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SUMMARY

A Z variation is introduced in the Thomas- Fermi, Thomas-
Fermi- Amaldi, Thomas-Fermi-pmaldi-Dirac and Thomas-Rermi-Dirac
methods. The procedure is simple, direct and easy to apply. It
is based on the concept of effective nuclear charge %, which
is modified through an energy criterion. Atomic diamagnetic
susceptibilities are calculated and the analysis of numerical

data reveals the existence of a marked improvement when 2 is
varied.

INTRODUCTICN

Since its presentation by Thomas /1/ and Fermi /2/, and
subsequent modification by Dirac /3/, the Thomas- Fermi model
(TFM) has been useful in the study of atoms, molecules and
solids. The model supposes a desenerate free electron gas for
the atom /4/. The electron gas is under the influence of a mean

potential, The electron interaction is ignored, except for the
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mean screening effect of the electron cloud. The exchange /3/
and correlation /S/ electronic energies are neglected. The sta-
tistical model works well in those cases in which one is not in-
terested in the details of the electronic structure but rather
in some integrated-quantities behaviour such as form factors,
certain moments of electron density distribution, diamagnetic
susceptibilities, polarizabilities and total energy density of
electrons of an atom /6/. However, the TFM for atoms and ions
has two important shortcomings : a)} Close to the nucleus the

=3/2 P -
, and becomes infinite as

electron density P(r) varies as r
%.———~ow(r being the distance from the nucleus), giving an in-
finite density in this limit. b} At large distances, the elec-
tron density varies as b decreasing rather exponentially /7/
(Hartree's approximation). Another error in the TFM, is that
electrons interact with themselves, in addition to the natural
interelectronic interaction., In order to tackle this, Fermi and
Amaldi /8/ (FA) simply multiplied the charge distribution that
each electron sees by a correction factor ( N - 1 )/ N, N being
the atomic number. Recently, several attempts have been made /9
-1%3/ to test the efficacy of intreducine the FA and Fermi-Amaldi
-Dirac (FAD) modifications within statistical theories for atoms
and ions. This is achieved by taking the guantum mechanical

form for the electron density close to the nucleus and matching
it with the statistical variational density corresponding to

the trial function ( Jensen's function /14/ ) at some r = T, .
This procedure usually yields improved electron densities, and

recent results /9-13/ for diamagnetic susceptibilities showed a

satisfactory agreement with experimental and SCF values. How-
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ever, a very disturbing aspect of this kind of calculation
scheme arises when one analyses the energy expressions. The TFM
leads to total electronic energies which are too large , and
subsequent introduction of correction terms makes things worse
/15/, In a very recent paper /16/,we examined the possibility
of improving total electronic energies calculated from the TFM
and TFAM with the simple Jensen's trial function, through the
consideration of the Z-variation for neutral atoms. We also per-
formed a similar calculation from the Thomas-Fermi-Dirac (TFDM)
and Thomas-Fermi-Amaldi-Dirac methods (TFADM) /17/. The compa-
rison of numerical results to other previous theoretical values
and experimental data for atomic diamagnetic susceptibilities
allowed us to verify the existence of marked improvements.

The purpose of the present work is to extend the examina-
tion of the procedure by applying it to the TFM, TFAM, TFDM and
TRADM, respectively, for several ions,

After fitting the necessary parameters associated with
the trial electronic density function in respect to the non-re-
lativistic total energy for the TF like methods, we test their
values with regard to another independent atomic property :the

atomic diamagnetic susceptibility.
RESULTS AND DISCUSSION

The atomic total energy in the TFM is given by /18/( in

what follows, atomic units were used ).

Sp
Epg = 2.8712Sp(r)év f P(r)vyav + ;Hﬂz)ﬁs.'.ldv av!

2 |r - r'l (1)







































