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This article treats briefly the fundamental stages of the study of the spectra of atoms and ions, which
constitute the fundamental problem of atomic spectroscopy. Detailed data are presented on the current state
of knowledge and the level of knowledge of the spectra of atoms and ions for all elements of the periodic
system. The greatest level of knowledge of the spectra has been attained in the range from H to Mo. This
involves the great progress in studying high-temperature plasmas, whereby spectra of 50-fold ionization have
been obtained. One can see from analyzing the level of study of the spectra that 1063 spectra had been studied
by December 1981, which amounts to 19.5% of the total number for the 104 elements. The presented data on
the level of study of the spectra enable an investigator to select those necessary for plasma diagnostics, and

also to plan a program of new spectroscopic studies.
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1. INTRODUCTION

The fundamental problem of atomic spectroscopy is to
study the spectra of atoms and ions. On the basis of the
rules established in the spectra, it has been possible to
construct a model of the atom, to establish the energy
levels for many atoms and ions, and to employ atomic
spectroscopy for solving important scientific and prac-
tical problems. Atomic spectroscopy as the science
studying the spectra of atoms and ions is a far from
completed field.

The origin of the systematic study of the spectra of
the chemical elements is considered to be 1859, when
Kirchoff and Bunsen formulated the well-known law of
the individuality of the line emission spectra for each
element. This stimulated the study of atomic spectra
and soon led to the discovery of 14 new elements in the
Mendeleev table (Cs, Rb, Tl, In, He, Ga, Ge, Pr, Nd,
Sm, Ho, Tm, Yb, and Lu). This law served as the
starting point of the development of qualitative spectral
analysis, and later also of quantitative analysis based
on the dependence of the spectral lines on the concen-
tration of the given element in the sample to be ana-
lyzed.

The first attempts to interpret atomic spectra were
undertaken by Rydberg. In 1889 he established that the
wave numbers of the spectral lines of certain chemical
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elements can be represented as differences between two
numerical quantities, which he called spectral terms.
On the basis of the differing structure of the spectral
lines, he classified the terms into sharp, principal,

and diffuse. Subsequently the initials of their English
names began to be used as the designations of the
electron shells of atoms and of terms. The physical
interpretation of these symbols and a clear presenta-
tion of the atomic energy levels was given by Bohr in
1913, who created a theory of the atom based on spec-
troscopic data. He showed that atoms can exist in dif-
ferent atomic states having different energies. The
spectral lines are the radiationthat arises inthe transi-
tion of an atom from one state to another, the radiation
frequencies being proportional to the differences in en-
ergies of the atomic levels. The scientifically grounded
spectroscopy of atoms and ions began to develop from
this time, and included the classification of spectra and
the establishment of energy levels.

2. THE STUDY OF SPECTRA FOLLOWING THE
CREATION OF THE THEORY OF THE ATOM

It is interesting to examine how the study of the spec-
tra of atoms and ions took place, starting in 1913, and
what spectroscopic science has achieved at present.
Our problem is facilitated by the publication in 1351 by
the outstanding American scientist William Meggers of
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an article that collected the complete data on the study
and classification of spectra of atoms and ions in the
period from 1913 to 1951.! The article showed that 231
spectra of 69 chemical elements had been studied up to
1932. The energy levels obtained from analyzing the
spectra were then published in the well-known book of
Bacher and Goudsmit.? At that time, four elements had
not been discovered (T¢c, Pm, At, Fr) in the Mendeleev
table from among the 92 elements from H to U. Since
each chemical element can yield as many different spec-
tra as it has electrons in the envelope of the neutral
atom, the number of possible spectra then amounted to
4002. The level of study of spectra can be character-
ized by the ratio of all the studied spectra to the total
number of spectra of the known elements. Thus, in
1932 the level of study of the spectra of atoms and ions
had reached 231/4002, i.e., 5.8%.

By 1951, 273 new spectra had been studied. The total
number of studied spectra had reached 504 for 84 ele-
ments. The energy levels of the atoms and ions were
collected in a three-volume work (Moore®). At this
time 98 chemical elements were known, including cali-
fornium. However, the spectra of 14 elements yet re-
mained unstudied (Pm, Ho, Er, Po, At, Fr, Ac, Pa, Np, Pu,
Am, Cm, Bk, Cf). The number of possible spectra of the
98 elements amounted to 4851. Hence the level of study
of spectra in 1951 was 504/4851, i.e., 10.4%.

In the following 30 years (from 1951 to December
1981), the scientists of many countries of the world
have conducted a great effort to study the spectra of
atoms and ions. This has been facilitated by the major
advances in spectroscopic technique, which has involved
problems that have arisen in which atomic spectroscopy
has proved very useful. Among these we mention the
spectral elemental and isotopic analysis of the products
and materials used in atomic technology; the study of
the complex spectra of the actinides and rare-earth ele-
ments and their hyperfine and isotopic structure; and
the employment of spectroscopic diagnostics for deter-
mining the fundamental parameters of low- and high-
temperature plasmas.

Consequently the situation has taken shape that new
possibilities of development have arisen for atomic
spectroscopy itself. New chemical elements have been
discovered with the aid of nuclear reactors and weigh-
able amounts of them have been obtained. Study has
begun on the optical spectra of these elements, on
classifying them, and establishing the energy levels of
the neutral atoms and their first ions. Spectra of mul-
tiply charged ions have been obtained in installations for
studying high-temperature plasmas.

Since 1967 many studies have been devoted to the
spectra of highly ionized atoms. A substantial contri-
bution has been made by Soviet spectroscopists. In the
past 15 years, the Institute of Spectroscopy of the
Academy of Sciences of the USSR under the direction of
E. Ya. Kononov has studied 140 spectra of the ions of
26 elements in the range from aluminum to tin. The
wavelengths of the spectral lines have been measured
with high accuracy, they have been classified, and the
energy levels established. A great effort has been
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made in the P.N. Lebedev Institute of Physics of the
Academy of Sciences of the USSR under the direction of
V.A. Boiko. Here the spectra of the hydrogen-like,
helium-like, and lithium-like ions have been studied in
the range of elements from sodium to sulfur, and also
the spectra of ions of other elements. In all, about 50
spectra have been studied in the x-ray range from 20
to 2 A.

To estimate the level of study of the spectra of atoms
and ions in the past 30 years we have used the published
journal articles collected in the bibliographic handbooks
of the National Bureau of Standards (NBS) of the USA.*”
Moreover, we have taken account of the generalized
data of selected tables on the atomic spectra of certain
elements,® new books on the classified spectral lines of
atoms and ions,®™!® and on the energy levels of the rare-
earth elements' and Grotrian diagrams,!® as well as
reference articles on these same subjects,'®"*? calcula-
ted data on the spectra and levels of hydrogen-like
ions,%¥+3* and collected volumes on ionization poten-
tials.3%:3 We should add to this two review articles
published in 1981. One of them treats the classifica-
tion of spectra of highly ionized atoms in the past
seven years.¥ It presents the results of extra-atmo-
spheric studies of the emission spectra of the sun, to-
gether with spectra obtained by using different types of
high-temperature plasma installations. The second
article is devoted tothe development of the spectroscopy
of highly ionized atoms and its use for plasma diagnos-
tics. 38

In addition to these publications, our reference list
presents studies®"% on the spectra of atoms and ions
published since July 1979 that have not been included
in the bibliographic handbooks of the NBS. These stud-
ies have enabled us to carry the treatment of the prob-
lem of the level of study down to December 1981. In a
crude estimate, about 3000 original papers have been
published in a 30-year period on the study of the spectra
and energy levels of atoms and ions.

3. THE LEVEL OF STUDY OF SPECTRA AT PRESENT

Table I presents the situation in the level of study of
the spectra of atoms and ions at present. The first
column gives successively the symbols of the 104 chem-
ical elements from hydrogen to kurchatovium. Each
row in the table characterizes the degree of experimen-
tal study of all the studied spectra of the given elements,
starting with the neutral atom and the sequential ions of
increasingly multiple ionization. We have adopted the
scale of Meggers! for the sake of comparability of the
estimates of the level of study. The letter A denotes
well studied spectra with a sufficiently complete system
of energy levels and with an established coupling between
the levels of differing multiplicities. The letter B de-
notes that the spectrum is rather well studied, and
many levels of differing multiplicities have been found.
The letter C characterizes a medium level of study of
the spectrum: up to 20 levels have been found, but the
coupling of the levels of differing multiplicity has not
been established. The letter D indicates that up to 10
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Notes. A—The spectrum is classified and a complete system of levels has been given.
B—up to 30 levels of different multiplicities have been found. C-—up to 20 levels have
been found, and the coupling of different multiplicities has not been established. D—
up to 10 levels have been found. E-—one or several transitions have been established.

Capital letters—Ilevel of study in January 1982; lower-case letters—in 1951.




levels are known. The letter E characterizes a pre-
liminary level of study in which the wavelengths of lines
have been measured, their agsignment to a certain ion-
ization stage has been established, and one or several
transitions have been given. The lower-case letters

a, b, c, d, and e denote the level of study of the spec-
tra in 1951. This means that these spectra have not
been studied in the following years.

We see from Table I that the spectra of the first 20
elements from hydrogen to calcium have been studied
rather well in all the stages of ionization. Problems
arise thereafter. The hydrogen-like spectra of Sc, V,
Mn, Co, Ni, and the following elements except moly-
bdenum have not been studied experimentally up to now.
Calculated data exist for the spectra of these one-elec-
tron ions. 3 Starting with copper up to molybdenum,
many spectra also have not been studied, or the level of
study is low (E). After molybdenum the level of study
of the spectra declines sharply. In this region only the
spectra cf the neutral atoms and some ions have been
analyzed well. The studied spectra of the higher stages
of ionization are grouped in the table in the form of iso-
electronic sequences, which are marked by the slanted
lines for Lil, NaIl, KI, Cul, RbI, AglI, Er I, and
Aul. The studied spectra of multiply charged ions of
adjacent isoelectronic sequences are arranged about
these lines. The highest ionizations with multiplicity*55?
have been obtained for the heavy elements in the region
Hf-Au for the Ni-, Cu-, and Zn-like ions.

In Table II data are compiled that characterize the
level of study of the spectra for seven groups of ele-
ments and for all elements as a whole. We see from
the table that the level of study of the spectra declines
with increasing atomic number Z of the elements owing
to the insufficient level of study of the ions. This is ex-
plained by the experimental difficulties of exciting mul-
tiply charged ions and studying them, since the reso-
nance lines of ions witha multiplicity of ionization above
10 and ionization potentials above 1 keV fall in the x-ray
region. The high level of study of the first three groups
of elements involves the expansion of the studies of
high-temperature plasmas, which have facilitated the
study of the spectra of the multiply charged ions with
Z from 10 to 42. The level of study of the first three
groups of elements has respectively reached 100, 94.9,
and 55.5%. In the following groups this index falls to
19.6, 11.0, and 8.1%. For the radioactive elements

TABLE II. Level of study of spectra for different groups of
elements.

During 8 Distribution by level R
$ g | 19511981 | 3 | of study R
< g 8 RN
Range of = g o 5 £ - g g E 5 g &u—
zE| & |28 |885 A zZ | &2
H—Ar 18 17 30 77 171 | 138 33 none | 100
K—Zn 12 294 | 437 117 279 | 144 130 5 15| 94.9
Ga— Mo 12 438 | 161 43 243 82 99 62 195 | 55.5
Tc—Ba 14 693 70 22 136 41 51 44 557 | 19.6
La—Lu 15 960 78 23 106 42 28 36 854 | 11.0
Hf-— Bi 12 930 42 20 75 38 17 20 855 8.1
Po—Ku 21 | 1974 44 5 53 12 26 15 | 1921 1.3
All ~
spectra 104 | 5460 | 562 307 | 1063 | 497 384 182 | 4397 | 19.5
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TABLE III. Level of study in different periods.
Total lev- | Studied in | Number of Total lev- | Studied in | Number of
Year |elofstudy| the given | studied spec- | Year [elofstudy] the given | studied spec-
of spectra | period tra per year of spectra | period tra per year
1913 Q Q (] 1951 504 59 11.8
1922 38 38 4.2 1959 511 7 0.9
1932 231 193 19.3 1969 648 137 13.7
1939 400 169 24.1 1981 1063 415 3%4.6
1946 445 45 6.4
(Po—Ku), the level of study declines to 1.3%. In this

region only 53 spectra out of 1974 spectra have been
studied. The last row of Table II shows that all the
chemical elements known at present possess 5460 spec-
tra. Of these, 1063 spectra have been studied. Hence
the level of study of the spectra for all elements is
found to be 19.5%. Only one-half of these spectra has
been studied well (A and B)—47%, while the rest re-
quire further studies. And a fifth of them falls in
group E—~17%. That is, their study is just beginning.

Our article on examining the level of study of the
spectra of atoms and ions was mainly prepared up to
mid-1981. The article of Cowan® became known in
December. It turned out that the tables of the level of
study almost fully coincide. They differ only in esti-
mates of the level of study of a number of spectra,
which apparently involves a certain difference in the
established criteria, and perhaps subjective estimates.
According to Ref. 38, 1019 spectra had been studied in
March 1981. The present article covers the published
literature up to December 1981 inclusive.

4. CONCLUSION

Upon using the data of Ref. 38 and the level of study
of 1063 spectra established in December 1981, we can
trace in greater detail the development of studies of the
spectra, beginning in 1913 up to the present. Table Il
presents the change in the level of study of the spectra
with time. The first column indicates the year of the
estimate of the level of study of the spectra, the second
column gives the overall level of study in this year, and
the third and fourth columns give the number of studied
spectra and the mean level of study per year over the
given period.

Undoubtedly the first increase in the study of spectra
(1922-1939) was caused by the development of the Bohr
theory for complex atoms, and the second maximum
involves the advances in studying spectra of multiply
charged ions (1969-1981), The minimum pertains to
the war and postwar years. A certain growth in the
period 1946-1951 involves the study of the spectra of
the newly discovered actinides and other radioactive
elements.

We note in conclusion that much attention is being
paid at present to studying the spectra of atoms and
ions, and considerable advances have been attained in
the past decade. Up to 1982 the level of study of the
spectra for all elements amounted to 19.5% as com-
pared with 10.4% in 1951. If we take into account the
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theoretical calculations for hydrogen-like atoms,? the
spectra have been studied for all stages of ionization
for the first 28 elements (H-Ni). The level of study of
the subsequent elements from Cu to Mo still remains
insufficient, and has reached 60.8%. Here 195 spectra
out of 497 have not been studied, and for 68 spectraonly
several classified lines each have been established.
Undoubtedly these spectra will be of important value in
studies of high-temperature plasmas. Therefore in the
very near future the efforts of spectroscopists studying
the spectra of ions will be directed toward solving these
problems.
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wavel., class,, levels.

SC. Breton, C. D. Michelis, M. Finkenthal, and M. Mattioli,
ibid., p. 1652—Be- and F-like spectra Cr XVI-Cr XXI,

Fe XVII-XXMI, Ni XX-XXV, region 200-80 &, wavel.,
class.

52K. D. Lawson and N. J. Peacock, J. Phys. B 13, 3313
(1980)—Li-, F-, and Na-like spectra Cr XIV~XXII, Mn XV—
XXIII, Fe XVI-XXIV, Co XVII-XXV, Ni XVII-XXVI, wavel.,
class., levels.

5A. A. Ramonas and A. N. Ryabtsev, Opt. Spektrosk. 48, 631
(1980) [Opt. Spectrosc. (USSR) 48, 348 (1980)}—K-like spec-
tra Mn VII-Cu XI, region 260~90 A, wavel., class. , levels.

V. I Kovalev, A. A. Ramonas, and A. N, Ryabtsev, Lit.
Fiz. Sh. 15, 915 (1975)—Fe VI, wavel., class., levels.

%J. D. Ekberg, Phys. Scripta 23, 7 (1981)—Fe VII, region
1362-104 A, wavel., class., levels, ioniz. pot. 1 008 000
+100 cm™,

%H. Gordon, M. G. Hobly, and N. J. Peacock, J. Phys. B 13,
1985 (1980)—Ne-, F-, and O-like spectra from Fe to Br,
Na-lile spectra from Ga to Br, region 17-5 A, wavel. ,
class., levels,

STA. N. Ryabtsev and A. A. Ramonas, Opt. Spcktrosk. 49,
1050 (1980) [Opt. Spectrosc. (USSR) 49, 574 (1980)1—

Co VII, region 260-200 A, wavel., class., levels.

%B. C. Fawcett, A. Ridgeley, and J. O. Ekberg, Phys.
Scripta 21, 155 (1980)—Co VIII, region 182-105 &, wavel.,
class., levels, and also iscelectr. lines of Ni IX, Cu X.

%A. J. J. Raassen, Physica Ser, C 100, 404 (1980)—Ni VI,
regions 335-220 and 1325-890 4, wavel., class., levels,

80A. N. Ryabtsev, Astron. Zh, 56, 1293 (1979) [Sov. Astron.
23, 732 (1979)]—Nij IX-Ni XII, wavel., class.

$'v. A. Boiko, S. A. Pikuz, A. S. Safronova, and A. Ya.
Faenov, Phys. Scripta 20, 138 (1979)—Ni XX, Cu XXI,
region 13-11 %, wavel., class., levels.

M. S. Longmire, C. M. Brown, and M. L. Ginter, J. Opt.
Soc. Am. 70, 423 (1980)—Cu I, absorp. spectrum, region
2500-1570 A, wavel., class., ioniz. pot. 62 317,44 +0.10
em™l,

%E. Menders and P. Uijlings, Physica Ser. C 100, 389
(1980)—CU IV, region 1275-750 &, wavel., class., levels.

84A. J. J. Raassen and Th. A. M. Van Kleef, Physica Ser.

C 103, 412 (1981)— Cu VI, regions 1330-950 and 310-210 A,
wavel., class., levels.

8R. J. Hutcheon, L. Cooke, M. H. Key, C. L. S. Levis,
and G. E. Bromage, Phys. Scripta 21, 89 (1980)—Ne- and
F-like spectra from Cu to Sr, x-ray region, wavel., class.

%R, J. Hutcheon, G. E. Bromage, R. L. Coake, M. H. Key,
and C. L. 8. Levis, J. Phys. B 13, 673 (1980)—F-like spec~
tra from Cu to As, region 9-7 &, wavel., class,

6TA. A. Ramonas and A. N. Ryabtsev, Lit. Fiz. Sb. 19, 513
(1979)—Ge VI, region 110-200 &, wavel., clasas., levels.

8L. I. Podobedova, A. A. Ramonas, and A. N. Ryabov, Opt.
Spektrosk. 49, 453 (1980) [Opt. Spectrosc. (USSR) 49, 247
(1980)]—Ge VII, region 210-160 &, wavel., class., levels.

69H, H. Li and K. L. Andrew, J. Opt. Soc. Am. 70, 719
(1980)—As I, region 11 244-1937 &, wavel., class., levels.

"E. H. Pinnington, J. L. Bahr, J. A, Kernahan, and D. J. G.
Irwin, J. Phys. B 14, 1291 (1981)—As V, region 1903-336 A,
wavel., class., levels.

MTh. A. M. Van Kleef and Y. N. Yoshi, J. Opt. Soc. Am. 70,
491 (1980)—As VI, As VII, regions 1200-500 and 300-100 A,
wavel., class., levels, ioniz. pot. of As VI 974 000 cm™.

2y, N. Yoshi and Th. A. M, Van Kleef, Phys. Scripta 23,
249 (1981)—Br IX, region 125-104 4, wavel., class., levels.

BB, C. Fawcett and G. E. Bromage, J. Phys. B 13, 2711
(1980)—Kr IV, Kr V, Xe VI, region 900-460 3, wavel.,
class., levels.

MN. Acquista and J. Reader, J. Opt. Soc. Am. 71, 569
(1981)—8r X, region 630-70 &, wavel., class., levels;
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Sr IX, Sr XI, Sr XII, new data on resonance lines.

BM. 1. Bogdanovich, . Ya. Kononov, G. M. Merkelis,

A. A. Ramonas, A. N, Ryabtsev, and S. S. Churilov, Opt.
Spektrosk. 49, 447 (1980) [Opt. Spectrosc. (USSR) 49, 244
(1980)]—Fe-like spectra from Y XIV to Mo XVII, region
100-60 &, wavel., class., levels.

%J. Reader and A. Ryabtsev, J, Opt. Soc. Am. 71, 231
(1981)—TFe-like spectra from Sr XIII to Mo XVII, region
99-66 A, wavel., class., levels,

"3, Reader and N, Acquista, ibid., p. 434— As-~like spectra
Y VII, Zr VIII, NbIX, Mo X, region 824-143 A, wavel.,
class., levels.

3, F, Wyart, J. Reader, and A, Ryabtsev, ibid., p. 692—
Zn- and Cu-like spectra Y XI, Zr XII, Nb XlII, Mo X1V,
region 78-51 &, wavel., class., levels.

™J. Reader and N. Acquista, ¢bid. 69, 1285 (1979)—Y XI,
region 630-70 &, wavel., class., levels, joniz. pot.

1 660 000 + 200 cm™,

80N, Schweitzer et al., ibid. 71, 219 (1981)—Ni-like spectra
Y X1, Zr XIII, Nb XIV, Mo XV, Ru XVII, Rh XVIII, Pd XIX,
Ag XX, reglon 73-18 &, wavel., class.

81z, A, Khan, M. §. Z. Chaghtai, ard ¥. Rahimullah, Phys.
Scripta 23, 29 (1981)—Zr III, region 2531-640 A, wavel,,
class., levels, ioniz. pot. 186 400 £ 500 em™,

%K. Rahimullah, Z. A. Khan, and M. S, Z. Chaghtaj, Phys.
Scripta 22, 493 (1980)—Zr IV, region 2531-377 4, wavel,,
class., levels.

8N, Acquista and J. Reader, J. Opt. Soc. Am. 70, 789
(1980)—Zr IV, region 2670-440 4, wavel., class., levels,
ioniz. pot. 277 605.8 +1.5 cm™.

87, A. Khan, K. Rahimullah, and M. S. Z. Chaghtai, Phys.
Scripta 23, 843 (1981)—Zr V, region 2550-250 A, wavel.,
class., levels.,

87, A, Khan, M. S. Z. Chaghtai, and K. Rahimullah, bid.,
p. 837—Zr VI, region 2307-410 A, wavel., class., levels,
ioniz. pot. 776 500 + 500 cm™.

8z, A. Khan, M. S. Z. Chaghtai, and K. Rahimullah, J.
Phys. B 13, 2517 (1980)—Zr VIII, region 2550-250 &
wavel., class., levels.

87)M. S. Z. Chaghtai, Z. A. Khan, and K. Rahimullah, .,
p. 2523—Zr IX, region 724-330 A, wavel., class., levels.

883, Reader and N. Acquista, J. Opt. Soc. Am. 69, 1659
(1979)—2Zr XII, region 630-70 A, wavel., class., levels,
ioniz. pot. 1 905 500 + 200 cm™,

8p, T. Kagan, J. G. Conway, and E, Meinder, ibid. 71, 1193
(1981)—Nb V, region 5310-310 &, wavel., class,, levels,
ioniz. pot. 407 897 + 40 cm™.

93, Reader and N. Acquista, £bid. 70, 317 (1980)—Nb XIII,
region 70-63 A, wavel., class., levels, ioniz. pot. 2 166 300
+300 cm™.

%p G, Burkhalter, J. Reader, and R. D. Cowan, ibid.,

p. 912—Mo XVI, region 48-43 &, wavel., class., levels.

9E, V, Aglitsky, E. Ya. Golts, Ya. A. Levynin, and A. M.
Livshits, J. Phys. B 14, 1549 (1981)—Ne-like spectra
Ag XXXVIII, Cd XXXIX, In XL, Sn XLI, region 3-4 A,
wavel., class.

9BTh., A, M. Van Kleef, Y. N. Yoshi, and P. Uijlings, Phys.
Scripta 22, 353 (1980)—Cd III, region 2100-500 &, wavel.,
class., levels, ioniz. pot. 302 200 ¢m™.

“Th. A. M. VanKleef and Y. N. Yoshi, ibid. 24, 557 (1981)—
In IV, SnV, region 1500-500 ,&, wavel., class., levels,

%Th, A. M. Van Kleef and Y. N. Yoshi, J. Opt. Soc. Am. 70,
895 (1980)—Sb VII, region 2100-600 &, wavel., class.,
levels.

%y, N. Yoshi and Th. A. M. Van Kleef, ibid., p. 1344—
11X, region 300~80 A, wavel., class., levels.

975, Bashkin, R. Hallin, J. Leavitt, and D. Walker, Phys.
Scripta 23, 5 (1981)—Xe VIII, region 3000-500 &, wavel.,
class., levels, ioniz. pot. 854 705 + 75 cm™.

%y. Conturie, B. Yaacobi, U. Feldman, G. A. Doschek, and
R. D. Cowan, J. Opt. Soc, Am, 71, 1309 (1981)—Xe XLIV,
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XLV, XLVI, XLVII, region 3.0-2.5 A, wavel., class.

¥Th. A. M. Van Kleef and Y. N. Yoshi, ibid., p. 55—

Cs XI, region 300-80 A, wavel., class., levels.

1000, Klapisch et al., Phys. Lett. A 79, 67 (1980)—Ni-like
spectra Tm XLII, Yb XLIII, region 9-5 &, wavel., class.
10y, F. Wyart and P, Camus, Phys. Scripta 20, 43 (1979)—
Yb I, region 24 550-3050 A, wavel., class., levels; YbII,

region 9820-1630 A, wavel., class., levels.

125, F, Wyart, V. Kaufman, and J. Sugar, ibid. 23, 1069
(1981)—Isoelectronic spectra of Lu IV, Hf V, Ta VI, and
W VII, wavel., class., levels.

103A.Zigler etal., J. Opt. Soc. Am,. 70, 129 (1980)—Hf XLV,
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Ta XLVI, W XLVII, Re XLVII, region 8-5 A, wavel., class.

'ME, Yannitti, A. M. Cantu, T. Grisendi, and G. P. Tozzl,
Phys. Scripta 20, 156 (1979)—Absorp. spectrum, wavel.,
class., levels,

1653, F. Wyart and V. Kaufman, ibid. 24, 941 (1981)—Th III,
wavel., class., levels, foniz. pot. 147 800 + 400 cm™.

1%M, S. Z. Chaghtai and T. Ahmad, The Molybdenum Spec-
trum Mo I—XLII, Department of Physics, A, M. U.,
Aligarh~202001, India; Reproduced by IAEA, Vienna,
Wagramerstrasse 5, A-1400, Vienna, 1982,

Translated by M. V. King
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