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While giving some lectures on Lhe 1 /L Method we came upon a

—	 derivation of the form of the first order wave function which seems

simpler than those now in the literature (For a summary see Saeng

and Wilson., J. Chem. Mys. 47, 5343 (1967). Our method most closel;

resembles that of Sinanoglu, Phys. Rev. 1_22, 491 (1961)). Hence we

wish to pass it on

We will use 1s 2 2s as an example but the generalization will

,=	 --	 be obvious. The first order wave function satisfies

* This research was supported by the National Aeronautics and
Space Administration Grant NGL 50-002-001.
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with 'eA- the a-itisymmetrizer, s and 	 respectively the Is and 2s

-(0)eigenfunctions of	 and E	 2E(s) +E(Ifâ

(0 -)
Now since -H 	 a-,--d H	 are s

y
mmetric and. spi, independent

it is tempting to say,	 let us solve

CD
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and then write

W) ot V3M-
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The difficulty of course is that (211 as It stands	 is inconsistent

since there are	 which are al;z o eiger. fUr Ct 4 ons of	 H
(0)
 W-

(0)
eigenvalue	 E	 indeed Y	 .itself is an example, such that

ti	 E	 so
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To aaoid ts-Lese inconsistencies we zeplace (I) by

1JD)
f4)

n -	 )	 :	 4and take the limit t 	 E	 on1v at the cn .-1 cf the C a IC, 
ration.

Now aside from mak i ng	 =Lt) wh ich of course is quite
AeVID vvDE*p_D I& THE	 r_j;oI,^g

permissib l-	 t ,.fs Procedure i3 quize innocuous. That A-e 	 as

defined by	 exhibits no z;irgularities as
	 C 	 r E:klj',

i.e. there are Po terms proportional to	 becau6e,

there are no	 which a  eigenfunctions of H `0) with

eizen-value E (0) and such O-a-_

Now ccns-_, der the ana 1ce 2 ^e Of (2), namely

C14	
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As long as	 (or anyother eigenvalue) this is a

perfectly consistert eq-uation. However	 evidently wiii

contain	 terms. Namely the	 will all

S depend on	 in this way . However since if we multi p ly (5) by

gf_(%)	 4115)P app'ly Ak and u•3e (3) ,, we recover	 itF 

C 1E	 C' )_1 follows that since	 contains no terms , they

must cancel idendca'lly a% antisymmetriza_ti	 he-ce, eve ca- ignor-e

them in so!ving
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We now (for obvious reasons) write (T) as
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Here r=kl)05)	 is the first order energy of the 
13  

state, thus

etc.

One now readily sees that the only source of CeD)— E1 1

terms is precisely the "numerical multiples" ['there are

such that	 f0) Sua, ^+^^ ^^^^ ^^
+t E~^'s)1/►6ljxgplii0o and similarly

for the next four pieces), and further one sees that this is their

only contribution ( The solution of Cw6l- E) 7C + A AM AIIA A W))

where A is a number is clearly just 'tom. — CC-%0')
-b) 1 A 

p0wt-0A 1-63

Thus, in accord with our previous discussion we may drop them and

immediately find the known result that 8ffectively

let

L r^; (
I
s) ^Y ; Cis )1 I^t3)

Here, of course	 1+L+S ,	 is the first order correction to ls 2 1S

for electrons 1 and 2 etc. [One may also check explicitly, if one

wishes, that the "numerical multiple" terms are completely symmetric

in 1, 2, 3 so that if one multiplies by aLM P1) ^^3) 	 and --

applies their contribution will vanish identically. However the

point is that there is no need to do this. Our general argument proves

that the csncelation musX occur.)
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We close with comments on a slightly different point.^^^

can be written

,.. (dJt1) /^Cyi /J d3^	 /^ g4) /J2a.)483^^ oLt^)	 1,_7

^-	
) Q(t,1 Ala)p!1)

r-v ^

1,1 bbl ^-) oU.3)

Now in dealing with symmetric spin in- depends operators,, for example

q1v,	 and	 each of the spin part yields the same contri-

bution and there are no cross terms. Hence we can replace \V	 by

L

and the whole discussion goes through as before except that is =�
replaced by	 _ -

where Q,3	permutes the spatial coordinates of 1 and 3. in particular

M*4,	 ='

Further in calculating a matrix element of a spin independent

symmetric operator we need apply only once since GL will commute

with the operator, is Hermitian and satisfies Az	 .-= Thus
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for example

.s
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which can considerably simplify the calculations.
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