
866 C. A L D E N M E A D 

one or two moments of the line, and not the detailed 
shape. It is difficult to include the effect of the trans­
verse radiation field in this method. Our approach is in 
some respects more fundamental than either of these, as 
we attempt to directly construct stationary states of the 
whole system consisting of field and matter. There is no 
ambiguity in the definition of states, and radiative 
processes on the energy shell are taken into account in 
all orders. The main new physical effect is the frequency 
dependence of the damping term in the resonance 

I. INTRODUCTION 

IN a recent paper1 Roothaan described a new self-
consistent field (SCF) theory for electronic systems 

which can accommodate open shells as well as the closed 
shells. However, his paper made a rather modest claim 
on the range of applicability. The purpose of the present 
paper is to extend the applicability of the theory in such 
a way that it includes a number of open-shell cases of 
practical importance which are not accommodated in 
the original form of Roothaan's scheme. 

The relevant points of Roothaan's open-shell SCF 
theory are as follows. It is stated that the scheme is of 
practical value if the total energy can be represented 
by the following equation: 

E—2 £*. Hk-k-lJLkiCZJki—Kki) 
+ / P Em Hm+f'52mn(2aJmn—bKmn) 

+ 2 zlkm(2Jkm—Kkm)j' (1) 

This is the expectation value of the total Hamiltonian 
(in a.u.), 

5c=L,^+JE^(i/^). (2) 
JBT" is the nuclear field plus kinetic energy operator for 
the fjith electron, and r^ the distance between the /zth 
and the vth. electron. In Eq. (1), Hi, Jy, and Kij are 
defined as usual by using Dirac's notation: 

J a = (<P< IJj I <Pi) —WA Ji I <PS)> (3) 

* This work was assisted by the Office of Naval Research. 
f Permanent address: Kyushu University, Fukuoka, Japan. 
1 C. C. J. Roothaan, Revs. Modern Phys. 32, 179 (1960). 

denominator, which is easily overlooked in the above 
two methods. 
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where 

(4) 

/,• and Ki are commonly called the Coulomb and ex­
change operators, respectively, associated with the 
orbital <p{. In referring to the individual orbitals, the 
indices k, I are used for the closed-shell orbitals and my n 
for the open-shell orbitals in Eq. (1). a, b, and / are 
numerical constants depending on the specific case. The 
first two sums in Eq. (1) represent the closed-shell 
energy, the next two sums the open-shell energy, and 
the last sum the interaction energy of the closed and 
open shell. The number / is, in general, the fractional 
occupation of the open shell, that is, it is equal to the 
number of occupied open-shell spin orbitals divided by 
the number of available open-shell spin orbitals. The 
numbers a and b differ for different states of the same 
configuration. 

Two alternative formulations of the SCF problem are 
given in Roothaan's paper.1 The first is the following 
set of equations: 

Fc<Pk~'0k<Pk, 

Fo<Pm — ym<Pm, 

where 

Fc=H+2Jc-Kc+2Jo-Ko+2aLo-PMo, 
Fo=H+2Jc-Kc+2aJo-bKo+2aLc-t3Mc, 

a « ( l - a ) / ( l - / ) , 
/5«( l -6) / ( l - / ) . 
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Roothaan's open-shell self-consistent field theory is extended in such a way that it can cover a number 
of important classes of atomic and molecular states which are not included in the range of applicability 
originally claimed. 
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TABLE I. Coefficients for the configurations spN of atoms S ( / « 1/2, a = 6 = 0 , a « 0 » 2 ) , pN(J/
ia

f
Jb

f
ia^f). 

Config. 

^ 

sp2 

sp* 

sp* 

sp5 

State 

3P° 
ipo 

4p 
2Z) 
2S 
IP 
65o 

3Z>° 
3P° 
ljT)° 

3So 

ipo 

4P 
2Z> 
2S 
2p 

3P° 
ipo 

/' 

1/6 

1/3 

1/2 

2/3 

5/6 

a7 

0 

3/4 
9/20 
0 
3/4 

1 
4/5 
2/3 
4/5 
1 
2/3 

15/16 
69/80 
3/4 
15/16 

24/25 

V 

0 

3/2 
-3/10 
-3 
3/2 

2 
4/5 
0 
4/5 
2 
0 

9/8 
27/40 
0 
9/8 

24/25 

a 

6/5 

3/8 
33/40 
3/2 
3/8 

0 
2/5 
2/3 
2/5 
0 
2/3 

3/16 
33/80 
3/4 
3/16 

6/25 

P' 

6/5 

-3/4 
39/20 
6 

-3/4 

-2 
2/5 
2 
2/5 
-2 
2 

-3/8 
39/40 
3 

-3/8 

6/25 

2//'S win*' •*mm' 

J(s,p) 

1 

2 

3 

4 

5 

*(*,*) 

- 1 
1 

-2 
-1 
-1 
1 

-3 
-2 
-2 
0 
1 
0 

-3 
-2 
-2 
0 

- 3 
- 1 

(10) 

The second is a more elegant scheme in which the closed 
and open-shell orbitals are solutions of the same eigen­
value equation: 

Fipi^enpi, (8) 

where 

F=H+2JT-KT+2a(LT-Jo)-fi(MT-Ko). (9) 

The definitions of various operators in (6) and (9) are 
listed below. 

Jc~J2k Jk, 

JO J Z-ivn- Jmj 

JT—JC+JO, 

Kc—^k Kk, 

KT—KC-\-KO, 

Li<p~((pi\Jo\ <p)<Pi+(<pi\ <p)Jo<Pi, 

Mi<p=(<pi\K0\ <p)<Pi+((Pi\ <p)K0<Pi, 

Lc~2lk Lk, 

LT — LC+LO, 

Mc^lLkMk, 

Mo=fyEmMmJ 

MT~MC~{-MO. 

( i i ) 

(12) 

Roothaan's theory as it stands covers a number of 
important cases but unfortunately the electron configu­
rations with two (or more) open shells drop out of the 
range of applicability, with one important exception. 
This exception is the case in which the open shell consists 
of singly occupied, complete degenerate sets of orbitals, 

and all the spins are parallel. Examples of atomic states in 
this class are C ls22s2p\ *S; Cr ls22s22p*3s23pHs3d\ 7S. 
A general molecular example is the lowest excited triplet 
of a molecule with a closed-shell ground state, the 
excitation being from a nondegenerate to a nondegener-
ate orbital. 

II. EXTENSION OF ROOTHAAN'S SCF THEORY 

I t is, however, not necessary to restrict ourselves 
within the form of the energy expression given by 
Eq. (1). Consider the following formula for the total 
energy which includes (1) as a special case : 

E—2 ^2k Hk~\-2 YLk'HkfJrYlki(2Jki—Kki) 
~\-YLki,{2Jkif—Kkif)Jrzlk,i{2Jkfi—Kkfi) 
-\-yllkri'{2Jk,i'—Kkfi')Jrj{2 J2mHm 

+ JHlmnQaJmn—bKmv)-\-2 ^km{2J km~K)cm) 

+ 2 Ylkfm(2Jk'm — Kk'm)j-{-f'[_2 Ylm' Hm' 

\J 2-*m'n' \£& Jm'n' 0 J\.m
fn') 

~\~2 22,km'\2Jkm'-~K]Cmf)~\~2 zlk'm'\2Jk'm'~-Kk'm'JJ 

mm'-L mm'' 
(13 ) 

The indices k,l refer to the first group of closed shells 
with a corresponding set of orbitals {<£&}, k', V to the 
second group of closed shells with {<£>&'}, m, n to the 
first open shell with {<pm} and finally mf, nf to the second 
open shell with {<pm>}. The most essential condition is 
that these two open shells should belong to different sym­
metries. More precisely, the orbital {<pm} and {(pm

f) 
should belong to different symmetry species. A possible 
way out of this restriction will be discussed in the fourth 
section of the present paper. The reason for dividing the 
whole closed shell family into two groups will soon be­
come clear. In Eq. (13) all sums except the last one 
hardly need explanation, Eq. (13) being a straight-
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TABLE II . Coefficients for the configurations cirN of linear 
molecules, « r ( / - l / 2 , a=b=*0, a - 0 - 2 ) , irN (f ,a',b',a',p'). 

Config. 

<T7T 

(T7T2 

<T7r3 

State 

3n 

4 S -
2A 
22+ 

3n ln 

/' 

1/4 

1/2 

3/4 

a' 

0 

1 
1/2 
0 

1/2 

8/9 

ft' 

0 

2 
0 

- 2 
1 

8/9 

o/ 

4/3 

0 
1 
2 
1 

4/9 

0' 

4/3 

- 2 
2 
6 
0 

4/9 

2 / / ' 2 , 

1 
1 

2 
2 
2 
2 

3 
3 

urn' J-mm' 

- 1 
1 

- 2 
- 1 
- 1 

1 

- 2 
0 

forward generalization of Eq. (1). We have two open 
shells here and so we need two sets of parameters / , a, 
b, and / ' , af, bf. The last term 2ff Emm' I mm' represents 
the interaction between the two open shells. In some cases 
it is expressed with familiar J a and K^ integrals, but 
in some other cases it is not. See Tables I, II, and III. 

It is necessary to divide the whole family of closed 
shells into two groups. The first group {<pk} contains 
all the closed shell orbitals which have the same sym­
metry property as that of the first open-shell orbitals 
{<pm}', the second group {<fkf} contains all the closed-
shell orbitals which have the same symmetry property 
as that of the second open-shell orbitals {<pm'}. If there 
are remaining closed-shell orbitals of symmetry species 
different from both {<pm} and {<£w}, these closed 
shells can be grouped either within the first group 
or within the second one. For example, suppose we have 
to deal with the following electronic configuration. 
ls22s22pe3s23p«3d104s4:pN (l^N^S). It is possible to 
divide it in the following two alternative ways: 

(I) I*2, 2s2, 3s2, 3d10, 4s; 2p\ 3p\ 4pN. 

(II) Is2, 2s\ 3s2, 4y; 2p\ 3p\ 3d10, 4pN. 

Keeping this kind of grouping in mind, we recast 
Eq. (13) into the following form: 

E—2 Ylk(Hk+hck)+lLki(2Jki--Kki) 
+ / [ 2 Hm(Sm+hom)+fJlmn(2aJmn—bKmn) 
+2 Eto(2/to~^w)]+2 Ylk'Hk' 
+Xk>i>(2Jk>v-Kk,i>)+f[2 Zm>Hm, 
+f'Zm>n>(2a'Jm>n>-b'Krnfn,) 

+2Zvm>(2Jk>m.-Kk>m>)l, (14) 
where 

(15) 
hck = lLl' (2JkV — Kkl')-\- fZm' (2Jkm' — Kkm'), 

hom—^2l'(2Jml'--Kml')-}-f E m ' Imm'-

Or alternatively, 

4\H!2Em'(Fm'+W) 
~T~ J 2-dtn'n'\J*0/Jm'n' 0 J\m'n') 

+ 2 Ylk'm'{2Jk>m' — Kk'm')~] 
+ 2 ^L,k3k-{-Ylki(2Jki—KM) 
+ / [ 2 12mSm+fJ2mn(2aJmn—bKmn) 

+2Zkm(2Jkm-Kk7n)l, (16) 
where 

hew —ULlQJk'l — Kk'l)-)- jlLm(2Jk'm~ K k'tn) j 

horn' —2^l\2Jm'l Km'l)~rf 2-*m J-rn'm-
(17 ) 

Application of the variational principle to Eq. (14) 
[or to Eq. (16)] will yield the SCF equations for the 
orbitals. Instead of varying all the orbitals simultane­
ously, we proceed in the following way. Assume that we 
have a reasonable starting approximation for the or­
bitals {<pk} and {<pm>}. Now apply the variational prin­
ciple to Eq. (14) by varying the orbitals {(pk) and {<pm) 
(the first group) only with {<pk'} and {<pm'} held fixed. 
This is permissible because the orthogonality conditions 
between {<pk,<pm} and {(pk',<Pm>} are always secured. 

TABLE III . Coefficients for the configurations icJirg
N of linear molecules 

7r„3(/=3/4, a=& = 8/9, a=/3=4/9), *a
N<J',a'fi'/*'&). 

Config. 

TTttVp 

7ru37T0
2 

Tru*TTgZ 

State 

»2„+ 

3A 

4nu 
2Tlu 
^u 

3 s w
+ 

3 s « -

zAu 
'A* 

f 
1/4 

1/2 

3/4 

a' 

0 

1 
0 

1/2 

8/9 

V 

0 

2 
- 2 

0 

8/9 

a! 

4/3 

0 
2 
1 

4/9 

0' 

4/3 

- 2 
6 
2 

4/9 

J(TTu
+,TTg+) 

3 
3 
3 
3 
3 
3 

6 
6 
6 

9 
9 
9 
9 
9 
9 

K( 
2/jTS 

TTu+iTTg ) 

- 1 
- 1 
- 1 
- 1 
- 1 

1 

- 2 
- 1 
- 1 

- 3 
- 3 
- 1 
- 1 
- 2 
- 2 

mm' J-mm' 

# ( 7 T * W ) 

- 1 
- 1 

3 
- 1 
- 1 
- 1 

- 2 
- 1 
- 2 

- 3 
- 1 
- 1 
- 3 
- 3 
- 1 

WU+ICU+WQ Kg ) 

- 1 
1 

- 1 
1 
0 
0 

0 
0 
0 

1 
- 1 

1 
- 1 

0 
0 
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The orbitals {(pk'} and {<pm>} being fixed, the last five 
sums in Eq. (14) drop out from the expression for 8E. 
This means that the expression for dE assumes essen­
tially the same form as that derived from Eq. (1) as far 
as the present variation is concerned, with some modifi­
cation only in the one-electron part of the energy as 
indicated in (15). 

Before applying the variational principle to Eq. (14) 
[or to (16)] in the way just described, we define the 
operators, he, ho, h, A*, Ac, Ao, AT and the correspond­
ing ones with prime by 

hck~{<Pk\hc\vk), 

hom=((pm\ho\ <Pm), 

h=hc—ho, 

hck~(<pkf\hc'\ <Pk'), 

homf'==(<Pm'\ho'\ <pm'), 

h'=hc'-h0', 

Aj<p=(<pi\h\<p)<pi+(<pi\<p)h<pi, 

A/<p= {(pi\h'\ <p)<pi+(<pi\ (p)hf<pi, 

Ac=E* A*, 

Ao~/£m Aw, 

Ar = Ac+A0, 

Ac' = I > A*/, 

Ao = / ' Hm' Am>, 

A r ' = Ac'+Ao'. 

(18) 

(18') 

(19) 

(190 

(20) 

(200 

A close relationship between (19), (190, (20), (200, 
and (11), (12) is evident and the derivation of the SCF 
equations closely parallels the derivation of the SCF 
equations (5) and (8), which are described in detail in 
Sec. 2 of Roothaan's paper.1 We restrict ourselves here 
to writing down the results and only for the scheme 
employing the combined Hartree-Fock Hamiltonian: 

F<pi=€i<pi (i=k,m), (21) 

where 

F=H+G, 

B=H+y(ho-fhc+AT), (22) 

G=2JT-KT+2a(LT-Jo)-l3(MT-Ko), 

« = ( l - « ) / ( l - / ) , 

/ 3 = ( 1 - J ) / ( 1 - / ) , (23) 

7 = 1 / ( 1 - / ) . 

This is the equation for {<Pk,<pm} and a generalization of 
Eq. (8) with (9). The corresponding equation for 
{<Pk',<pm'} IS 

F'wfwvv (i'=k',m'), (24) 

where 

F'=B'+G', 
H'=H+y'(ko'-f'kc'+AT'), (25) 

G'=2JT'-KT'+2a'(LT'-Jo')-l3'(MT'-Ko'), 

«'= (l-aO/CW), 
£'=(1-50/(1-/0, (26) 
/ = 1/(1-/0-

The operators Jo, Ko, JT, KT, LT, MT are obtained 
by replacing {<pk,<Pm} with {<Pk',<pm'} in the definitions 
of the corresponding operators without prime. The addi­
tional terms y(ho—fhc+AT) or y,(hof—fhcf+ATr) may 
be regarded as a kind of force field for the electrons in 
nonfixed orbitals due to the electrons in fixed orbitals. 

The following is a summary of the self-consistent 
field procedure: 

(I) Fix {<pk',<pm'}. Determine {<Pk,<Pm} from Eq. (21). 
(II) Fix {<Pk,<Pm} as obtained above. Determine a 

new set of {<?&', <£w} from Eq. (24). 
(III) Fix {<pk',<Pm'} as obtained above. Determine a 

new set of {<pk,<pm} from Eq. (21). 
(IV) Continue the above procedure until the cycle 

produces no appreciable changes in all the orbitals 
{<Pk,<Pm} and {<pk',<Pmf}-

(V) With thus determined orbitals {<Pk,<pm} and 
{<Pkf,<Pmf} calculate the total energy from the full ex­
pression (13) or (14) or (15). 

III. APPLICABILITY 

The iterative procedure described in the previous 
section is directly applicable to electron configurations 
which have two open shells of different symmetries. 
Three tables presented in this paper constitute useful 
supplements of Tables I and II of Roothaan's paper.1 

It is to be noted that these tables cover only a part of 
the applicable range of the procedure proposed here. 

Table I (spN, 1^N^5). This table is a supplement to 
Table II of Roothaan's paper.1 With these two tables 
one can now cover all atomic states arising from dis­
tributing the electrons in all possible ways over the s 
and p atomic orbitals. Here and in the following, 

J(<Pi,<Pi)= f'^(l)fe(2) (1A1 2)^(1)^(2)^FW2 

= f 9<W vi(X) (*A12) ̂ (2) nmdvwn, 

^ ( ^ ^ ) = = / * ^ ( l ) ^ ( 2 ) ( l A 1 2 ) ^ ( l ) ^ ( 2 ) J F ^ F 2 

= J £<(1) <*(1) (1A12) fc(2) <Pi(2)dVHV\ 

(27) 

(28) 
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If we denote the three components of the p orbital by 
pi9 p2 and p3, 

J(s,p) = J(s,p1) = J(s,p2) = J(s,pd), 

K(s,p) = K(s,pd=K(s,p*) = K(s,pz). 

For example, in the case of the sp2 2P state we see that 

2 / / ' L w Imm> = 2J(s,p)+K(s,p) 

= 2(l/2)(l/3)Z{2J(s,p1)+K(s,p1)} 

+ {2J(s,p2)+K(s,p2)} 

+ {2J(s,P*)+K{s,Pz))']. 

Table II {airN
y 1^N^3). This table, together with 

the next table, is a supplement to Table I of Roothaan's 
paper.1 The T molecular orbital has two degenerate 
components. (See comments to Table I I I ) . With this 
table one can treat several important electronic states 
of molecules, for example, N% 3crglirg,

 sUg and 1IIi/. 
Table III (TU

ZTG
N, l^N^3). In this table TT+ and ir~ 

are the molecular orbitals with the component of angu­
lar momentum + 1 and — 1, respectively, along the 
molecular axis. There are several identity relations 
among integrals over w molecular orbitals: 

/ ( 7 r V + ) =J(^~,*~) = J (7rV~) - / ( * " , ? r + ) , 

K(T+,T+)=K(TT-iT-)J (29) 

As is seen in Table I I I , 8 2 states contain the integral 
(iru+iru+\irg~Trg"-) which is not expressible with the / 
and K integrals: 

(<Pi<pi\ <Pj<Pj) 

= j <Pi(X) ^2) (1A12) ^ ( i ) ^(2)dVHV2 

(30) 

= f <PiW <Pi(D (1A12) *v(2) cpj(2)dVidV*. 

Note that 

(Tru+Tru+\Tff-Tg~)= (7rw-xw-|7ra
+7r/), 

(TU
+TU

+1 Trg
+irg

+) = (Tu~Tru~ I Tg~irg-) = 0. 

I t seems sensible to examine a little more closely 
the structure of the interaction between two open 
shells 2 / / ' Ylmm' I mm' by taking an example from 
Table I I I . The table gives the following expression for 
2ff Hmm' I mm' of t h e T^TTg* 3 X ^ + S t a t e I 

9 J (TU+,T+) - 3K K V r ) 

— 3K (7^+,7Tg+) + (TU+7TU
+ I TTfTTi-). 

This can be rewritten in the following way by using 

(29) and (31); 

( 9 / 4 ) / ( ^ V / ) - ( 3 / 2 ) i £ ( 7 r . W ) 
+ ( 1 / 2 ) ^ + ^ + 1 ^ + ^ + ) 

+ ( 9 / 4 ) 7 ( ^ V r ) - (3/2)JT(ir«Vr) 
+ (1/2) (7rw

+7rw
+ ( TTg~1Tg~) 

+ (9/4) J fa-,*+) - (3/2)K(7Tu-,irg+) 

+ (1/2)(TU-Tu-\TT+Tg+) 

+ (9/4)/(7rw-,7rr) - (3/2)K(wu~,Tg~) 
+ (1/2) (7TU-TU~ I TTg-Wg-). 

This means that 

I mm' = 2 J (my) - (4/3)i£ (w,wO + (4 /9) ( « | m'm!). 
Generally speaking, however, it is not necessary that 
all Jw m ' 's have the same functional form as it is in the 
above example. They may all be different from one 
another. 

I t is hoped that the SCF wave functions will be 
worked out for the lower lying electronic energy levels 
of N2, O24" and O2 molecules arising from the configura­
tions listed in Table I I I . 

IV. POSSIBLE EXTENSIONS OF THE 
APPLICABILITY 

With additional elaborations described in the pre­
ceding sections Roothaan's open-shell SCF theory now 
covers electron configurations which have two open 
shells of different symmetry. Generally speaking, how­
ever, if we have two open shells of the same symmetry, 
the scheme is not directly applicable. Here we describe 
briefly a possible scheme to include such cases, taking 
the ls22s22p3p configuration of an atom as an illustrative 
example. This electronic configuration yields lP, ZD, 
ZS}

 ZP, XD, and lS states. On the other hand, the lower 
lying configuration ls22s22p2 yields the lowest 3P, lD, 
and *5 states and so the straightforward variational 
treatment is applicable only to the first three states, 
IP, ZD, and 3 5. We choose the IP state. Now we start 
with the application of the LCAO form of Roothaan's 
theory to the ls22s22p2 SP state which is described in 
Sec. IV of Roothaan's paper.1 In general, we expect that 
the SCF orbitals can be expressed with sufficient ac­
curacy in terms of a given set of suitable basis func­
tions XP\« ' 

pi-

Here X refers to the irreducible representation, or sym­
metry species; a refers to the subspecies, that is, it 
labels the individual members of the degenerate set that 
transform according to the representation X; and i is a 
numbering index which labels orbitals which cannot be 
distinguished by symmetry any more. The notation i\a 
is analogous to the familiar nlm in atomic spectra. Now 
focus our attention on the p orbitals. First, we may drop 
the subscript X. Second, we may group together three 
degenerate functions (a; ^ = + 1 , 0 , - 1 ) and simply 
write XP(«) ° r <PiM, which actually represents three 
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functions. For the 2p2 configuration we need only one 
<p.(a) for the 2p orbital. But if the subscript p of the basis 
functions Xvi*) runs, say, from 1 to n, we are supplied 
with a set of orbitals <̂ («) where i also runs from 1 to n 
and the usual procedure is that we pick up one orbital 
<Pi(a) which corresponds to the lowest "orbital energy." 
It is important to note that the set of orbitals {<fi(a)} 
spans the same functional space as the one spanned by 
the original set {xp(a)} and each member of the new 
set <pna) is orthogonal to one another. Taking advantage 
of this property we can treat the ls22s22p3p XP state in 
the following way. 

(I) Apply Roothaan's SCF scheme to the ls22s22p2 3P 
state. It gives a set of orthogonal functions for the p 
orbitals; 

<Pl(a), <P2(a), ' ' ' , <Pn{ah 

where 
n 

<Pi(a)= H Xp(a)Cpi. 

Suppose that the above sequence is in the order of 
ascending "orbital energy." Thus ^1(a) is taken for the 
2p orbital. 

(II) Now we consider the ls22s22p3p lP state. Repre­
sent the 2p orbital by <pi(a) and keep it fixed. Apply the 
SCF procedures described in the present paper to 
ls22s23p by using <p2(a), <P3(a), • • *, <Pn(a) as a new set of 
basis functions for the 3p orbital. Thus we get 

where 
n 

Vi(a) ~ H <Pp(a)Cpi. 
2>=2 

Here <P2(«/ is the first approximation for the 3p orbital. 

THE 2.8-hr Sr87m isomer decays by an M4 transition 
of 388 kev to the Sr87 ground state. We find that 

it also decays by a previously undetected iT-electron 
capture branch to Rb87. From the measured ft value 

f This work was performed under the auspices of the U. S. 
Atomic Energy Commission. 

Notice that these functions are all guaranteed to be 
orthogonal to the fixed 2p orbital <pi(a). 

(III) Represent the 3p orbital by ^2(a/ and keep it 
fixed. Use <pi(a), <PZM', <p4(a/, • • •, <Pn(a)' as a new set of 
basis functions for the 2p orbital. Thus we get 

<Pl(a)', <P'6(a)", P4(a )" , *•, <Pn(a)", 

where <£>i(a/ is the second approximation for the 2p 
orbital. 

(IV) Represent the 2p orbital by <pi(a/ and keep it 
fixed. Use <P2(a)', <p3(a/', •••, <pn<a/' as a new set of 
basis functions for the 3p orbital. 

(V) Continue the above procedures until self-con­
sistency is attained. 

It should be admitted that the procedure described 
above is not at all simple and the convergence property 
of the whole process is not very clear mathematically. 
In some favorable cases, however, it could be of practical 
value because the number of necessary basis functions 
n is expected to be rather small in most cases. 

V. CONCLUSION 

It has been shown that with some additional elabora­
tions Roothaan's SCF theory covers almost all the elec­
tronic configurations of atoms and molecules which are 
of immediate importance. It is easy to extend formally 
the SCF procedure described in the present paper in 
such a way that some classes of three, four or more 
open shells can be accommodated but it hardly seems 
worthwhile to make such a formal extension. 
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we can calculate the rate of the inverse reaction and 
thus judge the potential usefulness of Rb87 as a low-
energy neutrino detector. 

In Sr87m, the 49th neutron is in a p\ state, while in the 
ground state it is in a g9/2 state. Long-lived Rb87 

(^~6X1010 yr) decays to Sr87 by /3"~ emission, with a 
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The existence of a (0.65±0.25)% iC-electron capture branch in the decay of 2.8-hr Sr87m has been estab­
lished by means of an "internal source" technique. The low log//=4.25 and small energy release of 115 kev 
make this K branch especially interesting because it establishes Rb87 as a possible low-threshold detector 
for the inverse neutrino capture reaction, Rb87+v —> Sr87m+e~, which could be identified by observing the 
characteristic decay of the Sr87w isomer. 


