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FOREWORD

The bibliography has been prepared 1in response
to AID Work Assignment No. 43, Task 2 (Preliminary),
and is based on Soviet open-source materials avail-
able at the Aerospace Information Divis!on lnd‘tee
Library of Congress. Only information relevant to
astrophysics 1s 1included. Titles of Soviet mono-
graphs are given in the transliterated form, follow-
ed by the English translation. Library of Congress
call numbers are included at the end of an entry when
the item is cataloged and avallable in the Library's
collections.

Part One, on x-ray spectra, contains sections on
x-ray . spectroscopy and solar x-ray radiation. Part
Two, on optical spectra, contalns sections on oscil-
lator strengths and related quantities, wave func-
tions, and theoretical developments. Individual sec-
tions are further subdivided as appropriate. Arrange-
ment of the 70 entries is chronological within each
subdivision. The Appendix lists areas of intensive
Soviet activity in x-ray research not covered in the
present bibliography.

The treatment of 1individual sources has been
kept flexible, varying from brief summaries of only
a few lines 1in the case of works of marginal interest
to full abstracts or extensive summaries of pertinent
papers. In many cases, important theoretical calcu-
lations are reproduced step by step. Extensive use
has also been made of tabulated material. In all, the
bibliography contains 62 tables. To facilitate pub-
lication, the tables for Part Two are placed after
the text and keyed to their original sources by num-
bers in brackets placed after each caption. In the
data columns of many of the tables photoreproduced
from the original sources, commas are used to desig-
nate decimal polints.
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INTRODUCTION

In Part Oone, the following subjects are emphasized: abso-
lute intensities, satellite lipes, line widths, fluorescence yields,
and oscillator strengths and related quantities. Particular attention
is paid to theoretical developments and calculation results. The
orientation of the report to Soviet x-ray research relevant to astro-
physics precludes the inclusion of a great deal of Soviet material
available on x-ray spectra. Many such research papers contaln data
useful to scientists, and for this reason the major fields of x-ray
spectra not included in .this report but given.extensive coverage in
the Soviet open literature are listed in the Appendix.

Although a considerable amount of material on x-ray spectra
is available in Soviet periodicals and monographs, the number of
papers published by Soviet scientists is many times smaller than the
number of corresponding Western publications. Most of the Soviet
x-ray research has been performed since World War 1I. Prior to 1930,
no significant contributions were made by Soviet scientists 1n the
field of x-ray spectroscopy. Even during the earlier part of the
1930's, precision instruments necessary to carry out experimental
research were unavailable. Some of the necessary equipment was pre-
sented to the Soviet Union by British physicists in the middle of
that decade. During World War II, research was conducted on a very
limited scale. Compared to the West, the volume and the importance
of the Soviet research prior to 1945 in all areas, except for x-ray
spectral analysis, 1s negligible. Since 1945, however, the amount
of research and the number of scientists so engaged have been increas-—
ing rapidly.

The greater part of the current research on x-rays 1s de-
voted to x-ray spectral analysis, applications to solid-state physics,
and investigation and interpretation of the fine structures of x-ray
absorption spectra of alloys, compounds, and solid solutions.

Judging by the large number of Western references in Soviet papers,
one can say that Western research has been widely disseminated and
applied to current problems. As a result, Soviet x-ray speclalists
have been able to forge ahead in many areas within a relatively short
time. This 1s especially true of developments of the last 10 years.
In that time, significant contributions have been made in several
areas: theories of the fine structure of absorption spectra and the
temperature dependence of fine structure, determination of atomic and
crystal structures, bonding forces, 2ind methods of correcting
x-ray spectra for various types ot distortion. Excellent spectro-
graphs and accessory equipment have been developed and used extensively
in experimental research.



The extent of Soviet research in x-ray spectra can be:
exemplified by an analysis  of the bibliography to one of the major
Soviet works in the field: M. A. Blokhin's Fizika rentgenovskikh
luchey (Physics of X-Rays), Moscow, 1957 [17]. A breakdown of the
entries according to origin can serve to indicate the relative
strength of Soviet and non-Soviet research. The table given below
shows the number of Soviet and non-Soviet publications cited at the
end of each cdhapter. From the table, one can conclude that the
overall Soviet contribution prior to 1958 has been rather minor ex-
cept in fine structure of x-ray spectra, generation and resolution
of x-rays, and methods of measuring intensities of x-ray spectral
lines. '

Less than 10 of the Soviet references to periodical 1lit-
erature are dated prior to 1940, while the number of Western refer-
ences for the same period exceeds 150. Even more illustrative, the
tabulated data on energy levels of atoms, photon energies of the
chief 1125 and absorption edges of the K and L series, relative
line intensities, and line widths were compiled from 72 sources,
all Western, published between 1936 and 1957.

The x-ray data directly pertinent to this report are also
scarce, For example, only six articles dealing with fluorescence
yields were found in the Soviet literature. Three of these gave
experimental values of fluorescence yields measured by Soviet scien-
tists; the other three dealt mainly with the Auger effect but con-
tained fluorescence yield data and were therefore included. One of
the latter (9] contains a comprehensive survey of theoretical and
experimental developments in x-ray fluorescence ylelds based on 68
references, only four of which are Soviet. Of these four, one deals
with nuclear decay, two with internal conversion, and only one pro-
vides experimental values of K and L fluorescence yields. The sec-
tion n K fluorescence yields in the same article is based exclusively
on literature published between 1957 and 1960. ' For developments
prior to 1957, the author suggests two other review papers, both
by Western scientists.

Part One also contains articles on solar x-ray emission
and the application of solar x-ray emission data to the interpreta-
tion of some phenomena and processes in the earth’s atmosphere,
Articles concerning x-ray data recorded by Soviet rockets and satel-
lites are not included. Since Soviet astrophysicists and astronomers
generally make no distinction between solar x-ray emission and golar
ultraviolet emission, but group them together under the terms "ultra-
violet" or "shortwave" radiation, articles dealing with these topics
are included if they contain significant data on x-ray emission.
Papers dealing exclusively with solar ultraviolet emission are
omitted. In the last two years, several significant papers on
shortwave solar radiation have been published by ‘G. S. Ivanov-Kholodnyy
and G. M, Nikol’skiy. In [20], a method is developed for calculating
the absolute line intensities of solar shortwave radiation indepen-
dently of a solar model. This method was used to calculate the abso-



Breakdown of References According to Origin

Chapter “Pitle Total Soviet Non-Soviet

references
1 Systematics of 6 3 3
x-ray spectra
2 Intensity of x-ray 39 3 36
spectra
3 Shape and line 12 4 q

widths of x-ray
spesctral lines

4 True absorption 16 1 15
of x-rays

5 Optics of x-rays 19 y 15

6 Photoeffect and 18 6 12
secondary spectra

7 Scattering of 24 5 19
X-rays

8 Pine structure of 96 26% 70
emission spectra .

9 Fine structure 94 48 46
of sbsorption
spectra

10 Modern methods of 23 4 19

investigation of
matter by means of
x-ray spectra

* Of the 26 Soviet references, 16 deal with the generation of x-rays, methods
of measuring x-ray intensities, and resolution of.x~rays according to wave-
length by means of spectrographs.
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lute intensities of 480 lines emitted bi the sun in the uliraviolet
and x-ray spectral regions [21]. 1In (24), 18Q of the 225 solar emis-
sion lines in the region between 60 and 1100 recorded by rockets
were identified on the basis of intensities calculated in [21].

Part Two, entitled "Optical Spectra", covers the optical
and the ultraviolet spedtral regions. It includes the following
tabulated material: f-values, line strengths, transition probabil-
ities, line intensities, and wave functions. Theoretical develop-
ments in this field are also given. This part of the report presents
only papers published in the periodical literature between 1957
and 1962. Developments in the field prior to 1958 are summarized
in an excellent review by V. N, Kolesnikov and L. V. Leskov [32].

Several significant theoretical contributions to the
field ' quantum mechanics have been made by Soviet scientists.
In 13935, V. A. Fok extended the Hartree self-consistent-field
method.to include the effect of exchange. The Hartree-Fok method
has become one of the basic methods of quantum mechanics and is often
used in the calculation of transition probabilities, line strengths,
and oscilldtor strengths.

Another significant achievement has been the development
of the multieconfiguration approximation method by A. P. Yutsis in
collaboration with other Soviet scientists during 1953-1956. Since
Part Two of this report is confined to works published since 1957,
earlier papers by Yutsis are not included. Over 45 articles by
Yutsis in collaboration with his assoclates have been published
since 1955 in the Trudy, Seriya B, of the Lithuanian Academy of
Sciences. This figure does not include papers written solely by
Yutsis' associates and published in the same periodical. A bib-
l11ography of the works of Yutsis ahd his associates to be published
under separate cover is presently being planned.

According to Soviet scientists, D. S. Rozhdestvenskly's
anomalous dispersion method (hook methodj‘ror measuring oscilllator
strengths of resonance lines of metals, although less sensitive, is
superior to other methods. It is especially useful for measuring
oscillator strengths of strong absorption lines and 1s used almost
exclusively for this purpose by the Soviets in preference to the
total-absorption and emission methods. Although the relative oscil-
lator strength values determined by the hook method are in general
very precise, the results of the measurements give only the Ny fiy
values (Ni is the concentration of atoms in state 1, fix is the
oscillator strength). Consequently, the determination of absolute
oscillator strengths is hampered by the cit! .culty in obtaining
reliable vapor pressure data. Since the other methods are similarly
hampered, the best values of absolute oscillator strengths in most
rcases are calculated from relative osclllator strengths measured

Ly the= hook method.
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PART ONE, X-RAY SPECTRA

X-Ray Spectroscopy
Intensity Calculations: Methods and Data

Narbutt, K. I. Structure of the zinc vapor K absorption

spectrum of x-rays. IN: Akademiya nauk SSSR. Izvestiya.

Serlya fizicheskaya, v. 15, no. 2, 1951, 231-238.
AS262.A62455, v. 15

Experimentally obtained spectra of zinc vapor are
Internreted as belng due to superposition of two
rrocessess the transition of electrons from the

K level into a continuum and transitlon of K elec-
trons into one of the free optical levels (1s-np
transitions)}. The latter results in the appear-

ance of resonance absorption lines. The shape of
the edge can be represented by the well known arc
tangent curve. The intensity of the resonance lines,
a8 shown by the author in an earller paper, is

o (1)

10\‘“ z'”l ’

where n is the main quantum line, W 18 the effective
nuclear dharge of the molecule in the np state, Z

is the atomic number of the element, and a is a con-
stant. In order to determine the shape of the
resonance lines of absorption the dispersion form-
ula may be used:

1(')-221%'(‘_'.).1 (-l-‘i'-‘-)"l' (2)

where t (v) is line 1n€ensity at fregquency v;

'n=T4 4+ I'p (I'1 and I'r are the initial and the

final level widths); Vv, i1a the frequency correspond-

ing to the maximum in the line intensity; and 1,

1s the integral intensity
toaIT(\))d V. (3)

-0



The dispersion formula may be transformed by substituting
V= v

o= L= 3 )

()

where 7T (v ) 1s the maximum intensity of the resonance
absorption®lines determined by (1), i.e.,

ET (5)
from which
o= vn,;l‘n . (6)

Substituting into (3) gives the final result for the
line intensity at frequency

r,
__) ‘P"
1(v)————'(2 T (7)
(v—w)+ ‘\'2!
The structure of an atom with atomic number Z,
(in this case, zinc) with the K electron removed is
similar to the structure of an atom with Z + 1 (in
this case, gallium).

The K absorption edge of zinc was investigated in
the range from 35 to 40 ev. Fig. 1 shows the position
of resonance absorption lines and K absorption edges
of zinc. The experimental curve consists of a super-
position of two K absorption edges and two series of
resonance absorption lines. The first main edge and
the first series of resonance lines correspond to
absorption of neutral atoms; the second main edge and
the second series of resonance lines correspobnd to
absorption by zinc inons. The width of the upper np
levels of ions was found to be greater than the level
width of the neutral atoms while the K levels were
found to be equal in bhoth cases.

-2 .



Fig. 1. Experimental curve (1)
showing uae dependence of the
coefficient of absorption p of
zinc on the energy of the ab-
sorbed quantum. Fine lines show
resonance absorption lines and

K edges (I and II) of absorption,
the sum of which gives the exper-
imental curve. The position of
gallium terms is shown under the
scale.

A general method is given for the resolution of the
experimental x-ray absorption curve of gases and metal
vapors into the main absorption edge and a series of
resonance absorption lines. It was shown that the four
unknown quantities which must be determined can be ob-
tained analytically. These are the widths of the
resonance lines, the absolute intensity of one of these
lines, the width of the K absdrption edge, and the
absolute height of the K absorption edges.



Blokhin, M, A., and V., P. Sachenko. Inner level widths and
energy distribution of electronic state densities of the
transition elements of the iron group. IN: Akademiya nauk
SSSR. Izvestiya. Seriya fizicheskaya, v. 21, no. 10, 1957,

1343-1350. AS262,A62455, v, 21

The K level widths of 35 elements with atomic numbers
ranging from 12 to 79 were calculated (Table 1), The Ly
and L111 level widths were determined (Table 2) from the™ K
level widths and available data on the widths of the K
lines compiled excluysively from six American sources, e

"7: 1., K Level Widths

t i . {
Elezent Y, eV | Element 'y, ev | Element | v, ev|Elemert|y, ov i
12 M 0,44 21 3¢ O, 30 Zn 1,40 | 47 Ag 6,28 '
13 A 0.48 2T 0,74 31 Ga 1,53 | 50 Sn 1.98
14 Si 0,51 23\ 0,79 32 Ge 1.67 | 5 Cs | 12,0
15 ¢ 0.54 94 Cr .84 34 Se 1008 | 6O NI | 17,7
18 S 0,57 25 M 0,92 36 Kr 237 | G5Tb | 28
17 Cl 0.60 26 Fo 1,00 38 Sr 282 ¢ 70Yb | 36
18 Ar 0.63 27 Co 1,00 40 Zr 355 § 75 Re | 48
19 K 0,65 28 Ni 1,19 42 Mo 440 | 79 Au | 61
20 Ca 0,88 29 Cu 1,30 45 Rb 5,38
Table &. L1j ~=nd L1I11 Level Widths
{
1
. .ev | Element v ev
Element RATH ev "L ¢ {“ YL "Ly
2T 0,64 1,16 32 Ge 1,06 1,21
3V 0,79 1.42 38 Sr 1.68 1,18
24 Cr 1,12 1.59 &0 Zr 1.85 2,05
25 Mn 1,54 204 41 Nb 2,00 1,69
26 Fe 1,65 200 ) .42Mo— 43— 208
21 Co 1,36 2,03 44 Nu 1,84 1,84
28 Ni 107 1.84 45 I'h 1,92 1,82
29 Cu 1,01 1,01 46 Pd 1,99 1,89
0 %n 1,04 1,50 47 Ag 2,32 2,42
3t Ga 0,87 1,02




The experimental values of Ke;,> line widths were origi-
nally corrected by each author for distortions introduced
by double-crystal, spectrometers using different methods.

To obtain uniform data, linear corrections were introduced
to the experimental values of Ka),> line widths (Table 3).

In view of the asymmetry of the Kay,2 lines of the transi-
tion elements of the iron group, such a procedure is actually
unjustified. In addition, since the LIy and LIII level
widths are not equal to the difference between K«, , line
widths and the K level widths, the values of the L ’level
widths obtained (Table 2) are only approximate.

Table 3. Ko and Ko, Line Widths
~
I ,
Element YKo, €V "oy OV I' Element TKe, OV | vy OV
- [l . g

22 Ti 1,38 1,9 ﬂ 32 Go 2,73 2,9
23\ 1,58 2,2 38 Sr 4,5 4,8
24 Cr 1,08 2§ oz 5.2 5.4
25 Ma 2,46 2,0 41 Nb 5.8 5.4
26 Fo 2,65 G001 42 Mo 5.86 6.18
ne 2,45 B4z § 44Ru 6.8 6,7
8 Ni 2,26 3,03 1 45 Rh 7.3 7.2
29 Cu 2,3 4,2 I 4P 7.8 7.9
3 Zn 2,44 L b 41Ag 8, 8,7
3 Ga 2,40 5,85 |

The K level widths were calculated by interpolating all
of the available experimental values of K level widths from
n*y Ameriron sovvces., The following method was used:

The total probability for a change in state of an atom is
equal to the sum of radiative transition probability Pp and
radiationless transition probability Ps. Therefore, the
level width vy 18 equal to

o = A (Pp + P). (l)

The valus of the coefflclient Alis determined by the level
shape and 18 equal to 6.58:10°"% (if v 18 in ev and P 1is the
number of transitions per second) for the dispersion level



shape.  Thoe oo 0 0 cetT e Fp P< are

P’ - 2 Pklh (2)
1E x> 1Byl
§
' 3
Py= - 2 pl LY ( )
Eigi> (Egml
where Pypn is *h probability for radlative transition from
tevel K into level N, and Py is the probablility of rad;—

atiosnless tranrition from level into a state of double
ionizatlsn nm,

Jr the care ¢ single lonization

. (4)
V' Penizy~ 20,
Therafore. in "1 i3 approximation
(5)
| pp( 2y~ 28,

Accounting for the screening effect of electronic shells on
probavility Py, ieads to a slightly different expression for
the deenaPncp ‘f Pygp on 2. Calculation of transition
probablilities

and PK,

P
K. Loy 11r M1y, IIX

In 3later s apr: “ximation for wave functions using formula

p..-%(wx..p) | (6)

f=)

has shown thar  £yd approximatlion for the dependence of
Pyn on 2 1g g% n by the following formules:

(1)

P‘.L"."l = BZ“', P".ll.lll- CZs,

The ratic X ~f hese probabilitiles can also be determined
frm the exme - r+al data of relative intensitles of
carreipong o +rrat llnes given in twn Veatern soupces,

ol



Comparison of the ratios determined from theoretical and
experimental data indicates good agreement. Therefore, in
the determination of Pp (Z), the formula

Px. 1L = BZW83

X, II, I1II v
was utilized., The nemaining radiative transition probabili-
tles were calculated from the experimental data on relative
intensities of corresponding spectral lines, It was deter-
mined that Pp can be approximated by the following expres-
sion: .

Pp = DZ¢71 . (8)

The total probability was found from the known experimental
values »f % x-ray fluorescence yleld w by means of the
relationship:

Wea P (9)
Pp+P6

Formulas (8) and (9) were used to calculate the total
probability P(Z2). Since the coefficient D in (8) is arbi-
trary, the curve for v as a function of Z could be displaced
with respect to the ordinate axis to obtailn better correspon-
dence with the experimental data(from seven American sources).
Accordingly, D was determined to be 10° transitions per
second. The values ¢f v listed in Table 1 were determined
from Pig, 2, curve 2. The upper part of this curve
beginning at Z = 30 may be approximated by

Y = 2%, (10)

For a smaller value of Z, this relationship does not hold.

Fig. 2. Dependence of K level
widths on the atomic number I
(logarithmic scale)

1 - dependence of radiative
width on Z using formula 8;
2 - final dependence of y K
(Z) on the basis of available
experimental values of the
fluorescence yield compiled
from six Western sources; 3 -
dependence of Y K (Z), obtained
" from formula 5 on the assump-
Gnss nan % uk "W tion that P§ = const (2Z).




3.

Probability Pg was determined with the aid of fermulas
(8) anda (9).

Other authors have noted that a dependence w (Z) may be
approximated by a formula in which prz)~ Z* and Pg (2) =

-const (Z), However, experimental data on K level widths

are in poor agreement with the results derived by this
formula, Curve 3 in Flg. 2 was plotted on the assumption
that Pg (2)® - Z* and Pg = const (Z) in such a way that the
value of Yy for Z = 70 corresponds to the experimental value,
A significant deviation between the curve (1.7 ev) and the -
experimental data (0.6 ev) is obtained for light elements.
If the curve is made to fit with the experimental data for
light elements, then for Z = 79,y should be equal to 40 ev
in comparison to the experimental value of 62 ev, The
curve Y (Z) obtained by the authors is in better agreement
with the actual dependence of y (Z).

Babushkin, F, A. Radiative transitions in a relativistic
treatment, Optika 1 spektroskopiya, v. 13, no. 1, 1962,

The relativistic theory of radiative transitions of Payne
and Levinger 18 reviewed, The relativistic probability.of
electric multipole radlation of any order is obtalned by
using potentials corresponding to a photon in an electric-
type state, The formulas for the potentials and the
transformation of the corresponding matrix element are
taken from Akhiyezer and Berestetskiy [xvantovaya elektro-
dinamika (Quantum electrodynamics), Moskva, Fizmatgiz, 1959].
The radlation probability per unit time of photon with a
moment L, projection of the moment M, and parity (-1)% is

- 2L 1) T I ' (a
Wox Ll O =i wrl l‘jy' (r) e Vm "Y‘,ﬁl (r) ‘!i ( )

Use of Dirac's wave functions

*'(’l’i‘) (2)

(where g and f are small and large components for the
relativistic wave function) provides sufficient accuracy
for the determination of transitions between lower levels
1s and 2p. The splnors x are determined as follows:

i,
l:"‘EC(‘.‘fI; Bt t)ﬂ,.Y',‘.“.

’ (3)

=k (o » ﬁ:""(?)'

- 8 -



Using these wave functions, the matrix element can be
written as
I*-‘«w‘v:fwm-m(-»lvz.l—-»)u.(n-lv..n-n- (&)

(| Y34 V8 (4, + Ry,
where

B,sf&f{"’dr; R,-f[.'.l"'dc : (S)

(prime quantities refer to the initial state). The spin
angular part of the matrix element is :

~ R 4 .
it Vial ) e SLACENERD ot ;) we (114, (6)

§
1' "'l.).
The final formula tor the probability of ‘electric multipole

radiation for transitions between discréte states is of the
cform .

2L+
W;'Tl('{'ritlnmz whiet "2"""(2"‘“)""(""' o) X (7)

X w(1rijs 1) 1Ry + Ry,

The Racah and the vector addition coefficients are used to
.obtain the usual selection rules

ALY B (L), § o =t LQF £ 17 =1 GL&T+). (8)

In addition, the sum of I'.+ 1+ L mst be even:
1 +1+L-O(mod2)
Neglecting the ainall components of the wave functions
(aZ « 1), a nonrelativistic expression is gbtained for the

robability of dipole transitions n, j«n -1, -1
in usual units): .

W ;;_(.;)T*L?gi_(;ﬁ-_g A (9)



Using the standard formml: [or thc mean oscillator strength,

: 10
| - . (0)
',/ - . .
the followin eip esslon 1s obtalned for electric dipole
transitions %the etailed balance principle 1s used for
reversc transitican):

(11)

1> WY o G O 4 ) @ + 1) 0 5 00) - W (FY; 3 1) 1R+ Ry,
The author notes that the formulas for oscillator strengths

f18 = NPy /g
and

fIS - nps/a

derived by Payne and Levinger are probably incorrect, since
"for aZ « 1 the small components disappear and both expressions
are therefore equal to zero, For heavy elements, however,

the results of calculations with Levinger's formulas corres-
pond to the results derived by using formula (11). As an
example, the osoillator strengths of Kaj;, Kaz lines of W7¢
are calculated and are compared with the relativistic values
by Payne and Levinger for Pb®2? and nonrelativistic valués

by Bethe (see Table 4).

The relative intensity of the K«, and Ka, lines derived
are

IC; (0 ral

a,
o { 3 - . , . .'-
ry (6%) .,.;.. 1.87, i.e., 1001 53

- 10 -



Table 4. Oscillator Strengths

Payne

Transition Bethe Author Levinger
I "/’. - 2p1/. 0.138 0.116 0.112
I8, ~ 2Pssa 0.277 0.203 0.195

L shell ¢.319

0.416

0.307

L
1

e
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Effects of External Screening and
Satellite Lines

Karal'nik, S. M, X-ray spectra and interatomic binding in
alloys. IN: Akademiya nauk SSSR. Izvestiya. Seriya
fizicheskaya, v. 20, no. 7, 1956, 815 819,

AS262, A62455, v, 20

This 18 the first of three articles published by Karal'nik
on the effects of external screening, The shifting of the
K-absorption limits of transition elements in alloys toward
the shorter wavelengths 1s explalned by the degree of external
screening and the change in screening due to-a change in the
magnitude or the type of chemlical binding in atoms under dif-
ferent conditions, The discussion in thls paper 1s largely
developmental, proceeding from the basilc concepts of quantum
mechanics. The mathematical apparatus 1s developed in a
subsequent paper [6]. -

Karal'nyk [Karal'nik], S. M., and S. B. Nyzhnyk (Nizhnik].
On the origin of satellites in x-ray spectra. Ukrayins'kyy
fizychnyy zhurnal, v, 2, no. 4, 1957, 333-337.

QCl,A4473, v, 2

A finite probabllity exists for electronic charge clouds
to overlap, Accordingly, the effective charge of the nucleus
18 increased with respect to the inner electrons when the outer
electrons are removed from the atom, According to the mul-
tiple-ionization theory, this type of ionization causes the
formation of atoms in a state chiracterized by stable energy
levels, which can be described wlth the ald of the effective
value Z*, where Z<Z%* «Z + 1, Transitions which cause the
formation of the chief lines in the x-ray spectrum in singly
lonized atoms cause the formation of shortwave satellites
in multiply ionized atoms,

In order to determine satellite frequencies, the external
screening must be evaluated. The change in the effectlive
value of the atomlc number with respect to inner elec¢trons
during additional ionization of the atom Azi mst be found
and the value of Z* ascribed to the frequency of the corres-
ponding diagram line. ‘Such an evaluation can be done only
approximately. The following method 1s used:
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The radial part of Bethe's hydrogenlike wave function for
electrons in different shells 1s

Rule) = i l/(:_-—z;@;r_ﬁ( ) (2)

e ‘( F[ (- 1—1); 42 —-]

where F (a, B, IL) 1s a degenerate hypergeometric function,

Substitution of the dlimenslonal quantities results 1n
the following expression:

—214-_15'[/ @ fﬁf’,’;,g,(,zﬂ) % (2)

Xe F[-—(u—-l-l)- A4 2, ,]

where an; = ag, 4 18 a quantity depending on the effective
value of the nué%ear charge for the cornesponding electron
in the atom. This value 16 dete ned from the expression
analogous to that of Bethe for the radius of the Bohr orbit
of the hydrogen atom:

. (3)
P T al (580 41— 3G+ 1),

In this case,

—:;-.' 1 (w41 — Bi(4 1), (3')

Here r,; 1s designated according to Slater as

n*3

r = — a
ni 7% G-
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where n* and Z* are the values appropriate for n and 1.
In such-a manner, r,; values were calculated for Z = 26:

eg = 1.95 A5 rya = 0.77 A; mpp = 0.326 §;
Thg = 0.326 A; 1, = 0,098 §; r,g = 0.098 };

and r g = 0.021 &,

After substituting these values in

are detemined.

ik

r? Ry, dr,

3), values of a
Then the following guantities are eva

fﬂated

whilch 18 the probabllity that the n/ electron is within a
sphere of radius ryk. and

82y /1ks
which 1g a part of the charge of the n; electron.

Table 5 1lists the charge values for corresponding outer
n! electrons inside the ik electron shells in the atom with

§

‘Table 5.

Charge Values of Outer Electrons in Corresponding Inner Atomic

Shells of Iron

Z = 26 (iI’On), 1‘oe., AZnZ/iko

al s 2 k)
4 | 000 0 0,036
» | 00N dﬂg 0.0
% | 0085 063 0.9
;: 0.00018 0008 0.4

00088 06 o.mn
L7 , 1510°7" 0,007 02
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By starting with these values of AZn k2 and extrapolating
on the basis of Moseley's law, one can &é&ermine the frequencies
and wavelengths of x-ray lines which correspond to diagram
transitions for atoms with 2% = Z + %n;/ik -- 1.e., the corres-
ponding catellites. .

For transitions of Kqy lines in the atom with Z = 26 +
&, i.e., for K and Lyrr levels, the calculations can be made
as follows:

The amount of energy of the K level for the atom with
Z = 26 in Rydberg units (Ry) 1s

(v/i)y = 523.77; ¥(v/R)) = 22.886.

For the atom with 2 = 27, it 1s

«/(v/R)k = 23,829,

An increase of Z by unlly corresponds to an increase of

v( "/R.)k,av - ‘V(V/R)k,le = 0.943.

An increase of 2 by AZyz,)g corresponds to an ingrease of
0.943 x 0.0325 = 0.031.
Thus
J(v/R)k,., + ces = 22.886 + 0.031 = 22.917.
And h

(V/R)y,se ,o0ass = (22.917)* = 525.33.

Similar calculatiens for LTy »re made, but only a small
difference {0.001) from the (JiIr)-e value is obtained. It
should be noted, however, that tie screening of 2p electrons
by the 38 electrons is much greater than for K electrons,
and in such cases the value AZyg/yp = 0.0445 must be used
for the 2p electrons.

But in thils case as well, the change in screening of the
2p level due %o removal of a 38 electron from the atom is
insignificant, since the value of the energy of the 2p level
for 1iron 13 less than the value of the energy of the K level

b .
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by an.ofder of magnitude. Generally, the time that an outer
electron spends within the inner electren orbits increases

with increasing distance of the 1lnner electrons from the nucleus,
but the effect of screesning on these electrons in a number of
~cases8 1s/ nevertheless small in comparison with its effect on

the 'K level., This 1s true because of the rapld decrease .of

the absolute value af the energy of the level during transition
to the next main quantum number.

It should be pointed out that because of the rough approxi-
mation of AZ /. values obtained, extrapclation should not
.be carried out wgth the use of values .of ¥v/R but with values of
V/R, especlally in view of the fact that extrapolation is done
for two nelghboring elements in the perlodic table.

In such a manner, the frequency values for possible satel-~
lites are obtained: In the group (assuming that the K,
line is the chlef line wi#h addlitional ionization of the 3s
electron), we get 472,78 Rﬁdber units. (Experimental
values are from 473.13 to 474.08.) 1In the Kg group of satel-
lites we get 520.71 Rydberg units. (Experimental values are
from 524.14 to.522.2.¥

As mentioned ahove, 1f 1is also possible to explain the
origin of longwave satallites by the method described. Their
occurrence for example in the atoms of the iron-group elements
is also apparently connected with multiple ionization (when
the additional ionization is due to 3d electrons [or 3p elec-
trons); i.e., electrons which do not spend a finite period
of time within the ls shell, but whose external screening
is more conslderabls at greater distances from the nucleus).
Indeed, the removal of such an electron from the atom causes
an incraase in the effective value of Z for outer electroéns,
but the amount of energy of the K level remains unchanged,
and the energy of the L levels is practically unchanged. The
difference in energies of K and MIII levels in this case
will be less than in the case 6f an absence of ionization
of the type described. The calculation of Kg' for Pe gave the
vague 5%9.77_Rydberg units. (The experimental value is
518.95.) : .

The absence of .ongwave satellites in the Kq group can
evidently be explained by the additional ionization in the
3d level, inasmuch as the K levels remain unchanged and the
L levels remain practically unchanged.

“

It 18 also noted that such an approach can be helpful in
understanding the changes observed in the position of satel-
lite lines caused by a change in the chemical bt r’'ng.
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For example, it has previously been shown that the lateral
shifting of longwaves of the Kg! satellite of chromium increases
with the increase of its valence in compounds. The increase
o the chromium valence means greater attraction, absorption
from the 3d electron of chromium into the bond, and "transfer"
of it to the other atoms taking part in the bond. As was
shown above, one should observe an increase in the wavelength
of the satellite positions on the longwave side of the chief
Kgy line,

Karal'nik, S. M. External screening and the fine structure
of the x-ray spectra. IN: Akademiya nauk SSSR., Izvestiya.
* Seriya fizicheskaya, v. 21, no., 10, 1957, 14&5-1&21.

AS262.A62455, v, 21

Due to a finite probability of overlapping by an outer
electron of the domain of inner electrons, the outer electron
screens the interaction of the inner electrons of an atom
with its nucleus. Since the interatomic binding depends on
the outer electrons, the degree of screening varies with the
changes in binding, causing the effective force exerted by
the nucleus on the inner electrons to change. In turn, the
detalls of x-ray spectral characteristics are affected.
Karal'nik attempts to interpret the fine structure of x-rays
with this new approach.

In the first part of the paper, he repeats step by step
the mathematical procedure (detailed in entry 5 above] used
to evaluate the charge values for outer electrons in an atom
of iron. The values (Table 6) are slightly different from
those in the sarlier publication (Table 5).

Table 6. Charge Values of Outer Electrons in Inner Atomic Shells of Iron

. r Inner electroms
i 2 3 3 3

24 0,045 0.6 0,909 0,631 0,99
3 00825 00445 0,00 00445 0.65
s 0,004 (0,007) 0,013 0,038 0,003 0,038
2p méws 0.63 0,900 0,63 0,99
3 0,0002 0,088 0,584 0,088 0,504
3d 1,5.10~ 0.00®




Karal'nik notes that these values should be taken as roughly
approximate, partly because they were derived in the approxi-
mation of hydrogenlike wave functions and partly b«cause the
radil of corresponding inner shells were originally derived

for isolated atoms. But even more important, in complex atoms
with many electrons the external screening must be different
from screening in simple atoms. According to Karal'nik, better
results can probably be obtained by the Thomas-Fermi method.

The remainder of the article 13 a qualitative analysis of
screening by different electrons of an atom and of changes
in screening caused by redistribution of electron density
in solilds as a result of changes in interatomlc binding.

Karal'nik demonstrates that experimental data on the K
limit shift of an element in a compound can be used to obtain
approximate values of external screening. For a multivalent
element of a compound displaying lonic binding the %otal shift
of the K limit is due to removal of all the valence electrons.
The shift per unit valence, expressed in energy unilts, divided
by the difference in energy between the given element and its
neighbor in the periodic table gives an idea of the magnitude
of screening due to one electron. The authors conzlude that
there are good reasons to believe that the fine structure
of x-ray spectra reflects the details of ele:tronir distri-
bution in atoms.

Gorak, Z. Origin of some satellites in x-ray spe:xtra. IN:
Akademiya nauk SSSR, Izvestiya. Seriya fizicheskaya, v. 24,
no. 4, 1960, 422-423, . AS262.A62455, v, 24

The origin of Kqg! and Ka, lines in the spectrum of neon
and neighboring elements (2 g 14) and the origin of Kg' in
the spectrum of Fe®t are considered., To explain the origin
of a' and a, lines, simultaneous excitation of vacan2ies in
the 18 and 2p shells is assumed. The Kq (18 - 2p) line is
split into 3 lines as a result of electrostatic and ex:change
interactions with the additional 2p vacancy:

182p!P - (2p)? D, (1)
"1s2p!P - (2p)7 1S, (2)
182p3P - (2p)® P, (3)

Since both (1) and (2) originate from the sams initial
state in the case of necn, the energy intervals involved
can be determined from the energy 'difference of final states
(2p)2 s and (2p)® *p, known from the optical specsra. In
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addition, 1t 1is known from the atomle spectra theory that
relative intensity I, /I, = 5. Experiments have shown that
these theoretical calculations hold true for the neon spec-
trum of two pairs of lines: .a!', , and a", aj. In order

to correlate these two pairs withail) and (2), it 1s necessary
to use the following theoretical relationships:

(el;'). = G‘). —gr (Ka) = 042083 Z 4 b (4)

| V%'), = (&), — ¥ (Ka) = 0.07194 Z + b, (5)

Numerical values for these expressions were obtained by
the perturbation theory using hydrogenlike funetions. Correc-
tions due to the effect of
3s8p electrons were introduded
4 with the aid of a method by
w Slater. It was assumed that
the multiplet Ptructuro due
to interaction of incomplete
3sp shells with 2p shell
vacancies could be neglected.
The difference b, - b_ (for
Z = 10) was determined from
optical terms. Fig. 3 shows
lines

(=), anda (22,
R R

as a function of Z and the two
possible positlions for each.
The positions identifying

i /] 7 x= "1", a'= "2" are prefer-
able to those identifying
Fig. 3. Dependence of ad= "1", a"= "2", because
these positions explain more
Av veat v o adequately the experimental
D= n —FK) data. The line Kg' in the Pe®*
Scattering indicates the spectra originates analogously
offect of chemical vimding. to lines &' and a,. In this
Broken lines show the incor- case, it is assumed that
rect ro.itions of aJ = "1" splitting of the Kg (1s-3p)
and a* = "2", line is specified by the inter-

action of the 3p vacancy with
the incomplete ?3«1)' shell,
Instead of Kg there are two
lines:

18(3d)® 7S - 3p(3d)® "P; and

1s(3d)® °S - 3p(3d)® °p.
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The order of magnitude of the energy interval and the relative
intensity for these lines determined with the aid of Slater's
wave functions agrees with those of Ké_and Ka. Thergfore

Kg and Kg1 may be identified with Kg="1" and Kg'="2".

Shuvayev, A, T. On the interpretation of x-ray spectra. IN:
Akademiya nauk SSSR. Izvestiya. Seriya fizicheskaya, v. 24,
no. 4, 1960, 424-427, AS262.A62455, v, 24

The possibility is considered that shifting of the last
spectral lines and K absorption limits of iron-group tran-
sition elements when chemical binding is changed can be ex-
plained as the result of K level shifting due to changes in
external screening of this level by 4s valence electrons.
Sinceé the evaluation Jf such shifting of the K level using
hydrogenlike functions is inadequate, the external sc¢reening
constants are calculated for the transition elements of the
iron group using wave Tunctions determined by the self-con-
sistent-field method. Contribution of one 4s electron to
the 1s level screening constant is determined from the
expression

"1s

su(n = { durrar, (1)

[

where ¢ g 18 the wave function of the 4s level, and r is the
radius corresponding to a maximum in the electronic density
distribution of 18 electronic cloud. The results of calcu-
lations for Ca, Fe, and Zr. atoms are shown in Table 7. The
average external screening constants of 1s level by one 4s
electron were determined for an iron atom from the following
expression: '

éu-—‘-g "f}-’u(’)':d'- (2)
0

The values of AE listed in Table 7 are the amounts of
shifting of the K level when the external screening constant
is changed by geq-* :

AE = 13,6.2(2— 0 )0¢ 8 (3)
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where Z is tlﬂe atomic number of the element, and 0 = 0.3 18 the
internal screening oconstant for the K level.

Table 7, External Sereening Table 7 shows that shifting

‘Constahts for Ca, Fe, and 2n. of the K level. on the removal
of one Us electron is very
small. In addition, removal
of a valence electron causes

a much smaller change in the
Blement| ' ax, oV external screening of the K
level than the contribution
Ca 3.0 0.4 of this electron to the sc¢reen-
Fo { 3&) 0.47 ing (Table 8). In Table 8,
Zn t'e 615 Nyp 18 the number of 4p electrons

in an atom or an ion; 0.p 18 the
value of extarnal screenfhg of
the 13 level by lp electron.
Removal of one 4p electron from ssAs causee a change in screen-
ing of the 1s level by all U4p electrons (I4p), which is two
times smaller than screening Py one 4p electron. This indi-
cates that possible shifts of the K level are smaller than
those given in Table 7. Therefore, a change of potential in the
K. shell region due to changes in externsl screening by

valence electrons hardly
Table 8. External Screening affecits the K level position.
Congtants for 4s, As*, and -
AR T, ’ . The rest of the paper deals
' with the effect of a variation
in intermal screening on the
position of the Kf;spectral
lines of the iron-group trans-

f i : ition elements For Z between
100 . .
Blewent, "* [ ] e 20 and 29, the dependence of
the internal se¢reening constant
::‘ 3 |14 42 of 48 and 3p levels on Z from
ae | 1108 |38 the data by Hartree shows that

the electronic density between'
4s and 3p levels increases
significantly due to filling
of the 3d shell. This affects the distance between these
levels and also the magnitude of Oagm,sp » Which 18 deter-
mined from Moseley's law} ' .

(4)
L

"
2

Ey—~LyymEy spm (-:?“ )(Z-—e.., »)*
T
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Fig. 4. Dependence on Z of 1) T4g,sp
and 2) 9, for free atoms and 3 "for
elements gn ghe s0lid state.

Fig. 4 shows the dependence of U.g.4p 8Nd J.p 4p On 2 for
frée atoms and elements in the soiid state. Tt 'Ban be seen
that © +g,8p and increase as the 3d, 4d, 4f, and 5d
shells are filled bhﬁ gardly change at all or increase only
slightly in other cases., It was determined that shifting of
the Kgy,, line in atoms (2 = 20 to 29) of compounds with the
same type of binding are determined mainly by the change in
number of the d valence electrons. Removal of one d electron
results in shifting of the KBy, 1line in the shortwave direc-
tion by ~2 ev. Redistribution’of valence electrons of the
type 8 - d and s = p results in an analogous effect approxi-
mately equal to 1 ev,

Listengarten, M. A, The Auger effect. IN: Akademiya nauk
SSSR, 1zvestiya. Seriya fizicheskaya, v. 24, no., 9, 1960
1041 -1075. AS262.A62li55, v. 2

This review is based on 116 references, only 15 of them
Soviet, and inocludes the following topics: classification
of Auger electrons, the anergy of Auger electrons, conversion
intensities of Augaer electrons, K, L, and M fluorescence
ylelds, and the Coster-Kronig effect.

A section on the K+fluorescence ylelds is a summary of
data avallahla In tha 11ferafure from 1956 through 1959.
O 4o vl oows 0 e T ~p-tion, only three are Soviet:

-
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electrons of Yb®® and Ti'®® (K Auger yleld = 4.5 + 2.2%),
and only the third with fluorescence yields. It 1s pointed
out that data available prior to 1956are summarized in two
non-Soviet publications.

The experimental values of K fluorescence ylields calocu-
lated by different authors and the values determined from
the following formula are given in Table 9:

[wg/(1—wg)]2/¢ = —A + B2—C2® (C=aa) (1)

A section on L and M fluorescence yields is based almost
exclusively on non-Soviet sources (only one Soviet reference).
Using the non-Soviet experimental data and making some addi-
tional assumptions, the author calculated the average LI, Lyy,lyyy
fluorescence yields for elements with Z = 54-56, For sub-

shells Ly, Ly, and LIII, fluorescence yields are 0.05,

0.09, and 0.07, respectively.

On the basis of all of the available data, the fluorescence
and the Coster-Kronig yield curves are plotted (Fig. 5) sim-
ilarly to those of B.B, Kinsei, except that the latest ex-
perimental data for Z = 47, 54, and 56 are included and the
curves extended up to Z = 47, The reference points are taken
as 2 = 55 and 2 = 82; Auger widths are assumed to increase
linearly from Z = 47 to Z = 82 and to increase even faster
for 2% d2. Some other assumptions have also been made in
order to obhtailn better results.

In Fig. 5, curve y, 18 correct to within 10% for Z, between
73 and 92 and to withln 15 to 20% for other values of Z.
.Tne error 18 of the order of 20% for w, and wy. These curves
are believed t£to e more accurate than thoseobtained by H.
Lay. Table 10 shows experimental data and results obtained
from the curve of Fig. 5 and Lay's curve.
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Table 9. K Fluorescence Yields

. T ont
wg X K 2 WK ‘ X “x,
z exp joL o TeXP __
| |
i . N
10 | 0,04340,004 0,008 | 0.0m fl4n 0.70 40,02 Tl
12 | 0,00830,008 0,084 | o.Cen 4l .78 L2 o] 3
13 | 0,00830,003 0,020 { 0.028 {1} 0’30 30.03 0,730 | 0,748
13 | 0.045%0.002 0 7R850, 0t5 0 780 | 0.778
22 | 0,18 30,01 070 | .10t {140 O T 0,04 0,793 0.7
231 0,304 mmi }OAM 1,220 42 0 821 $0.015 0,800 0800
23| 0,28 30,02 N PR T 08171 0,811
2‘ 0.2'0 0,013 o,m ﬂ.:-ﬂ) 4“ vu 'm ’ _,A\O'“..‘
25 | 0,308 015 0,264 0,28} ] 44 0.87 10. 0,82 [ B i
26 | 0,30830,0t8 0,203 | ity {150 0-”"&%%}2 lo.&w! 0,80
eSS 0,327 | 0.3 301 0. MOL0Y "o.m:| 0,856
28 | 0,38630,011 Vo | o316 |2 o'as Fol08 0,881 0882
3| omom P aa| 0.95530,0226 0,932 | 0,023
24 | 0,3 ¥0,02 : , 31 0.93850.010 *0,937 | 0,090
2 °'“°ig'°'§ 0.2 | .40 |70 O 020,005 0,958 | 0,030
232 8.4‘2 o.g f:g 0.9673:0,010 0,96 | 0055
ol o:mio-m‘ }0,420 0442 oy u_smig.mo 0.98:1| 0,400
3t | 0.47 Xo0,02 | 3
AR X joase] oA

* A value from a Soviet source.

#% The values of constants used in equation (1) are taken from

Nuclear Spectroscopy Tables, by A. Wapsta ¢t al.,
Amaterdam, 1959.

t The values of constants used in equation (1) are taken from
Laberrique et al., J. Phys. et Radium, v. 17, 1956.

- 24 -



Y,

e
& r =

o ;J ‘!'é <

Fig. 5. Fluorescence yield (so0l1id lines) and
Coster-Kronig yield fy) (broken lines) for L sub-
shells (1, k =1,2,3).

Table 10. Mean L Fluorescence yield EL

) vl e
Z hd } .xr. L
23 0,0Mugo.tc.] -
29 0,006 4 0,000 -
81 | 0,008440. —
. 41 ;0,029 io.oua 410,095
§ 0,1040,0t (R 10,14
63 | 0,1740,02 A9
72 | 0,174+0.02 .26
80 |0,3410,04 38
80 | 0,3710.04 ,38
A 0,5040,02 ,39
8t | 0,3840,08 .39
81 0,3240.02 30
82 |0,3940,02 40
Sk— 0,4840,02 A0
av
83 | 0.,5140,03 L4
0.4040,03 41
83 o,toio.oz N
8 |o0,4tF0m ), 41
83 o.ug,oz 41
88 | 0,5240,04 0,43

# According to thw surve.
#% pccording to lay.



10.

Fluorescence Yields

Konstantinov, A, A., T. Ye. Sazonova, and V. V, P;rapelkin.
Determination of L x-ray fluorescence yield of Ga ﬂ, Cust®,
and V8!, IN: Akademiya nauk SSSR. Izvestiya. Seriya
fizicheskaya, v. 24, no, 12, 1960, 1480-1483.

AS262.A62455, v. 24

A proportional 4 n counter was used to record the U x-ray
quantum yleld of Ge”!, Zn®*, and Cr®! isotopes in the process
of electron capture. The total pumber of L quanta was ob-
tained by introducing experimentally obtained corrections
due to absorption. These results and the data on the number
of vacancies in the L shell due to electron capture were
used to determine the L fluorescence yields for the daughter
products given in Table 11. Two different values of fluor-
escence yleld were obtained for Ga”' and V°! when two differ-

ent sources of Ge’® and Cr * were used.
Table 11. L Fluorescence Yields

Isotope Yield

GCa’* 0.68

Ga’ * 0.60

Cu*s 0.56

el 0.22

Ve 0.25
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11,

12.

Konstantinov, A, A., I. A. Sokolova, and T. Ye. Sazonova,
Determination of K x-ray fluorescence ylelds of V81, MpS$s®
Cu®®, and (Ga”!, IN: Akademiya nauk SSSR. Izvestiya.
Seriya fizicheskaya, v. 25, no. 2, 1961, 228-232.
AS262.A62455, v. 25

The total number of Auger electrons and the total K x-ray
quantum yleld formed as a result of d&isintegration of Cr®1!,
Fe*®, Zn®*%, and Ge”! isotopes by electron capture were deter-
mined with the aid of a proportional gn counter. From these
data, the K x-ray fluorescence ylelds of the daughter
products listed in Table 12 were determined.

Table 12. K x-Ray Fluorescence Ylelds

Element Yield
w? i 0.23 +0.02
r8 j 0.27 +0.02
cuw*® 0,42 #0.02
Ga’'* 0.47 #0.02

Listengarten, M, A. Calculation of the probability of the
Auger effect. IN: Akademiya nauk SSSR, Izvestiya. Seriya
fizicheskaya, v. 25, no. 7, 1961, 792-797.

AS262,.A62455, v, 25

A general relativistic formula for the Auger transition
probability derived from the relativistic theory of retarded
interaction between two electrons in }J coupling was used
to calculate by means of an electronic computer the Auger
K-LL transition probability for elements with atomlic num-
ber 81. From this data, the K x-ray fluorescence yield for
the elements with Z = 81 was determined to be wy = 0.962.
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13,

Listengarten, M, A, Calculation of the probabllity of the

Augpr effect for heavy elements, IN: Akademiya nauk SSSR,

Izvestiya. Seriya fizicheskaya, v. 26, no. 2, 1962, 182-190,
As262. 462055, v. 26

A gerjeral relativistic formula for the probability of
Auger transition is derived from the relativistic thebry
of retarded interaction between two electrons in JJ coup-
ling. This formula 18 used to calculate by means of an
electronic computer the Auger K-LL transition probabilities
for elements with atomlc numbers Z between 65 and 92. The
probabilities of Auger K-LL transitions obtalned differ
considerably from nonrelativistic calculations. To check
the results, the K fluorescence yields were calculated
(Table 13) for the elements with Z = 65, 81, and 92 using
the probabilities of Auger K-LL transitions calculated by
the author and data on the K level width available in other
publications. Table 14 shows values of K fluorescence
yield wy for elements with Z between 65 and 93 determined
by interpolation using the K fluorescence ylelds of elements
with Z = 65, 81 (from an earlier work), and 92 as anchor
values.

Table 13. Fluorescence Yields

z 0y
65 0.924
81 0.962
9 0.963

Table 14. K Fluorescence Yields Interpolated Fram the Anchor Values
for Elements With Z = 65, 81, and 92

yA ‘ wy ' Z Wy
65 | 0.924 . 81 0.962
67 0.930 83 0.962
69 0.936 85 0.963
71 0.941 87 + 0,963
73 0.946 89 0.963
5 0.951 91 0.963
7 0.956 92 0.963
19 0.960 93 0.963
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Rumsh, M, A,, and V., N. Shchemelev. Determination of fluor-
escence yleld by measuring the x-ray photoeffect in a masgive
cathode. Zhurnal eksperimental'noy i teoreticheskoy fiziki,
v. 42, no. 3, 1962, 727-735. : QCl.247, v, 42

Groups of photoelectrons from the x-ray photoelectric
effect in a massive cathode are analyzed., It is shown that
the contributions of different photoelectron groups change
with variation of the x-ray wavelength. At the K edge, the
contribution of one electron group to external emission
vanishes, resulting in a jump of the quantum yield. It 1s
also shown that the experimental jump of the quantum yield
is related directly to the Auger yield and that the Auger
yield and the fluorescence yleld can be calculated from a
measurement of the jump of the photoelectric quantum yield.

Table 15. L Fluorescence Yield

Elem;:nt Z b K jump of j K Jump of 1 L fluores-
absorption | yuantum yield cence yield
Ti ) a2 9.2 5.9 0.22
v 23 9.1 5.75 0.24
Cr 2y 8.9 5.55 0.26
Mn 25 8.8 5.36 : 0.28

The formulas derived are verified for Cr. The Auger yleld
according to photoemission data is shown to agree satisfac-
torily with the mean values of other authors. The photo-
electric effect 18 used to determine the fluorescence yiélds
of the elements shown in Table 15. It is pointed out that .
in determining the Auger yield the reliability of the method
will 1ncrease with increasing values of the yield, i.e.,
with decreasing atomic number.
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15.

16.

17.

Reference Works

Vaynshteyn, E. Ye.,, and M, M. Kakhana, comps. Spravochnyye
tablitsy po rentgenovskoy spektroskopii (Reference tables
for x-ray spectroscopy). Moskva, Izd-vo AN SSSR, 1953.

270 p. QCu53.Vv3

This is the first of a proposed two-volume reference work
compliled from data available prior to 1952 for specialists in
x-ray spectroscopy. (The second volume is unavailable at
the Library of Congress and may never have been published.]
The tabulated material includes the following: wavelengths
of diagram and nondlagram emission lines and absorption
edges of elements, their relative intensities (K and L series),
and energles of x-ray levels for atoms of elements in Rydberg
units. The tabulated material was obtained from Siegbahn,
Cauchols, and Halubei, and scientific papers published during
1927-1952.

Borovskiy, I. B. Fizicheskiye osnovy rentgenospektral 'nykh
issledovaniy (Physical principles of x-ray spectral analysis).
Moskva, Izd-vo Mosk.univ.,1956. 462 p. QC481.B74

This 1s an advanced-level textbook on the physics of
Xx-rays and x-ray spectroscopy used at Moscow State Univer-
sity. Particular attention is paid to the dynamic theory
of x-ray interference and the kinetic diffraction theory.
Topies closely associated with solid-state physics, such as
the fine structure of x-rays, are not covered. The value
of this book is diminished by the fact that no bibliography
is given. The chapter on the intensity of characteristic
X-ray spectra contains a table of average experimental flucr-
rcocense yield values (prior to 1955), which appears to
have been taken from non-Soviet sources.

Blokhin, M. A, Fizika rentgenovskikh luchey (Physics of
x-rays). 24 ed., rev., Moskva, Fizmatgiz, é357. 518 p.
QCh4B1.B68 1957

This is the only known Soviet monograph dealing with the
physics of x-rays published in the Soviet Union since
1936. The table of contents, a listing of the major tables,
and a brief discuasion of the sources listed in the biblio-
graphy have already appeared in the introduction.to this re-
port. This monograph can be used to trace Soviet (and
Western) developments in the field of x-rays.
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2.

18.

19.

Solar X-Ray Radiation

Major Studies

Ivanov-Kholodnyy, G. S. Rocket observations of shortwave
solar emission. IN: Akademiya nauk SSSR. Izvestiya.
Seriya geofizicheskaya, no. 1,1959, 108-121.

QC801.A35 1959

The article is a survey of data published in scientific
literature prior to December 1958 on ultraviolet and x-ray
solar emission. Although it is primarily a summary of ob-
sarvation results, some conclusions and deductions are made.
The paper is based on 79 sources, 68 of them non-Soviet,
The paragraphs dealing with x-ray spectra are based almost
exclusively on American sources. On the basis of available
experimental data, the author stateas that x-ray emiasixn
from the solar corona, except in the region of 3 to 9 A,
can be represented by thermal radiation of a rarefied
medium,

Kazachevskaya, T, V., and G. S. Ivanov-Kholodnyy. Contin-
uous solar emission in the x-ray region. Astronomicheskiy
zhurnal, v. 36, no. 6, 1959, 1022-1027. QBl.A4T, v. 36

The average Gaunt factor for x-ray emission from the
solar corena due to free-free transition is calculgted for
17 different values of wavelengths from 1 to 10'° A for
temperatures of 10°* and 2°10* K. The values of the aver-
age Gaunt factor are then used to calculate the intensity
of solar radiation, and the theoretical spectrum thus ob-
tained is compared with obervational data. The temperature
of the solar corona 1s also estimated.

On the basis of the data derived and available data on
radio emission intensity, the authors conclude that the
x~-ray emission from the sun in the 10 to 100 region
ar recorded by rockets is mainly continuous. A later
article [20] by Ivanov-Kholodnyy, however, admits that_the
intensity values in the-spettr&l region of 100 to 500 &
calculated in this paper are approximately 20 times too
high. Consequently, tho,x-ray solar radiation in the spec-
tral region of 10 to 100 A as recorded by rockets would
be primarily linear.
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Ivanov-Kholodnyy, &. S., and G. M. Nikol'skiy. Ultraviolet
solar radiation and the transition layer between the chromo-
sphere and corona. Astronomicheskiy zhurnal, v. 38, no. 1,
1961, 45-65. QBl1.A47, v. 38

The authors hold that previous theoretical calculations
of the absolute intensity of shortwave solar radiation do
not agree with observational data because of the lack of
plausible concepts of physical conditions in the transition
region between the chromosphere and the corona. They devel-
op a method to determine the absolute intensity of each
shortwave spectral line emitted by the sun without recourse
to a model of the solar transition region.

The initial date required for the determination of the
absolute intensity of spectral lines are the intensities of
some of the definitely identified shortwave solar lines.
The intensity of radiation of an ion in a spectral line of
the transition layer 1s determined from the following
expression:

Ay
Aq = 5 mT~"hdh,

" (1)

where n, is the electron concentration; T is the absolute
temperature; and h is the height above the photosphere.

For ion emission lines in the whole temperature range
of the transition region, A¢3 can be calculated using the
ionization temperature T4 as a parameter:

8q(T) = Ligmrs—, (2)

where X 18 the amount of a given element in comparison to
hydrogen; f is the oscillator strength, and fW'T*/2 is the
excitation probability of a line with a wavelength A due
to ‘impact with an electron.

The expression for A9, was calculated on the assumption
that excitation due to electron impacts is balanced out by
spontaneous transitions. The dependence of Aps on Ty was
obtained from the available absolute 1Rtensity data on 26
speztral lines in the region A ~ 1200 A, The graph of
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21,

Apy (T4) makes 1t possible not to use a model of the trans-
1tion region. Formula (2) for the resonance lines can be
written as .

s " , "
SR R AL WYY, S (3)

Here, 1/%: is a function of parameters A and Ty. The Agy
in this formula contains all of the main characteristics
of the radiation power of the transition layer,

In order to simplify intensity calculations, formula (2)
can be represented nomographically. In the nomogram, log
I/t i1s plotted as a function of log T4, giving a family
of curves for a range of values of A,

The authors also construct a model of the transition
region between the chromosphere and the corona for active
and undisturbed regions. The model is in agreement with
ionospheric data and the radio emission of the sun.

Ivanov-Kholodnyy, G. S., and G. M, Nikol'skiy. Prediction

of solar line emission in the shortwave spectral region.

Astonomicheskiy zhurnal, v. 38, no. 5, 1961, 828-843.
QB1.A47, v. 38

A method developed earlier by Ivanov-Kholodnyy and Nikol!-
skiy [20] is used to calculate the absolute intensities of
480 of the stronger shortwave lines in the ultraviolet and
x-ray spectral regions of the sun (Table 16). Since the
highest degree of ionization of elements in hot coronal
condensations 18 unknown, all of the emission lines of ions
due to allowed transitions of all isoelectronic series were
considered. The possible maximum temperature was taken to
be approximately equal to 3-10* °K.

The column designations in Table 16 require some explana-
tion: In the second column, the word series denotes the
isoelectronic ssquence. In the third column, T4 i1s the
ionization temperature characterizing the maximum lon con-
centration. It is determined from the curve showing the
variation of ion concentration with electronic temperatuie
by a method developed in [20). Symbol Zi1 is the ionization
potential. In the fifth column, the wavelengths of short-
wave lines were calculated from tables of atomic energy
levels by C., E, Moore. Terms not given in those tables were
obtained by extrapolating along isoelectrdnic sequences, and
the corresponding wavelengths are given in parentheses.
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Lines belonging to the same multiplet are enclosed by braces.
In some cases, only the wavelengths of boundary lines of a
multiplet are given., In such cases, the strongest line is
given first, and the value of I in the table is the sum of
component intensities.

The seventh column lists the known oscillator strength
values. When the f-values are unknown, they are assumed
to be equal to 1 for resonance excitations of ions and
between 0.5 and 0.1 for excitation of higher levels. These
f-values are given in parentheses.

In reference to the last column, if several transitions
are possible from the same excited level, the line intensity
due to transitions into the ground state (3 - 1) is

A
Ia‘ = I 2 °
ZA
For the transition (3 - 2),
Asp Ay
Isg =1 .
ZA Agy

Here, A i3 the spontaneous transition probability.

[Table 16 follows, ]
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Table 16. Absolute Intensities of Solar Emission Lines
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250 7 —4pipe | 52.9 0.2 | (0.75) 0.1
2t (6.33) —3ppe _2212-} 1.5 | (0.1) |<[0.15)
252 3pP° — 34D 231.5 0.8 | (0.3)|<0.1
Cal ,
253 | FE ] B e | @3] 0.0
254 5.38 | &P —3P* 239.9 0.02 | (0.3)] 0.08
258 IR d | 0% )| Giow
257 a6 —Fe | 24304 0.02 | (0:1)| 0.002
c1
258 Cl | 2pmP —30P° | 1656—
s | 2 —1657 } 3 1 3
259 3.85 ~ 27D | 1360~ . ) .
260 —2pmpe| 1328.8 0.2 éo.l) 0.02
261 — 4Pt | 12797 0.15 | (0.1)| 0.01
262 —38D* | 1277.6 0.15 (o.s; 0.07
263 —5PD° | 11581 0.1 | (0.5 0.0
264 2p8D — 30P* | 1930.9 2 01| 01 |05
265 2p8S —351P° | 2479.3 2 01| 0.4 |05
268 Ny | P wRD ) I g0 [ ) | oo
267 4.40 —gp-g:—msig 0.0 | @1 oot
260 zan:zf-':D' 780 5.0 | (0:4)] '3-10¢
270 — 3P 746.9 5.10~| (0.1)| 2-10¢] 0.5
n o1 z::g 3';:1:' ey | S10Y| @A) 2407 03
-—_2 .
56.93 —702.3 06 | (0.1)] 0.08
273 4.80 —2pmD0| 831 0| 03
274 —30P° | 3741 0.03 | 1 0.03
275 2p8D —2pMD°|  599.6 0.26 | (0.1){ 0.01 | 0.8
276 —2pmpP*| 525.8 0.1 0.4){ 0.005] 0.5
271 2pmD* — 2pp 80.9-1 | o5 | @.3)] o.01
278 2pMS —2p P | 5978 0.4 [ (.1)] o.005| 0.5
279 —30P° | 4349 0.025| 0.8 | 0.02
B |y || 2| IS 6D S
[ - ® .
1264 %o | o4 [@3] 04
282 5.37 —2p9D°| 572.3—
P e os | | os
283 —2pms* | 358.0 01 | () 0.4
= wosp 1| &k |6yt
286 —3P° | 1738 0.01 goh) 5.10~| 0.5
i o AR SHE A R
—2pnpe . 1 . .
28 Na VI 2"?—3;:7;. 44.3 0.0t | @)} 000
. -— h. 9.
201 5.58 4914 0.015 | (0.5)| 0003
292 —2pmse | 313.7—
prsty 318 0.00 | (1) | o0.01




Table 16 (Cont.)
. 144 !
AN Fur w8 | Transition| 1. org(.c 1 e ucd 4
D—2p"D*|  361.2 0.00 | (0.1)] 0.001
o 2D —innel hre 0.006 | (0.1)| 6-10~
25 Mg i\ 2pBP—2pPt) W18V 02 | 0.3)| o.08
208 5.75 — 2p¥D° _223.2_} 0.25 | ) 0.25
—2pmse | 2184 0.2 () 0.2
4 zpnp—z‘;:b' 319.0 0.2 | (.1)] 0.0t |05
200 —2pmP*|  280.7 0.1 ©.1)| ©0.005 | 0.5
300 —3aP° 98.0 0.02 | (0.1)1 0.00t | 0.5
301 2p1S —301P% | 102.3 0.02 | (0.1)] o0.001 | 0.5
302 By | P —eE ) 2 o2 | 03| o.008
303 5.92 —2pMD° —%:?—} 0.02 | (1) 0.02
2p"D —30P° | 503 0.015 | (0.1)] 0.001 | 0.5
308 z':"s—scm'. 287.0 0.045 | (0.1)| 0.001 | 0.5
: 204 .9
306 s | PP B o2 )| o.08
%07 6.08 D Rt b o |y | o4
308 —2pMs8° _é:—;;(”)—'} 0.2 ) 0.2
20D =290 P 227.3 0.15 (0.1)] 0.01 § 0.3
30 2';'»3—25'1" 259.7 0.45 | (0.1)| 0.0t | 0.5
31 S XI | 2p%P — 2pmD* ‘§'§3§§ } oz | 0.2
312 506.4 —2p™pP°| (353) 0.2 | (0.3)| 0.08
313 8.25 —2phse | (191) 0.45 | (0.1)| 0.1
314 Ca XV | 2p%P —2p%D _&gﬁ;_ } o1 W |<o.1
315 808.3 —2p@p° | (185) 0.08 | (0.3)]|<0.02
316 (6.5) —=2pMS° 1 (144) 0.05 ) 0.05
sil
317 S 11 | 3p»P —apmpe| jui2.6 0.02 | (0.3)| 0.006
318 u.7 —3pnpt “fl)'ﬂ 8.%
319 4.48 1194, .
21 i2o.ag | 005 | | 000
321 o0p 1 2504
8] 202, .
324 —3puse | 7817 0.002 | (1) 0.002
325 3pUD — 3P| 706.7 0.004 | (0.1)| 10% | 0.5
326 3ps — 3P| 9118 0.001 | 0.4)] 0% |05
g%; AV | 3pmp . 3pPD 83(2;:(2) } 0.006 | (1) 8:ﬁ
320 75.0 —3p8P% | 7164 0.004 | (0.3) o.
330 5.03 —3pse| 517 0.002 | (1) 0.002
a1 Ca VIL | 3p%p —3peD" -::ng—} 0.00 | (1) 0.0t
2 128.0 —apere| 5518 0.008 | (0.3)] 0.002
333 5.39 —3pBst | 414.7 0.005 | (1) 0.005
334 Fe X111 | 3pmp —3pmpe %,g;_ 12 | 1.2
335 355 —3pmpe | (330) 1 ©0.3)| 0.3
336 8.18 — 3P| (210) 0.6 | (0.3 0.2
327 : —3pBS* | (250) 0.7 (1 0.7
338 _ —4p* | (75 0.15 | (0.3)| 0.05
439 Ni XV | 3pmP —3p2D __f{!.g;"} 0.07 | (1) |<o.07
340 455 ~3pmP* | (200) 0.06 | (0.3)!<0.02
341 6.3 — 3P | (182) 0.04 | (0.3 Eo.o:
342 —JpMSt | (220) 0.05 (1) 0.05
3 —4oP | (58) 0.008 | (0.3)| <0.002




Table 16 (Cont,)

vi Iyl 4
NN M 151%‘ Transition MoA Lryﬁn‘- ! lx/on*- i
NI .
N1 [2pMse 3P | 1199.5—
W a2 —1200.7 } 0.005 | (1) 0.005
. —2pMP | 1135.0— _
33 3.9 pUP | 1i%.0 } 0.003 | (1) 0.003
us =P Mt e | o] 24407 035
a 34D* — Hors | o.om | o }E ~ P 83
349 2P Z38P | 1742.7 0.003 | (0.1)| 2-10| 05
350 O 1l |2pMs*—2p4p | B35 0.15
351 35.15 A4 03 | 0t
33"5’:% 4.50 — 3P 539.1 0.02 | () 0.02
354 —3P | 402 0.002 | (1) 410~ 0.2
355 2pmD° —2phpP 558,13 0.004 | (0.3)} 3.10-¢f 0.2
356 2p%Ps —2p8D | 7968 0.0 | (©3)| 0.005| 05
357 No IV [2pMge —2pup | 5429 | .12
358 18 I O 0.08
3328 5 2p8D° — 258D | 470.0 0.1 (0.1) 0.& 0.5
381 2pP* —2p8p | 5213 0.1 |01y o 05
362 Na Vo Zpust—Rpup | i ~}| oo | 0.008
—0)
138.6 |2 2p4p | 4w 7 0.005 | (0.1)] 2-10| 0.5
ot 5.43 z)’zp-—zﬁ‘«n 4452 0.005 [ (0.3) 2-10-| 0.5
365 Mg V1 j2pust —3ptp | 1117 } oot | 0.0t
; 186.9 — 2p4p 404,38 0.13
7 5.63 & 0.7 } 025 |® | o0
368 .
30 S -l i B I B ool B
37 2pan-_.zpao 319.1 0.1 ©.1){ 0.001 | 0.5
372 AL VIL [2p%5® —2p4p | 336.9 0.01 |.
373 241.9 153.8 002 | () | o0.005
374 5.82 3522 0.003
315 — 3P 80— 1 oo [ | oo
—0i.
376 20D —2p4P | 3000 0.0t | (0.1)| 510 0.5
37 Si Vil 25:‘«'-2,»«1» 9.8 0.15
378 9 M2 03 | 0.1
379 5.96 p | S8 0.05
- i
330 B V] o2 [ | oo
381 2pMD° —2p8D | LN =t o2 |on]| oo |os
382 —2p8s -};‘}’f | 045 | )| o.008| 05
383 2P 68T oas Loy o.ws|os
384 < 2‘;"..§:_3¢f, (ﬁ(v) 045 | (0.1)] 0.008 | 0.5
385 s 2pse — 2 2W4) — _
_e T o [ | 05
448.6 — 364P 47.6—
386 | 4488 _ast oo |y | oo
7 A XIE|2p1s™ —2puP G~ 0w | |<o.04
388 &2L.1 ~30%P | (R3) 0.005 | (1) |<0.008
(6.
389 Xty 2pMS® — 2pMP fi»’?i‘} 006 | ) |<o.06
390 az(a.g) —3etP (22) 0.002 | (1) |<o.002
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Table 16 (Cont.) ,
} n 1/8y] | A
M x ieh; | Transition| . . 8%
PI
391 S 11 |3pmse—3pmp | 1939 5. :
B4 [P 205 oo Ty | o
392 4.23 —4r2 | 908.9—
—os:8 0.002 | (1) 0.002
303 AIV [3pMse _3pmp | s0'p
o5 |3 =3 8 0.006 | (1) 0.004
4.88 (3pmD* —3pup oas o} 0.002 | 0.y 2.0
3905 Ca VI |3pMs® —3pup | (296
- P _is.8 0.008 | (1) 0.008
398 5.28 |3pmD* —3pap | T:oio 0.003 | (0.1)| 3.10~
397 3pMP* — (iD) 766.6 0.008 | (0.1){ 6. 10~
308 ~3p%D | 74’3 0.005 | (0.1){ 5. 10~
% Fo XII | 3phs® — 3pup G o8 | | os
400 a2s —anp [TER8 0.6 (1) | o0.08
401 8.00 —~3D | (238) 0.4 §o.5) 0.2
402 , 3P (208) 0.4 0.5 0.2
403 3pmD° —3pup | (3] 0.6 [(0.9)| 0.04 | 0.7
404 3puPe . 3pmp | (5oe) 0.6 | (0.4){ 002 | 03
405 Ni XIV |3pmse —3pup (129 }| 0o | 0.06
-— (31 : °
406 @ —4s'P (<€»'4; 0.006 | (1) 0.008
.
VI
07 Fe IV | 3dS—4prpe | 526 6
51_;8 P _%8-8 0.00 | (1) 0.01
408 Ni'VI | aws—gppe 260.4—
o 260 1—} | 0.002 | (1) 0.002
5.42
o1
409 Ol | 2P —3p5% | 1302.4—
13.01 s } 0.6 ) 0.6
410 3.85 —3nse |7 4355 1 ©.0] [0.1)
it — At _:ggg'g‘} 0.02 | (.5 o.01
a2 N 1 zﬂp—%. 1025.7 0.02 | (0.5 o.01
o ll -— 489.5—
P .5 0.04 | .3 o.01
m 4.90 —305° | “343°0 0.005 | (1) 0.005
45 2088 — 2phipe | ia7'g 0.015 { (0.0)| o001 | 0.5
it6 Ne 1V §$3 —g:n;p‘;: 9.3 | 005 | (04)| oloot | 0.5
a L .
,g_go .3 0.003 | 0.3)| 0.001
418 v |2 P —2pMpe| 353 4
,2‘1!:5 - ~330.0}| 0.008 | 0.3 o0.002
h (VL[ 297 —2pmpe 060 1| 00 | @3] o0
420 5.68 | 2pup _gpupe| T30 0.006 20.1; 3.10~| 0.5
a1 288 — 2phpe | 27574 0.006 | (0.4){ 3.10~| 05
422 Si VII | 2p8p —2pmpe| 37574 0.06
423 246.4 278.4 0.02
2 5.82 276.8 015 | ) 0.015
425 | 275.7 . 0.015
i 0 8
428 2p88 — 2pMpe | 246 4 0.06 so.x) 0.003 | 0.5
429 208D —2pupe|  347'8 0.08 | (0.1){ 0.003] 0’5
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Table 16 (Cont.)
' p 744
Io
NN 'ﬁarq xiioF | Transition| . A L“‘/ﬂs
) S IX | 2p0p —2ppP* g%),_ } ot
43 379.0 —3a5* 56.1 0.015
2 8.4 | 2pMD —2pMP*| (555) 0.2
433 208 —2pMP° | (488) 0.2
W% A X1 | 2p8P —2ppP* ggg)_ } 0.03
435 s}g. g) —398° (39).1) 0.004
436 Ca XI11| 2pP — 2p4p* 8(75?).- } 0.05
— ) M
o7 728.8 —38s* | (20.6) 0.005
(6.4)
sl
438 S1 | 3p9P —4ss* | 1807.3
439 10.36 1820.3 } 1
440 i (3.7) 1826.2
441 — 38D 1474.0 } 04 !
442 1483.0 : :
4“3 A lll | 3pep —3pMPe| 8874 |
444 40.9 879.6 } 0,002
445 .50 878.7
4 CaV | 3psp—3phpe| 637.9—
48 YO I I <5 } 0.005
Fs&al 3pHP —3pPP* | (350)
a1 0 —3pP | (350)—
200.3 —@e)_ f| o8
. 448 5.80 —4s* | (89.3) 0.05
9 Ni XII1| 3p9P —3p™P°| (304)— 0.08
. (—(332) } :
450 (380) — 4 (69) 0.006
(6.1)
Nel
451 SiV | 2pu85—3aP° | 117.9 0.0
166.7
5.55
452 zgivu 248 — 341 P° 72.0 i 0.003
5.92
453 AIX | 2p88 —3aP° 48.7 0.008
422.8
6.16
454 Ca XI | 2pM5 —3s'P* 35.2 0.005
562.5
(6.4)
Al
455 Fo IX | 3pMS—4aP* | 103.6 0.03
234.6
5.73
456 31:; X1 | 3ps—anpe | (18.1) 0.003
5.95
Fi
457 .| Mg 1v (2pmPe—2pms | 321.0—
8 3233 } 0.02
458 | wg.gs — 3P 180.6 0.002
450 ALV {2pmpe—2pms | 278.7—
13.8, —281.4 0.005
460 Si VI |2p%pe—2pms | 2400~V | o g
—249.1 .

-4y -

(1)
1))
(0.3)
(0.3)
(0.3)
(1)
0.3)
)
(1)
1)
(1

(1)

1)
(1)
()
0.3)
1)

6

0.0

0.003

0.008

0.005

0.03

0.003

0.02
6.10-4

0.005

0.08

oo

(7.1 ]



Table 16 (Cont.)

/L 22 | A
N w lon | rransition noA Hc‘ o
\ LTI Y] sec| 20¢ | Ay
464 A —3tP | 1000 | 0.0 @3 | o0.003
482 5.70 —5"P | & 0.002 ||
------- seun .02
463 8 V11 [2p%P _gfn’.,s e | (0'3)} 0.0
. . 105
484 328.8 202.8 0.8 (1) .03
465 8.00 —38P 63.3 | 0.008 [(©.3) | 0.002
466 —2D | 616 | 0008 |(1) 0.006
487 — 38 5.2 | 0.005 [{1) 0.005
468 —aap 5.3 | 0.003 [(0.3) | 0.001
469 Z3aD 4.2 | 0003 [() 0.003
470 —3P | 530 | o003 |(0.3) | 0001
ATY ) 529 | 0.005 |(0.3)
............ 0.03
—4dS | 4.5 | 0.003 [(0.1)
412 AX |zpepr—3sP | (438) | 0.003 0.3 | <o.00
AT 480 —2pms | (166) 0.02 |(1) [<0.02
T4 (6.25) —~ 3P 50 0.003 |(0.3)
....... } <0.02
- 45 0.002 |(0.1)
475 Cd XIl {2pMP* — 3P 32.3 | 0.003 [(0.3) |[<0.001
176 855 —2pm5 | (141 0.03 |(1) |<0.08
an 6.3) — 3P Q2 0.0 0.3
....... <0.01
~ S0P % 0.002 (o.x)}
a
478 Fe X [3pP°—3aD | (347.00 | 0.5 | 5
0 262 — 4P 961 0.06 |{0.3) | 0.02
4%0 5.8 —4D | 07 0.05 (0.3)}
—5d % 0.05 {(0.1)
481 Ni X1I |3pP* Z38D | (209) 0.03 |(1) 0.03
Pt} B —4P | (84.8) | 0.006 |(0.3) | 0.002
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a3.

Nikol'skiy, G. M. Shortwave solar radiation. Review.
Geomagnetizm 1 aeronomiya, v. 2, no. 1, 1962, 3-37.

The first part of the article deals with experimental
observations of shortwave solar radiation and includes a
summary of data .(for the ghortwave.region.only) on absolute
intensities, energy distribution in the solar spectrum, and
identification of solar emission lines. The identification
of shortwave solar lines 18 based on the results of theor-
etical intensity calculations by G. S. Ivanov-Kholodnyy and
Nikol'skiy [21] (given in greater detail in [24]) and
experimental data by T. Violett and W. A. Rense and H. E,
Hinteregger. A method of calculating the absolute inten-
sities of shortwave solar radiation developed in [20] is
summarized. i

On the basis of all avallable data, it is concluded that
solar radjation intensity at the garth in the spectral region
A s 1100 A is equal to 15 ergs/cm *sec. Nikol'skiy's analy-
sis shows a need for reevaluating previqQus calculations of
shortwave solar radiation by Western scientists. The pre-
sent theory explaining the ionization of the D layer is in
agreement with the theoretical and experimental data.

The structure of the solar atmosphere 1s also reviewed
and an analysis given of the physical conditions bf the
solar atmosphere which determine the shortwave radiation.
The distribution of temperature and electron density in
the solar atmosphere based on shortwave-radiation observa-
tions is determined, and in connection with this determina-
tlon the shortwave line radiation process is reviewed.

The method used here is identical to the one for calculating
absolute intensities proposed in [20]. The transparency of
the solar atmosphere to hard-line radiation is reviewed.

Finally, the latest Western developments in continuous
x-ray solar emission in the spectral region A <10 to 20 .4
are summarized.

Ivanov-Kholodnyy, @. S. Intensity of shortwave solar radia-
tion and rate of ionization and recombination processes in
the ionosphere. Review. G(eomagnetizm i1 aeronomiya, v. 2,
no. 3, 1962, 377-406.

This review is very similar to the one published by
G. M. Nikol'skiy [22] except that the main emphasis here is
placed on ionization and recombination processes taking
place in the iokosphere rather than shortwave solar radia-
tion. The review consists of three parts, dealing with 1)
total energy and the spectrum of ionizing solar radiation,
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2) ionic composition of the atmosphere, and 3) corpuscular
streams in the ionosphere.

The following topics are discussed in the first part:
determination of tphe total flux of shortwave solar radia-
tions at A £ 1100 A on the basis of ionospheric data;
calculation of S from astrophysical data; rocket data on
shortwave solar radiation and its interpretation; and
variation of radiation intensity in the active solar regions.

The second part summarizes the available data on the
following subjects: the abundance of molecular ions in
the ionosphere; laboratory investigations of dissociative
recombination processes; effective recombination coeffici-
ents in the ionosphere; confirmation of the dissociative
recombination processes in the ionosphere; experimental data
on the effective coefficient of recombination in the ionos-~
phere; and the intensity of solar energy in the upper atmos-
phere.

Ivanov-Kholodnyy concludes that the latest data point up
the inadequacy of present concepts on the rate of recombi-
nation and ionization processes in the ionosphere. Processes
of ionization and recombination are much more intense than
presently believed, and new concepts of principal physical
and chemical processes in the ionosphere will have to be
developed. In addition, new interpretations are required
of such phenomena as the general state of the ionosphere,
the diurnal and annual variation of ionospheric parameters,
and diffusion.

Ivanov-Kholodnyy, G. S., and G. M, Nikol'skiy. Identifi-
cation of solar epission lines in the shortwave spectral
region A = 1100 A. Gecmagnetizm i aeronomiya, v. 2, no. 3,
1962, 425-442,

One hundred eighty of 225 solar emission lines in the
region between 60 and 1100 K recorded by satellites are
identified from the tabulated line intensities of 500 lines
calcula ted earlier by the authors (21}. An analysis of the
earlier calculations is presented.

The spectral ensergy distribution of shortwave solar radia-
tion is given_in Fig. 6. The total energy of line radiation
for A = 1100 X was found to be not less than 15 erg/cm®-sec
at the earth, The relative nitrogen content on the sun was
shown to be (N]/[H] = 3-10-5.
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Pig. 6. Spectral Energy Distribution of Shortwave
Solar Radiation ( A = 30 to 1100 R)

The possible emission lines determined in [21] are listed
in Table 17 in the order of increasing A, together with
their intensities measured at. the earth and the number assign-
ed to the lines in that work. In some cases, ‘the wavelengths
of multiplet components are caiculated. °'Also in this table,
theoretical data are compared with available experimental
data, and the lines recorded by satellites are compared with
theélr theoretical values. In the identification ¢olumn, the
plus sign indicates positive identification, the minus. sign
no ldentification, and the plus sign with question mark
doubtful identification (i.e., the wavelengths do corres-
- pond, but the theoretical values of intensities are below
the ?bserved intensities by more than one order of magnil-
tude). :

{Table 17 follows)
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Table 17. Absolute Intensities of Solar Lines and Their Identification

=
, 1{021 . Ton 1, | Bxperimental data Identi-
| o g/ e o [a%® [#%] fication
1121 | 18,6 ovll | <0,015
2| 13 19,0 ovill |<0,2
3] 200 21,6 oVil | <0,15
41 390 (22) CaX1V | <0,002
5| 12 2,8 NvIl [ <0,004
6| 199 28,8 NVI | <0,003
71 437 (29,6) CaX1ll | <0,005
8| 475 32,3 CaXil |<0,001
9| 388 (33) AXIl | <0,005
t0] 10 33,8 cvi | <0,08
11 ] 477 ~ aXlil ]<0,006
12 | 454 35,2 CaXlI 0,008
13 | 158 (38_) sXI11 | <0,0t
14| 435 (39,7) AX1 | <0,004
15| 198 40,3 cv 0,03
16| 4 (41) SiXu 0,008
17 | 477 ~41 Cax1l }<0,006
18] 472 (43,8) AX | <o,000
19 | 41 45—50 SVIil 0,02
20 | 474 45—50 AX <0,02
21 | 388 ~41,7 SX 0,01
22 | 453 48,7 AlX 0,008
23| 474 | (45—50) AX | <0,02
24| 79 .9 FeXxVi [<0,15
25| 143 50,6 SiX 0,01
26 | 250 52,9 Fexv ;<0,1
27| 474 ~53 SViIl 0,01
28| 470 53,0 SVIii 0,001
29 | 469 54,2 SVIil 0,003
0 | 468 54,3 SVII 0,001
| 150 54,5 SiX 0,002
A2 | 431 56,1 SIX 0,015
3] 38 58,0 MgX 0,006
3| (58) NiXV [<0,002
35| 183 59,0 FeXIV 0,05
38 | 467 50,2 . | SVIII 0,005
37 | 184 59.6 | FeXiv| 0.05 }ez 0,04 +
38 | 468 61,6 SVII 0,006
| @ | ) oo
v SVl W '
AL [ 462 |  65—69 Sivi | 0,003 6 (o001 4+
42 | 450 (69) NiXIi1 | 0,008 }eo 0,018 4+
43 380 | ~69,8 siviir | 0,02
‘g 23% 1;2'27 R 8'003;’
A ~— Sivl .
46338 | (75) FeX1l1| 0.0 wo|ouy  +
A7 | 456 (18,1) NiX1 0,003
48 | 400 (80) Fexil | 0,06 | 83,9 % 8 |0,02 +
49 | 482 80—83 Sivl 0,01
1 126 82,8 MgVIll | 0,002
o 127 83,2 MgVIit 0,001
52 | 482 (84.8) NiXIl 0,002
53| 3rs ~87,0 AlVIL 0,002
A1 N (87) Nevill | 0,01
55 | 448 (89.3) FeXI 0,05 ?
56 | 480 94—96 FeX 0,03 ‘
51| 479 9,1 FeX: 0,02 93 | 0,015 +
S| 480 | 96—97 FeX | 0,02 :
59 | 300 98,0 MgVl | 0,001
W0 | 461 100,0 SiVl 0,003 .
6l | 30 102,3 Mevil ] 0,004 ~.
W21 14 102,68 ovii | 0,008
3 | 485 103,6 FelX 0,03 [103,7] 25 +
M) ~ 100,8f 20 -
65| 385 | ~111,9 MgVi 0,04 | 111, [ 114 0,008 +

¥ Data by T. Violett and W. A. Rense, Astrophysical journal, v. 30,
1959, p. 954. Designation 1 is the visual estimite of intensity.

** Data by H. B. Hinteregger, Astrophysical journal, v. 132, 1960,
P 801; Proceedings of the 11th International Space Science
Symposium, Florence, 1961. Intensity I was evaluated fram the curves
given in these sources,
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Table 17 (Comt.)

jExperimental data

1,

3 Ion L\‘g/m'f‘ T T Identi-
3 (1] | “sec AR la® i a e g8e | flcation
06| — 113,68 20 -
671 25| 15,8 ovi | 0,005 | 115.8 5 +
8 4t | 4179 | SV 000 e 10 | 120 0,005

130, e .
0] 28| 1323 ovi | 0,005 }m 0,004  +
71| 113 | 1438.8 | Nevi | 0006 {138,5 15 | " 138 |o0.,004 <+
12| 202 | (138,3) | ovil 1002
73| 476 | (143) | CaXil | 0,02
7| 318 | (144) | CaXV | 0,05
15| 476 | (148) | CaX:l | 0,01
8| 24 | 150,14 ovi |So.015 [ 150,0 10 | 149 [o0,003 +
77| 436 | (162) | CaXIll | 0,02
78| 473 | (166) AX 1015 166 0,00 42
79| 473 i) | AX 007 | 160,9 15 | 160 | 0,03
80| 120 1 | Nevl [Soj002 |70 5 +?
st| 149 | 47002 | Nevi [ o001 | 47100 5 -
a2 209 | 172.2 ov | o002 |172;7 5 -
8| 27| 17208 ovi | 002 [174.8 30 | 17 |o0,045 +
84| 458 | 1806 IV | 6’10~ 180 | 0,085 —
ss| 11 182,5 I |<0,002
86| %1 (182) | Nixv |00 :
87| 26 | 184,14 oVl [So03 |18,7 s | 187 [o.088 +
s8] 315 | (185) | caxv |<o.02
w| &3 | (188,71 | AXI |00
| 192 (190) NiXV1 | 0,005
vi| 33 | (191) sx1 | Suits
o2 380 | (191) | GaXIV | <008 }m 0,10 +
93| 389 | (193) | CaXiv [ Qvl02
o| 87 | ~195,7 | Fevlll| 0,03 1% | 0,0 +
95| 389 | (187) | CaXIV [<0.03
96463 | 1986 | SVill [ v.05 198 | 0,03 +
97| 194 199) NiXVI | <0,015
98| 464 , svill | o.u3 201 |0,08| %
S8 E | ) 4 |maw ) BG -
1 (209) e .
s01] 336 | (2100 | Fexiu| 0.2 }”" S 1 28 0,07 +
102| 383 | ~215,8 | SiViil| 0,008
1 2| (220 .
8| el A28 Sl b
1 ) e .
107] 308 257 | SilX | o1 }222 0,85  +
108 & | (@) sIX | 0.3 ,
109| 308 0 | sitx | o007
10| 34 | (223 | CaXv |<ut
111| 387 | (226 AXIL | 20002 226 |Jo,048  +
112| 308 | 227,0 | SiIX | 0,02
13| 308 [ 22773 | six | oot
AR R AR e +
115 1 3.5 X
ue| 22 | @) | Fexv | 04 j21.0 2 | 222 |00 +
147] 253 | ~231,9 | FeVil | 0.008
118| 154 232 PX1 | 0.0005
Ho| 100 | @) NiXVI | <0,003
120| 154 8 PXI | 0,001 | 234,80 5 -
121 189°| (236) | NIXV1 | <0006
122| 154 7.0 | PXI | 0,002 |237,1] 10 -
123| 100 | 2386 | oIv | 0,004
1% | 0 o <8'%u 5| 5 | 23841 |o0028 4+

) i ' . .

18] 254 | o | Fevii |<olos
127| 154 U0 PXI | 0,0006
128 188 | (42) | NiXVI |<0,04
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%able 17 (Comt.)
€ | 1
; IN o.in \ lon L" hat « __E‘.xp. erix:e?tal Data }g.nzi-
2 [21] " aec | i i‘u Ty cation
1] 8 243,0 Hell | 510~
30| 257 243,4 FeVIl | 0,002 }243'3 10 | 243 | 0,025 +?
13| 255 25,2 | FeVil | 0,002
32| 460 2460 SiVE | 0.0 ?
13| 428 26,4 | Sivil | 0,003
13| 153 247.9 PX! | 0,003
115| 460 2.1 SiVl | 0,025
14| 337 (250) FeXll | 0,7 249 | 0,025 +
37| 187 250 NiXVI| 002
138] 81 (250) FeXVI | 0,01
139 | 384 254 Siviil| 0,008
140| 304 25,3 | AIVIIE| 0,004
141 | 312 (253) sxi | 0,06 252 |o0,003 <+
142| 153 254,0 PXI-| 0.002 .
3| 7 256.3 Hell | 0,004
4] 296 | (257,5) | SXII <005 |y
145| 385 (258) SX 0,08 |'257,4) 20 | 257 {0,008 <+
146 149 258,4 SiX 0,06 1f
147| 310 259.7 SilX | 0. :
148 385 (260) SX 0,05 | 260,00 5 | 259 |0,01 +
149 111 260,4 ov | o001
150{ 4 ~260,5/ | NivI | 0,002
151 82 (262) FeXVI | <0.05 }25‘»2 15 +?
152] 83 (264) FeXVI | <0,04
153|478 (26/5.)) FeXIV | 0.0 264 {0,003 +
154 | {26, A 0,08
155| 177 (266) FeXIV | 0.5 }256-" 10 | 266 | 0,008  +
156| 138 272,1 SiX 0.05 | 212,31 5 | 213 |o,008 +
157| 427 212,17 | sivil | 0,02
158 | 428 2714 1 Sivil 0,015
150 | 422 254 | SiviL | 006 1y
160 | 424 216.2 | Sivil | 0,015 {276,8] 5 | 276 |o0,0000 +
161 180 (276) ZeXiV| 02 f
152 425 26,8 | Sivll | 0,015
163 81| ~216,0 | SVl O
164| 1 277,3 SiX R
165( 297 | 2.4 | mgvil | 0.2 Jors.s| 0,008+
166 | 423 2784 sivil | 0,02
167 24 2781 PXil | <oi002
f68) 459 278.7 ALV | olos
169 103 | ~279.8 | o1v | o0
170{ 146 | 28,0 Six | 0006 }280 5 +
171| 299 280.7 | MgVIl | 0.005
172| 459 281 .4 ALV 0,002
173] 403 (283) FeXii | 004 | 280,4] s | 282 |o0,002 +
74 ] 179 285) FeXiV | 0.3 285 | 0,03 +
175| 305 87,0 | AIVIIL | 0,001
16| 149 287.2 Six o.(% i
177] 156 (290) SX1l | <0
178| 340 290) NiXV | <002 }m" 10 1 28 o002 +
179| 306 90,6 SiIX | 0,007
180| 306 292.8 siX | 0,05
181 3 (293) sx1 | o2 202 |o, +
2| 84 203,3 | NiXVI| <0,08 ‘
11 104 ~204 FeVl'| "0.01
TR ~296 | Fevl | 0,0
155 306 | 206,2 SilX | 0,04 }”“ 0,00 +
18| 249 (208) FeXV (<05 | 208,2] 10 | "200 (0,002 - +
187| 481 (299) NiXit | 0,02
188{ 186 (300) . | NiXxVI éo,m
189| 156 (2) sxit | <204
190| 234 .6 siX1 | 0,08 8 30 | 33 |o,13 +
191) 8 303,8 Hel! | 0,48
192] 449 (304) NiXill | 0,003




Table 17 (Cant. ).

B
1 Experimental Data

« . o ldenti- .
2 WO. Ion erg/esfd—3 * e | ew |
([ L ' A ** ' fication
193] 135 | 305,14 | AuUX | 0,02 305: | 0,01 +
G i R
195 i 01
106| 237 30 | SKUI <oz |J310.4) 10 | 3t ooz 4+
197| 128 11,8 Vil | 0,00 :
198| 202 [311,9—313,7] NaVI | 0.08 ,
199 | 449 (312) | | NiX11 | 0.04
200| 185 312) | NixVl | <0.02 13 o000 4+
00| 17| 24 | av.|Tom
202 414 | 31300 | Nelit | 0.00
203] 128 | 3137 | Mgvili | o001
204[ 379 | 3143 | siviii| 0,05
205 370 | 3145 | Mevi | 0,04
206| 128 | 3150 viir | 0,03
207405 | (318) iXIv| 0,02
208| 152 15,3 PXI | 0,002 t611] 0,002  +
208 330 318) | NiXV |<0.01
210( 318 | 318, SIVITT | 0.1
211 128 | 317.0 | MgVIll | 0,005
22| 449 | @31) | Nixun| o002
213| 208 |  316,0 X1 | o.01 a9 o000 4+
214|317 | 319,8 | siVitr| o045 a2 |o0.008 +
,215] 457 | 3210 1 0,015
216| 481 Gz | Nixu | ot .
217| 85 | 322,0 | NiXVII|<0,02
218| 457 | 323,3 | MgV | 0,007
219| 405 | (323 | NiXiv| 0,03
201 W9 | (323) | NIXHI| 0004
221 302 | 3235 | avir| 0,004
222| 15¢ | 325.2 PXI | 0.0m
223\ 302 | 3253 | Awvit| 0,002
24| 404 (328) | Fexil | 002 26 {0,008 .+
25| 302 | 3282 | AWVIIT| 0,004
226| 335 330) | FeXlll| 0.3 ?
227| 449 ) | NiXitr| 0,00
228 32,9 | AIX | 0,008
29| 3 | @3 | NiIXV | <o
230| 124 | 335,3 | MgVIIl [ 0,04
231 235 | 33858 | PXII |c0.00
232| 77| 3382 | Fexvil0s m.o« 10| 25 [o0 +
233 123 | 30,0 vit | So.08 3% (o004 +
24| 307 | 34200 | SiIX | 0.04 :
235| 134 | 32,2 T | MaVIll | 0,063
23| 176 () | Fexiv) 02" | m28 5| W o, +
SEAE R

" . (]
230|330 | (348) | NIXV |<0,04 }‘“-7 [ U1 o0 t
20| 418 | 7.0 | Fex [To03s
41| 140 | 75 | six | 0.0 ,
242|311 | M9 vi | 0,001
23| 147 | 90 | SIXx | 0.008
24| 307 | ~340,8 | Sux | 02 Mo |o, +
us| 447 | Q@S | ReXi | 002
28| 374 2 | awvi | o0m
%7 120 | 3624 | Mgviu| 0,015 | 352,90 5 | 382 |o, +
248| 418 | ~382.7 ‘6" 0,002
249| 3737 353,8 | AIVi1 | 0,006
250| 300 ) FeXil | 0.1
254 175 354 FeXIV] 0,4 o 0 35 | 0,008 +
252 130 | 3%,4 | SIX | 0,45
253\ 372 | 6,9 | AIVII | 0,04

]
U
N

]



Table 17 (Cont.)

]
wt
w

]

¢ I, gm

; L 1n| \ Ton L . _;_i‘.xgoriuntd Data identi-
v . 'u [ ) ® asl e

254 | 447 (358 FeXl | 0,06

25| 2wy | 358, Nev | o

26| 309 (60) | Fexit | 0.2 s |o07 4+
257 34 (360) | FeXIll | 0.45

2om| 447 (80) | FaxI | 0,018

0] 148 | 360, SiX | 0,008

20| 203 | 36,2 | Navi | 0,00t

1] 15| 315 | MaXv | 0003 :

202] 78] 31,7 | FeXVl|<0.3 23 | 0,005 +
263 205 | 3eh—d68 | mgVII | 0,06

24| 258 | T %54 | SIXL | [0.06]

65| 285 | 3854 | Nev | 0,01

26| 89 | 3659 | FevHI| 0,002

47 [10; (367) FeX U, 15

28| A4 (367 FeXl | 0,01

26| 205 387, MgWii 0.03 +1]| 0,02 +
0| 21| 3882 | MglXx | 0,08

271] 399 (380) | FeXll | 0.3

273| 447 (389, | FeXi | o0.015
c973| 8] 3%,5 | Fevill| 0,004

274) 3% | . @31 | Fexll| 0.4 | 372,2] 10 +
3| 2 3(114761) O\ oy | 3738 15 | 315 o002  +
76 . e N1

27| 416 | 379,3 | Nelil | oloor |30 25 | 378 | 0,008 ° +
218 308 | 31 | Avin| olon

270] 120 | 3813 | NaVil | 0,008

wo| 303 [ 37 | AviL| 0007 }m 0,002l 4+
wi| 19| 2 | av | owse :

o3 ! n 0,004

24| 334 (386) | FeXIlI| 0.65 37,5 | 0,004, +
5| 308 | ~387.8 | avill | 0,01

wes| 30 | 3880 | MgVl | 0,005

wr| | 30 | crXIv| 0,003

B | | e

289 "~ ’ 00

20| 136 | 3024 | AUX | 0,015 W 0,008 +
291 | 145 | ~398.9 SiX | 0.004

202| 368 | 3993 | MVI | 0%

203 118 | 398 | Nevi | 001 N

204( 367 [ 4007 | mgvl | 0,08

205 118 | 401,1 | Nevi | 0,02

‘ 20l e | iohs | wewi | o0 |

297 401,9 | Ne 0,

2081 366 | 4033 | MgVl | 0.43 4041) 0,004  +
og| 118 | 403, Nevl | 0,01 !

0| 417 | ~408 | NalV [ 0,001

hot| 225 | 411,2 | NaVIll | 0,004

w2l T | 425 | GXIV{ 0,001

W3f 251 | 4te1 | FeXV |(<O,08

04| 280 | 4143 | NaVi ,004

ol 2 | ez | Nev | ooz

306 ' e 0,

w1| 288 | 416.8 | Nev | 0.0 J }“‘ 0, +
we| 181 4195 | civ | 0,06 | «19,4] 10 | ‘w8 |o, +
00| 42 421) | SXIV |<0.02 40 |o, +?
Mol 28| 4di | FeX |(<0.02]

31| 415 | 421.8 | Nelll ,004

32| 208 | 4202 | mgvit| 0,03 2 |o0,002l +
33| 115 | 4300 | Nevi | 0,008 .

el 58 |- o5 | mgvit | ‘or0s

3 ' .

M| 206 | 4313 vit| oos |}e07 10 | 43 fo, +,
37] 114 | 4324 | Nevl | 0,015



Table 17 (Comt.)

[ I n
; Experimen
" ?Z.ﬁ A Ion Lrg&’- —_— tal Date_ |14enta-
3 | | sec|® [/ |r** |/ % [ficaticn
HEARE- Tl I R
34, ' 4| 28 7 ,
30 125 | 4387 | MgVIllL| 0.1 : 437 10,008  +
321 133 442,2 gVvIili{ 0,003 441 | 0,003 +2?
ol we | sxiv |0t | usd 1s R
, , ?
34| 55| 4518 | Silv | 0,001 X i I
35| 56| 458 Sitv | 3107 56 10,00 +7?
326 362 459,9 NaV 0,001
| N 40,9 TiX1l | 0,002
3281 362 461,0 NaVv | 0,003
:;z;g &7;/. 461,7 CcNXl\}l 8'&3
: 2 463,3 a 004 463 | 0,003 +?
331 223 464 NevIil [ 0,08 | 483,8 10 7 ,
sz | doh | M| D @ |owd
333| 380 470,0 NelV | 0,005 :
% 173 AN Cavill | 0,002
- 47341 0,002 -
38| — _ AT1.4| 45 e -
337 72 480,1 TiX1l | 0,001
338| 281 480,4 NeV | 0,015
8 2 | | N | S
483,0 e ' 483,7| 10 ‘0,
mil 322 | 4867 | NaVii | 0,003 48411°0,008  +
32| 433 (488) SIX | 0,04 ,
33| 413 488,1 Nelll | 0,00t
344 413 89,5 Nelll | 0,005
5| 131-]  400,8 | Mgvill | 0,003
36| 413 491,0 Nelll | 0,004
347/ 291 491,4' Navl | 0,003
Ms| 122 491,9 NaVIl | 0,008
39| 200 484,3 NaVvl 0,005 | 495,0] 5 | 49 0,005 +?
50| 39 (499,3) Six1l | 0,06 498,31 S5 | 500+t 0,005 +
351 — 503.9 15 | 503~ | 0,004
%gg - 507 {0,003 -
— 1414 | 0,004 -
54| 40 | (521.1) SiXIl | 0,03 Stt| 0
355 364 521,3 NelV | 0,0U5 521 | 0,01 +
356! 197 522,2 l(-)lell” 8.&1,5 N
357/ 276 525,8 ' :
358| 407 |525,7—528,6] Felv | 0,01 }525'“ 15 | +
3591 330 527,17 AV 0,002 52044 | 0,004 + ?
360 — 535,3| 5 -
364 | 196 537,0 Hel 0,06 | 53,5 5 | 837 | 0,002 +
52| 206 538,3 Cill | 0,001 | 538,8 S +?
363 | 355 538,3 Oll 340~
364 | 353 530,14 o1l 0,02 539,2 § +
365| 359 541,1 NelV | 0,04 1| 0,008 +
366 | 358 542,0 NelV | 0,08
367! 357 543,9 Nelv | 0,12 545 | 0,003 +
8| 210 547,9 }:&{ 840(»1
39| 37 550 004
30| 2 .'551'2 CaVil | 0,002 , }55' 0,005  + 7
271 408 554, 1 orv 0,1 553,71 10°| ‘585 | 0,011 +
ST2) AL (555) SIX 0,0
HYRY LY H50,0 SiX 0,006
SR G 651,7 CaX 0,004
415|117 558, 6 :e\\‘} 3.(6;5 560 0,002 +
36| 116 562,8 ) ,
w77l 232 | sesit | SiXU | [0,03] }"‘“ 0,003  +
3718| 282 568,4 NeV 0,06
am| 38 (sso& AIXI | 0,002 0,02 { +
380 282 580, Nev | 0,47
38| 282 572,1 NeV § 0,04




Table 17 (Cont.)

< h.xpor:lnntal Data
e o Ion Lrg/ — —| ldenti-
3 flo.in e | e ‘es ew | fication
- | [21] I
382| 282 572,3 NeV 0,23 | 572,80 5 +
r&:’: 20 574,0 CaX | 0,002 $76.6
6 10 -
Ws| — 578.5 10 }mi‘ 0,004
Wil | smes | caviin | ooz |8 10 -
| ey Six | (002 }581.5 10 | 58 |0,004 42
389| 195 584.4 Hel 0,7 584,7 10 585 | 0,03 +
390] 244 585,8 AVII 0,004
391| 168 589,0 AVl 0,001 | 589,80 5 +?
392| 232 50,2 SiX1 [o.ooq 503,8] 5 592 | 0,003 +
393 167 506,7 AV1 0,00
94| 171 596,9 CaVIll | 0,004
ggg 3% ~31.5 Mcgl\ill“ 8’% 597,89 5
8 597,8 . ) + ?
37| 275 | see06 | OHI | oot | 589.2 5 L} s 10,003 T
398 — 602,8] 5 -
390| 107 6084 oV 0.1 %'g 0 [y 98| 0.0
99| 1 . . Sl 5 . o+
ol | s | o | 03 | Gomsl § |} oeoe o008 T
401 M (609,9) X 0,05
402 217 610,0 olll 0,003
403 277 610,8 olll 0,005
04| — 611,4] 5 -
405 614,9) 20 -
406 — 617,2] 25 617 | 0,002
407| 67 621,4 KiX 0,001 622 | 0,01 +?
408| 331 624,4 Cbc‘V)l(l 0.312);
4001 35 624,9) g 0,
40| 112 (szs.t oV | 0,03 A 5 | 625 | 0,008  +
41| 216 629,7 oV 0.3 630,3| 20 620 | 0,02 +
412 395 629,86 Cavi 0,004 ‘
413] 334 630,6 CaVil 0,003
44| 395 63,8 CaVi 0,003 | 635,5 10 634 | 0,002 +?
215 68 636,3 Fle(’l()\(” 3-(1)0‘*
16 80 637,2 <0,
s7| 33t [ 6wz | GVl | 0,005 } o8 foog
418] 331 640,5 Cavil 0,001
4191 395 641,9 GVl 0,001
420| 268 644,8 N1 10-¢
421 446 | . 646,6 GV 0,001 | 644,89 20 +?
422 97 651,3 Cll 10-¢ | 651,5 10 | 653 | 0,001 -
Nl B Rl O £ thal ol
425| 248 678,6 CalX | 0,001) 676" | 0,003 + ?
4261 130 680,3 MgVill 0,003
427 32 (182) NalX 0,005 68241 0,004 +?
428 100 687 NI 0,001 | 687,31 15 | 689 | 0,004 +?
420 228 692,4 MgIX lo,oal
40| 248 693,8 CalX 0,001) | 3694,5 25 | 695+1] 0,005+
. 4311 33 | - (695) Nai X 0,002
432| 65 700,4 Avill 0,004 700 | 0,004 +?
433 272 [102,3—703,9] OIll 0,06 | 703,3] 20 | 704 | 0,01 +
43| 228 10,5 MgIX | (0,02]
4350 62 706,5 Svi 0,002 | 707,9{ 20 +?
436| 228 1710,3 X | [0,0] 71041} 0,008 42
437 62 712,71 SV1 0,004
438| 66 714,0 AVIiil | - 0,0m
::28 329 718,4 AV 0,001 120 | o0
— AP
410 324 728,7 Sill 0,002 729 | 0,0
m — 737,4 15 ;22 8.m
e — 754,8 10 | 752%1] 0,004 -

-55-



Table 17 (Cont.)

i Experimental Data

!
‘ I ‘ o . . '.' .r i-
oin A lon ‘argtnf®. . . i
, L
ra] a.c=l' .‘.l l..‘l 00. f{cetion
1]
ws| 220 |758,7—759,5| ov | 0.0
46| 220 1760,2—76004] OV | 0,045 76241 | 0,005) -+
41| 220 [784.2—761.9] OV. | 0,02
M8 W | 1644 NI | 0,004
a9 22 | 7654 | NIV | oot | 764,85 10 | 67 ]o,00m 4+
450| 29 7705 | Neviil;| 0,09 m |00t +
1] 222 | 145 ov °’| 0.05
4621 29 778,0 NIl 3-10-¢
A5 ] D26 758.9  | NaVill | (0,000
spi| to | e | Tov | o2 ,
455 30 | 703 | Nevuir| ol | 77,4 5 | 81 |00 "+
456) 262 | 86,5 sV | 002 :
451|105 | 7817 | oiv | o.2 188: |0,004 +
458| 226 | 7886 | NaVIII | [0.002]
59 104 | mo2 | ov | o5 | 791,20 5 | 90 [o.04 4+,
«0( 226 | 7933 | Navill | [0.00] 93 {0005 +°?
461| 356 | 790.8 0,005
462| 63 | 80,7 | cvii | 0.0t 802 [0,002 4+ ?
43| 165 | 808,7 | SIV | 0,002 | 8094 5 | 808 |0002] +?
AGA| — 81009 5 | 812 |o002 —
485| 58 | 8151 sity | 0,001
466| 164 |  816.0 SIv | o000
867 — 89,3 5 | 818 [o0.008 -
468| 328 | 82,2 AV | 0001 | 8225 5 | 821 |v003 +?
68| — 8230, 5 -
40| — : 'ss 5 | 8% |[o,008| —
11| 328 | 827,2 AV | 0,002
are| = 8200, 10 | 820 |o,04 —
473| 352 | 32,8 o | 0,05
wIB| R S b
354 3, 0.1
a8l 213 | 8w.7 ot | o1 [Jse9 s +
47| 350 |  8M.5 ol | 015
am| 327 | 8u9 AV | oloos }815,2 s | 810,015 +
419 273 | ~835.2 ot | o3
a0l 327 | 8360 AV' | o001 | 8367 5 +?
a81] 393 | 8400 | AIV | o0l00t
a2 393 | m3.8 | Av | o000z 86 |0, +?
483 393 | 850,6 | AIV | 0002 | 852,60 10 | 852 | 0.0t |\+.
A — : 855.4| 30
85| 91 858, 1 cit | o002 | 858.2 10 }858:!:1 o -
486 90 | 858.6 Cil | 0,004 | 8594 20 ' T
wr| — 88 |00 =
488 — 81 |o.ws| —
s8] — 877 |00t -
aw| — 880 | 0.0 -
a0t — 887 (0003 , —
492| 224 @2) | Nevil | 10.1] 89344 0,005 '+
43| 95 | 903,8 il 01 | so2,8 51 swtm {ooos <
IR Bl S B I SR i BT "7
3| 302 | 011, 0,001 .
9| — 913.0] 10 }”2 0,00 3
wi| — o14.2 50 ['94 |00t =
408| 267 | 16,0 NIL | 0,000 | 916,00 10 | 17 | O, +?
499| 214 | ~9222 NIV | 000z | 9201 {0,008 I ?
50| 214 | ~923.3 NIV | 0,004 | ~*% 925 | 0,006 4 ?
s01] B0 | 9334 | SIV | 002 | 932,20 10 | 93241] o, +
so2f s | 6378 Hl | 0008 931 0007 4+
503 — 940,90 10 =
504| 61 44,5 SVi | 0,00 | w43, .0 | ®s241|0,004] 4+
s 4| w7 HE | oos | 0L ] w9t o008+
s07| — 61,4 10 }”‘i‘ 0, -




Teble 17 (Cont.)

i : T e
el ) |1 o] Suerismial uta | daets-
3 [21] sec| % '@ h'ﬂl" eation
508 uel 94,5 NI | 2,0 | 964.8] 10 ?
500 — | o%0.4| 10 A
510, 3 97;.5 HI | 0,04 | 973.9] 40 1 |3a +
st 24 | W70 ciit | 0,8 17,0 30 § |08 <+
513 o [000.0~091,8] NI | 0,00 | es0,0f 40 &t sloo;! -
514 — 101
515| — { 1014
58] 97 | 1010,7 cii | oe.307¢ | 1000,8) 3 t .% 4
37 7 | 1013,6 it | 0,008 | d088,3 § X +
s19] — 1049.7 10 }‘“'# 0,004 T
o 2| 0. W | oo | 105ad] & 24 | 0,04 +
522 412 | 1025,7 of | 0,01 ' ! )
523 48 | 10260 | Mgll | 0,003 '
524| 49 | 1026,1 Mgll | 0,002
525 — 1028,7t 10 -
526 — 1030, 15 - -
21l z | e | oovl | 008 | 12230 | 10294 0,65 +

’ v ‘
520 23 | 1037.6 | ovi | oo [{1038,2) 40 } 1035 | 0,02 + .
S0l 4t | i | ol | o0t 109 5 | 100 o007 4
satf(e1] | 1048,9 | sivil 1048,9) 5 | 1049 | 0.004f +
532 — . 1054,4] 10 -
S ] | o7 | v | 10s8.7} 10 | 108542} 0,007  +
53| 1 50827 | SIv | -0,005 |1065,3 15 | 1063™ | 0,007  + ?
535 166 | 1073.3 | siv | o,01 1073 |o.004 +
s — 1080 | 0,01
57| 206 | 1080 | NI | 0,005
s3al 266 | S | wu | o005 |jtoesif 10 | s083 [om3  +

1085.7 . .

539 — - 10914+1] 0,01 -
s40| — 1100~ | 0,01 -
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25.

IvanoQ-Kholodnyy, G. S. Ionization of the upper atmosphére
by shortwave solar radiation. Geomagnetizm i aeronomiya,
Ve 2, no. u, 1962, 67“‘6870 ‘

The latest avallable data on shortwave golar radliation
in the spectral region between O and 1000 A, effective ioni-
zatlion cross sectlons, and photolonization are used to cal-
culate the rate of ion formation (q) at altitudes between
100 and 800 km for different times of the .day.

Analysis of data on q shows that maximum lion formation
occurs in the Fl region during the day and in the F2 region
during the evening and in the morning. During the day, q
changes by two orders of magnitude in the Fl region but
changes very little in the F2 region and higher. The graph
of q as a function of height displays a characteristic peak
at 120 km.

During the day q was found to vary in proportion to
(208 2¢g)M, where Z¢ 1s_the zenith distance of the sun.
The values of m for the E, Fl,and F2 regions contradict
the simple-layer theory but agree with the experimental
data. During the :day m changes in the region between the
Fl and .F2 layers. Since the density of the atmosphere at
altitudes > 200 km increases in the daytime, q increases
at altitudes of about 250 km and decreases at altitudes
between 150 and 250 km. In addition, the gradients of q
and n!/ (electron concentration) decrease above the maximum
of the F2 layer. Due to asymmetry of diurnal variation
in particle concentration, asymmetry 1s observed in varia-~
tions of q and n/. This leads to incorrect effective values
for the recombination coefficient, if the latter is calcu-
lated by the method developed in 1959 by V. Appleton.

Values of q and experimental data on nI and concentra-
tion of molecular ions obtained by rockets and satellites
are used to calculate the effective recombination coeffici-
ents.
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26.

27.

28.

Studies of Marginal Interest

lovskiy, I. S. Ultraviolet radiation of the solar corona

and the chromosphere and ionization of the earth's atmos-
phere, IN: Akademiya nauk SSSR. Krymskaya astrofizicheskaya
observatoriya. Izvestiya, v. 4, 1949, 80-113.
: : ‘ QB1.A17642, v. 4

Although most of the article deals with ultraviolet
solar radlation, some calculations are given iror x-ray radia-
tion. The absorption of hard radiation in the ionosphere 1is
investigated on the basis of x-ray and optical data, and it
is shown that only radiation with a wavelength A < 75 % can
reach the E layer. This type of radiation may be responsible
for ionization of the E layer. It 1is pointed out that the
Dellinger effect may be caused by hard radiation (A~ 1
formed during solar eruptions.

Shklovskiy, I. S. A new theory of solar eruptions and the
resultant ionospheric disturbances in the D layer. IN: Akademi-
ya nauk SSSR. Doklady, v. 64, no. 1, 1949, 37-39,

AS262.A3663, v. 64

The Dellinger effect is explained on the basis of ioniza-
tion of the D layer by hard solar radiation (A -~ 1 %) which
increases considerably during solar flare eruptions. The
total number of photons passing an area of one square centi-
meter of the earth's atmosphere during the period of disturb-
ance (~ 15 min) was estimated as 10'° photons (or
0.2 erg/cm’-sec at the earth).

Mandel‘shtam, S. L. Review of research .on shortwave ultra~-
violet solar radiation. Uspekhi fizicheskikh nauk, v. 46, -
no. 2, 1952, 1u5 "178. QCl'UBJ V. u6

The review contains some data on x-ray emission derived
from investigations conducted with V-2-type rockets. The
references cited consist of 28 Western and three Soviet
sources,
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29.

30.

31.

Mandel 'shtam, S. L., and A. I, Yefremov. Investigation of
shortwave ultraviolet solar radiation. Uspekhi fizicheskikh
nauk, v. 63, no. 1, 1957, 163-180. QC1,U8, v, 63

This article is a review of experimental and theoretical
research on shortwave solar radiation, including x-ray
emission, conducted between 1952 and 1957. Of the 24 refer-
ences cited, only three are Soviet. The section on coronal
radiation 1is based almosat exclusively on American data..
Experiments to be carried out in the Soviet Union involving
x-ray radiation measurements by means of artifical satellites
are discussed.

Shklovskiy, I. S. Ultraviolet and soft x-ray solar radiation.
Uspekhi fizicheskikhhauk, v. 75, no. 2, 1961, 351-388.
QCl1.U8, v, 75

Both theoretical developments and experimental research
are summarized in thls review. The followlng topics are
included: ultraviolet c¢oronal radiation, rocket and artifici-
al satellite observations of ultraviolet and soft x-ray solar
radiation, and the effect of hard solar radiation on the
ionization of the earth's atmosphere. The article 1s based
on 42 Western and 10 Soviet sources.

Shklovskiy, I. S. Fizika solnechnoy korony (Physics of the
solar corona). 2d ed., rev. and enl., Moskva, Fizmatgiz
1962. 516 p.

This is the second, thoroughly revised, edition of an
excellent monograph on the physics of the solar corona orgi-
nally published in 1951. The chapter on ultraviolet solar
radiation and itz effect on the earth's atmogphere also
provides a summary of work on solar x-ray emission available
prior to 1961 in which both experimental data and theoretical
resnlts are discussed. In this chapter, one of the works
of Ivanov-Kholodnyy and Nikol'skiy [20] 1is analyzed and the
theory developed therein found to be sound.

The monograph contains numerous original theories developed
by the author, who is consideted one of the foremost Soviet
astrophysicists, including his theory Of ionization in the
solar corona, which he first worked out in the 1940's.

The text acknowledges all of the important contributions
to the field, listed in an extensive bibliography (274 entries).
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PART TWO. OPTICAL SPECTRA

1. Oscillator Strengths and Related Quantities

32.

33.

Review Paper

Kolesnikov, V. N., and L. V. Leskov, Optical transition
probability for atoms and diatomic molecules. Uspekhl
fizicheskikh nauk, v, 65, no. 1, 1958, 3-38.

QC1.vV8, v, 65

This 1s an exhaustive review of optical transitions
in atoms and simple diatomic molecules. It is based on
material published up to and including the early part of
1958. Of the 370 references, approximately 22% are Soviet.
Four tables [not presented in this report] summarize the
data availlable in this field. The first lists theoretical
papers dealing with the calculation of transition probabili-
ties, oscillator strengths, line strengths, and transition
integrals. Elements, transitions, or configurations for
which calculations were carried out are included along with
their sources, The second lists experimental papers deal-
ing with the determination of transition probabllities and
oacillator strengths and includes elements, number of lines
investigated and the spectral region, the method used, and
the sources. The sources 1in which absolute values were de-
termined are pointed out. The third and fourth tables give
similar data for diatomic molecules,

Experimental Values

Ostrovskiy, Yu. I. Kelative f-values for chief lines of
diffuse and sharp series of Al I. Optika 1 spektroskopiya,
v. 2, no. 5, 1957, 673. QC350.068, v. 2

The relative oscillator strengths for the four strongest
lines of Al I were measured by the anomalous dispersion
method.8 The results of the measurements are given in
Table 18.
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34.

35.

36.

37.

Ostrovskiy, Yu, I., and N. P. Penkin. Absolute values of
oscillator strengths for the lines of chromium, manganese,
and copper. Optika 1 spektroskopiya, v. 3, no. 3, 1957,
193-201. QC350.068, v. 3

The absolute values of osclllator strengths were deter-
mined by the anomalous dispersion method for resonance lines
of chromium, manganese, and copper. The relative oscillator
strengths were also measured for other spectral lines of
these elements, On the basis of these data and the results
of earlier f-value measurements, the absolute values of
osclillator strengths were obtained for 34 lines of chromium
(Table 19), 10 lines of manganese (Table 20), and the fol-
lowing lines of copper:

Liamar)y = 0.7y Lignray = 0.38, £(g10e) = 0.011,

Ostrovskly, Yu. I., and N, P, Penkin, Relative f-values
for spectral lines of scandium, Optika 1 spektroskopilya,
v. 3, no. 4, 1957, 391-393. QC350.068, v. 3

Relative oscillator strengths of Sc I spectral lines
were determined by the anomalous dispersion method. The
results of measurements are given in Table 21.

Ostrovskiy, Yu, I., and N. P, Penkin. Measurement of abso-
lute values of oscillator strengths in the spectral lines of
Ga I and In I. Optika 1 spektroskopiya, v. 4, no. 6, 1958,
719-T724, QC350.068, v. 4

Absolute oaclllator strengths of the five strongest lines
in the spectrum of Ga I (4P°, , - 538, , and 42P°,,,, ,, g4 -
43D, /a5 s/ ) Were determined (Table 22) from data obtained
by % 2 anomalous dispergion method and pressure values by
Spelser and Johnaton. Absolute oscillator strengths for the
five atrongest spectral lines of In I were also calculated
(Table 23) from data obtained by the authors and pressure
measurements by Anderson,

Nagibina, I. M. Calculation of relative oscillator strengths
in an arc discharge from the width of the spectral lines. IN:
Akademiya nauk SSSR. Izvestiya., Seriya fizicheskaya, v. 22,
no. 6, 1958, 681-682, AS262,A62455, v, 22

The method of Cowan and Dicke was used to calculate the
relative oscillator strengths given in Table 24,
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38.

39.

40.

41.

Ostrovskiy, Yu. 1., N, P, Penkin, and L. N. Shabanova.
Measurement of oscillator strengths in spectra of atoms.
IN: Akademiya nauk SSSR. Izvestiya. Seriya fizicheskaya,
v, 22, no. 6, 1958, T725-729. A3S262,A62455, v, 22

The absolute values of oscillator strengths for resonance
lines of Al I, Mg I, Ca I, and Ba I were determined. Better
results are given in a later paper [46].

Gurvich, L. V. Absolute transition probabllities of the Tl
atom. Optika 1 spektroskopiya, v. 5, no, 2, 1958, 205-207.
QC350.068, v, 5

Absolufe osclllator strengths of thalllum spectral lines
(A = 3776 K and 5350 R) calculated or measured by six different
authors are given. The experimental data obtained by G. S,
Kvater (USSR) in 1941 are considered the most reliable, but
in view of the inacturate vapor pressure data used in the de-
termination of absolute oscillator strengths, the latter were
recalculated using a new method hased on the calculation of
the vapor pressure »f the metal from the thermodynamical
potential and the temperature variation of enthalpy in the
gaseous and solid states. The absolute f-values of thallium
were determined to be .

£ grvay = 0.125 + 0.004 and f g4s4 = 0.135 + 0.004,

From these data and the results of earlier measurements, the
absolute value of f(,,..) wes calculated as 0.272,

Ostrovskiy, Yu. I., and N, P. Penkin. Relative f-values for
spectral lines of vanadium and cobalt., Optika i spektroskoplya,
v. 5, no. 4, 1958, 345-353. QC350.068, v. 5

Relative oscillator strengths for 72 1lines of V I (3000 to
4900 A) and 82 lines of Co I (2900 to 4200 R) were measured
by the anomalous dispersion method. The results of the meas-
urements are given in Tables 25 and 26.

Penkin, N. P., and T. P. Red'ko. Relative oscillator strengths
of some lines of Z2n I and Cd I, Optika i spektroakopiya, v. 9,
no., 5, 1960, 680-682, QC350.068, v. 9

The relative oscillator strengths of 30 Zn I and Cd I lines

with lower energy levels *P, , . were measured. The results
of the measurements are giveh in Tables 27 and 28,
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42,

43,

4y,

45.

Ostrovskiy, Yu. I., and N, P, Penkin. The f-number meas-
urements for the spectral lines of barium, Optika 1
spektroskopiya, v. 9, no. 6, 1960, T703-706,

QC350,068, v, 9

The relative oscillatgr strengths of 65 lines of Ba I
between 3889 R and 7911 A were measured by the anomalous
dispersion method. The results of the measurements are

iven 1n Table 29, Since the absolute f-value for the

1S, - 61P? transition at A = 5535,484 R 18 known 51
according to Wessel; 1.8, according to the authors the
absolute f-values for the 65 1lines given in the table can
easily be calculated,

Khokhlov, M, Z, Oscillator strengths for p?-ps transitions
in lead, tin, germanium, silicon, and carbon. Part I: Lead
and tin, IN: Akademiya nauk SSSR. Krymskaya astrofiziche-
skaya observatoriya. Izvestiya, v. 25, 1961, 249-267,
QB1.A17642, v, 25

The absolute f-values for p?-ps transitions in lead
(Table 30) and tin (Table 31) are determined. Conversion
to the absolute f-values was made from data of H. D, Engler
and C. W. Allen. Three of the f-values given in Table 30
were determined earlier by Khokhlov, but apparently with a
lesser degree of accuracy.

Ostrovskiy, Yu, I., and N, P, Penkin, Measurement of abso-
lute values of oscillator strengths for the resonance lines
of calcium, strontium, and barium ions, Optika 1 spektro-

skopiya, v. 10, no. 1, 1961, 8-14, QC350.068, v. 10

The absolute values of oscillator strengths for reso-
nance doublet lines of Ca II, Sr II, and Ba II were deter-
mined, These values were later recalculated [46] on the basis
of more accurate measurements of absolute oscillator strengths
of Ca I, Sr I, and Ba I resonance lines,.

Ostrovskly, Yu. I., and N. P. Penkin. Oscillator strengths
of calcium spectral lines., Optika i spektroskopiya, v. 10,
no. 4, 1961, 429-435,

The relakive oscillator strengths of 34 lines of Ca I be-
tween 2275 and 6572 R were measured by the anomalous dis-
persion method. The results of the measurements are given
in Table 32.
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46,

47.

48.

Ostrovskiy, Yu. I., and N. P. Penkin. Measurement of the
absolute values of oscillator strengths in atomic spectra,
Part II. Optika 1 spektroskopiya, v. 11, no. 5, 1961,
565-576. QC350.068, v, 11

The absolute oscillator strengths of resonance lines
1 - 15, of calcium, strontium, and barium are calculated
(Table 333. The results obtained are more accurate than
those obtalned earlier by the same authors [38]. The absolute
values of oscillator strengths of Ca II, Sr II, and Ba'II
resonance lines obtalned earlier [44] were recalculated. The
values obtained are listed in Table 34.

Penkin, N. P,,and L. N, Shabanova. Osclllator strengths of

the spectral lines of magnesium, strontium, and barium,

Optika i spektroskopiya, v. 12, no. 1, 1962, 3-11.
QC350,068, v. 12

The anomalous dlspersion method was used to measure the
relative oscillator strengths of 13 lines in the principal
series of strontium and barium. The absolute oscillator
strengths were determined from experimental data and absolute
f-values for resonance lines (S, - !P° ) of these elements
determined earlier by Ostrovskiy and Pepkin. The relative
and absolute f-values of strontium and barium obtained are
given in Table 35. Relative oscillator strengths for the
ns? - (n-1)dmp transitions of barium arising in simultaneous
excitation of two electrons were measured and the absolute
f-values calculated (Table 36). The f-values for the
3PS,y ,s —- *S, and ®P§ , ., - %D, , 4 transitions in Mg I and

1] 3
Sr Y dere also measurdd] The d&%& obtalned are listed in
Tables 37 and 38,

Ostrovskiy, Yu. I., and N. P. Penkin., Measurement of the
absolute values of oscillator strengths in atomic spectra,
Part III. Optika 1 spektroskopiya, v. 12, no, 6, 1962,
669-670. QC350.068, v. 12

The absolube value of the oscillator strength in the
resonance doublet of K I (433, ,, - 47P0, 4 .;
A = 7664,907 R and 7698.979 B ‘was determinéd to be equal

to 1.03 i 0.03,
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"’9.

500

Theoretical Values

Boyarchuk, M., Ye., and A, A. Boyarchuk., Oscillator
strengths determined on the basis of stellar spectra study.

IN: Akademiya nauk SSSR. Krymskaya astrofizicheskaya

observatoriya. Izvestiya, v, 22, 1960, 234-256,
QB1.A17642, v, 22

If a growth curve is constructed from stellar spectro~
grams using only the lines for which laboratory f-values
are known, then the log n values which are proportional to
oscillator strengths can be determined for all lines from
the equivalent line widths. The authors use this method,
developed by K. 0. Wright, and avalilable log n data from
five non-Soviet scientists to determine relative oscillator
strengths (log g £ A) for 1184 lines of 21 different atoms
and ions (Table 39).

A comparison of the relative oscillator strengths obtained
by the authors with the avallable experimental values shows
that the former are a little less precise. The main source
of error i1s believed to be due to blending. The factors for
the conversion of relative oscillator strengths to absolute
values (Table 40) are determined from the known experimental
and theoretical absolute oscillator strength values for all
o7 the ions and atoms for which relative f-values were deter-
mined with the exception of Y II, 2r II, and La II ions,

Khokhlov, M, Z. Oscillator strengths for p2-ps transitions
inCi, S1 I, Ge I, Sn I, and Pp I. Part II. IN: Akademiya
nauk SSSR. Krymskaya astrofizicheskaya observatoriya., Iz~
vestiya, v. 26, 1961, 52-62, QB1.A17642, v, 26

The 1line strengths for the p?-ps transitions in C I, Si I,
Ge I, Sn I, and Pb I were computed in intermediate coupling
by means of quantum mechanics (Table 41). Spin-orbit inter-
action was taken into account, but configuration interaction
was neglected, The coupling parameters of the configurations
were selected to obtain the best agreement between experimental
and computed values of the level energies,
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Nikitin, A, A, Study of the Raman spectrum of N III in

the envelopes of stars and nebulae. Part V:¥# Determi-
nation of approximate values of the transition probabili-
ties and coefficlient of absorption for energy levels of

N II with 1s®2a%n./ and 1s8%282p(l-3p)n! configurations.

IN: Leningrad. Leningradskiy universitet, Vestnik, no. 13.
Seriya matematiki, nekhaniki i astronomii, no. 3, 1962,
113"137 .

The wave functions determined in [60] are used to calcu-
late approximate values of transition probabilities and co-
efficients of absorption for some N III energy levels, The
oscillator strengths and transition probabilities for transi-
tion between levels of 18228%n. conflgurations were determined
from the followling formulas:

18] ¢ Sax (i
ot emtny= e

:.‘. ' l% (1)
p‘*:lg P(nllr)P(n’l’;'r)rz‘.'rl ,

where nl2L is the lower level; n!'I'3L{ the upper level; and
max (11'), the highest value of the I level in the transition.
The other symbols are standard. The probabllity of spontane-
ous transition from level n' to level n is

268-100 L
A.'u=——;—l's. i=-—p-
P:u' (2)

=3 ITe - -‘-I._—-' 1 SLL"

where wpy = (28 + 1) (2L + 1) 1s the ciatistical weight of the upper
term, and Sy,' 1s the multiplet stiength which tor one elec-
tron spectrum is proportional to the statistical weight.

The results of calculations for transitions between some
of the levels of 18228%n.! configurations are given in Table 42,
The oscillator strengths and coefficients of absorption for
transitions from 18228%nl configurations into continuous
spectrum were determined. The coefficient of absorption is
given by

o= Tk g (3)

Parts II and IV of this study are the only other parts located to date.
No reference is made in any of these articles to parts I or III. Part II
deals with the calculation of N 11 energy levels and 1s not included in
this report. Part IV is entry 60.
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where Z 1s the effective charge, and k i1s a parameter
assoclated with the frequency of emission in the continu-
ous spectrum by the relationship

%=b+§,&=MQWHwT (%)

where X, 18 the ionlzation potentlal of the n-th level,
and fphk is the osclllator strength for transitions to the
state of continuous spectrum and is given by

1 iy v
fi=5 T3 %, P (5)

p}.:”P(nllr)P(kl +1, r)rdrl‘.

For practical calculations, the asymptotic expression
for P2,, which holds true for large values of k?, are used.
The formulas for PJ for the case discussed in this paper,
using wave functions derived in [60], are

L p={PQ@s|r)P(kp|r)rdr; P=(1+5)a:

.. 4 6
g=N2.2¢ *(atA7a 24+ BA40)012 (6)
F=4 —2(309+423A2 =2 4 4eAN 2 + Bud—4 4580 Y0
m-}-l a4+ AT BA~Y '
a==4\—2Z; Y=200'4-42'—20Z); x=T722\ — 282},
0=722" 4 120\ — 180Z)? —82%; o¢=20""

The results of calculations are given in Table 43,

The quadrupole transition probability for the 2p®P - 3p®*P
transition i N III was determined as

A(3p®P - 2p%P) = 2.6.108. (7)
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ha.

The transition probability for the sp?+P - p*¢3S transi-
tion in N III was determined as

" A(4P - 43) = 1.4.200°, (8)

The corresponding osclllator strength for this transition
is

£(4P - 43) = 0.043, (9)
The oscillator strengths and transition probabilities

between terms of 182282p('s3p)nl configurations were
evaluated from the following formulas:

famb e ) S
s My e pou i

9 10
An__-.ﬁ&lo’ ( )

- T"Su;

— "L' . — SLL'?’
i‘-T’—0 Sﬂ—'m—»

where w, 18 the statistical weight of the lower level; Spy:
18 the multiplet strength, and I is the largest value of I
in the transition. Terms Vij,' and Syy are taken from other
sources or calculated by the author. The results are given
in Tables 44 and 45,

The osclllator strengths and coefficlients of absorption are
calculated for transitions into continuous spectrum from levels
of 18228%2p()>3p)n! configurations (Tables 46 and 47)and for
transitions into the state of continuous spectrum from levels
of 1§’§s2p('P)nJ (h =4, 7 =0, 1, 2) configurations (Tables 48
and 49).

Gruzdev, P, F. Relative oscillator strengths in the spectrum
of the Co II ion. Optika i spektroskopiya, v. 13, no. 3,

Intermediate coupling is discussed and a criterion developed
to determine when the coupling between configurations can be
neglected. Formulas for calculating line strengths in inter-
medlate coupling with the phase taken into consideration are
derived. The relative line strengths for the 3d”(a+¢ F)is - 34~
(a¢ F)4p transition in Co II were computed in LS and inter-
mediate coupling (Table 50} . According to the criteria de-
veloped earlier by the author, the relative line strengths com-
puted in intermediate coupling should be in good agreement with
the actual experimental values, The relative oscillator strengths
were computed from line strengths in intermediate coupling and
are included in Table 50.
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53.

54,

55.

Gruzdev, P. F. Relative oscillator strengths in the spectrum
of the Ni II ion. Optika 1 spektroskopiya, v. 13, no. 3,
1962, 451-453, QC350.068, v. 13

The relative line strengths for the 3d® (3F)is - 3d°(2F)i4p
transitions in N II were computed in LS and intermediate
coupling (Table 51). According to criteria developed earlier
by the author, the relative line strengths computed in inter-
mediate coupling should be in good agreement with the actual
(experimental) values., The relative oscillator strengths were
computed from line strengths in intermediate coupling and are
listed in Table 51.

Experimental Methods and Criteria

Beberman, L. M. Determination of osclllator strength by direct
measurement of the spectral line width in a source of finite
optical density. Optiki i spektroskopiya, v. 3, no. 4, 1957,
397-399. QC350.068, v. 3

A new method for measuring oscillator strengths is proposed.
It 18 hased on an earlier paper by the author in which 1t was
shown that in a wide range of optical densities the width of an
emission line varies linearly with optical density.

Ostrovakiy, Yu. I., N. P. Penkin, and L. N. Shabanova., Abso-
lute values of oseillator strengtheof Mg I, Sr I, Ca I, and
Ba I resonance lines. 1IN: Akademiya nauk SSSR. Doklady,

v. 120, no. 1, 1958, 66-68. AS262,83663, v. 120

A method for the determination of absolute oscillator
strengths of resonance lines based on the simultaneous meas-
urement of total absorption and dispersion is proposed. The
absolute oscillator atrengths of resonance lines P, - 1S,
of Mg I, Ca I, Sr I, and Ba I were determined. Better results
were obtained in a later work [46] except for Mg I. Here,

fﬂesﬂ o 1.2 i Oo3o
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56.

57.

Gruzdev, P. F., and G. P, Startsev, Some criteria for the
applicability of theoretical intensitles calculated in IS
coupling to the apectra of complex atoms., Optika 1 spektro-
skopiya, v. 8, no, 6, 1960, 879-881, 350,068, v. 8

Criteria are developed which allow an easy check to deter-
mine whether theoretical intensitles calculated in LS coupling
correspond to experimental valuea, These criteria are based
on the differences between the experimental and the theoretical
values of the lande g factor, or

Ag = gexp - 8theore
Three cases are diacussed:

}) Ag <€ 0.010. Good agreement should exist between the

theoretical and the calculated values of intensity (excluding
the level with the smallest J). ‘
2) Ag = 0.010 - 0.030. Some deviation should occur between
the theoretical and the calculated values of intensity,
3) Ag>0.030. A large deviation should occur between the
.+ theoretical and calculated values of intensity,

Ostrovskiy, Yu, I., and N. P. Penkin. Measurement of the abso-
lute value of oscillatcr strengths in atomic spectra. Part I,
Optika 1 spektroskopiya, v. 11, no, 1, 1961, 1-11.

QC350.068, v. 11

A method proposed by the authors in 1958 for measuring abso-
lute values pf osclllator strengths of resonance lines based
on simultaneous measurements of total absorption and dispersion
is described. The absolute value of the oscillator strength
in the yellow doublet of Na was determined to be fp = 1.15 + 0.03.
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2,

58.

59.

Wave Functions

Band, I, M., L. N, Zyryanova, and Ch'ing Ch'eng-Jjul. Numeri-
cal wave function values of K electrons which determine the -
probabllity of allowed and forbidden K capture. IN: Akademiya
nauk SSSR. Izvesilya. Seriya flzicheskaya, v. 20, no. 12,
1956, 1387-1398, AS262.A62455, v, 20

The wave functions of K electrons were calculated for the
elements given in Table 52, The results given were obtalned
by numerical integration of Dirac's equation for a potential
which takes into account the presence of orbital electrons
and the finite dimensions of the nucleus. The radius of the
nucleus R was assumed to be

R = 1,2°10-18 AY3 cm,

In addition, numerical data necessary for the calculation of
K capture probabilities for elements with Z ranging from
5 to 98 were calculated.

“Petrashen’, M, I., I. V. Abarenko, and N, N. Kristofel',
Approximate wave functions of free ions and ions in crystals.
IN: Leningrad. Leningradskiy universitet. Vestnik, no. 16.
Seriya fizikl i khimii, no. 3, 1960, 7-21.

A simple method 18 developed for obtaining approximate
one-electron wave functions of an ion in a crystal., It is
based on the assumption that the electrons wmove in an ef-
fectiv? crystalline field. The application of this method
requires the knowledge of wave functions of free ions., A
semiempirical method of obtaining such functions is outlined,
The results of calculations for free Ca atom and the T1t ion
are given in Tables 53 and 54, respectively. The wave func-
tions of a number of ions in some of the alkali-halide crystals
were also obtained,
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60.. Nikitin, A, A,, and E. P, Filatova. Determination of the

61.

wave functions for N III in connection with the investi-
gation of 1ts Raman spectrum in the envelopes of stars

and nebulae, Part IV, IN: Leningrad. Leningradskiy
universitet, Vestnik, no. 7., Seriya matematikl, mekhaniki
i astronomii, no. 2, 1962, 147-160,

Approximate radial wave functions are found for the fol-
lowing N III configuration levels: 18%282nl/, ni» 3, ' = 0,1,
2,3,4; and 182282p(1:%P) + nl, n = 3,4 and 7 = 0,1,2,3. The
parameters that appear in these equations are evaluated. The
only numerical data calculated for N III are given in T2ltl: 7%,
In deriving the expressions for the wave functions of N III,
the authors used wave functions for some Ca II and B I levels
derived by Soviet scientists [but which are unavailable at
the Library of Congress], These wave functions are reproduced
in Tables 56 tn 61,

Smirnova, E, V. Approximate wave functions for the gallium
ion in crystala., IN: Leningrad. Leningradskiy universitet,
Vestnik, no. 16. Seriya fiziki i khimii, no. 3, 1962, 66-T1.

The semiempirical method 1s used for calculations of one-
electron wave functions for the free Gat ion (Table 62).
These functions are used to obtain corresponding wave func-
tions of the Gat 1on in KC1l crystallophosphor with Gat as an
activating impurity.
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3. Theoretical Developments

62, Bersuker, I. B, Concerning the theorem on the sum of
oscillator strength for alkall metals, IN: Akademiya
nauk SSSR, Doklady, v. 113, no. 5, 1957, 1017-1019.
AS262.83663, v. 113

A formula for the oscillator strengths of induced transi-
tions in alkall metals and alkaline~type atoms 1s derived
taking into consideration changes in the screening potential
and exchange operator due to deformation of the inner electron
cloud. The formula 1s summed up to obtain an expression for
the sum of the oscillator strengths for these systems, A
speclal case of this formula 18 used to calculate the aum of
oscillator strengths for experimentally observed transitions
in the principal series of Na, K, and Ca.

63. Bersuker, I. B. The influence of the core on the transitions
of optical electrons. Optika 1 spektroskopiya, v. 3, no. 2,
19571 97'103- QC350.068. A\ 3

The effect of the core on the processes assoclated with
the change in state of optical electrons due to optical
transitions 13 considered., In the adiabatic approximation,
the effect of the inner electrons on the transitions of the
optical electrons 1is taken into consideration by adding a
perturbation due to noninertial polarization of the core by
the field of the electromagnetic wave, A corresp¢onding cor-
rection 18 introduced into the formulas for oscillator
atrength and the sum of the oscillator strengths, Calcu-
lation for Li, Na, K, Cat, and Al++ are in good agreement
with available experimental data, according to which the sum
of the oscillator strengths for the experimentally observed
transitions is considerably greater than uni¢y. Additional
allowed. transitions for molecules due to this perturbation
are calculated. Some of these have already been observed in
oxygen,

64, Veselov, M. G., and I. B, Bersuker, Adiabatic approximation
in the quantum theory of atoms. IN: Leningrad. Leningrad-
skiy universitet., Vestnik, no. 16. Seriya fiziki i khimii,
noc., 3’ 1957: 55-560

This is the earlier version of [66] with less mathematical
detall,
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65.

Veselov, M. G., and I. B, Bersuker. Adiabatic approxi-
mation in the quantum theory of atoms, IN: Akademiya
nauk SSSR. Izvestiya. Seriya fizicheskaya, v, 22, no, 6,
1958, 662-664, AS262,A62455, v, 22

A new method for quantum mechanical calculations of
many-electron systems is presented, The many-electron
quantum problem 18 divided into two parts, The total wave
function U of the system 1s made up of the product of the
wave function Up of core electrons and the wave function ¢
of the outer electrons N-n.

The quantum problem of core electrons for different space
configurations 18 considered first:

L] N
[Itor‘- 2 2 lx.(’nk) U(’l"""l; ’l+:v'--v’N)=

feotd mq

(1)

- w(’n+|.--- »’h’)"(’lﬂﬂv’l; Taddrs o PN,

Hoopre 18 the energy operator of the core electrons with no
ailowance for its interaction with outer electrons (which is
expressed by the LIV(rjy) operator). The wave function U in-
cludes the coordinates of outer electrons as parameters; the
energy W of the core 18 a function of these parameters and is
equivalent to the potential energy in the equation for outer
electrons:

(Ho +W(rasis - . 7N) 3 (Pasrse v o v PN) @ EQ(Fpgy. ..., 7N),

(2)

Here Ho is the energy operator of outer electrons with no
allowance for their interaction with the core electrons,
and E 18 the total energy of the system, This method is

a variation of the method of incomplete sevaration of vari-
ables extended %o include the polarizing effect of the
outer electronsa on the core and the reverse effect of the
core on the outer electrons,
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66,

67.

Yutsis, A, P,, Ya, T. Vizbarayte, V. I. Kavedtskis, and

I. V. Batarunas. Two-electron-state model approximation

and the so-called anomaly in the spectra of carbon, nitro-

gen, and oxygen, IN: Akademiya nauk SSSR, Izvestiya.

Seriya fizicheskaya, v. 22, no. 6, 1958, 665-667,
AS262,A62455, v, 22

The possibility of developing an approximation method
on the basls of two-electron states described by more precise
two-electron wave functions 1s considered. In this method,
the wave functiona of each electron palr are obtained by the
method of incomplete separation of variables or the multi-
configuration-approximation method., The wave function of the
whole system 1is obtained by multiplication of the wave func-
tions of individual electron pairs and a subsequent antisym-
metry operation, Numerical calculations of energy for the
13228,18%2P configuration of the lithium atom on the basis of
this model are in good agreement with experimental values, Good
agreement 1s also obtained between theoretical and experimental

values for the relationship

23S - 1D
1D - 8P

for the 18%2s22pd(q = 2,3,4) configuration of carbon and
oxygen atoms, and for the relationship

ap - 8D
2D - 48

for the same configuration of nitrogen atoms.

Bersuker, I. B. Optical transition probabllities in atoms

and molecules with a polarizable core, IN: Akademiya nauk
SSSR, 1Izvestiya., Seriya fizicheskaya, v. 22, no, 6, 1958,
T49-752, AS262,A62455, v, 22

The effect of the core on the transitions of optical
electrons 18 considered. Formulas for transition probabili-
ties and oscillator strengths in many electron systems are
derived with this effect taken into consideration, The
absolute f-value for the resonance transition in Na calcu-
lated by means of this formula,

PSP =1,22,
ad

13 very close to experimental f-value (1.24) calculated by
G. S. Kvater (USSR) in 1945,
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68.

69.

Bersuker, I. B, Quantum transitions in self-consistent fleld
approximation, Optika 1 spektroskopiya, v. 9, no. 6, 1960,
6 5-691. %350.%8, V. 9

A different and more exact method of solving nonstationary
problems in self-consistent field approximation 1is proposed,
in which the probability of quantum transitions is obtained
as a solution of a system of nonstationary equations of the
self-consistent field, analogous to the equations of Fock for
the stationary case, It 18 shown that the conventional formula
for the transition probabilities is an approximation of the
zero order in the matrix elements of the interaction operator
between the electrons, A first approximation correction 1is
obtained for this formula., The specific case of optical
dipole transitions in atoms 1s investigated in more detall
and the expre:asion for the correction term reduced to a form
which 18 convenient for numerical calculations,

Veselov, M. G., and I, B. Bersuker, Computation of the lithium
atom and the calculation of the nuclear magnetic moment. Optika
i spektroskopiya, v. 13, no. 3, 1962, 297-301.

m350.068’ V. 13

The results of computation of the lithium atom by adia-~
batic approximation are given, According to the method used
[see 45], the effect of polarization of the core by the opti-~
z8l electron and the reverse effect of this polarization on the
optical electron are automatically taken into consideration,

At the same time, the wave function of the inner 1ls electron

is deformed and depends parametrically on the position of the
optical electron., The equation for the optical electron includes
the "potential of mirror forces"; i.e., a potential acting on
the optical electron due to the polarization of the core by the
optical electron, Wave functions are obtained for the 2s, 2p,
and 3p states of the lithium atom, and it i1s shown that the
adiabatic approximation method results in better values of the
wave function near r = O, This made 1t possible to compute

the magnetic moment of the Li” nucleus, The value of the
magnetic moment obtained is in better agreement with the
experimental value than the one obtained by the Hartree-Fock
method,
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T0.

Veselov, M, G., and L, N. Labzovskly. Exchange in the
adiabatic approximation in the theory of the atom. IN: Leunin-
grad, Leningradskiy universitet, Vestnik, no, 16. Seriya

The effect of exchange in the adiabatic approximation
method is considered. An approximate expression for the ex-
change correction to the energy of an atom in the adiabatic
approximation is obtained, and the correction term is evalu-
ated for the ground state of the lithium atom. In this example,
inclusion of the exchange in the adiabatic approximation method
resulted in an improvement of the same order as the one obtained
by including the exchange in the Hartree method,
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4, Tables for Part Two

Table 18, Oscillator Strengths for the Strongest Lines of Al I [33)

A Transition ' £

394403 3P, fy - W8, /, 9
3961.53 %Py fa = 478/, 100
3082.15 3%P, 2~ 33D, /, 149
3092075 }’PS /’ - B’D'/? » s/g 152
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Table 19. Absolute f-Values for Lines of Cr [34]

Multiplet Transi-
no. A\A)  |tiom J 11
. |
4 8878,7' |a?S —yIPO| 14 9
8598.5 -8 89
3806 52 28
1 42548 , [ @15 —1p0 | 34 15
43748 n-3 11
4280.7 3-2 | 8.3
s 43878 | @D —gbp0| -2 4.7
4844.6 30" 58
43590.6 2 -2 2.8
. 44371.8 43 18
4886 4 -4 0.8
10 44969 [ gbS— pp0| -3 2.8
4545.9 2= 1.8
4580.1 31 0.97
21 4565.5 |&8D —ySPO| 23 0.50
4591.4 1—2 1.3
4800.1 3-3 1.6
4618.8 0—1 4.8
4616.1 22 2.3
4626.2 -1 2.7
4646.2 (-3 3.1
4652.2 3—2 2.5
7 5204.5 a’S — P | 21 17
5206.0 22 29
52084 23 4
18 5247.6 @D —-$P | 0-] 4.7
5264.2 1—1 8.0
5265.7 1—2 1.8
5296.7 31 14
5298.8 22 1.1
5800.7 2-3 0.97
5346.8 2 2.7
5348.3 s—-8 1.3
5400.8 -3 .

Table 20. Absolute f-Values
for Lines of Mn [34]

Transi- .
A .
LS I J re108
|“ R e — o

B482.548 | 4y -0 l[’_l/,' 0.088
5304.674 My—ifgl  0.088
4034400 | amy - oPw |4 3] | 27
4083.078 . §/,~-8yl 40
4080.755 Y T
8324.761 | uty - AP0 |3/, 0 0.53
8216.918 Wg—1gl 098
2801064 | "8 -- y#P0 [ 5/, 3/ ] 300
2798.271 bjs—3/q 420
2794.817 ' g T%lg| 870

- 80 -~



Table 21. Relative (scillator Strengths of Sc I Linee [35]

Multiplet

. *
1 (A) Transi- J / P 1 bl
no. tiom | .
1 6378.834 | atD—siFo | u— ¢ 2.6 - -
$418.988 2l — 82 19.6 — -
3 6210.626 | a?D—s3D° | S;L-- 3/ 165 65.6 64.8
6276.810 32 - 3[4 1.8 6.3 73
68056.671 32— BJ2 194 100 100
s 6288.963 | atD—siD° | i/i— B/ 6.0 - _
s 4768.162 | atD—stF° | 3/:— G/2 9.2 97 70
4779.349 32— 12 628 | 100 100
[ 4054565 | atD—ytP° | 3ju—3/2,1/2 965 66.6 66.7
4082.896 52— 8)2 1000 100 100
? 3096.807 |jatD—y2D° | 31— B/t 89.6 16 7.2
4020.399 40— 3j2 528 87.1 64.8
4028.688 3 2 B2 626 100 100
4047.792 51— 8,2 414 7.7 7.2
8 3907.476 | &3D—y?F° | 3;2— 52 714 68.7 70
3911.810 51— 12 693 100 100
8933.881 | Br2— 6,2 57.7 8.3 5
1
9 8365678 | atD—s2P” ' 3 21— 8/ 814 114 n:
8269.904 R II 1870 53.4 5.5
3178.962 ! 53— 8/ 4840 100 100
10 5030.769 | e3D—z?F" | 52— Bl 238 9.1 5
$015.516 b2 82 2670 70 70
13 5671.805 | atF—3iC” | 9:2-11/2 6900 100 100
6636.826 73— 9,2 6500 74.2 76.1
6700.14 6/2— 72 6900 59.2 67.1
6711.754 42— B2 7600 43.4 42.9
" 14 4787643 | atF—yiln | 52— 372 8800 58.8 “uA
4741.018 T2 02 #700 76.9 68.6
4743.814 W 7,2 7000 100 100
18 5514.218 | et —32G° | H[2— 72 8200 83.7 77.1
, 5520.496 V2= 92 7400 100 100
16 5481.989 | &2 22 | T/2— 73 8300 100 100
6482.618 22— 53 9100 80.8 | 741

% Relative intensities of each
fram the authors' data.

#% Relative intensities of each multiplet line camputed
from the Kronig-Hénl formula.

muitiplet line calculated

- 81 -



Table 22, Absolute Oscillator Strengths for the Five Strongest Lines
of Ga I [36]

x |
nsition
[S) l Transitio. | J )
72,048 ' ! 3j,—1 0.135
1082975 j op—ss 13—i/y 0.129
2948.689 | 34—y 0.287
2874.240 ' @p @D | 1jg—31y 0.818
29“.‘75 ‘ ’/,——:/'. 0.038

Table 23. Absolute Oscillator Strengths for the Five Stongeat Lines
of In 1 [36)

éA) Transition J ) /
i [ ]
4511.310 | 34—/ ons
4101.764 } spo—sts l 1a—1/ 0.201
$266.09 T 0.0
3080.36 §tPo — 82D 133, 0.508
$268.56 } l Y1—s 0.079

Table 2. Relative Oscillator Strengths for Lines of Ga 1I, Fe I,
Mn 11, and Mg 11 (37]

Elemsup , Transition £/ L

1933, 66 (EA W (N
' ! )

Call { 39“8.,!7 ":'\'. : — /":In']: 2:“
3047,00 AV, gt

Fel 2004.43|  arln— y"D': 1,34

2009,20]  wdn,— 2ty
2039, 0 AN, =3 " . .
R e R
2195,2 | 1%, — 2P, ,
{ason7 | 2p,. | 200468 %
2576, 11 ::7.\,1'~- :’l"'.' 9:6,7:5,2
© Ml ) 2508 T8] e — g7 43,08
2606, 10 AT LN

Mgll

-82" ¢



Table 25, Relative f-Values of 1 Spectrum [40]

—
Multi- Transi- L Insenni vy

plet tion )
no. ARy J f x
Pe

"LN*

y ARNISOA [ gF o | 92— 772 ! 1160 100 | 100,
: ’ON‘J'--"M 2~ 5[2 " 952 B8.G| 6u.4
AR9.741 52— /2 | BB 4481 A3
ARD1.ARY 32— 12 RO 288 2.2

| ABUTANH Ne— /2 | UBL 14 14y
OANGLBA2 52— 5/2 87| 146 147
ARR2.427 32— s2 | 456 11.2| 127
kL ASYRI0N | gup — gge 8/2—11/2 | 000} 100 | 100
i ASKGIGA 72— 92 BORE TG4 | U244
© o ABNL394 §/2— /2 ' MT] 54| 542
| 4577173 32— 512 1 | 429] 182
4635176 9/2— a2 | 1| w9l 13
4619.774 U2— T2V w 9.1 7.6
4606.146 8/2— 5/2 | 12 6.8 ()

5 A3DLRI2 | gap  siFo| gj2— 92 . 76| q00 | 100
4341.013 M2— 12 ' | eeS| 67.6
| 4332.824 52— 5/2 WL 4501 487
430,024 N2 — 32 BRSO 3491 A4
4365.042 72— 12 ' 18 11.7] 128
£300.785 72— 9/2 153 o1 160
4300.21 4 82— 7/2 25 (4.7 165
1 4307184 32— §12 240 R71 120

7| 9902250 |geF —gaFel g g2 | 0] g0 | 100
4861862 | 52— 52 | 2540] 45.0| 61.4
390,894 oWl — 1.2 L0 93 4.2
389..859 72— 812 R 44,71 144
3867.602 7/2— 912 7] a4 9.0
3R4A.408 3/2— 5/2 TSy R7) 126

] 3890.184 | etk —33Ge | 7/2-- 772 R
9 "R28.559 atF —apol 512 4.2 kol L -
14 4207410 | gl —2eGO| 92— 92 |.‘.70| “ei 69
| 1202.084 M2 2 [ o, | N8

| 3198012 - 5/2— &7 2790 .9 6.9

15 | J069.645 | @t — Do} 7/2~ 72 s | —
15 3066.75 | atF — ROl wz— 9/2 | 13700 y00 100
; 4060.560 Ti2— 7/2 | 910 G6.5] 55.2

| J056.434 5/2— &2 | N 450 W80

v 3055.65 32— A2 ' S0 4491 248

v 5044.9:46 7:12— 92 074 9.1 5.7
bol043.124 5/2— 7/2 | NS0 117 87

[ 3043.505 3/2— 5/2 1740 87 54
o0 AMBINYT [ a8D ~ PO | T2~ 1[2 I 270 26| K6
I 4441683 52— 52 | 1701 266, 29.2

L 4444.207 32— 1/2 L 250 2801 255
P e19.045 5/2— 7/2 a8 471 60
| 428515 M2~ 5/2 ) 010} 120] 1.3
14406108 12— )2 0] 200 16.5
2t 4AaT9.258 lefD — AR | 9/2—14/2 | 7600 100 | 100
13594174 8/2— T2 | 00| A29] 419
439528 3/2— 512 1100l 2401 25.3
4400.575 12— 32 Mo 10 10.4
4429.796 92— /2 :rol 2] 1.9

# Intensities calculated from the }(rcn:l.g-n&:l formula.

## Intensities computed fram the authors' f-values.
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Table 25 (Cont.)

Mult’ Transi- | Intensity
pley o | Y J £ i’ | B
no. ! Vv i‘
{
. - o
22 | 4420005 |aSD—yAFO| 72 —0)2 o8| 20| w2
4424.870 5/2 -2 1120 AQ] 40
4416.474 VY- 180§ 3 4,
n 4111785 |eOD —yAD°| gz —u 2 141800] 100 | 100
4115.18% Ne =17 75200 439{ 510
4116.470 52 W820[ 128] 144
' 4134.488 0 €030) 18] 2.0
4532017 772 s0%0f 25| 3.1
4128.071 5 $*60] M5 xR
4121.508 3.2 SPMIOF 19.1) 200}
4002.684 72 3450 227| 2i4!
4009.706 5.2 6120f 316, 31
4109.788 12— 120001 194 203
b~ ] 3704964 (eD—8D°| 62902 | Zuoj 100 | 100
3803.471 Te=—T2 | 16300 4391 lu4
3778.684 72--92 n1g] 2271 oy
3790.324 =72 1104 31.6] .35
3799.912 Be-52 iss0] 2050 2
20 | 2088060 |eD—yspo} 7:- 72 | 0] 288] N6
3602.225 32- 52 St ] 3861 v
3695.865 3222 | 6300] 280! .6
4675.700 =72 450 4.7i 50
3683.126 he--8 AR08 120} 123
. | 3680.28¢ p2—=u2 | x500f 200 183
“ 4000579 | atD —wAF°| T2—H2 |12400% 100 | 110
4005.486 ’ 5272 1110001 686 GR2
4102.159 B2-02 124008 44.8| 178




Tedle 26. 'Relative f-Values of Co I (40]

Multi- X Transi- ? _
plet A leion J e L ox
no. ) y ‘ p:"'t
A |
| .
1 ANOTIZ | @bF —g8FO | B2 — 92 L4 — -
429,955 Si2— %2 1 — -
g | sy leP—pmee]| gz—12 |- | ~
1
g | 0h2684T | @t —atFO | O — 912 unat 100 ] 100
SHTH.6L Wi~ 1.2 o' 665! Sko
3994.870 S/2— 5¢ Gt 45.0] RN
302,079 3= 42 KT LR T
350075 TNe— 62 20, 1171 190
3550.592 Sl2— 4,2 o 8.7 180
S6i41.980 72— 9/2 w9t 4
Jirn2 541 5/2— 112 a4l 17 57
547,658 32— 52 x.»oi 87, 5.
3 3465792 | atF — GO | 02 —11;2 sab o0 100 |
b029.052 D= T2 wna 5141 706,
$H4,006 Ye— he o funt 429 46.6)
[} 34126388 | atF —adD° | 42— 7,2 7104 100 100
3401.582 72— 52 w3 686 TLY
3442918 52— 32 Wil 448| 51.1
3455.287 L2~ 1,2 Tus) 280} 404
916 B2 — 2 Sy 112 282
Jon4.801 52— 7.2 ] 08 1.3
9 3109947 [atF —yADO) 7i2— O 124] BR6| MG
3140310 Gi2— 2 el 44md 473
10 | w0B2614 | a'F —yiGO| u2—1y2 NIRRT
3147.060 52— T2 dhe 8574 11K
89,506 72— UL (WX} 94| 618
VY8194 52~ §/¢ ! 1.7 69| 445
001,592 92— 12 ' 6| 02| 359
WRZABL 72— 52, | 03} 344
11 WS4004 | gtF —gARe | 92— 92 1360} 100 | 100
DU 1822 12— 72 wmN| 68.5] 53.9
AING,777 ML= 32 ol wA9) 29
LUNT. 1668 : W2— 12, 2oy 91| 165!
AN T.348 2= 52 !y 1T
48,888 5/2= 32 '.u'.‘- 8.7 1:0.6‘
14 LUND.5H0 | gep - gBCe| W2~ 92 % 20 — -
4370 12— 92 + [, — -
16 W20BIN | WP —mFe| 92—~ 92 ' ) — | — ‘
. 17 ANTUNBL | WP — GO | N2~ 92 ¢ W — -
1h | N2 | BF=sDP| 92— T/2 ' quso| 100 ] 100 |
ANT0.953 S~ D2 NIND G861 60K,
LNMLL MY 2d~ M2 . GNG| A48 uN2
. N94.976 W2 12 - Na| 80| 217
19 WN2TR06 L MF — a%Go 1l T7,2— H2 a0 — -
Aob4.947 52— 72 NN — -
2496.881 7,2~ 172 (TN -
20 1 520567 | WF—wF | w2— T i — | -
-5.370 ERCE Y T HU I -
2 INALS | MR — DR 3/2~— 1/2 70| 280 280
1585.454 72— 112 785 11.4] 63

# Intensities calculated from the Kronig-Hémnl formula.

% Intensities camputed fram the authors' f-values.
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Table 26 (Comt.) .

|Intensity
. - I

Multi-| ., Transi i g ¥
plet tion g J ; " P
no. | el

|

a1 | 3574967 | 8P — D0 az— 52 | 140] 1461 b5
35H0.891 vr— g2 gm0l ttzy 59

22 3458514 | F — yi( 9L —11,2 ¥14700) 100 | 100
3520.816 o= 2 0] 64| 270
3445.682 oz = 52 | vl 4ral 184
3449.441 Gi— 92 | 110, b6y 8
3443644 T2—= 72 ST60 V1] uLd
3449.470 Ofz— 32 | 31501 691 127

23 3405.420 | WF—yple | 2 — a2 [13600: 100 | 100
3409177 Poajz— 72§ 3020) 66| 195
3417.154 Bize= 52 | H000 A0 182
3434045 Br— 32 Y 8360 319! 246
3443.410 VL T2— 02 % 18wl 1
3462.801 , 2= 52 [10e0| ST| 820

25 3412338 | bF —gGo | T — w2z | 000y ~ -

3395.370 | sp— w2y 20 ~ | -

28 | 4121318 [a%F —33¢0 ) 72— 92 | 3170, 100 | 100
| 4118774 Coa2— 72 | 32501 T4 769
29 | 4092386 |@%F —a%7 . T/2— /2 | 630} 100 | 100
4110.532 Si— 52 | 58| Tut| 694

31 | 3995306 |aWF —ysGe | 72— sz | <950 — | —

32 | 3935084 |aW —giFo| 72— U2 | 1040 - -

3997.901 Se— 12 | s0, - | -

33 3842.047 | a¥F — DS 72— 52 100, - ' —
34 | 3845468 1aw—y=c'l 7 — 92 ,wog 10 100
3694.073 | VoSji— 712 ‘ Ti.1) 410
3745.491 | P z— 2 1000 41 148

35 | 13569.370 a’F-—y’F“i 70— 72 |14z 10(: ,1

3587.186 52— 52 moo 7% b 78,
3704.060 | 52— /2 | 1590 | ve

36 | 3480.399 ‘a’l”-—-y’[)‘ 72— 52 |11000 100 400
3518.340 52— 32 §11200} 70 | 764

I




Table 27. Relative Oscillator Strengths for some Zn I Lines [41)

i g *
. [Prenss- | i i3t gt
Q) J £ | exp. | thear.
4810.5% PP —~ S 2w 1N 540 M
172200 low 1M a1 Bux !
43%0,14 Ot 1M} $00 o0
3345080 | QP e 3D p o 1.2 1.2
azinar e 22 (01 1. 1719 179
3345002 2--3 2N 00 100
3302.94 [ 070 138 7.4
3302.59 : : 1=2 2.4 524 23
328244 01 2.8 20.3 29
25) (7 P ~= 5D 21 0004 1.2 1.8
20105 Y (A 178 179
280087 24 0.7+ 109 00
277048 @ | 022 17A 17,5
277087 1=2 .66 835 525
275649 0~—1 0.9 8.4 1[0
PRSP VN, B R T

e e —ve——— R . e e

# Calculated on the assumption of LS coupling.

Teble 28. Relative Oscillator Strengths for same C4d I Lines [MI)

Transi- ' £ ge *

-

. |

PR kion J | T | exp.| theor.
5080.52 [ 7 - X 2—1 1 519 $00
479092 1—1 1an 321 Jif
467516 01 1.00 100 10
ARt4An e 5P — L 29 0.0 1.2 w
361250 22 0.53 199 1.4
361051 2-3 2.64 100 1Y)
3467.68 1—1 0.0 20.3 18,4
3466.20 =2 2o 60.0 407
40486 01 340 23 2.
298159 @ $p - 6D 2—1 ! 1.2 1.2
208134 ¢ 2-2 {5 174 17.9

208083 23 66 100 100
251,23 ¢ =1 0.3 1 1k0 8.6
288077 1=2 | 0%8 | 415 w7
26.91 =l | 0BO { 186 PI

' A 4
]

# Calculated on the assumption of I8 coupling.
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Table 29, Relative Oscillator Strengths of,
Ba I Lines [42)

Mo of ﬂ*
nelti- Tressition -l J AN | 1 [ Pret Pinper " onp
plot
¥ e o] 0000 | wiiam - - E -
3| BE—0ipe ot | 0000 1w | - ! - -
i | es—-6pipe 01| 0000 |41 | 8] = -~ : -
u| vs—opope 0—3 | 0000 | 3888 . — - -
34| 149 [r080mi| 4@ | — w0\ toay
e e R
- 1= . - e i
3-3| 1ie | tmond| maa | - TR
-2 14 |Meoare| N ~ 3. 3
3-3] 149 [mesIe| M3 | — P re0 . w2
230 144 jesmaa| M | — 43 a8k
=t ] 5113 ) ewsa| 2 - R ¥
6| wo—sapor {32 139 {endpd ‘w5 | ~ | 22
It 144 (&nDil me| - 1 a3
3 1,14 4344 002 [} - ' MR (1X]
t—3| 113 |edsosd| 18| ~ | uy 1]
33 140 o] 230 M0 0 | MR
e | [h] 1 BT
. A0, 188 | (0 . aAt N
T - 223 ie [seriaee| wo [ — i vs | ud
f=1 | 192 | Semoms! 950 l1ea o 22! oz
t—2| 142 [s00768 | 186! — | 14! 30
3—4] 119 | 3W34M) 407 | 443 | 1M : B
33 4 [ wnt| mea| —  wa ! e
8| BD-er 1=3] 142 | moemol 118 | e8¢ aA 4N
3| 1ie | weses| 132 | — YR ¥}
2.3 14 [ MM0] 158 | - |, As ; 108
(3| 143 {naen | o — - -
w| vo-sp | e (hhn Myl 2 - =
| wp_-esm -y | 1y |snosee | q20| - -~ | -
(|22 |.|; :m.n sl — |71-.| g,:
1-0 | 11 m | se] ~ a0
Vi wo—1pr i PR B[ - ¢ e 8L
2| 1 |una | e8| -~ w | w3
VI | D —epare -3 141 [emsn | pma| - 0 - -
vil | $p—€r, 9] tét |emot s | - | — -
vil | So_epe | ta [smw|im (| -
X | $ip-Tipe I-1] 141 | ORS | o4 | Ma) - -
X| $o—-arm 3] tat [eman |1 | -~ | — -
2-3) 18 | st7A33) es3’ 8 | ww [}
o er-mo (113 15 | -l} wo |
-1 ¥ 4 TR | 223 R T "
10 | gpe_ng t=1] 136 |1maat) 27 | ~ s 4
01| 151 [ 7198238 384 | — | ke | BS
0=t 151 [4iswr0| saq | -~ | m3 20
L cadad o4 { t=t| 138 |owa| 1| = | w o
1-2] 154 04 - - -
xujem—eo {1373 00 [She || S | =1 =
1—2] 158 Ja3%008 | 9 | | s
ot |:a :&r‘ as |~ | ’,{i
- 1 ) -
Xl | o2 —_gperp Pt Y I Bt - S R M3
1=0] 138 jesnes | 43 | - M
31| 137 |ewie2 |38 | ~ [ 14
XiV[ epe —gprs 10 1.8 4300.7% | 089 - -
1= 1 443483 | 108 - Mne
Xv| @ — easp { -3 1. asie| 174 | ~ w1
-3 14 | e .| -~ 104
=1RrEE I R N
3 - 4 5 ~ LK}
X\ ®pe - p [ .M 42048 | WY - 138
=17 136 e ] B3 )~ 143
=2 1M [} oo | — a0
XVii| espe _gg3g 13- 147 [ wmar] 08 | < -
Xviiy - L1l 1, janst| B | -
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* Arabic numerals represent multi-
Plet nupbers from Moore tables;
Raman numerals rfpresent multi-
Plet numbers derived from Ba
spectral lines using Moore's
data for energy levels.

e Calcmm by A. Kruithof.

+ Calculated on the assumption of
IS coupling.



Table 30, Absolute f-Values for the p*-ps Transitioms of Fb I [43)

| Transi- | Rela-
| tian” tive
=5 Inten-'| ’

U
R), » : P | ssty
2833 | P, | 'P, 10 0,
3839 'pl 6,50*0,7 0,'.‘.8
4057 | *p, %2412 | 0%,
7228 | 'D, 1,408 10,19
47180 | 'S,
3c83 | 2, | P, 11,1 0,4
2022 | P, | P, (1)
2401 | °P, 10 0.8
2577 | P, 2%4,1+1.7 | 0,16
3572 | 'D, 55,5483 | 0,98
5003 | 'S, (5.5)
%78 | °P, | *P, 10 0,32
2683 | *P, 28,041.6 | 0,65
3139 | 'D, 18,4418 | 1,08

Table 31. Absolute f-Values for the pi-ps Trensitions of Sn I [43)

Transi- |Rels- |

, |-tlem  _jcive /

H ) Inten-

A ]

R | # | » oy

2863 | ‘P, | P, 10 1,48
3009 | P, | . 7,605 | 0,33
375 | P, 17,041,1 | 0,56
3801 | 'D, 3.9340,5 | 0,21
5631 | 'S, 0,07540,024 0,086
034 | P, | P, 12 0,315
2546 | P, | ‘P, 10 0,27
2661 | *P, 6-03 | 0,062
2190 | *P, i

322 | 'D, 92,5410 | 1,08
5% | 'S, 4,741,2 | 0.7
"200 | P, | P, 10 |04
2839 | *p, ! 2.841,4 | 0.63
3330 | 'p, 2.1340,32 | 0,000




Table 32. Relative Oscillator Strengths of Ca I Lines [U5)

, TFoon

h Transitton | J pen  coul . gr

' . arm
|
4226.728 LDS—4p | 0~—1 1000 1001, 1000 -
2398555 ag—sipe | gl 25.1 50 245 -
2275.471 AS—61pC - 0—1 04 7.6 — -
2200.728 HS~—71pv 0—1 - 108 — -
6572.781 QS —gupo 0—1 0.0279 - .= -
272165 Qs—app 0--1 - - - -
2617.66 8- 4ptygy e O--1 - — —
2541.40 QS— 4prip 01 - - -
4454.781 2--3 177 tin 81 98.8
4414960 ! 1-2 181 - - 60.6
4425441 U--1 212 2.7
4455587 P80 ! 2-2 31.8e - 17.7
44135688 ! 1—1 56.7 - - 19.0
4456612 ! 2- 1 21° - 1.2
3644.410 L a3 54.7 1.2 517 82.0
36:40.748 ! 1—2 58.0 - — su.g
3624111 ! 0—1 8.7 - 26,
3644.765 AR B 9940 - = 16.7
3630.974 i 1--1 19.4¢ - - 195
3644.940 b e 0.65¢ - - 12 |
3361.918 i 2--3 287 - - .95
3350.208 | 1—2 300 - - .’g%
3344513 , 0-~1 433 - - :
3462131 @pe—630) 2.2 14 - - 16.4
35061 ! 1—1 100 - - 19.1
3362.28 2-1 0.4 ° - - 1.2
G1R2.172 2—1 £9.8 41.0 58.2 94.2
6122219 Bpe_nys 1—1 99 - - 64.7
8102 722 01 .2 - - 211
3973707 ! 21 14.1 48 75 %7
3957 053 } po_gy f—1 135 —_— — - e -
3948.901 0—1 nee - - 19.9
4302527 2.2 107 - - 976 |
4245 YR6 1—1 728 - —_ gl 68
4318 652 . 21 “us [ - 1
4307.741 @po—iprip 1—0 0.7 - - 278
42583010 i 1--2 116 - | - 4
0—1 269 - - 26.6

4289.364 '

# Oscillator strength of the doublet was not independently

measured.

% Moasured by Ostrovskiy and Pernkin,

+ Calculated in the Coulamd approximation.
++ Caloulated by the semiempirical metkod of Vaynshteyn.




Table 33. Absolute Oscillator Strengths for Resmce Iines
otCaI,SrI and Ba I [46] !

©,
I L (h) £

Ca I 4226.73 | 1.49 - 0.04
SrI 4607 1.54 - 0.05
Ba I 5535 1.40 - 0.05

Table 34. Anpsolute Oscillator Stirengths for Resonance Lines
of Ca II, Sr II, and Ba II (46]

I NS £
) .
Ca II 3933.67 0.84
Ca II 3968.47 0.43
Sr II 4eT7.71 0.76
Sr II 4215.52 Ce39
Ba II 4554.04 0.66
Ba II 4934.09 0.33
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Table 35. Absolute and Rclative f-Values of the Principal
Series (ns*1S, — nsmplPo, )

* \ .

No. C(h | e F ro1 L abs,
L | 4607.33 5 | 1000 1 1.4
2 | 2031.83 8 3400 04072
3 | 2569.47 7 1 145 0010
4 | 242809 ] 20.9 0.032
5 | 2354.32 9 | 223 0.044
6 | 2307.32 10 | 43 0.020
7 2275.29 1" 8.2 0.013
8 | 2253.32 12 47 0.0073
9 | 2237.85 13 2.8 0.004:4
10 | 222628 14 190 0.00%.
B} 22178 15 1.34| 0.0021
12 | 22113 16 1,46 0.0047
13 | 2208.2 17 081 0.0Mm2

# Number of the series member.

- T

i, ' ] '

P tu | Y Ree1, ! abs,
L5548 6 1000I 1.40
171,58 7 109 0.15:3
785,28 8 6.2 00087

9 222 | 00034

. 10 74 0.010

4 , 11 2.7 0.0038
3. 12 098 | 00014
45238 13 041 ] 00T
438 .81 14 0.2 | 0.00020
MW2143 1 15 1.30 | 0.0018
Mh20.41 16 0.42 | 0.0m54
“wiaL0 | 17 0.19 | 0.00027
2400.25 18 0.10 | 0.0001:.

#* Principel quantum number of the upper level.

Teble 36. Absolute and Relative f-Values of Ba I Spectrsl
5amp Transitions [47]

Lines for 682 —

TIR)

Series

1135.48
18SN9.33
ST02.68
1432.54
413243
1739.2%
i144.64
350814
£3906.64

2454.07

i

]
|
g
|

653185 — SJMP‘P‘:
64315y — 5dmp3P}
652185y — .‘)dmp3D?

653 15¢ — 5dmp1 P
648150 — Sdmf1P} ()

Y Prel. favs.
|
& 1000 fo14
{6 63 | 00088
7 G | 00074
| s 1.59 | 00022
B 622 00087
7 194 |, 0027
8 097 0.0014
;o6 w02 oo
7 22 | 003t
4 0.096 i 0.000t'

*Principal quantum number of the upper level.



Table 37. Rolative f-Values* of

D )8)% Transitions

I Lines for Poo 1,

47]

Tadd|
) t
Iransi- —F
LI ¢ 3] £ h
tion J |3 o
L
Ld
5153.60 21 100 {100 |100
5172.68 }wws { 1—1] 100 | 60 | 60
5167.32 o—1) 100 | 20 | 20
3838.29 2-3 460 |100 {100
2—1
3332.30 BP-3D 1112l 450 | 628 | 60
(—t
382035 0—1] 410 | 19.4 ] 20
3096.90 2-3 83 | 913 | 100
2—
21
3092.99 BPO—4D {7 5l 87 | 574 | 60
' 1—1
3091.08 0—1| 106 | 233 | 20
273656 | PPeBD (23 22
2779.83¢ 22 280 |100 |100
TRaer 371 % | ol B
3 21 35.0 | 333
ni8ta2 | (SPPIPMP N o 126 | 267 | 267
2776.69 1—2 160 | 346 | 333
27:8.28 0—1t| 350 | 245 | 26.7

%s, and

»Calculated on the assumption that the intensity rule holds true
for the multiplet.

s*Calculated from data of condon and Shortley on the assumption of

LS coupling.
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Table 38, Absolute f-Values of Sr I Lines for Transitions From
8P, 1o Levels [47]

»
» b L‘m.sitim J fubs. 8gxp 'L:'!Hi
4607.33 518 —51p 0—1 | 154
7070.10 2—t oot 95.7 100
6878.38 ]s:po-sas { t—t , 017 54,8 56.8
6791.05 0—1 | 048 | 199 18.4
4962.26 2—3 1 033 98.6 100
4872.49 }sspoqsso { 1—2 | 0.1 55.4 51.7
4967.94 2--2 | 006 17.0 179
4811.88 2—2 ' um 94.8 100
4784.32 1—1 0.14 22, 19.8
472228 | {PPESPBP LI e 31.8 321
4741.92 0—1 ' 047 25.1 25.9
4438.04 21 0029 97.7 100
4361.71 }5=po—7ss { 1—t | 0u 505 |, 580
4326.44 0—1 | 0.U34 229 19,
3351.25 2—2 , 047 90.1 100
32';».23 1—t 006 322.2 ;g.g
3366.33 2—1 | 008 . X
3320099 | [PP-4awPl (T ‘ 0.08 277 262
3307.53 1—2 1 OM U5 32.4
3301.7: 0—1 | 023 %5 25.9

[
i

# Calculated fram data of Condon and Shortley on the assumption
of 18 coupling.



Table 39. Relative Oscillator Strengths [49]

— _l - -
2,8 g g1 4 " A, Cib ' gar | & \ OB ' wenr | 8
Cal
Mgl 2 Sell
1 4226,7 2,46 12 7
4574,1 —0,60, 51 3 4246,8 2,10 15
9 6162,2 2,82 51 8
5183,6 ,32 5 1 6122,2 2,64 5 | 3988,4 0,33 4
5172,7 5,12 5| es02,7 2,03 2 w4
3 4 43744 1,5 12
838,3 5,81 3| 4454,8 2,03 3 | 4400,3 1,39 4
1832,3 5,53 5 | 4435,0 2,70 7 4415,8 1,16 10
1829,4 5,20 5 [ 4425,4 2,39 12 | 4420,7 —0,48 3
8 4455,9 2,41 T 44314 0,06 5
5744,4 4,12 3| 4435,7 2,40 10 | 4354,6 0,2 1
9 5 15
5528,4 5,77 5§ 4302,5 2,84 9 |- 434,14 2,06 8
10 , 43186 2,25 8 | 4320,7 2,43 17
4720,0 3,60 5] 4283,0 2,48 12 | 43250 1,0 8
1 18 4204,8 007 6
4703,0 5,82 7 6439, 1 3,10: 5 19
15 6462,6 3,2 2 6604,6 06 3
4167,3 5,80 9§ 6483,8 2,56 5] 23
16 6471,8 1,50 3 | 5031,0 1,33 3
4057,5 5,99 g § A00R 1,85 3 28
17 20 5239,8 1,10 3
986,8 5,43 71 6166,4 1,31 3| 2
24 #3208 —0,00 3
Mgll 5588,8 3,04 3| 2
4 5594, 5 2,71 3 ! 5667,2 - 0,77 —3—
81,3 8,51 9§ 5601,3 2,52 5 | 5060,0 08 3
9 ( 5582,0 2,16: 5 31
4334,0 6,94 6 { 5990,1 1,80 3 | ss526,8 1,4 5
4428,0 6,83 9 2
10 5262, 2 2,08 2 Til
4390,6 7,45 6 | 5200,4 0,01 3] 3
43%4,7 6,97 ' ) 54266 —2.8 3
19 4585,9 2,46 51 4
36,5 7.85 - 4} 4578,6 2,20 7 5210,4 —0,86 3
, 2 5173,7 —1,29 3
Sit 40049 260 3| 5297 —2,10 3
1 32 5147,5 -1 3
3856,0 6,12 41 8177 2,43 35
3862,6 5,80 51 3 50646 -—0,9 3
2 43551 239 6 | 50400 —1,2 3
6347,1 5,86 51 39 6
6371,4 5,37 51 4108,6 1,64 3 465,5 ~—1,20 3
3 &6 47115,3 -—2,5¢ 3
4128,0 7,02 4 5867 ,8 2,10 3 £693,7 ~2,40 3
4130,9 7,42 'y 7
' 5513,0 2,22 3 ] 4626 2,88 3
51 12
4688,3 2,25: 5 | 3008,6 0,20 5




Table 39 (Cont.)

-1
A o8 wer | g || A, o' igen | ¥ x,“““‘ n
'

38 107
4081,7 0,67 3 | 5490,2 —0,70 3| 233
5016,1  —0,55 3 | 109 4759,3 0,7 §
5022,9 —0,43 3 | 5113,5 ~0,54 3] 4158,14 oM 5
5024,8 0,64 30 110 4742,8 04 3
& 5071,5 -0,52 3| 28
4533,2 0,65 5 1 113 6091,2 0,00
4534,8 0,47 5 | 4457,4 0,62: 3] 240 :
4535,6 0,11 & | 4453,3 0,04 1| 5644, 0,30
4555,5  —0,40 4 || 4482,7 & —0,2 1] 249
4548,8 —0,38 3 | 4474,8 0,05 1| 5675,4 0,75
4512,7 —0,44 4 || 126 250 '
45180 0,28 4 | 4820,4 —0,10 31 4827,6 0,18
43 129 252 ‘
4328,4 . —0,97 3 | 4i88,1 —0,12 1| 4261,8 0,35
“ 145 259
4301,1 —0,19 1 | 4617,3 0,41 5] 5429,1 0,08
4208,7 —0,09 2 | 46231 0,28 3| 287 :
42058 0,48 1 | 4630,4 0,04 4| 55039 0,42
42874 —0,40 5 1 46399 —0,02 1] 288
4288,0 —0,25 2 | 4650,0 —0,32 4] s120,4 0,88
42804 —0,39: 3 | 4645,2 —0,31 41 309
42909 0,13 2 | e 5774,0 0,99
&212,4 6,9 1§ 4479,7 0,02 2] 57083 08 3
48 . 1 4465,8 0,47 2
8743,  —~1,47° 3 { 154 Till
& 5060,8 —0,12 3l 1
500,41 —1,73 3 ] 5978,5 —0,22 3| 39876 —1,08 4
53 40 157 4025,1 0,47 &
4840,9 ~0,43 3 | 4885,1 0,50 3| 40,2 —0,0
56 4913,6 0,41 3| 12
3004,8 0,00 2 { 170 3813,4 0,25
69 44491 0.69 3] 18
6126,3 —1 it 3 | 4050,9 0,47 4§ 4469,2 0,00 |
72 162 . 44935 —0,92
68,5 - ~—0,74 3 | 4263,1 0,41 1 19
77 : 173 43950 1,42
4875,4  —0,70 3 | 5001,0 0,31 3| 44438 {2
80 4973,1 0,50 3 | 4450,5 0,68
4060,3  —0,53 4 ) 199 20
102 $052,9 0,13 3| 4204,1 0,82
6556,4 —0,91 - i 218 4287,9 051 7
6554,2 —0,96 3 | 4404,3 0,14 1§ 3 -
104 _ 228 4508,7  —1,40
6258,7 —0,27 3 | 573.,5 0,40 3| 4545,4 —0,38
6258,4  —0,17 3 | 570,1 0,56 3§ 3t
6281,1 —0,34 3| 23 4408,5 1,25
6312,2 —1,27 3§ 4870, 0,64 3l 40 3 1,23

4808,3 0,48 3] 440 0,17

'
)
i



Table 39 (Cont.)

L]

-
A,CmA | lgen J g || roOm et | ¥ L,cm'l g an g
7

34 , 5154, 1 0,25 3] 6199,2 2,41 3
3900,5 . 1,76 7] & 0216,4 . —1,74 3
3013,5 1,58 g0 [ 4572,0 1, ] 2
3832,0 0,9 4 | 4529,5 061 14| 6150,4 —2,28 3
38 86 2

. 4638,3 —1,08 3 | 51294 1,10 2] 43719,2 043 5
85,7 —0,16 g | 5188,0 0,57 51 43900 —0,05 S
3 : 87 44066 0,35 5
45834  —0,40 2 | 4028,3 1,8 6] 27
40 4053,8 1,50 -1 0 4111,8 0,06 7
44é1,7 0,00 7 1 9 428,14 ' —~0,28 3
4470,9 0,22 7 | 6401,8 0,13 3] 40998- —0,55 3
4495,5 0,19 g I 6559,6 —0,22 3| = '
4417,7 0,85 13 66807, 1 -0,68 3 3803,5 -—4,10- 3
4464,5 0,67 1 | 92 - . 829 026 3
41 4805, 1 1,40 7] .
4300,1 1,55 g2 | 4180,0 0% 7§ 60802 ' —0,8 3
4290,2 1,24 6 { 8 : 6039,7 —1,43 3
4301,9 1,14 13 4374,8 1,48 i ‘8081 ,4 -1,35 3
4312,9 1,00 9 ]| 42,0 064 16} 61148 1,4 3
4315,0 1,19 1 94 35 s
@07 0,52 & | 43168 052 3] 5703,6° ° —0,03 3
® 4337,3 1,20 4] 571310 —1,31 3
4708,7  —0,49 s | 4330,3 0,60 3l &7
50 103 #452,0 —0,02 3
4534,0 1,78 4 | 5211,5 0,86 2] 69,7 —0,13 3
4563,8 1,32 15 | 104 : g
4580,0 0,34 3 | 4367,7 1,49 4 v .
54 4386,9 1,44 10] 9
4400,0 0,92 g ] 105 4036,8 1,0 12
43941 0,54 14 | 4163,6 2,08 71 40029 1,13 17
4418,3 0,3 0 | 4119 2,00 6 10
07,7 —0,03 6 [ 41741 1,35 1| 3951,9 2,21 5
59 106 3916, 4 228 5
19,5 0,50 1 | 4084,2 0,90 1] 392,7 1,63 3
) 113 24
544,0  —0,51; 4 | 50102 1,12 3 4234,2 08 3
4580,5 0,24 1.] 14 25
4524,7 0,41 1 1 4011,2 1,43 3] 41784 1,2 2
1568,3  —0,71 4 [ a0 1,08 3] 3
Y . 115 ) 4005,7 2,7 1
4395,8 045 12 | 88,3 1,99 14 | 4023,4 2,45 10
4409,5 0,40 7 | 44,4 1,80 7] 4035,8 240 6
“ie —0,21 9 | 456,68 1,5 1] 403,60 L2 2
w33 —0,37 'l »
0 c vi 4183,4 2,47 15
5336,8 o4 3|8 4225,2 3 4
53,0 0,08 s | 38e2,2 —~2,60 3] s6
Mi88 —0,24, S| ¥ £504,6 341 2

6243,1 -4, af - - .




Table 39 (Cont.)

- q “
A, o ! e | g 2,8 un | & Wi PP 8
26
199 Y] 79,4 2,81 1
4453,3 3,06 6 ] 5207,4 2,08 3} wn2e 2,5 1
215 9 2074 2,21 10
4085,1 3.2 2| 97 1,7 1| 41324 2,35 1
225 319,68 0,04 3l »
4232,4 3,4 2 1 119 4848,2 2,92 2.
el 5712,8 0,90 3| w64 2,8 2
5187,0 0,45 3] %8 225. 3
1 150 812,46 2,2 7
4254 4 1,24 10 £540,7 2,06 2 31
4274,8 0,9 12 | 45019 2,14 & | 224 3,11 8
4280,7 0,77: 51 0 4261,9 3,02 46
1 ) 1 41297 1,80 ] ese 24 14
5208, 4 1,84 2} 4u 4284,2 2,62 9
5208,0 1,83: 5 1 4184 2,19 6] 42526 25 13
4 4708,0 2,02: 4] 4200,3 2,63 4
10 4628,5 0,70 3| 88 1,5 1
4546,0 0,20 8 205 . 39
18 5257,1 3,15 2] 4306 2,32 1
5409,8 0,93 S 1 225 45658 2,64 4
5208,7 0,34 3§ sa4,2 1,40 3) @
5348, 3 034 3| 5309 1,50 3| 52313 3,10 5
50,8 —048 3| 9 53349 275 S
52476 044 3| ;2 2,20 1] 53084 228 3
2 4198.5 2.1 1| 5307 1,9 3
4846,2 0,65 10 § 949 53138 231 3
4652,2 0,58 8} (01,4 2,35 1]
4651,3 041 8} o 4558,7 _ 3,79 14
4600,8 05 1} ga81,4 1,95 3] 4882 3,5 16
‘w181 03 8 88 3,21 1
4628.2 049 7 | crm wh 4 344 1
ed L B 45550 2,96 18
4456,8 1,90. 4 1
;gm,o 0,5 2] 18 u‘?;::: ;:: 16
4172,6 1,72 1 X
ag,s 1.:2 ; 4217,0 1,53 1 ;3"" 2.0
‘ ls * ‘o 19 X 3
4544,7 1,2 1| 40541 2,19 1 ﬁ: 3'3 3
45411 074 3 | 40%,7 1,47 1| 27 '
35 4051,9 2,04 17
4128,5 1,16 5 4053,4 1,62 { :;“'7 1,40 !
g&J 0,19 3 4075,9 1,84 1 3638,9 2,77 |
2
39063,7 2,78 3| 38,7 2,08 3 ;f';, 4« 33 1
0%1, 4 1,0 3 $510,9 2,07 2 w:. z:‘7 1
Q 2 130
?7“ 1.19: 4 4821,4 2,13 ] 3800,5 2,08 1
2576 340 3 W60 284
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184 4030,8 1,67 5 | 4283,8 508 3
4195,4 3,47 4033,1 10 9 7
162 4034,5 0,97 12 4208,4 5,08 6
. A145,7 3,53 4 4250,2 5,64 4
42248 3,23 5470,6 0,59 3 | 4253,0 53 1
4200,0 3,18 5516,8 0.53 3 | 24,3 544 3
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4135,7 2,47 4041,4 268 9 | 4510,2 1049 2
4185,5 2,61 4055,5 244 12
51,0 3,37 w029 s 2| F!
165 16, 1
m'a 3,“ “23.5 2,82 4 51“.3 —-0,3‘ 3
4018,0 2,83 4754,0 248 112
167 24 ! 4375,9 0,5 10
1885,6 4,13 4762,4 2,88 5 | 44273 o8 7
1 4768, 4 2,56 3 | w822 1,58 4
4697,8 323 4765,9 244 3| Mw7 0% 7
178 4764,5 2,07 3 | 47,2 -—1,713 3
4715,1 3,1 4700,7 1,80 3 | 802 141 5
4671,3 3,04 413,14 186 4 | 3
179 22 4216,2 0,30 9
4362,9 3,% 4470, 1 1,72 3 | 4208,7 —013 7
180 “12.8 2,40 4 4200,0 —0,5 2
4200,8 3,03 £438,4 2,00 325 —o046 .5
4222,0 3,04 4453,0 1,68 3¢
181 4502,2 1,82 ¢ | 38%0.9 2 7
427,14 3,00 46989 1,70 3 | 3886,3 1,00 ¢4
170,9 3,75 23 3809,7 168 7
182 4235,3 2,33 1 | 08,5 1% 5
48,0 2 2%,7 2,020 1 | 38U 200. §
4056, 1 3,3 42059 1,88 4 | 38%6,4 204 8
183 7 3805,7 14 3
12,5 3,08 0021,8 23 3 | 92,9 1,94 10
022,4 3,73 0016,6 2,3 3 | 39%0,3 2,15 13
19 - 0013,5 2010 3 | 2.9 2,04 10
4405,8 3,m 2 3920,3 109 4
192 4081,7 2,13 3| 85
256,1 o5 W04 1,08 5 | 5205 240 5
289 37 Q 5371,5 190 3
193 53176 2,32 3 | 5458 182 5
0,1 4,4 5434,5 14 3
wo,9 4,13 Mall 53v7,1 160 $
194 ) 5 5429,7 1. §
4038,0 o1 4756,7 6,12 2 | 58,9 1 §
03,3 413 47,4 5,21 4 | 08,8 09 5
- ane 5 1 | S8 100 &
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a—— .t LD . ) Y
A, cm gan g " N lmq P L PP
176 284 358
313,14 432 2 3010,8 3,20 { 4085,0 3,07
206 287 350
6647,0 004 3 84,9 337 .2 4044,6 3,0
6609,1 1,18 3 318 4062, 4 3,20
6575,0 1,10 3 49205 4,40 5 4079,8 2,81
6475,8 1,02 3 4894.5 4,05 [3 364
o 871,330 3 3084,5 3.16
6230,7 2,83 5 48598 3,42 3 asé
6431,7 28 5 4019,0 3,90 5 3042,4 3,15 4
6085,5 2,42 5 48908 361 5 3026,0 326 &
6005,5 0,53 3 4872,1 3,68 3 367
6322,7 1,32 3 5044,2 1,58 3 3809,0 2,55 3
6200,3 1,19 3 49388 2,80 3 383
209 4903,3 = 3,22 3 5232,9 362 5
$104,6 1,65 5 342 5266,6 38 5
5587,4 1,2 5 6518,4 1,33 3 52848 3,27 5
§118,5 05 . 5 6355.0 ~ 1.52 3 5192,4 38 5
5833,9 0,3 $ 6270,2 1,33 3 5191,5 378 5
217 8311,5 0,90 3 400
45,0 257 2 1 @202 1,06 3 | 474 2,4 10
28 ‘ 350 4601,4 2,70 3
093 1, 5 | 486 3,50 13 | 47103 2800 5
2 “80 352 10 | 4e82,0 1,5 3
08,8 3,02 5 | 4432 340 s | 40 .
B8 3% 2 ] ysi4a 288 2 | esset 34 8
28 354 M4 4
%80 228 3 | 46 1,64 2 | 4004 304
602,90 2,82 3 | 4 14 3 | were  3m
8546,2 1,8 3 352 415 :
6703,6 0® 3 @071 280 3 4365.9 1,68
s 2453 3,03 10 | 419
4267,0 2% 4 354 : 4219,4 3,61
216 4181,8 4,13 § 422
‘:‘;‘W 331 2 | 4756 3,30 13 | 4419 23
- 4438 3,58 { 423
2‘2”-3 260 2 ) 4568 335 4 | 41202 260 &
07,5 3,07 7 429
Y SRR i 1,21 a | sr4e 2 8
e 32 4 355 3871,8 35 4
wn.3 24 5 | Gm9 346 6 | 39039 361 4
3,50 a2
32,6 342 4 :;f;: 2.1 : 4517, 2,29 4
3863,7 3 3 oo 37 5 476
%79 3@ 4} Lo’y 2. 3 ]| w10 2,0
22 . 357 470a
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i

XY ~y % ~ o~

A, g an A, g g [ A, PP
g g

4220,4 3,00 3 | 40,8 3,42 4 4946,4 309,
4248,2 2,88 6 [ 4080,2 2,83 4 48822 2,41 :
4267,8 2,89 6 [ 4109,1 2,684 6 4863,6 2,38 23
488 559 48758 2,00 3
3867,2 3,57 8 | 4088,0 3,78 13 5002,8 2,5 3
3056,0 2,75 2 | 4085,3 3,71 3 4950, 2,60 3
515 560 4907,7 2,26 3
4480,4 2,72 2 | 40305 4,20 1 489
518 4016,4 3,81 3 4226,2 3,76 7
4360,8 3,45 4 | 3088,3 3,15 7 4200,9 3,28 8
520 561 4238,0 3,21 9
4298.0 3,31 1 | 3947,0 3,26 7 4208,86 3,45 4
522 562 41766 3,00 5
4199,4 3,9 12 1 3941,3 3,54 1 42274 4,78 4
523 3955, 3,26 4 690
4143,4 3,80 12 }§ 597 4228,7 1,78 2
524 4285, 4 3,30 3 92
4074,8 3,32 1 | 599 4264,2 2,52 2
527 4167,9 2,95 4 603
4017,2 3,17 6 1 603 £227.4 §78 . 5
529 4008,3 3.1 5 47,5 4,00 13
3839,3 2,65 2 | e08 42388 3.9 8
553 3916,7 3,59 8 4225,5 3,55 3
5324,2 424 5 1 e 4217,6 3,56 1
5263,3 3,33 3 1 3821,2 4,36 5 41983 508 4
5253,5 2,42 3 1 3805,3 4,40 5 4196,2 3,680 5
5217,4 3,18 51 652 604
5215,2 3,36 5 | 3048,0 3,64 5 4154,8 4,02 2
5229,9 3,44 51 es5 43,5 2,1 5
5393,2 3,30: 5 1 3988,2 3,24 4 40874 2,97 7
5339,9 3,55 5 1 w08 3,73 6 M40 260 2
5302,3 3,74 3 1 96,8 3,67 4 695
354 661 4126,2 3,03 6
4736,8 3,06 8 1 3230 388 a150 1,86 2
11,3 34 Y ) aest2 349 3 | aso3 33 5
4068, 1 3,2 51 o8 12,4 3.8 3
375 20 10 )08 382 5 | as7s 380 12
“®132 3,19 11 es 4388 3.4 5
250 30 %33 332 3| ees
07,7 271 3| e sw084,5 3,58 9
555 , | 5615.8 43: 5 wes,4 28 9
4531,6 2,19 2 1 sse8.8 4,18 5 4339 39 9
45048 1,90 5 | ss728 4086 5 | 4021 3W 5
556 5560,6 4.60: 5 4072,5 3,5 $
w27 -2, % | sy 338 5 | 02
558 5624, 6 3,54 3 3804,0 * 3,8
4076, 3,87 2 | 5184,7 1,49 3 126 -
4058,2 3,%0 1 687 4137,0 3,6
4070,8 3.47 * | wes.1 3.2%4 5
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6408,0 2,94 5 5001,9 4,35
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6336,8 3,12 5 5022,2 3,87
0232.7 w: 5 973
820 4494,0 2,79
4596,4 5.15 3 4392,6 2,33
4673,2 3,32 5 974
46435 3,10 6 44908 3,40
821 976
4145,8 343 ) 42187 2,94
4619,3 382 4 4300,8 3,29
4705,0 2,85 2 982
82 5934,7 2,83
4638,0 3,3% ¢ 5809,2 2,46
823 984
60,4 -390 2 | 43 3,00
825 4806,4 2,28
33,8 3,3 4 993
4496,0 2,55 2 4265,3 3,09
826 4264,7 2,67
4525,1 3,8 i 42004 2,95
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484,2 2 ¢ 1026
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W WSO WI

o a -
W e l! L e wen | 8 [[25° war | 8
]
1" 28 44
5816,4 3" 2 4178,9 2,28 14 | 4683,7 1,1
1180 4296,6 2,14 14| 46
5862,4 4,20 3 4369,4 1,20 10 1 5991,4 1,23 2
5014,2 4,25 2 422,68 1,58 7 | o084, 0,9 2
5930,2 4,10 5 4258,2 1,70 71 48
5752,0 3,68 3 20 5362,9 2,62 2
5806,7 3,7% 5 4002,1 $,31 4 | s52604,8 1,88 2
1183 32 5414,1 2,00 2
5554,9 4,04 5 4314,3 1, 6 1 4
5565,7 4,14 5 4278,4 ,97 1 5276,0 2,80 3
5679,0 3,60 3 4413,6 0,67 4 54,8 2,60 5
1195 36 5197,6 2,5 5
6713,1 2,81 3 4993,4 0,47 2 | 54253 1,62 5
6752,1 3,08 3 4893,8 0,38 2 1 5325.8 1,7 5
8639,7 2,88 3 37 55
6733,2 2,88 3 4629,3 2,33 -8 | 5534,9 2,08 2
1259 4555,9 2,42 81 % ‘
6058,0 3,92 5 4515,3 2,24 13 | 6456,4 3.10:
6078,5 3,96 5 4401 ,4 1,99 13 | e6247,8 2,01
6102,2 4,16 2 4520,2 2,47 14 ] 8147,7 . 2,50
1260 4489,2 1,93 14 | o6416,9 2,%
5084,8 3,9 5 £472,9 1,48 13 | 6238,4 2,31
5987,1 3,88 3 4666,7 1,72 9 | 6149,2 2,20
6170,5 3,08 3 4582,8 1,80 8 | 6407,3 2,08
38 6239,9 1,1
Fell 4583,9 2,79 14 | 126
3 45495 2,59 1 1 4032,9 2,80 §
3038,3 1,2 7 4522,6 2,68 13 | 27
3014,5 0,85 1 4508,3 2,2 13 | «024,5 24 7
17 4620,5 1,50 14 | 3863,9 2,80
4864,8 0,11 1 4576,3 1,83 14 | 140
2 4541,5 1,9 11 ] 4s5,8 2,51 ¢
4124.8 0,79 3 4648,2 0,87 1 154
4168,7 0,65 1 4505.7 0,87 1 40315 2,58 ¢
4035,5 0,70 1 W 152
25 41484 1,40 1 3863,4 2,62 f
4670,2 1,42 1 ) 3863,9 2,04 !
26 6516,0 1,35 Y] 153
45%0,1 1,07 1 6432,7 1,2 2 | 3814, 3,72 2
2 2 170
4233,2 2,95 7 5169,0 3,4 2 | 4626,8 2,19
4354,8 2,64 3 5018,4 3,3 5 11
4416,8 2,16 14 4239 3,15 S | 4528,8 28 ¢
4113,8 238 . 1 X] 4474,2 2,51 ¢
4303,2 2,28 14 47314 1,84 1 172 )
4385,4 2, 14 4056,9 1,8 1 | 48,8 3,20 1
4128,7 1,2 11 4001,3 1,19 1 4044,0 3,00 7
en.3 1,0 17 173
35,9 3’ 1
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20 ) wgen | B | A% | wen | 8 ', wen | g
imn
186 70 5115,4 2,92 5
£835,3 3,78 9 | 54359 0,45 3 4935,8 2,84 3
4625,9 3,20 1] 8 5130,4 2,08 3
187 4410,5 2,30 3 194
46,2 2,70 4 | 98 5081,1 3,39 2
188 4714,4 3,56 7 209
4069,8 3,80 1 | 4648,7 2,0 7 5178,7 2,63 3
189 4605,0 2,65 9 210
4061,8 3.9 1 | 47%,5 2,68 5 5155,8 2,97 5
4007,7 2,84 1 4715,8 2,72 5 221
190 4686,2 2,48 5 5625,3 2,52 3
4002,5 3,00 1 4874,8 1,74 3 228
3838,9 2,64 7 | 4814,6 1,7 3 6176,8 2,72 3
212 100 6224,0 2,34 3
1960,9 4,18 3 | 4606,2 2,3 4 229
5057.4 - 4,48 7 [ 1 6133,9° 4,51 3
23 5017,8 3,08 5 6186,7 2,32 3
4354,3 4,45 3 | 49982 2,35 3 6360,8 2,14 3
218 4953,2 2,51 3 230
4368, 1 4,03 1 | 48663 2,13 3 61411 2,47 3
219 4873,4 2,55 3 6366,5 2,36 3
4634,9 4,38 q 4857.4 2,48 3 24
290 : 112 5760,8 2,46 3
4319,7 4,30 4 4980,2 2,49 2 235
4318,2 3,08 1 129 47355 2,80 3
22 4904, 4 2,9 2 248
4403.6 4,7 1 130 6130,1 2,37 3
4449,7 4,40 4 5082,6 2,46 3 249
4431,6 4,32 1 13 6598,6 2,43 3
4829,0 2,5 2 6086,3 2,77 3
Nil 133 8322.2 247 3
15 4703,8 2,65 4 5998,7 2,30 3
3913,0 —1,19 3 143 250
3 5080,5 3,48 2 %669.9 2,33 3
3837,7 1,8 3] 14 5614,8 2,60 3
2 5011,0 2,00 3 264
3858,3 1,58 7 145 8635, 1 2,58 3
33 5038,0 3,22 2 .
3807,1 1,20 5 | 5000,3 266 3 Nill
47 161 9 .
5578,7 0,13 3 | 5009,9 2,74 3 4362,1 2,52 5
51 162 24,8 22 6
45200 —0,07 3 | s5084,1 3,24 2 10
64 5148,5 3,20 3 41924 2,26 8
6532,9 -0,38 3 163 12
68 4807,0 2,68 3 4015,5 2,06 7
5892,9 0,70 3 ] 168 i
69 I 431,68 1,96 5 .
3%02,3 oy 2 Q04,7 0,001 2
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oY - -l < BN
\, o 1 g ath g x,cm igan g x’cm lg g 8
5 67 36

4300,8 1,58 4 4613,9 0,84 6§ n14,8 2147 3
4308,0 0,98 6 79 37

6 4440,5 2,08 5] 4804,0 2,44 3
3082,8 1,43 4 88 38

3950,5 1,41 7 43798 1,74 1] 42,9 2,50 1
7 95 39 .
3818,3 1,01 3 5112,3 0,96 3] 46006 —1.49
12 97 P

4682,3 0,38 2 4210,8 2,17 1| 30885 —1,28 7
13 99 4152,0 =220 1
43749 2,28 8 4171,8 2,45 2 4

14 130 4123,2 —4,66 3
417.5 2,92 ] 4553,9 1,93 1] 42384 1,63 &
20 139 53

5087,4 1,84 5 4574,5 2,08 1] 4550,3 —2,&2 1
5200,4 1,56 5 140 ¢

2 4388,5 2,06 1] 48,7 —2,00 5
4883,1 2,04 5 75

49001 2,78 2 Ball 2089 —0,32 &
1} 1 L e

5521,6 1,3 3 4554,0 2,46 5| 48199 —1,28 2
5548,0 1,47 3 4934,1 2,28 51 8 :
5504,6 1,18 3 2 4540,7 —1.4 1

6141,7 1,73: s| &

Zrll 6496,9 1,76: 5] w836 —001 2
15 5853,7 1,3t Il o2

4211,9 1,03 3 4 46886 —1,41 1
18 4166,0 2,48 1]

3999,0 1,3 1 Lall 84,5 4,722 2
17 . ‘ 140 ‘
5.9 0,8

2 ' 58058 —2,55 3| 6w Bt
4158,2 1,50 1 8

PP 4662,5 —2,80 6

A277.4 1,26 1 10

17,3 1,43 3 44320 ~1,70: 4

97,0 0,87 1 2

& B4 2,14 1

4149,2 2,04 5 23

4209,0 0,05 3 4574,9 —-2,8 1

&2 4691,2 —-2,70 |

4161,2 2,05 2 %

4151,0 1,68 8 43338 1,80 9

&3 25

4050,3 1,14 4 32,5 —246: 5

34,8 1,40 2

54 92,2 —1,6 1

ma" ‘.” 1 3“501 -zou 1
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Teble 40, Factors for Conversion of Relstive Oscillator
Strengths (in Table 39) to Absolute Vdlues [49]

Fle- +
aneat | Ixp.*t | itellar*xYTheor.
10\ )| (log 1)

Mgl —1,32 °
sill -3,08
Cal +1,% +1,04
Sell 41,78
Til 43,82 +3,35
Till +1,984.0,10 +1,85
Vi +3,95
v +0,754-0, 14
Crl +2n5‘ g +zv°a
crll 40,444-0,00
Mul +"“ +‘ vw
Mall -—2,444:0,24
Fol +0,‘3
Fell —0,3740,46 0,32
Nil 40,56 +1,08
Nill —0,08-1-0,34
Ball +1,54

* ) 1s calculated from the experimentally determined
absolute f-values. 1

#% ) 1s calculated from the known absolute f-values for

atoms using stellar spectra containing lines of both
| neutral and ioniged atoms.

+ )\ 18 calculated fram theoretically determined absolute
f-values.
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Table 41. Line Strengths for the p2-pe Transitioms of C I, 8 I,
Ge I, Sn I, and Pb I {50] '

Sn 1

Transition 1S cI st I] GeI Pb I J
pe®P, - ps op | 20 20 20 20 . 20 aor 20
1P . 13_0 20 19.999 19.82 18.32 17.83 | 19.47 20
1, - %P0 0 0.001 0.18 1.68 2.17 | o.52 0
W - s o | o.ol5 0.165 | 1.975 3.675 | 4.21 5
1F; - 9P, ) 0.175 0.122 0.61 o.04% J12.48 | 25
1P, - 1D, 100 99.99 99.04 | 89.51 81.58 | 67.28 | 50
&P - 15, 0 0.001 0.18 1.68 2.17 | 0.52 0
¥, - °p, 20 |19.999 19.82 | 18.32 17.83 j19.47 | 20
%P - S, 15 | 1¥.955 .82 f13.0235 [ 11.325 j11.79 | 10
sp - 3p, 25 25,01 | 25.075 | 25.30 31.52 | 44.30 | 50
3P, - 1D, 0 0,004 0.925 9.56 1.84 | .77 0
ap’ - 3P, 25 25 25 25 25 a5 25
op, - 3p, 75 | T4.98 | thors | wa | 6.3 w2
sP. - 1p o 0.002 0.025 0.9 6.57 31 | 56
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Table 42.

Oscillator Strengths and Transition Probabilitie
Energy Levels of 1s° 2s°n] Configurations of N III

— e —— ————

M %_.Jwtog

3 Transition van' o . Tunt
. - \«u. " nn an
) 2p7P - 358 2,02 0.18 0,04
2 220 — 347D 2.44 0,96 0.25
3 3528 — 3p2P 0.22 12,90 0,95
4 2P — 3D 0.20 12,60 0,56
5 P — 458 0.51 2,18 0,13
b 20 — 4328 P27 0,00 0.001
7 4518 — 4p2) i 0,09 51,12 | 1.53
8 35S — 421 0.82 0.23 ; 0,070
9 3dD-- 4r 0.40 0.80 b oo
10 ap2’ — ad*h 0,06 48,73 ; 0,65
1 P — Ad’) 0.66 2,82 ' 041
12 2021’ - A*D 2,90 0,15 : 0.10
13 Ad2D) — Af2)° 0,023 29,33 0,12
14 32D — 14°F 048 11,61 116
15 2920 — 5518 3.04 3.10° i 1-10°8
16 3pP — 58S 0,80 0.10 m 0,00
17 4p¥’ —58°S 0,20 0,10 0,003
18 35S — 5p°I” 1,04 0,23 0,080
19 4528 - 5p2P 031 2,25 0,24
20 5328 - §p 0.02 96,45 ; 0,64
21 3D — 5pI 0,62 0,21 X 0.010
22 AdD — Spp 0.16 4% ' 0,092
23 220 - 5d2D) P32 0,04 ; 0,017
24 3p2l’ — 82D I 088 0,28 0,056
25 4P ad?)) 1028 342 : 0,21
26 5000 — bedl) i 0,06 124,03 : 1.65
27 42F — 542D 020 11,32 . 0,32
28 3D — S72F D069 1.46 i 0,14
2 4d*)) - - 5°F 0,23 20,46 ! 0,67
30 5dD — Sy°F un 1:42,89 0,19
31 572 - 5g2 U 57,58 0,44
32 421 — 5g°G i 021 38,53 1,51
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Table 43. Oscillator Strengths and ibsorpticn Coefficients for Transitions from
Levels of 1s°2sn ] Configurations to the State of Cont.inuous Spectrum [51]

- o . ——— m——— — —

101%a, (nk)

I

\-—: e

<&

| <l <1
— ===

P — P P P

<« &

<
)

1

S
<

<t

) | Transition z Ya q —F Pak Jar e

I 2515 — kp*P 3.2 1470 47 126 ;.N.E, 19 % 0.72.%
2 3P — kD 307 1246 28 2.3 208 @. 58 A.uv, 25
3 31 D— kfF 302 1,051 125 38,4 126 .A.uuv. 26 ﬁ.vu -
. 45°S — kp2P 3.26 0743 18,1 Y 18.1 @. .. 45 @. 1 -
5 4 — kd?D 3,01 0,646 60,8 .1 60,6 A«v. 8A 3 32 -
6 ATD- kA 30 0,591 87.9 55,1 §7.9 A..&. 9.4 .A.u.v. 32 .
7 AP — kg?G 3,00 0,569 489 76,7 189 .A._”.v. 53 Am.vH 24 -
8 852S — Ryl 326 0,446 107 76,8 _.S.Am.v. o._?@. 0.06
9 Spr— k2D 307 0434 1700 2218 170 .A..Hvs 164 Q.v. 7,05
0| seD—hpF 302 0,371 1164 8.8 1164 Am. ¢ 86 A.«.v. 3s -
h 5/°F — kg?G 3,00 0,364 159.8 1033 1773 A,.u,...v. 12,1 Au“v. 54 .
| 5g3G — kh2 1 30| 030 316 128,3 316 3. 21 Auuv. 1,6

<
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—
< |

e
-

~
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Table 44, Oseillaser 8 aad Tremsition Prébebilities Betveen Levels
of 1,00) al c-ncmual [51]

! | ‘ i I ]
H I H |
N Transition LT, S| o8t l Ion wg 212 10~
l Ry ! ’ 3 wy
|| 34— 3peD(3P) 0201 12] 20 {158 | 058 | 20 |32 1,13
2 ip_ss 024 J12] 41152 |14 11507 1,87
3 p—sp 027 112 12 |148 1044 | 12 |4 2,59
4 h._2p 0111 6/ 6140 {017 6 | 408 0,16
3 e 022] 6] 10132 {054 ] 10 [459 ! 195
6 1P _2g 02| 6| 2,126 {012 2 420 1,8
7 3stP —3p28 (1P) 027 6y 21163 0,16 2 1543 2,86
8 p—2p 027 ] 6] 61163 | 049 6 | 543 2,36
9 P 2p 0231 6 10 [181 {06 | 10 |536 1,75
10| 3p*F — 343D (3P) 023] 6] 45 {124 047 ! 10 {371 1.21
1 D —uF 0,09 { 20| 168 [11.9 Jo42 - 28 475 0,87
12 iD—ap o210 1200 30 [124 {009 20 |1.24 0,3!
13 D —p P024 120 21123 10007 12 |04 0,051
14 iS4 P00 41 40 J121 |5 12 | 268 0,57
15 p—up 017 1120 30 (124 o2 i 12 |20 0,27
16 P Fols 21 90 {124 o029 5 20 |3 0,27
171 3p2D—3.22D (3P) D000 01 15 1128 04 . 10 ) 128 0,03
18 2D - 2F POLT 10 w4 |13 |04, 14 | 523 0,64
19 D -2, 1009 10 i 1138 To0c6 6 | 015 0,03
20 28 —2p " 0,15 2 20 | 87 1029 © 6 1,93 0,18
2 P up L0300 S| 15 (140 1023 . 6 | 233 1,65
22 {252p24)0 — 3P (W) c 210 ] ast 24 10002 1 0001 12 I0001 032
23 D —2p PLT9 1100 15 10002 6-107% 6 | 0,002 0.26
2 1§ —2p PLE2Y 20 3 (0001 3107% 6 ;2 10°% 002
25 WP up <138 61 3 10,004 ’.; ,u—“ 6 T107Y% 005
2 P 2p(1P) PR 6L 9 10,004 8107 6 | 0002) 0l
27 2§ - 2 Dt 2 0001 | 1074 & (510 o001
28 D -2 2251100 50002 3 10°% 6 l610”Y  0us
29 1252p22/7- 3asD (3P) 251 120 1w 1036 047 | 20 | 034 | 142102
R P —p 254120 60 1054 015 T 12 0ls 79.0
R D ) CALE | T s Io.ss L6006 © 10 | 0,09 226
32 2 —2p DR 10 1053 0004, G| 09 251
33 2, —2F Soan [ aob 53 033 1 | 042 38,2
34 §—2p C24u | T 30051 lo4z o s o 711
35 1252037 — 34D (3P) T2l 67 e, 1002 jo0y 1 10 009 12,7
36 s 2p i LT 6] s, 086 j005 0 6 fous 7,2
37 [ 2s? "p'-'l‘ 2s2p3pzo eP) ! 295 | ol 12015 162 T 10 | 00N 50,5
38 | 2821 o] 9 043 {oos 6 |07 390
D) '/» s lagzl oi 3013 002 2 b 41,1
40, -1'—2v2p3p-D (¢P) P 30 b 510,15 1005 ¢ 10 QU3 26,3
4 - t3441 €| 31015 [003 6 |uos 212
42, - .S P3ad 61 17015 1001 . 003 97,2
43 23%3p2P — "\2p P 3p2P x'zof 6| 121094 10251 6 ;063 29,0
a0 o CLI6 | 6] 20 {094 [030 . v | 063 | 262
45 ) P s 120 ] 6] 4 ]094 ;008 2 {063 29,0




. tor Strengths and Transition Probabilifies Between
Table 45 oac’ﬂalvl:ll of 189282p(3,%T')n)] Configurations [51]

1
M1 Lo’ | Siz a8
N Transition % @ S | p? ' » lw’ 5 Apy-10
|-
|
2pt ip = $54P (3, 2841 12 24 0021001 12| o.M 8,17
TR/t S ol B e I T 003 | 985
3 28 =P 2,18 2 3 0,021 0,007} 6 0,009 0,2‘)2
4 pip 2,04 6 3 0,031 00031 6 0,008 114
5 3P —4ssP 0471 12 12 1,451 0,08 | 12 1 048 (1),34
6| oS ~ 0P 050 | 4 4 4 | LI7T1 007 |12 0.13 0.44
7 1D P 0541 20 20 094 0,06 121 052 (.).:0
] PP 05, o 6 0.47 0.0.} 6 016 ,:')g
9 D =P 44| 10 | 10 | 096/ 005 | 6 053 122
10 2P Os0 ] 2, 2] 12110051 6 ‘.’-.',3.' 0.2
1 45800 4p2P 002) O 1 6 1488102 ) 6162 1 005
12 38D — 037 IQ t 45 L2 4,0 6, (,9‘ : ._.S
13 s =2 0,71 6 o l.:hl 0(1)-; 8 . (\)}.q‘a‘ i :;(\);
W 28— aprP 20 6 19 0.04l 0.0 O 7,:;. A
15 AN - 4D e 1;.‘ | 20 1519 I 0.9701 :0 | 17, i 0'0(1)
16 A — 3D [ 12 2 l.:i} O'Ut{‘ ’_‘(): u,t‘»'l ! %
17 D — D PO 2o 3000 13 002 2ot il v
1S $E 4D 0521 28 Liss | 115 006 |y 064 28
19 KIS VLI Y4 0,61 | 1? 20 : b 020 | 2 9.44 g.ﬂ‘l)
2 A5 — SptD 007 8 11D G610 0.8 110 220 o
21 S —4p2D 0,32 [P T l.0§| ouol] 10 9.»_»‘41 008
22 -0 0.3+4 14 5 093] 0,04 10| © o2 .55
2 352 — ip*D 073§ o | 10 | 097) 013 Lol va| 336
240 25820 D 2 6115 0udl 002 1 1o ] ue2 5),5;;
25 88 — A4S 0,09 12 4 | 4+,b|ll 0,15 K] 14,?7 :)_3
26 344 — 38 0391 12 “ 0.i1: 0,01 4] 02 :
27 3s4pP =S o83 12 4 o._a.s} 0.91 '4‘ g.ll (1):
28 454 P — 4pAP 0,lv 12 12 48.29I O,o:l l; 16,1 0':":‘
29 38 — AP 0401 12 30 O,ZZ[ 0,02 : l; 0.13 22
30 D—*P G431 20 | 90 | 086] 043 |12} 03 0
31 asifr—p OB4 | 12 | 12 | 062, 006 412|021 | 3
320 AP —4prS 1L 6 & 2 119561 008 1 2| 652 ,:g
2 I8 = AN° 0,77 0 U8 o - ' S \:,‘
IR AR B B NI
37 3 — F Coms 2 Coan O . 714
W] 4prD— 4D L uor| oLl 0ol ] sy 015
39 ) . 009 [ | 45 .5}.9_ 0,«:‘ | \}} i3, o ’,:fts
40 352D — 2D POSS |10 L 15 IS s b o2 is
41 3p—2D C0ERe ] 45 2120024 10 i L8
421 252p22/ — Ail1D BT 6 .4a | O,EZ 0.: 3 l(; ({,“.3 2; 0
4 0 i 12 % 1503 | oA |20 {150 0.5
4/ — dds M XV ' (10 AL 3, A
a0 ‘;) - coD c 003 20 130 854 1015 20185 o.qg
16 3pip—14D 0,02 | 12 1 9 2871 0,30 :'0 ! 02:‘- I ?.51
a7’ H)—D Lo 20 030 217, 0,(‘)3 ;r; ! (,_T- i g
W8 2P D) C2390 02 118 016, ulb 0010 N
49 ApAl? = ddP : 0,0:;i 12 ! ;8 -:?: g(h P2 ‘:'.‘3) i u04
70 1§ =P R I S R T K T GO P R :
51 i 440 -- 4P | 009 20 2 | 477 | o0 2 333 ?3}
2 Spilr— P {0831 12 | 30 L LT 0NG 10, 02
HX] 48 - 44 l 0.60 4 4 l.:‘“’ \:.?- ' :., 033 5-|2
4 ' AP P 05v | 20 2 124 w2 t2 u.;ll 137
55 1 28 ap — 0P 1300 2 60 .O.l. 0.0 !- 08,(;6 o
56| 492D —2F | 000} 10 | s4 500 |08 |13 200 |0
57 32D —2F 00| 10 4 e ade | ia | oas | 1S
58 | 282p5 ) —+F PA19 00 [ Q7) 015 |14 A 8.6
59 4p3S — da?p : 0,06 2 20 ' 622 083 | 6 S X
) H . .
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Table 45 (Comt.)

o | | ! 8,
L1 | N2 -
Ml rremsttion |7t Y |Swe| F | | wy A0
. {
G0 22 012 6 ¢ 15 | 853 1 05T | 61142 0.65
Gl P2 010 1y 1 1318 | Uil 6 05 0.02
G2 3ps —-2p 0471 2 | 20 | 2641028 61 059 163
63 ,S' —-2p 672 6 1 15 1 141006 ] 6 02 240
64 D =z uebt 1 2230 0,0030 6! 0,08 015
65 | 252p2:D =3 3200 10 ¢ sy | 0i6]0002] 6 0003 237
66 2.2 2211 6 ;w1 016,000 | 6] 001 3,84
7 3§ — 1P 235| 2 | 30 | 05002 | 61 005 174
a AP = 2P 029 6 | 18 | 184,003 t 6. 031 0.2
2L D -2 639 10 | 15 | 063 o.oos| 10| 006 . 0.
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_Table 46, Values of P8, .k8 for Transitions From Levels of
1s82s2p( 1, 8p)n] Configurations to the State of Continuous

Spectrum [51)

-, I ' [
o . [ : [ ' 2 r
Ne ‘ Trancition Y V4 ! (g ‘ NI R : q | - F a ",,‘h./..i
. ’ l ‘ . ,
1, 354P — kp'D D48 1333 112] 20 662]=770 0.62.{0—
: 1 ‘ v '
' i ! 0 ' ./ ~ 2
2, 3P —kptD 130 1324 o' 100 6811805 681 (;—)
1 H ’ \ 1)
. i | . .
3 np— kL 128 0805 G 43 (1989 | 2000 1989 [ |
N /
4 l 3ptl) — kdF 128 300 20 168 19.27; 24,20, 1927 (—;}
| ORRE
5. IS —kah L2 205 4 40 (12357 dads, 1285 ()
I .
l } ' /v, 3
6! 3psl? = kirl) A0S 12 02020 2579 20 (=)
| ] /
) . ! - o) \3
71 3p2D — kJ2F AT S0 RER u" 25,15 19,99 (Tl
‘ . ! ! )
I ’ .,‘ .\ AR
S 3PS — kdip L3 300 2020|1948, 26603 1943 (—j—)
: ' ' x , /v 8
9 SUVF = kfeG 109 500 T 540 1450, BT 14,50 (——)
j | . .y
| . j (. | 1120 b . v\
10 3D — kfF LT 32 1200 - | 12,50 | 38,36 12,35 {—)
1 . 1 v | v
. ] . 1 4
! . ! . : Ho0 1 B ‘ . Lol va\d
i A — k) 105 3w D10 = 1200 v 12,35 (—;)
’ } ‘ ' l i / vy 6
12 | 3dv10 — kysD) 1041300 D tu | 22| 1284; 3856 1294 L—;‘-)
i : Vo : '
’ ! B . i 7 4
13 Sd3F — kf2u CLOU D300 14 270 010,75 w00 10,75 (—?)
;' ! i ‘ l I (‘ e
Y 34:P — kfAD uu8 300 |6 1261 Sl 073 831 (—“’—)
i ' | ! i
: i | t I
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Table 47, Cscillator Strengths and ibsorption OCosfficient~ for Transiticss Guven in Table ... [51]

. 1, (nk) . ie o, (k)
Ne eannpﬁru.ﬂﬁu. on \rw.»... 10 1R _ ) ) TransiTlion .‘:a.h._ _:_r
4
! -
“,
w \2 “ \? N N v, \?
1 348 — kpD LR 7. i 0.65 A.ﬂv -8 3NS — kel 44 ﬁ . \ 2, A ) v
v \1 v & vo \Y i v, i
a s — kp2D 18 A;,a.v org | .; Q 3 kG 24 ﬂ‘. v 1.3 ol
. .9 . ) ' vy 33 PN
. Yo 7 . ‘0 . . - a o
3 32— bl 12 A v 15 F ' v L D - kfoF o, V 1 ﬁ ; \
] ;
2 .9 | \<_ 2 A "
1 3p¢) - - kdoF 4,6 AHV 1,9 «u,v 1t 3D kfoF 2.4 h o 11 A . v
N ’
v, 7 S, \? v, \¥ v 1
5 3S — kasl? 35 AI. ] 15 ﬁ B v 12 A5 - kfrls 2.7 A ) v 1.2 F . \
7
. v .2 2 R ! v \? /v
6 3l — kdsD 11 A.wv 1.8 v 14 LY N Y2 20 ﬁ ..v 0,9 ﬁ . y
v, \? v 2 o ", £ 3
7 3p2D — kd*F 14 A.« v 20 A.< » 14 kel 16 A; 071 A.. V
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Table 48. - Values & "pt

*k? for Transitions for Levels of
~ 1s%282p(sP)nJ (n= 4,1 = 0, 1, 2),
Configurations to the State of Continuous Spectrum (51}

; ‘ ) i [ .
N | Transitiom ; in Z | = {SL,,.} g | —F 2nn K
| '
b i )
1 454P — kpiD 0,74 | 3,33 12 | 20 i 19,95 I 5023, 1998 (_3)
| i i i X
2 482 = k2D 073 1324 6 1 10i17,29]51,23" 17,29 ({"—)
; | . '
l i i | . s
3 4pD—kdsF | 06T | 310 | 20 i 168 | 54,06 | 44041 54,06 ('?‘)
| i
. ' l : ! 3
4 ApAS —rd'p | 065 [ 805 | 4 40 48,067 4164 48,06 (%)
{ ! ! : '
. i [ l ' . \ . foan
5 4ptP — kdsD ‘ 064 1308 | 12 4 90 252,58 ' 44430 5258 (.v'.)
; | I
| ! 3
6 4p*P — kd*D i 068 {308 6 43 52,00 ' 40,74 52,00 (.él_)
‘ . : i Wl \8
7 42D — kdtF | 0066 {300 T 10 1 84 447413768 447 (»})
: i
! . . ) . J \
; 3 . 1 v, \3
$ Sp?S — kP02 [ B00 2 | 20445904160 44,56 (—;—')
y ' i [ ‘ ) . .
‘ 560 ! :
9 SBED—kAF 059 302 10 S g1E7 iag 01 8787 (—:—)
‘ i . !‘ ! ] . vy \ 4
10 AF—kfG Pop0 1300 1 28y 530 19254 5723 9254 (—7)
| ol e ml
H 4D —kfF 1059 | 302 1 20— ig7sT 5811 K787 —;-)
{ )
‘ . ' 9 w s
12 4dP — kf'D 058 | 300 12y 252180255895 80,28 (- j
l , Y
13 ALF— kG 1057 (380 14 270193256358 9425 (—:—)
i ! 3 '
! i : e
14 «P—kD |06 | 300 .6 : 126?70,36!62,37 70,36 (-'j—)
| } |
i
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Table 50. Relative Line Strengths and Relative Oscillator Strengths
for the 347(aéf)is-347(a4F)l4p Transitioms in Co II [52]

Mati- ..
2 8

plet (A) .'rmnsition , L8 Sinter. log o/

no.

1 "2 3 4 $ [ ]

7 2358.930 adFy — s5F 764 811 253
2417.686 abFy — 3K, 47 173 1.85
2414.069 abFy — 385, 303 138 1.78
24U8.770 asFy — 3bFy 192 112 1.67
2404.187 abF; — K, 154 112 1.87
2478.636 aSFg — 5F, 84 493 2.32
2383.479 abdF g — 335, 120 . 367 2.19
23%6.376 asFy — sbF, 116 249 2.02
2389.565 a5Fy — 855, 77 f23 1.7
2428 310 adFy — sk 84 34 115
2449.180 © adRy— sbF, 120 25 1.0t
24:16.91 abFy — 35F; 116 32 1.12
2423.645 abF| — 38F, 7 . 1.13

8 2326.49) abPy — 35D, 604 . 198 1.93
2324.317 a5F ¢~ 33Dy 412 170 1.86
2326.450 asky — 32Dy 263 136 1.77
213037 @3Fy — 38D, 154 108 1.67
2336.246 asF) — 32 Dq 77 77 1.52
23438136 abFy — 15D, 82 457 2.29
2353.446 @5F; — 330y 113 325 - 2.14
2347.406 a'Fy — 3Dy 110 217 1.96
2344.29) abF) — 33D, 77 128 1.74
2393.925 adFy — 230, 5 | 34 1.15

P 2375.2u1 aSFq — 28D, 1) 44 1.27
[ 236151 asky — 28Dy i 34 1.15

] 2256.165 GSFg — 3G, o 1000 2.64°

2307.84 abf — 8Gy 62 764 252+

* Due to interaction between configurations neglected in the calcu-
lations, these values may not be in good agreement with experimental
values.

#* Log of the product of statistical weight g and oscillator strength f.
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Teble 50 (Cont,)

1 2 k)
9 211,602 aFy — 3°G,
2314.038 aFy — 3,
2314.97 aFy — 8C
2272.26 abFp — 35,
2253.034 aNFy — 2],
2293.415 aFy = 25(
2301.419 adFy = 3,
. . . “"".h — :"‘C H
. whF g — 25,
e e 08Fy = 30y
IO 22'1.411 05’5—l365
2205.886 adfy — 135G,
2108.279 adFy — 300,
2173.324 adFy — 3G,
2245.14 adF, — 3G,
2232.05 abFy — 590
.. adFy — 33,
C e a'Fy — 3G,
14 2156.955 abFy — $7F,
" abFy — 30F
2156.701 {Gsrt Tk
2188.999 ahfy — 3VF,
2181.729 udFy — 30F
2214.764 asky — 30,
2200.412 abFy — 20F
2187.044 asFy — 3iF,
« e e "5F2—:‘F_A
13 2663.548 WFy — v
20694.701 bIFy — 25
2714.470 3Fy — 3,
e ,':‘F‘ — l"'(;;
WF, — 8.,
Ir:’l"g — 30(,
WFy — 335G,
L - WFy — 356,
14 2580.372 e — 3,
2587.225 WEFy— 3G,
2582.247 IFy — 23(;
2628.654 bF, — 3%,
2641.977 BFy — 3.0,
2485.380 WEe— 233G,
15 2006.474 bIFy — 20,
2519.829 WAFy = BF
b2e25015 Wiy — DF .
‘ 2464.210 PF, = fF.
© o 24N6 435 VIFy — BF.
' 2564.050 DIF, — 0t
| 2039.418 biFy — sif
16 2397.423 {3Fy —340),
P 2407.680 WAF, — 3401,
' 2416922 kg =311,
2450022 Wy — 30]),
‘ 2443.904 biky — 3il),
! e WIFy — i)y
aSFy =M,
aSFy — ),
UhFy — ::‘/)_,
adFy — ity
. airky —240),

adSFy — 2i)),
b Fg— 200,
WFy— 350y
WA g — 350y
b3F3 — 3Dy
b3Fy — 13Dy
bIfFg — l‘D,
b3y — 13Dy
b"z — 180,

- 19 -

v
EYs

. Y N
i 813 242
412 461 2.4)
297 320 204
Ll 31 1.1
122 55 1.8
120 74 1.0
L 62 1.4

$.0 1.0 Y
) 1.0 1.4
() 2.0 } BTRY
{ 40° 0.uhe®
( 4.0 020
(i 0.7 1.0
O 0.2 8.
1) 58 ¢ 141
1) 13.2 057
) 0.03 2.43
1] 5.0 0.6
O 0.5 (KT
1] 0.01 8.60
(] 0.01 8.66
1 0.2 2.6
0 0.01 3.8
0 7.3 0.2
G 1.5 .88
0 0.13 837
" 0.01 3.46
i 52 1.9¢
1 22 0.1
0 6.7 0.9
0 2.0 1.67
u 0.4 857
0O 0.3 Jah
0 0.04 8.7
0 0.1 .57
84i 783 248 ¢
64 285 204
404 7 248
4 389 2.19
4 204 1.
1.0 11.3 0.05
644 299 2.08
492 238 {197
kKA 302 208
(] 99 1.0
4 82 1.02
R I85 2.i3
A 200 1.89
404 426 250
3a 302 2.0
2ii1 228 1.97
4% 95 1.0
43 81 1.2
! 14 (.:8
0 0.37 A
i 017 .
0 0.20 ..
u 0.23 ..
1 0.13 ..
1 1.04 . e
0 007 . .
1] a8 ..
0 V.37 .
0 0.02 .
0 0.2 .
8 0 .
0.04 ..
0 0.03 ..
0 0.01 . .



T v © v ove Lldne end Oscillator Dtrensths for the 5‘1’(-’1")1;5-
3d8 () j4p Transitions in Ni IT [5)]

METOT T S ey
. I
e e A e
S | ———- -Im-—o. —p— o q—— - —
- 8 3 4 AU T I } s 3
Kl !

, 2316.0%41 595 | G40 ST | 053,30 0 ) 0.30
230208 | 408 | 433 274 m;m.gz 0 1.0 | —0.13
8297.(40| 267 | 208 200 et/ 20385 | 01 2031 0w

1" 2207486 167 161 1,5 | 200841 0 23 | -045
2307905 &8 225 RIS i 3138.67 0 2l e
g:augiz 87 438 1 | 090,54 ] 8.4 0450

rex S I B O B 207876 ' 0 | 21 -o0m
241225 | 4 1 - e (| R o 13| o
. 2080.84 . K

2216.479 | 1000 | 1000 PRIE ,

’ 2270209 | 764 | 95 PRI . 2630.268] 0 25 | -.002
22644561 574 | 0 2.14 j7 }| wA8TI3) 0 0.5 | - 072
22508581 428 | 205 2.4 255,04 0 18.4 086

121 | 2222048| 69 ] 176 om0 2587.2h 0 25 1 --0,01
2224.88 " 279 200 i . 2 2,02
220,34 1 o9 482 L , 3,2‘1335 g 2(238.5 143
2179.46 o B N IS (T I V1LY 0 4 .21
208800 | 0 4 w4 00 L 240780 a 17| -7
206555 | 164 566 20 2410.74 0 02| ~1.08
216040 | 508 | 240 240 , 3 201
247546 | 344 | 266 204 L ol I -0 B
2184.61 267 297 213 2381.77 0 28.3 1.07

[ K} 2125.89 [i1Y] 14.3 0.83 19 2433.57 0 12.4 0.7t
2138.60 89 |- 283 1.1 2350.84 ¢ 05 | ~067
215873 | 66 349 | 121 2413.04 0 04| —078
221038 | 68 5e 035 8 .

- R AR
20141 | 08 16 104 2334590 24| 135 1.76
PIETR (AR ) 88 163} - 2296.553T 543 3
22542 | 0 5 0.37 gy || 22082091 436 | 448 2.29

141208365 | © 02 | —1.02 2224351 24| 4151 127
217467 | O A2l 2.39° I| 2975426 24| 985 1.62
216131 | 0 L 1.58 2278771 416 | &40 228

22 { 2267082 333 | 331 2.16
| 2856.41 4 395 122

* Due to interaction hetween configurations neglected in the calculationaz,
these values may not e in gcod agreement with experimentscl values.

X% o of the product of shatistical weignt g and oscillator strength f.
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Table 52. Values of K Electron Wave F\mctimsv at the Boundary of the
Nucleus [58]

z Uy= V2R~ kg * oot | Fako®
25 . 0,1540 0,98723 0,0049973 —0,00014624
33 0,160 0 0,97674 0,0035224 —0,00023658
41 0,16677. 0,96274 0,0057705 —0,00069685
49 0,17378 0,94502 0,0088:87 —0,0013835
37 0,17940 0,92335 0,013126 —0,0022225
64 0,18110 0,9100 0,015671 —0,0028470
635 0,183:3 0,89733 0,087 —0,0036441
69 0,18544 0,88256 0,022306 —0,0046106
73 0,18747 0,866 0,026476 —0,00¢ 8084
7 0, 18963 0,84011 0,00377 -0,00728.";0
84 0,19132 0,840, 0,037008 —0,0000834
84 < 0,19280 0,804 0,042007 —0,010708
L] TR KXY 0 oF9 nonob At 0 043292
Y2 0,194 0, 16994 0, 008485 —0,016432
95 0,19746 0,75103 0, 066053 —0,019258
9% 0, 19865 0,73082 0,074744 —0,022547

* Values GK and FK are the large and small camponents of the wave .
function in the s state; Ey is the theoretical dinding-energy value
for K electroms.

Table 53. The Cu Atom [59)

.

(4s)0 ¢ | (asdpp P . (P18 | (45 4ppP
r r
] 1l ] 1 I ]
Py (r) | Pys(r) | Py(r) | Py, (r) Puis(r) | Py (r) | Poy (r) | Py (r)
N 000 | 090 000} 0000| 0000 14 | 0170 0105 0.011 |—0.035
002 [—0063 {0039 [—0058| 0036 16 | 0278 0214 0144 0,025
004 1-—0,033—0046 —0062 | 0060 1.8 | 0368 0307 0271 | 0083
006 | 00100008 |—-0023| 0072} 20 | 0437| 0383 0377 | 0139
008 | 0051 | 0032] 0002| 0080 22 | 0489 | 04¢3| 0465| 0,190
010 | 0085] 0067| 0048 | 0086 24 | 052 | 0488 | 0535 | 0236
012 | 0110 ©095) 0088 | 0089 26 | 0548 | 052 ] 0388 | 0278
014 | 0124 0115| 0121 | 0089 28 [ 0560| 053 | 0624 | 0314
016 | 0130 0126 | 0144 | 0086 30 | 0562 | 0549 0647 | 0.344
0!8 | 0128} 0129| 0160] 0080} 32 | 0556 | 055 | 0657 | 0,370
020 | 0119 0126 .0166]| 0073 34 | 0544 | 0545 0658 | 0,392
022 | 0105( 0117| 0166 0063| 36 | 058 | 0535| 0649 | 0.409
024 | 0087 0.104| 0,160 | 0053 38 | 0508) 0520 | 634 | 0422
02 | 0066 0088 | 0,148 0041 40 | 0486 | 0501 | 0614 | 0432
028 | 0043 0069 0132 0029
030 | 0020} 0048| 0112 0016 45 | 0425] 0447 | 0547 0443
50 | 0362] 0388} 0464 | 0438
035 |—0,041 1 —0008]| 0083 |—0017/ 55 | 0303] 0329] 0396 0423
040 [—0,097 | 0,063 | —0,012 |-00481 60 | 0249} 0275| 0326 0.400
045 | —0,144 [ 0,112 [ 0076 [-00771 65 | 0x02( 0226 | 0265 | 0373
8'552 —g.;g} —g.:gg —g.ngg -g.:g'z? 70 | 0163] 0184} 0204 | 0342
85 1—0,207 | 0,186 | —0,185 |0,
060 |—0222|-0208 |—¢226 |—0138| 80 | 0103 o119 0132 | 0280
90 | 0083 0075 0080 0221 -
07 |—0224|—0225|-0277 |-0,158 | 100 | 7038 | 0,046 | 0,048 | 0,170
0.8 —0,194 1 -0212 | —0,200 {—0,162 % 11,0 002 | 008! 0028| 0,128
09 | —0,146 | 0,177 | —0.274 [—0l155 % ‘20 | om3| 00i7] 0016 0095
10 |—0087 10,129 |—0237 |—0139 ' 130 | 0008 | 0010 0010 | 069
Ll =00~ —0073 {—0.184 —0.1181 140 | 0004 | 0,006 | 0006 | 0050
12 | 0044|003 |—0123 0092 '

* Wave functioms without exchange.
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Table 54, The TL* Iom [59]

S State
, (6s) 'S (686p) 1P ¥ , (65)8 18 (6a6p) £ *
Py (r) Py () Pep (r) Py (1) Pys (r) Pup(n
0,000 0,000 0,000 0,000 0,65 —-0,354 —0,370 —0,186
0005 | ~0,036 -0,036 0,004 0,70 -0,339 -0,359 —-0,212
0,010 1 —0,036 —0,034 0015 0.75 —0.301 —0,322 —0,226
0,015 0,005 0,001 0,033 08 -—0,245 | =0, —0,228
0,020 0,044 0,043 |, 0,056 '
0,025 0,077 « 0,077 0,066 09 -0,100 —0,118 —0,204
0,030 0,098 0,101 0,069 1,0 —0,060 0,049 -0,153
0,035 0,109 0,114 0,068 11 0.215 0211 —0,087
0,040 0,109 0.116 0,064 1.2 0,352 0,356 -~0,014
13 0,467 0,478 ,060
0,056 0,085 0,093 0,046 14 0,560 0,576 0,131
0,06 0,040 0,047 0.021 1,5 0,631 0,651 0,198
g.gg ——g& ; —-g.&g -—88(3); 16 0,682 0,705 ,260-
0,09 —0,108 —0,109 —0,059 18 0,738 0,761 0,364
0,10 ~ 0,139 -0,143 —0,078 20 0,764 0,766 0,446
011 | 0,156 | —0,162 | —0,000 | 22 0,724 0,737 0.506
0,12 —0.160 —0168 —0,097 24 0,682 0,687 0,547
913 | —0152 | —0162 | —0.097 2,6 0,628 0,626 0.572
014 | —0133 | —0144 | —0002 | 28 0.570 0,560 0,584
015 | —0,107 | —0.117 | —0,082 gg gﬁg gg} 3’2?2
0,16 0,074 0,084 0,069 34 0.397 0.372 0,564
0,18 0,000 —0,008 —0.034 3.6 0,346 0319 0,545
0,20 0,075 0,070 0,005 J.8 0,299 0,272 0,522
0,22 0,139 0,139 0,044 4.0 0,258 0,231 0,496
0,24 0,188 0,192 0,079
0,26 0,218 0,225 0,107 4,4 0,180 0.163 0,302
0,28 0,229 0,240 0,i26 4.8 0,136 0.114 ,380-
0,30 0,223 0,236 0,138 52 0,097 0,078. 0,324
0,32 0,202 0,216 0,142 56 0,068 0,053 . 02N
0,34 0.169 0,184 0,128 6,0 0,043 0,036 0.22¢
0,36 0,127 0,141 0,128 6.4 0,033 0,024 0,184
0,38 0,079 0, 0.112 6,8 0,022 0,016 0,149
0,40 0,028 0,040 0,033 7,2 0,015 0.010 0,120
76 0,010 0.0u7 0,095
0,45 ~0,100 —0,094 0,033 8,0 0,007 0,004 0,076
0,51 —0,212 -0212 —0,032
0,55 - 0,203 -0, —0,004
0,60 ~0,340 —0,352 —0,146

* Wave functions without exchange.
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Table 55. Radial Wave Functions For The 1s°2s*nl
N 171 (60] - lons For The 1s”26°nl(n74) States of

r P4pir) P(4dir) P(Sp\r) ! P (5dir)
001 0,0015 0,0000 (02) 0010 0,0000 (006)
0,02 0,005 0.0000 (1) 0034 0,0000 (1)
003 0,0120 L0,0000(7) 0,0072 0,0000 (3)
0,04 " 00198 0,0001 ! 0,0119 0,100 (T)

. 0,06 0,0383 0,0003 i 0.0230 0,002
0,08 00592 0.0007 . 0,035 0,0008
0.10 0,0809 00013 0,0490 0,0009
0,12 0.1028 0,0021 0,0624 0,014
0.14 0,1237 < 0,0030 0,0757 0,0021
0.16 0,1435 0,0044 0,0883 0,0029
0,18 0,161% 0,0058 0,0999 0,0039
0.20 0,1781 0,0073 0,1108 . 0,0050
0,25 02110 0,0124 0,1333 0,0088
0,30 0.2324 0,0189 ) 0,1492 0,013l
0,35 0,2436 0.0266 { 0,1584 0,0182
0,40 0,2460 0,035¢ 0,1622 0,0244¢
045 0,2409 0,0155 T 0,1614 0,0313
0,50 0,2298 0,0564 0,1564 0,0390
0,55 0,2137 0,0685 0,1479 0,0474
0.60 01972 0,0816 0,1365 0,0564
0.7 0,1427 0,1099 0,1071 0,0758
0.8 0,0823 0,1408 0,0708 0,0967
09 00187 01718 0,0304 0,1186
10 —0,0506 0,2029 ~0,0110 0,1394
1,1 —0,19! 02324 —0,0621 0,1593
1.2 —0,1682 0.2585 —0,0911 01777
1,4 —0,2639 0.2038 —0,1569 0,2068
1,6 —0,3246 0,3307 —0,2012 0
1,8 —0,3477 0.3380 -0, 0.2238
2,0 -0, 0,3260 —0,2157 0,213
22 —0.2953 0,294\ —0,1892 0,1836
24 —0,2263 0,2506 —0,1454 0,1462
26 —0,1453 0.1934 -0, 0,0986
28 -0, 0,1452 ¢ —=0,0308 0,0469
30 0,0395 0,0857 0.0361 —0,0073
35 02579 - 2.1256 - 0,1815 —0.1372
4,0 0,4190 —0,2846 0,2672 -

4.5 0,50°9 —0,4007 0,2975 -—02749

50 0,5349 —0,4681 02389 -0,2

55 0,5138 —0,4925 0,1990 -02112 |

6.0 , 04637 —0,4829 00319 __[ —012

6,5 0.3988 —0,4495 -0, —0,0232° T
7.0 0,3319 —0,4000 -—0,1984 0,0816

15 0,2653 —0,3479 -0, 0,1788

8 ,20¢ —0,2934 ~0,3570 0,2618

9 0,1231 —0,1958 -0,4214 03472

1o 0.0696 -0,1400 —0,4109 , . 10,4062

1 0,0400 —0,0748 ,3586 0386+
12 0,027 —0,0444 - -0 03331
13 0.0121 —~0,0268 —0,2139 0,2697
14 0,0071 —0,0163 —0,1548 0,2078
15 0,0031 —0,0008 -0, 0,1334
16 9,0021 —0,0058 -0,0763 0,

17 0,0013 —0,0034 —0,0534 00
18 , —0,0021 -=0,0378 0,0527

0,0002 -0, -0,0188 0,

22 0,000] 0 -—0,0001 0.0120

24 -0,000(1) -0,0044 0,

28 ~0,0000 - 0,0013

30 ~0,0006 0,

a2 . ~0,0002 1




Teble 36.

3 Radial Wave Functions for the 1la92¢%3s Configurstion of

Ca II [60]
] .
r|pGer) 7 |p(3s/r) | 7 P(3s/r)
0.01]. voost ; 0430] —0,0080 | 2,00 | —00205 |
0.02| 00154 [ 050 | —0032 | 400 | 0331 |
0.03| 00218 | 070 | —0,0864 | 600| 04317
0,10] 00464 | 055 -0,1108 7,00 0,4019
04| 0045 | 100 | —01227 | 80| 0386
020( 00418 | 12 | —01233 | 900 02870 |
032] 00178 | 15 | —009%4 [1000]| 02270
105 | 0,198 |12)0 01291 {135 | 00793
10 | 0173 12, 01102 |140 | 00s70
15 | 01502 130 00938 145 | 00572
Table 57. 3p Radial Wave Functions for the 1822s823p Configuration of
Ca II [60) ‘
i |
" PpGp/r) " PGe/T) 7 p(3p/r)
0.02 | 00010 | 050 | 02037 | 140] o210
004 | 00038 | 070 | 02623 | 180 | o101
010 | 00204 | 090 | 02867 | 300 | —0.2889
020 [ 0063¢ | 100 | 02838 | 500 | —n.4862
040 | oloie | 110 P 02761 | 900 | —o,1619
Teble 58. 34 Radial Wave Functions for the 152323234 Configuration of

Ca II (60]

r r |l dr
|P$d b(y/rl p(3a/r) |
00002 | 060 | 00222 20 | 023
00003 | 080 00423 230 0,3849
00007 i 100 | 000771 40 | 0457
00014 ; 1.10| o008i9: 80 | 04817
00000 ' 140} 012947 60 | 03964
00083 ; 160 | 016381 70 | 03204
00144 | 180 | Ot9m! 90 | o778
0,082 !lz.oo 0.0565 | 140:] 00240




Table 59. 3s Radial Wave Functions for the 1ls12s93s Configuration

of BI [60]

r P(”/‘) v (A3s/r)l - F(’b)
X 00070 | 180 | —0,0813 |18, 0.030!
08 00208 | 300( 00868 |2000| 00221 '
0,16 00200 { 400 | 02308 §34,00| 00072
025 o.z 7,00 | Q4077 26,00 0,0042 :
) -0, 1000 | 02015 {28,00{ 0,0023
J0 (| —0074 {1200 01930 11,00 02403
‘ —00923 {(e00| 0,176 | 1500| 00090

Table 60. 3p Radial Wave Functions for the 1892833p Configuration

of BI [60]

r |P(3P/r r 'P( ‘p/r] v |5(3p/r)
| l
\ 77 | 120 00934 §.800 ] —0,140¢ !

8.‘3 3’,3'.'14 140 02077] 600] —02%5

030 00251 | 1.60| 021m [ 980 | —03516
’ 030 00470 | 1,30 | o280 1200 | —0,2853 |

| vl e | 1| Simfas)

o- s ', [

?ﬁ o.looo 400 | —00173{:.00 | —0.8000 '

Table 61. 34 Radial Wave Punctions for the ‘133233&1 Configuration

of BI [60]

ro|doa/ r }’()d/r) r |P(3a/r)
- 10 oqo 30 | 00052 | 140
11 | 00NT § 35 | 01257 [ 160 01761
1.4 0,0200 40 0,157 180 0,134
16 0,0268 50 02170 || 220 | -0.08618
20 | 00426 | 70 | 02019 } M0| Dol |
24 0,068 9,0 03273 | 2.0
28 | 00833 [1110 { 0305¢ F§ 20| 00174
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Table 62. The Ga* Ion [61]

- Jtate
r _4s)8 1S, (4s4p) ' 1, i (484p) 2P,
Py (r P r) ' Py, (1) | Py tr) | Py, r)
. ! !
0000 0600 0,000 } won 10000 | 000
0,605 | —0,040 ~0,060 0,026 —0U5) 0,020
0,010 —0,085 —0,093 0,046 —0,088 | 0,087
0013 —0,101 —0,110 0,062 0,105 0,057
020 ~{),105 -0,117 0,074 —0,040 | 0,074
0,025 — 0,098 -0.115 0,085 —{, 10l ! 0,087
0,030 — 0,086 —0,107 0,094 —O 8 | 0,100
0.03% —0.,069 0,094 0,101 -0, J 0,113
0,040 0,030 ~0,078 0,100 —=1,050 ‘ 0,126
0,05 0,008 —0,039 0,116 — 0106 0,143
0,06 0,036 0,005 0,124 0,039 | 0,150
0vo7 0,076 0,048 0.127 0.08) ‘ 0,153
0,08 0.112 |- 0,087 0,128 018 | 0,153
0.09 0,141 0,122 0,126 0,148 i 0.148
0,10 0,163 0,151 0,121 0170 |- 0,140
0,12 0.187 091 0,103 0495 ! 0,114
0,14 0,187 0,206 0,193 007y
016 0466 0,201 0171 0.040
0,18 0,131 0,177 0.1 0,003
.20 0,087 0,141 0,087 —0,044
0,22 0,036 0.09 0.035 —0,082
0,24 0,016 0,045 —0,020 - -0.118
0,26 —0,068 —0,007 —0.,074 L = 0150
0,28 —~0.117 ~0,060 i - 0,14 TRy S
030 + —0161 L =010 i —0,170 : --0.200
U35 . =017 =027 ; —0,259 -11,235
NA0 T —=0,295 ¢! - 0,290 i —0,307 -—0,242
045 ~0307 | 032 i —0.3148 —0.227
v 020 | —0334 --0,299 —0.14%
035 1 —0251 1 —0315 | | —0257 =015
0,60 —~0197 0216 [ —=0200 0,104
v7 —0063 | —0,160 i C-0,050 0,004
08 0,080 —0,022 i 0,090 0.112
09 ome | outy | 0282 02
1.0 0338 | o252 | 0.368 6.302
11 ! 0441 0,370 : C 0,464 0,381
12 | 05% 04Tl | | 0,550 0.147
13 0593 0,555 ; —-0618 0.503
4 0,644 0,623 ; 0,669 0,54
5 1 060 0670 . 0.705 0.585
16 0.708 0713 0.727 0613
] 0,722 0.753 : uwieo Vol
20 | 070 0,75 . orn 0,659
22 | 0,675 0,711 (1,653 ! 06572
24, ond1e 0 0 0035 - 0134
26 I 0,001 0,599 0,581 ) 0,600
a8 0,546 0,537 0.5%4 ; 0,571
30 0,490 0475 0467 | 0,533
32 1 o043 0,416 TR TR 0,492
34| 0,382 0362 o6 0.45!
B 0,344 0,313 [UR]P . 0,411
38 0,269 0,268 0272 | 0372
40 l 0,250 0229 U224 0.33
4.5 0,169 0.151 , 0157 | 0,253
50 | 0.1 0097 | - 0,103 0,186
35 . oum 0082 ' X : 0,14
60 | 004 0,038 r 0,042 0,095
6.5 0,029 0024 0,026 0,067
70 1 008 0,014 . 0016 | 0,046
75 0,011 0,009 | 0,010 0,032
8.0 l 0.007 0,005 | X 04022
90 ' 0,003 0,002 0,002 0,009
10,0 ‘ 0,001 0,001 - | 0,008 0,004 -
11,0 : | 0,002
120 ‘ 0.00!
130 ! . .



1) X-ray structural analysis

2)

3)

4)

5)

6)

APFPENDIX

Areas of Intensive Soviet Activity in X-Ray
Research not Included in the Bibliography

(x-ray diffraction)

X-ray spectroscopy of

canpounds, alloys, and
so0lid solutioms

Fine structure of x-rey
spectra absorption
(resonance structure,
true edges) :
Scattering, reflection,
and refraction of
X-rays

Photoelectric effect
of x-rays

Instrumentation
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7) X-ray data recorded
by Soviet satellites

8) Methods of correcting
x-ray spectra for various
types of distortion

9) Effect of chemical binding
on x-ray spectra

10) Nuclear x-ray spectroscopy
(the Auger effect,
.internal conversion)

11) Translations of Western
articles on x-ray spectra
and earlier reviews on the
subject based exclusively
on Western sources



