APPENDIX 1

(A) Second and third order corrections to energy:alternate derivation

of Halemane's result.

The corrections to the ground state energy as given by

equation ( 12 ), chapter 2 are

- p
sp(Eo) = 107 Ea
pl(0a)P
a=0
For convenience, we introduce a-=dependent termsSh(Ea), S2(Ea)
83(Ea) etc, so that the coefficients of pertubation series can

be obtained as :
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In that case, we can also write

1 0

3
— S$)(E;), S3(E)) =5 35 SalE,)
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S,(E = =

and so on.

We already have an expression for Sl(Ea) from egn.5,chapter 2):

E
_ QB _ = ¢ dpy (x)
Si(Ea) = "o_a'“ = m) .£ -—-’:‘—a-;—— dx (1)
Ea
Or = Sl(Ea) Pa (Ea) = -‘Im —gggg{z dx . (2)

Differentiating (2) with respect to « yields
~P(ED) S S(E) - S.(E) P, (E)
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Certain terms can be further simplified 3§

AR (E,) (x) (E ~E )% 0% (x)
LA - l a0 o g
da dax { @ (Eo) + (Eq=Eo) T x=Ey T T2 ox> x_J;l
o
08, (E)) 0B, 0B (x) (E,~ E,) 0% o (x)
- S e o . s A+ eeee(a)
x=EO x=EO
from equation (2), we have
P
-3-—-(51(5 ) R, (E))= 9—-59»@ JE (5)
K=
«
Substituting equations (4) and (5) in equation (3) yields
“232(Ea) P o (Ea) = Sl(Ea){g'g—o (sl(Ea) poc(gd))}* SJ? (Ea) maf’:(ga)
E
o
3 Fa 2 (x)

- 51(E,) 5 _(51(Eg) P (B ) + [ T ™

Adjusting all terms yields
E
a 2 2

- 25,(E,) RlE) = [ f___é’fg__(_gdx '5° (s, (E)», (E) ) (6)

oa

Taking limit « ~> O, one has for the first inverse energy weighted sum

E
S, (E )= -1 ° o e (xdx] -2 (sZ(e)e (Eo))] (7)
2 0 2PO(EO){ f ®a2 o« x=0 EEO 1l 0 °

For obtaining the third order correction term, we simply differen-

tiate egn.(6) once again with respect to « , so that
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Expanding once again, and then collecting all terms yields :

~655(E_)Pa(E )= 6§EO{Sl(Ea)32(Ea)Pa(Ea)}
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s 02 3 Fa 43
oEr {8y (B) A (Ey) + I 0up e (x) dx (8)

Once again, taking limit a -> O, the second invera&energy

weighted sum is

E
S.(E) = - 1 o 3 - 63
3'%o .7?3;-(50) -{g "'6";‘3‘ /o(! (X) dx (i-__-o EEO(Sl(Eo)SZ(EO)/%(Eo))
d2 3 o
+$-2 (5)(Eg) 4 (E,). (9)
[o]

Fourth and higher terms can be obtained by further differen-

-tiation of eqgn.(8), with respect to «a.

(B) Configuration space corrections to ground state energy-
extension to Halemane's result :
From equation (1 ) , -

the first order correction term is given by

S,(E))= =_1 0F(E)1
1 o d) ga x=0 (l)

Recalling that the perturbed hamiltonian can be written as

H <> H + a K, the centroid changes 29:

[ o4
€(c) > g,c) = < H > +a <K

c
=€ (c)+ < K>

to0e(e) = <K > (2)
%



Change in width also takes place similarly

g (c) -> c (c) = i (¢) + 22;gok(9) oo(c) + azog (¢)

. 2 2
. . %g (c) = 2'Qg°(c) Gk(c) + 2uok(c) - (3)

We have also used the symbols o, and ¢ for ca(c)and ck(c) below .
In the limit a -» 0, the integration limits do not depend
upon a. The integration over X can be interchanged with

differentiation with respect to «,

. OFa(ES Fo Bo Y o (x) dx
o &x{mp (x) dx __,{u E—"

Since the space is decomposed into configurations, we have :
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26% (c)
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For convenience, let %c = (X = g (cNf64c).
* épc(ﬂ) ¢ 2
s e (44 — < 2 ~
20 o0 [E T raemenda G0 )

(o, (c)F

c
Hence 3, (x) | = A (X)[ c<K> LS () o -1)J (5)
X, )

Y a=>0 co(c) ao(c)

In terms of Hermite Polynomials Hei(§c), the above expression

can be written as :

24 (x) £.(x) .
o = [¢] ~ C ~
Y L 5 (o) ( xKY +Lg ) ey (%) (6)

To carry out the integration,we make use of the identity

X _ x2/2 - x2/2
{} He , e dx = He, , e
Also since Xo = (x- Eo(c))/ co(c),
dx, = dx/co(c) or dx = oo(c) dx (7)
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where E_ = (E- eo(c))J/ co(c).

Finally, one has
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The second order correction
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For convenience, let us split up the expression into three terms.

‘ 2
T, = A(x) = ;wa(c) exp{ -4 (x ;gaian
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