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On 8'p' '8 and sp' 'P in the S I Isoelectronic Sequence
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STRONG unidentified line in the extreme
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ultraviolet has been recognized for some
time as strictly following the "irregular doublet"
law through the five elements from chlorine to
scandium. For various reasons it was suspected
to be s'p' 'D sp' 'I' —and this explanation has
recently been confirmed through the identifica-
tions in Cl II by Kiess and de Bruin. ' The data
for the transition including those of Kiess and
de Bruin for Cl II are collected in Table I, where
the last column gives the value for sp' 'I' relative
to the ground level s'p4 'P&. The observations for
K IV, Ca V, and Sc VI are taken from Ekefors'
and Beckman. ' The A III line is contained in
Boyce's paper on argon4 with the classification
s'p' 'S—sp' 'I'. In consequence of the new identi-
fication the previous values for both terms in-
volved are shown to be in error. The term '5 of
the ground configuration s'p' has been fixed for
the higher members in the S I sequence' but —in

spite of' many efforts —a considerable uncer-
tainty has remained about its position in S I,
Cl II, A III, and K IV. It was expected that
the newly-found term sp' 'P would aid effectively
in the search for '5, but unfortunately the com-
bination s'p' '5 —sp' 'I' seems to be quite faint,
judging from the absence of the corresponding

TABLE I. 3s'3p4 'D2 —3s3@ 'P1 ~

3g3P»Pq

line in the tables for Sc and Ca. Nevertheless,
it has been possible to find the arrangement dis-
cussed below, which probably solves the problem
of locating s'P' '5 in the first four spectra of the
S I sequence.

The level values of the ground configuration
must show a quite smooth change in their rela-
tive position through the sequence. Specially
suitable for the comparison in the actual case are
the quantities 'D —'P, '5—'D and the Slater
ratio ('S—'D): ('D —'P, ), which are collected
in Table II, including the new values suggested
in the present note. As usual, 'I', denotes the
mean of the 'I' levels, weighted according to
2J+1. The last column gives the value for '5
with reference to the ground-level 32 2. For all
the spectra tabulated" 4' the term 'D has
been found and connected with the triplets. The
trend of the '5 position through the series Ti VII,
Sc VI, and Ca V is definitely in favor of changing
Ruedy's classification' in S I in the way suggested
by Bowen, 7 to which the figures in the first row
of Table II correspond. On this basis the differ-
ence 'S—'D can be accurately interpolated for
A III. At the corresponding wave-length one
finds the strongest unidentified nebular line as
observed by Bowen and lyse in the three
nebulae: XGC 6572 X5190.8 (2), NGC 7027
X5192.0 (5), and XGC 7662 X5192? (3). If we
accept the identification LA III] '5 'D for this—
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Combination t calc. t obs. X obs.

s'P4 'So-sP' 'P~ 132592 132591.9 754.194 (37)—('P)4s 'P1 254925 254923.9 392.274 (2)—3d 'P I 222897 — masked
—('P)4s 'P1 259586 absent

' A previous tentative location of 'S in K IU by H. A.
Robinson and G. H. Shortley t Phys. Rev. 52, 725 {1937)j
repeated by WVei-Zang Tsien I Chinese J. Phys. 3, 117
(1939)j admits too large errors for Ekefors' measurements
and involves an impermissible deviation in the isoelectronic
comparison.

'o H. A. Robinson and G. H. Shortley, Phys. Rev. 52,
713 {1937).Two minor errors in Tables I and II of this
reference were corrected while constructing the theoretical
curves in Fig. 1.

line and use as mean X5191.4, the figures for
A III in the Table II are obtained. It should be
possible to check the new identification of 'S in

A III through combinations in the extreme ultra-
violet.

The A III identification permits a reliable
interpolation for K IV. Through the identifica-
tion of two lines in Ekefors' list as shown in

Table III a value for s'p4'S is found, which

agrees perfectly with the isoelectronic compari-
son. ' For 'S—'D follows X„,4511.0, which might
explain the faint line in the nebulae XGC 7027
X4511.8? (1) and EGC 7662 X4510.8 (0.5).~

Figure 1 shows the variation in the observed
Slater ratio for 3s'3p' and 3s'3p'. In order to
allow a direct comparison with the theoretical
formulae for intermediate coupling, we follow
Robinson and Shortley's very useful methods'
and plot the ratio against the parameter x as
determined from the coupling ratios ('Pm 'Po):—
('D —'I', ) and ('P, —'P,):('D —'P.) for p' and
p4, respectively. It should be noticed that the
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FIG. 1. The Slater ratio ('S—'D): ('D —'P, ) as a function
of the coupling parameter y = f&/SF~.

scale used for Fig. 1 is such that an error in the
position of '5 of less than 50 cm ' would cause
an easily recognized discontinuity in the smooth
curve from Ti VII to A III. By assuming now a
drop in the Slater ratio from Cl II to S I, similar
to that observed from P II to Si I, the ratio
1.437 for Cl II may be obtained from the dia-

gram, corresponding to 27900 cm ' as predicted
position for 'S. The published tables of the
chlorine spectrum are, however, insufFicient for a
further confirmation. Kiess and de Bruin' were
also unable to find the term in spite of careful
examination of various unpublished lists. It
seems inevitable to assume that 3s'3p4'S has
only quite few and comparatively faint com-
binations, at least for the first elements in the
S I sequence.

COMMENTS

I am indebted to the author of this article for
the opportunity to comment upon it. It is clear
from his data that my earlier identification of
X769.152 was incorrect, as were my values of the
s'p''So and sp' 'I'~' terms based upon it. A re-
examination of unpublished argon lists in the
vacuum ultraviolet gives no evidence of the
s'p' 'So —sp' 'I'p line in A III or of other hnes
which might serve to locate the 'So term of the
ground configuration. A similar re-examination by
C. C. Kiess of unpublished lists of chlorine gives
the same negative result for Cl II and confirms
the conclusion that lines to the 'So state must be

relatively faint.
Line lists and term values in A III already

published* must now be revised. In addition to
the change indicated above, previous identifica-
tions of the lines ) 1205.95, X676.242, and ) 623.767
must now be withdrawn, as well as the tentative
ones for ) 604.152 and 3536.745. The four inter-
system combinations locating the s'p''D& term
relative to the triplet system are in no way
aR'ected by this revision.

J. C. BovcE
Massachusetts Institute of Technology

*J. C. Boyce, Phys. Rev. 48, 396 {1935);49, 351 {1936).


