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Abstract

The three published volumes on "Atomic Energy Levels," NBS Circ. 467, contain
for each spectrum the bibliography that was used in compiling the data. The present
work is a continuation of these bibliographies arranged in the same form. The time
interval is the span from the respective dates of the earlier publications to the present.
The selection of references is restricted to those needed for the preparation of revised
tables of atomic energy levels and multiplets.

The bibliography is being published by Sections, each of which covers the same
elements as the respective volumes of AEL. Section 1 was issued in September 1968;
it contains references for the elements 'H through ^'V, corresponding to AEL Volume I.

The present Section is similarly arranged, giving references to the spectra of the
elements "^'Cr through "Nb, corresponding to AEL Volume IL For a given element the
spectra are listed in order of increasing stage of ionization.

The original papers have been examined for nearly all of the quoted references.

Keywords: Spectra, Atomic; Analyses of Atomic Spectra; Elements, Spectra
of Cr through Nb; Bibliography, Atomic Spectra; Atomic Spectra,
Cr through Nb: References to Atomic Spectra.
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The present bibliography is a continuation of

the work published in September 1968 [1].^

Selected references are listed to meet a steady
demand for data on atomic spectra. No attempt
has been made to publish complete reference
lists on atomic spectra including numerous
specialized subjects. Those listed have been
chosen for individual spectra on the same basis
of selection as was used for the Volumes on
"Atomic Energy Levels" [2]. They are refer-

ences that deal with the outer structure of

atoms as revealed by their optical spectra. They
cover the time interval between the publication
of the respective Volumes of "Atomic Energy
Levels" and the present time.

Section 1
|

lj dealt with the elements
through -3V from 1949 to the middle of 1968.
Earlier references were given in "Atomic
Energy Levels" Volume L The present Section,

No. 2 in the Series, covers the elements =^Cr
through "Nb, corresponding to Volume II,

which was issued in 1952.
As in Section 1 the content of individual

papers is briefly described by key letters or
words. The letters have the following meanings

:

C L Classified lines

E D Energy level diagram
G D Grotrian diagram
I P Ionization potential

I S Isotope shift

T Terms
(and/ or energy levels)

W L Wavelength
Z E Zeeman effect

[ 1
Forbidden transitions

hfs Hyperfine structure
Osc. Str. Oscillator strength
X Correction connecting sets

of terms of different

multiplicities

The letters "A" and "L" entered in paren-
theses before the date of the reference denote,

respectively, that the paper is an "Abstract" or
a "Letter to the Editor."

In general, the references have been selected

as those needed to revise and extend the author's
Tables of Atomic Energy Levels [2] and Multi-
plets [3] [4] [5]. They refer mostly to labora-
tory observations and analyses. There are a few
special cases where forbidden lines observed in

coronal or nebular spectra provide reliable in-

Figures in brackets indicate the literature references on page VII.

formation on intervals of ground terms of se-

lected spectra. Similarly, some papers on theo-

retical work are also extremely useful. Such
references are included.

A limited number of scattered references on
related topics such as hyperfine structure, Stark
Effect, Isotope Shift, etc., are also included, but
no effort has been made to cover these related

subjects completely.
In tabulating the references for a given spec-

trum the overall plan has been to arrange them
in alphabetical order by author and by year,

starting with the earlier papers. Owing to the

use of the photographic method for publication,

this order has not been followed strictly. If ex-

cellent reference material became available af-

ter the final typing had been completed, addi-
tional references were inserted under the
proper spectra where space permitted. This has
introduced some irregularities in arrangement,
but it has also made the bibliography more use-

ful.

Nearly all of the references quoted here have
been examined by the author. Only a few which
were not available have been copied on the basis
of abstracts found in the literature.

The author is grateful to all who have gener-
ously contributed material for inclusion here.

Some have made special effort to furnish cur-
rent references and reprints, and to outline pro-
grams in progress in various laboratories.

B. Edlen and L. Minnhagen have kindly sug-
gested important corrections in the manuscript,
which are much appreciated. Special thanks are
due, also, to Isabel D. Murray for her meticulous
care in preparing the press copy of the manu-
script.
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(1953). Z E

C. C. Kiess, J. Research Nat. Bur. Std. 5l, 2hl to 305, RP2U57 (1953).
I P, T, C L, Z E

G. Racah, Bull. Research Council Israel 3, 290 to 298 (195U). Theory

C. E. Moore and P. W. Merrill, Appendix A: Partial Grotrian Diagrams
(1956); Nat. Std. Ref. Data Series, Nat. Bur. Std. NSRDS-NES 23, 5U,

55 (1968). Partial G D, C L
^
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G. Racah and N. Spector, Bull. Research Council Israel 9F, 75 to 92
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G. Racah, Bull. Research Council Israel 3, 290 to ?98 (195U). Theory

F. L. Moore, Jr., Iftiiv. Microfilm Publ. No. 10972; Dissertation Abstract
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E. Alexander, Uo Feldman and B. 3. Fraenkel, J. Opt. Soc. Am. 55, 650 to
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R. D. Cowan, Astroph. J. lij, 377 to 379 (1967). C L

R. D. Cowan, J. Opt. Soc. Am. 58, 92U to 933 (1968). Theory

Cr VII

E. Alexander, U. Feldman, B. S. Fraenkel and S. Hoory, Nature 206, 176 (L)

(1965). C L

E. Alexander, U, Feldman and B. S. Fraenkel, J. Opt. Soc. Am. 55, 650 to

653 (1965). T, C L

U. Feldman, B. S. Fraenkel and S. Hoory, Astroph. J. lU2, 7l9 to 723

(1965). C L

A. H. Gabriel, B. C. Fawcett and C. Jordan, Nature 206, 390 to 392 (1965).

C L

A. H. Gabriel, B. C. Fawcett and C. Jordan, Proc. Phys. Soc. (London) 87,
825 to 839 (1966). C L

R. D. Cowan, J. Opt. Soc. Am. 58, 92U to 933 (1968). Theory

L. k. Svensson and J. 0. Ekberg, Ark. Fys. 37, No. 7, 65 to 8U (1968).
C L

Cr VIII

A. H. Gabriel, B. C. Fawcett and G. Jordan, Nature 206, 390 to 392 (1965).

C L

B. C. Fawcett and A. H. Gabriel, Proc. Phys. Soc. (London) 88, 262 to

26U (L) (1966). C L
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82^ to 839 (1966). C L

~

B. C. Fawcett and N. J. Peacock, Proc. Phys. Soc. (London) 91, 973 to 975
(1967). G L

—

R. D. Gowan, J. Opt. Soc. Am. 58, 92U to 933 (1968). Theory

Cr IX

A. H. Gabriel, B. G. Fawcett and C. Jordan, Nature 206, 390 to 392 (1965). C L
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825 to 839 (1966). G L
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Cr XI
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(London) 90, 863 to 867 (1967). C L

Mn XIII

B. C. Faweett, A. H. Gabriel and P. A. H. Saunders, Proc. Phys. Soc.

(London) 90, 863 to 867 (1967). C L

B. C. Faweett and N. J. Peacock, Proe. Phys. Soc. (London) 91, 973 to 975

(19671; C L

10



MANGANESE

Mn XIV

B. C. Fawcett, A. H. Gabriel and P. A. H. Saunders, Proc. Phys. Soc.
(London) 90, 863 to 867 (1967). C L

B. G. Fawcett and N. J. Peacock, Proc, Phys. Soc. (London) 91, 973 to 975
(1967). C L

Mn XV
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R. B. Trees, Phys. Rev. 129, 1220 to 122U (1963). Theory

J. P. Swings, Bull, Acad. roy. ^de Belgique, Sci. CI. [5] 5l, 39 to U6
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Theory, [C L]
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R. D. Gowan, Astroph. J. lU7, 377 to 379 (1967). C L

R. D. Gowan, J. Opt. Soc. Am. 58, 92h to 933 (1968). Theorjr

Ko G. Widing and G. D. Sandlin, Astroph. J. l52, 5U5 to 556 (1968). G L,
Solar Ident.

Fe IX

E. Alexander, U. Feldman and B. S. Fraenkel, Phys. Lett. (Amsterdam) lU,

h to Ul (1965). W L
"~

F. Alexander, U. Feldman and B. S. Fraenkel, J. Opt. Soc. Am. 55, 650 to

653 (1965). G L, T
~

E. Alexander, U. Feldman, B. S. Fraenkel and S. Hoory, Nature 206 , l76(L)
(1965). C L

R. D. Cowan and N. J. Peacock, Astroph. J. 1U2, 390 to 396(L) (1965). G L
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