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Recently, there has been considerable interest in the application of the Z1 ex-
pansion method to excited states of the Helium isoelectronic sequence, following
the pioneering works of HyLreraas [7]. SHARMA and Cout.son [2] used this method
for obtaining Z~! expansion of correlation energy in 1s2s 1S and 3§ states of
helium. Kx16HT and ScHERR [3] extended the calculation of SHaRMA and Courson
to other excited states of He like systems using more elaborate variation-
perturbation functions in well known HYLLERAAS coordinates. PERRIN and StTE-
WART [4] used the alternative method of superposition of configurations to 1s2s
1§ and 38 states, 1s2p 1P and 3P states of helium and conclude that for excited
states the method of superposition of configurations compares favourably with
the results obtained from using the method of incomplete separation of variables.
In the present paper, we report the results of calculations on 1s3d 1D and 3D
states of helium by the method of superposition of configurations.

Theoretical Basis: The fundaments of the method are well known [5, 6] and
are given very briefly. Using scaled coordinates R; = Z-7;, R,y = Z-ry,, the non-
relativistic Schrodinger equation of a two-electron atom is

v =gv
where
H =Hy,+H ; E=72*F
with
2 1 i 1
H — (_l 42_7>, H —_— .
0 'Lgl 2 V R; 1 VA R12

the prime denoting the use of scaled coordinates. Treating Hj as a perturbation
on Hy with Z—1 having the role of perturbation parameter, we can expand ¥’ and
E' in powers of Z-1:

, 1 1
v :!Z’0+ET1+ZZIP2+...

B 72 = E=Ey 2+ EZ + By + By 21 1 ...
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The zero order functions are

Y,('D) = i— [1sm(1) 3da(2) + 3dpu(1) 1su(2 )]~— [x(1) p(2) — B(1) x(2)] ,

Y,(°D) = 4[1811( ) 3du(2) — 3da(1) 1sa(2)] —=[x(1) B(2) + p(1) x(2)]

1/2
The subseript H indicates that we are using hydrogenic orbitals. The zero order
energy K, for both cases is

1 18 — 0.555555 .

By=— =
0 2 1

The first order energy contribution B, = (¥ | Hy | Wy» is easily obtained using
the table of integrals given in CrossLEY and Coursox [3]:

E, (*D) = 0.111270
E, (3D) = 0.110776 .

For cobtaining E, and E,, we need to know ¥, or some approximation to it. For
approximating ¥, we can use the Hylleraas variational principle, i.e. for any trial
yir

eo(PY) =PV | Hy— By | P>+ VY | Hy — By [ Woy + (W | Hy — B, | W1 > By
If we write P¥ as a linear superposition of configurational functions @y which are
normalised but not necessarily orthogonal to ¥, the application of the Hylleraas

principle leads to a solution of a linear equation system for the linear coefficients
of combination:

lzol<¢klH(I)ﬁEof@l>=E1<¢k]¥lo>_<@k}H£|T0>-

Once an approximate YNfl has been obtained, E, and #, are approximately given by
E2:<T1IHHT0>_<IP1|T0>E1:
E3:<]P1‘HQ_E1IT1>_2<T0‘T1>E2-

Variational Evaluation of 9~71. For the expansion of the non-relativistic exact
energy, we take PI" as

8
T = 0Py
i=1
where

b, = V% [sr(1) 44(2) + 4d(1) 1s7(2)] L [x(1) B(2) F A1) x(2)]

V2 [(1) f(2) = A1) (2)]

o, =7%[28(1) 3dx(2) + 3d(1) 25(2)] 5 [zx ) B2) F B()

¢2=V1—§[1sa<1) 5d(2) -+ 5d(1) Lsp(2)] =

, =;—Q[3s<1) 3d(2) + 3dm(1) 35(2)] = f [a(1) (2) F B(L) (2

@, :%m(i) 3du(2) + 3dx(l )4s<2)] 5 [x(1) B(2) = A1) (2
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By = [25(1) 4d(2) + 4d(1) 25(2)] = [a(1) B(2) * (1) &(2)],

§7 2 V2
D, =%[28(1) 5d(2) + 5d(1) 28(2)]?12? [x(1) B(2) ¥ B(1) x(2)] .
Dy = "1/15 [3s(1) 4d(2) + 4d(1) 38(2)]—1/% [x(1) B(2) T B(1) x(2)] .

The symbols without subscript H denote Slater type orbitals with the same ex-
ponent as the corresponding hydrogenic

orbital. The upper and lower signs are to Table. Linear coefficients of ¥,

be taken together for 1D and 3D states.

. 3

In the Table we display the linear coeffi- : D D
cients obtame.d by the application of’ the e, 37859611 3.6335554
Hylleraas principle. The calculations C, _0.0157671 0.0409217
were performed with a manual desk cal- ¢, —0.0044327 0.0138210
culator with seven figure accuracy. Oy —0.0049250 0.0157421
Usine this variational approximation  Cs ~0.0023154 0.0057918
Sing Hus variational approxi c, 0.0118267 —0.0380414
to ¥, E, and E, are calculated lead- ¢, —~0.0094759 0.0310555
ing to the following Z-expansions of Cy 0.0071514 —0.0214261

energy:
E(D) = —0.555565-7% + 0.111270-Z — 0.056264 + 0.001046-Z-1,
E(®D) = —0.555555-Z% + 0.110776-Z — 0.053945 — 0.002799-Z71 .

Discussion. PERRIN and STEWART [£] found that the contribution to E, and £,
for 1s2p 1P and 3P states from angular configurations is very small. This is likely
to be more so for the states under consideration here. The variation perturbation
functions we employ would only recover radial correlation energy. The energy
calculated using our X, and £, compares well with the very elaborate multi-
configuration variational calculation of GrrEEN, KorcEmw and Jomxson [7]
(energy in a.u.):

Present GREEN, KOLCHIN
State calculation and JOHNSON
1D —2.055423 —2.055615
3D -2.056014 —2.055630

This suggests that angular correlation energy is indeed small. It is to be noted
that our calculated energy values do not provide an upper bound. However, an
upper bound can be obtained [§] but the procedure usually leads to a poor upper
bound. We are at present engaged in investigating the use of angular configurations
for recovery of the greater part of angular correlation energy and hope to report
the results in the near future.
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