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Self-Reversal in the Spectral Lines of Uranium
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In 1946, Kiess, Humpbreys, and Laun published?
a “Preliminary description and analysis of the first
spectrum of nranium" in which relative intensities and
magnetic splitting of strong lines indicated that the
outer-electron configuration of normal wranium atoms
was 5264 75* with an energy level designated 5L
representing the ground state. At that time efforts
to confirm this conclusion by observing self-reversal
in uranium lines emitted by conventional anderwater
sparks or d-c arcs failed. However, a high-current

ulsed arc (75 A peak current) recently developed by
gug&r‘ produced many absorbed or partially reversed
lines in wranium spectra, thus providing for the first
time a direct experimental verification of the low
energy levels of the uranium atom. Those spectro-
grams were loaned to me for study.

The observations of self-reversed lines in yranium
spectra cover the region from 3200 to 4400 A in the
second order of a concave grating with a reciprocal
disperaion of .86 A per min, Spectrograms made in
the first order beyond 4100 A did not show self-rever.
sals, probahly becanse of insufhicient resolving power.
Between 3413.25 and 4393.60 A, fifty-four L7 1 lines that
show self-reversal were identified; about a dozen of
these are indicated in reproductions that appear in
Sugar’s* paper. The distribution of reversed and
classified U lines among low energy levels is shown
in table 1. Since 70 percent of these lines involve
¥L: they prove that this is indeed the ground state of
neutral wranium: the remainder verify the reality of
four metastable states with low energy.
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This proof i presented in detail in table 2 which is
based mainly upon our 1946 publication (see foctnote 1)
but includes some additional and revised data. The
wavelengths and estimated relative intensities repre-
sent our original observations of uranium spectra
emitied by a d-« (5 A) are. The corresponding wave-
numbers are taken from a “ToMe af Wavenumbers™ s

In table 2, the final column displays numerical values
of high energy levels (even parity) that combine with
the low energy levels (odd parity), symbolized in the
preceding column and evaloated in table 1. In both
tables the subscripts represent J-valoes.

Fn our first paper (see footnote 1), the relative values
of energy levels were given to six figures, ending with
one decimal. In 1964 Michéle Diringer* recalculated
the energy levels of UI 10 seven figures, including two
idecimals, and reported some new ones.  In constroe-
ting table 2, I have adopted the energy-level values
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TABIE 2. Self-reversed liner af 11

Wayelengh | Intenaity | Wavenumber | Odd Jevel | Even level
{air) in are K {vac)
4303 60 200 T80 b 2275405
4362405 300 22918.56 "LE ZM18.54,
415397 150 24066.57 ¥ 23066.57 ¢
394845 35 2531923 5L 2531925,
304382 200 2234895 *La 20340, 05,
4,12 L0 2H6T2.47 G 2567244,
3876.13 60 25791 62 "L; 25791 58,
AT 120 2h%E5 53 *Le 25805, 54,
3854.22 100 2593823 L I 25938 M),
23062 120 26036.,56 L 237,615
ARLE 00 150 bl ] | b - 25%.544
376535 4} 26550.41 b I 2 3y
373145 100 2679).62 513 2679162,
692,75 30 2707238 il 2707236y
3685.78 0 37123 58 % 27743.01,
3682 48 20 27148.03 517 27144 (g
367928 &) 21T 5% 27791.12,
J677.29 60 2718546 LI IMEBE. 2,
3659 .58 Al 2131776 LK 2702806
3650.16 1040 2732050 G 21941 22,
36444, 24 &0 27432.75 K3 25303,
639,49 30 468,55 4 31744.23,
3638.20 150 27478.29 3y 31279.09,
636,31 15 77492 57 a3 3104594,
626,36 15 27568.00 *K; 2818824,
3620.03 ) 2761542 - ZT6 LS. V6
3605.28 40 2T g 277, ML,
A, 36 30 ZITR% o I 2774391,
3598.04 a0 21778.03 5 FAFEFR i
A591.74 50 833,72 "‘é 2845397,
0408 00 2TH86.94 "L§ ZTRAH, 96,
357833 is 27938.02 L ZTO3R. G,
LEY R M 040,22 s 241,22,
3574.76 50 2706592 e 2796589,
3566 50 200 26026, 90 ‘K 28650, 26,
3563 66 ) 205303 'LE 20053, 0d,
3061.41 40 ZEDT0LTD 1 I 31871.52,
155784 L2 28008,92 il 2800092,
3505532 60 2B118.8% 5Ly 2B118.81+
1346.55 25 H168,36 *La 23168 34a
1534.33 30 2028582 *La ARG, 75,
3514.61 200 434 .53 L 28444 53,
351168 &0 2845206 b 452, 12;
35144 30 28437020 g 284 70.14,
AT M 80 2830348 g 2850342,
150007 an 28567 .68 "LE 2836266,
348037 80 2865027 L ZA650, 265,
3466, i 2684094 s} 288:40.00,
462,22 30 28874.03 L3 285749
3459.92 50 28894 12 b 28894 11,
3454.61 30 28935.54 SK: 20553 81,
42 95 20 236,54 "LE 2003464,
43428 10 29109.54 53 29109, 80,
2125 20 20200, 19 &3 2000050,

reported by Diringer, plos the following new levela:
27148,06;, 27038.08;, 28452.12;, and 20036.60,.

Although the wuranium wavelengths reporied
{see footnote 1) in 1946 were limited to six Opurea,
the corresponding wavenumbers were given to seven
figures. The same is true in the present paper. Now
the average difference between observed and com-
puted wavenumbers in table 2 is less than £0.03 K,
which corresponds to an average error in wavelength
of about == 0.005 i Up to the present time no lists
of uranium wavelengths of higher accuracy have been
published.

My thanks go to Jack Sugar of the National Bureau
of Standards who made the uranium zpectrograms
available t¢ me for the above analysis.
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