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‘between two different energy eigenvalues of the spin-

'proéedure, to the formula: H' = H -
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The determination of angular variation of the EPR spectra
Y

for different spin values and symmetries is presented. This
has been done by exact cc‘)mputer diagonalization of the spin-

Hamiltonian matrix instead of using perturbation theory, or

seﬁ}as expansions, as done by pkevious researchers. .

" First, the initial resonant ‘magnetic field values

H = H(0) for an angle 6 between the applied magnetic field

and the Z-axis are obtained graphically using exact computer
diagonalization of the spin-Hamiltonian matrix. éecondly, a
Taylor series expansion of the resonant field values with

respect to the angle 0 is made to give the new resonant field

values H' at 0 + 60: H'(0+60) = H(0) + 60 35 + ..... This

expansion, combined with the fact that a resonant field value

is a solution of an equation describing the transition

N ) "~

3

Hamiltonian matrix,. leads, through a least-squares fitting

1
3%——4§-H—2- where
0°g*/9H
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‘57’; ca .
THE STATE OF ART

<

“

Electron paramagnetlc resonance was dlscovered in 1944
A
by E. Zavoisky 13 U.s.S. R. who observed stn@ng resonance
absorption in several paramagnetlc salts. - . "o
Since then EPR has developed into a major scientific
technique. - The maig contributionSIte the experimental
.: techniques and theoretical apparaﬁss.fqr interpretation of
the results have come frpmlrhe oxford group (Pryce,

.

Abragoun, Stevens, Elliot, Judd).
As far as the determlnatlon of the ,angular varlatlon of
the EPR. spectrum is concerned the methods used by preV1ous

researchers are pertu;batlon theory 1,2, 16 series - e

r

expansrons and dlagnonallzatlon of the spin-Hamiltonian
4 matrix®’1>, R , o
'In the first case the axis of quantization for the
electronic spin is chosen siuch that the Zeeman term is
diagonalized Bleaneyl and Low2 §ﬁbwed that thik term is
dlagonallzed in a coordlnate system w1th spherlcal coordinates
(6',4') with respect to the symmetry axis of the crystalllne

. potential when the orlentatlon of the magnetlc field is

(0, ¢) if the g-factor is anlsotroplc.'These coori&nates







" oriented along the (001) direction, i rotated into the plane

where H is the magneéic field; g is the g-factor, B is the

©

! -6 -
’ +r

and spin value 7/2 when the tagnetic field, initially

normal to the (011) direction. .The energy eigenvalues

obtained by a series expénsion in u = BPH for the case
u>>1l are: . .
b c
- 4+ L u 1 1
M“— + 2 + -z-‘f' a_1 b4 G"‘"’l—l’z‘ .
N f 3u b2 ) ¢
. u *
- Yb c
_ 5 5u ‘} 3 3
: b c .%g«
- 4 7 7u 4 4 . i
M—‘i 2} + -2-—"]" a4 + IT+-l:z )

)
v

Bohr magneton, uo‘is the permeability of empty space, 85 is
the separation of the gnergy levels in‘th%aabsence of the

magnetic field, M is the mgdbetic quantum number and
. 1
ai,bi,ci (i=1,2,3,4) are known functions of ® and ¥ where

= lzmz + m2n2 + n2£2-= %, ¥ o= g

the direction cosines of H with,respect to the cubic axes.

20202 < 0 with 2,m,n being
Hutton7 gives results for cubic symmetry and spin v&lue
5/2 in the same plane as‘;aproix, but he does not incidate
the way he obtained them.
In the third case, the spin-Hamiltonian is diagonalized
either directly in the high field region, where the Zeeman

term is the largest one and some of the off~diagonal elements

b







Where%€l<<g% and exaqt‘resuixs ﬁor&(o can be computed: The
diagonalization technique of the third case is not exact.
There are no calculations for intermediate values of the
magnetic field. Also there are symmetry limitations oﬁéthe
applicability of these methods.

A few angular variation spectra héve been reported by

1

Poole6, mainly for the hyperfine.interacpion, and by Hutton
who does not indicate the way he dbtained them. Q In general A
| no systematic treatment for diffepent symmetries and spin \
’ values has been given. . \
} The advantage of the LSF procedure is that it is based
} onh an exact diagonalization of the spin-Hamiltonian matrix; \
’ it is not limited to certain symme%ries, spin values,' or the
size of the magnetic field. It éan be readily subjected to
computer techniques. The only approximétion used is a Taylor
series expansion of the rSsonaht magnetic field values with
reépect to the angle O between the magnetic field and a
certain axis. This expansiorf combined with the LSF method
'
apd Feynman's theorem for the derivatives of the energy
eigenvalues gives the resonant field values at © + 60 as a

function of those at @ with 80 taken sufficiently small

_ 1 Ul
((S@—Exi—-()-).

In Chapter III thé'Spianamiltonian is discussed. 1In
Chapter IV we discuss thé least-sqguares fitting procedure as
applied by Misra to tpe analysis of EPR spectra. Chapéers
V, VI, VII, deal with the application of the least-squares

C . N .
fitting procedure to different symmetries and spin values,

S . ,".: IR
o, N e
VIR e~ 1% 4 S AL BEAP PR A MR



' is made again. Finally an overall discussion of the least-

squares fitting method is the cont?nt of Chapter IX. The
1 ' .

conclusion constitutes the last cﬁapter.
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The spin-orbit interaction for an atom may be writen
as ggLS = AL.3 where A is the spin~orbit coupling constant

and L,S the orbital angular and the spin angular momenta.
§
The spln spin interaction has the form: .

Ve

_ o2 1 2 2,
$sg = pis] - 3 s(541)) + B(s2 ;) .

u A

\

where D,E are constants. The electronic Zeeman term

-+
+ >

= R (Tiok _ a2
gZQ se = BH. (1+25) = #5.9.H

stands for the interaction of the electrons with the applied
>

magnetic field, B is the Bohr magnetron, 3 is the spectro-.

scopic splitting tensor. The nuclear Zeeman term

g( zn

represents the interaction df the magnetic field B with the

) =+ \
nuclear spin I.

P

The hyperfine inﬁeraction between the electronic and

the nuclear spins \,

geHF = i' i *1

and the nuclear spin-spin interaction

<

| %II =

-
are of the same form (X is the hyperfine splitting tensor).
2

l>j

The main quadrupolar energy term is

2 2
e‘q 2V : 2
S@ = — )[31 - I(I+1l) + n(IZ -
g 3JI(2I-1) 322 oo
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CHAPTER IV : y
/

/

PROCEDURE FOR COMPUTATION OF ANGULAR

- VARIATION OF EPR SPECTRA

~ ¢

¥
H E \ X L

1. ANALYSIS OF EPR DATA BY THE LSF METHOD o - .
_ The spin-Hamiltonian‘for a single ion is described using

the notation of Abragam and Bleane&l, as

- “
W- 53 +.z O | .
: L f,m L : {1)

» - (L even,\lm]sz)

where § is_ the ionic spin, E the external magnetic fi%ld.

> B

'3 is the g-tensor, oY are spin operators and B is the Bohr

L
magneton. ' Suppose that the external magnetic field makes an

v . Q
angle 0 with the Z-axis and the resonance occurs at values

of the magnetic field Hg. As the angle ‘0@ varies by 6@ the T
. < ’
resonant field values"Hr vary by AHr so "that ghé new ones

St s ke o 8Tk o R e Ak s

become Hé = Hr + AHr, Making a Taylor series expansion of the

resonant field values with fgspect to the angle O:

v
[

H(O+6Q) =H(O) + 60 98 + ... with B! = H(0+60) -

&l

.and Hr = H(Q) leadsg; through the application of a least-

<

squafes fitting procedure (LSF), to thefformula o i ’
n' . . '
| o (as./aH)Hr o ‘ \
= H =H .= . (2) )
r r\/\ (BZSJ/BH?')H - . !

¥ | | }\

where S' (chi-squared) for EPR data -is



s

’ [ . '—16— . .2‘

matrix which diagonalizes Se is given by
| ' i ‘ . .

(6)°

‘o R .Vj'i' = I‘piv>j! ‘ -
where Imi.>.., is the j'th element of the column vector
I.‘Dil>' ) ) ' .
' L e

From Feynman's theoremnge‘have:

-

»
3E, ,
1

oH,

. lq)i l°> (7)
it,4i" :

)
= <o, ,|
i aHi,’i

which, rewritten for numerical computation, is ,

© - aE,, ' '
‘ i W = .
, E T, ¥ gy - ,«‘,,“‘Di'> x <o, D], (8)
1,1 i',1”

.

-

'L In equation (8); Tr stands for Trace and lo, > x <oy, |

puter prodgﬁt of lwi.> with itself, i.e. (lwi,> XA<@i")pq

* , . .
l@i&?plwi‘>q'. . 'e _/'i

For the nupeiical evaluation of .equation (8) the

fmi,> are obtained by computer diagonalization of SE and

7

4 . o

——igi—— from the known matrix representation of S_,S.,S_ and
BHi‘,i" o o x'""y'Tz y
O? (see equation (1)) .

. Ce .

2

When the sbin—Hamiltcnian is given by 'equation (1),

. equation (5) can be simplified. Suppose that in equation

(1) gais isotropic and ﬁ%at the magnetic field lies in the

) ZzX-plane (the treatment is the same when g is a tensor).
) ) ‘ . . .

representé the (2S+1f x (25+1) matrix obtained by taking the ¥

3
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. . .
Then DB o b g+ 1ol

iv,i iv,iv. g L,m
. o (L eﬁen},fm[szﬁ 7
or, in the ZX-plane, . R

380 _ 3
i, i aHiT

H “ﬂgBSzcose Hi};£"+gﬁsx51n@ Hiv'i")‘

i )
° o . = gBcos@S, + gBsines_ (9)
where 0 is Ehelanglg between the‘magnetidggield-and the

Z-axis.- From equations (8) and (9) we getQ

-

_ $
aEi. ' ’
3Hi' o = Tr[(chosOSz(g chos@Sx)(Iwi.> X <wi.l)]
4 f
= gRcoso Tr(Silpi,> X <wi,l) + |
" gfsin® Tr(SxIwi'> x <wi,j) (10)
From equation (10) we have.® i! = 0. Equation (5) then
] ) ‘ QHin'in )
reduces to: . = . ' \
3251 = 2 SEiv aEinx 2
— — 2y W (11)
BHi',i" it,i* . TUiv,iv. 4

iv,in we get |

‘the final form for the new resonant magnetic field values

[
Pa— o K

' which is suitable *for computer procedures:

a

From equations (2)7“(§)y (11) and Hr = H

[V EETLR NN R Pt e
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. : CHAPTER V

SPIN s =1

As'mentioned earlier in detail, in Chapter iI, previous
researéhérs have used perturbation theory, series expansions
and not .exact_diagonalizatione techniques to determine the
angular variation of EPR gpectra. In this chaptéf, as well

#s in the next one, we give first the graphical soluticn and

then the LSF one for comparison purposes.

1. GRAPHICAL SOLUTION
The spin-Hamiltonién matrix is:
o 2 _1 ' 3 2 L2,
ge-—-gBH.S + D(Sz T S(S+1)) + E(Sx Syl

in the Zxrblane it becomes:

x :
4

‘ e s e 2_1 2 .2
H = gpE coso S; + gBH sind S+ D(S - FS(S+L)+ E(S,~S0)

Its matrix form is: .

M
. M 11 0 l
1 g +w§l a2 E .
2
0 a, - §D a, o
-1 E a, % -2y

. .
e AR T P A

2

!
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FIG. 2: Anqular variation of EPR spectrum in the ZX- plane for
spin S = 1(W/D = 6.4, E/D = ,1)
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CHAPTER VI

SPIN S = 3/2

1. GRAPHICAL SOLUTION
The spin-Hamiltonian is the same as that of the pre-
ceding chapter.- In the ZX-plane the spin-Hamiltonian
‘ J

\
\

matrix is:

) M2 L 1 3
M 2 2 C 7 — 7,
%— %Gl-{-D -—‘/g—c;2 /3 E 0
7 Cg Gy |7 6,70 62 ER: .
- %‘ /3 E Cy ‘% G,-D [“g— G,
- g- 0 Y3 E Cg G, —%— G,+D

where Gl = gBH cosO and G2 = gfH sin®. H is the applied

magnetic field making an angle © with the Z-axis, g is the" . ‘

g—feic.tor, B is the Bohr inggneton and D,E are the zero field
splittings.
The equation det || ¥ -}\’ﬂll = 0  becomes
A3 A, 2 A _ .
A4( ) + 23, (5) + A, (5) + A (5) + Ay = 0 where:
= = = E 2 5 G 2 - -
P S
I“s‘ \-W# 5 % ‘k?‘d
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_ G, 2 B G,2
Al = 2("D-) \—(1-35)" 6(‘5)

_ E, 2,2 1,G6,2 _a(E 2.9,G,2
on- \(l+3 (-ﬁ) ) + '2‘(5) [1 9}(5') +§(B)

and G = gBH/D

Comparing the equation abové with the

4

M.....,-,.x4 + sz3 + quz + 2xrx + s

which is solved in reference (10), we

A
p=A3=O' q = Azy r =2i;

The roots of our equation finally are

following two quadratic equations:

v
2
x°~ - ax + (y-b) = 0.

x2 + ax + (y+b) = 0

A
where

’

root of the cubic equation:

/- 2 ' Ay
a =V ily+gh-A,, b ==
s

2 E '
cos @(1-5-) , P
E G, 2 2. E.2 _E
+125] -3 (]‘5) . cos ©(1-3 (E) H‘Zﬁ)

\
equation

identify:

»

the roots of the

and y is the real

2 3 : 2
A, . A A A A A -A
3 it - 2 o2 oi2te , T2R0™Re
y” +l-ap- ply +1 3 %% 7 1=0,
which was found by substituting y+% for k in

/

3 2

27 - gk® + 2(pr-s)k - pzs

+qs-jr2 = 0 (Reference 10) .

’

o .

Fiakr bl o e *. b el L L.
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FIG. 6: Angular variation of EPR spectrum in the ZX-plane

for spin 8 = 3/2(W/D= .4, E/D = .1)
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CHAPTER VII

14 N <

' HIGHER SPIN VALUES

‘The spln-Hamlltonlan which is used throughout ‘this
o ‘ \ chapter is the same as that of Chapter V. H is the external

Tas ' magnetic field making an angle © with the Z-axis, g is the

g~-factar, B is thelBohr magneton and D}E are the zero field
splittings. We follow the same precedure as that of Part 2

of Chapter. V.

1. SPIN S = 2

The_epih—hamiltonian'matrix in--the ZX-plane becomes:
e« 7, - .

- ~M1 2 1 0 1 |-2
‘ 2 | 2c+2 s . | /&% 0 0
I 1 s c-1 /g s |73 = to .
. 0 | /6 E/D ‘/—g s —Z; '/; s /Ts‘-g-
a0 [sg [Fe [ , ,
o -2, -‘7) o , /6-‘5-)., s‘ ] -2c+2 |

where C = 9§§—99§9~ and 85 = EEELEEEQ. The resOn&nt G ' &

D | - D

.values, where G = gBH/D, as a function of.the angle 5] for

different values of the parameters E/D and W/D, where W is the -

@

energy absorbed at resonance, are plotted on the next two pages.

,,,,,,







SPIN S = 5/2
The spin-Hamiltonian matrix in the ZX-plane is:
N3 3 1 1 3 5
M 2 Zz 2 2 2 T 2
5 |[5.,10( ¥5, E T
» 3 | /3 3.2 E
5> |38 5C-71 vZ S 3/2 5 0 0 |
. v 1 —E | 1.8 3 E )
[ 5 /'1—65 VZ S 5C-3 5 S 3/75 0
E |3 1. 8 E
= 0 325 s ~5C-3 Y2 s /105
3 E 3,2 V5
| 3 |0 0 |325 | /28 | 3¢5 | 38
-3 E £ 3
Z, 0 0 0 fﬁﬁ > S 3 C
i I
where C = E%E cos® and § = E%E sin®, The resonant G

values, where G = gfH/D, as a function of the angle @ for -
different values of the parameters E/D and W/D, where W is
the energy absorbed at resonance, are plbtted on the next

three pages.
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FIG. 13: Angular variation for' EPR spectrum in thé
ZX-plane for spin § = 5/2(W/D = 1.6, E/D = .1)
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FIG. 14: Angular variation of EPR spectrum in the ZX-plane
for spin 8 = 5/2(W/D = 6.4, E/D = .1)
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Angular variation of EPR spectrum in the ZX-plane
for spin § = 7/2(W/D = .4,'E/D = .1)
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4. AGREEMENT WITH EXPERIMENT

A. MONOCLINIC SYMMETRY, SPIN § = 7/2

EPR SPECTRUM OF Gd>'T 1IN NAC1, . 6H,0

The spin-Hamiltonian for this case isl]‘:

|

=
— Q% T % 0.0 0,0 2 4.4 0.0
38 = fH.g.S + B,0, B,0; + B0, + 349 + B,0, + B0,

!
/
!

2
2
Y]
6

«‘+Bo§+aéog+éo

where H is the applied gtatic magnetic field, $ is the ionicl -
sl;in, BIE are constants and the Ogi(ssf) are spin op;erator“s
the same as fh‘qse‘given by Abragam and Bleany: 8 is the Bohr
magneton,, g is the g tensor. The spi‘n-Hamiltonian, in the

ZX-plane takes on the following matrix form: (Seée Page 42 )-

»
\ -
BN S '
.- - ' ¢
N




~ GHz. = The results for the AM = *1 transftionsf

.

* where € .= g,,8H cosd, S =g  BH sind, g =

,— 43 -

. _.an0 _ - ennd _
- 0 _ v - 0 L _' .
A3 T 1260B6 = ,000, Bl 332 = ~1,058, 32 f §0B
B.. = 12608% = .001, C. = 60B% = -.024, C, = izég 4
3 O 1 4 o~ e 2 7T
C3 = 1260Bg = ~,023 These values of the constants have

- ' ( . ’ . 0 R :
been taken from Reference 1l at room temperature., The units are

.e. the

in the -
! . R

Zx—plane and in the ZY-plane are plotted on pages 4 447"

resonant magnetlc fleld values as.a functlon of 0,

Y

The Hamiltonian matrix ih the 2ZY¥-plane has been

obtained by tranSformlng the OZS(SSr) operators on.rgtation £
of the Z—axishlntq/the perpendicular.plane xy so that the * o
ZX-plane becomes the same with the 2'Y'. ' is,parallel to :
. . o | ' !
le. The operators 0; transformlz.as follows: ’ ’ / . %
. ) ) ) , .
0. 1 .0 2 \ o
©2 +"f°2'%‘bz . . R

o + L 00 21 O2 . .

2.7 272772 - , C
) . k\,/ “ !
0 30,5 .2 35 4 3 \

. Oy T g0yt 70y hTFOy ; :
2 1 0 1.2 7.4 |
O 8% 3% "*g5% n
o, ’ ) - ;
4 1.0 _1.2,1 4 L
04 -> 504 '2-04“" 504 o “ ,‘.;
0 5 0 105 2 63 4 : 2316 "~ ;
Q% *15% " 37 % "~ 16 % ~ 32 9% 4
2 1 0 17 2 3 4 _ 33 6 £ !










; . v
5
o
Y
Q
s " -]
T b4
i
'
a3 R
-
ich -
O
. =
B
. 23]
- =
2 -
<.
. h
b
- . ° L \
) Q : 30. T 60 90
Zz . x
’ «=-ANGLE IN DEGREES . -_‘
FIG. 19: Angular variation of EPR spectrum in the 2ZX-plane .
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> 0 0 T 0 /5 SZA_+A

(A3+1Ay)

T

where C = gzzBH cos®, S = gxxBH sin@, g = 2,001, Iex = 2.004,

22

A, = -8.622, A, = .181, A_ = .531, Ay = 2.712. The units of

1 2 3
the constants Ai are GHz and they are taken from reference 13.

TZe results are exactly the same as those reported by Misral3.

They are plotted as a function of © on the next page.
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CHAPTER VIII

~ , EPR SPECTRUM INCLUDING HYP;!RFINE INTERACTION

In this chapter we consider the interactior; of two
spins, the electronic spix{ S and the nuclear spin I, with
an external magnetic field and with each other. We apply
the LSF method to obtain the angular variation of thé

speg:trum.

1. S=1I=1/2. ' . : . J

The spin-Hamiltonian, neglec¢ting the nuclear Zeeman

interaction, is given by: , ‘

s >
> > > > > -
9 = p#.3.3 + 5.4.1
}

-5
where B is the Bohr magneton, H is the static magnetic field,

> -+ .
:5 is the g tensor and A the hyperfine splitting ten 4 o

}
obtain the matrix form ofg«e we use the direct product
expansion of matrices. In the ZX-—plane,: with E) being the
angle between the Z-axis and the magnetic field, %{ 'f:akes

\on the following matrix form:

]

¢



L

ol R I S U A S
M, m 2 ' 2 2’ 2 2° 2 2 2 |
K A
1 1 1 2 K
iz |z tT| O 2 PxT Ry
K A
1 1 1 _ 7z K
1 1 K . -K, A ’
-— = 2 A + A 1 b A
2 2 —> X y = T F 0
V' 4 -
-%I -%_: By ™ By K—2 0 I-f!'-+ % ‘
2 2

where Kl = ngH cos@, K2 = gXBH sin® and gz’gx’Ax'Ay'Az

are the principal values of the g and A tensors respectively.
We consider the following four cases:

1) 9,=9,~2 Ax=Ay=Az=l'42GHz (isotropic g, ‘isotropic A)

2) gz=2,gx=l.95 Ax=Ay=A2=l.42GHz (anisotropic g,

v isotropic A)

F . ,
. 3) gz=2,gx=l.95 Ax=Ay=,7lGHz,A2=l.42GI+Iz (anlsotl:roplc 'gh,
anisotropic A)
A ' ‘ R !
4) gz=gx=2 . AX=Ay=.7lGHZ,A2'=l.42GHz (isotropic g,
- anisotropic A)
The results, i.e. the resonant magnetic field values as a
function of ©, for the strong transitions AM = tl, Am = 0,
¢ are plotted on the next two pages. M and m are the electronic
' - % . .l
and nuclear magnetic quantum numbers respectively.
\ 4 ,
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N

angles, helps to solve the problem. ) )

'

“The third prgbleﬁ, which we ?aced in thg.case ofIC3;
- | symmetry and § = 5/2, was thefollewing: for @ = Ooua
transition takes place betweenmdsay, the El §nd E2 .
-z L ' energy levels and between the E1 and E3 energy levels for
. an intermediate angle. This means that £he transition
s L equation is altered. This can be overcome by programming
'Fhe cémputer appropriately since the transition energy is

e

kegﬁ constant (see computer programs). . '

A

.
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arp#iDIX TII

~

COMPUTER PROGRAMS USED FOR THE CALCULATIONS

* PROGRAM TAKIST(INPUT,OUTPUT,TAPE5=INPYT,TAPEE=OUTPUT)
DIMENSION R1(201,20),R2(201,20),R3(20%,20),K4(300)
wD=6, 4
ED=.1
DC 15 I=1,19
AI=5.*%FLOAT(I-1)

THETA=AI*3.14159264/180., . -
SN=SIN(THETA)
- CN=COS(THETA) “\
DO 5 K1=1,270
K=0+2%K1
K4(K1)=K -
GD=FLOAT(XK-1)/100: N
Q==(1./3.+(ED**2)+(GD#%2))
R22./27.-(2./3.)%(ED*¥2)4 (GD#¥2)4( (SN##2)%(1, -EL)-2./3. )
Az-R/2.
QR=(R*¥2) /4, +(Q¥*3) /27,
=SQRT(AES(QR)) -
BA=B/A
PzATAN(BA)
PIE=3.14159264
~ P1=P/3.
P2z (P+2.*PIE)/3.
P3=(P+4.*PIE)/3.
C1=CHS(P1)
C2220S(P2)
C3=C0S(P3)
AA=1./3.
RT=AES(SQRT( A#424+4BS(QR)))
RS=RT##A4
R1(K1,1)=ABS(2.#RS*( 1-C2))-WD)
R2(K1,I1)=ABS(2.4RS*({ ABS(C2-C D)
R3(K1,I)=ABS(2.*RS*( ABS(C3-C1))-WD)
5 CONTINUE )
15 CONTINUE
" DO 108 It1=1,19
WRITE(6,106)I1 - .
106 FCRMAT(5X,*I=*,12,/)
WRITE(6, 107 )((K4(KX),R1{K,11Y),K=1,270) -
107 FORMAT(5(5X,¥R1(¥*,13,%;1)=%,E10.4))
WRITE(6, 108)((xu<w) chx 11)),K=1,270)
104 FORMAT(:(“A ¥R2(®,132,% T)z¥ £10. u))
WRITE(G, 109)((Ku(<) R3(K,I1)),K=1,270)
109 FORMAT(S(QX *R3(*,:3,*,1)=ﬁ,s1o.u))
105 CONTINUE : :
STQP
END
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ROGRAM TAKIS3(INPUT,OUTPUT, TAPES=INPUT, TAPE6=OUTPUT)
DIMENSION SPH(3,3),A(6),W(3),ZR(3,3),81(3,3),52(3,3),8%(3,3),

782X(3,3),EV1(3,3),EV2(3,3),EV3(3,3),GDD(180,3),GD(3), » B
8D1(3),D2(3),D3(3),TR(3,3),I6(3),I7(3) . -

LY

ED=.1 .
"WD=.8 ' ) ’
10 CONTINUE -y -
WRITE(6, 15)WD, ED, - . . A o '
15 FORMAT(5X,*WDs#,E10.4,*ED=*,E10.4) | ~ : g -

R2=1./S5QRT(2.)

M =3.14159264

GD(1),GD(2),GD(3) REPRESENT RES. VALU

ES FOR THETA=0

GD(1)=SQRT((WD-1.)**2_-ED¥*2)

v GD(2)SSQRT((WD+1.)##2_ED#*2)

/GD(3)=IQRT((1./4.)% (WD*#2)_ED##2) :
- GDDTT, 1)=GD(1) . ‘ ‘ -
GDD(1,2)=GD(2) ~
GDD(1,3)=GD(3) )
S2(1,1)=1. . . 2 Lo : ' «
SZ2(1,2)=0. - o - -
Sz2(1,3)=0. ! . ) - N :
SZ2(2,1)=0. ‘
Sz(2,2)=0." ‘ .
52(2,3)=0. ° : : \ 2 -
SZ(3,1)=0. . . d ‘
SZ(3!2)=0. . . ' .
SZ(3)3)=-1- y .
SX(1,1)~0. ) _ -
. SX(1,2)=R2 ~
SX(1,3)=0. A . C
SX(2,1)=R2 : N
sX(2,2)=0. .
SX(2,3)=R2 T
S%(3,1)=0. |
SX(3,2)=R2 , - )
SX(3,3)=0. ST . ‘
DO 40 IK=1,179 o J
DELTA=PI/360. ‘ ‘
THETA=DELTA*FLOAT (IK-1) e
CN=COS(THETA) ‘ ‘
SN=SIN(THETA") : 4
DO 1 I=1,3 \ -
SPH REPRESENTS THE SPIN ~HAMILTONIAN
SPH(1,1)=1./3.+GDD(IK, I)*CN . .
SPH(1,2)=GDD(IK,I)*R2#SN ‘ .
SPH(1,3)=ED
SPH(2, 1)=GDD(IK, I)*R2¥SN:
1SPH(2,2)=-2./3.
SPH(2,3)=GDD(IK,I)*R2#SN
SPH(3, 1)=ED
SPH(3,2)=GDD(IK,I)*R2#SN
SPH(3,3)=1./3.-GDD(IK,I)®*CN
DO 995 I1=1,3 : .
W(I1)=0. ) )




g

S2=2.
S3=2,
-S4=2.
~ 85=2.
S6=2.
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®((TR(I6(1),1)-TR(IT(1),1))%%2)
*(DE(E)/ABS(DZ(Z)))*(ABS(D2(2))-WD)*(TR(I>(2) 2)-TR(I7(2) 2))
¥((TR(I6(2),2)~-TR(17(2),2))%%2)
*1D3(3)/ABS(D3(3)))*(ABS(DS(B))-WD)*?TR(I7(3) 3)- TR(I7<3) 3))
'((TR(I6(3) 3)-TR(IT7(3),3))%"2)

IK1=IK+1
GDD(IK1,1)=GDD(IK,1) S1/52
GDD(IK1,2)=GDD(IK,2)-S3/34

" GDD(IK1,3)=GDD(IK,3)-S5/56

v

WRITE(6,50)IK1, GDD(IK1 1),GDD(IK1,2),GDD(IK1,3)
50 FORMAT(5X, 'IK1-' 13,2X, 'GDD(IK1 1):',E10 4,2x,

9%GDD (1K1, 2)-’ E10.4,2X,*GDD(IK1,3)=%,E10. H) .

40 CONTINUE

"STOP AN - ’
END ‘
. 3 a
P - )
i
.
W
~ .
"0

&

"o
¢ -
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. ‘ :
PROGRAM TAKISY4(INPUT,OUTP PES=INPUT, TAPE6=QUTPUZ) , ' ' "
DIMENSION SPH(4,4),A(10) M(4),ZR(4,Y4), sr(u 4),Sz(4,4), sx%g 8y, - .
. 7S2X(4,5) ,EV1(4,4) ,EV2(L, 1), EV3(4, ) EVE (4, L), " i y
-8D1(6), D2(6) D3(6) TR(4, 6) I6(6) I7(6) Dll(6) D5(6), D6(6) GDD((4)80,6)- T
ED=.1
" WD=.4 o - ‘ s -
R2=1./SQRT(2.) +» . : - \
R3=SQRT(3.) , ‘ :
PI=3. 14159 gu ‘ ;
GDD(1,1)=. X - i S
GDD(1,2)=.42 Y 4 . .
GDD(1,3)=1.59 " e . .
&DD(1,8)=2.4 . he .
SZ(1, 1)=(R2%R3 ) #%2 S 3 ,
$2.(1,2)=0. ' E . . X .
Sz(1,3)=0. S
S2(1,4)=0. C ) .
s2(2,1)=0, : ' .
SzZ(2,2)=R2%#¥*2 : . . ‘
SZ(2,3)=0. ' . . Lo ’ '
sz(2,4)=0. : v :
SZ2(3,1)=0. - ' . i ~ .
S2(3,2)=0. , S o e Y ‘
SZ(313)=-R2*'2 te , .
Sz2.(3,4)=0. : ‘ . (» : . -
- SZ(4,1)=0. R : C
- s2(4,2)=0. " Co ] , .
' * sz(4,3)=0. . , ‘
. SZ(4,4)=-(R2¥R3)*%2 . . . - /
SX(1,1)=0. ' . 5
. * SXg1,2)=R3 52**2) ' " " : o
- SX(1,3)= 044 o .
SX(1,4)=0. . . g ~ .
.5X(2,1)=R3%(Ra¥*2) ) : S ' A
' sX(2,2)=0. . T » . qu. ’ ,
. 8xX(2,3)=1. ©o : N _ R ’
. sX(2,b)=0. ° - : , .
SX(3,1)=0. | Qwmy, . : o -
- {6 15-) L) P “s‘ AR ..

{ Sx(3 3) 0 : - : N fo- 4

T SX(3,4)= R3'§R2'*2) " ﬁ@? Cor e L;' LT C
SX(4,1)=0. RV , o K
SX(#,2)=0. Y . T . ,
SX(4,3)=R3%(R2%%2) . . S T 2 LY

SX(H ll) 0. . ‘ “ l "’- j h ' L .,:av "\ ’A
. DO 40 IK=1,179 . ;o _ R ~
* DELTA=PI/360. Lo R L I T

' THETA=DELTA®*FLOAT (IK-1)-* - L v "

CN=COS(THETA) . - ) ' . & - y ' .
'SN=SIN(THETA) ° . ' '“;: oL W e o
DO.1 I=1,4 : N A . T~
SPH REPRESENTS THE SPIN HAMILTONIAN oo D Ce, :
SPH(1,1)=1,+((R3%R2)%#2)#GDD(IK, I)*CN" = - : oo - TS—
SPH(1,2) =GDD(IK, 17*R3*(R2¢*20¢sn - . ~ ’







) END

GDD(IK1,4)=GDD(IK,4)-S$7/58

GO TO 14

GDD(I1K1,5)=GDD(IK,5)-59/510

GDD(IK1, 692GDP(IK, 6)-511/512

14 CONTINUE

WRITE (6 §p)1x1,GDD(IK1,1),GDD(1K1,2),Gﬁb(IK1,3)
WRITE(€f55)1K1,GDD(IK1,u),GDD(IK4,5),GDD(1K1,6)
50 FORMAT(5X,¥IK1=%,13,2X,%GDD(IK1,1)=%,E10.4,2X,

+

Q¥GDD(IK4$,2)=%,E10.4,2%,*GDD(IK1,3)=%,E10.14)

55 FORMAT(5X,¥IK1=%,13,2X,*GDD(IK1,4)=%,E10.4,2X,,

1%GDD(IK1,5)=%,E10.4,2X,*GDD(1IK1,6)=%*,E10.4)

40 CONTINUE
STOP Cw

»!

rd







.

v

SX(2,4)=0.
i SX(215)=0. .\\\—/}ﬂ
v S5X(3,1)=0. )
SX(3,2)=R3%*R2
SX(3,3)=0.
SX(3,4)=R3#*R2

SX(3,5)=O.
SX(“,T):O.////
SX(u12)=O.

SX(4,3)=R3%¥R2
SX(“,“)=O.
SX(4,5)=1.
SX(5,1)=0.
sX(5,2)=0.
SX(5,3)=0. ,
SX(5,4)=1.

[y

. SX(5,5)=0.

C -

DO 40 IK=1,359
DELTA=PI/720.
THETA=DELTA#FLOAT (IK-])
CN=COS(THETA)
SN=SIN(THETA)

DO 1 1:4,10

SPH(1,1)=2.+2.*GDD(IK,I)*CN
SPH(1,2)=GDD(IK,I)*SN .
SPH(1,3)=SQRT(6.)*ED
SPH(1,4)=0.
SPH(1;5)=0.
SPH(2, 1)=GDD(IK,I)*SN
'SPH(2,2)=GPD(IK,I)*CN-1.
SPH(2,3)=R3#R24GDD (IK,I)*SN
SPH(2,4)=3.%ED
SPH(2,5)=0.
SPH(3,1)=SQRT(6.)*ED
SPH(3,2)=R3%R2#GDD(IK,I)*SN
SPH(3|3)=*2. .
SPH(3,4)=R3*R24GDD (IK,I)*SN
SPH(3,5)=SQRT(6.)*ED"
SPH(Y4,1)=0.
SPH(u,a) 3 #ED

*  SPH(Y4,3)=R3%R24%GDD(IK, I)'SN
-'SPH(Y4,4)=-GDD(IK,I)*CN=1.
SPH(",5)=GDD(IK,I)*SN
SPH(5,1)=0.

’ SEH(S)Z)EO.
SPH(5,3)=SQRT(6.)*ED
SPH(5,4)= GDD(IK,I)*SN
SPH(S 5)=2.-2.%GDD(IK,I)*CN
\' Do 995 11=1,5" \
~ W(11)=0.

DO 995 I2=1,5 ;
SI(I1,I2)=0. -

\/

.

SPH REPRESENTS THE SPIN HAMILTONIAN
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o

4

P

iy '166)=5 o

995 ZR(I1,12)=0. Coo
DO 999 II=1,5 o , .
°B0 999 JQ:'I,II . @ t /’\\ , ' ‘ .
. KK=II®(II-1)/24JJ . o : !
999 A(KK)=SPH(II,dJ) ' \
CALL EIGRS(A,S,1,W,ZR,5,SI,IER) - '
IF (IER) 997,996,997 ‘ .
997 CONTINUE Coe . : .
WRITE(6,998)IER - : .o .
996 CONTINUE x ¢ ) .
998 FORMAT(5X,*IER=%,I3) . Y - .
© GO TO 111 C e . ‘ o 'ﬁ
6(I)=1 ' . ~ ‘ v e

f17(1)=2 : ' s . p :
EQ=0. ’ e 5 3

AMIN= AB§(ABS(W(1)-W(2))-wb) . \ T . ' - :
DO~3QO L=1,4 : ‘ S _ .

L1=L C ‘

DO 100 M=L1,5 . , e :

TEMP=ABS(ABS(W(L)-W(M) ) =ND) o . A

IF (TEMP-AMIN) 105,106,110 ‘ . ;
105 AMIN=TEMP e . ) : . :

I6(I)=L) ' ,

I7T(I)=M . ‘

G0 TO 110 ‘ . , : . ‘
106 IEQsIEQ+!. % 1 RN e
110 CONTINUE R A :
100 CONTINUE - . : | A R A
111 CONTINUE ' | , RS
- I6(4)=4 ‘ ‘ . : s .

I7(4)=1 ' o . o . . .

w 16(3)=5 - ' -

) 17(3)=3 ‘ S e . .. L
16(2)=5 . - o o ]
L17(2)=2 . . :

16(1) 5 o - “ R
11 =1 R o

16(5)=4.+ - .- . (\F IR ;
‘17(5)=21’ B v A ) ) ‘ .
17¢6)=4 : N : o e T .
16(7)=3 e | N A ¢ . i ¢ , .
I(n=1 - : .. . LT o
Iﬁ(B?:ll - . « ot f f ) 'L x~_ =
17(89= . Co ‘ - o '
16(9)=3 w f ‘. ‘ . . ' : ~ 2
17(9)=2 g S T s R
I16(10)=2 - SR ) - . ( !
I7(10)21 . S L | .
G0 JO 25 s - . ,
" WRITE(6,20)I,W(1),W(2) W(3) W(4),W(5) , : : g
20 FORMAT(5X,¥1=%,12,2X,*W(1)=¥ E10.4,2X,*W(2)= = E10: 4% - \ ' ,
62X,%4(3)=*,E10. 4, 2X; N4 )z®,E10. 4, 2x,ﬁw<5) ,£10.4,7) -

- e duee -

-
« L, \ P o
Coa "\ | " | 1




-
*x

. i . \
5-TR(I7(10),10)) . :
S20=(TR(I6(10),10)~TR(IT(10),10))#*2 - ‘
13 CONTINUE ¢
IK1=IK+1 . * .

. GDD(IK1,1)=GDD(IK, 1)-S1/82 .
GDD(IK1,2)=GDD(IK,2)-S3/S4 -
GDD(IK1,3)=GDD(IK,3)~-55/56 N
GDD(IK1,4)=GDD(IK, 4)-57/S8

" GDD(IK1,5)=GDD(IK,5)~-59/510
GDD(IK1,6)=GDD(IK,6)-S11/512
7 CONTINUE B

GDD(1K1,7.)=GDD(IK,7)-813/S14
GDD(IK1,8)=GDD(IK,8)-S15/516 ) -
GDD(IK1,9)=GDD(IK,9)-S17/S18

GDD(1K1,10)= GDD(IK 10)-819/820 ;

3 CONTINUE . -

WRITE(6,50)IK1, GDD(IK1 1),GDD (IK1,2), GDD(IK1 3)
WRITE(6,55)IK7,GDD(IK1, u)'GDD(Im 5),GPD(1K1,6)
WRITE(6,66)IK1,GDD(IK1,7),GD'D(IIG,B),GDD(IK1,'9)-,GDD(IK1',10)

50 FORMAT(5X,*IK1=%,6I3,2X,*GDD(IK1,1)=%,E10.4,2X,. )

' 9*GD_D(1K1,2)=',E1o.u,2x,*GDD(J;K1,3):*,310.&,/) - o

55 FORMAT(5X,#IK1=#%,I3,2X,%GDD(IK1,4)=%,E10.4,2X,

* 1%GDD(IK1, 5) =¥ E10 4, 2X,*GDD(IK1,6)=% E10.4,/)

66 FORMAT(SX,*IK1_‘,I3 2X,%*GDD(IK1,7)=%,E10.4,2X,®*GDD(IK1, 8).- ,
~2E10.4,2%, *GDD (1K1, 9)-*-210 4, 2X ,*GDD(IK1, 10) =* ,E10.4, //)

40 CONTINUE N

STOP . . :
END L r

-
-
-

9!

=
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' SPH REPRESENTS THE SPIN HAMILTONIAN

995

. 999

997

996
398

'SPH(6 , 4.)=R2%R 3 #ED

- 84 -

bk 4

SPH(1,1)=10.%R445. %R 1 *GDD(IK, I)*CN

"SPH(1,2)=R1*R3%GDD(IK, 1)¥*SN

SPH( 1,3)=R2%R 3*ED
SPH(1,4)=0.
SPH(1,5)=0.
SPH(1,6)=0.

SPH(2, 1)=R1 3!GDD'(I’K,1«)*SN
SPH(2,2)=3"*R 1%GDD(IK, I)¥CN-2. ®#RY4

SPH(2,3)= Z*GDD(IK I)*SN 0

SPH(2,4)=3. *R2%*ED

SPH(2,5)=0.

SPH(2,6)=0. .
SPH(3,1)=R2%*R3*ED _
SPH(3,2)=R2%*GDD(IK,I) ®#SN
SPH(3,3)=-8.%R4+R1%GDD (IK,I)*CN
SPH(3,4)=3. %R 1%GDD(IK, I)#SN
SPH(3,5)=3.%#R2¥ED

SPH(3,6)=0, ‘
. SPH(4,1)=0. "

SPH(Y4 ,2)=3.%R2%ED

SPH(M ,3)=3.%R 1#GDD(IK, I)'SN
SPH( 4 , )=-R1%GDD(IK, 1) ¥CN-3.#RY
sg&(%S):nz‘cnu(m,U*sn

SPH( Y4, 6)=R2*R3*ED

SPH(5, 1)=b. .

SPH(5, 2)=0. -
SPH(S, 3)=3.*R2*ED )

"SPH(5, 4)=R2*GDD (IK,1)%*SN

SPH(5,5)=-2. #®R4-3. ¥R 1#GDD(IK, I)*CN
SPH(5,6)= R1*R3'GDD(IK I)%SN
SPH(6, 1)=0.
SPH(6, 2)=0.
SPH(613)=0.

H(6,5)=R1*R3%*GDD(IK:, I )*sN
PH(6,6)=10. *R4~5 *R1#*GDD(IK,1)*CN
DO 995 11=1,6
W(I1)=0.

DO 995 I2=1,6 ¢
SI(I1,I2)=0.
IR(I1,I2)=0. _
D0 999 JJ=1,1I

KK=IL #(II-1 )/2+.'JJ

A(KK ) =SPH(

CALL EIGRS(A 6 1,W,ZR,6,SI,IER) °
IF (IER) 997, 996 997

‘CONTINUE

" WRITE(6,998)IER

CONTINUE

FORMAT (5X,*IER=#%,I3) ,
G0 TO 111 . - ‘

s

‘
A
|‘I

4




DO 11°K=1,6 , .
DO. 11 J=1,6 ' . ‘ c S
: SZX(K,d)= sz(x J)*CN+SX (K, J) SN, , T
[\ EV1(K,J)=ZR(K,1)*ZR(J,1) : )
i EV2(K,J)=ZR(K,2)¥ZR(J,2)
\EV3(K J)=ZR(K,3)*2R(J,3)
- EVH(K,J)=ZR(K,4)*ZR(J,H)
L * \EVS(K,J)=ZR(K,5)%ZR(J,5)
11 CONTINUE
* TR(1,1)=0. : N
TR(2,1)=0. ’
TR(3,1)=0.
TR(4,1)=0.
TR(5,1)=0. \
. Aw&G I1)=0.

. \12 K=1,6 ,
DO 12 J=1,6 ‘ .
TROi 1)=TR(1, 1)+5ZX(K, J)*EV1 (J,K)
TR(P,I)=TR(2,I)+SZX(K,J)*¥EV2(J,K) -
TR§3 I):TR(B,I)+SZX(K,J)‘EV3(J,K)

( TR{Y4,I)=TR(Y4,I)+SZX(K,J)*EV4(J,K)

_TR{5,I)=TR(5, I)+SZX(K,J)*EV5(J,K)

TR(6,I)=TR(6,I)+SZX(K, 5)'EV6(J K)
12 CONTINUE 3
D1(I)=W(I6(1))-W(IT(1))
D2(1)=W(I6(2))-W(I7(2)) A S
D3(I)=W(IH(3))-R(IT7(3)) : , . ;o
: D4(I)=W(I6())-W(IT(4)) . . \ S
A D5(I1)=W(16(5))-W(17(5)) - Lo ‘
D6(I)=W(16(6))~-W(17(6))
‘ D7(I)=W(I6(T))-W(IT(T)) :
D8(I)=W(I6(8))-W(I7(8)) e
(1)=W(I6(9))=-W(IT(9)) :
» D10(I)=W(I6(10))~W(I7(10))
D11(I)=W(I6(11))-W(IT(11))
D12(I)=W(I6(12))-W(IT7(12))
F D13(I)=W(I6(13))-W(TNI3))

> .
- L g
.

- DI4CI)=W(I6(14))-N(IT(14))
D15(1)=W(I6(15))-W(I7(15)) ,
' 1 CONTINUE / '
PR S1= (D1(1é/ABS(D1(1)))'(ABS(D1(1))-WD)'(%E(IB(f) 1)=TR(IT7(1),1))
. S2=(TR(IB(1),1)=TR(IT(1),1))¥¥2
, S3= (D2(2)/ABS(D2(2)))'(ABS(DZ(Z))-WD)‘(TR(I6(2) 2)y-TR(17(2), 2))
, _ S4=(TR(I6(2),2)-TR(17(2),2))%%2 b %
o S5= (D3(3)/th(D3(3)))'(ABS(D3(3))-WD)*(TR(16(3) 3)-TR(I7(3),3)) .
S6=(TR(I16(3),3)=-TR(IT(3),3))%*2 o
ST= (Du(u)/ABs(nu(n)))'(Aas(nu(n))-wn)*(rn(ls(u) u)-TR(I?(u) 4))
\\\” 58=(TR(I6(4),H)-TR(IT(4),4))%*2
- +89= (ns(éJ/ABS(Ds(s)))*(Aas(nscs))-uo)'(ra(15<5) 5)- TR(I?(S) 5))
: S10=(TR(I6(5Y,5)=-TR(I7(5),5))%#*2
-, 81= (D6(6)/ABS(D6(6)))'(ABS(DG(B))-WD)'(TR(I6(6) 6)-TR(I7(6) 6))
512=(TR(16(6),6)-TR(17(6),6))%*2




13

50
55
66

-
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w ’ ’

S13= (D7(7)/ABS(D7(7)))*(ABS(D7(7))-WD)'(TR(I6(7) 7)=TR(I7(7), 7))
S14=(TR(I6(7),7)-TR(IT(T),T7))%%2
S15= (DS(B)/ABS(D&(S)))*(ABS(D’B(B))-WD)‘,(TR(I6(8) 8)-TR(17(8),8)).
S16=(TR(16(8),8)-TR(17(8),8))*2 &
517 /ABS{D9(9)))*(ABS(DI(9))=WD) (pﬁ<16<9),9>-m(17(9),9m
S18%(TR(I6Y9),9)-TR(IT(9),9)Fx# '
S19 D10(10)/ABS(D10(10)))'(ABS(D10(10)) hD)*(TR(16(10) 10)
5-TR(I7(109,10)) Y )
520=(TR(I6(10), 10)-TR(I7(10) 10) ) ##2
S21= (D11(11)/ABS(D11(11)))‘(ABS(D11(11)) WD)'(TR(IG(T]) 11) '
1=TR(IT(11),11)) '
S22= (TR(16(11) 11)=TR(IT(11),11)) %=
S23= (D12(12)/ABS(D12(12)))*(ABSTD12 2))-WD)*(TR(I6(12),12)
2-TB(17(12),12)) ’ /
S24= (TR(16(12) 12)- Tn(ﬁ5(12) 12))%#2 ¢
S25= (D13(13)/AB (D13(13)))‘(ABS(D13(13))-WD)*(TR(IG(13) 13)
3-TR(I7(13),13)) ;
S26=(TR(16(13),13)~-TR(17(13),13))**2 )
S27= (D1u(1u)/ABs(D1u(1u)))*(ABS(D1u(1u)) hD)‘(TR(16(1u) 14)
YU-TR(IT(14),14))
S28= (TR(16(1u) 14)=TR(IT(14),14))%%2 .
S29= (D15(15)/ABS(D15(15)))"(ABS(DTS(15)) WD)’(TR(16(15) 15) -
5-TR(I7(15),15)) .
' S30=(TR(16(15), 15)-TR(I7(15}-15))*'2
CONTINUE ,
IK1=IK+1 ¥ A
GDD(IK1,1)=GDD(IK,1)-81/S82 i
GDD(IK1,2)=GDD(IK,2)-S3/S4
GDD(IK1,3)=GDD(IK, 3)-S5/S6
GDD(IK1,4)=GDD(IK, 4)-ST7/S8
GDD(I1X1,5)=GDD(IK,5)-59/S10
GDD(IK1,6)=GDD(IK,6)-S11/S812
GDD(IK1,7)=GDD(IK,7)-S13/S14
GDD(IK1,8)=GDD(IK,8)-515/S16"
GDD(1K1,9)=GDD(IK,9)-517/S18 "
GDD(IK1,10)=GDD(IK, 10)-S19£S20 :
GDD(IK1,11)=GDD(IK,11)-S21/S22 , e s
GDD(IK1,12)=GDD(IK, 12)-823/S24 -
GBD(IK1, 13)=GDD(IK, 13)-525/526
GDD(IK1, 14)=GDD(IK, 14)-S27/528
GDD(IK1,15)=GDD(IK, 15)-S29/S30
CONTINUE
WRITE(6,50)IK1,GDD(IK1,1),GDD(IK1,2),GDD(IK1,3)
WRITE(6,55)IK1,GDD(IK1,4),GDD(IK1,5),GDD(IK1,6)
WRITE(6,66)IK1,GDD(IK1,7),GDD(IK1,8),GDD(IK1,9),GDD(IK1,10)
WRITE(6,77)IK1,GDD(1K1,11),GDD(IK1,12),
6GDD(IK1,13),GDD(IK1,1&),GDD(IK1,15) ~
FORMAT(5X,*IK1=%,13,2X,%GDD(IK1,1)=%,E10.4, 2X,
9#*GDD (IK 1 2)_*,E10 4, 2X,'GDD(IK1 3)-',E10 4,/)
FORMAT ( x *IK1=*,13,2X7*GDD(IK1,4)=*,E10.4, 2X, , » '
1%g0D(IK1, 5)-',510 I, 2X, *GDD (IK1 6):',810 4,/)
FORMAT(SX #IK1=%,I3,2X,*GDD(IK1,7)=%,E10.4, 2X,*GDD(IK1, 8)- R
2E10.4, 2%, *GDD(IK1 9)-*,E10 4, 2X,*GDD (IK1, 10)- ,E10.4, /)

€7

o~
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A ¢ A - u * Y

PROGRAM TAKIS9(INPUT, OUTPUT, TAPES= INPUT TAPE6"OUTPUT)

DIMENSION T1(800),T2(800),

T3(800) TM(BOO) T5(800),T6(800),

17T7(800),78(800), T9(800) TIO(BOO) xﬂ(aoo) T11(800) , T12(800),
3SPH(8, 8) A(3R), W(8) zn(s 8),S1(8,8)5 T13(800) T1u(aoo) ,T151800), *
1T16(800) T17(800) T18(800) T19(800) T20(800Y,T21(800), Tzz(sooy
2T23(800), Tau(aoO) T25(800),T26(800), T27(800) T28(800)

ED=. 1
Ri=1./2.

" R2=SQRT(3.)
R3=SQRT(7.)
R4=SQRT(15.) )
WD=1.6
2 CONTINUE

WRITE(6,10)WD

10
© PI=3. 1u15925u
DO 5 K1=1,451

K=0+2%K1

. —_KU(K1)=K

GD=FLOAT(K~-1)/100,
SPH(1,1)=7.¥R1%GD+7.
SPH(1,2)=0.
SPH(1,3)=R2¥R3¥*ED

. SPH(1,u4)=0.
SPH(1,5)=0.
SPH(1,67=0.

»  SPH(1,7)=0. . .

SPH(1,8)=0.
SPH(2,1)=0.
SPR(2,2)=5.
SPH(2,3)=0.
SPH(2,4)=R4*R2*ED
SPH(2,5)=0.
SPH(2,6)=0.

. SPH(2,7)=0.
SPH(2,8)=0. N
SPH(3, 1)=R2#R3*ED
SPH(3,2)=0,
SPH(3,3)=3.%R1%GD-3.% .
SPH(3,4)=0.
SPH(3,5)=2.%¥RY%ED
SPH(3,6)=0. '
.-8PH(3,T)=0.
SPH(3,8)=0. (
SPH(4,1)=@.
SPH(Y4,2)=RU*R2¥ED
SPH@“,3)=0.
SPH(U4,U)=R1#GD=-5.,
SPH(4,5)=0.
SPH(Y4,6)=2.¥RU*ED
SPH(Y4,7)=0.

. SPH(k4,8)=0.

SPH(5, 1)=0.
SPH(5,2)=0.

%¥R1%GD+1.

!

FORMAT(SX ®WD=% ,E10.4) .~

~

I

Y A e TSR

LT







16 FORMAT(5(5X,*T6(¥%,14,%)=% E10.4))
17 FORMAT(5(5X,*TT7(*%,I4,%)=% E10.4)),
« ' 18 FORMAT(5(5 'Te('.lu *)=% E10.4))

) .o % FORMAT‘S(SX,"I‘S(' Ih,%)=%,E10.4))

K

22 FORMAT(5(5X,%T12(¥%,14,%)=% E10.4))
. 23 FORMAT{5(5X,%T13(¥,14,%)=% E10:4))
_* 24 FORMAT(5(5X,#T14(¥,I4,%)=* E10.4))

, 25 FORMAT(5(5X; #T154*,14,%)=%,E10.4))
+ = 26 FORMAT(5(5X,*T16(",I4,*)=% E10.4))
2T FORMAT(5 (5X , 8T 17 (¥, T4, %)= *,E10.4))

\ .. 28 FORMAT(5(5X,%T18(* ;u %)=% E10.4))
—g~~-~-—'—-—-~-—29-zEORMAT(5(5X,'T19(',IM,*):',E10.4))
30 FORMAT(S(5X,®T20(%,I4,%)=%,E10.4))
31 FORMAT(5(5X,%T21(#%,I4,%)=" E10.4))
32 FORMAT(5(5X,%T22(*, % ,M)=% E10.4))
33 FORMAT(5(5X, ¥T23(¥, 14,*):',E1D.1¥))
34 FORMAT(5(5X,%T2U(%,IY4,%)=¥ £10.4))

»

36 FORMAT(5(5X,®T26(¥,I4,¥)= ,E10 4))
37 FORMAT(5(5X,#T27(%,14,%)=#% E10.4)) "
38 FORMAT(5(5X,®T28(*,I4,*)=% E10.4))
, STOP . BN
. END

t -

S b o o s sane bl S 3

v 19 FORMAT(5(5 ,l’rg(' I4,%)=% E10.4)) -
. - 20 FORMAT(5(5X,*T10(*, Iu,')-l E10.4)).
21 FORMAT(5(5X,®T11(%,I4,%)=* E10.4))"

35 FORMAT(S(sx,-Taé(',1u,~)=-,s1o ).







sz(1,8)=0.
sz2(2, 1)=0.
SZ2(2,2)=5.%R1
SZ(2,3)=3\

) SZ(Z:“)=0-

Sz(2,5)=0.
SZ(2,6)=0.
Sz(2,7)=0.,
SZ(2,8)=04
SZ(3,1)=0.
S2(3,2)=0.

" 5Z(3,3)=3."R1

SZ(3,‘4)=00 T
s2(3,5)=0. .

. 82(3;,7)=0.

82(3,8)=0.
SZ(I‘) 1 )30.
Sz(4,2)=0.
SZ(4,3)=0.
SZ(4,4)=R1
SZ2(4,5)=0.
Sz(4,6)=0.
SZ(“ ,7)-':0.
SZ(4,8)=0,
SZ(S’ 1)‘—‘0. R
Sz2(5,2)=0,
SZ(513)=0.
S2(5,4)=0.
8z(5,5)=-R1
82(5,6)=0.
SZ(5,7)=0.
52(5,8)=0.
8Z(6,1)=0.
Sz(6,2)=0.
S2(6,3)=0.
SZ(6,4)=0.
S2(6,5)=0. -
SZ(6,6)=-3 . #R1
SZ(6,7)=0.
SZ(6,8)=0.
SZ(711)=0.
Sz(T7,2)=0.
SZ(7 ,3):0.
SZ(?,“)=O-
SZ(7,5)=0.
SZ(7’6)=0-

SZ(7,7)=-5.%R1.

SZ(?,B):O. s
Z(8,1)=0.
(8,2)=0.
Sz(8,3)=0.
SZ(8,4)=0.

{

——



s2(8,5)0. , . ‘
SZ(8,6)=0. [
S2(8,7)=0. x"
SZ2(8,8)==7.%R1
SX(1,1)=0.
SX(1,2)=R1%*R3
SX(1,3)=0.
SX(1 ,)4):0.
5X(1,5)=0.
SX(1,6)=0.
SX( 1 ,7):0.
Sx(1,8)=0.
SX(2,1)=R1¥%¥R3
.8%(2,2)=0.
5X(2,3)=R2
SX(Z'u)=0-
5X(2,5)=0.
SX(216)=0-
SX(2,7)=0-
SX(E,B):O.
. SX(3) 1)'—'0-

* SX(3,2)=R2 ‘
SX(3,3)=0. . , ‘ ) i 't o

SX(3,4)=R1*RY4
SX(3,5)=0.
SX(3,6}=0.
5X(3)7)=0-
5X(3,8)=0.
SX(4,1)=0.
© SX(4,2)=0.
SX(4,3)=RU*R1
Sx(u ,4)=0.
SX(“ ,5):2.
SX(4,6)=0.
SX(4,7)=0.

" SX(4,8)=0.

SX(s, 1)=0,
SX(5,2)=0.
SX( 13)=0-
SX(534)=2.
S$X(5,%5)=0.
SX(5,6)=R1¥RY4
SX(517)=0.
Sx(5,8)=0.
SXx(6, 1)=0.
SX(6,2)=0.
SX(6,3)=0, .

SX(6,4)=0.. | "

SX(6,5)=R1%R4
SX(6,6)=0.
SX(6,7)=R2
$X(6,8)=0.
8X(7,1)=0.




~ l " P
- - ; ‘ . -~
. ‘ - 097 =

SPH(4, 8)=0. ; -

SPH(5,1)=0. ‘ . s b s
SPH(5,2)=0. e o
SPH(5,3) =2.¥R4*ED ’ ' I

SPH(5, 4)=2.%GDD (IK,1)*SN . - \ ‘
SPH(5,5)=-5.-R1*GDD(IK, I) ®CN ‘

SPH(5,6 ) =R1*R4*GDD (IK,I) #SN L -
_ SPH(5,7 ) =R2¥R4*ED o .
SPH(5,8)=0. .

SPH(6, 1.) =0. :

_SPH(6,2)=0. , ST

SPH(6,3) =0. : ) o

SPH(6,4)=2. . :
SPH(6,5) = R1'RM*GDD(I-{))SN , ' c - -

SPH(6,6)==3.-3.#*R 1*GDD(IK, I)*CN -
SPH(6,7)=R2'GDD(I_K,I)*SN : :
SPH(6,8) =R2*R3*ED . . ‘
.SPH(7,1)=0. ' [
SPH(7,2) =0. - . 7
- SPH(T,4) = o
SPH(T7,5) = R2'R1¥*ED !
SPH(T, 6) =R2%GDD( IK , I)¥SN :
SPH(7,7)=-5.%R1#GDD(IK, 1) #*CN+1. L, .
SPH(7,8):RT*R3*GDD(IK,I)*SN ' '
SPH(8,1)=0.
. SPH(8,2)=0. ‘ ‘
SPH(8,3)=0. . - ,
SPH(8,1) =0. [/ - ,
SPH(8,5)=0. ~ - - ' o ,
SPH(8,6) =R2*R3*ED N .
SPH(8,7)=R1*R3%GDD (IK,I)*SN - :
SPH,(8,8)=-7.'R1,GD‘D(IK.I)*CN+7. t

< DO 995 I1=1,8 . |
w(In=0. . h
DO 995 12=1,8 3
SI(11,12)=0. ) Y

995 ZR(11,12)=0.
DO 99§ JJ=1,II
KK=II1%(II-1)/2+JJ ‘ /

999 ACKK)=SPH(II,JJ) : v
CALL EIGRS(4,8/1,W, ZR,8,SI, IER) | . __—
IF (IER) 997,996, 997 o~ o .

997 CONTINUE C : : -
WRITE(6, 998 )IER _ . )

996 CONTINUE -

998 FORMAT(5X ,*IER=%,I3)
GO TO 111 e
I6(1)=1 f.
17(I)=2 a LY
_1IEQ=0. '
AMIN= ABS(ABS(M(1)—W(2))-WD)










. e
v .

" 1=TR(IT(N )

,= 100 - |
* 9 7 . ' ‘ -

DS(IJ=W(I6(5))~H(IT(5))
D6(1)=W(16(6))-W(IT(6))

. DT(I)=W(I6(T))-W(IT(T)) S

D8(I)=W(I6(8))-W(IT(8)),
DY(I)=W(I6(9))-R(IT(IN%
D10(I)=W(I6(10))=-W(IT(10)) =
D11(I)=W(I6(11))-W(IT(11))
D12(1)=W(16(12))-W(I7(12)) '
D13(I)=W(I6(13))-W(IT(13)) : .
DAU(I)=W(I6(14))-W(IT(14))
D15(1)=W(I6(15))=-W(IT(15))
D16(I)=W(I6(16))-W(IT(16))
D1T(I)=W(I6(17))-W(IT(1T)) \
D18(I)=W(I6(18))~W(IT(18)) , S
D19(I)=W(I6(19))-W(IT7(19)) .
D20(I)=W(I6(20))-W(17(20))
D21(I)=W(I6(21))-W(IT(21))
D22(1)=w(16422))-W(IT7(22))
D23(1)=W(I6423))-W(IT(23)) -

© D2U4(I)=W(I6T(24))-W(IT(24))

D25(I)=W(I6(25))-W(IT(25)) v e : ‘
D26(1)=W(I6(26))-W(IT(26))

CONTINUE J/ - A

S1= (D1(1)/ABS(D1(1)))*(ABS(D1(1))-WD)*(TR(Iﬁ(1) 1)=TR(IT(1),1))
S2=(TR(I6(1),1)-TR(IT(1),1))#*2
S3=(D2(2)/ABS(D2(2) ) ) #(ABS(D2(2))-WD) *(TR(I6(2) ,2)~TR(IT(2),2)) "
Sl=(TR(I6(2),2)-TR(IT(2),2))**2

S5=(D3(5)/ABS (D3(3)) ) *(ABS(D3(3))-WD)* (TR(I6(3), 3)-TR(I7(3),3))
S6=(TR{I6(3),3)-TR(IT7(3),3))**2 '

ST= (DM(H)/ABS(DH(R)))'(ABS(DH(R))—WD)*(TR(IG(M) B)-TR(I7(H), M))

S8= (TR(I6(L),H4)-TR(IT(Y4),4))##2
S9=(D5(5)/ABS(D5(5)) ) #(ABS(D5(5))~WD)® (TR(I6(5) ,5)-TR(IT(5),5))
S10=(TR(36(5),5)-TR(I7(5),5)) #*2 -
S11=(D6(6)/ABS(D6(6)))*(ABS(D6(6))-WD)*(TR(16(6),6)-TR(I7(6),6))
512=(TR(I6(6),6)-TR(IT(6),6))#*2 .

S13= (D7(7)/ABS(D7(7)))“(ABS(D7(7))~WD)*(TB(I6(7) 7)-TR(I7(T), 7))
S14=(TR(I6(7),7)-TR(IT(7),7)) #%2
S15=(D8(8)/ABS(D8(8)) ) * (ABS(D8(8))-WD)*(TR(I6(8),8)-TR(IT(8),8))
S16=(TR(I6(8),8)-TR(I7(8),8))%%2 -

S17= (D9(9)/ABS(D9(9)))'(ABS(D9(9))-WD)’(TR(IG(Q) 9)-TR(I7(9),9))
S18=(TR(I649),9)-TRC(IT(9),9))%%#2. ¢

S19= (D10(10)/ABS(D10(10)))'(ABS(D10(10))-WD)‘(TR(16(10) 10)
5-TR(I7(10),10))

S20= (TR(IG(10) 10)-TR(IT7(10),10))%*2 ‘T

S21=(D11 (K )/ABS(D11(11)))'(ABS(D11(11))-WD)'( R(I6(11),11)
$22=(TR(16 ’1),11 <TR(IT(11),11)) %92 : N
S23=(D12(12)/ABS{D12(12)))*(ABS(D12(12) )-WD)*(TR(I6(12),12)
2=-TR(I17(12),12

S2l4= (TR(16(12) 12)-TR(I7(12),12))#%2

325= (D1(w§>/uas(m3(13)))-(ms(n13(13))-wn)*(m(xs(xa) ,13)
3-TR(I7(13),13))

326 (fn(16(13) 13)=TR(I7(13),13))#*2
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PROGRAM- TAKI 1 (INPUT, OUTPUT, TAPES=INPUT TAPE6 OUTPUT)

DIMENSION SPH(8,8), A(36) W(8) ZR(8,8), SI(8 8),32(8,8),sX(8, 8),
752%(8,8),EV1(8, 8) Ev2(8 8) EV3(8 8) Ev4(8 8) Ev5(8 8), EV6(8 8),
8D1(28) D2(28) D3(28) TR(8 28) 16(28) I7(28) DH(’B) D5(28) D6(28),
9p7(28),D8(28),D9(28), D10(28) GDD(suo 28), D11(28) D12(28),
4D13(28), D1u(28) D15(285 D16(28) D17(28),D18428), D19(28) D20L28),
" 1p21(28), D22(28),D23(28),D24(28),D25(28),D26(28) D27(28)
~2D28(28),EV7(8, 8) EVB(S 8)

PI=3. 1u15926u

R1=1./2. ‘ R

R25SQRT(3.

R3=SQRT(7.

)
) ' ) o :

' -R4=SQRT(5.) L. . x A
5 S : .

GDD(1,1)=.
GDD(1,2)=1.7125 L *i

GDD(1,3)=2.33 . Cy : o . S,
GDD(1,H)=3.73 ' - '

GDD(1,5)=5.12

GDD(1,6)=6.45

GDD(1,7)=7.55,

GO TO 2

GDD(1,8)=1.19

GDD(1;9)=1.61 -

GDD(1,10)=1.85 ’ .

*GDD(1,11)=1.91 . X ' :
GDD(1,12)=2.07 ’ ' CQ)
GDD(1,13)=2.17 . : :
- CONTINUE ‘ "
GDD(1, 14)=2.87 ‘
.GDD(1,15)=3.41 .

GDD(1,16)=3.65

GDD(1,17J)=4.79 -

GDD(1,18)=4.93 ' .
GDD(1,19)=6.11 - SRR
GDD(1,20)=7.19 ’ ‘ Tt .

GDD(1,21)=5.33 <

GDD(1,22)=5.69 ‘ : !

GDD(1,23)=7.61 :

GDD(1,24)=5.27

GDD(1,25)=5.69

GDD(1,26)=7.61

CONTINUE

SZ(1,1)=7.%R1

Sz(1,2)=0. . - .

52(1 3) 0. L ‘ ( . . . ) [
SZ(1,“)=0. . ’ ) . ' "

SZ(1,5)=0. L . - .

SZ{1,6)=0.
SZ(1,7)=0.







L

“
)

S%(1,2)=R1#R3
SX(1,3)=0.

. SX(1,4)=0.

5X(1,5)=0.
$X(1,6)=0.
SX(1,7)=0.
SX(1,8)=0.

SX(2,1)=R1#*R3 -
' SX(2,2)=0.

SX(2,3)=R2
SX(2,4)=0.
Sx(2,5)=0.
SX(2,6)=0.
SX(2,7)=0.
SX(2,8)=0.
SX(3W1)=O.
SX(3,2)=R2
SX(3)3)=0.

« —«SX(3,4)=R1¥%RY
"SX(3,5):0.

__;___;_,,,/SX(3;6)=0'
p‘ SX(3,7)=0.

¥

S

L]

- 5X(4,8

SX(3’8)=0-
SX(4,1)=0.
SX(4,2)=0.

SX(4,3)=R4*R1

SX(4,4)=0.
SX(M,S):Z.
SX(4,6)=0.
SX(4,7)

-

\

SX(5,2
SX(5,3
SX(5,4)=2
8X(5,5)= 0
SX(S,G):RI*RM
SX(5;7)=0-
5X(5,8)=0,
SX(6,1)=0.
SX(6,2)=0.
8X(6,3)=0.
SX(6,4)=0.
SX(6,5)= R1%RY
SX(6,6)=0.
SX(6)7)=RZ -
SX(6,8)=0.
SX(7,1)=0.
SX(7,2)=0.
SX(7)3)=0-
SX(7,4)=0.
SX(795)=0.
SX(T,6)=R2

)3
SX(5,1)
)
)

C)C)CJC!G

L LI T R { O { 2 { R 1]
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SPH(2;3)=R2'G}('B*GDD(IK,I)}\SN o
SPH(2,4)=R4%(3.#B11+B22%p.-21.%24,%B33)
SPH(2,5)=0. - ’
SPH(2,6)=R2%(60. *C11-‘420r*C22)
SPH(2,7)=0.

SPH(2,8)=360.%R3%C33
'SPH(3p1)=R2*R3'(B11»822'30.+B33'120.)

. SPH(3,2)=R2%GX¥B*GDD(IK,I)®*SN :
~SPH(3,3)=-3.*A1173.’A22+9.'A33+3.“ﬁ*GDD(IK,I)*B'GZ*CN
SPH(3,4)=R1%R2%RU#GX*B*GDD.(IK, I)*SN
SPH(3,5)=R2%R4*(2.%B11-24.%B22+168.%B33) -
SPH(3,6)=0.

SPH(3,T)=R2%(60.%C11-420.%C22) @
SPH(3,8)=0. .

SPH(Y4,1)£0.’ ‘\Wk

© SPH(4,2)=RY4%(3.*B11+B22#%#2,-21.%24,%B33)

SPH(u,3) R1#R2#RY#GX#BEGDD(IK, I)#SN
SPH(Y4,4)=-5.%A114+9 . #A22-5,*A33+R1*GDD (1K, I)*B*GZ*CN
SPH(4,5)=2.%GX*B*GDD (IK, I)*SN

SPH(Y4,6)=R2%RLU%(2 . #B11-24.%B224+168. *333)
SPH(4,7)=0:

SPH(H4,8)=R3I*RL*#(12, #C114+180. #C22)
‘SPH(5,1)=R3#R4#(12,%C11+180.%C22)

SPH(5,2)=0.

SPH(5,3)=R2#RU*(2.#B11-2L,%B22+168.%#B33)

+ SPH(5,4)=2.*GX*B*GDD (IK,I)*SN

SPH(5~5) =~5.%41149. %4225 %233 _-R1#GDD(IK, I)*BRGZ*CN
" SPH(5,6)=R1#R2#R4¥GX*B*GDD (IK,I)*SN '
SPH(5,7)=R4%(3,.%¥B1146. *322-21 #24 *B33)

SPH(5,8)=0.

SPH(6,1)=0. ,

SPH(6,2):R2'(60.*C11-420.‘C22)

SPH(6,3)=0. .
SPH(6,4)=R2%R4%(2.¥B11-24,%B22+168.#B33)
SPH(6,5)=R1#Q2#R4*GX *B*GDD(IK, I)*SN
SPH(6,6)=-3.%A11-3.%A22+9. 'A33 3. 'R1'GDD(IK I)*B*Gz*cn
SPH(6,7)=R2%GX*B*GDD (IK, I)*SN
SPH(6,8)=R2%R3%(B11+30. inazz«qzo #B33)
SPH(T,1)=360.%R3%C33

SPH(T,2)=0. .

SPH(7,3)=32*(60.'C11-u20.*c22)

SPH(7,4)=0.

 SPH(7,5)=RU¥(3 . %#B1146.%B22-21,%24, !333)
SPH(7,6)=R2%GX#*B*GDD (IK,I)#sN
SPH(T7,T)=411-13.#422-5,#433-5, 'R1*GDD(IK 1)#B¥GZ#CN

SPH(T,8)=R1#R3#GX#B¥GDD(IK, 1) *SN , AW

SPH(8,1)=0. - . -
SPH(8,2)=360.¥R3#C33

SPH(8,3)=0.

SPH(8,U4)=R3*R4%*(12.#C11+180. '022) ‘
SPH(8,5)=0. - :
SPH(8,6)=R2¥R3%(B11+30. ¥B22+120. ¥B33)
SPH(8,7)=R1*R3#GX*B¥GDD (IK, 1)*SN

/)

v



@ o -'1'oa-c'

SPH(8 8)=7.#A11+47.¥A22+A33-T . ¥R 1#GDD(IK, I)4B4GZHCN
DO 995 I1=1,8
W(I1)=0. o .
DO 995 12=1,8 . . .
SILXT,12)=0. .
ZR(I1,12)=0. '
999 I11=1,8 '- -
.(D0 999 JJ=1,II I .
=IT#(II-1)/2+JJ
999 A(KK)=SBHEEY, JJ) ‘

8ALL EIGRS(A,8,1,W,ZR,8,SI,IER) )

IF (IER) 997,996,997 ‘ '
997 CONTINUE

WRITE(6,998 ) IER
996 CONTINUE
998 FORMAT(5X, 'IER-‘,13)

GO TO 111

16(I)=1

I7(I)=27.

JEQ=0.

AMIN=ABS(ABS(W(1)-W(2))-WD)

DO 100 L=1,7

L1=L+1

.-~ DO 100 MzL1,8

TEMP=ABS (ABS(W(L )-W(M) ) -WD)

IF (TEMP-AMIN) 105,106,110
105 AMIN=TEMP

I6(I)=L

I7(1)=M

GO TO 110
106 IEQ=IEQ+1. .
110 CONTINUE
100 CONTINUE ,

111 CONTINUE - , 3

16(1)=8 ’ )
I7(1)=7
16(2)=7
I17(2)=6
16(3)=6
I7(3)=5 -
16(4)=5
17(4)= ”j
16(5)=k
17(5)=3 .
16(6)=3 . ' \
17(6)=2
16(7)=2 ’
I7T(7)=1
16(8)=6 .
I7(8)=5 . ‘ oo -
16(9)=6 . S
17(9)=5 o : S
-16(10)=6 ‘ o o

. 995
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TR(3,1)=0. .
TR(4,1)=0.

TR(5, 1)=0. ' ‘ L

TR{6,1)=0. , .
TR(7,1)=0. o o v
TR(8,I)=0.
DO 12 K=1,8
DO 12 J=1,8 '
TR(1,I)=TR(1,I)+SZX(K,V)*EV1(J,K)
TR(2,I)=TR(2,I)+SZX(K,[)*EV2(J,K)
TR(3,I)=TR(3,I)+SZX(K/J)*EV3(J, K)
TR(Y4,I)=TR(Y4,I)+SZX(¥,J)*EVH(J,K)
TR(5,1)=TR(5, I)+SZX( ,J)'EVS(J K)
TR(6,I)=TR(6,I)+SZX(K,J)*EV6(J,K) )
TR(7,I)=TR¢7,I)+SZX(K,J)*EVT(J,K) r-’;>-
TR(8,I)=TR(8,I)+SZX(K, J)‘EVB(J K) ‘ ‘

12 CONTINUE .
DI(I)=W(I6(1))=-W(IT(1)) '
D2(I)=W(I6(2))-W(I7(2)) ‘ : e o
D3(I)=W(I6(3))~W(I7(3))
DU(I)=W(I6(H))-W(IT(H)) - \
D5(I)=W(I6(5))-W(IT7(5)) :
D6(I)=W(I6(H))-W(IT(6))
D7(I)=W(I6(T))~W(IT(T))
.DB(I)=W(I6(8))~-W(I7(8))
DS(I)=W(I6(9))~-W(IT(9))
D10(1)=W(I6(10))~W(I7(10))
D11(I)=W(I6(11))=W(ET(11))
D12(I)=W(I6(12))~W(I7(12))
D13(I)=W(T6(13))~-W(I7(13))
CDIB(I)=W(IO(1Y))=W(IT(14))
D15(1)=W(16(15))-W(I7(15))
D16(I)=W(I6(16))-W(IT7(16))
DIT(I)=W(I6(17))=W(IT(17))
D18(I)=W(I6(18))=-W(IT7(18))
D19(I)=W(I6(19))-W(I7(19))
D20(I)=W(I6(20))-W(IT(20))
D21(X1)=W(I6(21))-W(IT7(21))
D22(I)=W(I6(22))-W(IT(22))
D23(I1)=W(I6(23))-W(IT7(23)) '
D2U(I)=W(I6(2L))-W(IT(24))
D25(I)=W(JI6(25))-N(I7(25))
D26(I)=W(I6(26))-W(I7(26))

1 CONTINUE
S1=(D1(1)/ABS{D1(1)))*(ABS(D1(1))~WD)*(TR(I6(1), 1)-TR(I7(1) 1))
S2=(TR(I6(1),1)~-TR(IT(1),1))##2 -

S3= (D2(2)/ABS(D2(2)))'(ABS(DZ(Z))-WD)'(TR(IS(Z) 2)-TR(I7(2),2))"
S4=(TR(I6(2),2)-TR(17(2),))**2
S5=(D3(3)/ABS(D3(3)))*(AB D3(3))-WD)'(TR(16(3) 3)-TR(I7(3),3))
S6=(TR(I6(3),3)-TR{I7(3),3))%%2
S7= (Dn(n)/Aas(Du(u)))‘(Ass(nu(u))-wn%*(rn(zs(u) 4)-Ta(17(u);u>)
S8=(TR(I6(Y4),4)~TR(IT(U),4))n*2
S9= (D5(5)/ABS(D5(5)))'(ABS(D5(5))-WD)'(TR(I6(5) 5)-TR(I7(5) 5))
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S10= (TR(IB(S) 5)=TR(I7(5),5))%*2
S511= (D6(6)/ABS(D6(6)))’(ABS(D6(6)) WD)*(TR(I6(6),6)- TR(I7(6) 6))
S12=(TR(16(6), 6)-TR(I7(6) 6))*¥2
S13= (D7(7)/ABS(D7(7)))*(ABS(D7(7))-WD)’(TR(Ié(?) 7)-TR(I7(7) 7))
S14=(TR(I6(7),7)=-TR(IT(7),7))%%2
GO TO 13
S15= (D8(8)/ABS(D8(8)))*(ABS(DB(S))-WD)'(TR(I6(8) 8)-TR(I7(8) 8))
S16=(TR(I6(8),8)-TR(I7(8),8))%*2 .
517= (D9(9)/ABS(D9(9)))'(ABS(D9(9))-WD)’(TR(I6(9),9)-TR(I7(9),9)) :
S18=(TR(I6(9),9)-TR(I7(9),9))**2 ‘ |
S19=(D10(10)/ABS(D10(10)) )*(ABS(D10(10))-WD)*(TR(I6(10),10) . .
5-TR(I7(10),10))
* S20=(TR(I6(10),10)-TR(IT(10),10))**2
: - S21=(D11(11)/ABS(D11(11)) ) #(ABS(D11(11))-WD)*(TR(I6(11),11)
1-TR(I7(11),11)) , ,
S22=fTR(I6(11),11)~-TR(IT(11),11))%¥*2 : |
S23=(D12(12)/ABS(D12(12))) *(ABS(D12(12))-WD)*(TR(I6(12),12) )
2-TR(¥™(12),12)) ' ° 1
S24= (TR(16(12) 12)=-TR(I7(12),12))%*2 |
525=(D1 (13)/ABs(D13(13)))*(ABS(D13(13))-wD)*(TR(Is(B) 13) o |
3-TR(I7(73),13))
szﬁ:(rn(16(13) 13)-TR(I7(13) 13) ) ##%2 ' ) ) a |
8 CONTINUE Y . |
s27= (D1u(1u)/ABS(D1u(1u)))*(ABS(D1u(1u))-wD)*(TR(16(1u) 1wy .
Y-TR(IT(14),14)) ?
S28= (TR(I6(1M) 14)=TR(IT(14),14))%%2 o
S29= (D15(15)/ABS(D15(15)))'(ABS(D15(15)) WD)*(TR(I6(15) 15) .
5=-TR(I7(15),15)) ¢ Y
© 830= (TR(16(15) 15)-TR(I7(15) 15))%%2 ‘
S31= (D16(16)/ABS(D16(16)))'(ABS(D16(16))-HD)'(TR(16(16),16) : .
1-TR(I7(16),16)) ° ° |
. $32=(TR(I6(16), 16)=TR(IT(16),16))#*2 : -
S$33= (D17(17)/ABS(D17(17)))'(ABs(D17(17)) WD)'(TR(16(17) 17) -
1-TR(I7(17),17))
S534= (TR(IG(17) 17)=TR{IT(17),17))%%2
535= (D18(18)/ABS(D18(18)))'(ABS(D18(18))-WD)'(TR(16(18) 18)
1-TR(I17(18),18))
S36= (TR(16(18) 18)~TR(I7(18),18))#*2
$37= (D19(19)/ABS(D19(19)))'(ABS(D19(19))-WD)'(TR(16(19) 19)
1=TR(17(19),19)) .
338= (TR(I6(19) 19)=TR(I7(19),19))#%2 ) ' o -
S39= (DZO(ZO)/ABS(DZO(ZO)))'(ABS(DZO(ZO))-WD)'(TR(IG(ZO) 20)
1-TR(I7(20),20))
v, © Slo= (TR(16(20) 20)~TR(I7(20),20))%%*2
. S41=(D21(21) /ABS(D21(21))) #( ABS(D21 (21)) -WD)®(TR(I16(21),21)
1=-TR(17(21),21))
Su2= (TR(16(21) 21)=TR(I7(21),21))%%2
. S43= (D22(22)/ABS(022(22)))'(ABS(Dzz(zz))-wn)“tTR(I6(22) 22) ‘
T 1-TR(I7(22),22))
Sil= (TR(I6(22) 22)=TR(IT7(22),22))%%2
SU5= (D23(23)/ABS(D23(23)))'(ABS(D23(23))-WD)'(TR(16(23) 23)
1-TR(I17(23),23))
SU6=(TR(16(23),23)-TR(17(23),23))%*2 . - 1

<
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55 FORMAT(SX,*IK1=*,13,2X,*GDD(IK1,6)=%,E10.4,2X, *GDD(IK1,7)=*,E10. 4, '
12X,%GDD(IK1,8)=*,E10. 4, #GDD (1K1, 9)—* E10.4, . :
1%GDD(IK1, 10)=*,E10. 4 //)
o GO TO 40
- ' 66 FORMAT(5X, *IK1_',I3 X ‘GDD(IK1HA1)-*,E10 4,*GDD(IK1,12)=*,E10. 4,
1%GDD(IK1, 13)=*,E10. 4, ¥GDD (1K1, 14)=* /E10. 4, *GDD(IK1, 15)=*4,E10.4,/)
. ' 77 FORMAT(5X, *1x1-*,13 2X,4GDD(IK1, 16 )=%,E10. 4, *GDD(IK1, 17)=*,E10. 4, C
‘ _ 1#GDD(IK1, 18)=*,E10. 4, ¥GDD(IK1, 19)=*,E10. 4, #*GDD(IK1, 20)=* ,E10 4,//) ' .
|88 FORMAT(5X,*IK1=*,13,2X,%GDD(IK1,21)=%,E10.4, 2X, ¥GDD (IK1, 22)=%, .
1E10: ¥, 2X, ¥GDD(IK1,23)=¥,E10.4,//) :
40 CONTINUE
STOP .
END










1
12
13
14
15

.16
17
18
19
20

21

22
23

24

25

WRITE(6, 18) ( (K4 (K), T8(K)

),K=1,201)
WRITE(6, 19) ((K4(K),T9(K)),K=1,201)
WRITE(6,20) ((K4(X),T10(K)),K=1,201)
WRITE(6,21)((K“(K)!T11(K)) K=1,201)
WRITE(6,22) ((K4(K),T12(K)),K=1,201)

WRITE(6,23)((K4(K),T13(K)),K=1,201)
WRITE(6,24)((K4(K),T14(K)),K=1,201)
wRITE(G,zs)((Ku(K),T15(K)),K=1,2o1)
FORMAT(5 (5X,*T1(%,1I4,%)=%,E10.4))
FORMAT(5 (5X,*T2(#*,14,%)s% E10.4))
FORMAT(s(sx,*Ta('.Iu,*)=*,E1o.u))
FORMAT(5 (5X, *T4(* 14 #)=* E10.4))
FORMAT(5 (5X,*T5(*,14,%)=% E10.4))
FORMAT(5 (5X, *T6(*,14,%)=% E10.4))
FORMAT(S(SX,'T?(',IM,'):';E10.M))
FORMAT(5 (5X,*T8(*,14,%)=% E10.4))
FORMAT(5 (58X, #T9(*, 14 ')-',E10 L))
FORMAT(5 (5X,*T10(*, I, *)=% E10.4))
FORMAT(5 (5X,*T11(*,I4,%)=% E10.4)),
FORMAT(5(5X,*#T12(%*,I4,%)=% E10.4))
FORMAT(s(sx,'T13(',1u,l) =% E1Q.4))

FORMAT(5(5X,#T14(® ,I4,%)=% E10.4))

FORMAT (5 (5X, *TIS(‘ 1Y *):‘,E10 )
. STOP

END
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SX(6,4)=0.
SX(6,5)=R1¥%R3

SX(6,6)=0.

DO 40 IK=200,299

DELTA=PI/900.
THETA=DELTA*FLOAT (IK-1)
CN=COS(THETA)

SN=SIN(THETA) ~
DO 1 I=14,15

AR(1,1)= 10 ¥R2%A1+A2+5.¥R1*GDD(IK, I)’GZ'B*CN
AR(1, 2)= R1*R5'GDD(IK I)*GX'B'SN

AR(1,3)=0.

AR(1,4)=R3*RU®AS

AR(1,5)=0.

AR(1,6)=0.

AR(2,1)=R1¥R5*GDD(IK, I)®GX*B¥SN s
AR(2,2)=3.*R1*GDD(IK,I)*GZ*B#CN~2.%R2¥A1-3.%A2
AR(2,3)=R6*GDD(IK, I)*GX¥*B*SN

AR(2,4)=0.

AR(2,5)=0. . ;
AR(216)=0.

AR(3,1)=0.

AR(3,2)=RO6*GDD(IK,I)*GX*B¥*SN
AR(3,3)5-8.%R2%A1+2.#A2+R1*GDD(IK,I)*GZ®B¥*CN
AR(3,4)=3.¥R1%GDD(IK, I)*GX’B'SN

AR(3,5)=0.

AR(3,6)==R3¥%RU¥*A3

AR(Y,1)=R3I*¥RY4*AT

AR(4,2)=0.

AR(Y4,3)=3.*R1%GDD(IK, I)*GX¥*B¥3SN
AR(Y,H)=-R1*GDD (IK,I)*GZ¥B*CN~8.%R2%*A1+2.%A2
AR(Y4,5)=R6*GDD(IK,I)*GX¥*B*SN

AR(4,6)=0.

AR(5,1)=0.

AR(5,2)=0.

AR(5,3)=0.

AR(5,4)=R6*GDD (1K, I)*GX'B'SN
AR(5,5)=-2.%R2¥A1-3,.%A2-3  *R1¥GDD(IK,I)RGZ¥*B*CHN
AR(5,6)=R1'R5'GDD(IK,I)*GX‘B'SN

AR(6,1)=0.

AR(612)=0.

AR(6,3)=-R3#R4%A3

AR(6,4)=0.

AR(6,5)=R1*R5*GDD (1K, I)'GX’B‘SN
AR(6,6)=10.%R2%A1+A2-5.%R1#GDD (1K, I)®GZ®B*CN
DO 33 K=1y6 - f
DO 33 J=1,6

AI(K,J)=0.

CONTINUE

AL(1,4)= R3*RN'AH£
AI(3,6)=-R3%R4*A
AI(H4,1)=~-R3*RU*AL
AT(6,3)=R3%RUEAL
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16(13)=6
17(13)=4 :
I6(14)=5 . .
I7(14)=4
16(15)=5 :
I7(15)=u ‘ . — R .
- GO TO 25 - : J , 4
WRITE(6,20)I,W(1),W(2),W(3),W(4),W(5),W(6)
20 FORMAT(S5X,*I=*,12,2X,%W(1)=%,6E10.4,2X,*W(2)=%*,E10.4,
32X,*W(3)=*#,E10.4, )
62X, *W(4)=*,E10.4,2X,*W(5)=*,E10.4,2X,*W(6)="*,E10.4,/)
25 CONTINUE
) DO 11 K=1,6
\ DO 11 J=1,6 .. .
: SZX(K,J)=SZ(K,J)*GZ¥B*CN+SX(K, J)#*GX¥B#SN i
EV1(K,J)=ZR(K,1)*ZR(J, 1)+ZI(K,1)*Z1(J,1) . '
EV2(K,J)=2R(K,2)*ZR(J,2)+ZI(K,2)*21(J,2)
EV3(K,J)=2ZR(K,3)*ZR(J,3)+ZI(K,3)*Z2I(J,3) v -
EV4(K,J)=ZR(K,4)%*ZR(J,4)+ZI(K,U)*ZI(J,H4) o v
EV5(K,J)=ZR(K,5)*ZR(J,5)+ZI(K,5)*21(J,5) '
- EV6(K,J)=ZR(K,6)*ZR(J,6)+ZI(K,6)*21(J,6) L : ‘.
11 CONTINUE - ‘ . , : : :
. TR(1,1)=0. 4 ' '
: TR(2,1)=0. ' )
TR(3,I)=0. . . ‘
TR(Y4,1)=0. B )
TR(5,1)=0. .
4 TR(6,1)=0. : : ‘ '
DO 12 K=1,6 .o B , =
DO 12 J=1,6 .
TR(1,I)=TR(1,I)+SZX(K,J)*EV1(J,K) C .
TR(2,1)=TR(2,1)+SZX(X,J)*EV2(J,K) :
TR(3,I)=TR(3,I)+SZX(K,J)*EV3(J,K) o :
- TR(Y4,I)=TR(Y4,I)+SZX(K,J)*EV4(J,K) ) -
TR(5,I)=TR(5,I)+SZX(K,J)®EV5(J,K)
TR(6,1I)=TR(6,I}+SZX(K,J)*EV6(J,K)
12 CONTINUE '
DI1(I)=W(I6(1))=W(IT(1)) -
D2(1)=W{(I6(2))-W(I7(2)) ) ,
D3(I)=W(I6(3))-W(IT7(3)) ‘ -
DU(I)=W(IbH(U))-W(IT(H)) -
D5(1)=W(I6(5))~-W(I7(5))
D6(1)=W(I6(6))-W(IT(6))
DT(I)=W(I6(T7))-W(IT(T))
D8(I)=W(I6(B))~-W(IT(8))
r .D9(I)=W(I6(9))-W(IT(9)) '
: D10(I)=W(I6(10))=-W(IT(10)) - :
D11(I)=W{I6(11))-W(I7(11)) )
D12(I)=W(I6(12))-W(IT(12)) . —
D13(I)=W(I6(13))=-W(I7(13)) . - .
DI4(I)=W(I6(14))=-W(IT(14))
== DA5(1)=W(I16(15))-W(17(15)) : L
1 CONTINUE g - .
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S1=(DT(1)/ABS(D1(1)))*(ABS(D1(1))-WD)*(TR(I6(1),1)-TR(I7(1),1)) .

S2z(TR(I6(1),1)=-TR(IT(1),1))%¥2 :

S3= (D2(2)/ABS(D2(2)))'(ABS(DZ(Z))-WD)'(TR(I6(2) 2)-TR(17(2), 2))
Sh=z{TR(16(2),2)=TR(I7(2),2))**2

S5= (D3(3)/ABS(D3(3)))'(ABS(D3(3))-WD)'(TR(16(37 3) TR(IY(a),B))
S6=(TR(I6(3),3)-TR(IT7(3),3))%*2

ST= (Du(u)/ABs(Du(u)>)'(ABs(Du(u))-wn)'(TR(Is(u).h)-TR(I?(u).u))
S8=(TR(I6(H4),49-TR(IT(4),4))nx2

S9= (D5(5)/ABS(D5(5)))’(ABS(DS(S))—WD)'(TR(IB(B) 5)-TR(17(5),5))
S10=(TR(16(5),5)=TR(IT(5),5))%*2 \

S11= (D6(6)/ABS(D6(6)))*(ABS(D6(6))-WD)'(TR(16(6) 6)-TR(I7<6) 6))
S12=(TR(16(6),6)=TR(I7(6),6))#*2

S13= (D7(7)/ABS(D?(?)))*(ABS(D7(7))-WD)'(TR(16(7) 7)=TR(I7(7),7))
S14=(TR(I6(T7),7T)=TR(IT(7),7))**2. )

S15= (D8(8)/ABS(DB(B)))*(ABS(DS(B))-WD)'(TR(I6(8) 8)-TR(I7(8),8))
S16=(TR(I6(B8),8)~TR(I7(8),8))*#2

S17= (D9(9)/ABS(D9(9)))'(ABS(D9(9))—WD)’(TR(16(9) 9)-TR(I7(9),9))
S18=(TR(I16(9),9)~TR(IT(9),9))*%2
S19=(D10(10)/ABS(D10(10)))'(ABS(D10(10))-WD)'(TR(;6(10),10)
5-~TR(I7(10),10))

S20=(TR(I6(10),10)=TR(I7(10),10))%*2

S21=(D11(11)/ABS(D11(11))) #(ABS(D11(11))-WD) *(TR(16(11),11) *
1-TR(I7(11),11))

S22=(TR(I6(11),11)=TR(IT(11),11))*e2

S23= (D12(12)/ABS(D12(12)))’(ABS(D12(12))-WD)'(TR(16(12) 12)
2-TR(I7(42),12)) _ )
S24=(TR(I16(12),12)-TR(I7(1 ),12))'*2

S25= (D13(13)/ABS(D13(13 ))®#(ABS(D13(13))-WD)*(TR(16(13),13)
3-TR(I7(13),13)) g
S26=(TR(I6(13),13)=TR(IT(13)413))%#2

CONTINUE :
S27=(D14(14)/ABS(D 14(14)))*(ABS(D14(14))-WD)*(TR(I6(14),14)
U-TR(IT(14),14)) . C
S28=(TR(I6(14),14)=TR(IT(J4),14))%e2
$529=(D15(15)/ABS(D15(15)) ) #(ABS(D15(15))~-WD)®(TR(16(15),15)
5=-TR(17(15),15))

S30=(TR(I6(15),15)-TR(IT(15),15))*#*2

CONTINUE »
IK1=IK+1 * : '
GO TO 8

GDD(IK1,1)=GDD(IK, 1)-S1/82
GDD(IK1,2)=GDD(IK,2)-S3/S4
GDD(IK1,3)=GDD(IK, 3)-55/36
GDD(IK1,4)=GDD(IK, 4)-S7/S8
GDD(IK1,5)=GDD(IK,5)-89/510
GDD(IK1,6)=GDD(IK,6)-811/812
GDD(IK1,7)=GDP(IK, 7)=S13/S14 - . L
GDD(IK1,8)=GDD(IK, 8)-515/516 ’
GDD(IK1,9)=GDD(IK, 9)-S17/S18 ,

GDD(IK1, 10)=GDD(IK, 10)-519/520
GDD(IK1, 11)=GDD(IK, 11)-821/822
GDD(IK1, 12)=GDD(IK, 12)=523/524
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PROGRAM TAKIH(INPUT OUTPUT, TAPES5=INPUT , TAPE6= OUTPUT)
DIMENSION SPH(4,4), A(10) W(u) ZR(4,4), SI(u L),
171(800),72(800), Ku(aoo)

D=9.5

GZ=2.

GX=1.95 .
B=9.274/6.626

BB=1. 42 )

AA=1.42 ©o-

R1=1./4. .

PI=3. 14159264 ,
THETA=0. . _ .
CN=COS (THETA) - .
SN=SIN(THETA) . .

AK1=GZ*B¥CN - ) -
AK2=GX*B¥SN

D0 5 K3=1,301 -

K=0+2%K3 - s

K4(K3)=K /

GD=FLOAT(K~-1) /100.

SPH REPRESENTS THE SPIN HAMILTONIAN

" SPH(1, 1)=R1*( GD*AK1%2. +AA)

995

997

996"

998

SPH(1,2)=0.

SPH(1, 3)=R1%AK2#GD#2,

SPH(1, 4)=0.

SPH(2, 1)=0.

SPH(2, 2)=R1¥( GD#AK1#2. —AA)
SPH(2, 3)=2.*BB#*R{
sm(z,l&):m*ma*cma.
SPH(3, 1)=R1¥AK2%GD¥2,

SPH(3, 2)=2.*BB#R1

SPH(3, 3)=~R1%( GD*AK1%2, +A4)
SPH(3, 4)=0. o
SPH(Y4, 1)=0.+ ¢
SPH(Y4, 2)=R1%AK2%GD¥2,

SPH(Y, 3)=0.

SPH(4 ; 4)=-R1*( GD¥AK1¥2. ~AA)

DO 995 It=1,4 ;

W(11)=0.. ¢

DO 995 I2=1,U ‘
SI(I1,I2)=0. . ‘ . .
ZR(I1,I2)=0. { . ‘
D0 999- II=1,4 :

DO 999 JJ=1,II ]

KK=II®*(I1-1)/2+dJ

A(KK)=SPH(I1,JdJ) '

CALL EIGRS(A,4,1,W,IR,4, SI, n»:n)

IF (IER), 997, 996 997 ‘
CONTINUE

WRITE(6, 998)IER

CONTINUE
FORMAT(5X,%IER=*%,13)

T1(K3) =ABS{ABS (W(1)-N(3) ) ~WD)
T2(K3)=ABS(ABS(W(2)-N(4 ) ) <WD)

o om e e m e -
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SH(25,25)=R1%(-2.
ASH(31,31)=R1%(-2.

SH(32,32)=R1%(-2.
__ SH(33,33)=R1%(-2.
" SH(34,34)=R1%(-2.

vy 2

*#3 #GDECN-5.
%5 #GD#CN-5.
*5 *GD®CN-3.

#5 #GD*CN-1
%5, #GD*CN+1

.3.
'5'
5.
.*5,

45

SH(35,35)=R1#(=2%5, #GD#*CN+3.

. ‘_' © SH(36,36)=R1%(-2.%5 *GDRCN+5.

SH(26,26)=R1‘(—2.'3.'GDfCN;3.
SH(27,27)=R1#( -2, %3 ,#GD¥CN-1.
SH(28,28 )=R1%#(-2. %3 EGDECN+1.

SH(29,29)=R1%#(~2.%3 . *GD*CN+3.
- SH(30,30)=R1%#(-2.%3 #*GD*CN+5.

‘ ' SH(1,7)=2.*R1*R4*GD#*SN

| % SH(2,8)=2.*R1*RURGD*SN

, SH(3,9)=2.¥R1*RL*GD*SN

SH(Y4,10)=2.*R1¥RU#GD¥SN

SH(5,11)=2.*R1#RU#GD#*SN

SH(6,12)=2. *R1*R4#GDASN

SH(7,13)=R3%GD¥*SN

. o SH(8, 14)=R3*GD*SN

} SH(9, 15)=R3#GD#*SN
SH(10, 16)=R3*GD¥*SN
SH(11, 17 )=R3%GD#*SN
SH(12, 18)=R34GD*SN

SH(13,19)=6.
SH(1“,20)=6.
SH{15,21)=6.
SH(16,22)=6.
SH(17’23)=6-
SH(18,24)=6.

%R 1%GD#SN
%R 1#GD#SN
&R 1®GD#SN
¥R 1%GD#*SN

¥R1¥GD#SN - -

*R1%GD*SN

*

-

At

SH(19,25)=R3%GD*SN
SH(20, 26 )=R3*GD¥SN
SH(21,27 )=R3%GD#SN
SH(22,28)=R3¥GD#*SN
SH(23,29)=R3¥GD¥SN
SH(24,30)=R3%GD¥SN
SH(25,31)=2. ¥R 1*RUSGD*SN_
SH(26,32)=2.*R 1*RU*GD*SN
SH(27,33)=2.*R1*RU*GDASN
SH(28,34)=2. %R 1#R4%GDASN
SH(29,35)=2. ¥R 1#R4*GD*SN
SH(30,36)=2. *R1#R4*GD#SN

- SH(2,7)=2.%R1%RU*BB*RY4

SH(3,8)=2.*R1*RU¥ER%2. ¥R3
SH(4,9)=2.*R1¥R4*BB#3,
SH(5, 10)=2.%¥R1*#RY#BB#*2, ¥R3
SH(6,11)=2.¥R1¥R4*BpARY
SH(8,13)=R2*BB*RY4

SH(9, 14 )=R2%BB*2, *R3
SH(10,15)=R2%BB*3.

SH(11, 16)=R2#BB*2, #R3
SH(12, 17 )=R2%BB*RY4
SH(14,19)=2.%R1%3, #BE*RY

#5,
5.
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*4A-8.%R2%D)

*AA+40.
BAASNO.
®AAUO,
JAALLQ
#AA+LO.
#AA+40.

#R2o#D)
¥R2%D)
®#R2%#D)

.¥R2%D)

#R2#%D)
¥R2%D)

13, #AA-8 . #R2%D)
.¥AA-8.*R2%D)
AA-BTER2#D)
.*AA-8 . ¥R2*D)
.*AA-8 . *R2%D)

.
&

<
Ry







11
12

L i

15
16
17
18
19

21
22
23
24
25
26
27
28
29
30
31
32

34
35
36
37
38
39
4o
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WRITE(6,29)((K4(K),T19(K)),K=1,309)
WRITE(6,30)((K4(K),T20(K)),K=1,301)
WRITE(6,31)((K4(K),T21(K)),K=1,301)
WRITE(6,32)((K4(K),T22(K)),K=1,301)
WRITE(6,33) ((K4(K),T23(K)),K=1,301)
WRITE(6,34)((KU4(K),T24(K)),K=1,301)
WRITE(6,35)((K4(K),T25(K)),K=1,301)
WRITE(6,36)((K4(K),T26(K)),K=1,301)
WRITE(6,37) ((K4(K),T27(K)),K=1,301)
WRITE(6,38)((K4(K),T28(K)),K=1,301)
WRITE(6,39)((K4(K),T29(K)),K=1,301)

WRITE(6,40)((K4(K),T30(K)),K=1,301)
FORMAT(5(5X,®*T1(¥,I4,%)=% E10.4))
FORMAT (5 (5X,%T2(*,I4,*)=% E10.4))
FORMAT (5 (5X,*¥T3(*,I4 *)=% E10.4))
FORMAT (5 (5X,#TU(®,I4 *)=% E10.4)) -
FORMAT(5 (5X,%T5(%,I4 *#)=% E10.4))
FORMAT (5 (5X,%T6(%,I4,%)=% E10.4))
FORMAT (5 (5X, #T7(%,I4,%)=% E10.4))
FORMAT(5 (5X,*T8(%,I4,*)=% E1014))
FORMAT(5(5X,%*TQ(*,I4,*%)=% E10.4))
FORMAT(5(5X,*T10(%,Iu4,%)=% E10.4))
FORMAT (5 (5X,*T11(®,I4,*)=% E10.4))
FORMAT(5(5X,*T12(*,14,%)=% E10.4))
FORMAT(5(5X,®#T13(*,I4,%)=* E10.4))

"FORMAT(5(5X,*T14(*,I4,%)=% E10.4))

FORMAT(5(5X,*T15(%,14,%)=#,E10.4))
FORMAT(5 (5X T 16(*,I4,*)=*,E10.4))
FORMAT(5(5X ,*T17(*,14,#%)=% E10.4))
FORMAT(5(5X,*T18(¥ 14, *)=# E10.4))
FORMAT(5(5X,*T19(*®,14,%)=% E10.4))
FORMAT(5(5X,*T20(*,I4,#)=%* E10.4))
FORMAT (5 (5X,®#T21(*,14,%)=% E10.4))
FORMAT(5(5X,#T22(*,14,%)=#,E10.4))
FORMAT (5(5X,#T23(*,14,%)=¥%,E10.4))
FORMAT (5 (5X,%T24 (% ,I4,%)=¥%,E10.4))
FORMAT (5 (5X,#T25(#,I4,#)=% E10.4))
FORMAT(5'(5X,#T26 (#,I4,%)=% E10.4))
FORMAT (5 (5X,*#T27(*,I4,%)=%,E10.4))
FORMAT(5 (5X,*#T28(¥,I4,%)=%,E10.4))
FORMAT(5(5X,#T29(¥,I4,*)=%*,E10.4))
FORMAT (5 (5, #T30(*, I4,%)=*,E10.4))
STOP

END
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SZ(29,29)=-2.%R1#3.
S2(30,30)=-2.%*R1#3,
S2(31,31)=-2.%R1%5,
S2(32,32)=-2.%R1%5,
S2(33,33)=-2.%R1%5,
SZ(34,34)=-2.%R1%5, !
SZ(35,35)=-2.%R14¥5,
S2(36,36)=-2.%R1%5.
DO. 15 I=1,36
DO 15 J=1,36
SX(I1,J)=0.

15 CONTINUE
SX(1,7)=2.¥R1*RY,
SX(2,8)=2.%R1#*RY
SX(3,9)=2.%R1*RY
SX(4,10)=2.#R1%RY
SX(5,11)=2.%R1#RY
SX(6,12)=2.*R1*RY
8X(7,13)=R3
SX(8,14)=R3
SX(9,15)=R3

© 8X(10, 16)=R3
SX(11,17)=R3
S$X(12,18)=R3
SX(-13,19)=6.%R1
SX(14,20)=6.%R1
SX(15,21)=6.#%R1
SX(16,22)=6,%R1
SX(17,23)=6.*R1
SX(18,24)=6.%R1 |
SX(19,25)=R3
SX(20,26)=R3
SX(21,27)=R3
SX(22,28)=R3
SX(23,29)=R3

. SX(24,30)=R3
SX(25,31)=2.¥R1*RY
SX(26,32)=2.%R1#RY
SX(27,33)=2.*R1%RY
SX(28,34)=2.#R1#RY
SX(29,35)=2.%R1%RY
SX(30,36)=2.%R1¥RY

DO 25 1=1,36
DO 25 J=1,36 //( o,
IF(I.GT.J) SX(I,J)=SX(J,I)

25 'CONTINUE .

1 DO 40 IK=1,179
DELTA=P1/360.
THETA=DELTA*FLOAT(IK-1)

" CN=COS(THETA) -
SN=SIN(THETA)
DO 1 I=1,5 o o

. DO 35 K=1,36 !

§



l

a

B

DO 35 J=1,36
SH(K,J)=0.

35 CONTINUE

SH(1,1)=R1%(2.
SH(2,2)=R1%(2.
SH(3,3)=R1%(2.
SH(U,4)=R1%(2.
SH(595)=R1’(2.

SH(6,6)=R1%*(2.

SH(T,T)=R1%(2.
SH(8,8)=R1%(2.
SH(9,9)=R1#(2.
SH(10,10)=R1%(
SH(11,11)=R1%(
SH(12,12)=R1%(
SH(13,13)=R1%(
SH( 14, 14)=R1%(
SH(15,15)=R1%(
SH(16,16)=R1%(
SH(17,17)=R1%(

(19,19)=R1%(-2.*GG*B*GD (IK, I)*CN-5.
SH(20,20)=R1#(-2.*GG*B*GD (IK, I)*CN-3.
SH(21,21)=R1#(-2.*GG*B*GD (IK,I)*CN-1.

\:/12%118?18)=R1'(

!5.

*5

'5'
%5,
5.

*5
*3
*3
*3
2.
2.
2.
2.
2.
2.
2.
2.
2.
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.MGG*B*GD (IK,I)*CN+1

#GG¥B¥GD (IK, I)¥CN+5.
. 4GG¥B*GD (IK, I)#CN+3.
#GG#E#GD (IK,I)¥CN+1.
¥GG¥B¥GD (IK,I)¥CN-1.
¥GG*B¥GD(IK,I)¥CN-3.
. #GG#B*GD (IK, I)*CN-5.
. #GG#B¥GD (IK, I)#CN+5.
. #GG*B#GD (IK, I)#CN+3.
43,

-

-

.¥AA+40.¥R2¥D) .
. #AA+40.¥R2*D)
. #AA+H0 . ¥R2¥D)
.*AA+40 . ¥R2*D)
.¥AA+40.¥R2¥D)
.®AA+40.¥R2¥D)
.#AA-8,*R2%D)
.%AA-8.¥R2%D)

¥AA-8.%R2*D)

¥3.%GG*B¥GD(IK,I)*CN-1.%3.#AA-8.¥R2%D)
¥3 RGG¥B#GD(IK,I)*CN-3.%3.%AA-8.%R2%D)
%3 %GG¥*BRGD(IK,I)®#CN-5.%#3,%AA-8 #R2%D)
¥AA-32.%R2%D) '

#GG*B*GD (IK, I)*CN+5.
¥GG*B*GD (IK, I)*¥CN+3.
¥GG¥B*GD (IK,I)*¥CN+1.
¥GG¥B*GD (IK,I)*CN-1.
#GG#*B*GD (1K, I)¥CN-3.
®GG*B*GD (IK,I)*CN-5.

SH(22,22)=R1%(-2.%GG*B*GD (IK, I)*CN+1
SH(23,23)=R1¥(-2.%GG*B*GD (IK, I)*CN+3
SH(24,24)=R1%(-2.¥GG*B*GD (1K, I)#CN+5

SH(25,25)=R1%
SH(31,31)=R1%(

=2.
-2

SH(32,32)=R1%(-2

SH(33,33)=R1%(

SH(36,36)=R1¥(

SH(27,27)=R1%(
SH(28,28)=R1%(
SH(29,29)=R1%(
SH(30,30)=R1%(

=2.
SH(34,34)=R1%(-2.
SH(35,35)=R1¥(-2.
-2
SH(26,26)=R1%(-2.

=2

-2.
=2.

-2

.#3 . ®GG¥BEGD (IK,I)*C

SH(1,7)=2.*R1#RY4¥GG*B*GD (IK,I)*SN
SH(2,8)=2.%R1#*R4#GG¥B¥GD (IK,I)*SN
SH(3,9)=2.*R1*RY¥GGHB¥GD (IK,I)*SN
SH(Y,10)=2. #R1#R4*GG*B*GD (IK, I)*SN
SH(5,11)=2.*R 1*R4#GG*B*GD (IK, I)¥#SN
SH(6,12)=2. *R1#R4¥GG¥B*GD (IK, I)*SN
SH(T, 13)=R3¥GG¥B*GD (IK, 1)*SN

SH(8, 14)=R3%GG*B*GD (IK, I)*SN
SH(9,15)=R3%GG*B*GD (IK, I)*SN
SH(10, 16)=R3*GG*E*GD (IK,I)*SN
SH(11,17)=R3*GG*B*GD (IK,I)*SN
SH(12,18)=R3*GG*B*GD (IK,I)%SN
SH(13,19)=6.%R1#GG*B#*GD (IK, I)*SN

SH(14,20)=6.#R1%GG¥B¥GD (1K, I)*SN

*AA-
AR
#AA
-
*AA-
#4A-32.#%R2%D)
#AA-32,%R2¥D)
*¥AA-32,%R2#D)

32.%R2%D)
32.#R2%D)
32.%R2%D)
32.%R2%D) .
32.%R2%D)

.*AA-32.¥%R24%D)
HAA-32,¥R2%D)
JEAA-32,%R2#D)

%3 ®GG*BAGD(IK,I)*CN-5.
. #5 . ®*GG*B*GD(IK,I)*CN-5.
L#5 RGG¥BAGD(IK, I)*CN-3.
%5 _®GG*B*GD (IK,I)*CN-1,
%5 .%GG*B*GD(IK,I)¥*CN+1.
%5 ¥GG*D*GD(IK,I)¥%CN+3.
. %5 RGGEB¥GD (IK, I)*CN+5.
*3 #GGH*B¥GD(IK,I)*CN-3.
L3 RAA8 #R2%D)

N-1

%3 RGG¥BEGD (IK,I)%CN+1.
%3, #GG¥BRGD (IK,I)®CN+3.
.#3 #GG¥BRGD (IK, I)®CN+5.

*3_ %))-8 #R2%D)

#5 #AALUQ, #R2%D)
#5 #AALUQ, #R24D)
#5,#A0440, #R2%D)
%5, ¥AALUQ, #R24D)
%5 _¥AALLQ, ¥R2#D)
%5 _¥AALUQ . #R24D)

#3 %AA-8.%R2¥D)

%3 RAA-8.%R2%D)
®#3 %AA-8.%R2%D)
3 ®AA-8.%R24D)







45

. 995

999

- 997

996
998

=3
" SH(14,26)=3.

. - 135 -
. ‘ " b4

¥R3*E S
¥R3IE
#R3¥E
¥R3IE

SH(13,25)

SH(15,27)=3.
SH(16,28)=3.
SH(17,29)=3.%R3*E
SH(18,30)=3.%R3%*E
SH(19,31)=R3*RUME
SH(20,32)=R3I%RY*E
SH(21,33)=R3*RY*E
SH(22,34)=R3¥RU*E
SH(23,35)=R3*R4¥E
SH(24,36)=R3*RY*E

DO U5 K=1,36 '

DO U5 J=1,36

IF(K.GT J) SH(K,d)=SH(J,K)
CONTINU

DO 995 I1=1,36

W(I1)=0.

DO 995 I2=1,36 .
SI(I1,1I2)=0.

ZR(I1,I2)=0.

DO 999 II=1,36

DO 999 JJd=1,II
KK=II%(II-1)/2+Jd =~ - °*
A(KK)=SH(II,JJ)

CALL EIGRS(A,36,1,W,2R,36,SI,IER)
IF(IER) 997,996,997

CONTINUE

WRITE(6,998 )IER

CONTINUE

FORMAT(5X ,*IER=*%,13)

GO TO 111,

105

106

110

. 100
o111

I6(I)=1 s
I7(I)=T7

IEQ=0.
AMIN=ABS(ABS(W(1)-W(7))~WD)
DO 100 L=1,35 .
L1=L+1

DO 100 M=L1,36

TEMP= ABS(ABS(W(L)-W(M))-WD) '
IF (TEMP-AMIN) 105,106,110
AMIN=TEMP

I6(I)=L

I7(I)=M

GO TO 110

IEQ=IEQ+1.

CONTINUE.

CONTINUE

CONTINUE .
I6(1)=3
17(1)=9
16(2)=9
I7(2)=15

Rl -~ -

~







GD(IK1,3)=GB(IK, 3)~S5/86
GD(IK1,4)=GD(IK, u)x‘snsa
GD(IK1,5)=GD(IK,5)=59/510
WRITE(6,50)IK1,GD(IK1,1),GD(IK1,2),GD(IK1,3),
: " 1GD(IK1,4),GD(IK1,5) .
.. 50 FORMAT(S5X,*IK1=*,13,2X,%GD(IK1,1)=% ,31%14_}(,
- 1%GD(IK1,2)=*,E10. ¥, 2X, ¥GD(IK1, 3)=*,E10
1#GD (IK1,4) =% E10. u),ax *GD(IK1 5)=*,E10.4,//)
40 CONTINUE

STOP
) END




}l

12.

13.

14.

150

16.

A7,

¥

- 138 -
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