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roughly proportional to the magnitude of the oB-
diagonal parameters. When these are large, the Hartree-
Fock equations can no longer be interpreted as repre-
senting an electron in a potential field.

The ionized neon configuration has already been
investigated by Garstang. ' He compared the one-
electron energies of self-consistent Hartree wave func-
tions with observed energies and found a considerable
diBerence; in each case the observed energies were
larger. He also compared the transition integrals with
those derived from the Coulomb approximation of

'8R. H. Garstang, Monthly Notices Roy. Astron. Soc. 110,
612 (1950).

Bates and Damgaard. " Again a significant difference
occurred when the Cou}omb approximation was based
on observed energies. It is interesting to note that the
Hartree-Fock energies agree more closely with the
observed than with the Hartree energies; in fact, a
difference of about 10% between observed and Hartree
energies is reduced to 2% with Hartree-Fock energies.
Even so, the transition integrals are about half-way
between those of the Coulomb approximation based on
observed energies, and those from the Hartree wave
functions.

' D. R. Bates and A. Damgaard, Phil. Trans. Roy. Soc. Londen
A242, 101 (1949).
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The continuous atomic absorption cross section of lithium vapor has been measured using photoelectric
techniques from the 2s'S ~ np'P' series limit at 2300 to 1i50A. The bandwidth of the monochromator was
0.75 A and values of the cross section were obtained at 2-L intervals. The best value for the atomic absorp-
tion cross section at the series limit was &.5&+0.23 Mb. The shape of the curve near the series limit is in close
agreement with some recent theoretical predictions. There is an apparent disagreement with recent ex-
perimental results.

I. INTRODUCTION

~t ONSIDERABLE interest exists in experimentally~ obtained absorption cross sections of the alkali
metals at energies greater than that at their ionization
edge. Apart from the immediate quantitative need for
these data, comparison with the theoretically pre-
dicted absorption curves can lead to an insight into the
nature of the alkali metal wave functions themselves. '
Lithium is of particular interest because of the relatively
straightforward nature of its coniguration and the
singular absence of a predicted absorption zero mini-

mum near its ionization edge.
Theoretical estimates have been made by Stewart, '

and Burgess, and Seato', ' of the variation with wave-

length of the atomic absorption cross section of lithium
from the ionization edge at 2300 to 1800 A. Within
this wavelength range, both curves show a gradual
increase of the cross section with energy, but differ in
their absolute magnitude. Tait's recent theoretical
results4 in the dipole velocity formulation agree in
magnitude with the former works, but his dipole

' R. W. Ditchburn and V. Opik, Atomic and 31olecular Processes
(Academic Press, Inc. , New York, 1962).

'A. Stewart, Proc. Phys. Soc. (London) 67, 917 (1954).' A. Burgess and M. J. Seaton, Monthly Notices Roy. Astron.
Soc. 120, 12i (1960}.

J. H. Tait, in ProceeChngs of the Third International Conference
orI the Physics of Electronic arid Atomic Collisions (North-Holland
Publishing Company, Amsterdam, 1964), p. 586.

length formulation yields results approximately 50%
higher. Both curves indicate a slight decrease in cross
section with decreasing wavelength. The recent experi-
mental results obtained by Marr' using photographic
techniques agree in magnitude, within experimental
error, with Tait s dipole length data. This agreement is
considerably improved if Marr's results are adjusted
for more recent vapor pressure data.

Marr's results show a maximum at 1900 A which is
riot apparent in any of the theoretical curves. Thus,
although the agreement between theoretical and experi-
mental magnitudes is good, the shape of the curve of
atomic absorption cross section versus wavelength re-
mains in doubt.

This paper is an account of the determination of the
atomic absorption cross section of lithium from 2300
to 1150A in which photoelectric techniques and the
most recent vapor pressure data are employed.

II. EXPERIMENTAL APPARATUS

The basic theory and experimental arrangement
employed in this laboratory in the measurement of the
cross sections of alkali metal vapors have been discussed
previously by Hudson. ' Certain modi6cations to the
instrumentation were incorporated prior to the work on

' G. V. Marr, Proc. Phys. Soc. (London) 81, 9 (1963),
6 R. D. Hudson, Phys. Rev. 135, A1212 (,1964),
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TABLE I. omparison ofof recent corn ilat'pi a sons of ther;. , M.'.",apor.

ATOMIC ABS

p ssure, mm HVapor re
900QK 01000'K 1100 K

0.00677 0.0878
0.00722 0.0897 0.722 3.876

0.708 3.692
~ 9 0.834 4.485

2 0.717 3.858

See Ref. 8.
b See Ref. 11.
6 See Ref. 9.
d See Ref. 10.
e See Ref. 7.
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FIG. 2. A tomic absorp tion cross

section versus wavelength. Curve 1
represents the resu1ts of Tait for dipole
length; 2, Marr (experimental); 3,
present experiment; 4, Burgess and
Seaton (dipole length); 5, Ta&t (dipole
velocity); 6, Stewart (dipole length);
7, Stewart (dipole velocity).
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reports experimental data, and JANAF' presents the
results of calculation. Honig's 1962 data is approxi-
mately 15% less than the 1957 data employed by Marr. '

It should be noted that Nesmayanov's results for the
total pressure are generally higher than the total
vapor pressure estimated by Honig and Hultgren
et a/. The results of JANAF however are consistent with
the total vapor pressure data obtained by Hultgren
ei al (based e.ntirely on experimental results), and have
therefore been employed in the present work.

V. RESULTS

Values of the atomic and molecular cross sections,
o, and o, were obtained at 2 A intervals on a computer

by solving the equation

1nLIo(~)/I() )]=C.o,(&)L+C„o„(~)L,

by the method of least squares at more than 25 dif-

ferent concentrations. Ie(k) and I(X) are, respectively,
the intensity incident on and transmitted through the
column of vapor of length I., with atomic and molecular
concentrations C, and C . A smooth curve has been
fitted to the atomic data in the wavelength interval
from 2300 to 1150 A (Fig. 2). All of the data points fall

within the error bars (+6%) shown in Fig. 2. It is

estimated that the error introduced in the tempera-
ture calibration is &1% and in the path-length deter-
mination, &3%. Inaccuracies in the vapor pressure
formulas adopted could result in a further error of the
order of &5%. Thus the experiment has a combined
random and systematic error of &15%.

The best value obtained for the atomic absorption
cross section at the series limit of the 2s'5 —+ep'P'
series was 1.54&0.23 Mb (1 rnegabarn=10 " cm').
This value increases to a maximum of 1.85~0.28 Mb
at 1700 A, beyond which it decreases gra, dually to 1.36
+0.21 Mb at 1150 A, the wavelength limit of these
measurements.

The cross section of the lithium molecule was 4.8&0.7
Mb in the region from 2400 to 2300 k where the
atomic absorption cross section is zero. Xo reliable
molecular cross sections were obtained at wavelengths
shorter than the series edge. The separation of the
effect of molecular absorption was subject to a large
error (of the order of &100%), because the molecular
concentration in the temperature range employed was
one hundred times lower than the atomic concentration
while the molecular and atomic cross sections were of
the same order.

VI. DISCUSSION OF RESULTS

Figure 2 presents the most recent theoretical and
experimental results for the atomic absorption cross
section of lithium.

As discussed in Sec. IV, the vapor pressure data
employed by Marr is approximately 15% higher than
that employed in this work. Hence, the apparent agree-
ment in magnitude between the two sets of experi-
mental results is somewhat misleading.

The shape of the curve obtained in this experiment
is in close agreement with those of Stewart using
Hartree-Pock wave functions, and Burgess and Seaton
using the quantum defect method, but not with that of
Tait, who used a wave function containing correlation
terms which allow for the effect of inter-shell polariza-
tion. The magnitudes of the results obtained are in best
agreement with those of Burgess and Seaton.
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