ( X W O R K / 2 ) )  RETURN
5 76 — 462.000 IF ( IPTS . LE .Z PTS L PI ) 

~0 TO 99
577 — 463.000 WRITE (6,91 ) IPTS

• 464. 00 98 vo~~’lATV ‘,~~NUMSLR C~ INTEGRATION ?SZNTS •‘,I4,’ E~~ LE~ 5 LIPJT !,
579 — 465.000 1 ‘ZN FUNCTION SUBPROGRAM EL2CT1’)
580 • 466.000 RETURN
581 — 467.000 99 PI.3.141582653589793
582 — 468.000 00 100 .J.IaIPTS
583 — 469.000 100 P3P430).RNL3)INX34J)SRNL4 (INX4+JI.RP1ESHIJ).12

— •4iQ.o~ Q xtI1Ni xQ(L1ML~a3~1L4).i
585 — 471.000 IM IAB S IM )
586 — 472.000 IF K(IINZ.OE .1M+1) 00 TO 5
587 — 473.000 KMINI•IM+1
588 — 474.OQQ CCCCC IF KM ZN I ~S INFLUENCED sv II~ THEN CORREC T PARU W N

~ PT 54
589 • 475.000 CCCCC CHECKED.

• 59Q — 476.QQQ !KORK—IN!L. 2J.2
591 — 477.000 IF IwORK,NE.24( IWORK/2) KM IN 1— KM~~~1.1
592 — 478.000 5 KMAXI .MINO(L1L2,L3L4),t

• 593 — 479.000 IF (KMINI ,GT.KMAX 1 ) SO TO 21
• 594 — 480 .000 DC 20 K1.K01N1,KPIAX I.2

595 — 481.000 K— K 1—t
- 452.000 CALL. LR12KIP3P4I K,SS,RME~SMS1PTBJQLD~

59/  — 483.000 DC 1402 .I.1,IPTS
595 — *84.000 1402 SS(J) SSIO).RMESPI(J)4.2

102 

-~~-.- •--— --



599 ’ 485.000 C2.VLMINT(K,L3,L4,M,0.M3,M4).l 1.0~ ..M3
600 — 486.000 CCCCC PERFOR M FINA L IN TEGRATI ON FOR THIS TERM
601 — 457.000 FK—Q .0
602 — 488.000 DC 17 J.3,IPTO,2- 
403 — 489.000 IF (J .ME .31 SC TO 15
404 • 490.000 R1—RMES)411)
405 • ‘491.000 FIsRNL1(INX1.j,.RNI.2)1NX2,1)SSS)jI
606 — 492.000 08 TO 16
607 — 493.000 15 R1— R 3
608 — _ 4

~~~~~q9 -— F1— F3 • -
609 — 495.000 16 F2 .RNL1IINX 1+~~— 1I .RNL2 (ZNX2+J.1)o$S(.3.13
610 — 496.000 R3—RMESH) .i l
611 — 497.000 F3.RNL1(INX1..J)SRNL2I!N X2+ ..n4SS(.J )
612 • 498.000 i7 FK.FK+ (R3.R1(/6.O.(F1,4.O.F2+F3)
613 — 499.000 CCCCC DETERMiNE ANGULAR PART CF INTEGRAL FOR THIS TERM
614 — 500.000 C 1.Y LMINT IK ,L 1,L2 ,0— M , 0 M 1,M2) . (.1 .0) .4 ( M+M1 l
615 — 501.000 T E R N— 4 .C 4 P I / F LO A T ( 2 . K 4 1 1 4 C 1 4C 2 . F K
6 16 — 502 .000 IF (DETAIL ) WRITE(6,900) M,M2,M2,114M3,M4,
617 • 503.000 1 K,L1,L2,K.L3,L4.

-

• 

618 — 504.000 2 C1,C2,FK
619 505.000 900 FCRMAT (’0’.’M.(— )’.I2, ’ M1— ( )’’Ua ’ M2— ’,12,
620 — ~~~~~~~ 1 M.’s 12, ’ M 3 — ( — J ’ sZ l . t M 4 ’ ,I2/
621 — 507.000 2 ‘ ‘ .‘ K—’ ,l?, ’ L 1 ’ s !la ’ L2— ’.I2.
E22 — 508.000 3 ‘ K.’,12, ’ 13— ’ , 1t .3  L4.’,12/
623 — 509.000 4 ‘ I , ’ c •‘.IPE 14.6. I C •‘ s E14.4 . l~~’F ~ “ .4 14 . 6 )
624 — 510.000 EL2CTI—ELZCTI .TERM
425 — 511.000 20 CONTINUE
626 — 512.000 21 RETU RN

— 627 — 513.000 END
628 — 514.000 FUNCTION WYBAAA(L0 ,MS,ALPNA,Y4XPAP 4,LAPP,MAP P,RA PP,IM8AP P .

• 629 — 515.000 1 LA ,MA,R4,INXA ,LA P,MA PaRAP,INXAP ,
430 — 516.000 2 RMLSH; Z P T S D M X P T S . N X L Z N , 0 E 1 6 1 0 )
631 • 517.000 CCCCC FUNCTION )4YBAAA CALCULATES HYS H~~D INTEGRAL 51V4p( ~W4 I4~4.M.AR
432 — 

- 
528.000 ccCcc QUANTUM NUM5(RS, THE ALPMA EXPANSION FUNCTIONS FOM CENTER

633 — 519.000 CCCCC 8’ A~~D THE R A D I A L  FUNCT ISMS R A  FOR CENT(5 A.
434 — 520.000 cC~~cc WRIT TEN 89 0. .2. MICKISH. JUNE 1972.
635 — 521.000 DIMENSION AL~~H A ) M X P T S , P4X L I M ) , RA P P ($ 3 ,  

-

436 522 .000 1 R A I t p , R A P ( 1 , , R P , E S $ ( 1 )
• 637 — 523.000 COMMON , T W O E L / P A P A P U e 1 ) , S S ( 1 6 t I

635 — 524.000 CCCCC DETAIL IS USED TO CAUSE PRINTING ØF TERMS OF RESULT ING SUM
639 — 525 .000 LOGICAL DETAIL
440 526.000 X N ( L , N ) • S Q R T ) F L O A T ( 2 0 L , 1 ) . F A C T ( L . L A B S ( M ) ) / ( 2 . O 4 F A C T I I . . .4a 8 8 ( M H ) )
64 1 — 527.000 KLIM S
642  — 528.000 IPTSLM I4I
643 — 529.000 )41066A.0s0
644 — “9’OPO CCCcC - 

POLAR AN GLE CONDITION
445 • 531.000 M .MAPP MB
646 — 532.000 IF (M.EQ.MA MAP) GO TO 97

— 533.000 W.(ITE~~6,96
) MA ,NAP,MB,MAPP

648 • 534.000 96 FORMAT )’ ‘,‘MA ‘‘.12, ’ MA P —‘ .15, ? P38 — ‘.12. ’ MAIP •I ,I~~l
649 — 535.000 RETURN
450 536.000 97 IF (IPTS.LE .IPTSLM ) GO TO 99
451 

-
• 537.000 WRITEI6,9$ ) IPIS

652 — 538.000 95 FORMA T )’ ‘,~~NUMBER CF INT EGRATI ON POINTS ‘‘.14.’ 3.XQUOS LISZT ‘ g
453 — 539.000 1 - ‘ Z ~ FUN C T ION  SUBPROGRAM 5Y5AAA’ I
454 — 540.000 RETURN
655 — 541.000 99 PI 3.181592653589793
656 

- 542.000 QO 100 JS~~,1PTS
657 — 543.000 100 PAPAP (J) .R* (INKA .,JIS 8*P)IN~~4P4J(.I0EOHlJ)..2
658 — 544.000 LAMLA P .I*BS(LA—LA P ) 

- - - ——————



659 — 545.000 LA LA P LA 6LA P
b643 — 546.000 KMIN LAMLAP+1
661 — 547.000 IM—I A B S (M ?

GO • - - • - - - • • •  —

66 3 — 549.000 KM IN—I M + 1
664 — 550.000 CCCCC IF KM IN IS INFLUENCED BY l~ ThEN CORRECT PARITS PIUSI 54

• 665 — 551.000 CCCCC CHECKED.
666 — 552.000 IWORK IM+LALAP

• 667 — 553.000 IF (IWORK .NE,2 .(IWORK/2)) KMIN—KM!N$ 1
boB 5~~4,QQQ~~_ 5 Kt~AX-LkL4P _•~~~~~~~ _ • •~~~ - • • -

669 — 555.000 IF (KMIN .GT .KNAX ) GO TO 21
670 — 556.000 DC 20 K1 .KMJN,KMAX,2
671 — 557.000 K— Kt— 1
672 — 558.000 CALL IR*2K (PAPAPaK,$S, RMESH,IPTS,OIQ )
673 — 559.000 DC 1402 .J’1a&PTS

~~~ 7’~ ¶ 5 ~ Q~ qQQ~ t4a2 S~ 1~ J.SSLLL2RNE.SH1JJ~~~2~~
615 — 561.000 C2.yLMINT (K,LA,LAP,M,0•MA,MAP).3.1~~0)e4MA
676 — 562.000 KLAPP.KPL.APP
6 7 7  — 563.000 IMIN !A 8 S ( K LAPP)+ 1
678 — 564.000 IMB—IA BS (MB)
6/9 — 565.000 IF (IM IN ,GE .IMB+1, GO TO 1405

- - 689 — - 5~~~.QQQ - • IMIN.1 ’l8~~ ~~~~• — •  - - •

681 - 567.000 IWORK .IMBSKLAPP
682 — 568.000 IF (IWORK,NE,2.UWORK/2)) IMIN IMIN4I
683 • 569.000 1405 IMAX—MI NOI KLAPP + 1,NXPA N)
684 — 570.QQQ IF (IMIN ,GT .IMAX I 50 TO 20
685 — 571.000 DO 19 I1 .IMIN,IMAX.2

• 
•~ 8P • s7~~~ooa •~~~~~ i.n~ i ~~~~~~~ — • • •

687 — 573.000 CCCCC PERFO RM FINAL INTEGRATION FOR THIS TERM
688 — 574.000 FK—0 .Q
689 • 575.000 DO 17 J—3e LPlS.2
690 — 576.000 IF (J.NE.3) GO TO 15
691 — 577.000 R 1— R M E S H I J 2 )
bSe — 578.1)00 ftp FHAJ 2t1•ZIoRA PP)INXA PP+ J 41455(J 2)
693 — 579.000 GO TO 16
694 — 580.000 15 R1—P3
695 — 581.000 F 1—F 3
696 — 582.000 16 F2.A~~PHA hJ 1,~~+1)4RAPP (INXAPP+J 1)9SS(J 1I
697 — 583.000 R3.PM ESN(J )
698 ~84 • Q Q Q • • F3—A LPNA (.1.J 1l4 RA ~PPI1NIAPP~~.U’8It,J~
699 — 585.000 i~ FK—FK + ( R 3 R 1)/ 6 .0 . ( Ft 4 4 .04 F 2+ F 3)
700 — 586 .000 CCCCC DETERMINE ANG ULAR PART OF INTEGRAL FOR TH IS TERM
701 — 587.000 C1.YLMINT (K,ZaLAPP ,0.M,0—MB,MAPP).~~.1.0)44(M4MBI
702 — 588.000 TERM *.0.PI/FLOA fl24K+1) C1.C2.FK
703 — 589.000 IF (DETAIL) WR IT~~~6,800( N,MBIMAPP .PSMA ,MAP.
704 — 59Q.QQQ 1 - • - K,1,1.APP..k~LAa LA?,

— 591.000 2 Ct ,C2sFK
7Q6 • 592.000 900 FO R M A T (’ Q ’ ,’Mu ( )’ sI2, ’ M $— ) 1 ’ ,Ita ! ‘lAPP ’.Z2,
/ 0/  — 593.000 1 M— ~~,I2a ’ 1A ’ (— )’.~~l4~ NAP — ’ , Ief
/0 8  — 594.000 2 ‘ ‘~~~‘ K.’,I5,’ I — ’ ’ Z l a t  l.APP S’.12,
/09 — 595. 000 3 ‘ K~~~.Iia ’ L A ’ ,!tet LAP ’.12/
710 — 596.000 4 ‘ ‘~~~‘ C ‘‘.1PE14.6s ’ C •‘.I14.,, I5’F~ •‘ • t & 4 .6 1
71 1 —  591.000 4 4 Y B A A A H Y B A A A . T E R M / ( X N ( I , M B ) )
712 — 595.000 19 CONTINUE
713 — 599.000 20 CONTINUE
714 — 600.000 .IYOAAA HYBAAA *XM(LB,MB )
715 • 601.000 21 RETURN
/1 6 — 602.000 END
717 — 603.000 FUNCTION C8 U L ( L B , M B , A L P HA , NX P A N , LIP.MBP. AL PMAP ,NX P6N P,
/1 8 — 604.000 1 LA ,PIA ,RA ,INXA ,LA P, M&PsRAP ,INXAPe

_ _  
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719 — 605.000 2 RMESM,I PTS, P.
~xPTS ,NXL If1,M~~PTSP, NXPLIM,a~~TA LL )

720 — 6 0 6 . 3 0 0  C C C C C  c u N C T I 0 ~. COUL CALCUL A TES COULOMB INTEGRALS GIV4N 15~ ANVULAR
721 • 607.000  CCC CC G U A N .TUM NUMBEI ~S, THE AL IMA EXP ANSION FUNCTION S FOM CENTER
/22 — 608.000 C C C C C  B. A ND THE R A D I A L  FUNCT IO NS R(A FOR CENT~~5 A a
723 — 609.000 CCC C C 4 R I T T E N  89 0. .3. MI C K I S M , FEIRL(A R~ 1972.
724 — 610 .000  DI~1fl4S I~~N A L P W A ( M X P T S , NXL I M ) , A L P HA P ( MX P T S P , NX P L I M ) .
725 — 611.000 1 RA(1),RAP(fl,RN E SH( j)
726 — 612.000 C’MMON / T W O E L , P A P A P I I 6 1 ( . S S (  1 6 14
727 — 6 13.000 C C C c C  D E T A I L  IS USED T O CAUSE PRINTIN G OF TERMS OF RESULTING lUll
728 — 614.000 LC3ICA L DETA IL .
729 . 615.000 X~~(L, M( •SGRT (RE AL (24L• )4FACT(L .IA 8S(M ))/I2.0#FACTIL+IA SS (SH ))
/30 — 616.000 IP~~SLP 161
731 — 617.000 COUL—0 .0
732 — 618.000 CCCCC POLA R ANULE COND ITION
733 — 619.000 M.MBP MB
734 — 6~~0 .0OO IF (M .E Q ,MA —M AP ) GO TO 97
735 — 621 .000 WPITE(6,98 ) MA ,MA P,MB , PIBP
736 — 622.000 96 FOQ~~AT (’ ‘,‘~~A — ‘12 . ’ MAP .‘,I 2j~ MB ‘‘12. ’ lISP e ’s25 )
737 • 623.000 RETURN
738 — 624 .000  97 IF ) I P T S . L E . I PT S L M ) GO TO 99
739 — 625.000 WRITE (6,98 ) IPTS
740 — 626.000 98 FO RMAT )’ ‘,‘NUMBER OF INTEGRATI ON PO INTS -‘.14, ’ E5CE~ PS L~ SIT ‘ a
74 1  — 627.000 1 ‘IN FUNCTION SUBPR8G3~AM C0 UL’
742 — 628 .000 RETU RN -
743 — 629.QOQ 99 PI J . 14 15 92 6 5 3 5 8 9 7 9 3
744 — 630.000 08 100 J 11IPY S
745 — 631 .000 100 PA PA P 1J) .RA( IN X A ,,J4 .RAP(IN XA P+ J ISRPIE SHIJI 442
746 — 632.000 L~~LA P LA +LA P
747 — 633.000 LA ~IL 4 P— I A B S L A— LA P)
748 — 634.000 I M I ~~B S( ’ I )
749 • 635.000 tI (KMIN .G E .IM + 1} GO TO 5
/5 0  — 636.000
751 • 637.000 CCCCC IF KM IN 15 INFLUENCED BY N, ~W~~N C ON R E CT P A R I T Y  MUbI B$
752 — 838.000 ccccc CHECKED.
753 — 639.000 IWORK IM.LA LA P
754 — 640 .000  IF IWO PK.NE.2 ’ (IWORK /21) KM IN— KM 1N$2
155 — 641.000 5 KMA * LA LA P+ 1
756 — 642.000 IF ( K P I 1 N , G T . K M A X (  GO 10 22
757 — 643.000 CCCCC ~ INCREPENTS 5Y T W O  DUE TO PA R I T Y  CON DIT I O NS
/58 — 644.000 DO 21 K1 .kMIN ,~~~AX ,2
159 — 645.000
/ 60  6 46 . 0 0 0  ~-‘.LL 1 R 1 2 k ! P A P A P , k , S S , R M E S H , I P T S , U s 0 )
761 — 647.000 0 1402 o—~~,IPTS
762 — 648.000 1402 99 (J)—SS (J).RMESN(J)..2
763 — 6 4 9 . 0 0 0  C?•,LM INT )K,L.A ,LA P,M , O M A,MAP ).) t.U)..MA
/64 — 650.000
165 — 85 1.000 ~~ 20 I1.IMIN, N X P A N

766 — 652.000 I—I 1 1
/ 6 7  — 653 .000  IW I+k
168 — 854.000 IP IIIN—IA 8S (I—N),1
769 — 655.000 I’-~~P I*BSl~~RP)
1 / U  • 6 56 . 000  IF ( t P ” I N . G E . I M B P 4 I )  GO T I’ 14 0 5
171 — 651.000 IPM I N IMBP+1

772 — 658.000 I~~’~~.—I MB P*1K
7 / 3  — 651.000 F (L*O R K. N E.2 * IIWO Pk /2)) IPM1~~~IPM2 N,1
77 4 —  663.000 1.~~ IP~~~X — ~~I N 0 1 I K , 1 , NX P A N P )
715 — 68 1.000  C ~~~~~~~~~~~~~~~~~~~ ,‘ 16 20
116 — 6~.2 •000  ~~ 19 IP1 .1~~M IN, ZP~~

4
~~,2

1 7 7  — b~~3 .000 I~~—~~~1 — l
/78 — 664.000 CCCC C PEPFI ’NM F~~~A L ~ ‘I ,~~A 1 1 • ’ ’• ~~~Q T H IS T E R M  

-~~~~~~-_ -_ - -~~~~~~~~~~~~~~~ •- - - •~~~~~~~~- - • - ~~~ •- -- _ • --



7 19 — 665.000 F K - 0 .0
780 — 666.000 08 17 ..J 3,IPTS,?
781 — 667.000 IF )J .NE.3) GO TO 15
7d2 - 6~6~~.QQQ R1.R~lES .L 2L — - —
783 — 669.000 F1•A LPHA (J 2,I+1).AL PHAP (J—2 .IP+1).853J2 )
784  — 670.000 00 10 16
785 — 671.000 15 R1— R3
786 — 672.000
187 — 673.000 16 F —A LPHA CJ—1,I+1).ALPHAP (J—j,IP+fl .SSlJ—1 )
7~ 8 674.QQQ R3-R’1~SH).J l
/89 — 675.000 F3.ALPHAC.J,I+1);ALPHAP (J,IP,1).S8h34
790 • 676 .000  i7 F K .FK+ ( P3 .R 1 ) /6 .0 . 1 F 1 4 4.04 F2 + F3 (
791 — 677.000 CCCCC DETERMINE ANGULAR PART OF INTEGR AL FOR THIS TERN
792 — 678 .000  Ct Y L MI N T) K , I , LP,Q M,0~~’B, MBP I4 ~~ut6 0 ) S 4 ( M 4 M B )
793 — 679 .000  T E R M — 4 . O 4 P I / F L O A T C 2 4 K S 1 ) . C 1 . C 2 4 F ( (

_•794 — 68Q.Q90 • - iF IOITA IL) HPITE~ 6i9Q0I~~~,MB,~~B!,0. 4a~~A!, -— - • • - _ _ - -
/95 — 681.000 1 K, Is IPaKaLAiLA P,
796 — 682.000 2 C1,C2,Flc
797 683.000 900 FCRMAT I ’0 ’ ,’M.).)’,I2, ’ MB—(— )’ ,IS A ’ MBP— ’ sI2,
798 — 684.000 1 ‘ M— ~ .I2~ ‘ MA (— ) ‘,ia& ’ MA P— ’ ,12/
799 — 685.000 2 ‘ ~,‘ K•’s 12s ’ 1.’.!?. ’ IP•’.12s

~ QU 686.000 - • 3 - ‘ ~~~~~~~~~ L A ’ ,I~ &! LA P ’ ,121
801 — 687.000 4 ‘ ‘ . ‘ C •‘sIPEI4.6s ’ C •‘,E14.4,14’FP3 — ‘ . 1 2 4 . 6 )
802 — 688.000 COUL COUL,TERM /1AN (I,MB)4XN (IP,M1P44
803 — 689.000 19 CoNTINUE
804 — 690.000 20 CO~’4TINUE
805 — 691.000 21 CONTINUE
806 — 692.000 COUL-COUL4XNIL5,~~B ).XN1LBP,MBP )
807 — 693.000 22 RETURN
808 — 694.000 (ND
809 — 695.000 FUNCTION VLMINT(L,L1,L2,M,M1,M2)
810 — 696.000 CCCCC FUNCT ION YLM1NT)L,t.t,L2,M,M1.M2~ QETERMIME S TN4 VALWE 5~ THE
811 — 697.000 CCCCC INTEGRAL OVER ALL SOLID ANGLES OF THREE COMPLSX BSWERIC*L
812 — 698.000 CCCCC HARMONICS Y)L,M (,Y(Lt,MI~~IY(L2,M2I. ThE ~ $M~~~4kkS. —
813 — 699.000 CCCCC SUBPROGRAM CLEB WHICH SUP~ L ILS ALL NECEBSIPY
814 • 700.000 CCCCC CLESSC)I GORO0N COEFICZEP4TS~
825 — 701.000 c:CCC WRITTEN BY 0. .2. M ICKISH , FESRuARY . 1972.
816 — 702.000 CCCCC PEFERE 4CE1 A .  MESSIAH , QUANT UM M~~~HANLCSI V OL. II’ PG. ~Q57a
817 — 703.000 C CCCC ,JONN W ILEY, 2966.
818 — 704.000 Y LMINT O.0 • —
S~ 9 — 705.000 CCCCC POLA R ANGLE CONDITION
820 • 708.000 IF (M+M1*M2.~~Q.0) GO TO 2
821 • 707.000 WR ITE )6,1) M ,M1,M2
822 — 708.000 1 FORMAT I ‘ ‘‘‘N  — ‘ .12, ‘ Ml — ‘ .12. I 52 — ‘.12. ‘ IN  F~~NCIa0N
823 — 709.000 1 ‘SUBPROGRAM YLM INT ’)
824 — 720.000 RETURN
825 — 711.000 C C C C C  T R I A N G L E  CONDIT ION
826 • 712.000 2 IF )IABS (Lt—L2).L (.L .AN0.L .LE .L~~.L24 GO TO S
827 — 713.000 3 WRITE(6,4( L,L1,L2
828 — 714.000 4 FORMAT )’ ‘.‘). — ‘ ,l.~ ‘ LI •‘,12 s ’ L~ —‘ .12.’ IN c~ NcTIoN I ,
829 — / 1 5 . 0 00  1 ‘SUBPROGRAM YLM INT ’ )
830 — 716.000 RETURN
831 — /17.000 CCCCC PARITY CONDITION
832 — /15.000 5 IWORK—L +LL+L2
833 — 719.000 IF (IWORK,N (.2.)IWORK/2 ( C 00 TO 3
834 • 720.000 FOURPI.4.0.3.141592653559793
835 721.000 £L 1.FLOAT( Lt)
8.36 — 722.000 LL2 FLCAT(L2 )
837 — 723.000 AL FL OA T )L )
838 — 724.000 AMI.FL0AT )M1(

lOb
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839 — 725.000
840 — 726.000 A~~—~~L O A T I M I
841 — 727.000 C i—C L E B I  A Ll ’ AL2, AL ,AN I,AM2 ,0 .0—AM)
842 — /2 8 .000 C P . C L E S IA L I , & l_ 2 ,A L,0 .0 ,0 .0 ,0 . O)
843 • 729.000 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~844 — / 30 .0 00 1 .I—1.0)..M
845 — 731.000
846 — 732.000
847 — 733.000 F~~ . C T I O N  CLES)AJI, A J2,AJ3, AM 1, AM2,653(

_ !48 / 34 .0 00  R EAL .8 ~ aG 1 10~ ‘6,8, ks D’EsFs 5,Q~ Ta C
849 — 735.000 DIMENSIO N 1 ( 1 2 )
$50 — /38.000 EQUIVALENCE )1)t ),11), 41)2),12 ),4113 (,*3), (1C4),141,(15 (sIb),
851 — 737.000 1 II I 6 4 , I o s )I(7),I1 (SU )8),I8),CI(9),191S(1(&0)aLlO),
852 — 738.000 2 C I C 1 Z ,111 )
853 — 139.00D LOOT CAL LL’~FST
854 — / 4 0 .0 0 0  T~~~ 102
855 — 741.000 DATA LL ’~~S’/~~~ALS(./
856 — 742.000 CLE~~~0’0
857 — 743.000 C F~~P~ THE ~ ACT CR IA L TABLE ON THE FIRST PASS
$58 — 744.000 IF ILL IFST I GO TO 30
559 — 745.000 10 LLNFST .TRUE .
860 — 746.000 04 1 ) 0.00.0
861 — 74 7 . 0 0 0  1i24-0 .0D.0
862 — 745.000 ~O 20 .j—3,Iri
863 — 749.000 K.DFLCA T I .l 1 )
$64 — 750.000 20 GIJ) G )J1 (+ 0L0G)X )
865 — 751,000 C r~~MvERT THE ARGU MENTS TO INTEGER
866 — 752 .000 30 J1 IF IX (2 . 0 .A ~~t )
567 — 753.000 •J2 IFIX (2,0 .A ~J2 )
868 — / 54 . 0 0 0  J 3 • I F I X I 2 ,0 .A .~3(
869 — 755 .000 MI I F IX ) 2 . 0 .A M 1 )
870 — 756.000 a .2—IFI*)2.0.AM2
5 7 1 —  757 .000 M 3 = I F I X I 2 . 0 4 A M 3 )
8 72 — 758.000 C ‘ EST  M1,M2 .M3
573 — 759.000 IF (M1+M 2— M3) 900,40,900
574 • 760.000 C TEST TABLE SUE
•75 7ôi.~~00 40 IC 1 0 —CJ2.J2.J3 /2.2
876 — 762.000 N-I (10 )
877 — 743.000 t (1 1 4 J 3 4 2
75 — 764.000 IF I I C 1 O ) IM ) /0,70,50

8/9 — 765.000 50 WP !TEC6,60) II10),IM
880 • 766.000 60 FCR MAT(’Q’ ,’ZNS UFFIC IEN T 0LOG N FACT ) TABLE IN FUNcTION CLII ’,
881 — /67.000 1 ‘ N R(Q. .1 ,14, ’ N M A X  ,‘,14)
88 2 • 768 .000 00 ‘O 920
$83 — 749.000 70 T (1 (.J1+J2 .J 3

— 770 .000 I 1 2 ) — J 2 . J 3 — J 1
585 — 772.000 t C 3 ( ’ J 3 + J 1 J 2
$86 — / 1 2 .0 0 0  I 4 4 ) J 1 — M 2
$8 7 — 773 .000 I~~~~~ J 1+M 1
888 — 774.000 I(6)’J2~~(2
$89 — 775.000 I17 )•J2+M 2
$90 — 776 .000 I l 8 , _ .J~~

_ M 3

891 — 777.000 I 9 ) J3.M3
$92 — /78.000 C CHECK I 4J ) F~~LN. T RIA N GULA R :~~EooaLLTY , N LESS ~~, F~~N0 NO O~ TERMS
$93 • 77’ 1 .Q Q Q  :~ 120 1.9
8 9 4  — 780.000
895 — 781.000 4 I~~i~~~2.k ’ 900,N0,900
896 • 182.000 80 i’~ 

9 0,  ~0~~90
897 — 783.000 ~~) IF K — N 4  100,210,110
$95 - 7 8 4 . 0 0 0  100 N-~

_ _ _ _ _ _  -—-•-•~~~~~~~~
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899 — 78t.000 110 I t J )~~~~ 1
9.20 — 788.000 112 IF M3 ( 125,400,115
901 — /81.000 115 I L O
9.22 — 189. )~~3- LA Il— 15
9u.3 — 789.000 LR 11 16

— 790 .000  IF 1L A) 120,230,130
905 — 791.000 120 I L — L A
906 — 792.30-.) 133 IF ( It. t 8)  1.0,145,145
9Q7 — 793.000 1.6 IL—LB
908 • 79,.JçQ C FOQt-~ COE FFICIE NT ØF SUM - •

909 — 795.000 145 0 .10 (111 (.GU21 1),0(I1)+G(I2)+G)I33 GlI1O )+0)I4)+GIIb~~~GCIP)+
910 — / 96 .000  1 G ( 1 7 ) G G ) I 8 ) + G 1 1 9 ) ) / 2 . O D + 0
911 • 797.000 J 1 — I I IL
912 — 194.QO0 J2•I4 IL
913 — 799.000 J3—I 7 IL

— 8QQ .QQ~ M1 IL + 1 - -- - - •

915 — 801.000 M ? .IL— LA + 1
916 — 802.000 H3~~I L LB +1
91? — ~03.000 C— C— G (J 1 )G( .32 ( ’G )J3 )— GCM 1 )— G )M2) .GIM3 )
918 — 804.00.) C—(—1 .0D+0(4.1L~ DEXP (C)
919 • 805.000 IF I N )  900,250,160
92U — 806.000 150 CLEB SNGL )C)
921 — 80/.000 Go TO 300
922 — 808.000 C FORM SUM
923 — 809.00~ 16U A . D F L O A T ( U 1 • 1)
924 — 810.000 B •DFLOAT (02 1)
925 — 811.000 H.DFLOATI. .J 3— 1I
P26 — 81~~ .0O ~ D—DFI..OATIft1!
927 813.000 E~~0FL OAT (M 2)
928 • 814.000 F.DFL~~A T( M3)
929 — 815.000 5— 1 . 00 + 0
930 — 816.000 Q— DF LOA ’ (N—I )
931 — 81 7.000 0I’ 170 .J.t,N

— 818.000 T•(A•0)/)p+Q~~*)B.Q)/ )E+Q).)HQ)/(Ft~~) - - - - •

933 • 81i.)00 c j.00+0•S.T
934 — 820.000 0—0—1.00+0
935 — 821.000 170 CONTINUE
936 — 822.300 CLEB .SNGL (C.S)
931 — 823.— ~00 300 ~ ET U P N
938 — 8?4.0~~, C SPECIAL FORMULA FOR M 3 Q  AND M 1— Q  CR It’?
939 — 825.000 400 ‘—110/2
940  • 82o.303 IF (Ii0— 2 ~~k) 410,420,410
941 — 827.300 410 x.1
942 • 8 ? 8 . 0C .~ •3~ T O  430
944 — 829.OL ) 470 K•0
9.4 • 830.000 430 IF (M l) 215,440,460
945 — 831.000 ~.40 L.0
946 • 832.000 IF 1 K )  900,450 ,300
94 /  — 833.000 460 IF ( Mt— I )  115,470,125

— 834.000 470 L—1
— 83~~.D00 .+~ X— D F L C A T )L )

950 836.000 M 13+CI1 .K+t) /2—L

~51 — 83/.00’.~ Mj .1 10/2.K
952 — 838.000
95.3 — 83~~.000 

P
~I—I 6.I7

954 840.000 J 1 ( I 1 + 1 — K /2
955 — 841.000 .32)12.1 .KL )/?
956 844.000 03—1I3 ,1+K L)/2 —
95 / . 8 4 4 . 0 00 C )—1.0D.0~~..M.0E1P(CG C I 1 1 ) G ) I 1 1 .~~l,6)I 1)4G)I2)+GiI3).S)I$V)l,
958 • d44.)~~3 1 2.0D.0.G)M1)u5 )~~2) GCU2 )—0lJ ))t
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959 • 545.000 2 x G(3C— G(M2 —Q(N2.l1,Gul3)—Q(M3.1)).’2.0~).0)
960 • 846.000 CLEB—SNGL )C )
961 — 847.000 GO TO 300

_!~~_~ _~~!~~~!O9P 9 WR~~T E 4 6 a 9 L 0 )  - - - - -
96 3 — 549.000 910 F O R M A T ) ’ O ’ a ’ PARITY ,  SUM, OR T RIA NOLE ENROR IN FUNCTION CLEI’ C
9a4 850.000 920 WRITE (6,930) £Ji,AJ2 ,*J3,AM1,AM2,A83
965 — 851.000 930 FORMAT (’ ‘‘‘ .11 —‘ sF5.1,’ 02 •‘,F5.~~~ C .3 — ‘,F5.1,381 Ml •‘sFI.l,
966 — 852.000 1 I pi2 •‘ ,F S. l, ’ N ‘sF5,~~
967 — 853.000 RETURN
968 — 854.000 - - -
969 — 555.000 C !ASSI GN M :Bo, CFILE, M (VORVED( , (SAVE )
970 — 856.000 C)FORTRAN LS,BO,ADP
971 857.000 SUBROUTIN E EVDRVE)N, XKX,XKY ,XKZ,IWT4NVEC,IEVFLE ,LLPTAL .
972 — 858.000 1NROUT ,LL MTRX )
973 — 859.000 LOGICAL L L DTA L , L LM T RX
974 • 860.000 COMP LE X S M A T U 1 5 6 C , 0 0 M M A T C 1 I 5 6 ) , C 5 A T 1 1 1 5 6 )
975 — 56 1.000 DIMENSIO N E 34 C
976 • 561.500 COM MON S M A T , D U M M A T , C M A T
977 — 562.000 REA L +$ Z H M A T 5 Z S M A T , Z C O E T , z E
978 — 863.000 DATA Z H M A T / ’  HMAT’,,ZSMAT/’ SMAY)/,ZCOET/’ COET’~~a254 ’ (‘I
979 — 864 .000 D A T A  LX M HS/ 15/
980 — 865.000 D A T A  L IMO UT/25/
981 —

- 
866.000 C DIMENSION SMAT,DUMMAT,CMAT )N .N ) WWERE N— MB LHAX

982 • 867.000 C (N)
983 — 868.000 !HSFLES32
984 — 869.000 MB), J4AX .34
985 • 870.000 IF (N.LE.MBLHAX C GO TO 63
986 — 871.000 WRITEC6,900) N ,MBLHAX -
987 • 872.000 900 FORMAT (’ ‘s ’N — ‘.13, ’ EXCEEDS DIMENSIO N M8LHAX ~~ g jJi
988 — 573.000 1 I IN SUBPR OGRAM EV D R V E ’ ~
989 — 874.000 CALL EXIT
990 • 575.000 63 NN—MBLHAX 4MB ),HAX
991 — 876.000 LINDIN N.N
992 — 877.000 C NOTE THAT SPlAT I 8 0~ ERLAP MATRIX
993 — 878.000 C AND THAT DUMMAT 1$ IDENTITY MATRIX.
994 — 879.000 C CMAT IS HAM ILTON IAN, BUT IT WILL SOON lE OESTROYEO. (
995 — 887.000 IF (LLDTAL ,OR ,LLMTRX )CALL COUT21ICMAT ,N ,N, ZHMAT )
996 — 888.000 IF )LLDTAL .OR .LLMTRXCCALL COUT2ICSMAT ,N ,N ,ZSPIAT )
997 — 889.000 LIMHS LIMHS 1
998 • 890.000 !FCLIMHS .LT.01 GO TO 6420
999 — 591.000 WR IT E( I H I F LE ) N (
1000 — 892.000 WRITE(IHSFL () CCMAT )I ),I 2,LINDTM) .ISMAT)I ),I.t,LINQIMI
1001 — 893.000 6420 IRCOTS N
1002 — 894.000 CALL DIAU CN, E )
1003 • 895.000 ).dPIT ((IEVFLE)XKX,XKY ,XKZ .IWT ,N,IRIOTS

- 
1004 • 596.000 WR ITE(IEV FLE ) CE )J),J .1,IROOTS )
1005 • 897.000 0(1—1.0
1006 — 898.000 DO 6430 I.1,IROOTS
1007 — 599.000 6430 DET .DET. () 1)
200$ — 9C.0.000 R A T I O E ) l C / E ) I R O O T S )
2009 — 901.000 wpIT((6,92750) DET,RAT IO
1010 902.000 92750 FOR MAT)’ ~,‘Q (TCS) —‘ ,1PE15 .8, ’ IS )1C/E SCIROO TS ) .C’IPElS,U
1011 903.000 I F ) R A T I O . L( . 0 . 0)  CALL EX I T
1012 • 903.010 P(A0(23 $MAT,00MMAT
1013 • 903.020 REWIND 23
1014 — 903.030 C NOTE 914*1 IS HAMI LTONIAN
1015 — 903.040 C AND DUMMAT IS OVERLAP MATRI X .
1014 • 904.000 - CA LL O I A Q N,E)
1017 — 905 .000 !OU T—NV EC
1015 • 906.000 LIMOUT L IM OUT L
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1019 — 907.000 IFU6UT .(U.0.ANO.LIMOUT .GT.0) I6UT—IRO~~TS
1020 — 908.000 LF(IO (JT .GT.IRCOTS)I6UT IROOTS
1021 — 909.000 IF UCUT.GT .0) CALL COUT21(DUMNATaIOUTsN, ZCCET )
1022 — 920.000 CALL COUT2 (L.NsZEI - —

1023 — 911.000 WR ITE ) IEVFLE )(E (,J),J.1,IROCTS), (DUMMATI1),I.1,LINDLM 1
1024 — 912.QQQ RETURN
1025 — 913.000 END
1026 • 914.000 SUBR~~LJ T INE CCUT2I(A, IOUT,N,Z)
1021 • 915.000 COMPLEX 4 ( 1 )

~ Q28 — 916.000 REAL’8 1 
1029 • 917.000 WRITE (6,5)
1030 • 918.000 5 FCRMAT (/)
1031 — 919.000 Do 1 J—1 ,IOUT
1032 • 920.000 JSUB— J—1).N
1033 — 921.000 1 WRITE )6,21 )Z,I,,),A (JSUB+I),I—1,N)
103* — 

- 922.~~o0 - 2 FeRMA fl 3~
P
~~

)A
~~t’( ‘~~I2,’ a ’sI2, ‘) ‘ aZEl4’’1

10.3 5 — 92 3 .000  RETURN
1036 • 924.000 END
1037 — 925.000 SUBROUTINE C O U T 1 CX , N , Z )
1038 — 926.000 REAL+8  Z
1039 — 927.000 DIMENSION X (N)
1040 —~ 928 .Q QQ - WRITEiáilJ - - -

10*1 — 929.000 1 F ORMA T I 1 NO )

10*2 — 930.000 W P I T E ( 6 . 2 )  ( Z a J , X ( J ) , J 1~~N)
104 3 —  931.000 2 FORMAT IIP4(1X ,A6 , ’(’,12, ’) — ‘,E14.71 )
1044 • 932 .000 RETURN
104 5 — 933 .000 END
1046 — 934 .O QO - - SU8ROUT IN~ P1A~~1MSIP..D )
1047 • 935.000 DIMENSION SCRAT (34),4A134,34),AR134.34),
1048 — 936.000 1AI(34,34),D134),Et34),E2 (34),TAU (2,34)IZR (34,34).Zi(34.34),

1049 —  937.000 28p(34,34),CC134,34),A (1156),8(11b6I.CU156 )

1050 — 938.000 COMPLEX A,B ,C ,SCRAT,AAiBB,CC
1051 — 938.500 COMMON A s B a C
1052 — 939.000 CeIMMON/D IA /SCRAT
1053 — 940.000 EOLJIVA LENCE (A ,AA) ,IB )1),BB(l,l ),A I ~~1,1 )),(B (579),A ~~)1,~~ )),

1054 — 94 1.000 1 ) C c 1  ) ,C C ( l , 1  ) ,Z I  ( 1,1)  ) . ( C 1 5 7 9 ) . Z R ( b . 1 )
1055 — 942.000 C FINOS EIGENVALUES AND EIGENVEC TO 1S OF A(PSJ).E)B)l~~~~I)

1056 • 94 3 .0 0 0  C USES C HOLESKI  D E C OM P OS I T I O N
1057 — 944 .000  C PUT A AND ~ IN FORM
1058 — 945.000
1059 — 946.000 M-MSID
1060 — 94/.000 00 1 1— 1519
1061 — 948.000 00 1 J— 1sN
1062 — 9 49 . 0 0 0
1063 950.000 1 C C ) I , J ) A ) K )
1064 — 951 .OQ Q 0~ 2 I 1,N
1065 — 952.000  DO 2 J•1sN
1066 — 9 53 .30 0  2 A A ( I , J ) C C ( t , J )
1067 — 954 .0 00  00 3 I — l a N
1068 — 955.Q Q ()  00 3 .J-ls~~
1(069 — 956.000 K (I—i ).NSJ
.070 — 951.000 3 CC I I a J ) 8(K)
10/1 — 958 .000  DO 4 I— t i N
1Q12 • 959.000 DO 4 i—la N
1073 — 960.000 4 BP (I,J)—CC (I,J )
10 14 — 9~~1.0Q0 C MATRICES IN 2 DIMENSIO NAL FORM DEC OMPOSE B V IA CMO).ISK I
1(015 • 962.000 CALL LO (44sB)

1V16 — 963.000 CALL LO1’~V (NjB)

1017 — 964.000 C L—1 FORMED IN BB FORM L—1+ AND PUT ON F ILE 13
1 (076  — 965.000 00 5 I.1,N

110

-~
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1019 — 966.000 00 6 J 1sN
108 0 —  967.000 6 CC (I ,J 1 CONJG )BB(J ,j)1
1081 — 968.000 5 CONTINUE
1082 — 969.000 W R ITE (13)1CC )
1083 — 970.000 C FORM L 1 H  INTO CC
108* — 9 72 . 0 0 0  00 7 1 1,N
1085 — 9 72 . 0 0 0  DC 7 J — l s N
1086 — 973.000 Cc(I,,J)— CMPLX (0.0,0.0)
1087 — 974.000 00 8 K—l ,19
1088 975.000 8 CC (I,J)~~~B (IsK)4AA(Ka .J)+CC (I,J1
1089 — 976.000 7 CONTINUE
1090 — 97/.000 C FORM L—I H( L 11 +  INTO LA
1091 — 978.000 00 9 1 1aN
1092 — 979.000 00 9 J—j,N
1093 — 980.000 AA (I,JISCMPLX (0.0,0.0)
1094 — 981.OOu 10 X 1 a N  

- -

1095 • 982.000 10 A A ( I ,J )— A A ( I a ..J )+CC)I,K)+CCNJG (BB hJ~~K l )
1096 — 983.000 9 CONTINUE
1097 — 984.000 00 11 1— taN
1098 • 985.000 DO 11 0 — l a N
1099 — 986.000 AR (I,J )— REAL (AA (I,J ))
1100 987.oOO 11 A I ( I , j )— A IMA ~j(AA (I ,J ))
1101 — 988.000 C WE MAY DIA GONAL IZE NOW
1102 — 989.000 CALL HTRIDI(NM,N ,AR,A I,D,E ,E2,TAUI
1103 — 990.000 00 12 I—1,NM
1104 — 991.000 DO 12 J—1a NM
l b S  — 992.000 ZP(I,J)•0ELCI~~J)
110 6 —  993.000 

- - -  
IF II .GT .N.OR,J .GT .N ) ZRCI,J 1—0 .0

1107 • 994.000 12 CONTINUE
1108 995.000 CALL IMT QL2 (NM,N,D,E,ZR,IABKER )
1109 — 996 .000 DC 101 I—1 a N M
1110 — 997.000 DC 101 J*1sNM
1111 — 998.000 101 ZI)I,J) 0.0
1112 — 999.000 

- 
CALL HTRIBK (NM,N,AR ,A !,TAU,N,ZR,Z !~

1113 — 1000.000 C (IGENVALUES IN 0
111* — 1001.000 C POTATED EIGEN VECTORS IN ZR,ZI BACK TP)ANSFORM INTO CC
1115 — 1002.000 DC 13 I-leN
1116 • 1003.000 00 13 J.1,N
1111 • 1004.000 13 A A ) I , J ) • C M P L X ( Z R ( I , J ( , Z l ( I ,J n
12 18 — 1005.000 REWIND 13
1119 — 1006.000 READ )13)(BB )
1120 — 1007.000 DC 14 1— u N
1121 — 1008.000 DC 14 J IaN
1122 • 1009.000 CC (I,J).CMPLX)0.OaO .0)
1123 — 1010.000 DO 15 K 1aN
1124 — 1011.000 15 CC )I,J) CCCIe ,.1 )+BB II,K )+AA(K ,J )
112~ — 1012.000  14 CONTINUE
1226 • 1 0 13 .0 0 0  DC 16 I— l a N
1127 — 1014.000 00 16 J 1,N
1128 — 1015.000 K • (I—1 )+N+J
1129 101 6.000 16 P)K)•CC (J,I)
1140 — 1011.700 RETURN
1131 — 1018.000 END
1132 — 1019.000 SUBROUTINE LOCN , A )
1133 — 1020.000 DIMENSION 4(38,34)sB(3 4)
113* — 1021.000 CPMPLEX 4,8, SUM
1135 — 1022.000 COMMON/OIL /B
1146 — 1023.000 C FORMS LOWER TRIANGULAR M A T R IX  FOR CN~~L~~SKI 0LCOMP6S111~~N
1147 — 1024.000 DC 1 I IaN
1138 — 1025.000 00 2 J — j , N

I l l
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X. ELECTRONIC POLARON PROGRAM

I. Use of the Code

This is a self contained code and will produce the total
correlation correction due to polarization for a fcc solid in a single
pass for each point and band in question . If a different lattice struc-
ture is desired one must change routine PTS which defines the solid ’s
Brillouin zone and modify the card in the main routine defining the
solid ’s volume . The use of this code is simple and transparent and the
data definition is quite simple and explicit.

I ’

L()

_ _ _  _ _
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X—2. INPUT DATA DEFINED

Card 1: ITYM, unformatted_time in minutes till checkpoint

Card 2: 48 times 914 — gives cubic rotation matrices

Card 3: 20A4 ZLAB — label to be printed at head of output

Card 4: 2014, NORB — number of orbitals needed
NBND — number of bands
NOCC — number of occupied bands
IBAND(I), I~ l — tells which orb ital each band refers t L l

next set DO 301 1, NORB

Card 5: 14, 6X , 3F10.5
NCOEF — number of ST(O) in this orbital
UP(I) average energy of the band for this orbital
UH(l,I) = a hopping coef.
UH(2,I) i~ hopping coef.

next card DØ 31 J—l , NCOEF

NCOEF
Card 6: AJ(J), ZETA(J), WT(J) from y (r) ~ N WT(J)* ~~~~~

J 1

x exp (—ZETZ(J) + r)

31 continue

30 continue

Card 7: 3FlO.5
A = lattice constant

EEXC 01

ex
EINF =

I 21 
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APPENDIX 1.
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Electronic structure and optica l properties of metallic calcium *
1)4111CC J 1sIi1- kis li.’ ~ Biirr ~ K I C C C /  old SCCCIFJICS I Paiiielides .

l) .-purini ~-ni -9 ’ P(IYIICC and ,i-ICJ II1-IC211 Re,i~u ’-c h I,aboraior i- , I ‘1 1-. ‘V I II if / ,11/Il C)) t rb . inJ-UhaInpa Cgn.  I 1)1.111) I , , C V  ‘ C i  C- f l ’

(Receised I V (kiober C/l i)

SeCf-co nsustent Hartree.Foc k orhitaCs of calcium atoms in a crsstaClinc e n s C r -Ilment w e re Used CII

cCln)uiCcClon wI th the localized Cinea r-comb lnat lori-i Tt’atornic .orblial method to , hlaln ,ne-de, T r . C 1 T  bati4C s

liii metallic calcium Correlation corrections are made h~ means VI Overhauser ’s sImp lified n,elhod The
meta l-to-sem imetaC - t IC-me la l eCectronic t ransit ions wU h Increasing pressure are predicted lIT C l ,  II 441

IniACCCC lattice spac ings than predicted by 3a lc uCA CC o ns emp Cop rIg tliC.a I eschalige A rigl I 11145 - iI~ UI CI I -  ‘ C i

ol t . , the imaginary part of complex dielectric C’unctio n. made wC ih in the dipole and one-electron
approximation predicts correctly the general shape and w idth of the ii -salen~c emIssion spectra and
the important s t r uc ture s  superimposed on the broad Cs -conduct iiln absci rptiori s pectra 1 here C~. good
agreement with ihe speci) ic heat data , but the details Cf the lerml surface ,i~ described 81 ic Haas ‘an
Alphcn data base remained elusive— Carge percentage errors C \ 1 - C II w hen thc predicted areas a t e
compared with the esperimental results The de Haas san Alp hen ‘ - c h i t  Areas a e  extremely ~e n s i t C s e  I

the accuracy of the calculat ions due to the flatness of the bands near ‘he C - eirc ii Iesel

I INikOilt Ito’s tl C i i I _ i I  ‘ C I  the I ll-I l ‘ I C  d r - t t s I t \  ‘,IhIU’h ii. f a r  I t -  Ci t

Thi-  p u r p ise of this papt i’ Is  t o  pres t -n t  r igor ous  s l ow ly  v a r y i n g .  Tilt - I  I- IS  f l i T  1 .*~ ‘ ‘C d~ t e i - t t , i t s i i i 1 ’.

( l i t - I  i’ e- i ’ -F ’ iii ’k ene rg y bands I C r  a i- e~~l inet.tl, The t Ins  t u t u c t i o n a l . 0 p 1 1 1 4  - I ther Ch.OI Us u s i u i ~

tt iet ii l 1’.ilC ’u U til Ci i s  bet is C h I l s iC l i  in order to exp loit I LIII t io na l I s p a t I s I  C T )  st.it 1 113 Cr  ‘it , U i ’ IPC )I ’ ‘\lIti.II-

Cs . itT i n u i C  I’ I ’ C s V - I C - s h e l l  p r- ip i ’ r t i-s a n d  C I  use i ts  
ox pre s s i  n v.si,d l ’ r  ,i C C C I ,  ‘3, T V ’ iLl’ ‘ I I I  I i  1, i i’-

n i t -t iC Ii) st - ttiltl)etdl ,‘li ’ C ’ t i ’ C I T I C ’  I r L I I S I I I  III p r I I p e r t t -s .iC high i C T ’ r T i -~ Ill ’c  The C \ f ’ ,iT l ’ I ’ C l i  I O U ’- I  bc 1 O I , it ’ il

‘I b i - . ’r v e d  unde r i t i c r e a s u n g  pr e s su re  us  .1 t e s t  
‘ C f  dt,-sc ’ r ibtng Che t i l l  li- i the S I I I g L l . C t  I

(lie i~ C C r 1 1  ‘i t ll.u’t r i- 1’- F - I  K b an d s ,  A d d l t I I i n 4 I  )‘) tk- T ) t ,a l i -  5 ) 1 1 3 C C  ‘I I  t~UV iii t I l l  h ill I 1,iCs lIlT

ti-i- ,)— .t r t ’  nu ide us ing  av ,u i l j l , I .’  C p t I U ’ l  and de C l a u s —  511  lINt C f l , C I c N  st ir Ii S I ) C I  l i - I  ‘ ‘ I  t he ’  Ii - ‘  C. : I . C C C il

I’ .irl Al plieu cC ,ita - 
CU ItCC tii tt l

N,’,ii C~ all calculat ions tu date made on m e t a l s  
E [. ] 1- (. H I. - I

C1 i s- I’ . ippri ixit natt-d the C l ue  Hart roe- . Fock nonllli’ al
i ’x l’Ii ir Ip~~- l C I i - I l ,~~li the use - ‘II t I l t -  C it’nI .ulism of and s~~st, ’n I,itic ippr ’ ’ . s l t t t it I  C t l 7 ’  in 1 , T  . i l C i _ l 1- C l  h i

l l - l l l , ’ IIII, i - p.  K ‘l i i i , and Sham, 1 .2 Tlie-ir work e s t a b —  ‘T I this t Ut it ’ t I I t iC_ i i ,- \ t  ‘14.:’ .1) f h I ~ i- C T I C  .U f II t his

listu’s lii t- .x i sCc ~t IL - e C I t  .i unive rsal fII ncCiofl al of 1111 11’ il Ci 11.1’,’ l,’ , t , l  t - ‘ , ‘ ,i t i ’ C i ’ .iI, ,iT ,,i Ii ‘ C C  - I_i- il~
tin- I - i ’ l l  (It-nsit y I C C  .0, t r i t i- ract ing i- I t - i -Iron gas it 1)0 1, We have I - ,iid tha t  1 , 1  1131’ ,C 1, 1-I -t j i-Il l

w ho- li i-i - .ip.IC.)le cit pr l lv ldtng Che c o r re l a ted  r rful t r t at ht .-1O aCI I ’ _ iI I I . I I C — l  ~~~~~~~~~ ‘II C 1

g rIiuiId ‘- C I I I ’  9’ f lk ’ l’~~’~ ‘ 1 th~ V, ’,’ SI C ’llt provided that that e-Xist iii l ’ CI ’~’(l - ,~~‘ll iT  ils ‘ II ‘~ _ i , ’ C  IC cl ii’
the )~:- ‘ iU nd i - — C _ i l . ’  is I I C C T T C I I ’ ) 1 1 ’ T I i ’ I ’ _ t I i ’ . Gil bei — t ’ has  i - l e n t  Ui— I’ C f  Iii , ’ re i l t ’  C ! i  I I I  C i  -‘ . C _ ip.t t i i l t i i

I i - c l - I l l  Iv ~Ciiiwn that ii t b ’  I-\ C t-rTl _ iI pott—nt i.il is I l l - C d t  in C- ’ Ct I i p u t . ’ I ’ C- II) . Ii 1 111111  1. 1 ,1 11 i’ .1 11.111 Ii.

I I C I 1 II1,i_ _ i t  Chen C ht’ i’ I ICrIz S ii-. .1 un sq ut— funct iona l  - i f f u l l y  I ,, tl, ) C l ’ t I C I l i -  ss ~ h IV.  I I  ~I its ‘ . I C T I I ~ —

t h i -  ll I-lIsICS ’ ’’ f C . -  r . I I C I , - , n u t  the l T C i ’ ,iI I C I - nIl t I Th is T u t a t l i l ,  10111

Is 1 i-l i’ ‘.‘ I ’ t .

~~ r.’sI Ni C i i i i  5 1 1 , 1 1 ’  Cl I C  TIil ) i l ic ’ates the  1 1 1 1 ’  results Ir i s ‘ l Id  In It n~ ,,o-- 5 .-ri ‘Ci

V l s i ’  ‘ii l ’ ’ i ’ ,iC ‘ 5 1  Ii ,i n1’e i - I.’ o ils in r i -a t  i-’r~~s C t I ~ us t d l ’ hi ’ d  Clv I I r s )  I C , I k C C C l :  1 ‘ ( I V  - ‘  I. - t t ” ’ . .tppF C.

.1 1111 I I I -, Iii C I C I , i I I I I C , i ’ . i i’liitt ’ iu ’ i ly i ii ’ ul’ att! S i u l U t I , I I I V. ion I’ - LI. 1 1 C C  I1 , , ’ i l ( t C l / C C  CC Ill I ’~~ Ill S IC ’ _ O ’ , ’ , C  I C ’

II Ii’ I I I  ‘i - i l )  ‘in— &- ‘‘r. - . i- I i - I - I d C 1 - C t i ’ ’ , C t h _ i l S  a r c -  used , ‘-t t l~~ ’ ’ ’ t ~ ’ - l ” t~ III ) I , o T ’ . V F ‘ 1 k  1C ‘ i - i i ’ I C ’ T ’ , C , i ,  C I I  ‘T IC.
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zawa ’s 24 e t e ct r c u t t i c  (sCIarcun, Semic l ass i ca l  meth- has bn- .- i ,  t ’v a lu .t t t - d  i- i’ l l  ‘ l , , I I S I S I , ’ T I t l I  C ’ ’  I l l  i- C ilr, l i’i

lids f or d.’te rrtu in i t ig  1111- c . u r r t - I _ i t iT i i t  i- , i s - r t - & -t i i ins in ‘ s - u’i- l .ip 1’- I t lIbI l  ,it,’d liv Kotl /  ‘~ ‘l’hi ’ C j s  I - _ i t ’

i’ ifl .11111 be ump l e- t iit’t it t -d i i i  Clii- 1 ,150 ut irts U lat Ill ’ tl. t I S  that li.ui’C , , t  t In’ l l_ i i ’t r i  V ‘ l~ Cs bI l l  I i t  . i  C ii i  Ci

These- ini,’l udt’ t f i t  M u t t —  1.,i t t l t ’ l i T i I  “ iIIt~thh1d _ i TlIC the  V I I V .’ , T l S’ u’s ‘b I l ly  1- l - l l t i ’ r  ‘I ,ltld I , I C .  T — i t l t ( i l V  II,. I V  111,1111 ’

s - r e ’ e - t i t ~d — i - s ’ ’Is utige’ — plus’ Cli u lT i i i t b— 11,111’ t r I t_ t h , ud ,
T1 , Ii- r  Is h it _ -I l  T ill IT (‘ - T I l S I l C I  t i  C C 1’ t I l l  II ‘ I’  T i )  I_ i l  in’ lul

Th e- re-suI t ing i- -T I ’ i ’ e l i ted  C .uids i - lu st-Il’ tii ,tte ’h t x -  (ui’ lIdUui- d Civ t I ll 115 h i ’ ’ C T C I i t t u l C  - C

pt t’ii rue’ t lC f - u -  t t u t -  i ,i’~ l ’ i -  w - t I I c f l  I ll,- ’, II. i S e. been e-al cu— ‘F it .- _tppi’ i l l u i ’ I _it i - i l i  — i t Ii t . i l l C l l C I ’ l i - t I l l ’ - I ‘ h i l l S

lat t ’d , ~~~~ lii Ih t- I_ t i - I ’ ‘ It  III. l i ii - .t sttii p lu(l. ’C C Ch il i— C h IC - T r I l l - u -  it I ‘ ‘ s ’  f l _ I l l  Il _ i —  t s ’ i ’t i  I l 4 C O  ‘ i — I s  .‘ I , , il i ,

rv it ,‘li ’c t ru t i I’ ll’ i’ u ’ l , i t l - b I l  is l_ h,itII Ib (uut5 t , it td ()5,i- ’ in _ i i i i  I’ ll) li - Ill -k V S  Kuu/~~~~ IC -s e-. C ’ lul l t b i _ i t  II,,

t i . i us  - v  
— t i_ I l9’ bt- 1411 (1 Ii, I ‘ h ! ’ I ’ l - ( ’t the It ,t r t r, - l ’ - _ i1lp l ’ iiV iili.i t lIIIi 5 4 . 1 5  J I l i - t I f I t - I l  i S I  i i i t t  1 , 11,1  - 1 , 1 1 1  ilt-

E l k  t i_ it ids  (if (‘ C I I Ii’ ’,l’ , CIt.’ TII& - lu(— , t ’ i i l  If 1- r I  ‘ I _ i —  U, C l Ttldcd 5si — I V ’ I t h i - i  _itl(l , lu-i . ‘ f , ’ t  ‘ , I t i i ’ l i , S V  I l i i i
1 1 1 1 1 1  e- ’V r i ’ i- i ’ I I ‘Ill’ V I I  the - s~ i - I l — k n u i~ ’t ~ i l- I hnui1ut-i, -l it ill C V I  t , I i t l l T ,’ ) U i - — t i t l i - d  i i i  t lT ~ Or i-h ( C I  C , i ” I ’ I IC V I

i t tu l ti( ’ T l t i f i g u r , i t iC l u i  ( - I ’ l l — i _’ T i I l S l i- t l - I I I- t i , ’ I iC ’ ”  ‘u r C - l u l l —  i ’ Cll(’Il _ uIus i- i l i~ t i - l I i

l igui- .it i’ut i  i t t t t ~r.ki - C l C i t I ’- ’ us ,i uI I I I I I I V  II’ I S S i l T I l I t S , t C , i— ’ ls luti c’t i l l t i s  151 ,1 f l i t ’  Ill ’ C I I  Ii I I i I l I C , i t  ‘ C l i  - t
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C h Ill 5’ I I IV ’  - I s  C I CC l I l T  I Il Ill _ C l  ‘ I  ‘ I ill - Ii 1 I ’ l , ’ l —
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l i t s i - l t ’r’ uns istent local . - i  l , it , , ls and i’ Iuilipa i’t Sl a — t Ie - 1’ ?  r ’ ’ i i i- ’, l - C  11111 Ii lC . i-~~4 l , i I C  U ,  tI le’ IV ‘C I I  I’ [ 7 ,  ~ti —

te- l ’ — t v l i.’ &‘rbltals lS’FU ’ s i ,  This nui-’ thuud can be’ 4, T l l ’ r , l t i ’  i N  I ( l i - O ld -t  ? , i usual 1 :. s .  I gus - t ug
& uiiside-i’ s-d a t_’onlpleR’ ge ’ t te - i . i luza t iot t  b i t  It o -  l u t i u - , t ’  re--, I i  i t .  It S ’ i h  C-.! u ’ i  _ i C , , l  . 1  C t Ii’ i 1 ’ I i  I ‘ 5  i l l  ,OiS

cu .h m b u t l a t i , T n — o t — a t o n u i e ’ — s l i- b i ta ts  ILCAO) me (h— I T  i - I  ill I l _ C  Il.ti’t ii i — F ‘I Vs ,A Ih ‘is4 ll I I  - I i ’

lid, IS , _ 2 , V 5 ’ l T he re are- t II-u slgiul f l&’ a iut advantage s u - \ I C I l l ’ ( I IV  I un 1 - _ 
‘ ‘ C t  ii- C I 7 T I n — i - h i - I ’ . I’ ‘ i l — - l I ’ 110 ,111

C C I  uStlu lt the- L~ ’AQ it i i--thod , I- ur s t , the ’ I- ca l  o r —  c , i l c u l_ it t  Il ‘‘I i - i l ,  C o l I C , 0 ( 1 1 1 , 1 ( . , ,~ ‘ thu I ,  ( -
buta ls ICIltt I bl(’ t t ’ll span tlli occupi e d liar_ re-c- ’ l i c k  i n C - ’. (1 25 Ps’) I - i - i  rp\ ,i, l i l  l ’t (  , u ’  b~ t ’a , ,  - - I i t ,  C
s Ib_ id - assu tttuli g no appt’o,XuilIa (lUIls were hu iV h i k l ’ d i  r,. h I It . i h h , u -  (1 ~~~~ l I T ’  e-I C U l I l h ( ’ (l.It i t’ _ ii .~’- F -II I
.iild s i  hi ,tse- i tunt,t ions built is BIVIu.’lt i— onus of the- 5 14 1111 05 tIn’ , i —is u ’ ’: ~ ’ ’l -o ‘ Ii.it I I . . I I II ‘ t ’III l,iI’ . 1,

l ’ ,c i I  ‘u rbt ta l s  wi l l  al— 1 ’- span tlt .it space- . Secllnd . i I  F. ,. , t ’ ’ ~ S II ‘ I III l , i ’ I .  ‘~ r i’ ,? Ill,, ’ ihi- I s i C  -

the i’ ‘_ i d t l l ig iuutegrals s. -,’ I i, ’ ,i l - ‘rlIlI. t ls i l l  in— biC, t l  1— 5 5 1 . - I l l  IS ( I  I I ( u I ’  i

depend ent of the crystal i l lC i t l I t’ t l tUl t l  k. On&-e lht- S. , nd . i i ’  S l I t ,  I 1 . 1 1 ’ , , )  ‘ ‘01  C u t  II CC _ i’ - I  V ‘- lit

itu teg i - a ls  are’ ( le-ter i lt I l lu II f l it ’  dua g~~t i_ ulizliug F I 1’ a 1 _ l i- I  Il l, V l ,V l  t’ ’ C t l C l I b ’ -
_ ( ‘ , ui—i’d I l l V T ~~ ‘ I C - I , l , , ’ . i . s

( 4 at .ut~ v ‘ 1111 ’ pOint in the ’ jtruilo uuiu zone , the F , i i l ’  IS . up pn l - s . .0. C U5 I C  I ’  (o~~ I Cu h I t :  I 1—

s_ i t uie Ill t u’gi ’ _ uls can be Ui-h 4 ~e hi_h C h I l l y  a change II’ V ’X I I , h I i i ’ I C I I I  Ill 1 01,1,  1_ l I  ( C . T i l l  i- I t  ‘

mult Iplying phase factors t 1 -  diagonaliLe F at ClnV I i I C — S I ’ 5 51  is i - p h i - i ’ - 0 ,S t i t ’ ( , T Il - - ‘ ( ‘ V I i ’  5 1 ,1 1 4
otht’i- (siunt , Thus method has pr ’ lv i -d  to i~ - the _

~~ 01~~~1~~. T  t - ’ . J  .i_:sd i - b ’  I. , is ‘ I _ C t i l I I ( ’, t i t h e  I,.’l ,i’ 1 1 ) 1 1 —

111,1St  e-conomucal , s i u i c ,- ,‘v ,t l u , t t i e i t i  t the bands is ,tls t,’q l ha t i l l t h  t r . u t i s l .  ( ( C i  ‘ i l l-  r Ib. lh~ IT th i’ C l i ’ , Il l- -

requii- t-d at .i large tiunu bei- ‘I points In the j 3 r t l —  uble ’ t -epres l ’ l i t , u l  -Ill ‘ I T I , i -  1 ) 1 1 1  , t I C . ’ . 5 T I l l  I ‘T a —

louit i LutO’  In order lii ni_ i k .- _ ilti’ IC U_ ite comparisoiis 11 ,111 l ’, t’’ii I I I J’ I C V  IV i- i s  ( t ~~ i T l ’ ,\ t -  Il,, ’s i’ ‘ n —  ~~~~~ t e - ~l
w i t h  elx p er i u l t e n t a l  optuc.e l  .tt ,d It -  C l i l i — — V i h l  A lph ’ti - C ‘ C - I I  C r l u i l - i I ’ -  4’ I C  ~ ‘ ich C l , ’ - ii 1 ‘

~~
t V t I l , t

d,tt ’a . pure ;’ i s V I t : C l ’,l I i i  l’h I  C C III l f l C T l & , C t (  I - S l ! . , u  1 3 1 . 1

l’ht’re .lre 111011’ ilit, i’t ’ i - l u i i g  C- ’
~~Iih I

’ i’II t i s  llh’ ,’IIIV I’d 11 1:5 sph(’i (‘ u i  a lIIl I i -’ 5 . i t ,i t ,  iii 
- 
Ill I . .,,, ‘-,- ‘- C ‘~

itt going from the &-losi u ct ,  C ’ l iC ’ l I  &-alci urn atom III ‘ 2 t  t ’  J iliu- r It urn F ’ 1  _ l ’ u I  “ tb l ’ I’ h , l i C I Iil~~ ’ i ’ t ’ l 5

the ‘I Ipen—s ht i l l ’’ ca l — tu rn  t I l e’I_ il w h e t u  using the’ to— tii,’ I ‘ ‘ h i  I / u i t l T - t h  111,11 S u S h I’ ‘ 1 , 1 ,  ‘ is nv 1— I S I  Iii

cal ot-bit~~ls and LCAO t e c h i t i ( 4 u e ’ s ,  kIll ’ si ush ) ,
~ 

1 1 1 . 1 1 ,  1~ S V h t h h h i l ’ t t ’ ’ i’ .‘ ‘ , C~~~ ! 11, C 1 1 1 t h ’  ,C s , - I ih. 4-
f i r s t  pllilit ulUl t hat the- I - . ’  h i  l lt - tlil,l Ii- V ’ , l lC a tt ot l  F t .  ,,i,,I A,’ I 1147111 i I t  l l l h l u  1 V T  I’— LI I I  C l C ’  I ..

1)] } 1 - C ,C.i-i’ S S I ’ S  thU pllint 4 h ’~~C l l(i  s S t tIllt. - i _ rv ‘‘C the t . I I I C  I ll  1, t l i i c  I C  ! l ’~ I ‘I Ill 110 dl .S .ii. I 1,1 5 i l l  is

C l \ ’ i-— I .I I I C ~ ~ It s —  pt- i-—se—TIC d_lil u ’ I and I l I i l i  1,11’ , tIi ~ ’ Ill _ i t  5, I T  i’Itii C V I I I  ‘ - 
1_ - :. I 

- , I ,_ 4’
i ’ l pu ’ I I I I C I i C - ’ i il Iii-, 1 ,1 ’ w u l l  11 ,1(111 ‘ t I l l  _ u C ( b I ’dl T h p  t b  ‘i - I ’ l l  ~~ I i— — Il l ,  l I t _ V 1 . ‘ lC. i - - - t ’ : C : ! ,  I I
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w ,us  used . The’ bau d I’ n e- rg l es  l i l y I at points of i tsg iii hole’ s tat  i’s u n  C he f I rst  ~Otll 55 ut Is Cii’ I’ll-c -
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‘I’AIILF II, The (nel’gme ’T- i Rs u at  pom iuts of high S Y I 5 T —  ize d l i S t _ i l l-  the “h- -I i  - ‘  bl e- le’r:l I III, Ilte s : i t  I
i t i e ’ t ,  l ,, i ’ C , a t & ’ lUts l  I C - u i  (1/0 l i _ i  , A t ,- u ’  iusi,ludeeC are’ the’ the (b e rgs ’  d l f f e ’ nc- I lu  t ut t il, e c- ut ‘ Il l, ili,’C.4 I C C  ,i(XI
ulensu tv of sLttn’s mu i_hi,’ I- I-null -s ut ’ t i ice \ ‘iL’F i Ist ates C-h~~ ’ - , c ,’e ’ upie- cl l ev i  s If lIT- FI’m-IIl h, 1’ 15 c -  1 ( 1( 1 1  11,1 ’,
atoill

_ i
( atu ut thi,’ ,,‘ o t i s t , i , , t  ) lu~~J K’  note ~( enteniisg the 

de’ IC ’ I - a l , / ed , t hen II,i, 1 1(1 h ’
~~~’C I C C  h I l t  V . ’ -  ‘ Ion w , u il d

spee’ilu -CI cuI u - \ C l i ’ e s C ’ I~
IlI, (,olunsn under HI’ 551tC e- ,.

Il _ n u t - c - — f  IC -k  ri’s_ ill’- , “I-Ct’ - F - ” gis e— Ilarti e’e—}’ es dh SI nlp lV be eq 1,11 t I  ( It  I tIl’l’gV  d t f t e  c t - I c, ,iss- -ci ,i~e-d

results corneu,-ted iorm ,’lm,ctrtuuicorrelationljyos’erhausea”s wit h et lv i r l ,nmcnts  C (’I1l5-b sl d c t ,\ 55:CbI ,\ — I i~ lt- -

uiie,tht ’u ’ _ iwI “Local F’,” give s the “,-,,,CII,- obtauned t rI ll, t i ’ lC I l S , which is b - I  the order of 1
2 

~? ‘  lU iv t’ r
an A l’W ca lcu la t ion using lIst, Kohn-Shuans local exchange I’l 1 cm 5 

- The’ hole Is ,~ Il- is n IC hi flu ispher ~u ’ ,t
approx inla liobu IRi,’I’ , 411,

HF HF - F1 Local E~ —- — - ~~ - -- -—----,-——-.-—----- -

— 1.6071 — 1. 2949 0. 029u I

—0.1223 — 1 ,1454 0,5590 ~
, ~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~ u”

,lII , ~~~~~~~~~~~ ~~ -

X’4 —I ). 5469 — 0, 5575 0,4020 /
x l — II , 3728 — (I , 5-I,5  0. 4 023

— 13 ,7084 —0,7106 0, :1061

L i — 0 , 6493 — 15, 1i5 3,, Ii , 1114 5 - ,‘,‘~~1 C- ’ ‘S
1.3 — 0 ,  1525 — 0 ,1742 0, TRi l l

W~ — 0 , 55433 —0 6601 0 , ,I:Cpi ’U , -

— 0 . ? 81u — U , 11155 0. 5177 ‘ ‘ -

W 1 — 0 . 19I1’J —0. 4114  0, 5-4(17 
‘  ‘ - - - - ‘

K 1 — 1 ,1. 55567 — 0 , 11761 0 ,12115 
‘

K , —0. 5116 —0 ,638-1 0,4111,1, ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
_

~~~~~~~~~~~~ —

K 1 —0,4477 —0. 5990 0, 37~ s ~~~~~~~~~~~~~~~~ 
- ,--*, - -

K 4 —0,0708 — 0 , 3054 0,625(1 I/ I C ‘~~

(Ll5~~LsL , - - ,‘~~~~~~~~~ - ~~~~~~~~~~ - -
— 0,58 7 — 0, 6750 0. 3250 - - -

Nr n,) 4 , 19 14.19 11,20

73 2 , -l IP 1.94 /

cies,

There is a general argument 47 supporting the ‘ ‘ - *
ciiiscept of finite energy differences between adia- ~~~~~

——‘- - ‘ - ‘ — — ‘ ‘ ‘ -

cent iuecupied and uni)ccupied les-els and conse-
qiuenl lv a Ze n , density of stales at the Fermi level, - 

- 1’

It is that an electrop in an llccupied level ts acted ‘ ‘
,,, — .  - ~~ —~~- —~~

Ii~ llfl by an e ff e ( ’t iV C ,V — 1 electron charge density, “.
‘~-~~~ -

. ‘ 
-

wlt e~ m e _ i s an electron in a vir tual orbital is acted , / 
‘
~~

‘•‘

~~~~~~

•“ 
-
~~ ‘ - I

UlKifl by an ‘s elect ron charge’ density , This occurs ,i—” - 
- 

— -
~~

_
~~ 

-

ix cal isi-  the exchang e term in Che Hart ree-Foc k ~~~~~~~~~~~~~~~ 
~~~~~~~~~~~~~~~~~~ 

—

uipt’ral in S I ’  ~V l -S  Co e ’ f f i ’ c  1 5 1 - I  v re’ move an electnil n 
— 

‘
\ /

frl ,m the ’ t ota l  charge’ distribution acting on an

Il ct -upi m,’d slate as -i 110 ,111,’, l I t  preven ting terms jut- 
~, 

C - * ’ I -

s’ u u l v u t u g  t I le ’ se l f — i t s t e r a c t l l u i s  [ru ns lx- ing included in ~~~~~~ •,,~~~
,

I hue’ energy t’xpression . Alt hiiu ug h the eleci ionic - ‘ . -

C h,t rg .- !‘ i - n u i l ’ C ’ l ’ l l  IS Ct iSI ‘bI l l ’  ti l0~~, is is lOCalt7ed
alsuu l h, e le- t - t nil n in t ill’ occupied Stale (the re- . ‘ ‘  - ‘ 

. - 
‘ . .

mlIvl ’ ih i’h,mrRm” (‘ 1 1 1 1 51 I C I I I I ’ -. - m ‘‘Fe’rn’s i btuu le ’ ’ ’( . The F IC , 4 , Iii I s i  ‘ - ui - Iii i l l - c , - il’’ 1’ 1’ s o r t ,  Ii” I T ’ ,, I

de’g u_ i - I -  h f  l i u l i ’ i ’ ,i’ I iui n ‘‘1 t It us hillle ’’ w i t h  Che’ elet — I I if l ’, T _ , ’ ’ , t ’  Ti ‘ II, , 1 1 , 1  R i i  I l - I  k , e - , i  ‘ C , ’ . 5 ( 1 ’  ‘ l u l l  C I  - - -

I n n  au~l m ’ I l s - i r l , n t t u i e n b  in<b (‘ C I uS l ’i l l l I’ t l t  ly C Isc ’  local — I - I ’ ’ , - -  - T h I l I l l ’  C il ’ I3I I’l l 1f~’~ I..

I (9
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€NIRGT I ~5l The broken line i’e’pne’Se’t uts lIst c_ it , iuns i ’ I u I u s S I ’  il

eo r— ’~ ’- -----’--4’~
- -- —-4’~’—-- - ~ 1 curve after e’o r rec lu lht is  ,irt- made- h r  the pr es c l lc i -

—‘ I of CaO- The Feriiit Ic-~ i-I us f,, utsd f r Ill the h I l t -  n —
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t - F t ’ run u sur fa c e

1.0 
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I I J ‘
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‘ ‘ “ 2 . 0  :5 0:7 
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-C- 
~

t1u Fock

~‘ 4 : I t  1) 1St (C S S I I ) ’ I.
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ENl cI.,~~~~, 

exist 55t’t ’’- f insC ttsaui e by A , : I ls , lt t t t  .111 ,1 1 1 ,1,1111  II ‘‘
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2 -t - , Sjb , Cl I - ’  itS Il’ Il, 1 il’I’ .IT I t ’ ’ lIh ’ 1 ’ h ’ I l l i I ’ I l II ’ h  II I I  1 .151 ,1 ( 1 , 1

I,- I C~~’ T I C .  ‘ 1 1 ’  T I u f t  II 11,45 C Ti I - - ,i I I, .151 q 11.1 IIt ,t l u s e  IS ,

plainest h’~- I l l - - i - I  1 .1 Ic’ uu l_ P I- I l lS tin - _ Ih 1551 Ii- C C I  1111:

- I b ‘ b I l l ,  C C  - 1111 sI - hi-’,’ ill 5,1  1 ,11 ‘l ~~u ’  met ~t I i P i i  C r  ‘lilt
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~~‘ - ,~ * 
I 

I I ’ t u  F Ili ’ I ,‘ , i ul, r C ’ ,  the’ i’ l l  l Ilt p,i~
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l{Imi ’ I i ’ u I — I ’ , ,  i k ‘ i i  - I — — 51 11 1 , ’  I’I’ ,’ I , l ’ l -  1 1  ‘i I t ’’  l i ,ui t i ,
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c at s t  density ‘ ‘ I ‘.1,11,-s surr llut ldtn g (Cit I t  i t I l l  lu 1~ I

- 
4 ft 4 I’, 4 4  - 4 C 4 C  and calcium is-ill re’tumn 1,, 5 ue’t ,tI ,

The alto-c spac ings  it w hl i ’h  IS, - . t i ~~ l t

— ‘ I 
,
h - -c transiti ons 111 ,5 li ’ i-an is -  l ( l I I ’t  C S I I l l ’ 1 C  fr Ills .1

‘C ‘ Il l the corre lated Hart mu ,- ‘ F uu i ’k h ’ I i t - r T ’, ie’ ,S \~ , III
I ~ , auid ii 

~ 
as a f u l l ,  t i o t u  t~f ii a 0 ii- us I-’,1: 14 I I,~

I’ i iiet’a l — t o — s e usiiiiit ’l~ il I i ’ .u l l s l li i un  hI 1 1 1 1 1 ,  ~t ~~~ I ‘ u i - I

- malely uu ,:~ 0 8 2 s b l i - i I !~~~auai (%~~~’ C , I C , ’ r g .  ‘ ‘ ‘ I C C , -

- “ C , saris e e’ i le ’rgv iF’ ’~~l ‘rh ,- SC It l I l l i l  I_ l i  l b I — 1 1 , l ’ l .ii CI ’ .ill-
- - 

/ 
,, 

I 
sit lois at appriuxiuti -ate ly a O~ 

0. “ 111,15 nIh (0  .iI’ I 1 -

C ’ P 
“
~ rate due ( u  I itse ’ar -de’ pende uuct ’ Pr’ - 5 1 1  I l l S  1 1 1 1 1 )  I ’  ‘TI . ‘P

- 
‘
‘ ‘ ‘ I~ e earlier,

- 1 
I \, - The first transiti lun lit Ii Tl j  0,82 ca l l  Is’ (‘ I)fl h

- 
, I - - 

, pared with the APW \ . u I I , l - 4 ’  ill 0, 93 and t b s , -  ‘ t i - -

-S lOb. 4 296.8 uS/ c perimental” value IlL 0 , 8 7 5  dett,’rttitt ue-d by A Itm a il t I .
C M  8I.~ C 1 Hanford , and Blake 0t usiusg an equ~1t ion ‘ - I  51,11 t-

FIG. 10. Oscillato r strength for direct calcium is Our  v a l u e  of a 11 ,1 0 725 fu ,n 1 St’ s 1’ C I I I t r , I t l s l l l -  ‘ I C

transitions, Correlation corre c’t iotss ton s’ateiuce and cats be compared w i t h  the A l  55 C t I C, ’ III 0 ~ The
couldue-tiols electrons have - Iiee,u ma de huy Overhauser ’s correlat ed HanCree- F,uu ’k bands pri ’dic l t u b e- u - I c - T i l t ’

T I ,et h l IuI , ‘rhe se-ale has been shifted s uu  tha t (he’ ex peri- transit ions ~t t  smaller l a t C I b ’c 5 1 . 1 C I III i- (t i_ i l l  ul ‘ I  S

t ilental I er n~u l i -se- I u s  matched - the APW bausds , but 511th art- in ,i It ii ’ S - e’ m uIr

wit h the ‘ exp e r inse n ta l ’  sC miIUiI

a a 0 0 ,8.  In both the uncorrelated and correlated II (i ( I t I C , i I t .du u t w t l s ’ I

Hartree- Fock cases, the Fermi level C UCS the ‘I’he opti c~~C spe d i’ .t if u r V s l , I I, I’I, 51, 11,15 id ,

hands at only a single point in the irreducible pci martl y de ’C se- uidt ’utt Oh I h, ll t ’l iSi t T ,’ C u 1  ‘,I ,ut i 1’ C u t  1I ,u
wedge. The density of states is accord ingly ui~ hands uus v u u l v t ~d III h, I l’ ,t( ,sul I ’ l l  In , l b b l l u I ’ d u ” , I u ’ I,S

fini tely sniall at the Fernii level, At t his latti c e ‘If the s lu& i ’ tr , i  II’, t u u s t t l l l l , , Its _ it n i -  I u, T l l l I C I T ,  .111

spa (’iuug the bands [rein-i the first and second I3ri I— ausi dl) is i g u l l  l u  .~~( C l  C 15111.111’ I ill’ C I l l i  I Si. I I  iS ill
IlIU m z l it%s have converged and crossed along the the -  density uu f  s(, iI.  s .il,,l ( I I I  U ’  I -  V I  i’ ,iIIlI’ IS  15’

direct  11111 W — I  - The su r fa i ’ es ’ 11 the two  z,lnes ui,ure,’d w h e n  I ,IIC’ulat l I l l ’ u ’ l l I I i . i - I C C I I  ,iIisl ,Iibi.’ - i’(Il un
usiake cuiustact at only this sitig le p111111 in the ’ irre— i.1ud,’ t r _ i  s~ n ,~ - - ~ ‘ I C C S ( ’, iu i u ’ u ’ u , b u  u ltp h- Il t t ’ ,IIli’ll - III

due ible wedge and cilnsequeui lty use Fermi surface’

must pass throug h this point in iirder to  match t he’
electrons in the second zone with the’ n u m ber ui

holes its the first , I

It is interesting to nuite t hat the uuic,errelated and

correlated Har lree-Fock d c t s s u t y  lIt states for
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Ib lpt tt Clue ’ p ie-s ent  c,u. ’ .u ’  u I  that (lie I i ’  - .1/ b batid lull  I Ill’ aixi tIlt.’ re’sUIt iIIg S’ _ il~~e’ lI lt ’  the’ e lIt Ist_ inC ) a p I/ ca r—
blIu. ,iI’t’liI i’ S V  S / / I l ’ -I _ iS . ‘ I l IP I t / / , ’ , b , t I / 1,~ i i ~ the ’ S ) / l’ I i I I l  — heat l’ \ ) l i I ’ S S I’ ’ l l  1511/lId be’ i i i—

- C t eas ed , hot hi CbIaI lgt iS bei i 1144 1 fl a dined iuiui uppo —
4, Fermi s ur lmu us ,

S i t s ’  1’ ‘ C C ~at ne’q lut rv’d f m  inull r(uvenseull Obvi~uusI y.
Since - I It ’ S ‘ I’ ! ’  mt,’i’St illii b ’ uu l ’i’l( ’ t l ’  ‘114 de’term ine’d 5’.’ Isv pulsi( i Iut l ln i~ of the Fe rmi i _ S C - I IS III’( the ’ so le

‘ 1/4 5113 C I I  (.)S s t  l ,CI . ISe l’ S Suii~1u1i lit’ , 1 /1I1 ’ I i l, ld  .1115 cb,uilr i l,uuliotl C ’ ’  (lie’ c i i i’. C.’ , Cl l tj i t l i.’d i t t  t i C  ,u lc u—
3111511 1, i s P I l l  1111111 11i _ ’ ,ui 1111.’ Fe ’ml t t t  I’IIi,’ I ’ 1 4V ,  C hIC- I ’ - la(ed de l-1,u . IS — S - : i l ,  A l phuen (I,ikt A I I l l i I I5 , u / 1 i , I l  ilul lS

is lit t le b t t l f e r e- Ilu ’ ,’ i l l  the ) re-d I u ’ Ic(b 8,- Haas— va t I  suu h as the k-utudl’ I le -ls dent I’ll- I 1 ,1, - u  - i i  i 1411 ,1 11

A lpbse’n 1 , 1 1 1 1 1  ,it(’al, i l1’ i ’V . l ’ I ’ l t  11114 i-esults pi’ t_’dicteit ‘ ‘ ui ’ i’e’I ’ I i l u t i S  O USt T, ’ , t’ h ’ P l u’ niak e l l ’ C l 1 I I I 1 4 I I~,’ i I b I l ’  I’I~~u i —

liv the uncl lni’e lated and the ‘ I ’d  re lated I-tart me-c— tr ibl ituouss

F’, “-k l)aItdS Table 111 and FIg . 121. Our resul ts  , ( O~s( USSIONS

~
une III’ be t t e r  lluaiu tb l ’ ’ sc-  ‘uI)UIlIIu,’l,l lj ’. ineauss of t he

iiit’ t lsu,cl e - nt p l , ’ t -  /5 14 1 , 1 _ uI 4 -xc O .u l I 14& ’  approx imat iI)i5S Ill this )I , I)1I  V 151’ have ,lb(aine’d an ult u 1 I C 1 I I u ’ batid

lsc’ e’ Table - III), and S I C  I l I uc  Hamli’ , c — I - - k  ca lc u l a— s l i -u l -t ure- I t - I’ . u l c u l ,itsi in t he S e Lf — c C l n S u s l u ’ i l I  Hai’ —

1111115 1.1St ’ Ia IIe-d in an .irea ‘al/c rc- 1 1 1  lli’SII Vu-S u Its lr l-e- F’ ’ k , I) I ) IV I C \ I I lI,lI l IC l i ,  4 l lr reu ,t t  P . 1 1 1  (1 I i  I C  -

hav e’ c ons usC ent lv rensai ui~d ,‘l 11’.I’.’&’ - The experi— t i  Ti l l. .t mt ’ Iisa de lv Il/i .1115 u t  Ov e’ m biaus - n ’ s siist pli -

nsenta C da’ :u Sugge sts that the Fermi s l t n fa c e’  in (he tied ttue ’Iblllct, ‘11 115 tl5I’I b SuId ‘t u ’ ,i lc ’u I’St i lun i V’ ub ,l m  I’’.

f i rs t  Bnililsuin zone is made’ up of it i(e rco n n e c ting  4 1111 1 1 I’I’S / lItS 1 i’ l I l I u .lIl I’X C II’i ’I I l I C ’ I l i a l  )lC ’ I l l l  ‘ ‘ I  V1CV.

arms , ~ The Hart re’e — FlIck resulls predict a cots— ‘SlId e t tt p llll i~ no cl /llSt.Iliii’ I l ,uV, O’ /u ’I ‘ms . We .1 dl’

nec’te d Fermi s u r f / l I e - , 5511 the ’ I’i’ l iSS s e c t i o n  at the ,,i~h- 111 ,ib ~ sc’ i’vt’ t i l l ’  II I 1’t. i l—tu i—S en t I’lu, ’l ,i l — i O — i i S I ’ t , u i

I/ l I nt ut l’ontsec’ Iion lamepi  of urbll ~) is 97~ too e’ lis’Imo nic C I’anSItl ’-II is ’ itl i 1 1 1 1  r(’.i Sill 5 5 1 5 5  Vi’ ,

small , M’,i.kit : 14 c l lr re la t illn l- - ’t ’ t ’e ’ ( - t t b ’ i l s  lnl y s e r v e s  t i s a t u- l t  tIll’ 5 4 1 1 1 1 11 ’  1111 1 11 14 1 1 1 1 C C  SI t h 1111 1 5 1 1 1 ’ / I I I I ’t l t a l

Co d i scu ,u/ i t l ’e l  the Fei’mu surface ui- i_ I  ut Ilml)it -
~ e ns t s s i l l n  S I/ I  ,‘Ii’ ,u , 1usd 111.114 1 ) Im I - i i I su i I ut i ’ v  di ll! ilI

bee-i- ins t’s z e r o ),  1,11 I ‘ - I I  1 ’ f  114 rue -I u t - I S ‘ ‘ l I T — b 1 1 1 1 1  rI l~ 5e - .I I l’ .- - i ’f - l l . Il I

Out’ pre dict ion I f  the c C C n s t / I t s I  ~ [E q. ( 1 7) J  ap-  “.111’ l i t _ i  liv 1111 , 11/ S  ‘I ii i’15 V I T  II’. cal i  u I.il I ‘ I ’, I II 4
pearinp in Che spec ific—heat exp r c ’ ss l l l u l  alsu, has ‘1 111’ 15 1,111’. ‘I Iii, C , 1 1111 S I C V I , i h  I II, 15,51 ill 1 Cs’.
an erru,r c’llmpanal_)le’ Co ( b l l b s e  lub lui tted b’s nseans CII ’ H/I/is—Salt A l l Im ’ ii 11 .11,1 11.1 1 , ’ I ~‘ ‘~~. . u . : u u  C 1 1,13111

1f u s - a l  exchange appr lbxi iisa l t l lns ,  As give’s iii III’ I 11’ I’/I / (’C . b V 1 ’ Si” Ci h it’ i . 5,1st l .lV, I ‘ I I  1 ’ ’ C I I ,i1’ u ’ , i ’  —

Table’ II we 1151am a value- of y -0,73 m l i ’s 1 4 1 / u - f l  I C I I I / I l _ u r l  ,I I ’~ 1 5) 1 .  1 1 1 01 11 1,

nIl K ’S ml ,11 H )  II ‘m the’ Ham t u’ee ~— 1- 1514 case ansi 541  f i l i a l) ’ .  I C ‘~n 11111 . 111:11 11 11 lIt ’ S -  / 1 1 1  I It 8’. _ i  i’

‘
~‘ 2 . 4 1 /  (t i i ,t K~ nsl’Ie’ 5 i I i —  I l l  I’ l l ’  I’ l’l , itIII l l t t r— l i _ I ’ Ii ,il I_u - I ts ’  u 1 f  ‘.tiliI’,’/ ll b 1 .11111 S t I ,, I I T  i-I iii h/ I  I C

Ii’ , ’ I ’ — F I ,t ’ k 1 ,1151’ , 1 1 1 1 - S i ’  s’alcie- s - III i~ c h l t l l l _ A u I ’ I ’iI em ,t l ,  54 ,  ,,mt a / I / I  P C I  I 1 1 / 1 1 . 1 1 ’  t b / I  IC , I T l ’ C —  ii ,i u _ I l l

sl it h Chi c ’ I i - / ) C I ’ i ’ i  1111’ lIt _I I I s  ‘ 1 1 1 1 , 1 ,  C I I I  C _ u I  t Ie ’  ‘I I  2 1) 1 C C I / I l i b i  I - ‘I I’- - I / / I S  it S I he t t i ’ I  I l - u t II ‘I ‘III’ 11 ,1 1 ’ ’  t i / I

( i t s - f K’’ fit I ’ ’ ‘
f’’ after l i i l ’ IUSAI,lI’t III PItt 1 1111, l ’ l I i —  u ’ b I u h  II I I-  I I ’ S  I I  I’ - 1 .  . 1 i ’ lt I , i l  .111(1 1 1 A l  I tiSe ’li l 1,.

III tiC I l l - I  t- ’” - t  I 2 1-I I ’ l l ’  Ill I I’l l r ’ S C ’  5 11 ’ -111 1/ itSI, ’ i ’
1,1 Is ”OlI’ i t  1141411 ‘4 1 1.

, Ic I iuu I IS,  (AIr I ’S T / l l I , I ICS Il ‘~ 111 1 1 1  ‘I C’ ’ 11511 0 ,93 ,111,1
Pb 15 , ce- ~~’~ 1 1 1 5 1 I’ ., ‘~1, I l lS I i  t i ’ ’. -~I Gb ‘

~ ,u I / I l  ‘1 ‘ l I t  , i C , I b l C C t ’ s ‘.1 51 1 , 1 ‘ ‘ ‘ ‘ . ‘‘ .‘  ‘ C ’ It’ Ill - 
1,5, ~~~~ in t l A l i C ’ I l l , t I I I i I /  Isis 1 1 1 5 5 5  .11 1 1 1 1 5 1 , 1  I u / ’ i . t I  t ’ ’  l’ t ’ ’ .l,’’.s’’i’ Ci .  1,, I)t~~ 4 _ l lll(’ i’ , C t ’  ‘ I ,  i-s I’ H

I II- small I’ l l ’ n e - I _ u / I III I ‘ C i ’ !  C l  1 - I t i  t I  1 1 , 1 1 1 1 ’  CCIII, I/I I t ’ S Ill/I l 1 ,, I’~’ - . I ,  ‘.5 1 I 11, 11 . 1 I - I I ’ S’ .  I— C
III,- F u l f i l l  S I / I  t I l l ’  IS ‘ . I S I I / t i c. it l t , 141 551 /  1 1 / h I  l It’ I), I, S k u l l i u t t  ,i / , ,: I) i I) , I PS I

II 55111151 hit’ I l - - I l ’  I - t I _ I l  1111 i _ I l ’  5 1 , 1 1 1 1 1 5  ~l Ii f i t - I t t  I’ll’ 1 1 1 4 - f l ’  ‘ is u 1 1 C C  lliSC ’Ii S S I I I T C / s  41111 I 1 , / u I  IS It IS

ll,l,l’. V ,Ilt A l l 1t l4 ’ u~ . 1 1 1 .1’. “ - c  u ,u l t ’ i t t t t u  IS V I  i S  ‘.1 / 151  - I I  I .uling  I’ ’  iu ‘ I b i  I ll  I 5) 1 1  m u l u l t ’ t s t , u P  ,utiul / i , .” ’r l  1 1 1 . 1 1

1 1 5 1 -  III CII I ’  II. ’ S u t i - l i l  - I t i l l ’  I I  t O l l  II C u - I  ,I’,, u I,, the’ 1 ) 1 / h  ,II ‘113 1 . 1 — 1 , 1  ‘ 1 . / I  ‘1 C ’ T I / I ’  11 .1 1_ - ’.,~ C I I  t Ills ‘.11/Ill’

f f 5 1 1 1 ,  ‘.‘.‘I ‘ I / I  il_ i l i l l i s  I t , , I I  1 5 1 1 1 1  Il ll ’ t I  Ii,, q / I _ 4 1 1 1 _ l  1, 4 1  It,. C I III V i ’ — ’- ‘ m l ’  1 1 1 1 1 1 1 1  1 1 1 1 1 1 1 1 I I ‘— 1 _ I l l ‘ I
l u l l  I’S ’ / C I l , l i l ’ S  l, , I C 1 ’  ill I ’ l l  Il l_ Il l,’ , III I I C ISI V 5 t  1 1 . 1 1  .1 ‘ C I I  ‘u t C b  I \ -  i ’ , ‘ —~~ I’ ll ’, I I ) . I u l i I C 1 ’ I 1 1 1 11’)’ I / I ll  I’ ’  IC
‘.11 11 111 1 1 - 5 5 1 I l l / C  ‘ ‘ I I l,i I’ ’ I ’ I ’ l . , C  I I I  I . ‘,u h ~~u I, s ,,. 111- I I C ’ , i ’s , I I ,  C _ I l l / I  i T l , i i ’ , i,.i’ i l / i  . I 1 ’ l / S ’ , b I / l I I I
C l - m u t t ’ s  , j

4 SLUI t itt l-t ’rlur III I C ‘, s - ’IIIII 1 1 1 1 5 1 1 1 5 1 I l- i lud I l T ,, 11. 1 ‘. 411511  C - I  H i/ i l-, ICr H. S~ C’ ,,I ’li u 51 , 1 C -I Ills

I l n u ’ u t i c ’ t I  II I ll _ l i’, , ‘I 1 1 1 1 1 1 1 ’ .  1 , ,illIt ,‘ u I , u u -  III C C I I  I I’  I ‘ ‘ h I 1 1 , 1 1 1 , 1  CIII ‘ ‘ I ’l l  il l  1 , 1  lit 111,1  III ,  - C I - s i’,’ l n  Ii 1
I / I ’ l l  I - ” ’ ifl 1,1/I’ I CI I  SI , u i ’ I .IS }~ ‘

, ‘ , s I ’  5 l ’ ~~, 41_ i C I I I  I - i ’  bu ls  f i i ’ I I I  S I / ) I ) h  I I  I I t i ,’ .  I I  - u , i t ’ I l ,  1

I t / I  I I  5 1 1 1 1 1 / I l ’ 11~ 1 ’ _ i  I If II C I ’ ’ I ’ 1) 11 ,1 5 5 1 1 11 uI III 1’ ’ - l  - 1 , 1 ’, C I C I

S V l I u I u - , I I 1 C - I I , - I I  ifl ‘,II ’ 115 tJuII ,.\ I I I I C Ill 1 ,11  1 1 1 1 1 0 , ,  ‘ I ’ b u - ” i  1,1 . 4 , 1 , 1 1 ,  5 I ’S - lI C ’ i i l ’ ~~ , ’ IS I’ .~~~,l ’ - ’ - ’ l ,
I l l / I l , ’, l ’ I,lll i,l I ’ I  1’.’, . ISA — lI t I I I  T I l l  & III’,’ , , II Ii-’ ‘l_i ’ lll li ‘ 11 ’  ‘ I , ’ “ I _I l l -  - I _ u I ’ . ’ l P i l I - n ’ S , F I ‘I’  Il _ Ill .1 ,  — ‘ - ‘ ‘ ‘ ~ - u  —

u I “1 11 11 1 I - , ‘I’ ’ , , l I I  ‘ C  ‘C I I I, , 1 , 1 ,1 ,1 ~P. , - I C —  I I .1111 ‘ ‘ C i  I - , , ‘,C 1 1 1 1 , 1 _ I ’  - Ii , ! ,

CI,,’ .~ I I  I I ,  CC ’ -  ‘ C l - I l  I I ’ ’ ’ i  11 . - i , , 4~~l t . t , ,  t I~ i I u _ , i I, I , i l l _ _ ,_. II, - I I I ’  ‘ .1 ,11 \ l ’i 1 T1 C ‘I- - l u “ , “I_ I l l —

14 4 ’ ’ . I u ’ C ’  I I b I I C ’ I , .  I I I , I — S I ’ , (4Il ,t ’/I - l i ll, 1 5 1 , 1 1  - SI  II, ‘I  l I ’ , i I,~~~~,,l’, , “1,11, 1 ’ I’  — I ,t l u i ’ l l ’ ’

(i ll, ,, , ( - ‘ C I I I’ I ‘ , I 1/1141 — , ‘ —I ,, ’ , , I’ I I , I T C —  T l 1 C l I 1 I5~~~~’4 i’, ’ ’ Iu ’ / , l ’ I l u  Il u - I ‘ I
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°p W . Anderson , Phys. Re’s’ , LetS, 21, 14 1111111. 1 , ,-ut i i u I t bit It m uru ri-, — C ,s 1, , -i’.,’ cur the- . ~~~~~~~~~~~ - ,‘ ‘ -
fi p W. Anderson , Phys. Rev . 151 , 25 I194’u’ . CII I 1111, - i’ ill I~ T l S  I C - I C  I’,ifl i I , u , C u ,  I l - - I ’ ’ ’ , ’ ,  ‘

~~~ / 1141
iS ,4 ~

( , Kunz , Phys. Status Soludi 16, :1(41 11/11111’ , Iiuu ’ .Sl T- .I’i ‘S -1 1 14 1 1 1 1 1  C l - h I I C 1 - I t  i / , u  - t l i i ’ S ’I ‘C
‘4 A.  B. Kuusz , PIs~’s . Rev . P 14 , 1)191) 41117,1 1 , I T ,  111, - I ’ d  I 1 1 5 1 1 1 1  I 11’’’ 11,1 11- lint 1 , 1 ,  6 ’  ,‘ I - I l l , II. is ihu, -r. -

~ I,C . J. Mickish and A .  It . ts uuuz , J. Phys. C’ 11 177 .1 ,IIUI. l (‘‘.11,5 .1 I’ l l’ ’ - ‘l~~~ ’ ’  I1~~~ Ct s111 14/ l i  I V I I I  I T ’ l l , , ’ 1 1 , 1 1 1 1 1 1

11973) . - 
Fot’k Ill h i  

~~t~~ iie C C ’  .11111 Out- i1,l/ h 1 , 1 - I’ ”  C 1, 11-115

lb. Ku n z  stud I). J . MII-k ish , Pbiys . Rev . II /s 7714 11,11,- I t~i tI l~ I ‘ I I ’ ’  tin l’~ - 1 6 1 , 1 1 1 2 1  , i ’ l /  I_ li.

11973). I s  “ 1 1 1 1 1 1 1 ’ , 1/ 1 1 1 1 1 5  111,1  III, ‘ t I_ I I _ I i C I  ‘ I _-S ‘ I I I ’ 1 1 1 1 1 C C  -1
5D. I~~. Shanklanti, tjul. A 55I . I’hys . i/cuu ’ . 1 .114 7 11111 ,1,1 , 1/1111 1 , ’  b l / C I C C II III U I I’  C ’ , ~~., I , / C 1 ’ .~~~ I r u ’ s , ’  15 ,11 1, l’ u, 5 ’
II
I. 14. Hai’u- is , L. K, t’.lltiIar , anul H. 1. \1I.IIkh uIi ‘-I , 1141.51,1’. I’ilI 14U / I i  C l .  1 1 1 4 . 1 / - . - 1 ‘ I ~~‘ ‘ I ‘.15’

i’hys . Rev. H 7 , 214 u0 1 1 5 7 1 1 . gu la r tt ’i u s 5’~~/ ‘ I  1 1 , ’ 51 t ’ , , l ti~ 1 . 1 ,114 I 1 15111,1 1 1 1 , 1 ’ .
Il
l Itagetis atid F, Pe’r mo t , t hy’., Re’v. It ‘, 17’.t 1147. ,’ (III’ I I T l l t i l I . I I I 1  I I I  1/ 5

4 j~~15 N, (I , Lipari and W , lb. F u Istle r , I’h~s . It,-~ , 1 4 2 , 1 ‘ .11 ‘ ‘ II h i / I - I l l - s  I~ ‘STI l l  ‘ 1  IC , ‘ t h e - T I , 1 1 1 1 1 , .. III’S . l l u , 1’”
11971 11 . 11/11711 -

21 L. Dagens antI 1- . Perrot , I’h)T, , Rev. lb a , lilt  I1II7 7 C  - - t llut isi’ 111 ,1  Ii, I’ . ‘ S ,1115 , - s . ‘ I ,  - Cl ’s , “511 - A .1 .1 1

N, Euwe’ .tsa , I), 1,. Wilhik ’ , ~,it1 U, r. Surratt , 1., 11111,71 .
I hus , Rev. 137 . S 11~ 4141 7 ,11 , ~~~~ IC , 151l11 ,’ . 1 . - I , \ t i l ’I ,I’ .Cl, III’ I I ,  I ,  I ,  I. ’ ’ ’- . ‘l’ , .
A.  H. Kunz , I’hy’.. Rev , 14)1, 1,01, 11 /1771 - lIe-v . Ls-t i II , 1 ,111 1 . 1 ,

~ Y. I syosasta, Prog. ‘I’heom. l’ht’s, 17 , 171 l i l I S I  , ‘a l,, Ii . 1 I I I l - I S S i , l , - I ’ . ,ull i  I 5. 1, 1’. i ’ C ’ , , . . ’ I C I ’ C  - ‘III’., ‘.1, 1

“N - F - MoCI and is!, 1, Liitlet,In , ‘rran’ .,  F’ IIr, lII.IS t’,’i - \ t i ’ l ,ICIulgu’ , 1’., . 0’ 1 1 1 1 1 , 1 1 1

‘-5 155 1111 , 151 , C 1 11 Si - li’ uikii,s 1, - I  44 - Ii, 1 1 ,11,151, I I I , , , Cl ’, .
“W . It. Fowlen , Physi . R,’s - 1111, 657 4 19664, 771111 1 1 1 7 , 1 1 ,

~~I1, I, Luusdqusst , 11151.5 , Kondeits . State’ r, 14, 19311:11 ,7 , , “i i’, I . .  Al t iu l / t iu l l  .111 ,1 5 I’ 1 1 _ i ,  1,11, 1 , ‘ u ’ ’ ,  -

- V.’ . I)verhausec , Ph’. Rev, II .1 , i’.’.’ 11171). — , 7 1 , 1  I I ‘ I I ’  / . -24T L- Gilbert , Phys. Re’s - A I i , .‘,l’Il 1 1 1,1 7 7 4 , ““ U .S  T- i , (PI 1 . 1 / 1 , 1  Ci. 1 .  1 1 1 1 ’  I_ IC ‘ C , ‘ b / I  - CU- ’ - I - I
JbC

~5e1e, a rile - It’s rut Ault’a?lc.’ S Ifl thi’llIiCa j / 1h i - s i t ’s , cdi it’ / ,1t,7 I - III,, I - 
—

by H. I,efebvre’ and (‘, Sill-S c IIIIII’l - ’,I’Il’TI c i. Nuss ‘1 1 1 1 1 4 , ‘.11. I t , l u l l ,  C ‘ ‘ ‘ I , S u- I , - I  ‘.1,111 ‘ ‘ ‘ 1  ,— C , I I .‘ .

III6III , Vol. Xfl’_ 
~‘S , I ~~~~~~~~~~~~ CT, I t. 11,1 I C - . ,  - I , .111 , 1 4 , I 15,5, -Ji ll A Litue’nniaiu , Pliys, lU’s - , 171 , 1 11111 ,’ .,, CII ‘- . C 1 ‘ :11 1 1 : 1 1 1 1 ,

1 1 ,  0
, , (o lt ins , It, i” }‘ , lISl,’lIl,l , II .3, SUn ks -I  /111111 . , ‘~ t t .  141 , Shul IIu , ’ l  - I - C I  1 1 1 , 1 1 ,5’ T I l l  1 , I

I; , We~te’m , Ini . J. Qila n ta inl (‘he ist , ‘.1, 77 197 11 . 51514 . I ’ , i l I 7 l  ‘ I , .

“A , II, 141111/ , I’bsys . 11,-s . 117 , 51111/I (197’’ , ‘ ‘ II, II, l’S b ’ / ,,- i _ / l , I ’ll ’, .. II, , . - , ‘ I I I  - I I
‘
~ isi . 111111 4 , A .  F’ . 14,11111 5 , /1551) (‘ , ( ‘ , - C .  tC,uluh lh.1a15 ‘~I l ’ t  ‘S II1’ ,l-IiI-I’ I l - I l ’ ’ I  t I l l  ‘I I I  uI, i s’ ’- - i - I ‘ ‘ I  I’’h . u i ’  - I ’
I’hs s , Ill-v . 1 - I l , 17 1  l 191 , 1 1 1 , I ’ , K u- ’ Co , - C I ~ - - C 1 , I 7’, I ’ l l , ,

31,t . I ’ , i’u la t t - t  anut I,, F ,  Is / - l I - i  I’hiys , tt, ’s , III , 1111’. ‘ t ~~1 ( 4 . \~ Cs’.,’,’, I .  4, 4 -  III 111 , 1 I’ C C I - I - - C l , , S u ’ I , - u

1 1 1 1  ~I 1 1 , i-I~, I,’ ( ‘ ‘i l l” ’  CI I I  - I . 

‘~ t t ,  0’ , (‘halley . ‘I - K . rlull 14, 1 ,  1 , L u, , . s Ill F. F:, 0 1 , 15 ‘Ii C 1 1 1 1 ’  . / iiil C I I  -\ - C ’  I , u I  Ii 5,1 , 1 , 1_ I  1’ - -

LtIl Iii , .1, (‘hells. 11 11/ ,, l~~, S l u t  1114 71 , 1 , ‘.515 I ‘ - 1 1 5 1 1 5 5 1 1 ,  I I , I I ’  - ‘ I ’

F, - F.. laPin -ti ui,t 1 — ( ‘ . I_ un , l’Il S-s - Rev . 1,1,,’ , . 1 4  C ‘ ‘ I  .1 It’ 1 / C 5 l / 1 h 1’ - ’ I ,I ’ l’u l u .  lIm , I I ’ ll ’, - l u l l ,  4
11 114, 1.1 . 

-
~ (‘ I 5 t l - ’~ i, s ‘ 55 1  III’ 1 5 1 0 - I .  I T . , ., ‘- 1  5 ( ‘II I - I , ! ,  I I

I,, S C u l l  -
‘ 

h i 1 , Itiulgi’ ,5 . I t l u I I C l i I  l , ,u h lul .,l, ’II lt,’1 .-~ 
I I 1 4  - I I I ,  II. I -

‘I,’, 1114541 . — 1 11 - l I l t ’ , 1 1 1 1 , , ’ , I I I I I I I T I IIII’.llI I I . ~~~ 
\~ I l - I ’ l l  . ‘t i ’’  - ( ‘ 1 / — 5,- ’ I .  - . ‘ _ ii ’ u ’ , -

°,I, l - , ’II—l , j.ICIU utn ul I’,, A, II I C I I ’ ,’kflt’t’, ‘ITS I . Ci” , 1 1 1 1 ,  1 1 1 1

CI, ) 1111,17 ’ , - ‘4, I I , C 4 , - u , ’  1 1 1 1 .111,1 5 I i -  ‘ - - I - ,,I~~._ \t~,,’ C .  — , _

1C 14 ~, iu i,~14st,, A. SJ
’I’IISI III,-I , SI , 5, I- ’ ’ , , usC II, I t ,

1 . ’. 7 

~~~~~~~~~~~~~~~ ‘ ‘ ,‘ - ~~~, ~~~~~~~ ‘~~~~~~~~~~~~~ 1~~~~~~~~~~



Appendix 2 List of Students and Post Doctoral Personel Supported
by this Contract

Students Supported Present Position

Peter W. Deutsch U. S. Army Balistics Research Laboratory
S.K.V. Mirmira University of Illinois Chicago Circle
T. Shima University of Illinois Urbana-Champai gn
J. Marks University of Illinois Urban,-i-Champaign

Post Doctoral Persons Supported

S. T. Pantelides Research Physicist IBN Yorktown
V.L.M.J. Van Doren Assiscant Professor , University of Antwerp
K-L. Yip Research Physicist Xerox Corp.
K-O. Almbladh University of Lund

--*

~ 

--‘--_-~

I ,

~~._- ‘ , ‘~~~~~~~~~-~~~_~~~ J



Appendix 3 List of Publications Supported in Part by this  Cont rac t

1972

The role of the electronic paloran in the soft x-ray absorption of the
lithium halides , with J. T. Devreese and T. C. Collins , Journal of
Physics C, 5, 3259 .

1973

Suggestion for improving the use of Gaussian lobe functions for atomic
or molecular calculations , with P. W. Deutsch , Journal of Chemical
Phys ics 58 , 1779 .

Systematic extensions of the local-orbitals method , Physical Review l~.
L~ 5369 .

Energy bands in LiF and sol id  Ar , ‘-‘ith D. J. Mickish , ,lot,i r’ial of Physics
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Recombination processes involving Zn and N in CaAs l~~
P
~ , with J. C.
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Soft x—rliv spectra of molecules , In “i-J ementary Exc i Lltions i n  So l i d s ,
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Index dispersion above the fundamental band edge in n i t r o g e n - d o p e d
GaA si_ ~ P ( y = 0.38 , EN > E ç) * wi th  J. J .  Coleman , N. I lo lonyak ,
M. J. tu~ owise , M. Altarelli , W. 0. Croves and D . L. Keune ,
Ph ysi cal Rev iew Le tters 32 , 1566-1564.

1975

Electronic structure of LiH and NaH, with D. J. Mickish , l’hysical
Review B, 11, 1700-1704.

Influence of electron correlation on surface States of nonmetallic
solids , Solid State Communication 16, 541-544.

Comments on the energy-band structure of solid-rare-gas mix t,iir5’s , with
T. C. Collins , D. Esterling , D. C. Licc iardello , and D. J. Mickish ,
Ph ysi cal Review B , 11, 3210-3213.

A comparison of experimenta l and theor et ical photoelectron energy dis-
tribu tion curves for solid Ar and Kr , with D. J. Mickish , T. Shima ,
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Koch , Solid State Communication 17, 761-763.

Optical-absorption and photo-emission edges in insulating solids , Physic :C l
Review B, 12 , 5890-5906.

Resonant Enhancement ( ? )  of the recombination probability of the nitr ogsu n~
trap F - band edge crossover in GaAs1_x P
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: N ( E N = ~~ 

x~ ) w i L l s
J. J . Coleman , N. Holonyak , W. 0. Groves , D. L. Keune , a nd >1. C.
Craford , Solid State Communication 16, 319-322.
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