CHAPTER VI

DISCUSSICHS

We have constructed several potentials of Li and Na which
include the polarization correction. The energy levels produced by
each of constructed potentials are given and compared with the experi-
mental values in chapter V .

The Na potential has been constructed following the procedure
given by Dumrongsak. The reasons for us to consider again this potential
are as follows. |

First, we find that there exists some errors, in Dumrongsak's
caleulation.

Second, it is possible to get better accuracy using the new
HP-97 calculuitor available at the Physics Department.

In order to see the mistakes in Dumrongsak's work, it is neces-
sary to examine his calculation. He tested his constructed Na potential
quantum mechanically by solving the ground state wave function of the Na
free atom. The procedure employed to solve the wave function wos given
by Hartree (1955, 1957). 1In this procedure, one had to solve the second
order differential (Schrodinger)equation numerically. The asymptotic
radial wave function (for gé~»;0) for the ground state, s state, used in
Dunrongsak's calculation was in the form ?aﬁq ; but this asyuptotic
form does not hold for the s state. Another mistake occured because he
did not reset 2 new table of solving a wave function when he varied
the integration intervils in both outward and inward integrations.

This mist:ke led to an error in the ground state energy. The ground
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state energy reproduced from his potential should be different from that
given in his thesis. However, the procedure employed to construct the
potential is still useful.

We have first tested our constructed Na potential quantum
mechanically. Small corrections to the errors made by Dumrongsak have
been made. The details of these corrections are given in section 5.4.2.
Though the quantum mechanical method can give reasonable results, it takes
‘too much time to determine each energy level. 1Instead, the relation
between the quantum defect and the potentiul given recently by Jaffé and
Reinhardt (1977) is used to detcrmine the energy levels. It is found

that a slight improvement upon the Prokofjew's result can be obtained.

For inst:ncc, the predicted ground st.te acrgy is within o fow.tenth
percent. It can be seen thit both predicted ground staote encrgies computed
quantum mechaniecully nnd-semiclassically (QDM) are better than those
obtzined by using the Prokofjew's potential.

In the case of Li, the results obtained are not as good as that
obtained when using the Seitz' Li potential. Tor instance, our ground
state energy, 2s , is lower ( greater in magnitude ) than the experimental
result. This wmay be due to the f-ct that in considering (Q(?) for f
less than ywmﬂ of 1s state, we havc used the boundary condition Qxe) =EZ§V
The assumption may not be very good for the case of Li because the Ti
nucleus hes only three positive charges which cause the 1s state to be
loosely bound. 4s a result, the nucleus would produce attractive field
stronger thon expected.

The polarization correction term is inserted into both potentiils.
It is found that .11 the inner energy levcls reproduced from the

potentials with the polarization term =re not better than the potentials
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without polarization. This mcy be due to the sudden cut off of the
polarization at ? . of the f states. We cannot continue the polari-
YA,
zation correction because no anlytical integration expression which
includes the pol:rization term for scme finite limits is available.
However, the insertion of the polarization term gives better outer energy
levels, the f states , for both metals. e expect that if the integration
formula were availible we may obtain more accurate energy levels and muy
penctrate closer to the nucleus. Consequently, the matching without data
cannot be performed.

For both types of atoms , we give special attzntion to the
potential which can reproduce the better ground state energy level
because the ground state is needed for calcul-ting the cohesive energy.
Cther physical quantities of the atom such as Knight shift, lattice
constant, thermal expansion coefficient, compressibility, etGqy €an be
determined if the effective potential is known. IFf the potential is in
an analytical form, it is-eesy to-use—it—for solving the Schrodinger
equation. fThis is the reason why we have created the Li votential in
an analytical form even though this potential cannot reproduce energy
levels as accurate as the Seitz's potential does.

Murther work may be donec on
a) Calculating encrgy levels of Na and Li atoms quantun mechanically i.e.

finding out the energy levels by solving wave functions instead of
using the QDM.
b) Comstructing a new potential with polarization by using pol. .riz.tion

of the form (Hartree,1955)
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where . is . const.nt.
The new polurizition incre-ses less
2nd it does not h.ve singularity at g =
we n.y find better energy levels between s
c) Constructing effective potentials of other

cases, the relativistic effect mey dominat

rapidly as Q decre-ses,
O . Using this correction,
and f levels.

2lkali atoms. TFor these

e the polarization term,

50 we must solve the quuntizition condition which will include the

tern 1/? y the relativistid/ tern.
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