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Introductory Remarks

In Part X® of our series of papers, numerical values of the matrix
elements of various operators, for the ground state and lower excited
electronic states of the Li, and the O, molecules were given. Since,
in the previous paper, the phase was not fixed in writing the configura-
tions (Table XXXII), these are again drawn up clearly and unambiguously
in Table XXXVI following the abbreviations introduced by Kotani and
the present authors®®, All the configurations in the framework of
the references (2) and (3) are listed here, though some of them are not
explicitly considered in Part X and the reference (2). Further, formulae
for evaluating the matrix elements of the Hamiltonian, H; =(9,|H|®,),
are given in Table XXXVII. This table includes the formulae for the
following matrix elements : , .

(1) for the ground state and lower excited states of the Li, molecule
and for the ground state of the O, molecule, all the matrix elements
H;; in the framework stated in the references (2) and (3), ‘

(2) for the lower excited states of the O, molecule, matrix elements
H,,, which are taken into account explicitly in reference (2) and are
given numerically in Part X, and also some other ones picked up for
various purposes, for example, for omitting the unimportant configura-
tions. The abbreviations adopted here in expressing H;, are the same
as were used in the Appendix of reference (2). For the sake of con-
venience, these are repeatedly given in the following : ‘

wipi)= et )= pat+ 2+ Dtyar,

Tar Twn
ORI,
(el )= | 1 (7@ LoDp@)dnds
12
J(erp) = (LxPrleips) (Coulomb Integral)

K(owp))=(pxpilpr9r) ,  (Exchange Integral) .
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It must be remarked here that, in conformity with the previous re-

2
ports, P®® the nuclear repulsion term % is included in the Hamiltonian

of the O, molecule, whereas this is not included in that of the Li,
molecule. :

The reduction formulae for the matrix elements (2%, (#*+¥%%);;,
and (¢,);; of Part X can be obtained easily from the parts of the one
~ electron integrals in H,; by replacing (k|k|l) by

(el ) = Ssoz‘a)zzsaz(l)da . Rl yl)= Sso:(1)<x3+y3)%(1>dq ,

and
(k205 2= ) = for® <8 =L aya,

a,l
respectively. Accordingly these are not listed here.

The matrix elements g¢;; and p;; of Part X can be represented as
@F)y=(@0CE)| S £ 280 0,055)), where, £, is 2% %=1 and o),

alc
and S, is the z component of the spin angular momentum of the %-th
electron. @,(*>;)’s are the configurational wave functions for the ground
state of the O, molecule. The reduction formulae for the non-vanishing
elements of F';;, within the 9 and 15 dimensional matrices explained in
reference (2) are given in Table XXXVIII.

The reduction formulae for the matrix elements used in calculating
an oscillator strength by the dipole velocity method are listed in Table
XXXIX. The corresponding ones for the dipole length method can be
constructed from this Table easily. It must be mentioned, however,
that the reverse is not always allowed, since matrix elements of a
length operator can be simplified on account of the Hermitian property
of it, contrary to those of a velocity operator.
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Table XXXVI. Configuration Tabulation

(1) 2% (Liy)

g1y \ O2y 39 Ty g™ { Oly 2y I3y iyt Ty~
1 2 2 2
2 2 2 2
3 2 2 2
4 2 2 2
5 2 1 1 2
6 2 2 1 1
7 2 1 1 2
8 2 2 1 1
(ii) 1X4%* and 33,* (Liy)
1y G2y O3 ‘ Ty Ty~ Clu O2u l O3y ™t Ty
1 2 1 | 2 1 ‘
2 2 1 { 2 | 1
3 2 ‘ 2 1 \
4 2 3 2 / 1
5 2 | 1 2 | 1
(i) Tu(Liy)
O1g O2g O3g Ttg+ g~ Olu T2y, T3u Ty Ty
1 2 1 2
2 2 ' 1 2
3 2 1 2 1
4 2 1 2 1
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33w+ and 334~ (Oy)
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‘n:g+ l g™ ‘ Tyt ( Ty~ [ 03g 1 O3u l Cag ! o9y ’ O1lu \ Olg
+Q 2 | 2 \ 2 2 2 | 11 2 | 2
(-R 2 r 2 | 2 2| 2 1 1 2 2

Configurations to which (+) or (-) is attached do not vanish for only 33 ,+ or on'y
3% 4~ state, respectively.

(vi) 134%F and 13,4~ (Oy)

g+ g™~ ‘ oyt 1 Ty~ 03¢ 1 Oay \ Oag Cau Olu o1g

A 1 2 | 2 1 2 2 2 2 2

B 1 2 2 1 2 2 2 2 2

C 1 2 1 2 2 2 2 2 2

D 1 1 2 2 2 2 2 2 2
(D, 1 1 2 2 1 1 2 2 2 2
(-)E, 1 1 2 2 1 i 2 2 2 2
®F | 2 2z | 1 | 1 |1 1 2 2 2 2
(-)F, 2 2 T 1 1 1 2 2 2 2
G 1 2 | 2 1 2 2 2 2 2

H 1 2 2 1 2 2 2 2 2

I 1 2 2 1 2 1 2 1 2 2

I 1 2 2 1 2 1 2 i 2 2

I 1 2 2 1 1 2 1 2 2 2

Tz 1 2 2 1 I 2 i 2 2 2
(HKy 2 2 1 1 1 2 2 1 2 2
K, | 2 > 11|71 2 2 i 2 2
($L, 2 2 1 1 2 1 1 2 2 2
(=)L, 2 2 1 1 2 1 1 2 2 2
oM |1 1 2 2 1 2 2 1 2 2
(-)M, 1 1 2 2 % 2 2 i 2 2
(N, 1 1 2 2 2 |1 1 2 2 2
(=N, 1 1 2 2 2 ‘ i i 2 2 2
0 2 2 | 2 2 11 2 2 2
()P 2 2 2 2 1 | 1 2 2 2
+)Q 2 2 2 2 2 1 1 2 2
(R 2 2 2 2 2 1 1 2 2

Configurations to which (+) or (—) is attached exist for only 134+ or only 124
state, respectively.
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(ix) 34y (Oy)

15

‘ gt ‘ Ty~ Tyt Ty~ O3y o3¢ 020 7 ’ Oag ‘ C1lu
A 2 1 2 1 2 2 2 2
B 2 1 2 1 2 2 2 2
c 2 2 | 2 1 1 2 2 2
D 2 2 2 1 1 2 2 2
E 1 2 1 2 2 2 2 2
F 2 1 1 2 2 2 2 2
G 2 1 2 1 1 2 1 2 2
Gs 2 1 2 1 1 2 1 2 2
Gs 2 1 2 1 1 2 1 2 2
H 2 1 2 1 2 2 2 2
I 2 1 2 1 2 1 2 1 2
I 2 1 2 1 2 1 2 1 2
Is 2 1 2 1 2 1 2 1 2
J 2 1 2 1 2 2 2 2
K 2 2 2 |2 1 1 2 2
L 2 2 2 2 1 1 2 2
M 2 2 2 1 2 2 1 2
N 2 2 2 1 2 2 1 2
0 2 2 2 | 2 2 1 1 2
P 2 2 2° 2 2 1 1 2

Glg

|
|

function ©;, for the singlet state as well as for the triplet state.

repeat these configurations here.

(X) 14y (0y)

For this state, the primitive functions which give all the non-vanishing configurations
within our framework. are the same as those of the previous 34, state.
function contains only one set of unpaired orbitals, only one configuration exists with spin
Now all the primitive
functions of the 34, state, except G and I, are of this type, so it will be ‘unnecessary to

resulting from primitive functions G and I.

In case a primitive

Hence, we shall here specify only the configurations

ngt » Ty~ :n'u"‘ T | 03w O3g O2u O2g Ol O1g
G 2 1 2 101 2 1 2 2 2
G 2 1 2 1 1 2 1 2 2 2
L 2 .02 .1 2 1 2 1 2 2
I, 2 1 2 1 | 2 T 2 1 2 2
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Table XXXVII. Formulae for Evaluating Matrix Elements

a) Li, case.
(i) 12+ (Liy)
Hu=2{h(o19) +h(o1u) +h(029) }
+J (019, 019) +J (014, 010) +J (02¢, 02g)
+4{J(U1g, ‘71u) +J(l71g; dzy) +J(01u, 025')}
—-Z{K(o'lg, dlu) +K((71g, dgg) +K(alu, o'gg)}
=2{h(019) +h (1) + R (039) }
+J (019, 019) +J (010, 01u) +J (03¢, 039)
+4{J (619, g1u) +J (019, 039) +J (614, 39) }
_2{K(dlg, O1u) "‘K(Ulg, an) +K(01ua‘0'3g)}
H33=2{h(019) +h (014) +h (02u)}
+J(0'1gs o1g) +J (014, 01u) +J (620, d2u)
+4{J (014, 010) +J (019, 0ou) +J (010, dou)}
~2{K (019, 01u) + K (01¢, 02u) + K (014, d2u)}
Hu=2{h(019) +h(014) +h(o3u) }
+dJ (0149, 019) +J (014, 010) +J (G3u, 03u)
+4{J(Ulg, a1u) +J (019, 3u) +J (010, 03u)
~2{K (019, 01u) + K (014, 03u) +K (010, a3u) }
Hs;=2{h(a19) +h (614) } + D (a2g) +h(a39)
+J<<flg, Ulq) +J(0'1u, o1u) "r‘J(O'zg, 030) +K(U2g» ﬂ3g)
+2{J (01¢, 02¢) +J (014, 039) +J (010, 2¢) +J (014, 634) }
+4J(0'10; Ulu)
—{2K (0149, 014) +K(ﬂlg, O29) + K (01¢, 039) +K (010, 02¢) + K (014, G3q) }
Hge=2{h (01¢) +h (614) } + b (020) + D (03u)
+J(Ulgy 0'10) +J(O'1u, Ulu) +J(0'°uy O'Su) +K(0'2u» 0'3u)
+2{J(qu, qu) +J(0‘lg: 0'3u) -+ J(Glu; 0'2u) +J(0'1u, 0'3u)}
+4J(Glg, O'Iu)
—{2K (o1g, o1u) + K (019, 02u) + K (619, 03u) + K (014, 062u) + K (010, 03u) }
H=2{h(01¢) +h(01a) +h(mg*)}
+J(Ulg, o1g) +J (014, o14) +J (rg*, ng=) + K(ng*, mg™)
+4{J(0'1g, O1u) +J(0'lqy ‘ﬂ'-q"') +J(0'1uy ﬂg+)}
—2{K (019, 01u) +K (019, 7g*) + K (014, Tg+) }
Hgg=2{h (01¢) +h (o10) +h (mu*) } -
+J(Ulg, Ulq) +J(0'1'u, ‘Tlu) +J('ﬂ?u » ™ )+K(ﬂu ) To™)
+4{J(°'lg: o1u) +J(0'lq: Ty +) +J(Glu, Wu+)}
—Z{K‘(O‘lgy o1u) +K(Ulg, mut) +K(0'1u; ﬂu+)}
Hip= (0'29639]0'29639) Hy= (0'2g0'3u|02g70'3u)
Hy3= (0202u|024020)

Hlﬁ:?/?.{ (029]n]03g) + (02902g|020039) +2(019019]029039) +2(61u01u[5’290'3g)
— (01¢02¢]0103¢) — (02001u|03¢010) }

Hig=v"2 (62402u|025034) H 3= (03,02u|03402u)

Hir=v"2 (02my* |o2gmy™) Hy= (03,03u)03003u)

Hig=v 2 (63ymu*|02gmu~)

Hys=v" 2 {(02g|h03g) + (0240341039039) +2(019014102403¢) + 2 (010015 024034)
— (014029|01903¢g) ~ (01u02g|01003) }

Ifg(s=.'/7 (Uaodzulﬂsgdsu)
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Hy=v" 2 (o3ym4*|o3gmy™) H3y= (02u03u|02u030)

Hy= v 2 (0'397114"' lG3g1Tu_) Hz= /?(o'wo'gu]o‘ggo'gu)

Hss=v" 2 { (02u|h03u) + (02002|02u030) +2 (019019|0au030) -+2 (014010 |02u030)
- (Ul.g0'2u|0'190'3u) - (Uluo'zulo'lu0'3u)}‘

Hy= V' 2 (62uﬂg+ IO'ZuTCg_) Hys= v'2 (ngdsu Idagdgu)

Hgp=yv'2 (o2utty*|o2umy ™)

Hy= '/7{ (U2u|h IGSu) + (O'QuGSu |U3u0'3u) +2 (0'1g61g10'2u0'3u) +2 (o‘luo'lu|aguo'3u)
- (Ulgo'zufo'lgo'su) - (01u0'2u|171u0'3u)}

Hy=v"2 (o3umg*|o3umny™) Hy=2(0sgmu*|o3gmu™)
Hy= v 2 (53uﬂu+l°'3u‘ltu-) H67=2(0'2uﬂig+ |0'3u1.'tg")
Hse= (02902u|03903u) + (62903u|03g02u) His =2 (ooumu*|03umy ™) .
Hi=2(o2gmg* |o3g75™) Hpg= (rg¥mu*t |y~ mu™) + (mgtmy ™ [ng— Ty )

(i1) 124% and 33,* (Liy)

Hyu=2{h(o19) +1(010) } + R (029) +P (o2u)
+dJ (014, 619) +J (0101, 010) +J (62g, O2u)
+2{J (01g, 02g) +J (01¢, 020) +J (o1, 02g) +J (014, T2y) }
+4J (019, o10) ' v
- {Z-K'(Ulg» o1u) +K(Ulq, 0'20) +K(Ulg, Oou) + K (014, U?g_) + K (o1u, qu)}
iK(UZg, O'Zu)
Hy=2{h(019) + 7 (01u) } +R (02¢) +7 (030)
+J (014, 019) +J (014, 01) +J (03¢, T31)
+2{J (014, 02¢) +J (019, 03u) +J (610, 02g) +J (010, O3u) }
+4J (014, 610)
—{2K (014, Ulu) +K (o1, O2g) + K (o1g, 03u) + K (61u, 09¢) + K (014, Usu)}
+ K (c2g, 03u)
Hs3=2{h (014) +n (o10) } + ] (03g) + 1 (624)
+J(O’1g, 61g> +J(01u, O1u) -}-J(O‘gg, o'gu)
+2{J (014, 039) +J (019, 02u) +J (014, 03g) +J (014, oou) }
+4J (01¢, 010)
—{2K (019, 01u) +K (019, 039) + K (01¢, 02u) +K (614, 03¢) +K (610, 020) }
+ K (039, 09u)
Hy=2{h (01¢) +h (010) } + 1 (03¢) + R (034)
+dJ (019, 01¢) +J (010, 010) +J (039, O30)
+2{J (01¢, 03¢) +J (019, 03u) +J (014, 03g) +J (010, 03u) }
+4J (014, o10)
~{2K (01g, 01u) + K (014, 039) + K(quy o3u) + K (014, 039) + K (011, 03u) }
+ K (03g, o3u)
His=2{h(019) +h(010) } + R (ng*) + R (mu*)
+J (01g, 019) +J (010, 010) +J (mg*, Tu™)
+2{J (019, 7g*) +J (019, 7 ™) +J (010, 705 *) + (010, 0 +) }
+4J (014, 010)
—{2K (619, o14) + K (014, mg™*) + K (o1g, mu*) + K (014, g*) + K (o1u, ©7u=) }
+ (mg g~ [mu M *) '
+{K (rng*, mu™) + (mg ¥ mu*|ng ¥y ¥) }
His= (o2u)hlozu) +2(01901¢l02u03u) + 2 (0104010 |02u03u) + (02902¢|02u034)
- { (0'190'2u15190'3u) + (Gluo'zu'()'luo'su) } + (Uzgdzuldzgdsu)
Hyz= (02|t |03g) +2(019019|02903¢) + 2 (010010]029039) + (024039|02u02u)
~ { (01902g1019039) + (02g010|03g01u) } £ (02g02u|03g020)
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Hi14= (024039|02u03u) £ (02903u|039020)

His=v" 2 {(03gmg™* |o2umu™) £ (d2gmu* |02umy™) }

Hoypz= (0'2003g|0'2u03u) + (02¢02ul03903u)

H = (02g|h|osg) +2(014014|029039) +2 (010010 029034) + (029039|03u030)
—{ (019029 |014039) + (02901u|03g01u) } £ (02903ul03903u)

Has=V 2 {(09gmg™*|osumu=) £ (o2gmu~ |o3umg™) }

Hiy = (oaulh|osu) + 2(019619]02u03u) +2 (01001u(02u03u) + (03903¢|02003u)
~ { (61902ul01903u) + (61u02ul01u03u) } + (03902u|03903u)

Hazs= '/E{ (o3gmg*|ogumu™) * (03gmu* |o2urtg™) }

Hy= '/7{ (o3gmg* |o3umu™) + (03gmu™* |o3umg™) }

In the above formulae the upper or the lower of a double sign corresponds to 1> ,+
or 3),,* state, respectively.

(iii) I, (Liy)

Hu=2{h(019) +h (010) } + 1k (029) + (mu™)

+J(0'10: Ulg) +J(0'1u, 0'111,) +J(O'2g, 'rtu+)

+2{2J(Glg, Glu) +J(0'1g, 0'29) +J(0'1g, ﬂu"") +J(0'1u, 0'?9) + +J(Glu, ﬂu"’)}

- {2K(dlg! 0'1“) +K((71g, 620) +K(0'1q, "tu+) + K(Glu: 0'20) +K(O’1u, "T“+) K(GZO’ TCu+)}
H=2{h(019) +h (01u) } +h(03g) +h (rut)

+J (019, 01¢) +J (010, 01u) +J (03¢, Ty ™)

+2{2J (019, 0104) +J (019, 63¢) +J (01¢, Tu*) +J (014, 03¢9) +J (010, Tu*) }

—{2K (619, 01u) +K (019, 03¢) + K (019, 7uu*) + K (010, 03g) + K (014, mu*) — K (039, mu*) }
H33:2{h (019) +h (o1u) } + R (020) +h (rng*)

+J(0'lgy 0'19) +J(0'1uy o1u) +J(62u, Tcg"')

+2{2J(0'1g, 0'171,) +J(0'lg, O'?.u) +J(0'1g, 7Ta+) +J(Ulu, 0'2u) +J(°'1u; “g+)}

- {ZK(O'lg, Glu) +K(0'1g, O"zu) +K(O'1g, Tl'.g"') +K(0'1u, Uzu) +K(0'1uy ’ng"') "K(O'zu; Wy"')}
H44=2{h (Ulg) +h(61u)}+h(63u) +h(ﬂg+)

+J(0'1g: 0'lg) +J (o104, 014) +J(0'3u, 'ng"')

+2{2J(0'1y, 0'111,) +J(Glg, O'Su) +J(0'lg, 'ﬂg"') +J(O'1u, Gsu) "‘J(O'lu; Tcg+)}

—{2K (014, 01u) + K (014, 03u) +K (019, mg*) + K (010, 03u) + K (010, 7g*) — K (030, 0g*) }
His= (ng[hlcw) +2(61g019|62g0'30) +2(Glu61u|0'290'39) + (ngO'Sglﬂu""TCu"')

—{(019029|014039) + (02901u|039010) — (o2gmu |o3gm00 ™) }
Hyz= (0'2gﬂ'2u|'ﬂg+’ﬂ?u+) + (Uzgﬂg+|02uﬂu_> Hy= (Gagdzulﬁg*"ﬁu"’) =+ (o3gmg* ldzuﬂu_)
Hy= (02g03u|mg*reu) + (02gmg* [03umu ) Hy= (03g03ulmg*mu™) + (03079 * [03uma™)
Hzy= (o9ull|o3u) + 2 (619019]09u03u) + 2 (010010|02u3u) + (02uos3u|mg+mg*)
- {(Ulgo'zulo'lgo'su) + (Gluo'zulﬁ'luO'Su) - (G2uﬂy+10'3u’ﬂg )}

b) O case.

When we write down the formulae for diagonal matrix elements, it is convenient to
introduce the following abbreviations:

s=4w§>]ﬁJ(a, B) +%} J(a, @),

¢(r) =22J(a, 7)) t=2§t(r),
J=4 K(a B,

g(r)—ZglK(a 7 9=2§9(r).

In the above formulae, «, B, and. y are the orbitals which depend on the configuration
considered, We show these orbitals for all the configurations used for each state,
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Moreover throughout all the configurations we use
p=2{h (Glg) +h (o1) +h(0’2g) +h(02u) + 1 (o34) +h(o3y) + h(ryt)+h (ry™)
72
+h: :Ttg-'-) +h(ﬂg—)}'+‘§ .

(iv) 3247 Oy

Configurations ! o, B 7
A, B, C, D, F;, F; 61gs Olus 029, Oou 039y O3u, Tut, mgE
G, H, I, J; O1lg, Olu, O2¢g, O3g Oou, O3u, Tut, ‘TCg‘t
K, L, M; 6lg, Olus O2us O3g O2g, O3u, Ty, mgE
N;, Oy O1lg, Olu, O2u, O3u Gags O3g, Tfuﬂ:,’ﬂgi
P; 61g, Olu, O2g, O3u, Tu™, Tg+ O2u, O3g, Tut, Ty~
Q Glg, Olu, O3g, 03w, Ty~ , Tg+ Oags Ozu, Tu*, Ty~

Hya=p—h(ng*) —h(ng~=) ~2h (o3u)
+85+t—t(ny*) ~t(ng™) — 2t (o3u)
+J(ng*, mg™) +2J (ng*, 039) +2J (ng+, nu*) +2J (ng*, my~)
+2J (14, 03g) +2J (ng—, mut) +2J (ny~, wy™)
+ J (o039, 03g) +4J (639, ™) +4J (039, mu™)
- oJ (myt, 7y t) 4 (it my—)
+ oJ (mw™, Tu™)
=3 {f+9—-9(ng*) —9(ng~) —29 (03u)
+2K (ng*, ng=) +2K (mg*, 039) + 2K (mg*, myp*) +2K (mng*, my™)
+2K (ng=, 03g) +2K (ng~, my*t) +2K (g™, mu™)
+4K (039, myt) +4K (039, ™)
+4K (ny*, ny~) }
Hpp=p—h(ng*) —h(ng~) —2h (039)
+8+t~t(ngt) —t(ng™) —2t(0o3g)
FeJ (g *, mg™) +2J (ng*, 03u) +2J (ng*, maut) +2J (ng*, mwyu~)
+2J (ng=, 03u) +2J (g~ , mu*) +2J (ng=, ©u~)
+ o (03u, o3u) +4J (o030, Tut) +4J (030, Tu~)
+ o (myt, myt) F4J (g, wy)
+ o (ny™, Tu")
—H S +9~-9(ng*) —g(ng~) ~ 29 (039)
+2K (ng*, mg~) + 2K (ng*, o3u) + 2K (mg*, mut) + 2K (ng*, mu™)
+2K (ng=, osu) + 2K (rg—, mu*) + 2K (ng™, 7tu™)
+4K (o3u, ﬂu+)+4K(0'3u, ")
+4K (ny*, my~ )}
Hee=p—h(ry*) ~h(ny~) — 2k (o3y)
8+t —t(myt) —t(ny~) — 2t (o3u)
+o (my*, my—) +2J (nu*, 03g) +2J (myt, mgt) +2J (ny*, we—)
+2J (ny ™, 03g) + 2 (g™, mg+) + 2 (1~ , 7g)
+ oJ (039, 039) +4J (039, mg*) +-4J (o34, T5™)
+ J (ﬂg+3 ﬂg+) +4J(ﬂg+: TCQ'_)
+ J (ng=, mg~)
-3 f+g—g(mu*) ~g(ny~) — 29 (o3u)
+2K (ny*, 7y~ ) + 2K (nut, 03g) +2K (¥, mg*) +2K (g *, wg™)
+2K (ny~, 03¢) + 2K (ry~, ng*) +2K (14~ , wg™)
+4K (039, mg*) +4K (039, Tg~)
+4K (rg*, mg~) }
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pr=p—h(ﬁu+) "‘h(ﬂ‘tu—) ——2h(0‘3g)
+ 8+t —1(nyt) —t(my~) —2t(03g)
+oJ (my*, wu=) +2J (ut, osu) +2J (mu*, mgt) +2J (nu*, wgT)
+2J (ny~, o3u) +2J (ny ™, 7 ) +2J (14,7, mg™)
+ J (o3u, o3u) +4J (030, Tg+) +4J (030, Tg™)
+dJ (ng*, mg™) +4J (ng*, mg~)
+J (T‘g—’ “g—)

~3{f+9-9(mu*) — 9 (mu~) — 29 (039)
+2K (ny*, my~) + 2K (mut, o3y) + 2K (mut, mgt) +2K (my*, mg™)
+2K (ny~, o3u) +2K (ny—, ng+) +-2K (my~, mg™)
+4K (o3, mg*)+4K (ngt, ng™)
+4K (o3u, mg7)}

Howm }=p—h<nu+> ~h(mu~) =R (xg*) = (")
Hp,n,
+8+t—t(my*) —t(nu™) ~t(mg*) —t(my™)
o (mut, ny=) FI (mat, mgt) HJ (et mg=) +2J (nut, 039) +2J (mut, 03u)
I (my=, ngt) +J (ny™, g~ ) +2J (™, o39) +2J (ma—, o3u)
+J(ng*, ng) +2J (g, o3g) +2J (20¥, o30)
+2J (ng~, o39) +2J (75, o30)
+J(630y U3g)+4J( 039> 03u)
+ J(O'Su, 0'31/.)
+3H{f+9-9(u?) —9 (=) —9(mg*) ~ g (ng™)
2R (ru*, 03g) + 2K (mu*, 03) +2K (ra~, 039) +2K (7~ 03)
+2K (mg+, 03g) +2K (ng*, o3u) +2K (ng™, 034) +2K (ng™, o03u) +4K (039, 03u) }
N { ~K(ny*, ny~) —K(ng*, nuy*) —K(ng*, mu~) + K(ng™, mg~)
+ K (my*, my~) ~ K (ng*, my*) — K(ng™*, mu~) —K(ng™, 1157)
HF1F1
Hg, p, =p—h(ny*) —h(ryg=) —h(o3g) —h (o3u)
Hpsrs

+S+t—t(7‘tu+) —t(ﬂg—) —-t(dgg) ——t(o’au)
T (g, wym) FI (wut, 03g) F (mut, o3w) +2J (nut, mgt) +2J (nut, mu)
+dJ (g™, 039) +J (7g~, oau) +2J (ng™, 1g*) +2J (g™, 7 ™)
+J (039, 03u) +2J (03, mg*) +2J (039, mu”)
+2J (o3, mgt) +2J (03u, Tu™)
+J (ng*, wg*) +4J (ng*, mu~)
+ J (my~, mu”)
—3{f+9-g(ru*) —g(rg™) —g(039) — 9 (o3u)
+2K (ry*, migt) + 2K (ny*, my~) +2K (g~ mgt) + 2K (ng~, mu ™)
+2K (034, 7g*) +2K (039, 7u~) + 2K (030, 7g+) +2K (030, 7u~) +4K (mg*, ©u~) }
— K (ng*, my~) = 3K (ry*, 03g) —3K(ny*, o3u) —3K (15~ 039) — 3K (7™, 03u)
+ K(osg, o3u) — (ng*ng™ |mta~nut) + (g ¥yt |ngtnut)
+ { +K(ng*, w~) —3K (nu*, 039) — 3K (mu*, 034) — 3K (g™, 039) — 3K (79~ 030)
— K (039, 03u) — (mg*mg™ |mu~mu ™) — (ng¥mu*|ng*nat)
~K(rg*, my~) ~ K (039, 03u) ~ (mg*mg™ [~ mu ™) -+ (g +my* g o +)

Hgg=p—h(ny*) —h(x~) —2h (cou)
+8+t—t(ny*) —t(ny~) — 2t (cou)
-I-J(Ttu y Tu ) +2J(ﬂ3u+, 0'3u) +2J(7‘3u+; 'Wg'*') +2J(ﬁu y g™ )
+2J (ny~, o3u) 2 (1= 5 mg+) +2J (my~, p)
+ J (0'3u, O'Su) +4J(0'3u, “g+) +4J(U3uy '”«'g_)
+ J (T‘g+: Tcg+) +4J(7t0’+7 “Q’—)
+ J (g™, mg™)
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—Hf+9—9 @) —9 (=) ~29 (02u)
+2K (rty*, mu~) + 2K (nu*, o3u) + 2K (my*, mg*) +2K (g, m57)
+2K (ny~, o3u) + 2K (ny=, mtg*) +2K (04—, 757)
+4K (o3, T\?g"') +4K (o34, mp™)
+4K (ngt, ng=) }
HH_H:‘}')—}L(TEQ"') —h(ﬂ?g_) —2h (qu)
+s+t—t(ng*) —t(ng=) — 2t (o2u)
+J (mg*, 7g™) +2J (g™, o3u) +2J (mg*, T t) 42 (g ¥, 70 7)
+2J (g~ , o3u) + 2 (g™, mu*) +2 (757, Tu”)
+ J (030, 03u) +4J<0'3u; iy ) +4J (030, ™)
+ J (my*, my¥) +4S (my*, mu )
+ J(Tﬂu_, 'Tcu—>
~3{f+9-9g(ng*) ~9(ng™) — 29 (o20)
+2K (rg*, ng™) +2K (ng*, o30) + 2K (rg*, mu*) +2K (g7, ™)
+2K (ny~, o3u) +2K (g™, 7u*) +2K (157, mu™~)
+4K (o3y, ) +4K (o030, T")
+4K (ny*, 7u7) }

}sp—h('rcu“*) —h(ny™) ¥h(63u) ~h(oay)

ds+t—t(ny*) —t(ny~) —t(o3u) —t(02u)
+oJ (1, iy ) o (™t 03u) o (T, oau) +2J (y*, mgt) +2J (my*, wg)
+J (", o3u) +J (10~ 03u) +2J (0=, 7g*) +2J (my~, mgT)
+J (030, O2u) +2J (030, Tgt) +2J (03w, g™)
+2J (09y, o) +2J (09, Tg™)
+ J (ng*, mg*) +4d (rg*, ©g™)
+ J (mg~, ™)
~3H{f+g—g(mu*) —g (™) —g (osu) ~ g (02u)
+ 2K (my*, mg*) +2K (my 7, ng~) + 2K (my~, mg*) +2K (1=, m5™)
+ 2K (o3, ®g*) +2K (o3u, ng~) +2K (02, mg+) +2K (02, ng~) +4K (mg™, ng”) }
+ {——K(ﬁu*, ) —K(ny*, 03u) = K (my*, 02u) + K (03u, 02u)
— K(my*, mu~) — K(03u, 02u)
Hiya }=P—h(ﬁg+) —h(rg™) ~ T (03u) =P (02u)
Hiygrs
s+ t—t(ng*) —t(mg™) —t(o3u) ~ 1 (02)
tJ (ng*, ng~) +J (ng*, 03u) +J(vg*, o2u) +2J (ng+, ﬂu+) +2J (ng*, my~)
+J (g, 03u) +eJ (g™, 09u) + 2 (g™, mut) + 2 (75~ 70y ™)
+J (03w, O2u) +2J (030, Tut) +2J (030, 1)
+2J (o2u, ﬁu"') +2J( Oou, ™)
FJ(myt, myt) 4 (yt, wwT)
+ o (tu", ")
~ 3 +9—9(ng*) —g(ng™) — g (osu) — 9 (o20)
+2K (g%, mu*) +2K (ng*, mu~) + 2K (ng~, mu*) + 2K (mg~, mo”)
+2K (o3u, 1y *) + 2K (03u, mu~) +2K (020, Tut) +2K (o2u, ™)
+4K (ryt, mu~) }
+ {"K(“9+; Ttg~) —K(rg*, 03u) —K(ng*, o2u) + K(o3u, 62u)
~K(ng*, ng~) —~K(03u, 024)

Hex=p—h(m*) —h(mu~) —2h(02)

+8+t—t(myt) —t (™) — 2t (03g)

o (™, ) + 2 (nu*, 03u) + 2 (1t g ) +2J (e t, g ™)
+2J (5=, 03u) + 2 (™, g +) +2 (=, 75 ™)
+J (03u, 03u) +4J (03u, T ™) +4J (03, g ~)

FJ(rmg*, ngt) +4J (mg*, mg™)
+J (g™, mg™)
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=3{f+9—9g(mu*) —g (mu~) —29 (02¢)
+2K (ny*, iy =) +2K (%, 03) +2K (it mg ) +2K (myt, mp)
+2K (ry,~, 03u) +2K (=, mg*) +2K (10, ~, 709 7)
+4K (o3, ng*) +4K (030, 757)
+4K (rg*, mg7) }
Hir=p—h(ng*) —h(ng~) —2h(o39)
+8+t—t(mg*) —t(ng™) —2t(02g)
I (mg¥, mg=) +2J (ng™t, o3u) +2J (ngt, mut) +2J (ngF, mu ")
+2J (g~ o3u) +2J(ng=, mu*) +2J(mtg™, T, ™)
+J (030, 03u) +4J (030, Tut) +4J (030, Tu ")
oI (myt, ) A (et )
FJ (Tu =, )

—3{f+g-9(rg™) —g(ng~) — 29 (o2g)
42K (ng*+, mg~) +2K (ng+, 03y) +2K (ng+, my*) +2K (ng*, m00™)
+2K (ry~, o3u) +2K (ng=, ny*) +2K (g™, mu™)
+4K (03u, tut) +4K (034, ’Wu—)
+4K (ry*, ") }

HﬂlMl
Hygony p =D ~l(ng™) =l (mut+) —h(o3u) —h(02g9)
HM3M3
Fs+t—t(ny~) —t(my*) ~t(o3u) —t(02g)
+J (mg=, nu*) +eJ (ny*, o3u) +J (y T, 02g) +2J (my*, mgF) +2J (ut, mu )
+J (g™, 03u) +J (15, 02g) +2J(mg™, mg*) +2J(ng~, mu™)
+J (030, 03g) +2J (030, Tg*) +2J (03, Tu”)
+2J (029, Tgt) +2J (029, Ty™)
+ o (mgt, mgt) +4J (ng*, ny™)
+ J (ny~, mu~)
~ S +9—9(mu*) —9(ng~) — 9 (03u) —9g(029) :
+2K (ry*, mgt) +2K (ny*, my~) +2K (g~ mgt) +2K (g~ , mu~)
+2K (o3u, g*) +2K (03u, mu~) +2K (029, mg*) +2K (029, mu~)
+4K (rg*, my~)}
—K(ry*, g~ ) ~3K(wu*, 03u) — 3 K(my ¥, 02g) — 3K (g, o3u) — 3K (nty™, 029)
+ K (o3u, 029) — (1g¥ 15~ ]Wu—ﬁu"') + (mgFmyt|mg oy ™)
+{ +K(my*, mp) = 3K (my*, 03u) — 3K (nu™®, 02) — 3K (g™, 03u) — 3K (ng™, 03g)
— K (03u, 02g) — (ng*mg~ |y~ my*) — (g 1y |ng*nu ™)
- K(my*, 79~ ) ~ K (03u, 02g) — (g g™ | my ™m0 ™) + (g F 100 mgFrn*)
HN1N1

}=p—h<nu+> (=) = (539) =P (o39)

+8+t—b(nyt) =t (ny~) —t(039) —t(02g)
+J(nu*, ") F (mut, 03g) I (mut, 03g) +2J (nuF, g F) +2J (o, mg™)
+J(mu=, 03g) +J (mu™, 0ag) +2J (my ™, meF) +2J (™, mg™)
+J (039, 02g) +2J (039, mg*) +2J (039, Tg™)
+2J(02g, ngt) +2J (029, Ty~)
+ J (mg*, mg*) +4J (mgt, mg~)
+ J (T‘ﬂ—’ "‘q—)

~3Hf+9—g(mu*) —g(mu~) —g(o39) —9(0329)
+2K (my*, mgt) 42K (i +, g~ ) +2K (10~ mgt) +2K (1=, mg™)
+2K (03g, ngt) +2K (039, ng~) +2K (029, mg*) +2K (03¢, mg™)
+4K (ng*, ng=) }
+ {—K(ﬁu+, ﬂu—)._K(ﬂu"', 530) —-K(ny*, 0'2;7) +K(630y ng)
~K(ny*, ny~) — K (039, 09g)
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H,
20 | ) =) o) = o)
H0303
+84+t—t(ng*) —t(ng=) —~t(034) —t(029)
+J(rgt, ng=) +J (ng*, 03g) +J (ngT, 02g) +2J (ngF, mut) + 2 (g, wy )
- (g7, 03g) +I (g™, 02) +2J (g™, ) + 2T (g, Ty )
+J (039, 02g) +2J (03¢, Tu*t) +2J (039, Tu")
+2J (029, mut) +2J(02g, mu")
+ o (mu*, T t) +4 (ny+, mu ")
+J (mu, T )
—3{f+9-9(ng*) ~9(ng~) —9(039) —9 (029)
+2K (ng*, mu*) + 2K (ng*, mu~) + 2K (ng™, mot) +2K (g~ e ™)
+2K (03g, mu*) +2K (039, 7u~) +2K (029, mu*) +2K (02g, my~)
+4K (ny*, my~) }
, {"KU‘:o"’, ng~) — K(ng*, o3g) — K(ng*, 02g) + K (039, 029)
N — K(ny*, ng~) — K(03g, 029)

HP1P1
Hp,py p =p—h(mu*) —h(ng=) —h(o3g) — (02u)
Hpsps '
st (nyt, mgm) I (nyt, 03g) +oJ (nu T, o2n)
+J (g™, 039) +J (ng~, o) +J (039, O2u)
—3{f+g}
—~K(ny*, mg™) — 3K (my*, 039) — 5K (mu™*, o2u) —"]ZK("‘{J_: 03g) — 3K (g™, o)
+ K (039, 02u) ~ (mgF 1y [ "m0 ™) + (g F 1y F g+ ey +)
+1 +K(nut, mg~) — 3K (mg*, o3g) — 3K (mty ¥, 09u) — 3K (ng~, 03¢) — 3K (myg—, o2u)
— K (o039, 02u) ~ (ng¥mg™ |y "1y *) ~ (ng¥my*|mg*my )
~K(my*, mg~) — K (03¢, 02u) — (ng*ng™|mu 100 *) + (g my*|ngFrg*)
HQ1Q1
Hgogs t =P—h(nu*) —h(ng™) —h (o) —h(o29)
Hgzoq ‘
sttt (my*, mg=) I (ny*, o2u) +J (mut, o2g)
+J (g™, o) +J(1g™, 02g) +J (02u, 029)
~3{f+g}
( —K(mu*, mg™) —3K(ny*+, o3u) —3K(mu*, 02g) —3K (ng™, o) —= 3K (15~ 024)
+ K (o2u, 02g) — (mgHmg™|my 1y ™) -+ (g Fmy ¥ |mgFry )
+ 4 +K(nyt, mg~ —3K (my*, Oou) — 3K (my*, (720) “%K(ﬁg_, Oau) —%K(ﬂg—, o'zg)
— K (oo, 02g) ~ (ng*mg™ [0 *) — (g ¥y |mg ey +)
— K(my*, ng~) — K (03u, 029) — (g 7g™ [~ m0*) + (10g 100 * |05+ 100 +)
Hyp = (03403u|03g03u) H 4py = (03979 ™" |03umu™)
Hyio = (mgrmy™|mg=mu™) ~ (mgFmu~ |ng ™) Hyzps = -2 (03979 * |O30T00 ™)
Hyp =0 Hye =0
HAEI =0 Hug = (0'2u0'3u|0'2u0'3u)
Hapgy, = — 72 (o3umy |o3umn™) Hyr, =0
Hup, = —2(03g03ulng*mu*) + (03979 ™ |o3uma™) Harg =0

Har, =V 2 [(o2ullt|osu) +2(o2uosulngtng*) + (o2u03u|02u02u)
+4(¢72u0'3u|7\7u+75u+) +2(0'2u0'3u|0'3g(73g) +2(62u63u102g62g) +2(0'2u0'3u]61u0'1u)
+2 (62u03ul|019019)
— { (o2umg*|o3umy™) +2 (02umu*|o3ume ™) + (03g02u|039030)
+ (029020 02g 03u) + (010020 |01u03u) + (019020 ]01408u) } ]
Hyr; =2(02umg™|o3uny™) H 4ar; = —2(02g03ulmg*1u*) + (02979 ™ |03umes ™)
H sz =0 H 43, = — (02g7cg ™+ |o3umn ™)

Hyr = (02903u|02903u) Hx; =V 2 (o2gmg*|osumu”)
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+2(029039|03u03u) +2 (029039 |62u02u) + 2 (029039 |010010) + 2 (02903¢]014014)
~{(oagmg*|osgmy™) +2(02gmu* 039y~ ) + (02403u|039030) + (02902u|034024)

H o =2(02gmy* 03979 ™)
Hppy =—2(03g02u|ngtmy+) + (o3gmu*
HBPZ = (ngﬂu+|62uﬁg+)

HBPs =P/_§ (O'Sgﬂu"'lo'zu'ng"')

Hpgg, =0
Hpgg; =0
Hgp = (0'3g<73u|0'3g63u)

H,y, =0 Hppy =~ (o3gmu™|0o3umg™)
H,y; =0 Hppy = /.‘Z(Uag“u""%u“g_)
H40, = ~V 2 (03903u|03903u) Hze =0

Hyp, =0 Hymg = (03g02ulo3g02u)
HAPl =O Hb‘Il =0

HAP2 =0 H1313 =0

Hypy =0 Hpyr, = =V 2 (03902u|039030)
’ HAQI =0 HB.T3 =0

HAQ2 =0 Hyr =0

Hyq3 =0 Hpr = (039039]02903¢)

Hge =0 Hpgy, =0

Hgp z(ﬂg+ﬂu+|'ﬁg_'nu—) “(“T0+’ﬂ7u—lﬁg—ﬂu+) HBMZ =0

Hgg, =0 Hpyy =0

HBBZ =—-I/§(O‘3g'nu+|63gﬂlu,”) H.BN1 =0

Hypy = ~2(03g03u|mg*mu*) + (039700 * |03untg™) Hpyy =0

Hpgo, = 2 [(o29]"2]o34) +2(529‘73g|7‘q+"g+) + (6217020[0'29639) +4 (029029 |0 F 1y )

NSR. 0.U., Vol. 8

+ (02401u|03g010) + (G’g619|03061y) }H

HG’E’1

=—y2 (UBuﬂg+|03u7‘g )

o2ung®) Heoms =0

HCF1
Hosr
Hep,
Hge

Hop

= —2(0‘3963u|ﬂg+7€u+) -+ (539ﬁu+

= (0'307Tu+|03uﬂg—)

= ~v 2 (o391 |o3umy™)
= (02u03u|02u03u)

=0

Hyr, =V 2 [ (o2ul|o3u) + 2 (02uo3u|mu T rtu ) + (c2u02u|02u03u) +4 (02u03u|mg T g t)
+2(03903¢|02u03u) +2 (ngo'zglo"m0'3u) +2(01401u|020030) +2 (Ulgﬁlg}ff?udsu)
~ { (o2umu *o3umy ™) +2 (02umg* jo3umy ™) + (03902u|03403u)

+ (02902u]02g03u) + (01402 |01403u) + (01902u019030) }]

Hery =2(osumu*|o3umy™)

Hgy, =0

HG’J3 =0

HG’K = (ngGBulﬁngSu)

Hep =0

Hpyr, = —2(03g03u|mgtmgt) + (029mu ™

Hgyy = (02gmu |osumny™)
HG’M'3 ='/§ (ngﬂu+|0'3uﬂJ_)

HCN;[ = ~}/_2_(62J63u[6

O3uTg™)

Hgg,
HDlﬂl
HDEg
HDFl
HDFz
HDF3
Hpe

=0
==/ 2 (o3,m,*|osgmy™)
=0

= ~2(G3]63ulﬂ_y+ﬂu+) + (03gmg™*

= (0'3gﬂg+|0'3u7fu_)

=V 2 (0347 |o30m0™)
= (03¢02u|03402u)

=0

= — v 2 (03402u|03930) 3903u)

O3uTy™)

O3uTu ")



. July 1957 Tables Useful for the Calculation of the Molecular Integrals, XI 25

Hpyy =v' 2 [(029]h|03g) +2 (029034 mu 100 *) + (029029 02g39) +4 (02g03g|mg T mg ™).
+2(02g03g|030030) +2 (024039 |02u02u) + 2 (02903¢|016010) + 2 (02403¢|019014)
—{ (0290w |03gmu ™) +2 (02979 * | 039709 ™) + (029030 |034034)
+ (02952u|03g02u) + (029010 |039010) + (61g024|014034) } ]

Hpys =2(02gmu™*|03gmu™) Hppy =V 2 (03g7y% |02umy™)
HD01 =0 HDQl =0
Hpoy =0 | Hpg, =0
Hppy = —2(03g02ulng*nu*) + (039 * |02unu™) Hpes =0
HDP2 - (USgTCg"'IO'zuTEu—) HE]_E;) = ~K(ﬂ0+: Tty,+) +K(7‘tg+, Tl',u_>
1
Hoyry =~ v 2'{(63g“g+|63uﬂu‘) + (o3gmu™* |o3umg™) }
1
Haypy =~ 751 (03gmg ™ |o3umu™) = (o5gmu*|osumy ™) }
Hyyry= ~{ (o3gm5* |o3umcu~) — (o3gmu* |o3umy™) }
HEI]_G = —/E(GZung"'Io‘guny") HElJl =0 -
Hoym =0 . Hpr3 =0
Hpyi1, =2(02yny%|o3ymg~) C Hpix =—y/2 (03gmg* |02gm0™)
Hipiz3 =0 Hpgyr =0
1
Hpya, =~ v/f{ (029709 * |osuttn ™) + (02gmu * |o3umy™) }

1
Hpyu, Z;/’E{ (02979 " |03ums ™) — (O2gmu* |o3umcg™) }

H gy = (02979 " |00ty ™) — (0270 ™ |03umy™) Hpgio, =0
HEJ;[N]_ =2(U2gﬂg+lf53gﬁg—) HE’]_Os =0
Hpgins =0
Hyp, = ";77{ (o3gmg* |onumy ™) + (o3gmu* |o2umy™) }

1
Hpgp, = "7_7‘{(0'397‘9+|62uﬂu—) — (o3gmu* jo2umg™) }
Hpypy = — (0397 |02um0 ™) + (03970 * |02umg ™)

1
Hpg, = ——'/——2:{ (o2gmu*|o2utty™) + (02g70 7+ |o2ume ™) }

1
Hyg, = —ﬁ{ (o2gmu*|o2utt; ™) — (02gmg ™+ |o2umu™) }
Hpgigs =— (03gmu*|osung™) + (0297, + | 02umu ™)

1
Hpgzry = "7?{ (o35mg* |03umu ™) + (o3g7mu*|o3umg™) }

1
Hpyry =~ /f{(d‘”»g“g"'lds%ﬁu') — (03,70 |o3um; ™) }
Hpyry = (6397‘J+|63uﬂu;) — (o3gmu*lozun,”)  Hayr; =2(02umu™|osuny™)
HEZG =0 ' H52J3 =0
HEzH =—y'2 (Uzuﬂuéldzu'ﬂ?u—> HEZK =0
HE211 =0 ‘ ngL = - P/ 2—(0’207514,+ O'ggTCu"')
H32[3 :0 1
Hpgyuy = "75{ (o2gmg* [o3umu™) + (02gmu™* |o3umy™) }

Hpyous '—";/?{(Gﬁqﬂflf’?auﬂu_) — (o2gmu* |o3umy™) }

HE2M3 = (0'2g7"-g+|<73u7‘7u—) + (ngﬂu"'lﬁsu’ﬂg_) Hﬂzol 22(0'297\7u+ USgﬂu—)
Hygywy =0 Hpy03 =0
HEZN.Z =0
1
Hp.,py =— '/E-{(f’sgﬂg"'ldzuﬂu_) + (o3gmu* |o2umg™) }
1

Hﬂng =

——{(o3gmy* |o2umu™) ~ (6390t |o2umy ™)}
V' 2 :
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Hp,py = (03979 ™ [ogumu ™) — (03g7u*|09umy™)
1
Hpyg = —7?{(Gzyﬂu+|62uﬂg‘) + (o2gmgt|o2umy ™) }
1
Hpygy =~ '/’2-{(0297514*‘]0'%“:7_) — (o2gmg™ |oaumu™) }
Hpaqs = (02gmu*|ozumyg™) — (02gmg* |o2umy ™)

1
Hpip, =E{—K(ng y ut) +K(ozy, mut) +K (039, ng+) — K (630, ng+) }

1.
Hpir, =T2"-{K(030 s Tu*) =K (o3u, mu*) +K (039, 7g*) — K (03, mg*) }

Hpe =0 Hpig =0
Hpir, =;/l7”{2(0390'2u|ﬂg+ﬂu+) — (03gmu* |ozumyg ™) }
Hpyry = — (03gmu* lo2umy™)

Hpyry ='—/1:2:{2 (03g02u g ¥ mu*) — (03gmg ™ |o2umu ™)}
Hpirs = — (0397 |02umu™) Hp,, =0
Hzp x =0

. HF1M1 = "|:(<72¢J|h|0'39) +3(52953g[ﬂu+ﬂu+> +3(02g03g|mg g +) + (02902g|024039)

+ (02¢63¢|03u03u) + (029039|034039) 42 (02¢03¢|02u02u) +2 (02g03¢]010010)
+2(02403¢]01901¢)

3 3
{ (029t |o3gmu™) +— (Uzgﬂg losgmg =) +2(02903ul03903u)
+ (0290'274\630521&) + (52961ul63061u) + (519629l0190'30) }:\

1
Hp o, =’2'{(0'20‘Nu+ldsaﬂu") — (o2gmcg*|o3gmg™) }

1
Hpoyy = ~;7:2:{(0'29ﬂu"‘|63gﬂu") + (o2g1g* |03gmg ™) }
1 .
Hpymy =7—2:{2(°'2063u|75g+ﬂu+) = (o2gmg*|osumu ™) }
Hping =— (qu“g"'lzﬂwﬂu“)

1
Hyi0, ='17‘—2——{2 (02g03ulmg Frut) — (o2gmu™* |o3umy™) }
HF103 = - (Uzgﬂu"'lff:'su“g—) v
Hp.p, = —I:(O'zu|h|0'3u) +3(oau0sulmut e ™) + 3 (0auosu|ng tig*) + (cauosulosgosg)

+ (quGSu ldzudzu) + (02u63u |0'3u0'3u) +2 (UZuo'su |0'290">g) +2 (0'2u¢73u‘0'1u0'1u)
: +2(02u03u |0'190'19)

3 3
"‘{ (0'2'u'ﬂ?u |0'3u71u ) +o (quﬂg+ IUSuTCg ) +2 (6390'27,0'(739‘-7314)
+ (UngZuldzgdsu) + (51u62u|01u53u) + (O'lgo'zulUlgUBu) }':I

1
HF1P2 =E{(0'2u’ﬂu+|63uﬂu') — (o2umg*|o3umg™) }

1
Hpps =——F= T ={ (caumu ™ [osumy ™) + (6aumtg*|osumy ™) }
Hyp.g, = (02403u|03902u) + (02903¢|020030) Hypi9s =0
HFle =0

1
Hpyry =—751K (039, mu*) + K(osu, mut) — K(o3g, tg*) — K(o3u, 7y %) }

Hyppe =0 Hp,r, = vz(o'agﬁu |o2umy™)

Hp,g =0 Hyp,r; =— (03gmu*|o2umg™)
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HFle
Hpyrs
HF2M1
HFzMz

Hpgurs

Hpopw, =

HFst
HF2P1
HFsz

Hrpypy

2
Hrgar,

Hyp,
Hyymy
Hpapy,

Hpyp, =
Hypyp,

Hpyp,

Hrgo,
HFst
HGIl
HGI3
HG’.I]_
HGJ3
HGK
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1
== V—f“(dsyﬂq“‘,dzuﬂu') Hp,x =0
= + - =
2
(o3gmg*|o20Ty ™) Hp,; 0
1
== E{(Uzﬂuﬂd?’gﬂu') ~ (02gmg*|o3gmg ™) }
= — {Hp 31— 2(062903u|039030) }
1
= '/7{ (02970 *|o3gmu~) — (02979 03974~ ) }
=~ (oagty*losuma”) Hryor =5 (o2gmu* osury™)
V2 20Tg BuTly F901 —/7 029Ty ™ |03uTqg
= (02gTg™* |30 ™) HF203 = — (09gTu*|03umy ™)
1
=5 {(oumu* osumu™) — (o2umg™* osume™) }
=HF1P1 2(03g02u|o3g030)
- '/ 2 {(09u7’5u ,O'su'itu ) —_ (U}uﬂ?g Idsuﬂg )}
=0 Hpsr; =— V2 (03g02u|mtg * My ™)
= (02903u|03g02u) — (02903¢|02003u) Hypyry = (03gmy™* |02umy ™)
=0 Hpzry =~V 2 (03902ulmg*mu™®)
=0 HF3K =0
=0 HF,?,E =0
= (0'397‘714"' |0'2u75g—)
1
=7 (0290 |03gTu ™) + (02g7g™ |03gm4~) }
1 .
= 77”{(0'zgﬂu+ losgmu=) — (o2gmg* |o3gmig™) }
1 1
=— {HF1M1+ (o‘ogﬂu ]ngTCu )+ (ng’n’.g"' I0'3g7tg ) —_ 2(62g63u|0‘390‘3u)}
= (‘7297'50+163u7fu ) HF301 = (ngﬂu+f63u7tg“)
= /7 (029030 mg* 0 +) Hypzo; =V 2 (09g03u|mg*mu*)
/ 5 —={ (oumu* |U3u'ﬂfu, )— (6mﬂg+lf73uﬂg )}
1
= "72 { (o2umu*|o3umu™) — (o2umg*|o3umy™ )}
1
—_—HF1P1+ (ooumu™ |03u7'5u )+ (O'ZuTCg Iasuﬂg ) — 2<6300'2ul03g0'3u)
=0 HFsQa = (‘72063uld3q62u) - (ﬁzgﬁsgldzu%u)
=0 Heg = (ng*mu*|ng=ny~) — (mg+my~ |mg~myt)
=H011+ /E{ (62u63u10'3u0'3u> - (quGSulﬁzuo‘zu)}
= —2(oaumyt Idsuﬂu_) Haol =0
=0 HGO3 =0
=0 Hgp, =—2(03g0zulmg*my™®) + (03g1u* |o2umg™)
= (02¢03u|02g02u) Hgp, =~ (03gmy*|o2umy™)
=0 HGPg = - l/—f (o’sgﬁu""o'zu'n’g")
=0 Hgg, = —2(02g00u|mg*mu*) + (02970 ¥ |o2umg ™)
=0 Heagy = (02gmu*|02umg™)
=0 Hgagy =V 2 (o2gmy*|oaumy™)
=—y2 (Uzgo'zu{0'3g0'2u) HH11 =0
=0 HH[3 =0

=HAJ1+ P/-f{ (Uzuasu fﬁsuﬁsu) - (qudsuldzuo'zu)}

= —2(oaumg™ ldsu“y—)

Hpyy, =(0'Zgo'zu|62g°'2u)
HEMl =0
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= Hpg =—2(02g00ulmgmy*) + (o2gmg* |o2umn™)
= Hpg, =— (02gmy*|o2umu™)
=0 HHQ3 = l/i (O'zy’ﬂ‘.y"' |O’ou’ﬂiu_')
= - H111'3 = /Z{K(USu,Tﬂu,"') I{(O')u, TCu )}
=~y 2 (0202u]03902u) Hrry = (ng*tmyting = my™)
=0 H[1J3 =0
= —2(03g02u|mg ey t) + (o3gmg*lounu=) Hpg =—v" 2 (02g02u]029030)
= (03gMg* |o2umn ™) Hp; =0
= — /2 (03gmg* |o2yms ™)
1

= {2(07902u|“y+7‘u+) — (02gmu* o201y 7) }
== (029700 * |o2umy™) Hryyy; =0

- (U‘!.g'":u"' lo'?.u'nq_) ) H1101 =0
= (0'2g0'2u|f’30<73u) + (02g0‘3u|03g62u) Hllog =0

1
=7?{2 (03g03u|mg* iy ) — (03910 ™ |o3umty™) }

1
=77‘ (o3gmu*|o3umgs™) Hppy = (o3gmu™|03umy™)

1
=_/7{2(0'290'3u|7'cg+7fu+) + (o2gmu ™ |o3umg™) }

1 ‘
=7 (o2gmu* |03umy™) Hipqo, =0
= (02gmy* |o3umy ™) Hrzoy =0
= : Hiypy = (o3gmu*|0o3umy™)
= (ng*my ¥ Mg My ™) Hyp, = (03gTu™ |o30umg™)
= _ HIgPs 2'/_2—<U3g‘73u]ng+“u+)
= HI3Q1 = — (o2gmy* 03074 ™)
= (Uzgﬁu+|0’2u7‘g_) HIst = (ngﬂu++0’3u’ﬂg~)
= (oggmut Igzu'ﬂ?g_) H13Q3 =—v'2 (6200'3u|”\7g+ﬂu+)
=y 2 (02902ung* ) Hyz; =v 2{K(osu,ng*) — K(oom, 7g*) }
=0 HJlK =0
= (6"90'2u|6300'3u) ~ (029030 |03902u,) Hp; =- v'2 (02909u]029032)

=7 ={2 (02g02u|ng Ty t) — (02gmg* |o2umn~) }

1
VZ (02979 * [02umu™) Hyiyy =0, '
— (o2gmg* |o2umn™) Hyo; = (02902u]03g03u) + (029030035024
=0 HJ103 =0
1
=7—7{2(63g63u|ﬂg+ﬂu+) — (o3gmg™ |o3umu™) }
1 -
=== 5 (3gmg™ |o3ums™) Hips = (o3gmg™ o3uma™)
1 N . _
=:/’7'{Z(02063u|“a mut) ~ (02gmg ™ |o3umu ™) }
1
=7/~2— (cz‘g'ng*fldguﬁu”) HJ3M2 = (ngﬂg"‘iﬁ'zuﬂu")
— (o2gmg ™+ |o3umy ™) ' Hyguy =y 2 (02g00ulmgtmy ™)
=0 HJ3N1 =0
=0 HJ3N3 =0

— (02T *|o2ymy ™) HJ301 =0
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HJ’303 = (0'200'2uI0'3g03u) - (0'2g0'3u|0'3g0'2u) HJ’3Q3 =—y'2 (0'2g0'3u|1'5g+75u+)
Hiyzp; = (o3gmy™* |oguma™) Hyr = (ng*mu*|ng=mu™) — (ngrmy~ |mg~mut)
Hjyspy = — (03979 0300 ™) Hpyy =—2(09g03u|mg iy ™) + (02gTg |030umy ™)
HJ3P3 =y/2 (03g03u|mg T ry+) Heyy =-— (o2g™g * |o3umu™)
Hiyq, = (02mg* |ogumu™) Hgws =—vV 2 (cogmg™*|03umu™)
Hysg, = (02gmg™|03umu™) ' ' '
Hyw; =Hpw;+v" 2 {(024030|034039) — (029039 |02902¢) }
HKN3 = —2(o2gmu* |o3gTu ™) Hgq, =- (02gmg+|o2umcu™)
Hygo, =0 Hggy =—-v'2 (o2g7g* lo2umu ™)
Hgo; =0 Hiyy =—2(o2g08u|ngrmu*) + (02gmy* 030y )
Hgp, =0 Hrxy, = (o2gmu™|ozumcy™)
Hgp, =0 Hpr; =—v' 2 (o2gmu* |osumy™)
Hgpy; =0 Hiy, =0
HKQI = 2(5200'2u1“0+ﬂu+) + (Gzyﬂg"’ ldzuﬂu') HLN3 =0
Hpoy =Hpgoi+v'2{ (0'2003g|53053g) — (02039 |02902¢) }
H1;03 = 2(520ﬂ0+ 10'30'"0‘—) HLQ]_ == Z(O'Zgﬁzu[ﬁg+ﬂu+) + (O'Zgﬂu"' quﬂg_)
Hpp, =0 Hig, = (02gmu*|oaumg™)
Hyp, =0 Higs =—V 2 (oagmu*|oaumy™) |
Hip, =0
1

Hryry =E{—K(U3uﬂu+) + K (029, ©u*) + K (03u, 1g*) — K (029, mg*) }

1 S
Hriag ='/—7{K(63u , ) — K (099, mut) + Koz, mg*) — K(osg, tg+) }

1 .
Hriry =-—*'/—2~{2(asgcrau|ng+ﬂu+) — (o3gmg™ |o3umu™) }

Hiyri g = (03gmg7 |03um0™)

1
HM101 =,/§{2 (530°3u|7‘0+7‘u+) — (o3gmut|osuny™) }

HM103 = (63gﬁu+l53u7\?g_) )
HM1P1 = (62002u|63g63u) -+ (‘720539|°'2u0'3u)

HMle =0
HMlPS =0

Hirg, =Hpip;— (02u03ul03g03¢) + (02u03u|02903¢g) + (629020 |02¢030) ~ (039020]634034)

1
Hygy = _E{ (O'Zuﬂu"']dsuﬂu_) — (o2umg™|ozumy™) }

Hiygs = /f{ (o2umu™® |osuma ™) + (Gzyﬂg"' losumg™) }

1
Hirpuy = —ﬁ{K(Gsu’ Tut) + K (629, nu*) — K(osu, ng*) — K (029, ©g*) }

1
Hiyyry = ’7? (o3g7g* |o3umu ™)

Hyowg = (o3gmg* |osumu™)

HM2P1 =0

Hropy = (62902u|03903u) — (0203¢]02u030)

1
HMgol =- :/7_(6397"-1&4' IO'SuTCg—) HMng =0
HM202 = (ngﬂuq'\[o'Suﬂg—)
1 . .
Hiryg =— ‘2‘{ (o2umut|o3umn™) — (Coumg*|o3umy™) }

HMzQz = HMlQl — 2 (02g02u|02903u)

1 . .
Horggs = _:/_E{(O"_’.u%"'lo'suﬂu—) ~ (o2umg*|o3umy ™)}

Hoyzwy = (o34m0 |o3umu™)
HM3N3 = /7 (0'300'3u|’ﬂ3g+7\7u+)

Hrgo, = (o3gmu* |osumy™)

HM303 == V/—Z (Gégb’gulﬂg+ﬁu+)

Husp, AZO

Hirgry, =0
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Hyspq

Hy 3Q1
Hy 3Q2

HMaQa

H N1N3g
Hy0,

Hpy py

HNIPZ = -

Hy 1€1

HNle
Hiyryoq
HN301
HN303
HN3P1

HN3P2

H01P1
Hy,p,

H 0191
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= (02g0'2u10‘3g<73u) - (52g0'3g|0'2u0'3u)
1 .
= "'/—?{ (o2utty* losumy ™) + (c2ury™ [o3umy™) }
1
='/—7{ (o2umu*|osumu™) — (o2umg*|osumy™) }

1
=HM1Q1+E{ (o2umut|osuny ™) + (o2umy*|osung™) } — 2 (02g09u|02g08u)

=/ 2 {K (039, 7u*) — K (629, mu*)} Hy,03 =0

= (mgtmyt|ng~my ") — (mg ¥ My~ [Ty myt)
='/7{2 (02g0au|mg*my*) — (02gmg™|coumu™) }

= (02gmg* |02umy ™) Hyips =— (02gmg™* |02umu™)
v'2

1
= '/5{2 (6300'2u|ﬂg+‘ﬂu+) - (O'ag'ng-" 0'2u1'5u—)}

1 vV 2 o
='_/§ (63gﬁg+|62uﬂu—) . HN3P3 =y 2 (ngﬁ'zulﬂg oy *)
= (030“0+]°'2u7tu_) HN3Q1 = (0'3975;7"' Iﬁzuﬁu_)
=0 Hys0, = (03¢mg* |o2umn™)

= (mg*mu*|ng=my~) = (ng*mu~ g~ mu*) Huges =V 2 (03g00ulng*mu*) |
= — (09gmg* |C2umn ™) Hoos =V 2{K(03g,mg*) ~ K(02g,me*)}

= (02g7g* |oouTn ™)

1
=T/§{2 (02g0au|mg*mut) — (02gmu™* |o2umy™) }
1 ‘ B
=73 (o290 * |o2ug™) Hoipy = — (0297 *|02umy™)
1
=75 {2(o3g02 Irg*mu*) = (o3gmu™ |o2umyg™) }

: *|onumy™ Hogpy, =V 2 T
= "77'(0'39““ [o2umg™) 03Pz = (02902u|mtgFTu )
= (Uagﬁu+la2u“0—) HOsQ]_ = (0'30“7,&*' |0'2u75g—)
= (ng'ﬂu""dzuﬂg_) HOan = (Usgﬂu"'lo'zuﬂg_)
= ~ (o2gmu* [o2umy ™) Hosgs =‘/7(<’30'32u|“a+“u+)

=%{—K(0'3y: “u"') + K (o9, ©ut) +K(030: T‘g+) "K<0'2u ’ 'ffy+)}

=71—7_{K(630 ’ ﬁu+) —K(O'?.u ’ ﬂu+) +K(U30, T‘g+) "'K(G‘zu,, 'ﬂg+)}

=H 11+ { (029039 | 02u02u) — (02903g|03uo3u) -+ (02902u |03g02u) — (02g03u|03g03) }
1

=‘2’{(6297‘u+|63075u—) ~ (o9gmg*|osgmg™) }

= ,/7{ (o2gmu*|osgmu™) + (03gmg* |o2gmg™) }

= '/15{" K(o3g, mu*) — K(oou, mu*) + K(o3g, mg*) + K(ogu, mg*) }
1

= Y { (o2gmu*|o3gmu=) — (02gmg*|03gmg™) }

= — Hp1g;+2(02902u]03902u)

1
= '/7{ (o9gmu* |o3gmu ™) — (02gmg* |Gaqﬁq—)}

1
= ,/7{ (o2gmu* |o3gmy ) + (02g7g* |03gmg ™) }

=%{ (02gmu* |03gmu~) — (02gmg* |o3gmg™) }
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1 .
Hpygs =—Hpig— E{ (0297w * 03970 ) + (02gmg* 03914 ™) } + 2 (029020 |03902u)

1
HQle :E{_K(Uzu , ) +K (029, mu+) + K (o2, nig+) — K(o2g, T‘-'g"')}
1
HQ1Qs ='/§{K(0'2u , Tut) — K(ogg, mu*) + K(ou, mg*) — K(o2g, ©g*) }

1
HQzQs =7§{—K(62u, ﬂu"') "K(O'zg, ﬂu"') +K(°'2u ’ ng+) +K(020 ’ ﬂg+)}

(v) 334t and 334~ (0Os)

Configurations used a, B ! 7

A, B, C, D, E, F; Olg, Olu, O2g; O2y 03¢, O3u, Tu¥, mgt
G, M;, K; . Olg, O, O2g, O3y | Oay, 03g, Tut, wet
H, J; Olg, Olu, O2u, O3u O2g, 03¢, ut, 'ngi
I; Glg, Olu, O2g, O3g O2u, O3u, Tut, mgE
L;, N; Olg, Olu, O2u, O3g O2g, O3u, Tu®, myE
Q 61g, Olu, Tu®, g _ O2g; O2u, 03¢, O3u

Hy4=

HBB=

p—h(ng*) —h(ny=) —2h(03u)
+8+t—t(ngt) —t(ny~) — 2t (03u)
+o (rg*, mu ™) +2J (ng*, 039) +2J (ng*, mg™) +2J (ng*, wy*)
+2J (039, 7™ ) +2J (10~ mg~) +2¢J (10—, Ty F)-
+ J (039, 039) +4J (039, 7g™) +4J (03¢, Tu*)
+J (mg™, mg~) +4J (rg~, Tu*)
+ J (nyt, myt)
—3{f+9-9(ng*) —9(mu™) —29 (o3u)
+2K (mg*, my~) 2K (ng*, 03g) +2K (ng*, ng~) +2K (ngt, myt)
+2K (ny~, 03g) +2K (7=, 7g~) +2K (mg~, 10 +)
+4K(630, 'rcg—) +4K(0‘39, T:u,"')
+4K (ng=, nu*) }
£ { (mg* g™ [mu~mut) — (mg eyt g treut) } '
p—h(ng*) —h(my~) —2h(o39)
+8+t—1(ng?) —t(my~) —2¢(o39)
doJ (ngt, mu~) +2J (mg*, 03y) +2J (ng*, mg~) +2J (ngt, my*)
] +2J (ru™, 030) +2J (7=, 719 ) +2J (1=, 7y *)
+ J (03u, o3u) +4J (03, 7g™) +4J (034, Tu )
+ J (rg~, mg™) +4J (ng—, Ty *)
+ J (ryt, 7, t)
—3{f+g—9g(ng*) —g(mu~) —29 (039)
+2K (ng*, ny~) +2K (ng*, 03u) +2K (ng*, mg~) +2K (g%, mut)
‘ +2K (ny~, o3u) + 2K (ny~, mg~) +2K (10, ~, 1 *)
+4K (o3y, ©7g~) +4K (034, Ty +)
. +4K (rng=, my*) }
*{ (rg g~ [y mu*) — (mg+my *mgFmu*) }

Hoe=p—~h(ng*) —h(ny*) ~ 2% (ny™)

F8+t—t(ng*) —t(myt) — 2t (my~)
+J (g *, mut) +2J (ng*, 03g) +2J (ng*, mg~) +2J (ng*, o3y)
+2J (ryt, 03g) +2J (¥, 7g™) +2J (my T, 034)
+ J (039, 03g) +4J (03¢, 7g~) +4J (034, 03u)
T4+ (g, mgm) +4J (g, o3y)
+J (03w, 03u)

31
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=3/ +9-9g(rg*) =9 (nmu*) =29 (my™) 4 ,
+2K (rg*, mut) +-2K (ng*, 03g) +2K (g™, mg~) +2K (ng*+, 034)
. 2K (mut, 03g) +2K (ny ¥, mg™) 2K (™, 63u)
» +4K(O‘3g, ’n’,g—) +4K(0’3g, 03u)
. +4K (1y~, o3u) }
F (mg*mg ™ |~ mu )
Hpp=p—h(ng*) —h(ng*) —2h(ng~)
+84-t—t(ng*) —t(mu*) —2t(ng™)
o (ng*, mut) +2J (g, o3g) +2J (ng*, ™) +2J (g *, 034)
+2J (nyt, o3g) +2J (my*, my ™) +2J (my+, 634)
+ J (039, 039) +4J (639, mu™) +4J (639, 03u)
4 oJ (mu~, mu) 4T (my =, 03u)
+ J (O'Suy Gau)
—3H{f+g—-g(ng*) —g (mu*) =29 (ny™)
+2K (ng*, my+) +2K (ngt, 03g) +2K (rg*, 7y~ ) -+2K (¥, 03u)
+2K (ru*, 039) F2K (myt, nty~) +2K (10y,*, 03u)
+4K (039, my~) +4K (034, 63u)
+4K (my~, o3u) }
F (mg*tng=|ny"myt)
Hp1,(32u™)
Hpopy(Zu*) p =p—~h(rg*) —h(ng~) —h(osg) — I (030)
Hﬂgmg(szu")
+8+t—t(ny*) —t(ny~) —t(03g) ~t(03u)
F+ S (mg*, mg=) I (ngt, 03g) +J (my+, o3y) +2J (ngF, wut) +2J (mg+, m,~)
+J (g, 639) +J (g, 030) +2J (my~, mut) +2J (rg=, wy~)
+J(0'3g, Ugu) —f~2J(o'3g, T:u,"') +2J(O‘3g, ﬂu_)
+2J (o3u, i t) +2J(O'3u, ")
4+ J (myt, myt) 4 (nyt, mu")
H o (my—, wu™)
=3 +9-9(mg*) =g (rny™) —g(03g) — 9 (03u)
+2K (ng*, my*) +2K (g, ny~) +2K (ng~, mu*) +2K (mg~, w0 )
+2K(0'Bg, T‘fu+) +2K(U3g, 'I'Cu—) +2K(O‘3u, ‘Ttu"') +2K(O‘3u, ‘Ttu"')v
+4K (nyt, my—) }
—K(ng*, ng~) = K(ng*, 035) — K (ng*, o3u) + K (039, 03u)
+{ +K(ng*, mg=) — K (ng*, 039) — K (ng*, o3u) — K (034, 030)
“K(ﬁ0+’ g™ ) — K (03¢, 034)
HF1F1(3ZM_)
Hypor, (33 ut) } =p—h(my*) —h(mu~) —h(o3g) —h (o3u)
HFaFg(szu—)
8+t —t(myt) —t(mu~) —t(o3g) — 1t (03u)
+J (y*, my~) I (nut, 03g) +J (mut, o3u) +2J (nut, wot) + 2J (nyF, we~)
+o (7u~, 03¢) o (=, o3u) +2J (=, g™ +2J (my—, 74~)
+J (039, 03u) +2J (03¢, T0g*) +2J (039, T0™)
+2J (034, TgF) +2J (034, Tg™)
+ J (ng*, mgt) +4J (ng*, my™)
+J (mg~, mg™)
=S +9-9(mu*) —g(mu~) —9(039) — 9 (63u) '
+2K (my*, ngt) +2K (ny*, mp~) +2K (10~ mg+) +2K (my,~, 7p™)
+2K(G3g» '”;;7"-) +2K(639’ ﬂg—) +2K(63uy '"-g+> +2K(0'3u, T‘?g—)
+4K (rg*, ng~) }
—K(my*, n~) = K (my*, 03g) — K(ny™*, 03u) + K (034, qgu)
+9 +K(ny*, my~) = K(ru*, 039) — K (mu*, 03u) — K(o3g, 03u)
~K(ny*, ny~) —K(O'Sg, 0’3u)
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Hae=p—h(ng*) —h(rny~) —2h (o2u)
+8+t—t(ngt) —t(wy™) — 2t (o2u)
I (rg*, w0y~ ) +2J (g *, 03g) +2J (ngF, mg™) +2J (mgF, myt)
42 (™, 03g) +2J (1™, Tg™) +2J (1™, Ty )
+ J (0‘39, O‘3g) +4J(Ggg, Ttg—) +4J(63g, Ty t)
+ J (ng=, mg™) +4J (rg~, )
+ o (mu*, T t)

~HS+9-9(rg*) —g(ru~) —29 (o)
+2K (ng*, my~) +2K (ng*, 039) +2K (rg*, mg~) +2K (mg*, nty™*)
+2K (ry~, 03g) +2K (my~, wg~) +2K (my,~, ™)
+4K (03g, ng~) +4K (034, Ty *)
+4K (rng=, my*) }

+{ (mgFng |my ") = (g Tyt ng Ty t) }

Hgg=p—h(rng*) —h(my~) =2k (024)
+8+t—t(rngt) ~t{my™) — 2t (02g)
deS (g ®, w0y =) + 2 (rgF, 03g) + 20 (ng*, mg™) +2J (g, mut)
+2J (g~ 03g) +2J (1™, Tg~) +2J (70—, TuT)
+ oJ (03g, 039) +4J (039, 7g™) +4J (039, T, )
+ J (ng=, ng~) +4J (g™, mut)
. . +J (Tcu"', mtyt)
=3 +9-9(ng*) —9 (=) —2g(02g)
+2K (ng*, 7y~ ) +2K (mg*, 03g) +2K (ng*, mg~) +2K (mg ¥, mout)
+2K (ru~, 03¢) + 2K (7y~, g~ ) +2K (1™, T F)
+4K (039, 7y~ ) +4K (039, 7 *)
+4K (rg~, mu*)}

& { (ngFng~ My~ my ) — (mgFmytmg Ty ) }

Hpir, 1
Hryro ¢ =p—h(ngt) —h(my™) —h(osu) = (o2)
HIgIg l .
» +8+E—t(ny+) —E(my~) —t(o3u) —t(o2u) .
F (rg*, Tu=) + (g, o3u) +J (Tg*, o) +2J (rg*+, mg~) + 2 (rg*, wy*)
I (g, o3u) +J (mu™, oou) +2J (=, Ty~ ) 42 (7, T )
+J (03u, oau) +2J (03, ng~) +2J (030, Tu ™)
+2J (690, 75~ ) +2J (0ou, Tut)
+J (=, mg™) +4J (g™, mu )
+ o (myt, 7y t)
=3 +9—-9(mg*) — g (mu™) — g (03u) — 9 (02u)
+2K (rng*, ng=) +2K (ng*, ny*) +2K (ny~, 1g~) + 2K (1y, ™, ®u ™)
+2K (03u, 7g~) + 2K (03w, Tut) +2K (02u, ©g~) +2K (02u, Tu™)
+4K (ng=, mu*)}
- K(ng*, m~) — '21‘K<T°0+; O3u) — %K<7‘(1+, osu) — 2K (7=, 03u) — 3K (e, 02u)
+ K (020, 03u)
+4 +K(ngt, my~) —3K (ng*, o3u) — 3K (7gF, 02u) — 2K (1™, 03u) — 3K (0™, 02u)
"'K<0'2u, O'Su)
—K(ng*, my™) — K(o2u, o3u)
(mg*mg™ My Ty F) — (g Tyt mg Ty )
34 (mgtmg™ [my " mut) + (mg Ty |ng Ty t)
{ (mgFmg™ |y~ 1) — (g Ftmy ™ |mgFry®)
Hiyry
Hy,r, }Zp"‘h(ﬂg+) =R (ny~) —h(o3g) — h(o2g)
H-T3J3

8+t —t(mgr) =t (my ™) —t(o3g) — L (02g)
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I (ng*, my~) +J (g™, 03g) + (g, 02g) + 2 (rigF, 104~ ) 42 (mg*, Tu*)
+J (ny™, 63g) +J (™, 029) +2J (s~ 7™ +2J (0™, 70 *)
+J (034, 03g) +2J (034, Ty~ + 2 (034, Tut)
+2J (029, 7g~) +2J (029, 7u*)
+ o (g™, 1tg~) +4J 7y, Tut)

-+ J (ﬂu,"', Ttu'*')
—HS+9-9(rg*) —g(mu~) —9(039) ~ g (020)
+2K (ng*, y=) +2K (mg*, myt) +2K (7y~, ng~) + 2K (ny~, w0 *)
+2K (039, 1g™) +2K (039, mu*) +2K (029, 1y~ ) +2K (02g, 7 *)
+4K (ng~, mu*) }
~ K (ng*, wy~) — 3K (ng*, 039) — 3K (ng*, 02g) — 3K (™, 03¢) ~ 3K (7=, 029)
+K(6291 039)
44 +K(ng*, my~) — 3K (ng*, 03g) — 3K (g%, 029) — 3K (1w~ 039) — 2K (1u~, 029)
. ~ K (029, 030)
—~ K (rtg*, mty7) ~ K (03¢, 03¢)
(rg¥mg™ [~ mu*) = (rg T+ |mg +my )
+4 (mg*mg™|my~m*) + (g tmutngtryt)
{ (ngtmy™ Ty~ 7y *) ~ (mgtmyt|mg gy t)
Hg1x1C20w™)
Hiyry C2u™) }'-:p" b (my*) ~ b (™) ‘f’h(USQ) —~h (02u)
Hearcs (")
F-8-+t~t(my*) ~t(my™) ~t(03g) — t(022)
(e, =) T (it 03g) +o (mut, oan) 2 (et mpt) +2J (myt, we—)
+J (=, 63g) +J (e~ oou) +2J (1y~, wg*) +2J (™, 7g™)
+J (03¢, Oo2y) +2J (03¢, Tg™) +2J (03¢, 7g™)
+2J (62u, ﬂg+> +2J (020, 7™ )
+ o (rg*, wg*) + 4T (mg T, ™)
+ J(“Q—i g~)
3 +9-g(nu*) —9(mu=) =g (o3g) — 9 (020)
+2K (ny*, migt) +2K (g *, mp~) + 2K (104", mg*) +-2K (14, 7g™)
+2K (o34, gt +2K(63g, 'ng") +2K(62u: ’T‘g+) +2K (o2m, T‘g-)
+4K (ny*, np~)}
— K(ny*, my~) ~ K(my*, 039) ~ K(m*t, 09u) +K (039, 020)
+4 +K(my*, ny~) ~ K(my*, 034) "‘K(Tﬂu*, oau) — K (o3¢, 02u)
— Ky, my™) — K (03¢, 02u)
Hrzy (32 u™)
Hppz, ((3u™) }=P"‘ fe(nu*) ~h(nu=) ~ R (osu) — h(029)
Hysr,(320)
+8+t—t(my, ) —t(ng~) —t{osu) —t(02¢)
I (mu*, 7)o (mu*, 3u) + I (mu*, 02g) + 2 (mut, mp*) +2J (mut, mp7)
+d (mu~, 03u) +J Ty, 62¢) + 2 (70, wp*) +2J (7™, 79 ™)
oI (03, Oag) +2J (03, wg*) +2J (63, ©g™)
+2J (62g, g*) +2J(02g, 1)
+ J (mg*, ngt) +4T(ng*, g7)
+oJ (1™, ™)
~3{f+9~9(mu*) ~g(nu~) — g (o3u) — g (024)
+ 2K (my*, 1q*) +2K (ry*, ng~) +2K (1=, mg*) +2K (104~ 19™)
+2K (o3y,y 11g*) +2K (03, 15~ ) +2K (02g, mg*) + 2K (029, Tg™)
+4K(’Ng+1 'ﬂq—)}
~K(my*, my~) = K(ny*, o3u) — K(ny*, 029) +K (029, 03u)
+4 K (mu*, my~) — Ky *, osu) — Ky *, 02g) — K (020 I30)
~ K (myp*, mu~) — K (o2, O3u)
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HMlMﬁ(SZu—)
Hirowr, C2Zu®) [ =p~h(xg*) = h(ng~) = h(o3g) ~ T (02u)
HMng(?’Zu—)
+8+t—t(rng+) ~t(ng~) —t(o3g) — t(02u)
+J(ng*, mg~) +J(mgt, 639) +J(mgt, oo) +2J (mg, mut) +2J (ngt, w, )
+J(rg~, 03g) +J (g™, o2u) +2J (ng~, 7u¥) -+ 2J (mg~, 7y ~)
®-J (03¢, oou) +2J (039, Ty ™) +2J (039, )
+ 2 (09, T t) + 2 (0ag, Ty )
+ J (my ¥, myut) +H4T(my F, Ty )
+oJ (my=, mu”)
~3{f+9~-9(ng*) —9(ng=) — g (039) ~ 9 (o20)
+2K (ng*, my+) +2K (ng*, my~) +2K (1t~ g +) +2K (mg~, m0,~)
+2K (039, mu*) +2K (039, my~) + 2K (020, ) + 2K (00, 00,7 )
+4K (ny*, my—) }
= K(ng*, ng=) —~ K(ng*, 03g) — K(ng*, o2u) +K (039, 09u)
+{ +K(mg*t, ng~) — K(mg*, 039) — K(ng*, o2u) — K (039, o2u)
~ K(ng*, ng™) — K (039, oou)

Hyyw1 (32u™)
Hyyw, 32ut) }=p*h(ﬂg+) ~h(ng=) —h(osu) —h(o29)
Hysns((3u™)
+8tt—t(nyt) —t(ng~) —t(03u) —t(02g)
+ (g, ng~) +J (rg*, o3u) +J(ngF, 02g) +2J (mg*, myt) +2J (mg*, wu ")
FJ(ng™, o3u) +J (g™, 03g) +2J(mg~, wy*) +2J (g, m0u™)
'f‘J(U.‘Zgy 03u) + 2 (03w, Tu*) +2J (034, T ™)
+2J (629, Tut) +2J(02g, Tu")
+ o (my*, myt) +4J (myt, T )
+ o (my~, wu")
=3 +9-9(rg*) =9 (ng~) — 9 (o3u) — g (029)
+ 2K (ng*+, ny*) +2K (mg*, 1y~ ) +2K (g, 1y *) +2K (rg~, 7 ~)
+2K (03, mu*) +2K (030, 7u~) +2K (624, Tu*) +2K (09g, ©u~)
+4K (rey*, mu~) }
» —K(rg*, ng=) —K(ng*, o3u) — K(ng*, o9g) +K(63u, 62g)
< +K(mg*, ng~) ~ K(ng*, 03u) — K(ng*, 02g) — K(03u, 02¢)
-~ K(ng*, 757) — K (o3u, o29)

Hgo(32u*) =D~ h(02g) = (02u) — 2h (034)
- F8+t(02g) +E(o2u) + 2t (o3g)
+J(03g, 020) +2J (03g, 039) +2J (020, 03¢) +J (034, T39)
= 3{f +9(029) +9(02u) +29 (034)
+2K<U2g, O2u) +2K(Ggg, c)'gg) +2K (o5, 0‘3_(/)}

H 3= (03903u]03403u) Hyp=7F (03ung™|osumg™)

H o= — (o3umy*|o3umu™)

VHAE1 (3Zu—) = 2(53g0'3ul7'5g+71'u+) + (ngﬂu"‘ ’O‘suﬂ‘.g')

H4p, 32u™) = — (o390 |o30m™) Haps(C2u™) =~V 2 (o3gmu* |osumy™)
HAF1 Glu)=— Z(Uagcaulﬁg+ﬁu+) + (Usgﬂg+]<73uﬂu—)

HAFg (BFXut)= (ng’ﬂg+ |63uﬂu—) H o= (0'2u0'3u10'2u0'3u)

HAFs (C2u)=—y"2 (o3gmg*|o3ums™) H 4g=(02¢03u|029034)

HAI1: v 2 [(o2ull|osu) +3(0'2u0'3ulﬂg+7cg+) +3(02u63u]ﬂu+ﬂu+) -+ (quo'guldzucfgu)
+2(02u03ul0o3¢034) +2 (02u03u|029029) + 2 (02u03y [616010) + 2 (02030 lo1g014)
— {& (o2umy™ Id3uﬁg_) + 8 (o2umu* |osumy ™) + (03902u|03403u)
+ (62g0'2u|<7290'3u) + (Uluo‘zuldludsu) + (O'IgO'Zulo'lqﬁsu) }]

1
Hur,=— ,‘/?{ (ooumg*|osumng™) — (c2umy*|osumy™) }
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Hyr;= (oaumg*|o30my™) + (o2umu ™ |o3umu™) Hy;,=0

HAJI': - l/~2— (0'2963ul<73gf73u) HAJ3:0

H i1 (0w ™) =Haic, CXu) =Huar3 3 2u~) =0

H 4z, 3% 0~) = — 2(02403u|mg ¥ 1t ™) + (02979 |030m00™)

HAlJz (BXut)=~ (Uzg’”g"'lo'suﬁu—) HAL3 B>u—)= vV 2 (ngﬂq+ O3ty ™)

H oy (3u™) = Haay O 2u*) = Hang (2u™) =0

C Hyy BZu™) = — 2(02g03ulngt mu*) + (02070 ™ lo3umte™)

H 45y 32 u*) = (o2gmu ™t |03umg™) Huy0(32u*)=0
Hnz(3Xu) =2 (o2g7u* |o3umg™) H4p(PXu*)=0
H1o(Xu*)=v" 2 {— (0agmu* [o2umty™) + (02gmg* |o2umu™) }
Hr(3Zu*)=0

Hpp (3u~)=—2(o3g03ulmgTmu*) + (o397 |03ums™)

HBEQ (3 w*) = (o3g7g™ |o30m00™) Hpy, CXu)= V2 (O'Sgﬂg+|0’3uﬂu—)
Hpry (3 u™) = —2(03g03ulng mu™*) + (03pmu ™ logumy™)

Hpp, (3 u™) = — (03gmu* |o3umy™) Hyr=— V' 2 (03902u]03403u)
Hprs(3Xu™) =v"2 (03gmu™ |o3umyg™) Hpr,=0

H pe= (03402u]03¢02u) Hpr,;=0

Hzr,(33u") = —2(03g0sulmg ¥ mu™®) + (03970 ™ |o2umte™)

Hpry(3Xu*) = — (03g7u* |o2ung™) Hpr,(33u~)=v"2 (03gmu*|o2umy™)
Hpur, 33w~ ) = — 2(03g02ulng ¥ *) + (03979 * |02umu ™)

HBM2(3Zu+) = (%g“q*[o'zuﬂu—) : HBMg(SZu")=l/§((fzg’ﬂg+]62uﬂu'

Hpws CEu~) =y 2 {K(ng*, 039) — K(ng*, o3u) } :
Hpi7 (™) = (g *my*|mg =y ™) = (mg ¥y~ g ~mw*) =Hpyrs(32u~)
HE/1F3(3ZM—) =O=HE3F1 (322&_)

Hauyr, ™) = (ngrmu®|mg~mu ™) + (ngmy ™ g~ mu ™)

HEHG (32'1/4“) =HE3G (C2w™) :Hsz (3Xut)=0

1
HEI1I1 (3Zu-) :772‘“{2 (63g0'2ulﬂ0+7"fw+) —~ (o3gmu™ IGZuﬂg—) }

Hpr, (™) =~ ‘71—5 (o370 ™ | G20y ™) Hpyr, B u™) =71,,2~ (0397w * | 0wty ™)
Hpy13(3%0~) = — (039 |oaumy™)

Hpory (2u™) ='71§:{ —2(03¢02u) Ty ™) + (03970 |o2umy™) }

Hpyr3(CXu*) == (osgmu™ [o2urig™) Hpgr, 3u™) = — (o3gmu* |o2umy ™)
Hpar, 32w~ ) = (o3gmu* [o2umg™) Hpors 33 u=) =~V 2 (03g02ulng* T *)

Hug,(3u™) =Hayxs 2w~ ) =Hagey CXu™) =Hugrs (™) =Hpor, (32 u*) =0

HI'J1M1 (3Zu—) = [(Gw!hlcﬂu) +2(02u°'3u|ﬂy+ﬂg+) +4(0'2u63ulﬂu+ﬂub+) + (620030 ]03003;7)
-+ (O'ZuO'Su{G:ZuUzu) + (02u53u10"3u0'3u) +2(0‘2u€73u10'2g0'2g) +2(0'2u63uiﬁlu61u>

+2(02u0'3u10100'10)

- {z(o'zume"'ldsuﬂu—) + (O'ngzuIGZgO"a‘u) + (01u62u|0'1u63u) -+ (61062u|61063u)}
— { (oaumg* |osumcg™) +2(03902u03905u) } ]

Hons(PZu™) =~ V' 2 (o™ |o3umg™)

HEzM'z (3Zu+) ZHEuMl (3220“) -2 (0395220]0'3g0'3u)

Husur, u™) =~ 2 (d2ung™*|osumy™)

Hagus33u™) =Hpa (2u™) + (oaumg™*|o3ung™) — 2(03g02u|030030)

HF1F3(3ZU;*) =/ 2 {K (o3¢, 1ty +) — K (030, )}

Hre (32w )=Hrye(Zu~) =Hre (32ut)=0

1 ,
Hp1r(2u™) =:/T2~{2(03952u|7fg+ﬁu+) - (03qﬁg+|02u“u“)]

HFﬂz CZu™) =:/'1?(Gagﬂg+ lo2umu ™) | HF1Is (Clu=)=~— (o3gmg* looumn ™)
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1
Hpor, CXu™) =~ s (03979 |o2uma ™)
1
Hszz (32u™) =;/——2:{ —2(03¢00u |yt Ty *) + (03979 + | Goumn ™) }
Hp,13(33u*) = (03g7g* |o2ume ™) Hyar, 330~ ) = (03g7g ™ |02 ™)
Hpyr, (Xu~) = (03g7g " |o2umu ™) Hypar, 3 w~) =~V 2 (03402ulng*mu*)
HF1K1(SZu_) == [(02u1h|0'3u) +2(0'2u0'3u[’ﬂ?u+ﬁu+) +4(62u03ulﬂg+ﬂq+) + (52u63u|0'300'3q)

+ (0203l 02u02) + (02030 05u03u) + 2 (0au0su|02902) +2 (024030 |014014)
‘ +2(Uzu0’3u|‘7100'10)
— {2 (0aumy™ | 03umy ™) + (029020 |02g03u) + (010020 01003u) + (01902u]01905u) }
— { (ogumy* losumu ™) +2(03g09u lo3g032) }]
HF1K3 Cu)=-— v'2 (Uzuﬂ'u—"lﬁzuﬂu_)
HFng BXut) =HF1K1 B>u")—2 (0'39(72u l%g%u)
HF3K1 (3Zu—) =—y/ 2 (ogumty* |0'3u7Tu—)
HF3K3 (Xwu™) =Hpic; 33 0) + (caumu™* 030 ™) — 2 (03¢02u]03903u)
Hypar, 3%u™) =Hriars CXu~) =Hpgars Cu*) =Hrgur (Xu~) =Hraus 32u™) =0
Heny=Hun+v/ 2 { (02u03ul03u03u) — (02005u|03u02u) }

1
HGI;a:,—/?{ (o2umy*|o3umy™) — (coumu*|osumy™) }

Herz= — {(o2ums ™ |03umg™) + (02umy™* [o3umu™) }

Hex,(3Zu™) = —2(03g00ulmy* 1t *) + (0391 ™* |02umu ™)

Heaxy, (32 u*) = (03gmg ™+ |oaumy ™) Her;(32u™)=~ V2 (03979 ™+ |o2umn ™)
Hgary (3% u~) = ~ 2(03g02u |y "o +) + (03970 * |02y ™)

HGMz (3Zu+) = (0'3g7fu+l¢72uﬂg—> HGM;—; (3220—) =—y'2 (%g%"‘lffzu’n(]—)

H1112=%{"‘K<7f0+’ o3u) +K(rg™, oau) +K(my~, o3u) — K(mu~, o2u) }
1
H1113=ﬁ{K(Wg+: o3u) — K(mg*, ogu) + K (™, 03u) — K (=, o9u) }

Hryry=—= / —={— K(ng*, o3u) — K(ng*+, o2u) +K(mu~, o3u) +K (™, o)}

Hpg, (Xu >~ {2(G3g03u]750+ﬂu+) — (o3gmg*|o3umn™) }

Hfle (SZN+) = _ﬁ(%gﬁy-‘-]aauﬂu_) HI1K3 (3Zu_) = (0'30750+]0'3uﬁu”)
1

HIZKl(szu") = (G’a‘g“a |o3umu ™)

1
H[2K2(32%+)_‘ V2 {2(0'3963ul"'5g+ﬁu+)“‘(639ﬂg ldsu'ﬂu. )}

HIsz () =~— (6307'59""]‘73%7‘5% ) H13K2(3Zu+) == (630“a+l03u7‘u")

H13K1 (GXu")= (ngﬂg+|0'3uﬂu—) H13K3 (B2u~)= V2 (03g03u|mg T mu )

1 .
HI1M1(SZu_) =7§*{2 (63g03u|’ng+'ﬂu+) - (ngﬂu"'ld&u’”a—)}

Hyy, 0™ )'—"/ﬁ(0'3gﬂu |o3umy—) Hioor, 0™ )M (ng‘rtu |osury™)
Hryp3((2u~) = (cggm,,* losutig™)

Hirom, 30 )—- {2(63g63u|7cg 7w t) — (03gTu* |o3umg™) }

Hippurs (0™ )—(GSgﬂu""lﬁwﬂo ) Hiygor, 3Xu™) = (03gmu* losumo™) -
Hrguy (3X~) = (o3gmu ™ |03ty ™) Hirsurg (321&_,) =2 (03¢03ulmg ™ mu*)

HKlKg(szu—) =$/?{K(T‘u+, ‘739') ”K(ﬂu"': Uzu)}
Hgya (2 w™) = (mgtmy*|mg™mu™) — (mg*my ™ |mg T *)
HKlﬂs(szn—) =0

HK2M2(EZM+) = (mg*rny*|ng~mu™) + (mgF e~ |mg—my+)

-

37
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HK3M1(3Z'M_>=0 '

Higgars 33u~) = (ng*ma* |rg =y ™) — (gm0~ g~ ™)

HM]_Ms(sZu—) =y 2 {K(ng", 0’30) - K(ng*, o2u) } »

In the above formulae, the upper or the lower sign of a double sign corresponds to
337, or 33, state, respectively.

(vi) 1254% and 13,7 (0s)

CHu 40wt =HaaCXu™) +2(ng g™ |na "m0 ) + 2K (ng ™)
Hi 00 ) =H4 B u™) —2(ngt g™ g~ my ™) +2K (g +, 147)
Hyp((Xwt)=Hpgg (32 w™) +2(mgFmg~ |tw = +) +2K (mg+, 1wy ~)
Hpp(Zu™)=Hpp(XZu*) —2(ng*ng~ |mu~ e ™) + 2K (ng*, 7o)
Hpip (3Xut) =Hpyn, O u*) +2K (039, 03u)
Hpypy ) =Hayn ™) +2K (ng*, 03g) +2K(ng*, 03u) — 2K (039, 03u)
Hpr1 O u) =Hpyro(2u™) +2K (034, 03u)
Hpory((0™) =Hpir C2u™) +2K(my*, 035) +2K (g *, 03u) — 2K (534, 03u)
Heg( X u*) =Heae(2u™) +2(ny %y~ |t~ ™) +2K (g +, mu™)
Hao(\w ) =Hee(PXu*) —2(ng*ny~ |t~ my*) +2K (1, m1y7)
H1111 (A2u™) =H11[1 Clu™) +2(rgFmy gty *) +2K (030, o2u)
H11I1(12M—> =HI111 (2u~) +K (g™, osu) +Kiny*, oo) +K(my™*, o3u) + K (rey*, o9u) -

'—ZK(O'su, (721,4,) 2(ﬁg+ﬁu+|ﬁg+ﬁu+)

HK1K1 (2w™) —HK1K7(32M+> +2K(U3:1> Oam)
Hroro (120~ )=Hg1x, (2 u™) +2K(mu™, 039) +2K (1 *, qu) —2K (039, 02u)
HM1M1(lZu+) HM2M2(32u+) +2K(o'50, O'zu,)
Hyorr, A 30™) =Hr1y (32u™) +2K (g™, 039) +2K (ng*, o2u) — 2K (039, 02u)

H 43= (03903u|03503u) Hp=F (osung™ |oaung™)
Hyjo=— (Tiu+0'3u|ﬂu"0'3u)

H g, (12 u) = ~2 (039030 |mg "1y +) + (039700 * losutg™)
Hp,(300") =y 2 (03gmu* |o3umy™) '

HAFl (12u+) =~2 (USQUSMIWQ+WM+) + (0'397‘:g+ [G3uﬂu")

HAF2 (Zu=)=—~y"3 (o3gmg ¥ |o3uma ") Hyng= (62;70'3u|62g0'3u)

H 4= (690030|02030) Hyr=Har; (32 u%)

Hyr,= /%{ (o2umy™ |o3umy™) = (C2umu™ |oaumn™) }

H r,=—/2 (02903u]03463u) . Hypc O ut) =H g, (*20~) =0
HAJ2=O

HAL1 () =~ 2(02g03u|mg ¥y +) 4 (o2gmg lo3umy™)

H 415,300~ ) =" 3 (02979 |o3umy ™) H gy (2 ut) =Haw,(M20™) =0
HAN1 (2ut) =—2(02g03u|mg Ty *) + (O'Zgﬂu"'lo'suﬁg')

Hnyo(120~) =~/ 3 (0297 |o3umg ™) Hyp(2ut)=0
Hy0( 3 0u*)=0 '
HAQ (12u+) =/§{<620“u+ lo'zuﬂg—) + (ng'ﬁg"'l(’mﬁu")}

Hyr(1ut)=0 Hpary (=) =~ 3 (o3gms* logumu™)

Hpp (2 ut)=Hpp (320") Hpyp O u™) =Hpors C2u™)

Hgp,(1 2w )=~y'3 (0'397‘9+]°'3u7‘u') Hﬂze (1 2w™)=Hpr1 CZu™)

Hpp (0 *)=Hpr (3u~) Hp1e (2 ut)=Hpee (1 24)=0

Hpp,(20u)= v 3 (03970 *|o3075) Hp 1 (2 ut) =Hp (™)

Hpe= (ngdquffagﬁzu) Hpyr (2w )=~ /g (39T * |o2umtg ™)

Hppy=— "2 (03902u|034030) Hypg:(2u*) =Hpogs (1 w~) =0

Hpr) (D) =Hpr,(Zu™) Hy 3 O u™) =Hp,C2u™)

Hyry(12u™) =13 (03gmu*ng~ |02u) HponyC20) =Hpours 20 ") +2 (02umg* |03umg ™)

HBMl (12ﬂ+) =HBM1 ("’Zu‘) HF]_G (12u+) :HFzg (1Zu_) =0
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Hpiri ((Za™*) =Hru (™) Hewy ((Zu*) =Hegar; (u™)
Hyor:(00™) =;/% (o3gmg™ [oanmn™) Heur, CXu~) =V 3 (03gmu™* |02umy™)
Hpx, ((2u*) =Hrix; (2u™) Hrmey (™) = Hiig: C2u”)
Hryry((2u™) =Hryry C2u™) +2(02umu* |osuma™) Hrizs(CXu™) =y/—g— (o3g7g |O30mn ™)
Hrjr= (Zu*) =Hrouy, (Zu~) =0 Hryan (™) =Hryan (20”)
Hgry=Hgr; (2Zu*) Hpay (™) =~ ;/% (o3gmu* |030mg ™)
Hggy(\u*) =Hex (2u™) . Hgyr ((2u™) =Hgous C2u™)

Hero (™) =~y 3 (0391 ™ |o3umu ™) Hgouy (1 20u™) =Hryur (20u™)

In the above formulae, the upper or the lower sign of a double sign corresponds to
1% or 13, ~ state, respectively.

(vii) 144 (Oy)

Configurations used o, B 7
A, B, C, D, G; Olgs Olu, O2g, O O3g, Osu, Tut, mg¥
H, J Olg, Olu, O2g, O3g O2u > O3u, Tu¥, ngi

HAA ~=p—2h(o'3u,)—2h(ﬂg")
+8+t— 2t (03y) — 2t(ny~)
FJ (ng*, mg*) +4J (mg, ) +4J (mgF, 10 7) +4J (g F, 034)
+ J(rmy*, mut) H4J (my ¥, ) + 4 (i, 034)
+ o (my =, ) +4J (1, 039)
-+ J(O’sg s O’3g)
—3{f +q~29(o3u) — 29 (rg™)
+4K (rg*, my+) +4K (mg*, 10y~) +4K (rg*, 039)
+4K (my*, my7) +4K (T, 039)
+4K(my~, 039) }
Hoe =p-—2h(my~)—2h(o3u)
+8+t— 2t (ny~) — 2t (034,)
+J(750+’ ’f‘y"') +4dJ (mg*, 'n(]_) +4J(75(7+: i +) +4J(“g+, 0'317)
+ J (g™, mg™) +4J (ng™, ) +4e (157, 03g)
+ J (¥, mu*) +4 (., 039)
+J (630 ’ 630) }
—3{f+9-29(ry~) — 29 (03u)
+4K (ng*, ny=) +4 K (ng*, my*) +4K (ng*, 634)
+4K (ng—, my*) +4K (ng—, 03g)
+4K (ny*, 039) }
Hpp =p—2h(ng~)~—2h(o30)
+8+8— 2t(ny=) — 2t (03¢)
+J (ng*, mg*) +4J (mg*, mu*) +4J (g™, 1w ™) +4J (m4™%, 03u)
I (g, myt) A (T, ) 4 (ut, o30)
+ J(my—, ) +4J (704, 030)
+ J(o3u, 034)
—3{f+9-29(ny™) — 29 (o3g)
+4K (ng*, my*) +4K (ng*, my~) +4K (rg*, o30)
F+4K (ny*, 7y~ ) +4K (nut, o3u)
+4K (ny~, o30) }
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iy }=p—h<ng-> = h(m~) = h(osu) = h (os0)

HGsz
+8+t—t(my~) —t (™) — L (osu) —t(034)
+J (rg=, mu~) +J (ng™, 03u) +J (g™, 03¢) +2J (ng=, 7wy F) +2J (0=, 700 )
+oJ 1ty ™, O3u) + (0=, 03g) + 2T (10, g+) + 26T (10—, T +)
+J (030, 03g) +2 (03, TgT) +2J (034, Tut)
 +2J(03g, mgt) +2J (039, mut)
+ J(ngt, mgt) +4J(mgt, myt)
+ J(myt, myt)
~3{f+9-9(mg™) — g (™) — g (03u) — 9 (039)
+2K(my=, mg*t) + 2K (ny~, my+) + 2K (my~, wgt) + 2K (1~ , i ¥)
+2K (03u, g™) +2K (03u , mt) +2K (035, mg) +2K (03¢, Tu™)
+4K (gt nyt) }
+{ K(ng=, my~) — 5K (ng~, o3u) — 3K (14, 039) - 3K (my~, 03u) — 3K (my—, 03g) +K (034 , 03¢)
~ K(ng~™, m~) + 3K (g™, o3u) + 3K (ng~, 039) + 3K (mu~, 030) +3K (10~ , 035) — K (030, 039)
, Hpn =p—2h(ng~) —2h (o)
8+t~ 2t(1ty=) — 2t (020)
+J(mgt, ngt) +4 (mgt, my ) FAJ (wgt, 1y ) +H4J (ny*F, 034)
+ J(mut, mut) +4J (my*, wy ) +4J (1w +, o3u)
+ J(mu=, my~) +4J (", o3u)
+ J(O‘su , G3u) «
=3{f+9—29(ng~) — 29 (o2u)
+4K (ngt, myt) +4K (g, gy~ ) +4K (ng*, 034,)
A4 K (e F, iy~ ) 4K (it 03)
+4K (my~, o30) }
Hy; =p—h(osu)—h(ow)—2h(ny~)
+S—|—t—t(0'3u) ] (o9y) — 2t (mg—)
+eJ (03w » 02u) + 2 (030 , g™) +2J (030 , Tu*) +2J (030, T ™)
+ 2 (oou , g+ ) + 2 (020 , TuF) +2J (020, T )
+ J(ngt, mgt) +4J(ngt, myt) +4J (ngF, wy)
+ J(my T, mut) +4J (T, m)
+ J(my~, )
—3{f+9-9(o3u) — g (02u) — 29 (mg™)
—2K (034, 0au) +2K (030, mig*) +2K (034 , 7 *) +2K (034, 70™)
+2K (00w , mgt) +2K (024, , mu ) +2K (024, 1)
+4K (mgt, myt) +4K (ng T, my)
+ 4K (r, 7, mu~) }

Haio = (ng*my*|mg+my*) _ Hpgy, =~—v'3 (03gmu*|o3umg™)

Hip = (03903ul03903u) Hopy =0

Hygy =2(0sg03ulmg*mu*) = (03gmg*|osumy™) Hgy =0

Hag, =v"3 (o3gmg*|o3umy™) Hpe, =2(03g03ulngFmu*) — (03gm0* |03ums™)
Hig = (02u03ul02u034) Hpgy, =—v'3 (03gmy*|03umy™)

Hy =Hu5(3%47) Hpr = (03902u|03g00y)

Hop =0 Hp; =-v'2 (039020 |034034)

Hpg, =2(03g03ulmg+mu™) — (03gmu+|o3umg™)

Hgq, =-'—/2—3—{K(ﬁg—; o3u) — K (g™, 039) — K(mu~, 03u) + K (=, 034) } -
Hypg =Hgp=0

Heyg e {—2(03g02u|ng* mu™) + (03979 * |o2umy =) }

1_~
2
Hop =—y

Il

0| cof

(o3gmg™ |o2umy~) Hg; =HHJ1(320_)
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(viil) 134% (Og)

Configurations used a, B 7
(A) B7 E: F) Ji Olg, Olu, 029, O 03¢g, O3u, Tr'u:ty ng
L’ NI Olg, Olw, O2g, 03¢ O2u s O3u, ﬁuiy Tc(]i
HAA :HAA(3ZQ_>+2K(’TCQ+, Wg—) HBE :HB.B(_SZQ_>+2K(W9+’T"0—)
Hyp =Hge(Xg™)+2K(mu, ) Hpr =Hpp(2s) +2K(mu*, m~)
HJ1J1

= p— ) = hra™) = o) = o)

+s+t—t(mgt) —t(ny™) —t(o3u) — T (03g)
FI(mgt, my~) FJ(mg ™, o3u) +J(ng*, 03g) +2J (g™, wy™) +2JJ(ngF, Ty +)
+J (=, o30u) +oJ (4=, 03g) + 2T (0=, g™ ) 42T (7y~, T +)
+J (030, 03g) +2J (030, Tg™) +2J (030, T F)
+2J (039, Tg~) +2J (039, T )
+ J(mg=, wg™) +4J (mg ™, wy )
+ J(myt, wyt)
~ 3 f+g—9g(ng*) —9(mu=) — g (o3u) — g (034)
F2K (mgt, mg~) +2K (ng+, my¥) + 2K (10—, mg™) + 2K (1~ 1y +)
+2K (034, g~ ) +2K (030, 7 ) +2K (039, 109~ ) +2K (039, 7 *)
+4K (ry~, 7 *) }
K(ng*, my~) — 3K (ng*, 03u) — 3K (ng*, 039) — 5K (n0 ™, 030) — 3K (1™, 039) + K (030 , 03¢)
+ + (ngFng~ |y mu ) + (ng Tt gty )
— K(mg*, my™) +3K (ng*, 030) + 2K (g™, 039) +3K (7™, 03u) + 3K (0, 039) — K (030, 039)
+ (g * g~ |y " mg ) — (mg Ty g Ty )
Hir =p—h(ng*) —h(ng~) —2h(o2u)
+s+t—t(ny*) —t(mg~) — 2t (o2u)
+J(ngt, mg~) +2J (ngt, 03u) +2J(mgt, wu ) +2J(ngF, M)
+2J(ng™, o3u) +2J (157, T ) +2J (g, 70 ~)
4+ J (030, 030) +4eJ (030, T T) +4J(o‘3u s T ™)
. + Syt myt) e (gt )
. + J(w", )
~ 3 f+g—9(ng*) —g(mg~) — 29 (02u)
—2K(ng*, ng™) +2K(ng+, o3y) +2K (g, my ™) + 2K (g, )
+2K (rg~, o3u) +2K (ng™, 0y *) +2K (ng~, my ™)
+4K (034, myt+) +4K (034, Ty™)
‘ FAK (ry*, my ) }
Hpyni=p—h(ng*) —h(ng=) —h(o3u) — I (02u)
+s+t—1t(ng*) —t(mg~) —t(o3) —t(02m)
+I(mg T, mg™) +J (g, o3u) +J (g, 09u) +2J (myF, myt) + 2 (g, 70~
+oJ (g™, 03u) +J (g™, 09u) +2J (1=, T *) +2J (ny—, wy~)
+J (030, Oou) +2J (030, T ™) +2J (034, Ty ™)
+2J (090, Tut) +2J (094, Ty)
+ J(mp*, mut) 4 (ny*, w, )
+ J(my", m)
—H{f+9-9(mg*) —g(ng~) — g (03u) — g (02u)
+2K (rg*, my*) + 2K (ng*, my~) +2K (g~ , wp ) +2K (ng~, ™)
+2K (030, mut) +2K (030, ™) +2K (0o, nu™) +2K (695, Tu™)
+4K (myt, ™) }
+K(ng*, ng~) ~ K(ng*, o3u) — K(ng*, o3u) +K (030, 62u)
Hupg = (ng*mg™*|ng=mg ™) + (ng+my = |ng~my +)

Hyp = (0'3g0'3u]0'3g(73u) H,r =0
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HAJ1 = —2<‘7390'3u|719+75u+) + (ngﬁg"'ldimﬁu_)

Hyyy =-—/ 3 (o3gny*|o3umy™) Hyy, =Hu5,(3297)

Hyr = (02u03u|02u03u) Hypp =0

Hpyy, =—2(03403y|ngFmu™) + (03970 |o3umg™)

Hpry, =3 (o3gmu™ |o3ums™) Hyy, =0

HBL =0

Hpry =—2(03g03u|ng* mu*) + (03970 ™ |o3umg ™)

HI!JJ?, =y'3 (0'307’5u+ ]U?nt"fg—) HIﬂNl =—vV2 (6390'211,[0'3;70'371,)
Hy; = (63962u|0'3962u>

Pt
H-Tl-fz ='—2§{K(T‘o+, o3u) — K(ng*, 039) — K (g™, 030) + K (™, 039) }
Hy,; =Hy,;;=0 ‘

1
Hiiwy =P/7{2 (o3g02u|mg T u*) ~ (03gmg™ |ooumu™) }
Hyswy =y 3 s loma™) Hyw, =Hun(3)

(ix) 34y (O2) .

Hy403dy)=H 44032 u*) +K(ngt, ny~) — (ngFmy~ ]ﬂ'vu—’ﬁu"')

(x) 1y (0
H,4(My) =H4 (20" ) + B (ng*, ™) + (ng*mg~ [T~ T )

Table XXXVIII Formulae for Evaluating F';

0,: Fyj= (@il%f}csml@i)

Jfr and sy are one electron operators of orbit and spin 2z component, respectively. In
our case f is 733* or (7). Only the matrix elements non-vanising within approxima-

tions of 9 and 15 dimensional configurational interactions are listed here.

Faqa = (ng*|flng*) Frip =%{ (mg= [ flmg=) + (Wu+|f|ﬂu+)}

1
Fary = ~ 302l flosu) Fyirs = 2,/*2‘{ (o3ul flogu) = (o34]flosg) }
1
Fup =F44 Fray == 75 (029 f losg)
Foo = (mu*|flmu™) Frors =3{(039]flosg) + (o3ul S |05u) }
’ 1
Fpp =Fgm=Foo Frors =W{ (u* | flmu*) — (“y”lfl“g—)}
Frops =44 Fyyuy = —3%(099].f |o3g)
Fryrg =3{ (mu*| flma*) + (ng~ [ flmg=) + (0801f|63s_7) + (o3ul.f|o3u) }
1
Fypyu= *Wf(dzolﬂdw) Furs =%(osulf|oow)
Fraus=—% (029 fosg) Friry =Fa4
1
Fag =Fuu ' Fiirs =W{ (62u|f|62u) = (o3u| flosu) }
Fyyry =3{2(mg™| flng*) + (o3ul flosu) + (02ulf|ogu) }
Frr =Faa Fyyus =3{ (03u] flosu) + (0291 |020) }
FM1M1=FF1F1 FM2M3=FF2F3

Fuyses=5 1 ol loag) = (osal Flosa) }

Fuguz=3{ (nu*|flmu*) + (mg~ | fng™) + (o5ul flosu) + (02¢].f |02g) }
Fo0p =Fu4
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Tables Useful for the Calculation of the Molecular Integrals, XI

Table XXXIX. Formulae for evaluating the matrix elements
in the dipole velocity method

43

(i) 1Xgr—12a* (Liz) (ii) 1Xg*—Ule (Liz)
il J (@(Ef)l% Crl@5 (Xut)) i J g(@'i(lzg+)l%(gk:|:’i7k)|@j (1)
1 1 V' 2 (0291€ lo200) 1 1 V2 (o2g|E £ |mu™)
1 2 V' 2 (099|¢ lo3u) 2 2 V' 2 (039]€ £ 07| ma)
2 3 V' 2 (03] ¢ |09u) 3 3 Vv 2 (09|t £i7|ngT)
2 4 V/»Z‘(GMK\”W) 4 4 v/”i (o3ulé £ 19|me™)
3 1 V' 2 (0gu|]02g) 5 1 (o308 =57 |muT)
3 3 vV'2 (quiflﬁsg) 5 2 (nglﬁiivlﬁﬁ>
4 | 2 V2 (o3ul¢ |o20) 6 | 3 (03ul€ 97 |76)
4] 4 V'2 (03ul(l03q) 6 | 4 CHIERTIEED
5 1 (039l lo20) 7 3 (mg®|E £ 17]0o2m)
5 2 (o3g1¢ lo331) 7 4 (mg*|E 17 |030)
5 3 (62g1€ |o2) 8 1 (mu* & £97|02g)
5 4 (o2g]¢|030) 8 2 (o ®|§ A477|03¢)
6 | .1 (o3u|(lo20)
6 2 (o2u](lo2g)
6 3 (GsuKlo’sg)
6 4 (o2ul€lo3g)
7 5 P/—Q_(ﬂq_lglﬂu_>
8 5 V2 (| Img™)
(iii) 33X 33~ (0y)
) J (0:(3207) |kZ Crl@; 32 w™))
A | A —v'2 (my~[(mg™)
A | E V"2 (o34l ¢030)
B B ~V'2 (| { g™
B E: V' 2 (03ulClosg)
C A v 2 (g |(|mu™)
C F; v'2 (0391€ |030)
F. A V' 2 (o3ulClozg)
Fq B /7(630|§[53u)
F; | E —v 2 (mg* | {reu™)
F: F —v' 2 (1t~ [ |mg™)
1 I, - (G:m‘qﬁsg)
J1 E; —~ (o3g/Clo2u)
J1 I

- /E— (e~ ‘Ci’ﬂ?y.—v)
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Errata

Unfortunately, in Part X of our series of papers,® we found some
numerical errors in the seventh significant figures of the integrals for
Set III and found also the following misprints and numerical errors.

Page Line Column Table

63 2 Molecular Integrals X
64 14 R(ei(De,(Dlen(2)p(2))=- - -
66 9-25 ¢ should be replaced by @
18 sy 1) 3 0a)SuOL 2,
23-25 (R=4.5, -« for Li, and 2.30 for O,)

In the numerical values of H,;; of the
O, molecule, however, the energy of the

. VA .
nuclear repulsion, §=ﬁ , 18 in-

2.3
cluded contrary to the Li, case.

In the above, ---
72-76 XXX (xi) heading ; R(.(1)9,(1)|ex(2)¢.(2))
7 23 11 XXXII (iv) 1
79 3 2 XXXIII (a)
79 24 2 XXXIII (b)
85 18-21 1-5 XXXIII (i) 4.5 —16.13951 —16.34025 —16.07596
55 5.0 —16.31351 —16.31923 —16.27021
5.5 —16.16034 —16.03542 —16.13132
86 21-213 1-5 XXXIII (j) 4.5 —16.26276 —16.47833 —16.22966
55 5.0 —16.42444 —16.44850 --16.40855
56 —16.26119 —16.14839 —16.25708
87 31~ XXXIII (1) Following footnotes should be added.
' ' Such matriz elements are omitted here

} I, should be replaced by 'S+

that have the same numerical values as
those given in Tables (h), (¢), (7), and (k),
where (18) core electrons are taken into
. account explicitly.
88 1 8  XXXIV (6) 2 R*q;; should be replaced by E’g,,
94 34-36 XXXV 4.5 —16.164993 -
' 5.0 —16.841226
5.5 —16.189098



