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Electronic energy levels of naphthalene were calculated by semi-empirical ASMO-CI method
including a part of doubly excited configurations as well as all singly excited configurations.
The result obtained seems to indicate that with respect to the amount of the mixing of CI to
be invoked it is sufficient to take into account all singly excited configurations only.

The interpretation of spectra was also discussed.

Die Energieniveaus der Elektronen im Naphthalin-Molekiil wurden mittels einer halb-
empirischen ASMO-CI-Methode unter Einschlul einer Reihe von einfach und doppelt ange-
regten Zustéinden berechnet. Dabei zeigt sich, daB es wahrscheinlich geniigt, nur einfach an-
geregte Zustinde in die Rechnung einzubeziehen.

Les états énergétiques du naphthaléne ont été calculés par une méthode ASMO-CI semiem-
pirique ot une partie des configurations diexcitées et toutes les configurations monoexcitées
ont été inclues. Le résultat indique qu’il suffit de ne tenir compte que des configurations monoex-
citées. Les spectres sont discutés.

1. Introduetion
The calculation of the electronic energy levels of naphthalene by semi-empiri-
cal ASMO-CI (antisymmetrized molecular orbital configurational interaction)
method including all singly excited configurations was shown by PARISER [/4] in
excellent agreement with experiments within the accuracy of a few tenths eV.
Possible electronic wave function of the ground state or singlet excited state,
Y, should be expressed in the form

Pa=Ayo+ 2 2 ay] )
iZm k>m
where
Vo= Q1P @ PP | S [ G mm 2)
and
A 1 .7 —_— - _—
1,31/,;9:_V2_(]7k¢77,mfj;]kjmmn. (3)

In the expression, g, ,-- -+ are Hiickel orbitals of usual LCAO-type, and the
upper and lower sign is associated with the singlet and triplet configuration,
respectively.

His calculation seems implicitly to suggest that in the approximation of
Pariser and Parr [13], doubly excited configurations such as Wi, WH P,
¥'# are unimportant in the wave functions of the ground state or excited states.
If the starting orbitals were self-consistent type, there would in fact be no interac-
tions between ¥y and W%, but interactions between ¥, and each doubly excited
configuration such as W%, PH Y P would arise. Therefore, the fact that the
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energy depression of the ground state 147, calculated by PARISER was neary zero
shows that the Hiickel orbitals of naphthalene are close to SCF-orbitals.

It is needless to say that how much CI should be included depends on the
choice of the starting orbitals and the values of atomic integrals adopted. At any
rate, it may be necessary to take into account an appropriate number of CI in
order to interpret the electronic spectra, as has already been understood. The aim
of this paper is to interpret the spectra, allowing for the lowering of the ground
state by interactions not only with all singly excited states, but also with doubly
excited states starting from Hiickel orbitals. The method of calculating two-
center atomic integral proposed by one of the authors [3, 4] was used.

The theoretical method is based on the framework of ASMO-CI approximation
proposed by Pariser and PAR, including a part of doubly excited configurations
as well as all singly excited configurations.

The procedure will be briefly outlined in the appendix. The following approxi-
mations are assumed:

a) only the m-electrons are considered.

b) differential overlap is formally neglected.

¢) doubly excited configurational wave functions to be considered are limited to
those of Wk Yt Pk type (vide infra).

d) the electronic repulsion integrals over atomic orbitals (aa | bb) are determined
by the following formula [3, 4]:

Z (aa | bb) = 0.1227 — 0.005093 ¢ + 0.000070 g2 (in a. u.) (4)

¢ =ZR|ay. Here Z is the effective nuclear charge, B the internuclear
distance @ —b, ag the 1-quantum Bohr radius. Eq. (4) is obtained by extra-
polating theoretical values for large internuclear distance R down to B = 0 to
fit the one-center integral (ae | aa), which was determined 10.848 eV through
empirical calculations from atomic spectroscopic data.

e) the resonance integral § = — 2371 ¢V is used: this has been empirically
obtained by Pariser [I14] through fitting the energies of the six lowest elec-
tronic states of benzene to the experimental values.

2. General Consideration of Configurations

In the procedure of expanding the various integrals over MO’s into integrals
over AQ’s the following procedure may be convenient to simplify the calculation.
Let the vectors (i | or | 1) be defined
g 7 by the components (CF;, O, - - OF; |,
and | Cys, Cas, * -+ Opi). Let the ocou-
g pied MO’s be named by 4, §, &, 1 - - -
in order of increasing energy, and un-
occupied MQ’s, by ¢/, ', ¥/, I’ -+ in
order of decreasing energy. Further,
atoms are numbered 1, 2, 3, 4, -+ 10
7 in the carbon skeleton structure as
shown in Fig. 1.
5 4 Naphthalene is assumed to be
Fig. 1. Geometry of Naphthalene planar, made up of regular hexagon,
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with all carbon-carbon distance equal to 1.396 A. The formulae of PARISER deriv-
ed through making allowance for alternant hydrocarbon will be reproduced here:

G =@l G| =6, ] =6
22 6| ff) = (i | 1), 2;(737'”]‘):(@7“)
7
;[(ﬁw + (f" [ £i")] = ( MIM ;[(ﬁfﬁ/) + (| )] =
.;(ﬁ]ﬁ +(fi" LA ;(ﬁlﬁ')=0
Iy = — %[1 +hp -4, Iuy :—(’ii"l)—*liﬁ—A
Iy = — 1/711 Ly =—(7:7'l1)
Iij/—— Z?li B .Zi/j :—'(’0711 1) (5)

where A is the valence state 2 pr electron affinity and 4; is given by
all neighbors ‘

M= C:Cy . (6)

8,1
In deriving above expressions for I, all penetration integrals were neglected.
Using Eq. (16) and the relations
Fij/ = — FZ’]’: —Fi/jl , Fu+Ppp=—24 —(11111)
-]7;]'1 = Ji/j s Kijl = Kil]' s

F o

one easily obtains
A B = A2 B ALEEY = SR A BEY = 10 B
7 il 31 1 1
A1’3EZ{7-IZ - A1’3lﬂ']ﬁl7 = J — ijl + ) (K” F KU) iy (K](;/l/ F K]glll) . (7)

Thus pairs of the configurational ware functions ! andy!' , p%* and y{}' , and
kY and 9% are degenerate, so that the linear combinations*

! 1— 151
L E = ! ) W = Y F ), snd

LA~ LY g i) ®)

enable us to factorize each configurational secular determinant into two deter-
minants which were called a¢ + state and ¢ — state by ParisEr. However, the
states yE? and yi/ are not degenerate and do interact with both the -- and —
states. It is also found that y, and ¢%? behave like the — state, and y! the - state.

As Morrrrr [11] and DeEwar and LoNeUET-HicaINs [2] pointed out, interac-
tion betvveen degenerate conﬁgurations (first-order configuration interaction) such
as y} and ¥, pif and p&*, wF" and yi will give larger effect to the enegy levels
and their intensities, while interaction with non-degenerate and higher energy
configurations (second-order configuration interaction) such as 9% and ¢%/ may
surely play the secondary role. Lykos [8] also concluded that the important
eonﬁguration interaction to be invoked is those between degenerate configura-
tions. The y# -type wave functions, therefore, were not considered in order to
simplify the calculation.

* Note that Vz (we® — pi}) belongs to the + state, and ——V: (wE* + vify the — state.
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The selection rule in this restriction is found to be allowed only between + and
— states, and the z-electron density at each carbon atom in the ground state after
including doubly excited configurations is shown to be unity, that is the same as
in the case of taking account of all singly excited configurations only [74].

3. Results and Discussion
The results are shown in Tab. 1 —4. Experimental values of singlet states
in Tab. 2 are taken from the absorption maxima given by Krevexs and Prarr
[67, and those of triplet states are
Table 1. Afomic repulsion integral taken from the work by Kasma and
Navmax [7]. The low-lying energy

center ‘ distance ! (aa | BD) J eV

{ levels, that is, long axis polarized
[ 1.396 211 } ;;; N 1(7)232 state (1Bg,) and short axis polarized
2.418 (1/1 ] 33) I 5526 state (]‘B;_u) are in gOOd agreement
2.792 (11 | 44) 4.951 with the experimental results of
1 10 2.418 (11110,10) | 5.526 Kasga and Navman, McCrLurk
1 g { i-‘fg’é Eﬁ } 22; g'gég and ScEnppe [10], and CRrAlG,

1,7 3.604 (11 | 77) 3819  Loxs and Warsw [7].
1,8 2.418 (11 | 88) 5.526 The B, state calculated to be
1,9 1.396 (11 ]99) ' 7.436 6.144 eV is assigned by KLEVENS
2,3 1.396 (22]33) | 7436 and PLATT to the very strong band
?S / Zg?"’:g g; } gs; ;S;Z having a peak at 5.6 eV. The de-
2’9 ’ 2.418 (22 | 99) 5:526 \7iati0n iS I‘ather la/rge (about 0.51
2,10 2.792 (22 i 10,10) 4.951 eV), but the present calculation
9,10 ‘ 1.396 (99 | 10,10) 7.436 seems to give a resonable value if

we consider that this band spreads
over to 6.14 eV in their data. 1Cp transition band of Krevexs and PraTr (6.51 eV)
ig assigned to 1B}, state in this paper, but this assignment is not conclusive.
Our calculation of triplet states shows only a bit improved results in comparison
with those of PARISER.

The energy depression of the ground state due to singly excited configuration
interactions is only —0,0299 eV. This is little different from —0.0246 eV obtained
by ParisER. The fact that the energy depression due to interactions of the ground
state with all singly excited states is very small shows that the Hiickel orbital
of naphthalene is fairly close to SCF-orbital. The lowering of the ground state by
turther mixing of doubly excited configurations amounts to —0.24972 eV, and
this may suggest the importance of the latter effect. However, the amount of the
lowering of each lowest excited state with different symmetry is found to be about
the same magnitude as that of the ground state. Thus the values of transition
energies finally obtained are not very different from those calculated with all
singly excited configurations only (see Tab. 2).

Inclusion of doubly excited configurations does not play significant roles even
in the calculation of cscillator strength (Tab. 2), bond order, and bond distance
(Tab. 3). It would. therefore be sutficient to take into account only singly excited
configurations, when one would like to calculate the low-lying energy levels.

The possibility of an important further application of this paper should be
cited. As it has been shown [3] that the mixing of doubly excited states of a hydro-
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Table 2. Bnergy levels and intensities for naphthalene excited states
states  D&s | £ | s | f ot |states | Das |t | s | 1 Jewtl
| | ]
145 ‘ 0.000 | Ref. | 0.000‘ Ref. 343, | 6157 0.157[ 5.940 0.069‘
5695 | 0 | 5983 | 0 8.107 0.535 7.892 | 0.533
6.636 | 0 | 7.851| 0 11.120 11.263 ‘
7.928 | 0 1112400 0 | 13.324 : :
10474 | 0
11.300 | 0 !
11.524 . 0 \
12.367 | 0 | ; ‘
113300 | 0 | | [
| 14.866 | 0 \ \ |
1 17.083 1 0 | i ;
1A§‘ 7038 0 7375 0 3Ag\ 4.830 | 0 &%8‘ 0
.05 0 | 7752 o 6.860 | 0 | 6,792 | 0
9.843 | 0 |10.446 0 9.892 | 0 9.687 0
10.659 | 0 \ | 13.167 | 0
111832 | 0 ‘ ‘ |
13.306 | 0 | ‘
14.839 = 0 | |
16742 | 0 | | ’ | \ |
1B, | 5750 O | 5.606 | 0 “Bf, | 3.882, 0 |3.767| 0
6.998 0 . 6.948| 0 ’ 5703 0 5749 0
[ 8.862 \ 0 12539 | 0 \ | 8532 0 11.263| 0
1 10.803 | 0 | 10425 | 0
12.804 | 0 j 111314 | 0
13364 | 0 : { 112,478 | 0
14011 ! 0 1 1 ! 12.928 | 0
‘B 57451 0 | 6333 0 By | 6.187 0.605 6.333 | 0.580
| 7.040 | 0 ’ 8.668 j 0 | 7.931 0.007 8.668 | 0.002
| 9099 0 13910, 0 { 8.913 13.211
‘ 1733 | 0 | | ‘ | 11.332
11.566 | 0 | : f 11.767
13176 | 0 | l f12771\ |
13.966 | 0 | ‘ 13.683
LB, 4249 10438 4188 | 0.458 | 420 0.18 | 9B | 2.483 | Ref | 2.321 | Ref. | 2.64
6.006 10.207| 6.155 | 0.266 | 6.51 0.20 4.619 | 0 4493‘ 0
7.286 [1.260 7.310 | 1.364 | 7.41 0.6 6512 | 0 | 6540 | 0
9.003 | 8.858 | | 7385 | 0 7402 0
| 10.124 111.038 | 9347 0 11344 0
' 11107 113.910 i 1 10.866 0
12,779 ! 11.689 | 0 \
13.834 ; 12,267 0
14.068 | w 13.409 | 0 | |
15.303 : 14367[ 0
‘B 9.167‘ 0 19717 0 By, | 9.256“ 0 9777 0
9644 0 t 99371 0
| 12.030 | 0 | } | | 11.256 0 |
12,593 0 ’ 112,663 | 0 *
o | 13263 | 0

\ 14.185

|

D & 8: means energy levels obtained by solving secular equations which consist of doubly
excited CI as well as all singly excited CL.

S: is limited to all singly excited CL.
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Table 2 (continued)
states | D&S £ R exptl. | states | Das | r £ | exptl.
1Bsh | 6444 | 24140 | 6.300 ‘ 2.325| 5.63 170 | Bt | 3.953 | 0| 3.878| 0 |3.71
7.778 | 0.570 | 8.372 ’ 0.411 6.648 | 0| 6.866 | O
9.022 | 0.565 | 9.867 ‘0.133 7451 | 0} 10617 | 0
12.377 7401 | 0
13.568 | 10.910 | O ‘
|
15.173 | 1 11.296 | 0 J
16.800 | 12.238 | 0 ;
iBsw | 4188 0 O 4137 |0 3.97 0.002| ®B;; | 441950 | 4137 O
6.855 @ 0 85615 |0 7024 10| 85156 | 0
9133 | 0 9.625 1 0 9264 0 9625 | 0
10.334 | O 9.658 | 0
©12.004 | O 11162 | 0
18.572 | 0 ‘ 11.361 ' 0
14.923 i 0 ‘ 11.972 l 0
Table 3. Bond order and bond distance
P]2 P23 P14 P9,10
(710) (72s) (r10) {79,10)
Hiickel 0.757 0.603 0.555 0.518
(1.385) (1.408) (1.417) (1.424)
S 0.757 0.627 0.574 0.518
(1.380) (1.403) (1.413) (1.419)
D&S 0.815 0.668 0.656 0.627
(1.370) (1.396) (1.398) (1.403)
obs. (1.365) (1.404) (1.425) (1.393)
Table 4. Configuration wave functions for low-lying energy levels
1TDS 1'1[5 3!IIDS 39’/5
R o Y —0.98%12 0.99773
im_(wi' -y 0.05479 —0.06658 —-0.83309 0.83407
—1—V2_(zp5' — ) 0.00128 0.00469 0.54800 —0.54650
’ T 0.09081
1 o -
o (was -+ vid) 0.06073
VLQ_(%’ - ¥ —0.00978 0.00940 0.07301 —-0.07524
it 0.05961
LVE W3 + i) 0.03476
712; (Wi — wE) 0.00616 0.01829
1 1gr w i
Ve W3 + vss') 0.03100 |
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Table 4 (continued)

quS 191{5 3Y)’DS 397S
1 2'2' 5'5’
V—2_(w55 -+ 0.02904
1 ,
3B V—g(wﬁ +93 ) —0.99144 | —0.99598 0.97513 | —0.98610
T .
ﬁ@’z ) 0.04945 0.04480 0.02993 0.00588
L (i + i) 0.02109 —0.12993
L ) ~0.00498 0.00383 |
7 (vl X .
1, .
ﬁ(wi + —0.06418 —0.07758 0.17006 ~0.16608
L - !
—ﬁ(y;z;‘ + i ~0.00454 0.02765
1 15 55’
ﬁ(%a + 915 ) —0.00994 —0.38800
1, .
L3By, l—@-(wg -yl ~0.83236 ~0.99204 0.85508 —0.99204
= (W — y®) —-0.52246 —0.39474
AL . .
1, ,
Té,(wi -yt ) 041321 —0.09261 0.17722 ~0.09261
2 !
V—Q_(wg; — i) —0.09890 0.07410
1 15 55’
1/_2_(‘”55 — B —0.05746 —0.09044
1 3'3' 45"
—sz(% — % 0.08732 0.07914
1 ., .
72:_(2/); — ) —0.02644 —0.08532 0.09734 —0.08532
L3 Bay P 0.89397 0.88401 —0.90364 0.90009
ot 0.39887 0.43222 | -0.17603 0.18715
e 0.04810 0.10469 —0.33006 0.32555
1 ., .
ﬁ(w; + ) ) —-0.06112 —0.07560 —0.03062 0.07484
p? 0.08861 0.11261 —-0.15185 0.17899
1 e e
ﬁ(@; + ey —0.12923 —0.05196
1 25" 550 |
ﬁ(%ﬁ + % 0.09484 —~0.09127
1 34/ 44’
_—V-2—(W44 + Yy ) —0.00824 ~0.00274
ot 0.03990 0.04857 —0.09151 0.10577
1 - e |
ﬁ(zpif + i) —0.02180 0.01043
1, ;
L3R, ﬁ(wé ) 0.94053 —0.98293 0.96257 0.97266
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Table 4 (continued)

o vy W .

%(w; +97 ) —0.00865 0.08368 | —0.03136 0.03371
V%_(ng' +93 ) 0.25203 = —0.16385 0.22626 0.22977
%f (W3 + 957 —0.06892 —0.05216
% (Wi +uid) —0.11332 0.11630
"'V% W5+ v5s) -0.16478 0.07078
Vlz“ W& + w8 —0.08406 0.00466

13 Bgn Vié:(ng’ -y ) -0.97228 0.97335 | —0.96162 0.97735
T/iz:(w;’ -9 ) 0.09667 | —0.12373 0.12261 -0.12373
%(ﬁf’—ﬁ?’) ~0.01135 | 0.02221
7/15'(%, — ¥ —0.16695 019309 | —0.09156 |  0.19309
7}2: (i — i) 0.01952 0.00339
%(w§;4'~¢§;5') 0.07371 | | —0.11837
732— (We = v5) 0.10729 ~0.09156 |

carbon and energy transfer states due to transfer of electrons between a substi
tuent and the hydrocarbon plays an important role in some substituted hydro
carbons, the energy levels obtained in this paper seem to be useful for discussing
the effects of perturbation which is caused by the introduction of substituents to
naphthalene.

Appendix
Singly or doubly excited configurational wave functions are represented as follows:
1 - - - - -
1. Lyl -y (1122 | |22 )
2. Ty = [ 1122 - Kk |

1 - - - - - - -
3. 1,3w;§k=~-17‘)_~(|1122--i;'--klc{ £ 11122 -~ §i - Kk |)

/l —_ — -— — —
4yl e (1122 K| 211220 T )

1 - - - — - - - - - -
Ol 5 (o 122 i B (122 g B E 122 i R -

[+74

1122 i - EL)) (A1)
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If a given wave function is expanded in terms of these determinatal wave functions, the
coefficients of the function are determined by the familiar equations:

and )
Z Am (Hﬂm - 671111 E) =0 (A-S)
where
1o e
— @ |9 A= T H g+ — > (A-4)
2 pg  Tpe

The following matrix elements over molecular orbitals are obtained [12, 15]; diagonal
elements (symbol 4 F indicates excitation energy relative to the ground state):

] [8]e]¢
1. A8 E; = ]jj - Iii + Jii_Jiij:Kij‘ Z (2 in -2 Jf]‘* Kfi - Kf]‘)
f#i
=Fjj"Fii‘ (‘]‘lj_ Kij) j:Ki]'
2. MEF —2M B —2J,+J,+J, 2K,
3. A3 Eftl =413 Eik + A3 Ef - Jik - Jil + Jii + Jm + Knc :FKizi Kkl
4 ABE —ABEE G ASE Ty Ty T+ T, FE, T K+ K,

1
5. AW B — AW EE L A E T+ Jy T 5 Kt Ky) 7 (K 1+ ) +
1 1
+ _2’ (Kil + Kﬂc) + 5 (Kij + Kij) =+ ch i (A'5)

Non-diagonal elements:

1. Yo | |yl :V2_F1j
2. Ay | W) -

3. Wy | v = — V2 (ik | kj)
4 Ny | |yil) = V2 (k| 4d)
3

6

7

Yo | A | wiy ) = = (ik | jl) — (iL | jk)
B | ) = O F = O By + (5 | M) £ (4 | KO) = (ik | 1)
I3 i = F 581: ir [Fm (k| 37) T (ir | 58) + (i | ks)] + Oy, [(ir | 48) = (38 | 3r)] +
Oy Oy [ — Fyy — (5% | Bs) + i'f!ik (ke | jr)] = O, (k | sk) F 8, (ik | sk)
8. L3yl | A | yth ~i53k N [FZ,+ (il | ks) = (ik | Is (zr]zl)]+6i,[zl[lu ) =+ (ik | Is)] +
O Oy [Fy — (ik | ir) £ (2k] ls (3 | ks)] F O, (i | 41)
9. LAy | S | vl >—(5mén[wlks (45 | ks) — Z8|7k]+6src Oy [(e7 | kt) £ (37| t) — (ik]je)] +
+ 0, 0, [(39 | s) & (47 | kes) F (k& | )] + 84, O, [( o | ks) & (47| kes) £ (15| k)]
10. B3 | S |y ) = O Oy Koy + 0, [(hE | D) + (U] Fouw)]
11, W3 A | i) = i O Ko + 83 [(r | J5) + (is | jr)]
12. Y| A |l = 0, 0 V2 [Fy + 2 (ir | kk) — (3 | kr) — (ir | #1)]
13, Y@F| o | W) = 0, 04 V2 [Fyy — 2 (65 | Kt} + (& | it) + (ke | R)]

1
1455 G [y = - V—z—dsk Oy [Fy — (ir [ 1) = (il | jr) + (il | sk) = (3k | s1)] -

_T/ O O Ly — (i [ 1) = (i | gr) + (0 | sk) + (& | s])] T

¥ 8y [Fyy — (k| ) — (if | hr) + (i | sl) + (3 | k)] T

1
=0
V2 st

1
F g O O WPy — (i | 8) = (i | ) + (ke | o) - (0| sk)] -
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= =l 5t (7 | ]~ =0, G| ) = (i D] =
0, G0 ]+ =0 267 1) = (ir | )] (4-6)

where
Iij = (’pv, (1) ] ‘Hcore (1) [ '] (1)>

2
([ k) = {e: (1) (2)1—: Lo (D@ @), Jy= (|7, Ky= (@G 14) »
12

0 being Kroneker symbol.
In these equations, 1, §, &, and ! refer to molecular orbitals, and F; is the matrix element of
the Hatree-Fock operator

Fy= 1+ ; [2 (i | nn) = (in | jn)] - (A-T)
The transition moment between ¥, and ¥y is defined by
Weap = P | M| W) (A-8)
where
M=ed v, + et (A-9)

the summation % being over all n-electrons and s over all core nuclei. The oscillator strength f
is calculated by the following MuLLikEN and RIEXE’s formula:

f =1.085 - 1011 » N2, (A-10)

where » is the frequency of the transition ¥, — ¥, in em™.
The matrix elements for x-component of transition moment are as follows:

1. My | M° i) =ZeZm)ff+Zesxs
Fi 5
2. 13yl | M* [y]) =2e) mf— emf, + eml; + ) e, x,

f s
3. Lyl M7 | yfFy = Qemef— 2emfi+2em,’§k+2esxs
Fi s

@@

4.3l | ME |yl = 2e Y mi— 2 emy; + emi, + em, + ) e,
f s

5. L3yt M7 | pff) = 2e Z me; — emy; — em}; + 2 emiy, + Z e, %,
&

7
6. L3 | MT ylty = 2e Z gy — ems, — emy; + empy + emy, + Z e, x,
G 7

Yopo | M7 |9y = ermfj
Yoo | M* |9y = 0
o Mo | M7 |y = 0
10. Uyy | M7 |9y =0
1. My, | M7 [9ff) =0
12. L3l | M® [yl = e (S, my — 6, m)
13, Yy} | M7 |9 = 0, 0 Vziemfk
14, W3y | M® | yif) = F 0, 0, emf, — &, O, emf,
15, L3yt | M® |yl = £ 8, 6, eml + 6, 0, em,
16. l(wgc]Mx [90) = 01 O [/fem,f,
17, M| M7yl ) = 8, 04 /2 emi,
18. L3y | M7 [yy) =0
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19. Y| M7 [pi™) =0
20. L3yl | M* | ) = 0
21, 13y | M7 |yt ) = 0 (A-11)

where
my = {p, (1) |2 (1) | @, (1)) = miy , mi;=mf .
One of us (H. I.) wishes to express his thanks to Professor K. Suzuxr for encouragement
throughout this work.
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