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NATIONAL BUREAU OF STANfiARM ^:

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 L Section 2
appeared in February 1969; as in AEL Volume IL the references cover the elements ^'Cr
through ^'Nb.

The present Section is similarly arranged, giving references to the spectra of the
elements, Mo through ^'La and '^jjf through ^"Ac, similar to AEL Volume III. 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.

Key Words: Spectra, Atomic; Analyses of Atomic Spectra; Elements, Spectra of Mo
through La, Hf through Ac; Bibliography, Atomic Spectra; Atomic
Spectra, Mo through La, Hf through Ac; References to Atomic Spectra.

f

Library of Congress Catalog Card Number: 68-62107



Index to Spectra

Element z Spectrum fage iiilement Zi Spectrum Page

Molybdenum 42 Mo I 1 Tellurium 52 Te I 12
Mo II 1 Te II 13
Mo III 1 Te III 13
Mo IV 1 Te IV 13
Mo V 2 le V 13
MnIVJ-

u

VI 2 To1 e \7TVI 13
Mo \ rTTVll 2
i\/r,->ivio VIII

o
Iodine 53 I I 14

iVlO TV 2 I II 14Mn Y 2
Mn YT 2 Xenon 54 Xe I 15MnXVIu YVTA. V 1

o
Xe II 17

i C
Xe III 17

Technetium 43 I 3 Xe IV 18
Tp1 c TT

11 3 Xe V 18
ITT111 3 Xe VI 18

Ae VII 18
Ruthenium 44 PnrvU T

1 4 Ae A7TTTVlll 18
xvu TT

11 4 TYlA 19
XVU TIT111 4

Cesium 55 Cs I 19
Rhodium 45 Kn I 4 II 20

xvn TT
11 5

XVll TTT111 5 Barium 56 Ba I 21
Ba II 21

Palladium 46 I 5 rSa III 21
II 6 rSa TT7IV 21

Pd III 6

rd XX 6 Lanthanum 57 La I 21
La II 22

Silver 47 Ag I 6 La III 22
Ag II 6
AAg III 7
Ag XXI 7

Hafnium 72 HI T
1 23

Cadmium 48 Cd I 7 Hf TT11 23

Cd II 8 Hfill ITT111 23

Cd III 9 Hf111 TV1

V

24

XXII 9
Tantalum 73 1 a T

1 24

Indium 49
T
In I 9 Ta1 ct

TT11 24

In II 10 1 a,
TTT111 24

In XXIII 10
Tungsten 74 wvv 11 25

Tin 50 Sn 1 10 wVV TT
11 25

on TT
11 11 w LXV OCT

Sn IV 11

Sn XXIV 11 Rhenmm 75 Re I 25
Re II 26

Antimony 51 Sb I 12

Sb II 12 Osmium 76 Os I 26
Sb XXV 12 Os II 27

III



Index to Spectra—Continued

Element Z Spectrum Page Element z Spectrum Page

Iridium 77 Ir I 27 Bismuth 83 Bi I 35
Ir II 27 Bi II 36

Platinum 78 rt I 27 Polonium 84 Fo I 36
Po II 36

Gold 79 Au I 28
AAu II 28 Astatine 85 At I 36
AAu III 28

Radium 88 Ra I 37
Mercury 80 Hg I 29

Hg II 32 Actinium 89 Ac I 37
TTHg III 32 AAc II 37

Ac in 37
Thallium 81

mi
Tl I 33

AAc IV 37
1

1

II 34
Tl IV 34

Lead 82 Pb I 34
Pb II 35
Pb III 35
Pb IV 35

IV



Bibliography

on
The Analyses of Optical Atomic Spectra

Charlotte E. Moore

The present bibliography is a continuation of

the series of which two Sections have been
published; the first in September 1968 and the
second in February 1969 [1].' Selected references

are listed to meet a steady demand for data on
atomic spectra. No attempt has been made to

give 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 references that deal with the outer structure
of atoms as revealed by their optical spectra.

They cover the time interval between the publi-

cation of the respective Volumes of "Atomic
Energy Levels" and the present time.

Section 1 [1] deals with the elements throughW from 1949 to the middle of 1968. Earlier
references were given in "Atomic Energy Levels"
Volume L Section 2 [1] covers the elements ^''Cr

through ^'Nb, corresponding to AEL Volume II,

which was issued in 1952. The present Section
contains references to the elements *^Mo through
"La and '^Hf through *'Ac, i.e., similar to those
in AEL Volume III, issued in 1958.

This publication will conclude with Section 4
which will deal with rare-earth spectra, and thus
complete the elements in the Periodic Table. The
"Atomic Energy Levels" for rare-earth spectra
scheduled to comprise Volume IV of the AEL
set, are not yet compiled. This Volume has been
delayed because many of the very complex
spectra to be included are at present under active
investigation. Meanwhile, it is felt that a bibli-

ography on rare-earth spectra may help to meet
present needs.

Figures in brackets indicate the literature references on page iv.

As in the preceding Sections 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)

WL Wavelength
Z E Zeeman effect

[ ]
Forbidden transitions

hfs Hyperfine structure

Osc. Str. Oscillator strength
X Correction connecting sets of

terms of different multi-

plicities

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 laboratory
observations and analyses. There are a few special

cases where forbidden lines observed in coronal

or nebular spectra provide reliable information

on intervals of ground terms of selected spectra.

Similarly, some papers on theoretical 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.
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In tabulating the references for a given spectrum
the overall plan has been to arrange them in alpha-

betical order by author and by year, starting with
the earlier papers. Owing to the use of the photo-
graphic method for publication, this order has
not been followed strictly. If excellent reference

material became available after the final typing
had been completed, additional references were
inserted under the proper spectra where space
permitted. This has introduced some irregularities

in arrangement, but it has also made the bibliog-

raphy more useful.

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 generously
contributed material for inclusion here. Some have
made special effort to furnish current references

and reprints, and to outline programs in progress
in various laboratories. She appreciates the useful

additions to the bibliography kindly furnished by
L. Minnhagen. Special thanks are also due
Isabel D. Murray for her meticulous care in

preparing the press copy of the manuscript.
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B309 (1965). hfs, Z E

J. Kuhl, A. Steudel und H. Yi/alther, Zeit. Phys. 196, 365 to 38U (1966),
hfs

Re II

C. E. Moore and P. 1'. Merrill, Appendix A: Partial Grotrian Diagrams
(1956); Mat. Std. Ref. Data Series, Nat. Eur. Std. NSRDS-MBS 23, 57
(1968). C L

—

\'(, F. Meggers, M. A. Catalan and M. Sales, J. Research Nat, Bur, Std. 6l,
hhl to U6l, RP291U (1958). T, C L, Z F,

~

OSMIUM (Z .= 76)

Os I

J. Blaise, Ann. de Phys. [13] 3, 1062 to 1067 (1958). I S

Th. A. M. van Kleef, Proc. Kon. Nederl. Akad. ^^.^etensch, [B] 63, 501 to
601 (I960), I P, T, C L, Z E

G. Guthohrlein, H. Kopfermann, G. Noldeke und A. Steudel, Zeit. Phys.

165, 356 to 368 (I96I). IS, hfs

Th. A. M. van Kleef and P. F. A. Klinkenberg, Physica 27, 83 to 9U(196l).
I P, T, Z S

A. P. Hines and J. S. Ross, Phys. Rev. 126, 2105 to 2108 (1962). I S

K. Murakawa, J. Phys. Soc. Japan 17, 89I to 896 (1962). hfs

G. Noldeke und G. G. Saksena, Zeit. Phys. I66, 216 to 219 (1962). I S

Th. A. M. van Kleef, unpublished analysis (I963). T, C L
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OSMIUM

Os I - Continued

G. G. Gluck, Y. Eordarier, J. Bauche et Th. A. M. van Kleef, Physica 30,
2068 to 2lOlt (196a). I S, T, G L, Z E

G. Gluck, Ann. de Phys. [13] 10, 692 to 696 (1965). I S, T, C L, Z E

Os II

Th. A. M. van Kleef, Proc. Kon. Nederl. Akad. Wetensch. [B] 63, 501 to
601 (i960). T, C L, Z E

Th. A. M. van Kleef and P. F. A. Klinkenberg, physica 27, 63 to 9h(196l).
T, Z E

Th. A. M. van Kleef, unpublished analysis (1967). T, C L

IRIDIIM (Z = 77)

Ir I

Th. A. M. van Kleef, Physica 23, 8)43 to 897 (19?7). I P, T, C L, Z E

Ir II

Th. A. M. van Kleef, Analysis in progress (1967). T, C L, Z E

PLAT INM (Z = 78)

Pt I

W. J. Ghilds and L. S. Goodman, Bull. Arri. phys. Soc. [2] 12, 509 (1967).

T, hfs, Z E

Y. Shadmi, Physica 23, 183 to 187 (1967). Theory

27



GOLD (Z = 79)

Au I

R. Caspar, Acta Phys. Acad. Sci. Hungary 12, 335 to 3U9 (I960). Theory

E. Recknagel, Zeit. Phys. l59, 19 to 32 (I960), hfs

W. B. Ewbank and H. A. Shugart, Phys. Rev. 135 , A358 to A36l (1961i).
hfs

H. Bucka und J. Ney, Zeit. Phys. 19U, 208 to 210 (1966). hTs

A. 0. Blachman, D. A. Landman and A. Lurio, Phys. Rev. l6l, 60 to 67

(1967). hfs, Z E

H. Dahmen und S. Penselin, Zeit. Phys. 200, U56 to h66 (1967). hfs

A. M. Crooker, Analysis in progress, letter (I968).

Au II

A. S. Douglas, D. R. Hartree and W. A. Runciman, Proc. Cambridge Phil.

Soc. 5l, hQ6 to 503 (1955). Theory

A. M. Crooker, Analysis in Torogress, letter (I968).

S. Davis, On Berkeley Program (I968).

Au III

L. Iglesias, J. Research Nat. Bur. Std. 6UA, U8I to U85 (I960). T, C L,

W L, E D

Y. Shadmi, J. Research Nat. Bur. Std. 69A, 5ll to 5l6 (1965). T Theory

L. Iglesias, J. Research Nat. Bur. Std. TOA, U65 to U66 (I966). T, C L

H. Mendlowitz, J. Research Nat. Bur. Std. 7lA, lU9 to l56 (1967). Theory
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MERCURY (Z = 80)

Hg I

E. K. Plyler, L. R. Blaine and E. D. Tidwell, J. Research Nat. Bur. Std,

55, 279 to 28U, RP2630 (1955). C L, Interf. W L Infrared

P. G. Wilkinson, J. Opt. Soc. Am. U5, 862 to 867, lOhh to 10U6 (1955).
W L

D. H. Rank, J. M. Bennett and H. E. Bennet, J. Opt. Soc. Am. U6, li77 to
U8U (1956). Interf. W L Near Infrared

I. I. Agirbiceanu, N. lonescu-Pallas et V. Draganescu, Compt. Rend. 2h5 ,

105U to 1056 (1957). hfs

G. S. Bogle, J. N. Dodd and W. L. McLean, Proc. Phjs. Soc. (London) TOB,
796 to 800 (1957). hfs

C. J. Humphreys and E. Paul, Jr., NAVORD Report li600, 23 to 36 (1957);
U636, 32 pp. (1958); 5963, 5)4 to 58 (1959). Interf. W L Infrared

F. McClung and J. R. Holmes, J. Opt. Soc. Am. U7, 297 to 299 (1957). I S

J.-C. Pebay-Peyroula, J, Brossel et A. Kastler, Compt. Rend. 2iiU , 57 to

59; 2U5, 8U0 to 8ii2 (1957). hfs, Z E

R. L. Barger and K. W. Meissner, J. Opt. Soc. Am. U8, 22 to 27 (1958).
Interf. W L

J. Blaise, Ann. de Phys. [13] 3, 1038 to IOU6 (1958). I S, T, C L

G. W. Charles, J. Opt. Soc. Am. U8, 668 (l) (1958). T, C L

W. Lichten, Phys. Rev. 109, 1191 to 1192 (1958). T

K. Murakawa, Phys. Rev. 110, 393 to 396 (1958). hfs

J. Terrien, Compt. Rend. 2U6, 2362 to 236I4 (1958). Interf. W L, 0 L

P. L. Sagaljm, A. C. Melissinos and F. Bitter, Phys. Rev, 109, 375 to

380 (1958). hfs

K. M. Baird and D. S. Smith, Can. J. Phys. 37, 832 to 8U0 (1959).
Interf. W L

H. Chantrel, Ann. de Phys. [13] U, 987 to 990 (1959). hfs

J. J. McNeill, J. Opt. Soc. Am. U9, hhl to [iU5 (1959). W L

K. Murakawa, J. Phys. Soc. Japan lU, l62U to 1633, I836 (1959). T, hfs
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MERCURY

Hg I - Continued

J. C. Pebay-Peyroula, J. de Phys. 20, 669 to 679, 721 to 729 (1959).
hfs, Z E, E D

H. R. Hirsch and C. V. Stager, J. Opt. See. Am. 50, 10^2 to 10^3 (I960), hfs

I. Johansson and K.-F. Svensson, Ark. Fys. (Stockholm) I6, No. 3h, 3^3 to
360 (i960). L, C L, Stark Effect

M. N. McDermott and W. L. Lichten, Phys. Rev. 119, 13^ to lli3 (I960),
hfs

D. H. Rank, G. Skorinko, D. P. Eastman, G. D. Saksena, T. K. McCubbiri, Jr.

and T. A. Wiggins, J. Opt. Soc. Am. |o, 10l|5 to 1052 (I960), hfs

R. L. Earger and K. G. Kessler, J. Opt. Soc. Am. 5l, 82 7 to 829 (1961).
Interf . Yl L

C. F. Bruce and R. M. Hill, Australian J. Phys. li|, 6)4 to 88 (I96I).
W L Stark Effect

J. N. Dodd, Proc. Phys. Soc. (London) IQ, 65 to 69 (196l). hfs, Z E

C. J. Humphreys, E. Paul, Jr. and K. B. Adams, NA^r^EPS Report 7190, I6 to
22 (1961). "W L Standards Near Infrared

R. H. Garstang, J. Opt. Soc. Am. 52, 8h5 to 85l (1962). C L, hfs. Theory

V. Kaufman, J, Opt. Soc. Am.. 52, 866 to 870 (1962). Interf. W L, T, C L

E. R. Peck, B. N. Khanna and N. C. Anderholm, J. Out. Soc. Am. 52, 536 to

538 (1962). \^ L Near Infrared

K. M. Baird, D. S. Smith and K. H. Hart, J. Opt. Soc. Am. 53, 7l7 to 720

(1963). Interf. L

International Committee on Weights and Measures, J. Opt. Soc. Am. 53, hOl

(1963). VJ L Standards

A. Kastler, J. Opt. Soc. Am., 53, 902 to 910 (I963). "Lamp Shift"

Th. A. M. van Kleef and M. Fred, Physica 29, 389 to hOh (1963). T, C L,

Z E

H. Kleiman and S. P. Davis, J. Opt. Soc. Am. $3, 822 to 827 (1963). hfs,

I S

G. Schweitzer, Jr., J. Opt. Soc. Am. 53> 1055 to 1072 (1963). hfs,

I S
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IffiRCURY

Hg I - Continued

W. G. Schweitzer, Jr., J. Opt. Soc. Am. 53, 1250 to 1252 (1963).
Interf . V; L

l/i/. G. Schweitzer, Jr. and K. G. Kessler, J. Opt. Soc. Am. 53, 1382 to

1388 (1963). Interf. W L

V/. J. Tomlinson III and H. H. Stroke, J. Opt. Soc. Am. 53, 828 to 830

(1963). hfs, I S

P. G. Wilkinson and K. L. Andrew, J. Opt. Soc. Am. 53, 710 to 7l7 (1963).
W L

B. Edlen, Trans. Intern. Astron. Union 12A, 137 to 139 (1961|).

W L Standards

K. Bockasten, M. Garavaglia, B. A. Lengyel and T. Lundholm, J. Opt. Soc.

Am. 55, 105l to 1053 (1965). C L, W L, G D Laser Observations
1.1/^ to 6.5/"'

C. J. Humphreys and E. Paul, Jr., NAVWEPS Report 8833, 27 to 3h (1965).
T, C L, G D, E D 3.2/^- to U.O/^

K. Murakawa, J. Phys. Soc. Japan 20, 109 It (1965). hfs, Z E

¥. m Smith, Phys. Rev. 137, A330 to A339 (1965). hfs, Z E

K. G. Kessler, Physica 33, 29 to U6 (1967). hfs, Z K

R. G. M. Learner, unpublished material. Imperial College, London (1967).
Extended Series

D. R. Beck, Thesis, Lehigh Univ., 220 pp. (1968). Theory

1. R. S. Garton and J. P. Connerade, Astroph. J., in press (1968).
Absorption Series Vac. Ultraviolet

A. Khadjavi, A. Lurio and W. Happer, Phys. Rev. 167, 128 to 135 (1968).
Stark Effect

D. Lacier, Compt. Rend. 266B, l509 to l5l2 (1968). hfs, I S, Z E

J. C. McConnell and B. Moiseiwitsch, J. Phys. B (Proc. Phys. Soc. London)

[2] 1, U06 to Ul3 (1968). Theory

M. W. Swagel and A. Lurio, Phys. Rev. l69, llh to 119 (1968). hfs, Z E
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lEHCURY

Hg II

P. G. Wilkinson, J. Opt. Soc. Am. k^, 862 to 867 (19^5). Vac. Ultra-
violet W L

J. Blaise, Ann. de Phys. [13] 3, 1036 to 10U6 (1958). I S, T, C L

R. W. Shorthill and G. R. Fowles, J. Opt. Soc. Am. U6, U59 to U60 (1958).
I S, C L

0. Loebich und A. Steudel, Zeit. Phys. l66, 56 to 6l (1962). hfs, [C L],
I S

Th. A. J/I. van Kleef and M. Fred, Physica 29, 389 to I4OU (1963). C L,

Z E

P. G. Wilkinson and K. L. Andrew, J. Opt. Soc. Am. 53, 7lO to 7l7 (1963).
W L

W. E. Bell, Appl. Phys. Lett. U, 3h to 35 (I96I1). C L Laser Observations

R. L. Beyer, ?f. E. Bell, E. Hodges and A. L. Bloom, J. Opt. Soc. Am. 55,
1598 to 1602 (1965). Laser Observation

IK. B. Bridges and A. N. Chester, IEEE J. C'u. Electronics QE-1 , 66 to 8h
(1965). C L, W L Laser Observations

K. Murakawa, Phys. Rev. Ih6, 135 to I36 (1966). Stark Effect

Hg III

P. G. Wilkinson, J. Opt. Soc. Am. U5, 862 to 867 (1955). Vac. Ultra-
violet W L

R. W. Shorthill and G. R. Fowles, J. Opt. Soc. Am. Ii8, ^459 to U60 (1958).

I S, C L

K. Muraka-wa, J. Phys. Soc. Japan ih, 162U to 1633 (1959). hfs

W. B. Bridges and A. N. Chester, IEEE J. Qu. Electronics QE-1 , 66 to 8U

(1965). C L, W L Laser Observations
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THALLm (Z = 81)

Tl I

G. V. Marr, Proc. Roy. Soc. London [A] 22U, 83 to 90 (195Ii). C L,
Autoionization

G. 0. Brink, J. G. Hubbs, W. A. Nierenberg and J. L. Viforcester, Phys.Rev.
107 , 189 to 195 (1957). hfs

0. I. Odintsov, Opt. i Spektr. 9, lU2 to II46 (I960), hfs, I S

W. R. S. Garton, J. Quant. Sp. Rad. Transfer 2, 335 to 3hl (196?).
Series, Autoionization

C. J. Schuler, M. Ciftan, L. C. Bradley, III and H. H. Stroke, J. Opt.
Soc. Am. 52, 501 to 503 (1962). hfs, IS

W. Gough and G. Vi. Series, Proc. Phys. Soc. (London) 85, U69 to [;75

(1965) . hfs
"~

N. P. Penkin and L. N. Shabanova, Opt. i Spektr. I8, 71|9 to 755, 9)41 to

9U6 (1965). I P, Absorption Series

E. M. Reeves, W. R. S. Garton and A. Bass, Proc. Phys. Soc. (London) 86,
1077 to 1060 (1965). Absorption Series, Vac. Ultraviolet

S. P. Davis, H. Kleiman, D. Goorvitch and T. Aung, J. Opt. Soc. Am. 56,
I60I4 to 1607 (1966). hfs, I S

~

W. R. S. Garton, V'i. H. Parkinson and E. M. Reeves, Can. J. Phys. hh, l7U5
to 1752 (1966). C L, Absorption Series, Vac, Ultraviolet

G. V. Marr and R. Heppinstall, Proc, Phys. Soc. (London) 87, 293 to P98

(1966) . G L, Autoionization

J. Siguier, Gompt. Rend. 263B, lU7 to l50 (I966). C L, W L Infrared

B. W. Shore, J. Opt. Soc. Am. 57, 88I to 88U (1967). Theory
Autoionization

H. G. Palmer, F. R. Petersen and R. C. Mockler, Bull. Am. Phys. Soc. [2]

13, 892 (1968). Stark Effect, hfs

F. R. Petersen, H. G. paLm.er and J. H. Shirley, Bull. Am. Phys. Soc. [2]

13, 167Ua (1968). Stark Effect, hfs
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THALLIUM

Tl II

C. B. Ellis and R. A. Sawyer, Phys. Rev. h? , lu5 to l50 (1936). I P, T,
C L, E D, W L, hfs

~

A. S. Douglas, D. R. Hartree and W. A. Runciman, Proc. Cambridge Phil.
Soc. 5l, U86 to 503 (1955). Theory

D. R. Beck, Bull. Am. Phys. Soc. [2] 1?, 336 (1967); Thesis, Lehigh Univ.,
220 pp. (1968). Theory

Tl IV

A. S. Douglas, D. R. Hartree and W. A. Runciman, Proc. Cambridge Phil.
Soc. 5l, U86 to 503 (1955). Theoiy

LEAD (Z = 82)

Pb I

J. Blaise, Ann. de Phys. fl3] 3, 10)4? to 1062 (1958). I S, T, C L

H. Chantrel, Ann. de Phys. [13] U, 983 to 987 (1959). hfs

W. R. S. Carton, J. Quant. Sp. Rad. Transfer 2, 335 to 3Ul (1962).
Series, Autoionization

M. E. Hults, Bull. Am. phys. Soc. [2] 8, U29 (1963). Z E, [C L]

M. Wilson, Thesis, unpublished (1961j.). T, Absorption Series Ultraviolet

W. R. S. Carton and M. Wilson, Proc. Phys. Soc. (London) 87, 8Ul to 850
(1966). I P, T, C L, W L Absorption Series Vac. Ultraviolet

E. B. Saloman and W. Happer, Phys. Rev. IJ4U, 7 to 22 (1966). hfs, Z E

G. M. Lawrence, Astroph. J. IU8, 26l to 268 (1967). Theory

D. R. Wood and K. L. Andrew, J. Opt. Soc. Am. 58, 8I8 to 829 (I968).

I P, T, C L, Interf. W L [ C L]

D. R. Wood, K. L. Andrew, A. Giacchetti and R. D. Cowan, J. Opt. Soc. Am.

58, 830 to 636 (1968). Z E, Theory

3k



LEAD

Pb II

J. Blaise, Ann. de Phys. [13] 3, 101^7 to 1062 (1958). I S, T, C L

F. E. Geiger, Jr., J. Opt. Soc. Am. U8, 302 to 303 (1958). I S

H. Ghantrel, Ann. de Phys. [13] h, 983 to 987 (1959). hfs

C. D. Cole, J. Opt. Soc. Am. 5U, 859 to 863 (196Ii). hfs [C L]

W. T. Silfvast, G. R. Fowles and B. D. Hopkins, Appl. Phys. Lett. 8, 3l8
to 319 (1966). Laser Transitions

Pb III

D. R. Beck, Thesis, Lehigh Univ., 220 pp. (I968). Theory

Pb IV

J. F. Hart and B. H. Worsley, Can. J. Phys. 37, 983 to 988 (1959).
Theory

BISllUTH (Z = 83)

Bi I

R. S. Title and K. F. Smith, Phil. Mag. [8] 5, 1281 to 1289 (I960), hfs,
Z E

M. Hults and S. Mrozowski, J. Opt. Soc. Am. 855 to 858 (196)4). hfs

L. 0. Dickie and F. M. Kelly, Can. J. Phys. Ii5, 22U9 to 225l (1967). hfs

R. Chuckrow, P. C. Magnante and H. H. Stroke, J. Opt. Soc. Am. 58, 922 to

923 (1966). hfs, ED "~

J. A. Heldt, J. Opt. Soc. Am., in press (I969). hfs
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BISLfUTH

Bi II

C. D. Cole, J. Opt. Soc. Am. |U, 8^9 to 863 (196U). hfs

M. Hults and S. Mrozowski, J. Opt. Soc. Am. 5U, 855 to 858 (196ii). hfs

POLONM (Z = 8U)

Po I

R. Caspar and K. Molnar, Acta Phys. Acad. Sci. Hungary 7, U55 to [|.62

(1957). Theory

G. M. Olsmats, S. Axensten and L. Liljegren, Ark. Fys. (Stockholm) 19,
No. 3h, k69 to ^81 (1961). hfs

~

Q. W. Charles, J. Opt. Soc. Am. 56, 1292 to 1297 (1966). I P, T, C L,

li L, hfs

Po II

G. W. Charles, J. Opt. Soc. Am. 56, 1292 to 1297 (1966). T, hfs
Estimates

ASTATINK (Z = 85)

At I

H. L. Garvin, T. M. Green, E. Lipworth and W. A. Nierenberg, Phys. Rev.

Lett. 1, 7U to 75 (1958). hfs

R. McLaughlin, J. Opt. Soc. Am. 965 to 967 (196h). T, C L
Absorption Observations
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RADIUM (Z = 88)

Ra I

F. S. Tomkins, Program, At. Sp. Symposium Nat. Bur. Std. p. 25 (A)
(September 1967). Absorption Series

ACTBIIUM (Z = 89)

Ac I

N. I. Kaliteevskii and A. N. Razumovskii, Atomnaya "^ergiya 3, ^8 to 550
(1957). ¥ L

W. F. Meggers, Spectrochim. Acta 10, 195 to 200 (1957). C L, L

Ac II

N. I. Kaliteevskii and A. N. Razumovskii, Atomnaya Energiya 3, to 550

(1957). L

W. F. Meggers, Spectrochim. Acta 10, 195 to 200 (1957). C L, W L

Ac III

N. I. Kaliteevskii and A. N. Razumovskii, Atomnaya Energiya 3, 5U8 to 550

(1957). W L

W. F. Meggers, Spectrochim. Acta 10, 195 to 200 (1957). C L, W L

Ac IV

W. F. Meggers, Spectrochim. Acta 10, 195 to 200 (1957). W L?
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