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.National Standard Reference Data System 

The National Standard Reference Data System is a government-wide effort to give to the 
technical community of the United States optimum access to the quantitative data of physical 
science, critically evaluated and compiled for convenience. This program was established 
in 1%3 by the President's Office of Science and Technology, acting upon the recommendation 
of the Federal Council for Science and Technology. The National Bureau of Standards 
has been assigned responsibility for administering the effort. The general objective of the 
System is to coordinate and integrate existing data evaluation and compilation activities into 
a systematic, comprehensive program, supplementing and expanding technical coverage 
when necessary, establishing and maintaining standards for the output of the participating 
groups, and providing mechanisms for the dissemination of the output as required. 

The NSRDS is conducted as a decentralized operation of nation-wide scope with central 
coordination by NBS. It comprises a complex of data centers and other activities, carried 
on in government agencies, academic institutions, and nongovernmental laboratories. The 
independent operational status of existing crictical data projects is maintained and encour- 
aged. Data centers that are components of the NSRDS produce compilations of critically 
evaluated data, critical reviews of the state of quantitative knowledge in specialized areas, 
and computations of useful functions derived from standard reference data. 

For operational purposes, NSRDS compilation activities are organized into seven cate- 
gories as listed below. The data publications of the NSRDS, which may consist of mono- 
graphs, looseleaf sheets, computer tapes, or any other useful product, will be classified as 
belonging to one or another of these categories. An additional "General" category of NSRDS 
publications will include reports on detailed classification schemes, lists of compilations 
considered to be Standard Reference Data, status reports, and similar material. Thus, 
NSRDS publications will appear in the following eight categories: 

Category Title 

1 General 

2 Nuclear Properties 
3 Atomic and Molecular Properties 

4 Solid State Properties 

5 Thetmodynamic and Transport Properties 

6 Chemical Kinetics 

7 Colloid and Surface Properties 

8 Mechanical Properties of Materials 

Within the National Bureau of Standards publication program a new series has been 
established, called the National Standard Reference Data Series. The present report, which 

is in Category 3 of the above list, is Volume I of Number 4 of the new series and is designated 
NSRDS-NBS 4 Vol. I. 

A. V. ASTIN, Director. 
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ATOMIC TRANSITION PROBABILITIES* 

(A critical data compilation) 

Volume I 

Elements Hydrogen through Neon 

W. L. Wiese, M. W. Smith, and B. ML Glennon 

Atomic transition probabilities for about 4,<HK) spectral lines of the first ten elements, based 01 all available literature 
sources, are critically compiled. The data are presented in separate tables ior each element and stage of ionization. For 
each ion tbe transitions are arranged according to multiple!*, supermultiplets. transition arrays, and in.-reasing quantum 

numbers. Allowed and forbidden transitions are listed separately. For each line the transition probability for spontaneous 
emission, the absorption oscillator strength, and the line strength are given along with the spectroscopic designation. I he- 
wavelength, the statistical weights, anil the energy levels ol the upper and lower states. :n addition, the estimated accu- 
racy and the source are indicated. In short introductions, which precede the tables for each ion. the main justifications 
for the choice of the adopted data anil tor the accuracy rating are discussed. A general introduction contains a critical 
review of the major data sources. 

A. INTRODUCTORY REMARKS 

After a long period of limited activity in atomic spec- 
troscopy, the last half dozen years have brought rapid growth 
to »his field. This has been sparked largely by urgent needs 
from areas in which basic atomic data are employed, namely 
plasma physics, astrophysics, and space research. As 
part of these developments, the pace and scope of deter- 
mining atomic transition probabilities has greatly increased, 
so that the amount of accumulated material appears now 
to be sufficiently large to make a critical data compilation 
worthwhile and desirable. To realize xhh idea, a data centet 
nit atomic transition probabilities wa^ established at the Na- 
tional Bureau of Standards in 1%0. As a firsi step of the pro- 
gram, a search for the widely scattered literature references 
was undertaken. This phase of the work was essentially 
completed in 1962 with the publication of a "Bibliog- 
raphy on Atomic Transition Probabilities" (NBS Monograph 
50) [1]. After that, only the monitoring of the current litera- 
ture had to be kept up, and the emphasis of the work there- 
fore could be shifted to the critical evaluation of the litera- 
ture and the tabulation of the numerical data. Since the 
lightest ten elements have been of dominant interest, and 
on the other hand, the largest amount of data are available 
for them, it was decided to concentrate on these and publish 
their "best" values as the first part of a general compilation, 
pilation. 

When the present tabulation was started, it was hoped 
that sufficient reliable material was available for a fairly 
comprehensive list, which would contain data for at least 
all the strong prominent transitions. This hope material- 
ized only partially. A number of gaps and large discrep- 
ancies were found, and the theoretical and experimental 
efforts of several members of the Plasma Spectroscopy 
Section at NBS were needed to remedy the most critical 

situations. Furthermore, the Coulomb approximation of 
Bates and Damgaard [2] was extensively applied to obtain 
additional data. Although this unforeseen extra work 
delayed the publication of this compilation somewhat, we 
feel that wt are now able to present a more useful and sub- 
stantial collection of data. 

B. SCOPE OF THE TABLES 

In the present compilation the "best" available transition 
probabilities' of allowed (i.e., electric dipole) and for- 
bidden (i.e., electric quadrupoie and magnetic dipole) fines 
of the first ten elements, including their ions, are tabulated. 
The hydrogen-like ions are excluded; their transition prob- 
abilities may be obtained by scaling the hydrogen values 
according to the formulas given in table I. Furthermore, 
/-values or absorption coefficients for continua, i.e., bound- 
free transitions are not listed. As source material all the 
literature given in Ref. [1] plus later articles obtained from 
continuous scanning of the current literature are available. 

It is our opinion that a tabulation of the present kind must 
contain fairly reliable values for at least all the stronger, 
characteristic lines of the various ions in order to be of 
general usefulness. We have tried to ad! ere to this goal 
from the start. More specifically, we have felt that for 
most atoms and ions at least the "prominent" half of (he 
multiplets listed in the "Revised Multiple! Table" [3], and 
the "Ultraviolet Multiple! Table" [4] should be included in 
the tabulation, and uncertainties should be smaller than 
50 percent. A number of gaps in the data and inferior 
values were noticed at the start, and —as already men- 
tioned—it   has  been  largely  due  to  the  efforts of some 

'This research is a part of project DEFENDER. sponsored by the Advanced Research Project« 
Agency, Department of Defense, through I lie- Office of Naval Research. 

1 Hereafter, we shall use 'he equivalent terms "transition probability, oscillator strength or /"-value, 
and line strength" on an interchangeable basis. The numerical relationships between these quan 
tities are given in table II!. 



members of the Plasma Speclroscopy Set-lion a! NBS and 
the availability of the Coulomb approximation |2| that ;he 
most glaring defects could be eliminated. Although we 
still must compromise in some casts by including inferior 
material (marked in the accuracy column as "E") we feel 
that waiting for these improvements would unduly delay 
the publication of the table. 

Aside from this objective of including at least all the 
stronger lines, we have listed all additional available mate- 
rial with uncertainties smaller than 50 percent. We have 
deviated from this scheme only in a few instances; In these 
cases we have excluded data for very highly excited transi- 
tions, because these transitions have never been observed 
(no experimental wavelengths are available) and are of 
little practical interest. However, we have listed this 
additional material by spectrum in table II. 

Most final tabulations were undertaken during 1964. 
Thus the literature through 1963 and in some cases even 
later work could be included. However, a few 1963 articles, 
which have been found in abstracting journals, came to 
our attention too late. These are listed, together with other 
recent material, in the list of additions at the end of the 
tables. 

C. REVIEW OF THE DATA SOURCES 

The present status of our knowledge of atomic transition 
probabilities must be considered as being far from ideal. 
The available material leaves much to be desired in quality 
as well as quantity {5]. This becomes especially evident 
if comparison is m«de witn the other most important quan- 
tity of a spectral line, its wavelength. The only transition 
probabilities known with an accuracy comparable to that 
for wavelengths are available for hydrogen and hydrogen- 
like ions and a few lines of helium. For all other elements 
more or less reliable values have been obtained from various 
experimental and theoretical approaches. While experi- 
mental work has provided, with very high accuracy, prac- 
tically all the data for the wavelengths of lines, it could not 
accomplish nearly the same in the case of transition prob- 
abilities. The measurement techniques are quite compli- 
cated and laborious, and it has proved to be very difficult 
to obtain accuracies of 10 percent or better. On the other 
hand, advanced theoretical approximations have been quite 
successful for the light, relatively simple atomic systems, 
and large amounts of data have been obtained from their 
applications. But the theoretical methods have the short- 
coming that they do not permit estimates of the size of the 
errors as do the experiments. 

In view of this reliability problem i? is very important to 
discuss in detail how the accuracy ratings for the tabulated 
values have been obtained. For this purpose, a brief dis- 
cussion is given in the individual introductions for each ion. 
Furthermore, to provide a better background and under- 
standing for these short explanations, we include the fol- 
lowing discussion of those major experimental and 
theoretical methods from which the bulk of the material 
lot the lightest  ten elements has been obtained. 

1. Experimental Sources 

a. Measurements in Emission 
Experimentally, the largest number of/-values has been 

obtained from measurements or the intensities of spectral 
lines which arc emitted from plasmas under known con- 
ditions.    With  this   method   the  first   and  second  spectra 

of carbon, nitrogen, and oxygen, the third spectrum of oxy- 
gen.- and the first spectrum of neon have been studied. 
The plasma sources are various types of stabilized arcs, 
and. to a lesser extent, shock-tubes. In brief, the method |6] 
is as follows: The transition probability for spontaneous 
emission from upper stale k to lower state i, At-,, is related 
to the total intensity hi of a line of frequency i>lk by 

ht — -T~AkihvikNk 
477 

(1) 

where h is Planck's constant and Nk the population of state 
k. Aki may therefore be obtained from the measurement 
of hi and the determination of Nk. 

The experimental conditions are chosen so that the plasma 
is approximately in a state of local therm »dynamic equi- 
librium (LTE), because Nk is then a function of temperature 
and total density of the species only, and may be determined 
from the application of equilibrium and conservation equa- 
tions and measurements of the temperature and electron 
density. The measurements have always been done spec- 
troscopically from the determinations of the intensities 
of lines and continua of known transition probabilities and 
absorption coefficients, or by measuring line profiles and 
utilizing the results of line broadening theory in plasmas. 

Checks for the existence of LTE bave been made re- 
peatedly. It appears to be always closely approximated, 
except in the high-temperature magnetically driven shock- 
tubes where only partial LTE exists [7J. Also, the investi- 
gated lines have generally been checked for self-absorption. 
A demixing effect in arcs j8. 9] has introduced uncertain- 
ties into the results of some earlier arc experiments with 
gas mixtures, in which the mixture ratio was employed 
for the analysis. Since primarily the densities are affected, 
larger uncertainties in the absolute /-value scale are likely, 
but the relative /-values should be still quite accurate. 
However, this effect has been circumvented in most of the 
recent arc experiments used for this data compilation. 
Significant errors in emission experiments may arise from 
difficulties in determining the continuous background, from 
neglecting intensity contributions of the distant line wings 
[ 10], from uncertainties in the calibration of standard light 
sources, and from uncertainties in the high-density correc- 
tions in plasmas [11]. Applications of wall-stabilized arts 
[12. 13] have given the most accurate results of all emission 
measurements. 

The best absolute/-values obtained from emission experi- 
ments are estimated to be accurate within 15 percent, but 
for the bulk of the tabulated data errors between 20 to 50 
percent must be expected. It should finally be noted that 
absorption measurements (only one is encountered in the 
case of Ne I) are quite analogous to the above mentioned 
emission experiments. 

b. Lifetime Determinations 

The direct measurement of lifetimes of excited atomic 
states has important applications for helium and neon. 
The method [6, 14] employed here consists essentially of 
exciting atoms by radiation or electron impact in short 
bursts and of observing the subsequent depopulation of 
excited levels by studying the time decay of the emitted 
radiation (delayed coincidence technique). The population 
Nk of an excited state £ decays according to 

#*• = #„.«,-exp(-yA-r) (2) 

where N„,k is the population at time t = 0 and yi, the decay 



constant. Thus, an exponential decay in the radiation is 
observed. The mean lifetime Tk~yl-1 of the atomic state is 
related to the transition probability Ak, lor spontaneous 
emission bv 

T^^AK + Q CM 

neglecting absorption and induced «'mission. Q denotes 
a term for collisional population and depopulation rates. 

In order to obtain V Aku one has to choose experimental 

conditions such that the collisional term Q (as well as the 
less eritical absorption and induced emission I becomes 
negligible.     Ibis condition is achieved at very low densities. 

It i» seen thai from lifetime measurements generally 
the sum of all probabilities for transitions to lower levels i 
is obtained, and individual transition probabilities may be 
obtained explicitly only in the following two cases: (a) 
The sum reduces to a single term, i.e., only transitions to 
the ground state are possible. This is, for example, the 
case for resonance lines, <b) The sum is dominated by one 
strong term (this is likely if it contains a transition of com- 
paratively high frequency vuAAu is proportional to rfk), 
or if all transitions but one are '"forbidden", i.e., have very 
small transition probabilities). Furthermore, one may use 
lifetime experiments to normalize available relative tran- 
sition probabilities to an absolute scale, if all relative proba- 
bilities contributing to the sum are known. 

The lifetime method is, therefore, limited to only a few 
lines per spectrum, namely those originating from the lowest 
excited levels. But the results should be very accurate, 
with uncertainties less than 10 percent, since the method 
is simple and the instrumentation is by now well developed 
[14]. The major uncertainties arise from radiative cascad- 
ing from higher levels, which repopulates the initial level, 
and from depopulation by collisions. 

c. Measurement of/-values from the Anomalous Dispersion 
at the Edges of Spectral Lines 

This method has found applications for lines of neutral 
lithium and neon. It is based on the following relation: 
In the neighborhood of a spectral lire the index of refrac- 
tion n varies according to 

\Trm,c2 A- A„ \      Nigk) gk, 
(4) 

Here g denotes the statistical weight; A the wavelength: 
A'i the population of the lower state i: and e, m,-, c are the 
usual natural constants. The experimental conditions are 
chosen such that the excited states are populated according 
to the Boltzmann formula, so that generally Nk<<Ni, 
and the term NkgilNigk may be neglected. For the deter- 
mination of Nftk the index of refraction n at the wavelength 
distance A — A0 from the center of the line. A(). has to be 
measured. This can be done most precisely with the 
"hook" method developed by Rozhdestvenskii [15] and 
recently reviewed by Penkin [16]. In this method the gas 
to be studied fills a tube, which is part (one arm) of a Jamin 
or Mach-Zehnder interferometer. The tube must be at an 
elevated temperature to achieve sufficient population of the 
excited levels. Light from the continuum source pene- 
trates the tube as well as an evacuated comparison tube of 
the same length, and the resulting interference fringes are 
sent into a spectrograph.    On either side of an absorption 

line the interference fringes are characteristically bent 
due to ih«- rapid change in the index of refraction. By intro- 
ducing a thick glass plate into the compensating arm of the 
interferometer, a tilting of the fringes and the formation of 
the hooks is accomplished. The measurement of the wave- 
length distance between the extrema then permits a precise 
determination of the index of refraction. In the three ex- 
periment:- encountered for this compilation, the- absolute 
number densities for the lower states .V, could not be deter- 
mined, so that only relative /-values for lir.es originating 
from the same lower levels were measured. Uncertainties 
in the relative values should not exceed 10 to 20 percent. 
In the original papers, absolute/-values were then obtained 
from applications of the Thomas-Kuhn-Keiche /-sum rule, 
but for this compilation we have normalized the relative 
values to different scales, which are based on other, more 
accurate material. 

2. Theoretical Sources 

a. The Coulomb Approximation 
Inder the assumption of Russell-Saunders (or LS-) 

coupling, which is generally very well fulfilled for the first 
ten elements, the line strength S may be expressed as the 
product of three factors [2] 

S = 8{9)0®< l')cr*. (5) 

(The relations of S with A and/are given in table III.) The 
first two factors in eq (5) represent the strength of the mul- 
tiplet (2(ä'i)) and the fractional strength of the spectral 
line within the mul'iplet (2(V)). The numerical values for 
these may be obtained from tables by Goldberg [17], and 
White and Eliason [18], which have also been reproduced 
by Allen [19]. 

The difficult problem is the evaluation of the transition 
integral a. Bates and Damgaard [2] showed that for most 
transitions the main contribution to the integral comes from 
a region in which the deviation of the potential of an atom 
or ion from its asymptotic Coulomb form is so small that it 
may be replaced by the latter. Since for the Coulomb 
potential the transition integral may be expressed analyti- 
cally, it is possible to calculate <r2 as a function of the ob- 
served term value and the azimuthal quantum number. 
Bates and Damgaard have thus compiled tables with nu- 
merical values of ex2 for s — p, p~d, and d— /transitions.2 

The Coulomb approximation is restricted to transitions 
between levels having the same parent term. It gives the 
best results if the degree of cancellation in the transition 
integral is small, i.e., if cr2 is not too close to zero, and if 
the upper and lower levels of the excited electron are in a 
shell which contains no other electrons. This is true for 
the moderately and highly excited levels. But even if the 
lower level is in a shell which contains other electrons, the 
results often agree fairly well with those obtained by other 
methods. 

On the whole, the Coulomb approximation has given 
impressive results and has proved to be of great value. In 
most cases where comparisons are available —there are 
several hundred of thftn for the first ten elements —the 
results agree within 20-40 percent with those from advanced 
theoretical and experimental methods. We have therefore 
made extensive use of this approximation3 to supplement 

■Tlit' cusinmatt spectrusenpic iHitatinns a~e u*e<l thnHigl mil. 
■' ftr have been lori..nate in »buininn " computer program for ihe calculation "I Bate* llamtcaard 

value* from II. H. (im |.i hi whom we wnuM like to expre,- mir special llinnk*. 
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the available material. However, we have restricted our- 
selves to the medium-strong 01 stronger lines (as judged 
from the intensity data supplied in the multiplet tables) for 
which experimental wavelength and energy level data are 
available and for which the lower state is significantly above 
the ground state. If the need for /-values of other higher 
excited lines should arLe, we strongly recon mend the appli- 
cation of the Coulomb approximation. 

On the basis of many comparisons, the uncertainties of 
the Bates-Damgaard values have been estimated as follows: 
For transitions between excited states in the spectra of 
neutral helium, lithium, beryllium, boron, and their isoelec- 
tronic sequences they do not exceed 25 percent ;>nd in 
favorable situations may be as low as 10 percent. For the 
more complex atoms among the first ten elements, namely 
carbon, nitrogen, oxygen, fluorine, and their equivalent ions, 
we have estimated the uncertainties to be within SO percent 
for the moderately excited transitions including 3s — 3p and 
within 25 percent for the medium and highly excited lines, 
i.e., transitions of the types 3p — 3d, 3d— 4/, etc. A few 
of the tabulated values may be much more uncertain than 
the stated error limit because of cancellation in the transi- 
tion integral which we did not check in each case. 

It is worth noting that in many instances the results of 
the Coulomb approximation appear to be as good as those 
from other, more elaborate theoretical treatments, such as 
the self-consistent field approximation with exchange. 
This is primarily indicated from comparisons with the most 
advanced theoretical and experimental methods. 

I>.  Calculations Based on the Self-Consistent Field (SCF) 
Approximation 

This method has found, in varying degrees of refinement, 
widespread use for the calculation of/-values. It provides 
a set of wave functions for the atomic electrons which 
produce an approximately self-consistent electric field. 
The transition probabilities are then determined by inte- 
gration over the radial parts of these wave functions. A 
short outline of the procedure, developed by Hartree, and 
extensively described by him [20j. is given below: 

It is assumed that the charge density distribution of the 
atomic sysiem is spherically symmetric, i.e., the potentials 
of the electrons depend only on their radial positions. 
Correlations between the electrons are at first neglected; 
all are supposed to move independently in the central field, 
experiencing only the averaged charge distribution of the 
other electrons and the nucleus. With these simplifica- 
tions the motions of the individual electrons can be calcu- 
lated by assuming trial wave functions for the others, and 
from the resulting wave functions the charge density distri- 
bution is computed and compared with the initial one 
obtained with the trial functions. If self-consistency is not 
achieved, the new, computed wave functions are used as 
trial functions, and the procedure is repeated until initial 
and final charge distributions are identical, i.e., the field 
is self-consistent. 

This basic proceduie was improved by Fock [21). who 
included exchange effects between the electrons, by Trefftz 
et al. 122], and Biermann and Lübeck [23) who in the special 
cases of He I and C II took into account other correlations 
between the electrons. More recently, large-scale computa- 
tions were made possible after the introduction of elaborate 
computer programs by Roothaan and co-workers [24). 

An assessment of the errors resulting from the various 
approximations in the calculations has not been feasible. 
But a number of comparisons with experimental results and 
with more accurate variational calculations, as well as con- 

sistency checks made by applying the dipole length and 
dipole velocity representations ol the matrix element have 
shown that for simple atomic systems accurate transition 
probabilities with uncertainties smaller than 10 percent ma> 
be obtained when a refined procedure including exchange 
effects is applied. This is particularly true for He I and 
l.i l and their isoelectronic sequences, tor which the exten- 
sive tabulations by Weiss [25], and Trefft/, et al [22| arc 
available. The large-scale computations by Kelly [26) for 
lines of nitrogen and oxygen contain the exchange effects 
only in an approximate way (the exchange term is replaced 
by an averaged potential) and errors of about 20 percent 
must be expected for most of the moderately excited transi 
tions as judged from many comparisons. In a few cases, 
the positive and negative contributions to the transition 
integral are almost equal to each other (the ratios are listed 
by Kelly): i.e., cancellations are encountered and a much 
lower accuracy must be expected. In these cases we have 
given preference to available experimental results. 

For the breakdown of the transition integrals into multiplet 
and line values we have used the LS-coupling strengths 
[19| unless special results have been available, as for ex- 
ample for OII. We have generally avoided using SCF 
calculations if they were done without considering exchange 
effects, but have had to make an exception for some impor- 
tant lines of B ! because no other comparable material is 
available. 

Large uncertainties in the SCF calculations as well as 
other theoretical treatments are expected for transitions 
where configuration interaction becomes important. For 
the first ten elements these transitions are of the type 
ls22s"'2p"-> ls22sm '2pn + 1. Only a few attempts have yet 
been made to take configuration interaction into account. 
Very recently, Weiss [27) has undertaken limited calcula- 
tions for some Ci and Bel lines and Yutsis, Bolotin and 
co-workers have for some time employed a "many config- 
uration approximation," [28) as they cali it. The Russian 
group has greatly simplified its approach by including only 
one interacting term for the lower state, which is always 
the ground state ("double configuration approximation") 
and none for the upper state. In addition to this simpli- 
fication, relatively crude wave functions have been em- 
ployed, namely analytical one-electron wave functions or 
SCF functions without exchange. Unfortunately, prac- 
tically all these transitions are in the far ultraviolet: only 
two experimental investigations by Boldt [29] and Labuhn 
[30|, both done with a wall-stabilized arc, are available for 
a detailed comparison. From the experimental results one 
must judge that the success of the many-configuration 
method in its present form is only fair. Errors of factors 
of two or more must be expected. This seems to be also 
the case for Weiss' somewhat more elaborate treatment of 
configuration interaction (up to three interacting terms for 
the lower state). Thus, the transition probabilities for the 
b22sm2pn->l.s22s'n '2p"+' transitions are among the least 
well known for the lightest ten elements, and further im- 
provements for these lines are urgently needed. 

c. Quantum Mechanical Calculations of Forbidden Tran- 
sitions 

We have considered as forbidden lines all magnetic dipole 
and electric quadrupole lines. The extensive calculations 
by Garstang [31, 32, 33) and Naqvi [34], and —to a lesser 
extent —the papers by Seaton and Osterbrock [35], Yam- 
anouchi and Horie [36], and Ufford and Gilmour [37], have 
been principal sources. All these calculations have as a 
common starting point the general expressions for the line 
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strengths ol forbidden lines in the p2, p3, and p* configura- 
tions, which wert- given algebraically and tabulated by Short- 
lev el al. [38j, and later extended b> Naqvi to the few 
transitions <•! the sp, p. and //' configurations. 

The principal differences between the various calculations 
are the approaches chosen to determine the most important 
parameters: 

lai The "spin-orbit," and "spin-spin and spin-other-orbit" 
integrals, usually designated by £ and TJ, have been deter- 
mined either empirically or by using available wave func- 
tions. GcTStang l,!»s compared the empiric«! and theoretical 
values for some ion. —the latter obtained from SCF functions 
with exchange — and has found differences of up to 20 per- 
cent for i, and up to 30 percent for TJ. When a choice is 
available, we have given preference to the empirical values. 

lb) The term intervals. Here one has the choice be- 
tween using exclusively experimental energy values or 
combining some of these with the results of the Slater 
theory [39] for inter-multiplet separations, that is, by employ- 
ing the Slater parameters F>. Differences between the 
two approaches arise mainly due to the effects of configura- 
tion interaction. These are neglected in all calculations 
and may cause deviations up to a factor of two. A study 
by Garstang |40] in 1956 led to the result that the exclusive 
use of observational material partially includes, at least 
in simple cases, the effects of configuration interaction, 
when the latter is otherwise not taken into account. Thus 
the work based on experimental term intervals has been 
adopted whenever available. 

Naqvi used in his calculations essentially the second of 
the above-mentioned approaches. He compared empiri- 
cally determined Slater parameters F2 for the various term 
intervals with theoretically derived values, and selected 
the one experimental parameter which was in best agree- 
ment with theory. Then he employed this particular Fi 
and the Slater theory for the determination of all other term 
intervals. In view of the above mentioned study by Gar- 
stang we have used from Naqvi's work only the transition 
probabilities based entirely on this initial parameter, i.e., 
based exclusively on observational material. Consequently, 
his data for the p3 configuration have not been applied, 
with the exception of the ion Fill, since in this case his 
work was the only available source. On the other hand, 
Naqvi's calculations for the simpler sp-configuration are 
all based on the empirical value for the one term interval 
there and should, therefore, take the effects of configuration 
interaction partially into account. 

(c) Transformation coefficients. The atoms and ions 
under consideration are most closely represented by the 
intermediate coupling scheme, but for the calculations of 
transition probabilities the actual wave functions are more 
conveniently expressed in terms of LS-coupling wave func- 
tions. The transformation coefficients were first derived 
by Shortley et al. [38] and were later refined by several 
others, in particular by Naqvi [34]. Thus, Naqvi's results 
have been adopted whenever the choice of the transforma- 
tion coefficients became important and when he accounted 
for the effects of configuration interaction in the above- 
mentioned manner. It is especially worth noting that by 
including »he effects of spin-spin and spin-other-orbit inter- 
actions on the transformation coefficients of the p4 con- 
figuration some results are improved by about 10 percent. 

(d) The integral sq for electric quadrupole transitions. 
This depends principally on the quality of the employed 
wave functions. We have preferred calculations with SCF 
wave  functions  over  those  with hydrogenic  functions or 

screening constants and, among SCF calculations, we have 
preferred those with exchange effects included over those 
without exchange. The improvement with SCF wave func- 
tions is estimated to be of the order of 20 percent. In gen- 
eral, the electric quadrupole transitions are not as accurate 
as the magnetic dipole values for transitions of the same gen- 
eral type because of the additional uncertainty in the deter- 
mination of sq. This uncertainty should generally be in 
the neighborhood of 20 percent. 

A good assessment of the uncertainties in the calculated 
values for forbidden lines is possible due to the fortunate 
circumstance that some forbidden lines of O I have been 
determined experimentally. These lines appear strongly 
in the aurora, which has been utilized as a "light source". 
The transition probabibties could be accurately determined 
via a measurement of the lifetimes of the upper atomic 
states. Extensive auroral observations by Omholt |41] 
gave tor the !D —'S transition a transition probability of 
1.43 sec"1, while the best calculated value is 1.25 sec1. 
For another case, namely the lifetime of the 'D state, the 
averaged experimental result is approximately 160 sec, while 
the theory gives 135 sec. 

The theoretical transition probabilities involved in this 
comparison depend sensitively on the choice of some param- 
eters, particularly sq and £. The good agreement with the 
observations indicates that uncertainties no greater than 25 
to 50 percent have to be generally expected. 

For a number of magnetic dipole transitions, the uncer- 
tainties should be even smaller, since the results are almost 
independent of the choice of the parameters. In the p- and 
p* configurations these are the transitions 3P2—3Pi and 
3Pi — 3Po, which have, near LS-coupbng, the strengths of 2 
and 2.5 respectively. In the p3 configuration one encounters 
the transitions 2P£/2 — 2P?<2 

w'tri a strength of 1.33 and the 
transition 2D|/2 — 2Da/2 with a strength of 2.4, again near LS- 
coupling. For all these bnes the effects of configuration 
interaction and deviations from LS-coupling do not enter 
sensitively into the results. Thus, these transitioi proba- 
bilities should be considered accurate to within 10 percent, 
while all other magnetic dipole lines are uncertain within 
about 25 percent. 

Analogously, the transition probabilities for a number of 
electric quadrupole lines depend essentially only on the 
quadrupole integral sq. These are the transitions 'So— 'D2, 
3P2 — 3Pi, and 3P-— 3P„ for the p'1 and pA configurations and 
2D^~2P^/2,

2D°/2-
2P^, 2D°/2-

2P?/2, and 2D,% -2P^2 for the 
p3 configuration. Within a given spectrum these should 
be the best available quadrupole lines and they have been 
estimated to be accurate within 25 percent, while the rest 
of the quadrupole transitions should be accurate within 50 
percent. On the whole, electric quadrupole lines have been 
rated to be of lower accuracy than magnetic dipole lines, 
since the uncertainties in the quadrupole integral must be 
added to the other uncertainties already present for the 
magnetic   dipole  lines. 

Further details on the calculations of forbidden line 
strengths may be found in the recent review article by 
Garstang [42]. 

D. METHOD OF EVALUATION 

We shall now discuss the general steps in the evaluation 
of the data: The literature, as taken from the files of our data 
center, has first been screened for outdated and superseded 
material. The remaining articles have then been indi- 
vidually studied and the results collected in comparison 



tables. Additional values have been computed by employ- 
ing the Coulomb approximation by Bates and Damgaard [2j 
whenever this has been considered necessary and useful. 
When large discrepancies or odd values have appeared 
in the comparison tablet, we have searched for likely sources 
of numerical errors, and have also communicated in many 
instances with the respective authors. 

The evaluation and final selection of the sets of best 
values depends so much on the particular material available 
for each ion that the main justifications for the selections 
has to be delegated to the individual introductions. Only 
a few general rules on the selection may be given now: 

Thus, self-consistent field calculations with exchange 
effects have been regarded as superseding those not in- 
cluding these effects*; the Coulomb approximation is gen- 
erally not employed when the transition is very far from 
being hydrogen-like, e.g., when the lower state is the ground 
state or when it contains two or more electrons of the same 
principal quantum number; experiments employing photo- 
electric techniques are preferred over similar experiments 
utilizing photographic detection; measurement« with wall- 
stabilized arc sources are considered superseding analogous 
measurements with fluid- or gas-stabilized arc sources be- 
cause of the stability problems of the latter. For forbidden 
lines, the calculations based on empirical term intervals 
are preferred to those based on the Slater theory for inter- 
multiplet separations, since a theoretical study [40] shows 
that the effects of configuration interaction, which are often 
important, are at least partially taken into account by the 
first approach. 

When several methods of comparable quality are avail- 
able, the results are averaged to obtain the best value. If 
one method appears clearly better than the others, only 
those results are employed. 

The final step in the evaluation is the estimate of the 
uncertainties. At the present status of our knowledge, we 
find it impossible to assign specific numerical error limits 
to each transition. Instead we have introduced a classifica- 
tion scheme with several (lasses of accuracy, and assigned 
each transition probability to a certain class. We have used 
the following arbitrary notation: 

A A .for uncertainties within 
A , do  
B do  
C do  
D do  

1% 
3% 

10% 
25% 
50% 

E for uncertainties larger than 50% 

have to be omitted. Occasionally, we have made a further 
differentiation in the classification scheme by assigning 
plus or minus signs to some transitions. This serves to 
indicate that these lines are significantly better or worse 
than the average values, but do no quite belong into the 
next higher or lower class. They should be therefore the 
first or last choice among similar lines. 

Since the theoretical treatments essentially do not permit 
error estimates per se, these have to be obtained from 
comparisons with experimental and other theoretical 
determinations or from genera! consistency checks, such as 
applications of/-sum rules, etc. A few rather audacious 
extrapolations have had to be undertaken, when no reliable 
comparison material was available. On the other hand, the 
errors given by the experimentalists are sometimes only 
indications of their precision, and no allowance is made for 
systematic errors. Therefore, we have generally been more 
conservative with our error estimates, and hope that we 
have arrived at a realistic and consistent error presentation. 

E. ARRANGEMENT AND EXPLANATION OF 
COM MNS 

We have adopted the present arrang; nent of the tables 
after consulting with a number of pbvr.icists working in 
three fields from which —it is anticipated —most of the users 
of this compilation will come, i.e.. spectroscopy, astrophys- 
ics, and plasma physics. 

We feel that of the multitude of units in which transition 
probabilities are expressed, the adopted combination of the 
transition probability for spontaneous emission Akt (in sec ■). 
the absorption oscillator strength /,*• (dimensionless), the 
log gf (a further discussion of the statistical weight g is 
given in Appendix B) and the line strength.S (in atomic units) 
gives a very adequate representation. The other units are 
either not commonly used or, in case of gj and gA, may be 
obtained by simply multiplying two columns of the table. 
The units that are only occasionally used are: 

1. The transition probability of absorption Bn (i: = lower, 
/. = upper state) which is related to AM h\ 

ß* = 6.01 X3- Aki (6) 

(X is the wavelength in Angstrom units, and g,. #>• 
are   the   statistical   weights,   further   discussed   in 
Appendix B) 

2. The   transition   probability   of   induced  emission  Bki, 
which is related to Aki by 

The word uncertainty is being used in the meaning "extent 
of possible error" or "possible deviation from the true 
value". We are aware that this is far from being a precise 
definition of error, but, considering the multitude of ap- 
proaches to the error discussions in the various papers 
(or the lack of them), it seems impossible to find a better 
common denominator. Uncertainties of class "AA". i.e.. 
values that are essentially exact, are found only in hydrogen 
and a few transitions of helium. Ooing to the other ex- 
treme, we have included class "E" data, i.e., very uncer- 
tain values, only in those special cases, when for the most 
important and most characteristic lines of a spectrum no 
better data are available, so that otherwise these lines would 

* Korttmately, mm) at the sele« tr 
varying drgrees "I refinement. 

elf t ■>nsiM*int field salrulalions include exchange effect» in 

ßti = 6.01 XM«. (7) 

3. The emission oscillator strength /A;, which is related 
to the absorption oscillator strength ./;/, by 

Jki-~-~Jik- (8) 

In addition, some authors have introduced still other 
quantities, but these have not found general acceptance 
and will not be considered further. 

The conversion factors between the tabulated quantities 
Aki, ftk, and S are listed in table III. as reproduced from 
reference [1J. (For the case of hydrogen, we have employed 
the reduced mass and other appropriate constants in the 
conversion factors.) 
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The genera1 arrangement «»I the tables according to in- 
creasing atomic number and stage of ionization needs no 
further comments. The material for the individual ions 
is further subdivided into sections for allowed (electric 
dipole) and forbidden transitions. As forbidden transi- 
tions we have considered all magnetic dipole and electric 
quadrupole lines. Intercombination lines, although they 
are forbidden in the case of pure LS-coupling, are listed 
under allowed transitions, since they are electric dipole 
transitions. 

The tabulations for each ion star! out with listings of the 
ground st-Ue configuration and the ionization potential, 
both taken from r«"f. (43). In all ca-c-, where we have 
tabulated more than 20 allowed lines per ion, we have then 
assembled a "finding list," i.e., we have arranged the lines 
in order of increasing wavelength and indicated their po- 
sition in the main tables —which are arranged according 
to spectroscopic notation —bv listing their running numbers. 
The latter are given in front of the spectroscopic notation 
in the tables. These finding lists should, lor many appli- 
cations, permit one So lind out quickly which lines are cov- 
ered in the present tabulation. 

Fach table is then preceded by a short introduction 
containing in brief the major reasons which have led to the 
selection of the presented data and their classification in 
terms of accuracy. This is followed by a reference list of 
the selected articles. 

It remains to discuss the columns of the main tables: The 
first part of the tables contains data connected with the 
identification of lines, i.e., spectroscopic notation, wave- 
length, and energy levels. All these data have been taken 
from the compilations by Mrs. Moore-Sitterly, i.e., the "Re- 
vised Multiple! Table" [3]. the "Ultraviolet Multiplet Ta- 
bles" [4], and "Atomic Energy Levels," Vol. I, and addenda 
in \ ols. II and III. recent reports of the Triple Commission 
for Spectroscopy [44|. and from newer material generously 
furnished by her. All designations, as usual, are written 
in terms of the absorption process, i.e., the lower (initial) 
state first. For the classification of the lines we have 
employed the standard spectroscopic notation for LS- 
coupling, with the exception of Ne 1. where we have used 
the /'/-coupling notation, all in accordance with the above 
mentioned "Atomic Energy Levels" tables. In listing 
the transition arrays, we have presented only the electrons 
in the unfilled shells. Furthermore, to distinguish between 
the different supermultiplets. we have inserted the parent 
terms in the notation. If they are given only once, as is 
generally the case, then no change occurs from lower to 
upper state. 

For all spectra with pronounced multiplet structure, i.e., 
tor Bel through Ne I and their isoelectronic sequences, we 
have arranged the lines according to a configurational order: 
They are grouped to multiplets. supermultiplets, transition 
arrays, and increasing quantum numbers. Within the 
transition arrays, the multiplets arc- in order of increasing 
lower energy levels. Individual lines within the multiplets 
are listed whenever the total wavelength spread amounts to 
more than 0.01 percent. This arrangement is convenient 
for the application of/-sum rules'' and to the similar one used 
in the "Revised Multiplet Table" [3| and "Ultraviolet Multi- 
plet Tables" |4|. At first we attempted to copy and extend 
these older arrangements, but this would have meant that 
many new multiplets had to be inserted. Therefore, we 
abandoned this plan.    We have, however, made reference to 

the two multiplet lists by including the multipl' t numbers 
in the present tabm «lion. The numbers are given in paren- 
theses under the multiplet designation. The letters "ur" 
are added it the numbers are from the "Ultraviolet Multiple! 
Tables." 

For the He ! isoelectronic sequence we have changed the 
arrangement slightly by listing the singlets and triplets 
separately. 

For hydrogen we have made several changes in the ar- 
rangement to adapt he tables to the very divergent applica- 
tions in theory and experiment: The tables are split into 
four sep.-rate parts: In table A we list the "average" transi- 
tion probabilities, etc., for the transitions between lower 
state of principal quantum number n, and upper state nk. 

These are defined by the following relations: 

j*     — v 2/V + 1 j 
*k< "i" 2* *      ^<»'»i-.(»i'>i nl 

>";-»k    2< 
21, 

foitii. («/),. 

• "k Z, ^(""f (»/) *• 

(9) 

HOI 

(11 
Ik:  'I 

These "average" values are applicable to most problems 
in plasma spectroscopy and astrophysics. This is due to 
the circumstance that states with the same principal in). 
but different orbital (/) quantum numbers fall practically 
together ("degeneracy"), so that only a single line is observed 
for all the possible combinations between states of different 
principal quantum numbers. The only assumption entering 
into the application of "average" values is that the atomic 
substates must be occupied according to their statistical 
weights [45]. The above assumption is fulfilled for any 
reasonably dense plasma, where the excited atoms undergo 
many collisions during their lifetimes. 

In table B the probabilities for transitions between the 
various sublevels inl), — (nl)k are listed. This table should 
be useful primarily for theoretical applications. Tables 
C and D, finally, contain the most important fine structure 
\(nlj)j — (nlj)k] and hyperfine structure lines [{nljf)i — {nljf)k] 
of hydrogen (/'- inner or total electronic angular momentum 
quantum number; /= total atomic angular momentum quan- 
tum number). For these two special tables we have made 
a further change by presenting frequencies and energy 
differences rather than the usual wavelengths and energy 
levels. 

\ 

■■ li -Imulfl lie RirntiiHM'il, thai l"i alkwi'il iraiwiliim- ihr »Iri'iitillip. N "I linr« in a multipifl add up 
t.. ili*- iol.il mulliplrl stri'tintll <■■*■*' ■''"" aiijitTsdix lit and that fur tVirhiddrn transition* the l"lal 
transit |trtihahilit> I* nhtainrd In ailiiinji ihr rli'flric I'IKUIU'IMIII' ami maiim-lic dip"!«* prtiiiabilitii'-s. 

In all other tables, the energv levels are given (in units 
of cm"') relative to the ground state with En~Q. We have 
limited the numerical values to six digits which should be 
m.ore than sufficient for all applications. The same limita- 
tion was imposed on the wavelengths. 

, In a number of cases we have had to calculate wave- 
lengths from energy level differences. These are given in 
brackets to distinguish them from the presumably more 
accurate observed material. However, hydrogen is an 
obvious exception. Also given in brackets are all energy 
levels which are not derived from the analysis of spectra, 
but are extrapolated or obtained from approximate wave 
function calculations. We have included in this category 
those energy levels derived from observational material 
that are shifted by an unknown amount indicated by an 
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"x" or "y" in ref. [43]. Those calculated or extrapolated 
values which we expect to be quite uncertain have been 
indicated, in addition to the brackets, by a question mark. 

The averaged energy levels lor a multiple! have been 
obtained by weighting the component levels according to 
their statistical weights, and the multiple! wavelength is 
calculated from the averaged energy levels, taking the re- 
fraction of air into account for wavelengths longer than 2000 
A [42].    These averaged values are indicated by italics. 

The statistical weights g have been included in this tabu- 
lation because of their importance in applications involving 
line intensities. They have been obtained from the inner 
quantum numbers J listed in the "Atomic Energy Levels" 
by applying the relations given in Appendix B 

The second part of the table contains the data proper. 
The numerical values contain as many digits as are con- 
sistent with the estimated accuracy of the data.6 

The numbers in the source column refer to the references 
listed after the individual introductions. If two or more 
references are listed, we have given each source equal 
weight in arriving at the averaged value. If the data for all 
lines of a .nultiplet are given, then these are either obtained 
from the ^lationships listed in Appendix B and from LS- 
coupling tables [17-19], which is indicated in the source 
column by "/«", or they are obtained directly from the 
literature. In the latter case they are sometime« marked 
"n", if they are normalized to a basis which is different 
from the one chosen originally by the authors. Similarly, 
the multiple! values sometimes have been renormalized 
and have been marked "n". 

For the forbidden lines, a few small changes in the ar- 
rangement have been made. First, we have indicated the 
type of transition, i.e., we have listed an "m" for magnetic 
dipole and "e" for electric quadrupole lines. Furthermore, 
the log gf and fa columns are omitted, since these units are 
not used for forbidden lines. (The line strength S, which 
now has different atomic units (see table III), is also used 
infrequently). It should be noted that the total transition 
probabilities of forbidden lines are obtained by adding the 
magnetic dipole and electric quadrupole values. 

We finally would like to mention that we have assembled 
and explained in Appendix A all abbreviations appearing 
in the tabulations. 

F. FUTURE PLANS AND 
ACKNOWLEDGEMENTS 

It is our plan to extend this critical compilation to ail 
other elements and make revisions whenever necessary. 
The present tables should therefore be regarded as the first 
volume of a larger work spanning all elements. However, 
realization of this large project in a systematic fashion, 
say. in order of increasing atomic number, does not appear 
feasible ai the present time, since there ;ire relatively few 
reliable dala available for many heavier elements, and 
essentially none for higher stages of ionization. As an 
interim solution, we probably shall attempt to assemble, 
in an irregular fashion, tables of best values for the spectra 
of those heavier elements and ions for which extensive 
and worthwhile data are presently at hand. These will 
be primarily the heavier noble gases, some of the well- 
known metals, the alkalis, and the alkaline earths. Also, 
the third period of the periodic table appears to be promising. 

• Punim 111. 
il m.i\ vtmt'tii! 

U|itll4lli-ll« rf.-lll I 
• i< i tir lli.il llir In 

MM- .ill digit. »,M „i.„,„ ,1 .ni,l IIII.IIK nuimlnl nil.    Tin 
mill« il" mil rvmlh «III up In llli' multiple! «trrnjlth 

Finally, it is our wish and hope that this compilation mav 
stimulate further work on the lightest ten elements, siive 
many gaps and unreliable data are evident on closer in- 
spection ol the tables. The two areas that merit the highest 
attention are the higher ions and those lower excited 
transitions that are subject to the effects of configuration 
interaction. 
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tion of many workers in this field. In particular, we would 
like to thank P. S. Kelly and B. H. Armstrong for sending 
us preprints of their extensive SCF-calculations on nitrogen 
and oxygen, H. R. Griem for supplying us with a computer 
program to calculate Bates-Damgaard values; and H. H. 
Garstang and A. M. Naqvi for extensive discussions and 
some re-calculations of transition probabilities for forbidden 
lines. 

We also express our sincere gratitude to th. studen « 
who have worked during the past summers on the prelimi- 
ary aspects of this compilation: These are Mary Desjardi'ns. 
Maureen Zagronic. Berry Cobb, Don Hall, and Paul Voigt. 

We would finally like to thank several of our collegues at 
\BS: especially A.W. Weiss for many useful discussions 
and for carrying out many SCF-calculations when serious 
gaps in the data showed up: Mrs. C. E. Moore-Sitterly for 
generously furnishing us will) new material on energy 
levels and wavelengths: and J. Z. Klose for undertaking a 
lifetime study for important  excited states of \e I. 

It is also a pleasure to acknowledge the competent help of 
Miss Jean Bates and Mrs. Marilyn Duffany in typing and 
proofreading the manuscript. 
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ernment Printing Office, Washington, D.C.). 

I44|  Reports ol the Triple Commission for Spe. -troscopv. j. Opt. So.-. Am 
52. 476 (1962): 52, 583 1I962>: 5'}. 885 1196.li. 

1451 Hetlie. II. A. and Salpeter. K. * .. "Quantum Mechanics «I One-and 
Two-Electron  Atoms", l.Aca lemii- Pre". N.-vv York. 1957). 

|46| Colt-man, (.. 1).. Bo/man. \\ . K.. and Meggers. W. F.. National Bureau 
ol S    idards Monograph 3 (1960) (l.S. Government Printing Office, 

ngton. D.C.i. 

I aide I. 

Relationship« between the quantities for hydrogen, indii ale.l \>\  \i. and Indrogen-like ions of charge / 
(the oilier >\uili.!~ are explained in See. El. 

//=./.. sz=z-*sH Ai = Z*AH 

Table 11. 
Reference list of additional material which is considered to be quite reliable but not covered in the table 

because ..fits \er\ limited use (the quantum numbers are given in their custodian notation). 

Spectrum Transitions Author 

Hi 2— n for 41 « n « 60 
ni/i-» riklk f»r 
5 « n, « 20.6 <£ «A « 20, 
and all possible /-values 
2/-* ni for 21   «««60 

Green, L. C,  Rush, P. P., and Chandler, 
C.  D., Astrophys. J. Suppl. Ser. 3, 37 

(1957). 

HI Is--» np for 7 =s n =s 50 
2/-»«/ for 7« n «50 
and all possible /-values 
3/-* ni for 7SII« 50 
and all possible /-values 
4/-»n7for7»Sn=s50 
and all possible /-values 

Harriman, J. M., Phys. Rev. 101, 594(1956) 
and Document No. 4705. American Docu- 
mentation institute Auxiliary Publica- 
tions Project, Photoduplication Service, 
Library of Congress, Washington, D. C. 

NI s-p. /.-</. and d~f for 
2«n=£ll; with l.s22s22p2 

■ore 
s-p. p-d, and d-f for 
2 =s n « 8; with b22s 2p3 

and \s22p4 cores 

Kelly. P. S., J. Quant. Spectrosc. Radiat. 
Transfer*, 117-148(1964). 

N II. 0 HI s — p, p — d, and (/—/for 
2<n«8; with b22:s22/; 
core 

Kelly. P. S., J. Quant. Spectrosc. Radiat. 
Transfer 4, 117   148 (1964). 

\ in. () !V s—p, p — d, and (/—/for 
2 s H ss 8: with ls22s2 core 

Kelly. P. S., J. Quant. Spectrosc. Radiat. 
Transfer 4, 117-148(1964). 

N IV. () V s-p. p-d, and d-f for 
2 *s n s= 8; with ls22s core 

Kelly. P. S.. J. Quant. Spectrosc. Radiat. 
Transfer 4, 117-148(1964). 

N v. 0 VI s-p. p-d, and d-j for 
2« n =s 8; with l.s2 core 

Kelly. P. S.. J. Quant. Spectrosc. Radiat. 
Transfer 4, 117-148(1964). 

()i s~p. p-d, and d-f far 
2 « n « 8; with ls22s22/>3 core 

Kelly. P. S., J. Quant. Spectrosc. Radiat. 
Transfer 4, 117- 148 (1964). 

On s-p. p-d, and d-f for 
2 =£ n =e 8: with Ls22.v22/.2 core 

Kelly, P. S., J. Quant. Spectrosc. Radiat. 
Transfer 4, 117-148(1964). 

IX 



Table III 

('.niiMTsiitii lacliii ».     ill«- I. i< im in each lt<>\ imivcr«« i >\ molt i plication ill*- <|tiaiilt!y aliow il iiiin tin- urn 

at it> l<ll. 

A* ./.A .s 

1 
6.670* X 10'' A', 

A"           A'* 

2.026, > IO'" 
A-'AA

:
' 

AH 
l.67'>« * IO1» 

»A'1 

W„ 
2.6li7, x HP 

AA
:! 

\,YW1:< I0-16A2&: 

A'. 
1 

303.7:, 

u 
E„ 

251.8 
AvV 

1.043« X 10 :l 

dik 

3.292, x 10 VrA 

s .">.<>:>.vx 10 i%.\s 3.971 x io V(A
:I 1 

3.707« x 10 'Vt-A3 247.3,^ A 

The line strength is given in atomic units, which arc: 
For electric dipole transitions (allowed —denoted by E,i): 

(iy = hAM, x 10 :,,i cm2 esu2; 

for electric quadrupole transitions (forbidden —denoted by E,t): 

ay= 1.808« X 10 M cm4 esu-': 

for magnetic dipole transitions (forbidden —denoted by »/,/!: 

eW/löirWr2-8.599 X li)-" erg- «auss '-. 

The transition probability is in units sec ', and the/-value is dimensionless. The wavelength A 
is «liven in Angstrom units, and^r, and fik are the statistical weights of the lower and upper slate. 
respectively. 



APPENDIX A APPENDIX B 

Key U> abbreviations and symbols used in ihe tables (A) Statistical Weights: 
(A) Symbols for indication of accuracy: 'he statistical weights arc related to tin* inner quantum 

AA uncertainties within \*% number J, (in one-electron spectray) of a level '»nitial and 
A do 'iri final states of a line) bv 
B    do 10% 
C do 257,                                                   gi. = 2JL+l, 
I) do 50% 
E uncertainties larger than 50% and  to the quantum numbers of a term (initial and final 

(B) Abbreviations    appearing   in   the   source column   of    states of a multiplet) by 
allowed transitions 

h =■ LS'-coupli»:g gu = (2A + 1) (2.S + 1). 
ra = Coulomb approximation 

•■ = normalized t<> a different scale (I he "multiplet" values A'-- may also be obtained by summing 
(C) Types of forbidden lines over all possible "line" values gt_.    S is the resultant spin.) 

e = electric quadrupole line <B) Relations between the strengths of lines and the total 
m = magnetic dipole line multiplet strength: 
(Total   transition   probabilities  of forbidden   lines   are 1- Line strength S: 

obtained by adding the e- and m-values). 
(D) Special  symbols   used  in the wavelength and energy S{i. k)= Y   SUi. Jk) 

level columns. j.,jk 

Number in parentheses under multiplet notation iefers 
to running number of ref. [3| (Kevised Multiplet Table! 

If letters "ui" are added, reference is made to running or .S(Multiplet) = V S(line) 
number  in  ref.  |4| (I Itraviolet   Multiplet   Table) 

Numbers   in   italics   indicate   multiplet    values,   i.e.,    (£ denotes the upper and i the lower term). 
weighted averages of line values. 2. Absorption oscillator strength: 

Numbers  in  square brackets  approximate  calculated 
ci extrapolated values. /-multiple* !   v*-   (2/+llX\(/   / )X/(/   / I 

Question    marks    indicate   rather   uncertain   values.        ,k Ä;-.-Y (27,+1) /   /       ' '"  * ''   * 
Ji 

The mean wavelength for the multiplet A«, may be obtained 
from the weighted energy levels.    Usually the wavelength 
differences for the lines within a multiplet are very small. 
so that the wavelength factors may be neglected. 
3. Transition probabilities 

.4rit,pie.=_—_! 2 (2yA + i)xxc/,,./,px.4(./,../,) 

•'■.• 

Relative strengths SUi. A) of the components of a multi- 
plet are listed in refs. [17-19] for the case of LS-coupling. 

XI 

766 655 O-66—: 



HYDROGEN 

H 

Ground State ls2Si/2 

Eonizatiun Potential 13.595 eV = 10%78.758 cm-' 

Allowed Transition.« 

For hydrogen a special tabular arrangement is used. In Table A the "average" transition prob- 
abilities for transitions between lower states of principal quantum number (n), to upper stales 
<n)k are listed. They are taken from extensive calculations by Green, Rush, and Chandler: Harri- 
man: Herdan and Hughes: Kirzas and Latter: and Menzel and Pekeris [1]. These values are 
applicable to most problems in plasma spectroscopy and astrophysics (see general introduction, 
Sec. E>. Table B contains the probabilities for transitions between the various sublevels («/); 
— {nl)k. This table should be useful primarily for theoretical applications. Both tables include 
only four significant figures since relativistic effects, which are of the order of a2, have been 
neglected in the calculations (a is the fine structure constant). It should be noted that Green, 
Rush, and Chandler; and Harriman list more transitions, but these, not being of any practical 
importance, are omitted. 

Table C contains the values for nine fine structure lines as calculated from the work of Wild [2]. 
The effect of the Lamb shift has been taken into account by using his equation (4a) to calculate 
the line strength and then by using the ei.ergy levels given in NBS Circular 467 (Atomic Energy 
Levels) for conversion into the other quantities. 

The values for the transition between the two hyperfine structure components of the ls2Siä 

level are also taken from Wild [2] and are given in Table D. This magnetic dipole transition has 
a statistical weight of 2/+ 1, where / is j± 1/2 for hydrogen. 

The metastable 2s 2S|■■> level gives rise to transitions to the ground state only by means of two- 
photon emission. This process was studied in particular by Shapiro and Breit [3]. Their calcula- 
tion of the transition probability for the Is 2S(» — 2s 2Si/2 transition gives a value of 8.23 sec-1 

with an estimated accuracy («better than 3 percent. The transition itself gives rise to a continuum: 
hence no/or «S values are given. 

Finally, it should be mentioned that in the conversion factors used for hydrogen the reduced 
mass and other appropriate constants are taken into account. 

References 

|l| Green, L. C. Rush, I*. IV. an.) Chandler, C. I).. Astrophys. J. Suppl. Ser. 3, 37-50(19571; Harriman. J. M., Phys. Rev. 
101, 594-598 (1956) and Document No. 4705. American Documentation Institute Auxiliary Publications Project. 

Photoduplication Service. Library of Congress. V*> ashirtgton, D. (".: Herdan. R.. and Hughes. T. P.. Astrophys. J. 133, 
294-298(1961): Karzas. W. J.. and Latter. R . Astrophys. J. Suppl. Ser. 6, 107-212(1961); Menzel, D. H.. and Pekeris, 
C. L.. Monthly Notices Roy. Astron. Sue. 96, 77—111 (1935). 

[2| Wild. .1. P.. Astrophys. J. 115, 206-221 (1952). 
[3| Shapiro. J., and Breit, C. I'hys. Rev. 113, 179-181 (1959). 



H —Table A.    (n)f — (n)A- Transitions (Average ValuesV 

Transition Al/ 

1-2(U 1215.67 
1-3(M 1025.72 
1-4'l.yl 792.537 
1-5 (U) 949.743 
l-6(U) 937.803 

1-7 930.748 
1-8 926.226 
1-9 923.150 
1-10 920.963 
1-11 919.352 

1-12 918.129 
1-13 917.181 
1-14 916.429 
1-15 915.82 t 
1-16 915.329 

.-17 914.919 
1-18 914.576 
1-19 914.286 
1-20 915.039 
1-21 913.826 

1-22 913.641 
1-23 913.-! 80 
1-24 913.339 
1-25 913.215 
1-26 913.104 

I -27 
1-28 
1-29 
i-30 
1-31 

1-32 
1-33 
1-34 
1-35 
1-36 

1-37 
1-38 
1-39 
1-40 

2-3 (HJ 
2-4 iHß) 
2-5(11*) 
2-6(Hs) 
2-7 <H,l 

2-8 
2-9 
2-10 
2-11 
2-12 

2-13 
2-14 
2-15 
2-16 
2-17 

913.006 
912.918 
912.839 
912.768 
912.703 

912.645 
912.592 
912.543 
912.499 
912.458 

912.420 
912.385 
912.353 
912.324 

6562.80 
4861.32 
4340.46 
4101.73 
3970.07 

3889.05 
383.1.38 
3797.90 
3770.63 
3750.15 

3734.37 
3721.94 
3711.97 
3703.85 
3697.15 

£,Um '( 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

0 
0 
0 
u 
0 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

0 
0 
0 
0 
() 

0 
0 
0 
0 

82259 
82259 
82259 
82259 
82259 

82259 
82259 
82259 
82259 
82259 

82259 
82259 
82259 
82259 
82259 

/stiem ') fr gk 

82259 2 8 
97492 2 18 
102824 2 32 
105292 2 50 
106632 2 1 _ 

107440 2 98 
107965 2 128 
108325 2 162 
108582 2 200 
108772 2 242 

108917 2 288 
109030 2 338 
109119 2 392 
10919] 2 450 
109250 2 512 

109299 2 578 
109340 2 6-18 
109375 2 722 
109405 2 800 
109430 2 882 

109452 2 968 
109471 2 1058 
109488 2 1152 
109503 2 1250 
109517 2 1352 

109528 2 1458 
109539 2 1568 
109548 2 1682 
109557 2 1800 
109565 2 1922 

109572 ■) 2048 
109578 2 2178 
109584 2 2312 
109589 2 2450 
109594 2 2592 

109599 2 2738 
109603 2 2888 
109607 2 3042 
109610 2 3200 

97492 8 18 
102824 8 32 
105292 8 50 
106632 8 72 
107440 8 98 

107965 8 128 
108325 8 162 
108582 8 200 
108772 8 242 
108917 8 288 

109030 8 338 
109119 8 392 
109191 8 450 
109250 8 512 
1092>9 8 578 

.4A,1 sec  'I 

4.699 X 10" 
5.575 x 107 

1.278 xlO7 

4.125X 10« 
1.644X10« 

7.568 x 10' 
3.869 x 10' 
2.143X 10"> 
1.263 x 10- 
7.834 X 104 

5.066 X 104 

3.393 x 10* 
2.341 x 104 

1.657 x 10* 
1.200 xlO4 

8858 
6654 
5077 
3928 
3077 

2438 
1952 
1578 
1286 
1057 

875.3 
729.7 
612.2 
516.7 
438.6 

374.2 
320.8 
276.3 
239.0 
207.6 

181.0 
158.4 
139.1 
122.6 

4.410 X 107 

8.419 X 10" 
2.530 X 10" 
9.732 XlO* 
4.389 X 10' 

2.215 x 10' 
1.216X10"' 
7.122 xlO4 

4.397 x 104 

2.834 x 104 

1.893 xlO4 

1.303 x 104 

9210 
6658 
4910 

U 

0.4162 
7.910 x 
2.899 x 
1.394 x 
7.799 x 

4.814 x 
3.'83x 
2.216 x 
1.605 x 
1 201 x 

9.214 x 
7.227 x 
5.774 x 
4.686 x 
3.856 x 

3.211 x 
2.702 x 
2.2% x 
1.967 x 
1.698 x 

1.476 x 
1.291 x 
1.136 x 
1.005 x 
8.928 x 

7.970 x 
7.144 x 
6.429 Y 
5.806 x 
5.261 x 

4.782 x 
4.360 x 
3.986 x 
3.653 x 
3.357 x 

3.092 x 
2.854 x 
2.640 x 
2.446 x 

0 - 
0- 
0 - 
0 ' 

0 -•' 
o-:i 
0 :l 

o -•■ 
0:' 

o -* 
0 ' 
o -* 
0 4 

o-4 

(>-4 

0 4 

0-4 
0-4 

o-' 

0 4 

0 ' 
0 4 

o-4 

o -•"■ 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

0 
0 
0 
0 

0.6407 
0.1193 
4.467 x 10 - 
2.209x10- 
1.270 XlO"2 

3.036 x 10-' 
">.429x 10-' 
3.851 x 10 :| 

2.835 x 10-' 
2.151 XlO"3 

1.672 x 10 ' 
1.326 x 10"' 
1 070X 10 ' 
8.764 x 10 4 

7.270 x 10 4 

Slal.u.l 

3.330 
0.5339 
0.1855 
8.711 x 10 - 
4.813 x 10 - 

2.948 x 10 -' 
1.940 x 10 - 
1.346 x 10 - 
9.729 x 10 ' 
7.263 x 10:t 

5.567 x 10:1 

4.362 x 10 ! 

3.482 x 10■■•■' 
2.824 x 10 -■■' 
2.323 x 10-■■' 

1.933 x 10 :! 

1.626 x 10"' 
1.381 x 10 -•'' 
1.183 x 10 :l 

1.021 x 10-3 

8.874 X 10 4 

7.761 x 10 4 

6.827 x 10"4 

6.037 x 10 4 

5.364 x 10"4 

4.788 x lO4 

4.292 x 10 ' 
3.862 x 10-4 

3.487 x 10 4 

3.160X 10"4 

2.872 xlO4 

2.618 x 10 4 

2.394 x 10-' 
2.194X 10 4 

2.0I6X 10"4 

1.856 x 10 4 

1.713 x 10 4 

1.585 x lO'4 

1.469 xlO4 

110.7 
15.27 
5.105 
2.386 
1.328 

0.8228 
0.5482 
0.385! 
0.2815 
0.2124 

0.1644 
0.1300 
0.1046 
8.547 x 10 2 

7.077 x 10 2 

!">ifif 

0.0797 
0.8008 
1.2367 
1.5548 
1.8069 

2.0165 
-2.1%1 
2.3534 
2.4934 

-2.6196 

2.7345 
-2.8400 
- 2.9375 
-3.0281 
-3.1129 

-3.1924 
-3.2673 
-3.3381 
-3.4052 
-3.4691 

-3.5299 
- 3.5880 
-3.6436 
- 3.6970 
-3.7482 

-3.7975 
- 3.8450 
- 3.8908 
-3.9351 
-3.9779 

-4.0193 
- 4.0595 
- 4.0985 
-4.1363 
-4.1730 

-4.2088 
- 4.2436 
-4.2774 
-4.3105 

0.7098 
- 0.0202 
-0.4469 
-0.7527 
-0.9929 

1.1919 
-1.3622 

1.5114 
- 1.6443 

1.7643 

1.8737 
-1.9743 
2.0674 

-2.1542 
- 2.2354 

Aceu- 
ia<\ 

SIIUI« 

A A 
A A 
A A 
A\ 
A A 

A A 
A A 
A A 
A A 
\A 

A A 
A A 
A A 
A A 
AA 

AA 
A A 
A A 
\A 
AA 

A A 
A A 
A A 
A A 
A A 

A A 
A A 
A A 
A A 
AA 

AA 
A A 
A A 
A A 
A A 

AA 
A A 
A A 
A A 

A A 
A A 
A A 
A A 
AA 

A A 
A A 
\\ 
A A 
A A 

A A 
A A 
A A 
AA 
A A 



H — Table A.    (n), — {n)A Transitions (Average Values)— Continued 

Transition Al A) Eiivm') £V(cm ') £. ft 4/tKsec-1) /.* Slat.u.l IORK/" 
Acru- Source 
IllV  I 

2-IK 3691.55 82259 109340 8 648 3685 6.099 xlO4 5.928 x 10 ~2 -2.3117 AA . 

2-19 3686.&3 82259 109375 8 722 2809 5.1b7xlO"4 5.016 X 10 2 - 2.3837 AA 
2-20 3682.81 82259 109405 8 800 2172 4.416 x 10 4 4.283 x lO2 -2.4518 AA 
2-21 3679.35 82259 109430 8 882 1700 3.805 x !04 3.686 x lO2 -2.5165 AA 
2-22 3676.36 82259 109452 8 968 1347 3.302 x 104 3.1% xlO2 -2.578! AA 

2-23 3673.76 82259 109471 8 1058 1078 2.884 x It)-4 2.790 x 10 - - 2.6369 A A 
2-24 3671.48 82259 109488 8 1152 870.7 2.534 x 10 4 2.449 xlO2 -2.6931 A A 
2-25 3669.46 82259 109503 8 1250 709.6 2.238 x 10-* 2.163 x lO2 -2.7470 AA 
2-26 3667.68 82259 109517 8 1352 583.0 1.987 x 10"4 1.919 x 10-* -2.7987 A A 
2-27 3666.10 82259 109528 8 1458 482.6 1.772 xlO4 1.711 x 10 2 -2.8484 AA 

2-28 3664.68 82259 109539 8 1568 402.2 1.587 xlO4 1.532 x 10"* - 2.8%2 AA 
2-29 3663.40 82259 109548 8 1682 337.4 1.427 xlO4 1.377x10 2 - 2.9424 A A 
2-3(1 3662.26 82259 109557 8 1800 284.7 1.288 xlO4 1.242 x lO2 - 2.9869 AA 
2-31 3661.22 82259 109565 8 1922 241.6 1.167 xlO4 1.125x10 2 - 3.0300 AA 
2-32 3660.28 82259 109572 8 2048 206.1 1.060 x 10-4 1.021 xlO 2 -3.0717 AA 

2-33 3659.42 82259 109578 8 2178 176.7 9.658 x 10"s 9.305 x lO» -3.1120 AA 
2-34 3658.64 82259 109584 8 2312 152.2 8.825 x 10s 8.501 x 10 3 -3.1512 AA 
2-35 3657.92 82259 109589 8 2450 131.6 8.086 x 10-s 7.788 xlO3 -3.1892 AA 
2-36 3657.27 82259 109594 8 2592 114.3 7.427 x 10-* 7.152 xlO"3 -3.2261 AA 
2-37 3656.66 82259 109599 8 2738 99.66 6.837 x 10s 6.583 x 10-3 -3.2620 AA 

2-38 3656.11 82259 109603 8 2888 87.20 6.309 x 10-» 6.073 x 10-1 - 3.2%9 AA 
2-39 3655.59 82259 109607 8 3042 76.57 5.834x10-" 5.615x10-' -3.3310 AA 
2-40 3655.12 82259 109610 8 3200 67.46 5.405 x 10 s 5.202 x lO3 -3.3641 AA 

3-4 (Pu) 18751.0 97492 102824 18 32 8.986 xlO6 0.8421 935.4 1.1806 AA 
3-5 (Pß) 12818.1 97492 105292 18 50 2.201 x 10« 0.1506 114.3 0.4331 AA 
3-6 (IM 10938.1 97492 106632 18 72 7.783 x10s 5.584 x 10 2 

36.18 0.0022 AA 
3-7 <PS) 10049.4 97492 107440 18 98 3.358 x 10s 2.768X10-2 16.48 -0.3025 AA 
3-8 (P.) 9545.98 97492 107965 18 128 1.651x10s 1.604 x 10"2 9.069 -0.5396 AA 

3-9 9229.02 97492 108325 18 162 8.905 xlO4 1.023X10 * 5.595 -0.7347 A A 
3-10 9014.91 97492 108582 18 200 5.156X104 6.980 x 10~3 3.728 -0.9009 AA 
3-11 8862.79 97492 108772 18 242 3.156XI04 4.9% x 10~3 2.623 -1.0461 AA 
3-12 8750.47 97492 108917 18 288 2.021 x 104 3.711 XlO"3 1.924 -1.1752 AA 
3-13 8665.02 97492 109030 18 338 1.343 xlO4 2.839 X 10:< 1.457 -1.2916 AA 

3-14 8598.39 97492 109119 18 392 9211 2.224 xlO-1 1.133 -1.3977 AA 
3-15 8545.39 97492 109191 18 450 6490 1.776X10-3 0.8992 -1.4952 AA 
3-16 8502.49 97492 109250 18 512 4680 1.443x10 > 0.7267 -1.5855 AA 
3-17 8467.26 97492 109299 18 578 3444 1.188 x 10-:t 0.5963 -1.6696 A*. 
3-18 8437.96 97492 109340 18 648 2580 9.916 xlO4 0.4957 -1.7484 AA 
3-19 8413.32 97492 109375 18 722 1964 8.361 x lO4 0.4167 -1.8225 AA 
3-20 8392.40 97492 109405 18 300 1517 7.118X10-4 0.3539 -1.8924 AA 

1-5 40512.0 102824 105292 32 50 2.699 x 10« 1.038 4428 1.5212 AA 
4-6 26252.0 102824 106632 32 72 7.711x10s 0.1793 495.6 0.7586 AA 
4-7 21655.0 102824 107440 32 98 3.041 x 10s 6549 x lO"2 149.4 0.3213 AA 
4-8 19445.6 102824 107965 32 128 1.424 x10s 3..'30 x 10* 66.14 0.0143 AA 
4-9 18171.1 102824 108325 32 162 7.459 xlO4 1.870x10'-' 35.79 -0.2230 A A 

4-10 17362.1 102824 108582 32 200 4.235 xlO4 1.196 x 10"2 21.87 -0.4171 A A 
4-11 16806.5 102824 108772 32 242 2.556 x 104 8.187X 10-' 14.49 -0.5817 A A 
4-12 16407.2 102824 108917 32 288 1.620 xlO4 5.886X10 :1 10.17 -0.7250 A A 
4-13 16109.3 102824 109030 32 338 1.069 xlO4 4.393 x 10-' 7.452 -0.8521 A A 
4-14 15880.5 102824 109119 32 392 7288 3.375 X 103 5.645 -0.9665 A A 

4-15 15700.7 102824 109191 32 450 5110 2.656 x 10 :1 4.392 - 1.0706 A A 
4-16 15556.5 102824 109250 32 512 3671 2.131 X 10-'1 3.492 - 1.1662 A A 
4-17 15438.9 102824 109299 32 578 2693 1.739 x 10 ' 2.827 -1.2547 A A 
4-18 15341.8 102824 109340 32 648 2013 1.439 x 10-' 2.324 -1.3370 A A 
4-19 15260.6 102824 109375 32 722 1529 1.204 X 10-' 1.936 -1.4141 A A 
4-20 15191.8 102824 109405 32 800 1178 1.019 XlO'3 1.631 -1.4865 A A 



H— Table A.    (n)j — (n)k Transitions (Average Values)— Continued 

Transition \<A) 
! 

EAcm1) Eiiem-1) gi gk 

I 

4ISIY'1) U S'.at.u.) l-Uft' 
Ac«'u| Simrrr 
racv 

| 1  _~i ■ 

5-6 74578 105292 106632 50 72 1.025 x 106 
1 

.'.231 1.511 x I04 

! 

1.7893 | AA   1 
5—7 46525 105292 107440 50 98 3.253 x 10"- 0.2069 1584 1.0147 j A A   1 
5-8 37395 105292 107965 50 128 1.388 x 10^ 7.448X 10 - ! 458.3 0.5710 ! AA   1 
5-9 32% 1 105292 108325 50 162 6.908 x 10* 3.645 x 10 - i 197 7 0.2607 | A A   1 
5-10 30384 105292 108582 50 200 3.800 x 10« 2.104 x 10 - 1 105.2 0.0219 A A   1 

5-11 28722 105292 108772 50 242 2.246 x 10' 1.344 x 10- ! 63.55 -0.1725 
1 

A A   1 
5-12 2 7575 105292 108917 50 288 1.402x10* 9.209 x 10 ■•'• ! 41.79 - 0 3368 A A 
5-13 26744 ! 105292 109030 50 338 9143 6.631 X 10 ' ! 29.18 -0.4794 \A 
5-14 26) 19 105292 109119 50 392 6185 4.959 X 10 ' i 21.32 - 0.6056 A A i  ! 
5-15 25636 105292 109191 50 450 4308 3.821 x 10 ■' 16.12 -0.7189 A A !  1 

5-16 25254 ! 105292 109250 50 512 3079 3.014 x 10 -•■' 12.53 -0.8218 AA   I 
5-17 24946 105292 109299 50 578 2249 2.425 x 10"' 9.957 -0.9162 A A   1 
5-18 24693 105292 109340 50 648 1675 1.984 x 10 ' 8.062 - 1.0035 A A '•      ! 
5-14 24483 105292 109375 50 722 1268 1.646 x 10 ' 6.631 - 1.0846 A A   1 
5-20 24307 105292 109405 50 800 975.1 1.382 x 10 ' 5.528 -1.1605 AA|  1 

6-7 123680 106632 107440 72 98 4.561 x 10"' 1.424 4.173 x 10' 2.0108 A A   1 
6-8 75005 106632 107965 72 128 1.561 xl0> 0.2340 4160 1.2266 A A   1 
6-9 59066 106632 108325 72 162 7.065 x 10* 8.315 x 10- 1164 0.7772 A A   1 
6-10 51273 106632 108582 72 200 3.688 x 10* 4.038 x 10 - 490.6 0.4635 A A   1 
6-11 46712 106632 108772 72 242 2.110X 10' 2.320 x 10 - 256.8 0.2227 AA 1  1 

6-12 43753 106632 108917 ~2 288 1.288 x 104 1.479 x 10 - i.'3.3 0.0273 A A   1 
6-13 41697 106632 109030 72 338 8271 1.012 x 10- 100.0 -0.1374 AA   1 
6-14 40198 106632 109119 72 392 5526 7.289 x 10' 69.13 -0.28(H) A A   1 
6-15 39065 106632 109191 72 450 3815 5.455 x 10 :i 

50.50 -0.4059 A A   1 
6-16 38184 106632 109250 72 512 2707 4.207 x 10-•' 38.07 -0.5186 AA |  1 

6-17 37484 106632 109299 -■■> 578 1966 3.324 X 10 :l 
29.53 -0.6209 A A   1 

6-18 36916 106632 109340 72 648 1457 2.679 x 10 :1 
23.44 -0.7146 A A   1 

6-19 36449 106632 109375 72 722 1099 2.196X 10-' 18.96 - 0.8011 A A 
6-20 36060 106632 109405 72 800 812.4 1.825 x 10 :t 

15.59 -0.8815 A A 

7-8 190570 107440 107965 98 128 2.272 x 10"' 1.616 9.931 X iO4 2.1996 ■\A 
7-9 !13060 107440 108325 98 162 8.237 x 104 0.2609 9514 1.4077 A A 
7-10 87577 107440 108582 98 200 3.905 x 104 9.163 x 10 - 2588 0.9533 A A 
7-1! 75061 107440 108772 98 242 2.117 x 104 4.416 X 10 - 1069 0.6363 A A 
7-12 67701 107440 108917 98 288 1.250 x 104 2.525 x 10 - 551.3 0.3935 A A 

7-1? 62902 107440 109030 98 338 7845 1.605 x 10 - 325.7 0.1967 A A 
7-11 59552 107440 109119 98 392 5156 1.097 x 10 - 210.6 0.0313 A A 
7-15 57099 107440 10919! 98 450 3516 7.891 x 10 :1 

145.3 -0.1116 A A 
7-16 55237 107140 109250 «.'8 512 2471 5.905 X 10-•'• 105.2 -0.2376 AA 
7-17 53783 107440 109299 98 578 1781 4.556 x 10 < 79.03 -0.3502 A A 

7-18 52622.5 107410 109340 98 648 1312 3.602 X 10-' 61.13 -0.4522 A A 
7-19 5167«/ 107110 109375 98 722 984.9 2.905 x 10 ' 48.43 -0.5456 A A 
7-20 50899 107140 109105 98 800 751.7 2.383 x 10 '■' 39.13 -0.6316 A A 

8-9 277960 107965 108325 128 162 1.233 x 10"' 1.807 2.1i6x IO-"' 2.3642 AA 
8-10 162050 107965 108582 128 200 4.676X10' 0.2876 1.964 x IO4 1.5661 A A 
8-11 123840 107965 108772 128 242 2.301 x 104 0.1000 5217 1.1072 AA 
8-12 105010 107965 108917 128 288 1.287 x 10' 4.787 X 10 * 2117 0.7873 AA 
8-13 93894 10796.) 109030 128 338 7801 2.724x10- 1077 0.5424 A A 

8-11 86621 107965 109119 128 392 5010 1.726 x 10 - 629.8 0.3442 A A 
8-15 81527 107965 109191 128 450 335'* 1.177 x 10 - 404.1 0.1778 A A 
8-16 77782 107965 109250 128 5! 2 2331 8.456 x 10 ■' 277.1 0.0344 A A 
8-17 74930 107965 109299 128 578 1661 6.323 x 10 ' 199.6 -0.0919 A A 
8-18 72696 107965 109340 128 648 1216 4.877 x 10-•■' 149.4 -0.2046 A A 
8-19 70908 107965 109375 128 722 906.9 3.856 X 10 < 115.2 -0.3066 AA 
8-20  ! 69418 107965 109405 128 800 688.6 3.112 x 10 "■' 1  91.04 -0.3998 AA 



H — Table A.    (n), —(n)* Transitions (Average Values)— Continued 

I lail-il|n|! Al At A'.ICIll    'l i'kicm   'i 

9~io 
9-11 
'/' - 12 
9-13 
9-14 

9-15 
9- 16 
y— IT 
9-18 
9-19 
9-20 

10-11 
10-12 
10-13 
10-14 
10-15 

10-16 
10-17 
10-18 
10-19 
10-20 

11-12 
11-13 
11-14 
11-15 
11-16 

11-17 
11-18 
11-19 
U-20 

12-13 
12-14 
12-15 
12-16 
12-17 

12-18 
12-19 
12-20 

13-14 
13-15 
13-16 
13-17 
13-18 
13-19 
13-20 

14-15 
14-16 
14-17 
14-18 

388590 
223310 
168760 
111 790 
125840 

115360 
108010 
102580 
98443 
95191 
92579 

525200 
298310 
223250 
186100 
164070 

149580 
139380 
131840 
126080 
121530 

690500 
388320 
288230 
238620 
209150 

189730 
176030 
165900 
158120 

887300 
494740 
364610 
300020 
261610 

236260 
218360 
205090 

1118000 
619000 
453290 
371000 
322000 
289640 
266740 

1386000 
762300 
555200 
452220 

108325 
108325 
108325 
108325 
108325 

i08325 
108325 
108325 
108325 
108325 
108325 

108582 
108582 
108852 
108582 
108582 

108582 
108582 
108582 
108582 
108582 

108772 
108772 
108772 
108772 
108772 

108772 
108772 
108772 
108772 

108917 
108917 
108917 
108917 
108917 

108917 
10891~ 
108917 

109030 
109030 
109030 
109030 
109030 
109030 
109030 

108582 
108772 
108917 
109030 
109119 

109191 
109250 
109299 
109340 
109375 
109405 

108772 
108917 
109030 
109119 
109191 

109250 
109299 
109340 
109375 
109405 

108917 
109030 
109119 
109191 
109250 

109299 
109340 
109375 
109405 

109030 
109119 
109191 
109250 
109299 

109340 
109375 
109405 

109119 
109191 
109250 
109299 
109340 
109375 
109405 

T """ 

£>   j 
i 

,'.k 

162 200 
162 212 
162 288 
162 338 
162 392 

162 450 
162 : 512 
162 578 ! 
162 
162 
162 

200 
200 
2<X) 
200 
2(X) 

200 
2(K) 
200 
200 
200 

242 
242 
242 
242 
242 

648 
722 
800 

242 
288 
338 
392 
450 

512 
578 
648 
722 
800 

288 
338 
392 
450 
512 

242 578 
242 648 
242 i 722 
242 800 

288 
288 
288 
288 
288 

338 
392 
450 
512 
578 

288 648 
288 722 
288 ; 800 

1 

109119 109191 
109119 109250 
109119 109299 
109119 109340 

338 
338 
338 
338 
338 
338 
338 

392 
392 
392 
392 

392 
450 
512 
578 
648 
722 
800 

450 
512 
578 
648 

-/*,<-<•<■  'i 

7.151 x 104 

2.813 x IO4 

1.427 x iO1 

8192 
5080 

3325 
2268 
1598 
1156 
855.5 
645.2 

4.377 x 104 

1.774 x IO4 

923! 
5417 
3424 

2280 
1578 
1127 
825.2 
617.3 

2.799 x IO4 

1.163 X !04 

6186 
3699 
2377 

1606 
1127 
814,1 
602.6 

/. •Sial.u.) **»*i «/" 
Accu- 
racy Source 

x 104 1.857 
7884 
4271 
2596 
1693 

1159 
822.3 
600.5 

1.271 x 104 

5496 
3026 
1866 
1232 
853.2 
611.9 

8933 
3926 
2! 92 
1369 

1.999 
0.3143 
0.1083 
5.152x 10 ' 
2.918 x 10- 

1.843 x 10 - 
1.254 x 10 - 
8.995 X 10-' 
6.719 x 10 :l 

5.180 x 10 * 
4.094 x 10 ■•■' 

2.190 
0.3408 
0.1166 
5.513 x 10 
3.109x10- 

1.958x10- 
1.328x10- 
9.515x10- 
7.099 x JO 
5.468x10- 

2.381 
0.3673 
0.1248 
5.872 x IO2 

3.298 x 10- 

2.070X10- 
I.4Ö2X 10-* 
1.002 xlO2 

7.468 x 10"' 

2.572 
0.3938 
0.1330 
6.228 xlO-2 

3.486 x IO"2 

2.182 xlO"2 

1.474x10 -» 
1.052 xlO"2 

2.763 
0.4202 
0.1412 
6.584 x 10 2 

3.672 xlO2 

2.292 x IO"2 

1.545 xlO-2 

2.954 
0.4467 
0.1494 
6.938 x 10" 

4.141 x 10s 

3.742 x 10'' 
9746 
3895 
1958 

1134 
721.9 
492.0 
352.7 
262.9 
202.1 

7.571 x IO5 

6.692 x IO4 

1.713 xlO4 

6753 
3358 

1927 
1219 
825.8 
589.2 
437.4 

1.3I0X JO« 
1.136 x10s 

2.865 x IO4 

1.116X104 

5495 

3129 
1965 
1324 
940.5 

2.163x10« 
1.847 x 10s 

4.596 x IO4 

1.771 xlO4 

8644 

4886 
3050 
2045 

3.438 x 10s 

2.894 x 10s 

7.119 xlO4 

2.717 XlO4 

1.316 xlO4 

7386 
4584 

5.284x10« 
4.393 x 10s 

1.070 X W 
4.048 xlO4 

2.5103 
1.7068 
1.2442 
0.9215 
0.6746 

0.4750 
0.3077 
0.1635 
0.0368 

-0.0762 
-0.1783 

2.6415 
1.8335 
1.3676 
1.0424 
0.7937 

0.5928 
0.4243 
0.2794 
0.1522 
0.0389 

2.7606 
1.9489 
1.4800 
1.1526 
0.9021 

0.6999 
0.5304 
0.3848 
0.2570 

2.8697 
2.0547 
1.5832 
1.2538 
1.0017 

0.7982 
0.6278 
0.4814 

2.9703 
2.1524 
1.6787 
1.3474 
1.0939 
0.8892 
0.7178 

3.0637 
2.2433 
1.7675 
1.4345 

AA : 
AA I 
AA i 
AA j 
AA  \ 

AA  I 
AA 
AA 
AA 
AA 
A A 

AA 
A A 
AA 
A A 
AA 

AA 
AA 
AA 
AA 
A A 

AA 
AA 
AA 
AA 
AA 

AA 
AA 
AA 
AA 

AA 
A A 
AA 
AA 
AA 

AA 
AA 
AA 

A A 
AA 
A A 
A A 
A A 
A A 
A A 

A A 
A A 
A A 
A A 



H —Table A.    (n)/—(«)* Transitions (Average Values)—Continued 

Transition [      AiA" 

II-I» 
14-20 

15-16 
15-17 
15-18 
15-19 
15-20 

16-17 
16-18 
16-19 
16-20 

18 
19 

-20 

390880 
350300 

1694000 
926100 
6712(H) 
544400 
468760 

2044000 
1112000 
802300 
648200 

I 2438000 
I 1321000 

9492(H) 

18-19      12882000 
18-20       I 1554000 

19-20 3374000 

fe"i(fin '•■ 

109119 
109119 

1J9191 
109191 
i 09191 
109191 
109191 

109250 
109250 
109250 
109250 

109299 
109299 
109299 

109340 
109340 

109375 

EiAvm 'i 

109375 
109405 

109250 
109299 
109340 
109375 
109405 

109299 
109349 
109375 
109405 

109340 
109375 
109405 

109375 
109405 

109405 

392 
392 

450 
450 
450 
450 
150 

512 
512 
512 
512 

578 
578 
578 

648 
648 

Hk Akl{srv  'I 

722 
8(H) 

512 
578 
648 
722 
8(H) 

578 
648 
72'* 
800 

(AH 
799 

8(H) 

722 
800 

8(H) 

914 4 
639 7 

6429 
2864 
1620 
1023 
690.3 

1720 
2130 
1217 
776. 

3530 
1610 
929.6 

2680 
1235 

2067 

Mat.u.l 

3.858 x 10 
2.402 x |() 

3.145 
0.4731 
0.1575 
7.292 x i0 
WM3> 10 

3.336 
0.1995 
0.1657 
7.644 x |( 

3.527 
0.5259 
0.1738 

3.718 
0.5523 

3.909 

1.946 x 10' 
I.086X 10' 

7.889 x 10" 
6.489 x ](>• 
1.566 X 107' 
5.879 X W 
2.807 x 104 

1.119 x iO7 

9.358 X IO7' 
2.240 X 10' 
8.349 x 10! 

—- 
. .   \cru- 

-» !    ra<N   ■S,,"r■•,• 

I. i 796 
0.9738 

3.1509, 
2.3281 
1.8505; 
1.5160 
1.2599 

3.2325; 
2.4078 
1.9285 
1.5926J 

1.636 x IO7 

1.321 x 10" 
3.139X 10' 

2.285 x 10" 
1.831 x 10' 

i 
I 

3.134X 10" 

3.3819 
2.5537 

\A 
\A 
V\ 
\\ 

3.3094! A A 
2.4828; A A 
2.00201    A \ 

A A 
A A 

'50(>!    A A 

H —Table B.    (n/),— {nlk- Transitions 

Transition   |       AiAi 

ls-2p 
\s-lip 
Is- I,, 
1 s — 5p 
\s-f>p 

2/J-3.V 
Ip - Is 
2p — 5.v 
2p~Us 

2.v - 3/< 
25 - 1/) 
2.s — 5/> 
2,s — Up 

2p-M 
2p-UI 
2p~:vi 
2p-Ud 

1215.67 
1025.72 
972.537 
949.743 
937.804 

6562.86 
1861.35 
1340.48 
1101.75 

6562.71 
1861.29 
43 K). 14 
1101.71 

6562.81 
1861.33 
1340. 17 
1101.71 

A'jicm 'i 

0 
o 
0 
0 
o 

82259 
82259 
82259 
82259 

82259 
82259 
82"59 
8—59 

82259 
82259 
82259 
82259 

£«<(<* in !i 

82259 
97 192 
102824 
105292 
106632 

97492 
102824 
105292 
106632 

97492 
102821 
105292 
106632 

97492 
102824 
105292 
106632 

Hk 

2 
2 

h 
(. 
6 
U 

III 
ill 
10 
10 

Akih 

6.265 x 10" 
1.672 x 10M 

6,818 x 1()7 

3.437 x IO7 

1.973 x 107 

6.313 X 10" 
2.578 x 10" 
1.289 x 10" 
7.350 x 10"' 

2.215 x 107 

9.668 x 10" 
4.948 x 10" 
2.858 x 10" 

6.465 x IO7 

2.062 x ]()7 

9.425 x 10" 
5.145X 10« 

0.4162 
7.910 x 10 - 
2.899 x 10- 
1.394 X 10 - 
7.800 x 10 ;l 

1.359 x 10 ■•-' 
3.045 x 10"■' 

1 213 x IO-1 

6.180X 10-« 

0.4349 
0.1028 
4.193 x 10 - 
2.163X IO2 

0.6958 
0.1218 
4.437 x 10 - 
2.163X 10 * 

.Slat, u.) 

3.330 
0.5339 
0.1855 
8.711 x 
4.813 x 

i"^'/" 
\ccu- 

SliliK 

1.761 
0.2923 
0.1040 
5.006 x 10 

18.79 
3.288 

.198 
0.5840 

90.17 
11.69 
3.803 
1.752 

0.0797 
0.8008 
1.2367 
1.5548 

- 1.8069 

1.0886 
1.7383 
2.1379 
2.4309 

0.0606 
0.687! 

- 1.0764 
• 1.3639 

0.6206 
0.1362 
0.5748 
0.8868 

A A 
A A 
A A 
A A 
A A 

A A 
A A 
A A 
\\ 

A A 
A A 
A A 
A A 

A A 
A A 
A A 
A A 



H—Table B.    \nl)i—int)k Transitions. — Continued 

Transition Al \l £,icni ' EtU-m 'i A'. #* Aktsvv- '| /« .S'lal.u.) l"»g «/ 
Accu- 
racy Source 

3s - \p 
3A — r>/i 

3* - Up 

18750.8 
12818.0 
10938.0 

] 

97492 
1     97492 

97492 

10282t 
105292 
106632 

) 
2 
2 

6 
6 
6 

3.065 x J0h 

1.638 x l{f 
9.551 x HP 

0.4847 
0.1210 
5.139 x 10 - 

59.83 
10.21 
3.700 

-0.0135 
-0.6161 
-0.9881 

A4 
A A 
A A 

ip - Is 
Ap — 5.« 
:ip-ds 

i «751.1 
12818.1 
10938.1 

97492 
«>7t92 
97492 

102824 
105292 
106632 

6 
6 
6 

2 1.835 X 10,; 

9.046 x 10» 
5.071 x 10"' 

3.225 x 10- 
7.428 x 10 < 
3.032 x 10:1 

11.94 
1.880 
0.6550 

-0.7133 
-1.3510 
-1.7401 

A A 
A A 
AA 

:\p-\d 
:\p-:>d 
3p — fid 

18750.9 
i 2818.0 
10938.1 

97492 
97492 
97492 

10282t 
105292 
106632 

6 
6 
6 

to 
10 
10 

7.037 x 106 

3.391 x 10« 
1.878 x 10« 

0.6183 
0.1392 
5.614 x 10 * 

228.9 
35.24 
12.13 

0.5693 
-0.0781 
-0.4726 

A4 
AA 
A A 

Ad-lp 
3d-ha 
3d-dp 

187_>1.2 
12818.2 
10938.1 

97492 
97492 
97492 

102824 
105292 
106632 

10 
10 
10 

6 
6 
6 

3.475 x 10' 
1.495 x 10» 
7.824 x W 

1.099 x 10 - 
2.210 x 10-1 

8.420 x IO4 

6.783 
0.9324 
0.3031 

-0,9589 
-1.6556 
- 2.0747 

AA         1 
AA !     1 
AA        1 

3d-if 
3d-5f 
3d -6/ 

187=11.1 
;28ia.i 
10938.1 

97192 
97492 
97492 

102824 
105292 
106632 

10 
10 
10 

14 
14 
14 

1.379 x 107 

4.542x10« 
2.146 x 10« 

1.018 
0.1566 
5.389 x IO2 

628.0 
66.08 
19.40 

1.0075 
0.1949 

-0.2685 

A A 
A4 
A4 

4.s - 5p 
4.s — ftp 

40511 
2625! 

102824 
102824 

105292 
106632 

2 
2 

6 
6 

7.372 x 10» 
4.456x10» 

0.5442 
0.138! 

145.1 
23.87 

0.0368 
-0.5587 

A4         1 
AA         I 

ip — 5s 
•ip — 6.V 

40512 
26251 

102824 
102824 

105292 
106632 

6 
6 

2 
2 

6.450 x 10s 

3.582x10"' 
5.291 x IO'-' 
1.234 x 10 - 

42.33 
6.3% 

-0.4983 
-1.1306 

A4 
A4 

lp-5d 
ip-ftd 

40511 
26251 

102824 
102824 

105292 
106632 

6 
6 

,0 
10 

1.486x10« 
8.622 x 10» 

0.6093 
0.1485 

487.4 
76.96 

0.5630 
-0.0502 

A4 
A4 

id-'tp 
id-fjp 

40512 
26252 

102824 
102824 

1Ö5292 
106632 

10 
10 

6 
6 

1.884 x 10s 

9.<;i6x 10* 
2.782 x 10-2 

5.837 x 10:t 
37.10 
5.044 

- 0.5556 
-1.2338 

A4 
A4 

id-hf 
id-bf 

40512 
26252 

102824 
102824 

105292 
106632 

10 
10 

14 
14 

2.584 x 10« 
1.2t7xl0« 

0.8903 
0.1862 

1187 
160.8 

0.9495 
0.2699 

A4 
A A 

i/-Sd 
if-6d 

40512 
26252 

102824 
102824 

105292 
106632 

14 
14 

10 
10 

5.047 x IO4 

2.145X104 
8.871 x IO3 

1.583 XlO3 
16.56 
1.915 

-0.9059 
-1.6544 

AA 
AA 

\f-Sg 
if-6g 

40512 
26252 

102824 
102824 

105292 
106632 

14 
14 

18 
18 

4.254 x10s 

1.373X10« 
1.346 
0.1824 

2512 
220.6 

1.2751 
0.4070 

A4 
A4 

5s — ftp 74577 105292 106632 2 6 2.430 x 10s 0.6078 298.4 0.0848 A4        1 

5// — 6.v 74578 105292 106632 6 2 2.682x10» 7.454 x IO-2 109.8 -0.3495 AA 

'ip — fid 74578 105292 106632 6 10 4.495 X 10s 0.6247 920.0 0.5738 AA 1 

5</—ftp 74579 105292 106632 10 6 9.593 x IO4 4.800 X 10 - 117.8 -0.3188 A A 

5d-6f 74578 105292 106632 10 14 7.232 X 10» 0.8443 2072 0.9265 A4 

rtf-dd 74579 105292 106632 14 10 3.908 X 10' 2.328 XIO"2 79.98 -0.4870 A4 

5/-6g 74578 105292 106632 14 18 1.106X iO« 1.185 4073 1.2200 A4 

5*-6/ 74579 105292 106632 18 14 1.137 xlO4 7.376 x IO™» 32.59 -0.8769 A4 

5g-6A 74578 105292 106632 18 22 1.645x10« 1.676 7406 1.4796 A4 



H — Table C.    (n//)<— {nlj)k Transitions (Fine Structure Lines) 

Transition 

 * 

p(Mc/sec) ££"<cnr') £. £A 

I 

S(al.j.) I«»JJ af Accu- Source 

.     1 1 i i racy 

■ls*S,,-2p*\>\! 9884 0.3297 4 1 6.54 x 10-~ 1.80 X 10 ■' 36.0 - 4.443 A •> 

Is'S^.-ipH»,-. 2944 0.0982 2 4 1.04 x 10 • 3.22 x lO"' 216 -4.191 A 2 

3p2P°,    -3</2D.i/2 3244 0.1082 2 4 |  R6"X 10" 2.22 x 10' 135 -4.353 A 2 

Sp^M-MWi« 1082 0.0361 4 6 3.86 x 10" 6.67 x 10-» 213 - 4.574 A 2 

4s2S,/2-4p2PV> 1247 0.0416 2 4 2.63 x 10 " 4.55 x K)"' 720 - 4.041 A 2 

4p2P°,;-4</::D:1^ 1367 0.0456 2 4 2.77 x 10■» 3.99 x 10-'• 576 - 4.098 A 2 

4p2P°„,.- 4d*Dyt 456 0.0152 4 6 |   1.23 x 10" 1.20X 10'' 1040 - 4.320 A 2 

4rf2D^-4/2Ps/2 456 (».0152 4 6 
1 
1 7.18x 10 -"> 6.98 x 10 " 605 - 4.554 A 2 

4</
2Dv2-4/-T°72 228 0.00"6 6 H 9.61 x 10-" 

j 
3.33 x 10"6 864 -4.7(H) A 

.1 

2 

H —Table D. {nljf), — \nljf)k Transition (Hyperfine Structure Line, Magnetic Dipole 
Transition) 

Accu-    Source 
racy 



HELIUM 

Hei 

Ground State 

Ionization Potential 

is' 'N. 

24.580 eV-198305 cm-1 

Allowed Transitions 

List of tabulated lines: 

Wavelength (A] No. Wavelength (A) No. Wavelength [A] No. 

506.200 11 4387.93 29 1954J 105 
506.570 10 4437.55 23 20425 113 
507.058 9 4471.5 86 20581.3 12 
507.718 8 4713.2 80 21120 97 
508.643 t 4921.93 28 21132.0 39 

509.998 6 5015.68 13 21494 116 
512.098 5 5047.74 22 21608 126 
515.617 4 5875.7 85 21617 67 
522.213 3 6678.15 27 21841 60 
537.030 2 7065.19 79 22284 57 

584.334 1 7065.71 79 23063 54 
2677.1 78 7281.35 21 24727 120 
26%. 1 77 8361.77 % 26113 63 
2723.2 76 9463.57 95 261R5 125 
2763.8 75 %03.42 38 26198 66 

2829.07 74 9702.66 100 26248 69 
2945.10 73 10311 104 26251 128 
3187.74 72 10667.6 99 26531 59 
3231.27 20 10829.1 70 26671 122 
3258.28 19 10830.2 70 26881 115 

32%. 77 18 10830.3 70 27600 56 
3354.55 17 10902.2 .8 28542 112 
3447.59 16 10912.9 110 33299 53 
3554.4 92 10917.0 51 37026 119 
3562.95 84 109%.6 107 40053 62 

3587.3 91 11013.1 37 40365 124 
3613.64 15 11045.0 44 40396 65 
3634.2 90 11225.9 41 40536 68 
3652.0 83 11969.1 103 40550 127 
3705.0 89 12528 94 41216 58 

3819.6 88 12755.7 47 42430 121 
3833.55 34 12785 109 42497 93 
3867.5 82 12790.3 50 46053 55 
3871.79 33 12846 98 46936 114 
W88.65 71 12968.4 43 74351 35 

3926.53 32 12985 106 108800 111 
3935.91 26 134U.8 40 180950 52 
3964.73 14 15083.7 36 186200 101 
4009.27 31 17002 102 439440 118 
4023.97 25 18555.6 46 957600 45 

4026.2 87 18686 108 2.16X 10« 61 
4120.8 81 186%.9 49 1.39 x 107 123 
4143.76 30 19063 117 1.82 x 107 64 
4168.97 24 

1 
■ 

19089.4 42 



Aside from hjdrugen, extremely precise/-values exist only for a few lines <>i helium. These 
are the result ol extensive variational calculations tup to 220 parameter wave functions) of Schiff 
and Pekeris, [lj which give an agreement of Wi or less between the dipole length, velocity, and 
acceleration forms oi the transition matrix element. Similar calculations have been undertaken 
for a few other transitions by Weiss, |2] but are not quite as refined (up to 54 parameter wave func- 
tions) and the agreement between the different forms of the matrix element is not quite a* good. 

For transitions to higher excited states, recourse has to be taken to somewhat less elaborate 
theoretical approximations. The following work has been used: Calculations by Low and Stewart 
(unpublished, but results quoted by Dalgarno and Stewart |3|) with variational wave functions for 
the ground state and modified hydrogenic wave functions for the excited states: similar calcula- 
tions by Körwien [6], self-consistent field calculations, including exchange and correlation effects, 
by Trefftz, Schlüter, Dettmar, and Jürgens 14]: and applications of various sum rules to modify 
calculated values by Dalgarno and Lynn [5], and Dalgarno and Kingston [7j. Furthermore, the 
results of Goldberg [81. who employed screened hydrogenic wave functions, and Hylleraas [9], who 
employed variational wave functions have been used in a few instances. (Hylleraas' work has not 
been extensively rsed. since it probably contains quite a number of numerical errors.) Finally, 
for ail other tabulated transitions, the Coulomb approximation (see general introduction) iia* 'teen 
employed, and <s expected to give reliable results for this simple atom (uncertainties within 10'rl. 
It should be noted that all above-mentioned calculations are nonrelativistic 

For some important helium lines reliable experimental data [10-13] are also available. They 
all result from determinations of lifetimes of excited states and agre<- generally quite closely, 
often within 10%, with the tabulated theoretical results, which are considered more accurate in 
these cases. 
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H e I.    Ali »we d'l "ransitions 

\... rransition 
Array 

Multiple! A: At £,<cm !) A\lom ') g> g* .^»,(10"s,.(-   ') /.. .Slat.u.i i»£gf Accu- 
racy 

r 

Source 

1 \s- — Is2p 'S-'P0 

<2 uv) 
584.334 0 171135 3 17.99 02762 0.5313 - 0.5588 AA 1 

■) ls2-b.3p 'S-'P 
(3 uvl 

537.030 0 186210 3 5.66 0.0734 0.1298 -1.1343 A A 1 

3 Is2-ls4p .S_.po 

(4 uvl 
522.213 0 191493 3 2.46 0.0302 0.0519 -1.520 A 2 

X 1.S-— ls5p 'S-4'° 
(5 uv) 

515.617 0 193943 3 1.28 0.0153 0.0260 -1.815 B- 3 

5 Is2 — ls6p 'S-'P 
(6 uv) 

512.098 0 195275 3 0.719 0,00818 0.0143 - 2.072 B* 3.4 

6 Is2— ls7p 'S-'P0 

(7 uv) 
509.998 0 196079 3 0.507 0.00593 0.00995 -2.227 B 5,6 

1 ls--b8p 'S-'P0 

18 uv) 
508.643 0 196602 3 0.343 0.00399 0.00668 - 2.399 B 5.6 

8 ls2-ls9p 'S-'P0 

(9 uv) 
507.718 0 196960 3 0.237 0.00275 0.00459 - 2.561 B 5, 6 

9 l.s--bl0p 'S-'P0 

(10 uv) 
507.058 0 197216 3 0.181 0.00209 0.00349 - 2.680 B 5.6 

10 Is2 — Isllp •S-'P 506.570 0 197406 3 0.130 0.00150 0.00250 - 2.824 B 6 

11 ls2-lsl2p 'S — 'P° 506.200 0 197550 3 0.104 0.00119 0.00199 - 2.923 B 6 

12 ls2s— ls2p 'S-'P 20581.3 166278 171135 3 0.01976 0.3764 25.50 -0.4244 AA 1 

13 l.s2s — ls3p .S_1P° 

(4) 
5015.68 166278 186210 3 0.1338 0.1514 2.500 -0.8199 AA ! 

11 !.s2s — ls4p ■S-'P° 
IS) 

3964.73 166278 191493 3 0.0717 0.0507 0.662 -1.295 A 2 

15 I.s2s-ls5p 'S -'P 
(6) 

3613.64 166278 193943 3 0.0376 0.0221 0.263 -1.6.56 B 1 

16 l.s2.s— l.s6p 'S-'P0 

(7) 
3447.59 166278 195275 3 0.0239 0.0128 0.145 -1.894 A 1 

17 I.s2s — \slp 'S-'P 
(8) 

3 $54.55 166278 196079 3 0.0130 0.00660 0.0729 -2.180 B 7 

18 U2a-\s8p 'S-'P0 

(9) 
3296.77 166278 196002 3 0.00901 0.00440 0.0478 - 2.356 B 7 

1«) \s2s-ls9p 'S-'P0 3258.28 166278 196960 3 0.00650 0.00310 0.0333 - 2.508 B i 

20 l.s2.s — KsIO/ 'S-'P° 3231.27 166278 197216 3 0.00490 0.00230 0.0245 - 2.638 B t 

21 b2p-l.s3.s 'l»°— 'S 
(15) 

7281.35 171135 184865 1 0.181 0.0480 3.45 - 0.842 A 2 

22 l.s2p— \sh 'P°-'S 

(47) 
5047.74 171135 190940 1 0.0655 0.00834 0.416 - 1.602 A 4 

23 l.s2p — Is 5s "P°_'S 
(50) 

4437.55 171135 193663 1 0.0313 0.00308 0.135 - 2.034 B C(l 

24 \s2p— I.s6s 'P°_'S 
(52) 

4168.97 171135 195115 1 0.0176 0O0153 0.0630 - 2.338 A 4 

11 



Hel.    Allowed Transitions — Continued 

\... Transition 
Array 

Multiplt-t X(A) £,(<m 'i £»U-m ') *• fit l/f^lO" «•<■') A* Sot.u.l l»n«A \nu- 
r...-> 

| Source 

2.-) ls'2p — \sls lP°-'S 
(54) 

4023.97 171135 195979 3 1 0.0109 8.81 x 10« 0.0350 -2.578 B I 

26 U2p-ls8$ 'P°-'S 
(57) 

3935.91 171135 196535 3 1 0.00718 5.56 x 10« 0.0216 -2.778 B- 4 

27 \s2p-hid 'P°~'D 
(46) 

6678.15 171135 186105 3 5 0.638 0.711 46.9 0.329 A 2 

28 U2p-ls4d >P°-'D 
(48) 

4921.93 171135 191427 3 5 0.202 0.122 5.95 -0.435 A 4 

29 \s2p-h5d >p°_'D 
(51) 

4387.93 171135 193918 3 5 0.0907 0.0436 ^J 1.89 - 0.883 A 4 

30 \s2p-hbd 'P°_>D 
(53) 

4143.76 171135 195261 3 5 0.0495 0.0213 0.870 -1.195 B in 

31 Is2p-Wd ip°_'D 
(55) 

'P°-'D 
(58) 

4009.27 171135 196070 3 5 0.0279 0.0112 0.444 -1.473 <:• 8 

32 \s2p-h8d 3926.53 171135 1965% 
1 

3 J 5 0.0195 0.00750 0.291 - 1.648 A 4 

33 h2p-h9d 'P°_<D 
(60) 

3871.79 171135 196956 3 5 0.0126 0.00471 0.180 - 1.850 c- 8 

34 h2p-h\0d 'p°-'D 
(621 

3833.55 171135 197213 3 .i 0.00971 0.00357 0.135 -1.971 A 4 

35 Isis— hip "S-'P° [74351] 184865 186110 1 3 0.00253 0.629 154 -0.201 A 2 

36 ls3i—!s4p 'S-!P° 15083.7 184865 191493 1 3 0.0137 0.14O 6.95 - 0.854 B 2 

37 l53s~ ls5p •S-'P0 

(70( 
11013.1 184865 193943 1 3 0.00956 

j 

0.0521 1.159 -1.283 B ca 

38 ls3i— Li6p 'S_'P° 
(71) 

9603.42 184865 195275 1 3 0.00564 0.0234 0.739 -1.631 B 9 

3':) ls3p — Isis ip°_«S 21132.0 186210 190940 3 1 0.0459 0.103 21.4 -0.512 B ca 

40 l$3p— ls5s !|>°_ >S [13411.8] 186210 193664 3 1 0.0202 0.(082 2.41 -1.263 B ca 

41 ls3p — Isds i|>°_iS 
(87) 

11225.9 186210 195115 3 1 0.0110 0.00690 0.765 -1.684 B en 

42 hip-hid ![>"_>[) 19089.4 186210 191447 3 5 0.0711 0.647 122 0.288 B ca 

43 \sip-\s5d >p°— '!> 12968.4 186210 193918 
1 3 ."> 0.0331 0.139 17.8 -0.380 B ca 

44 ls3p— ls6d 'P°-'D 
(88) 

11045.0 186210 195261 3 5 0.0181 0.0553 6.03 -0 ""3 B en 

45 hid- I sip 'I)-'P° [957600] 186105 186210 5 3 1.68 x 10"« 0.0139 219 -1.158 B 2 

46 IsM- hip ■D-'P0 
18555.6 186105 191447 5 3 0.00277 0.00858 2.62 - 1.368 <:* 2 

47 IsM- \s5p !I)-'P° 12755.7 186105 193943 5 3 0.00127 0.00186 0.390 - 2.032 B ca 

48 Isid — Isbp "D-'P° 10902.2 186105 195275 5 3 9.23 x 10~< 9.86x10 " 0.177 - 2.307 B 9 

49 hid- 154/ 'D-'F° 18696.9 186105 191452 5 7 0.138 1.01 312 0.705 B ca 

50 hid- \s~>f 'D-'F° 12790.3 186105 193921 5 7 0.0461 0.158 33.3 -0.102 B i-a 

51 hid- 1*6/ 'D-'F° 
(84) 

10917.0 186105 195263 5 7 1 0.0212         1 0.0529 9.51 -0.577 B i■ a 
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Hel.    Allowed Transitions — Continued 

\» Transiiion Multipli-l 
■  —1 

A(Al E,Um ') EtU-m ■')    g, 

—        i 

AtAW wc-'l u Siai.u.) i»g gf \<-<-u- Sour«-«' 
•\rru> 

Is4.s- ls4/< 

1 
1 

rac> 

52 'S-T° [180A50] 190940 191493 1 3 5.79 x 10-« 0.853 508 -0.069 B i ii 

53 1S4J — \sr>p "S-'P0 [33299] 190940 193943 1 3 0.00302 0.151 16.5 -0.822 B iii 

54 ls4s — ls6p > S —' I *° [23063] 190940 195275 1 3 0.00250 0.0599 4.55 -1.222 B ra 

55 \s\ji— U&s 'P-'S [46053] 191493 193664 3 1 0.0150 0.159 72.2 -0.322 B at 

56 \s\jt— ls6s ||»°->S [27600] 191493 195115 3 1 0.00721 0.0274 7.48 -1.085 B (ii 

57 \s\p— \s~is ip°_'S [22284] 191493 195979 1 0.00438 0.0109 2.39 -1.487 B ra 

58 U4p-\s5d >p°-'[) [41216] 191493 193918 3 5 0.0153 0.649 261 0.289 B Ctl 

5" IsA/i— \s6d il>°-'I) [26531] 191493 195261 3 5 0.00861 0.152 39.7 - 0.3 VI b ra 

60 \sip-ls7d •P°-'D [21841] 191493 196070 3 5 0.00533 0.0635 13.7 -0.720 B ra 

61 Is4</-ls4p >D-'p° [2.16X 10* ]   191447 191493 5 3 5.70 x 10 ■ 0.0240 R56 - 0.920 B ra 

62 \s4d — l.s5p >D-'P° [40053] 191447 193943 5 3 0.00166 0.0240 15.8 -0.922 B ra 

63 ls4</~- ls6p 'D-'P° [26113] 191447 195275 5 3 7.85 X 10 4 0.00482 2.07 -1.618 B ra 

64 lsid--Mf "D-'P [1.82 x 10" ]   191447 191452 5 7 3.63x10'° 0.00253 757 -1.899 B i(i 

65 hid-\s5f ■D-'P [403%] 191447 193921 5 7 0.0259 0.887 590 0.647 B (a 

66 Is4d-ls6/ "D-'F° [26198] 191447 195263 c 7 0.0130 0.187 80.7 -0.029 B ra 

67 hid- -\slf 'D-'P [21617] 191447 196071 5 7 0.00734 0.0719 25.6 -0.444 B ra 

68 1*4/- ls5</ 'P-'D T40536] 191452 193918 ■ 5 5.20 x 10"4 0.00915 8.55 -1.193 B ra 

m ls4/~ ls6</ 'P~'D [26248] 191452 195261 7 5 2.49 x 10-4 0.00184 1.11 -1.891 B ra 

70 1S2S— ls2p 3§„3p° 

ID 
10810 

10830.3 
10830.2 
10829.1 

159856 

159856 
159856 
159856 

169087 

169087 
169087 
169088 

3 

3 
3 
3 

9 

5 
3 
1 

0.1022 

0.1022 
0.1022 
0.1022 

0.5391 

0.2994 
0.1797 
0.05990 

57.66 

32.03 
19.22 
6.407 

0.2088 

-0.0466 
- 0.2684 
- 0.7454 

AA 

A A 
A A 
A A 

1 

Is 
Is 
Is 

71 is2.s — Is3p ■'S-:,P° 
(2) 

3888.65 159856 185565 3 9 0.09478 0.06446 2.476 -0.7136 A A 1 

72 ls2s — l.s4/> ..S_:.p° 

(3) 
3187.74 159856 191217 3 9 0.0505 0.0231 0.727 -1.159 B 2 

73 is2s — ls5p .i^_:)|»o 

111 uvl 
2945.10 159856 193801 3 9 0.0293 0.0114 0.332 -1.465 B 7 

74 ls2s — ls6p •■'S — !P° 
(12 uv) 

2829.07 159856 195193 3 9 0.0169 0.00608 0.170 -1.739 B 
i 
t 

75 l.s2s — ls7p :iS_:.po 2763.8 159856 196027 3 9 0.0111 0.00381 0.104 - 1.942 B 7 

76 Is2s~ls8p :iiS_:ipo 2723.2 159856 196567 3 9 0.00780 0.00260 0.0700 -2.108 B 7 

77 Is2s-h9p ■'S — ^p0 26%. 1 159856 196935 3 9 0.00550 0.00180 0.0479 - 2.268 B 
7 

78 b2s-bl0p :«S_:.pc 2677.1 159856 197198 3 9 0.00404 0.00130 0.0344 - 2.409 B 7 

79 Is2p-b3s 
:,po_:|S 

(10) 
7065..? 

7065.19 
7065.19 
7065.71 

109087 

169087 
169087 
169088 

183237 

183237 
183237 
183237 

9 

5 
3 
1 

3 

3 
3 
3 

0.278 

0.154 
0.0925 
0.0308 

0.0693 

0.0693 
0.0692 
0.0692 

14.5 

8.06 
4.83 
1.61 

-0.205 

-0.460 
- 0.683 
-1.160 

A 

A 
A 
A 

2 

Is 
Is 
Is 
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Hel.    Allowed Transitions — Continued 

\... Transition 
Array 

Multiple! M \i E,(<m '> Et'.cm 'I «f/ *A f^jlO"   MT     'I U .Si a i.u.i 
T 

l«»H£/   Ann 
ri><> 

8» ls2p — ls4s *P° _ 3»^ 

(12)' 
47U.2 169087 190298 ') 3 0.106 0.0118 1.65 -0.973 B 

81 ls2p — ls5s .ip°_JS 

(16) 
4120.X 169087 193347 9 ■} 0.0430 0.00365 0.446 - 1.483 B 

82 ls'2p— Ists jpo_3l>> 

(20) 
.1867.5 169087 194936 9 ;K 0.0236 0.00176 0.202 - 1.8(H) B 

85 Is2p-ls8s :<p°_3»^ 

(27) 
3652.0 169087 196461 9 3 0.0108 7.21 x 10-4 0.0780 -2.188 B 

84 Is2p-lsl0s 3p°_'S 
(33) 

3562.95 lt,9087 197145 9 3 0.00543 345 x 10 » 0.0364 - 2.508 B 

85 ls2p — l$3d :,[»c_3D 

(Hi 
5875.7 169087 186102 9 15 0.706 0.609 106 0.739 A 

86 \$2p-h*d jp>_3D 

(14) 
4471.5 169087 191445 9 15 0.251 0.125 16.6 0.052 A 

87 \s2p— ls5d 4»o„3|) 

(18) 
4026.2 169087 193917 9 15 0.117 (UU74 5.66 -0.370 A 

88 ls2p— \sbd SD» _ 1[) 

(22) 
3819.6 169087 195260 9 15 0.0589 0.0215 2.43 -0.714 B 

89 U2p-ls7d 
(25) 

.{705.0 169087 196070 9 15 0.0444 0.0152 1.67 -0.864 C+ 

90 Is2p-h8d .,po_3D 

(28) 
36 {4.2 169087 196595 9 15 0.0261 0.00862 0.928 -1.110 A 

91 Ls2p-)s9d 3p_3D 

(31) 
3587.3 169087 196955 9 15 0.0205 0.00660 0.702 -1.226 C+ 

92 \s2p-\s\0d 3p_3D 

(34) 
:{554.4 169087 197213 9 15 0.0131 0.00414 0.436 - 1.429 A 

93 \s3s— Is'.ip .tS_:ipo [42947] 183237 185565 3 <; 0.0108 0.896 380 0.429 A 

94 \s3s — Isip :iS_.ipo 12528 183237 191217 3 9 0.00608 0.0429 5.31 - 0.890 B 

<c \s3s— bop 3g_ :ip° 

,67) 
9463.57 183237 193801 3 9 0.00608 0.0245 2.29 -1.134 B 

96 15.is — ls6p :.S_.'tpo 

168) 
8361.77 183237 195193 3 9 7.16X 10 ' ().(M)225 0.186 -2.170 B 

97 I.s3p — Isis 3p°_3<J 21120 185565 190298 9 3 0.0652 0.145 91.0 0.117 B 

98 ls3p — IsSs .!()o_:i_s 12846 185565 193347 9 3 0.0269 ().().'22 8.45 - 0.699 B 

99 l.s3p — Isfts '||'°_:<S 
(73) 

10667.6 185565 194936 9 3 0.0142 ().<M)810 2.56 -1.137 B 

100 !.s3p— Isis 3p0_3S 
(75) 

9702.66 185565 195868 9 3 0.00858 0.00404 1.16 - 1.440 B 

10 i li.3p-l.s.W ..po_3r) [186200] 185565 186102 9 15 1.28 x 10 > 0.111 613 0.000 A 

102 \s3p-\sid t|»o _.:,[, 17002 185565 191445 9 15 0.0668 0.482 243 0.63« B 

103 U3p — l.s.W 'I'0-1!) 
(72) 

119694 185565 193917 9 15 0.0343 0.123 43.5 0.043 B 

Nmrrr 
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Hei,    Allowed Transitions — Continued 
■ 

■r — —  -~"   — 

\„ 1 rmiMtii'ii Mllillpl.l Al \l £,um 'i A.'A-HIII  'I (!■      #1. .-f4,<IO" >«•«•  ') /* .Slal.u.l 'otfÄf -V< u- Si Hirer 
\rra> 

.       _ _ _            „ ,.     __ 
ra<> 

Mil ls3p — ls(nl 
(74) 

10311 185565 195260 9    15 
1 

0.0197 0.0524 16.0 -0.327 B in 

1(1.') I.S.W- Is4p <I)_!|'° 19543 186102 191217 
1 

15     9 0.00597 0.0205 19.8 -0.512 <;• 2 

106 ls.W- \s5p <I)_..|>° 12985 186102 19380! 15      9 0.00274 0.00415 2.66 -1.206 B Cll 

107 U3tl- ls6/> :.I)_i|»o 

(781 

1 

10996.6 186102 195193 15      9 5.67 x 10-1 
6.17X 10 4 0.335 - 2.034 B 9 

II IK UM- Is if <L>-'F° 18686 186102 191452 15    21 0.139 1.02 937 1.183 B ca 

109 \:?,d- \shf «|)_. 'K° 12785 186102 193921 
1 

15 21 0.0462 0.1.58 100 0.376 B ca 

110 \s3d-U6f ::>)_:>p 

(79) 
10912.9 186102 195263 15 21 0.0212 0.0531 28.6 0.099 B ca 

111 Is 4s— ls4p lS_:l|.o [108800] 190298 191217 3 9 0.00227 1.21 1300 0.560 B Cll 

112 ls4s— ls5p -'S-3P° [28542] 190298 193801 3 9 0.00128 0.0468 13.2 -0.852 B in 

113 ls4s — ls6p »S-3P° [20425] 190298 195193 .1 9 0.00! 47 0.0276 5.57 -1.082 B i a 

114 ls4p — ls5s :.l>°_:.S [46936] 191217 193347 9 3 0.0202 0.223 310 0.302 B ia 

115 ls4p — h6s Spo_3g [26881] 191217 194936 9 3 0.00915 0.0334 26.6 -0.522 B rii 

116 ls4p— is7s 3p°_lS [21494] 191217 195868 9 3 0.00543 0.0125 799 - 0.947 B en 

117 Is4p-ls8s 3po'_3S [19063] 191217 196461 9 3 0.00340 0.00618 3.49 -1.255 B in 

118 Is4p-!s4</ 3|>c_:i() [439440] 191217 191445 9 15 4.15xl0-> 0.200 2610 0.256 B Cll 

119 ls4p — ls5</ :>p°_i|) [37026] .'91217 193917 9 15 0.0129 0.442 485 0.600 B Cll 

120 lslp — ls6t/ i|»°_ *I) [24727] 191217 195260 9 15 0.00795 0.121 89.0 0.039 B Cll 

121 \s\d— Is'tp :>D_'P° [42430] 191445 193801 15 9 0.00333 0.0539 113 - 0.092 B ca 

122 Is4</-ls6p :.f)_.1(»o [26671] 191415 195193 15 9 0.00160 0.0i02 13.5 -0.813 B en 

123 Is4,/-ls4/ «D-l° [1.39 x 10" ]   191445 191452 15 21 8.15x10'° 0.00331 2270 -1.305 B en 

124 ls4</- 1*5/ 1D_;.p [40365] 191445 193921 15 21 0.0260 0.888 1770 1.125 B i ii 

125 1SW-1S6/ 3D_3Fo [26185] 191445 195263 15 21 0.0130 0.187 242 0.448 B in 

126 \sld- Is If •|)_«F° [21608] 191445 196071 15 21 0.00734 0.0720 76.8 0.033 B ca 

127 1*4/- ls5,/ *F°- *I) [40550] 191452 193917 21 15 5.25 x 10~4 
0.00924 25.9 -0.712 B Cll 

128 
  

1$4/- ls6</ 
  

ap_3D [26251] 191452 195260 21 l."> 2.51 x 10-4 
0.00185 3.36 -1.410 B 111 

15 
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LITHIUM 

Lil 

Ground State l.s*2s 2S, 

Ionization Potential 5.390 eV =43487.19 cnr" 

Allowed Transit ions 

List of tabulated lines: 

Wavelength [A] No. Wavelength [A] No. \\ avelength [A] 

28417 

N, 

2333.94 12 10510.6 28 38 
2340.16 11 10792.1 21 38081 40 
2348.22 10 10919.1 33 40294 45 
23S8.')2 9 11032 1 24 40562 47 
2373.55 8 12237.7 27 41791 42 

2394.36 7 12793.3 32 47804 50 
2425.41 6 12928.9 30 54633 37 
2475.06 ;> 13557.8 23 68592 34 
2562.31 4 17546.1 26 70319 53 
2741.59 3 18586.8 36 74379 56 

3232.63 2 18703.1 31 75010 57 
3985.5 16 19274.8 29 77145 54 
4132.6 19 24464.7 22 102850 51 
4273.1 15 24971 35 13% 10 49 
4602.9 18 25197 41 279490 25 

4971.7 14 26201 46 650000 39 
6103.6 17 26260 48 1261000 52 
6707.8 1 26536 43 1.04 x 107 55 
8126.4 13 26877.8 20 1.47 x 107 44 

The transition probabilities for the 2s —2p, 2p — 3s, 2p — 3d, 3s —3p, and 3p — 3d transitions 
are taken from the dipole length calculations of Weiss [1J. The values for the 2s —up (« = 3 . . . 13) 
transitions are selected from the anomalous dispersion measurements of Filippov [2] normalized 
to Weiss'/-value for the resonance transition 2s — 2p. For this series, preference is given to 
Filippov's experimental values since the theoretical methods show strong cancellation effects in 
the transition integral. Uncertainties of not more than 10% arc indicated by the very good agree- 
ment of the selected material with other determinations. 

Reference; 

[1]  Weiss. A  W.. Aslrophys. J. 138, 1262-1276 11963). 
|2|  Filippov, A. Y. /.. Physik 69, 526-547 119.311: Zhur. Eksptl. i Teure,. Hz. 2, 24-41 (1<«2> (translated in  "Optical Tran 

sition Probabilities," Office "I Technical Services, IS. Departmein nf Commerce, W ashinjjton, U.V.,). 
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Li I.     Allowed Transitions 

No. 
i 

Transition 
Arra> 

Multiple! MAI ftcin  '1 A'ftirm  'l Hi gk Aidsec-') U Slat.u.) l«'d ef 

 j 

\ccu-j 
racy 

Source 

! •ls-'lp 2g _ *p° 

III 
0707.8 0.00 14903.9 1 6 3.72 x 107 0.753 33.3 0.178 A 1 

_> 2s-Tip 
(2) 

3232.63 0.00 30925.4 2 6 1.17x10* 0.00552 0.117 -1.957 B 2 

3 Is - 4p , <   _ 2p° 

ll uvl 
2741.19 0.00 36469.6 2 6 1.42 x 10»: 0.00480 0.0866 -2.018 B 2 

1 2.i> — 5p 2«$ _ 2p° 

(2 uv) 
2.562.31 0.00 39015.6 2 6 1.07x10« 0.00316 0.0533 -2.199 B 2 

5 2s - bp 2S - -'|>° 

(3 uvi 
2475.06 0.00 40390.8 2 6 6.97 x 105 0.00192 0.0313 - 2.416 B 2 

6 2s — ~p 2g _ 2po 

(4 uv» 
2425.41 0.00 41217.4 2 6 4.84 x 105 0.00128 0.0204 - 2.592 B 2 

i 2s - Hp 2g _. 2p° 

(5 uv) 
2394.36 0.00 41751.6 2 6 3.55 x 10s 9.16 x 10-' 0.0144 -2.737 14 2 

8 2s - 9p *S-2P° 2373.55 0.00 42118.3 2 6 2.68 x 10s 6.79 X 10-' 0.0106 -2.867 B 2 

9 2s-lüp 2$ _ 2p° 2358.92 0.00 42379.2 2 6 2.09x10* 5.22 x 10-' 0.00811 -2.981 B 2 

10 2s-lip 2S_2pc. 2348.22 0.00 42569.1 2 6 1.65 x 10* 4.08 x 10 ' 0.00631 - 3.088 B 2 

11 2s-Up 2£_2p° 2340.16 0.00 42719.1 2 6 1.34 x 105 3.29 x 10-' 0.00507 -3.182 B 2 

12 Is-Up 2S_2po 2333.94 0.00 42832.9 2 6 1.09 x 10s 2.67 x 10' 0.00410 -3.273 B 2 

13 2p-3s 2po_2S 
(3) 

8126.4 14903.9 27206.1 6 2 3.49 x 107 0.115 18.5 -0.160 B + 1 

14 2p-h 2p°_2$ 

(5) 
4971.7 14903.9 35012.1 6 2 1.01 x 107 0.0125 1.23 -1.116 B • a 

15 2p — 5.s 2P°-2S 4273.1 14903.9 38299.5 6 2 4.60 x 10« 0.00420 0.355 -1.599 B ra 

16 2p —6s '-'P°-2S 398S.5 14903.9 39987.6 6 2 2.50 x 10« 0.00198 0.156 - 1.924 B ra 

17 2p-M 2P0_2D 

(4) 
6103.6 14903.9 31283.1 6 10 7.16 X 107 0.667 80.4 0.602 B + 1 

18 2p-\d 2po_2D 

(61 
4602.9 14903.9 36623.4 6 10 2.30 x 107 0.122 11.1 -0.137 B ra 

19 2p-hd >p°_2|, 4132.6 14903.9 39094.9 6 10 1.06 X107 0.0453 3.70 - 0.566 B ra 

20 3s -3p 2S_2p° 26877.8 27206.1 30925.4 2 6 3.77X10« 1.23 217 0.389 B + i i 

21 3s-4p 2S_2po [10792.1] 27206.1 36469.6 2 6 3.69 x 103 1.93 x 10' 0.0137 -3.413 B ra 

22 3p-4s 2po_2g f;4464.7 30925.4 35012.1 6 2 7.46 x 10« 0.223 108 0.127 B ra 

23 3p- ^ 2|'°_2S 13557.8 30925.4 38299.5 6 2 2.76 x 10« 0.0254 6.80 -0.817 B ra 

24 3p-6s 2|>o_2S 11032.1 30925.4 39987.6 6 2 1.44 x 10« 0.00874 1.90 -1.280 B ra 

25 3p-.V .po_2[) [279490) 30925,4 31283.1 6 10 3.81 x 103 0.0743 410 -0.351 B 1 

26 3p-4</ 2J>°_»P 17546.1 30925.4 36623.4 6 10 6.85 x 10« 0.527 183 0.500 B ra 

27 3p-5,/ 2|>°_2|) 12237.7 30925.4 39094.9 6 10 3.41 x 10« 0.128 30.9 -0.116 B ra 

28 3p-6</ 2po_2D 10510.6 30925.4 40437.3 6 10 1.94 x 10« 0.0534 11.1 - 0.494 B ra 
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M  l< niH'vwu    1 lumillllin — ■. ../m I .1 ... K 

\.,. 
1 

Transition 
A nay 

Multiple! 

  

A(Ä) A'.utn ') £t(cm~') # t'< Ak,i>rr   M fik 

T 1 

.S'(at.u.) 

-      4 
\ccu 
rai\ 

l; 

Sour« i 

29 3</-4p •'l)-!PD 19274.8 3128:1.1 36169.6 10 (> 5.52 x 10» 0.0184 11.7 

[ 
-0.731 1 in 

30 3d-5p ,D_2,,o |! 2928.9 j 31283 1 39015.6 10 6 2.31 x 10"' 0.00348 1.48 - 1.159 i; i a 

31 3t/-4/ :D-^F° 18703.1 3128:3.1 36630.2 10 14 1.38 x 107 1.01 625 1.006 B in 

32 3d-5/ ,[}_,Fo 12793..'. 31283.1 39104.5 10 14 4.63 x 10« 0.159 67.0 0.201 | 15 VII 

33 3d-6/ -D--; ° |10919.1| 31283.1 |40439.()| 10 14 2.11 x 10s 0.0529 19.0 -0.277 1? i a 

34 4s-4p 2S_-.po [68592| 35012.1 36469.6 2 6 7.72 x 10s 1.63 73 7 0.511 11 in 

35 4s — 5p 2^_2|>° [249711 35012.1 39015.6 2 6 2.07 x 1(>' 5.81 x UV* 0.0955 - 2.935 | B ia 

36 4s— bp 2S_Sp° [18586.81 35012.1 40390.8 •) 6 8.38 x 1(>' 0.00130 0.159 - 2.585 11 in 

37 4p-5s ;.pC._0S [54633] 36469.6 38299.5 6 2 2.25 x 10« 0.335 362 0.303 B ru 

38 4p-6.v ^p°_^S [28417[ 36469.6 39987.6 6 2 9 22 x 10s 0.0372 20.9 - 0.651 B ,,, 

39 4p-4d 2p=_2[) [6500001 36469.6 36623.4 6 10 1.28 x K)1 0.135 mo -0.091 B rit 

40 4p — 5</ 2I>°_2[) [380811 36469.6 39094.9 6 10 1.36 x 10« 0.494 372 0.472 B in 

41 \p-bd -p0-^) 1251971 36469.6 40437.3 6 10 8.19X 10» 0.130 64.6 
j 

-0.108 B ia 

42 \d—5p 2[)_2po [41791] 36623.4 39015.6 10 6 2.86 X 10» 0.0450 61.9 -0.347 '' B ru 

43 W-6p *D--P° [26536] 36623.4 40C90.8 HI 6 1.39 x I0r- 0.00879 7.67 - ir56 B in 

44 4</-4/ ^D-^K° [1.47 X 107] 36623.4 36630.2 10 14 6.90 x 10 - 0.00313 1520 - 1.504 B ru 

45 W-5/ 2D_2Fo [40294] 36623.4 39104.5 10 14 2.58 x 10s 0.878 1160 0.914 B in 

46 4c/-6/ ,D_2Fc [262011 36623.4 ]40439.0| 10 14 1.30 x 10« 0.187 161 0.272 B in 

47 4/-5c/ *F°-2D [40562] 36630.2 39094.9 14 10 5.23 x 10" 0.00922 17.2 -0.889 B ru 

18 4/-6d -F°--D [26260] 36630.2 40437.3 14 10 2.50 x Hi4 0.1X1185 2.21 - 1.587 B ru 

49 5s — 5p 2S_-'|I0 |139610| 38299.5 39015.6 2 6 2.33 x !(!• 2.05 1880 0.612 B i n 

.">() 5.s — 6p *S-2P° [47804] 38299.5 40390.8 2 6 1.72 x 10' 0.00177 0.557 -2,151 B <it 

51 5p — 6s 2po_2S [102850] 39015.6 39987.6 6 2 8.48 x I05 0.448 911 0,130 B ru 

52 5p — 5rf 2p°_2D [12610001 39015.6 39094.9 6 10 4.78 x 10- 0.190 4730 0.057 B ru 

53 5p — 6f / 2po_2D [70319] 39015.6 40437.3 6 10 3.98 X 10» 0 491 683 0.470 1? rit 

54 5(/ — 6p 2|)_2p° [77115| 39094.9 40390.8 10 (, 1.42 x 10s 0.0758 192 -0.121 B in 

55 5d-5/ q)_:>K0 (1.04 x 107] 39094.9 39101.5 10 14 0.696 0.0159 5440 - 0.800 B ru 

56 5c/-6/ *r)-'F° 174379] 39094.9 [40439.01 10 14 7.22 x 10» 0.838 2050 0.924 B ru 

57 5/-6,/ üF°-*D 175010] 39104.5 40437.3 14 10 4.19 x 10' 0.0252 87.3 - 0.452 B ri' 
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Li II 

(«round Stale Is2 'So 

Ionization Potential 75.619 eV =610079 cm"' 

Allowed Transitions 

List of tabulated lines: 

Wavelength [A] No.   | Wavelength [A] No.      Wavelength [A] No. 

178.015 2 1653.2 3! 3306.5 17 
199.2C> 1 1681,8 10 3684.1 39 
861.So 30 1755.5 6 4156.3 14 
"41.72 29 2605.1 47 4325.7 45 
972.30 34 2657.3 43 4637.8 23 

1018.0 37 2674.43 40 4671.8 50 
1031.9 33 2728.4 52 4678.4 24 
1044.3 9 2730.7 26 4787.5 19 
1093.2 5 2767.1 21 4840.8 48 
1102.6 12 2790.5 18 4881.3 41 

1109.0 8 2952.5 15 5038.7 16 
1132.0 36 3029.1 46 5484.8 27 
1166.7 32 3155.4 42 9562.2 3 
1198.3 28 3195.8 51 21091 38 
1237.4 11 3199.4 25 33661 13 

1253.5 t 3235.7 49 57324 44 
1420.7 4 3250.1 20 21136J 22 
1493.2 35 

The values are selected from Weiss' calculations [1] or, when not available, from the Coulomb 
approximation. The transition probabilities determined by Weiss are the result of extensive non- 
relativistic variationa! calculations. Values have been determined in both the dipole length and 
dipole velocity approximations and agree to within 19t, except for the 3p >]>°~ 3d 'D transition 
where agreement is not as good.    The average of the two approximations is adopted [1]. 

Ref. erenee 
11]   Weiss, A. V*., private communication (1964). 
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Li II.    Allowed Transitions 

—1 

N... Transition 
Arra> 

Multiplt-i At AI fitem 'l £*(<m  'I *■ «* /**.<*<•<•') U Statut 1«* «/ 
ran 

1 W-\stp 'S-'P0 

(1   UV) 

199.282 0 501816 1 3 256 0.457 0.300 - 0.340 A 

2 la*-b3p 'S-'P° 
(2 uv) 

178.015 (i 561749 1 3 77.9 0.111 0.0651 - 0.955 A 

3 ls2s — \s2u 'S —»P0 [9562.2| 471361 501816 1 3 0.0518 0.213 6.71 - 0.672 A 

4 ls2s - is3p 'S-'P0 11420.71 491361 561749 1 2.82 0.256 1.20 -0.592 A 

5 Is'Zs— isip 'S-'P° |1093.2] 491361 582832 1 3 1.32 0.0712 0.256 - 1.147 B 

6 \s'2p — Isis 'P0-'S 11755.5] 501816 558779 3 1 2.04 0.0314 0.544 -1.026 B 

i b2p-ls4s ■P'-'S [1253.5] 501816 581590 3 1 0.776 0.00609 0.0754 -1 738 B 

8 1 s2p — l.s5s 'P°-'S 11109.0] 501816 591984 3 1 0.382 0.00235 0.0257 -2.152 B 

9 Is2p-ls6s 'P°-'S [1044.3] 501816 597574 3 1 0.214 0.00117 0.0120 -2.456 B 

10 Is2p-lä3d 'P0-'D [1681.8] 501816 561276 3 .> 10.1 0.714 11.9 0.331 A 

11 ls2p — ls4ri jP0-'D [1237.4] 501816 582631 3 5 3.10 0.119 1.45 - 0.448 B 

12 ls2p— ls5d ip°_it) [1102.6] 501816 592508 3 5 1.37 0.0415 0.452 - 0.905 B 

13 ls3s— ls3p :S- 'P° [33661| 558779 56i749 1 3 0.00710 0.362 40.1 -0.442 B 

14 1s3s— 1s4p i§_ ip° 

(3) 
4156.3 558779 582832 1 3 0.343 0.267 3.65 - 0.574 B 

15 Ls3s — ls5p 'S-'P° [2<*5?.5| 558779 592639 1 3 0.202 0.0791 0.769 -1.102 B 

16 ls3p— ls4s l|»°_!S [5038,71 5(1749 581590 3 1 0.541 0.0687 3.42 - 0.686 B 

17 ls3p- l.^S.s ■P'-'S [3306.5] 561749 591984 3 1 0.252 0.0138 0.449 - 1.384 B 

18 ls3p — \sbs '1>0— 'S [2790.5] 561749 597574 3 1 0.139 0.00542 0.149 -1.789 B 

19 b3p-ls4d 4'°— 'I) [4787.5] 561749 582631 3 5 1.14 0.654 30.9 0.293 B 

20 UZp-U5d '!,0-'I) [32  U| 561749 592508 3 5 0.528 0.139 4.18 -0.379 B 

21 Is3p~h6d 'P°-'D [2707.1] 561749 597877 3 5 0.289 0.0552 1.51 -0.781 B 

22 b3</-ls3p l|)_.po [211360] 561276 561749 5 3.98 x 10 •    0.0160 55.7 -1.097 B 

23 KW-ls4/> '1)-'P0 [4637.8] 561276 582832 5 3 0.0471 0,00911 0.695 -1.342 B 

24 \s;,d- Is If 'D —>F° [4678.4] 561276 582645 5 i 2.21 1 02 78.2 0.706 B 

2.> \s3d-U5f 'D-'F° ,1199.4] 561276 592523 5 i 0.736 0.158 8.33 -0.102 B 

2ft UM-hft/ »D-'F0 [2730.71 561276 597886 5 7 0.338 0.0528 2.38 -0.578 B 

27 1.S2.S- U2p 
(1) 

5484M 176046 494273 3 9 0.228 0.308 16.7 -0.034 A 

28 l.s2.s — b3p iS —sp° [1178.3] 476046 559501 3 9 2.88 0.186 2.20 -0.253 A 

29 b2s-b4p »S — sp» [944.721 176046 581897 3 9 1.39 0.0558 0.521 -0.776 B 

30 Is 2s — b"5p »S_ :ipo [861.36] 476046 592141 3 9 0.722 0.0241 0.205 -1.141 B 

31 \s2p- l.s.ls 'I'°— 'S [1653.2! 494273 554761 9 3 2.85 0.0390 1.9L -0.455 B 

32 Is2p- b4s 4'° _ :t.S [1166.7] 494273 579982 9 3 1.02 0.00697    | 0.241 -1.202 B 

Source 
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Al AI 

Li II.    Allowed Transitions — Con tinued 

\... Transition MuliiplH £,<<m ') £»w-m ') g< #» ^*i<sec-') /.» .Slat.u.i !"£/</ Accu- Source 
A rray 

3|»= _':is 494273 

racy 

33 \s2p~ is5$ 11031.9] 591184 9 3 0.490 0.00261 0.0797 -1.630 B ca 

34 \$2p — \sbs jpo _ 3S [972.30] 494273 597122 9 ■* 0.270 0.00128 0.0368 -1.939 B ra 

35 \s2p — hit/ ipo_3D [1493.2] 494273 .561245 9 15 11.2 0.625 27.7 0.750 A 1 

36 \s2p-\s\d .p°_>Ij (1132.0] 494273 58:612 9 15 3.80 0.122 4.08 0.039 B ca 

37 \s2p— \s5J apo _ 3[_) [1018.0] 491273 592505 9 15 1.78 0.0461 1.39 - 0.382 B ca 

38 Is'Ss— ls3p .is; _ ap» [21091] 554761 559501 3 9 0.0254 0.509 106 0.184 B ca 

39 ls3s — Isip 
(2) 

3684.1 5.54761 581897 3 9 0.309 0.189 6.86 -0.248 B re 

40 Is'.is— \sr>p 3S - 3p» 

(4 uv) 
2674.43 554761 59214! 3 9 0.192 0.0617 1.63 -0.733 B ca 

4! ls3p — ls4s :ipo _ :;s 

(4) 
4881.3 559501 579982 9 3 0.711 0.0850 12.3 -0.116 B rn 

42 Isip — \s5s •4'°-3S [3155.4] 559501 591184 9 3 0.318 0.0158 1.48 -0.846 B m 

43 \s3p— Isbs 3p° 3»^ [2657.3] 559501 597122 9 3 0.172 0.00606 0.477 -1.263 B in 

44 ls3p — IsSd !Pr-3D [57324] 559501 561245 9 15 0.00110 0.0904 154 -0.090 A 1 

45 Isip— \s-\d ,po_3[) 

(5) 
4325.7 559501 582612 9 15 1.09 0.508 65.1 0.660 B ca 

46 IsSp— ls5</ 3p°_3[) [3029.1] 559501 592505 9 15 0.549 0.126 11.3 0.054 B ca 

47 ls3p — \sbd ip°_.i[) [2605.1| 559501 597876 9 15 0.312 0.0530 4.09 -0.322 B ca 

48 ls3rf— ls4p 3D_3po [4840.8] 561245 581897 15 9 0.0941 0.0198 4.74 -0.527 B ca 

49 ls3</ — ls5p .D_3p° [3235.7] 561245 592141 15 9 0.0391 0.00369 0.589 -1.257 B ca 

.SO )s3</-ls4/ 3D_3F0 [4671.8] 561245 582644 15 21 2.21 1.01 234 1.182 B ca 

51 Is3rf-ls5/ 'D- !F° [3195.8] 561245 592527 15 21 0.739 0.158 25.0 0.376 B ca 

52 Ls3«/-ls6/ :,D_:,p [2728.41 561245 597886 15 21 0.339 0.0530 7.14 -0.100 B ca 
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BERYLLIUM 

Bel 

Ground State \s-2s- "S„ 

Ionization Potential 9.320 e\ =75192.29 cm1 

Allowed Transitions 

The results taken from Weiss' self-ronsisten! Held calculations [1] are estimated to be accu- 
rate to 10-25 percent because of the flood agreement between the dipole length and velocity approx- 
imations and because ol the inclusion of configuration interaction. The average ol the two 
approximations is adopted [1]. For the resonance line the adopted value is within 10 percent 
of the result of calculations of Bolotin and Yutsis [2], who include configuration interaction in a 
more limited way. The Coulomb approximation, employed for the other transitions, is not con- 
sidered to be very reliable here since the lower state has the same principal quantum number as 
the ground state. 

References 

[1]  ^Äeij-s. A. W.. private rommunicalmn 11964). 

[2]  B«.ioiin. A. B.. and Yut>i>. A  P., Zhur. Eksptl. iTeorct. Vu. 24, 537-54311 *>-S.-t i < Translated in "(>|>ti< alTransitii.n Prob- 
abilities," Office of Technical Services, I .S. Department of'Commerce. \fc ashinpton. I).(!.i, 

Be I.    Allowed Transitions 

No. Transition 
Array 

Multiple! A( Al £,<em  '1 Etlcni '1 g< gk AkA 10" sec-') A .Slat, u.i l"H K) Accu- 
racy 

Source 

1 2s1- 
2s2p(-S)2p 

'S — 'l'° 
(1   UV! 

2348.61 0.0 42565.3 1 3 5.47 1.36 10.5 0.133 C-f 1 

2 2s2p — 2p2 ip°_:ip 

(2 uv) 
26.50.6 219H0.1 5"6°5.8 9 9 4.42 0.466 36.6 0.623 C + 1 

3 'P°-'S [3455.2] 42565.3 71198.9 3 1 2.21 0.132 4.50 - 0.403 c 1 

4 2s2p- 
2sf-Si3s 

3po_3$ 

11) 
UJi.J Jl'MO.I 52080.9 9 3 0.62 0.034 3.4 -0.51 1) ra 

.i 'P°-'S 
(2) 

8254.10 12565.3 54677.2 3 1 0.38 0.13 11 -0.41 I) ra 

6 2s2p- 
2s(2$)M 

:ip°_3[) 

(3  11VI 
2494.6 219M.1 62053.6 9 15 :.o 0.16 12 0.15 I) C(t 

7 ip°_>I) 
13) 

4572.67 12565.3 64428.2 3 5 0.37 0.19 8.6 -0.24 I) ra 

8 2*2/»- 
2ä(

2
SI4.S 

ip°_'S 
(4) 

4407.91 42565.3 65245.1 3 1 0.090 0.0087 0.38 -1.58 I) ra 

9 2s2p - 
2s(2Si4rf 

ip°_'[) 

(5) 
3813.40 42565.3 68781.2 3 5 0.23 0.084 3.2 -0.60 I) ra 

10 2s2p - 
2.$l2S;5.s 

4*°-'S 
(6) 

3736.28 42565.3 69322.3 3 1 0.038 0.0027 0.099 -2.10 I) ra 

11 2s2p- 
2s(2S)5</ (7) 

351.",..")} 42565.3 71002.3 3 5 0.13 0.041 1.4    j -0.91 1) ra 
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Forbidden Transitions 

Naqvfs calculations [1] arc the only available source. The results tor the 'p0 — ^10 transi- 
tions are essentially independent of the choice of the interaction parameters. For the !P°~ 'P° 
transitions, Naipi uses empirical term intervals i.e., the effects of configuration interaction should 
be partially included. 

Reference 

|1| Naqw. A. M . Thesis Harvard (19511 

Be I.    Forbidden Transitions 

No. Transition Array Multiple! MAI £■,(<■ m 'i Etlcrn-') £> gt 
Type of 
Transi- 

tion 
AkA sec ') 

I 
1 
1   .Slat.u.I Accu- 

racy 
Source 

1 'Is'lp — 2,v(2S)2p :ipo _:ip° 

[14 7xl07] 
[42.6 x 10«] 

21978.25 
21979.93 

21979.93 
21981.28 

1 
3 

3 
5 

m 
m 

5.66 x lfr1- 
1.74 x 10 '" 

2.00 
2.50 

B 
B 

1 
1 

1 ■'•\>° _ 1 p° 

4856.1] 
4856.5] 
4856.8] 

21978.3 
21979.9 
21981.3 

42565.3 
42565.3 
42565.3 

1 
3 
5 

3 
3 
3 

m 
m 
m 

9.6 x 10-7 

0.0092 
1.19 x 10" 

1.22 x 10-" 
1.17x10 * 
1.52x10" 

C 
c 
c 

1 
1 
1 

Ground State 

Bell 
ls22s2S, 

lonization Potential 18.206 eV= 146881.7 cm"1 

Allowed Transitions 

The values taken from Weiss' calculations [1] are estimated to be accurate to within 10 per- 
cent because of the very close agreement between his dipole length and dipole velocity approxi- 
mations, except for the case of the 3p — 3d transition where somewhat larger divergencies occur. 
Pile values calculated with the dipole length approximation are adopted. 

Reference 

[1] Weiss. A. W., Astmnhys. J. 138, 1262-1276 11963). 
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Be II.    Allowed Transitions 

N... Transition 
Array 

Mullipiel \i A i £,Um 'l £i4(>m  M 

—1 

ft). Aanv -«■<• 'i U .Si a:, u.i log gf \rili- 
ra<> 

Source 

i 2s-2p 
(1) 

3/.?0.6 0.0 ,1/V.lU 2 (t 1.15 0.505 10.4 0.004 A 1 

2 2s —Zp 2*s _-P° 

(1  UV) 
1036.27 0.0 9o497.r> 2 6 1.66 0.0804 0.549 -0.794 B I 

3 2p —3s 2p°_2J^ 

(3 uv! 
/ 776.2 31933.2 88231.2 6 2 4.22 0.0665 2.33 -0.399 B + 1 

-l 2p-$d :p°_2D 
(4 uv) 

1512.4 31933.2 98053.2 6 10 11.4 0.652 19.5 0.592 B + 1 

5 3s —3p •J_2P° 12094 88231.2 96497.6 2 fx 0.128 0839 66.fi 0.225 B 1 

6 3s — ip *S-2P° 
(2) 

3274.64 88231.2 118760 2 6 0.143 0.0691 1.49 - 0.860 B rti 

7 3p-\s 2P°-2S 
(3; 

.5270.7 96497.» 115465 6 2 0%9 0.134 14.0 -0.093 B ca 

8 3p —5s 2p°_»$ 
(5) 

3247.7 96497.6 127336 6 2 0.410 0.0216 1.38 -0.888 B ca 

9 3P-;W 2p°_*D 64266 96497.6 98053.2 6 10 7.83 x 10 4 0.0808 103 -3.314 B 1 

10 3p-4rf 2p°_2[) 
(4) 

4360.9 96497.6 119422 6 10 1.09 0.519 44.7 0.493 B ru 

11 3<f-4/ *D-*F° 
(6) 

4673.46 98053.2 119445 10 14 2.21 1.01 156 1.006 B ca 

Ground State 

Belli 
Is2 'So 

Ionization Potential 153.850 eV = 1241255 cm- 

Allowed Transitions 

The results of extensive non-relativistic variational calculations by Weiss [1] are chosen. 
Values have been calculated in both the dipole length and dipole velocity approximations and agree 
to within 1 percent, except for the 3p !P° —3^/'D transition where agreement is not as good. The 
average of the two approximations is adopted [1]. 

Reference 

[1]  Weiss, A. W.. private communication (19641. 
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Belli.    Allowed Transitions 

\... 1 ransilion 
Arra> 

Multiple) X(\i f.'piiin  'I i'tlcm '» g> gk .4kl{](T sec M /.* .S'lai.u.» l»e«/" Accu- 
racy 

Source 

1 \s*-\s2p :S-'P° [100.25] 0 997466 1 3 1220 0.552 0.182 -0.258 A ! 

_> Ls*-ls3p 'S-'P° [88.314] 0 1132323 1 d 362 0.127 0.0369 -0.8% A i 

3 Is2s-\s2p lS_l|>c [6141.2] 981187 997466 1 3 0.0877 0.149 3.02 -0.827 A 

} \s2s— ls3p 1 s —»1 *° [398.19] 98!187 1132323 1 3 42.8 0.305 0.400 -0.516 A 

5 ]s2p — \sid ' I»°—* I> 1746.70] 997466 [1131389J 3 5 51.0 0.711 5.24 0.329 A 

6 \sid- hip >1>_>I*° [107000]? [11313891 1132323 5 3 1.32 x 10 * 0.0136 24.0 -1.168 C + 

7 \s2s~ \s2p :)S_:i|»o [3721.H] [9564%] [98.W57] 3 9 0.342 0.213 7.83 -0.195 A 

8 ls2s — Is'.ip 3§_3p [583.01] [9564%] [1128020] 3 9 16.5 0.252 1.45 -0.122 A 

9 Is2p-h3d •ip°_3|) [675.66] [983357] [1131360] 9 15 56.1 0.640 12.8 0.760 A 

ui Is3p-U3d 3,»o_3D [29930]? [1128020] [1131360] 9 15 0.00318 0.0712 63.1 -0.193 A 

BORON 

(Ground State 

BI 
ls22s22p2P0

l2 

lonization Potential 8.2% e\= 66930 cm"1 

Allowed Transitions 

The values for the 2^.22p -2s2p2 (2P° —2D, 2S, 2P) transitions are taken from the calculations 
of Bolotin and \ utsis [1], who employ analytical one-electron wave functions. Self-consisten! field 
calculations of Tsiunaitis and Yutsis [2] have been adopted for the 2p 2P° — 3s 2S transition. Since 
both determinations take into account the important effects of configuration interaction only in a 
limited way, large uncertainties are expected. 

References 

|1| Bolotin, A. B.. and Yutsis, A. P.. Zhur. Eksptl. i Teoret. Fiz. 24, 537-543 (1953) (Translated in "Optical Transition 
Probabilities," Office of Technical Services, U.S. Department of Commerce, \& ashington, D.O. 

[2] Tsiunaitis. <;. K.. and Yutsis. A. I'.. Soviet Phys.-JETP 1, 358-363 (1955). 
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Bl.   Allowed Transitions 

\... Transition 
Array 

Multiple! At Al A'.lcm 'I A'tlein  '1 

6 

4 
2 
4 

10 

6 
4 
4 

.4*,! 10" sec  '1 

2.2 

2.1 
1.8 
0.36 

f,k             S«at .u.l 

0.24                 9.7 

0.21                 5.8 
0.23                 3.2 
0.024               0.65 

log «/ 

0.1.5 

-0.07 
-0.3.3 
- 1.02 

\««tj. 

K 

Y 
Y 
Y 

SotlttT 

1 2s22p-252p= 2p°_2l) 

(2 uvi 
2089.3 

2089.57 
2088.84 

(2089.61 

10 

15 
0 

15 

47857 

47R57 
47857 
47857 

1 

Is 
Is 
Is 

2 2p°_2S 1573.5 10 6.356 i 6 •> 1.3 0.16 5 1 -0.01 Y 1 

[1573.7] 
[1573.3] 

15 
0 

63.561 
6.f561 

4 
2 

2 
■> 

8.8 
1.4 

0.16 
0)6 

.3,1 
1.7 

- 0.18 
-0.48 

Y 
Y 

Is 
Is 

3 2p°_2p 1.178.7 10 72543 6 6 2.3 0.66 18 0.60 Y 1 

j!378.7| 
[I378.6J 
11378.9) 
|1378.4| 

1.5 
0 

15 
0 

72547 
725.35 
725.3.5 
72547 

4 
2 
4 
•> 

4 
2 
2 
4 

19 
15 

I . t 

3.9 

0.55 
0,14 
0.11 
0.22 

10 
1.0 
2.0 
2.0 

0.34 
- 0.05 
-0.36 
- 0..36 

Y 
V. 
Y 
Y 

Is 
Is 
Is 
Is 

4 2p-('S|3s 2p°_2s 

(1 uv) 
24*7.4 10 10040 6 2 3.6 0.11 5.5 -0.17 I) 2 

2497.72 
2496.77 

1.5 
0 

4<HH0 
40040 

4 
2 i 2.4 

1.2 
0.11 
0.11 

3.7 
1.8 

- 0.35 
-0.66 

1) 
[> 

Is 
Is 

5 3s-l'S)3p ,S_2,,c, llhhl 10040 mo it •> 6 0.174 1.07 82 0.3.30 C 1II 

11660 
11662 

40040 
40040 

1861.3 
18612 

2 
2 

I 
2 

0.174 
0.171 

0.71 
0.355 

54 
27.2 

0.1.52 
-0.149 

(. 
<; 

Is 
Is 

6 3p-('Sl3J 2p°_2|) 16243 48613 54768 6 16 0.1.38 0.90 291 0.73 <: ra 

16245 
16240 
16245 

4861.3 
48612 
48613 

54768 
54768 
54768 

4 
2 
1 

6 
1 
1 

0.138 
0.115 
0.0230 

0.82 
0.91 
0.091 

175 
97 
19.4 

0.51 
0.259 

-0440 

<: 
<: 
c 

Is 
Is 
Is 

- 3p-l'S)4ä 2p°_2s 10628 mi.i 55010 6 2 0.151 0.188 58 0.052 c cu 

15629 
15625 

48613 
48612 

55010 
55010 

1 
2 

> 0.103 
0.051 

0.188 
0.188 

38.8 
19.1 

-0.123 
-0.424 

c 
<: 

Is 
Is 

8 3p-('S).5s 2po_2fc| «66«./ 48613 60116 6 •> 0.0186 0.0182 3.12 -0.96 <: ra 

8668.6 
8667.2 

4861.3 
48612 

60146 
60116 

1 
2 

■» 

2 
0.0.324 
0.0162 

0.0182 
0.0182 

2.08 
1.04 

- 1.137 
-1.438 

<: 
c 

Is 
Is 

Forbidden Transitions 

Naqvi's calculation [1] of the one possible transition in the ground state configuration 2p is the 
only available source. The line strength should be quite accurate, since it does not sensitively 
depend  on  the choice of  the  interaction parameters. 

Ref ■tereiice 

|l| Vi.|vi.  \. \l . Thesis ll.irsard ("i9.51| 

Bl.     Forbidden Transitions 

No. Transition Array Multiple! Al A) frlcrrr') £*l •tn '» A'. A 

Type ol 
Transi- 

tion 
.-!*,(see   ') >'(at.u.| 

Accu- 
racy Source 

1 2p-2p q»=_q»° [66.0 X 10'] 0 15.15 2 1 m ,3.15 X 10 H 
1 ..3.3 C 1 
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Bll 

< »round Statt* ls-2s- 'S, 

lonization Potential 25.149 eV = 202895 cnr' 

Allowed Transitions 

Except i<»r the 2s3<73D — 2s4/3F° transition, lor which a Coulomb approximation is employed, 
the values are taken from Weiss* self-consistent field calculations [1]. The length and velocity 
approximations disagree noticeably — for the 2s2p 'P0 — 2/r ll) transition by as much as a factor 
of three. The average of the two approximations is adopted [1]. Accuracies within 50 percent are 
indicated by the following comparison: Weiss |lj lias undertaken refined calculations, including 
configuration interaction, for the same transitions in Bel —the first member of this isoelectronic 
sequence —in addition to calculations of the type done for this ion. in all cases the agreement 
with the average of the dipole length and velocity approximations is close. 

Refe rente 

[i| Weiss. A. V» .. private c<inimuni<alio;i (1964). 

Bll.    Allowed Transitions 

No. Transition 
Array 

Multiplet Al-Vl £',((171    'l EiiUm') gi «* A^lti* sc.-'i fik .Slat.u.l W&f Accu- 
racy 

Source 

1 2s-- 
2s\-S)2p 

IS_![>° 

il uv) 
1362.46 0.0 733%. 7 1 3 13 1.1 4.9 0.04 D 1 

2 2.v2/,-2/>- :ip°_.tj> 

(3 uvi 
[1624.0] \37.H50.9] [98925.5] 9 9 8.4 0.33 16 0.48 I) 1 

1623.9«; 
1623.99 
1624.37 

[1624.2] 
1623.57 

[1623.8] 

[37356.4] 
[37340.0] 
[37356.4] 
[37340.0] 
[37340.0] 
[37333.6] 

[98932.7J 
]98918.7] 
[98918.7] 
[98910.3J 
[98932.7] 
198918.7] 

5 
3 
5 
3 
3 
1 

5 
3 
3 
1 
5 
3 

6.3 
2.0 
3.5 
8.5 
2.1 
2.8 

0.25 
0.081 
0.082 
0.11 
0.14 
0.34 

6.7 
1.3 
2.2 
1.8 
2.2 
1.8 

0.10 
-0.61 
- 0.39 
-0.47 
-0.39 
-0.47 

D 
D 
D 
D 
D 
D 

Is 
Is 
Is 
Is 
Is 
Is 

3 ip°_"D 3451.41 73396.7 102362 3 5 2.2 0.65 22 0.29 E I 

t 'PJ-'S [1842.8] 733%. 7 127662 3 1 6.8 0.12 2.1 -0.46 I) 1 

.> 2sM- 
2.sC-!.S)4/ (21 

4121.95 [150649] (174903] 15 21 2.55 0.91 185 1.135 C CO 

Forbidden Transitions 

Naqvi's calculations [1] are the only available source. The results for the 3P0—•p0 transitions 
are essentially independent of the choice of the interaction parameters. For the 3P°—'P° transi- 
tions, Naqvi uses empirical term intervals, i.e., the effects of configuration interaction should 
be partially included. 

Reference 

[1] \a(]vi, A. M., Thesis Harvard (1451). 
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BII.   Forbidden Transition* 

No. Transition Array Multiplrl xiA) £,iciii '.> £<•(<■ m "') fa    fc 
Typt- of 
Transi- 

tion 
.4*,<sec 'i .Slut.u.) 

Art li- 

ra« y Source 

i 2s2p-2j(-S)2p •I[»°_:II>° 

115.6 x 10s] 
[61.0 X 10s] 

[37333.6] 
[37340.0] 

[37340.0] 
[37356.4] 

1 
3 

3 
5 

in 

in 
4.74     10"» 
5.94 x 10" 

2.00 
2.50 B 

1 
! 

2 
3\'°_ 'P° 

[2772.il 
[2772.5J 
[2773.9] 

I37333.6| 
[37340.0] 
[37356.41 

733%. 7 
733%. 7 
73.3%. 7 

1 
3 

.3 
3 
3 

in 
in 
in 

8.5 x I0"s 

0.201 
1.07 x 10 4 

2.02 x 10 • 
4.77 x to * 
2.53 :■ 10 ; 

c: 
c 
c 

1 
1 
1 

Bui 

Ground Stat ate l.s-'2.s2S, . 

Ionization Potential 

Allowed Transitions 

37.920 eV = 305931.1 cm 

The values taken from Weiss' calculations [1] are estimated to he ac urate to within 10 percent 
because of the very close agreement between his dipole length and dipole velocity approximations, 
except for the case of the 3p — 3rf transition where somewhat larger divergencies occur. The values 
calculated with the dipole length approximation are adopted. 

Reference 

|11 VUi*s. A. \V.. Astmphys. J.  138, 1262-1276 (1%3|. 

Bill.    Allowed Transitions 

No. Transition 
Array 

Multiple; Al \) fV.lril!   !l /•.';( (ill   'l 

r  

gi 

2 

gk 

1 2.,-2p ^S-'-'l'0 Jl)h6.:i 0.0 48381.2 6 

■) 2.S-.3/, -'S--!»0 
5/8.2.5 0.0 / 929.56 2 6 

.5 2/> - '6s 2|>°_-'S 75«. (M m:mi,2 180202 6 2 

1 2p-M Zl»°~2t) 677.(79 48.181.2 196071 6 10 

5 3s-3p 2S_S,,o 7H:m.,i 180202 /92956 2 6 

6 3p-3; ■pc _,„ :mm / 929,56 196071 6 10 

- 4p-5<7 -J>0 —-D 
(1) 

1.243.60 242832 266390 6 10 

8 M-5/ 
(2) 

4487.46 2 m 39 266417 10 14 

AkMW sec  'I 

1.91 

12.5 

16.3 

56.8 

0.222 

0.00279 

1.11 

2.10 

0.366 

0.151 

0.0470 

0.651 

0.614 

0.0719 

0.501 

0.887 

.Slat.u.I 

1.98 

0.515 

0.704 

8.71 

31.7 

45.6 

42.0 

1.31 

\»tig.f Accu- 
racy 

0.136 

•0.520 

0.550 

0.592 

0.089 

- 0.365 

0.478 

0.948 

\ 

H 

B + 

+ 

Source 
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Biv 
(imund State 

ionization Potential 

h2 'So 

259.298 eV =2091960 cm"1 

Allowed Transitions 

The* results of extensive non-relativistie variational calculations by Weiss [1] are chosen. 
Values have been calculated in both the dipole length and dipole velocity approximations and 
agree to within 1 percent, except for the 3pll*" — 3</'D transition, v.here agreement is not as good. 
The average of the two approximations is adopted [1]. 

Reference 

[ 1 i  NX «-iss, A. W .. private cunimunication I \'X>lt. 

BIV.    Allowed Transitions 

\... Transition 
Array 

Multiple! A(A) EiU-m-') Ekitm'l fr gk .4A,(10* sec-') /« 5.'at.u.) l"S«f Accu- 
racy 

Source 

1 b2-!s2p 'S— '1'° 160.313] 0 1658020 1 3 3720 0.609 0.121 -0.215 A 

2 Is*-hip i§_ ipo [52.6821 0 1898180 1 3 1080 0.135 0.0234 -0.870 A 

3 Is2s-ls2p 'S-'P0 14499.4] [1635801] 1658020 1 3 0.125 0.114 1.69 -0.943 A 

4 ls'2s— ls3p 'S-'P° [381.13] (1635801] 1898180 1 3 51.0 0.333 0.418 -0.478 A 

5 \s'2p— ls3d 'P°-'D [418.83] 1658020 ]1896780j 3 5 16-: 0.709 2.93 0.328 A 

6 hid- ls3p 'D-'P° [71410]/ [1896780] 1898180 3 2.62 x 10 ' 0.0120 14.1 -1.222 C + 

i Ii2.s-l.s2p 3$ _ :ip° 282X4 1601505 1636Q13 3 9 0.455 0.163 4.55 -0.311 A 

H 1*2ä— ls3p :<S - ''I'0 [344.19] 1601505 j1892046] 3 9 54.6 0.291 0.989 -0.059 A 

9 ls2p — ls3d 4'°-:il) [385.05] 1636913 [18%618] 9 15 175 0.650 7.42 0.767 A 

10 ls3p — IsSd ipc _ iD [2187C]? [1892046] [1896618] 9 15 0.00484 0.0578 37.5 -0.284 A 
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CI 

Ground State !s22s22p2 3PU 

Ionizalion Putentia! 11.264 eV= 90878.3 cm"1 

Allowed Transitions 

List oi tabulated lines: 

Wavelength |Aj N... Wavelength [A| No. Wavelength |Aj No. 

945.193 4 1657.00 5 9078.32 29 
945.336 4 1657.37 5 9088.57 29 
945.566 4 1657.89 5 9094.89 29 
1260.75 13 1658.11 * 9111.85 29 
1260.9 13 1751.9 20 9603.09 28 

1260.% 13 1764 24 9620.86 28 
1261.12 13 1765 19 9658.49 28 
1261.4 13 1930.93 6 10124 42 
1261.56 13 2478.56 8 10548.0 48 
1274.13 12 2582.90 t 10683.1 27 

1277.15 11 2902.1 26 10685.3 27 
1277.27 11 2903.1 26 10691.2 27 
1277.4 11 2904.9 26 10707.3 27 
1277.62 11 2964.85 1 10729.5 27 
1277.77 11 2967.22 1 IÖ754.Ü •>7 

1277.8 11 4268.99 39 11330.3 30 
1279.25 10 4371.33 38 11330.4 41 
1279.90 21 4762.41 34 1   11602.9 44 
1280.15 21 4766.62 34 11609.9 44 
1280.34 21 4770.00 34 11619.0 44 

1280.65 21 4771.72 34 1163s.6 44 
1280.89 21 4775.87 34 11638.6 44 
1328.82 3 4812.84 33 11653 45 
1329.10 3 4817.33 33 11656 0 45 
1329.58 3 4826.73 33 11667.1 45 

1364.14 25 4932.00 37 1)667.1 44 
1431.60 9 5039.05 32 11677.0 44 
1432.12 9 5041.66 32 11747.5 43 
1432.54 9 5044.0 32 11754.0 43 
1459.05 18 5049.6 32 11778.0 43 

i 463.33 17 5052.12 36 11801.8 43 
1467.45 23 5054.5 32 11820 49 
1469 16 5380.24 35 11824 43 
1470.20 15 5793.51 40 11849.3 49 
1472 22 5794.46 40 11863.0 49 

1481.77 14 5794.8 40 11880.4 49 
1560.31 2 5800.33 40 11894.9 49 
1560.70 2 5801.17 40 12551.0 46 
1561.29 2 5805.76 40 12565.0 46 
1561.3 2 6587.75 50 12582.3 46 

1561.40 2 8335.19 31 12602.6 46 
1656.26 5 9061.48 29 12614.8 46 
1656.92 5 9062.53 29 16890 47 
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theoretical determinations by Weiss |4] ind Bolotin et al [3J, with which the experiment is in marked 
disagreement (factors <»f 2-3). At present ther»' are strong indications that the principal source of 
the disagreement is the relatively crude theoretical treatment of configuration interaction, which i» 
very critical lor these transitions. Thus, the theoretical results |3, 4) have been employed only for 
a few strong transitions for which no experimental data are available. But it should be noted that 
some experimental values may be quiite unreliable due to uncertainties in the identification of the 
lines. 

For the higher excited transitions in the visible sever J experimental investigations are avail- 
able. Kichter's work with a carbon dioxide plasma (6] is regarded as the most advanced one ai.d 
his results are principally used. However, from an analysis of his method it appears very likely 
that the absolute scale is shifted due to a demixing effect in ihe arc source (see general introduction). 
This is further substantiated by a disagreement with the Coulomb approximation by an almost 
constant factor. Since the Coulomb approximation has given very reliable results for 3p — 3d 
transitions of atoms of analogous structure, Kichter's absolute values are renormalized to give the 
best agreement with the Coulomb approximation for these latter type transitions. The normaliza- 
tion factor of 1.30 is then applied to all of his other transitions. The work of \iaecker (5] and 
Foster [7], which is used for a few transitions not covered by Richter, is expected to be also subject 
to demixing effects of the same order of magnitude or higher, since these authors have used more 
complicated gas mixtures. Thus, their results have been also fitted to the scale established bv the 
Coulomb approximation.    Normalization factors of 2.50 and 1.40 are used, respectively. 

Finally, two intercombination lines are taken from a recent paper by Garstang [1], who per- 
formed intermediate coupling calculations and normalized the values to a scale obtained from the 
Coulomb approximation. 

References 

[11 Garstanp. R. H.. The Observatory 82, 50-5) ll%2). 

[2] Bold!,G., Z. Naturforsch. 18a, 1107-1116 (1963). 

[3] Bolotrn, A. B., Levinson, I. B„ and Levin. L. I., Soviet Phys.-JETP 2, 391-395 (1956). 
[4] Weiss, A. W., private communication (1964). 
|5I Maecker. H., Z. Physik 135, 13-22 ,1953). 

|6! Richter. J., Z. Physik 151, 114-123(1958). 

[7j Foster, E. W., Proc. Plus. Soc. London A 80, 882-893 11962). 

C I.    Allowed Transitions 

No. Transition 
Array 

Multiplet AIÄ) £,(cm-') EiM-in-') gi g* ,4*i(10" sec-') /* S(ai.u.) log gj~ Accu- 
racy 

Sourei 

1 2s22p2- 
2s2p:i 

31>_Sgo 

(1 uv! 
2%7.22 44 33735 5 D 2.4 xl0~7 3.2 x 10"8 1.6 x l()-s -6.80 E 1 
2%4.85 16 33735 3 5 8.2X108 1.8 x 10-" 5.3 x 10"7 -7.27 E 1 

2 
(3 uv) 

1561,0 W M0<)l 9 15 1.5 0.091 4.2 -0.09 D 2 

1561.40 44 64089 5 7 1.5 0.078 2.0 -0.41 D Is 
1560.70 16 64093 3 5 1.1 0.065 1.0 -0.71 D Is 
1560.31 0 64092 1 3 0.84 0.091 0.47 -1.04 D Is 
1561.2?' 14 64093 5 5 0.37 0.014 0.35 -1.67 I) Is 
1560.70 16 64092 3 3 0.62 0.023 0.35 -1.67 D Is 

11561.31 44 64092 5 3 0.041 8.9 x 10"4 0.023 -2.35 D Is 

>Jo-655 O 66-4 
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Cl.    Allowed Transitions— Continued 

V. Transition 
Array 

Mulliplet Al A» £.',(( m1) /•„'»•(<■ in   'i gi gk .-(*,( 10" *ec--'l f* .Slat.u.l lop«/ Arm 
racy 

Niurcf 

3 3p_3p° 

(4 uv) 
1329.3 HO 75256 9 9 1.4 0.038 1.5 -0.47 I) 2 

1329.58 +1 75256 5 5 1.1 0.029 0.63 - 0.84 I) is 
1329.10 16 75256 3 ■» 0.37 0.0099 0.13 -1.53 [) Is 
1329.58 44 75256 5 3 0.60 0.00% 0.21 - 1.32 I) Is 
1329.10 16 75256 3 1 1.5 0.013 0.17 -1.41 1) Is 
1329.10 16 75256 3 5 0.36 0.016 0.21 -1.32 1) Is 
»328.82 0 75256 1 3 0.49 0.039 0.17 -1.41 D Is 

4 'P_3S° 

(31 uv) 
945.44 30 105801 9 3 61 0.27 7.6 0.39 E 3 

945.566 44 105801 5 3 34 0.27 4.2 0.13 E Is 
945.336 16 105801 3 3 20 0.27 2.5 -0.10 E .    Is 
945.193 0 105801 1 3 6." 0.27 0.84 - 0.57 E h 

5 2p2- 
2p(2P°)3s 

3p_3p° 

(2 uv! 
/ 657.2 30 60374 9 9 4.1 0.17 8.3 0.18 1) ~ 

1657.00 44 60394 5 5 3 1 0.13 3.5 -0.19 D Is 
1657.37 16 60353 3 3 1.0 0.042 0.69 - 0.90 I) h 
1658.11 4-1 60353 5 3 1.8 0.044 1.2 -Ü.66 D Is 
1657.89 16 60334 3 1 4.1 0.056 0.92 -0.77 [) !s 
1656.26 16 60394 3 5 1.1 0.073 1.2 - 0.66 0 Is 
1656.92 0 60353 i 3 1.4 0.17 0.92 -0.77 I) h 

6 'D-'P° 
(33 uv) 

1930.93 10194 61982 5 3 2.4 0.082 2.6 - 0.39 I 4 

7 IS_3p» 
(6o uv) 

2582.90 21648 60353 1 3 8.6 x 10-* 2.6 X 10-• 2.2 x 10"4 -4.59 D 5n 

8 'S-'l)0 

(61 uv) 
2478.56 21648 61932 1 3 0.34 0.094 0.77 -1.03 E 4 

9 2s2/>'- 
2s2p2(4P)ls 

!S°-5P 
'65 uv) 

1431.9 33735 103570 5 15 1.4 0.13 3.1 -0.19 !) 2 

1431.60 33735 103587 5 t 1.5 0.064 1.5 - 0.49 D 2 
1432.12 33735 103563 5 5 1.4 0.043 1.0 - 0.67 D 2 
1432.54 33735 103542 5 3 1.3 0.024 0.57 - 0.92 I) 2 

10 2p2-              I sp.apo 
2p(2P°)3</ (6 uv) 

1279 25 44 78216 5 i 0.11 0.0038 0.080 — 1.72 1) 2 

11 3p_:,D= 

(7 uv) 
1277.» 30 78310 9 15 1.6 0.063 2.4 - 0.24 1) 2 

1.277.62 44 71316 5 7 1.5 0.052 1.1 - 0.58 1) Is 
12 .'7.27 16 78307 3 5 1.2 0.048 0.60 - 0.85 I) Is 
1277.15 0 78301 1 3 0.88 0.064 0.27 -1.19 I) Is 
1277.77 44 78307 5 5 0.39 0.0095 0.20 -1.32 I) Is 

[1277.4] 16 78301 ■> •> 3 0.65 0.016 0.20 -1.32 1) is 
[1277.8] 44 78301 5 3 0.042 6.2 X 10-' 0.013 -2.51 D Is 

12 ip_«K° 
1» uv) 

1274.13 44 78531 5 ( 0.0068 2.3 x 10-< 0.0048 - 2.94 !) 2 

13 :ip_3p° 
(9 uv) 

1261.3 HO 79315 9 9 1.2 0.029 1.1 - 0.58 I) 2 

1261.56 44 79311 5 5 0.93 0.022 0.46 - 0.96 1) Is 
1260.% 16 79319 3 ■i 0.31 0.0074 0.092 -1.65 I) Is 

[1261.4] 14 79319 5 3 0.50 0.0072 0.15 -1.44 I) Is 
[1260.9| 16 79323 3 1 1.2 0.0096 0.12 - 1.54 1) Is 
1261.12 16 79311 3 5 0.30 0.012 0.15 -1.44 D Is 
1260.75 0 79319 1 3 0.40 0.029 0.12 -1.54 D Is 
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Cl.    Allowed Transitions — Continued 

\., Transition j   Multiplrt 
Array 

11 ! 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

2pJ- 
2p(2P°)4s 

2/>2- 
2p(H,0ttd 

2s22p3p — 
2.s2/r< 

28 

2p'.h — 
2p(*P°)3p 

(34 uvl 

■D-:,F° 
(35 uvi 

'D-'I)° 

•D-'F0 

(37 uv1 

•D-T° 
(38 uv) 

'S-D° 

'S-'P0 

(62 uv 

•ip _ :<1>° 
(5 uv! 

'D-r,P0 

'D-'P° 
!36 uv) 

'S-'P0 

'I)-'[)° 
(39 uv) 

■'P°-:,i) 
il) 

(2) 

Al AI 

1481. 

1470.20 

1469 

1463.33 

1459.05 

1765 

1751.9 

1280.4 

1280.34 
1280.34 
1280.89 
1280.65 
1279.90 
1280.15 

1472 

1467.45 

1764 

1364.14 

2903.9 

12904.9] 
12903.1] 
12902.1] 

10695 

10691.2 
10683.1 
10685.3 
10729.5 
10707.3 
10754.0 

9640.6 

9658.49 
9620.86 
9603.09 

ES cm'l EiAvm  ') 

10191 

10194 

10191 

10194 

10194 

21648 

21648 

30 

44 
16 
44 
16 
16 
0 

10194 

10194 

21648 

10194 

71375 

71.",86 
71365 
71353 

60374 

60394 
60353 
60334 
60394 
60353 
60394 

60374 

60394 
60353 
603?4 

77681 

78216 

78301 

78531 

78728 

78301 

78723 

78133 

78148 
78117 
78117 
78105 
78148 
78117 

78117 

78338 

78338 

83500 

105801 

105801 
105801 
105801 

69722 

69744 
69711 
69690 
69711 
69690 
69690 

70744 

70744 
70744 
70744 

g* .4*,! 10" sec"'I 

0.33 

0.0088 

0.019 

2.1 

0.37 

0.0071 

0.87 

0.82 

0.62 
0.20 
0.35 
0.81 
0.21 
0.27 

0.0051 

0.46 

0.022 

0.047 

0.044 

0.022 
0.017 
0.0066 

0.18 

0.18 
0.13 
0.10 
0.043 
0.072 
0.0048 

0.22 

0.12 
0.074 
0.024 

u .Sial.u.) 

0.011 

4.0 x 10"4 

3.6 x 10-* 

0.093 

0.0070 

0.0010 

0.12 

0.020 

0.015 
0.0050 
0.0052 
0.0066 
0.0087 
0.020 

1.0x10 4 

0.0089 

0.0031 

0.0013 

0.0019 

0.0017 
0.0021 
0.0025 

0.50 

0.43 
0.38 
0.51 
0.074 
0.12 
0.0050 

0.10 

0.10 
0.10 
0.10 

0.27 

0.0097 

0.0087 

2.2 

0.17 

0.0058 

0.69 

0.76 

0.32 
0.063 
0.11 
0.084 
0.11 
0.084 

0.0024 

0.21 

0.018 

0.029 

0.16 

0.079 
0.061 
0.024 

160 

75 
40 
18 
13 
13 
0.89 

29 

16 
9.7 
3.2 

i»K gf Accu- 
racy 

- 1.26 

-2.70' j 'O 
I 

-2.74 | I) 

•0.33 I) 

-1.46 D 

- 3.00 

-0.92 

-0.74 

-1.12 
-1.83 
-1.58 
-1.70 
-1.58 
-1.70 

- 3.30 

-1.35 

-2.51 

-2.19 

-1.78 

2.08 
2.20 
2.60 

0.66 

0.53 
0.06 
•029 
0.43 
0.43 
•1.60 

- 0.04 

■ 0.30 
•0.51 
- 0.9» 

I) 

I) 

1) 

I) 
1) 
I) 
I) 
I) 
D 

I) 

1) 

I) 

1) 

I) 
1) 
I) 

I) 

I) 
I) 
1) 

Source 

2 

2 

!  2 

2 

■> 

Is 
Is 
Is 
Is 
Is 
Is 

.111 

5n 
5n 

6n 

/s 
Is 
Is 
Is 
Is 
Is 

(ui 

Is 
Is 
Is 
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Cl.    Allowed Transitions — Continued 

1 
No. Transition 

Array 
Multiple! MAI f.tcnv ) EkUni  ') £: gk .-h.dO'sf«- ') U .Si at.u.l W af Accu- 

racy 

1) 

Source 

29 •ip°_-ip 9087.6 (HI374 71375 <> 9 0.25 0.31 83 0.44 6// 
(3) 

9094.89 60394 71386 5 5 0.19 0.23 35 0.07 !) Is 
9078.32 60353 71365 3 3 0.062 0.077 6.9 -0.64 L Is 
9111.8.5 60394 71365 5 3 0.11 0.080 12 - 0.40 1) Is 
9088.57 60353 71353 3 1 0.25 0.10 9.2 -0.51 1) Is 
9061.48 60353 71386 3 5 0.065 0.13 12 -0.40 1) Is 
9062.53 60334 71365 1 3 0.083 0.31 9.2 -0.51 i) Is 

30 >p°_'D 
(9) 

11330.3 61982 72611 3 5 0.13 0.42 47 0.10 1) 6/i 

31 ■P°-'S 
(10) 

8335.19 61982 73976 3 1 0.32 0.11 9.1 - 0.48 I) 6;, 

32 2P:h- 
2p'-F°)4p 

3p°_3[) 

(4) 
5041.7 61)374 80203 9 15 0.0039 0.0025 0.37 - 1.65 I) 6n 

5041.66 60394 80223 5 7 0.0038 0.0020 0.17 - 1.99 D Is 
5039.05 60353 80192 3 5 0,0029 0.0018 0.0<>2 - 2.26 !) Is 
5039.05 60334 80173 1 3 0.0022 0.0025 0.041 -2.61 D Is 

15049.6] 60391 80192 5 5 9.8 x 10 4 3.7 x \0* 0.031 -2.73 I) Is 
[5044.0] 60353 80173 3 •> 

.j 0.0016 6.2 x 10 l 0.031 -2.73 i) Is 
[5054.5] 60394 80173 5 3 1.1 X 10 4 2.5 x 10-■> 0.0021 - 3.90 I) i 

33 :.po_;,s 

(5) 
4822.1 60374 81106 9 3 0.0084 9.8 x 10' 0.14 - 2.05 I) In 

4826.73 60394 81106 5 3 0.0047 9.8 x 10  ' 0.078 - 2.31 I) Is 
4817.33 60353 81106 3 3 0.0028 9.9 x 10 ' 0.047 - 2.53 D Is 
4812.84 60334 81106 1 3 9.7 x 10-' 0.0010 0.016 - 2.99 I) Is 

34 3]J°_3J> 

(6) 
7769 7 60374 81334 9 9 0.016 0.0053 0.75 -1.32 D 6n 

4771.72 60394 81344 5 5 0.012 0.0039 0.31 -1.70 I) Is 
4766.62 60353 81326 3 3 0.0039 0.0013 0.063 -2.40 D Is 
4775.87 60394 81326 5 3 0.0062 0.0013 0.10 - 2.20 D Is 
4770.00 60353 81312 3 1 0.0 i 5 0.0018 0.083 -2.28 D Is 
4762.41 60353 81344 3 5 0.0038 0.0021 0.10 - 2.20 I) Is 
4762.41 60334 81326 1 3 0.0052 0.0053 0.083 -2.28 D Is 

35 'P°_ >p 
(11! 

5380.24 61982 80564 3 3 0.016 0.0070 0.37 -1.68 D (m 

36 ip°-'D 
11 *>i 

5052.12 61982 81770 3 5 0.017 0.011 0.54 - 1.49 D Cm 

37 
( \Z) 

'P°-'S 
(13) 

4932.00 61982 82252 3 1 0.046 0.0055 0.27 - 1.78 I) (m 

38 2p3.v - 
2Pm,0)Sp 

>pc_ ip 
(14) 

4371.33 61982 84852 3 3 0.0097 0.0028 0.12 - 2.08 I)- en 

39 <P°_>D 
(16) 

4268.99 61982 854»!') 3 5 0.0032 0.0015 0.062 - 2.36 D In 

40 2s2p3- 
2s22i>{i\'°)li> 

>|)°_>p 
(18) 

57>)7.X 64WI HI 334 15 9 0.0039 0.0012 0.34 -1.75 D 6n 

5793.51 64089 81344 7 5 0.0033 0.0012 0.16 - 2.08 D Is 
5801.17 64093 81326 5 ,t 0.0029 8.9 X 10 4 

0.085 - 2.35 D Is 
5805.76 64092 81312 ■> 1 0.0039 6.6 x 10"» 0.038 -2.70 I) Is 
5794.46 64093 81344 5 5 5.8 x 10-4 2.9X10 4 

0.028 - 2.83 D Is 
5800.23 64092 81326 3 3 9.7 X 104 4.9 x 10 4 

0.028 - 2.83 L) Is 
15794.8] 64092 81344 3 5 4.0 x 10 •• 3.3 x 10 •' 0.0019 -4.00 D Is 

41 2P:\p- 
2p(-P°)M 

'P-'l)° 
(19) 

11330.4 68858 77681 3 5 0.198 0.63 71 0.280 C 6«, r« 



Cl.    Allowed Transitions — Continued 

\„. Transition Multiple! A! AI fi(cni') fYkm'i g> gk ^10"sec-
!| U ,S'(al.u.l l"K gf Accu- Source 

Array racy 

42 ip_'|'° 10124 68858 78728 3 3 0.171 0.262 26.2 -0.105 c 6n, ca 

43 »D-3FQ 

(24) 
/ / r.5.5 69722 78227 15 21 0.242 0.70 407 1.022 <; 6n, ca 

11754.0 69744 78250 7 9 0.241 0.64 174 0.65 C Is 
11754.0 69711 78216 Tt 7 0.216 0.63 121 0.495 c Is 
11747.5 69690 78199 3 5 0.202 0.70 81 0.321 c Is 
11801.8 69744 78216 7 i 0.0266 0.056 15.1 -0.411 c Is 
|11778| 69711 78199 5 5 0.0375 0.078 15.1 -0.410 c Is 
|11824] 69744 78199 * 5 0.00104 0.00156 0.426 -1.96 c Is 

44 
(251 

Ub-il t')722 78.HO 15 15 0.065 0.132 76 0.297 c 6«, en 

11667.1 69744 78316 7 t 0.057 0.117 31.5 - 0.086 c Is 
11631.6 69711 78307 5 5 0.0453 0.092 17.6 - 0.338 c Is 
11609.9 69690 78301 3 3 0.0492 0.099 11.4 -0.53 c Is 
11677.0 69744 78307 f 

i 5 0.0101 0.0147 3.95 -0.99 c Is 
11638.6 69711 78301 5 3 0.0163 0.0198 3.80 - 1.004 c Is 
11619.0 69711 78316 5 i 0.0073 0.0207 3.95 -0.99 V. Is 
11602.9 69690 78307 3 5 0.0099 0.0332 3.80 -1.002 c Is 

45 3S_3po 

129) 
11664 70744 79315 3 9 0.157 0.96 111 0.461 c 6/i, ca 

11667.1 70744 79311 3 5 0.158 0.54 62 0.208 c Is 
li 656.0 70744 79319 3 3 0.158 0.321 37.0 -0.016 c Is 
[11653] 70744 79323 3 1 0.157 0.107 12.3 - 0.494 c Is 

46 ■ip_-!p° 

(30) 
12591 71375 79315 9 9 0.105 0.249 93 0.351 c 6/i, ca 

12614.8 71386 79311 5 5 0.078 0.186 38.7 -0.031 c Is 
12565.0 71365 79319 3 3 0.0262 0.062 7.7 -0.73 c Is 
12602.6 71386 79319 5 3 0.0435 0.062 12.9 -0.51 c Is 
12565.0 71365 79323 3 1 0.105 0.0C3 10.3 -0.60 c Is 
12582.3 71365 79311 3 5 0.0262 0.104 12.9 -0.51 c Is 
12551.0 71353 79319 1 3 0.0352 0.249 10.3 -0.60 c Is 

47 'I)~'F° 16890 72611 7853' 5 7 0.123 0.74 205 0.57 c 6/i, ca 

)H 2p3p - 
2p(-P°)4s 

ip_ip° 
(20) 

10548.0 68858 78338 3 3 0.010 0.017 1.8 -1.29 D 6/1 

49 :.D_:.po 

(23) 
11886 mi 22 78133 15 9 0.11 0.14 85 0.34 D 6/( 

11894.9 69744 78148 7 5 0.096 0.15 40 0.01 I) Is 
11894.9 69711 78117 5 3 0.084 0.11 21 -0.27 D Is 
I1H30.4 69690 78105 3 1 0.11 0.080 9.4 -0.62 1) Is 
11849.3 69711 78148 5 5 0.017 0.036 7.1 -0.74 1) /.■; 

11863.0 69690 78117 3 3 0.029 0.061 7.1 -0.74 1) Is 
[11820] 69690 78148 3 5 0.0012 0.0040 0.47 - 1.92 I) Is 

50 2p3p- 
2p(2PW 

ip_ipo 

(22) 
6587.75 68858 84032 3 3 0.024 0.015 1.0 - 1.34 1) ca 
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Forbidden Transitions 

The adopted values are selected from calculations by Garstang |l j. Naqvi [2], and Vamanouchi 
and Horie [3], which are very similar in character. All electric (juadrupoie values are taken from 
Garslang [1]. since his estimate of stl appears to be the most advanced one. For most magnetic 
dipole lines, values could be taken from Garstang |1|. as well as from Naqvi |2|. and Vamanouchi 
and Horie [3], who all arrive at identical results. Only for the 3P—'S transition, for which configu- 
ration interaction is important, a difference occurs. In this case the results of Garstang [1J, and 
Vamanouchi and Horie [3] are selected, since they represent, according to a later study by Garstang 
(4), the best available approximation (see also the general introduction!. 

References 

[1] Garstang, K. H., Monthly Notices K,,\. Astron. So,. Ill, 115-124 (1M51I. 
[2] Naqvi, A. M,. Thesis Harvard i W511. 
[3] Yamanouchi, T. and Horie, H., J. Phys. S,>e. japan 7, 52-.S6 (1952). 
[4] Garstang, R. H„ Proc. Cambridge Phil. S-.,<•. 52, 107-113(19561. 

Cl.    Forbidden Transitions 

N... Transition 
Array 

Multiple) A< A) £,lcm ') £*Urrr'l g> gk Type of 
Transition 

1/1,1 sec   ') .S'fat.u.) Accu- 
racy 

Source 

i 2/>2-2p2 3p _ 3p 

[61.0 x 10-'-] 0.0 16.4 1 3 m 7.93 x 10" 2.(M) B 1. 2. 3 
(23.0 x 1(>'] 0.0 43.5 1 5 e 2.00 x 10"M 3.82 C 1 
|36 9 x 105] 16.4 43.5 3 .) m 2.68 x 107 2.50 B 1. 2, 3 
[36.9 x 10^1 16.4 43.5 3 5 e 4.20 xlO"'5 8.6 C 1 

2 3P-'D 
(1 F) 

9808.9 0.0 i 0193.7 1 0 e 5.5 x 10"" 1.5X10-' I) 1 
9823.4 16.4 10193.7 3 5 m 7.8 x 10-r' 1.37 X10-5 c 1, 2. 3 
9823.4 16.4 10193.7 3 5 e 1.7 x 10"7 4.6 x 10' D 1 
9849.5 43.5 10193.7 5 5 m 2.30X10 -« 4.08 x 10"5 C 1.2.3 
9849.5 43.5 10193.7 5 5 <■ 1.2 x 10-" 3.3 X 10 4 I) 1 

3 ■''I'-'S 
(2F) 

4621.5 16.4 21648.4 3 1 m 0.00260 9.5 X 10 « C 1.3 
4627.3 43.5 21648.4 5 1 p 1.9 x 10 '• 2.4 x 10-■• I) 1 

4 "D-'S 
(3 F) 

8727.4 10193.7 21648.4 n 1 e 0.50 15.1 C 1 
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(,round State 
CH 

ls*2522p 2P=,, 

lonization Potential 24.376 e\' = 196659.0 cm" 

Allowed Transitions 

List of tabulated lines: 

Wavelength [A] N...  j Wavelength [A] \... Wavelength [A] No. 

687.059 10 3360.9 27 4413.2 24 
687.35 10 3361.09 27 4618.9 26 
687.355 10 3361.75 27 4628.1 26 
858.092 9 3581.80 18 5132.% 14 
858.559 9 3584.98 18 5133.29 14 

903.624 3 3585.83 18 5137.26 14 
903.962 3 3587.68 18 5139.21 14 
90U42 3 3588.92 18 5143.49 14 
904.480 3 3589.67 18 5145.16 14 
1009.85 4 3590.87 18 5151.08 14 

1010.07 4 387105 22 5640.50 13 
1010.37 4 3876.19 22 5648.08 13 
1036.34 2 3876.41 22 5662.51 13 
1037.02 2 3876.67 22 5889*4 20 
1065.88 6 3878.22 22 5889.97 20 

1065.9 6 3879.60 22 5891.65 20 
1066.12 6 3880.59 22 6578.03 11 
1323.9 5 3881.2 22 6582.85 11 
1334.53 1 3883.8 22 6779.74 12 
1335.66 1 3918.98 17 6780.27 12 

1335.71 1 3920.68 17 6783.75 12 
2173.8 15 4074.53 23 6787.09 12 
217+.1 15 4076.00 23 6791.30 12 
2509.11 7 4267.02 21 6798.04 12 
2511.71 7 4267.2 21 6800.50 12 

2512.03 7 4267.27 21 6812.19 12 
2746.50 19 4371.59 25 7231.12 16 
2747.3 19 4372.49 25 7236.19 16 
2747.31 19 4374.28 25 7236.2 16 
2836.71 8 4411.20 24 18895 29 

2837.60 8 4411.52 24 18916 29 
2992.6 28 

Self-consistent field calculations by Weiss [1], and Biermann and Lübeck [3], and a high current 
arc experiment by Maecker [2] are utilized for the tabulation. The results for the lower and mod- 
erately excited transitions should be quite uncertain because in tlu calculations the strong effects 
of configuration interaction are essentially neglected, and the experimental work is subject to large 
systematic uncertainties. 

Refe rences 

|1| Weiss, A. Vt.. private communication (1964). 
[2] Maecker, H., Z. Physik 135, 13-2? (1953). 
[31 Biermann, L. and Lübeck, K.. Z. Astrophys. 25. 325-339 0848). 
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CII.    Allowed Transitions 

\... Transition 
An ay 

Multiple) Al At /.',(( m  'i E*lcm ') £■ 

10 

6 
1 
1 

■ft.tlO" sec 'i /.* .Slai.u.) l"(i«/ Accu- 
racy 

E 

E 
E 
E 

Soul 

1 2s-2p-2s2p2 2po_2[) 

(1 uv) 
1335.3 

1335.71 
1334.53 
1335.66 

43 

64 
0 

64 

74932 

74931 
74933 
74933 

6 

4 
2 
4 

6.0 

6.0 
4.9 
1.0 

0.27 

0.24 
0.26 
0.027 

7.0 

4.2 
2.3 
0.47 

0.20 

- 0.02 
- 0.28 
- 0.97 

2 
(2 uvl 

1036.8 

1037.02 
1036.34 

43 

64 
0 

96494 

96494 
96494 

6 

I 
2 

2 

2 
2 

11 

7.3 
3.6 

0.059 

0.059 
0.059 

1.2 

0.80 
0.40 

-0.45 

- 0.63 
- 0.93 

E 

E 
E 

3 2|.c_,,, 

i.'i uv) 
904.09 43 110652 6 6 42 0.52 9.2 0.49 E 

904.142 
903.%2 
904.480 
903.62* 

64 
0 

64 
0 

110666 
110625 
110625 
110666 

4 
■) 

4 
2 

4 
2 

2 
4 

35 
27 
14 
6.9 

0.43 
0.34 
0.084 
0.17 

5.1 
2.0 
1.0 
1.0 

0.23 
-0.17 
- 0.47 
-0.47 

E 
E 
E 
E 

4 2a2pi-2p3 4P-<S° 
(7 uv) 

1010.2 

1010.37 
1010.07 
1009.85 

43033 

43051 
43022 
43000 

142024 

142024 
142024 
142024 

12 

6 
4 
2 

4 

4 
4 
4 

32 

16 
11 
5.4 

0 16 

0.17 
0.17 
0.17 

6.5 

3.3 
2.2 
1.1 

0.29 

0.00 
-0.18 
-0.48 

E 

E 
E 
E 

5 2D_2Do 

(11   UV) 
1323.9 74932 150465 10 10 8.7 0.23 10 0 36 E 

6 2D_2p» 

(12 uv) 
1066.0 

1065.88 
1066.12 

[1065.9 j 

71932 

74931 
74933 
74933 

168744 

168750 
168732 
168750 

10 

6 
4 
4 

6 

4 
2 
4 

8.1 

7.1 
8.1 
0.79 

0.083 

0.081 
0.069 
0.014 

2.9 

1.7 
0.97 
0.19 

- 0.08 

-0.31 
- 0.56 
-1.27 

E 

E 
E 
E 

7 2p_2Do 

(14 uv) 
2511.0 

2512.03 
2509.11 
2511.71 

11065:' 

110666 
110625 
110666 

150465 

150463 
150468 
150468 

6 

1 
2 
4 

10 

6 
4 
4 

0.97 

0.96 
') 83 
0.17 

0.15 

0.14 
0.16 
0.016 

7.6 

4.5 
2.6 
0.52 

-0.04 

-0.26 
- 0.50 
-1.20 

E 

E 
E 
E 

8 2s2p-~ 
2sVSttp 

2$_2[>° 

(13 UV) 
2H37.0 

2836.71 
2837.60 

96494 

96494 
96494 

131732 

131736 
131725 

2 

2 
2 

6 

4 
2 

0.35 

0.36 
0.35 

0.13 

0.086 
0.043 

2.4 

1.6 
0.80 

-0.59 

-0.77 
-1.07 

E 

E 
E 

9 2p-('S)3s 2J»° 2s; 

(4 uvl 
H58.4I 

858.559 
858.092 

li 

64 
0 

116538 

116538 
116538 

6 

4 
2 

2 

•) 

2 

12 

8.3 
4.2 

0.046 

0.046 
0.046 

0.78 

0.52 
0.26 

- 0.56 

-0.74 
-1.04 

I) 

D 
D 

10 2p-('S)3d 21»=_2[) 687.25 43 115551 6 10 22 0.26 3.5 0.19 D 
(5 uv) 

687.355 
687.059 

[687.35] 

64 
0 

64 

145551 
145550 
145550 

4 
2 
4 

6 
4 
4 

22 
19 
3.6 

0.23 
0.27 
0.025 

2.1 
1.2 
0.23 

-0.03 
-0.28 
-0.99 

D 
D 
1) 

11 3s-('S)3p 2S —2l'° 6579.7 116538 131732 2 6 0.480 0.93 40.5 0.272 C 1 
U) 

6578.03 
6582.85 

116538 
116538 

131736 
131725 

2 
2 

4 
2 

0.480 
0.479 

0.62 
0.311 

27.0 
13.5 

0.096 
-0.206 

C 
<: 

12 2s2p:h - 
2s2/>('l,0)3/> 

M,0-'l) 
(14) 

6785.6 

6783.75 
6779.74 
6780.27 
6800 50 

1671107 

167033 
166988 
166965 
167033 

181740 

181770 
18.734 
181709 
181734 

12 

6 
4 
2 
6 

20 

8 
6 
4 
6 

0.369 

0.370 
0.258 
0.154 
0.110 

0.424 

0.340 
0.267 
0.212 
0.076 

114 

45.6 
23.8 
9.5 

10.2 

0.71 

0.310 
0.029 

-0.373 
-0.341 

c 
c 
c 
('. 
c 
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ClI.    Allowed Transitions — Continued 

\... 

13 

11 

15 

16 

17 

18 

19 

20 

21 

1 ran-itinii Multiple! Al AI /■.',(( in 'i AiUin 'i & «t- .4/1,(10" ><•< 'i A Slat.u.i !"S &' Accu- Source 
\rra\ racy 

6791.30 
6787.09 
6812.19 
6798.04 

166988 
166%5 
167033 
166988 

181709 
181695 
181709 
181695 

4 
2 
6 
4 

4 
2 
4 
2 

0.195 
0.307 
0.0183 
0.061 

0.135 
0.212 
0.0085 
0.0211 

12.1 
9.5 
1.14 
1.89 

-0.268 
-0.373 
-1.292 
- 1.074 

C 
<: 

<: 
c 

Is 
Is 
Is 
Is 

4I>0-<S 
11 ^i 

5653.9 107007 184689 12 4 0.65 0.104 23.2 0.096 <: ra 
ii.i) 

5662.51 
.5648.08 
.5640.50 

167033 
166988 
166965 

184689 
184689 
184689 

6 
4 
2 

4 
4 
4 

0.325 
0.217 
0.109 

0.104 
0.104 
0.104 

11.6 
7.7 
3.86 

-0.205 
-0.381 
-0.68 

<: 
<: 
<: 

Is 
Is 
Is 

(16) 
5141.8 167007 186450 12 12 0.86 0.342 69 0.61 c ca 

5145.16 
5139.21 
5137.26 
5151.08 
5143.49 
5133.29 
5132.96 

167053 
16698« 
166965 
167033 
166988 
166988 
166965 

186464 
186441 
186425 
186441 
186425 
186464 
186441 

6 
4 
2 
6 
4 
4 
2 

6 
4 
2 
4 
2 
6 
4 

0.60 
0.115 
0.144 
0.385 
0.72 
0.260 
0.361 

0.239 
0.0456 
0.057 
0.102 
0.142 
0.154 
0.285 

24.3 
3.09 
1.93 

10.4 
9.6 
10.4 
9.6 

0.157 
- 0.74 
- 0.94 
-0.213 
- 0.246 
-0.210 
- 0.244 

<; 

c 
c 
c 
c 
<: 

c: 

Is 
Is 
h 
Is 
Is 
Is 
Is 

3s-('S)4p -S - *p° 2173.9 116538 162523 2 6 0.253 0.054 0.77 -0.97 c 3 

2173.8] 
2174.1] 

116538 
116538 

162525 
162519 

2 
2 

4 
2 

0.251 
0.252 

0.0356 
0.01"9 

0.51 
0.256 

-1.147 
-1.447 

Is 
Is 

3p-('S)3d 2l»°_2|) 

(3) 
7234.4 131732 145551 6 10 0.450 0.59 84 C.55 c 1 

7236.19 
7231.12 
[7236.2] 

131736 
131725 
131736 

145551 
145550 
145550 

4 
2 
4 

6 
4 
4 

0.446 
0.375 
0.07o 

0.52 
0.59 
0.059 

50 
28.0 
5.6 

0.322 
0.071 

-0.63 

c 
c 
c 

Is 
Is 
Is 

3p-('SKs 
(4) 

3920.2 

3920.68 
3918.98 

131732 

131736 
131725 

157234 

157234 
157234 

6 

4 
2 

2 

2 
2 

1.87 

1.24 
0.62 

0.143 

0.143 
0.143 

11.1 

7.4 
3.70 

-0.066 

- 0.242 
- 0.54 

c 
c 
<; 

3 

Is 
Is 

2s2p3p — 
2s2p(3P°)4s 

40- 'l'0 

(23) 
3589.3 

3589.67 
3590.87 
3590.87 
3584.98 
3587.68 
3588.92 
3581.80 
3585.83 

181740 

181770 
181734 
181709 
181734 
181709 
181695 
181709 
181695 

209593 

209620 
209574 
209550 
209620 
209574 
209550 
209620 
209574 

20 

8 
6 
4 
6 
4 
2 
4 
2 

12 

6 
4 
2 
6 
4 
2 
6 
4 

0.92 

0.74 
0.58 
0.465 
0.166 
0.295 
0.466 
0.0184 
0.0426 

0.107 

0.107 
0.075 
0.0449 
0.0319 
0.057 
0.090 
0.0053 
0.0178 

25.3 

10.1 
5.3 
2.12 
2.26 
2.69 
2.13 
0.250 
0.420 

0.330 

- 0.068 
-0.347 
-0.75 
-0.72 
- 0.64 
-0.74 
-1.67 
-1.450 

c 

c 
c 
c 
c 
<: 
<: 
c 
<: 

ra 

Is 
Is 
Is 
Is 
Is 
Is 
Is 
Is 

3p-('S)4</ 2po_2D 

/IT.  ■ ■■, I 
2747.0 131732 168124 6 10 0.466 0.088 4.77 -0.278 c ra 

I10 11V) 
2747.31 
2746.50 
[2747.3] 

131736 
131725 
131736 

168124 
168124 
168124 

4 
2 
4 

6 
4 
4 

0.466 
0.389 
0.078 

0.079 
0.088 
0.0088 

2.86 
1.59 
0.318 

- 0.50 
-0.75 
-1.454 

c 
c 
c. 

Is 
Is 
Is 

3d-l'S)4p 2|)_2}»° 

(5) 
5890.4 

5889.97 
5891.65 
[5889.4] 

145551 

145551 
145550 
145550 

162523 

162525 
162519 
162525 

10 

6 
4 
4 

6 

4 
2 
4 

0.337 

0.302 
0.337 
0.0337 

0.105 

0.105 
0.088 
0.0175 

20.4 

12.2 
6.8 
1.36 

0.022 

-0.201 
-0.455 
- 1.154 

c 

c 
<: 
<: 

ra 

Is 
Is 
Is 

3</-('S)4/ 2|)_2Fo 

(6) 
4267.2 145551 168979 10 14 2.46 0.94 132 1/.97 *: ra 

4267.27 
4267.02 
[4267.2] 

145551 
145550 
145551 

168979 
168979 
168979 

6 
4 
6 

8 
6 
6 

2.44 
2.30 
0.164 

0.89 
0.94 
0.0447 

75 
53 
3.77 

0.73 
0.58 

-0.57 

c 
<: 

Is 
Is 
Is 
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CH.    Allowed Transitions — Continued 

No. Transition 
Array 

Multiple; xi Ai f.lcm'l £jr(cm '» #■ ft Ak,iW sec') fit .Slat u 1 l"d &f Accu- 
racy 

Source 

22 2s2p3d- 
2i2p(3r»4/ (33) 

.?87o.7 / 9.5 786 22/574 28 36 2.66 0.77 275 1.333 C ca 

3876.19 195812 221604 10 12 2.67 0.72 92 0.86 0 Is 
^, 3876.41 195785 221575 8 10 2.43 0.69 70 0.74 (I Is 

3876.67 195765 221553 6 8 2.30 0.69 53 0.62 C Is 
3876.05 195751 221543 4 6 2.28 0.77 39.3 0.489 c Is 
3880.59 195812 221575 10 10 0.218 0.0493 6.3 - 0.307 <; Is 
3879.60 195785 221553 8 8 0.360 0.081 8.3 -0.187 <: Is 
3878.22 195765 221543 6 6 0.365 0.082 6.3 - 0.307 c Is 

[3883.8] 195812 221553 10 8 0.0080 0.00145 0.186 - 1.84 c Is 
[3881.2] 195785 221543 8 6 0.0132 0.00224 0.229 -1.75 c Is 

2.* *D°~*V 
(36) 

4076.00 196581 221107 8 10 2.28 0.71 76 0.75 c ca, Is 
4074.53 196571 221106 6 8 1.96 0.65 52 0.59 c ca, Is 

24 2D°_JF 

(39» 
4411.4 198433 22/095 10 14 2.11 0.86 125 0.93 c ca 

4411.52 198437 221099 6 8 2.09 0.81 71 0.69 <: i 
is 

4411.20 198426 221090 4 6 1.97 0.86 50 0.54 c Is 
[4413.2] 198437 221090 6 6 0.140 0.0410 3.57 -0.61 c Is 

25 
(45) 

4374.28 198842 221697 6 8 1.99 0.76 66 0.66 (: ca, Is 
4372.49 198864 221727 4 6 1.40 0.60 34.5 0.380 C ca. Is 
4371.50 198878 221746 2 4 0.83 0.475 13.7 - 0.022 c ca. Is 

26 2P_«G 
(501 

4619.1 /99966 22/609 14 18 2.24 0.92 196 1.110 c ca 

[4618.9] 199984 221628 8 10 2.24 0.90 109 0.86 c Is 
4618.9] 199941 221585 f 8 2.16 0.92 84 0.74 c Is 

[4628.1] 199984 221585 8 8 0.079 0.0255 3.11 - 0.69 c Is 

27 3rf-(!S)5p 2[)_2l>° 

(7) 
:mu 145551 / 7.529.? 10 6 0.121 0.0123 1.36 -0.91 c ca 

3361.09 i45551 175295 6 4 0.109 0.0124 0.82 -1130 c Is 
3361.75 145550 175288 4 2 0.121 0.0102 0.453 - 1.388 c Is 

[3360.9] 145550 175295 4 4 0.0121 0.00206 0.091 - 2.085 c Is 

28 3rf-('S)5/ 2D-2F° 
(8) 

2992.6 145551 178956 10 14 0.90 0.169 16.6 0.227 c ca 

29 4s-('S)4p 2$ —2P° 18902 157234 / 62.52.1 2 6 0.074 1.18 147 0.373 c 3 

[18895] 157234 162525 2 1 0.074 0.79 98 0.197 c Is 
[18916] 157234 162519 2 2 0.073 0.393 49.0 -0.104 c Is 

Forbidden Transitions 

Naqvi's calculation [1] of the one possible transition inJhe ground state 
the only available source. The line strength should be quite accurate, since it 
depend on the choice of the interaction parameters. 

configuration 2p is 
does not sensitively 

Refe rence 
[1]  Naqvi, \. M., Thesis Harvard i 1951). 

CII. Forbidden Transitions 

N... Transition 
Array 

Multiple! X( A1 £,(cm ') Ei, (cm  '1 * gk Type of 
Transition 

Akiiw1) 

2.36 x 10 fi 

— — 

.S(at.u.) Accu- 
racy 

Source 

1 2p-2p 2|»° 2J>° 
[15.6 x10s] 0 64 2 4 m 1.33 C 1 
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Ground State 

Cm 
JsW 'Sn 

lonization Potential 47.864 eY = 386213.9 cm-' 

Allowed Transitions 

List of tabulated lines: 

Wavelength [Ä] No. Wavelength [A] No. Wavelength |A] No. 

310.171 3 3609.96 23 4673.91 15 
371.694 11 3609.61 23 5244.5 14 
371.72 11 3703.52 18 5249.6 26 
371.747 11 3883.80 27 5253.55 14 
371.784 11 3885.99 27 5272.56 14 

371.80 11 3886.2 27 5696.0 17 
386.203 2 3889.18 27 5857.9 20 
459.462 9 3889.7 27 5862.8 20 
459.521 9 3889.8 27 5871.6 20 
459.633 9 4056.06 28 5871.8 20 

459.64 9 4122.05 24 5880.4 20 
538.075 7 4325.70 16 5894.1 20 
538.150 7 4379.97 25 6727.1 13 
538.312 7 4383.24 25 6730.7 13 
574.279 10 4388.24 25 6742.1 13 

690.526 8 4516.02 22 6744.2 13 
977.026 1 4516.93 22 6762.2 13 
1174.92 4 4647.40 12 6773.7 13 
1175.25 4 4650.16 12 6851.2 19 
1175.57 4 4650.9 15 6853.1 19 

1175.70 4 4651.35 12 6857.3 19 
1175.97 4 4651.8 15 6862.9 19 
1176.35 4 4659.0 15 6869.1 19 
1247.37 6 4663.53 15 6871.7 19 
2296.89 5 4665.90 15 6881.4 19 

3170.16 21 

Values for the 2s2 — 2s2p and 2s2p — 2p2 transition arrays are t^ken from the self-consistent 
field calculations of Weiss [1]. These calculations do not include the important effects of con- 
figuration interaction: hence fairly large uncertainties must be expected. The average of the 
dipole length and velocity approximations is adopted [I]. Accuracies within 50 percent are 
indicated by the following comparison: Weiss [1] has undertaken refined calculations, including 
configuration interaction, for the same transitions in Bel — the first member of this isoelectronic 
sequence —in addition to calculations of the type done for this ion. In all cases the agreement 
with the average of the dipole length and velocity approximations is close. 

Refe re nee 
[1]  Weiss, A. \v., private communication (1964t. 
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CHI.     Allowed Transition!- 

\... Transition Multiple! \)Ai /■.',(cm  '( f.»icm    i g> A -K.llO"   MT     '1 A S( a! .u.l 1«*«/ \<<u 
Array ra«v 

1 25--2i(2S)2p lS_>po 

(1   U") 
977.026 0.3 102351 1 3 19 0.81 2.6 - 0.09 l> 

2 2j*-2s(*S)3p "S-'P" 
(2 uvl 

386.203 0.0 258931 1 3 38 0.26 0.32 - 0.59 I) 

3 2st-2sr-Siip 'S-'P° 
(3 uv) 

310.171 0.0 322403 1 3 3.7 0.016 0.017 -1.79 I) 

4 2s2p-2p2 3p°_3p 

(4  UV) 
1171.7 52419 137478 9 9 13 0.26 9.1 0.37 1) 

1175.70 52447 137502 5 5 9.4 0.20 3.8 -0.01 I) 
1175.57 52390 137455 3 3 3.1 0.065 0.76 -0.71 1) 
1176.35 52447 137455 5 3 5.2 0.065 1.3 - 0.49 I) 
1175.97 52390 137426 3 1 13 0.087 1.0 - 0.58 I) 
1174.92 52390 137502 3 n 3.1 0.1! 1.3 - 0.49 I) 
1175.25 52367 137455 1 3 4.2 0.26 1.0 - 0.58 i) 

5 'P°-'D 
(8 uvl 

2296.89 102351 145875 3 5 3.6 0.47 11 0.15 I) 

6 ip°_'S 
(9 uv) 

1247.37 102351 182520 3 1 12 0.090 1.1 -0.57 D 

— 
•2s2p-2si2S)3s 3p°_3^ 

(5 uv) 
538.23 52119 238212 9 3 21 0.031 0.19 - 0.55 I) 

538 312 52447 238212 5 3 12 0.031 0.27 -(..81 I) 
538.150 52390 238212 3 3 7.1 0.031 0.16 -1.04 I) 
538.075 52367 238212 1 3 2.3 0.031 0.054 -1.51 D 

8 ipo_!S 

(10 uv) 
690.526 102351 247170 3 1 22 0.053 0.36 -0.80 I> 

9 2r2p-2s{2S)M 3po_3D 

'6 uv) 
459.57 52419 270013 9 15 79 0.42 5.7 0 57 5) 

459.633 52447 270015 5 7 79 0.35 2.7 0.24 I) 
459.521 52390 270011 3 5 59 0.31 1.4 - 0.03 1) 
459.462 52367 270009 1 3 44 0.42 0.63 - 0.38 f) 
459.633 52447 270011 5 5 20 0.063 0.47 -0.5! I) 
459.521 52390 270009 3 3 33 0.10 0.47 0.50 1) 

[459.64] 52447 270009 5 3 2.2 0.0042 0.032 -1.68 I) 

10 'P°-'D 
(11 uv) 

574.279 102351 276483 3 5 63 0.52 2.9 0.19 I) 

11 2s2p — 
2.s(2S)4</ 

>P°_:>[) 
(7 uv) 

371.73 52419 321435 9 15 34 0.12 1.3 0.03 !) 

371.747 52447 321450 5 7 34 0.10 0.61 - 0.30 1) 
371.694 52390 321427 3 5 26 0.089 0.33 -0.57 I) 
371.694 52367 321411 1 3 19 0.12 0.15 -0.92 !) 
371.784 52447 321427 5 5 8.6 0.018 0.11 - 1.05 1) 

[371.72] 52390 321411 3 3 14 0.030 0.1! -1.05 1) 
[371.80] 52447 321411 5 3 0.96 0.0012 0.0073 -2.23 1) 

12 2535 - 
25(2S)3p 

»S — 'P° 
(1)' 

4648.8 238212 259718 3 9 0.78 0.76 34.9 0.358 <: 

4647.40 238212 259724 3 5 0.78 0.423 19.4 0.103 <: 
4650.16 238212 259711 3 3 0.78 0.253 11.6 -0.121 c 
4651.35 238212 259706 3 1 0.78 0.084 3.88 -0.60 <; 

13 2p3,-> — 
2p(2P°)3p 

■T"-3D 
(3) 

(Ü40.8 308283 323114 9 15 0.267 0.303 61 0.436 <: 

6744.2 308317 323140 5 7 0.266 C.254 28.2 0.104 c 
6730.7 308248 323101 3 5 0.201 0.227 15.1 -0.167 <: 
6727.1 308215 323076 1 3 0.149 0.303 6.7 -0.52 c 

[6762.2] 308317 323101 5 r 0 066 0.0453 5.0 -0.65 c 
[6742.1] 308248 323076 3 3 0.111 0.076 5.0 -0.64 c 
[6773.7] 308317 323076 5 3 0.0073 0.00301 j      0.336 - 1.82 c 

Nmr<T 
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Clll.     Allowed Transitions — Continued 

\ü.     ! iatisition 
Arra\ 

14 

15 

!6 

17 

18 

19 

2s3p- 
2s(2S)3</ 

2p3p- 
2p»*l*°i3«/ 

20 

21 

22 

23 

2J4J- 
2.sl2.S)5p 

2.s4/> — 
2s(*S)5s 

2s4p- 
2s(2S)5d 

Multiple! 

4>°_:'S 
(4i 

ip°_:'p 
(5) 

24 

'P°-'D 
(7) 

i|>°_'D 
(2) 

11> ip° 

(12) 

'L)--!D° 
(19) 

<D-:'P° 
(20) 

• S-'P0 

(8! 

3p°_,'t$ 
(9) 

Spo_3D 

(10) 

■P°_>I) 
(17) 

Al A1 £>-m ') 

52M.I 308283 

5272.56 
5253.55 
5244.5 

308317 
308248 
308215 

•1662.7 .108283 

4665.90 
[4659.0] 
4673.91 
4663.53 
[4650.9] 
[4651.8] 

308317 
308248 
308317 
308248 
308248 
308215 

4325.70 310005 

56%.0 258931 

3703.52 319719 

686.5.8 323114 

6871.7 
6862.9 
6857.3 
[6881.4J 
[6869.1] 
[6853.1J 
[6851.2] 

323140 
323101 
323076 
323140 
323101 
323101 
323076 

5880.4 323114 

5894.1 
5871.6 
5857.9 
[5880.4] 
[5862,8] 
[5871.8] 

323140 
323101 
323076 
323101 
323076 
323076 

3170 16 311721 

4.   I. 3177m 

4516.93 
4516.02 
4516.02 

317800 
317795 
317795 

36G9.3 317798 

3609.61 
3608.96 
3608.96 
3609.61 
3608.96 
3608.% 

317800 
317795 
317795 
317800 
317795 
317795 

4122.05 322403 

EiArm ' I 

327277 

327277 
327277 
327277 

329724 

329743 
329706 
329706 
32%a5 
329743 
329706 

333116 

276483 

346713 

337675 

337688 
337668 
337655 
337668 
3376.55 
337688 
337668 

340115 

340101 
340128 
340142 
340101 
340128 
340101 

343256 

339933 

339933 
339933 
339933 

345496 

345496 
345496 
345496 
345496 
3454% 
345496 

346656 

tu 

15 

Ak,\ 10"  SCC    ') 

0.58 

0.320 
0.194 
0.065 

0.84 

0.63 
0.210 
0.347 
0.84 
0.2il 
0.281 

1.08 

0.50 

0.320 

Ö.066 

0.059 
0.0463 
0.050 
0.0103 
0.0166 
0.0074 
0.0100 

0.0124 

0.0104 
0.0093 
0.0126 
0.00186 
0.00313 
1.25X10- 

0.325 

1.66 

0.92 
0.55 
0.134 

0.95 

0.% 0.259 
0.71 0.231 
0.53 0.308 
0.236 0.0461 
0.394 0.077 
0.0158 0.0051 

1.04 

U 

0.080 

0.080 
0.080 
(».081 

0.273 

0.204 
0.068 
0.068 
0.091 
0.114 
0.274 

0.50 

0.407 

0.066 

0.0469 

0.0416 
0.0327 
0.0352 
0.0052 
0.0070 
0.0073 
0.0117 

0.00385 

0.00385 
0.00290 
0.00216 
9.6 x 10-< 
0.00161 
1.07X10- 

0.147 

0.169 

0.169 
0.169 
0.169 

0.308 

0.443 

Slat.u.l 

12.5 

7.0 
4.17 
1.39 

37.7 

15.7 
3.14 
5.2 
4.19 
5.2 
4.19 

21.6 

22.9 

2.41 

15.9 

6.6 
3.69 
2.39 
0.83 
0.80 
0.83 
0.80 

1.12 

0.52 
0.280 
0.125 
0.093 
0.093 
0.0062 

1.53 

22.6 

12.6 
7.5 
2.51 

32.9 

15.4 
8.2 
3.66 
2.74 
2.74 
0.183 

18.0 

Wirf 

0.142 

- 0.398 
-0.62 
-1.094 

0.390 

0.010 
0.69 
0.468 

-0.5* 
0.466 
0.56 

0.181 

0.087 

-0.70 

-0.153 

-0.54 
-0.79 
-0.98 
-1.438 
-1.450 
-1.436 
-1.453 

-1.238 

-1.57 
-1.84 
-2.188 
-2.317 
-2.315 
- 3.492 

-0.83 

0.182 

-0.072 
0.295 

-0.77 

0.442 

0.113 
0.160 
0.51 
0.64 
0.64 
1.81 

0.124 

Accu- 
racy 

C 

C 
C 
c 
C 
C 
c 

c 
c 
c 
c 
c 
c 
c 
c 

Siurce 

Is 
!s 
Is 

Is 
Is 
Is 
Is 
Is 
Is 

Is 
Is 
Is 
!:, 
Is 
Is 
Is 

Is 
Is 
Is 
Is 
Is 
Is 

Is 
Is 
Is 

Is 
Is 
Is 
Is 
Is 
Is 
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C III«      »lowed Transitions — Continued 

No. Transition Multiplet Ktk) £>m -'! £*(cm '! * gk .4*,(I0"s«-<-   't .S'(at.u) Wtf Accu- Source 
Array racy 

25 2s4 d - 
2s(2S)5p 

;'D-3P° 
(14) 

4385.1 (21435 344233 15 9 0.267 0.0463 10.0 -0.160 C cu 

4388.24 321450 344233 t r> 0.224 0.0462 4.67 -0.491 <: Is 
4383.24 321427 344233 5 3 0.200 0.0346 2.50 -0.76 c Is 
4379.97 321411 344233 3 1 0.268 0.0257 1.11 -1.114 ( Is 
4383.24 321427 3+1233 5 5 0.0401 0.0115 0.83 -1.239 c Is 
4379.97 321411 344233 3 3 0.067 0.0193 0.83 -1.238 c Is 
4379.97 321411 344233 3 5 0.00268 0.00129 0.056 - 2.414 c Is 

26 'D-'PC 

(23) 
5249.6 324212 3432.56 5 3 0.52 0.128 11.1 -0.194 c cu 

27 2sid- 
2s(2S)5/ 

3J3 _ 3po 

(15) 
3887.1 321435 347154 15 21 1.81 0.58 1)0 0.93 c cu 

3889.18 321450 347155 i 9 1.81 0.53 47.2 0.57 c Is 
3885.99 321427 347153 5 i 1.61 0.51 32.6 0.406 c Is 
3883 80 321411 347151 3 5 1.52 0.57 22.0 0.236 c Is 

[3889.7] 321450 347153 i r 0.201 0.0456 4.09 -0.496 c Is 
[3886.2] 321427 347151 ."> .> 0.282 0.064 4.09 -0.495 c Is 
[3889.8] 321450 347151 i 5 0.0079 0.00128 0.115 -2.047 c Is 

28 'D-'F0 

(24) 
4056.06 324212 348860 5 7 1.45 

1 
0.50 33.4 0.398 c C(l 

Forbidden Transitions 

Naqvi's calculations [1] are the only available source. The results for the 'P°—3P° transitions 
are essentially independent of the choice of the interaction parameters. For the :,P°— 'P° tran- 
sitions, Naqvi uses empirical term intervals, i.e., the effects of configuration interaction should 

be partially included. 

Referenc :e 

[1] Naqvi. A. M.. Thesis Harvard (1951). 

C III.    Forbidden Transitions 

No. Transition 
Array 

Multiple! \(Ä) £",-(«• m ') Eklcm-'l £. gk 
Type of 
Transi- 

tion 

-4A-,(M-C  ') .Slat.'i.) Accu- 
racy 

Source 

1 2*2/>-2s(2S)2p 3po_3p° 
[43.5 x 10s] 
[17.6 xl(P] 

52366.7 
52389.7 

52389.7 
52446.5 

1 
3 

3 
5 

m 
in 

2.18x10 7 

2.47 x 10"* 
2.00 
2.50 

B 
B 

1 
1 

2 :ip°_ ip° 

[2000.0] 
[2000.9] 
[2003.2] 

52366.7 
52389.7 
52446.5 

102351 
102351 
102351 

1 
3 
5 

3 
3 
3 

m 
m 
m 

0.00142 
1.35 
0.00179 

1.26 X 10 fi 

0.00120 
1.60 X 10~8 

C 
c 
c 

1 
1 
1 
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Civ 

Ground State 

Ionization Potential 

U22s «Sw 

64.476 eV = 520177.8 cm"' 

Allowed Transitions 

List of tabulated lines: 

Wavelength [A] No. 
1 

Wavelength [Ä] 
1 

No. Wavelength [Ä] No. 

222.7" I 4 384.19 6 4647 19 
244.907 3 419.525 5 4665 20 
259.471 9 419.714 5 4737 22 
259.542 9 1548.20 1 4789 18 
289.143 8 155077 1 5021 16 

289.230 8 2524.40 14 5023 16 
296.857 7 2595.14 13 5801.51 10 
296.951 7 2697.73 12 5812.14 10 
312.418 2 2698.70 12 6592 21 
312.455 2 3936 15 20694 11 

384.032 6 4440.4 17 20780 11 
384.178 6 4441.8 17 2C<«28 11 

The values taken from Weiss' calculations [1] are estimated to be accurate to within 10 percent 
because of the very close agreement between his dipole length and dipole velocity approximations. 
The values calculated with the length approximation are adopted. 

Reference 

[1]  Weiss. A. W., Astrophys. J. 138, 1262-1276(1963». 

ClV.    Allowed Transitions 

No. Transition 
Array 

Multiple! X(.4) Eftcm-') EiAem') g> g« /^(«O^sec-') A 5(at.u.) •"g«/ Accu- 
racy 

Source 

1 2s -2p 2§_2p° 

(1 uv) 
1549.1 0.0 645.5.5 2 6 2.65 0.286 2.91 -0.243 A 1 

1548.20 
1550.77 

0.0 
0,0 

64591 
64484 

2 
2 

4 
2 

2.65 
2.63 

0.190 
0.0950 

1.94 
0.970 

-0.42Ö 
-0.721 

A 
A 

Is 
Is 

2 2s -3p *S-2P° 
(2 uv) 

312.43 0.0 320070 2 6 45.6 0.200 0.412 -0.397 B + 1 

312.418 
312.455 

0.0 
0.0 

320080 
320049 

2 
2 

4 
2 

45.7 
45.5 

0.134 
0.0666 

0.275 
0.137 

-0.573 
-0.876 

B + 
B + 

Is 
Is 

3 2s-4p 2$ — 2p° 

(3 uv) 
244.907 0.0 408318 2 6 22.1 0.0597 0.0963 -0.923 B ca 

4 2s- 5p 2<; _ 2p° 

(4 uv) 
222.791 0.0 448859 2 6 11.8 0.0263 0.0385 -1.280 B rti 

5 2/> - 3.s 2p°_«g 

(6 uv) 
419.65 64555 302848 6 2 42.7 0.03^6 0.312 -0.647 B + 1 

419.714 
419.525 

64591 
64484 

302848 
302848 

4 
2 

2 
2 

28.5 
14.3 

0.0376 
0.0376 

0.208 
0.104 

-0.822 
-1.123 

B + 
B + Is 

6 2p - M 2p°_2[) 

(7uv) 
384.12 64.55.5 324887 6 10 177 0.654 4.96 0.594 B + 1 

384.17*, 
384.032 

[384.191 

64591 
64484 
64591 

324891 
324880 
324880 

4 
2 
1 

6 
4 
4 

177 
148 
29.6 

0.58V 
0.653 
0.0654 

2.98 
1.65 
0.331 

0.372 
0.116 

- 0.582 

B + 
B + 
B + 

Is 
Is 
Is 
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ClV.    Allowed Transitions—Continued 

No. Transition 
Array 

Multiple! X(A» £,(.ni M Etlcm'l 
"1 
* 

6 

4 
•1 

n .4*,(I0*S«T M A .Siai.u.i l-'S til Aci-ii 
ra<> 

B 

B 
B 

Source 

7 2p-4s ipo_jS 

(8uv) 
296.92 

296.951 
296.857 

64555 

64591 
64484 

401347 

401347 
401347 

2 

2 
2 

17.5 

11.7 
5.85 

0.00772 

0.00772 
0.00773 

0.0453 

0.0502 
0.0151 

-1.334 

-1.510 
-l.K'l 

ru 

/.. 

Is 

8 2p-4d *p">_2[) 
(9 uv) 

289.20 

289.230 
289.143 

[289.23] 

64555 

6459! 
6448-1 
6459! 

41033b 

410333 
410334 
410334 

6 

4 
2 
4 

t'O 

6 
4 
4 

58.1 

58.2 
48.5 
9.69 

0.121 

0.109 
0.122 
0.0122 

0.694 

0.117 
0.231 
0.0463 

-o.i.r 

-0.359 
-0.614 
-1.313 

B 

B 
B 
V, 

111 

Is 
Is 
Is 

9 2p-5d 2p°_2[) 

(10  UV) 
259 M 

259.542 
259.471 
259.512 

64555 

64591 
64484 
64591 

449887 

449887 
449887 
449887 

6 

4 
2 
4 

10 

6 
4 
4 

2:.8 

22.8 
18.9 
3.80 

0.0383 

0.0345 
0.0382 
0.00383 

0.196 

0.118 
0.0653 
0.0131 

- 0.639 

-0.860 
-1.117 
-1.814 

B 

B 
B 
B 

ra 

Is 
Is 
Is 

10 3s—3p 2S-2f'° 
(1) 

5804.9 

5801.51 
5812.14 

302848 

302848 
302848 

3200T0 

320080 
320019 

2 

2 
2 

6 

4 
2 

0.318 

0.319 
0.316 

0,481 

0.322 
0.160 

18.4 

12.3 
6.13 

-0.017 

-0.191 
-0.494 

B 

B 
B 

1 

Is 
Is 

11 3p-.'W 2po_2[) 20754 .120070 324887 6 10 0.00579 0.0623 25.5 -0.427 B 1 

(20780) 
[20694] 
[20828] 

320080 
320049 
320080 

324891 
324880 
324880 

4 
2 
4 

6 
4 
4 

0.00576 
0.00486 
9.53 X 10 < 

0.0559 
0.0624 
0.00620 

15.3 
8.50 
1.70 

-0 650 
-0.904 
- i.606 

B 
B 
B 

Is 
Is 
Is 

12 4p — 5s 2p»„2S 
(12 uv) 

2698.4 

2698.70 
2697.73 

408318 

408322 
408309 

445366 

445366 
445366 

6 

4 
2 

2 

2 
2 

1.09 

2.73 
1.37 

0.149 

0.149 
0.149 

7.94 

5.29 
2.65 

- 0.049 

-0.225 
-0.525 

B 

B 
B 

III 

Is 
Is 

13 4</—5p .n_2po 

(13 uv) 
2595.14 410336 448859 10 6 0.746 0.0452 3.86 - 0.345 B III 

11 4J-5/ 2D-2F° 
(14 uv) 

L'524.40 410336 149938 10 14 7.44 0.995 82.7 0.999 B ra 

15 5s — 6p ,s_2po 

(2) 
3936 445366 170763 2 6 0.310 0.237 6.14 -0.325 B < a 

16 5p-6s 2f>=_2S 

(3) 
5022.2 

5023 
5021 

448859 

448861 
448854 

468765 

468 ; • 
4687 •>. 

ft 

1 
2 

2 

2 

2 

1.40 

0.935 
0.467 

0.176 

0.177 
0.170 

17.5 

11.7 
5.83 

0.024 

-0.150 
- 0.453 

B 

B 
B 

ra 

Is 
:'.S 

17 5p — 6</ 2P°_2n 
(4) 

4441.8 

[4441.8| 
[4440.4] 
[4441.8] 

448859 

448861 
448854 
448861 

47136k 

471368 
471368 
471368 

6 

4 
2 
4 

10 

6 
4 
4 

1.05 

1.05 
0.871 
0.175 

0.516 

0,165 
0.516 
0.0516 

45.3 

27.2 
15.1 
3.02 

0.491 

0.270 
0.014 

- 0.685 

B 

B 
B 
B 

ra 

Is 
is 
is 

IK hd—6p 2D-2P° 
(5) 

4789 449887 470763 10 6 0.341 0.0704 11.1 -0.152 B ra 

19 •W-6/ 
2I)--F° 

(6) 
1647 449887 471403 10 4 1.85 0.837 128 0.923 B ra 

20 5/-W 2F°_2D 

(7) 
4665 449938 471368 14 10 0.103 0.0241 5.18 -0 472 B ra 

21 65 — 7p 2S_jpo 

(10) 
6592 468765 483931 2 6 0.132 0.258 11.2 -0.288 B ra 

22 6(/-8p 2[)_2po 

(12) 
4737 471368 492173 10 6 0.104 0.0210 3.27 -0.678 B ra 
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Cv 
Ground State 

lonization Potential 

l52 'So 

391.986 eV =3162450 cm-« 

Allowed Transiti(»ns 

The it ssi'Js of extensive n<m-relativistic variatinnal calculations by Weiss [lj are cho«' n. 
Values have been calculated in both the dipole length and dipole velocity approximations and a>ree 
to within 1 percent, except for the 3p 'P6—3« D transition where agreement is no! as good. The 
average of the two approximations is adopted [1). 

Ref erence 

|lj Weiss. A. \\ .. priva!«' communication (1964). 

c V.    Allowe dT ransitions 

No. Transition 
Array 

Multiple! A( A i £j(cm-') Ejlon-'l g> gk /**,•( 10« sec"') A Stat.u.) log«/ Accu- 
racy 

Source 

1 U2-ls2p 'S-'P0 [40.270] 0 2483240 1 3 8870 0.647 0.0858 -0189 A 

2 h*-U3p ■S-'P° [34.973] 0 2859350 1 2550 0.141 0.0162 -0.852 A 

3 \s2s— \s2p 'S-'P° [3340.8] [2455006] 2483240 1 3 0.165 0.0931 1.09 -1.031 A 

4 Is2s — ls3p 'S-'P0 [247.31| [2455006] 2059350 1 3 128 0.351 0.286 -0.455 A 

5 ls2p— ls3J 'P°-'D [267.21] 2483240 [2857480] 3 5 3% 0.707 1.87 0.327 A 

6 \s3d- IsSp •D-'Pe [53460]? [2857480] 2859350 5 3 3.97 x 10 * 0.0102 8.98 -i.292 C + 

7 \s2s — \s2p ■'S-:,P° 2273.9 2411244 2455207 3 9 0.565 0.132 2.95 -0.404 A 

8 \s2s — ls3p 3S-3P° [227.37) 2411244 [2851060] 3 9 136 0.316 0.710 - 0.023 A 

9 l.s2p-l.s.V 3po_,D 248.71 2455207 2857286 9 15 425 0.657 4.84 0.772 A 

10 \;Ap-\sM -p°-'D [16057]? [2851060] 2857286 0 15 0.00753 0.0485 23.1 - 0.360 A            1 
1 
1 
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N (TROGEN 

Ni 

Ground State 

Iunization Potential 

ls-2s-2pl4S^ 

14.53 eV = U7214 cm 

Wavelength [A] 

1100.7 
1134.17 
1134.42 
1134.98 
1163.87 

1163.88 
1164.31 
1167.45 
1168.42 
1168.54 

1169.69 
1176.4 
1176.6 
1177.7 
1199.55 

1200.22 
1200.71 
1231.7 
1243.17 
1243.30 

1243.31 
1310.54 
1310.97 
1316.29 
1319.04 

131972 
1326.63 
1327.96 
1411.94 
1492.62 

1492.67 
1494.67 
1742.72 
1742.73 
1745.25 

1745.26 
4099.95 
4109.96 
4113.97 
4137.63 

4143.42 
4151.46 
4214.73 
4215.92 
4218.87 

No. 

19 
1 
1 
» 

10 

10 
10 
9 
9 
9 

8 
14 
14 
14 
2 

2 
2 

20 
5 
5 

5 
13 
13 
12 
II 

11 
15 
15 
6 
3 

3 
3 
4 
4 
4 

4 
26 
26 
26 
30 

30 
30 
29 
29 
29 

Allowed Transitions 

List of tabulated lines: 

Wavelength [A] No. 

4222.12 
4223.04 
4224 74 
4230.35 
4253.28 

4254.7 
4258.7 
4261.2 
4263.2 
4264.7 

4269.8 
4384.4 
4391.3 
4914.90 
4935.03 

5170.0 
5181.5 
5186.9 
5197.8 
5201.8 

5281.18 
5292.9 
5293.5 
5305.0 
5309.2 

5310.6 
5314.8 
5328.70 
5344.4 
5354.7 

5350.77 
5367.1 
5372.5 
5372.66 
5378.3 

5401.45 
5411.88 
5816.48 
5829,53 
5834.7 

5841.01 
5850.1 
5854.16 
5856.3 
6606.3 

29 
29 
29 
29 
28 

28 
28 
28 
28 
28 

28 
43 
43 
31 
31 

18 
18 
18 
49 
49 

17 
!7 
17 
37 
17 

17 
17 
16 
16 
16 

16 
16 
16 
16 
16 

32 
32 
50 
50 
50 

50 
50 
50 
50 
47 

Wavele:ig!h [ÄJ 

6622.54 
6626.8 
6636.94 
6644.% 
6646.51 

6653.46 
6656.51 
6926.90 
6945.22 
6951.7 

6960.4 
6973.0 
6979.10 
6981.8 
7423.64 

7442.30 
7468.31 
8184.85 
8188.01 
8200,36 

8210.7' 
'3216.32 
8223.12 
8242.37 
8567 74 

8590.01 
8629.24 
8655.87 
8680.27 
8683.40 

8686.16 
8703.26 
8711.71 
8718.84 
8728.91 

8747.36 
9028 92 
9045.88 
9049.47 
9049.89 

9060.72 
9386.81 
9392.79 
9460.68 
9776.90 

\< 

47 
47 
47 
17 
47 

4" 
7 

18 
18 
48 

48 
48 
18 
48 
23 

23 
23 
22 
22 
22 

22 
22 
22 
22 
25 

25 
25 
25 
21 
21 

21 
21 
21 
21 
21 

21 
33 
27 
27 
27 

33 
21 
21 
24 
35 
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List of tabulated lines — Continued 

Wavelength |A| N... Wavelength |A] No. 
I 

Wavelength |ÄJ Nu. 

9786.79 35 10563.3 39 11628.0 7 
9788.30 35 10591.9 44 11656.0 7 
9798.57 35 105% 44 11964 42 
9810.02 35 10597.0 44 11997.9 42 
9814 03 35 10623.2 38 12074.1 42 

9822.75 35 10644.0 38 12107.4 42 
9834.62 35 10653.0 38 12128.6 46 
986.5.33 35 10675 38 12186.9 46 
9872.16 35 10693.2 37 12203.4 46 
10105.1 34 10713.6 38  I 12232.9 46 

10108.9 34 10718.0 38  ;    12280 46 
10112.5 34  i 10730.5 37       12288.0 46 
i0114.6 34  ! 10757.9 38 12291 40 
10128.3 34 10775.0 37 12307 46 
10147.3 34 10879.2 36 •2330 40 

10164.8 34  ! 10884.6 36 12384 40 
10166.8 34   , 11180.1 45 12461.2 41 
10200.0 34 11227.1 45 12467.8 41 
10500.3 39 11237.6 45 12582.3 41 
10507.0 39 11266.2 45 

10513.4 39 11291.7 45 
10520.6 39 11294.2 45 
10533.8 39 11313.9 45 
10539.6 39 11323.3 45 
10549.6 39  | 11564.8 7 

The numerical values for the 2s2 2p3 — 2s 2p4, 2/>:t — 2/r 3s, and 2p3 — 2p2 3d transitions are 
taken exclusively fn.m measurements with a wall-stabilized high current arc by Labuhn [1], since 
the available theoretical treatments for these transitions must be considered quite unreliable 
because of the strong effects of configuration interaction. However, even the experimental data 
should be conside ed with caution since they suffer, for example, from uncertainties in the iden- 
tification of the iires. 

The da'a for most higher excited transitions are taken from a stabilized-arc experiment by 
Richter [2], the Coulomb approximation, and approximate self-consistent field calculations by 
Kelly [6]. For abot't half of the 3p — 3d transitions the numbers agree within an impressive 10 
percent, and the results have been averaged. For most 3s —3p and 3s —4p transitions, strong 
cancellations in the calcula**ons render the theoretical results unreliable. In these cases experi- 
mental results are exclusively used whenever available. The above material is supplemented 
by a few numbers obtained from a shock tube investigation by Doherty [5], a wall-stabilized arc 
study by Shumaker and Yokley [4], and work with a less refined arc source by Motschmann [3], 
Motschmann's absolute values appear to be shifted by a constant factor due to a demixing effect 
in the arc and have been renormalized by applying a factor of 1.5, which has given the best fit with 
Richter's data. 

References 

[I] Labuhn. V.. to be published in Z. Naturforsch. 
[2] Richter, J.. '.'.. Astrophys. 51, 177-186(1%]). 
(3] Motschmann, H.. Z. Physik 143, 77-92(1955). 
[4] Shumaker, jr., J. P., and Yokley, C. K.. Applied Optics 3, 83-87 (1964). 
[5] Doherty. L. R., Thesis Michigan (1%1). 
[6]  Kelly. P. S., J. Quant. Spcctrose. Radial. Transfer 4, 117-148 (1964). 
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N 1.    Allowed Transitions 
-1 

No. 

 . 

Transition   , 
Array 

M'lltiplel \(A) Eiicm-1) fitlcm1) g< tft AtAVP tec-*) fa 

- 

S(al.u.j l»g «/ Accu- 
racy 

Source 

1 2s22p3- 
2s2p4 

450 _4p 

(2 uv) 
U.U.6 ö.O 88135 4 12 2.3 0.13 2.0 -0.27 D- 1 

1134.98 0.0 88110 4 6 2.2 0.064 0.95 -0.59 D- 1 
1134.42 0.0 88153 4 4 2.5 0.048 0.72 -0.71 D- 1,/s 
1134.17 0.0 88173 4 2 2.5 0.024 0.36 -1.02 I) - 1,/s 

2 2p3- 
2p2(3P)3s 

4S0_4P 

(1 UV) 
1199.9 0.0 83336 4 12 5.4 0.35 5.5 0.15 D- 1 

1199.55 0.0 83366 4 6 5.5 0.18 2.8 -0.15 D- 1 
1200.22 0.0 83319 4 4 5.3 0.11 1.8 -o.;u D- 1 
1200.71 0.0 83286 4 2 5.5 0.059 0.94 -0.b2 D - 1 

3 2D°_2p 

(4 uv) 
1493.3 19228 86193 10 6 5.5 0.11 5.4 0.04 D i 

1492.62 19224 86221 6 4 5.3 0.12 3.5 -0.15 D 1,/« 
1494.67 19233 86138 4 2 5.0 0.084 1.6 -0.48 D 1 
1492.67 19233 86221 4 4 0.58 0.019 0.38 -1.11 D 1,/s 

4 2po_2p 

(9 uv) 
1741.6 28840 86193 6 6 2.0 0.091 3.1 -0.26 D 1 

1742.73 28840 86221 4 4 1.8 0.082 1.9 -0.48 D 1,/s 
1745.25 28840 86138 2 2 1.3 0.059 0.68 -0.93 D I, Is 
1745.26 28840 86138 4 0.65 0.015 0.34 -1.23 D 1,/s 
1742.72 28840 86221 2 4 0.35 0.032 0.37 -1.20 D 1, Is 

5 
2p2('D)3s' 

2D°-2D 
(5 uv) 

1243.3 19228 99663 10 10 4.6 0.11 4.4 003 D 1 

1243.17 19224 90663 6 6 4.3 0.10 2.4 -0.22 D Is 
1243.30 19233 99663 4 4 4.3 0.10 1.6 -0.40 D Is 
1243.17 19224 99663 «i 4 0.43 0.0070 0.17 -1.38 D Is 
1243.31 19233 99663 ■+ 6 0.30 0.010 0.17 -1.38 D Is 

6 2p_2f) 

(10 uv) 
1411.94 28840 99663 6 10 0.52 0.026 0.72 -0.81 D 1 

7 2s2p4- 
2s22p2(3P)3p 

4p_4S0 

(12) 
11602 88135 96752 12 4 0.040.: 0.0273 12.5 -0.485 C 2 

11561.8 88110 96752 6 4 0.0210 0.0280 6.4 -0.77 C 2, Is 
11628.0 83153 96752 4 4 0.0130 0.0264 4.04 -0.98 C 2, Is 
13656.0 88173 96752 2 4 0.0066 0.0267 2.05 -1.272 c 2, Is 

8 2p3- 
2p2(3P)3«/ 

2D°~'F 

1169.69 19224 104718 6 8 0.030 8.2 x lO"4 0.019 -2.31 D 1 

9 2D°-2F 
(6uv) 

1167.9 19228 104852 10 14 1.2 0.034 1.3 -0.46 D 1 

1167.45 1922 V 104883 6 8 1.1 0.030 0.69 -0.75 D 1 
1168.54 19233 104811 4 6 1.3 0.040 0.61 -0.80 D I, Is 
1168.42 19224 104811 6 6 0.095 0.0019 0.045 -1.93 0 I, Is 

10 2D°-2D 
(7 uv) 

1161.0 19228 105135 10 10 0.47 0.0095 0.37 -1.02 D 5 

1163.88 19224 105144 6 6 0.43 0.0087 0.20 -1.28 D Is 
1164.31 19233 105121      4 4 0.43 0.0087 0.13 -1.46 D Is 
1164.3! 19224 105121 6 4 0.048 6.5 x 10-4 0.015 -2.41 D Is 
1163.87 19233 105144 4 6 0.032 9.7 x 10 4 0.015 -2.41 D Is 

11 jpo _ 2p 

(12 uv) 
1319.5 28840 104628 6 6 1.3 0.034 0.88 -0.69 D 1 

1319.72 28840 104615 4 4 1.1 0.029 0.50 -0.94 D I, Is 
1319.04 28840 104655 2 2 0.85 0.022 0.19 -1.35 D 1,/s 
1319.04 28840 104655 4 2 0.42 0.0055 0.095 -1.66 D 1,/s 
1319.72 28840 104615 2 4 0.22 0.0! 1 0.10 -1.64 D 1,/s 
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IN I.    Allowed Transitions — Continued 

No. Transition Multiple! X(A) jfi.Hitr ') EiU m ') g> A /*ji,<IO* M • ') fa .Slat.u.i l<'g«/ Accu- Source 
Array racy 

12 !|X>_ip . 
1316.29 28840 104811 4 6 0.025 9.6 x i04 0.017 -2.42 D 1 

13 2P-2D 
(13 uv) 

1510.7 28840 105155 6 10 1.3 0.056 1.4 -0.48 D 1 

1310.54 28840 105144 4 6 1.3 0.050 0.87 -0.70 D Is 
1310.97 28840 105121 2 4 1.1 0.057 0.49 -0.95 D Is 
1310.97 28840 105121 4 4 0.23 0.0059 0.10 -1.63 D Is 

14 2//- 2[)°_2p 1176.9 19228 101199 10 6 1.1 0.014 0.53 -0.86 D 1 
2p2(3P)4i j 

[1176.4 
[1177.7 
f 1176.6 

19224 104227 6 4 0.95 0.013 0.31 -1.10 D \,ls 
19233 104142 4 2 1.3 0.014 0.21 -1.27 D 1 
19233 104227 4 4 0.11 0.0023 0.035 -2.04 D I, Is 

15 2p°_2p 

(11   UV) 
1327.0 28840 104199 6 6 0.20 0.0053 0.14 -1.50 D 1 

1326.63 28840 104227 4 4 0.15 0.0040 0.069 -1.80 D I, Is 
1327.% 28840 104142 2 2 0.17 0.0045 0.039 -2.05 D IJs 
1327.% 28840 104142 4 0.085 0.0011 0.020 -2.35 D I, Is 
1326.63 28840 104227 2 4 0.030 0.0016 0.014 -2.50 D I, Is 

16 ■Zslp1 - 
2s22p2l:iP)4p 

4p_4ß° 

(13) 
5349.0 881.15 106825 12 20 0.00252 0.00180 0.380 -1.67 C 2 

5328.70 88110 106871 6 8 0.00254 0.00144 0.152 -2.062 C 3n, Is 
5356.77 88153 106816 4 6 0.00189 0.00122 0.086 -2.312 C 3n. Is 
5372.66 88173 106780 2 4 0.00107 9.3 X 104 0.0328 -273 C 3n, Is 
5344.4 8,3110 106816 6 6 6.2 X10-4 2.64 XlO4 0.0279 -2.80 C 3n, Is 
.5367.1 88133 106780 4 4 0.00118 5.1 xlO4 0.0361 -2.69 C 3n, Is 
5378.3 88173 106761 2 2 0.00210 9.1 xlO-4 0.0323 -2.74 c 3n, Is 
5354.7 88110 106780 6 4 1.35 xhr4 3.88 x 10' 0.00410 -3.63 c 3n, Is 
5372.5 88153 106761 4 2 4.31 x 104 9.3 x 10-' 0.0066 -3.428 c 3n, Is 

17 4p_4p° 

(14) 
5294.9 88155 107016 12 12 0.00373 0.00157 0.328 -1.73 2 

5281.18 88110 107039 6 6 0.00282 0.00118 0.123 -2.150 C 3n, Is 
5305.0 88153 106998 4 4 5.3 x 10-* 2.23x10 4 0.0156 -3.049 c 3n, Is 
5314.8 88173 106983 2 2 6.9X10-4 2.91 X 10-4 0.0102 -3.234 c 3/i, Is 
'5292.9 88110 106998 6 4 0.00167 4.68 x 10-4 0.0489 -2.55 c 3n, /s 
5309.2' 88153 106983 4 2 0.00273 5.8 x 10"4 0.0402 -2.64 c 3n, Is 
5293.5 88153 107039 4 6 0.00113 7.1 XlO"4 0.0495 -2.55 c 3n, Is 
5310.6" 88173 106998 2 4 0.00137 0.00116 0.0404 -2.64 c 3n, Is 

18 4P_4S° 5176.7 88135 107447 12 4 0.00427 5.7 XlO-4 0.117 -2.163 c 2 

5170.0 88110 107447 6 4 0.00209 5.6 XlO4 0.057 -2.475 c 3n, Is 
5181.5 88153 '07447 4 4 0.00144 5.8 x 10"4 0.0395 -2.64 c 3n, h 
5186.9 88173 107447 2 4 7.3 xlO4 5.9 x 10"4 0.0201 -2.93 c 3n, Is 

19 2p'~ 
2p2(3P)5s 

2[)°_2p 1100.7 19228 110082 i9 6 0.33 0.0036 0.13 -1.44 D- 1 

20 2p°_2p 

[1231.7] 28840 110029 2 2 0.022 5.0 x 10-4 0.0041 -2.99 D I, Is 
[1231.7] 28840 110029 4 2 0.011 1.3X 10-4 0.0020 -3.30 D I, Is 

21 2p23s- 
2p2(3P)3p 

4P-4D° 
(1) 

8691.6 83337 94859 12 20 0.190 0.358 123 0.63 c 2 

8680.27 83366 94883 6 8 0.191 1.287 49.2 0.236 c 2, Is 
8683.40 83319 94832 4 6 0.133 0.226 25.8 -0.045 c 2, Is 
8686.16 83286 94795 2 4 0.079 0.178 10.2 -0.448 c 2, Is 
8718.84 83366 94832 6 6 0.054 0.062 10.6 - 0.433 c 2, Is 
8711.71 83319 94795 4 4 O.lOi 0.115 13.2 -0.337 c 2, Is 
8703.26 83286 94772 2 2 0.171 0.194 11.1 -0.412 c 2, Is 
8747.36 83366 94795 6 4 0.0079 0.0061 1.05 -1.438 c 2, Is 
8728.9 1 83319 94772 4 2 0.0300 0.0171 1.97 —1.164 c: 2, Is 
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Nl.    Allowed Transitions — Continued 

Transition 
Array 

22 

23 

24 

26 

28 

2p2l3P)3s- 
2p('D>3p' 

2p23*' - 
2p2('D)3p' 

2p235- 
2p2(3P)4p 

Multiple! 

29 

30 

-tp_4p° 

(2) 

4P-4S° 
(3) 

2p _ 2Q° 

(7) 

2p_2p° 

(8) 

A(A> 

2p__2p° 

(10) 

2[) _ 2p° 

4P_4D" 

(4) 

4p_ ip° 

(5) 

ip _ is° 

(6) 

821 !.8 

8216.32 
8210.71 
8200.36 
8242.37 
8223.12 
8184.85 
8188.01 

7452.2 

7468.31 
7442.30 
7423.64 

9395.3 

9392.79 
9386.81 
9460.68 

8617.5 

8629.24 
8590.01 
8655.87 
8567.74 

4106.8 

4109.96 
4099.95 
4113.97 

9047.6 

9045.88 
90 19.89 
9049.47 

4256.3 

4253.28 
4254.7 
4254.7 
4263.2 
4261.2 
4258.7 
4269.8 

; 4264.7 

1222.0 

4223.04 
4222.12 
4218.87 
4230.35 
4224.74 
4214.73 
4215.92 

4146.3 

4151.46 
4143.42 
4137.63 

E.U-nv') 

83337 

83366 
83319 
83286 
83366 
83319 
83319 
83286 

83337 

83366 
83319 
83286 

86193 

86221 
86138 
86221 

86193 

86221 
86138 
86221 
86138 

86193 

86221 
86138 
8622! 

99663 

99663 
996o> 
99663 

8333 7 

83366 
83319 
83286 
83366 
83319 
83286 
83366 
83319 

83337 

83366 
83319 
83286 
83366 
83319 
83319 
83286 

83337 

83366 
83319 
83286 

FkUm  'I 

9.5.5// 

95533 
95495 
95477 
95495 
95477 
95533 
95495 

96752 

96752 
96752 
96752 

96834 

96864 
96788 
96788 

97794 

97806 
97770 
97770 
97806 

110536 

110546 
110522 
110522 

110713 

110715 
110711 
110711 

106825 

106871 
106816 
106780 
i06C16 
106780 
106761 
106780 
106761 

107016    12 

£.    fr 

107039 
106998 
106«83 
106< 98 
106983 
107039 
106998 

107447 

107447 
107447 
107447 

12 

6 
4 
2 
6 
4 
4 
2 

12 

6 
4 
2 

4 
2 
4 

10 

6 
1 
6 

12 

6 
1 
2 
6 
4 
2 
6 
4 

10 

6 
4 
4 

n 
8 
6 
6 

20 

8 
6 
4 
6 
4 
2 
4 
2 

12 

6 
4 

u 
4 2 
4 6 
2 4 

12 4 

6 4 
4 4 
2 4 

4n,<10H sec ') U 

0.228 0.231 

0.160 0 162 
0.0363 0.0367 
0.0364 0.0367 
0.102 0.069 
0.202 0.103 
0.063 0.096 
0.092 0.185 

0.318 0.088 

0.161 0.089 
0.106 0.088 
0.052 0.086 

0.217 0.478 

0.218 0.432 
0.183 0.482 
0.0334 0.0-U9 

0.286 0.318 

0.238 0.266 
0.190 0.210 
0.099 0056 
0.0458 0.101 

0.041 0.017 

0.040 0.015 
0.031 0.017 
0.0068 0.0017 

0.272 0.467 

0.269 0.439 
0.258 0.475 
0.0180 0.0222 

0.020 0.0089 

0.020 0.0071 
0.011 0.0057 
0.0079 0.0043 
0.0061 0.0017 
0.010 0.0029 
0.016 0.0043 
9.8 x 10 ' 1.8 x 1 
0.0033 4.5 x 1 

0.073 0.020 

0.051 0.014 
0.0098 0.0026 
0.01:; 0.0033 
0.033 0.0059 
0.061 0.0082 
0.022 0.0088 
0.031 0.016 

0.025 0.0021 

0.013 0.0023 
0.0078 0.0020 
0.0039 0.0020 

10 
10 

Slat.u.l 

75 

26.3 
3.97 
1.98 

11.3 
11.1 
10.3 
10.0 

26.0 

13.2 
8.6 
4.21 

89 

53 
29.8 
5.6 

54 

30.2 
11.9 
6.3 

1.4 

0.83 
0.46 
0.093 

139 

78.5 
56.6 
3.96 

0.60 
0.32 
0.12 
0.14 
0.!6 
0.12 
0.015 
0.025 

3.3 

1.1 
0.15 
0.091 
0.49 
0.45 
0.49 
0.45 

0.35 

0.19 
0.11 
0.055 

l»gfi/ 

0.443 

0.012 
0.83 
1.135 
0.381 

-0.387 
0.418 
0.4 i 1 

0.025 

0.270 
0.454 
0.76 

0.458 

0.237 
0.016 
0.75 

0.281 

0.027 
0.376 

- 0.65 
0.70 

0.98 

-1.21 
-1.47 
-2.16 

0.669 

0,421 
0.279 
0.876 

0.97 

1.37 
1.64 

-2.07 
-2.00 

1.94 
-2.07 
-2.97 
-2.75 

0.63 

1.09 
1.98 

-2.18 
1.45 
1.49 
1.45 
1.49 

1.59 

1.87 
2.09 
2.40 

\rc'l 
rac\ 

C 

Ü 
<: 
<: 

<: 
c 
<: 
c 
i) 

i) 
i) 
i) 

In, Is 
In, Is 
2/i, Is 
In, Is 
tn. Is 
2n, Is 
2fi, Is 

In, Is 
2/1, Is 
>n. Is 

2, Is 
2, Is 
2. Is 

2. Is 
2, Is 
2,1s 
2. Is 

3/i 

2, 6. ca 

2n. Is 
2n, Is 
2n, Is 

Is 
Is 
Is 
Is 
Is 
Is 
Is 
Is 

An 

Is 
is 
Is 
Is 
Is 
Is 
Is 

in 

in, Is 
in, Is 
in, is 

52 



N I.   Allowed Transitions — Continued 

31 

32 

33 

34 

35 

36 

37 

38 

39 

IratiMii'i! Muliiplei A<Al £,l<m '» AVU 711 ') <?■ #* AnAlW -<■(•') /• .Slat.u.l 

—i 
! 
Accu- Snurcr 

Arra> racy 

(9i 
4928.2 86193 106-479 6 

1 

2 0.C234 0.00285 0.277 -1.768 B 2,4 

49?5.03 86221 106479 4 2 0.01.58 0.00:?«9 0.188 -1.937 B 4n, Is 
4914.90 86138 106479 2 2 0.00759 0.00275 0.0889 -2.260 B 4H, IS 

2/>:l'l,l3p- sp»—^ 5408.4 97794 116279 6 2 0.0111 0.00162 0.173 -2.013 c 2 
2p*fS).V 

5411.88 97806 116279 4 2 0 0075 0.00164 0.117 -2.183 c 2, Is 
5401.45 97770 116279 2 •> 0.00369 0.00161 0.057 - 2.491 c 2, is 

2p*3p- 2S°_2p 9050.4 93582 104628 2 6 0.256 0.945 56.3 0.276 B 2, 6, ca 
2p2('l'l3,/ (15) 

9060.72 93582 104615 2 4 0.257 0.634 37.8 0.103 B 2n, Is 
9028.92 93582 104655 2 2 0.255 0.311 18.5 -0.206 B In, Is 

*D°-4F 
(18) 

10117 94839 104721 20 28 0.373 0.802 534 1.205 B 2, 6, ca 

10114.6 94883 104767 8 10 0.374 0.717 191 0.759 B /* 
10112.5 94832 101718 6 8 0.321 C.656 131 0.595 B /5 
10108.9 94795 104684 4 6 0.281 0.646 86.0 0.412 B /s 
.0105.1 94772 104665 2 4 0.262 0.803 53.4 0.206 B Is 
10164.8 94883 104718 8 3 0.0523 0.0811 21.7 -0.188 B Is 
10147.3 94832 104684 6 h 0.0898 0 139 27.8 -0.080 B Is 
10128.3 94795 104665 4 4 0.104 0.160 21.4 -0.193 B is 
10200.0 94883 1046S4 8 6 0.00353 0.00413 1.11 -1.481 B Is 
10166.8 94832 104665 6 4 0.00737 0.00762 1.53 -1.340 B Is 

<DJ- 'D 9829.2 94839 105010 20 20 0.0992 0.144 93.0 0.458 B 2, 6, ca 
(19) 

9863.33 94883 105020 8 8 0.101 0.147 38.1 0.069 B 2n, Is 
9822.75 94832 10.5011 6 6 0.0542 0.0783 15.2 -0.328 B In 
9798.57 94795 104998 4 4 0.0346 0.0498 6.42 -0.701 B 2n 
9788.30 94772 104987 2 2 0.0310 0.0445 2.87 -1.050 B In, Is 
9872.16 94883 105011 8 6 0.0222 0.0243 6.33 -0.711 B 2n. Is 
9834.62 94832 104998 6 4 0.0461 0.0445 8.65 -0.573 B 2n 
9810.02 94795 101987 4 2 0.0415 0.0300 3.87 -0.921 B 2n, Is 
9814.03 94832 105020 6 8 0.0118 0.0227 4.41 -0.865 B 2n,ls 
9786.79 94795 105011 4 6 0.0144 0.0311 4.01 -0.905 B 2n, Is 
9776.90 94772 104998 2 4 0.0177 0.0506 3.26 -0.995 B 2n 

.p-_4F 

10884.6 95533 104718 6 8 0.00141 0.00335 0.72 -1.70 C 2 
10879.2 95495 104684 4 6 0.00160 0.00426 0.61 -1.77 C 2 

4po_2f 

10693.2 955.33 104883 6 8 0.00402 0.0092 1.94 -1.259 c 2 
10730.5 95495 104811 4 6 0.0170 0.0440 6.2 -0.75 c 2 
! 0775.0 95533 104811 6 6 0.00421 0.0073 1.56 -1.357 c 2 

4p° _ 4p 10708 9.55// 104847 12 12 0.126 0.216 91.5 0.414 B 2, 6, ca 

10757.9 95533 104825 6 6 0.0868 0.151 32.0 -0.044 B Is 
[10675] 95495 104860 4 4 0.0169 0.0289 4.06 -0.937 B Is 
10623.2 95477 104886 2 2 0.0215 0.0363 2.54 -1.139 B Is 
10718.0 95533 104860 6 4 0.0564 0.0647 13.7 -0.411 B Is 
10644.0 95495 104886 4 2 0.107 0.0906 12.7 -0.4» B Is 
10713.6 95495 104825 4 6 0.0376 0.0971 13.7 -0.411 E Is 
10653.0 95477 104860 2 4 0.0532 0.181 12.7 -0.441 B Is 

4po_4f) 10.925 95.5// 105010 12 20 0.248 0.688 286 0.917 B 2, 6, ca 
(28) 

10539.6 95533 105020 6 8 0.242 0.538 112 0.509 B 2.1, Is 
10507.0 95495 105011 4 6 0.132 0.327 45.2 0.116 B 2n 
10500.3 95477 104998 2 4 0.0652 0.216 14.9 -0.366 B 2n 
10549.6 95533 105011 6 6 0.126 0.210 43.8 0.101 B 2B 

53 



N I.    Allowed Transitions — Continued 

No.    Transition Multiple! X(A) £,Um') Ekicm1) g> g* 4(!0»sec-'| /* Slat.u.l l«'g gj 1 \<vu- Source 
Array 

  ,  
raey 

39 (con.) 10520.6 95495 104998 4 4 0.16k 0.269 37.2 0.031 B 2.i 
10513.4 95477 104987 2 2 0.174 0.28«., 20.0 -0.2:« B In 
10563.3 95533 104998 6 4 0.0369 0.04U 8.58 -0.608 B 2n 
10533.8 95495 104987 4 2 0.0405 0.0337 4.67 -0.871 B 2n, Is 

40 4So_4P 12:150 96752 104841 4 12 0.124 0.85 138 0.53 C 6. ca 
(34) 1 

12384 96752 104825 4 6 0.123 0.423 69 0.229 C Is 
12330 96752 104860 4 4 0.124 0.283 46.0 0.054 <: tr, 
12291 96752 104886 4 2 0.125 0.142 23.0 -0.245 c Is 

41 2D°-2F 
(36) 

12469 96834 104852 10 14 0.216 0.71 290 0.85 c 6, ca 

12467.8 96864 304883 6 8 0.217 0.67 lo6 0.61 c Is 
12461.2 96788 104811 4 6 0.202 0.71 116 0.451 c Is 
12582.3 96864 104811 6 6 0.0141 0.0334 8.3 -0.70 c Is 

42 2D°-2D 
(37) 

1204.1 96814 105135 10 10 0.060 0.130 52 0.114 c 6, ca 

12074.1 96864 105144 6 6 0.055 0.121 28.8 -0.140 c Is 
1,997.9 96788 105121 4 4 0.054 0.117 18.5 -0.329 c Is 
12107.4 96864 105121 6 4 0.0059 0.0086 2.06 -1.287 c Is 

[11964] 96788 105144 4 6 0.00406 0.0131 2.06 -1.282 c Is 

43 2p2(1P)3p- 
2p2('D)3.i" 

2P°-2S 4.189.1 91194 120572 6 2 0.0153 0.00148 0.128 - 2.053 c 2 

[4391.3] 97806 120572 4 2 0.0102 0.00147 0.085 -2.231 c: 2, Is 
[4384.4] 97770 120572 2 2 0.0052 0.00151 0.0435 -2.52 c 2, Is 

44 2p23p'- 
2p2('D)3<i' 

2F-2G 1059.5 11011.1 120149 14 18 0.338 0./31 357 1.010 B 2, 6, ca 

10597.0 110715 120149 8 10 0.337 0 709 198 0.754 B Is 
10591.9 110711 120150 6 8 0 326 0.73! 153 0.642 B Is 

[105%] 110715 120150 8 8 0.0121 0.0204 5.68 -0.788 B Is 

45 2p23p- 
2p2(3D4s 

4D=-4p 

(17) 
11290 948.19 10-1694 20 12 0.147 0.168 125 0.527 C + 2, 6, ca 

11291.7 94883 103737 8 f; 0.U7 0.168 50.0 0.129 (.+ Is 
11313.9 948,32 103668 6 4 j 0.0920 0.118 26.3 -0.151 C.+ Is 
11323.2 94795 103618 4 2    U.0726 0.0697 10,4 -0.554 C + Is 
11227.1 94832 103737 6 6 0.0270 0.0510 U.3 -0.515 c + Is 
11266.2 94795 103668 4 4 0.475 0.0903 13.4 -0.442 C + Is 
11294.2 94772 103618 2 2 0.0731 0.140 10.4 -0.553 c + Is 
11180.1 94795 103737 4 6 0.00302 0.00849 i y 5 -1.469 c + Is 
11237.6 94772 103668 2 4 0.00746 0.0282 im -1.248 c+ Is 

4ft 4p°_ 4p 

(27) 
12217 9.1511 10.1694 12 12 '.;.f;76 0.171 83 0.312 c 6, ca 

12186.9 95533 103737 6 6 0 G54 0.119 28.7 -0.146 c h 
12232 9 95495 103668 4 4 0.0101 0.0226 3.64 -1.044 c Is 

112280) 95477 103618 2 2 0.0125 0.0282 2.28 -1.249 c Is 
12288.0 95533 103668 6 4 0.0336 0.051 12.3 -0.52 c Is 

[12307] 95495 103618 4 2 0.062 0.070 11.4 -0.55 c Is 
12128.6 95495 103737 4 6 0.0233 0.077 12.3 -0.51 c Is 
12203.4 95477 103668 2 1 0.0318 0.142 11.4 - 0.55 c Is 

47 2p23p- 
2p2(3P)5i 

4[)° _ 4p 

(20) 
6644.0 948.19 109886 20 12 0.0389 0.0154 6.8 -0.51 c 6, ca 

6644.96 94883 109928 8 6 0.0311 0.0154 2.70 -0.91 c Is 
6653.46 94832 109858 6 4 0.0244 0.0108 1.42 -1.188 c Is 
66.56.51 94795 109814 4 2 0.0193 0.0064 0.56 -1.59 c Is 
6622.54 94832 109928 6 6 0.007) 0.00465 0.61 —1.55 c Is 
6636.94 94795 109858 !   4 4 0.0125 0.0083 0.72 -1.481 c Is 
6646.51 94772 109811 2 2 0.0194 0.0128 0.56 -1.59 c Is 
[6606.3) 94795 10992« 4 6 7.9 X lO4 7.8 X 10-* 0.068 -2.51 c Is 
[6626.8) 94772 109858 2 4 0.00197 0.00259 0.113 -2.286 c Is 
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N I.    Allowed Transitions — Continued 

\... Transition Mullipict         A(\l E,Um '1 fcVcm   '1 g< gk 

■ 

Ak,{ 10" sec"1) U S(ai.n.) l«'l?«A Accu- Source 
Array 
  

6954.6 -0.73 

racy 

48 

1 

955// 109886 12 12 0.02 i 2 0.0154 4.22 c 6, ca 
(29) 

6945.22 95533 109928 6 6 0.0149 0.0108 1.48 -1.189 C Is 
I 16960.4] 95495 109858 4 4 0.00281 0.00204 0.187 -2.088 c Is 
1 [6973.0] 95477 109814 2 2 0.00350 0.00255 0.117 -2293 C Is 

6979.10 95533 109858 6 4 0.0094 0.00459 0.63 - 1.56 C Is 
169818] 95495 109814 4 2 0.0174 0.0064 0.59 -1.59 C Is 
6926.90 95495 109928 4 6 0.0064 0.0069 0.63 -1.56 C Is 

:   [6951.7] 
j                   i 

95477 109858 2 4 0.0088 0.0128 0.59 -1.59 c Is 

49 ipK\p-           «S°-*P        5200.5 93582 112806 2 6 0.023 0.028 0.% -1.25 D 3n 
2pH3P)Sd 

[5201.81 93582 112801 2 4   0.023 0.019 0.64 -1.43 D Is 
i [5197.8] 93582 112816 2 2 0.023 0.0094 0.32 -1.73 D Is 

50   2p*3p-           <p_4p 5836.4 95511 112640 12 12 0.0092 0.00468 1.08 - 1.250 C 6, ca 
2p2('P)6s         (32) 

i 

i 5829.53 95533 112683 6 6 0.0064 0.00328 0.378 -1.71 C Is 
5841.01 95495 112611 4 4 0.00122 6.2 xlO* 0.0480 -2.60 C Is 

[5850.1] 95477 112566 2 2 0.00152 7.8 x 10^ 0.0300 -2.81 C Is 
5854.16 95511 112611 6 4 10.00409 O.v/0140 0.162 -2.075 C Is 

!   [5856.3] 95495 112566 4 2   0.0076 0.00195 0.150 -2.109 c Is 
5816.48 95495 112683 4 6 i 0.00278 0.00212 0.162 -2.073 C Is 

[5834.7] 95477 112611 2 4 | 0.00383 
1 

0.00390 0.150 -2.107 c Is 

Forbidden Transitions 

For this ion we have performed the numerical calculations by utilizing Ufford and Gilmour's 
[1] values for the parameters £ and 7) and empirical term intervals, and by employing the general 
expressions of Shortley, Aller. Baker, and Menzel [2j for the line strengths in the p3 configuration 
(see also general introduction). For the electric quadrupole lines we have employed Garstang's 
[3] estimate of the quadrupole integral sq. For the 2D° — 2D° transition a difference between the 
transition probability quoted by Garstang [4] and the tabulated value will be noticed. This is 
due to a revised experimental value for the term interval as given by Bowen [5]. 

References 
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IS I. Forbidden Transitions 

No. Transition 
Array 

Multiplet x(A) £,<cm-') Eicicm ') g> gk Type of 
Transition 

/Msec-') S(at.u.) Accu- 
racy 

Source 

i 2p:,-2p:l 'S°-*D° 
(1 F) 

i 

5200.7 0    • '   19223.9 4 6 nt 7.4 x 10-' 2.32x10" C 1 
5200.7 0 19223.9 4 6 e 6.2 X 10-« 8.4 x 10s D 1.2 
5198.5 0 19233 1 4 4 m 1.23 X 10-* 2.55 x 10-' C 1 
5198.5 0 19233.1 4 4 e 4.0 X 10« 3.6 x 10-" D 1,2 

2 4^0 _ jpo 

(2F) 
3466.4 0 28840 4 4 m 0.0062 3.82 X 10-* C 1 
3466.4 0 28840 4 4 e 3.4 X 10" 4.1 x 10-* D 1.2 
3466.4 0 28840 4 2 m 0.00247 7.6 x 10'« C 1 
3466.4 0 28840 4 2 e I.lxlO"; | 6.4x10» o 1,2 
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Nl. Forbidd en Transitions - -Continued 

1 
i 

Typ«' of Accu- Source 
No. Transition 

Array 
Multiplet \<A) £,(<m ') £n'<m '1 g> gk Transi- 

tion 
.4t,(s.-c -') .Siat.u.) racy 

3 2D°--D° 
|10.9x 10s] 19223.9 19233.1   1  6 4 m 1.25 x 10 * 2.40 B 1 
110.9x10«] 19223.0 19233.1 f> 4 e 2.4 x 10 " 8.9 x [:;-•■ D 1. 2 

4 2[)0_2po 

(3 F) 
10395.4 19223.9 28840 6 j   4 n            3 x 10 4 1.55 x 10"4 *: 1 
10395.4 19223.0 28840 6 1   4 e          .054 15.6 <• 1. 2 
10395.4 19223.9 28840 6      2 e       jü.0308 4.45 i. 2 
10W4.1 19233.1 28840 4     4 m        0.00165 2.75 x \0-* (_, 1 
10404.1 1923.;.: 28840        4 4 e       10.0230 6.7 (, 1, 2 
104^4.1 1923:;.l 288«)     !  4 •? m        0.00103 8.6 x 10 5 (, 1 
10404.1 19233.1 28840     i 4 2 e       j 0.0460 6.7 L 1.2 

Nil 

Ground State ls22s22p23P„ 

Ionization Potential 29.593 e\ =238751.1 cm- 

Allowed Transitions 

List of tabulated lines: 

Wavelength [Ä] No. Wavelength [A] No. 

1 

Wavelength [Aj No. 

529.343 10 745.836 6 2493.94 47 
529.405 10 746.976 8 2496.88 47 
529.481 10 775.957 4 2520.27 46 
529.627 10 915.603 2 2520.85 W) 
529.713 10 915.955 2 2522.27 46 

529.860 !0 916.004 •> 2522.46 46 
533.504 9 916.700 2 2524.49 46 
533.51 9 1083.98 1 2526.17 46 
533.577 9 1084.57 1 2709.82 49 
533.644 9 1085.5 1 2799.20 48 

533.726 9 1085.54 1 3006.86 38 
533.809 9 1085.70 1 3023.80 50 
572.07 13 1886.82 24 3311.4 39 
574.650 12 22%. 10 44 3318.14 39 
582150 11 2316.46 45 3324.58 39 

635.180 14 2316.65 45 3328.79 39 
614.621 3 2317.01 45 3330.30 39 
644.825 3 2319.94 45 3331.32 39 
645.167 3 2321.65 45 3437.16 20 
660.280 5 2325.16 45 3593.60 40 

671.014 7 2461.30 51 3609.09 40 
671.391 7 2488.12 47 3615.88 40 
671.629 7 2488.75 47 3829.80 41 
671.770 1 2490.37 47 3838.39 41 
671.999 ( 2493.16 47 3842.20 41 
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Li> ! of tabulated line s — Continued 

Wavelength | \\ \... Wavelength [ A] No. Wavelength [Ä] No. 

3847.38 41 5012.03 22 5941.67 31 
3855.08 41 5016.39 27 5952.39 31 
3856.07 41 5023.11 22 5954.28 60 
3919.01 26 5025.67 27 5960.93 31 
3995.00 19 5040 76 27 6114.6 52 

4026.08 62 5015.10 16 6136.89 52 
4040.9 61 5104.45 43 6150.76 52 
4124.08 23 5168.24 37 6167.82 52 
4133.67 23 5170.08 37 6170.16 52 
114.1.76 23 5171.30 37 6173.40 52 

4176.16 63 5171.46 37 6242.52 59 
4227.75 42 5172.32 35 62S4.30 34 
4239.4 64 5173.37 35 6318.80 55 
4417.9 65 5174.46 37 6328.39 55 
4427.97 65 5175.89 35 6340.57 55 

4431.82 65 5176.56 37 6346.86 55 
4432.74 65 5177.06 35 6356.55 55 
4433.48 65 5179.50 35 6357.57 55 
4441.99 65 5179.50 37 6482.07 18 
4447.03 25 5180.34 35 6491.79 54 

1459.96 29 5183.21 37 6504.61 54 
4465.54 29 5184.96 35 652239 54 
4475.8 29 5186.37 37 6532.55 54 
4477.74 29 5190.42 35 6544.16 54 
4488.15 29 5191.97 35 6545.53 54 

4507.56 29 5199.50 35 6554.47 54 
1530.40 67 5313.43 36 6610.58 33 
4552.54 66 5320.96 36 6629.80 53 
4601.48 17 5327.45 36 6809.99 58 
4607.16 17 5338.66 36 6834.09 58 

4613.87 17 5340.20 36 6847.24 58 
4621.39 17 5351.21 36 6941.75 57 
4630.54 17 5452.12 32 6966.81 57 
4643.09 17 5454.26 32 6975.64 57 
4677.93 68 5462.62 32 7003.0 57 

4774.22 28 5478.13 32 7013.98 57 
4779.71 28 5480.10 32 7014.73 57 
4781.17 28 5495.70 32 7138.87 56 
4788.13 28 5526.26 21 7188.20 56 
4793.66 28 5530.27 21 7214.6 56 

4803.27 28 5535.39 21 7215.06 56 
4810.29 28 5540.16 21 7241.8 56 
4987.38 30 5543.49 21 7256.53 56 
4991.22 22 5551.95 21 
4994.36 22 5552.54 21 

4994.36 30 5565.30 21 
4997.23 22 5666.64 15 
5001.13 27 5676.02 15 
5001.47 27  1 5679.56 15 
5002.69 16 5686.21 15 

5005.14 22 5710.76 15 
5005.14 27 5730.67 15 
5007.32 30 5927.82 31 
5010.62 16 5931.79 31 
5011.24 22 5^40.25 31 

57 



Data for the vacuum ultraviolet region of the spectrum are available from calculations of 
Bolotin et al. [1] and Kelly [2j. Bolotin et al. employ a "double configuration'* approximation, 
i.e., they include to a first approximation the effects of configuration interaction which are expected 
to be drastic for these transitions. Kelly's calculations, in which these effects are neglected, are 
only used for some vacuum uv transitions for which configuration interaction is expected to be 
less pronounced. Nevertheless, his results may be quite uncertain. For higher excited lines, 
mainly in the visible, experimental work with a high current stabilized arc by Mastrup and Wiese 
[3] compares very well with approximate self-consistent field calculations by Kelly [4J ind the 
Coulomb approximation. All these methods have been equally weighted in arriving at averaged 
values. However, the Coulomb approximation shows strong cancellation effects lor 3s —ip and 
3p — <kf transitions and is not used there. Kelly's calculations, which seem to be less affected 
as judged from his fairly high ratios between the positive and negative contributions to the transi- 
tion integrals, are exclusively used in these cases. For some multiplets with high azimuthal 
quantum numbers in the 3d—4/array (D-F and F-C) only multiplet values and no line values -ire 
listed, since intensity measurements by Eriksson [5] indicate considerable deviations from LS 
coupling and a transition to pair coupling. 
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Nil.    Allowed Transitions 

No. Transition 
Array 

2s22p*-2i2p:t 

Multiple! 

ap-spjo 

(luv) 

up _ :ipo 

(2uv) 

:ip ... ago 

(4uv) 

"D-'D" 
(7uv) 

"D-'P" 
(9uv) 

'S~'P° 
(12uv) 

K( AI 

1085.1 

1085.70 
1084.57 
1083.98 
1085.51 
1084.57 

[1085.5] 

916.34 

916.700 
916.004 
916.700 
915.955 
916.004 
915.603 

644.99 

645.167 
644.825 
644.621 

775.957 

660.280 

745.836 

/•:,( cm M 

89.3 

131.3 
49.1 
0.0 

131.3 
49.1 
131.3 

89.3 

131.3 
49.1 
131.3 
49.1 
49.1 
0.0 

89.3 

131.3 
49.1 
0.0 

15316 

15316 

32687 

92245 

92238 
92251 
92253 
92251 
92253 
92253 

109219 

109218 
109218 
109218 
109225 
109218 
109218 

155130 

155130 
155130 
155130 

144189 

166766 

166766 

£< £/, 

9 15 

5 7 
3 5 
1 3 
5 5 
3 3 
5 3 

9 9 

5 5 
3 3 
5 3 
3 1 
3 0 

1 3 

9 3 

5 3 
3 3 
1 3 

5 5 

5 3 

1 3 

4A,(10" s.-c ') /,, .Slat.u.) Wgf Accu- Source 
racy 

5.7 0.17 5.4 0.18 E 1 

5.7 0.14 2.5 -0.15 E Is 
4.3 0.13 1.4 -0.42 E Is 
3.2 0.17 0.60 -0.77 E Is 
1.4 0.025 0.45 -0.90 E Is 
2.4 0.042 0.45 -0.90 E Is 
0.16 0.0017 0.030 -2.07 E Is 

ia 0.22 6.0 0.30 E 1 

13 0.17 2.5 -0.08 E Is 
4.4 0.055 0.50 -0.78 E Is 
7.3 0.055 0.84 -0.56 E Is 

18 0.074 0.67 -0.65 E Is 
4.4 0 093 0.84 -0.56 E Is 
5.9 0.22 0.67 -0.65 E Is 

110 0.23 4.4 0.32 E 1 

62 0.23 2.4 0.06 E Is 
37 0.23 1.5 -0.16 E 
12 0.23 0.49 -0.64 E Is 

49 0.45 5.7 0.35 E 1 

77 0.30 3 3 0.18 E 1 

16 0.40 0.98 -0.40 E 1 
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N II.   Allowed Transitions — Continued 

\... Transition 
Array 

Multiple) M \: £,(cm M £*U-m ') & gt ,4t,<10" >-■<•') /* .Slat.u.i Wgf Accu- 
racy 

Source 

7 iy- 
2p(*P°)3s 

sp _ apo 

(3uv) 
671.48 89.3 149013 9 9 13 0.089 1.8 -0.10 E 2 

671.391 
671.629 
671.999 
671 770 
67!.014 
671.391 

131.3 
49.1 
131.3 
19.1 
49.1 
0.0 

149077 
148941 
148941 
148909 
149077 
148941 

5 
3 
5 
3 
3 
1 

5 
3 
3 
1 
5 
3 

9.9 
3.3 
5.5 
13 
3.3 
4.4 

0.067 
0.022 
0.022 
0.030 
0.037 
0.89 

0.74 
0.15 
0.25 
0.20 
0.25 
0.20 

-0.48 
-1.18 
-0.95 
-1.05 
-0.95 
-1.05 

E 
E 
E 
E 
E 
E 

Is 
Is 
Is 
Is 
Is 
Is 

8 ■D-'P 
(8uv) 

746.976 153)6 149189 5 3 20 0.10 1.2 -0.30 E 2 

9 2p*- .p_3rjo 

(5uv) 
533.67 89.3 187472 9 15 36 0.26 41 0.37 D- 2 

533.726 
533.577 
533.504 
533.809 
533.644 
[533.51] 

131.3 
49.1 
0.0 

131.3 
49.1 
0.0 

187493 
387462 
187438 
187462 
187438 
187438 

5 
3 
1 
5 
3 

7 
r 5 
3 
5 
3 
3 

36 
27 
20 
9.1 
15 
1.0 

0.22 
0.19 
0.26 
0.039 
0.065 
00026 

1.9 
1.0 
0.45 
0.34 
0.34 
0.023 

0.04 
-0.23 
-0.59 
-0.71 
-0.71 
-1.89 

D- 
D- 
D- 
D- 
D- 
D- 

Is 
Is 
Is 
Is 
Is 
Is 

10 :ip _ :ip= 

(6uv) 
529.68 89.3 188884 9 9 20 0.082 1.3 -0.13 D- 2 

529.860 
529.481 
529.713 
529.405 
529.627 
529.343 

131.3 
49.1 
131.3 
49.1 
49.1 
0.0 

188858 
188910 
188910 
188938 
188858 
188910 

5 
3 
5 
3 
3 
1 

5 
3 
3 
1 
5 
3 

15 
4.9 
8.1 

20 
4.9 
6.5 

0.062 
0.020 
0.021 
0.027 
0.034 
0.082 

0.54 
0.11 
0.18 
0.14 
0.18 
0.14 

-0.51 
-1.21 
-0.99 
-1.09 
-0.99 
-1.09 

D- 
D- 
D- 
D- 
D- 
D- 

Is 
Is 
Is 
Is 
Is 
Is 

11 'D-'D° 
(lOuv) 

582.150 15316 187092 5 5 13 0.064 0.61 -0.50 D- 2 

12 
(lluv) 

574.650 15316 189336 5 7 35 0.24 2.3 0.08 D- 2 

13 ■D-'F0 [572.07] 15316 190121 5 3 0.97 0.0029 0.0270 - 1.84 D- 2 

14 lS_ipo 

(13uv) 
635.180 32'J87 190121 1 3 18 0.32 0.68 -0.49 r>- 2 

15 2p3s- 
2pl*P°)3p 

.ipo _ 3j) 

(3) 
5679.4 

5679.56 
5666.64 
5670.02 
5710.76 
5686.21 
5730.67 

149013 

149077 
148941 
148909 
149077 
148941 
149077 

166616 

166679 
166583 
166522 
166583 
166522 
166522 

9 

5 
3 
1 
5 
3 
5 

15 

7 
5 
3 
5 
3 
3 

0.56 

0.56 
0.423 
0.310 
0.137 
0.231 
0.0152 

0.452 

0.380 
0.339 
0.450 
0.067 
0.112 
0.00448 

76 

35.5 
19.0 
8.4 
6.3 
6.3 
0.423 

0.61 

0.278 
0.008 

-0.347 
-0.475 
-0.473 
-1.65 

C 

C 
C 
C 
C 
C 
C 

3, 4, ca 

Is 
Is 
Is 
Is 
Is 
Is 

i<"> »p°-»s 
(4) 

5028.8 

5045.10 
5010.62 
5002.69 

149013 

149077 
148941 
148909 

168893 

168893 
168893 
168893 

9 

5 
3 
1 

3 

3 
3 
3 

0.76 

0.410 
0.268 
0.085 

i 

0.097 

0.094 
0.101 
0.095 

14.4 

7.8 
5.0 
1.57 

-0.061 

-0.328 
-0.52 
-1.021 

c 
c 
c 
c 

3, 4, ca 

3n 
3« 
3n 

17 .ipo _ .ip 

(5) 
4623.2 

4630.54 
4613.87 
4643.09 
4621.39 
4601.48 
4607.16 

149013 

149077 
148941 
149077 
148941 
1.48941 
148909 

170637 

170667 
170609 
170609 
170573 
170667 
170609 

9 

5 
3 
5 
3 
3 
1 

9 

5 
3 
3 
1 
5 
3 

1.05 

0.84 
^.196 
0.466 
090 
0.270 
0.340 

0.337 

0.269 
C 063 
0.C50 
0.0% 
0.143 
0.325 

46.1 

20.5 
2.85 
6.9 
4.37 
6.5 
4.93 

0.481 

0.129 
-0.73 
-0.345 
-0.54 
-0.368 
-0.488 

c 
c 
c 
c 
c 
c 
c 

3, 4, ca 

3n 
3n 
3n 
3w 
3n 
3n 
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IS II.   Allowed Transitions—Continued 

\... Transition Mullipltt   Al\l £,icin 'i 
'""   1 
EiAvm   i t*i #A -fi.iUr -.-.• 'i /.* 

Arrj;- 

3 3 0.305 18 ip°_ ip 6482 07 149189 164612 0.230 
(8> 

19 'P°-'n 
(1.2) 

3995.00 149189 174213 3 5 1.58 0.63 

20 ,P°-,S 
(13) 

3437.16 149)89 178274 3 1 2.40 0.142 

21 2s2p23s- 
2s2p2(*P>3p 

5p_5D° 

(63) 
0.5.17.4 20.5677 223731 15 25 0.56 0.432 

5535.39 205726 223787 7 9 0.56 0.334 
5530.27 205656 223733 5 7 0.377 0.242 
5526.26 205600 223690 3 5 0.198 0.151 
5551.95 205726 223733 i t 0.187 0.086 
5543.49 205656 223690 5 5 0.327 0.151 
5535.39 205600 223660 3 3 0.422 0.194 
5565.30 205726 223690 i 5 0.0370 0.0123 
5552.54 205656 223660 5 3 0.140 0.0387 
5540.16 205600 223645 3 1 0.56 0.086 

22 sp-sp» 

(64) 
5006.9 205677 225644 15 15 0.77 0.291 

5012.03 205726 225673 7 i 0.51 0.194 
5005.14 205656 225629 5 5 0.064 0.0242 
4997.23 205600 225605 3 3 0.194 0.073 
5023.11 205726 225629 7 5 0.358 0.097 
5011.24 205056 225605 5 3 0.58 0.13! 
4994.36 205656 225673 5 7 0.260 0.136 
4991.22 205600 225629 3 5 0.351 0.218 

5P-SS° 
(65) 

4137.4 205677 229840 15 5 1.37 0117 

4145.76 205726 229840 7 5 0.64 0,117 
4133.67 205656 229840 5 5 0.458 0.117 
4124.08 205600 229840 3 ;i 0.276 0.117 

24 2p.3s — 
2p(2P°)4p 

i p°._ i p 

(14uv) 
1886.82 149189 202170 3 3 0.52 0.028 

25 2p3p- 
2p(2P°)3r/ 

'P-'D° 
(15) 

4447.03 164612 187092 3 5 1.30 0.642 

26 1 p _ 1 po 

(17) 
3919.01 164612 190121 3 3 1.00 0.231 

*T7 
4m  1 <D - 'P 

(19) 
5004.5 166616 186593 15 21 1.22 0.639 

5005.14 166679 186653 7 9 1.22 0.588 
5001.47 166583 186572 5 7 1.08 0..568 
5001.13 166522 186512 3 5 1.02 0.640 
5025.67 166679 186572 7 7 0.134 0.0506 
5016.39 166583 186512 5 5 0.188 0.0710 
5040.76 166679 186512 7 5 0,^)525 0.00143 

28 ■'[)-<D° 
(20) 

4793.5 166616 1X7472 15 15 0.356 0.123 

4803.27 166679 187193 1 7 0.313 0.108 
4788.13 166583 187462 5 5 0.248 0.0854 
4779.71 166522 187438 3 3 0.269 0.0921 
mo.29 166679 187462 7 5 0.0550 0.0136 
t/93.66 166583 187438 5 3 0.0889 0.0184 
1781.17 166583 187493 5 7 0.0400 0.0192 
4774.22 166522 187462 3 5 0.0540 0.0308 

T 

>'ui u.i 

14.7 -0.162 

24.8 0.276 

4.82 -0.371 

18 0.81 

42.6 0.368 
22.0 0.083 
8.3 -0 343 
11.0 -0.219 
13.8 -0.123 
10.6 - 0.235 
1.57 -1.066 
3.54 -0.71 
4.71 -0.59 

72 0.64 

22.4 0.132 
2.00 -0.92 
3.59 -0.66 
11.2 -0.170 
10.8 -0.185 
11.2 -0.170 
10.8 -0.184 

24.0 0.244 

11.2 -0.087 
8.0 -0.232 
4.78 - 0.453 

0.52 -1.08 

28.2 0.285 

8.93 -0.160 

58 0.982 

67.8 0.614 
46.8 0.454 
31.6 0.283 
5.86 -0.451 
5.86 -0.450 
0.166 -1.999 

29.0 0.264 

12.0 -0.120 
6.73 - 0.370 
4.35 -0.558 
1.51 -1.021 
1.45 - 1.037 
1.51 -1.018 
1.45 -1.035 

\<TU- 
ia<> 

( 

C 

<: 

c 

c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
<: 
c 
<: 
c 
c 
c 
<: 
c 

c + 

c+ 

c + 

C-f 
c + 
c + 
c + 
c+ 
c + 
c + 

c + 
c + 
c+ 
c + 
c + 
e + 
c + 
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IN II.    Allowed Transitions — Continued 

•><> 

30 

31 

32 

33 

31 

3,'> 

36 

1 ransition Muliiph-i 

<
 -< £,u in '» fcVcm ') fr A .-ft.ilO" sfv  '1 /* .Sla'.u.) W&f Accu- Source 

\rra\ 

>D-'P° 448V.4 /666/6 188884 15 9 0.0460 

racy 

0.0083 1.85 -0.90 C 4, ca 
(21) 

4507 56 166679 188858 t 5 0.0381 0.0083 0.86 -1.237 Is 
4477.74 166583 188910 5 3 0.0348 0.0063 0.463 -1.50 C 1$ 
4459% 166522 188938 3 1 0.0468 0.00465 0.205 -1.86 C Is 
4488.(5 166583 188858 5 5 0.0069 0.00208 0.154 -1.98 c Is 
4465.54 166522 188910 3 0.0117 0.00349 0.154 -i.98 c Is 
|4475.8| 166522 188858 3 5 4.65 xlO"4 2.33 X IO-4 0.0103 -3.156 c Is 

:«S - ip> 

(24) 
.',000.8 168893 188884 3 9 0.75 0.84 41.4 0.401 c 3. 4, ca 

5007.32 168893 188858 3 5 0.77 0.483 23.9 0.161 c 3n 
4994.36 168893 188910 3 3 0.74 0.276 13.6 -0.082 c 3n 
4987.38 168893 188938 3 1 0.63 0.078 3.83 -0.63 c 3n 

«F-'D0 Mi8.', 1706.17 187472 9 15 0.565 0.498 87.6 0.651 c + 3, 4, ca 
(28) 

5941.67 170667 187493 5 7 0.564 0.418 40.9 0.320 c + h 
5931.79 170609 187462 3 5 0.425 0.374 21.9 0.050 c + Is 
5927.82 170573 187438 1 3 0.315 0.498 9.72 -0.303 c + Is 
5952.39 170667 187462 5 5 0.110 0.0745 7.30 -0.429 c + Is 
5940.25 170609 187438 3 3 0.235 0.124 7.30 -0.428 c + Is 
5960.93 170667 187438 5 3 0.0155 0.004% 0.487 -1.605 c + Is 

:ip _ :<p° .1478.8 170WA7 188884 9 9 0.400 0.180 29.2 0.209 c 4, ca 
(29) 

5495.70 170667 188858 5 5 0.298 0.135 12.2 -0.171 c Is 
5462.62 170609 188910 3 3 0.101 0.0450 2.43 -0.87 c Is 
5480.10 170667 188910 5 3 0.^67 0.0450 4.06 -0.65 c Is 
5454.26 170609 188938 3 1 0.405 0.060 3.24 -0.74 c Is 
5478.13 170609 188858 .') 5 0.100 0.075 4.06 -0.65 c Is 
5452.12 170573 188910 1 3 0.135 0.181 3.24 -0.74 c Is 

'D-'P 6610.58 174213 189336 5 7 0.59 0.54 59 0.433 c 4. ca 
(31) 

•D-'P° 
(32) 

6284.30 174213 190121 5 3 0.0188 0.0067 0.69 -1.477 c 4, ca 

2s2p23p- »D°-»F 5/77.8 221711 24Mi9 25 35 1.02 0.57 244 1.154 c ca 
2s2pVP):id (66) 

5179.50 223787 ?43088 9 11 1.02 0.50 70 0.65 c Is 
5175.89 223733 143048 1 9 0.85 0.440 52 0.488 c Is 
5173.37 223690 243014 5 7 0.70 0.394 33.5 0.294 c Is 
5172.32 223660 242989 3 5 0.57 0.382 19.5 0 060 c Is 
5172.32 223645 242973 1 3 0.476 0.57 9.8 -0.242 c Is 
5190.42 223787 243048 9 9 0.169 0.068 10.5 -0.211 c Is 
5184.% 223733 243014 7 7 0.305 0.123 14.7 -0.066 c Is 
5180.34 223690 242989 c 5 0.407 0.164 14.0 -0.087 c Is 
5177.06 223O60 242973 3 3 0.475 0.191 9.8 -0.242 c Is 
5199.50 223787 243014 9 7 0.0144 0.00454 7.0 -1.388 c h 
5191.97 223733 242989 7 5 0.0405 0.0117 1.40 -1.088 c Is 
5184.96 223690 212973 5 3 0.068 0.0163 1.40 -1.088 c Is 

•.po_.,p .im.8 225644 244180 15 15 0.417 0.178 46.8 0.427 c ca 
(69) i 

5351.21 225673 244355 7 7 0.275 0.118 14.6 -0.082 c is 
5327.45 225629 24-1393 5 5 0.0349 0.0148 1.30 -1.129 c Is 
5313.43 225605 244419 3 3 0.106 0.0447 2.34 -0.87 c Is 
5340.20 225673 244393 7 5 0.194 0.059 7.3 -0.382 c Is 
5320.96 225629 244419 5 3 0.315 0.080 7.0 -0.3% c Is 
5338.66 225629 244355 5 7 < 0.139 0.083 7.3 -0.383 c Is 
5320.96 225605 244393 3 5 0.189 0.134 7.0 -0.397 c h 
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Nil.   Allowed Transitions — Continued 

No. Transition Multiple) X(A) ftcra-'l Extern ') «. A AtAKP see*) /* .S(at.u) •»Rfif 

l 

Ac« J .Source 
Array racy 

37 SP°-5D 
(70) 

5/75.9 2256-« 244959 15 25 0.83 0.56 142 0.92 C ra 

5179.50 225673 244974 •7 
I 9 0.83 0.429 51 0.478 c Is 

5171.46 225629 244960 5 7 0.56 0.312 26.5 0.193 c Is 
5168.24 225605 244949 3 5 0.292 0.195 9.9 -0.233 c Is 
5183.21 225673 244960 7 7 0.276 0.1 U 13.3 -0.109 c Is 
5174.46 225629 244949 5 5 0.485 0 195 16.6 -0.012 c Is 
5170.08 225605 244941 3 3 0.62 0250 12.8 -0.124 c Is 
5186.17 225673 244949 7 5 0.055 0.0159 1.90 -0.95 c Is 
5176.56 225629 244941 5 3 0.208 0.050 4.26 -0.60 c Is 
5171.:«) 225605 244937 3 1 0.83 0.111 5.7 -0.477 c Is 

38 2p3p- 
2p(*P°)4s 

ip_ ipo 

(18) 
3006.86 164612 197859 3 3 0.54 0.073 2.17 - 0.66 c ca 

39 »n _ .ip° 

(22) 
3328.3 166616 196653 15 9 1.11 0.111 18.2 0.220 c ca 

3328.79 166679 196712 7 5 0.93 0.111 8.5 -0.110 c Is 
3331.32 166583 196593 5 3 0.83 0.083 4.55 -0.382 c Is 
3330.30 166522 196541 3 1 i.n 0.061 2.02 -0.73 c Is 
3318.14 166583 1967'J 5 5 0.169 0.0278 1.52 -0.86 c Is 
3324.58 166522 196593 3 3 0.279 0.046.3 1.52 -0.86 € Is 

[3311.41 166522 196712 3 5 0.0113 0.00309 0.101 -2.033 c Is 

40 3§_3po 
(26) 

.1601.3 168893 196653 3 9 0.230 0.134 4.77 -0.395 c ca 

3593.60 168893 196712 3 5 0.231 0.075 2.65 - 0.65 c Is 
3609.09 168893 196593 3 3 0.228 0.0446 1.59 -0.87 c Is 
3615.88 168893 196541 3 1 0.227 0.0148 0.53 — l.£5v c Is 

41 .ip _ ap° 
(30) 

3812.7 170637 196653 9 9 0.69 0.153 17.4 0.138 c ca 

3838.39 170667 196712 5 5 0.52 0.116 7.3 -0.238 c Is 
3847.38 170609 196593 3 3 0.172 0.0382 1.45 -0.94 c Is 
3856.07 170667 196593 5 3 0.285 0.0381 2.42 -0.72 c Is 
3855 08 170609 196541 3 1 0.68 0.051 1.93 -0.82 c Is 
3829.80 170609 196712 3 5 0.175 0.064 2.42 -0.72 c Is 
3842.20 170573 196593 1 3 0.230 0.153 1.93 -0.82 c Is 

42 >D--P° 
(33) 

4227.75 174213 197859 5 3 1.06 0.171 11.9 -0.068 c ca 

43 1S — ' P° 
(34) 

5104.45 178274 197859 1 3 0.189 0.222 3.73 -0.65 c ca 

44 2p3p - 
2pi2P°)4</ 

"P-'ir 
(15uv) 

2206.10 164612 209927 3 5 0.49 0.060 1.3 -0.75 D- 4 

45 '[) - <F° 
(16uv) 

2317.1 166616 209761 IS 21 0.56 0.063 7.2 --0.03 D- 4 

2317.01 166679 209825 7 9 0.56 0.058 3.1 -0.39 D- Is 
2316.46 1665R3 209740 5 7 0.49 0.055 2.1 -0.56 D- Is 
2316.65 166522 209675 3 5 0.46 0.061 1.4 -0.74 D- Is 
2321.65 166679 209740 7 7 0.062 0.0050 0.27 - 1.45 D- Is 
2319.94 166583 209675 5 5 0.088 0.0071 0.27 -1.45 D- Is 
2325.16 166679 209675 7 5 0.0024 1.4x10* 0.0076 - 3.00 D- Is 

46 'P-'D0 

<19uv) 
252/.9 170637 210278 9 15 0.33 0.052 3.9 -0.33 D- 4 

2522.27 1706 i"5 210302 5 -7 
i 0.32 0.043 1.8 -0.66 D- Is 

2520.85 170HW 210266 3 5 0.25 0.039 0.97 - 0.93 D- Is 
2520.27 170573 210240 1 3 0.18 0.052 0.43 -1.29 D- Is 
2524.49 170667 210266 5 5 0.081 0.0077 0.32 -1.41 D- Is 
2522.46 170609 2i0240 3 3 0.13 0.013 0.32 -1,41 D- Is 
2526.17 170667 210240 5 3 00092 5.3 Y. 10* 0.022 - 2.58 D- Is 
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IN II. Allowed Transitions — Continued 

1 
N... Transition 

Array 
Multiple! AlAl £i(<m M Eieivm') g- «A Ak,<\iy <.<•<.-') fa 

1 
Slat.u.) '«'g«/ Accu- 

racy 
Source 

47 :ip _ :ip° 

(20uv) 
2493.5 1706A7 210729 9 9 0.19 0.018 1.3 -0.80 D- 4 

2496.88 170667 210705 5 5 0.14 0.013 0.54 -1.18 D- Is 
2490.37 170609 210752 3 3 0.048 00045 0.11 -i.87 D- Is 
2493.94 170667 210752 5 3 0.078 0.0044 0.18 -1.66 D- Is 
2488.75 170609 210777 3 1 0.18 0.0057 0.14 -1.77 D- Is 
2493.16 170609 210705 3 5 0.047 0.0073 0.18 -1.66 D- Is 
2408.12 170573 210752 1 3 0.061 0.017 0.14 -1.77 D- Is 

4a 'I)-'D° 
l21uv) 

2799.20 174213 209927 5 5 0.079 0.0093 0.43 -1.33 D- 4 

49 'D-'P 
(22uv) 

2709.82 174213 211031 5 7 0.35 0.054 2.4 -0.57 D- 4 

50 'S-'F 
(35) 

3023.80 178274 211336 1 3 0.14 0.057 0.57 -1.24 D- 4 

51 2p3p - 
2p(2P°)5s 

■D-'P° 
<23uv) 

2461,30 174213 214828 5 3 0.353 0.0193 0.78 -1.017 C 4, ca 

52 2pM- 
2pl2P°)4p (36) 

6/6«./ 186593 202801 21 15 0.363 0.148 63 0.492 C 4, ca 

6167.82 186653 202862 9 7 0.333 0.148 27.0 0.124 C Is 
6173.40 186572 202766 7 

1 5 0.320 0.131 18.6 -0.039 C Is 
6170.16 186512 202715 5 3 0.362 0.124 12.6 -0.207 C Is 
6136.89 186572 202862 7 7 0.0293 0.0165 2.34 -0.94 C Is 
6150.76 186512 202766 5 5 0.0407 0.0231 2.34 -0.94 C Is 
6114.6 186512 202862 5 7 8.4 X 10-4 6.6x10* 0.066 -2.48 C Is 

53 ■ D°_ip 
(41) 

6629.80 187092 202170 5 3 0.283 0.112 12.2 -0.253 C 4, ca 

54 >D°-3D 
(45) 

6521.8 187472 202801 15 15 0.058 0.0373 12.0 -0.253 C 4, ca 

6504.61 187493 202862 7 7 0.052 0.0332 4.98 -0.63 C Is 
6532.55 187462 202766 5 5 0.0404 0.0259 2.78 -0.89 C Is 
6544.16 187438 202715 3 3 0.0434 0.0278 1.80 -1.078 C Is 
6545.53 187493 202766 7 5 0.0090 0.00411 0.62 -1.54 c Is 
6554 47 187462 202715 5 3 0.0144 0.0056 0.60 -1.56 c h 
6491.79 187462 202862 5 7 0.0066 0.0058 0.62 -1.54 c Is 
6522.39 187438 202766 3 5 0.0088 0.0093 0.60 -1.55 c Is 

55 .1Do_ip 

(46) 
6315.8 187472 203226 15 9 0.306 O.ill 34.7 0.220 c 4, ca 

6340.57 187493 203260 7 5 0.258 0.111 16.2 -0.110 c Is 
6356.55 187462 203189 5 3 0.229 0.083 8.7 -0.381 c Is 
6357.57 187438 203165 3 1 0.304 0.061 3.85 -0,74 c Is 
6328.39 187462 203260 5 5 0.0462 0.0277 2.89 -0.86 (J Is 
6346.86 187438 203189 3 3 0.076 0.0461 2.89 -0.86 c Is 
6318.80 187438 203260 3 5 0.00310 0.00310 0.193 -2.033 c Is 

56 :.p°_:)r) 

(52) 
7/8.Y..5 188884 202801 9 15 ü00324 0.00418 0.89 -1.424 c 4, ca 

7138.87 188858 202862 5 7 0.00332 0.00355 0.417 -1.75 c Is 
7215.06 188910 202766 3 5 0.00242 0.00314 0.224 - ':.026 c Is 
7256 53 188938 202715 1 3 0.00175 0.00414 0.099 -2.383 c Is 
7188.20 188858 202766 5 5 8.1 X10-* 6.3 X !0-4 0.074 - 2.50 c Is 
!7241.8| 188910 202715 3 3 0.00132 0.00103 0.074 -2.51 c Is 
17214.6] 188858 202715 5 3 8.9 X 10 -•"• 4.18xl0-s 0.00497 -3.68 c Is 

57 P°-'P 
(53) 

6970.6 188884 203226 9 9 0.086 0.062 12.9 -0.250 c 4, ca 

6941.75 1(58858 203260 5 5 0.065 0.0473 5.4 -0.63 c Is 
7003.0 188910 203189 3 3 0.0224 0.0165 1.14 -1.306 c Is 
6975.64 188858 203189 5 3 0.0356 0.0156 1.79 -1.108 c Is 

S3 
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Nil.    Allowed Transitions — Continued 

No. Transition Multiple! \(A) f,(cm '1 EiAvm ') . A A*A10" -<•<■ '! A Nui.u.i Wgf Accu- Source 
Array 

0.0206 
0.0260 
0.0f>2 

1.43 
1.79 
1.43 

-1.208 
-1.108 
-1.208 

racy 

C 
C 
C 

7013.98 
6966.81 
7014.73 

188910 
188910 
188938 

203165 
203260 
203189 

3 
3 
1 

1 
5 
3 

0.084 
0.0215 
0.0280 

Is 
Is 
Is 

58 
(54) 

6824.5 

6809.99 
6834.09 
6847.24 

188884 

188858 
188910 
188938 

203533 

203533 
203533 
203533 

9 

5 
3 
1 

3 

3 
3 
3 

0.355 

0.199 
0.118 
0.0389 

0.083 

0.083 
0.083 
0.082 

16.7 

9.3 
5.6 
1.85 

-0.129 

- 0.382 
-0 60 
-1.086 

c 

c 
c 
c 

4, ca 

Is 
Is 
Is 

59 'P-'D 
(57) 

6242.52 189336 20535! t ,i 0.341 0.142 20.5 -0.001 c 4, ca 

60 'P°-'S 
(60) 

5954.28 190121 206911 3 1 0.421 0.075 4.39 -0.65 c- 4, ca 

61 2p3d- 
2p(2P°>4/ 

3P-3G 
(39) 

4040.9 18659., 211112 21 27 2.64 0.83 232 1.243 c 4. ca 

62 3P-'G 
(40) 

4026.08 186572 211403 7 9 0.90 0.280 26.0 0.293 c 3 

63 >D°-'F 
(42) 

4176.16 187092 211031 5 7 2.19 0.80 55 0.60 c 4, en 

64 3Do_.ip 

(48) 
4219.4 187472 211051 15 21 2.14 0.81 169 1.083 c 4, ca 

65 3P°-:,D 
(55) 

4414.6 

4432.74 
4441.99 
4433.48 
4431.82 
4427.97 
[4417.9] 

188884 

188858 
188910 
188938 
188858 
188910 
188858 

211428 

211411 
211416 
211487 
211416 
211487 
211487 

9 

5 
3 
1 
5 
3 
5 

15 

7 
5 
3 
5 
3 
3 

1.84 

1.86 
1.38 
1.02 
0.461 
0.77 
0.052 

0.91 

0.77 
0.68 
0.90 
0.136 
0.226 
0.0091 

119 

56 
29.8 
13.2 
9.9 
9.9 
0.66 

0.91 

0.58 
0.309 

- 0.044 
-0.168 
-0.168 
-1.343 

c 
c 
c 
c 
c 
c 
c 

4. ca 

Is 
Is 
Is 
Is 
Is 
Is 

66 'F°-:,G 
(58) 

4552.54 189336 2112% 7 9 0.76 0.305 32.0 0.329 c 3 

67 'P-'G 
(59) 

4530.40 189336 211403 7 9 1.69 0.67 70 0.67 c 3 

68 •'P°-'D 
(62) 

4677.93 190121 211491 3 5 1.65 0.90 41.8 0.434 c 4, ca 

Forbidden Transitions 

The adopted values represent, as in the case of Cl, the work of Garstang [1], Naqvi [2|, and 
Yamanouehi and Horie [3J, who have independently done essentially the same calculations and 
arrived at very similar results. For the selection of values, the same considerations as for Cf 
are applied. 

Refer ences 

|lj GarMang. K. II., Monthly Notices Roy. Astron. Soc. Ill, 115-124(1951) 
[2] Naqvi, A. M.. Thesis Harvard (1951). 
[3] Yamanouehi, I., and Horie, H., J. Phys. Soc. Japan 7, 52-56 (1952). 
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IM II.    Forbidden Transitions 

Transition 
Array 

.'/.- -2p- 

Mulliplel 

!P-'D 
(! V) 

<P- 
(2 i 

'D-'S 
(3 F) 

T 
Al Al E, «nr1) 

|20.36 x JO5) 0.0 
176.14x10*] 0.0 
|12.16x 10s) 49.1 
112.16x10''] 49. 1 

6527.4 0.0 
6548.1 49.1 
6548.1 49.1 
6583.6 131.3 
6583.6 131.3 

3063.0 
3070.8 

5754.8 

49.1 
131.3 

EkU m  'I 

49.1 
131.3 
131.3 
131.3 

15315.7 
15315.7 
15315.7 
15315.7 
15315.7 

32687.1 
32687.1 

15315.7      32687.1 
 L 

A Typ«- of 
Transition 

m 
e 
m 
e 

ni 
e 
m 
e 

m 
e 

Ak,(>' c'l 

2.13 x lO"8 

1.30 x 10 !2 

7.48 x 10" 
2.90 x 10-'3 

4.2 x 10-' 
0.00103 
1.4 x 10 * 
0.00303 
9.4 x 10" 

0.0340 
1.6xl0< 

1.08 

.S'lat.u. 

i 

2.UÖ 
0.99 
2.50 
2.30 

1.5 x 10s 

5.4 x 10-* 
5.0 x iO"5 

1.60 x 10"* 
3.5 X lO"4 

3.62 x 10-5 

2.6 x 10 5 

4.06 

Accu- 
racy 

B 
C 
B 
C 

D 
C 
[) 
c 
D 

C 
D 

>«urc»; 

1 '? 3 
1 

1,2,3 
1 

1.2,3 
1 

1.2,3 
1 

1,3 
1 

Nm 

Gmund Statt 

lonization Potential 

Wavelength [A] 

374.204 
374.44 
374.441 
451.869 
152.226 

684.9% 
685.513 
685.816 
686.335 
763.340 

764.357 
771.544 
771.901 
772.385 
772.891 

II 
11 
11 
10 
10 

3 
3 
;* 
3 
2 

2 
1 
4 
4 
6 

Allowed Transitions 

List of tabulated lines: 

Wavelength [A] 

772.93 
772.975 
979.77 
979.842 
979.919 

980.01 
989.790 
991.514 
991.579 

1006.0 

1183.03 
1184.54 
1747.86 
1751.24 
1751.75 

6 
6 
5 
5 
5 

Is2 2s2 2p 2P, ,2 

47.426 e\' = 382625.5 cm-' 

Wavelength [A] No. 

1804.3 24 
1805.5 2! 
1885.25 27 
1908.11 28 
1917.7 29 

1918.7 29 
1919.5 29 
1919.7 29 
1920.0 29 
1920.86 29 

1921.49 29 
2063.50 30 
2063.99 30 
2068.25 30 
2247.7 25 
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List of tabulated line 5 — Continued 

Wavelength [Äj No. Wavelength JÄ] No. Wavelength [A] 

-    ■ 

No. 

2247.92 25 3771.08 14 4527.86 22 
2248.88 25 3934.41 18 1530.84 13 
2453.85 26 3938.52 18 4534.57 13 
2459.2 26 3942.78 18 4535.11 22 
2462.56 26 3998.69 3! 4546.36 22 

2462.9 26 40Ü3.6 31 4547.34 13 
2466.3 26 4003.64 31 4858.74 20 
2468.36 26 4097.31 12 4858.88 20 
2469.1 26 »03.37 12 4861.33 20 
2471.2 26 4195.70 16 4867.18 20 

2972.60 19 4200.02 16 4873.58 20 
2977.3 19 4215.69 16 4881.81 20 
2978.8 19 4321.37 21 4884.14 20 
2983.58 19 4323.93 21 1896.71 20 
3342.77 17 4328.15 21 6445.05 23 

3353.78 15 4330.14 21 6450.78 23 
3354.29 15 4330.44 21 6453.95 23 
3355.47 17 4335.53 21 6463.03 23 
3358.72 15 4339.52 21 6466.86 23 
3361.90 15 4348.36 21 6468.77 23 

3365.79 15 4353.66 2. 
i 

6478.69 2» 
3367.36 15 4510.92 13 0487.55 23 
3374.06 15 4514.89 13 
3745.83 !         14 4518.18 13 
3754.62 14 1523.60 1        '< 

As in the case of analogous configurations, the data for the lower excited transitions, which 
are obtained from the calculations by Bolotin and Yutsis jlj and Kelly [2], arc quite uncertain be- 
cause of the strong effects ;>f "onfiguration interaction. The latter are either crudely taken into 
account (Bolotin and Yutsis) or entirely neglected 'Kelly). For some higher excited transitions 
self-consistent field calculations by Kelly |3j including exchange affects are available and are 
averaged wi'h the results of the Coulomb approximation. For other prominent transitions the 
Coulomb approximation is applied whenever it is expected to give reliable results. 

References 

|lj Bolotin, A. U.. a...; '.'-.■' ;"   \   I' ./Inn. Kksptl. i Teure!. Vh. 24, 537-543 H9.V0 (Translated in "Optical Transition Prob- 
abilities", Oilier o  Technical Services. l!.S, Department of Commerce, Washington, D.d.). 

[2) Kelly. ('. S., Astrophys. J. 1 10, 12 tT   1268 (1%4). 
[3] Kelly   V. S., J. Quant  Spectrose. Radial. Transfer   t. 117-118 (1%4). 
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IN III.    Allowed Transitions 

Transition 
Array 

2s22p-2s2pa 

2s2p- - 2p:i 

10 

11 

2p-('Si3s 

2p-('S)3</ 

Multiple! 

-F°--O 
(1 UV) 

12 3i-('S)3p 

>p° _ :>s 
(2 uv) 

-F'--F 
■ 3 uv) 

.p_4S0 

(8 uv) 

(12 uv) 

-D-^P° 
(13 uv) 

(17 uv) 

(19 uv) 

tp — 2p° 

(20 uv) 

(4 uv) 

(5 uv) 

j^ _ apo 

'  (1) 

\(A) 

990.98 

991.579 
989.790 
991.514 

76/.«/ 

764.357 
763.340 

68.5.77 

685.816 
685.513 
686.335 
684.9% 

772.09 

772.385 
771.901 
771.544 

979.89 

979.919 
979.842 
[979.77] 
[980.01] 

772.91 

772.891 
772.975 
[772.93] 

louo.o 

17',0.4 

17H1.75 
1747.86 
1751.24 

1184.0 

1184.54 
1183.03 
1184.54 
1183.03 

452.11 

452.226 
451.869 

:m.;i() 

374.441 
374.204 

[374.44] 

4099.2 

4097.31 
4103.37 

£,lcm"'l 

/16 J 

174.5 
0.0 

174.5 

U6J 

174.5 
0.0 

/163 

174.5 
0.0 

174.5 
0.0 

57283 

57333 
57252 
57192 

101027 

101024 
101032 
101024 
101032 

101027 

101024 
101032 
101032 

131004 

/ 4.59.0 

145987 
145876 
145987 

I4.i950 

145987 
145876 
145987 
145876 

116 J 

174.5 
0.0 

116.3 

'74.5 
0.0 

174.5 

221302 

221302 
221302 

'*Um ') 
: 

101027 ft 
! 

101021 
101032 
101032 

4 
2 
4 

131004 6 

13iOG4 
131004 

4 
2 

145950 6 

145987 
145876 
115876 
145987 

4 
2 
4 
2 

186802 12 

186802 
186802 
186802 

6 
4 
2 

20W79 10 

203072 
203089 
203089 
203072 

6 
4 
6 
4 

230408 10 

230109 
230405 
230409 

6 
4 
4 

230408 2 

203079 6 

203072 
203089 
203089 

4 
2 
4 

230408 6 

230409 
230405 
230405 
230409 

4 
2 
4 
2 

221302 6 

221302 
221302 

4 
2 

267242 6 

26724-4 
267239 
267239 

4 
2 
4 

245690 2 

J45702 
245666 

2 
2 

10 

6 
; 
4 

4 
4 
4 

10 

6 
4 
4 
6 

6 

4 
*> 
A, 

4 

6 

10 

6 
4 
4 

2 

10 

6 
4 
4 

AkA\<r -.•<'( 

... -    . — 

.S'lat.u.) 

7.3 0.18 3o 

7.3 
6.3 
1.2 

0.16 
0.18 
0.018 

2.1 
1.2 
0.23 

39 0.11 1.7 

25 
13 

0.11 
0.11 

1.1 
0.57 

64 0.45 6.1 

53 
44 
21 
11 

0.38 
0.31 
0.075 
0.15 

3.4 
1.4 
0.68 
0.68 

56 0.17 5.1 

29 
19 
9.4 

0.17 
0.17 
0.17 

2.6 
1.7 
0.85 

14 0.20 6.6 

13 
13 
1.4 
0.93 

0.19 
0.19 
0013 
0.020 

3.7 
2.4 
0.26 
0.26 

16 0.086 2.2 

14 
16 
1.6 

0.085 
0.072 
0.015 

1.3 
0.73 
0.15 

6.0 0.27 1.8 

2.6 0.20 6.9 

2.6 
2.2 
0.43 

0.18 
0.20 
0.020 

4.1 
2.3 
0.46 

8.5 0.18 4.2 

7.0 
5.7 
2.9 
1.4 

0.15 
0.12 
0.030 
0.060 

2.3 
0.93 
0.47 
Ö.47 

45 0.046 0.41 

30 
15 

0.045 
0.047 

0.27 
0.14 

110 0.39 2.9 

110 
94 
18 

0.34 
0.39 
0.039 

1.7 
0.97 
0.19 

0.97 0.73 19.7 

0.% 
0.97 

0.486 
0.244 

13.1 
6.6 

I"P &' 

0.03 

-0.19 
-0.43 
-1.15 

-0.17 

-0.36 
-0.64 

0.43 

0.18 
-0.21 
-0.52 
-0.52 

0.30 

0.01 
-0.17 
-0.48 

0.31 

0.06 
-0.13 
-1.09 
-1.09 

-0.06 

-0.29 
-0.54 
-1.23 

-0.26 

0.08 

-0.15 
-0.40 
-1.10 

0.03 

-0.23 
-0.62 
-0.92 
-0.92 

-0.56 

-0.74 
-1.03 

0.37 

0.14 
-0.10 
-0.81 

0.164 

-0.013 
-0.311 

Accu- 
racy 

Source 

E 
E 
E 

E 
E 
E 
E 

E 
E 
E 

E 
E 
E 
E 

E 
E 
E 

E 
E 
E 

E 
E 
E 
E 

E 
E 

I) 

I) 
I) 
I) 

<: 

<: 
c 

Is 
Is 
Is 

Is 
Is 

Is 
Is 
Is 
Is 

Is 
Is 
Is 

Is 
Is 
Is 
Is 

Is 
Is 
Is 

Is 
Is 
I, 

Is 
Is 
Is 
Is 

Is 
Is 

Is 
Is 
Is 

3, r« 

Is 
Is 
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NIII.    Allowed Transhions — Cont'nued 

\... 

13 

14 

16 

18 

I«) 

20 

I ransitiun Multiple! Ai-\l £,u-m '1 
1 1 H £* Aa\\r *•■<■ M 

•\rra> I 

2s2p:is - 4|>o_4D 4117.:i 287646 .109777 12 20 0.70 
2s2p(3P°)3p (3) 

4514.89 287714 309857 6 8 0.70 
4510.92 287598 309761 4 6 0.492 
4510.92 287536 309698 2 1 0.293 
4534.57 287714 309761 6 6 0.208 
452160 287598 309698 4 4 0.372 
45 i 8.18 287536 309663 2 2 0.58 
4547.34 287711 309698 6 1 0.0344 
4530.84 287598 309663 4 2 0.116 

4P°-'S ;i7(>l,{ 287646 314224 12 1 1.24 
(4) 

3771.08 287714 314224 6 4 0.61 
3754.62 287598 314224 4 4 0.416 
3745.83 287536 314224 2 4 0.209 

4[>°_ 4p lihl.9 287646 11 7.165 12 12 1.71 
\n\ 

3367.36 237714 317402 6 6 1.22 
3361.90 287598 317343 4 4 0.233 
3358.72 287536 317300 2 2 0.292 
3374.06 287714 317343 6 4 0.78 
3365.79 287598 317300 4 2 1.45 
3354.29 287598 317402 4 6 0.53 
3353.78 287536 317343 2 4 0.73 

Sp°-2D 4199/) 297225 1210W 6 .10 1.00 
(6) 

4200.02 297263 321066 4 6 1.00 
4195.70 297150 320977 2 4 0.84 
4215.69 297263 320977 4 4 0.165 

-P°--'S :mu 297225 327057 6 2 2.00 
(71 

3355.47 297263 327057 4 2 1.33 
3342.77 297150 327057 2 2 0.67 

2s2p'.Sp — -P--1)0 39H7.4 109168 :m.i58 6 10 0.96 
2s2p(3PW (8) 

3938.52 309186 331569 4 6 0.96 
3934.41 .',09133 334542 2 1 0.80 
3942.78 309186 334542 4 4 0.160 

-P--P° 2979.9 .109168 ■142711 6 6 1.38 
«25 uvi 

2983.58 309186 312693 4 4 1.14 
2972.60 309133 312761 2 ■> L. C.93 

j 2977.31 309186 3)2764 1 2 0.161 
[2978.8J 309133 312693 2 1 0.230 

M)-4F° 4864.8 :W9777 1M127 20 2c! 0.63 
(9) 

4867.18 309857 330397 8 10 0.63 
4861.33 309761 330325 6 8 0.54 
4858.88 309698 330274 4 6 0.471 
4858.74 309663 330238 2 1 0.141 
4884.14 309857 330325 8 8 0.089 
4873.58 309761 330274 6 6 0.152 
4867.18 309698 330238 4 4 0.175 
4896.71 309857 330274 8 6 0.0059 
4881.81 309761 330238 6 4 0.0124 

0.357 

0.286 
0.225 
0.179 
0.064 
0.114 
0.178 
0.0071 
0.0178 

0.088 

0.087 
0.088 
0.088 

0.296 

0.207 
0.0395 
0.0191 
0.089 
0.123 
0.134 
0.247 

0.442 

0.398 
0.442 
0.0440 

0.112 

0.112 
0.113 

0.372 

0.335 
0.372 
0.0372 

0.184 

0.153 
0.123 
0.0307 
0.061 

0.312 

0.279 
0.255 
0.250 
0.312 
0.0318 
0.054 
0.062 
0.00158 
0.002% 

St at li.J 

(>1 

13.4 
5.3 
M.7 
6.8 
5.3 
0.64 
1.06 

13.1 

6.5 
1.35 

39.3 

13.8 
1.75 
1.09 
5.9 
5.5 
5.9 
5 5 

36.7 

22.0 
12.2 
2.11 

7.1 

495 
2.(9 

28.9 

17.1 
9.6 
1.93 

10.8 

6.0 
2.40 
1.20 
1.20 

100 

35.8 
24.5 
16.0 
10.0 
4.09 
5.2 
3.97 
0.20-1 
0.285 

l"JJ«/ 

i 

racy 

0.63 C 

0.235 C 
0.016 <: 
0.446 <: 
0,116 c 
0.341 c 
0,1-19 c 
1.371 c 
1.148 c 

0.024 c 

0.282 c 
0,154 c 
0.75 c 

0.55 c 

0.094 c 
0.8'J c 
1.005 c 
0.273 (. 
0.308 c 
0.271 c 
0.306 c 

0.424 c 

0.202 c 
0.054 c 
0.75 c 

0.173 c 

0.349 <: 
0.65 <: 

0.349 c 

0.127 c 
0.128 c 
0.83 c 

0.043 c 

0.214 c 
0.61 c 
0.91 c 
0.91 c 

0.80 c 

0.349 c 
0.185 c 
0.000 c 
0.205 c 
0.59 c 
0,190 c 
0.61 c 
1.90 c 
1.75 c 

Niurre 
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N III.    Allowed Transitions — Continued 

No. Transition Multiple! WÄ) EjUm  '> AYUm 'I & gk .4»,<I0" sei ') /.» Siat.u.) !"g«/" Accu- Source 
Array racy 

21 H) - 4D° 
(10! 

z.ii.i.r 309777 332835 20 20 0.234 0.066 18.8 0.121 C ca 

4348.36 309857 332860 8 8 0.198 0.056 6.4 -0.349 C is 
4335.53 309761 332832 6 6 0.134 0.0378 3.24 -0.64 C Is 
4328. IS 30%98 332810 4 4 0.094 0.0263 1.50 -0.98 c Is 
4323.93 309663 332797 2 2 0.117 0.0329 0.94 -1.182 c Is 
4353.66 309857 332832 8 6 0.0436 0.0093 1.07 -1.128 c Is 
4339.52 309761 332810 6 4 0.081 0.0153 1.31 -1.037 c Is 
4330.44 309698 332797 4 2 0.117 0.0164 0.94 - 1.183 c Is 
4330.14 309761 332860 6 8 0.0334 0.0125 1.07 -1.125 c Is 
4323.93 309698 332832 4 6 0.056 0.0236 1.34 - 1.025 c Is 
4321.37 309663 332810 2 4 0.059 0.0329 0.94 -1.182 c Is 

22 1S _ 4}>o 

113) 
4539.6 314224 .116246 4 12 0.99 0.91 54 0..56 c in 

4546.36 314224 336213 4 6 0.99 0.456 27.2 0.261 c Is 
4535.11 314224 336268 4 4 0.99 0.304 18.2 0.085 c Is 
4527.86 314224 336303 4 2 0.99 0.152 9.1 -0.216 c Is 

23 4p_4D° 

(14) 
6462.3 317365 .112835 12 20 0.432 0.451 115 0.73 c III 

6466.86 317402 332860 6 8 0.432 0.361 46.1 0.336 c Is 
6453.95 317343 332832 4 6 0.304 0.285 24.2 0.057 c Is 
6+45.05 317300 332810 2 4 0.181 0.226 9.6 -0.345 c Is 
6478.69 317402 332832 6 6 0.129 0.081 10.4 -0.313 c Is 
6463.03 317343 332810 4 4 0.232 0.145 12.3 -0.237 c Is 
6450.78 317300 332797 2 2 0.362 0.226 9.6 -0.345 c Is 
6487.55 317402 332810 6 4 0.0214 0.0090 1.15 -1.268 c Is 
6468.77 317343 332797 4 2 0.072 0.0226 1.93 -1.044 c Is 

24 3p~('Sl4s ~P°-<S 
(22 uv) 

180.i.l 245690 301088 6 2 6.8 0.110 3.93 -0.180 c 3. ca 

1805.5 245702 301088 4 2 4.51 0.110 2.62 -0.356 c Is 
1804.3 245666 301088 2 2 2.26 0.110 1.31 0.*6 c Is 

25 :W-('S)4/; 2D_2pc 

(23 uv) 
2248.2 267242 .111708 10 6 1.6 0.074 5.5 -0.13 D 3, ca 

2247.92 267244 311716 6 4 1.5 0.074 3.3 -0.35 D Is 
2248.88 267239 311691 4 2 1.6 0.062 1.8 -0.61 D Is 
[2247.7] 267239 311716 4 4 0.16 0.012 0.37 -1.30 1) Is 

26 2s2pU- 
2.s2pC,P°)4p 

4p°_4D 

(28 uv) 
2460.4 3.16246 .176877 12 20 0.014 0.0022 0.21 -1.59 D ca 

2453.85 336213 376953 6 8 0.015 0.0018 0.085 -1.98 D Is 
2462.56 336268 376864 4 6 0.010 0.0014 0.046 -2.25 I) Is 
2468.36 336303 376803 2 4 0.0062 0.0011 0.018 -2.65 I) Is 
12459.2] 336213 376864 t> 6 0.0044 4.0 X10-* 0.019 -2.62 I) Is 
[2466.3] 336268 376803 4 4 0.0079 7.2 x 10"' 0.023 -2.54 D Is 
[2471.2] 336303 376757 2 2 0.012 0.0011 0.018 -2.64 D Is 
[2462.9] 336213 376803 6 4 7.4 x 10-* 4.5 X 10 s 0.0022 -3.57 D Is 
[2469.1] 336268 376757 4 2 0.0025 1.1 xlO"4 0.0037 - 3.34 1) Is 

27 3d-('S)4/ 
(24 uv) 

1885.25 267242 320285 10 14 11.9 0.89 55 0.95 C 3. ca 

28 2s2p3d- 
2.<2pr!I,0)4/ 

2D°--'K 
(27 uv) 

1908.11 334558 386965 10 14 11.0 0.84 53 0.92 C ca 
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N 151.    Allowed Transitions — Continued 

No. Transitii r Multiple! X(A) Eiivm ') £tUm ') g> K* -In,! 10" see  () fa .S'la-.u.l Wg) Accu- Source 
Array 

20 

racy 

29 *P°-*D 1920.6 136246 388313 12 10.3 0.95 72 1.057 <: en 
; (29 uv) 

1920.86 336213 38^273 6 8 10.3 0.76 28.7 0.66 Is 
1921.49 336268 388311 4 6 7.2 0.60 15.1 0.38 Is 
1920.86 336303 388359 2 4 4.27 0.472 6.0 -0.025 Is 

[1919.5] 336213 388311 6 6 3.08 0.170 6.4 0.009 Is 
[1919.7] 336268 388359 4 4 5.5 0.302 7.6 0.08: Is 
[1920.0] 336303 388387 2 2 8.5 0.471 6.0 - 0.026 Is 
[1917.7] 336213 388359 6 4 0.51 0.0188 0.71 -0.95 Is 
[1918.7] 336268 388387 4 2 1.71 0.0471 1.19 -0.72 Is 

30 
(30 uv) 

2063.8 339808 388246 14 18 11.3 0.93 88 1.1 iS III 

2063.99 339856 388290 8 10 113 0.90 48.9 0.86 y. Is 
2063.50 339744 388190 6 8 10.9 0.93 37.9 0.75 Is 
2068.25 339856 388190 8 8 0.402 0.0258 1.41 -0.69 <- Is 

31 4d-('S)5/ 2D-*F 
(16) 

4001.8 317770 342752 10 14 2.11 0.709 93.4 0.851 C-f III 

4003.64 317782 342752 6 8 2.10 0.674 53.3 0.609 <: + Is 
3998.69 317751 342752 4 6 1.98 0.710 37.4 0.454 c + /•■■ 

[4003.6] 317782 342752 
6 

6 0.140 0.0338 2.67 -0.693 c + Is 

Forbidden Transitions 

Naqvi's calculation [1] of the one possible transition in the grou.id state configuration 2p is 
the only available source. The line strength should be quite accurate, since it does not sensitively 
depend on the choice of the interaction parameters. 

Refe rence 

|lj Naqvi, A. \1„ Thesis Harvard 119511. 

N III.    Forbidden Transitions 

No. Transition 
Array 

Multiplet xi A) Eilcm-'l Eitlem-') gi gk 
Type of 
Transi- 

tion 
.•!*-,( sec"') .S'lat.u.) 

——     =■ 

AcTU- 
racy 

Source 

1 2p-2p .'i>0 _.. npc 

[57.29 x 10*| 0 174.5 2 1 in 4.77 x 10 5 1.33 H 1 
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Niv 
Ground State 

loni/ation Potential 

U* 2s2 'So 

77.450 eV = 62485] cm-' 

Allowed Transitions 

Li t of tabulated lines: 

Wavelength |A] No. Wavelength [A]     No. Wavelength [A] No. 

225.025 10 923.211 3 4685.4 20 
225.098 10 923 669 3 4723 20 
225.15 10 924.274 3 4733 20 
225.156 10 955.335 5 4740 20 
225.20 10 1718.52 4 4752 20 

247.205 2 3443 15 4762 20 
285.420 8 3445 15 5073 21 
285.47 8 3454 15 5236 13 
285.470 8 3461.34 15 5245 13 
285.579 8 3463.36 15 5280.9 13 

283.59 8 3474.56 15 5281 13 
522.503 6 3478.69 11 5303.9 13 
322.570 6 3482.98 11 5349.8 13 
322.724 6 3484.90 11 5734 19 
335.050 9 3747.66 16 6383 12 

387.353 7 4057.80 17 7103.28 18 
765.140 1 4479 14 7109.48 18 
921.982 3 4495 14 7111.28 18 
922,507 
925.045 

3 
3 

4528 
4678.6 

l-< 

20 

7123.10 
7127.21 

18 
18 

7129 18 

Values for the 2s2 — 2s2p and 2s2p — 2p- transition arrays are taken from the self-consistent 

field calculations of Weiss [1]. These calculations do not include the important effects of con- 

figuration interaction; heive large uncertainties must be expected. The average of the dipole 

length and velocity ap; r >xi mat ions is adopted [1]. Accuracies within 50% are indicated by the 

billowing comparison: Wt iss [1] has undertaken refined calculations, including configuration inter- 

action, for the same transitions in Be I —the first member of this isoelectronic sequence —in addi- 

tion to calculations of tic type done for this ion. In all cases the agreement with the average of 

the   dipole   length   and   velocity  approximations   is  close. 

For the remaining low-lying transitions Kelly's approximate Hartree-Fock calculations j2] are 

adopted, while for the moderately excited transitions Kelly's values are averaged with the Coulomb 

approximation, with which they agree quite well. 

Kef erences 

|l| Weiss, A. W., private .i.mmumealion (1964). 
|2] Kelly, P. S.. .1. Quant. Speetrose   Kadiat. Transfer 4, U~> 48(1%*) 
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N IV.   Allowed Transitions 

No. Transition 
Array 

MultiplH MA) ftcnr'l A\(< in 'l fr ft Ak,i 10"sec  ') /« .Slat.u.l l<'^ Kf Ai cu 
racy 

1 'S — 'P° 
(! uvl 

765.140 0 130695 1 3 24 0.64 1.6 -0.19 I) 

_' 2v-- 
2.?(-Sl.3p 

'S — '!>0 

(2 uvl 
247.205 e 404521 1 3 200 0.55 0.15 - 0.26 I) 

3 2:ll>- 
if? 

ip°_:ip 
(3 uv) 

92U 5 167-27 >\ [/7.5.598] 9 9 17 0.21 5.8 0.28 I) 

923.211 [67344] ! [175662[ .'> ,■» 13 0.16 2.4 -0.J0 I> 
923.045 [672<M)j [1755371 3 3 1.2 0.053 0.19 -Ü.8U I) 
924.274 [673'4] [1755371 5 3 6.9 0.053 0.81 - 0.58 1) 
923.669 [6720Ü] [175464) 3 i 17 0.071 0.65 - 0.67 1) 
921.982 [67200J |175662| 3 5 4.* 0.089 0 81 - 0.57 I) 
922.507 |67136| [1755371 1 3 5.6 0.21 0.65 - 0.67 1) 

4 'P°-fD 
(7 uv) 

1718.52 130695 188835 3 5 5.1 0.38 6.4 0.05 1) 

5 ip°-«S 
(8 uv) 

955.335 130695 235370 3 1 16 0.074 0.70 - 0.66 1) 

6 2.s2p - 
2.s|-S)3s 

:ipo _ :.S 

(4 UVl 
322 65 [67273] [377206] 9 3 11.3 0.059 0.56 -0.278 <: 

322.724 [673441 [377206] 5 3 62 0.059 0.311 -0.53 c 
322.570 [67200] 1377206] 3 3 37.6 0.059 0.187 -0.75 c 
322.503 167136] [377206] 1 3 12.5 0.058 0.062 - 1.231 c 

7 'P"-'S 
19 uvl 

387.353 130695 388858 3 1 65 0.0489 0.187 -0.83 (; 

8 2.s2p- 
2s[2S)3d 

P°- 3D 
(5 uvl 

28.1.53 i6727.il [419974] 9 15 314 0.63 5.3 0.75 <: 

283.579 167344 j [419979] 5 7 311 0.52 2.45 0.419 <: 
283.470 [672001 1419971] 3 5 235 0.471 1.32 0.151 <: 
283.420 [671361 [419968! 1 3 172 0.62 0.58 - 0.207 c 

1283.591 I67344J 1419971] 5 5 78 0.094 0.438 - 0.329 c 
(283.47) J672001 1419968] 3 3 130 0.156 0.438 - 0/329 c 
[283.59] [67344] [419968] .> 3 8.6 0.0063 0.0292 - 1.50 c 

9 •P°- D 
(10 uvl 

335.050 130695 429158 3 D 189 0.53 1.75 0.200 c 

10 2,2;;- 
2.sf-S)4</ 

..p°_:iD 

If) uvl 
225.17 \67273\ [511382] 9 15 92 0.117 0.78 0.022 c 

225.025 [673441 [511384] 5 I 92 0.098 0.364 - 0.309 c 
225.136 [672001 [511376! 3 5 69 0.088 0.195 -0.58 c 
225.098 [67136] |5113871 1 3 52 0.117 0.087 - 0.93 c 

[225.20| [673441 [51,3761 5 5 2.3.1 0.0175 0.065 - 1.057 c 
! 225.13] |672()()| |51!.v>7| 3 3 38.5 0 0292 0.065 - 1.057 c 
[225.20] |67344| (5113871 5 3 2.56 0.00117 0,00433 - 2.234 c 

11 2s3s - 
2f(2S)3p (1) 

3480.8 [377206] 1/0.5927] 3 9 1.16 0.634 21.8 0.279 c + 
3478.69 [3772061 [405944] 3 5 1.16 0.352 12.1 0.024 c+ 
3482.98 [377206] [405909] 3 3 1.16 0.211 7.27 -0.198 c+ 
3484.90 [377206] 1405893] 3 1 1.16 0.0703 2.42 - 0.676 c + 

12 'S-'P° 
(2) 

6383 388858 404521 1 3 0.193 0.353 7,42 -0.452 c + 

13 2p.3.s - 
2p('P°l3p 

:tp°-'!D 
(5) 

52.5.5 J \4h5382] [484406] <) 15 0.313 0.237 36.9 0.329 <: 

5245 [465463] 1484525] 5 7 0.345 0.199 17.2 - 0.002 v,. 
5236 [4653011 1484394] 3 5 0.261 0.178 9.2 -0.271 r* 

5281 [4652231 14841501 1 3 0.188 0.236 4.10 - 0.63 (^ 
[5280.91 [465463] |484394| 5 5 0.085 0.0354 3.08 -0.75 (, 
[5303.91 1465301] [484150] 3 3 0.139 0.059 3.08 -0.75 
[5349.8! 1465463 [484150] 5 3 0.0090 0.00233 0.205 - 1.9.3 v. 
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IN IV.    Allowed Transitions — Continued 

\... Transition Multiple! xi A i £,Um ') /■.'(,(( in ') AT. Pk .^.(lO-W ') 
1 

.S'lat.u.) l"g«f 

  

Accu- Source 
Array racy 

14 3po_3§ 

(6) 
4511.4 [465382] [487.542] 9 3 0.56 0.056 7.5 - 0.295 C ca 

4528 
4495 
4479 

[465463] 
[465301] 
1465223] 

[487542] 
(487542] 
j487542] 

5 
3 
1 

3 
3 
3 

0.305 
0.189 
0.063 

0.056 
0.057 
0.057 

4 19 
2.54 
0.84 

- 0.55 
-0.77 
- 1.245 

C 
C 
C 

Is 
Is 
Is 

15 3p«._ :ip 

(7) 
3456.7 [465382] [494303] 9 9 127 0.227 23.2 0.310 C ca 

3463.36 
3454 
3474.56 
3461.34 
3443 
3445 

[465463] 
1465301] 
1465301] 
(4652231 
(465463) 
[4653011 

(494338] 
1494240] 
[494338) 
[494240] 
1494240] 
[494320] 

5 
3 
3 
1 
5 
3 

5 
3 
5 
3 
3 
1 

0.94 
0.316 
0.311 
0.420 
0.53 
1.Z8 

0.170 
0.057 
0.094 
022t> 
0.057 
0.076 

9.7 
1.93 
3.22 
2.58 
3.22 
2.58 

- 0.072 
-0.77 
-0.55 
-0.65 
-0.55 
-0.64 

C 
C 
c 
c 
c 
c 

Is 
Is 
Is 
Is 
Is 
Is 

16 'P°-'D 
(8) 

3747.66 473032 499708 3 5 1.06 0.371 13.7 0.047 c ca 

17 2s3p- 
2M-SI3J (3) 

4057.80 388858 429158 3 5 0.758 0.312 12.5 -0 029 c + 2, ca 

18 'P°-<D 
(4) 

7117.0 [405927] [419974] 9 15 0.132 0.167 35.3 0.178 c + 2. ca 

7123.10 
7109.48 
7103.28 
7127.21 
7111.28 
7129 

[405944] 
[405909] 
[405893] 
[405944] 
(405909] 
[405944] 

[419979] 
(419971) 
[419968] 
[419971] 
[419968] 
[419968] 

5 
3 
1 
5 
3 
5 

7 
5 
3 
5 
3 
3 

0.132 
0.0995 
0.0739 
0.0329 
0.0552 
0.00365 

0.141 
0.126 
0.168 
0.0251 
0.0419 
0.00167 

16.5 
8.82 
3.92 
2.94 
2.94 
0.196 

-0.153 
-0.424 
-0.776 
-0.902 
-0.901 
- 2.078 

c + 
c + 
c + 
c + 
c+ 
c + 

Is 
Is 
Is 
Is 
Is 
Is 

19 2p3p- 
2p(-P°).W 

■P-'D° 
(9) 

5734 480880 498315 3 5 0.178 0.146 8.3 - 0.359 c ca 

20 >D-<D° 
(11) 

um,.2 
4752 
4733 

[4685.4] 
4762 
4740 
4723 

[4678.6] 

[484406] 

[484525] 
[484394] 
[484150] 
(484525| 
[484394] 
[484394] 
[484150] 

[505532] 

[505561] 
[505518] 
[505487] 
[505518] 
[505487] 
[505561] 
[505518] 

15 

7 
5 
3 
7 
5 
5 
3 

15 

7 
5 
3 
5 
3 
7 
5 

0.116 

0.102 
0.081 
0.089 
0.0177 
0.0289 
0.0130 
0.0180 

0.0389 

0.03+4 
0.0271 
0.0294 
0.00431 
0.0058 
0.0061 
0.0098 

9.1 

3.77 
2.11 
1.36 
0.473 
0.455 
0.473 
0.455 

-0.234 

-0.62 
-0.87 
- 1.055 
- 1.52 
-1.54 
-1.52 
-1.53 

c 
c 
c 
c 
c 

c 
c 

ca 

Is 
Is 
Is 
Is 
Is 
Is 
Is 

21 'D-'P° 
(17) 

5073 499708 519414 5 3 0.0127 0.00295 0.246 

i 

-1.83 c ca 

1 

Forbidden Transitions 

Nanvi's calculations [1] arc the only available source. The results tor th> 'P°— >p° transi- 
tions ar.•' essentially independent of the choice of the interaction parameters. For the <P°—'P° 
transitid. s Naqvi has used empirical term intervals, i.e., the effects of configuration interaction 
should be partially included. 

Reference 

|l| Naqvi, V M.. Thesis Harvard ll'«!). 
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N IV.   Forbidden Transitions 

\'o. I Transition   |    Multiple! A(A) 
Array 

EM fiH 

"T 
Typ«- oil T T 

tiem #,    #.    Transi-       iiJsiT 'I .Slat.u.I    ; Accu- | Source 

2s2p- 
2s(2S)2p 

; 

:<po 3j>o 

.ip° _ I p° 

115.82X10»]       |67136.4]    |67!99.6|      1      3 
[69.33 x 10*1   ;   |67iy9.6||67343.8|      3     5 

[1573.4] [67136.4]    130695 13 
[1574.9] '   |67199.6|    130695      i  3 I   3 
[1578.5] [67343.8]    130695      i   5 |   3 

lion 

111 

11) 

m        0.0118 
in        5.5 
m      j 0.0146 

racy 

 1  
I 
I 

4.56 X 10 *      I 2.Ü0 
;.()."> x 10 •'■      i 2.50 

B 
!    B 

5.1 x 10 H        C 
0.00240 (: 
6.4 X 10«        C 

Nv 

Ground State ls22s2S„ä 

Ionization Potential 97.863 eV = 789532.9 em 

Allowed Transitions 

List of tabulated lines: 

Wavelength (Aj 

• '  

No. 
| 

Wavelength [A] N, Wavelength |A] No. 

162.562 3 266.375 4 5067 13 
186.070 6 1238.81 1 5273 11 
186.153 6 1242.80 1 6719 16 
186.16 6 3161 9 7330 17 
209.270 2 4335 10 15088 8 

209.303 2 1    4603.83 7 15203 8 
247.563 5 4619.9 7 15258 8 
247.710 5 4751 12 
247.72 5 4933 14 
266.192 4 4952 15 

The values taken from Weiss' calculations [l]are estimated to be accurate to within lOpeieent 
because oi the very close agreement between his dipole length and dipole velocity approximations. 
The values calculated with the length approximation are adopted. The Coulomb approximation 
should be quite reliable for the highly excited transitions and is given preference over Kelly's 
approximate Hartree-Fock calculations [2], with which it sometimes disagrees. 

Kefe re nee s 

|1| Weiss, A. W., Astrnphys. J. 138, 1262-1276 (1963). 
[2J Kelly. P. S.. J. Ouant. Spectmsc. Radial. Transfer 4, 117 (1964) 
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N V.    Allowed Transitions 

\... Transition 
Array 

Multiple) 

2<^ _2p° 

MA) £,(cm  ') rY*<<m  ') A'. gk .•^IIO-W-') /* .Slat.u.l l"g«f Accu- 
racy 

S Hires- 

1 25 - lp 1240.1 0.0 80637 2 6 3.38 0.234 1.91 -0.330 A 1 
( 1   U V 1 

1238.81 
1242.80 

0.0 
0.0 

80723 
80465 

2 
2 

4 
2 

3.38 
3.36 

0.156 
0.0778 

1.27 
0.637 

-0.507 
-0.808 

A 
A 

Is 
Is 

2 2s - 3/j 2S — l\>° 

(2  UV) 
2W.28 

209.270 
209.303 

0.0 

0.0 
0.0 

477826 

477851 
477777 

2 

2 
2 

6 

•1 

1^0 

119 
119 

0.235 

0.157 
0.0784 

0.324 

0.216 
0,108 

-0.327 

- 0.504 
- 0.805 

B + 

B + 
B + 

1 

Is 
Is 

3 2s - \p 
(3 uv) 

162.562 0.0 615150 2 6 56.3 0.0669 0.0716 - 0.874 B ca 

1 2p~3j Up __ 2S 

(4 uv) 
266.31 

266.375 
266.192 

80637 

80723 
80465 

456134 

456134 
456134 

6 

4 
2 

2 

2 
2 

90.9 

60.6 
30.2 

0.0322 

0.0322 
0.0321 

0.169 

0.113 
0.0.563 

-0.714 

-0.890 
—1.192 

B + 

B + 
B + 

1 

Is 
is 

5 tp — Sd 2p°_2I) 247.66 80637 484417 6 10 429 0.658 3.22 0.5% B + 1 
(.1 u \ ) 

247.710 
247.563 

1247.72] 

80723 
80465 
80723 

484427 
484403 
484403 

4 
2 
4 

6 
4 
4 

429 
357 

71.6 

0.592 
0.656 
0.0659 

1.93 
1.07 
0.215 

0.374 
0.113 

-0.579 

13 + 
B-r 
B + 

Is 
Is 
Is 

6 tp-\d 2p°_2Ij 

(6 UV) 
186,! 3 

186.153 
186.070 

[186.161 

80637 

80723 
80465 
80723 

617905 

617905 
617905 
617905 

6 

4 
2 
4 

10 

6 
4 
4 

140 

140 
116 
23.3 

0.121 

0.109 
0.121 
0.0121 

0.445 

0.267 
0.148 
00297 

-0.139 

-0.361 
-0.617 
- 1.315 

B 

B 
B 
B 

ca 

Is 
Is 
Is 

7 3s-3p 2J^ _ 2p° 

(1) 
4608.7 

4603.83 
4619.9 

456)34 

456134 
456134 

477826 

477851 
477777 

2 

2 
2 

6 

4 
2 

0.413 

0.415 
0.411 

0.395 

0.264 
0.131 

12.0 

8.00 
4.00 

-0.103 

-0.278 
-0.580 

B 

B 
B 

1 

Is 
Is 

8 3p-3d zp°_2[) I =,168 477826 484417 6 10 0.00946 0.0544 16.3 -0.486 B 1 

[15203] 
|15088j 
[15258| 

477851 
477777 
477851 

484427 
484403 
484403 

4 
2 
4 

6 
4 
4 

0.00940 
0.00801 
0.00155 

0.0489 
0.0547 
0.00542 

9.78 
5.43 
1.09 

-0.709 
-0.961 
-1.664 

B 
B 
B 

Is 
Is 
Is 

9 5p — 6s 2p° _ 2^ 

(2) 
3161 678297 [709947j 6 2 3.06 0.153 9.55 -0.037 B ca 

10 6s - lp 2.S-!P 
(3) 

4335 [709947] 732993 2 6 0.376 0.318 9.08 -0.197 B ca 

11 ftp — 7s 2p°_2$ 
(4) 

5273 712464 1731432] 6 2 1.41 0.196 20.4 0.070 B ca 

!2 6p - 7rf 2p°_2[) 

(5) 
4751 712464 [733516] 6 10 0.963 0.543 51.0 0.513 B ca 

13 6d-lp 2D_2pc 

(6) 
5067 713289 732993 10 6 0.423 0.0977 16.3 -0.010 B ca 

14 td-lf *D-2F° 
(7) 

4933 713289 [733547] 10 14 1.62 0.828 134 0.918 B ca 

15 6/ - 7rf 2p_2[) 

(8) 
4952 [713327] [733516] 14 10 0.161 0.O423 9.66 -0.227 B ca 

16 7s - 8p 2^ _ 2p° 

(ID 
6719 [731432] [746311] 2 6 0.171 0.348 15.1 -0.157 B ca 

17 7p-8</ 2p°_2[) 

(12) 
7330 732993 [746649] 6 10 0.454 0.610 88.3 0.564 B ca 
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Nu 

Ground State Is- 'S« 

'onization Potential 551.925 tV -" 4452800 cm ' 

Allowed Transitions 

The result? of" extensive non-relativistie variational calculations by Weiss [1] are used. \ alues 
have beer, calculated in both the dipole length and dipole velocity approximations and agree to 
within W(, except lor the 3p 'P° —3i/'D transition where agreement is not as good. The average 
of the two approximations is adopted (l). 

Reference 

|1] Weiss, A. \\ .. privat«' communication il'JMi. 

N VI.     Allow( ?d Transitions 

No. Transition 
Array 

Multiplet xi A» ftcm-'l Efrdm ') & gk ^-idO^sec-') u .Siat.u.) log gf Accuracy Source 

1 Is2— ls2p 'S— 'P0 (28.787] 0 3473790 l 3 18! 00 0.674 0.0639 -0.P1 A 

2 Is-— ls3p 'S-'P0 124.898] 0 4016390 l 3 5160 0.144 0.0118 -0.842 A 

3 ls2s — ls2p •S —«P° (2914.6] [3439490] 3473790 l 3 0.206 0.0786 O.7o4 - 1.105 A 

4 Is2.v-l.s3/> 'S-'P° [173.34( (3439490] 4016390 l 3 269 0.364 0.208 -0.439 A 

5 Is2p-ls3rf 1 P° - ' D [185.09] 3473790 [4014057] 3 5 825 0.706 1.29 0.326 A 

6 Is3d~ls3p ip_ip° (42850]';' [4014057] 4016390 5 3 5.44 x 10 4 
0.00899 6.34 -1.347 C + 

i ls2s—ls2p :<S_:.po [790/..5] [3385890] [3438480] :< 9 0.678 0.110 2.07 -0.481 A 

8 ls2s— ls3p :!S - 'P° [161.401 (3385890] [4005471] 3 9 285 0.334 0.533 0.001 A 

9 ls2p— ls3d ..po_.il) \l73.98] [3438480] |4013259( 9 15 876 0.662 3.41 0.775 A 

10 Is3p-ls3</ <P° -3D [12837]? [4005471[ |4013259| 9 15 0.0102 0.0419 15.9 - 0.424 A 
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Ground State 

OXYGEiN 

Oi 

Is2 '2s2 2p4 3P, 

loni/.ation Potential 13.614 eV = 109836.7cm 

Allowed Transitions 

List of tabulated lines: 

Wavelength [A] No. Wavelength [A] No.  1 
i 
1 

Wavelength [A] No. 
i 

811.37 9 5435.16 40   j 7943.15 14 
877.804 5 5435.76 40 7947.20 14 
877.885 5 5436.83 40 7947.56 14 
878.979 5 6046.4 41 7950.83 14 
879.027 5 6106.5 34 7952.18 14 

879.108 5 6155.99 32 7981.97 27 
879.553 5 6156.78 32 7982.3 27 
936.011 10 6158.19 32 7982.41 27 
988.581 3 6242.5 15 7987.00 27 
988.658 3 6259.6 36 7987.34 27 

988.777 3 6269.4 35 7995.12 27 
990.132 3 6453.64 37 8073.7 19 
990.120 3 6454.48 37 8221.84 13 
990.799 3 6456.01 37 8227.64 13 
999.494 6 6653.78 24 823*1.01 13 

1025.77 8 7002.1 33 8232.99 13 
1027.42 8 7156.80 17 8235.31 13 
1028.16 8 7194.6 23 8446.5 12 
1152.16 4 7254.4 38 8508.63 22 
1217.64 7 7471.36 20 8820.45 16 

1302.17 2 7473.23 20 9260.88 28 
1304.87 2 7476.45 20 9262.73 28 
1306.04 2 7477.21 20 9265.99 28 
1355.61 1 7479.06 20 9391.2 18 
1358.52 1 7480.66 20 11287 29 

3947.29 25 7771.96 11 11295.0 30 
4368.30 26 7774.18 11 11297.5 SO 
5328.98 39 7775.40 11 11302.2 30 
5329.59 39 7886.31 23 13164 31 
5330.66 39 7939.49 14 

The data for the ultraviolet lines are taken from the theoretical work by Garstang [I] and 
Kelly [2]. with the exception of one multiplet where an experimental value by Prag and Clark [3] 
is available. Even though the agreement between theory and experiment is quite good in this 
case, namely within 25%, this may be accidental, since the extensive comparisons between theory 
and experiment for similar transitions of C! and N I reveal many strong discrepancies. As in 
the case of the other two atoms, one must again expect that the theoretical values are drastically 
affected by configuration interaction which is entirely neglected in the calculations. Thus, only 
the.most prominent transitions are listed, with an accuracy rating of "E". 
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Considerable material is available for the lines in the visible and near infrared region of the 
spectrum. The tabulated values are taken from Kelly's earlier self-consistent field calculations 
[4] (which include exchange effects in an approximate way), Vainshiein's semi-empirical calcula- 
tions [5], ihe Coulomb approximation by Bates and Damgaard, and experimental work by Jürgens 
[6], Foster (7], Doh"rty \% Buttrey and Gibson [9], Wiese and Shumaker |10j, and Solarski and 
Wiese [II]. In all experiments the emission of thermal plasmas generated in stabilized arcs or 
shock tubes has been studied. The agreement between the various theoretical and experimental 
methods :° often quite remarkable. This is particularly true for the multipiets at 6157, 6455, 
6654, 7157, ,-,,7, 7773, 7886, 8227, and 8446 Ä for which the spread between the highest and lowest 
result is only 25% or less. Based on this good agreement, an accuracy of 10% for the averaged 
values is indicated. In arriving at best values, theoretical and experimental methods have usually- 
been equally weighted, but among the experimental methods, the recent more advanced work 
[8, 9, 10, 11] is lv-g .rdt d as superseding the earlier work [6, 7). For the multipiets of the moderately 
excited 3,s — ,\p array, the advanced experimental methods are used exclusively, since the theoreti- 
cal papers do not tcke into account the existence of weak intercombinatioii lines from the upper 
levels. The theoretical methods are also not too reliable for two other multipiets at 3947 and 4368 
A, since cancellation in the transition integral occurs. In these cases, the experimental results 
are chosen. In the case of the strong multiph-t 3p3P —3s' 3D° at 7989 A recourse is taken to a 
calculation by Petne |12| because the use of approximate, hydrogen like wave functions in this 
paper has gi"»n reasonable results lor 3s —Sp transitions, but appears to fail otherwise. 

rI"ferences 

[11 Garstang. R. H., Proc. Cambridge Phil. Soc. 57, 115-120(1961). 
[2] Kelly, P. S.. Astrophys. J. 140, 1247-1268 (1964). 

[3| Prag, A. B.. and Clark, K. C, Phys. Rev  Letters 12, 34-35 «1964). 

[4) Kelly, P. S., J. Quant. Spectrosc. Radiat. Transfer 4, 117-148 (1964;. 

[51 Vainshtein, L. A., Optika i Spektroskopiya 3, 313-321 (1957). 
[6j Jürgens, G., Z. Physik 138, 613-622 (1954). 

[7] Foster, E. W., Proc. Phys Soc, London A 79, 94-104 (1962). 
|8) Doherty, L. R., Thesis Michigan (1961). 

[9| Buttrey. D. E.. and Gibson, J. B.. Technical Documentary Report No. RTD-TDR-63 .3047 (1964). 

[10] Wiese, W. L.. and Shumaker, Jr., J. B., J. Opt. Soc. Am. 51, 937-942 (19611. 

[11] Solarski, J., and Wiese. W. L., Phys. Rev. 135, A1236 A1241 (1964). 
[12) Petrie, W., j. Geophys. Research 55, 143-151 (1950). 

O I.    Allowed Transitions 

N.,. Transition 
Array 

Multiple! \(Ä) fitcrr.-'l £/c(cm->) g> gk Ant ;".-\ec-') h .Sir. S.u.) log gf Accu- 
racy 

Source 

1 2p<- 
2ps(4S°)3s 

:ip _ r.iso 

(1 uv) 
1355.61 0.0 73768 .•> 5 1.3 x 10"5 ;;.6;< io-' 8.0 x 10' -5.74 F. 1 
1358.52 158.5 73768 3 5 3.8 X 10" 1.8 X 10- 2.4X 10 ■« -6.27 E 1 

2 :.p _ :>S° 

(2 uv) 
?M'U 78.0 76795 9 3 3.8 0.031 1.2 -0.54 D 1,2,3 

1302.17 0.0 76795 .> 3 2.1 0.031 0.68 - 0.80 D hi 

1304.87 158.5 7679fi 3 3 1.3 0.032 O.H -1.02 D 1« 
1306.04 226.5 76795 1 3 0.41 0.031 0.14 -1.50 D In 

3 2p<- 
2p¥D°t3s' 

ap-sry 
(5 uv) 

989. t<> 78.0 wim 9 15 2.3 0.056 1.6 - 0.30 E 1,2 

988.777 0.0 101135 5 i 2.3 0.047 0.76 - 0.63 E 1» 
990.210 158.5 101147 3 5 1.7 0.042 0.42 - 0.90 E hi 

990.799 226.5 101155 1 3 1.2 0.054 0.18 -1.27 E hi 
988.658 0.0 101147 5 5 0.58 0.0085 0.14 -1.37 E hi 
990.132 158.5 101155 3 3 0.95 0.011 0.14 -1.38 E hi 

988.581 0.0 101155 5 3 0.066 5.8 x 10-5 0.0094 - 2.54 K hi 

1 
(Ö uv) 

1152.16 15868 102662 5 ,) 4.5 0.090 1.7 1 -0.35 E 1,2 
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O I.    Allowed Transitions — Continued 

\:>. 1 ransition 
Array 

Multiple! \(A) £,Um'> £*k-m ') gi #t .^.(lO^ec1) f* .Slat.u.) 
| 
Accu 
racy 

- Source 

r> 2p<- 
2p<i-P°i3.s" 

:.p_:.p 878.45 78.0 limit 9 9 3.2 0.037 0.% -0-8 E i.2 

877.885 0.0 113910 5 5 2.4 0.027 0.39 -0.87 E In 
879.027 158." 113921 3 3 0.79 0.0091 0.079 -1..56 E If. 

877.804 0.0 113921 5 3 1.3 0.0092 0.13 -1.34 E 1« 
878.979 1.58.5 113927 3 1 3.2 G.012 0.11 -1.43 E In 
879.103 158.5 113910 3 5 0.83 0.016 0.14 -1.32 E In 
879.553 226.5 113921 1 3 1.1 0.03C 0.11 -1.42 E In 

<» 'D-'P0 

(7 uvl 
999494 15868 115918 5 3 3.9 0.035 0.57 -0.76 E 1,2 

7 iS_ip° 

(9 uv) 
1217.64 33792 1159i8 1 3 2.0 0.13 0.53 -0 88 E 1.2 

8 2p<- 
2pVS°)M 

p-'n0 

(4 uv) 
1026.6 7li.O 97488 9 15 0.39 0.010 0.3! -1.04 D- 2 

1025.77 0.0 97488 5 i 0.39 0.0G86 0.15 -1.36 D - Is 
1027.42 1.58.5 97488 3 5 0.29 0.0077 0.078 -1.65 D- Is 
1028.16 226.5 97488 1 3 0.20 0.010 0.035 -1.98 D- Is 
1025.77 0.0 97488 5 5 0.097 C.0015 0.026 -2.12 D- Is 
1027.42 158.5 97488 3 3 0.16 0.0026 0.026 -2.12 D- Is 
1025.77 0.0 97488 5 3 0.011 1.0 X IO-4 0.0017 -3.29 D- Is 

<) lp<- 
2p:,l2DW 

3p_.ip 8I1J7 78.0 121126 9 9 0.78 0.0077 0.18 -1.16 D- 2 

10 'D-'P 
(8 uv) 

936,011 15868 124326 5 7 0.83 0.015 0.23 -1.12 D- 2 

11 2ps3s - 
2p:,<4S°)3p 

5So_:,p 

(1) 
777.1.4 73768 86629 5 15 0.340 0.922 118 0.664 B 4. 5.8. 

11,ta 
7771.% 73768 86631 5 i 0.340 0.431 55.1 0.333 B Is 
7774.18 73768 86627 5 5 0.340 0.307 39.3 0.186 B Is 
7775.40 73768 86625 5 3 0.340 0.184 23.6 -0.035 B Is 

12 .!^o _ ip 

' (4) 
8446.5 76795 886,11 3 9 0.280 0.898 74.9 0.430 B 4.8.11, 

ca 

13 2p'3i' - 
2p*(*D°)3p' 

3D°-3D 
(34) 

8226.8 10114:1 1112% 15 15 0.323 0.327 133 0.691 B 4,6. ca 

8221.84 101135 113294 7 7 0.292 0.2% 56.1 0.316 B /< 
8230.0 s 101147 113295 5 5 0.21 J 0.214 29.0 0.029 B Is 
3232.99 101155 113298 3 3 0.261 0.266 21.6 -0.099 B Is 
8221.84 101135 113295 7 5 0.0663 0.0480 9.09 -0.474 B Is 
8227.64 101147 113298 5 3 0.0834 0.0508 6.88 -0.595 B Is 
8230.01 101147 113294 5 7 0.0261 0.0371 5.03 -0.732 B Is 
8235.31 101155 113295 3 5 0.01-32 0.0732 5.95 -0.659 B Is 

14 :.ryo_.iF 
(35) 

7949..1 10114:1 11.1719 15 21 0.373 0.495 194 0.87 C 4,6,ca 

7947.56 101135 ■13714 7 9 0.373 0.454 83 0.50 C Is 
7950.83 101147 113721 5 7 0.331 0.439 58 0.342 C Is 
7952.18 101155 113727 3 5 0.313 0.495 38.8 0.171 C Is 
7943.15 101135 113721 7 7 0.04:7 0.0394 7.2 -0.56 c Is 
7947.20 101147 113727 .'; 5 0.058 0.055 7.2 -0.56 c Is 
7939.49 101135 113727 7 5 0.00165 0.00111 0.203 -2.109 c Is 

15 :iij° - ip [6242.5]? 10114:1 (117158]? 15 9 0.73 0.257 79 0.59 c 4 

16 .r)c_1F 

(37) 
8820.45 102662 113996 5 7 0.261 0.426 62 0.328 c 4, ca 

17 'D°-'D 
(38) 

7156.80 102662 116631 5 5 0.473 0.363 42.8 0.259 B 4,11. ca 

18 'D°-'P [9391.21? 1026i2 (113307]? 5 3 0.215 0.171 26.4 -0.069 c 4 
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O I.    Allowed Transitions — Continued 

SV Transition 
Array 

Multiple! 

1 
A(A) £,U-m') EiAem ') gi g* AtiiHTsre1) /» .S'iat.u.) l«»e «/ Accu- 

racy 
Source 

19 

2p33s"~ 

3p-_3S 

JP-3D 

[8073.7]? 

7477.3 

/13916 

113916 

[126298]? 

127286 

9 

9 

3 

15 

0.339 

0.408 

0.110 

0.570 

26.4 

126 

- 0.003 

0.710 

C 4 

20 B 4. 6, ra 
2p3(2P°)3p" (55) 

7476.45 113910 127282 5 7 0408 0.479 58.9 0.379 B ts 
7479.06 113921 127288 3 5 0.306 0.428 31.6 0.108 B h 
7480.66 113927 127291 1 3 0.226 0.570 14.0 -0.244 B 1s 
7473.23 113910 127288 5 5 0.102 0.0856 10.5 - 0.369 B ls 
7477.21 113921 127291 3 3 0.170 0.143 10.5 - 0.369 B ls 
7471.36 113910 127291 5 3 0.0114 0.00571 0.7C> -1.545 B !s 

>A ap*._ 3p 17/94.6]? 1139'6 [127811]? 9 9 0.478 0.371 79 0.52 C 4 

22 ipo_>p 8508.63 \15918 127668 3 ■> 0.289 0.314 26.4 -0.026 C 4 

23 
(64) 

7886.31 115918 128595 ,'i 5 0.370 0.575 44.3 0.236 B 4,6, ca 

24 !P°-'S 
(65) 

6653.78 115918 130943 3 1 0.600 0.133 8.72 -0.400 B 4. 11, ra 

25 2p33s- 
2pH*S°)ip 

5S°-5P 
(3) 

3947.29 73768 9909* 5 15 0.00326 0.00229 0.149 -1.94 C 4,7 

26 3So_3p 

(5) 
4368.^0 76795 99680 3 9 0.0066 0.0056 0.242 — 1.77 c 9,11 

27 2p3(«S°)3p- 
2p3|■tD0)3s• 

3P_3I)0 

(19) 
7989.9 88631 101143 J 15 0.29 0.46 HO 0.61 D 12 

7995.12 88631 101135 5 7 0.29 0.38 50 0.28 D ls 
7987.00 88630 101147 3 5 0.21 0.34 27 0.01 D h 
7982.41 88631 101155 1 3 0.16 0.46 12 -0.34 D is 
7987.34 88631 101147 5 5 0.072 0.068 9.0 -0.47 D Is 
7981.97 88631 101155 3 3 0.12 0.11 9.0 -0.47 D Is 

[7982.3] 88631 101155 5 3 0.0080 0.0046 0.60 -1.64 D is 

28 2p33p- 
2p3(«S°)3d 

sp_5Do 

(8) 
9263.9 86629 97420 15 25 0.419 0.90 412 1.130 C 4, ra 

9265.99 86631 97420 7 9 0.419 0.69 148 0.69 c h 
9262.73 86627 97420 5 7 0.280 0.50 77 0.401 c is 
9260.88 86625 97420 3 5 0.347 0.315 28.8 - 0.025 c Is 
9265.99 86631 97420 7 7 0.140 0.180 38.4 0.100 c Is 
9262.73 86627 97420 5 5 0.245 0.315 48.0 0.197 c Is 
9260,88 86625 97421 3 3 0.315 0.405 37.0 0.085 c Is 
9265.99 86631 97420 7 5 0.0279 0.0257 5.5 -0.75 c Is 
9262.73 86627 97421 5 3 ü.105 0.081 12.4 0.393 c Is 
9260.88 86625 97421 3 1 0.420 0.0180 16.5 - 0.268 {- Is 

29 3p _ 3£)° 11287 8863! 97488 9 15 0.235 0.75 25C 0.83 (' 4 

30 2p33p- 
2pH*S°Hs 

:,p _ r.S° 

(7) 
11299 86629 95476 15 5 0.272 0.173 97 0.415 r 4, ca 

11302.2 86631 95476 7 5 0.127 0.173 45.1 0.084 c Is 
11297.5 86627 95476 5 r> 0.091 0.173 32.2 -0.062 C Is 
11295.0 86625 95476 3 5 0.054 0.173 19.3 -0.284 c Is 

31 :!P - :1S° 13164 88631 96226 9 3 0.188 0.163 63 0.165 c 4. ca 
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O I.    Allowed Transitions — Continued 

No. Transition 
Array 

Multiple! AIÄI £,<cnr') Edcm->) gt A /MlONec ') f* S(at.u.) log*/ Accu- 
racy 

Source 

32 2p'3p- 5P-5D° 6l57.:i 86629 102865 15 25 0.0701 0.0664 20.2 -0.001 B    4,11. ra 
2pVS°)Ui 00) 

6158.19 86631 102865 7 9 00701 0.0512 7.27 -0.445 B Is 
6156.78 86627 102865 5 7 0.0468 0.0372 3.77 -0.731 B Is 
6155.99 86625 10Z865 3 5 0.0245 00232 1.41 - 1.158 B Is 
6158.19 86631 102865 7 7 0.0234 0.0133 1.89 -1.031 B Is 
6156.78 86627 102865 5 5 0.0410 0 0233 2.36 - 0.934 B Is 
6155.99 86625 102865 3 3 0.0527 0.0299 1.82 -1.047 B h 
6153.19 86631 102865 i 5 0.00467 0.00190 0.269 -1.877 B Is 
61.56.78 86627 102865 5 3 0 0175 0.00598 0.606 - 1.524 B Is 
6155.99 86625 102865 3 ! 0.0702 0.0133 0.808 - 1.399 B Is 

33 •P - :'D° 
(21) 

7002.1 886.il 102908 9 15 0.0325 0.0398 8.3 -0.146 C 4,6. ca 

34 2p33p'- 
2p3(2D°)4," 

'D-'P 
(43) 

[6/06.5] 113295 [129667] 15 21 0.0460 0.0360 10.9 - 0.268 C 4,6, ca 

35 3p_sp 
(48i 

(6269.41 113719 [129667] 21 21 0.0198 0.0J17 5.1 -0.61 C 4,6. ca 

36 :iF_:.Go 

(50) 
62.59.6 111719 I2O690 21 27 0.063 0.0475 20.6 -0.001 c 4. 6, ca 

37 2p33p- 5p _ &So 64.55.0 86629 102116 15 5 0.0710 0.0148 4.71 - 0.654 B    4,11, ca 
2p3i*S°)5s (9) 

6456.01 86631 102116 7 5 0.0331 0.0148 2.20 -0.985 B h 
6454.48 86627 102116 5 5 0.0237 0.0148 1.57 -1.131 B Is 
6453.64 86625 102116 3 5 0.0142 0.0148 0.942 -1.353 B h 

38 3p .l^o 

(20) 
7254.4 886.?/ 102412 9 3 0.062 0.0162 3.48 -0.34 C 4,6, ca 

39 2p'3p- 
2pVS°)5d 

•P-M)° 
(12) 

5330.0 86629 105385 15 25 0.0197 C.0140 3.68 -0.68 C 4,6. 7, 
ca 

5330.66 86631 105385 7 9 0.0196 0.0107 1.32 -1.124 C Is 
5329.59 86627 105385 5 •7 

1 0.0131 0.0078 0.69 -1.407 C Is 
5328.98 86625 105385 3 5 0.0069 0.00490 0.258 -1.83 C Is 
5330.66 86631 105385 *7 7 0.0066 0.00279 0.343 -1.71 C Is 
5329.59 86627 105385 5 5 0.0115 0.00489 0.429 -1.61 C Is 
5328.98 86625 105385 3 3 0.0148 0.0063 0.331 -1.72 C Is 
5330.66 86631 105385 7 5 0.00131 4.00 X lO"4 ft :. * •. ^ -2.55 C Is 
5329.59 86627 105385 5 3 0.00491 0.00125 0.110 -2.203 C Is 
5328.98 86625 105385 3 1 0.0197 0.00279 0.147 -2.077 c Is 

40 2p33p- 
2p3(4S°)6s 

*P-SS° 
(11) 

54.?6./ 86629 105019 15 5 0.0305 0.00450 1.21 -1.170 c 4, 5,6, 
7, ca 

5436.83 8663! 105019 7 5 0.0142 0.00451 0.57 -1.50 c Is 
5435.76 86627 105019 5 5 0.0102 0.00450 0.403 -1.65 c Is 
5435.16 86625 105019 3 5 0.0061 0.00451 0.242 -1.87 c Is 

41 ■!P-''S° 6046.4 886.il 105165 9 3 0.0234 0.00427 0.77 -1.415 c 4,6, ca 
(22) 

i 
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Forbidden Transitions 

The list of forbidden lines for 0 1 is a very intercs ing one since it contains some of the very 
few eases of experimental determinations of forbidden line' strengths. This fortunate circumstance 
is due to the appearance of strong forbidden lines in the aurora, so that the latter could be used as 
a "light source." Extensive measurements by Omholt [1J have given, for the 5577 A line, a tran- 
sition probability of 1.43 ,ec~' ± 14%, whereas Garstang [2] with a refined calculation has obtained 
1.25 sec-1. For another case, namely the lifetime for the 'D state, the averaged experimental 
result [3, 4j is approximately 160 sec, whereas the theory [5, 7| gives 135 sec. In both instances 
the mean value is adopt -d. Attempts have also been made in the laboratory to obtain experimental 
results, but they are all subject to some doubt and are therefore omitted in this compilation. 

Aside from applications in atmospheric physics, the importance of the above lines lies in the 
circumstance that the expeiimental determinations give a reliable indication of the uncertainties 
in the theory of forbidden line strengths which in itself does not allow error estimates. 

A number of other transitions in hep4 configuration have been investigated by several authors. 
All electric quadrupole line strengths are taken from Garstang |6|, since his estimate of the quad- 
rupole integral sq is the most advanced one available. Naqvi |5j. and Yamanouchi and Horie [7|, 
in their calculations of magnetic dipole line strengths, retain the spin-spin and spin-other-orbit 
parameter in the transformation coefficients, while Garstang neglects it. Thus, their values are 
used for the :,P—'D and :IP— 'S transitions, where this gives an improvement of about 15%. For 
the latter line, however, only Yamanouchi and Hone's [7| data are employed, since Naqvi's treat- 
ment of configuration interaction effects, which are important for this line, appears to be inadequate 
(see also general introduction). 

References 
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O I.    Forbidden Transitions 

X... Transition 
Array 

Multiple) \(A) filcra-'l ft gk Type «if 
Transition 

Ak,{sec~l) Slat.u.) Accu- 
racy 

Source 

1 2p4 - 2p4 ip-'P 
[63.07 x |0-'] 
[63.07 x 104] 
[44.14 x 10'| 
114.70 x UK') 

0.0 
0.0 
0.0 

158.5 

158.5 
158.5 
226.5 
226.5 

5 
5 
5 
3 

3 
3 
1 
1 

e 
m 
«■ 

m 

1.30 X 10-" 
8.95 X IfJ-5 

1.00 x 10-'" 
1.70 X 10 -•'• 

2.32 
2.50 
1.03 
2.00 

C 
B 
C 
B 

6 
5. 6. 7 

6 
5. 6, 7 

2 <P-'D 
(1 F) 

6300.23 
6300.23 
6363.88 
6363.88 

16391.6] 

0.0 
0.0 

158.5 
158.5 
226.5 

15867.7 
15867.7 
15867.7 
15867.7 
i 5867.7 

5 
5 
3 
3 
1 

5 
5 
5 
5 
5 

<• 
in 
e 
m 
e 

2.4 x IQ--' 
5.1 x 10-' 
3.2 x 10 « 
1.6 IX 10 ! 

1.1 x 10-"' 

7.1 x 10" 
2.37X10" 
9.9 x 10 -'• 
7.9 x 10-"' 
3.5 x 10-•• 

I) 
C 
1) 
C 
I) 

6 
3. 4. 5. 7 

6 
3. 4, 5. 7 

6 

3 'P-'S 
(2 F) 

[2958.4] 
2972.3 

0.0 
158.5 

33792.4 
33792.4 

5 
3 

1 
1 

V 

m 
3.7 x 10 ' 
0.067 

5.0 x 10 •' 
6.5 x 10-'' 

I) 
C 

6 
7 

4 "[>— 'S 
(3 F) 

5577.35 15867.7 33792.4 5 1 V 1.34 4.31 C + 1.2 
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On 

Ground State 

Ionization Potential 

Is2 2s* 2p3 *S°3!2 

35.108 eV = 283244 cm~» 

Allowed Transitions 

List of tabulated lines: 

Wavelength [A] No. Wavelenfih [ÄJ No. Wavelength |Ä] No. 

424.66 
429.918 
430.041 
430.177 
440.58 

22 
10 
10 
10 
18 

3007.4 
3007.74 
3008.28 
3008.8 
3009.7 

84 
85 
85 
84 
85 

3488.18 
3496.27 
3712.75 
3727.33 
3729.34 

36 
36 
25 
25 
73 

442.03 
445.62 
464 78 

17 
16 
21 
20 
19 

3009.81 
3010.0 

85 
85 

3735.9 
3735.94 

73 
73 

468.77 
479.41 

3010.5 
3012.8 
3013.0 

85 
85 
85 

3739.92 
3749.49 
3762.63 

69 
25 
69 

481.66 
483.752 
483.7% 
484.03 
485.086 

13 
12 
12 
12 
11 

3013.37 
3014.0 
3019.8 
3032.08 
3032.50 

84 
84 
84 
86 
86 

3777.60 
3794.48 
3803.14 
3821.68 
3830.45 

69 
70 
70 
70 
70 

485.47 
485.515 
515.498 
515.640 
517.937 

11 
11 
15 
15 
14 

30475 
3113.71 
3122.62 
3124.02 
3129.44 

86 
66 
66 
66 
66 

3833.10 
3842.82 
3843.58 
3847.89 
3850.81 

43 
42 
43 
42 
42 

518.242 
539.086 
539.547 
539.853 
555.056 

14 
5 
5 
5 
8 

3134.32 
3134.82 
3138.44 
3139.77 
3270.9 

66 
66 
66 
66 
71 

3851.04 
3851.47 
3856.16 
3857.18 
3863.50 

42 
43 
42 
43 
42 

555. i 21 
600.585 
616.291 
616.363 
617.051 

8 
9 
6 
6 
6 

327098 
3273.52 
3277.69 
3282.0 
3287.59 

71 
71 
67 
39 
67 

3864.13 
3864.45 
3864.68 
3872.45 
3874.10 

41 
42 
42 
41 
41 

644.148 
672.948 
673.768 
718.484 
718.562 

4 
7 
7 
2 
2 

3290.13 
3295.13 
3301.56 
3305.15 
3306.60 

67 
67 
67 
67 
67 

3875.82 
3882.20 
3382.45 
3883.15 
3893.53 

43 
42 
41 
42 
41 

796.661 
832.754 
833.326 
834.462 

2733.34 

3 
1 
1 
1 

65 

3377.20 
3390.25 
3407.38 
3409.84 
3447.98 

38 
38 
72 
72 
68 

3896.30     j 
3907.45 
3911.96 
3912.09 
3919.29 

41 
41 
33 
33 
33 

2747.46 
3000.1 
3002.2 
3006.0 
3007.08 

65 
84 
84 
84 
85 

3460.6 
3470.42 
3470.81 
3474.94 
3479.7 

26 
6t* 
68 
37 
26 

3926.58 
3945.05 
3954.37 
3967.44 
3973.26 

41 
30 
30 
47 
30 
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List of taLiilated lines ~ Continued 

Wavelength (A) No. Wavelength [A] 

—n 
No. Wavelength [A|                No. 
 4  

3982.72 30 1272.3 34 1596.17 31 
3985.46 47 4275.52 78 4598.2 50 
4060.8 82 4276.71 77 4602.11 8) 
4069.64 40 4276.71 78 
4069.90 40 4609.42 81 

4277,10 78 1613.11 81 
4072.16 40 4277.90 78 4638.85 23 
4075.87 40 4281.4J 

—— 
4641.81 23 

4078.86 40 1282.82 4   l 4649.11 23 
4084.66 46 1282.96 78 
4085.12 40 1650.84 23 

1283.13 78 1661.64 23 
4087.16 76 4283.75 78 1673.75 23 
4089.30 76 1284.0 78 1676.23 23 

4092.94 40 4284,1 i8. 1690.97 62 
4094.18 40 4288.8 1' 
4095.63 76 1 4691.47 62 

| 4288.83 H 4696.36 23 

4096.18 76 4294.82 •' 1698.48 60 
4096.54 16 4295.5 29 4699.21 19 

4097.26 15 4303.82 I   4 4699.21 60 

4097.26 76 4317.14 21 
4103.02 45 , 4701.23 62 

4319.63 24 1701.76 62 

4104.74 45 1319.93 63 4703.18 60 

4105.00 45 4325.77 24 4705.36 19 

4106.03 40 1328.62 63 4710.(11 48 

4108.75 76 4329.0 29 
4109.3 76 4741.71 19 

4336.87 24 4751.34 48 

4109.8 59 4340.36 79 1752.70 48 

4110.20 59 4342.00 79 1815.0 51 

4110.80 15 1345.56 21 4856 49 53 

4112.03 46 4347.43 32 
4113.82 59 1856.76 53 

4349.1 32 1861.03 61 

4114.4 76 1349.43 24 1864.95 53 

4119.22 45 1351.27 32 4871.58 61 

4120.28 45 4351.5 32 1872.2 61 

4120.55 45 4359.38 51 

4121.48 41 1890.93 52 
1 1366.90 21 4906.88 52 

4126.1 76 4369.28 51 4924.60 52 

4129.34 11 4371.3 79 1941.12 56 

1132.81 41 4395.95 51 4943.06 56 

1140.74 
4141.96 

14 
64 

1106.02 51 
1955.78 •}!' 

1414.91 28 5160.02 5D 

4142.08 
1142.24 

64 
64 

1416.98 
«13.05 

28 
57 

5176.00 
5190.56 

55 
55 

1143,1 64 1113.7 57 5206.73 55 

1113.52 
4113.77 

64 
64 

1147.7 57 
6627.62 75 

4118.21 57 6640.90 27 

4115.6 
4145.90 

64 
64 

4452.38 
1465.10 

28 
35 

6666.91 
6678.19 

75 
75 

4146.09 64 4466.6 80 6718.1 75 

4153.30 
1156.54 

44 
14 

4167.88 

J 469.32 

35 

35 
6721.35 
6810.6 

27 
71 

1489.48 80 6814.1 71 
4169.23 
1185.46 

14 
58 

1191.25 
1539.6 

80 
50 

6816.97 
6869.71 

74 
74 

1189.6 
1189.79 

58 
1563.2 50 

6885.07 71 
1253.9 8.': 

4590.97 31 6895.29 74 
1596.0 31 6906.5, 74 

1263.2 11 

l 
6908.11 
6910.75 

71 
74 
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Most data on the vacuum ultraviolet lines aie taken from the self-consistent field calculations 
by Kelly |1| in which exchange effects have heen considered.    The data for the strong 25*2p;! 

— 2s2p* and 2p:i — 2p~'.is transitions are probably quite uncertain since these are sensitively affected 
by configuration interaction which has not been taken into account.    Two transitions of the 25-2p:i 

— 2s2p* array could be taken, however, from the calculations of Levinson et al. |2] in which the 
effects of configuration interaction have been approximately included. 

For the muitiplets in the visible four data sources have been selected: simplified self-consistent 
field calculations by Kelly [3| (with exchange effects approximately taken into account), the Cou- 
lomb approximation by Bites and Damgaard. emission measurements by Mastrup anci Wiese [4|. 
and intermediate coupling calculations by Garstang [5]. The absolute multiple! values have been 
obtained by averaging the results of the first three methods mentioned. The agreement is quite 
remarkable, often within 30%. For the breakdown of the muitiplets into lines the intermediate 
coupling calculations by Garstang |5J and, whenever available, the experimental results by Mastrup 
and Wiese [4j are employed, both normalized to the absolute total multiplet values. The two sets 
of data agree very well, while LS-coupling values show large deviations for some muitiplets of the 
3p —3</ array. 

The absolute values of the intercombination lines are obtained by normalizing Garstang's 
coupling calculations [5] to the Coulomb approximation, as he has proposed in his paper. 

Refe rences 

|1| Kelly. P. S.. Astrophys. J. 140, 1247-1268 il964>. 
(2| Levinson. I. B.. Bololin, A. B.. and Levin, L. I., Trudy Vil'nyusskogo Univ. 5, 49-55 11956». 
[3| Kelly. P. S., J. Quant. Spectrose  Radial. Transfer 4, 117-148 U964). 
|4| Mastrup. F., and Wiese. W. I... Z. Astrophys. 44,259-279i|y.58l. 
|5| Garstang. R   H., Monthly Notices Roy. Astron   S«»<. 114, 118-133 (1954). 

OII.    Allowed Transitions 

N... Transition 
Array 

Multiplet x(Ai f.Um'l /Hlcm-'l g> g* .4A,! 10" sec'1) fa .S'lat.u.t W&f Accu- 
racy 

r 
Source 

1 2s-2p:i- 
2s2p* 

•S°-4P 
(1 uv) 

8-11.80 0.0 119933 4 12 14 0.43 4.7 0.23 E 1 

a34.462 0.0 119838 4 6 13 0.21 2.3 -0.08 E Is 
833.326 0.0 120001 4 4 14 0.15 1.6 -0.23 E is 
832.754 0.0 120084 4 2 14 0.07 0.77 - 0.55 F Is 

2 -ir-I) 
(4 u«•) 

718.54 26817 165991 10 10 32 0.25 5.9 0.40 E i 

718.484 26808 165988 6 6 30 0.23 3.3 0.14 E Is 
718.562 26829 1659% 4 4 29 0.22 2.1 - 0.05 E Is 
718.484 26808 165996 6 4 3.1 0.016 0.23 -1.01 E Is 
718 562 26829 165988 4 6 2.1 0.024 0.23 -1.01 E Is 

3 
(11 uv) 

796.661 urn: lf}.W)l 6 10 4.4 0.070 1.1 - 0.38 E 2 

4 2P°-2S 
(13 uv) 

644.148 40467 195710 6 2 72 0.15 1.9 - 0.05 E 2 

5 2p1- 
2/>¥P)3.s 

•S°-4P 
(2 I'v) 

539.37 0.0 185402 4 12 8.6 0.11 0.80 - 0.35 E 1 

1 539.086 0.0 185499 4 6 8.6 0.056 0.40 - 0.65 E Is 
539.547 0.0 185341 4 4 8.6 0.037 0.27 -0.82 E Is 
539.853 0.0 185235 4 2 8.6 0.019 0.13 -1.13 E Is 

6 -|)0_2p 

(5 uv) 
6/6..% 268/ 7 189008 10 6 18 0.06! 1.2 -0.21 E 1 

616.291 26808 189068 6 4 16 0.061 0.74 -0.44 E Is 
617.051 26829 188888 4 2 18 0.051 0.41 - 0.69 E Is 
616.363 26829 189068 4 4 1.8 0.010 0.083 -1.39 E Is 
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OH.    Allowed Transitions — Continued 

No. Transition 
Array 

10 

il 

12 

13 

14 

15 

2p3- 
2pVD)3s' 

v- 
2pH*P)M 

Muhiplt-t 

2p'- 
2p2('D).W 

16 

17 

18 

19 

20 

21 

22   2p1- 
2p-i'S);w" 

(12 uv! 

2D°-2D 
(6 uv) 

(14 uv) 

4S° - 4F 
(3 uv) 

-D°--F 
(8 uv) 

2D°-2P 
(9 uv) 

2D=_2D 

(10 uv) 

2p°_2p 

(16 uv) 

-P°--D 
(17 uv) 

2D°--'I) 

2|)C._,p 

-P°--I) 

2po_.p 

-P°--D 

X(A) 

67.V22 

6/2.948 
673.768 
673.768 
672.948 

5.5.5.08 

555.056 
555.121 
555.056 
555.121 

600.585 

4.10.09 

430.177 
430.041 
429.918 

■18.5.27 

485.086 
485.515 
1485.47] 

483.91 

483.976 
483.752 

[484.03] 

481.66 

518.11 

518.242 
517.937 
517.937 
518.242 

.5/5.5,5 

515.498 
515.640 
515.640 

145.02 

442.0.1 

440.58 

470.41 

168.77 

164.78 

[424.66] 

EM-m "■) 

40467 

40467 
40468 
40467 
40468 

268/ 7 

26808 
26829 
26808 
26829 

40467 

0.0 

0.0 
0.0 
0.0 

26817 

26808 
26829 
26808 

26817 

26808 
26829 
26829 

268/ 7 

40467 

40467 
W468 
40467 
40468 

40467 

40467 
40468 
40467 

26817 

26817 

26817 

40467 

40467 

40467 

40467 

EkM-m  ') 

189008 

189068 
188888 
188888 
189068 

206072 

206971 
206972 
206972 
206971 

206972 

212511 

232463 
232536 
232603 

232889 

232959 
2327% 
2327% 

231468 

233430 
233544 
233430 

234434 

233468 

233430 
233544 
233544 
233430 

2344.14 

234454 
234402 
234402 

251222 

25.1048 

25.17') I 

25.1048 

25:1791 

255622 

1275951 

«* 

1 
2 
4 
2 

ID 

6 
4 
6 
4 

1 
4 
\ 

10 

6 
4 
6 

10 

6 
1 
4 

10 

10 

10 

6 

6 

6 

6 

.44,il0* s,-<- '( 

9.2 

7.7 
6.2 
3.1 
1.5 

15 

14 
13 

1.5 
0.97 

4.3 

39 

39 
39 
39 

25 
23 

1.6 

0.84 

0.76 
0.84 
0.084 

5.4 

11 

9.4 
7.5 
3.7 
1.9 

15 

15 
12 
2.4 

26 

6.5 

12 

16 

19 

u 

0.063 

0.052 
0.042 
0.010 
0.021 

0.067 

0.063 
0.061 
0.0015 
0.0067 

0.039 

Ü.32 

0.16 
0.11 
0.054 

0.12 

0.12 
0.12 
0.0058 

0.0018 

0.0018 
0.0015 
3.0 x 10* 

0.019 

0.045 

0.038 
0.030 
0.0075 
0.015 

0.097 

0.087 
0.097 
0.0097 

0.11 

0.063 

0.013 

0.036 

0.039 

0.017 

0.086 

' _ 

.S'.at.u.) '»JifiA 

0.84 -0.42 

0.46 - 0.68 
0.19 - 1.08 
0.093 -1.38 
0.095 - 1.38 

1.2 - 0.17 

0.69 -0.42 
0.44 - 0.62 
0.049 -1.57 
0.049 - 1.57 

0.46 - 0.63 

1.8 0.11 

0.91 -0.19 
0.61 -0.37 
0.31 -0.67 

1.9 0.08 

1.1 -0.16 
0.78 -0.31 
0.056 -1.46 

0.028 -1.75 

0.017 -1.97 
0.0094 -2.23 
0.0019 -2.93 

0.30 -0.73 

0.46 - 0.57 

0.26 -0.82 
0.10 -1.22 
0.051 -1.52 
0.051 -1.52 

0.98 -0.24 

0.59 -0.46 
0.33 -0.71 
0.066 - 1.41 

1.6 0.04 

0.91 -0.20 

0.20 -0.87 

0.33 - 0.67 

0.36 - 0.64 

0.16 - 0.99 

0.72 -0.29 

\rcll- 
rar\ 

Siiiini- 

I) - 

!)- 
D- 
D- 

D- 

D- 
D- 
D- 

D- 

f>- 
D- 
[)- 

D- 

D- 

D- 
D- 
D- 
D- 

D- 

D- 
D- 
D- 

D- 

I) 

I) 

1) 

I) 

1) 

I) 
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OII.    Allowed Transitions — Continued 

No. i  1 tansitiun Multiple! X(A) £,«m ') Ekicm ') g. & Ak,(l(V s,-i-<) /« N(at.u.) l«'JJ«f Accu Source 
Array racy 

23 2p-ls- 
2p2l'P)3p 

4p_4Do 

11) 
46Ö/..5 185402 206895 12 20 1.02 0.55 101 0.82 C 3, 4, ca 

4649.14 185499 207003 6 8 1.04 0.448 41.1 0.429 C in, 5/i 
■1641.81 185341 206878 4 6 0.79 0.381 23.3 0.183 C 4n, 5/1 
4638.85 185235 206786 2 4 0.422 0.272 8.3 -0.264 C 4/i, 5n 
4676.23 185499 206878 6 6 0.257 0.084 7.8 -0.2% C 4/1, ?/! 
4661.64 185341 206786 4 4 0.52 0.169 10.4 -0.169 C 4n, 5/i 
4650.84 185235 206731 2 2 0.82 0.265 8.1 -0.277 c 4n, 5n 
46%..% 185499 206786 6 4 0.0372 0.0082 0.76 - 1.308 c 4't, 5/i 
4673.75 185341 206731 4 2 0.131 00214 1.32 - 1.067 c 4n, 5/i 

24 4JJ _ <p° 

<2! 
4341,3 185402 208431 12 12 1.05 0.297 51 0.55 c 3, 4, ca 

4349.43 185499 208484 6 6 0.74 0.211 18-i 0.102 c 4/i, 5/i 
4336.87 185341 208392 4 4 0.164 0.0462 2.64 -0.73 c 4/i, 5/i 
4325.77 185235 208346 2 2 0.155 0.0435 1.24 -1.060 4/i, 5/s 
4366.90 185499 208392 6 4 0.50 0.0% 8.3 -0.239 c 4/i, 5/i 
4345.56 185341 208346 4 2 0.89 0.125 7.2 -0.300 c 4/i, 5/i 
4319.63 185341 208484 I 6 0.284 0.119 6.8 -0.321 c 4/i, 5/i 
4317.14 185235 208392 2 4 0.424 0.237 6.7 -0.325 c 4/1, 5/i 

25 |4P_4So 3735.9 185402 212162 12 4 1.77 0.123 18.2 0.170 c 3, 4, ca 
(.5.1 

3749.49 185499 212162 6 4 0.90 0.127 9.4 -0.119 c 4/i, 5/i 
3727.33 185341 212162 4 4 0.59 0.122 u.O -0.3!2 c 4/i, 5/i 
3712.75 185235 212162 2 4 0.280 0.116 2.83 -0.64 c 4/i, 5/i 

26 ip _ :'po 

[3479.7] 185499 214229 6 4 0.00101 1.22 Xl0< 0.0084 -3.135 c 5 
[3460.6] 185341 214229 4 4 0.00154 2.76 x 10-4 0.0126 -2.% c 5 

27 -p _ 2§0 

(4) 
6694.4 189008 203942 6 2 0.287 0.064 8.5 -0.414 c 3, ca 

6721.35 189068 203942 4 2 0.189 0.064 5.7 -0.59 c h 
6640.90 188888 203942 2 2 0.098 0.065 2.83 -0.89 c Is 

28 2p-2Do 4418.1 189008 2116.16 6 10 1.13 0.55 48.1 0.52 c 3, 4, ca 
(5) 

4414.91 189068 211713 4 6 1.15 0.50 29.3 0.305 c 4/i, 5/1 
4416.98 188888 211522 2 4 0.95 0.55 16.1 0.044 c 4/i, 5/i 
4452.38 189068 211522 4 4 0.154 0.0457 2.68 -0.74 c 4n, 5/i 

29 2p_4So 

[4329.0] 189068 212162 4 4 0.00157 4.42 X 10'4 0.0252 -2.75 c 5 
[4295.5] 188888 212162 2 4 0.268 X 10'3 1.48x10* 0.00420 -3.53 c 5 

30 2p _ 2p° 

(6) 
.1966.9 189008 214210 6 6 1.46 0.34.3 26.9 0.314 c 3, 4, ca 

3973.26 189068 214229 4 4 1.27 0.300 15.7 0.080 c 4/i, 5/i 
3954.37 188888 214170 2 2 0.95 0.222 5.8 -0.353 c 4/i, 5/i 
3982.72 189068 214170 4 2 0.447 0.053 2.79 -0.67 c 4/i, 5/i 
3945.05 188888 214229 (1 4 0.217 0.101 2.63 -0.69 c 4/1, 5/i 

31 2p2.V- 
2p2(1D)3p' 

-D-2F° 
(15) 

459.1.2 206972 2287.17 10 14 1.11 0.490 74 0.69 c 3, 4, ca 

4590.97 206971 228747 6 8 1.11 0.466 42.3 0.447 c 5/i 
4596.17 206972 228723 4 6 1.03 0.487 29.5 0.290 c 5n 

[4596.0] 206971 228723 6 6 0.079 0.0251 2.28 -0.82 c 5/i 

32 2D-2D° 
(16) 

4319.7 206972 229955 10 10 1.04 0.2% 42.4 0.471 c 3, 4, ca 

4351.27 206971 229947 6 6 0.97 0.275 23.6 0.217 c 5n 
4347,43 206972 229968 4 4 0.94 0.267 15.3 0.029 c 5/1 

[4349,1] 206971 229968 6 4 0.102 0.0192 1.65 -0.94 c 5/i 
[4351.5] 206972 229947 4 6 0.075 0.0318 1.82 -0.90 c 5/i 
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OH-    Ailowed Transitions — Continued 

No. Transition Multiple) \(A) £,<cm -'( EiAcm'1) #. 

1 

,44,ilO" M-< 'I /.* .Si at. u.l I»* Kl Accu 
Array ra<> 

33 2ß — 2P° 
(17) 

3914.4 206972 232511 10 6 1.40 0.193 249 0.286 C 

3911.9<> 206971 232527 6 4 1.27 0.194 15.0 0.066 C 
3919 29 206972 232480 4 2 1.40 0.16! 8.3 -0.192 c 
3912.09 206972 232527 4 4 C.I37 0.0314 1.62 - 0.90 c 

34 2pW- 
2p2<'$)3p" 

tS-tp0 
[4272.3J 1226851] [250251] 2 6 1.08 0.89 25.0 0.250 c 

35 2*2pW- 
2s2p3(5S0) 
3p'" 

6S0_«p 

(941 
4467.2 ]2453%] 1267775] 6 18 0.92 0.&3 73 0.70 <: 

4465.40 1245396] [267783] 6 8 0.92 0.367 32.4 0.343 c 
4467.88 |2453%] [267771] 6 6 0.92 0.275 24.3 0.218 c 
4469.32 |2453%] [2677631 6 4 0.92 0.184 16.2 0.042 c 

36 2p23p- 
2p2l3P)3rf 

2S°-4P 
(7) 

3496.27 203942 232536 2 1 0.0111 0.00408 0.094 - 2.088 c 
3488.18 203942 232603 2 2 0.0084 0.00i52 0.0350 -2.52 c 

37 2S°-4D 
(8) 

3474.94 203942 232712 •) 2 0.0085 0.00153 0.0351 -2.51 c 

38 
(9! 

3385.9 203912 233468 2 6 1.86 0.96 21.4 0.283 c 

3390.25 203942 233430 2 4 1.86 0.64 14.3 0.108 c 
3377.20 203942 233544 2 2 1.88 0.321 7.1 -0.193 c 

39 2So_2J) 

[3282.0] 203942 234402 2 4 0.0168 0.0054 0.117 -1.97 c 

40 «D°-*F 
(10) 

4074.8 206895 231429 20 28 1.98 0.69 185 1.140 c 

4075.87 207003 231530 8 10 1.98 0.62 66 0.69 c. 
4072.16 206878 231428 6 8 1.70 0.56 45.3 0 5.' c 
4069.90 206786 231350 4 6 1.49 0.55 29.7 0.546 c 
4069.64 206731 231296 2 4 1.39 0.69 18.5 0.140 c 
4092.94 207003 231428 8 8 0.278 0.070 7.5 - 0.253 c 
4085.12 205878 231350 6 6 0.478 0.120 9.7 -0.144 c 
4078.86 206786 231296 4 4 0.55 0.138 7.4 - 0.259 c 
4106.03 207003 231350 8 6 0.0187 0.00354 0.383 -1.55 c 
4094.18 206878 231296 6 4 0.0390 0.0065 0.53 -1.406 c 

41 4£)°-*P 
(11) 

3902.7 206895 232511 20 12 0.063 0.0086 2.2! -0.76 c 

3926.58 207003 232463 8 6 0.0493 0.0085 0.88 -1.165 c 
38%.30 206878 232536 6 4 0.0397 0.0060 0.464 -1442 c 
3872.45 206786 232603 4 2 0.0321 0.00361 0 184 -1.84 c 
3907.45 206878 232463 6 6 0.0113 0.00258 0.199 -1.81 c 
3882.45 206786 232536 4 4 0.0204 0.004C2 0.236 — 1.73 c 
3864.13 206731 232603 2 2 0.0323 Ö.0072 0.184 -1.84 c 
3893.53 206786 232463 4 6 0.00126 4.31 x 10 4 0.0221 - 2.76 c 
3874.10 206731 232536 2 4 0.00321 0.00144 0.0368 - 2.54 c 

42 4D°-4D 
(12) 

3867.2 206895 232746 20 20 0.58 0.130 33.2 0.416 c 

3882.20 207003 232754 8 8 0.493 0.111 11.4 - 0.050 c 
3864.45 206878 232748 6 6 0.334 0.075 5.7 - 0 348 c 
'1)51.04 206786 232746 4 4 0.236 0.052 2.66 - 0.68 c 
3847.89 206731 232712 2 2 0.295 0.066 1.66 - 0.88 c 
3883.15 207003 232748 8 6 0.199 0.0185 1.89 - 0.83 c 
3864.68 206878 232746 (; 4 0.204 0.0304 2.32 -0.74 c 
3856.16 206786 232712 4 2 0.293 0.0327 1.66 - 0.88 c 
5863.50 206878 232754 6 8 0.083 0.0248 1.89 - 0.83 c 
3850.8! 206786 232748 4 6 0.137 0.0458 2.32 -0.74 c 
3842.82 206731 232746 2 1 0.148 0.066 1.66 -0.88 c 
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OII.    Allowed 1 Vansitions — Continued 

\... 1 ransilion 
r     i 

Multiple! JuAi T   " 
f,(cm ')    iftkrn '( g< #* .4A,< 10* se<- ') /.* Slat.u.) l«g gf Accu- Soure** 

Array | racy 

43 «D°-2F 
(13) 

« 

3851.47 207003 232959 8 8 0.0223 0.0050 0.50 - 1.402 C 5 
3857.18 206878 232796 6 6 0.0448 0.0100 0.76 -1.222 C 5 
H875.82 207003 232796 8 6 0.ÖO95 0.00161 0.164 -1.89 C 5 
3833.10 206878 232959 6 8 0.0095 0.00279 0.211 -1.78 c 5 
3843.58 206786 2327% 4 6 0.0222 0.0074 0.374 -1.53 C 5 

11 
(19) 

4151.7 2084.11 212511 12 12 1.01 0.261 42.8 0.4% 3, 4 ca 

4169.28 2Ü8W4 232463 6 6 0.220 0.057 4.73 -0.463 c 5n 
4140.74 208392 232536 4 4 0.0236 0.0061 0.331 -1.61 c 5n 
4121.48 208346 232603 2 2 0.93 0.237 6.4 -0.324 c 5n 
4156.54 208484 232536 6 4 0.157 0.0270 2.22 -0.79 c 5B 
4129.34 208392 232603 4 2 0.150 0.0191 1.04 -1.116 c 5B 
4153.30 208392 232463 4 6 0.77 0.298 16.3 0.076 c 5n 
4132.81 208346 232536 2 4 0.84 0.430 11.7 -0.066 c 5.1 

15 -p°- ü 

(20, 
4111.4 218411 212746 12 20 1.49 0.63 102 0.88 c 3, ca 

4119.22 20fe484 232754 6 8 1.48 0.50 40.8 0.478 c Is 
4104.74 208392 232748 4 6 1.04 0.3% 2J.4 0.200 c Is 
4097.26 208346 232746 2 4 0.63 0.315 8.5 -0.201 c Is 
4120.28 208484 232748 6 6 0.443 0.1J3 9.2 -0.170 c Is 
4105.00 408392 232746 4 4 0.80 0.202 10.9 -0.093 c Is 
4103.02 208346 232712 2 2 1.25 0.315 8.5 -0.201 c Is 
4120.55 20848t 232 *6 6 4 0.074 0.0125 1.02 -1.124 c Is 
4110.80 208392 23271: 4 2 0.248 0.0314 1.70 -0.90 c Is 

46 ^P°-:r 
(21) 

4084.66 208484 232959 6 8 0.065 0.0216 1.74 -0.89 c 5 
4096.54 208392 2327% 4 6 0.092 0.0347 1.87 -0.86 c 5 
4112.03 208484 2327% 6 6 0.109 0.0275 2.23 - 0.78 c 5 

47 »p_2p 

(22/ 
3967.44 208346 233544 2 2 0.0133 0.00314 0.082 -2.203 c 5 
39C5.46 208346 233430 2 4 0.0084 0.00400 0.305 -2.097 c 5 

4« 2D°-4D 
(24) 

4751.34 211713 232754 6 8 0.059 0.0264 2.48 -0.80 c 5 
4710.04 211522 232748 4 6 0.170 0.085 5.3 -0.469 c 5 
4752.70 211713 232748 6 6 0.0088 0.00300 0.281 -1.75 c 5 

49 2Do_2J, 

(25) 
470.1 o 2116.16 212889 10 14 1.38 0.64 99 0.81 c 3, ca 

4705.36 211713 232959 6 8    1.38 0.61 57 0.56 c Is 
4699.21 211522 232796 4 6 1.29 0.64 39.6 0.408 c Is 
4741.71 211713 232796 6 6 0.090 0.0302 2.83 -0.74 c Is 

50 -D°-2P 4579.2 2116.16 211468 10 6 0.0418 0.0079 1.19 -1.103 c 3, ca 

[4598.2J 211713 133430 6 4 0.0372 0.0079 0.71 -1.326 c Is 
[4539.61 211522 ' 233544 4 2 0.0430 0.0066 0.397 -1.58 c Is 
[1503.2] 211522 233430 4 4 0.0423 0.00132 0.079 -2.278 c Is 

51 2D°--D 
(26) 

4185.1 211616 214414 10 10 0.430 0.124 17.9 0.093 c 3, ra 

4395.95 211713 234454 6 6 0.398 0.115 10.0 -0.161 c Is 
4369.28 211522 234402 4 4 0.391 0.112 6.4 -0.349 c Is 
4406.02 211713 234402 6 4 0.0424 0.0082 0.72 -1.307 c Is 
4359.38 211522 234454 4 6 0.0292 0.0125 0.72 -1.302 c Is 
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OH.    Allowed Transitions — Continued 

No. 

1 > 

Transition 
Array 

Multiple! x(A) E,Um'\ E*lcm 'I » 

12 

6 
4 
2 

Ak.i 10" sec ') 

r ' 
Slat.u.l l"£ RI Accu- 

racy 

C 

C 
C 
C 

Source 

52 4§o_4p 

(28) 
491.1.0 

4924.60 
4906.88 
4890.93 

212162 

212162 
212162 
212162 

232311 

232463 
232536 
232603 

4 

4 
4 
4 

0.67 

0.67 
0.68 
0.68 

0.73 

0.365 
0.245 
0.122 

47.3 

23.7 
15.8 
7.9 

0.466 

0.165 
-0.011 
-0.310 

3. ca 

Is 
Is 
Is 

53 4S°-4D 
(29) 

4856.49 
4856.7o 
4864.95 

212162 
212162 
212162 

232748 
232746 
232712 

4 
4 
4 

6 
4 
2 

0.Ö94 
0.176 
0.235 

0.050 
0.062 
0.0417 

3.19 
3.97 
2.67 

-0.70 
-0.61 
-0.78 

C 
c 
C 

5 
5 
5 

54 iS°--'F 
(30) 

4845.0 212162 2327% 4 6 0.0094 0.0050 0.316 -1.70 C 5 

55 SP°-*P 
(32) 

5191.1 

5206.73 
5160.02 
5176.00 
5190.56 

214210 

214229 
214170 
214229 
214170 

233468 

233430 
2335 U 
233544 
233430 

6 

4 
2 
4 
2 

6 

4 
2 
2 

0.53 

0.391 
0.350 
0.171 
0.137 

0.213 

0.160 
0.140 
0.0343 
0.111 

21.8 

10.9 
4.75 
2.34 
3.78 

0.106 

-0.197 
-0.55 
-0.86 
-0.66 

c 
c 
c 
c 
c 

3, 4. ca 

An,  5n 
4n, 5n 
4n, 5fl 
4«, 5n 

56 2pO_LD 

(33) 
494.1.2 

♦943.06 
4941.12 
4955.78 

214210 

214229 
214170 
214229 

234434 

234454 
234402 
234402 

6 

4 
2 
4 

10 

6 
4 
4 

1.07 

1.06 
0.83 
0.256 

0.65 

0.58 
0.61 
0,094 

64 

37.9 
19.7 
6.1 

0.59 

0,367 
0.083 

- 0.424 

c 
c 
c 
c 

3, 4, ca 

5n 
5n 
5n 

57 2p33p' — 
2p2('D)3<f 

*¥*-*¥ 
(35) 

4446.1 

4448.21 
4443.05 
[4447.71 
[4443.71 

228737 

228747 
228723 
228747 
228723 

231222 

251221 
251224 
251224 
251221 

14 

8 
6 
8 
6 

14 

8 
6 
6 
8 

0.59 

0.57 
0.57 
0.0282 
0.0212 

0.176 

0.169 
0.167 
0.0063 
0.0084 

36.0 

19.8 
14.7 
0.74 
0.74 

0.391 

0.131 
0.002 

-1.299 
-1.299 

c 
c 
I 
c 

3, 4, ca 

Is 
Is 
Is 
Is 

58 2P-;IG 
(36) 

4187.9 

4189.79 
4185,46 
[4189.6] 

228737 

228747 
228723 
228747 

252608 

252608 
252609 
252609 

14 

8 
6 
3 

18 

10 
8 
8 

2.51 

2.51 
2.43 
0.090 

0.85 

0.83 
0.85 
0.0236 

164 

91 
70 
2.60 

1.075 

0.82 
0.71 

-0.72 

c 
c 
c 
c 

3, 4, ra 

Is 
Is 
Is 

59 2F»_2D 

(37) 
41 .'2.3 

4113.82 
4110.20 
[4109.8] 

228737 

'?28747 
228723 
228723 

233048 

253048 
253046 
253048 

14 

8 
6 
6 

10 

6 
4 
6 

0.132 

0.126 
0.132 
0.0063 

0.0239 

0.0239 
0.0223 
0.00159 

4.53 

2.59 
1.81 
0.129 

-0.476 

-0.72 
-0.87 
-2.021 

c 
c 
c 
c 

3, ca 

Is 
Is 
Is 

60 2D°-2F 
(40) 

4700.8 

4699.21 
4703.18 
1698. 8 

2299.55 

229917 
229%8 
229947 

231222 

251221 
251224 
251224 

10 

6 
4 
6 

14 

8 
6 
6 

0.88 

0.88 
0.82 
0.059 

0.410 

0.390 
0.410 
0.0195 

63 

36.2 
25.4 
1.81 

0.61 

0.369 
0.215 

- 0.93 

c 
c 
c 
c 

3, ca 

Is 
Is 
Is 

61 *P°-2D 4808.1 ■j::25ii 233048 6 10 0.437 0.259 24.9 0.191 c 3, ca 
I.)/ I 

4871.58 
4861.03 
[4872.2] 

232527 
232480 
.'32527 

253048 
253046 
253046 

4 
2 
4 

6 
4 
4 

0.135 
0.366 
0.073 

0.232 
0.259 
0.0259 

14.9 
8.3 
1.66 

-0.032 
-0.285 
-0.99 

c 
c 
c 

Is 
Is 
Is 

62 2p°_ap 

(58) 
4098.0 232311 253791 6 6 1.05 0.347 33.2 0.319 c 3, fa 

4701.23 
1691,47 
1701.76 
4690.97 

232527 
232480 
232527 
232480 

253792 
253790 
253790 
253792 

4 
2 
4 
2 

4 
2 
2 
4 

0.87 
0.70 
0.349 
0.176 

0.289 
0.232 
0.0"^ 
0.116 

17.9 
7.2 
3.58 
3.58 

0.063 
-0.334 
- 0.64 
- 0.64 

c 
c 
c 
c 

Is 
Is 
Is 
h 
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OH.    Allowed Transitions — Cont. nued 

No. Transition Multiple! A(A) £,(<■ m '( £*<cm 'I g> gk /<*,< 10" *«•<■-') U Stat.u.) J"tS gf Accu- 
1 
Sourer 

Array racy 

63 
(61) 

4325.7 232511 25.5622 6 2 1.81 0.170 14.5 0.008 C 3, co 

4328.62 232527 255622 4 2 1.21 0.170 9.7 -0.168 c Is 
4319 93 232480 25.5622 2 2 0.61 0.170 4.83 -0.469 c Is 

61 ■Is-lp'ip'"- 
2i2pVS°) 

«P-«D° 
(106) 

4144.4 [267775] 1291897] 18 30 0.211 0.090 22.2 0-211 c ca 

4146.09 [267783] [2918%] 8 10 0.210 0.068 7.4 -0.266 c Is 
4143.77 [267771] [291897] 6 8 0.135 0.0464 3.80 -0.55 c Is 
4142.24 1267763] [291898] 4 6 0.066 0.0253 1.38 -0.99 c Is 
4145.90 [267783] [291897] 8 8 0.075 0.0194 2.12 -0.8i c Is 
4143.52 [267771] [291(898] 6 6 0.129 0.0331 2.71 -0.70 c Is 
4141.96 [267763] [291899] 4 4 0.148 0.0380 2.07 -0.82 c Is 

(4145.6] [267783] [291898] 8 6 0.0167 0.00323 0.353 -1.59 c Is 
[4143.4] [267771] [2V1899] 6 4 0.063 0.0108 0.89 -1.186 c Is 
4142.08 [267763] [91900] 4 2 0.211 0.0271 1.48 -0.96 c Is 

<R 2p*3p- 
2p2!:,P)4i 

2S°--"P 
(20 uv) 

2738.0 203942 240454 2 6 0.36 0.12 2.2 -0.61 D 3, ca 

2733.34 203942 240516 2 4 0.37 0.082 1.5 -0.79 D Is 
2747.46 203942 240329 2 2 0.36 0.041 0.74 -1.09 D Is 

66 4DC_4P 

(14) 
3133.9 206895 238795 20 12 1.53 0.135 27.9 0.432 C 3. ca 

3134.82 207003 238893 8 6 1.23 0.136 11.2 0.036 C Is 
3138.44 206878 238732 6 4 0.% 0.095 5.9 -0.246 C Is 
3139.77 206786 238626 4 2 0.76 0.056 2.33 -0.65 C Is 
3122.62 206878 238893 6 6 0.278 0.0407 2.51 -0.61 C Is 
3129.44 206786 238732 4 4 0.493 0.072 2.98 -0.54 C Is 
3134.32 206731 238626 2 2 0.77 0.113 233 -0.65 c Is 
3133.71 206786 238893 4 6 0.0312 0.0068 0.279 -1.57 c Is 
3124.02 206731 238732 2 4 0.077 0.0226 0.465 -1.345 c Is 

67 4po_ 4p 

(23) 
3292.4 208431 238795 12 12 0.85 0.138 18.0 0.220 c 3, ca 

3287.59 208484 238893 6 6 0.60 0.097 6.3 -0.235 c Is 
3295.13 208392 238732 4 4 0.113 0.0184 0.80 -1.132 c Is 
3301.56 208346 238626 2 2 0.141 0.0230 0.50 -1.337 c Is 
3305.15 208484 238732 6 4 0.379 0.0414 2.70 -0.61 c Is 
3306.60 208392 238626 4 2 0.70 0.057 2.50 -0.64 c Is 
3277.69 208392 238893 4 6 0.259 0.063 2.70 -0.60 c Is 
3290.13 208346 238732 2 4 0.356 0.115 2.50 -0.64 c Is 

68 2£)°_2p 
(27) 

3469.1 211636 240454 10 6 1.25 0.135 15.4 0.130 c 3, ca 

3470.81 211713 240516 6 4 1.12 0.135 9.2 -0.092 c Is 
3470.42 211522 240329 4 2 1.24 0.112 5.1 - 0.348 c Is 
3447.98 211522 240516 4 4 0.127 0.0227 1.03 -1.042 c Is 

69 4S°_4p 
(31) 

3753.7 212162 238795 4 12 0.265 0.168 8.3 -0.173 c 3, 4, ca 

3739.92 212162 2J8893 4 6 0.267 0.084 4.14 - 0.473 c 4n,  Is 
3762.63 212162 238732 4 4 0.269 0.057 2.83 -0.64 c 4n,  Is 
3777.60 212162 238626 4 2 0.252 0.0269 1.34 -0.97 c 4n, Is 

70 2p=_ 2p 

(34) 
3809.3 214210 240454 6 6 0.65 0.142 10.7 -0.069 c 3, ca 

3803.14 214230 240516 4 4 0.55 0.119 5.9 -0.324 c Is 
3821.68 214170 240329 2 2 0.432 0.095 2.38 -0.72 c Is 
3830.45 214230 240329 4 2 0.215 0.0236 1.19 -1.025 c Is 
3794.48 214170 240516 2 4 0.110 0.0476 1.19 -1.021 c Is 
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Oil.    Allowed Transitions — Continued 

71 

Transition     Multiple! 
Arrav 

74 

76 

i i 

2p*3p'-        2P-2D 
2p2('D)4s'      (39) 

2D°-2D 
(44) 

jpo_2D 

(62) 

2p23d-       ! «F-4D° 
2p2l3P>4p       (45i 

*P-2P° 
(85) 

: 

2p23</- 4F-4G° 
2p2(3P>4/       (48) 

(54) 

Al \l 

.^72.4 

3273.52 
3270.98 

[3270.9] 

3408.4 

3407.38 
3409.84 
3407.38 
3409.84 

37M.9 

3735.94 
3729.34 

[3735.9] 

6S97.5 

6895.29 23i530 
6906.54 231428 
6910.75 231350 
6908.11 2312% 
6846.97 231428 
6869.74 231350 
6885.07 2312% 
[6810.6] 231350 
[6844.11 2312% 

665 7 J 233468 

6627.62 233430 
[6718.1] 2335+1 
6678.19 233544 
6666.94 233430 

4<m.r 

4089.30 
4097.26 
4095.63 
4087.16 

[4114.4] 
4108.75 
40%. 18 

[4126.1] 
[4109.3] 

4293.8 

4303.82 
1294.82 

[4288.8] 
4281.40 
4282.82 
4288.83 
[4263.2| 
4276.71 

22873 7 

228747 
228723 
228723 

229956 

229947 
229968 
229947 
229968 

232513 

232527 
232481' 
232527 

23142V 

231429 

231530 
231428 
231350 
2312% 
231530 
231428 
231350 
231530 
231428 

232511 

232463 
232536 
232603 
232463 
232536 
232603 
232463 
232536 

EiU in '» *- 

259287 14 

2592% 8 
259287 6 
259287 6 

259287 10 

259286 6 
259287 4 
259287 6 
259286 4 

259287 6 

259286 4 
259287 2 
259287 4 

245923 28 

246029 !0 
245903 8 
245816 6 
245768 4 
246029 8 
245903 6 
245816 i 

246029 6 
245903 4 

248485 6 

248514 4 
248425 2 
248514 2 
248425 4 

255850 28 

255978 10 
255828 8 
255759 6 
255756 4 
255828 10 
1505759 8 
255756 6 
255759 10 
255756 8 

255794 12 

255691 6 
255813 4 
255913 2 
255813 6 
255913 4 
255912 2 
255913 6 
255912 4 

tu 

10 

6 
1 

6 

10 

6 
4 
4 
6 

10 

6 
4 
4 

20 

8 
6 
\ 
2 
8 
6 
4 
8 
6 

4 
2 
4 
2 

36 

12 
10 
8 
6 

10 
8 
6 
8 
6 

20 

8 
6 
\ 
6 
4 
2 
4 
9 

4*.i 10" -<■<■  M 

1.20 

1.14 
1.20 
0.057 

0.80 

0.75 
0 72 
0.080 
0.054 

0.416 

0.416 
0.349 
0.069 

0.333 

(».298 
0.272 
0.267 
9.332 
0.0347 
0.059 
0.067 
0.00180 
0.00325 

0.105 

0.089 
0.068 
0.0173 
0.0349 

2.60 

2.62 
2.37 
2.23 
2.24 
0.212 
0.349 
0.359 
0.0077 
0.0128 

1.98 

1.97 
1.39 
0 83 
0.60 
1.06 
1.66 
0.101 
0.334 

0.137 

0.137 
0.128 
0.0091 

0.140 

0.131 
0.126 
0.0093 
0.0140 

0.145 

0.130 
0.145 
0.0145 

0.170 

0.170 
0.146 
0.127 
0.119 
0.0244 
0.0415 
0.0476 
0.00167 
0.00343 

0.070 

0.059 
0.0461 
0.0232 
0.0116 

0.84 

0.79 
0.75 
0.75 
0.84 
0.054 
0.088 
0.090 
0.00158 
0.00244 

10.91 

0.73 
0.57 
0.457 
0.164 
0.293 
0.457 
0.0184 
0.0458 

Sljl.u.l 

20.7 

11.8 
8.3 
0.59 

15.7 

8.8 
5.7 
0.63 
0.63 

10.7 

6.4 
3.57 
0.71 

108 

38.6 
26.5 
17.4 
10.8 
4.40 
5.6 
4.32 
0.224 
0.309 

9.2 

5.1 
2.04 
1.02 
1.02 

317 

106 
81 
61 
45.3 
7 3 
9.6 
7.3 
0.214 
0.264 

155 

62 
32.5 
12.9 
13.9 
16.5 
12.9 
1.55 
2.53 

I»*: K> 

0.281 

0.039 
-0.114 
- 1.261 

0.146 

-0.106 
- 0.298 
-1.252 
- i.252 

-0.060 

- 0.282 
-0.54 
-1.237 

0.68 

0.231 
0.067 

-0.117 
-0.323 
-0.71 
-0.60 
- 0.72 
-2.000 
-1.86 

- 0.377 

- 0.63 
-1.035 
- 1.334 
-1.333 

1.372 

0.90 
0.78 
0.65 
0.53 

- 0.269 
-0.151 
-0.267 
-1.80 
-1.71 

1 040 

0.64 
0.362 

- 0.039 
- 0.006 
- 0.068 
- 0.039 
-0.% 
-0.74 

\i< II- 

rar> 

c 

<; 
C 
C 

C 
C 
C 

C 

<; 
c 
c 
c 
c 
c 
c 
c 
c 
c 

c 
c 
<; 
c 
c 
c 
<: 
c 
c 
c 
c 
«: 
c 
c 

3. ca 

3, ca 

Is 
Is 
Is 
Is 

3, ca 

Is 
Is 
Is 

Is 
Is 
Is 
Is 
Is 
Is 
Is 
Is 
Is 

3, ca 

Is 
Is 
!s 
Is 

3, ca 

Is 
Is 
Is 
Is 
Is 
Is 
Is 
Is 
Is 

Is 
Is 
Is 
Is 
Is 
Is 
Is 
I 
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O II.    Allowed T ransit ions — Conti nued 

No. Transition 
Array 

Multiple! 

'D-'P" 

Al A) £,(cm '( EiAvm l) g> gk 

28 

/**,! UP >«-<•'> /.* Slal.u.l 

r 
Accu- 
racy 

Source 

78 4278.0 232746 256115 20 2.12 0.81 229 1.211 C 3, ca 
(67) 

4275.52 232754 256136 8 10   2.12 0.73 82 0.76 C Is 
4276.71 232748 256123 6 8 1.82 0.66 56 0.60 C Is 
4282.% 232746 256088 4 6 1.58 0.65 36.8 0.417 C Is 
4277.40 232712 256084 2 4 1.49 0.82 23.0 0.213 C Is 
4277.90 232754 256123 8 8 0.302 0.083 9.3 -0.179 C Is 
4283.13 232748 256088 6 6 0.51 0.141 11.9 - 0.074 C Is 
4283.75 232746 256084 4 4 0.59 0.162 9.2 -0.187 C Is 

14284.4] 232754 256088 8 6 0.02O4 0.00420 0.474 -1.474 C Is 
14284.0] 232748 256081 6 4 0.0421 0.0077 0.65 -1.334 C Is 

:y *F-*G° 4341.7 232889 255915 14 18 2.31 0.84 168 1.070 c 3, ca 
(77) 

4342.00 232959 255984 |   8 10 2.31 0.82 93 0.81 c Is 
4340.36 2327% 255829      6 8 2.23 0.84 72 0.70 c Is 

[4371.3] 232959 255829 8 8 0.081 0.0232 2.67 -0.73 c Is 

80 -P--D° 
(86) 

4488.9 233468 255739 6 10 1.81 0.91 81 0.74 c 3. ca 

4491.25 233430 255690 4 6 1.81 0.82 48.6 0.52 c Is 
i   4489.48 233544 255812 2 4 1.51 0.91 27.0 0.262 c Is 

J4466.6] 233430 255812 4 |   4 0.307 0.092 5.4 -0.435 c Is 

81 ^D--P 
(93) 

4606.6 234434 256136 10 14 1.82 0.81 123 0.91 c 3. ca 

4609.42 234454 2.56143 6 8 1.82 0.77 70 0.67 c Is 
4602.11 234402 256126 4 6 1.70 0.81 49.2 0.51 c Is 
4613.11 234454 256126 6 6 0.121 0.0385 3.51 -0.64 c Is 

82 2p2M - 
2/>-l'D)4/' 

-F-2G° 
(97) 

4060.8 251222 275841 14 18 2.20 0.70 131 0.99 c 3, ca 

83 2G-2H° 
(101) 

4253.9 252608 276109 18 22 2.63 0.87 220 1.1% c 3. 4 ca 

84 2p23rf- 
2p*(3P)5/ (56) 

13011.7} 232511 (26.5705) 12 20 0.75 0.169 20.1 0.307 c 3. ca 

3013.37 232463 265639 6 8 0.74 0.135 8.0 -0.091 c: Is 
[3014.0] 232536 [265705] 4 6 0.52 0.106 4.22 -0.371 c Is 
[3019.8] 232602 [265762] 2 4 0.311 0.085 1.68 -0.77 c Is 
[3007.4] 232463 (265705) 6 6 0.225 0.0305 1,81 -0.74 c Is 
[3008.8] 232536 1265762] 4 4 0.398 0.054 2.14 -0.67 c Is 
[3006.0] 232602 [265859] 2 2 0.63 0.085 1.68 -0.77 c Is 
[3002.2] 232463 [265762] 6 4 0.0376 0.00339 0.201 -1.69 c Is 
[3000.1] 232536 [265859] 4 2 0.126 0.0085 0.3.35 -1.470 c Is 

85 «D-4P 
(74) 

[3008.4] 232746 [265977] 20 28 0.84 0.160 31.7 0.51 c 3, ca 

3007.08 232754 265999 8 10 0.84 0.143 11.3 0.057 c Is 
3007.74 232748 265985 6 8 0.72 0.130 7.8 -0.106 c Is 
3009.81 232746 [265%1] 4 6 0.63 0.128 5.1 -0.289 c Is 

[3009.7] 232712 (265928] 2 4 'J.59 0.159 3.16 -0.4% c Is 
3008.28 232754 265985 8 8   0.120 0.0163 1.29 -0.89 c Is 
[3010.0] 232748 [265961] 6 6 0.204 0.0278 1.65 -0.78 c Is 
[3012.8] 232746 [265928] 4 4 0.235 0.0320 1.27 -0.89 c Is 
[3010.5] 232754 [265961] 8 6 0.0081 8.3x10* 0.066 -2.180 c Is 
[3013.0] 232748 [265928] 6 4 0.0167 0.00152 0.090 -2.040 c Is 

86 =F-*G° 
(83) 

3032.5 232889 265856 14 18 0.85 0.151 21.1 0.325 c 3, ca 

3032.08 232959 265930 8 10 0.85 0.147 11.7 0.069 c Is 
3032.50 232796 265763 6 8 0.82 0.151 9.0 -0.043 c is 

[3047.5] 232959 265763 8 8 0.0300 0.00417 0.335 -1.476 c Is 
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Forbidden Transitions 

The adopted values are exclusively from Seaton and Osterbrock's calculations [Ij. The 
important effects of configuration interaction are partially taken into account and a reliable esti- 
mate of the quadrupole integral is given (see also general introduction). 

Reference 

(lj Seaton. M. J.. and Osterbruck, I). K.. Aslrophys. J. 125, 66-83 (1957). 

O II.    Forbidden Transitions 

Type of Accu- Source 
No. Transition 

Array 
Multiple! \(A) fitem-') 

 i   

gk Transi- 
tion 

/Ititsec-") S(atu.) racy 

1 2p-1-2ps 4So_2£)° 

(1 F) 

1  _ 

3728.91 ().() 26810.7 4 6 m 7.4 x 10« 8.5 x 10-" <: i 
3728.91 0.0 26810.7 4 6 e 1.1 x 10 -•"■ 1.1 xlO 4 D i 
3726.16 0.0 26830.5 4 4 ni 1.43 x 10-" 1.10 x 10e 

C i 
3726.16 0.0 26830.5 1 4 e 2.7 x 10 "' 4.5 x 10"* I) i 

2 4^°_2p° 

[2470.4] 0.0 40466.9 4 4 in 0.060 1.33 x 10 4 c i 

[2470.4] 0.0 40466.9 4 4 e 1.5 x 10 • 3.3 x 10* D i 
[2470.31 0.0 40468.4 4 2 ni 0.0238 2.66 x 10" C i 
[2470.3J 0.0 40468.4 4 2 «' 7.4 x 10-'• 8.1 x 10" I) i 

3 nr-nr 
[50.8 x 105J 26810.7 26830.5 6 4 m 1.26x10 ■ 2.40 B i 
[50.5 x 105] 26810.7 26830.5 6 4 <■ 1.5 X 10-'9 0.0012 I) 

4 2[y _ 2p0 

(2F) 
7319.4 26810.7 40466.9 6 4 m 0.0091 5.3 x 10 4 <: i 
7319.4 26810.7 MI466.9 6 t !' 0.106 5.30 (. i 
7318.6 26810.7 40468 1 " 2 e 0.0610 1.52 c i 
7330.7 26830.5 40466.9 4 4 m 0.0160 9.3 x W c ! 
7330.7 26830.5 40466.9 I t e (».0450 2.29 c 1 
7329.9 26830.5 40468.4 I 2 m G.0103 3.01 x 10 4 c 1 
7329.9 26830.5 40468.4 I 2 e 0.0900 2.27 c 1 

.'A 2po _ 2p° 

[6.7 x 10:| 40466.9 40468.4 4 2 m 6.04 X 10" 1.33 c+ 1 
[6.7 x 10-j 40466.9 40468.4 * 2 c 4.9 x 10 -' 5.0 x 10 * l) 1 
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Olli 

Ground   Stale* 

lonization   Potential 

ls22s22p23P„ 

54.886 eV = 442807 cm-1 

Allowed Transitions 

List of tabulated lines: 
- 

Wavelength [A] No. Wavelength |A) No. Wavelength [A] No. 

302.34 
303.411 
303.460 
303.5 J 5 
303.621 

14 
11 
11 
11 
11 

2683.65 
2686.14 
2687.53 
2695.49 
2983.78 

36 
24 
36 
36 
20 

3284.57 
3299.36 
3305.77 
3312.30 
3326.16 

27 
17 
27 
17 
40 

303.693 
303.799 
305.596 
305.656 
305.703 

1! 
11 
10 
10 
10 

2992.11 
2996.51 
2997.71 
3004.35 
3008.79 

28 
28 
28 
28 
28 

3330.40 
3332.49 
3333.00 
3333.40 
3336.78 

40 
40 
23 
2.3 
23 

305.769 
305.836 
305.879 
320.979 
328.448 

10 
10 
10 
13 
12 

3017.63 
3023.45 
3024.36 
3024.57 
3035.43 

28 
18 
28 
18 
18 

3336.78 
3340.74 
3344.26 
3344.26 
3348.05 

40 
17 
23 
40 
40 

345.309 
373.805 
374.005 
374.075 
374.165 

15 
7 
7 
7 
i 

3043.02 
3047.13 
3059.30 
3065.01 
3068.06 

18 
18 
18 
38 
38 

,350.68 
3350.99 
3355.92 
3362.38 
3376.4 

23 
23 
40 
23 
39 

374.331 
374.436 
395.558 
434.975 
507.391 

-i 
t 
7 
8 
9 
3 

3068.48 
3068.68 
3074.15 
3074.68 
3075.19 

38 
38 
38 
38 
38 

3376.82 
3377.3 
3382.69 
3383.5 
3383.85 

39 
39 
39 
39 
39 

507 683 
508.182 
525.795 
597.818 
599.598 

3 
3 
5 
6 
4 

3075.95 
3083.65 
3084.63 
3088.04 
3095.81 

38 
38 
38 
38 
38 

3384.95 
3394.26 
3395.5 
3405.74 
3408.13 

39 
39 
39 
31 
31 

702.332 
702.822 
702.899 
703.850 
832.927 

2 
) 
2 
2 
1 

3115.73 
3121.71 
3132.86 
3198.2 
3200.95 

29 
29 
29 
42 
42 

34)5.29 
3428.67 
3430.60 
3444.10 
3446.73 

31 
31 
31 
31 
37 

833.742 
835.096 
835.292 

2454.99 
2558.06 

1 
1 
1 

21 
46 

3202.2 
3207.12 
3210.2 
3215.97 
3221.2 

42 
42 
42 
42 
42 

3447.22 
3448.'\5 
3450. 4 
3451.33 
3454.90 

37 
37 
37 
37 
37 

2597.69 
2605.41 
2609.6 
2665.69 
2674.57 

45 
45 
45 
24 
24 

3260.98 
3265.46 
3267.31 
3279.97 
3281.94 

27 
27 
27 
47 
27 

3455.12 
3459.52 
3459.98 
3466.15 
3466.90 

37 
37 
37 
37 
37 

766 655 0-66-B 
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Lis t of tabulated lines — Continued 

Wavelength [A) 
i 

N... 
| 

Wavelength |A| No. Wavelength (A| No. 

3475.2 37 3712.48 22 3816.75 34 
3520.7 26 3714.03 30 3961.59 33 
3530.7 26 3715.08 30 1072.3 25 
3532.8 26 3720.86 ■)•) 1073.90 25 
3534.3 26 3721.95 22 108!. 10 25 

3555.3 26 3725.30 30 1088.5 2~\ 

3556,92 26 3728.49 41 1103.8 ■)-, 

3638.70 44 3728.82 11 4118.6 •)r 

3645.20 44 3729.70 11 1440.1 13 
3646.84 11 3732.13 30 1417.82 13 

3649.20 44 3731.80 22 IK) 1.56 13 
3650.70 44 3742.0 4! 5268.06 35 
3653.00 44 3717.6 11 55(H). 11 32 
3695.37 22 3754.67 16 5592.37 19 
3698.70 22 3757.21 16 | 

i 
3702.75 30 3759.87 16 

| 

3703.37 22 3761.2 1! 
3701.73 22 3774.00 16 1 
3707.24 30 3791.26 16 1 
3709.52 ■■>■■> 3810% 16 i 

Values fdr the strong 2s'2p- — 2s2pK transitions, which are very sensitive t<» configuration 
interaction, are taken from the calculations of Bolotin et al. [Ij. These authors have used ana- 
lytical one-electron wave functions and include configuration interaction in a crude manner. 
Thus large uncertainties must be expected. This applies also for the 2p2 — 2p3s and tit a lesser 
extent to the 2p2 — 2p'Sd transitions, for which only Kelly's self-consistent field calculations |2] 
are available. In these, configuration interaction has been entirely neglected. For many oJher 
transitions the simplified self-consistent field calculations by Kelly [3). in which exchange effects 
are approximately taken into account, are applied. The results agree within a few percent with 
the values of the Coulomb approximation and the averaged values are adopted. The accuracy 
rating of "C" is supported by the good agreement with relative /-value measurements of Berg 
et al. [4] done with a magnetically driven shock tub«'. 
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Olli.    Allowed Transitions 

T 

\i..    Transition Multiple! \l A 1 
\rra\ 

1 2s22p* - 'P-'I)0 8U..i9 
2s2p* (1 uv) 

8.33.292 
8.3.',.712 
832.927 
835.096 
333.742 
835.096 

Eil. ■Ill ') EkWm ') «. gk 

208.2 120041 9 15 

306.8 
113,1 

0.0 
306.8 
113.4 
«»6.8 

120025 
120053 
120059 
12005.3 
120059 
120059 

5 
< 

1 
5 
,"; 

7 
5 
3 
5 
3 
3 

Ak,{ 10" 
see ') 

8,1 

8.4 
6.3 
1.7 
2.1 
3.5 
0.23 

0.15 

0.12 
0.1! 
0.15 
0.022 
0.036 
0.0015 

3.6 

1.7 
0.90 
0 40 
0.30 
0.30 
0.020 

l"gfi/ Accu- Source 
racy 

0.12 K 1 

-0.21 K Is 
- 0.18 E Is 
-0.84 E Is 
- 0.96 E Is 
- 0.96 E Is 
- 2.14 K Is 
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OIBI.    Allowed Transitions — Continued 

10 

11 

12 

13 

14 

i*ransiti<>n 
\rrav 

2„* 
2pC'P°\3s 

2p*- 
2/>l2P°i3,/ 

Multiple! 

:ip_.ipJ 

(2 uv) 

:ip __ :i_s° 
(3 uv) 

'D-'D° 
(7 uvj 

'D-'P0 

(8 uv) 

'S-'P0 

(13 uv) 

.'ip_:ip° 

(4 uv) 

(9 uv) 

■S-'P 
(14 uv) 

:.p _ .iD° 

(5 uv) 

>P-'P° 
(6 uv) 

'D-'D° 
(10 uv) 

(1! uv) 

'D-'P0 

Al A) 

703.36 

703.850 
702.899 
703.850 
702.J.22 
702.899 
702.332 

507.9.1 

508.182 
507.683 
507.391 

599.598 

525.795 

597.818 

374.12 

374.075 
374.165 
374.436 
374.331 
373.805 
374.005 

395.558 

434.97 

305.72 

305.769 
305.656 
305.596 
305.836 
305.703 
305.879 

303 M 

303.799 
303.515 
303.693 
303.460 
303.621 
303.411 

328.148 

320.979 

[302.34] 

£,(cni ') 

208.2 

.306.8 
113.4 
306.8 
113.4 
113.4 
0.0 

208.2 

306.8 
113.4 
0.0 

20271 

20271 

43184 

238.2 

306.8 
113.4 
306.8 
113.4 
113.4 

0.0 

20271 

43184 

208.2 

306.8 
113.4 

0.0 
306.8 
113.4 
306.8 

208.2 

306.8 
113.4 
306.8 
113.4 
11.14 

0.0 

20271 

202 71 

2027! 

An ((in 'i g< 

142384 9 

142.382 
142383 
112.383 
112397 
142.382 
142383 

.> 
3 
5 
3 
■> 

1 

197087 9 

197087 
197087 
197087 

5 
3 
1 

187049 5 

210159 5 

210159 1 

267.505 9 

267633 
267376 
267376 
267257 
267633 
267376 

5 
3 
5 
3 
3 
1 

273080 5 

273080 1 

327302 9 

327351 
327277 
327228 
327277 
327228 
327228 

5 
3 
1 
5 
3 
5 

.129.52.5 9 

329468 
329582 
329582 
329643 
329168 
329582 

5 
3 
5 
3 
3 
1 

324734 5 

3.31820 5 

332777 5 

*>■ A„i( 10" 
sec ') 

19 
6.2 

10 
25 
6.2 
8.2 

150 

82 
50 
17 

68 

100 

21 

38 

29 
9.6 

16 
38 

9.6 
13 

68 

180 

180 
140 
100 
46 
76 

5.1 

100 

76 
26 
42 

100 
25 
31 

61 

190 

6.4 

/.* 

0.18 

0.14 
0.046 
0.046 
0.061 
0.076 
0.18 

0.19 

0.19 
0.19 
0.19 

0.37 

0.25 

0.35 

0.081 

0.061 
0.020 
0.020 
0.027 
0.034 
0.081 

0.096 

0.11 

0.43 

0.36 
0.32 
0.1.3 
0.064 
0.11 
0.0043 

0.14 

0.11 
9.035 
0.035 
0.047 
0.059 
0.14 

0.099 

0.41 

0.0052 

"»'(al.u.! W Kl 
"        '1 

Accu- 
racy 

Sourcc 

3.8 0.22 E 1 

1.6 -0.16 E Is 
0.32 -0.86 E Is 
0.53 -0.64 E Is 
0.42 -0.74 E h 
0.53 -0.64 E Is 
0.42 -0.74 E Is 

2.9 0.24 E 1 

1.6 -0.02 E Is 
0.97 -0.24 E Is 
0.32 -0.72 E Is 

3.6 0.26 E 1 

2.2 0.10 E 1 

0.69 -0.46 E 1 

0.90 -0.14 E 2 

0.37 -0.52 E Is 
0.075 -1.22 E Is 
0.12 -0.99 E Is 
0.10 -1.09 E Is 
0.12 -0.99 E Is 
0.10 -1.09 E Is 

0.62 -0.32 E 2 

0.16 -0.% E 2 

3.9 0.58 D- 2 

1.8 0.25 D- Is 
097 -0.02 D- Is 
0.43 -0.37 D- Is 
0.32 -0.49 D- Is 
0.32 -0.49 D- Is 
0.022 -1.67 D- Is 

1.3 0.10 D- 2 

0.53 -0.28 0- Is 
0.11 - 0.97 D- Is 
0.18 -0.75 D- Is 
0.14 - 0.85 D- Is 
0.18 -0.75 D- Is 
0.14 -0.85 D- Is 

0.53 -0.31 D- 2 

2.2 0.31 D- 2 

0.026 -1.58 D- •) 
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O III.    Allowed Transitions — Con(inued 

N,. 

15 

16 

17 

18 

19 

20 

21 

22 

Transition 
Array 

2p3s — 
2p(*P°)3p 

23 

21 

2s2p23s - 
2s2p*(4P)3p 

Multiple! 

•S-'P 
(15 uv) 

■P-'l) 
(2) 

3P° —3S 
(3) ' 

3p° _ .ip 
(41 

ip>_ ip 

(5) 

'P°-'D 
(6) 

•po-'S 
(19 uv) 

5p-5D« 
(21) 

ip_-p= 
(22) 

•P - \S° 
(22 uv) 

At A) 

345.309 

3762.3 

3759.87 
3754.67 
3757.21 
3791.26 
3774.00 
3810.96 

3326.6 

3340.74 
3312.30 
3299.36 

3041.5 

3047.13 
3035.43 
3059.30 
3043.02 
3023.45 
3024.57 

5592.37 

2983.78 

2454.99 

3706.1 

3703.37 
3698.70 
3695.37 
3720.86 
3712.48 
3704.73 
3734.80 
3721.95 
3709.52 

3345.9 

3350.99 
3344.26 
3336.78 
3362.38 
3350 68 
3333.00 
3333.40 

2678.2 

2686.14 
2674.57 
2665.69 

£,(cm ') 

43184 

267505 

267633 
267376 
267257 
267633 
267376 
267633 

267505 

267633 
267376 
267257 

267505 

267633 
267376 
267633 
267376 
267376 
267257 

273080 

273080 

273080 

338741 

38852 
38690 
38566 
38852 
38690 
38566 
38852 
38690 
38566 

338741 

338852 
338690 
338566 
338852 
338690 
338690 
338566 

338741 

338852 
338690 
338566 

£*<< 

332777 

294077 

294222 
294002 
293865 
294002 
293865 
293865 

297558 

297558 
297558 
297558 

300374 

300441 
"»310 
300310 
300228 
3004-*l 
300310 

290957 

306585 

313801 

365716 

365846 
365719 
365619 
365719 
365619 
365551 
365619 
365551 
365516 

368620 

368685 
368584 
368526 
368584 
368526 
368685 
368584 

376068 

376068 
376068 
376068 

15 

** 

15 

set- M 
/« 

m 0 53 

1.07 0.377 

1.07 0.317 
0.80 0.283 
0.59 0.378 
0.260 0.056 
0.440 0.094 
0.0284 0.0037 

1.56 0.086 

0.85 0.085 
0.52 0.086 
0.177 0.087 

2.04 0.283 

1.52 0.211 
0.51 0.071 
0.84 0.070 
2.03 0.094 
0.52 0.119 
0.69 0.284 

0.328 0.154 

2.24 0.499 

4.00 0.120 

1.09 0.375 

1.10 0.290 
0.73 0.210 
0.384 0.131 
0.361 0.075 
0.63 0.131 
0.81 0.168 
0.071 0.0106 
0.270 0.0336 
1.09 0.075 

1.50 0.252 

1.00 0.168 
0.125 0.0210 
0.377 0.063 
0.69 0.084 
0.112 0.113 
0.51 0.118 
0.68 0.189 

2.99 0.107 

1.38 0.107 
1.00 0.107 
0.60 0.107 

.Sfat.u.i 

0.60 

42.0 

19.6 
10.5 
4.67 
3.50 
3.50 
0.233 

*1.5 

4.70 
2.82 
0.94 

10.6 
2.12 
3.54 
2.83 
3.54 
2.83 

8.5 

14,7 

2.92 

69 

24.7 
12.8 
4.78 
6.4 
8.0 
6.1 
0.91 
2.06 
2.75 

41.6 

13.0 
1.16 
2.08 
6.5 
6.2 
6.5 
6.2 

14.2 

6.6 
4.71 
2.82 

■ 

1"HK/ Accu- 
racy 

-0.28 i>- 

0.53 C 

0.200 C 
-0.071 c 
- 0.423 C 
-0.55 C 
-0.55 C 
-1.73 C 

-0.110 c 
- 0.369 c 
- 0.59 c 
-1.063 c 

0.406 c 
0.024 c 

-0.67 c 
-0.454 c 
-0.55 <: 
-0.449 c 
-0.55 c 
- 0.336 c 

0.175 

-0.442 c 

0.75 c 
0.308 c 
0.021 c 

-0.406 c 
-0.280 c 
-0.184 c 
-0.298 c 
-1.130 c 
-0.77 c 
- 0.65 c 

0.58 c 
0.070 c 

-0.98 c 
-0.72 c 
- 0.23.3 c 
-0.248 c 
-0.229 c 
-0.246 c 

0.206 c 
-0.126 c 
-0.272 c 
- 0.494 c 
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Olli.    Allowed Transitions — Continued 

No 

26 

27 

Transition 
Array 

2p3p- 
2/J<2P°I:W 

28 

29 

30 

31 

32 

33 

'f'-'D0 

(23) 

:ip _ :ip° 

124) 

(8) 

(10) 

3§ _ :ip° 

(12) 

ip _ 3[)° 
(14) 

,1p _ 3p° 

(15) 

■D-'D" 
(16) 

'D-'F° 
(17) 

Al As £,fcm 'I A'jlcm ') *  /*i,(10" /* .S'lat.u.) l<>£Kf Accu- Sourcf 

350212 

sec-"') racy 

4081.0 374709 9 1 "   0.94 0.391 47.3 0.55 C ca 

4081.10 350302 374799 5 7   0.94 0.329 22.1 0.217 C Is 
4073.90 350123 374663 3  . -,        0.71 0.294 11.8 -0.055 C Is 
14072.3] 3.50026 374575 1 J   0.52 0.392 5.2 -0.407 C Is 
[4103.8] 350302 374663 5 >   0.232 0.058 3.95 -0.53 c Is 
[4088.5] 3.50123 374575 3  . i        0.3C9 0.098 3.94 -0.53 c Is 
[4118.6] 3.50302 374575 5 5   0.0254 0.00388 0.263 -1.71 c Is 

3544.6 350212 378416 9  « )        1.46 0.274 28.8 0.392 c ca 

3556.92 350302 378409 5 i   1.08 0.205 12.0 0.010 c Is 
[3532.8] 350123 378421 3  . i        0.367 0.069 2.39 -0.69 c Is 
3555.3] 350302 378421 >,        0.60 0.068 4.00 -0.467 c Is 
3530.7] 350123 378438 3 1   1.47 0.092 3.19 -0.56 c Is 
[3534.3] 3.50123 378409 3 '.   0.366 0.114 3.99 -0.465 c Is 
3520.7] 350026 378421 1 i        0.493 0.275 .19 -0.56 c Is 

3265.9 294007 324088 15 2 1   2.08 0.465 75 0.84 c 3. ca 

3265.46 294222 324836 7 i        2.07 0.425 32.0 0.474 c is 
3260.98 294002 3246.58 1        1.84 0.412 22.1 0.314 c Is 
3267.31 293865 324462 3 i   1.73 0.462 14.9 0.142 c Is 
3284.57 294222 324658 i 7   0.226 0.0366 2.77 -0.59 c Is 
3281.94 294002 324462 5 i        0.317 0.051 2.77 -0.59 c Is 
3305.77 294222 324462 7 i        0.0093 0.00109 0.083 -2.118 >-• Is 

3002.6 294007 327302 15 1 5   0.68 0.092 13.6 0.139 c 3. ca 

3017.63 294222 327351 7 7   0.59 0.081 5.6 -0.249 c Is 
3001.35 294002 327277 5 5   0.472 0.064 3.16 -0.4% c Is 
2996.51 293865 327228 3 i        0.51 0.069 2.04 -0.68 c Is 
3024.36 294222 327277 7 5   0.104 0.0102 0.71 -1.147 c Is 
3008.79 294002 327228 5 1        0.134 0.0109 0.54 -1.264 c Is 
2997.71 294002 327351 7   0.076 0.0144 0.7i -1.143 c Is 
2992.11 293865 327277 3 5   0.082 0.0183 0.54 -1.261 c /-, 

3127.3 297558 329525 3 9   1.37 0.60 18.6 0.257 c 3, ca 

3132.86 297558 329468 3 5   1.36 0.333 10.3 -0.001 c is 
3121.71 297558 329582 3 3   1.38 0.201 6.2 -0.220 c Is 
3115.73 297558 329643 3 1   1.39 0.067 2.07 -0.70 c Is 

3712.5 300374 327302 9 1 5   1.10 0.379 41.7 0.53 c 3. ca 

3715.08 300441 327351 5 7   1.10 0.319 19.5 0.203 c Is 
3707.24 300310 327277 3 5   0.83 0.284 10.4 -0.070 c Is 
3702.75 300228 327228 1 3   0.62 0.380 4.63 -0.420 c Is 
3725.30 300441 327277 5 5   0.273 0.057 3.48 -0.55 c Is 
3714.03 300310 327228 3 3   C.459 0.095 3.48 -0.55 c Is 
3732.13 300441 327228 5 3   0.0301 0.00378 0.232 -1.72 c Is 

3429.4 300374 329525 9 9   0.79 0 140 14.2 0.100 c 3. ca 

3444.10 300441 329468 5 5   0.59 0.104 5 9 -0.284 c Is 
3415.29 300310 329582 3 3   0.200 0.0350 1.18 -0.98 c Is 
3430.60 300441 329582 5 3   0.330 0.0349 1.97 -0.76 c Is 
3408.13 300310 329643 3 1   0.81 0.0469 1.58 -0.85 c Is 
3428.67 300310 329468 3 5   0.198 0.058 1.97 -0.76 c Is 
3405.74 300228 329582 1 3   0.270 0.141 1.58 -0.85 c Is 

5.500.11 306585 324734 5 5   0.112 0.051 4.58 -0.60 c 3. ca 

3% 1.59 306585 331820 5 7 j  1.28 0.422 27.5 0.324 c 3, ca 
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Ulli.    Allowed Transitions—Continued 

37 

•*. Transition Multiple! Al A) E,<cm '1 A*(cm '> g> 

I 

* •h,<!0" U Si at.u.i l»e Kf ■\( cu- Source 
Array 

3 0.0402 0 0053 -1.58 

racy 

C i 'D-'F0 3816.75 306.585 332777 5 0.3.31 3. ca 
(18) 

5 'S - 'P° 5268.06 313801 332777 1 3 0.311 0.389 6.7 -0.411 C 3, ca 
(191 

6 2s2p*Sp- T«;0 _ :ip 269/..5 563267 400410 3 9 2.10 0.68 18.2 0.312 c ca 
2s2pH*P\3d (23 uv) 

2695.49 363267 400355 3 5 2.09 0.379 10.1 0.056 c Is 
j 2687.53 363267 400465 3 3 2.11 0.229 6.1 -0.163 <: Is 
! 2683.65 363267 400518 3 1 2.12 0.076 2.02 - 0.64 c Is 

i •D°-SF 3453.0 36571h 394668 25 35 1.68 0.420 119 1.021 c ca 
I^.JI 

3455.12 365846 394780 9 11 1 67 0.365 37.4 0.52 c Is 
3450.94 365719 394688 i 9 1.40 0.321 25.5 0.351 <: Is 
3448.05 365619 394613 5 i 1.15 0.287 16.3 0.157 c Is 
3446.73 365551 394555 3 5 0.94 0.279 9.5 -0.077 c Is 
3447.22 365516 394516 1 3 0.78 0.419 4.76 - 0.377 c Is 
3466.15 365841) 394688 ■) 9 0.276 0.0497 5.1 - 0.350 c Is 
3459.98 365719 394613 7 " 0.496 0.089 7.1 - 0.205 r Is 
3454.90 .365619 394555 5 5 0.67 0.120 6.8 - 0.223 C Is 
3451.33 365551 394516 3 3 0.78 0.140 4.76 - 0.378 C Is 
[3475.2] 365846 394613 9 ~ 0.0234 0.00330 0.3 U) - 1.53 c Is 
3466.90 365719 394555 i 0.066 0.0085 0.68 -1.225 c Is 
3459.52 36.5619 394516 5 3 0.111 0.0119 0.68 -1.224 I. Is 

8 5D°-M) 3081.0 36.5 77 6 398164 25 25 0.62 0.089 22.5 0.345 c Ctl 

(26) 
3088.04 36.5846 398219 9 9 0.52 0.074 6.8 -0.178 c Is 
3083.65 365719 398137 7 7 0.311 0.0443 3.15 -0 51 c Is 
3075.19 365619 398127 5 5 0.157 0.0222 1.12 - 0.95 c Is 
3068.48 365551 398131 3 3 0.234 0.0330 0.225 -1.004 c Is 
3095.81 365846 398137 9 i 0.132 0.0147 1.35 -0.88 c Is 
3084.63 365719 398127 ( 5 0.248 0.C253 1 80 -0.75 c Is 
3074.68 365619 398131 5 3 0.365 0.0310 1.57 -0.81 c Is 
3068.06 365551 398135 3 1 0.63 0.02% 0.90 -1.052 c Is 
3075.95 365719 398219 t 9 0.104 0.0190 1.3.5 -0.88 c Is 
3074.15 365619 398137 5 7 0.180 0.0355 1.80 -0.75 c Is 
3068.68 365551 398127 3 5 0.220 0.052 1.57 -0.81 c Is 
3065.01 365516 398131 1 3 0.210 0.089 0.90 -1.051 c Is 

9 -,po_-.r) 3383.8 368620 3981hl 15 25 1.45 0.116 69 0.80 c ca 
(~i I 

3384.95 368685 398219 7 9 1.45 0.321 25.0 0.351 c Is 
3382.69 368584 398137 5 t 0.97 0.233 13.0 0.066 c Is 
[3377.3] 368526 398127 3 5 0.51 0.116 *.K5 - 0.360 c Is 
3394.26 368685 398137 "7 / 0.480 0.083 6.5 - 0.237 c Is 
3383.85 368584 398127 5 5 0.85 0.115 8.1 -0.139 c Is 
3376.82 368526 398131 3 3 1.09 0.187 6.2 -0.251 c Is 
(3395.5] 368685 398127 / 5 0.096 0.0118 0.93 - 1.082 c Is 
[3383.5] 368584 398131 5 3 0.363 0.0374 2.08 -0.73 c Is 
[3376.41 368526 398135 3 1 1,46 0.083 2.77 - 0.60 c /s 

Ü •P°-->P 3343.6 368620 398519 15 15 0.84 0.140 23.1 0.322 c ca 
(28) 

3355.92 368685 398474 7 7 0.55 0.093 7.2 -0.187 c Is 
3336.78 368584 398514 5 5 0.070 0.0117 0.64 - 1.233 c Is 
3326.16 368526 398583 3 3 0.212 0.0352 1.16 - 0.98 c Is 
3348.05 368685 398544 7 5 0.388 0.0466 3.60 -0.487 c Is 
3332.49 368584 398.583 5 3 0.63 0.063 3.47 - 0.50 (. Is 
3344.26 368584 398474 5 7 0.278 0.065 3.59 - 0.487 c Is 
3330.40 368526 398544 3 5 0.379 0.105 3.45 -0.50 c Is 
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Transition Multiple! Al A) 

Ulli.    A Howed Transitions — Continued 

\... A\<<fii 'i ft* A At4\V A .Slat.u.i l"g«/ Accu- Source 

Array s„- -', racy 

11 
i.ioi 

iTUi.l A74709 401510 15 21 1.58 0.460 85 0.84 C ca 

3728.82 37;799 401609 7 u 1.58 0.424 36.4 0.472 C Is 
3728.49 374663 401475 5 i 1.4! 0.411 25.2 0.312 C Is 
3729.70 374575 401379 3 5 1.3.3 0.461 17.0 0.141 <'■ 

Is 
13747.6] 371799 101475 7 i 0.174 0.0366 3.16 -0.59 c Is 
13 742.0 j 374663 401379 5 .) 0.244 0.051 3.16 - 0.59 c Is 
[3761.21 374799 401.379 i 5 0.0072 0.00108 0.094 -2.120 c Is 

12 <D°- *l> 
(31) 

:wu.2 174709 405851 15 15 0.66 0.102 16.2 0.186 c ca 

3215.97 371799 405883 L t 0.58 0.091 6.7 -o.iys c: Is 
3207.12 374663 405834 5 5 0.460 0.071 3.74 -0.451 c Is 
3200.95 374575 405805 3 3 O.J-iv 0.077 2.42 -0.64 c Is 

[3221.2! 371799 40.5834 t 5 0.102 0.0113 0.84 -1.102 c Is 
[3210.2! 374663 40.5805 5 3 0.16." 0.0153 0.81 -1.117 c Is 
[3202.2) 374663 405883 5 7 0.074 0.0159 0.84 -1.099 c Is 
[3198.2J 374.575 405834 3 5 0.100 00256 0.81 -1.115 c Is 

13 5SC-5P 
(33) 

4452.9 376068 398519 5 15 0.490 0.437 32.0 0.340 c ca 

4461..56 376068 398474 5 "7 0.486 0.203 14.9 0.007 c Is 
1447.82 376068 398544 D 5 0.492 0.146 10.7 -0.137 c Is 
4440.1 376068 398583 5 3 0.495 0.088 6.4 - 0.358 c Is 

44 :,p°_.iu 

,35) 
HMH.9 .i7Hllh 405851 9 15 1.39 0.461 49.8 0.62 c ca 

3638.70 378409 405883 5 t 1.40 0.388 23.2 0.288 c Is 
3616.84 378421 405834 3 5 1.04 0.345 12.4 0.01.5 c Is 
3653.00 378438 405805 1 3 0.77 0.460 5.5 -0.337 c Is 
3645.20 378409 405834 5 5 0.347 0.069 4.15 -0.462 c Is 
3650.70 378421 405805 3 3 0.58 0.115 4.15 -0.462 c Is 
3649.20 378409 40.5805 5 3 0.0384 0.00460 0.276 -1.64 c Is 

15 2pSd~ 
2p<n,o)4p 

:.J>o_.!S 

(20 uvi 
260l.(i 329525 367952 9 3 1.73 0.059 4.52 -0.278 c 3, ca 

2597.69 329468 367952 5 3 0.97 0.059 2.5) -0.53 c Is 
2605.41 329582 367952 3 3 0.58 0.059 1.5 J -0.7.5 c Is 

|?')09.6] 329643 367952 1 3 0.190 0.0.58 0.50 -1.235 c Is 

46 r-'D 
(21 uv» 

2558.06 331820 370901 7 5 1.16 0.081 4.79 -0.245 c 3, ca 

47 2p4p- 
2p(2P°(.W 

'S- 'P° 
(29) 

3279.97 373046 403526 1 0.241 0.117 1.26 -0.93 c 3, ca 
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Forbidden Transitions 

The adopted values represent, as in the ease >f C !, the work of Garstang [Ij. Naqvi [2], and 
Yamanouehi and Horie [3], who have independently done essentially the same calculations and 
arrived at very similar results. For the selection of values, the same considerations as for C I 
have been applied. (Yamanouehi and Horie's result for the 'Pt — 'D- transition apparently con- 
tains a numerical error and is not v-ed». 

Kefe rentes 

[1] Garstang, R. H-, Monthly Notices Roy. Astron. Sue. Ill, 115-124(1951). 

[2j  Naqvi, A. M., Thrsis Harvard (1951). 
[A] Yamanouehi, T., and Horir, H., J. Phys. s,,,-. Japan 7, 52-56 11952). 

O II!-    Forbidden Transitions 
■ 

Type ot Accu- 
No. Transition 

Array 
Multiple! AiA) Ei(cnr') f/ttcnr1) & gK Transi- 

tion 
Auisfv-') Sial.u.) racy Source 

1 2p2-2p2 'P-'P 
[51.69 x 104] 113.4 306.8 3 5 m 9.75 x 10-"' 2.50 B 1. 2, 3 
[51.69 xlO4] 113.4 306.8 3 5 e 7.8X10'- 0.086 C 1 
[32.59 x 104| 0 306.8 1 r> e 3.50 x 10"" 0.383 c 1 
[88.16 x 104j 0 113.4 1 3 m 2.62 x 10-' 2.00 B 1. 2 3 

2 :,p_iD 

ilrl 
5006.84 306.8 20271 5 5 m 0.0210 4.88 x 10 4 c 1.2,3 
5006.84 306.8 20271 5 5 e !.l x 10'' 3.8 x 10"4 D 1 
4958.91 113.4 20271 3 5 m 0.0071 1.61 x 10 4 C 1,2 
4958.91 113.4 20271 3 5 e 6.2 x 10" 5.5 X 10-' D 1 
4931.8 0 20271 1 5 e 1.9 x 10s 1.7 X 10"'' D 1 

3 up- is 
[23.? 1.61 306.8 43183.5 5 1 V 7.1 x 10 4 2.9 x 10s D I 
[2321.11 113.4 43183.5 3 1 m 0.230 1.07 x lO4 C 1, 3 

i ■L> —'S 
(2 F) I 

4363.21 2027: 43.83.5 5 1 e 1.60 1.51 c 1 
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Oiv 

(»round Stah- ls* !s22p2P^2 

ionization Potential 77.394 eV= 6 »4396.5 cm"' 

Allowed Transitions 

List of tabulated lines: 

Wavelength [Ä] No. Vi avelength [A] 
,—.  

No. 
1      1 

Vi avelength A) No. 

238.361 6 3216.31 

! 

14 3774.38 13 
238.573 6 3348.08 9 3930.63 17 
238.58 6 3349.11 9 3942.14 17 
279.633 5 3354.31 15 3945.29 17 
279.937 5 3362.63 15 3956.82 17 

553.32;* 3 3375.50 
1 

15 3974.66 17 
554.071 3 3378.09 9 3977.10 17 
554.514 3 3381.28 8 3995.17 17 
555.262 3 3381.33 8 4568 21 
608.395 2 3385.55 8 4652.5 20 

60«829 2 3390.37 8 4685.4 20 
624.617 4 3396.83 8 4772.57 16 
625.130 4 3403.58 12 4779.09 16 
625.852 4 3405.97 8 4783.43 16 
787.710 1 3409.75 8 4794.22 16 

790.103 1 3411.76 12 4798.25 16 
790.203 1 3413.71 12 4800.77 16 

2494.8 10 3425.57 8 4813.07 16 
2511.4 10 3489.84 11 4823.93 16 
3063.46 7 3492.2 11 5290.1 18 

3071.66 7 3492.24 11 5305.3 18 
3177.80 14 3560.42 19 5362.4 18 
3180.72 14 3563.36 19 5378.3 18 
3180.98 14 3593.1 19 
3185.72 14 3725.81 13 

3188.17 14 3729.03 13 
3188.65 14 3736.78 13 
3194.75 14 3744.73 13 
3199.53 14 3755.82 13 
3209.64 14 3758.45 13 

Values for the 2s22p — 2s2p2 transitions are taken from the calculations of Bolotin and Yutsis [1] 
who employ analytical one-electron wave functions and include configuration interaction with a 
relatively crude approximation. For these as well as the 2s2p2 — 2pa and 2p — 3.s transitions large 
uncertainties must be expected because they are very sensitive to the effects of configuration 
interaction. 

For several other transitions Kelly's self-consistent field calculations [2, 3] (which include 
exchange effects) are available. In the case of the highly excited linen, they agree within a few 
percent with the results of the Coulomb approximation and the averaged values are adopted. 

Refe rences 

|1] Bolotin, A. B„ and Yulsis, A. P.. Zhur. Kksptl. i Teoret. Fiz. 24, 537-543 (1953).   (Translated in "Option! Transition 
Probabilities," Office of Technical Services, U.S. Department of Commerce, Washington, D.C.) 

|2| Kelly  P. S., Astropbys. J. 140, 1247-1268 11964). 
[3] Kelly, P. S., J. Quant. Spectrosc. Radi*t. Transfer 4, 117-14« |1%4). 
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OIV.    Allowed Transitions 

\... Transition Multiple! xi Ai E,U-m ') Etlrm  '1 f. *»- •h,<10» U .S'lai.u.l l<* K( 

[ 
Aicu-     Siiunc 

Arra\ >«•<■ 'i 

- 0.05 

racy 

K 1 2522p- jpo_iD 789.16 257.7 126942 6 10 9.5 0.15 2.3 i 
fcl'Stfp* (1   UV) 

790.203 .386.5 1269.36 4 6 9.6 0.13 1.4 -0.27 E Is 
787.710 0.0 126950 2 i 8.0 0.15 0.77 - 0.53 E Is 
790.103 .386.5 126950 4 1 1.5 0.014 0.15 -1.24 K Is 

2 *P°-2S 
(2 uv) 

609.35 257.7 164367 6 2 54 0.10 1.2 -0.22 K 1 

609.829 386.5 164367 4 2 36 0.10 0.80 - 0. Ml E Is 
608.395 0.0 164367 2 2 18 0.10 040 -0.70 K Is 

3 ;p°_2p 

(3 uv» 
554.37 257.7 180644 6 6 83 0.38 4.2 0.36 E 1 

554.514 386.5 180725 4 4 68 0.31 2.3 0.10 E Is 
554.074 0.0 180481 2 2 55 0.25 0.93 - 0.29 E Is 
555.262 386.5 180481 4 2 28 0.064 0.47 - 0.59 E Is 
553.328 0.0 180725 2 t 14 0.13 0.47 - 0.59 E Is 

4 2s2p2 - >' 
'6 uv) 

625.41 [71379] [231275) 12 4 79 0.14 3.5 0.23 E 2 

625.852 [71493] [2312751 6 4 37 0.15 1.8 - 0.06 E Is 
625.130 [71308] (2312751 4 4 25 0.15 1.2 - 0.23 E Is 
624.617 [72177] [231275) 2 4 12 0.14 0.58 - 0.55 E Is 

5 2p-('S)3i 2po _ 2«^ 

(4 uv) 
279.83 257.7 357615 6 2 130 0.050 0.28 -0.52 E 2 

279.937 386.5 357615 4 z 85 0.050 0.19 -0,70 E Is 
279.633 0.0 357615 2 ■} 43 0.050 0.092 -1.00 E Is 

6 2p-('S)3d 2p°_ 2[) 238.50 257.7 419544 6 10 350 0.50 2.4 0.48 D- 2 
(5 uv) 

238.573 386.5 419550 4 6 350 0.45 1.4 0.26 D- /•» 
238.361 0.0 419534 2 4 300 0.50 0.79 0.00 D- Is 

1238.58] 386.5 419534 4 4 59 0.050 0.16 -0.70 D- Is 

7 3s-('S)3p 2^ _ 2p° 

(1) 
3066.2 357615 390219 2 6 1.48 O.r.2 12.6 0.096 C .1, ca 

3063.46 357615 390248 2 4 1.48 0.H6 8.4 - 0.079 C Is 
3071.66 357615 390161 2 1.47 0.208 4.20 - C..382 C Is 

8 2«2p3s — 
2s('P°!2p3p 

4po_4[) 

(3) 
3374.3 [438698] [468325] 12 20 1.07 0.303 10.4 0.56 c ca 

3385.55 [438589] 1468499] 6 8 1.06 0.242 16.2 0.162 c i 
iS 

3381.28 [438724] [468290J 4 6 0.74 0.191 8.5 -0.117 c Is 
3381.33 [438971] [4681541 2 4 0.442 0.151 3.37 -0.52 c Is 
3409.75 [4385891 [468290] 6 6 0.310 0.054 3.64 -0.489 c Is 
3396.83 [438724[ [4681541 4 4 0.56 0.096 Ul -0.414 c Is 
3390.37 |438971| [4680751 2 2 0.88 0.151 3.37 -0.52 c Is 
3425.57 |438589| [468154] 6 4 0.051 0.0060 0.404 -1.446 c Is 
3405.97 [438724] [468075] 4 2 0.172 0.0149 0.67 -1.224 c Is 

9 2P°- 2D 
(4) 

3350.7 452985 (82821 6 10 1.23 0.346 22.9 0.317 c ca 

3349.11 153073 482923 1 6 1.23 0.311 13.7 0.094 c h 
3348.08 452808 482668 > \ 1.03 0.345 7.6 -0.162 c Is 
3378.09 453073 482668 1 \ 0.201 0.0344 1.53 -0.86 c: Is 

10 2p°_ 2^ 250.5.8 452985 492880 6 2 3.04 0.095 4.72 -0.243 c ca 
\>>) 

12511.4] 453073 492880 4 2 2.01 0.095 3.15 -0 420 c Is 
[2494.8] 452808 492880 2 2 1.02 0.096 1.57 -0 72 c Is 

II 2.s2p3s'~ 
2.s2p('P°)3p' 

2p°_2[) 

«111 
3490.9 518688 547326 6 10 0.99 0.301 20.8 0.257 c ca 

3489.84 518690 547336 I ^ 0.99 0.272 12.5 0.037 c Is 
3492.24 518684 547311 2 4 0.82 0.3(H) 6.9 -0.222 c Is 

[3492.2] 518684 547311 4 4 0.165 0.0302 1.39 -0.92 c Is 

104 



O IV.    Allowed Transitions — Continued 
      

i T" 1 

N... Transition 
Array 

Sp-I'SK'W 

Multiplei Al Al E,um 'i Enk-m ') *■ g* Aki 10* 
sec') 

A .Slat.u.l i<>i* (d Accu- 
racy 

Source 

12 2po_Z[) 

(2) 
3409.1 390219 419544 6 10 "15 0.334 22.5 0.302 C 3, ca 

3411-76 390248 419550 4 6 l.;5 0.300 13.5 0.080 C Is 
3403.58 390161 419534 2 4 0.% 0.335 7.5 -0.174 C Is 
3413.71 390248 419534 4 4 0.191 0.0334 1.50 -0.87 c Is 

13 is'Zp'ip — 
2s2p(3P°)3<* 

4D _ 4y° 

(6) 
3733.4 [468325] [495103] 20 28 0.80 0.235 58 0.67 c 111 

3736.78 [468499] [495253] 8 10 0.80 0.209 20.6 0.224 c Is 
3729.03 [468290] 1495099] 6 8 0.69 0.193 14.2 0.063 c Is 
3725.81 14681541 [494986] 4 6 0.61 0.190 9.3 -0.120 c Is 
3725.81 [468075J [494908] 2 4 0.57 0.236 5.8 -0.325 (; Is 
3758.45 [4684991 [495099] 8 8 0.112 0.0237 2.35 -0.72 c Is 
3744.73 [468290] [494986] 6 6 0.194 0.0407 3.01 -0.61 c Is 
3736.73 [468154] [494908] 4 4 0.224 0.0469 2.31 -0.73 c Is 
3774.38 1468075] [494986] 8 6 0.0075 0.00121 0.120 -2.015 c Is 
3755.82 [468290] [494908] 6 4 0.0158 0.00222 0.165 -1.87 c Is 

14 M97.4 [468325} [499591] 20 20 0.338 0.052 10.9 0.015 c C(l 

i 11 
3209.64 [468499] [499647] 8 8 0.286 0.0442 3.74 -0.451 c Is 
3194.75 |4682%j [499582] 6 6 0.194 0.02% 1.87 -0.75 c Is 
3185.72 [468154] (499535] 4 4 0.136 0.0207 0.87 -1.081 c Is 
3180.72 [468075] [499506] 2 2 0.173 0.0263 0.55 -1.280 c Is 
3216.31 [468499] 1499582] 8 6 0.063 0.0073 0.62 -1.232 c Is 
3199.53 [468290] [499535] 6 4 0.118 0.0120 0.76 -1.142 c Is 
3188.65 [468154] [499506] 4 2 0.172 0.0131 0.55 -1.281 c Is 
3188.17 [468290] [499647] 6 8 0.0485 0.0098 0.62 -1.229 c Is 
3180.98 [468154] 1499582] 4 6 0.080 0.0181 0.76 -1.139 c Is 
3177.80 [468075] [499535] 2 4 0.087 0.0263 0.55 -1.279 c Is 

15 4S _ 4P= 

(8) 
3367.6 [474218] [503904] 4 12 0.69 0.350 15.5 0.146 c ca 

3375.50 [474218] (503835] 4 6 0.68 0.175 7.8 -0.154 c Is 
3362.63 [474218] [503948| 4 4 0.69 0.117 5.2 -0.328 c Is 
3354.31 [474218] [504022] 4 2 0.69 0.058 2.58 -0.63 c Is 

16 ip_4Do 

(9) 
4792.5 [478731] [499591] 12 20 0.303 0.174 32.9 0.320 c ca 

4798.25 [478811] [499647] 6 8 0.303 0.139 13.2 -0.078 c Is 
4783.43 [4786821 [499582] 4 6 0.213 0.110 6.9 -0.358 c Is 
4772.57 [478588] [499535] 2 4 0.128 0.087 2.74 -0.76 (■ Is 
4813.07 [478811] [499582] 6 6 0.090 0.0311 2.96 -0.73 c Is 
4794.22 [478682] 1499535] 4 4 0.161 0.056 3.51 -0.65 c Is 
4779.09 [478588] [499506] 2 2 0.254 0.087 2.74 -0.76 c Is 
4823.93 [478811] [499535] 6 4 0.0148 0.00345 0.329 -1.68 c Is 
4800.77 [478682] [499506] 4 2 0.050 0.0087 0.55 -1.46 c Is 

17 4p_ 4p° 

(10) 
3971.4 [478731] [503904] 12 12 0.314 0.074 11.6 - 0.050 c ca 

3995.17 [478811] [503835] 6 6 0.215 0.051 4.06 -0.51 c Is 
3956.82 [478682] [503948] 4 4 0.0425 0.0100 0.52 -1.399 c Is 
3930.63 [478588] [504022] 2 2 0.053 0.0124 0.322 - -1.61 c Is 
3977.10 [478811] [503948] 6 4 0.140 0.0221 1.74 -0.88 c Is 
3945.29 [478682] [504022] 4 2 0.266 0.0310 1.61 -0.91 c Is 
3974.66 [478682] [503835] 4. 6 0.094 0.0332 1.74 -0.88 c Is 
3942.14 [478588] [503948] 2 4 0.133 0.062 1.61 -0.91 c Is 

IB 2D-2D° 
(11) 

5339.5 482821 501544 10 10 0.075 0.0319 5.6 -0497 c ca 

5362.4 482923 501566 6 6 0.069 0.0299 3.16 -0.75 c Is 
5305.3 482668 501511 4 4 0.069 0.0291 2.03 -0.93 c Is 

[5378.3] 482923 501511 6 4 0.0074 0.00213 0.226 -1.89 c Is 
[5290.1] 482668 501566 4 6 0.0052 0.00324 0.226 -1.89 c Is 
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O IV.    Allowed Transitions—Continued 

\o 

19 

Transition     Multiple! 
■\rra> 
 4  

Al AI £,(em  'i     Erfvm  'i     #, A 

20 

21    5/- 0S>6rf 

2Q _ »p 
(12) 

2S — SP° 
d:i) 

(15! 

i.iöi.O 

3563.36 
3.560.42 

[3593.1] 

4674.4 

(4685.4] 
14652.5] 

4568 

482821 

482923 
482668 
482923 

492880 

492880 
492880 

552490 

! 
„4—p 

5/0879 i 10 i 14 

510979 
510746 
510746 

Ü14267 

514217 
514368 

6 
4 
6 

H 
6 
6 

•<<,ilO" 

1.15 

1.15 
1.08 
0.075 

0 297 

0.295 
0.301 

(574375] 14 10   0.124 

r 
u 

0.306 

0.291 
0.307 
0.0145 

0.292 

0.194 
0.098 

0.0278 

.S'lat.ti. 

35.9 

20.5 
14.4 

1.03 

loH %f      Accu- 
racy 

. „I  

0.486 ;    C 

Source 

0242 
0.089 

•1.060 

c 
c 
c 

9.0 -0.234 ! C 

6.0 
2.99 

-0.411 ; 
-0.71 

c 
c 

5.9 -0.410 c 

Is 
h 

Is 
Is 

Forbidden Transitions 

Naqvi's calculation [1] of the one possible transition in the ground state configuration 2p is 
the only available source. The line strength should be quite accurate, since it does not sensi- 
tively depend on the choice of the interaction parameters. 

Refe rente 

[1] Nauvi. A. M.. Thesis Harvard Ü9.S1). 

O IV.    Forbidden Transitions 

No. Transition 
Array 

! 

Multiple!              \(A) 

! 

[ 

£,(cm  ')   < EkU-m ') gi g>. 
Type of 
Transi- 

tion 
A A-,1sec') Slat.u.) Accu- 

racy 
Source 

1 2p-2p 2p°_ 2p° 

(25.87 x 104] 0 386.5 2 4 m        I   5.18x10 4 1.33 B 1 
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Ov 

Ground Slate Is* 2s2 'S0 

lonization Potential 113.873 eV = 918702 cm-' 

Allowed Transitions 

List of tabulated lines: 

Wavelength [A] No.  i 
i 

Wavelength [A] No. Wavelength [Al 

P" 

No. 

172.168 2 3230 18 5114 10 
192.751 8 3239 12 5343 21 
192.80 8 3245 18 5352 21 
192.800 8 3249 18 5376 21 
192.906 8 3264 18 5417 21 

192.91 8 3275.67 12 5432 21 
192.92 8 3298 18 5473 21 
215.034 6 3692 17 5573 15 
215.104 6 3701 17 5582 15 
215.245 6 3703 17 5584 15 

220.352 9 3717 17 5600 15 
248.459 i 3726 17 5606 15 
629.732 1 3747 17 5608 15 
758.677 3 3762 17 6329 22 
759.440 3 4120 11 6767 20 

760.229 3 4121.7 19 6790 20 
760.445 3 4123 11 6819 20 
761.131 3 4123.90 11 6830 20 
762.001 3 4135.9 19 6878 20 
774.522 5 

j 
4151 11 6909 

7438 
20 
24 

1371.29 4 1158.76 19 
3058.68 13 4179 11 
3144.68 14 4211 11 
3222 12 4522 23 
3222 18 4554.28 16 

Values lor the 2;>2 — 2s2p and 2s2p — 2p2 transition arrays are taken from the self-consistent 
field calculations of Weiss []]. These calculations do not include the important effects of con- 
figuration interaction; hence large uncertainties must be expected. The average of the dipole 
length and velocity approximations is adopted [1]. Accuracies within 50 percent are indicated 
by the following comparison: Weiss [1] has undertaken refined calculations, including configuration 
interaction, for the same transitions in Bel —the first member of this isoelectronic sequence —in 
addition to calculations of »he type done for this ion. In all cases the agreement with the average 
of the dipole length and velocity approximations is close. 

For the remaining low-lying transitions Kelly's approximate Hartree-Fock calculations [2] 
are adopted, while for the moderately excited transitions Kelly's values are averaged with the 
Coulomb approximation, with which they agree quite well. 

References 

Ml Weiss, A. W.. private communication (l%4). 
[2| Kelly. P. S., J. Quant. Spectrosc. Radial. Transfer 4, 117-148 (1%4). 
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Ov.    Allowed Transition- 

\... 
1 
1 

Transition ' 
Arrav 

Multiplfi 

I 

xi V. fpKlll    'l Edit» '•> £• A Ai.iur -,i  'i u SMt.u.l Wgf \><U- 

rac> 

I) 1 2sJ- 
2sl*S)2p 

■s-'r 
(i uv) 

629.732 0 158798 1 3 30 0.53 1.1 -0.28 

2 2i*~ 
2ä(2S)3p 

'S-'P° 
(2 uvl 

172.168 0 580826 1 3    450 
! 
i 

0.59 0.34 -0.23 I) 

3 tslp - 2pr 3p° _ .ip 

(3 uvl 
760.36 

760.443 
760.229 
762.001 
761.131 
758.677 
759.440 

[82473] 

[82.564] 
[82258] 
[83564] 
[82258] 
[82258] 
[82121] 

[213929] 

[2140661 
1213797] 
[213797] 
1213642] 
[2140661 
1213797] 

9 

5 
3 
5 
3 
3 
1 

9 

5 
3 
3 
1 
5 
3 

21 

16 
5.2 
8.6 

21 
5.2 
6.9 

0.18 

0.14 
0.045 
0.045 
0.060 
0.075 
0.18 

4.1 

1.7 
0.34 
0.56 
0.45 
0..56 
0.15 

0.21 

-0.17 
-0.87 
-0.65 
- 0.75 
-0.65 
-0.74 

I) 
I) 
Ü 
D 
Ü 

I ip°_.[) 

(7 uvl 
1371.29 158798 231722 3 5 6.7 0.32 1.3 - 0.03 I) 

5 ipo_,S 

(8 uvl 
774.522 158798 287909 3 1 21 0.062 0 48 -0.73 L) 

6 ls2p - 
2s(*S)3s 

•ip° - :*S 
(4 uv) 

215.18 

215.245 
215.104 
215.034 

[82413] 

[82564] 
[82258] 
182121] 

[547150] 

[547150] 
[547150] 
J547150] 

9 

5 
3 
1 

3 

3 
3 
3 

211 

117 
71 
23.5 

0.0488 

0.0488 
0.0490 
0.0489 

0.311 

0.173 
0.104 
0.0316 

-0.358 

-0.61 
-0.83 
-1.311 

C 

c 
c 
c 

i ■ po_!S 

(9 uvl 
248.459 158798 561278 3 1 137 0.0424 0.104 -0.90 c 

8 2s2p- 
2s(2S)3</ 

!P°--:'D 
(5 uv) 

192.85 

192.906 
192.800 
192.751 

[192.91] 
[192.80] 
[192.92] 

[82-1/3] 

[82564] 
[82258] 
[82121] 
[82564] 
[82258] 
[82564] 

[600943] 

[600956] 
[600736] 
[600926] 
[600936] 
[600926] 
[600926! 

9 

5 
3 
1 
5 
3 
5 

15 

i 

5 
3 
5 
3 
3 

680 

680 
510 
380 
171 
286 

19.0 

0.64 

0.53 
0.478 
0.61 
0.095 
Ö.159 
0.0064 

3.63 

1.69 
0.91 
0.403 
0.303 
0.303 
0.0202 

0.76 

0.425 
0.157 

-0.197 
-0.321 
-0.321 
-1.498 

( 

c 
c 
c 
c 
c 
c 

9 'P^-'D 
(10 uv) 

220.352 158798 612617 3 5 458 0.56 1.21 0.222 c 

10 2s3s- 
2sl2S)3p 

■s-ip° 
(1) 

5114 547150 580826 1 3 0.253 0.298 5.01 -0.526 c + 

11 2p3s - 
2p(2P°)3p 

<p°->D 
(4) 

4130.4 

4123.90 
4120 
4123 
4179 
4151 
4211 

[653435] 

[6536051 
[653262] 
|653100] 
[6536-' ,. 
[653262] 
[653605] 

[h77639\ 

1677847] 
[677532] 
1677333] 
(677532! 
1677333] 
[677333] 

9 

5 
3 

5 
3 
5 

15 

7 
5 
3 
5 
3 
3 

0.483 

0.487 
0.365 
0.270 
0.117 
0.198 
0.0127 

0.206 

0.174 
0.155 
0.206 
0.0305 
0.051 
0.00202 

25.2 

11.8 
6.3 
2.80 
2.10 
2.10 
0.140 

0.268 

-0.061 
-0.333 
-0.69 
-0.82 
-0.81 
-1.99 

c 
c 
c 
c 
c 
c 
c 

li »po _ IS 1257.5 [653435] 1684124] 9 3 1.0! 0.053 5.2 -0.318 c 
(3) 

3275.67 
3239 
3222 

[653605] 
[6532621 
16531001 

1684124] 
[6841241 
[6841241 

5 
3 
1 

3 
3 
3 

0.55 
0.342 
0.116 

0.053 
0.054 
0.054 

2.87 
1.72 
0.57 

- 0.57 
-0.79 
-1.268 

c 
c 
c 

11 'P° — *0 
(6) 

3058.68 664486 697170 3 5 1.30 0.305 9.2 -0.039 c 

14 2*3p - 
2s(*S)3d 

1po_,l) 

(2) 
3144.68 580826 612617 3 5 1.05 0.258 8.02 -0.111 c + 

Sour«-«* 

Is 
Is 
Is 
Is 
Is 
Is 

Is 
Is 
Is 

Is 
Is 
Is 
Is 
Is 
Is 

2, ca 

Is 
Is 
Is 
Is 
Is 
Is 

is 
Is 
Is 

2, ca 
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Ov.    Allowed Transitions — Continued 

\„ 
r 

Transition Multiple! \(Ai £.*,<( m   ') EiArm  '1 /?. gk .4^10" set-1) 
[                  f 

.Sial.u.l Wgf Accu- Source 
\rra> racy 

15 
(3) 

559Ö.O 158*059] [60094.1] 9 15 0.176 0.1.38 22.8 0.093 c+ 2, ca 

5600 
5.582 
5573 
5606 
5584 
5608 

1583097] 
[583020] 
[582984] 
[.583097] 
1.583020] 
1583097] 

[600956] 
1600936] 
[600926] 
[600936] 
[600926] 
[600926] 

5 
3 
1 
5 
3 
5 

7 
5 
3 
5 
3 
3 

0.175 
0.133 
0.0987 
0.0437 
0.0737 
0.00-186 

0.115 
0.103 
0.138 
0.0206 
0.0345 
0.00138 

10.6 
5.70 
2.53 
1.90 
1.90 
0.127 

-0.240 
-0.508 
-0.861 
-0.987 
-0.986 
-2.163 

c + 
c + 
c + 
c + 
c + 
<: + 

Is 
is 
Is 
Is 
Is 
Is 

16 2p3p- 
2p(JPcI.W 

'P-'D° 
(7l 

4554.28 672965 694646 3 5 0.233 0 121 5.4 -0.140 c ca 

17 :II)-'D0 

(8l 
3727.5 [667639] [704419] 15 15 0.155 0.0323 6.0 -0.314 c ca 

3747 
3717 
3701 
3762 
3726 
3703 
3692 

[677847] 
[677532] 
[677333] 
[677847] 
[677532] 
[677532] 
[677333] 

1704527] 
[704424] 
[704360] 
[704424] 
[704.360] 
] 704527] 
[704424] 

7 
5 
3 
7 
5 
5 
3 

7 
5 
3 
5 
3 
i 

5 

0.136 
0.109 
0.119 
0.0235 
0.0388 
0.0176 
0.0239 

0.0286 
0.0226 
0.0244 
0.00356 
0.00484 
0.0051 
0.0081 

2.47 
1.38 
0.89 
0.309 
0.297 
0.309 
0.297 

-0.70 
-0.95 
-1.135 
-1.60 
-1.62 
-1.60 
-1.61 

c 
c 
c 
c 
c 
c 
c 

Is 
is 
i's 
/s 
!s 
Is 
Is 

18 3[) _ :ip<= 

(9) 
.3268.4 [677639] [708226] 15 9 0.0264 0.00254 0.410 -1.419 c ca 

3298 
3249 
3222 
3264 
3230 
3245 

[677847] 
[677532] 
[677333] 
[677532] 
[677333] 
[677333] 

[708154J 
[7082%] 
[708379] 
[708154] 
[708296] 
[708379' 

7 
5 
3 
5 
3 
3 

5 
3 
1 
5 
3 
5 

0.0216 
0.0201 
0.0276 
0.00397 
0.0068 
2.70 xlO4 

0.00251 
0.00191 
0.00143 
6.3 X 104 

0.00107 
7.1 XlO"5 

0.191 
0.102 
0.0455 
0.0341 
0.0341 
0.00228 

-1.75 
-2.021 
-2.368 
-2.499 
-2.494 
-3.67 

c 
c 
c 
c 
c 
c 

Is 
Is 
Is 
Is 
Is 
Is 

19 3§ _ .ip° 

(11) 
4147.9 [684124] [708226] 3 9 0.259 0.200 8.2 -0.222 c ca 

4158.76 
4135.9 
4121.7 

[684124] 
[684124] 
[684124] 

[708154] 
[708296] 
[708379] 

3 
3 
3 

5 
3 
1 

0.257 
0.261 
0.264 

0.111 
0.067 
0.0224 

4.56 
2.73 
0.91 

-0.478 
-0.70 
-1.173 

c 
c 
c 

Is 
Is 
Is 

20 sp _ ipj0 

(12) 
6816.6 [689793] [704459] 9 15 0.075 0.088 17.7 -0.103 c ca 

6830 
6790 
KWJi 

6878 
6819 
6909 

[689890] 
[689700] 
[689586] 
[689890] 
[689700] 
[689890] 

[704527] 
[704424] 
[704360] 
[704424] 
[704360] 
[704360] 

5 
3 
1 
5 
3 
5 

7 
5 
3 

3 
3 

0.075 
0.057 
0.0430 
0.0183 
0.0313 
0.00201 

0.073 
0.066 
0.088 
0.0130 
0.0218 
8.6 XIO4 

8.3 
4.42 
1.97 
1.47 
1.47 
0.098 

-0.435 
-0.70 
-1.053 
-1.188 
-1.184 
-2.364 

c 
c 
c 
c 
c 
c 

Is 
Is 
Is 
Is 
Is 
Is 

21 3p _ 3p° 

(13) 
5423.6 

5173 
5376 
5432 
5352 
5417 
5343 

[68979.*] 

[689890] 
[689700] 
[689890] 
[689700] 
[689700] 
[689586] 

[708226] 

[708154] 
[708296] 
[708296] 
[708379] 
[708154] 
[708296] 

9 

5 
3 
5 
3 
3 
1 

9 

5 
3 
3 
i 
i 

5 
3 

0.87 

0.64 
0.223 
0.361 
0.91 
0.218 
0.304 

0.384 

0.285 
0.097 
0.0% 
0.130 
0.160 
0.390 

62 

25.7 
5.1 
8.6 
6.9 
8.6 
6.9 

0.54 

0.154 
-0.54 
-0.320 
-0.410 
-0.318 
-0.409 

c 
c 
c 
c 
c 
c 
c 

ca 

Is 
Is 
Is 
Is 
Is 
Is 

22 "D-'F0 

(14) 
6329 697170 712967 5 7 0.136 0.114 11.9 -0.243 c ca 

23 'D-'P° 
(15) 

4522 697170 719277 5 3 0.0110 0.00203 0.151 -1.99 c ca 

24 2s4s — 
2s(2S)4p 

\S-3P° 
(17) 

7438 [722666] [736107] 3 9 0.287 0.715 52.5 0.331 c + 2, ca 
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Forbidden Transitions 

Naqvi's calculations [1] art- the only available source. The results lor the :,P°- :,P° transi- 
tions are essentially independent of the choice of the interaction parameters. h>r the 3P -'P° 
transitions, Naqvi has used empirical term intervals, i.e., the effects of configuration interaction 

should be partially included. 

[1] Naqvi. A. M.. Thesi- Harvard (1951), 

Reference 

OV.    Forbidden Transitions 

No. I  Transition       Multiplet A(A) 
Array 

2s2p~ j   'r-'P 
25(-S)2p 

:i[J°_ ip° 

Ei(cnr') : En-Unr'l 

173.13 xl04| !   [82121.2! 
[32.65 xlO4]  1   182257.9) 

git I    T\pe of Aidstc l) 
Transition 

182257.^1 i   1 
[82564.1]    3 1   5 

m 
m 

l!   3' [1304.2] [82121.2]    158798 i |    i,        m 
[1306.51 [82257.9]    158798    j   3     3 m 
[1311.8] [82564.1],  158798    '   5     3 '» 

1.60 x 10 -'" 
3.87 x 10"' 

0.064 
16.9 
0.078 

.Slat.u.l Accuracy Source 

2.00 
2.50 

0.00420 
i 1.96 x 10 .' 

H 
B 

1.57 x 10 5|       c 
C 

Ground State 

Ovi 
b22s2S12 

lonization Potential 

Allowed Transitions 

138.080 eV = 1113999.5 cm- 

List of tabulated lines: 

Wavelength [Ä] 

■ - —j 

No. Wavelength [A] No.     Wavelengtl .[A] 
 - 4 

No. 

129.786 5 1031.95 1 4751 14 
129.87 5 1037.63 1 5112 16 
129.872 5 3068 8 5279 18 
150.088 2 3314 10 5298 19 

150.124 2 3426 12 5410 •< 

172.935 4 3438 13 5602 15 
173.082 4 3509 11 11744 7 

173.09 4 3622 9 11892 7 
183.937 3 3811.35 6 11964 "7 

184.117 3 3834.24 
i_. .. _ —  

6 
J , ' 1 

The values taken from Weiss' calculations ]1] are estimated to be accurate to within Hr7r be- 
cause of the very close agreement between his dipole length and dipole velocity approximations. 
The values calculated with th'' length approximation are adopted. The Coulomb approximation 
should be quite reliable for the highly excited transitions and is given perference over Kelly's 
approximate Hartree Fock calculations (2|, with which it sometimes disagrees. 

References 

jlj «Viss. A. V*., \>:r,,,.hvs. J. 138, 126*2-1276(1963). 
[2| Kelly, P. S.. J. Quant. Spectrosc. Radiat. Transfer 4, 117-14811964). 
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OVI.    Allowed Transitions 

No. Transition Multiple! Al At £,< m 'i /■,'ikni  'I g* #* .4 i,i 10" /.* .Slat.u.l W fit Accu- Source 
Arra> 

lO.Vi.8 

1031.95 
1037.63 

>«•<■') racy 

! 2s-2p -s - *p° 
(1 uvi 

0.0 

0.0 
0.0 

967.10 

96908 
96375 

2 

2 
2 

6 

4 
2 

4.08 

4.09 
4.02 

0.196 

0.131 
0.0648 

1.33 

0.887 
0.443 

-0.407 

-0.583 
-0.887 

A 

A 
A 

1 

Is 
Is 

■) 2s - 3p 2S - *P° 
(2 uv) 

150.10 

150.088 
150.124 

0.0 

0.0 
0.0 

666218 

666270 
666113 

9 

■) 

2 

6 

4 
2 

259 

259 
259 

0.262 

0.175 
0.0874 

0.259 

0.173 
0.0861 

-0.281 

-0.456 
-0.757 

B + 

B + 
B + 

1 

Is 
Is 

3 2p-3s 2P°--S 
(3 uv) 

1S4M 

184.117 
183.937 

967 W 

96908 
96375 

640040 

640040 
640040 

6 

4 
2 

2 

2 
2 

170 

113 
56.7 

0.0287 

0.0287 
0,0287 

0.104 

0.093 
0.0347 

-0.764 

-0.939 
-1.241 

B + 

B + 
B + 

1 

Is 
Is 

4 lp-M 
(4 uv) 

17iM 

173.082 
172.935 

[173.09] 

967W 

96908 
96375 
96908 

6746.57 

674677 
674626 
674626 

6 

4 
2 
4 

10 

6 
4 
4 

884 

386 
737 
147 

0.662 

0.597 
0.661 
0.0662 

2.26 

1.36 
0.753 
0.151 

0.599 

0.378 
0.121 

-C.577 

B + 

B + 
B + 
B + 

1 

Is 
Is 
Is 

5 2p-\d 2pc_2D 129.84 9t)7W 86689.i 6 10 287 0.121 0.310 -0.139 B ca 
O UV) 

129.872 
129.786 

[129.87] 

96908 
96375 
96908 

866902 
866880 
866880 

4 
2 
4 

6 
4 
4 

285 
239 
47.6 

0.108 
0.121 
0.0120 

0.185 
0.103 
0.0206 

-0.364 
-0.618 
-1.317 

B 
B 
B 

Is 
Is 
Is 

6 3s — 3p 25 - ap" 

(1» 
.i818.9 640040 666218 2 6 0.510 0.335 8.41 -0.175 B 1 

3811.35 
3834.24 

640040 
640040 

666270 
666113 

2 
2 

4 
2 

0.513 
0.503 

0.224 
0.111 

5.61 
2.80 

-0.350 
-0.654 

B 
B 

Is 
Is 

- 
i 3p-3<f 2po_2[) 11847 6662/8 674657 6 10 0.0137 0.0481 11.3 -0.540 B 1 

[11892] 
[11744] 
[11964] 

666270 
666113 
666270 

674677 
674626 
674626 

4 
2 
4 

6 
4 
4 

0.0136 
0.0118 
0.00223 

0.0433 
0.0488 
0.00478 

6.78 
3.77 
0.753 

-0.762 
-1.011 
-1.719 

B 
B 
B 

Is 
Is 
Is 

8 6s — 7p 2S_2p. 

(2) 
3068 1000080 1032630 2 6 0874 0.370 7.47 -0.131 B ca 

9 6p — 7s *po_*S 

(3) 
3622 1003130 1030780 6 2 2.72 0.178 (2.7 0.029 B ca 

10 bp-ld 2p«_2[) 

(4) 
3314 1003130 1033324 6 10 2.02 0.554 36.3 0.522 B ca 

11 bd— Ip *D - ap« 
(5) 

3509 1004178 1032630 10 6 0.860 0.0952 11.0 -0.021 B ca 

12 bd-lf 
(6) 

3426 1004178 [1033382) 10 14 3.34 0.824 92.9 0.916 B ca 

13 bf-ld 2p_aD 

(7) 
3438 [1004265] 1033324 14 10 0.337 0.0426 6.75 -0.225 B ca 

14 ls-8p 2S~'P° 
(10) 

4751 1030780 1051724 2 6 0.423 0.429 13.1 -0.067 B ca 

IS 7p-8s •2po _ 2S 

(ID 
5602        1 1032630 [1050543] 6 1.38 0.216 23.9 0.113 B ca 
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OVI.    Allowed Transitions — Continued 

No. Transition 
Array 

Multiple! wA) £,Uirr') £*tcm M ft ft* .-h,<10" 
sec   '1 

/.* .S'(al.u) 1»? ft' Accu- 
racy 

Source 

16 Ip-Sd jp*_:D 

02) 
5112 1032630 1052296 6 10 0.923 0.603 60.9 0.559 B ca 

17 7d-&p 
(13) 

5410 1033324 1051724 10 6 0.491 0.129 23.0 0.111 B ca 

18 ld-9f 2D_2p 

(141 
5279 1033324 [1052280] 10 14 1.64 0.960 167 0.982 B ca 

19 If-M 2p_2[) 

(15) 
5298 [1033382] 10522% 14 10 0.255 

L  

0.0766 18.7 0.030 B 2 

Ovn 

Ground State Is2 'So 

Ionization Potential 739.114 eV = 5963000 cm"1 

Allowed Transitions 

The results of extensive non-relativistie variational calculations by Weiss [1] are used. Values 
have been calculated in both the dipole length and dipole velocity approximations and agree to 
v.'ithin 1 percent, except for the 3p 'P° —3rf'D transition where agreement is not as good. The 
average of the two approximations is adopted [1]. 

Reference 

[1| Weiss, A. W.. private communication (1W>1) 

O VII.    Allowed Transitions 

No. Transition 
Array 

Multiple! X(Ä) £,(cm-') £*ra-') ft gk .<!*,( lO-see'l /* .Slat, u.) iogftf Accu- 
racy 

Source 

1 ls2-ls2p 'S- 'P° 12!.6()2| 0 4629200 1 3 33000 0.694 0.0494 -0.158 A 

2 l.sz-!s3p ■S-'P 118.6271 0 5368550 1 3 9370 0.146 0.00897 - 0.835 A 

3 l.s2s — ls2p •s- r [2475.4] [4588814] 46292(H) I 3 0.246 0.0679 0.553 -1.168 A 

4 Is2s-b3p 'S-'P° I128.25) [45888141 5368550 1 3 504 0.373 0.158 -0.428 A 

5 Is2p-UM ipc„. 11) [135.77] 4629200 (5365734] 3 5 1530 0.705 0.945 0.325 A 

6 ls3d— hip '[)- 'P 135500]? [5365734] 5368550 5 3 6.99 x lO4 0.00792 4.62 - 1.402 C + 

7 U2s- !.s2p :«S-:,P [IM0.X] 4525270 [45M610] 3 9 0.794 0.0949 1.53 - 0.546 A 

8 \s2s~h3p :iS - :ip° [120.33] 4525270 53563(H) 3 9 533 0.347 0.413 0.018 A 

o Is2p-l.s3f/ :if»_arj [/ 28.46] [4586610] 5365070 9 15 1620 0.666 2.54 0.778 A 

10 \$3p-)sSd :>[*>_ :(|) [11399]? 5356300 5365070 9 15 0.0! 13 0.0367 12.4 -0.481 \ 
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Ground State 

Ionisation Potential 

FLUORINE 

FI. 

Allowed Transitions 
List of tabulated lines: 

ls22s22p5 2P°3i2 

17.418 eV-140524.5 cm1 

Wavelength (A] No.      j Wavelength [Ä] No. Wavelength [A] No. 

6239.64 3        I 6909.82 2 7489.14 5 
6348.30 3 6966.35 6 7514.93 1 
6113.66 3 7037.45 6 7552.24 1 
f.708.27 2 7J27.88 6 7573.41 1 
6773.97 2 7202.37 6 7607.17 4 

6795.52 2 7311.02 5 7754.70 4 
6834.26 7331.95 1 7800.22 4 
6856.02 2 7398.68 1 
6870.22 2 7425.64 1 
6902.46 2 7482.72 1 

Since there are no numerical data available for this spectrum, values for the prominent lines 
have been calculated from the Coulomb approximation by Bates and Damgaard. This method is 
expected to give fairly reliable results as judged from other atomic systems of similar complexity, 
where comparison data have been available. 

Fl.   Allowed Transitions 

No. Transition 
Array 

Multi- 
ple 

kik) E;<cm ') Et(cm-') gi gk 
sec-') 

/* Siat.u.) l«»g gfi Accu- 
racy 

Source 

1 2/.'3.s - 
2pW)3p 11) 

7490J 102.171 U.W18 32 12 0.35 0.29 86 0.54 D ru 

7398.68 ! (12107 115919 6 6 0.25 0.21 30 0.09 D Is 
7482.72 102681 116042 4 4 0.047 0.039 3.9 -0.81 D Is 
7514.93 102841 116144 2 •i 0 058 0.040 2.4 -1.01 D Is 
7331.95 102407 116042 6 4 0.17 0.089 13 -0.27 I) Is 
7425.64 102681 116144 4 ) 0.30 0,12 12 -0.31 D Is 
7552.24 102681 115919 1 6 0.10 0.13 13 -0.28 r» Is 
7573.41 102841 116042 2 4 0.i4 0.24 12 -0.31 i) Is 

2 »P-nj° 6859.2 102171 117140 12 20 0.45 0.53 140 0.80 D 1(1 

6856.02 102407 116988 6 8 0.45 0.42 ht 0.40 I) Is 
6902.46 102681 117165 4 6 0.31 0.33 30 0.12 D Is 
6909.82 102841 117309 2 4 0.18 0.26 12 - 0.28 1) Is 
6773.97 102407 117165 6 6 0.14 0.095 13 - 0.24 1) Is 
6834.26 102681 117309 4 4 0.24 0.17 15 -0.17 I) Is 
6870.22 102841 117393 2 2 0.38 0.2? 12 -0.27 1) Is 
6708.27 102407 117309 6 4 0.024 0.011 1.4 - 1.19 1) Is 
6795.52 102681 117393 4 2 0.077 0.027 2.4 - 0.97 I) Is 
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Forbidden Transitions 

The adopted values represent the results of calculations by Garstang [}\ and Naqvi [2], v.L-ch 
are very similar in character, Garstang's evaluation of the quadrupole integral 5«, is considered 
the more refined one; therefore, the quadrupole fine strengths are taken from his paper. Naqvi, 
in his calculations of magnetic dipole lines, retains the spin-spin and spin-other-orbit integral in 
the transformation coefficients, while Garstang neglects it. Thus, Naqvi's values are chosen, 
whenever ►his becomes significant. When this refinement is not sensitive, the two authors agree. 
For the 3P- 'S transition the important effects of configuration interaction are most appropriately 
taken into account by Garstang's method, so that his values are used. (Further explanations ire 
found in the general introduction.) 

References 

[Ij Garstang, R. H.. Monthly Notice» Roy. Astron. Soc. 111,115-124(1951). 
|2j Naqvi, A. M.. Thesis Harvard (1951). 

F H.    Forbidden Transitions 

No. Transition 
Array 

Yfulti 
plet 

x(A) filcm1) £*(enr') (■'< ft Type of 
Transition 

-4*,(sec M Slat.u.) Accu- 
racy 

Source 

1 2n,-2pi >p_3p 
[29.25 x W] 0.0 341.8 5 3 m 8.97 x 10 4 2.50 B 1.2 
[29.25 x 104] 0.0 341.8 5 3 e 2.30 X10'° 0.88 C 1 
[20.38 x 10>] 0.0 490.6 .-> 1 e 1.80x10-9 0.376 C 1 
[67.19 xlO4! 341.8 490.6 3 1 m 1.78 xlO4 2.00 B 1,2 

2 T-'D 
(1 F) 

4789.5 0.0 20873 5 5 m 3.81 7.8 x iO-" C 2 
4789.5 0.0 20873 ."> 5 e 9.6x10 s 7.2 x io-4 D 1 
4869.3 341.8 20873 3 5 m 0.0121 2.59 x 10~4 C 2 
4869.3 341.8 20873 3 5 e 1.3 x10s 1.1 xlO4 D 1 

[4904.81 490.6 20873 1 5 e 4.1 x 10« 3.5 xlO5 D 1 

3 3P-'S 
[2225.5) 0.0 44919 5 1 e 0.0016 5.2 x 10-5 D 1 
[2246.6] 341.8 44919 3 1 m 0.490 2.06 xlO4 C 1 

4 ■D-'S 
(2F) 

4157.5 20873 4=4919 5 1 e 2.10 1.55 C 1 

Ground State 

lonization Potential 

Fill. 
]s22s22p3 4SS/2 

62.646 eV-505410 cm-' 

Allowed Transitions 
After having written introductor> remarks for 9.2 elements., we must confess that this becomes 

a rather cumbersome exercise in style.    Since we expect that this introduction will share the fate 
of most introductions (namely be ignored) and since there is nothing new to say on this ion 'for 
scientific content see F I) we might as well give the few readers of this introduction some good 
advice: 

If there is no other data source, 
Use the Coulomb approximation, of course. 
The results should be certainly fine 
For any moderately or highly excited line. 
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A llowed Transitions — Continued 

No. Transition Multi- A(Ä) £j(cm-') fklcm -•) « gk Aki(W /* .S'ial.u.) l<'f.i gf Accu- Source 
Array plet sec '1 racy 

*P — *S° 
(3)" 

6304.2 102571 118429 12 4 0.56 0.11 28 0.12 1) tu 

6239.64 I024U, 118429 6 4 0.29 0.11 14 -0.18 1) Is 
6348.50 102681 118429 4 4 0.18 0.11 9.3 - 0.35 1) Is 
6413.66 102841 118429 2 4 0.090 0.11 4.7 - 0.65 1) Is 

4 2p_2rjo 

(4) 
7759.4 104840 117724 6 10 0.35 0.53 80 0.50 D C(l 

7754.70 104732 117624 4 6 0.35 0.47 48 0.27 I) Is 
7800.22 105057 117874 2 4 0.29 0.53 27 0.02 I) Is 
7607.17 104732 117874 4 4 0.061 0.053 5.3 - 0.67 !) Is 

5 2p_2So 

(5) 
7369.3 104840 118406 6 2 0.40 0.11 16 -0.18 I) en 

7311.02 101732 118106 4 2 0.27 0.11 11 - 0.36 1) Is 

7489.14 105057 118406 2 2 0.13 0.11 5.4. - 0.66 1) Is 

6 2P_2po 

(6) 
7067.02 104840 /I8(W6 6 6 0.46 0.34 48 0.31 I) ca 

7037.45 101732 118938 4 4 0.38 0.28 26 0.05 I) Is 

7127.88 105057 119083 2 2 0.30 0.23 11 - 0.35 D Is 

6966.35 101732 119083 4 2 0.16 0.056 5.2 - 0.65 I) Is 

7202.37 
» 

105057 118938 2 4 0.072 0.11 5.3 - 0.65 D Is 

Forbidden Transitions 

Naqvi's calculation [1] of the one possible transition in the ground state configurati» ^ 2/»'' is 
the only available source. The line strength should be quite accurate, since it does not s< sitively 
depend on the choice of the interaction parameters. 

Reference 

[1| Naqvi, A. M., Thesis Harvard 119.il). 

F I.    Forbidden Trai isitions 

No. Transition 
Array 

Multiple! Al A) f.ic III  ') £*U'm ') & gk Type of 
Transition 

A   'sec  ') .Slat, u.) Accu- 
racy 

Source 

1 2/r- - 2//> -P°    -P° 
|24.75 x !0'| 0.0 404.0 4 2 ni 0 00! 18 1.33 B i 
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F1I. 

(»round State 

lonization Potential 

Is22s22// 3P< 

34.98 eV-282190.2 cm-' 

Allowed Transitions 

List of tabulated lines: 

Wavelength |Ä| No. Wavelength [Aj No. Wavelength [Ä] No. 

605.67 3535.2 5 4103.09 9 
600.27 3536.84 5 4103.3 9 
606.81 3538.6 5 4103.53 9 
01.6.95 3541.77 5 
607.48 4103.72 9 

3544.5 a 4103.87 9 
608.06 1 3546.1 5 4i04.1 9 

320274 7 3640.89 10 4109.17 4 
3501.42 8 3640.9 10 4112.7 4 
3501.5 8 3641.99 10 
3501.6 8 4113.1 4 

3642.80 10 4116.55 4 
3502.9 8 3847.09 2 4117.1 4 
3502.95 8 3849.99 2 4118.8 4 
3503.10 8 3851.67 2 4119.22 4 
3505.4 8 4024.73 3 
3505.6 8 4246.16 11 

4025.01 3 4299.18 6 
3505.61 8 40:'5.50 3 4446.9 12 

For one of the strongest ultraviolet transitions a value calculated by Varsavsky [1] from a 
screening approximation is available and listed. Because the strong effects of configuration inter- 
action have been neglected, this number should be quite uncertain. (In general, Varsavsky's 
values have a tendency to be too large.) Values obtained with the Coulomb approximation are 
presented for all prominent transitions in the visible and near ultraviolet. The indicated accu- 
racies are estimated from extrapolation with equivalent transitions of O I, for which experimental 
and theoretical comparison data are available. 

Reference 

|1) Varsavsky. C. M., Astrophys. J. Suppl. Ser. 6. 75-108 U961I. 

F II.   Allowed Transitions 

No. Transition 
Array 

Multi- 
ple! 

MA) £;(cm ') Enicm'1) gi g* /Mio8 

sec1) 
fa Slat.u.) I"?«/' Accu- 

racy 
Source 

1 2Ay - 
2s2ps (1 uv) 

606.85 169 164055 9 9 100 0.56 10 0.70 E 1 

606.81 0 164798 5 5 78 0.43 4.3 0.33 E Is 
606.95 342 165107 3 3 26 0.14 0.86 -0.37 E Is 
605.67 0 165107 5 3 43 0.14 1.4 -0.15 E Is 
606.27 342 165281 3 1 100 0.18 1.1, -0.26 E Is 
608.06 342 164798 3 5 25 0.23 1.4 -0.16 E Is 
607.48 491 165107 1 3 33 0.55 1.1 - 0.26 E Is 

2 2p% - 
2/>¥S°)3p 

■\SC - 5P 
(1) 

:W48.<) 1176654] [202628] 5 15 1.3 0.84 54 0.62 D ca 

3847.09 |176654| ]202641| 5 7 1.3 0.39 25 0.29 D Is 
3849.99 1176654] [202621] 5 5 1.3 0.28 18 0.15 D Is 
3851.67 [176654] 1202610] 5 3 1.3 0.17 11 -0.08 D Is 
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FlI.    Allowed Transitions — Continued 

No. Transition Multi- MK) £i(cm-') Edlem1) # 

1 

"                f 
AuiW 

1 
f»       i .S'Ut.u.) l«s«A Accu- Source 

Array plet sec ') racy 

3 
(21 

4025.0 182865 207703 3 9 

I 

1.2 0.90 36 0.43 I) ca 

4024.73 182865 207705 3 5 1.2 0.50 20 o.~a D Is 
4025.50 182865 207700 3 3 1.2 0.30 12 - 0.04 D Is 
4025.01 182865 207703 3 1 1.2 0.10 4.0 - 0.52 D Is 

4 2/;33s'- 
2//"2D°)3p' 

3D°-3D 
(5) 

4113.7 211881 236183 15 15 18 0.45 92 0.83 D ca 

4109.17 211867 236196 7 7 !.6 0.40 38 0.45 D Is 
4116.55 211888 236173 5 5 1.2 0.32 2! 0.20 D Is 
4119.22 211901 236170 3 3 1.3 0.34 14 0.01 D Is 

[4113.1| 211867 236173 7 5 0.28 0O50 4.8 - 0.45 D Is 
[4117.1] 211888 236170 5 3 0.45 0.068 4.6 -0.47 D Is 
[4112.7] 211888 2361% 5 7 0.20 0.071 4.8 - 0.45 D Is 
[4118.8] 211901 236173 3 5 0.27 0.11 4.6 - 0.47 D i.S 

5 3Do_3p 

(6) 
3539.8 211881 240123 15 9 2.1 0.23 40 0.54 D ca 

3541.77 211867 240093 7 5 1.7 023 19 Ü.21 Ü Is 
3536.84 211888 240153 5 3 1.5 0.17 10 -0.06 D Is 

13535.2] 211901 240180 3 1 2.1 0.13 4.5 - 0.42 D Is 
[3544.5! 211888 240093 5 5 0.31 0.058 3.4 - 0.54 D Is 
[3538.6J 211901 240153 3 3 0.51 0.0% 3.4 - 0.54 I) Is 
[3546.1] 211901 240093 3 5 0.02! 0.006-1 0.23 -1.71 D Is 

6 'D°-'F 
17) 

4299.18 215070 238324 5 7 1.7 0.64 45 0.51 D ca 

7 'D* -'D 
(8) 

3202.74 215070 246281 5 5 1.4 0.21 11 0.02 D ca 

8 2/A3/,- 
2p3(4S°)3d 

sp-5D° 
(3) 

3504.0 1202628] [231159] 15 25 2.86 0.88 152 1.120 C ca 

3505.61 1202641] [2311581 7 9 2.86 0.68 55 0.68 C Is 
3503.10 [202621] [231159] 5 *7 1.91 0.491 28.3 0.390 C Is 
[3501.6] [2026101 [231160] 3 5 1.00 0.307 10.6 - 0.036 C Is 
[3505.6] [202641] [231159] 7 i 0.95 0.175 14.2 0.089 C Is 
3502.95 [202621] [2311601 5 5 1.67 0.307 17.7 0.186 c Is 
[3501.5] [202610] [231161] 3 3 2.15 0.395 13.7 0.074 c Is 
[3505.4] [202641] [231160] 7 5 0.190 0.0251 2.02 -0.76 c Is 
[3502.9] [202621] [231161] 5 3 0.72 0.079 4.55 - 0.404 c Is 
3501.42 [202610] [2311611 3 i 2.86 0.175 6.1 -0.279 c Is 

9 :.p .. .iDo 

(4) 
4103.4 207703 2320t ,  '   -i 15 2.05 0.86 105 0.89 c ca 

4103.53 207705 23?067 5 7 2.05 0.72 48.8 0.56 Is 
4103.09 207700 2:,2065 3 5 1.54 0.65 26,2 0.287 c Is 
4103.72 207703 232064 1 3 1.14 0.86 11.6 - 0.065 c Is 
4103.87 207705 232065 5 5 0.51 0.129 8.7 -0.190 c Is 
[4103.31 207700 232064 3 3 0.85 0.215 8.7 -0.190 c Is 
(4104.1] 207705 232064 5 3 0.057 0.0086 0.58 -1.366 c Is 

10 2p33p' - 
2p3(2D°)3<f 

3p _ :ipo 

(11) 
3641.7 237509 264961 21 21 0.147 0.0292 7.3 -0.213 c- ca 

3640.89 237508 264966 9 9 0.137 0.0273 2.95 -0.61 c- Is 
3641.99 237509 261959 7 7 0.123 0.0245 2.06 -0.77 c- Is 
3642.80 237509 204953 .> 5 0.130 0.0259 1.55 - 0.89 c- Is 
3641.99 237508 Z64959 9 7 0.0118 0.00182 0.197 - 1.79 c- Is 
3642.80 237509 264953 7 .1 0.0163 0.00231 0.194 -1.79 c- Is 

[3640.9] 237509 264966 7 9 0.0092 0.00234 0.196 -1.79 c- Is 
3641.99 237509 264959 5 7 0.0116 0.00324 0.194 -1.79 c- Is 

11 2p33d- 
2p3(*S°ttf 

sD°-sF 
(9) 

4246.16 [231159] [254703] 25 25 2.47 0.93 326 1.368 c ca 

12 <D°->V 4446.9 232066 254547 15 21 2.35 0.97 214 1.165 c ca 
(10) 
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Forbidden Transitions 

The adopted values represent the results of calculations by Garstang [\\ and Naqvi [2], v.l.-eh 
are very similar in character, Garstang's evaluation of the quadrupole integral sq is considered 
the more refined one; therefore, the quadrupole line strengths are taken from his paper. Naqvi, 
in his calculations of magnetic dipole lines, retains the spin-spin and spin-other-orbit integral in 
the transformation coefficients, while Garstang neglects it. Thus, Naqvi's values are chosen, 
whenever ,his becomes significant. When this refinement is not sensitive, the two authors agree. 
For the 3P- 'S transition the important effects of configuration interaction are most appropriately 
taken into account by Garstang's method, so that his values are used. (Further explanations ire 
found in the genera! introduction.) 

References 

[1) Garstang, R. H.. Monthly Notices Roy. Astron. Soc. 111,115-124(1951). 
(2j Naqvi, A. M.. Thesis Harvard (1951). 

F ii.    Forbidden Transitions 

N«.. Transition -Multi X(Ä) £>m') Eiiicm1) <t'i Pi Tvpe of .4t-,(sec ') S(at.u.) Accu- Source 
Array plet Transition racy 

1 2nA-2p4 :ip_3p 

[29.25 xW] 0.0 341.8 5 3 m 8.97 x 10« 2.50 B 1.2 
[29.25 x 10«] 0.0 341.8 5 3 e 2.30X10"10 0.88 C 1 

1 

[20.38 x 10») 0.0 490.6 5 1 e 1.80x10" 0.376 C 1 
[67.19 X104! 341.8 490.6 3 1 m 1.78 x 10-« 2.00 B 1.2 

2 sp-'D 
(1 F) 

4789.5 0.0 20873 T 5 m 3.81 7.8 X 10" C 2 
4789.5 0.0 20873 5 5 e 9.6 x 10"5 7.2x10« D 1 
4869.3 341.8 20873 3 5 m 0.0121 2.59 x 10 ~« C 2 
4869.3 341.8 20873 3 5 e 1.3 xlO"5 1.1 x 10-« D 1 

[4904.8| 490.6 20873 1 5 e 4.1 x 10 « 3.5 xlO5 D 1 

3 ■'P-'S 
[2225.5] 0.0 44919 5 1 e 0.0016 5.2 x 10 5 D 1 
[2246.6) 341.8 44919 3 1 m 0.490 2.06x10 4 C 1 

4 'D-'S 
<2F) 

4157.5 20873 44919 5 1 e 2.10 1.55 C 1 

Ground State 

lonization Potential 

Fill. 
]522522/J34SS/2 

62.646 eV = 505410 cm'1 

Allowed Transitions 
After having written introductory remarks for 9.2 elements,, we must confess that this becomes 

a rather cumbersome exercise in style.    Since we expect that this introduction will share the fate 
of most introductions (namely be ignored) anJ since there is nothing new to say on this ion 'for 
scientific content see F I) we might as well give the few readers of this introduction some good 
advice: 

If there is no other data source, 
Use the Coulomb approximation, of course. 
The results should be certainly fine 
For any moderately or highly excited line. 
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F III.   Allowed Transitions 

No. Transition 
Array 

Mulü- 
piet 

i 

\<A» £,(C.<11    ') £\(em ') «. dk •/,.,( 10* 
sec-  'l 

/* .Siai.il.: 1«K Kl 
.         1 Accu- 
racy  | 

Source 

1 2p23s- 4P_4D° 3124.4 .117043 .u*mo 12 20 1.6 0.40              4<;. 0.67 D .-■(i 

2p*(3P)3p (1) 
3121.52 317238 349264 6 8 16 0.31 19 0.27 1) Is 
3115.67 316919 349U05 4 6 1.1 0.25 10 -0.01 [> Is 
3113.58 316707 3488i5 2 4 0.67 0.19 4.0 -0.41 1) Is 
3146.96 317238 3-!'AK>5 6 6 0.47 0.070 4.3 - 0.38 I) Is 
3134.21 316919 348815 4 4 0.84 0.12 5.1 - 0.3.) I) Is 
3124.76 3167Ü7 348701 2 2 1.3 0.19 4.0 -0.41 I) Is 
3165.86 317238 348815 6 I 0.077 0.0077 0.48 -1..-.4 1> Is 
3545.54 316919 3487G1 4 2 0.26 0.019 0.80 - 1.11 i) Is 

2 -p- -nr 
(2) 

3176.*) .124746 356214 6 10 1.7 0.42 26 0.40 u rti 

3174.13 324874 356370 4 6 1.7 0.38 16 0.18 I) Is 
3174.73 324490 355980 2 4 1.4 0.42 8.7 - 0.08 D Is 
3213.97 324874 355980 4 4 0.27 0.041 1.8 - 0.78 Ü Is 

3 2,/-\V- 
2//VDI.W 

2Do_.K 

(3) 
3039.3 380265 413158 10 j 1 2.75 0.53 53 0.73 <: rti 

3039.25 380243 41.3136 6 8 2.75 0.51 30.4 0.483 c Is 
3039.75 380299 413187 4 6 2.56 0.53 21.3 0.329 c Is 
3034.54 380243 J13187 6 6 0.18-' 0.0254 1.52 -0.8i c Is 

4 2{>° - 2(3 

(4) 
1150.6 184440 416171 6 10 1.39 0.341 21.4 '.315 c rti 

3154.39 384485 416178 4 6 1.38 0.309 12.9 0.093 <: Is 
3142.78 384351 416161 2 4 1.16 0.344 7.1 -0.162 c Is 
3156.11 384485 416161 4 4 0.230 0.034-' 1.43 - 0.86 c Is 

i 

Forbidden Transitions 

Naqvi's [1J calculations are the only available source. The values should not be quite as 
reliable as lor other ions of the //' configuration (() II. \c IV) since the important configuration 
interaction effects (sec general introduction! arc nejil» < led. 

Refe- ence 

[!| Naqvi, A. M.. Thesis Harv.  d (1951) 

F III.    Forbidden Transitions 

No. IT     ■• 1 ransition 
Array 

Multi- 
ple! 

xi A) £,lcm '} E\(vm '1 fi> gk Type of 
Transition 

<4 tit see '1 .Slat.ii.) Accu- 
racy 

Source 

1 2/J
:,
-2/<

:I <S°-2D° 
[2933.1| 
[2933.11 
j 2930.0 j 
[2930.01 

0 
0 
0 
0 

34084 
34084 
34120 
34120 

4 
4 
4 
4 

6 
6 
4 
4 

in 
e 
in 
c 

1.08 x 10-* 
1.2 x 10-* 
0.00134 
7.5 x 10"s 

6.1 x III» 
9.3 x 10-■• 
4.98 x 10-« 
3.8 x 10-• 

C- 
D- 
<:- 
D- 

1 
I 
1 
1 

2 4i^°_ 2|>° 

[1939.6] 
[1939.61 
[1939.61 
[1939.6! 

0 
0 
0 
0 

51558 
51558 
51558 
51558 

4 
4 
4 
4 

4 
4 
2 
2 

111 
e 
m 
e 

0.256 
2.7 x 10-" 
0.102 
7.4x \[)-i 

2.77 x 10 -* 
1.8 x 10-» 
5.5 x 10"s 

2.4 x 10" 

<:- 
D- 
C- 
D- 

1 
1 
1 
1 

3 2D°-2D° 
[27.8 x 10"| 
127.8 x |0'. j 

34084 
34084 

34120 
34120 

6 
6 

4 
4 

m 
e 

7.55 x 10 7 

1.8x 10 -'» 
2.40 
7.2 x 10-* 

B 
D- 

1 
1 
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Fill.    Forbidden Transitions — Continued 

No. 1 ransition 
Array 

Multiple! >.!Ä! fitem ') £/t(«m ') g> gk Type of 
Transition 

I 

/ih-teec"') Sfat.u.) Accu- 
racy 

Source 

4 i!J)o_,,,0 

(IF) 
572L2 34084 51558 6 4 in 0.0280 7.8 x 10-J 

C- 
5721.2 3-4084 51558 6 4 e 0.15 2.2 Ü 

[5721.21 34084 51558 6 2 e 0.088 0.64 D 
5733.0 34120 51558 4 4 m 0.0494 0.00138 C- 
5733.0 34120 51558 4 4 e 0.065 0.96 D 

[5733.01 34120 51558 4 2 in 0.0309 4.32 x 10-< c- 
[5733.0J 34120 51558 4 2 e 0.13 0.96 D     1 

i 

FIV. 
Ground Slat«' ls22.r2p2 3P0 

lonizaiion Potential 87.14 e\ = 703020 cm ' 

Allowed Transitions 

The results of calculations by Bolotin et a), [lj are listed. These authors have employed 
relatively simple wave functions and include the important eff.ets of configuration interaction in 
a crude manner. Thus, their results should be quite uncertain, but they ere nevertheless included 
since these transitions are expected to be among the strongest for this ion. 

Reference 

(lj Bolotin. A. B.. Levinson. I. B.. and Levin, L. I.. Soviet Phys.-JETP 2, ')\-395 (1956). 

F IV.   Allowed Transitions 

No. Transition |     Multi- Mk) fiilcm-'i £4.<cm M g> £A AkAW U .Slat, u.) log«/" Accu- Source 
Array plet sec '1 racy 

1 2.s-2/r- 
2.s2/>:| 

..|»_:.Do 67«./« 416 I47H:O 9 15 11 0.13 2.6 0.07 E 1 

[679.211 
[677.211 
[676.121 
[679.00! 
[677.151 
[678.94J 

613 
225 

V 

225 
613 

,47842 
147889 
147902 
147889 
147902 
147902 

5 
3 
1 
5 
3 
5 

1 

3 
5 
3 
3 

11 
8.5 
6.3 
2.8 
4.8 
0.30 

0.11 
0.097 
0.13 
0.020 
0.033 
0.0013 

1.2 
0.65 
0.29 
0.22 
0.22 
0.014 

-0.27 
-0.54 
-0.89 
-1.01 
-1.01 
-2.20 

E 
E 
E 
E 
E 
E 

Is 
Is 
Is 
Is 
Is 
Is 

2 »p_V° 572.OC 416 /' 75242 9 9 32 0.16 2.7 0.16 E 1 

15; 2.66| 
,571.371 
[572.64] 
[571.30] 
[571.39| 
[570.64] 

613 
225 
613 
225 
225 

0 

175237 
175242 
175242 
175264 
175237 
175242 

5 
3 
5 
3 
3 
1 

5 
3 
3 
1 
5 
3 

24 
8.3 

14 
33 
8.3 

11 

0.12 
0.041 
0.040 
0.053 
0.067 
0.16 

1.1 
023 
0.38 
0.30 
0.38 
0.30 

- 0.23 
-0.91 
-0.70 
-0.80 
- 0.69 
-0.80 

E 
E 
E 
E 
E 
E 

Is 
Is 
Is 
Is 
Is 
Is 

3 •P_-\S° 420.38 416 238297 9 3 180 0.16 2.0 0.16 E 1 

[420.73| 
[420.04] 
[419.64] 

613 
225 

0 

238297 
238297 
238297 

5 
3 
1 

3 
3 
•■>, 

too 
61 
20 

0.16 
0.16 
0.16 

1.1 
0.67 
0.22 

-0.10 
-0.31 
-0.80 

E 
E 
E 

Is 
Is 
Is 

4 •D-'D° [491.00| 25241 228908 "J 5 86 0.31 2.5 0.19 E 1 

.) »D-'P0 [430.76] 25241 257390 5 3 130 0.21 1.5 0.02 E 1 

6 "S-'P0 [490.571 53544 257390 1 3 27 0.30 0.48 -0.53 E 1 
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Forbidden Transitions 

The adopted values represent the results ist' calculations by Garstang |1| and Naqvi [2], which 
are very similar in character. Garstang's evaluation of the quadrupole integral .>,, is considered 
the more refined one; therefore, the quadrupole line strengths are taken from his paper. The 
results for the magnetic dipole lines agree, except for the :,P— 'S transition. For this line, the 
important effects of configuration interaction are more appropriately taken into account by Gar 
stang's approach «if using the experimental term intervals, so that his values are used. (Further 
explanations are found in the general introduction.) 

References 

(!| Garstang. R. H., Monthly Notices K..y. Astron. Soc. Ill, 115-124 (1"51>. 
[2j Naqvi, A. M.. Thesis Harvard 11951). 

F IV.   Forbidden Transitions 

No. Transition 
Array 

Multi- 
ple! 

xi A) £i(<m •' Ek(vm ') gi £* Type of 
Transition 

/*«<»«*• ') .Stai.u.l \<<U- 

racy 
Source 

1 2p*-2p* 3p_3p 

{44.39 x 10*1 0.0 225.2 1 3 m 2.05 2.00 B 1.2 
! 16.30 x \(t>\ 0.0 613.4 1 5 e 5.0 x 10" '« 0.171 C 1 
[25.75 x: 10*] 225.2 613.4 3 5 in 7.39 x 10-* 2.50 B 1.2 
[25.75X10*1 225.2 613.4 3 5 t' 1.20.x It)1" 0.405 C 1 

2 SP-'D 
(1 F) 

[3960.71 0.0 25241 1 5 e 6.4 x 10« 1.9 x 10 -'■ 1) 1 
3996.3 225.2 25241 3 5 in 0.0342 4.05 X 10"4 C 1.2 
3996.3 225.2 25241 3 5 <* 2.1 X Kr5 6.4 x 10-■• D 1 
4059.3 613.4 25241 5 5 in 0.098 0.00122 r 1,2 
4059.3 613.4 25241 ,* .) »* 1.3 x 10-* 4.3 x 10-■• 1) ! 

3 3P-'S 
i 1875.5) 225.2 53544 3 1 in 1.10 2.69 x 10~» C 1 
! i889.3) 613.4 53544 5 1 <■ 0.0023 3.3 x It) s I) 1 

4 •D-'S 
(2F) 

3532.2 25241 53544 5 1 c 2.10 0.69 c ! 

Ground State 

lonization Potential 

Fv. 
•I.r2.s22/>2P°,2 

114.214 eV = 921450 cm ' 

Allowed Transitions 

The two available sources are quantum mechanical calculations by Bolotin and Yutsis [1| 
and Naqvi and Victor [2}. The important transitions covered by Bolotin and Yutsis are very sensi- 
tive to the effects of configuration interaction, which are inly approximately included in their 
calculations. For the result of Naqvi and Victor, obtained from the charge expansion method, an 
accuracy within 25"percent is indicated from comparisons of this work with other material for 
equivalent   transitions   within  this  isoelectronic  sequence. 
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F v.    Allowed Transitions 

No. Transition 
Array 

Multi- 
ple! 

\[k) Eiicm ') £*(cnr') ft gk A-flO" 
see1) 

/« S(ai.u.) log gf Accu- 
racy 

Source 

1 2.r2/>- -p _-l) f>5(>.22 4V? 152885 6 10 12 0.13 1.7 -0.10 E 1 
i-.Si./. 

[657.3.3] 74t-) 152876 4 6 12 0.12 1.0 - 0.34 E Is 
1654.03] 0 152898 2 4 10 0.13 0.57 -0.58 E Is 
[657.24] 746 152898 4 4 2.0 0.013 0.11 -1.29 E Is 

2 SP°_2S 507.44 797 197565 6 2 67 0.086 0.86 -0 29 E 1 

[508.08] 746 197565 4 2 44 0.085 0.57 -0.47 E Is 
1506.16] 0 197565 2 2 23 0.087 0.29 -0.76 E Is 

3 ~\>*—V 465.78 797 215192 6 6 100 0.33 30 0.29 E 1 

[465.98] 746 215348 4 4 85 0.28 1.7 0.04 E Is 
1465.37] 0 214881 2 2 67 0.22 0.67 -0.36 E Js 
|4f7.(Hl| 746 214881 4 2 33 0.054 0.33 - 0.67 E Is 
[464.36J 0 215348 2 4 17 0.11 0.33 -0.67 E Is 

1 3.s-('S)3/> -'S._ ;-l>° 2454.2 524751 565485 2 6 2.24 0.61 9.8 0.084 C 2 

[2450.7! 524751 565541 2 4 2.24 0.403 6.5 -0.094 C Is 
[2461.31 524751 565367 2 2 2.22 0.202 ,i.27 -0.394 C Is 

Forbidden Transitions 

Naqvi's calculation [1] of the one possible transition in the ground state configuration 2p is 
the only available source. The line strength should be quite accurate, since it does not sensi- 
tively defend on the choice of the interaction parameters. 

[1| Naqvi, A. M„ Thesis Harvard (1951). 

Reference 

F V.   Forbidden Transitions 

No. Transition 
Array 

Multiple! X(A) £j(cm ') Eiicm ') ft ftv Type of 
Transition 

4A,<SCC ') .Slat, u.) Accu- 
racy 

Source 

1 2/<-2/, apo_2p° 
13.40 X 104 0 746 2 4 rn 0.00373 1.33 B 1 

121 



F VI. 

Grounu Slate 

Ionization Potential 

IsWSu 

157.117 cV = 1267f>81 cm ' 

Allowed Transitions 

The results of the charge expansion calculations hy Naqvi and Victor (11 are utilized whenever 
comparison of this work with other data in the isoeleclronic sequence indicates a fair reliability 
of this material. Values for the 2s2p—2p2 transition array are available from the self-consistent 
field calculations by Weiss [2J. These calculations do not include the important effects of con- 
figuration interaction; hence, i'airly large uncertainties must be expected. The average oj the 
dipole length and velocity approximations [2] is adopted and accuracies within SO percent are 
indicated from comparisons possible for the first member of this isoelectronic sequence. 

References 

[1] Naqvi. A. M.. and Victor. G. A.. Technical Documentary Report No. KTl) TDR-63-3118 (1964). 
[2] Weiss, A. VV., private communication ll%4). 

Fvi.     Allowed Transitions 

No. Transition 
Array 

Multi let Al A) E;(cm ') £i(cm ') IT A AkA 10* 
see  ') 

fa .Slat, u.l W Kl Acc'ti- 
rac> 

Si.UICC 

1 2s'-2s(lS)2p •S-'F0 |535.21| 0 186841 1 3 48 0.62 1.1 - 0.20 E 1 

2 2s2-2s(-'S)3p !S-'P° [126.93| 0 737833 I 3 660 0.48 0.20 - 0.32 E 1 

3 2s2p-2p2 .ipo_;ip 646.27 971.52 -.".i'W) 9 9 25 0.16 3.0 0.15 I) 2 

[646.38] 
(646.101 
|648.52| 
[647.331 
1643.98] 
[645.02| 

97437 
96861 
97437 
96861 
96861 
96601 

252 U5 
251635 
251635 
251341 
252145 
251635 

5 
3 
5 
3 

1 

5 
3 
3 
1 
5 
3 

18 
6.3 

1!) 
25 
6.4 
8.3 

0.11 
0.039 
0.039 
0.052 
0.066 
0.16 

1.2 
0.25 
0.42 
0.33 
0.42 
0.3.3 

- 0.25 
-0.93 
-0.71 
-0.81 
-0.70 
-0.81 

1) 
I) 
1) 
I) 
I) 
I) 

Is 
Is 
Is 
Is 
Is 
Is 

4 1 P° —l D [1139.51 186841 274597 3 5 8.2 0.27 3.0 -0.10 I) ■> 

5 tp°_>S [651.11] 186841 340424 3 1 26 0.054 0.35 -0.79 I) 2 

6 2.s3.s-2.sl2S)3p 'S-'P0 [4264.8| 764392 787833 1 3 0.326 0.267 3.75 -0.57 C 1 

Forbidden Transitions 
Naqvi's calculations [1] are the only available source.    The results lor the 'P0_:!P° transitions 

are essentially independent of the choi*e of th? interaction parameters.    For the ',P0— 'P° tran- 
sitions. Naqvi uses empirical term intervals, i.e.. the effects of configuration interaction should 
be partially included. 

Reference 
1) Naqvi, A. M., Thesis Harvard 11951). 
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Fvi.    Forbidden Transitions 

No. Transition 
Array 

Multiple! k(k) £,icm 'i frietti-'l 

  

A'i fin Typt* ef 
Transition 

-n,<s<v  '1 .Slat, v..) Arcu- 
ricy 

SOUK T* 

1 2s>i>- -|»o _3po 

2sl-Si2/> [38.5 x li/j 96601 96861 1 3 m 3.16 x 10 4 2.00 B 1 
[17.36 x l{r»| 96861 97437 3 5 in 0.00258 2.50 B 1 

■) ap»_ ij>° 

1108 2j 96601 136841 1 3 m 0.268 -,',05 x 10s C 1 
1111.41 96861 186841 3 3 in 44.2. 0.0068 c 1 
1118.5J 97437 186841 5 3 in 0.324 5.1 x 10s C 1 

Ground State 

Ionizatiun Potential 

Fvil. 

AUowed Transitions 

Ls22s2S„2 

185.139 eV = 14936.56 cm1 

List of tabulated lines: 

h 
Is 
Is 
Is 
Is 
Is 

Wavelength [A] No. Wavelength [A] No. Wavelength [A] No. 

86.732 3 127.81 5 890.762 1 
97.262 6 134.71 4 
97.354 6 134.88 4 3246.6 7 

112.94 2 3276.6 7 
112.98 2 335.17 8 7958.9 11 

391.73 10 9524.8 9 
127.65 5 392.16 10 9702.3 9 
127.80 5 883.097 1 

9787.8 9 

For F VII, an ion of the Lithium sequence, theoretical data from the self-consistent field calcu- 
lations by Weiss [1] and the variational calculations by Flannery and Stewart [2], both done in the 
dipole length and velocity approximations, as well as an experimental result from the lifetime 
measurement of Berkner et a!. [3j, are available. The agreement for the 2s~2p transition, which 
is covered by all three methods, is within an impressive 10 percent. Errors smaller than 25 percent 
are estimated from the close agreement between the dipole length and velocity approximations. 
The dipole length values are chosen. 

References 

|1] Weiss, A. W„ Asirophys. J. 138, 1262-1276 UV63). 

[2| Flannery, M. R., and Stewart, A, L, Monthly Notices Roy. Astron. Soc. 126, 387-392 <1%3). 
[31 Berkner, K. H., Cooper, W. L., Kaplan, S. N„ and Pyle  R. V.. Phys. Letters 16, 35 (1965). 
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F Mi.    Allowed Transitions 

No. Transition 
Array 

Multi- 
ple! 

A(Ä> tilcra-1) £k(cm ') £. gk 
sec ') 

A .S(at.u.) 1"*: (0 Accu- 
racy 

Source 

i 2s-1,, 2S_,p 88.5.M 0 mm 2 6 4.77 0.168 0.981 - 0.473 B 1.2.3 

833.097 
890.762 

0 
0 

113238 
112263 

2 
2 

4 
2 

4.81 
4.69 

0.112 
0.0558 

0.654 
0.327 

- 0.648 
- 0.953 

B 
B 

Is 
Is 

— •2s-S» JS_,po //2.95 0 885324 2 6 499 0.286 0.213 - 0.242 B + 1.2 

[112.94) 
[112.98) 

0 
0 

885418 
885136 

2 
2 

4 
2 

499 
499 

0.191 
0.0954 

0.142 
0.0710 

-0.418 
-0.719 

B + 
B + 

Is 
Is 

3 2s-\p * 
2S-2P° [86.7321 0 1152977 2 6 214 0.0725 0.0414 - 0.839 C + ■> 

4 2p-3s 2po_2S 134.82 112913 854625 6 2 264 0.0240 0.0638 - 0.842 C-f 1.2 

[134.88] 
[134.71) 

113238 
112263 

854625 
854625 

4 
2 

2 
2 

175 
88.3 

0.0239 
0.0240 

0.0425 
0.0213 

-1.019 
- 1.319 

c: + 
<: + 

Is 
Is 

5 2p-3d 2P°_2D 127.75 112913 895686 6 10 1630 0.666 1.68 0.602 B 1 

|127.80| 
[127.651 
[127.811 

113238 
112263 
113238 

895722 
895632 
895632 

4 
2 
4 

6 
4 
4 

1630 
1360 
272 

0.600 
0.666 
0.0665 

1.01 
0.560 
0.112 

0.380 
0.125 

- 0.575 

B 
B 
B 

Is 
Is 
Is 

6 2/>-4s 2p°„2S 97.32:1 11291.1 1140416 6 2 99 0.00468 0.0090 - 1.55 c 2 

[97.354) 
[97.262] 

113238 
112263 

1140416 
1140416 

4 
2 

2 
2 

66 
33.0 

0.00-168 
0.00468 

0.(ro60 
0.003(H) 

-1.73 
- 2.028 

<; 
C 

Is 
Is 

"7 
7 3s-3p 2S-2P 3256.5 854C25 885324 2 6 0.604 0.;'88 6.18 - 0.239 B + 1.2 

[3246.6) 
[3276.6] 

854625 
854625 

885418 
885136 

2 
2 

4 
2 

0.610 
0.593 

',193 
ÜMS5 

4.12 
2.06 

-0.414 
-0.719 

B + 
B + 

Is 
Is 

8 3s-4p 2§_2po [335.17] 854625 1152977 2 6 63.7 0.322 0.710 -0.192 B 2 

9 3/>-3r/ 2p°_2D 9648.0 88.5.72* 895686 6 10 0.0186 0.0432 8.23 -0.587 B 1 

[9702.31 
[9524.81 
[9787.8J 

885418 
885136 
885418 

895722 
895632 
895632 

4 
2 
4 

6 
4 
4 

0.0183 
0.0161 
0.00297 

0.0387 
0.0437 
0.00426 

4.94 
2.74 
0.549 

-0.811 
-1.059 
-1.769 

B 
B 
B 

Is 
Is 
Is 

10 3/r4i 2po_2S 392.02 885324 1140416 6 2 58.3 0.0448 0.347 -0.57! B 2 

[392.16] 
1391.73] 

885418 
885136 

1140416 
1140416 

4 
2 

2 
2 

38.8 
19.5 

0.0447 
0.0450 

0.231 
0.116 

-0.747 
-1.046 

B 
B 

Is 
Is 

11 4s - 4/» ■ s;_2po 

1 

j 7958.9] 1140416 !152977 2 6 0.140 0.399 20.9 - 0.098 

   

B 2 
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Ground S'ate 

lonization Potential 

F Vlll. 
Is2 'So 

953.60 e\= 7693400 cnr1 

Allowed Transitions 

The results of extensive non-relativistic variational calculations by Weiss [1] are used. Values 
have been calculated in both the dipole length and dipole velocity approximations and agree to 
within 1 percent, except for the 3/; 'P°—3d lD transition where agreement is not as good. The 
average of the two approximations is adopted [1]. 

Reference 

[1] Weiss, A. W., private communication (19641. 

Fvm.    Allowed Transitions 

No. Transition 
Array 

Multiple) A(A) Eifern 'I Ekicm1) A'. A .-/*,( 10" see-') h Slat.ü.) log«/" Accu- 
racy 

Source 

1 l.r- 'S-'P° 116.807) 0 59499«) 1 3 5.59 X W 0.710 0.0393 -0.149 A 
Ii2/) 

2 l.s-- 
ls3/> 

iS —'P° [! 4.458| 0 6916590 1 3 1.57 X W 0.148 0.00704 -0.830 A 

3 \s2s- 'S-'P0 [2149.9] [5903400] 5949900 1 3 0.288 0.0599 0.424 -1.223 A 

I \s2s- 
b3/> 

■S-'f'0 198.6981 [5903400] 6916590 1 3 o67 0.380 0.123 -0.420 A 

.) !.s2/;- 
IsM 

i.s.V- 
ls.3/> 

'l,0-'D [103.80! 5949900 ]6913300] 3 5 2610 0.703 0.721 0.324 A 

6 'D-'P° [30390]? [69133(H)] 6916590 5 3 8.52 X 10"4 0.00708 3.54 -1.451 C + 

i \s2s- 
1 c'}>. 

»S—3P [1422.9] 15829640) [5899920] 3 9 0.915 o.oa33 1.17 - 0.602 A 

8 
1 sZ/i 

I.S2.S- 
l.s.i/, 

3S_»p<- [93.213] (58296401 [69024501 3 9 914 0.35? 0.329 0.030 A 

9 \s2p- 
l.v.W 

,ip^_3D [98.7,56] [5899920] 6912520 9 15 2750 0.669 1.96 0.780 A 

10 ls3/>~ :1|>o_.tr) [9927.81 [69024."0| 6912520 9 15 0.0133 0.0327 9.62 -0.531 A 
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NEON 

i\e I. 

Ground State 

Ionization Potential 

W2s*2p« !S„ 

21.559 eV =173932 cm ' 

Allowed Transitions 

List of tabuif»*"^ lines: 

Wavelength [A] No. Wavelength (Ä] No. Wavelength [Ä| No. 

735.89 2 6717.04 6 2370Q 14 
743.70 1 6929.47 6 23956 16 

3454.19 t 7032.41 3 24249 16 
3472.57 7 7173.94 6 24339 13 
3520.47 8 7245.17 4 24365 14 

5852.49 6 7438.90 5 25524 13 
5881.90 3 7488.87 9 25855 16 
5944.83 3 a377.61 10 26861 14 
5975.53 3 8495.36 11 27521 15 
6030.00 4 8654.38 12 28533 16 

6074.34 4 18210 14 28744 16 
60%. 16 4 19577 13 29714 16 
6128.45 4 19772 13 31860 15 
6143.06 3 20350 14 33511 16 
6163.59 5 20354 14 

6217.28 3 20565 14 
6266.50 5 21041 16 
6304.79 4 21708 14 
6334.43 3 22530- 13 
6382.99 4 22662 13 

6402.25 3 23100 15 
6506.53 4 23260 13 
6532.88 5 23373 15 
6598.95 6 23565 14 
6678.28 6 23636 13 

In the vacuum uv region data are available for the two transitions of the 2/> — 3s array. They 
have been obtained experimentally from lifetime measurements by Schütz [1], Phelps [2], Korolev 
et al. [3], and theoretically from SCF calculations including exchange effects by Gold and Knox [4j. 
In the experiments only one of the two lines is obtained directly whereas the other one is derived 
using Shortley's [5] calculated intensity ratio. Since the total spread between the results is within 
a factor of two, uncertainties within 2r> percent (class ('.) an- estimated for the averaged values. 

Extensive experimental work [6, 7| has been done on the lines of the prominent 3s — 3/> transi- 
tion array. Ladenburg and Levy, and Pery-Thorne and Ghamberlain have used the method of 
anomalous dispersion; Doherty and Friedrichs measured absolute emission intensities, the former 
with a conventional shock tube, the latter with a stabilized arc; with a discharge tube Garbuny 
determined relative intensities in emission and Krebs in absorption. Relative /-values have Leen 
obtained from the following procedure: the results of the three emission experiments (by Garbuny, 
Doherty, and Friedrichs) have been employed to obtain the line strengths within the groups of lines 
with the same upper but different lower levels, since for these cases errors are obviously minimized. 
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Analogously, the absorption measurements of Krebs and the anomalous dispersion measurements 
of Ladenburg and Levy, and Pery-Thorne and Chamberlain have supplied the most accurate 

relative /-values for lines starting with the same lower level but ending in different upper levels. 
The averaged emission and absorption data have then been combined in a least squares fit pro- 
cedure to obtain a best sei of relative data. It turns out that this set fits most of the original data 
and the /-file sum rule within 10 percent, but a few deviations of 30 percent are encountered. 

Absolute values have been obtained by employing the results of recent extensive lifetime 
measurements of the 3p levels undertaken by Klose [7] with a delayed coincidence technique. 
An averaged conversion factor has been obtained from fitting the levels p\. /)■>. p&, p,;, o-, pg, andp9 

which were measured by Klose with a high degree of precision. The averaged conversion factor 
has a standard deviation of only 6 percent. Accuracies within 10 percent for most absolute/-values 
are indicated (a) from the high experimental precision obtained by Klose which is usually within 
4 percent, (b) from the good consistency of the data with the/-file sum rule, (c) from the excellent 
agreement of the total line strength for this transition array, which is 224, with a value of 23) 
obtained from the Coulomb approximation, and id) from the very good agreement of Kiosk's life 
time results with some preliminary lifetime data by Bennett et al. [8j. 

For a few lines of the 3s — 4p array, Klose's lifetime data for 4p levels could be utilized to derive 
transition probabilities. However, these canr.oi be considered as accurate as before because the 
contribution of the respective 4s—4p transition to the lifetimes could be only approximately taken 
into account using the data discussed immediately below. 

The Coulomb approximation has been applied for obtaining an absolute scale for the 4s —4p 
array. For the breakdown into individual lines the intermediate coupling calculations of Ufford 
110| are available. The latter are estimated to be not too reliable, since similar calculations by Short- 
ley [5] for the 3s —3p array, as judged from the many experimental comparisons, have had only a 
fair degree of success. 

From Doherty's [9] shock tube experiment some further material is available for the 3p —3J 
array. His absolute values have been renormalized by using the same conversion factor as that 
for his values of the 3s — 3p array. 
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INel.   Allowed Transitions 

No. Transition 
Array 

Transition X(A) £,km ') A'Atcm ') g> A AuiW 
sec  'I 

/.* •S'lat.u.» log ft/ Accu- 
racy 

Source 

I 2/>8- 
21**1*,, & 

'S-[lV2r 
ll uvl 

743.70 0 134461 1 3 0.476 0.0118 0.0290 -1.93 C 1.2.3, 1.5 

2 2/..«- 
2p5(2P?, )3.s' 

!s-(v2r 
(2 uv) 

735.89 0 135891 1 3 6.64 0.162 0.392 -0.79 <: 1.2.3. 1.5 

3 2p53s- 
Vr-'P,0,,,).^ 

ID 

(lVa]°-[ Vt| 

flV2f-[2Val 
llV»J°-llVil 
[lVtP-|lVi| 
[lV*r-[ V2) 

7032.41 

64112.25 
6334.43 
6217.28 
6143.06 

134044 

134044 
134044 
134044 
134044 

148260 

149659 
149826 
150124 
150318 

5 

5 
5 
5 
5 

3 

7 
5 
3 
5 

0.192 

0.433 
0.136 
0.0777 
0.216 

0.0854 

0.373 
0.0818 
0.0270 
0.122 

9.89 

39.3 
8.53 
2.76 

12.4 

- 0.370 

0.270 
- 0.388 
- 0.869 
-0.214 

B- 

B 
B- 
B- 
B- 

6/1. 7 

6/1. 7 
6/1. 7 
(vi. 7 
Un. 7 

2/;5(2Ff.I)3'i- 
2/;

s(2P°1 )3// 
111 

[iv»f-[iy*i 
|ivar-[ivi] 
[ivtr-i v2j 

5975.53 
5944.83 
5881.90 

134044 
134044 
134044 

150774 
150860 
151040 

5 
5 
5 

3 
5 
3 

0.1U33 
0.105 
0.128 

0.0139 
0.0556 
0.0398 

1.37 
5.44 
3.86 

- 1.158 
-0.556 
-0.70! 

B- 
<: + 
B- 

Un. 7 
6/1. 7 
Un. 7 

4 2/;53s- 
2/A2r*  )3p 

(3) 

[1V2P-I V2I 

[iy«r—I2y«i 
[1V2|°-[1V2| 
[iv»r—[iy*i 
ll'/il0-! Vtl 

7245.17 

6506.53 
6382.99 
6304.79 
6074.34 

134461 

134461 
134461 
134461 
134461 

148260 

149826 
150124 
150318 
150919 

3 

3 
3 
3 
3 

3 

5 
3 

.5 
1 

0.0977 

0.232 
0.279 
0.0507 
0.617 

0.0769 

0.245 
0.170 
0.0504 
0.114 

5.50 

15.8 
i0.7 
3.14 
6.83 

-0.637 

-0.1.33 
-0.291 
-0.821 
-0.167 

B- 

B- 
B- 
B- 

Un. 7 

6/1. 7 
6». 7 
6/1. 7 
Un. 7 

2//VPf.„)3s- 
2/rH'R:; )3// 

(3) 

IV2I0 —[1V2 

ivir-iiv» 
lVrj0-! Vt 

6128.45 
6096.16 
6030.00 

134461 
134461 
134461 

150774 
150860 
151040 

3 
3 
3 

3 
5 
3 

0.0327 
0.169 
0.0627 

0.0184 
0.157 
0.0342 

1.11 
9.45 
2.04 

- 1.258 
- 0.327 
-0.989 

B- 
C + 
B- 

6/1. 7 
6/1. 7 
6«. 7 

5 2ps(2P!/, >.V- 
2ps(*P^ )3p 

(5) 
l yif-iivi] 

7438.90 
6532.88 

134821 
134821 

148260 
150124 

1 
1 

3 
3 

0.0292 
0.128 

0.0727 
0.246 

1.78 
5.28 

-1.139 
-0.610 

B- 
B- 

6//. 7 
Un. 7 

2p53s'- 
2/>¥P,°, Yip' 

(51 

s vtr-iivt] 
[ Vzf-t V.1 

6266.50 
6163.59 

134821 
134821 

150774 
151040 

! 
1 

3 
3 

0.223 
0.160 

0.394 
0.273 

8.13 
5.55 

- 0.405 
- 0.563 

B- 
B- 

Un. 7 
6/1. 7 

6 2^>H2Pl^)■^s■- 
2/>s(2P^ 13/, 

(6) 
2//\V- 

2/>VP,°2 >3// 
(6) 

[ V2]°-[2V2| 
i v»r-iiv»] 

7173.94 
6929.47 

135891 
135891 

149826 
150318 

3 
3 

5 
5 

0.0365 
0.190 

0.0469 
0.228 

3.33 
15.6 

-0.851 
-0.165 

B- 
B- 

Un. 7 
6/1. 7 

1 v«r-iivi] 
I v«r-[]Vtj 
1    V2|°-[    V2| 
I V2I0 -[ V»] 

6717.04 
6678.28 
6598.95 
5852.49 

135891 
135891 
135891 
135891 

150774 
150860 
151040 
152973 

3 
3 
3 
3 

3 
5 
3 
1 

0.234 
0.238 
0.251 
0.719 

0.158 
0.265 
0.164 
0.123 

10.5 
17.5 
10.7 
7.11 

- 0.323 
- 0.099 
- 0.308 
- 0.433 

B- 
C + 
B- 
B 

Un. 1 
Un. 7 
6«. 7 
Un. 7 

7 2/>53s- 
2p5(2P,^)4/, 

[lV2]°-!2'/2| 
(lVl|°-|    V2| 

3472.57 
3454.19 

134044 
134461 

162833 
163403 

5 
3 

7 
1 

0.099 
0.085 

0.025! 
0.0051 

1.44 
0.173 

- 0.90 
-1.82 

C 
C i 

8 2i>*:w- 1 v»r-i vi 3520.47 135891 164288 3 1 0.073 0.00449 0.156 - 1.87 c 7 
2//'(-P^ >4// 

1) 
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Nel .   Allow« -d Transit ons — Continued 

No. 
1 

Transition         Transition \(A) £,<<m ') Ekicm ') P £* 

- - - -        | 

S(at.u.l l«»g«/" Accu- Source 
Array sec 'I racy 

9 2/**3/.- ! v»j-iiv«r 7488.87 11Ö260 161609 3 5 0.349 0.489 36.2 0.166 C 9« 

10 |2Va|-|3Va]° 
(121 

8377.61 149659 161592 7 9 0.51 0.69 134 0.69 C 9a 

11 |2Vt|-|3Vtr 
(18) 

8495.36 149826 161594 5 7 0.357 0.54 76 0.432 c 9/i 

12 2/,'V- 
2/-f-l'Vi >3//' 

[I'/2j-|2V2| 
(33l 

8654.38 150860 162412 5 7 0.445 0.70 UK) 0.54 i: 9/1 

i:>. 2/.H.V- 
2j*,I?liH/> 

(IViP-| Vil 
iiv«r—i2v»] 

[lVaf—UVaJ 
iivtr-iivti 

(255241 
[23636] 
|23260] 
122662] 
[22530| 

158603 
158603 
158603 
158603 
158603 

162520 
162833 
162901 
163015 
163040 

5 
5 
5 
5 
5 

3 
7 
5 
3 
5 

0.012 
0.057 
0.0025 
0.0058 
0.037 

0.073 
0.67 
0.020 
0.027 
0.28 

31 
260 

7.8 
10 

100 

-0.44 
0.52 

-0.99 
-0.87 

0.15 

D 
D + 
D 
D 
D 

10/1. ca 
10/1. ca 
10/1. ca 
10/1. ca 
10/1. <<i 

2/;'r-'P|C.j4.v- 
2/iW, 14// 

[lVa]°-[lVa] 
(IVaP —|lVal 
[ivtr-i vt] 

119772] 
[24339] 
|19577| 

158603 
158603 
158603 

163659 
163711 
163710 

5 
r 5 
5 

3 
5 
3 

0.0052 
0.021 
0.058 

0.018 
0.18 
0.20 

5.9 
73 
64 

-1.04 
-0.04 
-G.00 

D 
D 
D 

lOn. ca 
10/1. ra 
10/1. ra 

14 2/»54s- 
2p5(2PT,/J)4/) 

[ivir-i v.] 
[ivir-i2Vti 
[lVa]°-[lVa] 
[lV«r —[IVal 
[iv*r-i v*i 

126861] 
124365] 
123709] 
|23565| 
|21708| 

158798 
158798 
158798 
158798 
158798 

162520 
162901 
163015 
163040 
163403 

3 
3 
3 
3 
3 

3 
5 
3 
5 
1 

0.015 
0.0015 
0.0019 
0.021 
0.068 

0.16 
0.022 
0.016 
0.29 
0.16 

43 
5.2 
3.1 

68 
34 

-0.31 
-1.19 
-1.32 
-0.06 
-0.32 

D 
D 
D 
D 
D + 

10/1. ra 
10«. ra 
10/1. r« 
10/1. ra 
10/1. ca 

2//¥PW4s- 
2/>5(2P?s 14// 

tivtr-tivi] 
[lVsT-IlVi] 
[iv«r-i v.] 

]20565| 
[20350] 
[203541 
[18210] 

158798 
158798 
158798 
158798 

163659 
163711 
163710 
164289 

3 
3 
3 
3 

3 
5 
3 
1 

0.026 
0.054 
0,025 
0.0087 

0.16 
0.56 
0.15 
0.014 

33 
110 
31 
2.6 

-0.31 
0.22 

-0.34 
-1.36   1 

D 
D 
D 
D 

10/1. ca 
10/1. ra 
10«. ru 
10/1. ra 

15 2/<¥P?i )4s'- 
2/^*^)4/. 

i v*r-i vii 
I vir-fivij 

(31860] 
[27521] 

159382 
159382 

162520 
163015 

1 
1 

3 
3 

0.0054 
0.0075 

0.25 
0.26 

26 
23 

-0.61 
-0.59 

D 
D 

10/1. ra 
10/1. rn 

2/>Ms'- 
2//5(2P?/2 )4// 

1 V2]°-[1V2] 
! v«r-i vti 

[23373] 
[23100] 

159382 
159382 

163659 
163710 

1 
1 

3 
3 

0.027 
0.0055 

0.67 
0.13 

52 
10 

-0.17 
-0.88 

D 
D 

10/1. ra 
10/1. ra 

16 2pW,)4s'- 
2/)¥P,°i„)4/> 

[ ViM V»] 
i v.r-[2Vt] 
i y*r-iiv.i 
i v*r-tiv«j 
[ Va]°-[ Va] 

[33511) 
129714] 
128744] 
[28533] 
[25855] 

'.59537 
159537 
159537 
159537 
159537 

162520 
162901 
163015 
163040 
163403 

3 
o 
3 
3 
3 

3 
5 
3 
5 
1 

0.0020 
0027 
0.021 
0.0023 
0.0030 

0.034 
0.59 
0.26 
0.046 
0.010 

11 
170 

74 
13 
2.6 

-0.99 
0.25 

-0.11 
-0.86 
-1.52 

D 
D 
D 
D 
D 

I O/i. ca 
10/1. ca 
10«. ra 
10/1. ra 
10/1. ca 

2»54s'- 
2,/r-'P»jii// 

[ Vaf-UVa] 
1 VsP-l Va] 
1 V»r-| Va| 

]24249| 
|23956| 
|2!041| 

159537 
159537 
159537 

163659 
163710 
164288 

3 
3 
3 

3 
3 
1 

0.0095 
0.0029 
0.075 

0.084 
0.025 
0.17 

20 
5.9 

34 

- 0.60 
-1.12 
- 0.30 

D 
D 
Df 

10/1. ca 
10/1. ca 
10/1, fl! 
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Ne II. 

Ground State 

lonization Potential 

15*28*4)* 2Pf, •• 

41.07 eV-331350 cm-' 

Allowed Transitions 

List of tabulated lines: 

Wavelength [A] No. Wavelength [A] No. Wavelength IÄ] No. 

460.725 1 3166.2 4 3357.90 24 
402.338 1 3169.30 28 3360.63 3 

2846.4 23 3173 58 25 3362.89 24 
2853.5 l 3176.16 28 3367.05 24 
285C.0 22 3187.60 4 3367.20 31 

2870.0 19 3188.74 26 3371.87 34 
2873.0 22 3190.86 25 3374.10 24 
2876.4 22 3194.61 28 3378.28 13 
2876.5 19 3198.62 25 3379.39 24 

3198.88 25 3386.24 24 

2878.1 23 3208.3 27 3388.46 31 
2888.4 19 3208.99 26 3390.56 24 
2889.0 20 3209.38 28 3392.7 34 
2891.5 22 3213.70 25 3392.78 13 
2895.0 19 3214.38 26 3393.2 33 

2896.3 7 3217.4 28 3397.5 31 
2897.1 19 3218.21 25 3414.82 32 
2906.8 22 3220.0 27 3416.87 33 
2907.7 20 3230.16 16 3417.71 32 
2910.4 19 3230.5 16 3453.10 33 

2916.2 21 3231.97 16 3456.68 40 
2925.7 22 3232.3 28 3463.1 12 
2933.7 2! 3232.38 16 3475.25 46 
2934.3 20 3243.34 27 3477.69 33 
2935.3 21 3244.15 26 3479.5 17 

2951.1 21 3248.15 27 3480.8 17 
2953.0 21 3255.39 35 3481.96 11 
2955.7 6 3263.43 27 3503.61 40 
3001.65 6 3269.86 27 3522.72 46 
3015.7 5 3270.79 3 3538.3 12 

3017.34 18 3297.74 3 3542.90 45 
3027.04 18 3309.78 13 3544.2 30 
3028.7 18 3310.55 35 3546.22 39 
3028.84 6 3311.30 3 3551.2 37 
3034.48 18 3314.60 34 3554.39 30 

3037.73 18 3319.75 15 3557.84 11 
3045.58 18 3320.29 24 3561.23 42 
3047.57 18 3323.75 13 3565.84 45 
3054.69 18 3327.16 3 3568.53 14 
3097.5 29 3329.20 24 3571.26 42 

3113.02 28 3330.78 31 3574.23 14 
3132.22 25 3334.8 34 3574.3 39 
3135.8 29 3334.87 3 3574.64 14 
3135.82 4 3344.43 3 3590.47 43 
3136.5 4 3345.49 15 3594.18 45 

3151.16 28 3345.88 24 3612.35 38 
3154.82 2ft 3345.88 15 3628.06 51 
3160.0 29 3353.36 35 3632.75 44 
3164.46 25 3355.05 3 3643.89 10 
3165.70 25 3356.35 32 3644.86 51 
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Allowed Transitions—Continued 
  

Wavelength (A| No. Wavelength [A| No. Wavelength [A] No. 

3659.93 44 3790.96 41 4290.40 34 
3664.09 2 3800.02 49 4323.3 53 
3679.80 51 3806.30 41 4346.9 54 
3694.22 2 3818.44 49 4365.72 54 
3697.09 51 3829.77 49 4369.77 53 

3701.81 50 3903.9 9 4379.50 53 
3709.64 2 3942.3 9 4385.00 53 
3713.09 10 3999.5 9 4391.94 54 
3721.86 47 4217.15 52 4397.94 53 
3726.9 50 4219.76 52 4409.30 54 

3727.08 10 4220.92 52 4413.20 54 
3732.7 47 4224.75 52 4428.54 54 
3734.94 2 4231.60 52 4430.90 53 
3744.66 50 4234.3 52 4441.1 8 
3751.26 2 4239.95 52 4442.67 53 

3753.83 48 4242.20 52 4446.46 53 
3754.9 36 4249.2 54 4492.4 54 
3766.29 2 4250.68 52 4502.52 53 
3776.9 41 4257.82 52 
3777.16 2 4280.3 53 

Aside from the multiplet 2s22p52P° — 2s2p6IS in the vacuum uv for which a quantum mechani- 
cal calculation (screening approximation) has .been carried out by Varsavsky [1], the main source 
of theoretical information on the spectrum are the extensive calculations by Garstang [2] for lines 
of the 3s—3p and 3/> — 3rf arrays. He has calculated the relative line strengths under the assump- 
tion of intermediate coupling and has used the Coulomb approximation to obtain the transition 
integrals for the absolute values. However, for the 3.s —3p array Koopman's [3] relative line 
strengths obtained from intensity measurements with an electrically driven shock tube agree with 
LS-coupling better than with the intermediate coupling values. Therefore, Koopman's relative 
values are averaged with LS-coupling results and put on an absolute scale by using the Coulomb 
approximation. On the other hand, comparison with the very incomplete experimental intensity 
data (3j for the 3/; —3c/ array indicates that intermediate coupling fits much better here than LS- 
coupling and gives in may cases drastic improvements. Thus Garstang's results are exclusively 
used for this array as well as for all intercombination lines. Some lines marked D- should be 
considered inferior in quality to the rest, since Garstang finds them very sensitive to the choice 
of parameters. 

In addition, the /-values for the three strongest multiplets of the 3d—4/ array have been cal- 
culated with the Coulomb approximation using LS-coupling for the multiplet components. 

References 
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Ne II.   Allowed Transitions 

No. Transiti- . Multi- X(A) feilem !t rulcm  '1 fr gk Aki\ 10* /* ><at.u.l 

"1 

In-: f(l   Aivu Source 
Array plel S«T    'I racy 

1 2s22p5- 
25-// (1 uv) 

461.28 260.07 217050 6 -2 310 0.33 3.0 0.29 E 1 

460.725 0.00 217050 4 2 210 0.33 2.0 0.12 K Is 
462.388 782 217050 2 2 100 0.33 1.0 -0.18 K Is 

2 2/>43s- 
2/>4(3P)3/> 

<p_4p° 

(1) 
3717.2 219442 246337 12 12 1.3 0.27 39 0.50 1) ru 

369-4.22 219133 246195 6 6 0.96 0.20 14 0.07 1) 3, Is 
3734.94 219651 246417 4 4 0.20 0.041 2.0 -0.78 1) 3, Is 
3751.26 219950 2466(H) 2 2 0.19 0.039 0.98 -1.10 1) 3, Is 
3664.09 219133 246417 6 4 0.67 0.090 6.6 -0.27 D :;. Is 
3709.64 219651 246600 4 2 1.1 0.11 5.6 -0.34 1) 3, Is 
3766.29 219651 246195 4 6 0.32 0.10 5.0 - 0.39 1) 3, Is 
3777.16 219950 246417 2 4 0.43 0.18 4.6 -0.43 I) 3. Is 

3 4P_*D° 3336.8 219442 249402 12 20 1.8 0.51 67 0.79 I) ca 
(2) 

3334.87 219133 249111 6 8 1.8 0.41 27 0.39 U 3. Is 
3355.05 219651 249448 4 6 1.3 0.33 15 0.13 D 3, As 
3360.63 219950 249698 2 4 0.73 0.25 5.5 -0.30 1) 3. Is 
3297.74 219133 249448 6 6 0.53 0.087 5.7 -0.28 1) 3. Is 
3327.16 219651 24% 18 4 4 0.98 0.17 7.0 -0.17 D 3. Is 
3344.43 219950 249842 2 2 1.5 0.25 5.6 -0.30 1) 3. Is 
3270.79 219133 249698 6 4 0.12 0.013 0.85 -1.1! D 3. Is 
3311.30 219651 249842 4 2 0.30 0.023 1.0 -1.04 I) 3. Is 

4 4P_2Do 

(3) 
3135.82 219133 251013 6 6 0.0065 9.6 x 104 0.059 -2 1% L) 2 

I3136.5| 219651 251525 4 4 0.M49 7.2 x lO"4 0.030 -2.54 !) 2 
3187.60 219651 251013 4 6 0.016 0.0036 0.15 -1.84 1) 2 

[3166.2) 219950 251525 2 4 0.0042 0.0013 0.026 - 2.60 I) 2 

5 *\> — 2S° 
[3015.7J 219651 252801 A 2 0.013 9.1 x 10-* 0.036 -2.44 D 2 

6 4P-4S° 
(4) 

2982.94 219142 252956 12 4 2.5 0.11 13 0.12 I) ca 

12955.7] 219133 252956 6 4 1.2 0.10 5.9 -0.22 I) 3. Is 
3001.65 219651 252956 4 4 0.78 0.11 4.2 - 0.37 I) 3. Is 
3028.84 219950 252956 2 4 0.57 0.16 3.1 - 0.50 I) 3. Is 

7 •«p — t\>° 
[2853.5] 219133 254167 6 4 0.025 0.0020 0.12 -1.91 I) 2 
[2896.3] 219651 254167 4 4 0.020 0.0025 0.096 -2.00 D 2 

8 *P_4p> 

[4441.1] 224089 2466(H) 4 2 ().(H)34 5.1 x 10 4 0.030 - 2.69 1) 2 

9 2[>_4Do 

[3942.3| 224089 249448 4 6 0.012 0.0041 0.21 -1.7'.' I) 2 
[3903.9] 224089 249698 4 4 8.4 x 10' 1.9 X lO4 0.0099 — 3.11 I) 2, 
[3999.5] 224702 249698 2 4 0.0037 0.0018 0.046 - 2.45 I) 2 

10 2p_-Do 

(5) 
3713.0 224293 251218 6 10 1.3 0.45 33 0.43 I) ca 

3713.09 224089 .5ilil3 4 6 1.3 0.40 20 0.21 I) 3. Is 
3727.08 224702 251525 2 4 1.0 0.43 11 - 0.07 I) 3, Is 
3613.89 224089 251525 4 4 0.23 0.046 2.2 -0.74 I) 3. Is 

11 
(6) 

3S06.9 224293 252801 6 2 1.5 0.095 6.6 -0.25 I) ca 

3481.96 224089 252801 4 2 1.2 0.11 5.0 - 0.36 1) 3. Is 
3557.84 224702 252801 2 2 0.37 0.070 1.6 - 0.85 I) 3, Is 
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Nell.   Allowed Transitions — Continued 

No. Transition 
Array 

Multi- 
[>lct 

A(Al £,(ein ') A"i(cm 'I A'< gk Akii 10" 
sec"') 

/» .S'lal.u.t l«»fi Kf Accu- Si 
rac-y 

>urct* 

12 *P-«S° 
13463.11 224089 2529.56 4 4 0.028 0.0051 0.23 -1.69 D 2 
[3538.3J 224702 2529.56 2 4 0.0090 0.0034 0.079 -2.17 D 2 

13 2|>_-'j»° 

(7) 
3341.8 224293 254209 6 6 1.8 0.30 19 0.25 D Ca 

3323.75 224089 254167 4 4 1.4 0.24 11 -0.02 D i, Is 
3378.28 224702 254294 2 2 1.3 0.23 5.1 0.34 D ijs 
3309.78 224089 254294 4 2 0.46 0.037 1.6 -0.83 D 1,1s 
3392.78 224702 254167 2 4 Ü.29 0.098 2.2 -0.71 D i. Is 

14 2/>43s'- 
2pVB)3p' 

2[)-2F° 
19) 

3571.1 246398 274392 10 14 4.3 0.36 42 0.56 D ca 

3568.53 246397 274411 6 8 1.3 0.33 24 0.30 D I. Is 
3574.64 246400 274367 4 6 1.3 0.37 18 0.17 D 1,1s 
3574.23 246397 274367 6 6 0.092 0.018 1.3 -0.97 D l,ls 

15 
MO) 

3336.9 246398 2 767*57 10 6 1.7 0.17 19 0.23 D CO 

3345.49 246397 276279 6 4 1.5 0.17 11 0.01 D 1,1s 
3319.75 246400 276514 4 2 1.7 0.14 6.2 -0.24 D I. Is 
3345.88 2464(H) 276279 ■X 4 0.17 0.028 1.3 - 0.95 D Us 

16 
; ' *; . 

3231.1 246398 277339 10 10 1.9 0.29 31 0.47 D ca 
1 i 11 

3230.16 246397 277346 6 6 1.8 0.27 18 0.22 D 1, Is 
3232.38 2464(H) 277328 4 4 1.7 0.26 11 0.02 D l,ls 
3231.97 246397 277328 6 4 0.19 0.020 1.3 - 0.93 D 1,1$ 

|3230.5| 2464(H) 277346 i 6 0.13 0.029 1.3 - 0.93 D l,ls 

17 V.v- 
2/<VSi3/(" 

2S-2P> 3480.3 276678 305403 2 6 1.6 0.86 20 0.24 D ca 

13480.81 276678 305399 2 4 1.6 0.58 13 0.06 D 1 
|3479.5| 276678 305409 2 2 1.6 0.29 6.6 -0.24 D 2 

18 
2/>VP)3r/ 

4|><=_4[) 

(8) 
3039.3 246337 279230 12 20 3.2 0.74 89 0.95 D ca 

3034.18 246195 279139 6 8 3.1 0.57 34 0.53 D 1 
3047.57 246417 27922! 4 6 1.8 0.37 15 0.17 D 2 
3054.69 246600 279327 2 4 0.93 0.26 5.2 -0.28 D 2 
3027.04 246195 279221 6 6 1.5 0.20 12 0.08 D 2 
3037.73 246417 279327 4 4 2.0 0.28 11 0.05 D 2 
3045.58 246600 279425 £. 2 2.5 0.35 7.0 -0.15 D 2 
3017.34 246195 279327 6 4 0.35 0.032 1.9 - 0.72 D 2 

13028.7] 246417 279425 4 2 0.84 0.058 2.3 - 0.64 1) 2 

19 4p°_f" 
|2897.11 246195 280703 6 8 0.042 0.0071 0.41 -1.37 D 2 
|2870.0| 246195 281028 6 6 0.11 0.014 0.77 -1.0? D 2 
|2876.5| 246195 280950 6 4 0.18 0.015 0.86 -1.04 D 2 
|2888.4| 246417 281028 4 6 0.015 0.0029 0.11 -1.94 D 2 
12895.0) 246417 280950 4 4 0.016 0.0021 0.079 - 2.08 D 2 
|2910.4| 2466(H) 280950 2 4 0.43 0.11 2.1 - 0.66 1) 2 

20 l|»o_»p 

[2934.31 246195 280264 6 8 0.0030 5.1 xlO •'' 0.030 -2.51 D 2 
(2907.71 246417 280799 4 6 0.039 0.007S 0.29 -1.52 I) 2 
12889.0] 246195 280799 6 6 0.015 0.0019 0.11 -1.94 I) 

21 Hi0-V 
12933.7] 246195 280271 6 6 0.068 0.0087 0.51 -1.28 I) 2 
(2916.21 246195 280476 6 4 0.047 0.0040 0.23 -1.62 D 2 
(2953.01 246417 280271 4 6 0.012 0.0023 0.089 -2.04 I) 2 
(2935.3) 246417 280476 4 4 0.032 0.0041 0.16 -1.79 D 2 
12951.1) 2466(H) 280476 2 4 0.023 0.0061 0.12 -1.92 D 2 
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Nell.    Allowed Transitions—Continued 

No. Transition 
Array 

Multi- 
ple! 

A(A) £,U-m') fulcra "i M> to. 
sec ') 

U Slal.u.) l><HKt Accu- 
racy 

I) 

Suurce 

22 •i[»°_*> 
28H0.2 24633? 281046 12 12 1.7 0.21 24 0.40 ra 

[2858.01 246195 281174 6 6 0.91 0.11 6.3 -0.18 D 2 

[2841.5] 246417 280992 4 4 0.097 0.012 0.47 -1.31 1) 2 
[2925.7) 246600 280770 2 2 0.52 0.067 i.3 - 0.87 1) 2 
(2873.0] 246195 280992 6 4 0.46 0.038 2.2 - 0.64 I) 2 
12906.8) 246417 280770 4 2 1.6 0.10 3.9 - 0.39 I) 2 

[2876.4| 246417 281174 4 6 0.84 0.16 5.9 -0.21 I) ■) 

[2906.8| 246600 28C992 2 4 0.75 0.19 3.6 - 0.42 I) 2 

23 4po_2p 

[2878.11 2466(H) 281335 2 2 0.067 0.0083 0.16 - 1.78 1) •> 

[2846.4J 2466(H) 281722 4 0.035 ().(H)84 0.16 - 1.77 I) 2 

24 
(12) 

III 5/ 7 240402 2?<mo 20 20 0.79 0.13 29 0.42 1) ra 

3329.20 249!11 279139 8 8 0.87 0.15 13 0.07 D 2 
3357.90 249448 279221 6 6 0.55 0.093 (,. 1 -0.26 1) 2 

3374.10 249698 279327 4 1 0.38 0.065 2.9 - 0.59 I) ■) 

3379.39 249842 279425 2 2 0.35 0.060 13 - 0.92 I) 2 
3320.29 219111 279221 8 6 0.13 0 017 1.5 -0.87 I) 2 

3345.88 249448 279327 6 4 0.22 0.024 l.o - 0.83 1) 2 

3362.89 249698 279425 4 ■) 0.30 0.025 I.I - 0.99 I) 2 
3367.05 249448 279139 6 8 0.035 0.0079 0.55 1.32 D 2 

3386.24 249698 279221 4 6 0.067 0.017 0.77 -1.16 D- ) 

3390.56 249842 279327 2 4 0.078 0.027 0.60 - 1.27 1) 2 

25 4D°-4F 
(13) 

3202.5 249402 2806/9 20 28 2.5 0.55 120 1.04 D ca 

3218.21 249111 280174 8 10 3.6 0.70 59 0.75 D 2 
3198.62 249448 280703 6 8 2.2 0.45 29 0.44 D 2 
3190.86 249698 281028 1 6 0.73 0.17 7.0 -0 18 D 2 
3213.70 249842 280950 2 4 1.8 0.56 12 0.05 L) 2 
3164.46 249111 280703 8 8 0.22 0.033 2.7 - 0.58 D 2 
3165.70 249448 281028 6 6 0.19 0.028 1.7 -0.78 [)- 2 
3198.88 249698 280950 \ 4 0.59 0.090 3.8 - 0.44 D- 2 
3132.22 249111 281028 8 6 0.022 0.0024 0.20 -1.72 D- 2 
3173.58 249448 280950 6 4 0.0017 1.7 x 10 * 0,011 - 2.98 D- ■■> 

26 4Do_2F 

(14) 
3208.99 249! H 280264 8 8 0.12 0.018 1.5 - 0.84 D 2 
3188.74 249448 280799 6 6 0.32 0.048 3.0 - 0.54 D- 2 
3154.82 249111 280799 8 6 0.0022 2.5 x 10 * 0.021 -2.70 D- 2 
3244.15 249448 280264 6 8 1.1 0.22 14 0.13 D 2 
3214.38 249698 280799 4 6 1.6 0.38 16 0.18 D- 2 

27 40°-^ 
(15) 

3243.34 249448 280271 6 6 0.18 0,029 1.8 -'J.76 D- 2 
3248.15 249698 280476 4 4 0.14 0.022 0.94 - ;.<)6 D 2 
3269.86 249698 280271 4 6 0.48 0.12 5.0 0.33 D- 2 
3263.43 249842 280476 2 4 0.36 0.12 2.5 - 0.64 I) 2 
[3222 j()| 249448 28()4~6 6 4 0.020 0.0020 0.13 - 1.92 1) 2 
(3208.3) 249111 280271 8 6 0.0091 0,0010 0.089 -2.07 1) 2 

2H 
(16) 

IU.WJ 149402 2HI04f> 20 12 0.39 0.035 7.2 -0.16 I) ra 

3118.02 219111 281174 8 6 0.11 0.013 1.0 -0.99 I) 2 
3169.30 219448 280992 6 4 o.:7 0.017 1.1 - 0.99 ()- 2 
[3217.41 249698 280770 4 2 0.13 0.0098 0.42 - 1.41 1) 2 
3151.16 249448 281174 6 6 0.066 0.0016 0.099 - 2.02 D- 2 
3194,61 249698 280992 4 4 0.14 0.021 0.088 -1.08 D- 2 
|3232.3| 249842 280770 2 2 0.033 0.0051 0.11 - 1.99 I) 2 
3176.16 249698 281174 4 6 0.034 0.0078 0.33 -1.50 I) 2 
3209.38 2198 42 280992 2 4 0.51 1 0.16 3.3 - 0.50 D- 2 
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Nell.   Allowed Transitions —Continued 
  

No. 

— — .  

Tratisiiion 
Array 

Mui'..- A (A) filCBI !) £\(cm ') gi gk AkiilV> 
sec ') 

S(at.u.) log «A Accu- 
racy 

Snurc 

29 <D°-2P 
13135.8! 
[3160.0] 
[3097.5] 

249842 
249698 
249448 

281722 
281335 
281722 

2 
4 
6 

4 
2 
4 

0.020 
0.019 
0.015 

0.(X)58 
0.0014 
0.0015 

0.12 
0.059 
0.089 

-1.94 
-2.25 
-2.06 

D 
D 
D 

2 
2 
2 

30 
2D°-<I) 

(18) 
3554.39 
[3544.2] 

251013 
251013 

279139 
27922! 

6 
6 

8 
6 

0.013 
0.0037 

0.0034 
7.0 x 10-« 

0.24 
0.049 

-1.69 
-2.38 

D 
D 

2 
2 

31 2D°-4F 
(19) 

3367.20 
3388.46 
3330.78 
[3397.5] 

251013 
251525 
251013 
25152a 

280703 
281028 
281028 
280950 

6 
4 
6 
4 

8 
6 
6 
4 

1.0 
2.0 
0.12 
0.049 

0.24 
0.51 
0.020 
0.0084 

16 
23 
1.3 
0.38 

0.15 
0.31 

- 0.93 
-1.47 

D 
D 
D 
D 

2 
2 
2 
2 

32 -IT-^F 
(20) 

3414.9 

341 -. 71 
3414.82 
3356.35 

251218 

251013 
251525 
251013 

280493 

280264 
280799 
280799 

10 

6 
4 
6 

14 

8 
6 
6 

1.4 

2.0 
0.41 
0.11 

0.34 

0.47 
0.11 
0.019 

38 

32 
4.8 
1.3 

0.53 

0.45 
- 0.37 
- 0.93 

D 

D 
D- 
D- 

ca 

2 
2 
2 

33 
(21) 

3431.3 

3416.87 
3453.10 
[3393.2] 
3477.69 

251218 

251013 
251525 
251013 
251525 

280.153 

280271 
280476 
280476 
280271 

10 

6 
4 
6 
4 

10 

6 
4 
4 
6 

0.85 

0.67 
0.59 
0.022 
0.34 

0.15 

0.12 
0.11 
0.0025 
0.091 

17 

7.9 
4.8 
0.17 
4.2 

0.18 

-0 15 
-0.38 
-1.82 
-0 44 

D 

D 
D 
D 
D- 

ca 

2 
2 
2 
2 

31 äD°-4P 
(22) 

3314.60 
3371.87 
13392.7] 
[3334.8] 

251013 
251525 
251525 
251013 

281174 
281174 
280992 
280992 

6 
4 
4 
6 

6 
6 
4 
4 

0.026 
0.12 
0.14 
0.030 

0.0042 
0.032 
0.025 
0.0033 

0.28 
1.4 
1.1 
0.22 

-1.60 
- 0.89 
-1.00 
-1.70 

D 
D  ; 
D 
D 

2 
2 
2 

35 200. .p 

123) 
3291.6 251218 281590 10 6 0.098 0.0095 1.0 -1.02 0 ca 

3255.39 
3353.63 
3310.55 

251013 
251525 
251525 

281722 
281335 
281722 

6 
4 
4 

4 
2 
4 

0.12 
0.048 
0.0061 

0.013 
0.0040 
0.0010 

0.81 
0.18 
0.044 

-1.12 
-1.79 
-2.40 

D 
D 
D 

2 
2 
2 

36 -S°-4D 
13754.9] 252801 279425 2 2 0.0095 0.0020 0.050 - f',40 D 2 

37 2S°_4F 

(24) 
3551.52 252801 280950 2 4 0.055 0.021 0.49 1 D 2 

38 -'S0--'I) 
(26) 

3612.35 252801 280476 2 4 0.22 («087 2.1 -0.76 D 2 

39 2So_^> 

(27) 
3546.22 
13574.3| 

252801 
252801 

280992 
280770 

2 
2 

4 
2 

0.021 
0.0-^6 

0.0081 
0.0088 

0.19 
0.21 

-1.79 
-1.75 

D 
I) 

2 
2 

40 2Sc_2p 

(28) 
3472.5 

3456.68 
3503.61 

252801 

252801 
252801 

281590 

281722 
281335 

2 

0 

2 

6 

4 
2 

1.3 

1.0 
1.9 

0.70 

0.36 
0.34 

16 

8.2 
7.9 

0.15 

-0.14 
-0.16 

D 

D 
D 

2 
2 
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Nell.    Allowed Transitions -Continued 

No. Transition Mu!i- MÄ) £i(cm ') Ekicm'') fr gk AuiW /* Slat.uJ log Kf Accu- Source 
Array plet sec  '» racy 

41 «S°-*D 
(30) 

3806.30 252956 279221 4 6 0.013 0.0043 0.22 -1.76 L> 2 

3790.96 252956 279327 I 4 0.0t 7 0.0036 0.18 -1.85 I) > 

[3776,9) 252956 27942' 2 0.0074 8.0 x 10 * 0.040 - 2.50 D 2 

42 'S" - 4F 
(31) 

3561.23 252956 281028 4 6 0.1! 0.031 1.5 -0.91 1) 2 

3571.26 252956 280950 4 4 0.43 0.083 3.9 - 0.48 D- 2 

13 
(32) 

3590.47 252956 280799 4 6 0.087 0.025 1.2 - 0.99 D- 2 

V4 4S°-2D 
(33) 

3659.93 252956 280271 4 6 0.11 0.G33 1.6 -0.88 D- 2 

3632.75 252956 280476 4 4 0.090 0.018 0.85 -1.15 D 2 

45 ■>S°— 'P 
(34) 

3559.0 252956 281046 1 12 1.1 0.63 30 0.40 D ca 

3542.VU 252956 281171 4 6 1.3 0.35 16 0.15 D 2 
3565.84 ' 2529.56 280992 4 4 0.82 0.16 7.3 -0.20 D 2 
3594.18 25295») 280770 1 2 1 1:3 0.12 5.9 - 0.30 D 2 

46 4S°_2P 
(35) 

3475.25 252956 281722 .). 4 0.0047 8.5 x 10 ' 0.039 - 2.47 D 2 

j   3522.72 252956 281335 -t 2 0.011 0.0011 0.050 - 2.37 D 2 

47 2po_4f.' 

(37) 
3721.86 254167 281028 4 6 0.036 0.011 0.55 -1.35 D- 2 

[3732.7] 254167 280950 4 4 0.030 0.0062 0.31 - 1.60 D •> 

48 2p°_. 2p 
(38) 

3753.83 254167 280799 4 6 0.55 0.18 8.7 -0.15 D- 2 

49 2Fo_2D 

(39) 
3824.0 254209 280353 6 10 0.94 0.35 26 0.32 D ca 

3829.77 251167 280271 4 6 0.88 0.29 15 0.06 D 2 
3818.44 254294 280476 2 1 0 69 0.30 7.6 -0.22 D 2 
38(K).()2 254167 280476 4 4 0.35 0.076 3.8 -0.52 D 2 

50 2p°_»P 
(40) 

3701.8! 254167 281174 1 6 0.25 0.077 3.7 -0.51 D 2 
3744.66 254294 280992 2 4 0.22 0.091 2.2 -0.74 D 2 

(3726.9] 254167 280992 4 4 0.092 0.019 0.94 -1.12 D 2 

51 -l'°--P 
(41) 

3651.2 254209 281590 6 6 1.2 0.24 17 0.15 1) ca 

3628.06 251167 281722 4 4 0 57 0.11 5.3 - 0.35 1) 2 
3697.09 254294 281335 2 2 0.34 0.070 1.7 - 0.86 D 2 
3679.80 254167 281335 4 2 0.36 0.037 1.8 -0.83 1) 2 
3644.86 254294 281722 2 4 0.85 0.34 8.2 -0.17 1) 2 
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!N<* ii.    Allowed Transitions — Continued 

No. Transition 
Array 

Multi- 
ple! 

AiA) 

T 

A',(cm :i Eicicm M £. gk Akl(W 
sec ') 

/(* .S'(at.u.) l»P «A Accu- 
racy 

Source 

52 2/>43c/- 
2pwni 

<D-4D° 
(52) 

422*K6 279230 302866 20 20 0.39 0.10 29 0.32 D ca 

4219.76 279139 302831 8 8 0.33 0 089 9.8 -0.15 D Is 
4231.60 279221 302846 6     6 0.22 0.060 5.0 -0.45 D Is 
4239.05 279327 302905 -,    4 0.15 0.042 2.3 -0.78 D Is 
4242.20 279425 302991 2 2 0.19 0.052 1.5 -0.98 D Is 
4217.15 279139 302846 8 6 0.074 0.015 1.6 -0.93 D Is 
4220.92 279221 302905 6 1 0.14 0.024 2.0 -0.84 D Is 
4224.57 279327 302991 4 2 0.19 0.026 1.4 — 0°9 D Is 

|4234.3| 279221 302831 6 8 0.055 0.020 1.7 -0.93 D Is 
4250.68 279327 302846 4 6 0.090 0.036 2.0 -0.84 D Is 
4257.82 279425 302905 2 4 0.0% 0.052 1.5 -0.98 D Is 

53 4p~<P 
(56) 

iW.,5 280619 303368 28 28 0.26 0.076 31 0.33 D CC 

4397.94 280174 302906 10 10 0.24 0.070 10 -0.16 D Is 
4379.50 280703 303531 8 8 0.20 0.058 6.7 -0.33 D h 
4385.00 281028 303827 6 6 0.18 J.053 4.6 -0.50 D h 
4430.90 280950 303512 4 4 0.21 0.062 3.6 -0.61 D Is 

|4280.3| 280174 303531 10 8 0.028 0.0062 0.88 -1.21 D Is 
[4323.31 230703 303827 8 6 0.048 0.010 1.2 - 1.09 D Is 
4446.46 281028 303512 6 4 0.052 0.010 0.91 -1.21 Ü Is 
4502.52 280703 302906 8 10 0.021 0.0081 0.96 -1.19 D Is 
4442.67 281028 303531 6 8 0.035 0.014 1.2 -1.08 D Is 
4369.7*i 280950 303827 4 6 0.035 0.015 0.88 -1.21 D Is 

54 *F-4C° 
(57) 

4360.8 Jim 19 303544 28 36 2.4 0.89 360 1.39 D ca 

4290.40 280174 303476 10 12 2.5 0.83 120 0.92 D l.i 
4391.94 280703 303465 8 10 2.2 0.79 91 0.80 D Is 
4409.30 281028 303701 6 8 2.0 0.79 69 0.68 D Is 
4413.20 280950 303C02 4 6 2.0 0.89 52 0.55 D Is 

14292.4] 280174 303465 10 10 0.20 0.056 7.9 -0.25 D !s 
14346.9) 280703 303701 8 8 0.33 0.093 11 -0.13 D Is 
4428.54 281028 303602 6 6 0.33 0.096 8.4 -0.24 D Is 

[4249.2] 280174 303701 10 8 0.0073 0.0016 0.22 -1.80 D Is 
1-365.72 280703 303602 8 6 0.012 0.0026 0.30 -1.68 D Is 

Forbidden Transitions 

Naqvi's calculation [1] of the one possible transition in the ground state configuration 2p5 is the 
only available source. The line strc-igth should be quite accurate, since it does not sensitively 
depend on the choice of the interaction parameters. 

Refe rence 

[lj NaqvJ, A. M.. Thesis Harvard (1951). 

Nell.   Forbidden Transitions 

No. Transition 
Array 

Multiple! X(A) filcm-') Ek(cm~l) 

782 

gi gk Type of 
Transition 

/<Ai(sec ■"') S(at.u.) Accu- 
racy 

Source 

1 2ps-2p5 2p°_2p° 

[12.78 XIO4] 0 4 2 m 0.00859 1.33 B 1 
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Nelll. 

Ground State ls*2s22p< 3|\ 

lonization Potential 63.5 eV = 5123?2 cm- 

Allowed Transitions 

List of tabulated lines: 

Wavelengt  .| No. Wavelength | \| No. Wavelength [A| No. 

227.24 13 283.894 5 2163.5 17 
227.42 12 301.124 7 2163.7 17 
227.49 12 308.559 9 2163.77 17 
227.57 13 313.048 4 2412.73 18 
227.72     ' !3 313.677 4 2412.94 18 

227.73 12 313.92 4 2H3.18 18 
227.76 12 379.308 2 2413.54 18 
227.82 12 427.840 3 2413 78 18 
227.90 12 488.103 1 2590.04 14 
228.85 11 488.868 1 2593.60 14 

228.88 11 489.501 1 2595.68 14 
228.91 11 489.641 1 2610.03 16 
229.19 11 490.310 1 2611.42 16 
229.22 11 491.050 1 2612.5 16 
229.34 11 2086.96 19 2613.41 16 

251.145 10 2087.44 19 2614.5! 16 
251.558 10 2088.92 19 2615.87 16 
251.726 10 2089.43 19 2677.90 15 
267.059 6 2092.44 19 2678.64 15 
267.516 6 2095.54 19 

267.709 6 2159.44 17 

282.50 8 2159.60 17 

283.178 5 2160.88 17 

283.206 5 2161.04 17 
283.690 5 2161.22 17 

The values for the majority of the transitions are taken from the self-consistent field calculations 
(with exchange) by Wei&sfl]. These calculations do not include the important effects of configura- 
tion interaction; hence, fairly large uncertainties must be expected in most cases. The average 
of the dipole length and velocity approximations is adopted (11. 

For the 2s-2/>A ':> — 2s2p7' 'P° transition a value is available from the calculations of Bolotin 

et al. [2j which include configuration interaction in a limited way. Again, I "ge uncertainties are 
to be expected. 

References 

(1| Weiss. A. W.. privat«' conmiunicution (19A5). 
|J| Buliitin, A. B., Shironas. I. I., an-1 Braiman. M. Yu.. Yilniaus \ aistybinio v. kapsuko vunln univerHteto Vlokf-lo Oarliai 

33, matimatika. fi/.ika. 9, 10,   112 (19601. 
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Nelll.    Allowed Transitions 

\... Transition Multi- 
T 

xi A) £,U-m 'i Ekiim ') A'I A .-**,( 10" /» Slat.u.l l<»g Kl Accu-    Source 
Array ple 

204589 9 9 

sec  ') racy 

1 2.S-2//4 - .|»_:.|»o 189.54 317 "1 0.26 3.7 0.36 E 1 

2s2/»s ll uvl 
189.501 0 201292 5 5 52 0.19 1.5 - 0.03 E Is 
489.641 643 204879 3 3 18 0.064 0.31 -0.72 E Is 

488.103 0 201879 5 3 30 0.063 0.51 - 0.50 E Is 

488.868 643 205204 3 1 7! 0.085 0.41 - 0.59 E Is 

491.050 643 201292 3 5 17 0.11 0.51 - 0.50 E Is 

490.310 927 204879 1 3 23 0.25 0.41 -0.60 E Is 

2 'D-'P° 
(6 uv) 

379.308 25841 289479 5 3 210 0.27 1.7 0 13 E 1 

3 «S — '1*° 
(9 UV) 

427.840 55747 289179 1 3 16 0.13 0.19 - 0.87 E 2 

1 v- 
2/>:VS°)3.s 

•:p - -'S0 

12 uv) 
313.35 317 319145 9 3 81 0.040 0.37 - 0.45 E 1 

313.048 0 319445 5 3 46 0.041 0.21 - 0.69 E Is 

313.677 643 319445 3 3 26 0.039 0.12 - 0.93 E Is 

313.92 927 319445 1 3 9.0 0.040 0.041 -1.40 E Is 

5 2,/- 
2/<:,(2D°).l-i' 

•P-'I)° 
(3 uv) 

283.41 317 553167 9 15 28 0.057 0.48 - 0.29 E 1 

283.206 0 353148 •> 7 28 0.047 0.22 - 0.63 E Is 

283.690 643 353177 3 5 21 0.043 0.12 -0.89 E Is 

283.894 927 353197 1 3 16 0.057 0.053 -1.25 E Is 

283.178 0 353177 5 5 7.1 0.0086 0.040 - 1.37 E Is 

283.690 643 353197 3 •> 12 0.014 0.040 -1.37 E Is 

283.178 0 353197 5 3 0.80 5.8 x 10'4 0.0027 - 2.54 E Is 

6 V- sp_.ip° 267.29 317 371418 9 9 32 0.034 0.27 -0.51 E 1 

2/>:,l2PW 
(4 uv) 

267.059 0 374434 ■> 5 23 0.025 0.11 - O.W E Is 
267.516 643 374461 ;* 3 8.1 0.0087 0.023 -1.5G E Is 
267.059 0 371461 5 3 13 0.0086 0.038 -1.36 E Is 

267.516 643 371478 3 1 32 0.011 0.030 -1.47 E Is 
267.516 643 374431 3 5 8.0 0.014 0.038 -1.37 E Is 
267.709 927 371461 1 3 11 0.034 0.030 -1.47 E Is 

7 2//- 
2/rVD°)3s' (7 uv) 

301.124 25841 357930 5 5 71 0.097 0.4S -0.32 E 1 

8 2//'- 
2/»¥PW 

'D-'P° 
(8 uv) 

282.50 25841 379834 5 3 45 0.032 0.15 -0.79 E 1 

<> 2,,'- 
2/>:,(-P:')3.s" 

'S-'P° 
(10 uv) 

308.559 55717 379851 1 3 32 0.14 0.14 -0.86 E 1 

10 v- 
2/>r,(4S°)3</ 

'P-'D0 

|5 uv) 
*5I.33 317 398203 9 15 140 0.21 1.6 0.29 D- 1 

251.145 0 398211 5 7 140 0.18 0.75 - 0.04 D- Is 
2 ".1.558 613 398197 3 5 100 0.16 0.40 - 0.32 U- Is 
251.726 927 398193 1 3 76 0.22 0.18 -0.66 P- Is 
251.145 0 398197 5 5 33 0.031 0.13 - 0.80 D- Is 
251.558 643 398193 3 .; 55 0.052 0.13 - 0.80 [)- Is 
251.145 '! 398193 5 3 3.8 0.0022 0.0089 -1.97 D- is 

11 2//- 
2/>VD°)3,/' 

'P-'ir 229.06 317 436891 9 15 73 0.096 0.65 - 0.06 D- 1 

|228.91| 0 136845 7 72 0.080 0.30 - 0.40 D- Is 

|229.22| 1       643 136914 3 5 5'1 0.071 0.16 - 0.67 D- Is 
|229.34| 927 436959 1 3 40 0.095 0.072 -1.02 I)- 1        Is 
|228.88| 0 436914 5 5 18 0.014 0.054 -1.14 D- Is 
|229.19| 643 136959 1 3 3 30 0.024 0.054 -1.15 D- Is 
1228.85] 0 136959 1  5 3 2.0 9.6 X 10 4 0.0036 - 2.32 D- Is 
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Ne HI.   AH owed T ransitions—Continued 

No. Transition Multi- Al Äl £,(( m '1 £t(em '1 FT "1 
AkAW /.* .S'lal.u.) l»ü Kl Accu- Sntircc 

Array ple! sec  '1 racy 

12 sp._ :<pc 
227.62 317 139646 9 U 160 0.12 0.83 0.01 D- ! 

1227.4M) 0 4.''586 5 5 120 0.093 0.35 - 0.33 !)- Is 
[227.761 643 439708 3 3 39 0.031 0.069 -1.04 D- Is 
|2?7.42| 0 439708 5 3 69 0.032 0.12 - 0.80 D- is 
1227.73] 643 439760 3 1 160 0.041 0.092 - 0.91 Ü- Is 
!227.82| 643 439586 3 5 11 0.053 0.12 - 0.80 D- Is 
[227.90] 927 439708 1 3 52 0.12 0.092 -0.91 D- Is 

13 3D _ 3C° I           3 227.40 317 440065 9 3 210 0.055 0.37 -0.31 D- 1 

[227.24| 0 440065 5 3 120 0.056 0.21 -0.55 i)- Is 
[227.571 643 140065 3 3 69 0.055 0.12 - 0.80 D- Is 
1227.72] 927 140065 1 3 23 0.055 0.041 - 1.26 D- Is 

14 2/>33s- 
2/>W)3/J 

5S° - 5P 
(11 uvi 

2.592.3 1314148] \3527I2] 5 15 2.5 0.76 32 0.58 D ru 

2590.04 [314148] [352746] 5 t 2.5 0.36 15 0.25 I) Is 
2593.60 [314148] [352693] .> 5 2.5 0.25 11 0.10 D Is 
2595.68 1314148] 1352662] 5 3 2.5 0.15 6.5 -0.12 D Is 

15 3^;o  .tp 

\\2 uv) 
2678.2 319445 356773 3 9 2.4 0.78 20 0.37 D ru 

2677.90 319445 356777 3 5 2,1 0.43 11 0.11 D Is 
2678.64 319445 356766 3 3 2.4 0.26 6.8 -0.11 D Is 
2677.90 319445 356777 3 1 2,1 0.086 2.3 - 0.59 1) Is 

16 2p33s'- 
2[>3i2\f)3p' 

3D°-3F 2612.4 3.73167 391435 15 21 2.4 0.34 44 0.71 D ru 

2610.03 353148 391450 7 9 2.4 0.32 19 0.34 I) Is 
2613.41 353177 391430 5 7 2.1 0.31 13 0.18 D Is 
2615.87 353197 391414 3 5 2.0 0.34 8.9 0.01 D Is 
2611.42 3531 18 391430 t 7 0.27 0.027 1.6 -0.72 !) h 
2614.51 353177 391414 5 5 0.37 0.038 1.6 -0.72 1) Is 

[2612.5] 3.53148 391414 i 5 0.011 7.8 x 10  ' 0.047 - 2.26 D Is 

17 2/Aty- •P-5D° 
2//3(*S°)3r/ 2163.77 [352746] [3989471 9 6.5 0.59 29,1 0.62 C- (II. Is 

2161.22 1352693] [398949J 5 "7 1.36 0.428 15.2 0.330 c- ru. Is 
2159.60 [3526621 [398952] 3 5 2.30 0.268 5.7 - 0.096 ('.- ra. Is 

[2163.71 [352746] 1398949] I < 2.25 0.158 7.9 0.044 <:- (11. Is 

2161.04 [3526931 [398952] 5 5 3.82 0.267 9.5 0.126 <:- ( (1. Is 

2159.44 [352662] [398956] 3 3 1.92 0.314 7.3 0.014 <:- ru. Is 
[2163.5] 1352746] 1398952] 7 5 0,150 0.0227 1.12 - 0.80 c- ( (I. Is 

2160.88 1352693] [398956] 5 3 1.64 0.069 2.45 - 0.464 c- ((I. Is 

18 ,|»_:,[)o 2413.0 356773 398203 9 15 1.87 0.71 51 0.80 c- ra 

2412.73 356777 398212 5 7 4.87 0.59 23.6 0.473 ('.- Is 
2412.94 356766 398197 3 5 3.65 0.53 12.7 0.202 c- Is 
2413 78 356777 398193 1 3 2.70 0.71 5.6 -0.150 c- Is 
2413.54 356777 398197 5 5 1.22 0.106 4.22 -0.275 <:- Is 
2413.18 356766 398193 3 3 2.05 0.177 1.22 -0.275 c- Is 
2413.78 356777 398193 5 3 0.135 0.007 i 0.281 -1.451 c- Is 

19 2,*V - 
2/>3<2D°KW 

'D-'ir 209).7 3891)99 136891 15 15 3.92 0.257 26.6 0.59 c- ra 

2095.5 1 389139 136845 i t 3.47 0.228 11.0 0.204 c- Is 
2089.43 389069 136914 5 5 2.73 0.179 6.2 - 0.018 c - Is 
20%.% 389058 436959 3 2.96 0.191 3.99 -0,236 c- Is 
2092.41 389139 136914 t 5 0.61 0.0286 1.38 -0.70 <:- Is 
2087.44 389069 436959 .> 3 0.99 0.0387 1.33 -0.71 c- Is 
2092.44 389069 136845 5 i 0.135 0.04(H) 1.38 -0.70 c- Is 
2088.92 389058 156911 3 5 0.59 0.061 1.33 -0.71 ('.- Is 
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Forbidden Transitions 

The adopted values represent, as in the case of Fu. 'he work of Garstang |lj and Naqvi (2j. 
who independently have done essentially the same calculations and have arrived at very similar 
results.    For the selection of values, the same considerations as lor F II have been applied. 

References 

!!| (iar-lanj:. K. H., Month)) "Wires K..\. \>tr<>... So«-. 111. 115-124 11951». 

|2! \aqvi, A. M.. Thesis Harvard (1951). 

Nein.     Forbidden Transitions 

No. Transition 
Array 

Multi- 
ple! 

X(Ä| £,(cm '1 fit(cm ') gi Zk Type of 
Transiti'm 

/twlsee-'} Slat.u.) Accu- 
racy 

Source 

1 2!>*-2i>* sp_»p 
|15.55 x l(r>] 0 642.9 5 3 m 0.00599 2.50 B 1.2 
[15.55 x W\ 0 642.9 5 3 e 2.60 x 10-9 0.422 C 1 
I10.70X 10'| 0 927 5 ) e 2.03 x 10" 0.176 C 1 
|36.19 x W\ 642.9 927 3 1 m 0.00115 2.00 B !. 2 

2 T-'I) 
(1 K) 

3868.71 0 25841 5 5 m 0.170 0.00182 C 2 
3868.74 0 25841 5 5 e 3.0 x 10-' 7.7x10" D 1 
3967.51 642.9 25841 3 5 m 0.052 6.1 x 10" C 2 
3967.51 642.9 25841 3 T e 3.8X10 5 1.1 x 10" D 1 
14012.7! 927 25841 1 5 e 1.2X10* 3.7 x Id-» D 1 

3 :,P-'S 
[1793.81 0 55747 5 1 e 0.0051 5.6 x 10 * D 1 
[1814.81 642.9 55747 3 1 in 2.20 4.87 x 10" C 1 

4 ■D-'S 
(2 F) 

3342.9 25841 55747 5 1 e 2.80 0.70 c 1 
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{'»round Stau- 
NelV. 

15*25*2^^.;... 

lonization Potential 

Allowed Transitions 

List of tabulated lines: 

Wavelength |A| No Wavelength [A| No. Wavelength IA| N... 

208.185 i 541.124 1 2262.08 14 
208.734 7 542.076 i 2264.54 14 
208.899 i 543.884 1 2285.79 12 
212.556 8 2018.44 13 2293.14 12 
357.831 3 2022.19 13 2293.49 12 

358.70 
1 

3 2029.2 13 2350.84 9 
387.13 6 2033.5 13 /■352.52 9 
288.23 6 2174.4 10 ^357.96 9 
421.584 n 2176.1 10 2362.68 9 
469.77 2 218} 0 10 2363.28 11 

469.8 i 7 2 2192.6 10 2365.49 11 
469.865 2 2203.88 10 2372.16 9 
521.730 4 2206.4 10 2384.20 9 
521.74 4 2220.81 10 2384.95 9 
521.810 4 2258.02 14 2404.28 

2405.19 

11 

9 

The values for several of the transitions ate taken from the seif consistent field calculations 

iwith exchange) by Weiss [I |.    These calculations do not include the important effects of con- 
figuration interaction:  hence, (airly large uncertainties must be expected.    The average of the 
dipole length and velocity approximations is adopted [1|. 

For the 2..-2//1-P° —2.s2/>!-Ü. "S transitions values are available from the calculations of Levin- 
son et al. 12| which include configuration interaction in a limited way. Again, large uncertainties 
are to be expected. 

Refe- rences 

|!| Weiss,  V \\.. private communication 11965). 
|2j l.evinson. I. B.. Bolotin. A. 1?.. and levin. [,. I.. Trudy V il'nv usskogo tin. 5, 19-55 (1956). 
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!\e IV.    Allowed Transitions 

No. Transition 
Array 

Mull, 
plcl 

AIÄ) A'iicm '! £*(cm ') g- gk 4A.H0*» 

see   ') 
./<* .Slat.u.) loggf Accu- 

racy 
Source 

1 2s22l>3- 4S°-«P 542.82 ,^, 184222 4 12 25 0.34 2.4 0.13 E 1 
2s>i>* ll uv) 

543.884 0 183860 4 6 25 0.17 1.2 -0.17 E Is 
542.076 0 184477 4 4 25 0.11 0.80 -0.35 E Is 
541.124 0 184799 4 2 25 0.056 0.40 -0.65 E Is 

2 -U°--D 
(4 uv) 

469.84 \4im8\ [2538081 10 10 51 0.17 2.6 0.23 E I 

469.817 |40950] [253799] 6 6 49 0.16 1.5 -0.01 E Is 
469.817 [40995| (2538221 4 4 46 0.15 0.94 -0.22 E Is 

|469.77| (409501 [253822] 6 4 4.9 0.01! 0.10 -1.19 E Is 
469.865 [409951 [253799] 4 6 3.3 0.016 0.10 -1.19 E Is 

3 2Do_-p 

(a uv! 
.758.40 [40968] [.?/9985] 10 6 150 0.18     : 2.1 0.25 E 1 

358.70 [40950] (319751] 6 4 140 0.18 1.3 0.04 E Is 
357.831 [40995] (320452] 4 2 150 0.15 0.70 -0.23 E Is 
358.70 [40995] [319751] 4 4 15 0.030 0.14 -0.93 E Is 

i 2p_2T3 

(8 uv) 
521.78 [627.55] [25.1808! 6 10 7.7 0.052 0.54 -0.50 E 2 

521.810 [62157] [253799] 4 6 7.6 0.047 0.32 -0.73 E Is 
521.730 [62150] [253822] 2 4 6.4 0.052 0.18 -0.98 E Is 

[521.741 [62157] (253822] 4 4 1.3 0.0052 0.036 -1.68 E Is 

5 2p_2g 
(9uv) 

421.584 [62/55] [299351] 6 2 120 0.11 0.92 -0.18 E 2 

6 2po_2D 

(10 uv) 
387.85 [62/55] [319985] 6 6 75 0.17 1.3 0.01 E 1 

388.23 [62157) [319751] 4 4 62 0.14 0.72 -0.25 E Is 
387.13 [62150] [320452] 2 2 51 0.11 0.29 -0.64 E Is 
387.13 [62157] [320452] 4 2 24 0.027 0.14 -0.% E Is 
388.23 [62150] [319751] 2 4 12 0.055 0.14 -0.% E Is 

7 2//1- 
2p¥P)3s 

4S°_4P 

(2 uv) 
208.6.? 0 479309 4 12 48 0.095 0.26 -0.42 E 1 

208.485 0 479662 4 6 48 0.047 0.13 -0.72 E Is 
208.734 0 479083 4 4 48 0.032 0.087 -0.90 E Is 
208.899 0 478701 4 2 48 0.016 0.043 -1.20 E Is 

8 2/1»- 
2/r(,D).V 

2T)°_2D 

(6 uv) 
212.556 [4Ö9681 [5//68/J 10 10 74 0.050 0.35 -0.30 r 1 

9 2p*3s- 
2pH3PKp 

4p_4[)° 2361.5 479309 52/64.1 12 20 2.5 0.34 32 0.62 D ra 

2357.96 479662 522058 6 8 2.5 0.28 13 0.22 D Is 
2352.52 479083 521578 4 6 1.7 0.22 6.7 -0.06 D Is 
2350.84 478701 521226 2 4 1.0 0.17 2.7 -0.46 D Is 
2384.95 479662 521578 6 6 0.72 0.061 2.9 -0.-'J D Is 
2372.16 479083 521226 4 4 1.3 0.11 3.4 -0.36 D Is 
2362.68 478701 521013 2 2 2.0 0.17 2.7 -0.47 D Is 
2405.19 479662 521226 6 4 0.12 0.0067 0.32 -1.39 D Is 
2384.20 479083 521013 4 2 0.40 0.017 0.53 -1.17 D Is 

]() <p_.*p° 2/97.5 479309 524802 12 12 3.1 0.23 20 0.43 D ca 

2203.88 479662 525022 6 6 2.2 0.16 6.8 -0.03 D Is 
|2192.6| 479083 524677 4 4 0.42 0.030 0.86 -0.92 D Is 
[2188.01 478701 524391 2 ') 0.52 0.037 0.54 -1.13 D Is 
2220.81 479662 524677 6 4 1.4 0.067 2.9 - 0.40 D Is 

[2206.4) 479083 524391 4 2 2.5 0.093 2.7 -0.43 D Is 
[2176.1| 479083 525022 4 6 0.96 0.10 2.9 -0.39 D Is 
[2174.4| 178701 524677 2 4 1.3 0.19 1      2.7 - 0.42 L) Is 
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i^e* i» .lllOWt'U    I lailSiitlUIIS — UUIIIHluru 

No. Transition Multi A(Al f.',lem  '1   KkUm  'I g, fit. K,(10" /.* Slat.u.l loji gj Accu- Source 

Array filet 

6 10 

SCC   '1 

2.6 0.35 

racy 

Ü 11 *p_»D« 2.166.7 [488934] [S3U?4\ 0.37 17 ca 

2363.28 
2365.49 
2404.28 

(4891611 
|488179| 
|489161| 

[5314621 
[5307411 
1530741! 

4 
2 
4 

6 
4 
4 

2.7 
2.2 
0.42 

0.33 
0.37 
0.036 

10 
5.7 
1.1 

0.12 
-0.13 
- 0.84 

I) 
D 
1) 

Is 
Is 
Is 

12 2/r.3.s- 2D_To 2289.1 (5//68/J \5.i5:n:i\ 10 14 2.8 0.30 23 0.48 I) ca 
2/r('D)3// 

2285.79 
2293.49 
2293.14 

15116781 
|5I1685| 
15116781 

|555413) 
[5"5273| 
[5552731 

6 
4 
6 

8 
6 
6 

2.8 
2.6 
0.18 

0.29 
0.30 
0.011 

13 
9.2 
0.65 

0.24 
0.08 

- 1.06 

1) 
1) 
1) 

Is 
Is 

13 ^D-^D" 2031.7 [5//68/I [56088.5] 10 10 4.0 0.25 17 0.39 D CU 

2022.19 
2018.44 

[2029.2 j 
12033.51 

|511678| 
15116851 
1511678! 
15116851 

|560846| 
[560943J 
15609431 
[560846! 

6 
4 
6 
4 

6 
4 
4 
6 

3.8 
3.7 
0.40 
0.27 

0.23 
0.22 
0.017 
0.025 

9.3 
6.0 
0.66 
0.66 

0.14 
- 0.05 
-1.00 
- 1.00 

I) 
D 
I) 
I) 

Is 
Is 
Is 
Is 

14 2/AV- 6S} _ B| J° 22W.8 [5385001 [5827/81 6 18 2.7 0.63 28 0.58 li ca 

2//('S)3//' 
2258.02 
2262.08 
2264.54 

[538500] 
|5385001 
[538500J 

1582773] 
j582693| 
; 5826451 

6 
6 
6 

8 
6 
4 

2.7 
2.7 
2.7 

0.28 
0.21 
0.14 

12 
9.4 
6.2 

0.23 
0.10 

- 0.08 

I) 
1) 
I) 

Is 
Is 
Is 

Forbidden Transitions 

Garstang's I960 calculations [1] are exclusively used, since it is ielt that the important effects 
of configuration interaction are partially taken into account in this work anil a reliable estimate 
of the quadrupole integral is provided (see also general introduction). 

Reference 
[1| (larstann. K. II.. Monthly Notices Kov. Xstnm. '. ot\ 120,201 |1%0). 

Ne IV.   Forbidden Transitions 

N«. Transition 
Array 

Multi- 
plct 

XIÄ) E,(cm  ') ru(cm '} g. 

i 

Type of 
Transition 

A,!sec M .S(at.u.) Accu- 
racy 

Source 

i 2/<:i - 2/>a 4_s° - *D° 
[2441.3] 
! 2441.3] 
12438.6 j 
12438.61 

0 
0 
0 
0 

40950 
40950 
40995 
10995 

4 
4 
4 
1 

6 
6 
4 
4 

m 
e 
in 
c 

1.80 x 10 ' 
4 1 x 10 * 
0.0053 
2.7 x 10 4 

5.8 x 10 7 

1.3 x 10  ' 
1.14 x 10 s 
5.5 x 10 ■'• 

C 
D 
C 
D 

1 
1 
1 
1 

2 4$° _ ij}° 

11609.0| 
[1609.0J 
(1608.8J 
(1608.81 

0 
0 
0 
0 

62150 
62150 
62157 
62157 

4 
1 
1 
4 

2 
2 
4 
1 

in 
c 
m 
c 

0.53 
8.6 x 10 6 
1.33 
1.5 x 10 ' 

1.64 x 10 ' 
1.1 x 10 • 
8.2 x 10 * 
3.8 y 10 '■' 

C 
1) 
C 
I) 

1 
1 
1 
1 

3 qy _ ,[y 

|22.2 x 1(F-| 
|22.2 x 10s] 

10950 
10950 

40995 
40995 

6 
6 

4 
1 

in 
e 

1.48 x 10 « 
1.1 x 10  » 

2.40 
0.0014 

c + 
1) 

1 
1 

144 



Ne IV.   Forbidden Transitions—Continued 

v.. Ti ..i-iiicm 
Array 

Mulii- 
plel 

AIÄ) 

1 

E,icm ') £/t(em ') H- Pk Typ«- of 
Transition 

,4i,< *••<•') .Slat.u.l 

■    ■     —   ■         ■ 

Accu- 
racy 

Source 

1 
(1 F) 

4714.25 4l>950 62150 6 2 e 0.110 0.305 C 1 
4715.6] 40950 62157 6 4 m 0.210 0.00327 C. 1 
4715.61 40950 62157 6 4 e 0.191 1.06 C 1 
4724. i 5 40995 62157 4 4 m 0.358 0.0056 c 1 
4724.15 40995 62157 4 4 e 0.079 0.439 c 1 
4725.62 40995 62150 4 2 m 0.229 0.00179 c 1 
4725.62 40995 62150 4 2 «• 0.160 0.4-16 c 1 

.") 2\>0_HK 

|15.6x !0«| 62150 62157 2 4 m 2.36 x 10 B 1.33 c + 1 
[15.6 X 10"| 62150 62157 2 4 e 2.6 x 10 22 5.7 x 10 4 D 1 

NeV. 
Ground Sfate 

lonization Potential 

ls22522p2 3P0 

126.3 eV = 1018634 cm-' 

Allowed Transitions 

List of tabulated lines: 

Wavelength |A| No. Wavelength [A] No. Wavelength [A] No. 

142.44 8 173.932 6 572.336 1 
142.52 8 357.955 3 2224.12 14 
142.58 8 358.472 3 2227.42 14 
142.66 8 359.385 3 2232.41 14 
142.72 8 365.594 5 2236.29 14 

143.22 7 416.198 4 2245.48 14 
143.27 7 480.406 2 2256.05 14 
143.30 7 481.281 2 2257.9 14 
143.34 i 481.361 2 2259.57 13 
143.42 7 482.987 2 2263.39 13 

143.45 7 568.418 1 2265.71 13 
147.13 11 569.759 1 2274.54 14 
148.78 10 569.830 1 2282.61 13 
151.42 9 572.03 1 2306.31 13 
156.61 12 572.106 1 2330.3 13 

For the 2sz2p2 — 2s2p3 transition array, values are available from the calculations of Bolotin 
et a!. [1| which include the important effects of configuration interaction only in a limited way. 
Hence, fairly large uncertainties must be expected. 

The values for several other transitions are taken from the self-consistent field calculations 
(with exchange) by Weiss [2|. These calculations neglect the effects of configuration interaction 
entirely.    The average of the dipole length aiH the velocity approximations is adopted [2|. 

References 

(1| Bolotin, A. B.. I.evinsnn. I. ».. and Levin. L. !.. Soviet Phys.-JETP 2, 391-395 (1956). 

|2| Weiss. A. W.. private rtinnnuniratinn (1965). 
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Ne V.    Allowed Transitions 

I 
No.   Transition Muiti- x(A) Eiicm1) fslcra'l » gk /f/uUO" A 

i   ' '   '   '—'' 

S(at.u.)         loRgf Accu- Source 
1      Array plet sec-1) racy 

1 2*22p*- 
2ä2/>3 

3p _ 3[)° 
(1 uv> 

571.04 756 ; 75876 9 15 14 0.11 1.9 0.00 E 1 

572.336 1112 175834 5 7 14 0.094 0.89 - 0.33 E Is 
569.830 414 175905 3 5 10 0.084 C.47 -0.60 E Is 
568.418 0 175927 1 3 7.7 0.11 0.21 - 0.95 E Is 
572.106 1112 175905 5 5 3.5 0.017 0.16 -1.07 E Is 
569.759 414 17592" 3 3 5.8 0.028 0.16 -1.07 E Is 

[572.03] 1112 175927 5 3 0.40 0.0012 0.011 - 2.23 E Is 

2 
(2 uv) 

482.15 7.56 208161 9 9 40 0.14 2.0 0.10 E 1 

482.987 1112 208157 5 5 30 0.10 0.83 ~v?n E Is 
481.361 414 208157 3 3 10 0.036 0.17 - 0.97 E Is 
482.987 1112 203157 5 3 17 0.035 0.28 -0.75 E Is 
481.281 <Ii4 208193 3 1 40 0.046 0.22 -086 E Is- 
481.361 4M 208157 3 5 10 0.059 0.28 -0.75 E is 
480.406 0 208157 1 3 13 0.14 0.22 -0.86 E Is 

3 3p _ 3<s° 

(3uv) 
358.91 756 279365 9 3 220 0.14 1.5 0.10 E 1 

359.385 1112 279365 5 3 120 0.14 0.83 -0.15 E Is 
358.472 414 279365 3 3 73 0.14 0.50 -0.37 E Is 
357.955 0 279365 1 3 25 0.14 0.17 - 0.81 E h 

4 >D-!D° 
(4uv) 

416.198 30294 270564 5 5 110 0 28 1.9 0.14 E 1 

1 ■D-'P° 
(5 uv) 

365.594 30294 303812 5 3 150 0.18 1.1 - 0.04 E 1 

6 2p*- 
2p(2P°)3s 

•D-'P° 
(6 uv) 

173.932 30294 605231 5 3 230 0.063 0.18 - 0.50 E 2 

7 2p'- 
2pC-P°)6d 

3p -_ 3Q0 
14.1..T2 7.56 6985/7 9 15 1200 0.61 2.6 0.74 D- •} £ 

[113.34] 1112 698735 a 7 1200 0 51 1.2 0.41 D- Is 
[143.27] 414 698382 3 5 900 0.46 0.65 0.14 D- Is 
[143.22] 0 698231 1 3 670 0.62 0.29 -0.21 D- Is 
[143.42] 1112 698382 5 5 300 0.093 0.22 -0.33 D- Is 
[143.30] 414 698231 3 3 500 0.16 0.22 -0.33 D- Is 
[143.45] 1112 698231 5 3 32 0.0059 0.014 -1.53 D- Is 

8 ,ip _ 3p° 142.61 7.56 701945 9 9 670 0.20 0.86 0.26 D- 2 

[142.72] 1112 701765 5 5 500 0.15 0.36 -0.12 D- Is 
[142.52] 414 702074 3 i 170 0.051 0.072 -0.81 D- Is 
[142.66] 1112 702074 5 .> 280 0.051 0.12 - 0.59 D- Is 
[142.44] 414 702459 3 1 670 0.068 0.0% -0.69 D- Is 
1142.58] 414 701765 3 5 170 0.085 0.12 - 0.59 D- Is 
[142.44] 0 702074 1 3 220 0.20 0.096 - 0.69 D- Is 

(> ■D-'D0 [151.42] 30294 690691 5 5 400 0.14 0.34 -0.17 D- 2 

10 lI)_.po [148.781 30294 702412 5 3 37 0.0073 0.018 - ! .43 D- 2 

11 "D-'F0 [147.13] 30294 709956 5 7 1300 I "8 1.4 0.46 D- 2 

12 'S-'P° 1156.61] 63900 702412 1 3 690 0.7* 0.39 -0.12 D- 9 
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Ne V.   Allowed Transitions —Continued 

No. Transition 
Array 

Multi- 
ple» 

A(A) £><<»n ') £*<cnv'> g< ** Aki(W 
sec"1) 

■    - ■ ■              i 

ftk 

j 
.Slat.u.) log«/" Accu- 

racy 
Source 

13 2p3s - 
2;><-P°).ty 

3p_3D 2269.0 597083 641142 9 15 2.2 0.28 19 0.40 D ca 

2265.71 597523 641646 5 7 2.2 0.24 8.9 0.07 D Is 
2259.57 596626 640868 3 5 1.7 0.21 4.7 -0.20 D Is 
2263 39 5962SI 640422 1 3 1.2 0.28 2.1 - 0.55 D Is 
2306.31 597523 640868 5 5 0.52 0.042 1.6 -0.68 D Is 
2282.61 596626 640422 3 3 089 0.070 1.6 -0.6* D Is 

12330.3! 597523 640422 5 3 0.056 0.0027 Oil -1.86 D h 

14 2s2i>-:u - 5P-*D° 
2S2/J

2
(
4
P)3/J 2232.41 6985a I 743285 7 9 0.20 0.019 0.% -0.88 D ca. Is 

2227.42 697935 742816 5 7 0.13 0.014 0.50 -1.17 D ca. Is 
2224.12 697507 742455 3 5 0.069 0.0085 0.19 -1.59 D ca. Is 
2256.05 698504 742816 7 7 0.063 0.0048 0.25 -'47 D ca, Is 
2245.48 697935 742455 5 5 0.11 0.0084 0.31 - . .37 D ca. Is 
2236 29 697507 742210 3 3 0.15 0.011 0.24 -  1.49 D ca, Is 
2274V, 698504 742455 7 5 0.012 6.8x10-" 0.036 -2.32 D ca, Is 

[2257.9| 697935 742210 :> 3 0.047 0.0022 0.080 -1.97 D ca, Is 

Forbidden Transitions 

The adopted values represent, as in the case of FIV, 'he work of Garstang [1] and Naqvi [2], 
who independently have done essentially the same calculations and have arrived at very similar 
results.    For the selection of values, the same considerations as for FIV have heen applied. 

References 

|1| Garstang. R. H., Monthly Notices Roy. Astron. Soc. Ill, 115-124 (1951). 
[2| Naqvi. A. M.. Tl -si« Harvard (1951). 

NeV.   Forbidden Transitions 

No. Transition Multi- x(A) Ericnr1) £*(cm!) gi f!k Type of AkiiäfC   ') S(at.u.) Accu- Source 
Array ple! Transition racy 

1 2f,i-2p2 3p_.ip 

[24.15xl0<] 0 414 1 3 m 0.00129 2.00 B 1,2 
[8.990 x 10") 0 1112 1 5 e 5.2x10 » 0.091 C 1 

[14.32x10*] 414 i li- 3 5 m 0.00459 2.50 B 1.2 
[14.32 xl04| 414 nn 3 5 e 1.10X10" 0.197 C 1 

2 iP-'D 
!1 F) 

[3300.0] 0 30294 1 5 e 1.9x10s 2.2 x 10* D 1 
3345.9 414 30294 3 5 m 0.138 9.6 X 10-« C 1,2 
3345.9 414 30294 3 5 e 6.2X10 -» 7.7 X 10s D 1 
3425.8 1112 30294 5 5 m 0.382 0.00285 C 1,2 
3425.8 1112 30294 5 5 e 3.9 x 10 « 5.5X10 ~* D 1 

3 3P-'S 
[1575.2] 414 63900 3 1 m 4.20 6.1x10" C 1 
[1592.7] 1112 63900 5 1 e 0.0068 4.1 x 10 -» D 1 

4 •D-'S 
(2F) 

2972 30294 63900 5 1 e 2.60 0.359 C 1 
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Ne VI. 

Ground Stale lss2st2ptPtn 

Ionization Potential 157.M1 eV = 1274000 cm 

Allowed Transitions 

List <>f tabulated lines: 

Wavelength [Ä] No. Wavelength [Aj No. Wavelength [A] No. 

122.. - 9 440.404 5 571.00 6 
122^ 9 440.46 .) 637.90 1 

138.19 8 440.60 0 638.19 i 

138.64 8 451.843 4 641.26 7 
399.82 3 452.745 4 641.55 t 

401.14 ■» 454.072 4 2042.38 10 
401.93 3 558.59 1 2055.93 10 
403.^0 3 562.71 1 2213.1 11 
433.i76 2 562.80 1 2229.! n 
435.649 2 

1 
570.77 6 

The transition probabilities are taken from the sell-consistent field calculations (with exchange) 
by Weiss jl] These calculations neglect the effects of configuration interaction entirely. The 
average of the dipole length and velocity approximations is adopted [1J. 

Reference 

[1| Weiss. A. Vt., privat" communication 11965) 

INeVI.    Allowed Transitions 

No. Transition 
Array 

2**2/, - 

Multi- 
ple 

MA) 

j 

Ejlcrn ') EnU'vn M A'I gu 
sec') 

.1 Ik S( r.i.n.l 1"? Kf Accu- 
racy 

Source 

1 -P°--D 561.38 873 / 7W04 6 10 17 0.14 ,, - 0.09 K 1 
Isljf 

|562.80| 
J558.59] 
|562.71] 

1310 
0 

1310 

178992 
179021 
179021 

1 
2 
4 

6 
( 
r 

4 

17 
15 
2.8 

0.12 
0.14 
0.013 

0.90 
0.50 
0.10 

-0.31 
-0.57 
-1.27 

E 
E 
E 

Is 
Is 
Is 

2 -T---S mm 873 230853 6 2 32 0.030 0.26 -0.74 E 1 

135.649 
433.176 

i:.uo 
0 

23085.3 
230853 

4 
2 

2 
2 

21 
11 

0.030 
0.0.31 

0.17 
0.087 

- 0.93 
-1.21 

E 
E 

Is 
Is 

.3 -1' ~-T W l.M) 873 2/9839 6 6 100 0.25 2.0 0.18 E 1 

1401.93| 
|401.14| 
1103.26] 
|399.82| 

1310 
0 

1310 
0 

250112 
249292 
219292 
250112 

4 
2 
1 
2 

4 
2 
2 
4 

86 
69 
34 
17 

0.21 
0.17 
0.041 
0.084 

1.1 
0.44 
0.22 
0.22 

- 0.08 
- 0.48 
- 0.78 
-0.78 

E 
E 
F 
E 

Is 

u 
Is 

i- 2.S2/I-    2/,;i '!'- 'S t.,.i:Jl> {101204} 1321829] 12 4 82 0.084 1.5 O.(K) K 1 

151.072 
152.745 
151.843 

1101600] 
1100954] 
|100513| 

; 321829] 
1321829] 
|32I829| 

I 
2 

4 
1 
4 

11 
27 
14 

0.084 
0.084 
0.084 

0.75 
0.50 
0.25 

-0,30 
- 0.47 
-0.77 

E 
K 
V 

Is 
Is 
Is 
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NeVl.   Allowed Transitions—Continued 

j 
No Transition 

Array 
Mull! 
pll-t 

A.A. £,lc-m ') f.Ylcm '. £. Kk U .Siai.u.l l«»e A/ Accu- 
racy 

Source 

5 -1)    -V ;w.i: / 7<MMI4 4<H>0.tl 10 6 25 0.044 0.64 - 0.36 E j 

440.404 
140.60 

144().46| 

178992 
17902! 
179021 

10)056 
I059K4 
406056 

6 
1 
1 

4 
•J 

4 

23 
25 
25 

0.044 
0.036 
0.0074 

0.38 
0.21 
0.043 

- 0.58 
-084 
- 1.53 

E 
E 
E 

Is 
Is 
Is 

6 -S - -1' 570.84 230853 tO'iO',1 ■> 6 12 0.17 0.64 - 0.47 E 1 

1570.77) 
1571.00) 

230853 
230853 

406056 
405981 

2 
■> 

1 
2 

12 
12 

0.11 
0.056 

0.43 
0.21 

- 0.64 
- 0.95 

E 
E 

Is 
Is 

7 -P--P 640.23 249839 40(Mil 6 6 19 0.12         1 1.5 -0.15 E 1 

[641.26] 
(638.191 
|641.55| 
1637.90] 

250112 
249292 
250112 
249292 

406056 
405984 
405984 
406056 

4 
2 

1 
2 

4 
2 
2 
4 

16 
13 
6.5 
3.3 

0.098 
0.079 
0.020 
0.040 

0.83 
0.33 
0.17 
0.17 

- 0.41 
- 0.80 
-1.09 
-1.09 

E 
E 
E 
E 

As 
Is 
Is 
Is 

8 2/>-('S).ls -i'°--s 1.18.55 873 722610 6 •) 300 0.029 0.078 -0.77 E 1 

(138.64] 
[138.39) 

1310 
0 

722610 
722610 

4 
2 

•> 
2 

2(X) 
KM) 

0.028 
0.029 

0.052 
0.026 

-0.94 
-1.24 

E 
E 

Is 
Is 

9 2/»- i'Si.'W -P-T) /12 M 873 816405 6 10 1400 0.54 1.3 0.51 D 1 

[122.691 
|122.49[ 
1122.69]   ! 

1310 
0 

1310 

816405 
816405 
8164C5 

4 
4L 

4 

6 
4 
4 

1400 
1200 
240 

0.48 
0.53 
0.054 

0.78 
0.43 
0.087 

0.29 
0.03 

-0.67 

D 
D 
D 

Is 
Is 
Is 

it) 3s-('S)3/> -S - -P° 2G46.9 722610 77114V 2 6 2.72 0.51 6.9 0.010 C 1 

2042.38 
2055.93 

722610 
722610 

771557 
771234 

2 
2 

4 
2 

2.73 
2.68 

0.342 
0.170 

4.60 
2.30 

-0.165 
-0 469 

C 
C 

Is 
Is 

11 :;/<-('Si.w -P--I) 2223.7 771449 816405 6 10 1.82 0.225 9.9 0.131 c 1 

(2229.1) 
(2213.11 
12229.1] 

771557 
771234 
771557 

816405 
816105 
816405 

1 
2 
4 

6 
4 
1 

1.80 
1.54 
0.302 

0.201 
0.226 
0.0225 

5.9 
3.30 
0.66 

- 0.095 
- 0.344 
-1.016 

c 
c 

Is 
Is 
Is 

Forbidden Transitions 

Naqvi's calculation jl| of the otic possible transition in the ground state configuration 2/* is 
the only available source. The line strength should he quite accurate, since it does not sensitively 

•depend on the choice of the interaction parameters. 

Is 
is 
Is 
Is 

Is 
Is 
Is 

Reference 

|!| Ni'.jvi. A. M, Thesis Harvard (1951), 

NeVI.   Forbidden Transitions 

N... Transition 
Array 

Mult.pi el MAJ 

2/> - 2p i\>° — 2|>» 

|76.32 x 10s] 

£i(cm-') Enivm ■'» 

1310 

A'A Type of 
Transition 

4 Ai(S 

0.0202 

S(at.u.) 

1.33 

Accu- 
racy 

Source 

ML 



IN'e VII. 

Ground State 

iunizatiun Potential 

ls22s;;S0 

207.21 eV = 1671700 cm -« 

Allowed Transitions 

The values are taken from the calculations of Yeselov [lj who has used relatively simple wave 
(unctions and neglected the effects of configuration interaction entirely. Hence, large uncertainties 
are tc be expected. 

Reference 

;i| Veselov. M. G.. /hui   Ekspti. i Teure!. Kiz. 19, 959-964(1949). 

NeVII.    Allowed Transitions 

No. Transition 
Array 

Multi- 
plet 

A(A> f.lcm -') Etlem ') gt A 

■ 

Aki(W 
sec M 

fa 5(at.u.) '»ggf Accu- 
racy 

Source 

1 2s2 - ■S —»P° 465.221 0 214952 1 3 58 0.57 0.87 -0.25 E 1 

2 2.s2/> - 2//' 3p°_3p .761.59 [112208] [29027.?] 9 9 33 0.16 2.6 0.14 E 1 

561.728 
561.378 
564.529 
562.992 
558.61 
559.947 

1112700] 
[111706] 
[112700] 
[1117061 
[111 706] 
[111251] 

(2907221 
|289839| 
|289839| 
[289328] 
(290722] 
[2898391 

5 
3 
5 
3 
3 
1 

5 
3 
3 
1 
5 
3 

25 
8.2 

14 
32 

8.6 
11 

0.12 
0.039 
0.040 
0.051 
0.067 
0.15 

1.1 
0.21 
0.37 
0.28 
0.37 
0.28 

-0.23 
- 0.94 
-0.70 
-0.81 
-0.70 
-0.81 

E 
E 
E 
E 
E 
E 

Is 
Is 
Is 
Is 
Is 
Is 

3 2,s3s - 
2s(-.S)3/> 

3<^ _ :ip° 1987.0 

1981.97 
1992.06 
1997.35 

(978300] 

[978300] 
[9783001 
[9783001 

\l02Hf)2f}} 

(1028755] 
[1028499] 
[10283671 

3 

3 
3 
3 

9 

5 
3 
1 

2.3 

2.4 
2.3 
2.3 

0.41 

0.23 
0.14 
0.046 

8.1 

4.5 
2.7 
0.90 

0.09 

-0.16 
-0.38 
-0.86 

D 

D 
D 
D 

ra 

Is 
Is 
Is 

Forbidden Transitions 

Naqvi's calculations |I| arc the only available source. The results for the :11'°— 'l,c transi- 
tions are essentially independent of the choice of the interaction parameters. For the 'P°—' l'° 
transitions. Naqvi uses empirical term intervals, i.e.. the effects of configuration interaction 

should he partially included. 
Reference 

|1|  \uu\i.  V M.. Thesis Harvard (IT.'i. 
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INe VI!. Forbidden Transitions 

N.i. Transition 
Array 

Multi- 
Diet 

Al A) £,(cm '1 £*(em ') /?. gx Typt" of 
Transition 

Ak.tsev ') .S'fatJi.i Accu- 
racy 

Source 

1 2s2p- 
2s(*S)2p 

:il»° _ :i|>° 

[21.97 x Mr1] 
[ 10.06 x 10*] 

1i1251 
111706 

111706 
1127(H) 

I 
3 

3 
5 

m 
m 

0.00170 
0.0132 

2.00 
2.50 

B 
8 

! 
1 

2 :<po_ .1»° 

[964.31,1 
[968.56J 
[977.98J 

111251 
111706 
112700 

214952 
214952 
214952 

1 
3 
5 

3 
3 
3 

m 
m 

0.91 
100 

1.10 

9.1 x 10 5 

0.0101 
1.14x10 * 

C 
C 
C 

1 
1 
1 

NeVIII. 

Ground State 

Ionization Potential 

ls*2s*S„2 

239 eV = 1928000 em-» (?) 

Allowed Transitions 

The extensive self-consistent field calculations including exchange by Weiss [1J are used for 
this ion. Values have been calculated in both the dipole length and velocity approximations 
and agree quite well. The dipole length values are chosen. For the 2s — 2p transition an experi- 
mental result from the lifetime measurement of Berkner et al. [2J is available and agrees very 
well with Weiss' value. 

References 

[1| Weiss. A. W., Astrophys. J. 13E, 1262-1276 (1963). 
[2| Berkner. K. H.. Cooper. W. L.. Kaplan. S. N.. and Py!e. R. V.. Phys. Leiters 16, 35 (1965). 

NeVIII.   Allowed Transitions 

No. Transition 
Array 

Multi- 
plet 

A(Ä) E,(cm-') Efc(crrr') gi gk AuilV 
sec'1) 

/■* Slai.u.) loggf Accu- 
racy 

Source 

1 

2 

3 

4 

5 

6 

2.v - 2/; 

2,v - 3/; 

2p~is 

2/> - 3d 

As - 3/J 

3/' - U 

2g _ 2po 

2S - 2F° 

2F° - 2S 

*P°-2D 

2S _ 2po 

2po_2D 

77.169 

770.402 
780.324 

[88.134] 

[103.05] 

[08.308] 

[2860.1] 

[8454.31 

.0 

0 
0 

0 

129251 

129251 

[1099681] 

[1134634] 

129251 

129801 
128152 

[1134634] 

[10996811 

[11464591 

11134634] 

[1146459] 

2 

2 
2 

2 

6 

6 

2 

6 

6 

4 
2 

6 

2 

10 

6 

10 

5.64 

5.72 
5.50 

853 

462 

2760 

0.6% 

0.0214 

0.152 

0.102 
0.0502 

0.298 

0.0245 

0.667 

0.256 

0.0382 

0.774 

0.516 
0.258 

0.173 

0.0499 

1.30 

4.82 

6.38 

-0.517 

- 0.692 
- 0.998 

- 0.225 

- 0.333 

0.602 

- 0.291 

- 0.640 

B + 

B + 
B + 

B 

B 

B 

B 

B 

1. 2 

Is 
Is 
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INeIX 

Ground State ls-"S„ 

lonization Potential U95e\ = 9641000 cm   ' (?) 

Allowed Transitions 

The results of extensive non-relativistic variational calculations by Weiss (l| are chosen. 

Values have been calculated in both the dipole length and dipole velocity approximations and agree 

to vithin 1%, except for the $p ' P° — ,'W I) transition where agreement is not as good. The average 

of the two approximations is adopted ['I 

Reference 

I'lWfiss. A. W.. urivatr cmiiminii ation ll964l. 

iNelX.   Allowed Transition; 

No. Transition 
Array 

Multi- 
ple! 

AlAl E,!cm 'I £*(cm '1 £. A .4/L.I KFsec 'i H .Slat.u.» \»*Kf Accu- 
racy 

Source 

1 Is2- 
\s2,, 

■S-'PC [13.460] 0 [7429270] i 3 8.87 x |(l* 0.723 0.0320 -0.141 A 

2 Is-- 
I.s3/» 

'S-'P |11.558| 0 [86523801 ! 3 2.18 « It)4 0.149 0.00567 - 0.827 A 

3 ls2s- 
is2/> 

■S-'P [1901.51 [7376680! [7429270] 1 3 0.329 0.0535 0.335 - 1.272 A 

\ ls2.s — 
ls.3/< 

'S-'P° [78.3881 [7376680! [8652380] ! 3 1400 0.386 0.09% -0.413 A 

5 l.s2/>- 'P°-'D [82.0101 [74292701 [8648630] ■» > 5 1180 0.703 0.569 0.321 A 

6 l.s.W- 
l.s.fy 

'D-'P° [26660]'.'' [8648630] (86523801 5 9.99' 10 ' 0.00639 2.80 1.496 C  r 

t ls2s- 
l.s2/> 

SS_»po [1297.5] [7294740] [73718101 3 9 0.980 0.0712 0.951 - 0.653 A 

8 I.v2.v- 
ls.ty 

:iS_:i|v [74.527] [72947401 18636540] 3 9 1 160 0.365 0.269 0.039 \ 

9 1 s2p - 
l.V.W 

:,P°- :1I) [78.356| 17371810] [8648030] 9 15 1380 0.672 1.56 0.782 A 

10 l.s'V- 'P°- :,I) [87()0.8| [86365401 18648030] 9 15 0.0155 0.0291 7.58 - 0.577 A 
Is3</ 
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List of Rt'cenl Additional Material 
(New material which would have I•«-«-*» employed it received belore cut-ofl date) 

S|w'< Iriiin 

He I 

Helen ures S|K*etrum 
 1 

References 

I). II. K Nil 
Nm C. 1. 

Lil A. H \i\ 
Nv 

1 
H. K 

Bel 
He II 

I 
H 

On 
cj 
F 

Hi C. L Olli F 
Hit I, () IV C 
Hm H Ov 

Ovi 
I 
B. E 

Ci 1. 
(ii <: Fv C 
Cm 
Civ 

NI 

l 
H. K 

<;, J. i. 

Nel 
Ne li 
\e VI 

D 
F 
C 
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