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ABSTRACT 

Published wavelengths aiJd estimated intensities of lines characteril'ling the 
first two spectra of columbium (RP881) have been supplemented by observations 
of the arc spectrum (6500 to 8500 A) in an atmosphere of helium, by observations 
of the spark spectrum (2000 to 2100 A), and by measurements of the Zeeman 
patterns for 1,557 lines. All available data have been analyzed for the purpose of 
correcting and extending the information about the structures of Cb II and Cb I 
(RP793). 

The Cb II table contains 1,723 lines (2002.41 to 7026.15 A), 1,494 of which are 
explained as combinations of 183 ionic energy levels comprising 27 singlet , 40 
triplet, and 9 quintet spectral terms. The terms arising from electron configura­
tions 4d4, 4d3 58, and 4d3 5p have been almost completely established, but efforts 
to find spectral series for Cb II were futile. The lowest energy (normal state) 
of Cb+ ions is represented by (4d4) a 5Do, but the strongest emission lines involve 
(4d3 58) a 5F, a metastable term. The most intense line of the Cb II spectrum is 
(4d3 58) aSFs-(4d3 5p) z5G~, with a wavelength of 3094.172 A. Zeeman patterns 
observed for 646 Cb II lines were most helpful in extending this analysis, which now 
includes 87 percent of the recognized lines and 95 percent of their total inten~ity. 

The Cb I table contains 3,313 lines (2164.54 to 10920.7 A), 2,836 of which have 
been interpreted as combinations of 364 atomic energy levels representing 58 
doublet, 55 quartet, and 13 sextet spectral terms. The lowest term (normal state 
of neutral Cb 'atoms is (4dl 58):a 6Do~, and the strongest line of the Cb I spectrum 
is the transition (4d' 5s) a6D,~-(4d' 5p) y 6F5~' with a wavelength of 
4058.931 A. The Cb I spectrum is largely accounted for by transitions 
between levels arising from 4d' 5s or 4d3 5s2 and 4d' 5p or 4d3 585p electron 
configurations. Zeeman patterns measured for 911 Cb I lines have been 
90 percent interpreted in this analysis, which now includes 86 percent of the 
known lines and over 93 percent of their intensity. Two members of the series 
(4d 4 ns) 6D and two each of (4d3 58 np) 4(DFG) have been established. Extra­
polation of these indicates a limit of 54,600 cm- I , which represents the energy 
difference between the normal states of Cb atoms and Cb+ ions. The corre­
sponding ionization potential for neutral columbium atoms is 6.77 volts. 
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1. INTRODUCTION 

Structural analyses of columbium spectra began 20 years ago, when 
one of the present authors [1] 1 succeeded in finding three multiplets 
in the arc spectrum of columbium (Cb I). Two years later the first 
regularities in the spark spectrum of columbium (Cb II) were an­
nounced [2]. The impossibility of extending such analyses without 
improved and additional descriptive material was recognized, and 
steps were taken to obtain the desired data. At that time the pre­
cision of the published wavelengths was not sufficient to permit 
finding true "constant differences" in such complex spectra nor were 
the intensity estimates of arc and spark lines reliable enough for dis­
crimination of ionization stages. The furnace spectra of columbium 
vapor at various temperatures had not been investigated, and 
although the published Zeeman-effect data gave the clue to the first 
regularities in these spectra, they were inadequate for the extension 
of these analyses. 

In 1931 the furnace spectra of columbium were investigated by 
King [3]. In 1936, new descriptions of arc and spark spectra were 
published by Meggers and King [4]. These new data formed the 
basis for a report on multiplets and terms in the first two spectra of 
columbium published by Meggers and Scribner [5] in 1935. In that 
report about 400 Cb I lines were accounted for as combinations of 
sextet and quartet terms, and about 250 Cb II lines as combinations of 
quintet and triplet terms . Theoretically predicted doublet terms for 
Cb J and singlet terms for Cb II could not be established at that time. 
That work indicated that the term analyses of columbium spectra 
could not be concluded satisfactorily without more extensive and 
accurate observations of the Zeeman effect. Several years later the 
unique facilities of the Massachusetts Institute of Technology [6] for 
making such observations with high magnetic and spectrographic 
resolution became available, and several sets of Zeeman spectrograms 
of columbium were made for the Bureau by G. R. Harrison. These 
were measured, calculated, and interpreted during 1940-41, and the 
results served to correct and greatly amplify the term analyses of the 
first two spectra of columbium. Incidental to these analyses, addi­
tional observations were made at this Bureau on the arc spectrum in 
the red and infrared, on the spark spectrum in the ultraviolet, and 
on the Zeeman effect in the visible and near infrared. The present 
results for columbium spectra are comparable or superior to those 
published [7] for the corresponding spectra of analogous vanadium, and 
since there is now neither opportunity nor necessity for making further 
observations, this final report on the term analyses of the first two 
spectra of columbium has been prepared. 

Although columbium was discovered 143 years ago, it is only during 
the past decade that this chemical element has lost its status as a 

I Figures in brackets indicate the literature references at the end of tbis paper. 
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scientific curiosity and found important industrial application. 
Oonsiderable quantities of columbium are now being used as a con­
stituent of steel [8] and other alloys [9], and since the efficiency and 
popularity of spectrochemical analysis of such alloys is rapidly 
increasing, it may be assumed that this report on the structures of 
columbium spectra will be of interest to practical spectroscopists, as 
well as to theoretical physicists. 

II. OBSERVATIONAL DATA 

The analyses of columbium spectra are based on observed facts, 
consisting of wavelength measurements, intensity estimates and 
other line characteristics, temperature classification, and Zeeman­
effect data, all of which are collected in tables 1 and 4. The second 
spectrum (Ob II), associated with four valence electrons, is presented 
first because it is simpler than the first spectrum (Ob I) associated 
with five electrons, and because the low energy states of Ob II are 
convergence limits of Ob I spectral series. 

1. WAVELENGTHS 

Most of the wavelengths shown in tables 1 and 4 are quoted from 
the description of arc and spark spectra of columbium published by 
Meggers and King [4]. Their claim that the majority of these values 
had an average probable error of less than 0.005 A was tested and 
confirmed by partial analyses [5] based mainly on the combination 
principle, and has been further verified by the present more complete 
analyses of these spectra. Supplementary measurements of wave­
lengths were made in the ultraviolet to extend the data for Ob II 
lines from 2100 to 2000 A, and new observations were undertaken 
between 6500 and 8500 A to detect faint lines of Ob I masked by 
molecular spectra (presumably due to ObO) when the arc-in-air is 
mnployed. For the latter purpose an inclosed arc was used, through 
which pure helium gas was drawn to remove the ambient oxygen. 
Although this device did not completely eliminate the molecular 
spectra, it reduced their intensity sufficiently to reveal a considerable 
number of previously undetected atomic lines. The latter observa­
tions were limited to the red and near infrared, because this is the 
range in which the background of masking molecular spectra is most 
intense and is also the region in which combinations of series-forming 
terms are to be expected. The finding of the expected series-forming 
terms led to a determination of the spectroscopic ionization poten­
tial for columbium atoms (see below). 

2. INTENSITIES AND OTHER LINE CHARACTERISTICS 

Intensity comparisons of columbium lines from arc and spark 
sources enabled Meggers and King [4] to make a satisfactory separation 
of Ob I, Ob II, and Ob 1II or Ob IV spectra. That assignment of lines 
to Ob I and Ob II spectra has been confirmed for all lines whose 
Zeeman patterns have been observed and interpreted. Although not 
sufficiently precise to test quantum rules, the estimated relative 
intensities in either spectrum were helpful in grouping lines into 
multiplets and in intrepreting levels. 
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Other characteristics of spectral lines that proved useful in the 
analyses of these spectra are self-reversals (r or R), hyperfine com­
plexes (c or cW) and haziness (h or H). 

The absorption spectrum of columbium vapor has never been 
observed, and an attempt to find reversals in the underwater spark 
between columbium electrodes failed to give positive results. The 
only information of this type for columbium is that of partial self­
reversals (r or R) observed for certain lines in arc or spark sources. 
That such lines involve the ground state (or low metastable state) 01 
the emitter IS true without exception in columbium spectra. 

A large number of Cb I and Cb II lines exhibit hyperfine structure 
(c or c W) due to nuclear spin, and it was assumed by Meggers and 
Scribner [5] that most of the wide lines (c W) involve low levels arising 
from electron configurations with a single penetrating s-type electron, 
as first mentioned by Meggers and Burns [10] in connection with other 
spectra. Some of the Cb levels were first found and interpreted on 
this assumption, and in every case of this kind, subsequent observation 
of the Zeeman effect has confirmed the interpretation. A value of 
1=9/2 for the nuclear moment of columbium was found from hyper­
fine structure by Ballard [11], who from observed intervals derived 
J values of 5/2 and 7/2 for the upper levels of the transitions producing 
5344 A and 6661 A, respectively. This analysis establishes the J 
values in question to be 7/2 and 9/2, respectively. 

3. TEMPERATURE CLASSES 

King [3] assigned temperature classes (III, IV, or V) to 646 of the 
stronger lines of columbium between 3100 and 6900 A, by comparing 
electric-furnace spectra at temperatures of about 2,500° and 2,900° C 
with arc and spark spectra. Approximately 200 lines appeared in the 
furnace spectrum, but many Cb I and all Cb II lines require higher 
excitation. The present analyses of these spectra are consistent with 
these results. 

4. ZEEMAN EFFECT 

To this date the only published observations of the Zeeman patterns 
for Cb lines are those that Jack [12] made 32 years ago. These 
comprised about 100 lines between 2656 and 4700 A, the majority 
being repor ted as pseudotriplets. Component separations of less 
than 0.6 Lorentz unit were not resolved and lines with patterns less 
than this in total width were said to be unaffected by the magnetic 
field. These observations are credited [1, 2] with having revealed the 
first regularities in Cb I and Cb II, but unfortunately they were not 
suitable for extending the analyses. 

In 1939 and 1940 several sets of Cb spectrograms were made at 
the Bureau's request in the Spectroscopy Laboratory of the Massa­
chusetts Institute of Technology, where high-power spectrographs 
were combined with a magnet producing field intensities up to 100,000 
oersteds to observe Zeeman patterns surpassing any hitherto seen [6]. 
With this combination, separations of 0.1 Lorentz unit are readily 
resolved, and under favorable conditions the resolving power may 
attain 0.05 Lorentz unit. 

These MIT spectrograms extend from 2200 to 6500 A, and the 
magnetic field intensities range from 74,000 to 95,000 oersteds. The 
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FIGURE I. - Z eeman patterns for Cb at 95,000 oersteds. 
l=parallei components, 2=perpendicuJar components, 3=spectrum without magnetic field . 
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FIGURE 3.-Z eeman patterns for Cb at 95,000 oersteds. 

1 = parallel components, 2= perpendicular components, 3=spectrum without magnetic field. 
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FIGURE 4.- Zeeman patterns for Cb at 85,000 oersteds. 
1 = parallel components, 2=perpendicular components, 3=spectrum without magnetic field. 
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results for wavelengths less than 4500 A, obtained with long focus 
concave gratings giving a scale of 0.4 A/mm, leave little or nothing to 
be desired, but most of the longer wave data were derived from spectro­
grams with a dispersion of 3.7 A/mm. The long wave region 5000 to 
8000 A was photographed in the spectroscopy laboratory of this Bureau 
with a dispersion of 1.8 A/mm, the light source being an interrupted 
arc between Cb ele~trodes in an evacuated cham bel' between the pole 
pieces of a Weiss electromagnet yielding field intensities of 35,000 
oersteds. These observations were extended to 8600 A by employing 
another grating with a dispersion of 5 A/mm. 

All the Zeeman spectrograms were hand measured at the Bureau, 
and one set. of MIT plates was machine measured [13]. Three decimal 
places were calculated for patterns measured on high-dispersion 
spectrograms, or when the results from different spectrograms were 
in good accord. All the measurements were l'educed to Lorentz units 
on the assumption that Cu 3247 A, Ag 3280 A, Ca+ 3933 A, Na 
5889 A, or Ie 7664 A patterns are represented by (0.333) 1.000, 1.667, 
and Cu 3273 A, Ag 3382 A, Ca+ 3968 A, Na 5895, or K 7699 A by 
(0.667) 1.333. Two 01' more of these lines appeared on each set of 
spectrograms. 

Although hyperfine structure was obvious in many of the Cb 
patterns, and fully resolved in some, this phenomenon was ignored 
in the fin~l compilation of results. 

Resolved Zeeman patterns of Cb lines may exhibit from 1 to 30 or 
more components, but it is impractical and unnecessary to give all in 
minute detail. The important observed and derived facts concerning 
the Zeeman effect are presented in the last six columns of tables 1 and 
4; the first of which indicates the type of pattern according to the 
classification of Back and Lande [14], the second reports the separation 
of resolved components, the third and fourth contain values for the 
strongest components of palallel and perpendicular polarization, 
respectively, and the last two exhibit the derived splitting factors of 
the low and high energy levels responsible for the spectral line. Values 
in parentheses are borrowed from other lines. All numerical values in 
the last five columns are expressed in Lorentz units (L=He/47rmc2). 

Some typical Zeeman patterns of columbium lines are displayed in 
figures 1,2, 3, 4 as 5X enlarged reproductions from original spectro­
grams. A few patterns are somewhat unsymmetrical (see 3824.88 A 
in fig. 2, 4152.58 A in fig. 3, and others marked "us" following the 
Zeeman-type number in t.ables 1 and 4), but since the splitting factors 
derived from these were in good accord, no further study was made 
of these dissymmetries. 

III. TERM ANALYSIS OF Cbu 

1. LINES OF THE Cb II SPECTRUM 

The available data for 1,723 Cb II lines, characteristic of singly 
ionized Cb atoms, are displayed in table 1, where column 1 shows the 
estimated intensity and character, column 2 the measured wavelength, 
column 3 the vacuum wave number, column 4 the term combinations, 
and the last six columns contain data on the Zeeman effect. Cb 
spark lines definit~ly identified as belonging to Cb III [15] and Cb Iv[16] 
spectra are omitted, and also about 60 lines not observed in the arc 

., 
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and appearing very hazy (H) in the spark. The latter could not be 
classified as Ob II and some of them may belong to Ob III. The total 
number of Ob II lines now interpreted as combinations of singlet, 
triplet, and quintet terms is 1,494. This constitutes 87 percent of 
the total number listed in .table I, and includes 95 percent of the total 
intensity. It may be noted that 22 of these lines are doubly classified. 
In these cases the first term combination is the more probable. The 
Zeeman patterns observed for 646 Ob II lines constitute the strongest ' 
evidence for the correctness of this analysis and interpretation of the 
Ob II spectrum. 
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TABLE I.-Second spectrum of columbium (Cb II) 

Wave Strong· No. i)erm combi- Zeeman Sepa· Strongest X air A vac. nation type ration est n 
cm-1 p 

------- -----------
2 3 4 5 6 7 8 

------ --- - -------
7026.15 14228.63 c'F.-z'Di 2 0.25 0 0.93 
6940.90 14403.39 c'F,-z 3D! 7b,1 0 1.04 
6929.05 14428.02 d'P.-z 'P! 
6920.85 14445.11 0 1. 32 
6629.11 15080.82 c'F,-z'Di 7b,1 0 1.09+ 

6435.53 15534.45 b 3D2-Z 3Di 2 0.74 0 1. 93 
6331. 51 15789.66 0 1. 31 
6285.81 15904.46 c!F,-z 'Fl 7b,1 0 1.20 
6249.68 15996.40 3 .14 1.06 
6183.24 16168.29 c 'O.-z 'F! 7b,2 0 1.11 

6175.01 16189.84 0 1.14 
6157.83 16235.00 0 1.18 
6119.68 16336.21 d'P,-Y'D! 3 .27 1.43± 
6091. 80 16410.98 c3Fa-z 5F. 2 .245 0 2.08 
6062.17 16491. 19 b IFs-z 104 7b,2 0 1. 24 

6039.95 16551. 86 c JF,,-z ~Fl 2 0 1. 75-
6022.41 16600.06 0 1.12 
6000.25 16661. 37 c 'O,-y 'Fl 7b,3 0 1.10 
5979. 56 16719.02 c 3Fa-z JFa 
5973.26 16736.65 0 .98 

5970.67 16743.91 c'F,-z'D! 1 .22 0 .62+ 
5828.85 17151. 30 3 .71 
5753.06 17377. 24 b 'D,-1 'P! 3 . 33 .66 .98, 1. 31 
5746.90 17395.87 b'F,-Y'Oj 1 0 .86 
5690.78 17567.42 3 .97 

5644.66 17710.96 c 'G,-Y'HI 3 .55 
5635.48 17739.81 
5546.35 18024.88 b'D,-z'FI 
5545.63 18027.22 c'F.-z'GI 2 0 .91 
5510.19 18143.17 b 3DI-Z IF! 

5487.60 18217.85 c IFa-zIG. 7b,1 0 1.06 
5455.03 18326.63 c 'F,-z'F! 7b,3 0 .68 
5365.89 18631. 07 c 'F,-z'G! 7b,1 0 1. 19 
5363.07 18640.86 
5356.84 18662.53 c 'F.-z 'Fl 7b,3 0 1. 09 

5331. 19 18752.34 c 'p,-z ISO 7a 0 1. 21 
5273.486 18957.53 b'D'-V'n; 3 .24 .48 
5237.34 19088.36 c 'F.-zIF. 
516.0.368 19354.33 a 'p,-z ISO 7a 0 1.115 
5147.94 19419.85 b 'F.-II'D; 

5120.492 19523. 95 c 104-V 104 
5006.22 19969.60 b 'G,-z'DI 
4969.44 20117.37 c ID!I-yID; 
4957.74 20164.87 b 3D I -z 3F3 2 0 .70 
4949.44 20198.68 c 'p,-z 'Dl 

4942.00 20229. 09 b 'F,-z 'Gl 
4893.885 20427.98 b'D,-z'F, 
48P1. 07 20439.73 a'D,-z'G, 
4865.99 20545.08 b 'F.-z'G! 3 .50 .98 
4854.96 20591. 75 b'D.-z'PI 

0, 

---
9 

---
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TABLE I.-Second spectrum of columbium (Cb u)-Continued 

Wave Strong· 
Intensity >.. ahA 

No. Termeombi· Zeeman Sepa· Strongest 
spark vac. nation type ration est n 0, O. 

cm-1 
p 

--- ------
I 2 3 4 5 6 7 8 9 10 

---- ---
311 4854.74 20502.69 c S}i"3-Z ID; 

4 4852.101 20603.89 b'G,-z'Dl 
1 4848.02 20621. 23 c'p'-V'Dr 
211 4836.44 20670.61 c'P,-z'Dl 

1211 4824.17 20723.18 c 'D,-V 'pr 1 0 0.89 1. 01 (1.13) 

2 4822.93 20728.51 
2 4800.07 20827.22 a 'F.-z'GI 
411 4701. 48 20864.56 a 'D.-z IGl 

100 4789.96 20871. 19 b 3Ds-zIFl 1 0 1.11 (1. 312) 1. 262 
7 4773.80 20941. 84 b'F .... z IG; 7b 0 1.15 (1.150) 1.150 

3h 4768.23 20966.30 b'F,-z 'G; 
3c 4757.22 21014.82 d sF,-V 3F; 
2 4735.04 21l13. 26 b 'F.-z 'Gj 
2c 4717.52 21!D1. 67 d 'F.-U 'Pl 
2c 4700.91 21266. 5 

150 4699. 58 21272. 6 a IPI-Z In; 2 .20 0 1. 43 1.11 1. 31 
100 4670.104 21406.83 a'D,-zaDi 2 . 58 0 (1.00) . 42 

411 4669.08 21411.5 b'G.-z 'F! 
6h 4665.60 21427.5 b'G,-z IF! 

1011 4660.41 21451. 4 d'P,-L'DI 1 . 24 0 (1.49) 1. 25 

GIl 4655.30 21474.9 C'F2-V 6Di 1 .70 0 .69 .69 1. 39 
1011 4652. 19 21489.3 c 'D.-v 'Si 
2011 4637.575 21556.98 r'Pl - V &Do 7a 0 1. 23 1. 23 0/0 
3 4633.21 21577. 3 aJDI-z "0. 
4 4632.85 21579. 0 b'G,-z 'F; 

4c 4617.655 21649.97 c'D.-527! 
8h 4609.00 21686. 4 d'Po-L 3Di 7a 0 .83 0/0 .83 
2 4608. 04 21695.1 a IPI-V 5Dt 
111 4598.01 21742.5 d 'P,-49M 

5011 4593. 79 21762.4 a 'G, - z'DI 1 . 24 0 .36 1. 08 1.32 

3011 4589.00 21785. 2 c 'Po-v 'Dr 7a 0 1.38 0/0 1.38 
211 4'>86.73 21795.9 a 'H.-z 'HI 
6h 4584. 10 21808.4 b'F,-z 'Gl 
511 4580.50 21825.6 b'G.-z 'FI 

15011 4579.446 21830.60 b'F.-z'D! 2 0 1.16 (1.150) 1.145 

311 4566.26 21893.6 d'p,-L'Dr 
311 4556.68 21939.7 b'F.-w'G; 

5011 4550.10 21971. 4 b'G,-z IFl 
1011 4548. 71 21978.1 d'P,-w'D! 
8c 4535.69 22041. 2 a'D,-z'D! 3 .14 .28 1.06± 1.00 1.14 

211 4533.28 22052. 9 a IF3-Z 1Ft 
5011 4527. 648 22080.35 b 'F.-z 'Di 2 . 43 0 1.28 .85 .42 
3011 4522.21 22106.9 c'P,-V ID! 3 .127 .254 1.40± 1.467 (1.340) 

611 4515.93 22137.6 c'P'-V'D! 
8c 4495.46 22238.4 b 'G,-z 'D; 

20011 4492.962 22250.81 c'P,-V 'DI 7b,2 0 1.23 (1.218) 1. 224 
2 4489.71 22266.9 b'G.-z'D; 1 .43 0 1.030 (1.460) 
2h 4481.01 22310. 2 b 'H.-z 'F; 
711 4474. 66 22341.8 b 'G.-zIDI 3 .45 1.80 (1. 027) 1. 477 

2011 4467.92 22375.5 c'P,-V ID; 1 0 1.42 (1.468) 1.452 

2h 4461. 92 22405.6 d'P,-x'Di 
120 4460.17 22414. 4 c'F.-V 'DI 
5011 4449.912 22466.07 a 'D,-t'DI 2 0 1.49 1.25S (1.138) 
1011 4447.737 22477. 05 d·P.-x'Dl 
2h 4445.17 22490.0 d·P.-w·D! 

211 4444.26 22494.6 a 'H,-z 'HI 
511 4443.00 22501. 0 c 'F.-V 'D! 
4h 4427.683 22578.86 c'P,-U ID! 

1011 4427.05 22582.1 d'P,-w'DI 
211 4426.27 22586.1 a 'G.-z 'FI 

3011 4424. 66 22594.3 1 0 .55 
2011 4421. 660 22609.61 c'P,-V'Di 3 . 24 .24 1.22 (.98) 
6h 4413. 15 22653.2 d 'p,-x'Pj 

1011 4408.729 22675.92 
511 4407.78 22680.8 d'p,-x'Pl 
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TABLE I.-Second spectrum of columbium (Cb n )-Continued 

Wave Strong-Intensity A alrA 
No. 'l'erm combl- Zeeman Seps- est Strongest 

UI spark vae. Dation type ration n 
cm-1 P 

------ --- ---
I 2 3 4 5 6 7 8 9 

-------- ---
50h 4401. 172 22714.86 b 'F,-z 'Dl 3 0.29 0.58 0.85,1.15 0.85 
7h 43P8.55 22728. 4 
3h 4396.77 22737.6 a 10.-Z sF. 
3h 4300.63 22769.4 "F'-V 'D; 
3A 4374. 50 22852.8 a 'P,-V'DI 

40h 4372.645 23863.05 b 'F,-z'D! 3 .159 .470 (1.150) 
100h 4307.966 22887.54 b 'F.-z 'Dl 1 . 154 0 .600 1.152 
20h 4367.387 22800.58 b 'D,-z 'Dl 2 .638 0 (.681) 

3A 4361. 34 22922.3 
6h 4348.244 22991. 35 , 'F,-V'D! . 
3e 4329.47 23091. 0 b ZH,-Z3F. 

50h 4321. 49 23133.7 b 30,-Z '01 7b.3 0 .765 (.767) 
40h 4317.72 23153.9 "O.-y'H' 1 .089 0 1.089 

5A 4312.70 23180.8 a 'P,-y "Dl 
7h 4306.99 23211. 6 a 'P,-II'Di 

8h 4302.91 23233.6 a 10.-Z IF! 
10h 4300.53 23246. 4 ,3P,-Z 'P! 
3h 4299.45 23252.3 a 3D,-z IFi 
2h 4296. 44 23268.6 bSHs-z SF. 
4 4295.71 23272.5 b 'F.-z "Fl 

2h 4290.35 23301. 6 capo-VaDr 
12h 4274.87 23386.0 b'O.-z '01 3 . 15 1.03 
5h 4~69. 92 23413.1 "P,-z'P! 

20h 4267.65 23425.5 aIO.-z "D! 
8h 4266.27 23433. 1 b 30,-z 'F! 

4h 4257. 19 23483.1 a'D,-z 'Fl 
30e 4254.392 23498. 53 a 3Da-z 3D; 
5h 4254.05 23500.4 a 'O.-z 'Dl 

16h 4220. 598 23686.68 b 'F,-z 'F! 3 .119 .356 (1.150) 
30A 4218.53 23698.3 b IF,-x 'F! 

50A 4216.228 23711. 23 b 3F.-z SF; 1 .113 0 .800 1.139 
20 4214.81 23719.2 c apo-z 3Pi 7a 0 1. 22 0/0 
2h 4202.880 23786.5 d'Po-II'Pi 
8h 4199.23 23807. 2 "F,-z 'P! 

lOA 4193.80 23838.0 b 'F,-z IF, 2 .175 0 (1.150) 

1 4189. 47 23862.7 b 3F.-z SF. 
2 4189.312 23863.57 c 3P~_11 3I.lj 

SOh 4185. 54 23885.1 c aPI-Z ap; 2 0 1.28 (1. 218) 
7h 4183.39 23897.3 a 3D2- z 6F§ 
2 4181. 52 23008.0 a'D,-z 'Fl 

6A 4178. 40 23925.9 b 3F,-z 'Fi 2 0 1. 563 (.849) 
6e 4177.873 23928.00 b 3D3-Y "Dl 
6h 4172.54 23959.5 b '}',-x 'Di 

l00e 4156.678 24050.91 b 'O,-z '0. 3 . 20 1.21± (1.19) 
4, 4148.550 24098.03 b ' D.-z·Pi 

4, 4146.989 24107.11 b'F.-z·DI 
6h 4140.59 24144.4 "P'-V'F! 
2 4138.91 24151.2 b'O.-z 'O! 

10h 4138.46 24156.8 b ' F,-z 'F! 
3h 4136.72 24167.0 "P,-y'PO 

20h 4126.180 24228.7 b 'O,-z'F! 
2h 4122. 03 24253.1 

10h 4119.74 24266.6 e'D'-VIDI 
,'F,-z 'PI 

l00h 4119.284 24269.24 a 'B,-z 'B, 7b,3 0 1. 005 (.992) 
IOh 4115.597 24200.98 "F,-2 I Fi 1 . 38 0 (1.468) 

lOA 4114.56 24297.1 b 'D,-V 'Di 2 .198 0 (1.171) 
8h 4110.81 24319.3 d'F.-w'Di 

20h 4110. 32 24322.2 a'D,-z 'F! 3 .07 1.26± (1.246) 
4h 4109. 00 24330.0 c3F,-z IF; 
2h 4106.99 24341. 9 b'O.-z'FI 

( 

01 

10 

1.14 

1.309 
1.3Ofl 
1.319 

. 76:~ 
1.000) 

(1.07) 

1.269 

1.252 
1.22 

1. 325 

1.249 

.135 

1.23 

1.018 
1.088 

.973 

1.269 
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TABLE I.-Second spectrum of columbium (Cb u)-Continued 

Wave Strong-
Intensity No. Term comb!- Zeeman Sepa- Strongest 

spark ~ all' A vae. nation type ration est n g I g, 

cm-1 
p 

------ --
1 2 3 4 5 6 7 8 8 10 

--- ------ --
50h 4104.165 24358.64 b 'F.-z IF! 2 0.200 0 2.160 1. 162 1.362 

3h 4101. 38 24375.2 e IG.-V 'D! 
2 4097.93 24395.70 eID,-x 'F! 
2h 4096.28 24405.5 d 'F,-x'Dl 

7JJh 4095.930 24407.62 e 'P,-U 'Gl 1 .46 0 (1. 468) 1. 008 

IOh 4089.41 24446.5 e 'F.-V 'GI 2 .23 0 (1. 240) 1. 010 
7JJh 4085.35 24470.8 b'D,-V'Di 2 .54 0 (.681) 1. 221 
5c 4082.65 24487. 0 a IPI-Z sp; 
6h 4079.34 24506.9 d'F.-w'D! 

lOe 4079. 10 24508.3 b 'G'-z 'F. 

2 4074. 66 24535.0 b'D'-VIDl 
1 4074. llO 24.538.33 e 'F,-Y'Fi 

20h 4073.09 24544.5 a tG~-z Sal 7b,3 0 1.075 (I. 083) 1. 067 
15 4072.064 24550.66 b 'F.-z 'D! 1 .305 0 .237 1.152 1. 457 
5 4068.712 24570.88 b 3F2-Z 6Fi 

15h 4064.058 24599.02 
IOh 4063.734 24600.99 b 'F,-z 'D. 2 .32 0 (1.150) 1. 470 

60h 4061. 98 24611.6 b 'G,-z 'F; 3 .227 0 1. 03,1. 26 1. 030 1. 257 

10 4059.68 24625.6 b 3F4-Z ~D . 

4h 4054.513 24656.94 c IDs-x IDz 

3 4049.90 24685.0 {a Iip2-Z 3D; 
e 'Fi-z 'F! 

6h 4048.675 24692.49 
3h 4047.964 24696.82 
4h 4045.58 24711. 4 d 'F.-500; 
Ih 4045.06 24714.6 b 'D,-z 'Pi 

40h 4037.67 24759.8 d'P,-v'Si 3 .329 .328 1. 498, 1. 828 1. 498 1. 828 
6h 4031. 317 24798.81 b'D'-V'D; 2 .667 0 (.681) 1. 348 

3 4030.864 24801. 59 e 'F.-v'Ol 
7h 4026.33 24829.5 b 'D,-V '])j 3 .299 .299 (. 681) . 9SO 

4 4023.427 24847.44 c 3P2-Z 3Si 

5 4020. 233 24867.18 a IiPI-Z 3Di 
1 4019.79 24869.9 a3G4-z /laoS 

4h 4018.995 24874. 84 b'D,-z 'Pi 
3h 4016.06 2,1893.0 
8h 4012.902 24912.60 b 'D.-x'D; 

SOh 4012. 165 24917. 18 e 'P'-V 'Fl 1 .352 0 .413 1. 469 1.117 

3h 4010.10 24930.0 a 'So-V 'Di 
5c 4006.995 24949.33 b'D,-y'n! 
5 4005.900 24956.15 c 3F4-V 3Fj 

SOh 4000.605 24989. 18 a IG4-z 3Fj 7b,1 0 1. 052 (1. 083) 1. 093 

8 3999.71 24994.8 b'F,-z'G; 
2 3999.47 24996.3 
2 3997.335 25009.62 b 303-Z 3F. 
3h 3994.46 25027.6 c'Po-v'Pi 
3h 3993.48 25033.8 c'P,-v'Pi 

2h 3989.17 25060.8 d 'F,-x 'Pi 
IOh 3983.939 25093.71 d'F.-x 'PI 
2h 3981. 323 25110.20 a 'F,-V 'D! 

200h 3976.52 25140.5 d'F.-x 'G! 
30h 3971.679 25171. 17 d 'F,-x 'GI 2 .10 0 1.00 .71 (.81) 

60h 3969. 130 25187.34 
3h 3967. 95 25194.8 It 'F.-x 'F; 

40h 3967.36 25198.6 d 'F.-x 'F. 
80, V E 3966.276 25205.46 a'D,-z'GI 1 .233 0 .297 .996 .763 

60h 3964.26 25218.3 a 'P,-U 'F! 1 .370 0 (1.115) .745 

4h 3963.58 25222.6 a 'H,-V 'F. 
8h 3962.163 25231. 63 d'F,-x 3G, 

IOh 3961. 62 25235.1 b'D,-z 'Pi 
5h 3956.656 25266.74 

30 3955. 882 25271. 69 d'P,- 11 'Si 1 .328 0 1.157 1.485 1. 813 
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TABLE I.-Second spectrum of columbium (Cb n)-Continued 

Wave Strong-Intensity No. Termcombi- Zeeman Sepa- Strongest 
spark A .irA 

VBC. nation type ration est n g I 
cm-1 P 

---
I 2 3 4 5 6 7 8 9 

---------------
3 3955.55 25273.8 a 'O,-z 'D; 
511 3953.524 25286.76 b'D'-V'DI 

10011 3952.367 25294. 16 b 'F,-z'F! 2 0. 458 0 2.065 1.149 
111 3949.70 25311.2 e 'F,-V 'F! 

6011 3949.451 25312.84 a 10.-Z '0, 2 .154 0 1.86 1.090 

511 3948.433 25319.36 e 'p,-z 'Si 
411 3942.905 25354.86 b'D,-x'Di 

10011 3938.547 25382. 91 b 'F,-x 'al 7b 0 1.007 (1. 010) 
150e 3936.02 25399.2 b 'H.-z'H' 3 .24 .84± (. 88) 

3011 3931. 79 25426.5 {b 'D,-x 'D! 
a1H6-V 30; 

2 3931. 500 25427.83 e'F,-v'P! 
1011 3930.022 25437.97 e 'p,-x 'F! 

2 3925.622 25466.48 b 'D,-z 'Po 
2h 3924.02 25476. 9 c 3F4-x 3Fj 

1011 3921. 34 25494.3 d 3Ft-x 3Gt 

3011 3920.754 25498.10 d 'F,-x'Gl 
100 3919.718 25504.84 a 3D2-Z 3F; 3 .309 .620 .691,1. 000 1.000 

111 3915.64 25531. 4 bID,-w'Dl 
211 3911. 036 25561. 45 
611 3009.331 25572.61 b 'D,-z 'PI 

4 3909.739 25576.48 b'H.-z'Hl 
5 3900.547 25630. 19 a'D,-z'GI 

200 3898.292 25645.02 b 'F,-z 'G; 1 .076 0 .843 1.147 
511 3894.564 25669.5r b 'F.-z 'G; 

15e 3887.32 25717.4 a 'P,-z'D; 

200e 3879.350 25770.24 a 'G.-z 'Fl 
4 3870.936 25826.25 e 'G,-x'F, 
611 3870.60 25828.5 d'F'-l/'D! 

10011 3865.019 25865. 79 a 3DI-Z 3F; 2 .18 0 .87 .51 
150,E 3863.056 25878. 93 b 'F,-z 'Gj 1 0 . 615 (.849) 

4 3856.704 25921. 55 a 'p,-z 'Si 
5011 3855.500 25929.65 a 3D3-Z 3F; 2 .560 0 2.366 1. 246 
4h 3855.07 25932.5 b'D'-V'Gl 
611 3852.63 25949.0 a 'O.-z 'D, 1 .26 0 (1. 052) 
311 3850.056 25966.31 b 'D,-V 'Fi 

811 3843.397 26011. 30 c 3PO-Z 3Si 
10 3841. 666 26022.92 b 'D,-v 'Pi 1 .587 0 .588 1.175 

111 3840.16 25033.2 c aPI-z ~S 2 
200, V E 3831. 840 26089.75 b 'F,-z 'Fl 3 .17 1.12± (1.150) 
20e 3830.601 26098. 19 b 'H.-z'Hl 2 .15 0 (.880) 

611 3829.221 26107.59 a IPI_Y 3Pi 
40 3828.242 26114.27 b 'F.-z 'F! 2 0 1.33 (1.152) 

511 3824. 17 26142.1 b 'D,-x 'Pi 
411 3824.00 26143.2 b'H,-z'Hl 
2 3821.72 26158.8 b 'G,-z 'D! 

20g" V E 3818.862 26178. 40 b 'F,-z 'F! 3 .156 .312 .692,.847 .848 
3811. 41 26229.6 b 'D,-V 'G! 

211 3809.27 26244.3 e 'p,-w 'F! 
4h 3808.10 26252.4 b'D,-x 'G! 
1 3805.23 26272.2 a IRs-lI 3R; 

100, V E 3804.733 26275. 62 b'H.-z'Hl 3 .078 1.035± (1.052) 
10 3804.01 26280.6 a'D,-z'Gl 1 .173 0 .544 1. 236 
80 3801.146 26300. 42 a'D,-z3F; 2 .093 0 1. 27 .991 

611 3795.527 26339.35 
3011 3792.79 26358. 4 

5 3784.88 26413.4 a 'F,-z 'G, 2 .195 0 (. 712) 
200 3781. 379 26437.90 b 3]<"-z'Gl 2 0 1.54 (1. 152) 

2011 3779.57 26450. 6 b 'D,-z 'Fl I 0 _92 (1.171) 
2 3778.50 26458.0 a 'P3-Z 6D; 

3011, E 3770.66 26513.0 Ii 'F,-v 3F; 

5h 3764.641 26555.44 b'D'-V'Pi 
8h 3763.13 26566.1 e'p,-w'F! 
3h 3762.99 26567.1 b 'D,-~ 'G; 
2h 3762.064 26573.63 Ii 'F,~v 'F; 
2h 3761. 32 26578.9 Ii 'F.-v 'F! 

g, 

10 

--

0.69 

1.24 4 

1.00 
.82 

.69 

1. 07 

.69 

.77 

.68 

1. 31 2 

1. 76 

1. 09 
1. 03 

1.09 

.69 

1. 03 6 
063 

4 
1. 
1. 08 

.90 
1.23 
1.08 
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TABLE 1.-Second spectrum of columbium (Cb n) -Continued 

Intensity X air A spark 

Wave Strong· No. Termcombi· Zeeman Bepa· Strongest 
VRC. nation type ration est 

" 
D I 

cm-1 P 

--------- ---
2 3 4 5 6 7 8 9 

---
15h 3760.76 26582. 8 d 'F,-v 'F! 
1h 3757.60 26605. 2 c3F4-W 3F! 
3h 3757.466 26606.14 b 3D,-V '1"l 
1 3752.93 26638.3 e'F.-w'F; 
1 3752. 08 26644.3 a 5p~-Z 5Di 

Ie 3752. 02 26644. 8 a 'PI-Z 'D; 
20 3751.285 
3 3748.00 

26649. 98 b 10.-Z IBl 3 0.137 0. 548 (0.950) 
26673.3 a 3DI-Z 180 

10 3741. 292 26721. 16 a JD,-Z3F; 
200, V E 3740.726 26725. 21 a 'D,-z IF! 3 .162 .478 1. 093,1. 252 1. 252 

3h 3736.49 26755.5 
3h 3728.03 26816.2 b 'O ,-z 'Bl 

12e 3726.58 26826.7 a sPI -z 5Di 
6 3725. 25 26836.2 b 3"D ,-V 'F! 

30h 3723.44 26849. 3 b'D'-V'D; 7b,3 0 .9i4 (.980) 

40h 3722.548 26855.71 b 'D.-V 'PI 1 .195 0 . 916 1. 306 
100 3720.456 26870.81 b 'F,-z 'Fl 2 . 107 0 1. 582 1.154 
30e 3719.63 26876.8 a 5P3-z 5D j 

300, V E 3717.06 
50h, E 3713.72 

26895. 4 b 'F.-z 'Fl 3 . 104 . 417 1. 150, 1. 258 1.154 
26919. 6 b'O.-z 'Ill 

25h 3713.356 26922. 19 d'F.-v'Fl 
lOOc, E 3709.29 
60e 3707.96 

26951. 7 a SP3-z 6D. 
26961. 4 a 5P2-Z 5D~ 

3 3701.713 27006.86 b 3D2-z 3Si 
3 3701. 44 27008.9 c 3Pl-Z IPi 

2 3698.79 27028.2 e 'F.-V 'B, 
10h 3696.68 27043.6 a 3H.-z3Da 

100 3695.90 
10 3694.792 

27049.3 b 3P,- Z ID; 3 .166 .333 1. 312, 1. 477 1. 478 
27057.45 a IH5- z 3H 

5 3692.178 27076.60 b'D,-V'F! 

30 3691. 174 27083.97 b'P,-z'D! 1 . 196 0 1.110 1. 502 
3 3689.27 27097.9 e 'F.-w'F! 

50h 3688. 187 27105.90 a ~Gs-z 6Fs 
200c, V E 3687.968 

4 3684.931 
27107.51 ~'B.-"B! 7b,3 1. 156± (1. 154) 
27129.86 a'O'-z 'F! 

lOe 3683. 02 27143.9 a 'PI-Z 'DI 1 1. 000 0 .465 2.465 
6 3681. 690 
2 3681. 57 

27153.74 a 3F.-z5Gl 2 0 1.350 (1. 230) 
27154.6 e'F.-w'Fl 

lOh 3679.61 
40 3678. 063 

27169.1 b'B'-V'D! 1 .15 0 (.880) 
27180.51 alB,-z 'Ol 1 .08 0 . 66 . 98 

15 3676.335 27193.29 b'D,-V'PI 
20h 3670.05 27239.8 b'B,-z'Il! 
2 3664.467 27281. 36 a3Ga-z SF; 

60h 361)3.751 27286.69 
4 3662.73 27294.3 a IF,-z 'F! 

300, V E 3659.602 
4 3654.270 

27317.62 b'O,-z'Ill 2 0 .935 (.767) 
27357. 48 d 'F.-527l 

8h 3652.25 27372.6 a 3Gs-z"D;: 
200, V E 3651. 182 27380. 62 a'F.-z'Di 2 .296 0 1.010 . 714 

3h 3648.760 27398.8 

6h 3645.94 
20 3641. 382 
15 3641. 293 

27420.0 a'O.-z'Fl 1 .315 0 (1. 052) 
27454.30 b'P;-y'Di 7a 0 1. 386 0/0 
27454.98 b 'D,-y 'P! 1 .144 0 .839 .983 

30 3639. 058 27471. 84 b'p,-y'Dr 2 . 09 0 1. 552 1. 482 
ISh , E 3637.86 27480.9 e'P,-z 'Pi 

40 3634.489 
Ih 3634.03 

27506.37 e'D,-z'Fl 
b'PI-Y'D! 

27509.8 c 'Fs-w 3F. 
5h 3633.894 27510.88 c 1G.-x 104: 

100 3633.318 
4 3633.12 

27515.24 b'O,-z'Bl 3 .144 .720 (1. 190) 
7 a'D -z'F' 27516. 
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10 

0.8 

1.0 

,9 

1.5 
1.2 

1.2 

1. 3 

1.3 

1.1 

1.4 
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1.0 
1. 0 

.8 

.4 

1.3 
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TABLE I.-Second spectrum of columbium (Cb n)-Continued 

Wave Strong· 
IntenSity h air A No. Termcombi· Zeeman Sepa· est Strongest g, g. 

spark vac. ation type ration n 
cm-1 

p 

- --- --
I 2 3 4 5 6 7 8 9 10 

--- ---
30 3629.47 27544. 4 • 'H,-z 'II 2 0 1. 280 (0.992) 1. 040 
2 3628.70 27550.2 a 'G3-z 6D; 

40 3628.180 27554.20 • 'H,-w 'Fl 1 0.100 0 .584 .984 1.084 
3h 3622.00 27594.4 b'D,-.'F! 
3h 3622. 49 27597.5 b'D,-x'Fi 

6h 3620.57 27612.1 • 'Oa-z'D! 
l00c, V E 3619.729 27618. 53 b 'GI-z'H! 2 0 1. 06 (1. 027) 1. 034 
200, V E 3619.514 27620.17 .'F,-z'D! 1 0 .933 (1. 070) 1.138 

4 3618.89 27624.9 a 'PS-ZIDt 
3h 3614.88 27655.6 b'D'-U'HI 

4 3613.25 27668. 1 b 'Oa-V'DI 
3 3611. 39 27682. a d 'F, -u 'FI 
6 3609.362 27697.86 • 'H.-U'H! 2 .133 0 (.992) 1.125 

15 3607.01 27715.9 a 'Hs-% 5F~ 1 .276 0 (1.050) 1. 326 
2h 3606. 35 27721. 0 h 'D,-z 'SI 

8h 3604.66 27734.0 b 'P,-x'D! 
40 3591.197 27837.95 a 'H,-z'F! 1 . 19 0 .21 1.16 1. 35 
IOh 3588.02 27862.6 c 'F,-z 'Pi 
50h 3.\86.75 27872.5 b 'F.-z 'HI 2 . 122 0 1. 506 .896 1.018 
3h 3584.33 27891. 3 

4h 3580.98 27917.4 b 'H.-z 'HI 
2 3578.38 27937.7 b 'G'-Uigl 

10 3574.202 27970.32 b ' P'-U I ; 
30 3568.50 28015.0 a 'Fa-zID; 3 .431 .859 .709,1.142 .710 1.141 
40h 3568.001 28018.93 • IH.-z 'Fl 

40h 3566.10 28033.9 
3h 3565.68 28037.2 • 'F,-V'P; 
1 3565.23 28040.7 c 'F,-U 'OJ 

15h 3564.075 28049. 79 b 'H,-Z 'HI 
4 3561. 88 28067. 1 b'G'-II'Di 

5 3560.47 28078. 2 a IG~-z III; 
6h 3559.893 28082.74 • 'p,-z IPi 

00 3559.592 28085. 12 a IRs-V 10: 2 0 1. 17 (.992) . 95 
6h 3554. 14 28128.2 e 'F,-x 'Dl 
4 3551.102 28152.26 b IH'-II '01 . 
4h, V E? 3548.08 28176.2 e 'p,-X 'Di 

15h 3544.346 28205.92 e 'p,-X 'Dl 
50 3541. 247 28230.68 alD,-z ID! 

200, V E 3540.961 28232.88 a 3F.-z 'Dl 1 0 .95 (1. 230) 1. 323 
6h 3539. 11 28247.6 e 'P,...-'X'D! 

40, V E 3537.625 28259.50 a IP.-Z 'D! 3 .312 . 621 1. 145, 1. 458 1. 457 1.145 
50 3534.215 28286.77 eIFa-x'D! 
20 3534.114 28287. 58 d 'F.-w'GI 
10h 3534.05 28288.1 
20 3528.800 28329.46 b 'H'-II'O' 

30 3528.474 28332.79 b 3H.-z IF! 1 .203 0 .266 . 875 1. 078 
5 3528. 09 28335. 9 b'G'-II'D! 
8e 3527. 024 28344.44 d 3F.-w ' G! 

50h 3525.986 28352.79 e'p,-w'Dj 1 . 157 0 .986 1. 457 1. 300 
10h 3522.368 28381.00 b'D.-527! . 
5h 3521. 599 28388. 10 b'D.-w'F! 

20h 3521. 14 28391. 8 c'Fa-w'D! 1 0 1.06 (1. 240) 1. 30 
5h 3519.66 28403.7 b 'D.-w 'F! 

150 3517.670 28419.81 b'G,-I/'DI 1 .083 0 .70 .949 1. 032 
2OOc, V E 3515.421 28437.99 • 'G,-z 'G! 7b 0 .765 .765 .765 

20c 3514. 02 28449.3 b'Ha-II'GI 
400, V E 3510.262 28479.78 b 'G,-z 'H! 7b,2 0 1.118 (1.19) l.l8 

50 3505.992 28514. 47 .'Ha-z 'F, 
15 3501. 32 28552.5 b 'G.-z 'P! 1 .623 0 . 930 .939 1. 562 
10h 3500.74 28557.3 c 'P,-5001 

30c 3499.93 28563.9 b'D.-z 'G; 1 .228 0 .401 1. 313 1.085 
30c 3496.027 28595. 75 c 'Fa-500! ib 0 1.24 1.240 1.240 
20 3491.896 28629. 57 b 'P.-I/'D! 3 .25 .50 1. 24, 1.49 1.49 1.24 
10 3400. 418 28641. 70 c 'F,- z 3D! 
00, V E 3489.093 28652.57 • 'F.-z 'DI 3 .240 .722 1. 068, 1.308 1.068 1.308 
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TABLE I.-Second spectrum of columbium (Cb n)-Continued 
-

Wave Strong· Intensity No. 'rerm combi· Zeeman Seps· Strongest 
spark X air A vac. nation type ration est n U, U, 

em-I p 

-------- --- ---
I 2 3 4 5 6 7 8 8 10 

---- -----------------------
80 3488.81 28654. 9 c I F3-w 3D; 
10 3484.625 28689.31 b 'O,-y 'D! 
SO, V E 3484.054 28694.01 a 'p,-z 3Di 3 1. 078 1. 078 0.416,1. 495 1. 495 0.416 

100 3482.953 28703.08 b 'D,-y 'F! 2 0 1.15 (.98) 1.04 
5h 3182.52 28706.7 a 'H,-z'D, 

SO 3480.213 28725.68 b 'D,-w 3F! 1 . 112 0 .842 1.178 1.066 
150, V E 3479.567 28731. 01 a'G,-z 'G, 3 .110 1.056± 1.042 1. 070 
100, V E 3478.79 28737.4 a 'G3-z'Fl 2 <r .00 (. 765) .098 

6 3476.28 28758.2 d'F.-v 3D! 2 .17 0 .70 (.53) 
25e 3474.68 28771. 4 b 'Po-z 'Pi 

20 3474. 004 28777. 02 a 'G,-z'H! 1 0 .919 (1. 083) 1.050 
50 3470.27 28808.0 a IPI-X 3Di 2 .113 0 1. 404 1.U8 1. 261 
15e 3468.127 28825.78 b 3H.-y 'F; 
4c 3461. 54 28880.6 

15 3459.56 28897. 2 0 .997 

10 3458.728 28004.11 b 'F,-z 'D! 
4h 3457.04 28918.2 b 'H,- y 'Dl 

SO 3454.910 28936.06 C 3Pt-Z ap; 3 .11 .22 1.36,1.47 1. 47 1. 36 
60 3454.708 28937.74 b'D.-w'F; 1 . 213 0 .470 1. 322 1.109 
5c 3453.96 28944.0 a'p,-z'FI 

40 3452.350 28957. 51 b'P,-y'D! 3us .13 .26 1. 34,1. 47 1. 47 1. 34 
3h 34,\2. 19 28958.9 b'H,-y'FI 

20 3451. 640 28963.47 e'P,-x'P! 2 .270 0 1. 746 1. 476 1.206 
60 3450.766 28970. SO b'Po-V'D! 7a 0 . 976 0/0 .976 
20 3448.674 28988.47 b'P,-y'Di 2 .498 0 1. 982 1. 484 .986 

40 3448.221 28992.18 b'P,-y'D; Ius .17 .18 1.18 1. 52 1. 35 
5 3446.928 29003.06 b 3H.-y 'F. 

60 3444.281 20025.44 c3F .. -x 30j 1 0 1.05 (1. 240) 1. 20 
20 3443.737 20029.93 e 'F,-x 'D! 1 . 134 0 .540 .674 .808 
10c 3441. 64 20047. 6 a 'F,-z 'D! 2 .500 0 (. 712) 1. 302 

200, V E 3440.589 20056. 50 a 3F,-z'F j 1 0 1.14 (1. 230) 1.260 
50, V E 3439.925 20062. 10 a'F,-z "F! 2 0 1.116 (1. 070) 1. 04Z 

SO 3438. 41 20074.9 {b 'H.-y 'O! 
d'F3-W aG, 

6O,E 3436.964 20087.14 b'O,-y'D! 3m .270 .810 (.767) 1. 037 
20 3436. 834 20088.24 a 'G,-z 'Gj 

2h 3435.899 29096. 15 a 'Oa-Y'Dl 
2h 3435.583 29098.83 a 'P,-495! 
3 3433.952 29112.65 e 'Fa-x 'O! 
5h 3433.747 29114.39 caFJ-wlDi 

400, V E 3432.708 29123.20 b 'Ga-z'Hl 2 0 1.25 (.950) 1.01 

4h 3431. 18 29136.2 a '1,-z 'HI 
2h 3130. 912 29138.45 a "p,-Z '81 

250c, V E 3426.562 29175.44 e'O'-Z'FI 
a'H,-z'GI 

300e, V E 3425.432 29185.06 a 'G,-z 'GI 3 .19 1. 21± 1.19 1.23 
5e 3423.643 29200.31 

10 3422.85 29207.1 b 'H'-II 101 
5 3422.77 29207.8 a IF .. -z 'Fl 
3 3421. 318 29220.15 b 'G,-z 'PI 

20e 3421. 161 29221. 49 a 'P,-z'Fj 
SO, V E 3420. 633 29226.00 a 'F,-z 'F! 2 .500 0 1. 302 .712 .122 

2 3417. SO 29250.2 a1Pl-zJnt 
5h 3417. 17 29255.6 e 'P,-x 'Po 7a 0 1.20 1.20 0/0 

20 3413.209 29289.57 b 10,-Z 'HI 
lliO, V E 3412.934 29291. 93 a 'p,-z 'D! 1 . 143 0 1. 022 1. 451 1. 308 
10h 3412.480 29295.82 a IP.-wiDi 

100, V E 3409.191 29324.09 a 3Po-z'Dt 7a 0 .423 0/0 .423 
100, V E 3408.678 29328.50 a 3P,-Z ID! 1 .357 0 .788 1. 502 1.145 

3h 3408.53 29329.8 c 'F,-xIP; 
10 3407.32 29340.2 c 3Po-z'Di 7a 0 .817 0/0 .817 
10h 3406.947 29343.41 0 .998 
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TABLE I.-Second spectrum of columbium (Cb n)-Continued 

Wave Strong-
Intensity A air A No. Termcombi- Zeeman Sepa- est Strongest 

0, spark vac nation type raton p n 
cm-1 

-----------------------
I 2 3 4 5 6 7 8 9 

-----------------------
3A 3403.49 29373. 2 b 'G,-z 'P! 
2A 3402.81 29379.1 c sF.-x 30; 

20 3402.02 211385.9 c'po-waDr 7a 0 0.613 0/0 
10 3401. 231 29392. 72 b 'G.-z 'H! 7b 0 1. 067 (1.027) 
30, V E 3399.714 29405.83 b 'P,-z'Pl 2 0. 244 0 1. 732 1.488 

5h 3397. 516 29424.85 a 'H.-x'Gl 
10h 3397.319 29426.56 
50h 3396.365 29434.82 c 3Fa-x3Ft 
15 3395.72 29440.4 b 'P,-z'Pl 3 .281 . 284 1.224, 1.501 1. 503 
60 3394. 978 29446.85 a'D,-zID! 3 .297 .602 1.008, 1.302 1.006 

10 3393.810 29456.98 a 'F,-z 'F! 3 .314 . 628 (.712) 
4h 3392.475 29468.57 b'D,-V IGI 
9 3391. 594 29476.23 a 3Fs-z IIFi 

30 3389.939 29499.32 a 'G.-z'G! 2 .180 0 1. 960 1.060 
250, V E 3386.243 29522.81 a 3H/i-Z 30; 1 0 .962 (1. 050) 

10c 3383.302 29548.47 
40h 3382.44 29556.0 b'D.-x'D! 

150 3380.934 29569.17 b 'G,-v'GI 2 0 1. 40 (1.19) 
60 3379.300 29583.46 b 10.-Z IF! 1 .140 0 .515 . 935 
9c 3377.375 29600.32 b'PI-z 'PI 

50 3374.252 29627.72 a 3Fs-z aFt 2 .253 0 2.087 1.075 
20h 3374.087 29629.17 

120, V E 3372.565 29642.54 a 301\-% 3F; 1 0 .86 (1.18) 
30 3370.609 29659.74 b 'PI-Z 'Po 7a 0 1. 510 1. 510 
50 3370.154 29663.74 d3F.-w sG~ 

100, V E 3369.155 29672 .. 18 b 'G.-V 'GI 3 .10 . 40 1.07± 1. 02 
100 3365.94 29700.9 b 3D 1-z IPt 3 .244 0 (.681) 

10 3360.883 29701. 38 a 'p,-z 'F! 
100, V E ' 3365. 594 29703. 93 II 'F.-z 'F! 2 .126 0 1. 864 1. 234 
20h 3362.17 29734.2 c 3Fa-x 30; 2 0 1. 43 (1. 083) 

100 3360.904 29745.38 II IF,-Z '01 2 0 1. 293 (1. 007) 
2 3357. 156 29778.60 a IH,-x'OI 
3h 3355.92 29789.6 e'F,-xIP! 
Ih 3355. 67 29791. 8 b ID,-v'D! 

15, V E 3353.509 29810.97 a 'D,-V 'D! 3 .222 .444 (1. 002) 

5h 3352.828 29817.03 c 3F,-1' aPt 
311 3351. 87 29825. 5 a 3H,-z sO; 
311 3350.41 29838.5 

100 3349.351 29847.98 a 10.-V 'D! 2 0 1.18 (1. 083) 
15 3348. 787 29853.01 b 'Gl-z IF! 

20 3348.28 29857.5 a JPt-X sPo 7a 0 1. 120 1.120 
30 3346.760 29871. 09 alF,-z IiF§ 2 .555 0 2.381 .716 
20e 3346.286 29875.32 II 'H.-V 'HI 
8h 3344.25 29893.5 b'D,-x'D! 

80 3343.967 29896.03 a'F,-z'D! 1 .235 0 .53 1. 235 

6 3343.90 29896.6 a 'F,-z 'Dr 
5 3343.28 29902.2 b'F.-z'Hl 

150, V E 3341. 612 29917.10 a'Ho-z 'G; 1 0 .80 (1. 157) 
60d 3340.45 29927.5 e'F...-x'G! 2 0 1. 05 (.670) 

4h 3340. 18 29929.9 

3 3338.38 29946.1 a tIe-z IHI 
2h 3337.20 29956.7 a 3G.-Z3F: 
5e 3335.669 29970.40 a 'F.-z'Dl 

10e 3335. 244 29974. 22 a 3Fz-z 5Di 1 .73 0 . 0 .73 
8 3334.82 29978.0 b'P...-V'D! 

8e 3334.529 29980.65 a 'G,-z'P! 
2011 3329.16 30029.0 

311 3327. 246 30046.28 d'F...-x'F! 
7, E 3326.54 30052.7 b'H,-V'Hl 

2011 3325. 436 30062.63 

411 3325.21 30064. 7 e'F.-y'DI 
50 3324.661 30069.63 b 'D.-x 'D! 3 1.300 (1. 312) 
30 3324.555 30070.60 b'G,-v'GI 2 .358 0 2. 201 . 769 
30 3323. 900 30076.52 b IO'-V'FI 3 .155 .622 (. g50) 
3h 3323.22 30(8)!. b'D 'D 

0 

1 

O. 
1. 
1. 

1. 
1. 

1 . 

1. 
1. 

1. 
1. 

1. 

1. 

613 
035 
244 

222 
305 

026 

240 
072 

14 
075 

01 

328 

26 
o 

1. 

1. 
1. 

1. 

1. 

1. 

12 
925 

360 
17 

078 

224 

05 

0/ o 
271 1. 

1. 

1. 

1. 

1. 
1. 
1. 

47 

23 
80 

46 

288 
127 
105 



Spectra of Oolumbium 

TABLE I.-Second spectrum of columbium (Cb I1)-Continued 

Way Strong· Intensity No. Term combl· Zeeman Sepa· Strongest 
spark h air A vac. nation type ration est n U. 

cm-1 p 

--- -------------
I 2 3 4 5 6 7 8 9 

--------------------------
SO 3320. S08 30104.52 b 'O'-V'F; 7b,2 0 0.786 (.767) 

2 3320.56 30106.8 dIF.-x'FI 
1 3320.124 30110.72 b 'P.-z'P! 

100, V E 3319.590 30ll5.58 a 'P.-z 'PI 1 0.183 0 .895 1.444 
10e, V E 3319.22 3Oll8.9 a IFl-w 3l! .... j 

5 3318.29 30127.4 e apo--x 'Pi 
1 3317.04 30138.7 a'D ...... v·D; 

15 3316.61 30142.6 e'P,-v'D! 1 .242 0 .721 1. 206 
2 3313.64 30169.6 a·D ...... V'DI 
~ 3313.41 30171.7 a'D,- v'D; 

3h 3313.08 30174.7 b'DI-wIDI 
20h 3310.67 30196.7 b'FI-V'Dl 
5 3309.26 30209.6 b 'O'-V 'F! 

70 3305.608 30242.95 b'O.-r 'F, 2 0 1. 45 (1.19) 
40 3304. 71 30251. 2 b'O,-z 'Fl 3 .330 • \l9O (.767) 

50 3303.323 30263.86 b IP.-Z 'PI 3 .224 . 448 1. 261,1. 482 1.482 
10 3302.619 30270.32 a IH.-z 3F! 1 .207 0 (.825) 
3 3301. 96 30276.4 e'P.-v'PI 

40 3301. 498 30280.59 b '0,-1/'01 2 .216 0 2.050 .970 

6h 3300.33 30291. 3 {a IF ...... V 'D! 
a 'R,-z'OI 

5O,E 3299.57 30298.3 a 3PI-Z IP; 
15 3297.673 30315.71 a'F.-z·D; 
20 3297.055 30321. 40 a'F,-z '0; 2 .899 0 3.043 1.245 
20 3295.506 30335.65 b'D ...... x'DI 2 .34 0 (1.171) 

150 3294.367 30346.14 b 'O'-I/'Fj 3 .32 1.07± (1. 027) 

10e 3292.365 30364. 58 a 'F,-z'O! 2 .46 0 2.59 1. 21 
200, V E 3292.020 30367.77 b 'O ,-V '01 3 .204 .770 .760,1. 014 . 765 

30 3291. 055 30376.68 a'F,-z '0; 2 .433 0 2.650 1. 351 
3 3290.55 30381. 3 b'D,-w'Di 

10 3289.551 30390.56 a'FI-z'D, 2 .407 0 (1. 070) 

3 3287. 75 30407.2 {a 'D.-V 'Di 
b'D.-x'Dl 

5 3286.81 30415.9 c 3P2-V IF2 
40 3286.340 30420.25 b'D,-w'D! 7b 0 1. 167 (1.171) 
30e 3285.70 30426.2 b 3Dl-x 3D; 

400, V E 3283.463 30446.91 b'G.-v'GI 3 1. 175 (1. 19) 

2h 3281. 62 30464.0 e 'F,-v 'F! 
80h 3279.979 30479.25 b'G'-V'Fl 
4 3279.43 30484. 4 b'F.-V·D; 

2Oe, V E 3279.248 30486.04 a'F.-z 'G, 
4 3277.77 30499.8 a'D,-v'D; 

3 3277. 30 30504.2 
6 3276.43 30512.3 b'D,-w'DI 2 .144 0 (1.171) 

30 3274.796 30527.48 
15 3273.888 30535.95 a JP2-Z 6D; 7b 0 1. 46 1. 4.5 
20 3273.511 30539.47 aaPI-z 5Fi 3 1. 38 1. 48 (1. 504) 

10 3272.350 30550.30 b'G'-V'm 
100 3272.224 30551.48 a 'O,-z 'Ri 1 0 .73 (1. 083) 

2h 3270.93 30563.6 a'D.-v·D! 
20 3269.125 30580.44 b'P,-V'Po 7a 0 1.504 1. 504 
30 3267.684 30593.92 a'R,-z'G, 2 .403 0 2.854 .839 

80e 3266.11 30608. 7 
300, V E 3263.365 30634.41 a'R.-z'I. 7b,2 0 1. 030 (.992) 

6 3262.56 30642.0 
60 3261. 702 30650.03 a 'F.-v'GI 1 0 .79 (1. 007) 

350e V E 3260.564 30660.73 b 'R,-z '15 2 0 .86 (.880) 

2 3256.75 30696.6 b'P;-v'PI 
1h 3255.80 30705.6 b'R.-z'II 
5h 3255.27 30710.6 a,3F2-z5D3 

25 3254.888 30714. 19 b'P,-v'PI 1 .285 0 1.18 1. 485 
2OOr, V E 3254.070 30721. 91 a "F2-z 603 3 .655 1. 306 335, • 995 .993 

1 3253.16 30730.5 b 'O,-x'FI 
10 3252.430 30737.41 a 'F.-x'D! 1 . 25 0 .50 1.00 
50 3251. 260 30748.47 b'P,-v'PI 
40 3250.27 30757.8 b'DI-x'P! 1 0 1.23 (1. 312) 
SO V E 3248. 941 30770.41 a'P -z'F; 1 . 458 0 .565 1. 481 

644098-45--2 
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TABLE I.-Second spectrum of columbium (Cb n)-Continued 

Wave Strong-Intensity 
A air A No. Term comb i- Zeeman Seps- Strongest 

spark vac. nation type ration est n 01 g, 
cm-1 P 

------------ ------ ------
I 2 3 4 5 6 7 8 8 10 

--------- --------- ----------
150e, V E 3247.478 30784.28 n 'F,-z 'G! 

6 3246.69 30791. 7 b 'G,-x'F! 
5 3245.07 30807. 1 e 'F.-v 'FI 

30 3244. 515 30812.39 b'F'-II'D! 3 0.494 0.996 0.850,1.338 0.846 1. 340 
6 3243.83 30818.9 e 'F.-v'F! 

40 3242.532 30831. 2~ a tG.-V JG~ 3 _16 1.10± 1. 08 1.12 
8 3242.423 30832.27 a'D,-y'D! 

40 3241.818 30838.02 b 'H,-z 'I! 3 .188 .94 (l.052) .864 
3 3241. 29 30843.0 b 'F,-y'D! 
24 3239.23 30862.7 b 3D,-x 3F. 

80e, V E 3238.020 30874.19 a op,-z ID! 
60 3237.690 30877.34 b 'G,-V 'F! 3 .36 1. 10 (.767) 1. 13 

300r, V E 3236.403 30889.62 a 'F.-z 'G! 3 .328 .984 .921,1. 246 1. 248 .920 
24 3235.78 30895.6 b 'D,-x 'Gl 
54 3232.79 30924.1 

40 3230.243 30948.52 b 'F'-V'D! 3 .107 .34 1.033, 1.138 1.140 1. 033 
190, V E 3229.567 30955.00 a 'P,-zID! 7b 0 1. 465 1. 465 1. 465 

6 3228.953 30960.88 b 'H.-z IG, 1 0 .956 (1. 052) 1. 076 
6 3228.47 30965.5 
6 3227.69 30973. 0 b'F'-V'D! 

500e R, V E 3225.478. 30994.24 a ~FI-Z 50; 2 .36 0 .72 0.000 .36 
100, V E 3223.332 31014.87 a 3F.-z 30. 3 .156 .627 1. 076. 1. 234 1. 233 1.077 

50 3222.065 31027.07 aID.-v'D! 3 . 220 .432 1. 002. 1. 226 1.004 1. 224 
8e 3221. 655 31031. 02 b 'H.-V 'H! 
44 3220.48 31042. 3 c 'P'-V 'Si 

2 3219.55 31051. 3 a'g.-z3F: 
3h 3218.98 31056.8 a 5PI-Z ID2 

60e 3217.00 31075.9 b 'H,-V 'H, 
2 3216.47 31081. 0 b 'F.-y 'D! 
6 3216.193 31083.71 a 3Fa-z IF; 2 .38 0 1.84 1.08 .70 

300er, V E 3215.595 31089.49 a 'F.-z 'G, 3 . 199 . 792 1.145, 1.346 1. 349 1.150 
5h 3215.00 31095.2 b'D.-x 'PI 
3 3213.91 31105.8 a 'PI-Z 'Do 

10 3212.14 31122.9 b'D,-x .pt 7b,1 0 1.151 (1.171) 1. 191 
20 3211.814 31126.09 b IG.-V 'H, 7b,3 0 .954 (.950) .958 

2h 3211.63 31127. 9 a IG.-V aG! 
3h 3211. 40 31130.1 e 'F,-V IPt 
4 3210.20 31141. 7 b 'p,-z IF! 1 .383 0 .330 1. 479 1. 096 

40e 3208.585 31157.41 b 'H.-w 'Fl 3 .23 .91 .87,1.10 .87 1.10 
3 3208.409 31159.12 a'D,-v'D! 

8 3208.10 31162.1 c 3F:s-!' 3F1 
2 3207.56 31167.4 a 'D I-z 'P; 

20 3207.341 31169.50 a apo-z 5Fi 7a 0 .135 0/0 . 135 
300r., V E 3206.350 31179.14 a 'F,-z 'Gi 2 0 .87 (.712) . 765 
100e 3204.973 31192.53 b 'H,-z 'U 3 . 11 .66 1.10± 1.155 1. 045 

150 3203.357 31208.26 b 'H.-y 'H, 3 .06 1.04± 1. 05 1. 03 
10h 3203.148 31210.30 
3 3201. 66 31224.8 
1 3200.78 31233.4 b'D,-x'G! 
1 3200.69 31234.3 b'F.-z 'Pi 

3h 3200.24 31238.7 
4h 3199.88 31242.2 e 'F.-527! 

20 3198.227 31258.32 b 'P,-y 'G! 1 .459 0 _ 101 1.478 1. 019 
20h 3197.28 31267.6 
3 3196.17 31278.4 e 'F,-o 'F! 

2 3195.96 31280.5 b 'F.-V 'Dl 
5 3195.216 31287.77 a SPI-Z ~Di 

700R, V E 3194.983 31290.06 a'F,-z 'G! 1 .083 0 .742 .991 .908 
30e 3194.27 31297. 0 a 'P, - y 'Dt 2 .435 0 2.258 1.823 1. 388 

3 3193.47 31304.9 b 'F.-V 'DI 

2 3192. 39 31315.5 c 'F.-g IH! 
3 3192.16 31317.7 a 18 0-z IPi 

250, V E 3191. 427 31325.45 b 3H5-2 313 7b,2 0 1. 057 (1. 052) 1. 062 
200e V E 3191. 096 31328.17 a 'F5-Z 6Gg 3 .16 .80 1.31± 1. 39 1.23 

6 3190.44 31334. 6 b 'H.-w 'F, 
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TABLE I.-Second spectrum of columbium (Cb n)-Continued 

Wave Strong-
Intensity No. Term comb i- Zeeman Seps· Strongest 

spark X air A vac. nation type ration est n 0, O. 

cm-t p 

---
I 2 3 4 5 6 7 8 9 10 

--- -
180e. V E 3189.288 31345.93 b 'H,-v 'H, 3 0.18 1. 146± 1.16 1. 13 

4 3188. 85 31350.2 a 'P,-v 'Pi 7b 0 1.11 1.11 1.11 
4 3188.36 31355.0 a'D,-v'D; 3 0.333 .666 (1. 003) 1. 336 
2 3185.23 31385.9 a 'D.-V 'Dl 
2 3184.94 31388.7 b 'D,-z 'Dl 

150 3184.229 31395.72 b 'O' -V 'H; 3 .24 .99± 1.02 .96 
40 3181. 403 31423.61 a ap2-Z 30; 1 .69 0 .63 1. 44 .75 

400. V E 3180.290 31434.61 a 'F.-z '0; 7b.2 0 1. 085 (1. 070) I. 074 
8 3179.242 31444.97 a 3D!-z 3Pz 3 .25 .50 J. 01.1. 26 I. 01 I. 26 
6 3177. 766 31459.58 a 'F.-z 'F; 2 . 140 0 1. 650 1. 230 I. 090 

2 3177. 41 31463.1 a 'O,-z 'Dl 
4 3176.14 31475.7 b 'D,-z 'P~ 

150. V E 3175.86 31478.5 {a' F,-z 'Fl 
b'H,-v'R, 

50. V E 3175.76 31479.4 a 'P,-V 'Di 3 1. 105 1.10 I. 37.2.48 2.48 1. 37 
1 3174.73 31489.7 a 'p,-v 'Fl 

6h 3174.44 31492.5 b ID'-V'Dl 
150 3173.205 31504.79 a IQ'-1I 3F. 3 .UO 1.094± 1.080 1.108 

1 3167. 96 31557.0 c 3F2-w 31>i 
3h 3167.32 31563.3 e'F.-v'F! 
1 3165.24 31584.1 a 3D3-11 lDa 

1000R. V E 3163.403 31602.41 a 'F,-z 60; 1 . 107 0 .834 1. 262 1. 155 
10 3163.149 31604.95 a'p,-z'Dl 7b.l 0 1. 46 I. 49 I. 48 
4 3161. 56 31620.8 d'Po-u'Dl 7a 0 .645 0/0 .645 
4e 3161. 244 31624.00 a 'D.-V 'Dl 

15 3159.855 31637.89 a lQ'-lI3Fi 1 0 .99 (1. 083) 1.113 

10 3158. 104 31655.43 b 'D,-z 'Pi 3 .525 .526 .675. I. 198 .675 1.200 
3 3156.00 31676.5 b 'F.-z'H' 

30 3155.599 31680.56 b 'Po-z 'Si 7a 0 1. 824 0/0 1. 824 
150e 31M. 820 31688.38 b'R.-V'O; 3 .23 .92 ± .89 .95 
10 3153.851 31698.12 b ap2-z 3Si 1 .34 0 1.13 I. 47 I. 81 

4h 3153.38 31702.9 d'P,-u'DI 
70 3152.785 31708.84 a'O.-v'O' 2 0 1. 51 (1. 083) 1. 17 

200 3152.160 31715.12 a'H,-v'H, 3 .15 1.003± (.992) 1. 014 
50 3150.409 31732.75 b 'P,-z 'Si 3 .319 .319 1.508.1.827 1. 508 1. 827 
30 3146.92 31767. 9 b 3P2 -V 3}!"'; 1 .355 0 .415 1. 480 1. 125 

500T8. V E 3145.405 31783.23 a 'F.-z'O' 7b 0 1. 23 (1.230) 1. 230 
60 31H.353 31793.87 b'O'-V'H; 2 .194 0 1. 554 .778 .972 

4 3143.41 31803.4 a lDJ-z 3Pi 
3 3143.17 31805.8 a 8D 1-z3pz 

l00e 3142.26 31815.0 

4 3140.97 31828.1 d'P,-u'Dj 
100 3140.506 31832.81 b'F,-v'D; 2 .181 0 1.400 .857 1. 038 

2h 3137.98 31858.4 b'O.-w'F! 
3 3137.27 31865. 6 b'R,-V'o; 

30 3135.920 31879.36 a 'F,-z 'F! 3 .055 1. 082 1.073 1.091 

25 3135.409 31884.55 b 'P,-V 'Pl 3 .045 1. 496 1. 485 1. 507 
40 3134.342 31895.41 a'D.-v'Pi 1 .770 0 .239 1. 009 1. 779 
60 3132.767 31911. 44 b IO,-Z3H 1 0 .53 (.950) .87 

4 3132.140 31917.83 a 3Po-z 6Di 7a 0 1. 45 0/0 1. 45 
10 3132.015 31919.11 b'P,-V'P; 7b.2 0 1. 52 (1. 504) 1. 51 

1500eR. V E 3130.780 31931. 70 a 6F~-2 605 1 0 .86 (1. 350) 1. 25 
60 3129. 65 31943.2 a'P,-v'Do 7a 0 2.470 2.470 0/0 
10e 312'l.92 31950.7 a 6Pa-Y 3Dz 
20 3128.372 31956.27 b 'F.-V '0; 3 . 109 1.13± 1.14 1.12 

500. V E 3127.526 31964.92 b'HI-zII! 2 0 1.124 (1. 154) 1.150 

10 3125.892 31981. 62 
6e 3119.48 32047.4 

lOe 3116. 57 32077. 3 a'F.-zIO! 
20 3115.533 32087. 96 a'D,-v'P; 7a 0 .506 .506 0/0 
15 3115.16 32091. 8 
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TABLE I.-Second spectrum of columbium (Cb n)-Continued 

Wave 
Intensity >. air A No. Term combi- Z 

spark vac. nation 
em-I 

eeman Sepa- Strong- Strongest 
type ration est n 01 O. 

P 

---
I 2 3 4 7 8 9 10 

-----
30 3U3. 17 32112.3 b'F.-z 'F! 

5 3Ul. 63 32128. 2 b'G,-w'F! 
20 3UO.800 32136.78 b 'F,-z 'Fl 
80 3106. 980 32176.29 a'D.-v'F! 
10 3106.520 32181. 05 b'G,-z'n 

3 0.16 1.120 1.146 1. 094 

2 0 1.29 (1. 15) 1.10 
3 0.268 _540 .738, I. 003 1. 004 .735 

2 3104.62 32200.7 b'G,-z'm 
8 3104.27 32204.4 b'G,-w'FI 
4 3103.26 32214.9 d'P.-u'D; 

20 3101. 918 32228.80 b'F'-V'G! 
20 3100.79 32240.5 a 3F,-zSF4 

2 0 1.01 (.767) .64 

3 .13 .39 (1. 150) 1. 02 
3 .09 1. 246 1. 233 1. 259 

50 3100.25 32246.1 
100, V E 3099.180 32257.27 a 'F.-z'D! 
10 3098.47 32264.7 a 3G4-z'Hl 
60e 3097. 115 32278.7R a APS-V0D; 

2OO0eR, V E 3094.172 32309.47 a 'F,-z 'GI 

2 .579 0 1. 578 .999 .420 
3 .24 .96 (1. 052) . 81 
2 .314 0 2.290 1. 662 1. 348 
1 0 . 90 (1. 39) (1. 31) 

6 3092.89 32322.9 a 3DJ-z IF! 
3 3089.110 32362.42 b 'D,-V 'D; 

90 3087.860 32375.52 a'D.-v'DI 
20h 3086.09 32394.1 d'F.-u 'Fl 

2 3084. 760 32408.05 b 'G.-w'FI 

0 1.23 (1. 002) 1. 08 
2 .290 0 (.681) .971 
7b,2 0 1. 053 (1.003) 1. 028 
3 .29 .58 (.70) .99 

50 3084.369 32412.16 b 'P.-z 'S; 
30c 3083.32 32423.2 d'P,-u'D! 

. 465 .936 1.480, 1.943 1. 480 1. 945 

40 3081. 77 32439.5 a 'D.-V 'Gl 
8 3081. 09 32446.7 b aPI-Z 58; 

100 3080. 345 32454.50 a 'P,-V 'D; 

2 I. 034 (1. 002) 1. 013 

2 .587 1.176 1.223, 1.808 1.810 1. 223 

10 3077.44 32485. 1 a 'So-x'D! 
200 3076.864 32491. 21 a 'F,-z'D! 

lh 3076.23 32497.9 c'P.-v'DI 

7a 0 .83 0/0 .83 
1 0 1. 478 (1. 248) 1.133 

10 3075.250 32508.27 a'D.-z'P! 
5 3074.27 32518.6 a ap2-Z sFi 

2 .562 0 2.690 1.004 1. 566 
1 . 360 0 .36 1. 44 1. 08 

50 3073. 232 32529.61 a 5FI-Z 3Di 
60 3072.502 32537.34 a'D,-v'F; 
10 3072.18 32540.7 

3 .418 .418 0.00, .417 0. 000 .418 
2 .23 0 .96 .50 .73 

90c 3071.55 ~~~r:4 a 'P,-V 'D! 
40 3071. 18 b 'G'-V'R' 
80 3070. 893 32554.39 a'G.-v'RI 

100 3069.68 32567.2 a'D'-II'm 
5 3069.51 32569.0 b'F'-II'Pi 
5 3068.93 32575.2 b 'D.-v 'F! 

.132 0 .730 1.258 1. 126 

20 3068.06 32584.4 b'D,-v'Fi 0 .97 (1.171) 1.10 

20 3067.523 32590.15 b aDa-0 3F; 
4 3066.49 32601. 1 a 3Ds-V SF; 

60 3066.09 32605.4 b'F'-V'FI 
100c 3065.26 32614.2 a 6P2-Z 6Pi 
250r 3064.530 32621. 98 a 'G.-z 'RI 

0 1.14 (1. 312) 1.28 

1 0 1. 04 (1.150) 1.12 
1 .44 0 1. 38 1.82 2.26 
2 0 .87 (.765) .80 

120 3063.782 32629. 94 b 'F.-V 'FI 
40 3063. 126 32636.93 a'PI-v'D; 
10 3061. 95 32649.5 a 306-Z 3Hl 
5 3061. 408 32655.25 

3 .19 1.07± 1.05 1. 10 
1 1. 238 0 0 2.476 1. 238 
3 .136 .744 (1.180) 1.044 

4 3060.844 32661. 26 {C 'p,-v 'D! 
a 'D,-z 'Pl 

20 3059.294 32677.81 b'G.-w'FI 
3 3058.62 32685.0 

.26 1.06± 1.03 1.09 

12 3057.03 32702.0 b'G,-z'm 
200 3055.520 32718. 17 b'G'-V'R! 

90 3053.631 32738.41 b 'F,-v'Fj 

2 .325 0 (.767) 1.092 
1 0 .90 (1.19) 1.14 
3 .08 1.138 1.152 1.124 

15 3051. 34 32763.0 b'F'-V'F! 
40c 3049.528 32782.45 a 'P'-V 'D; 
5 3048.63 32792. 1 a aPI-Z 3F; 

0 1.22 (1.152) 1.13 
.47 .93 . 1.37, 1.84 1.83 1. 36 

80c 3048.21 32796.6 a SPt-z 6Pi 
6h 3046.67 32813.2 a'P,-v'D! 

.20 .20 2.26, 2.46 2.46 2.26 
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TABLE I.-Second spectrum of columbium (Cb u)-Continued 

Wave Strong-Intensity A air A No. Termcombi· Zeeman Sepa- est Strongest 
01 spark vac. nation type ration n 

cm-1 P 

---------------
I 2 3 4 5 6 7 8 8 

-------- ---
150 3044.749 32833.90 b'F'-V'G! 2 0 1.193 (1.152) 
10 3043.272 32849. 84 b'F'-V'FI 3 0.11 0.22 .78 .84 
15 3042.790 32855.04 b 'F.-V'P! 1 .362 0 .430 1.154 
lOe 3041. 98 32863.8 a 'D,-z'F! 
4 3040.54 32879.4 a 'D,-z lSi 

150e 3039.818 32887.16 a 'p,-z 'P! 1 0 1. 60 (1. 663) 
10 3039.398 32891. 71 a "FJ-z 3D; 3 .141 . 284 . 992, 1. 133 .992 

200eR 3034.95 32939.9 b lG,-V 101 7b 0 .950 .950 
4 3033.47 32956.0 c3F .. -w 30; 

4OOr8 3032.767 32963.62 a'G,-z'Hl 1 0 1. 008 (1.052) 

20 3029.86 32995.2 a 'Pl -V 'Di 3 1. 400 1.400 .983 2.473 
60 3029.76 32996.3 b lFs-z IF! 2 .24 0 1. 57 .85 
10 3028.76 33007.2 c IFa-v 3D; 

300e 3028.436 33010.76 a'F,-z'DI 1 0 1. 37 (1. 350) 
211 3026.80 33028.6 b 'H,-z 'G. 

40 3025.372 33044.19 c·F.-w'G! 2 .205 0 1.282 .667 
250 3024.735 33051.15 a 'P.-V 'DI 1 .368 0 .706 1. 810 
10 3024.258 33056.36 a 3H,-z3H. 

200 3022. 738 33072.99 b'H.-z'H' 1 0 1.06 (1.154) 
5 3022.48 33075.8 b 'G,-w'F, 

8 3021. 885 33082.31 b'H,-z'Fl 
3 3019.780 33105.38 b'G,-V 101 
8 3019.57 33107.7 b·D,-.'FI 
3 3019.20 33111. 7 a 'D,-v 'Pi 

6 3019.07 33113.2 b 'F,-V '01 
100 3018. 853 33115.54 b 3H,-z'Gl 2 0 1.09 (.880) 

7 3018.31 33121. 5 
2 3016.19 33144.8 dlF.-u1F; 

20 3015.82 33148.8 d 'F,-u'FI 

30 3015.02 33157.6 
15 3014.438 33164.04 a 'Fl-Z'DI 2 1.140 0 2.276 0.000 
3 3013.62 33173.1 

25 3010.685 33205.38 b·H.-z'D! 3 . 14 .70 1.12± 1.05 
20 3010.38 33208.7 b 3G.-V 101 3 .28 . 900± 1.025 

7 3008.97 33224.3 a 'D,-z'F; 
20c 3008.39 33230.7 a 'P2-Z lPi 2 .59 0 2.39 1.80 
4 3007.488 33240. 68 a 3Dl-z 3Si 

60 3005.764 33259.75 b 'H.-z'Fl 1 0 .40 (1.052) 
10 3004.65 33272.1 a'So-z'P! 7a 0 1. 202 0/0 

311 3003.75 33282.0 
211 3003.16 33288.6 a 3Da-x 3F; 

40 3002.204 33299.18 a 'P'-V'DI 3 .630 1.886 1. 03.1,1.666 1.666 
150 3001. 85 33303.1 
50 3001. 125 33311.16 c'FI-WaO. 2 0 1.025 (1.080) 

4h 2998.87 33336.2 
1 2998. 56 33339.6 a lG.-Z 'II 
1 2997.947 33346.46 b'D'-V l}'! 
8 2997.48 33351.7 c 3F2-V3Di 2 .52 0 (.670) 
1 2997.14 33355.4 a 'H.-w'G' 

7 2996.79 33359.3 a'H.-z·H, 7b,3 0 .818 (.825) 
4 2995.49 33373.8 a'D,-v'FI 

300c 2994.725 33382.34 a SFs-Z6F; 2 0 1.60 (1.39) 
20c 2993.97 33390.8 a 'p,-z'P! 
20 2993.806 33392. 59 a lD'-V 3F! 

80 2991. 956 33413.23 a 'P,-z'Pi 3 1. 261 1.260 1. 225, 2.487 2.486 
6 2991. 43 33419.1 a 'F,-.'F! 

200e 2990.28 33432.0 a sPa-Zsp; 3 .24 1.62± 1.66 
4011 2989.944 33435.72 
9 2987.55 33462.5 a 10 .. -Z I O; 7b 0 1.083 1.083 

1 2987.16 33466.9 C 3F2-v 3D; 
3 2986.00 33469.8 a'D,-z'FI 
511 2986.40 33475.4 b 'D,-u 'F! 

50 2985.04 33490.6 a 'D,-V'P! 1 . 253 0 . 731 1. 237 
3 2982.90 33514. 7 c'F,-.3Di 
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TABLE I.-Second spectrum of columbium (Cb !I)-Continued 

Wave Strong-Intensity No. Termcombi- Zeeman Sepa- Strongest 
spark ). air A vac. nation type ration est n U, U. 

em-I p 

--- ---
I 2 3 4 5 6 7 8 9 10 

--- ~-- ---
100 2982.100 33523.66 a 'F.-z'D! 3 0.17 1.28± 1. 25 1. 31 
150 2980.7l7 33539.22 a 'D,-z 'F! 2 0 1.23 (1. (03) 1.079 
80 2979.875 33548.69 e'F,-w'G; 1 0 1.04 (1. 240) 1.20 

1 2979.50 33552.9 b 'F,-z'Si 
3 2979.34 33554.7 

80 2978.943 33559.19 b'R,-z'GI 1 0.125 0 .552 1.052 1. 177 
2h 2978.09 33568.8 b 'D,-w 'PI 

150e 2977.67 33573.5 a6Pl-z 6p; 1 .732 0 1. 015 2.479 1. 747 
2 2975.92 33593.3 a 'D.-z 'SI 

10 2974.72 33606.8 b 'G,-V IGI 2 .19 0 1. 53 .77 .96 

400r8 2974.094 33613.90 a'G,-z'R! 1 0 1.10 (1.180) 1.167 
6 2973. 32 33622.6 b 'F,-V'F! 2 .28 0 (.849) 1.13 

200e 2972.568 3363l. 15 a 'P'-V 'Dl 1 . 185 0 .920 1. 660 1.475 
10 2970.47 33654.9 b 'F.-V 'HI 1 .19 0 (1.150) .96 
10 2970.40 33655.7 a ID,-V 'G; 7b 0 1.023 (1. 003) 1.010 

10 2968.29 33679.6 b 3F(-V an; 3 . 196 .784 1.06± (1.152) .956 
3h 2967.93 33683.7 b'D,-V IF; 
8e 2965. 871 33707.09 
6 2965. 63 33709.8 a 'a,-V 'Rl 1 0 .92 (1.083) 1.05 
3 2964.958 33717.47 

15 2961. 64 33755.2 a 3H6-z 3Hl 7b 0 1.040 1.040 1.040 
3 2960. 231 3377l. 31 a ili'1-V3F. 

20 2956.89 33809.5 a 'F,-z ID! 1 .240 0 .580 1.050 1.300 
4h 2954.72 33834.3 a 'F,-z'F! 

20 2954.538 33836.38 a IG,-w 3F; 3 .098 1.09± 1.08 1.10 

5 2954.03 33842.2 b'Po-zlPi 7a 0 .934 0/0 .934 
2 2953.384 33849.60 b IG,-5001 

800R 2950.876 33878.37 a 'F,-l'Fl 3 w 1.37± (1.39) 1.35 
4 2949.506 33894. 10 b 'p,-z IPi 3 .582 .584 .935. 1.515 1. 516 .934 

80 2946.890 33924.19 a 'F,-z'Di 2 .310 0 1. 930 1.000 1. 310 

60 2946.110 33933. 17 a 'F,-z'F; 2 .25 0 1. 76 1. 26 1. 21 
100e 2945.890 33935.70 a 6P2-z 6Pl 1 .28 0 (1.82) 1.54 
500eR 2941. 530 33985.94 a 6li' ,-z6F4 3 tD 1.34± (l. 35) 1.33 

4 2940.88 33993.5 a lIe-z '1-.7 
100 2937.707 34030.23 

25 2937.327 34034.63 a'G,-y'Di 7b 0 1.060 (1.052) 1.049 
20 2936.67 34042.2 d 3F,-u 3F3 
3 2936.50 34044.2 

20 2935.282 34058.34 a 3H4-Z 3Hi 2 .205 0 1. 855 .830 1.035 
2 2933.43 34079.8 a ID~X3F2 

2 2933.17 34082.9 d'F,-u'DI 
25 2932.658 34088.81 a 6Pr-Z 'P; 3 .56 1. 12 1. 26. 1.82 1.82 1.26 
30 2932. 13 34095.0 d 'F,-o'G, 
70 293l. 41i8 34102.77 a ,sF2-Z AFt 2 .879 0 1.870 .991 . 112 
3 2930.853 34109.80 

7 2930.648 341l2.20 
60 2930.267 34116.62 

600eR 2927.804 34145.33 a 5Fs-z.5D4; 1 0 .99 (1. 39) 1. 49 
1 2926.08 34165.4 a ID,-y'Fl 
4 2925.93 34167.2 a'G,-z 'PI 

Ih 2922. 74 34204.5 a 3F2-z 1D; 
6 2922.45 34207.9 b 'G.-x 'Dl 
3 2919.32 34214.6 
3 2918.92 34249.2 a 'D,-z 'G. 

10 2918.56 34253.5 

100 2917.050 34271.20 a'PI-z'P! 1 1. 232 0 2. 478 2.478 1. 246 
3 2916.40 34278.8 b IG,-Z'G! 
8e 2916.09 34282.5 {a 'P,-y'GI 

b 3Ho-z II; 
10 2915.412 34290.45 a'D,-Y'HI 1 .29 0 (1. 246) .96 
5h 2914.41 34302.2 
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TABLE I.-Second spectrum of columbium (Cb n)-Continued 

Wave St ron g' Intensity No. Termcombi· Zeeman Seps· Strongest 
spark >.. air A vac. nation t ype ration est n 0, 

em- I P 

---
I 2 3 4 5 6 7 8 9 

-------- - - ---
2 2912. 91 34319.9 b'D,-v'Dl 

200R 2911. 740 34333.70 a 'F,-z 'F! 3 w 1.01± (0.996) 
(OOR 2910.580 34347.38 a fFa-z 'F5 3 w 1.26± (1.25) 

20 2908.98 34366.3 b'O.-x'Ol 
80 2908.88 34366.8 a'O,-v'Ol 

200r 2908.236 34375.06 a'FI- z 6Fi 3 0 .12 0.000 
1 2907.206 34387.24 b 3F; -w 3F3 
6 2904.87 34414.9 b 'R,-z'T! 1 0 .87 (1. 052) 
3 2904.13 34423. 8 a 'O,-z IB, 
2 2902.329 34445.02 b 'O, - x ' o; 

200r 2890.230 34481. 83 a $F.-z JFI 7b,2 0 1.374 (1. 350) 
200R 2897.803 34498.82 a 3F3-Z oF~ 2 0 1. 54 (1.248) 

5 289.5.39 34527.6 . a1Fs-V IF; 3 .10 1.024± 1. 009 
20e 2894.43 34539. 0 a 'P2-yaPi 0 1. 82 (1. 81) 
5 2890.56 34582.2 alSo-v lPt 7a 0 1.13 0/0 

10 2890.350 34587.77 b 'F,-z'G; 3 .25 1.12± 1. 15 
150r 2888.824 34606.04 a'F,-z 'F! 2 1.028 0 2.057 0. 001 

10 2887.70 34619.5 b 'PI-x'D! I . 247 0 1. 010 1. 504 
8 2887.088 34626.85 a 3F2-Y 3Di 1 .674 0 0 .674 
3 2886.61 34632.6 b 10.-x'G. 

7 2886.34 34635.8 b 'O.-x ' 0.; 2 .224 0 (1. 027) 
1 2886.24 34637. 0 a'DI-w'Fl 
4A 2883.60 34668.7 

300eR 2883. 168 34673.92 a'F.-z aDS I 0 .92 (1. 35) 
10 2882.471 34682.31 c 'PI-X ID! 1 .21 0 .78 1.20 

3A 2881. 84 34689.9 
100 2880.712 34703.49 a 'O,- v'Ol 2 0 1. 40 (1.180) 

15 2879.359 34719.79 a'D3-z3D~ 
3 2879.21 34721. 6 a 6PI-1I 31>j 
9 2878.739 34727.27 aODI-zaDi 3 1.077 1.082 .430,1. 502 1. 505 

10 2877.85 34738.0 a 3G4-z IH~ 
10 2877. 62 34740.8 d 3P3-V 3O; 

200eR 2877.026 34747.95 a 3F2-Z 3F! 2 .274 0 1. 825 1. 003 
150 2876.951 34748. 85 a 6F.-z6D; 
300eR 2875.386 34767.76 a 'Fa-z'D; 1 .225 0 .780 1. 236 

1 2874.98 34772.7 b'D,-v'D! 
7 2872. 81 34 798.9 b 3Q.-X 3O; 7b, 2 0 1.178 (1. 19) 
1 2872.51 34802.6 c'F,-x IFl 
1 2871. 91 34809.8 {" ID,-z 'S! 

b'R.-v'Ft 
2A 2871. 06 34820. 1 a'P'-1I 3F; 

3 2869.84 34835.0 b'F.-Y'B, 
300R 2868.524 34850.93 a 6F2-z aDi 1 .470 0 .523 .993 

lOA 2807.28 34866.0 
2 2866.86 34871. 2 a 3P, -v'DI 

60 2865.609 34886.38 a'D,-z'D1 7. 0 . 413 0/0 

3 2861. 66 34934.5 
100 2861. 091 34941. 46 a 6FI-z aDo . 0 0 0 0.000 

2 2859.46 34961. 4 b'F.-w'FI 
20 2859.038 34966.68 a ~P2-Z IF! 1 . 72 0 .36 1. 80 
7 2857.363 34987.05 b'B.-v'FI 

8 2855.54 35009.4 b'Po-x'DI 7a 0 .821 0/0 
3 2855.082 35015.00 
3 2853.52 35034.2 b 'G.-z 10; 
1 2851. 82 35055. 1 b'P,-w'DI 
5 2851. 295 35061. 50 b 'PI-X ID1 

4 2850.385 35072. 70 b 'p,-to ' D1 
" 100c 2849.557 35082.89 a IiD2- Z 'Dl 

20 2848.296 35098.42 b'P,-x'D! 
6 2848.02 35101. 8 a II,-x '0; 

15 2847. 23 35111.6 b'P,-wIDj 3 .32 .63 1. 17, 1.49 1. 49 

·Unaffected by ma.gnetic field. 
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TABLE I.-Second spectrum of columbium (Cb n)-Continued 
-

Wave Strong-Intensity No. Termcombi- Zeeman Sepa- Strongest 
spark A air A vac. nation type ration est n q, q. 

cm-1 P 

--- --
I 2 3 4 5 6 7 8 8 10 

--- --
60 2846.280 35123.28 a aFl-zoDi 3 1. 463 1.464 0, 1. 462 0.000 1.463 
20 2845.798 3~129. 23 a'H,-y'D! 1 .205 0 .205 .820 1.025 
40 2844.428 35146.14 b'P,-w'D! 1 . 335 0 .826 1.496 1.161 
20 2843.640 35155.88 a 3Hs-z IH~ 
3h 2843.41 35158.7 

100r 2842.642 35168.22 a 6F,-Z6Di 3 .472 .946 .994,1. 465 .994 1.466 
80c 2841. 141 35186.80 a 'F,-z'D! 3 .209 .630 1.247,1.462 1.250 1.460 

1 2840.57 35193.9 a 'F,-w'O! 
6 2839. 79 3520a.5 b'P,-w'D! 
7h 2839.62 35205.7 a 'p,-y 'P! 

3" 2836.45 35245.0 b 'H,-527l 
4 2836.079 35249.60 

50 2835.106 35261. 70 a 6F,-z 4D~ 2 .230 0 2.170 1.250 1.480 
8 2833.312 35284.03 a IPt-x ID; 

lOh 2832.78 3.5290.6 

3 28aO.85 35314.7 a'O,-y'OI 2 0 1.11 (1. 052) 1.03 
20 2830.56 35318.3 b 3H,-y'Hl 
15 2829. 750 35328.44 a 6D.-Z3Di 2 .180 0 2.058 1.502 1. 322 
3 2827.93 35351. 2 a 'SO-y 'Sl 
2 2827.79 35352.9 b 3DI-V 'D! 

30 2827.08 35361. 8 a'D,-z'D; 1 .353 0 .775 1. 481 1.128 
4h 2826. 97 35363. 2 b'H,-V'HI 
3 2826. 044 35374.77 aaOa-VIG: 
8 2825.86 35377.1 a 'O,-V 'FI 2 0 1. 42 (1.18) 1.12 
2 2824.863 35389.55 a 3Fa-V 3Di 

10 2823.89 35401. 7 alDl-z IPi 3 .423 .425 .510, . 931 .510 .933 
10 2823.34 35408.6 a 30a-1I SFj 7b,2 0 .780 (.765) .757 
12 2820.803 35440.49 a 'F,-z 'D! 2 1. 472 0 2.944 0.000 1.472 
15 2819. 893 35451.92 
1 2818. 617 35467.97 b'F,-v'Gl 

20e 2818.199 35473.23 
30 2816.678 35492.39 b'F,-v'Oj 3 .20 .82 .95, 1.15 1.15 ;95 
20 2815.399 35508. 51 
15 2811. 70 35555.2 b'F,-x'DI 1 0 .97 (1. 150) 1.24 

100 2810. 810 35566.48 a 'F,-z 'Dl 1u. 

4 2809.666 35580.96 aaGs-VsGs 7b 0 1.18 1. 18 1. 18 
8 2809.172 35587.22 a 'F,-z 'Dl 2 .461 0 2.388 1.005 1. 466 
6 2808.74 35592.7 a 'P,-I/'F, 

15h 2806.913 35615.86 
8" 2805.98 35627. 7 

3 2805.83 35629.6 
15 2803.810 35655.27 a 'F,-z'OI 3 .486 1.437 760, 1.248 1.248 .760 
2 2802.73 35669.0 b 'P,-x 'Po 
7 2801. 551 35684.02 
5 2799.180 35714.24 b IF,-z'Pi 

25 2798.903 35717.78 a IF.-y'Dl 1 .28 0 .51 1.07 1. 35 
100c 2797.693 35733.22 a 'p,-z 'SI 1 .275 0 l.11c 1.660 1. 935 

15 2795. 14 35765.9 a 'D.-x ID; 3 . 250 .510 1.014, 1.260 1.010 1.260 
7 2793.885 35781. 92 
3 2793.687 35784.46 a·F.-v'DI 

80 2793.044 35792. 70 a 'F,-z'o; 3 .270 1.080 1.082, 1.350 1. 350 1.082 
80 2791. 742 35809.39 a:SH6-v3G~ 1 0 .75 (1. 050) 1.125 

5 2791. 372 35814.14 b 'P,-xIPi 2 .28 0 (1. 483) 1.203 
10 2790.580 35824.30 a'O,-v'FI 1 0 .84 (1. 052) 1.123 
8 2789.76 35834.8 

3 2788.687 35848.62 b 3PI-X 'PI 
6 2785.071 35895.16 a 'O,-V 'O! 
3 2784.450 35903.16 
4 2782.807 35924.36 b'P,-x'Gl 
4 2780.985 35947.90 

150e 2780.235 35957.59 a 'F,-z 'O! 3 .80 1.31± 1. 39 1.23 
3 2778.018 35986.29 a3Fa-z 5Dj 
6" 2775.758 36015.58 
5 2774.488 36032.07 b'D,-x'DI 2 .314 0 (1. 312) .998 

20 2771. 65 36069:0 b'F,-x'Dj 3 .(1 1.21± 1.14 1.28 
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TABLE I.-Second spectrum of columbium (Cb n )-Continued 

Wave Strong-Intensity No_ Term com bi- Zeeman Sepa- Strongest 
spark ).. air A vac. nation type ration est n 01 U, 

cm-1 
p 

- ---------- -------------------- --
I 2 3 4 5 6 7 8 9 10 

------------------------ -
50 2771. 398 36072. 24 a IHb-X 10, 70,1 0 0.985 0.992 0.99 4 
1 2769.765 36093. 51 o 'F.-x'D, 

10 2769.561 36096.17 a 3Ga-x IIi'; 2 0. 336 0 1. 447 .775 _439 
6 2769.290 36099.70 

lOOTS 2768.124 36114.00 a'D,-z'1)1 1 .185 0 .935 1. 400 1. 305 

5 2767.218 36126.73 a 3DI-X 'D; 2 .75 0 (.512) 1. 262 
6 2765. 952 36143.26 a 'F, -II 3D1 1 .27 0 .44 .71 .98 
9 2765. 271 36152.16 a 5D4-Z 3Fj 2 .23 0 2.18 1. 49 1. 26 

10 2764.561 36161. 45 a 6Da-z 6FIl 2 .466 0 2.410 1. 478 1. 012 
15 2763.59 36174.2 o 'F,-w'D' 3 .17 .50 (1. 15) 1. 32 

1 2763.025 36181. 55 a 'G,-y'F, 
3 2762.49 36188.6 a 'p,-z 'P1 
8 2762.32 36190.8 a 3Da- x 3Di 70,1 0 1. 240 (1. 246) 1. 249 
2 2761. 737 36198.42 b'F.-w'D, 
3n 2759.968 36221. 62 

5 2759.16 36232.2 o 'H.-w 'Gl 
50c 2758.78 36237.2 a 'p,-z 'S! 3U8 
10 2757.50 36254.0 a 'D,-w 'D1 2 .387 0 1.394 1. 007 .620 
40 2757.256 36257.25 a IDJ-z IPi 2 0 1. 062 (1. 003) .944 
3c 2755.722 36277. 43 

5 2755.562 36279. 53 a 'D,-x 'D! 
40 2754.523 36293.22 a 'D,- z'F1 
3 2753.74 36303.5 a 6D,,-Z6F; 
5 2753.56 36305. 9 a 6Fs-z3G; 

200c 2753.133 36311. 64 a l1&-z IU 7b,3 0 1. 003 1.000 1. 006 

3 2752.63 36318. 2 a 3F4-v SD j 
6 2752.02 36326.2 a 3Fa-zap; 1 .68 0 . 36 1. 04 1.72 

15 2750.58 36345.2 a'G.-x 'F' 2 0 1. 22 (1. 052) 1.00 
5 2749.817 36355. :13 a 6F2-z 3F2 3 .30 _ 62 .69,.99 .99 .69 
4 2749.69 36357.0 a 'P'-II 'Dl 3 .20 (1. 450) 1. 35 

7 2748. 077 36378.34 b 'F,-500! 3 _ 27 (1.150) 1.24 
5 2747.606 36384.58 a'D,-w'D! 
3 2747.375 36387.64 a'P'-1I'D1 2 . 46 0 (1. 450) .99 

40 2745.725 36409.51 a 'H.-V '0, 1 .196 0 .229 .818 1. 014 
20e 2745.303 36415.10 a bFa-z 3F; 

30c 2741. 97 36419.5 a aPI-z a8; 
4 2741. 448 36426.64 a 3G.s-y3H4 
8 2743.478 36439.32 b'F,-:r'DI 3 . 413 .824 .840,1.254 .840 1. 254 
4 2742.604 36450. 94 a 3F4-z 6P j 1 .33 0 .24 1. 23 1. 56 

100 2740.185 36483.11 a 'H,-v'Fj 1 0 .81 (1. 050) 1.11 

5 2739.239 36495.71 o IG.-527! 1 .465 a (.950) 1. 41 5 
60 2737.083 36524.46 a 6D,-z SF; 3 . 468 .936 1. 023, 1. 487 1. 488 1. 020 

7c 2736.521 36531. 96 
5 2735.948 36539.61 b 'H.-v 'D; 1 .32 0 (.88) 1. 20 
4 2734.733 36555.84 b 'PI-V IDl 

15 2734.36 36560.8 a 'F,-z 'Pt 1 .50 0 .22 .72 1.2 

15 2733. 74 36569. 1 (a ' DI-x'D1 
\b IG.-VIE! 

8 2i33.464 36572.79 a 3Dl - z 6Fi 7a 0 1. 500 1.500 0.000 
40r8 2733.258 36575.57 a '1),-z 'F! 3 .227 .690 1. 266, 1. 483 1. 487 1.260 

2 2732. 25 36589.1 a'D,-500; 

60 2730.324 36614.87 a 3DI-w 3Di 3 .10 . 10 .56± .51 .61 
2 2729. 524 36625.60 a'P,-y ' D! 1 0 1. 39 (1.45) 1. 43 
5 2729.372 36627.64 a 6FI- Z3F; 
8 2727.43 36653.7 a 3Dl-w 3Di 2 _652 0 1. 822 .518 1.170 
6 2724.95 36687.1 a 'E,-y 'G, 

40 2723.660 36704.45 a'D,-x'D! 3 .13 1.26± 1. 24 1. 28 
6 2722.69 36717. 5 a 'D,-w'Dl 

150rs 2721. 987 36727.01 a 3Da-z 6F. 1 . 170 0 .803 1.483 1. 313 
8 2721. 632 36731. 80 Q5Do-z 6Fi 
6 2721. 162 36738.14 a'F,-v'D! 3 .09 1.06± 1.08 1. 04 
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TABLE I.-Second spectrum of columbium (Cb IJ)-Continued 

Wave Strong. Intensity No. Termcombi· Zeeman Sepa· Strongest 
spark '" air A vac. nation type ration est n 0' g, 

em-I p 

--- --- --
I 2 3 4 5 6 7 8 9 10 

----------------
6 2720.95 36741. 0 a'G.-v'HI 3 0.36 (1. 052) 0.96 
7 2720.259 36750. 34 a 8Fa-z 3Fi 3 0.16 . 48 (1. 25) 1 09 
8 2717.63 36785.9 a 'H.-V 'F. 3 .288 1.154 82, 1. 11 .82 1.11 

10 2717.33 36790.0 0 1.193 
15OT3 2716.630 36799.43 a'D.-z'F' 1 . 14 0 .80 1.50 1. 36 

15 2716.309 36803.77 a 5DI-Z5F; 1 .47 0 .55 1. 49 1. 02 
40 2715.882 36809.56 a 3Da-w 3Dj 3 .18 1.28 1. 25 1. 31 
50 2715. 344 36816.85 b 'G.-y 'F! 1 0 .67 (. 95) 1. 04 

2 2713.74 36838.6 b'G,-Y 'HI 
5 2711.37 36870.8 a'F,-z'P; 

3 2709.595 36894.96 b 'F,-x'G! 
2 2709.07 36902.1 b ' D,-x'D! 

20 2707.834 36918.96 a 'H.-y'F! 1 . 295 0 -.07 .815 1. 11 
3 2707.212 36927.44 b'F,-w'Dl 2 .23 0 (.85) .62 

20 2706.395 36938.58 a 5D2-z 6Fa 1 .22 0 .82 1. 48 1. 26 

4 2705.326 36953.18 b 'F,-x'D; 2 .45 0 (.85) 1.30 
2 2704.92 36958.7 b'H,-w'Gl 
5 2704.70 36961. 7 
5 2704.417 36965. 60 a 3p~- Z 6p; 

20 2704. 250 36967.88 a 3D2-X 3P; 3 .352 .714 1. 010, 1. 355 1. OOG 1. 358 

40 2702.521 36991. 53 a'D.-z'D! 2 0 1. 545 (1. 495) 1. 478 
60 .. 2702. 197 36995.97 a ~D3-Z6D2 2 0 1. 519 i1. 486) 1. 469 
10 2700.872 37014. 12 a'D,-500; 7b,3 0 1. 255 1. 25) 1. 26 

7 2700.555 37018.46 a 6F"-Z3F; 3 • 30 1.30± 1. 34 1. 26 
3 2700. 312 37021. 79 a 3F4-Z IH~ 

15 2700.153 37023.97 a 3Fa-z ap; 1 • ISO 0 .702 1. 062 1. 242 
l00r3 2698.866 37041. 62 a 3D2-z 5Di 2 0 1. 508 (1. 490) 1. 472 

2 2697.66 37058.2 b 'F,-wID; 
200& 2697.067 37066.33 a 6D{-z 6D. 3 .20 1. 475± 1.50 1. 45 

3 2695.601 37086. 49 b 'G.-y IF! 

4 2694. 753 37098.16 {a 'PI-V 'D! 
a 'G,- y 'Hj 

4 2694. 316 37104. 18 
3 2692. 652 37127. 10 b 'P,-V IPI 

10 2692.002 37136.07 b'H,-w'GI 7b,1 0 1. 024 (1. 052) 1.059 

6Or8 2691. 774 37139. 22 a 3DI-Z 6Do 7a 0 1. 496 1.496 0/0 
4 2690.930 37150. 86 a 6F2-Z lFi 2 0 1. 24 (.996) 1.08 
2 2690. 150 37161. 63 b ' PI-v'Pl 3 .38 .38 (1. 504) 1.124 
4 2689.066 37176.61 a 3DI-X 3PO 7a . 500 0 .500 .500 0/0 

100 2686.388 37213. 67 a IFs-x ID2 7b,2 0 1. 020 (1. 007) 1. 000 

6 2683.216 37257.66 a 3Pt-Z 5Pi 3 .756 .756 1. 490, 2. 245 1.490 2. 246 
1 2682.849 37262.76 b 'F,-5OO; 
8 2682.469 37268.03 
1 2681. 066 37287.54 a 5Pa-w 3F4 

50 2680. 061 37301. 52 a ' F.-y 'Gj 3 .40 1.18± 1. 23 1. 13 

15 2678.663 37320.98 a sDI-Z 8Di 7b,3 0 1. 470 1.500 1. 440 
6 2678. 102 37328.80 a 3Dt-x 3p~ 2 . 86 0 (.51 2) 1. 37 

15 2677. 664 37334.91 a 305-z IG4 2 0 1. 57 (1.18) 1.08 
5 2676.124 37356.39 a 3DI-X 3Pi 3 .71 .71 .50,1.21 .50 1. 21 

80rB 2675.945 37358.89 a 5D2-Z 6D2 7b,3 0 1. 480 (1. 490) 1. 470 

2h 2675. 104 37370.63 a JPI-U3F; 
3h 2674.840 37374.32 

250r. 2673.566 37392. 13 a II.-y IHi 7b,1 0 .985 (1. 000) 1. 003 
2OOr8 2671. 933 37414.98 a 'D,-z 'D! 3 .12 1. 476± 1.496 1. 456 

2 2671. 656 37418.86 a 'F,-z 'Pi 

12 2671. 255 37424.48 a ID,-x 'Di 2 .19 0 1.19 1.00 . 81 
3 2670. 152 37439.94 a 'H,-x 'Fj 
5 2668.501 37463. 10 
4 2667.996 37470.19 aID,-w'Di 

35 2667. 765 37473. 43 a'G,-w'F, 7b,1 0 1. 017 (1. 052) 1.064 

30 2667.300 37479.97 aSDo-z 5Di 7a 0 1.457 0/0 1.457 
6 2667.146 37482.13 a 3F4-z IFa 
5 2667. 072 37483.17 bIG.-w'G! 

50 2666.595 37489.87 a 6Da-z 5D4 7b,1 0 1. 437 1. 486 1 1.474 
~ 2666.164 37495.94 a ID,-x'D; 
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TABLE I.-Second spectrum of columbium (Cb u)-Continued 

Wave Strong. 
Intensity No. Termcombi· Zeeman Seps- Strongest 

spark ),. .irA vac. nation type ration est n q, U. 

cm-1 
p 

----------------------
I 2 3 4 5 6 7 8 8 10 

--- --
2 2666.056 37497.45 a 3Da-x3F; 

80 2665.247 37508. 83 a'G,-w'F! 2 0.142 0 1. 057 0.773 0.63 
3 2664.010 37526.25 a 'G,-z 'J; 
2 2663.705 37530.55 a 'D,-x 'GI 

10 2663.552 37532.70 a'H,-y'HI 0 1. 34 (1. 050) .98 

15 2660.036 37582.31 a 'G,-y'Hs 3 .70 1.ll± 1.18 1. 04 
15 2659.049 37596.26 b'H' -w'Gl 1 0 1.10 (1.154) 1.16 
5 2658.875 37598.72 a'F,-j/'GI 2 .22 0 (1. 230) 1. 01 
1 2658.711 37601. 04 a ID2-w 3Di 

80r. 2656.076 37638.34 a 'D,-z'D; 7b, 1 0 1.458 (1. 500) 1. 47 9 

8 2655.865 37641. 33 ~ 'F,-x'P; 3 .50 .86,1.36 .86 1. 36 
2 2655.314 37649.14 a'G,-z 'Gl 

10 2651. 810 37698.88 a 'G,-z'l! 1 0 .44 (1. 180) 1. 06 
80 2651. 122 37708.67 a aGs-tv 3F4 2 0 1. 46 (1.180) 1.11 

3 2649.714 37728.70 b'H,-w'Gs 

3 2648.034 37752.64 b'G,-w'GI 
2OOT. 2646.258 37777. 97 a JD2-z &Di 7b,1 0 1. 422 (1. 490) 1. 46 

3 2644.932 37796.91 a'D.-z'GI 
5 2642.566 37830.75 aIG,-w'F! 

15078 2642.233 37835.52 aSH4-v3H~ 3 .130 .53 .824, .950 .822 .95 

30 2641. 060 37852.32 a'G,-v'HI 1 0 .93 (1.180) 1.14 
5 2639.883 37869.20 a'F,-y'Pi 
2 2639. 420 37875.84 b 'Po-V 'Si 
5 2638.877 37883.63 a 6Da-z3Gj 
7 2638.591 37887.74 a'Po-z 'Pi 7a 0 2.256 0/0 2. 25 

10 2637.976 37896.57 a'G,-y 'Hl 7b,1 0 1. 016 (1. 052) 1. 04 
3h 2635.837 37927.32 c 3F4-u 3F. 

60 2632.510 37975.25 a3F4-V SF; 3 .47 1.17± 1. 23 1.11 
3 2631. 442 37990. 67 b SH,-x'Fj 

20 2630.983 37997. 29 a ' G'-VIHl 

1 2630.354 38006.37 a 303-Z 104 
3 2629.209 38022.93 a 3Q,-w 3F4 3 .20 (l.052) 1.10 
3 2628.408 38034.51 a apI-Z &P; 
3c 2627.055 38051. 10 b 'P,-527! 
4 2626.636 38060.17 b 'G,-v 'D! 

4 2626.401 38063.58 a'D,-y ID; 2 .45 0 l. 44 .54 .99 
2 2624.330 38093.61 a 'P,- ZIP; 
6 2623.321 38108.26 a'F,-v'F; 
5 2623.170 38110.46 a 'D,-z 'G, 

20 2622.952 38113.62 a'P.-v 'Pi 1 .30 0 1.14 1.44 1.74 

80 2620.440 38150. 16 a 3F2-1I3F2 7b,3 0 .726 (.712) .740 
3 2618.444 38179.24 a 'F,-v'Gl 

10 2617.427 38194.07 c 'p,-u 3D! 
3h 2617. 102 38198.81 

15 2616.219 38211. 70 a ID2-Z 3P! 1 . 18 0 .83 l. 01 1.19 

10 2614.759 38233.04 c 3F4-u3Dj 
8 2614.306 38239.66 a 'G,-y 1m 2 .232 0 (1.180) .948 
6 2613.927 38245. 21 a tQ,_y IF;} 

8 2613.854 38246.27 {a 'D,-z 'G! 
b IFi-v 3FI 

2 2609.622 38308.30 a ID.-V IPi 

1 2609.199 38314.51 a'H,-v'Hl 
10 2608.958 38318.04 a 3Hs-z an 3 .18 .90 (1. 050) .87 
2 2608.690 38321. 98 aID,-x'm 
5 2605.064 38375.32 b 'P,-y IF! 

10 2605.013 38376.07 b 'F,-v IDi 3 .22 (.849) ~6 

10c 2604.753 38379.90 a 'G,-w 'F, 
10 2603.731 38394.96 a 'F,-V'F, 2 0 1.18 (l. 070) l.10 

4 2602.485 38413.34 a 'F.-V 'G! 2 . 305 0 (.712) 1.017 
100 2601. 285 3843l. 06 a 3HII-Z an 3 .62 l.10± l. 15 l.05 

2 2600.615 38440.96 a 3H5-Z 104 

10 2600.156 38447.75 a 'D,-o 'F! 3 .20 .40 (1. 002) .80 
3h 2599.522 38457.13 a 'D,-o 'F! 
6 2598.037 38479.11 b 'G,-w 30; 3 .13 1.043± (l. 027) 1.059 
4c 2594.964 38524.67 a'P,-w 'D! 

50 2594. 736 38528. 06 a 'F'-II'F! 3 . 10 1.094± 1.069 1.119 
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TABLE I.-Second spectrum of columbium (Cb Il)-Continued 

Wave Strong-Intensity No. Termcombi- Zeeman Sepa- Strongest 
spark A .lrA vac. nation type ration est n 0' g, 

cm-1 p 

--- ---------------
I 2 3 4 5 6 7 8 9 10 
----- --- ---

10 2594.337 38533.98 a'D,-t'Gl 
4 2592.035 38568. 20 a'H.-w'F' 

200R 2590.940 38584.50 a 'H,-U 'H! 3 0. 18 1.14± 1.155 1.125 
8 2588.966 38613.92 b 'F.-v 'Fl 
4 2587.952 38629.04 a 'F.-x'F; 2 0.22 0 (1. 230) 1. 01 

8 2587.409 38637.15 a 'F,-x 'G, 7b,1 0 .995 (1. 007) 1. 004 
4 2586.911 38644.59 a 'F,-U 'P; 1 . 445 0 (1. 070) 1. 515 

250R 2583. 982 38688.39 a 'H,-V 'H, 7b,3 0 1. 037 (1. 050) 1. 024 
30 2580. 284 38743.83 a 3H..:-Z 10, 3 .26 1.04 0.83,1. 08 .83 1. 08 
6 2575.968 38808.74 a 3D1-v 3F; 2 .30 0 1.10 .50 .80 

2 2575. ~70 38814.74 a 'H,-w'Fl 
40 2574.843 38825.70 a sDI-z 3F; 
5 2574.074 38837.30 a 3F2-x 3Fi 3 . 29 .58 (.712) .42 

15 2573.136 38851.45 c 'F,-. 'G! 
5 2573.022 38853. 18 a 'F,-z'SI 

Ih 2571. 74 38872.5 a 'D,-. 'F! 
60 2571. 324 38878. 83 a 'D.-zIGl 1 .264 0 .176 1.496 1. 232 

3 2569.187 38911.17 {a 'G,-w'G; 
a'G,-y'G: 

~ 2568.677 38918.89 a'D,-y'D; 
10 2568.409 38922.95 a'F,-y'Fi 

5 2566.075 38958.35 a 'H,-t 'H; 
4 2565.675 38964.42 c'P,-u'DI 

20 2565.504 38967.02 c 'F.-v 'G! 
15 2564.846 38977. 02 _c'F,-, 'Gl 7b,2 0 1.13 (1. 08) 1.09 
1 2564.526 38981. 89 b 'F,-y 'PI 

15 2564.070 38988.81 b'D,-u'FI 2 .29 0 (.681) .97 
10 2563.913 38991. 20 a 'H.-y'H! 

120 2562.402 39014. 19 a 'P,-y 'Po 7a 0 1.500 1. 500 0/0 
1 2561. 926 39021. 45 a IH,-v'Gl 
6 2561.708 39024.76 a 'F,-y'H; 

2c 2561. 465 39028.46 a'p,-w'Di 
3 2560.741 39039.50 a' F,-y 'P! 

20 2560.622 39041. 31 b'P,-w'o; 1 . 592 0 .300 1. 484 .892 
60 2560.112 39049.09 a'F,-x'Fi 
3 2558.628 39071. 74 b 'G,-w 10; 

120 2556.933 39097.63 a 'p,-t 'Si 1 .368 0 1.079 1. 447 1. 815 
60 2555.626 39117.63 a 3H4-w 3F; 3 .277 1.114 . 828,1. 099 .825 1.102 
8 2555.314 39122. 40 b 3F,-y'H! 
8 2554.793 39130.38 b 'F,-v 'F! 2 .24 0 1. 57 .85 1.09 

15 2553.490 39150.35 b 3D,-u'Fi 2 0 1.411 (1.171) 1. 251 

120 2551. 382 39182.69 a 3P,-V 'PI 3 .264 .266 1. 498, 1. 760 1. 497 1. 761 
2 2550.037 39203.36 a 'H,-l'l! 
2h 2549.435 39212.62 a 'P,-x'Fl 
1 2549.039 39218.70 a 'G,-. 'Dl 

30 2548.634 39224.94 a 3Ds-DaF. 7b,2 0 1.282 (1. 246) 1.254 

2 2547.556 39241.53 b IG.-X IF! 
2 2546.353 39260.07 a'G.-w'Di 
2 2545.404 39274.71 C 3Po-u 3Di 

200R 2544.802 39284.00 a 3p,-v 3p; 3 .102 1. 480± 1. 454 1.505 
1 2544. 435 39289.66 a 'G.-495; 

50 2541. 424 39336.21 a &D.-z 3Ft 3 .235 .94 1. 260, 1. 495 1. 495 1. 260 
2 2541. 074 39341. 63 a'D,-z'F! 
3 2540. 811 39345.70 {bIF.-v IF! 

a'H,-y IGl 
80 2540.611 39348.80 b 'P,-. 'DI 1 .273 0 .66 1. 479 1.206 
10 2539.224 39370.29 b'F.-yIFI 

10h 2534. 445 39444.52 a3Fa-V 3B: 
30 2533.188 39464.08 b'P,-, 'D! 3 _30 .60 (1.483) 1.18 
30 2531. 252 39494. 27 b'Po-"Dl 7a 0 .515 0/0 .515 
80 2530.968 39498.70 b 'P,-. 3Dl 1 .32 0 .840 1. 48 1.16 
3 2530. 168 39511.19 b'G,-x'P! 
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TABLE l.-Second spectrum of columbium (Cb Il)-Continued 

Wave Strong-
Intensity No. Termcombi- Zeeman Sepa- Strongest 

spark h air A vac. nation type ration est n (/1 g, 

cm-J 
p 

------------------
I 2 3 4 5 6 7 8 8 10 

---------------- ----

2 2530.103 39512.21 {a 'P.-x 'G! 
a 'G.-x IDI 

30 2527.914 39546.42 b 'PI-D'D! 3 0. 984 0.982 O. 529, 1. 515 1.514 0.5 

4 2527.277 39556.38 a'D,-v IFI 
100 2525.806 39579.42 a'G,-x 'G! 7b,3 0 1.19 (1. 180) 1.20 

5e 2523.761 39611.49 a'P,-x'P; 

30 

3h 2522.885 39625.24 a II,-w'Gl 
8h 2522.341 39633.79 a 3G5-X 3F: 

150 2521. 404 39648.52 a 'H.-V IG! 3 .48 .88± .82 .94 

2h 2520.653 39560.17 a'D.-527; 
5 2519.841 39673.11 a ID,-D 'FI 

lOe 2519. 692 39675.44 b'H.-x IGI 
IOh 2517.487 39710.20 b'D,-u'F! 7b,2 0 1. 445 (1. 312) 1. 345 

1 2514.500 39757.37 a 'F.-w 'Fl 
6 2514.352 39759.71 a 6Da-z 'Fl 1 .23 0 (1. 486) 1. 26 

120 2511. 004 39812.72 a 'Po-li 'PI 7a 0 1. 770 , 0/0 1.770 

5 2505.911 39893.63 a'G.-,, 'G! 
3 2504.948 39908.97 b 'F,-5271 

2 2503.431 39933.15 {a 'F.-z IGI 
a'G,-x'GI 

40 2502.496 39948.06 a 'G.-x'FI 3 . 17 .68 1.14± 1. 05 1. 22 

10 2500.426 39981. 13 a'G.-x'G! 

30 2498.244 40016.05 b'D,-u'DI 7b,3 0 1.32 (1. 312) 1. 33 

4 2496.976 40036.37 b'F.-w 'G! 
3 2496.806 40039.10 

30h 2490.217 40145. 03 b'D,-u'D; 7b,3 0 1.18 (1. 171) 1_19 

30h 2490.111 40146.74 

2 2489.466 40157. 14 b'D,-v'G! 
5 2488.234 40177.02 a 3F3-W 3Fi 
8 2485. 420 40222.51 a'D,-w'G! 

30 2484.931 40230.42 a 1G4-w 3G! 2 0 1. 556 (1. 083) 1.178 

50 2483.878 40247.47 a'G,-x'GI 3 .44 (1. 052) 1. 16 

15 2483.721 40250. 02 a 3F2-w 3F; 
80 2479.933 40311. 49 a'H,-x'G, 1 0 1. 040 (1. 157) 1.18 

2 2479.454 40319.28 b'F,-v'D! 
60 2478.283 40338.33 a'G,-x'G! 3 w .79± (.765) .815 

20 2477.936 40343.98 b 'F.-.'Dl 

150 2477.379 40353.05 a'PI-V'P! 7b.2 0 1. 518 (1.495) 1.506 

3h 2474. 187 40405. 10 b 3Ds-v 3G; 
20 2472. 376 40434.70 b 'F,-v'D; 7~. 1 0 1. 140 (1. 150) 1. 156 

20c 2471. 318 40452. OJ a ID.-5271 
8 2466. 553 40529.98 a'D.-v'D! 2 .20 1.60 1.00 1. 20 

4h 2465. 199 40552.41 
15h 2464.648 40561. 47 
4e 2462.500 40596.85 a 'P.-v'F! 

60 2462.047 40604.32 a'G,-x'GI 
8e 2461. 174 40618.72 

8h 2459.553 40645.32 a :tD2-o lD; 
2 2459. 434 40647.46 a 'D.-w 'Gl 

40 2458.083 40669.80 a IG,-xIFi 7b,2 0 1. 144 (1. 083) 1.053 

fie 2456.676 40693.09 a 3D2-V 3Dt 2 . 466 0 1. 468 1. 002 .536 

4h 2454. 376 40731. 22 

20 2453.945 40738. 37 b'F.-w·GI 1 0 .78 (1. 150) 1.06 

15 2453.853 40739.90 a 'H,-x'FI 
2 2452. 468 40762.90 b'F.-w·GI 

60 2451.870 40772.85 aID'-lIIFI 2 0 1. 074 (1. 003) 1. 027 

2 2450.900 40788. 98 a 'G,-z llti 

10 2450.433 40796.75 a 'Po-z 'S! 7a 0 1. 82 0/0 1.82 

10 2450.250 40799.79 b 'p ,-x IFI 
5 2450.069 40602.81 b'DI-u'Dl 7b,3 0 .66 (.681) .64 

20e 2448.258 40833.00 
15 2447.966 40837. 86 a'F.-v1G' 



504 JO'll/rnal of Research of the National Bureau of Standards 

TABLE 1.-Second spectrum of columbium (Cb n)-Continued 

Wave Strong-Intensity No. Termcombi- Zeeman Sepa- Strongest 
spark X air A vac. nation type ration est n QI Q, 

em-I P 

--- --
I 2 3 4 5 6 7 8 9 10 

--- --
2 2445.402 40880.68 a 'PI-Z 'S; 
3h 2444.856 40889.81 

10 2444.479 40896.11 b'F,-w'O! 7b,2 0 0.921 (0.849) 0.873 
2 2443.718 40908.85 a 'D,-z ID; 

40 2442.677 40926.28 b 10,-Z 10. 3 .20 • 975± .950 1.000 

40 2442.144 40935.21 a'O.-v IDj 1 0.204 0 .353 .761 . 965 
30 2441. 856 40940.04 a3Ps-v SF; 1 .39 0 (1.663) 1.27 
8 2440.976 40954.80 a 'D,-v 'Dl 

50 2437.411 41014.70 a 3F,-zIPi 1 .24 0 .47 .71 .95 
50 2435.952 41039.26 a'RI-z'O; 1 0 .53 (1.050) 1.18 

5, 2435.374 41049.00 a'P,-w'Pi 
10h 2435.074 41054. 05 a 3DI-V3Di 
3 2434.662 41061. 00 b'P,-zIDI 
2 2434.117 41070. 19 a'D,-v 3DI 

60 2433.792 41075.68 a 'H,-z'Ol 7b,2 0 .850 (.825) .817 

IDe 2432.822 41092.05 
IDe 2432.321 41100.52 a 'P,-v'Fl 
30e 2431. 679 41111. 36 
4h 2430.310 41134.52 aIPI-V lPI 
8h 2428.603 41163.43 

5h 2426.243 41203.47 b'F,-v'D' 
4h 2426.128 41205.42 
5h 2425. 112 41222.68 
4h 2423.532 41249.56 
2 2422.976 41259.02 a'P,-y IPi 

2 2421. 016 41292.42 a 3FI-V3Di 
10 2419.467 41318.85 b 'F,-.'D; 3 .32 .63 .84, 1.16 .84 1.16 

150 2418.687 41332. 18 a'O,-v'Fi 1 0 .97 (1.052) 1.08 
20 2417.323 41355.50 b'F,-w'O! 2 0 1. 31 (1.152) 1.18 

150 2416.994 41361. 13 a 'Gs-o3F, 1 0 .88 (1.180) 1.26 

2 2416.679 41366.52 b'F,-v'Di 
3 2416. 247 41373.92 a'D.-w'Ol 

30 2416. 169 4137.'.25 a 'P.-527; 3 1.26 .77 1. 42, .68 1.68 1. 42 
10, 2415.955 41378.91 aSP,-w 3Pi 

150 2412.460 41438.86 a 3F,,-x'Dj 

5h 2412.283 41441. 00 
5h 2411. 235 41459.91 

20e 2410.285 41476. 25 a 'P,-w'Po 7a 0 2.47 2. 47 0/0 
6 2410.080 41479.77 

20h 2407.685 41521. 03 a 3H,-z 'I! 

60e 2405.850 H552.70 asp,-wapi 3 . 375 .75 1. 44,1.81 1.815 1.440 
50e 2405.344 415G1. 44 a'p,-w'Pi 3 1. 045 1.041 1. 43, 2.48 2.475 1.430 
20 2404. 210 41581. 04 
8h 2402.658 41607. !J(l 

• 2401. 272 41631. 91 

• 2401. 040 41635.93 a 'F,-49S; 
2 2398.768 4 1675.36 a 3Q4-v 3F, 

120 2398.484 41680.30 a aOJ-vIF; 1 0 .72 (.765) .79 
6 2397.967 41689.29 a 'O,-v'F! 
2 2397.677 41694.33 a'D'-II'Di 

4c 2397.558 41696.40 a'p,-Y'F! 
2 2396.772 41710.07 a 'F,-z 'Pi 
3c 2396.310 41718. 11 a 'P'-V 'Si 
8h 2395.824 41726.58 

40 2395.329 41735.20 a IPt-W3P; 1 1.03 0 .41 2.47 1.44 

2 2394.697 41746.21 a ID,-v 3D; 
20 2391. 912 41794.81 b 'F,-z'Fl 
3h 2390.718 41815.69 

40 2388.269 41858.56 a 3Fa-x3Dj 3 .22 .67 1.18± 1.07 1.29 
80 2387.521 41871.67 a 3Fa-w 3Dl 1 0 .88 (1.070) 1.165 

80 2387. 101 41879.04 a"P.-527! 1 .40 0 .61 1.81 1.41 
IOh 2385.251 41911. 52 
5h 2384.852 41918.52 
3 2381. 717 41973.80 a'D,-II'Di 
2 2381.122 41984.19 a'p,-z'Di 
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TABLE I.-Second spectrum of columbium (Cb Il)-Continued 

Wave Strong· 
Intensity No. Termcombi· Zeeman Scpa· Strongest 

spark X air A vac. nation type ration est n 01 0' 
cm-1 

p 

--------- ----------- -- -
1 2 3 4 5 6 7 8 9 10 

--- -
10h 2380.148 42001. 37 
5h 2379.122 42019.48 
4 2378. 476 42030.89 a 'F,-495! 

10 2377.989 42039.50 b 'H.-v 'GJ 
100 2376.398 42067.64 a 6DI-z lH; 

8 2374.167 42107.16 b 3H5-U 3F~ 

10e 2373.967 42110.71 a 'G.-527! 
60 2372.730 42132.66 a 5Do-Y &Di 
8e 2372. 227 42141. 60 a 30a-W 3P; 

100 2369.954 42182.01 a 3F2-x 3Di 1 0 0.62 (0.712) 0.81 

8e 2368.941 42200. 05 a 'P'-V 'FI 
20h 2366.198 42248.96 
10h 2365.745 42257.05 b 'G. -u'F! 
20h 2365.624 42259. 21 
3h 2365. 305 42264.91 a 'F.-x'G! 

70 2365.215 42266. 52 a 3F2-W3D~ 3 0.46 .93 . 70, 1.16 .70 1.16 
2h 2364.270 42283.41 b IG.-" 'F! 
3 2363.587 42295.63 a 'F,-z 'P; 

80 2360.302 42354.49 a 'G.-x 'Gj 3 .27 1.05± 1.09 1.01 
3 2357.437 42405.96 a'D,-xIF! 

50 2356.290 42426.60 {a 'P,-x'Dl 
• 'R.-v'F! 

40 2356.005 42431. 73 a 'G.-V 'F! 7b,2 0 1.07 (1. 052) 1. 04 
8 2355.680 42437.59 a 'D,-V 'D! 

50 2354.040 42467.15 a 3H5-V 3F4 
3 2353.765 42472.11 a'p,-w'Di 

60 2352.837 42488.86 a'D,-v'D! 
60 2352.338 42497.87 a 'P,-x'Dl 
4 2351. 613 42510.98 a SP,-w 3D; 

20h 2350.488 42531. 32 a 3F,-x 30; 
5h 2349.411 42550.81 

2 2347. 111 42592.50 a 5Fl-1I 3O; 
3 2346.9Gl 42595.22 

50 2346.532 42603.01 a'p,-w'D! 1 0 1.10 (1.450) 1. 33 
15h 2345.333 42624. 79 b 'H.-v'Ol 
10 2343.271 42662.30 a 'D.-V 'Dl 

3h 2343.103 42665.36 
4h 2342.852 42669.93 a 'p,-v 'Dl 

20h 2340.025 42721. 47 
30 2335.620 42802.04 b 'H,-v'GI 
20 2335.322 42807.68 a 'P,-500; 

100 2334.802 42817.03 a 3Da-V 5Dl! 
10 2332. 896 42852.01 a 'D.-V 'D! 
3h 2332.295 42863. 05 
4 2328.028 42941. 61 a 3F2-Z api 
3h 2327.521 42950.96 a 'F.-x 'Ol 

10 2327. 131 42958.16 a'Po-v'Pi 
20 2326.221 42974.96 a 'H.-V IH,? 
6h 2325.504 42988.21 
3h 2324.409 43008.46 

60 2324.237 43011.75 a 'D.-z 'Pi 1 .75 0 .75 1.50 2.25 

40 2324.063 43014.86 b 3H.-v 'G, 
IOh 2323.512 43025.06 
30 2321. 996 43053. 15 aSP1-x 3Di 
3h 2321. 271 43066. 60 
7h 2320.659 43077. 95 

25 2320.238 43085.75 a'D'-V'Da 
5 2319. 847 43093.03 

25 2319.589 43097.82 a'G,-w'GI 
3h 2318.180 43124.01 

10 2317.784 43131. 38 a 'D,-V 'D! 
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T A BLE I.-Second spectrum of columbium (Cb I1)-Continued 

'~lave Stron g-Intensity No. Termcombi- Zeeman Sepa- Strongest 
spark }.. . lrA vac. nation type ration est 

11 
g , V, 

cm- 1 p 

-------------------- - -
I 2 3 4 5 6 7 8 8 10 
-- - -- --- - - - ----- - - - --

15h 2316.929 43147.49 {b ' H,-o 'G, 
b 'P,-u 'F, 

20 2315. 173 43180. 02 a ' D,-g 'D! 
50 2314.850 43186. 04 a ' p,-x ' P; 3 0. 20 1. 41 ± 1. 46 I. 36 
3 2314.240 43197. 43 a IDll-X IFs 

15 2313. 524 43210.79 a 'D ,-V ' Di 

20h 2311. 456 43249. 45 
2 2310. 570 43266.03 a ~F3-V 3F, 
8 2310.313 43270. 84 
3 2309.742 43281. 54 a ' F,-V 'D! 

100 2309.2"39 43290.97 a 5DI-Z 6Pi 3 0. 76 . 76 1.50, 2.26 1.50 2.26 

6 2308. 807 43299.07 a 6FI-V lFi 
3 2307.477 43324.02 a 'P,-x 'O! 
4h 2305.426 43362. 56 
4 2303.154 43405.33 a 3G4c-v 3D j 

40 2302.695 43413.98 a 'D.-y 'D! 

200 2302. 086 43425. 47 a 5D3- Z 6P2 1 . 25 0 1.00 1.50 1. 75 
50 2300. 785 43450. 02 a ' Do-z 'Pi 7a 0 2. 255 0/0 2. 25.\ 

5 2300. 519 43455. 04 {a 'G,-w 'Gl 
b 'F,-x 'Gj 

30 2300.339 43458.44 a IDz-x 1D2 7b 0 1. 002 1. 002 1.002 
20 2299.226 43479.48 b 'F.-x 'Gl 

5 2298.662 43490.14 a 'D,-y 'Di 
10 2298.385 43495.38 a 'P,-x'Di 
40h 2297. 853 43505.45 
50 2297.611 43510.04 a ' G,-w 3Gj 
3 2296.748 43526.38 a 'H.-y 'FI 

8 2295.972 43541.10 a 3Pl-w 3D i 
300 2295. 681 43546. 61 a 'D.-z 'Pi 

60 2294.983 43559.85 b ' G.-v'G; 
40 2293. 926 43579. 93 a 3P,-W 3Di 
8h 2292.325 43610.36 

20h 2291. 644 43623.32 
8 2291. 383 43628.29 a 'D,- z 'Pi 
6 2290. 289 43649.12 a'Do-Y'Di 

30 2268.861 43676. 35 a'F,-v'D, 
7 2286.892 43713.95 a 5F2-X 3F; 

20 2286. 749 43716.69 
10h 2286.352 43724.28 
5h 2285.673 43737.26 

60 2285.223 43745.88 a 'D.-g 'D; 7b,3 0 I. 490 (1. 495) 1. 485 
10 2284. 356 43762. 47 a 'G,-v aD; 

300 2283.004 43788.39 a'D,-z'P; 3 . 25 . 50 1. 49, 1. 74 1. 49 I. 74 
80h 2281. 830 43810.92 
30 2281.136 43824. 25 a3G4-w 30; 
50 2280.450 43837.43 a'D,-v'D; 
4h 2278. 477 43875. 38 b IO,-V 3G~ 

4h 2278.320 43878. 41 
3 2276.361 43916.16 a 'F,-V 'P! 
6 2276.170 43919. 85 a 'F,-x'F; 

60 2274.198 43957. 93 b 'G,-v'G; 
100 2274.128 43959. 28 a 3F,-v 3F: 7b,3 w 1. 246 (1. 230) 1. 260 

150 2273.566 43970.15 a 5Da-z liP! 3 .25 1. 52± 1.48 1. 56 
6h 2273.120 43978.77 

100 2272.730 43986.32 a ' F,-x'F! 
2 2270.65 44026.6 a 3F,-v 'F; 

150 2270.180 44035.72 a 'F.-v 3F; 7b 0 1.07 1.07 l.07 

100 2269. 865 44041. 83 b 'G,-o 3m 
10h 2269.202 44054.70 

150 2268.527 44067. 81 a 'D,-z 'PI 
100 2266. 732 44102.70 a 3G6-w 306 
100 2265.676 44123.26 a 'D ,-z 'P! 
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TABLE 1.-Second spectrum of columbium (Cb H)-Continued 

Wave Strong-Intensity No. Termcombi- Zeeman Sepa- Strongest 
spark X . lrA vae. nation type ration est n 01 0, 

em-I p 

-------------
I 2 3 4 5 6 7 8 9 10 

------------------------
150 2264.556 44145.07 b 'G.-. 'GI 

3h 2264. 09 44154.2 b 'G.-u'D! 
15 2263.312 44169.34 a ~D3-V aD, 
15 2263.219 44171. 15 a 3PO-W 3D! 
2 2262.34 44188.3 a 'F,-y 'PI 

80 2262.132 44192.38 a 3H.-w'Gl 
8 2261. 721 44200.40 a 'D,-y 3Dl 

20h 2261. 531 44204.12 
60 2257.537 44282.32 a SPI - X3Pi 

200 2255.597 44320.40 a 'F,-x 3FI 
~ 

4 2255.175 44328.69 a 3D2-u 31?5 
60 2254.953 44333.05 a 6D:a-z sPa 
20 2252.628 44378. 90 a 3F3-v 3F.i 

250 2252.210 44387.04 b ' G,-v 3G; 7b 0 1. 19 1.19 1.19 
10011 2250.463 44421. 49 a 3F2-V 3F ~ 

8h 2250.005 44430.54 a 3Fa-v IF! , 
60 2248.282 44464.60 
4 2247.188 44486.22 a 'D,-z ' P i 

20h 2246.98 44490.35 b ' G.-. 3G; 
20h 2246.500 44499.85 a·H.-. 3D, 

2 2245.15 44526.6 a 3P:a-lI IPt 
50 2242.58 44577. 6 a'D'-"F! 
20h 2241. 011 44608.83 a ' G.-u'Fl 
50h 2240.65 44616.0 a'H,-w'GI 
2 2238.14 44666.0 aaP:a-v3F; 

2 2237. 69 44675.0 a 'p,-v 'Fl 
100 2237.496 44678.90 

6h 2236. 95 44689.8 a 3DI-U IF; 
60 2236.724 44694.32 a 'D.-y 3Gj 

41. 2236.43 44700.2 

2 2235.89 44711. 0 a 'F.-z 1Gl 
2 2235.66 44715.6 a 'F,-y IFl 

10 2230.85 44812. 0 b'F,-u'FI 
4 2230.74 44814.2 a 'F,-5271 
2 2230.44 44820. 2 a'D,-y3GI 

150h 2229. 716 44834.78 a 'H.-w'Gi 7b, 1 0 1. 007 (1. 157) 1.187 
20h 2228.986 44849.46 
6h 2225.547 44918.76 a ·H4-w 3O, 

30 2224. 667 44936.53 a'D,-y'Pi 
5 2221. 415 45002.30 b ' F,-u'Fl 

10 2219.328 45044.62 b'P,-u'DI 
5 2219.163 45047.97 a 'F,-w 'FI 
4 2215. 29 45126. 7 a'F,-w'F! 
2 2214. 87 45135.3 a 'F.-y IF! 
7 2211.274 45208.66 a 'H,-w 3G, 

20 2210.917 45215.97 a'D,-y'Pi 
50 2210.534 45223.80 a 5Fl-Z 101 
20 2207.182 45292.47 a'P,-y 'S! 
5h 2206.639 45303.61 a 1G,-v'GI 

100h 2203.64 45365.3 

6 2203.17 45374. 9 a'Do-V'P! 
1 2202.86 45381.3 • 'F.-w 'Gl 
7 2202.01 4539S. 8 a 5FI-W SF; 
6h 2201. 36 45412.2 

6011 2199.97 45440. 9 

8 2199.60 45448.6 a 'F.-w 'FI 
20h 2196.40 45514.8 
7 2192. 41 45597.6 a 'F,-w 'Fl 
5 2188.14 45686.6 
1 2187.66 45696.6 b 'F,-It 'F! 

5 2187.03 45709.8 b'F,-u'FI 
3 2185.87 45734. 0 b'F.-u IFl 
4 2185.41 45743.7 a 'D,-y'P; 

10 2180.67 45843. 1 b 'F,-v'GI 
50 2176.76 45925. 4 

644098-45--3 
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TABLE I.-Second spectrum of columbium (Cb n)-Continued 

Wave 
Strong-Intensity No. Termcombi- Zeeman Sepa- Strongest 

spark X air A vac. nation type ration est 
11 V, VI 

em-I P 

---- - -------------------
I 2 3 4 5 6 7 8 9 10 

---------- - --- - ---------- -----
40 2175.84 45944.8 
4 2172. 41 46017.3 a 'D,-u 'Dl 
5 2170.72 46053.2 

10 2169. 89 46070.8 
3 2168.18 46107.1 a'D,-v'Pl 

50 2167. 24 46127.1 
3 2163. 84 46199.6 
6 2163.07 46216.0 a 6Fa-x3Dj 
2 2162.63 46225.4 a 'PI-VIP! 

40 2160.34 46274.4 

100 2160.27 46275.9 
15 2158.14 46321. 6 a 6F.-w JDj 
30 2156.74 46351. 7 a 6Fa-x3G6 
40 2155.62 46375.7 
2 2155. 14 46386.1 a 6Dl-1I 3p; 

7 2154.47 46400.5 
10 21054.20 46406.3 a 'F,-x'F: 
3 2153.30 46425.7 
4 2152.06 46452.4 

40 2149.54 46506.9 a 'F,-4951 

5 2149.03 46517. 9 
15 2148.65 46526.1 a 'F.-500! 
30 2147.20 46557.6 
3 2144.79 46609.9 
2 2144.49 46616. 4 a'F,-x'D! 

4 214~. 20 46644.4 
5 2142.91 46650.8 a 3Da-u 3Di 
5 2142.02 46670.1 
3 2141. 06 46691.1 b 3F2-u 3D; 
2 2140.48 46703. 7 b'F,-v'Gi 

10 2140. 39 46705.7 a liFs-zaG; 
10 2138.90 46738.2 
5 2138.42 46748.7 a 'p,-v 'Dj 

40 2137.55 46767. 7 
30 2137.05 46778. 7 

25 2134.95 46824.7 
30 2134.71 46829. 9 
20 2134.49 46834.8 a 6Fa-w 3D ; 
4 2133.67 46852.8 a 6D4-W 3Fi 
2 2133.17 46863.7 a aP2-V 3D; 

8 2132.83 46871. 2 
1 2132.02 46889.0 a'F,-x'D! 

60 2131.18 46907.5 a 'F,-49S; 
8 2129.00 46955.5 a'F.-x'G! 
2 2128.21 46972. 9 a'p,-u'F! 

60 2126. 54 47009.8 a 6F,,-x 3F.i 
60 2125. 21 47039.2 a 'F.-500l 
6 2124.34 47058.5 a 6F2-x 3Di 
i 2120.52 47143. 3 a 5F2-w3Di 
3 2119.99 47155.1 a 6PI-U3Fi 

4 2119. 63 47163.1 a 5Pa-u 3F j 
6 2119.06 47175.7 

20 2118.87 47180.0 a 'F,-495! 
10 2116.39 47235.3 a'F,-w'DI 
5 2114. 77 47271. 4 

50 2113.08 47309.2 a 6F.-x 30. 
10 2110. 04 47377. 4 

150 2109.43 47391. 1 
2 2108.34 47415.6 a'F,-w'D! 
2 2108.23 47418. 1 a 6Fa-x 3P; 

40 2107.27 47439.7 a ' F.-SOO; 
20 2103. S9 47522.6 a 'F.-x 'Fl 
5 2102.12 47555.9 a 5F3-x 303 
3 2101. 87 47561. 5 a'F,-z'I! 
7 2099.48 47615.7 
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TABLE 1.-Second spectrum of columbium (Cb u)-Continued 

W ave Strong. Intensity A air A No. Termcombi· Zeeman Sepa· Strongest 
spark vac. na.tion type ration est n (JI (J, 

em-' p 

--------- -- -
1 2 3 4 5 6 7 8 8 10 

--- - -------
IS 2098. 05 47648. 1 
5 2097.23 47666.7 a 'P,-u'Fi 

10 2094.95 47718.6 
20 2090.41 47822.2 a ~F3-X 30. 

2 2089.36 47846.3 a 6Fa-x 3Pi 

1 2085.56 47933.4 a 'D.-y IGl 
10 2085.37 47937. 8 a 'F,-x 'P; 
15 2084.30 47962.4 

1 2083.51 47980.6 a 'P,-v'D; 
3 2082.89 47994.9 

6 2081. 37 48029.9 
5 2080.33 48053.9 a 3Pa-u 3F. 

10 2080.05 48060. 4 
15 2079.71 48068.2 
30 2076.88 48133.7 a 4F$-v 3Fl 

4 2074.32 48193. 1 
2 2073.33 48216.1 a 3F2-x ID2 
5 2072.07 48245.5 

10 2065.71 48394. 0 a 'F.-v 'F! 
15 2064.21 48429. 1 

2 2061. 97 48481. 7 a 3G5-U 3F. 
15 2061. 45 48494.0 
20 2057.05 4R597. 7 
4 2054.19 48665. 3 
5 2051.16 48737.2 a 6Ft-V 3F. 

10 2050.93 48742. 7 
10 2049.89 48767. 4 
1 2048.70 48795.7 a 3G4-u 3F. 
1 2047.44 48825.7 a 'F I- Y IDi 
1 2044. 41 48898. 1 a bFa-V 31i'2 

5 2044.22 48902.6 I 
1 2044. 02 48907.4 a 5Fa-v 3F3 
4 2043.53 48919.2 
4 2043.18 48927. 5 

10 2037.95 49053.1 

20 2032.99 49172.7 a 'F.-527! 
30 2029.33 49261. 4 
10 2025.31 49359.2 a 'F,-w 'Pi 
3 2019.79 49494.1 a 5F4-1I IFj 
3 2018. 67 49521. 5 a 3G6-V JGs 

5 2017. 28 49555.6 
1 2016.67 49570.6 a 6FI-v 3F2 

10 2016.05 49585.9 a 6Fl-W 3Pi 
3 2015.69 49594. 7 
G 2011.99 49685.9 a 'F,-527; 

7 2008.99 49760.1 
7 2008.46 49773.2 a 6F,-w apo 
5 2005.02 49858.6 
4 2004.76 49865.1 
3 2002. 41 49923.6 

2. TERMS OF THE CB II SPECTRUM 

The established terms (atomic energy states) of the Cb II spectrum 
are described in table 2, in which successive columns show (1) the 
electron configuration responsible for the term, (2) term symbols, 
(3) level values, (4) level separations in polyfold terms, (5) g-values 
derived from the Zeeman effect, and (6) observed combinations. All 
level values are relative to (4d4) a 5Do=0.00. The total number of 
levels is 183, of which 27 represent singlet terms, 116 comprise 40 
triplet terms, 37 belong to 9 quintet terms, and 3 are fragments of 
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d2 sp terms. Negative signs in column 4 show that 2 polyfold terms 
are inverted and 14 partially inverted. The remainder are regular, 
but many violations of the rule that intervals are proportional to the 
larger j-values occur. Of special interest is the term z 5D o , whose 
fourth interval is abnormally small. Attention was called to the same 
abnormality in the analogous V II spectrum [7]. The term y 5Do is 
also extremely irregular in both cases. 

TABLE 2.-Terms of the Cb II spectrum 

Electron Term Differ· Observed configura· symbol Level ence 1/ 
Com binations 

tion 
----- ----

I 2 3 4 5 6 
-----

d' a'Do 0. 00 158. 99 0/0 
a 6Dl 158.99 279. 39 1. 500 I Z 'po, Z 'Do, V 'Do, Z 'Fo, Z 'Go, Z 'po, V 'po, z'Do, 
a 6D, 438.38 363.00 1. 490 'V liDO, z liFO, x 3Fo, W liFO, z aGo, 'V aGo, z sHo , 
a 6Da 801. 38 423.49 1. 486 II lIHc, z IFo, Z IGO , 'V lOa. 
a ' D, 1224.87 1. 495 

d' 8 a 'F, 2356.76 272.31 0.000 r~z~z~z~r~x~w~z~ a'F, 2629.07 400.50 .996 'V 3Do, x 3Do, w'3Do, it 3Do,' z liFO: 11 3Fo: % liFO: a 'F, 3029.57 1. 248 
a IF, 3542.50 512.93 1. 350 

w liFO, u liFO, Z 3GO, tI 3GO, x 3GO, W 3GO, 'IIlDo, 

a 'F. 4146.00 603.50 1. 390 1/ IFo, z 10°, z 11°, 495°, 500°, 527°. 

d' a 'Po 5562.26 630.07 0/0 r 'So, z 'po, z 'DO, r 'Do, z 'Fo, z 'So, r 'So, Z 'po, 
a'P, 6192.33 1069. 00 1. 495 'V 3PO, x apo, z 3D o, y 3Do, x liDO, W 2D o, u liDO, 
a'P, 7261.33 1. 450 z 3Fo, u liFO, z 3GO, x 3GO, z lPg, Vlpo, 500°. r 'po, Z 'Do, r 'Do, Z "Fo, z 'Go, Z 'So, r 'So, Z .po, 

d' 8 a 3Fs 7505.78 394.87 .712 11 apo x apo z 3Do 'U 3Do x aDO w 3Do u aDO 
a 'F. 7900.65 419. 75 1. 070 z 3F O ,'y 3Fo,~ liFO, tV 3Fo, U 3For z aGo, y 30'O,ziQO: 
a'F. 8320.40 1. 230 w 3GO, u 3GO, Y'Ho, 2 IPO, Z IDo, 'V IDo, x IDo, 

2 IFo, 11 IFo, 'V 10°,495°,527°. 

d' a'H, 9509.67 .825 r 'Do, z IFo, Z IGO, Z 'DO, 11 'Do,. 'DO, U 3Do, z oFo, 
a'H, 9812.56 302.89 1. 050 

'V 3Fo,x 3Fo, w 3Fo, v 3Fo, 230°, 1I300,X300, W 30°, 
a 3H, 10186.41 373.85 1.157 

u 3GO, z3Bo, V 3Ro, z3Io, z IFo, '!lIFO, Z 10°, 11 10°, 
z 11°. r 'po, z 'DO, z 'Fo , z 'Go, w 'po, z 'DO, r 'Do,x'Do, 

d' a'G, 10247.04 357.24 .765 w 3Do, v 3Do, 2 3Fo, y3FO,x 3Fo, w 3Fo, 03Fo, 'U 3Fo, 
a'G. 10604.28 314. 24 1. 052 z 3GO, 11 3GO, % 30°, W 3GO, U 3GO, Z 3HO, 'V'Ho, 
a 3G, 10918.52 1.180 z 31°,2 IDo, 11 IDO, 2 IFo, 1I1Fo, Z lG O, 11 10°, z lEO, 

. z 11°, 527°. 

d3 8 aSPI 10653.40 2.477 r 'So, z ,po, z 'DO, 11 'DO, 11 'So, z 3PO, r 'po, x 'po, 
182. 45 w apo, z 3Do, 1/ 3Do, x aDO, w 3Do, [i 3Do, z 3Fo J alP, 10835.85 503.71 1. 815 Jl3Fo, x 3Fo, w :tFo, v 3Fo, U 3Fo, 'J/aGo, x 30°, z 18°, a 6Pa 11339.56 1.663 11 IpO, z 1Fo J 'V IFo, 527°. r 'So, z ,po, 11 'DO, Z ,po, r 'po, x 'po, 11 'DO, x'Do, 

d' aID, 12263.26 1. 003 
w 3Do, v 3Do, 23Fo, Y 3Fo ,x3Fo, vJFo, V 3GO,x 8GO, 
z Ipo 11 Ip o z IDo V IDo x IDo z IFo 11 lFo x IFo 527°.' , , , , , , , 

Z 6Do, 1J aDO, z aFo, Z sao, Z .So, z apo, 11 apo, x apo, 

d' b'F, 12805.98 .849 
z 3Do, 11 aDO, x aDO, W 3Do, v SDo, 'U 3Do, z 3Fo, 

b 3F. 13690.20 884.22 1.150 
11 3Fo, W 3Fo, v 3Fo, U 3Fo, Z 3GO, V aGo, x 3GO, 

b·F. 13665.68 -24.52 1.152 
w 30°, U 3GO, Z 'Ho, 11 3Ho, Z IPO, VlPO, Z IDo, 
vlDo, zlFo, 11 lFo,x IFo, 210°,11 IGO,%10°, z lRO, 
'V IHo, 500°, 527°. r 'So, 11 'DO z 'Fo, z 'Go, z'So, z ,pO, V 'po, X 'po, 

d' a 3D, 13118.62 360.88 .512 z 6Do , 11 3Do, x aDO, W 3Do, V aD O, U aDO, 2 3Fo, 
a'D, 13479.50 -424.81 1.002 1I 3Fo, x3Fo, W 3Fo, v 3Fo, u3Fo, z 3GO, 1) 3GO,x 3GO, 
a'D, 13054.69 1. 246 w 3GO, y 3Ho , Z 18°, Z IP O, 11 IPO, zlDo, z IFo,1/ tFO, 

x IFo, :)00°, 527°. 

d' 8 b 'Po 14678.40 0/0 
r 'So, z 'po, 11 'Do, Z 'So, V 'So, Z 'po, V 'po, X 'po, 

-52.14 11 3Do, x tlDO, w aDO, v 3Do, U aDO, 1/ 3Fo, U 3Fo, 
b'P, 14626.26 34.51 1.504 1/ 30 °, X 3GO, w 3GO, 2 IPO, 11 IPO, Z IDo, 11 IDo, b'P. 14660.77 1. 483 X IDo , z IFo, 1IIFo, x JFo, 527°. 

d4 a'G, 14790.79 1.083 
11 3Fo, w aFo, u 'Fo, z aGo, 1J 3GO, w 3GO, u aGo, 
r 'po, z 'DO, r 'Do, Z 'Fo, z 'DO, r 3Do,. 'DO, Z IFo, 

zlHo, y aHo, Z '1°, 1I1Fo,x IFo, z IGO, 1/ 10°, X 10°, 
zlHo,1I 1HO. 



Spectra of Oolumbiwm 511 

TABLE 2.-Terms of the Cb II spectrum-Continued 

Electron Term Differ- Observed configura- symbol Level ence 0 
Combinations 

tion ---- ----
I 2 3 4 5 6 

d' a II, 15396.10 1.000 % aGo, w laO, u 30°, Z IHo, % '1°, Z IHo, VIRo, z 11°, 

d' • b ' O, 15551. 30 .767 r "PO, % IDo, II IDo, % 'Fo, z ,po, % 'Do, II 'Do, x 'Do, 

b'O, 15949. 40 398.10 1. 027 
v In°, u 'Do, z 'Fo , , 'Fo, x 'Fo, w 'Fo, u 'Fo, 

b'O, 16052. 72 103.32 1.190 
z 30°, V'GO, x IG O, w '00 , tL sao, z 'HO, 11 lIHO, 
zlDc, z IFo, 11 IFo,% IFo, Z 100, 1/10° , Z IHo, 11 IHo, 

d'. blO, 16219.04 .950 VllGO,%' sao, w 'Go, u'O°, V IHo, zlIo, z IF o, 1JIFo, 
r 'po" 'Do, II 'Do, % 'Fo II'Fo,x 'Fo, W IFo," 'F·, 

z IFo, V tOO, % 10°, z IHo, tJ IHo, 500° , 627°, 

d' a '8, 17202.72 0/0 11 'DO, V'SO, % apo, % IDo, z lpG, 711P-;> , 

d'6 b'H, 17469.77 -177.28 .880 r'DO • 'DO % 'Fo II 'Fo x 'Fo w'Fo • 'Fo "'Fo 
b'H. 17292.49 132.39 1.052 ,100 x aGo w 3QO 1; aGo 'z IHQ 'v aHo' Z 11°' 
blH, IH24.88 1.154 21Fo; x IFO,'z 100, V'IO°, x 100, 11 IHO, z II~, 527°: 

d' «'F, 18508.15 1. 007 
{v "Do, ,,'po, xlDc, zlFo, w 3Fo, vlFo, z 3OO, 

% ao o, W IG O , x IDo, 1I1Fo, z 10°, 11 100,:r IGo. I' 'So, Z 'po, V 'DO, Z 'Fo, % 'So, • ,po, V'po, x 'po, 
d' • b'D, 18819.57 53Z.H .681 w apo, tI'Do, x ano, w aDo," aDO, U 3Do, Z 'Fo, 

bID. 19351.98 337.56 1.171 II 3Fo, x 'Fo, w JFo, I'J 3Fo, u aFo V aoo,:r 10°, 
bID, 19689.54 1. 312 u 30°, 1) 3Ho, z IDo, 11 IDo, x ID6, z 1]'°, tI IFo, 

z 10°, V lOa. 

d' • e'P, 20347.55 692.01 0/0 }' ISO, II IDo, Z 'So, II 'So, % ,po, y 'PO, X 'po, V 'Do, 
c'p, 21039.56 ~71.go 

1. 2J8 X 'DO, w 'DO, t) 'DO, 1:£ 'DO, 11 'Fa, X 'Fo, w 3Fo, 
elP. 21511.46 1.468 f) JFo, 'V '0°, Z ISO, Z IPO, TlIP O, z IDa, X IDa. 

d' • 
r 'DO, z ISO, Z ' p o, V 'po, X ,po, y 'DO, x 'Do, w'Do , 

alP, 20437.58 1.115 t' 'Fo, f) IFo , 'U IFo, z ISO, z lPO, V lpo, z ID o. 
X IDo, 495°. I' "Do, V 'DO, % IFo, % 'po, V 'po, X 'po, % 'DO, V 'D', 

d' elF, 20657.82 45Q. 55 .670 x 'DO, win°, t1 'DO, u ano, z aFo, y IFo, x 'Fo, 
clFa 21117. 47 355. 05 1.080 w 3Fo, v'Fo u 3Fo, z 30°, 11 'GO, x sQo, waoo, 
elF, 21472. 52 1. 240 '1£ 3GO , V 3H6, Z IPO, 11 IPO, z ID o, tllDo, Z IFo, 

1I1Fo,x IFo, 500°, 527°, 

d' , alH, 21073. 05 .992 
{V IDo, 11 SFo, w 3Fo, 'V '0°, x '0°, W 'Qo, 'U IGO, 

z3Ho ,1I 3Ho, Z 31°, Z 10°, Y IGO,x 10°, V IHO, t 11°. 

d' , b'D. 24332.87 • g8 {Z 'pO x sp o V'D o x'Do w IDo Ii 'Do D 'Fo 1:1. 3Fo , , , , , , , , 
x IGO, 11 IPO, 11 ID o, V IFo, 527°, 

(/' , dlF, 25414.24 -60.58 .71 r 'po, x 'po, x 'DO, w 'DO, • 'DO, u, 'DO, V 'F·, 
d'F, 25353.66 3.84 .93 x 3Fo w 3Fo v 'Fo 'U 'Fo % 80° w 3GO u '0° 
d'F, 25357.50 1I IFo; x IFO, 500°, 5~ho.' , , • 

d' d'P. 28001.37 -207.22 0/0 
}V 'DO, V 'SO,X 'po, x 'DO, w 'DO, U 'DO, 495°. d'P, 27794.15 -511.97 1. 49 

d'P, 27282.18 1.49 

d' clO, 29634.24 1. 087 f) IDo, 11 3Fo, 'V 'Ho, z IFo, x IFo, 'V 10°, x 10°, fj IRO, 

d' e'D, 31064. 80 1. 01 viDa, rlPO, 'II 'So, 527°,:r IFo, X IDo. 

d' , b'F. 31762.31 1. 01 ,J}I'o, to 'Go, 'V IDo, X IDo, X IFo, z 10°, 1110°, X IGo, 

d'p ('F) z'Oi 33351.00 568.20 .345 

fa 'D, a IF, a 'D, a 'F, b ' F, a 10. 
Z 'OJ 38919. to 712.80 . 913 
% '01 34631.00 842. 17 1. 152 
%'0, 36471,.17 g81.30 1. 250 
%'01 38.66.1,7 1.31 

d' p ('F) %ID! 31,886.33 634.50 .420 }a'p aID a'F alP a'D a'F b'F e'F a'O bIG %ID; 355£0.83 1032. « 1.138 a 3R, a ~G,' , , , , , , , 
z'D) 3666S.!7 1. 311 

dip ('F) z6Fi 36731.79 230.97 .122 
z IF; 36961.78 414.15 1.023 }alD a'F a lP eap a'D b'D a'F blF c 'F alG z 6F; 37$76.91 151. 48 1.266 b JO,a 3H,a'IG.' , , , , , , 
Z SF; $76!8. S9 1. 325 
Z 6Fl SBO!J,.:!! ~95. 93 1. 357 

dIp ('F) zlDo $7£98. eo 181.83 0/0 
zlDi 371,80. OS 317.26 1.460 
z'Dl 37797.£9 419.08 1. 469 fa 'P, a 'D, a 'F, a 'P, a 'F, b 'F, elF, a 'O ,b '0, «'R, 
z'DI 38t16. $7 74.88 1.466 a'O. 
%'DI 38t91. t6 1.473 
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TABLE 2.-Terms of the Cb II spectTum-Continued 

Electron I Term 
configura- symbol 

tlOn 
Level Differ- Observed Combinations enee 0 

2 3 4 5 6 
---

dip ('F) z'O! 
Z 30 4 
z'OI 

98684.98 650.34 .764 }a 'D, a 'F, a 'P, a 3D, a 'F, b 'F, e 'F, a 'G, b 'G, a 'H, 39335.80 1.072 
40103.61 768.31 1.234 a IF, a 10 .. 

dIp ('F) Z 3F5 
z 31"; 
z 3F4 

38984.40 795.55 .691 },. 'P, a 'D, a'F, a'P, a'D, b'D, a 'F,b 'F, e'F, a'G, 39779.95 781. 05 1.088 b 3Q, a 3R, b 3R, a ID, a IF, a 10, b 10. 40561. 00 1.260 

dIp ('P) z ISO 89791. 90 0/0 aap,c 3P,a 3D,a IP. 

d'p ('P) z ID2 41710.15 1. 312 {a liP, a liD, bSP, eSP, a 3D, b 3D, alF, b3F, e3F, a 30, 
b '0, a 'P, a'D, bID. 

d'p ('P) v 'DO 
V'Dl 
V'Dl 
V'DI 
V 'D, 

4£596.58 -463.88 0/0 
4£132.70 1485.65 1.385 

}a 'P a 'D a 'P b 'P e 'p d 'P a'D b'D a 'F b 'F 43618.35 268.65 1.347 c iF, b la, a is, a 'IP, a'ID, ~ IF, ~ 10, b IO,'a IH: 49887.00 1083.73 1. 447 
44970.7S 1.460 

d'p ('G) z3R; 
z'H! 
"H! 

4e868.97 698.96 .810 
}a 'D,b'F, a 30, b'G, a 'H,b'H, alG, bIG, a'H, all. 43567.93 964.47 1.040 

445St.40 1.167 

d'p ('P) V'Di 
V'D! 
V'D! 

48649. 19 -358.85 .980 }a 'I'. a 'D, a 'F, b'P, e 'P, a'D, b 'D, a 'F, b 'F, e'F, 43£90.34 1348.43 1.227 aSG, baG, aSH, baH, alP, aID, biD, a 10, b 10. 44638.77 1.035 

cI'p ('P) z 'Pi 
ZiP! 
z 6Pi 

49450.00 776.81 2.255 }a.p,a'D,a,p, b ,p,b'D,a'F,a 3G,b'0,a'H 44£26.81 544.66 1. 745 a ID, a 'G, bIG. 44771·47 1. 562 

d'p ('P) z 'Po 
z 'Pi 
z sp; 

44£86.00 -219.35 0/0 }a 'P, a 'D, a 'F, a'P, b 'P, e'P, a 'D, b 'D, a'F, b'F, 44066.65 857.94 1. 230 c 3F, b 30, a IP, aID, biD. 
44924. 59 1.253 

d'p ('P) V 'Po 
v'Pi 
V 'Pi 

45£06.59 168.37 0/0 }a 'P, a'D, a'F, a'P, b 'P, e'P, a'D, b 'D, a 'F, b 'F 45874. 96 1170.32 1.765 c 3F, d 3F, a IP, a 'D, a IF. 
46545.£8 1.506 

d'p ('G) llH; 4594t.15 1. 018 a 'F,b'F, a'G,b'G,a'H,b'H, alG, bIG, alH, all 

d'p ('G) v'F! 
V IFI 
V 'F; 

45655.84 772.79 .740 r'P, a'F, b'P, e 'P, a'D, bID, alF, b'F, e'F, d'F 
464£8. 65 -133.02 1.123 aSO, baG, asn, b'H, alP, a ID, a 10, b 10, ciO 
46t95.61 1.111 alH. 

d'p ('G) , '01 
1/ 304 
V '0; 

45919.08 -297.11 1. 014 }a 'P, a'D, a'F, b 'P, c'P, aID, b 'D, alF, b'F, elF 456!1.97 877. 65 1.126 a 3G, b 3G, alH, bIH,aID, alG, b 10, a IH. 46499.6t 1.17l 

dip ('G) z IF! 458OJ.49 1. 085 {a $P, aJD, 6 3P, c sP,alD,bID, alF, blF, e'F, aSO 
bIG, a IH, b 'H, a ID, a IF, b IF, bIG, e IG. 

d'p ('D) x'F; 
x 3Fi 
xlF, 

46943.10 606.37 .43 }a 'P, a'F, e'P, a 'D,b'D, a'1<"e ' F,d'F, alG, alH 46949.47 3602.79 1.00 b 'H, aID, bIG. 5055£. e6 1.22 

dIp (2P) z'Si 46958.94 1. 821 a ap, blP, c IP, aSD, bID, a 'F, b SF, alP. 

d'p ('P) z liS; 47071.91 1. 940 aJP,a'P,bsP,cSP,a3D,bJD,alD. 

d'p ('H) V'm 
v'R! 
V 'HI 

47345.18 1155.62 .963 }a 'D, a 'D, bID a 'F, b 'F, e 'F, a 'G, b 'G, a 'H 48500.80 270.10 1. 038 blH, alG, b lQ, c 10,a IH. 48770.90 1.132 

d' p ('D) w'FI 
w'FI 
w'F, 

47755.76 321. 91 .63 r 'P, a 'D, a 'F, e 'P, d'P, a 'D, bID, a 'F, b 'F 
48077.67 549.53 1. 065 e'F, d 3F, alG, b 30, a 'H, baH, b lD, a IF, a 10 
486£7. to 1.100 bIG,aIH. 

d' p ('H) z 3n 
z'I1 
z'II 

48190.50 486.99 .870 
}a 'G, bIG, a 'H, b 'H, a IG, b 10, a IH, a II. 48617.49 772.24 1.051 

49989.79 1.15 

d' p ('G) z lQ: 48t53·44 1.083 {" 'D, a 'F, bID, a 'F, b 'F, a 'G, b '0, a 'H, b 'H 
a IF, 6 1F, a 10, a IH. 

d' p ('P) z IPi 485ta.41 .936 {"'P, b 'P, e IP, aID, bID, a IF, b IF, elF, alS, a Ip 
aID. 
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TABLE 2.-Terms of the Cb II spectrum- Cont inued 

Electron Term Differ- Observed configura- symbol Level enee q Combinations 
tion 

----------------
I 2 3 4 5 6 

-------
d' p ('H) vIOl 49158.16 . 950 r~b~a~b~c~a~b~a~b~ a IF, b IF, a 10, b 10, C la, a tH. 

d'&p 495; 49536.6t a 3F, d 3p, a 'F, a 30, alP. 

d' &P x'Di 49687. U -442.17 . 820 
}a'F a'P b'P c'P d'P a'D b'D a'F b'F x'D! 49245.55 513. 64 1. 257 elF , d 3F, a 10, b 30, a IS, a IP, a In', bID', a IF x'D; 49759.19 1. 288 

d' P ('D) w'Di 49739.45 38.85 .616 
}a 'P, a 'F, a 'P, b 'P, c 'P, d 'P, a 'D, b 'D, a 'F w'DI 4977t. SO 1.167 

w'D! 49864.25 91. 95 1. 308 b 'F, c 3F, d 3F, a 30, a IP, alD. 

d'ap 500j 50068.70 1. 245 a3F,a'P, c'P,a3n,b3F,c3F,d3F,blG. 

dl p ('D) x'Po 50t95. to 179.72 0/0 }a'p a'F a'P blP c'P a'D b'D a'F b'F x'Pi 50474,92 1. 202 ' , , , • J , , 

x'P; 50447.36 -27. 56 1. 360 c 3F,a IP,a ID. 

d' p ('H) xSG i 50585. 31 266.39 .811 }a'p .'F a'P blP aiD b'D a'F b'F e ' F 
x'OI 50851. 70 -353.80 1. 171 d IF, aaG, biG, alH, baH, aID, biD', a IF: b 10 
x'O, 501,97. 90 1. 188 a IB, a II. 

d' P ('D) vlD! 5118t.16 .965 {a IF, b 'P, c 'P, aiD, b 'D, a IF, b 3F, c 3F , d 'F 
• '0, aID, bID, b IF. 

d' p ('H) z II. 51707. 49 1. 010 a 6F, a 'a, a 'H, b 3H, a IR, a II. 

d' p (2D) VIP! 51787. 87 1.13 {a ap, a 'P, b 'P, c 'P, d 'P, a 3D, b SF, c 'F, a IS 
a IP, aiD, biD. 

d' p ('F) " 'Fi 619t7. £8 9.11 . 80 }a 'P, a 'F, a 'P, e 'P, a 'D. b 'D, a 'F. b 'F, e ' F " 'F! 51936.99 1. 085 
v SF; 6tt79. 64 343. 25 1. 261 d 'F, a 'G, alB, b 'H, a IP,a ID, b ID,a IF, b IF 

d' &P tV ' Po 521£9. 80 85. 05 0/0 a 'P, a ,sF, b 3D, C 3F t a 30. 
10 3Pi 52~ 14.85 173. 74 1. 43 
w sp; 5t388. 59 1. 44 

d' p ('P) v'Si 5eMS.90 1. 820 a6P ,a3P,b3p,cap, d ap,alF, alS. 

d'sp 5271 61714· 8S 1. 415 a5P , a6F,b 3P,a3D,a3F,b 3F, c SF, d 3F, a 'a 
b 'H, aID, b '0 . 

d' p ('H) V lHi 5£788.1(} 1. 005 b 3F, c aF, b ao, b 3H , a 10, b 'a, c la, a IB, a II. 

dl P ('D) V IFj 53035.95 1. 036 a 6P, a ,sF , b ap, a iD, b 3D , a 3] ', b aF, c3F, d aF, a ao 
b 30 , a 3H, aID , b ID , a IF, a 10, b 10. 

d' p ('F) w ' GI 53701. Of! 726.55 . 88 }a 'F, b 'P, a'D, a'F, b ' F, e 'F, dlF , a 'O , b ' O, a 'H wlG; 544£8. 57 592. 63 1.062 b 3H, a ID, a IF , b IF, a 10, b 10, a IH , a. 'I. w 'o; MOt!. to 1.180 

alp ('F) v'Di 5417£.60 -47. 80 .527 
}a 'P,a 'F, a 'P,b 'P , e ' P, a ' D, b ' D, b ' F, e'F, d 'F " ' D! 54124.80 -115.30 1.164 a 30, b 30, a 3R, b 3H, a ID, biD, a 10, c 10. "'D! 54009.50 1. 200 

d' p ('F) x IF! 55460.54 1. 06 b ap, a 3D, b3F, c SF, dlF , b 30, b 3H, aID, b lF, b 10 
CIO. I 

d' p ('F) x ID! 557£1.74 1. 000 b 3P, cap, b 3D, a 'F, a IP, aID, bID, a IF, b IF. 

d'p ('F) x 10; 57145.t5 1.000 b SF, b 3R, a IF, b IF, a la, b la, a lB. 

d"p ('F) u 'F! 57808.35 694.08 .98 t 'P, b 'P, a'D, b 'D, a 'F, b '1', c'F,d ' F, a' O,b'O u'F! 5850t. 43 897.37 1. 25 b ' H, a 'P, bID, a 10, b 'G. u 'Fl 59399. 80 1. 34 

d'&p ('F) u ' Di 596££.£6 -125. 24 .64 }b 'P, e 'P, d 'P, a 'D, b'D, a'F, b 'F, e ' F, d'r<' , b'G uSD; 59497. Oft 208.48 1. 19 a ' H. u 'Dl 59705. 50 1. 33 

d'8P ('F) " IQl 59509. !.'] 585. 27 }b ' D ,a'F, b 'F, elF, d'F, a'O , b'O, a'H, b 3H. a IG vSG, 60094·50 345. 25 b'G, a. 'H. vlGs 60439. 75 1. 19 
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The observed g-values (magnetic splitting factors) entered in column 
5 of table 2 may be compared with Lande values for LS-coupling by 
referring to published tables [17]. Many departures from theoretical 
LS-values will be noticed, but the larger deviations apparently result 
from g-sharing rather than from jj-coupling. An interesting example 
is z 5F; the g-value of which is observed to be 0.122 instead of 0.000 
as required by theory. There are two other levels, z 3D; and z 5D;, 
associated with z SF;, and their deficiency in theoretical g-value 
amounts to 0.120. Summing all g-values for levels ascribed to given 
electron configurations leads to the following results. The g-sum for 
38 levels originating with d4 is 33.016, compared with the Lande sum 
33.000. The sum for 75 levels ascribed to d3 p is 104.23, compared 
with the Lande sum 105.00. 

The combining properties of the terms are .displayed in the last 
column of table 2. All combinations obey the selection rules IlL=O, 
± 1, ± 2, ± 3, and 1l.]=0 (except 0 to 0), ± 1, but, as usual, not all 
permitted combinations have been observed, either because of low 
intensity or masking by stronger lines. The total number of observed 
combinations of terms is 619, of which 60 are singlet-singlet, 238 
triplet-triplet, 12 quintet-quintet, 174 singlet-triplet, 24 singlet­
quintet, 89 triplet-quintet, and 22 with 3 unidentified odd levels. 

Since the number of levels and combinations was greatly increased 
in this analysis as compared with the earlier one [5], it was necessary 
to adjust some of the older values. Three of the old levels (11047.15, 
40231.97, 44936.01) were not confirmed by the Zeeman effect-they 
have been replaced by genuine levels. 

3. ELECTION CONFIGURATIONS, THEORETICAL AND OBSERVED 
TERMS 

Columbium has atomic number 41 and the extra-nuclear structure 
of neutral columbium atoms is represented by 182 282 2p 6 382 3p6 3dlO 

482 4p 6 4d4 58 (see below). Chemical valence and the first optical 
spectrum (Cb I) are associated with the last five electrons, and if one 
of these is removed by ionization, the ion may emi t the second spectrum 
(Cb II) characteristic of four valence electrons. These four may be 
distributed in various ways, and each configuration producps a 
different family of (even) spectral terms (atomic energy states) as 
follows: 

4d4, I(SDG), 3(PF), I(SDFGI), 3(PDFGH), SeD). 
4d3 58, 1.3(D), 1.3(PDFGH), 3.5(PF). 
4d2 582, I(SDG), 3(PF). 

In this analysis of the Cb II spectrum, all the 4d4 terms have been 
found except the highest IS, all the 4d3 58 terms except the highest 
1.3(D), but no trace of 4d2 582 terms that yield the ground state of the 
Zr I spectrum, which Cb II should resemble, according to the dis­
placement law. Similar results were reported and explained for the 
V II spectrum [7]. 

Almost all the observed Cb II lines arise from combinations of the 
levels from (even) 4d4 or 4d3 58 configurations with excited states 
associated with (odd) configurations 4d3 5p or 4d2 585p. The predicted 
and observed terms from these configurations are displayed in table 3. 
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The lines remaining unclassified are too scattered and few to fix 
further terms with certainty. Efforts to use them for tlus purpose, 
in particular to find series-forming terms from the configuration 
4d3 68, proved futile, and it appears that the spectroscopic ionization 
potential of Cb+ cannot be determined without study of the Cb II 
spectrum from a source that favors the development of series terms. 
The evidence from other spectra indicates that the principal ionization 
potential of Cb+ will be about 14 volts. 

TABLE 3.-Cb II predicted and observed terms 

Electron Limit configu- Cb 10 Predicted Observed 
ration 

4d' 'D,3(PF) a 'D, d'P, c 'F 
'(PDFOH) a 'P a 'D b 'F a 30 a 'H 
'(SDFGI) a IS', a ID', a IF, a 10, a II 

'(SDO) ~ _ , c ID, c 10 

4dl 58 'F IF, 'F alF, a'F 
'P IP,'P a 'P, c'P 
Ip ap,lp b'P, alP 
'D 'D,'D b'D,b'D 
'F 3F,IF d'F, b 'F 
10 '0,'0 b'O,b'O 
'H 'H,'H hlH,a'H 

('D) 'D,'D --, --
4d'5p 'F '(DFO),I(DFO) z "Do, z 6Fo, Z 60°, Z 3Do, Z IFo, z sGo 

'P '(SPD), '(SPD) z'So Z 6po 'V 6Do V 38° z apo Van° 
'P '(SPD), '(SPD) z aso: 'V 3pe: X 3Do: Z ISO: Z Jpo: Z IDo 
'D '(PDF) , '(PDF) x 3po, w 3Do,X3Fo, V Ip o. 1j IDo, V IFo 

'F '(DFO), '(DFO) v3Do, w3Fo, w 3QO,x1D'l, x1FO,x 100 
'0 '(FOH) , '(FOH) V !FO, V3GO, z aHa, Z IFo, Z 100 z IHo 
'H '(ORI), '(ORI) x 3QO, 'VaHc, z 3rO, 'V 100, 'V IH6, z 11° 

('D) '(PDF), '(PDF) --, --, -- , --, --, --
4d' 58 5p 'F '(DFO),I(DFO) -- , --, __ , u 'Do, v 3Fo, v 3GO 

'P ' (SPD), 'CSPD) --, --, --, --, --, --
IS 'P,'P --, --, --, -- , -- , --
'P '(SPD),'CSPD) -- , --, --, --, -- , --
'D 'CPDF), 'CPDF) -- , --, --, --, --, --
'F 'CDFO), 'CDFO) --, --, --, --, --, --
'0 'CFOR),'CFOH) --, --, --, --, --, --

IV. TERM ANALYSIS OF Cb I 

1. LINES OF THE Cb I SPECTRUM 

The data for the lines of Cb I, characteristic of neutral Cb atoms, 
are displayed in table 4, wluch is prepared according to the same 
plan as tfl.ble 1 for Cb II. Column 1 shows the estimated intensity 
and character, column 2 the measured wavelength, column 3 the 
vacuum wave number, column 4 the term combinations, and the 
last six columns contain data on the Zeeman effect. There are 3,313 
entries in the table, comprising all classified lines and nearly all 
unclassified lines, only those of doubtful origin and very weak lines 
of estimated intensit.y 2 or less being omitted. Where a line is 
classified in two or more ways, the more probable transition is written 
first. In many instances these double classifications are unresolved 
blends, the measured position falling between the calculated positions 
of the reflpective components. Statistical information as to classifi­
cation and distribution of the classified lines into various categories 
is given in table 5. 
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TABLE 4.-FiTst spectrum of columbium (Cb I) 

?=Observed and calculated wave numbers disagree by 0.2 cm-I or more. 
·=Leads to value of observed 0 showing excessive variation from yalues derived from other patterns. 

Components of opposite polarization only used in reduction if present. 
t = Classification not in agreement with observed Zeeman effect. Possibly fortuitous. 
t=Zeeman components show resolYed hyperfine structure . 

• '= UnaiTected by magnetic field . 
ur=Unresolved. 
L=Land~ 0 assumed. 

Wave 
Intensity No. 

Arc X.ir A vac. 
cm-1 

----
I 2 3 

5e 10920. 7 9154.4 
5e 10907.9 9165.1 
3 10872.6 9194.9 
5 10863.2 9202.9 
3 10706.8 9337.3 

2 10663.3 9375.4 
4 10636. 54 9399.02 
7 10588.70 9441. 44 

10e 10563.7 9463.8 
4 10533.72 9490.73 

5e 10525. 50 9498.14 
3 10522.7 9500.6 
5e 10496.22 9524.64 
3 10460.87 9556.82 
3 10452.53 9564.46 

3 10448.37 9568.26 
lOe 10419.54 9594. 73 
5e 10249.56 9753.84 
2 10229.04 9773.41 
8e 10203.44 9797.94 

10e 10181. 33 9819.21 
3 10156.57 9843.15 
4 10109. 92 9888.57 
5e 10084. 46 9913.53 

20e 10067.4 9930.3 

lOe 10042.54 9954. 91 
2 10019.40 9977.91 

30e 10003.85 9993. 41 
4c 9965.44 10031. 93 

15 9957.29 10040. 14 

25 9912.26 10085.75 
20 9910.35 10087. 70 
5 9896.6 10101. 7 
4c 9890.09 10108.36 
2 9815.56 10185. 11 

4 96n. 5 10330.4 
50 9676.75 10331. 22 
3 9669.8 10338.6 

12 9650.97 10358.81 
50c 9631.11 10380. 18 

100c 9626.88 10384.74 
10 9620.96 10391. 12 
2 9614.7 10397.87 
6c 9598.72 10115.20 

We 9595.06 10419. 17 

8e 9549.13 10469.29 
3 9518.30 10503.20 
5 9474.57 10551. 67 
4 9472.02 10554.52 
6 9470.93 10555. 73 

8h 9438.7 10591. 8 
8e 9435.48 10505.39 
4 9412.39 10621. 38 

20 9408.60 10625.66 
4 g393.56 10642.67 

Strong- Strong' Term combi- Zeeman Sepam-
nation type tion est est 

p n 

------------
4 5 6 7 8 

------- ---
a 'G,,,- z 'D;" I 

b 'H,,,-V 'F;" 

a 'G3"- z 'Dl" 

b 'D3"- z 'D!" 

a 'Po,,- z'Do,,? 

b 'Pn~-V 'F,,,? 

b 'GHi-V 'G,,, 

b 'G,,,-V 'D;" 
a 'D3"- Z 'F;" 

b 'F,,,- Z 'Gl" 
b 'G,,,-z'GIH 
a 'D,,,- z 'Fi" 

b 'F'ji- 2 'G;" 

a 4DH~- z IIFo!-i 

183,ji-y'Gl" 

a'D,u-z'D,,,? 

b 'F'ji-z'G;H 
a 'Dn, - z 'Fi" 

b 'F')I-z 'G;u 
a 'DOH- z 'F,ji 

a 'D,,,- z 'F!" 
b 'F,,,-z 'Gl" 
b 'G,,,-y 'Gl" 

a 'D,u- z 'Fl" 

b 'DoU-y 'Fi" 
b 'H,,,-z 'G." 
h 'F,,,-z 'Fi" 
b 'F,u-z 'G." 

b 'F,,,-z 'F;" 

b 'D,,,-y 'F'ji 
a 'Do,,-z 'Fi" 

01 VI 

-----
9 10 . 

-----
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TABLE 4.-First spectrum of columbium (Cb I)-Continued 

Wave Strong· Strong· Intensity No. Term comb i- Zeeman Separa-
Arc A alrA vac. nation type tion est est Q, Q' 

em-I P n 

- --- ------------
I 2 3 4 5 6 7 8 9 10 

----------------------
10 9353.17 I068R. 63 a 2Pni"-Z 'POH 
4 9344.4 lOD98. 7 b 'D'H-V 'F!H 
3 9341. 52 10701. 96 b 'F'H-Z 'P;H 

40e 9323. 54 10722. DO a 4Dni- z 5F2!1" 
10 9299.2 10750.7 

10e 9240.9 10818.5 
15 9197. DO 10869.42 b 'F'H-Z 'FiH 
20 9186.96 10882. OJ b 'Y'H-z 'F!H 
50e 9141. 31 10936.35 b 'G'H-V 'GiH 
JOe 9129. 44 10950. 57 a (D2}~- z 5D2~ 

10 9125.25 10955. DO b 'F'H- Z 'Fhi 
3 9123.60 10957.58 b 'H'H-V 'Oh~ 
7 9117.68 10964 .70 
7 9084 .91 11004. 25 a 'O 'H-Z 'O!H 
4e 9066.54 11026.54 b 'H'H-V 'GIH 

20e 9061. 43 11032.76 b 'F'H-Z 'F!H 
5 9042.23 11056. 19 b 'O'H-L 'DiH 
2 9041. 27 11057. 36 b 'F~H-Z (05)" 
8 9039. 18 11059.92 a 4DH'~-Z 5Dt).S 
7 OOll.74 1l093. 59 

4 8983.15 11128.90 
20e 8967.76 11148.00 
20c 8959.75 ll157.96 b 'D'H-V ' F1H 
6 8933.43 moo. 84 a 40U.,-% 40 ~H 
3 8930.70 11 194.26 

4e 8915.76 11213. 02 a 'D GJ.i - Z 6Do~i 
20 8905.78 11225.58 a '02}i- Z 4Fi).s 
6 8897.5 11236.0 b 'O'H-Z 'H;H 
4 8896.4 ll237. 4 b 'FUi-Z 2Dh-s 

100e 8815.56 11340.47 e'D3"'-Z'D2}i 
a'D2)-i-Z 4Di).S 

7 8799.76 11360.83 b 'F'H-Z 'FiH 
3 8798.22 11362.82 
7e 8769.57 11399.94 a ' O'H-Z 'GlH 

12 8767.97 11402.02 a 'D'H-Z 'DOH 
20 8740.96 11437.25 a 'O'H-Z 'FiH 

4 8717.09 11468.57 
40e 8697. 55 11494.34 a (GsH-z 'Fhi' 

2 8695.10 11497.58 b 'D'H-V 'DiH 
2h 8681. 94 11515. 00 b 'O'H-Y 'GiH 

20e 8614.45 11605.22 {b 'HIH-g 'OiH 6 0. 27 1.11 1.09 (1.12) 
a 'O'H-Z 'FlH 

30e 8575.86 11657.44 a 'O'H-Z 'F;H 4 0 1.20 1. 23 (1.24) 
30e 8560.54 11678.30 a 'D'H-Z 'DiH 6 0 1. 22 (1. 20) 1.24 
20e 8547.25 11696.46 a 'DoH-Z 'DOH .. 0 0 0 0 
50 8526.99 11724.25 a 'H'H-Z 'OiH 5 w 0.90 (0.69) 0.61 

l50c 8475. 98 11794.81 a (D2~-Z 'D2).S 6 w 1. 38 (1. 36) 1.40 

25e 8439.76 11845.43 a 'G'H-z 'GlH 5 0 1.41 (1. 23) 1.29 
3h 8434.31 11853.08 
4h 8433.90 11853.66 
4 8417.07 11877. 36 0 1. 40 
5 8414.72 11830.67 a 'PoH-Z 'P'H 6 1.78 0.89 1.55 0.66 2.44 

15e 8406.23 11892.67 b 'D'H-V 'DiH 6 0. 15 0. 38 1. 35 1. 42 1.27 
3h 8389.36 11916.59 
4h 8387.88 11918. D9 
4h 8371. 39 11942.17 

20 8350.03 11972. 72 a 'DOH-Z 'DiH 5 1.20 0.60 1.87 0.07 1. 21 

60 8346.07 11978.40 a 'H'H-Z 'OIH 7b 0 0 0.98 (0.98) 0.9g 
500e 8320.93 12014.59 a ' D'H-Z 'DIH 6 w 1.43 (1. 42) 1. 44 

3li 8293.64 12054.12 b 'F'H-V 'FiH 
Ih 8277. 98 12076.93 b 'D'H-g 'DiH? 
Ih 8277. 39 12077. 79 b 'F'H-V 'F;H 
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TABLE 4.- First spectrum of columbium (Cb I)-Continued 

Wave Strong- Strong· Intensity No. Termcombl- Zeeman Separa-
Arc X air A vac. nation type tion est est q, 

cm-1 P n 

---- ------------
I 2 3 4 5 6 7 8 9 

------------
3 8275. 25 12080.91 b 'F,,,-z 'D!" 
411 8262.41 12099.69 a 'H,,,-z '01" 

50c 8240.00 12132.59 a 'D,,,-z 'Dll> 5 wh 1. 55 (1. 20) 
311 8236.80 12137. 30 b 'D,,,-V 'Dl}{ 
311 8228.96 12148.87 a 'O'l>-Z 'F'l> 

311 8226.08 12153.12 
3/i 8211. 23 12175. 10 
5 8205.38 12183.78 
2Hl 8202.67 12187. 80 a 'O'l>-V 'FI}{? 
4 8190.64 12205.72 b 'Dol>-x 'D!l> 

311 8189.33 12207.66 a 'P'l>-z 'Dil> 
5 8176.22 12227.23 b 'D,}{-x 'Do}{ 
6 8173.03 12232.01 0 0.83 
3 8168.48 12238.82 
3/i 8157.00 12256.04 a 'P'l>-Z 'Fl" 

2/i 8154.42 12259.92 a '03}{-V 'F;l> 
80 8135.20 12288.89 a 'H'l>-z 'OIl> 4 0 1. 06 (1.12) 

611 8118.67 12313.91 
7w 8118. 17 12314.66 b 'D3l>-Y 'DjJ.> 6 w 1. 41 1. 41 
2/i 8107.85 12330.34 b 'D'l>- z 'F;l> 

4 8085.17 12364.93 
2 8084.27 12366.30 a 'P'l>-Z 'PIl> 
4h 8037.74 12437.89 b 'PO}{-y 'DiJ.> 
5 8036.08 12440.46 

10 8028.74 12451. 83 b 'D,}{- z 'Pil> 

4,. 8024.74 12458.04 b 'D,J.>- z 'Pi" 
50c 8017.67 12469.03 a ' D,J.>-z 'D1J.> 5 0 1. 45- (1. 36) 
5/i 8017.23 12469. 71 
3/i 8010.85 12479.64 b 'D'l>-z 'Pil> 
3/i 8007.50 12484.86 b 'F,J.>-z 'DlJ.> 

8 8002.46 12492.73 a 'H,J.>-z 'Ol}{ 
3/i 7997.81 12499.99 , 
3" 7993.74 12506.35 b 'P'l>-Y 'DoJ.> 
4 7979. 99 12527.90 b 'P'l>-X 'D1J.> 

10 7954.76 12567.64 a 'D'l>-z 'poJ.> 4 1. 53 .77 0.20 0.97 

20 7938.90 12592.74 a 'P'l>-Z 'S!" 4 1.00 0.51 0.68 1.18 
3/i 7922.78 12618. 37 b 'D'l>-x 'DiJ.> 
3 7909.36 12639.78 b 'D'l>-x 'Dil> 
411 7902.14 12651. 32 a 'H3l>-Z 'Fl" 

10Hw 7898.88 12656.55 

1 7892.56 12666.68 a 'p,}{-V 'FoJ.> 
60 7885.30 12678.34 a ·H.}{-z 'O'J.> 4 0 1.04 (1. 22) 

2/1 7881. 05 12685.18 a '03l>-Z 'D1J.> 
50c 7873.40 12697.51 b 'P'l>-Y 'D;l> 4 0 1. 30 1. 52 
10 7862.66 12714. 85 b 'P'J.>-276ll> 6 0.14 0.34 1. 36- 1. 51 

15 7856. 05 12725.55 b 'P ,"-II 'Dil> 
5 7838.01 12754.84 a 4Gn·i-Z 2D2.~i 

8 7829.12 12769.32 la'D'l>-z 'PiJ.> 
lb'D,,,-z'Sil> 

10 7787. 08 12838.26 0.26 1.14 
5/1 7772.11 12862.98 

8 7761. 37 12880.78 a 'P'l>-Z 'PiJ.> 
8 7758.33 12885.83 

30 7757. 29 12887.56 II 'Fil>-e 'D,J.> 4 w 1. 09 (1.45) 
10 7750.92 12898.15 b 'p'}{- Z 'FlJ.> 
3 7748.53 12902.13 

lOw 7746.92 12904. 81 
6e 7735.85 12923.27 b 'POl>-X 'DOl> 
3 7730.25 12932.64 

100 7726. 67 12938.63 a 'S,}{- z 'Pi" 4 0.38 0.19 1.41 1. 98 
3 7724.01 12943.09 

q 

1 o 
-

1.3 

1.1 

(1.4 2) 

1.4 

2. 50 

2.1 

1. 25 

2) 
7) 

(1. 4 
(1. 3 

1. 53 

2. 3 6 
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TABLE 4.-First spectrum oj columbium (Cb I)-Continued 

Wave Strong' Strong· 
Intensity No. Termcombi- Zeeman Sw~~a. 

Arc >.. air A VIlC. nation type est est Ul U' 
cm-1 

p n 

---------------
I 2 3 4 5 6 7 8 9 10 

--------------
4h 7716.83 12955.13 a 'H'}l-z 'Obi 
5 7707.39 12971. 00 a 'H4}.,-z 'Fbi 

50w 7703.29 12977. 90 V 'FI}l-e ·D.~ 4 Hw 0.92 (1. 43) 1.58 
3h 7694.37 12992.94 

3h 7686.50 13006.25 {a'D'fS-Z'Fl}l 
b'DlfS-V'PI~ 

4h 7678.34 13020.07 b 'F,fS-V 'Fl~ 
3h 7669.13 13035.71 Z 'PlfS-e 'D1)S 

IOHw 7662.74 13046.58 
10 7661. 62 13048. 49 
5h 7660.32 13050.70 

12 7659.02 13052.91 
5Hw 7649.69 13068.83 b 'O'}l-X 'F;}l 
3H 7648.46 13070.93 a 'P'fS- Z 'Fl}l 

20w 7647.60 13072. 40 V 'F;fS-e 'D2~ 4 Hw 0.68 (1. 38) 1.66 
10 7644.15 13078.31 b 'F'}l-V 'F;~ 

Ih 7641. 77 13082.38 b 'D,fS-X 'DI}l 
5c 7640.72 13084. 17 b 'POfS-X 'Dl~ 

12 7639.82 13085.72 0.25 0.89 
15hc 7638.15 13088.5S b 'Po}l-V 'Do~ 
10 7628. 16 13105.72 

4 7625.57 13110.17 b 'DlfS-X 'D;}l 
8 7621.14 13117.79 a 2PO~-Z 'Fiu 
4h 7615.88 13126.85 Z 'Pl~-e 'Do~ 
5e 7603. 40 13148.40 b 'PlfS-V 'Dhi 4 0.36 0.18 0.56* 1.68 (1. 32) 
Ih 7595. 06 13162.83 b 'D,fS-V 'P;~ 

2h 7593.63 13165.31 
20hZ 7585.29 13179.79 b 'P'}l-X 'Dl~ 4 0 1.66 1.53 (1. 44) 
8 7584.07 13181. 91 Y 'F;}l-e 'Dl~ 

20 7583.22 13183.39 b ' F'}l-V 'F!~ 6 0.12 0.43 1. 29' (1.12) 1.24 
500 7574.57 13198.44 a 'S'}l- Z 'Phi 6 0.11 0.27 1. 93 1.99 1.88 

10 7551. 96 13237.96 b 'F'}l-V 'Fl~ 
12h 7547.71 13245.41 Y 'Fl~-e 'Do~ 4 2.10 1. 05 -- (1.06) 3.16 
4h 7543.38 13253.01 b 'D'}i-z 'F!~ 
4 7540.18 13258.64 a 'H'}i-z 'FI}i 

10 7535.36 13267.12 b 'D'}l-x 'D;~ 

12h 7532.08 13272.90 z IIP3}i-e IID3~ 6 0.12 0.41 1.61 1.68 1. 56 
6 7523.34 13288.31 a 2D2).i-Z 2Di~ 

50we 7519.77 13294.62 b 'F'}i-V 'FI~ 6 0.08 0.35 1.29 1. 25 1.33 
4 7517.51 13298.62 
8 7517.14 13299.28 Z 'P!}i-e 'D'}l 

100 7515.92 13301. 43 a 'Dl~-Z 'po.kt 4 1. 25 0.62 0.58 1.20 2.45 
15w 7512.37 13307.72 b 'PO}l-V 'Di~ 
8w 7492.76 13342.55 

20 7478.20 13368.52 b 'F'}l-V 'F;~ 6 0.23 0.57 1.13' (0.85) 1.08 
4h 7460.82 13399.67 a 2Pou-Z 2Diw 

10h 7459.08 13402.79 b 'PI}l-2761}l 4 Hto 0.87 1. 70 0.37) 
2h 7458.29 13404.21 

12h 7456.31 13407.77 V 'Fl}l-e 'DI~ 6 0.18 0.63 1. 59' (1.38) 1. 56 
12h 7452.88 13413.94 V 'Fl}i-e 'Dl~ 6 0.82 1.23 1.43 1.02 1.84 

10h 7446.60 13425.26 {Y 'Fo}i-e 'Do~ 
a 'S'}i-V 'FI~ 

8h 7445.26 13427.67 a 'F'}i-V 'Dl}l 
7 7436.99 13442.60 
7 7436.02 13444.36 Hw 0.69 
7 7435.37 13445.53 V 'Fl}l-e 'D,~ 
7 7434.62 13446.89 a 'D'}i-z 'Pl~ 

10 7430.12 13455.03 {b 'Pl}i-X 'Do}l 
a 'Pl}l-Z 'DI}i 

12 7428.50 13457.97 b 'Fu,-l1 'F4}i 
8 7426.06 13462.39 e,p'}l-Z'F!~ a'H'}i-z 'Fj~ 
4h 7425.26 13463.84 

12 7419.83 13473.69 b 'F'}i-Y 'Fi~ 
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TABLE 4.-First spectrum of columbium (Cb I)-Continued 

Wave 
Stron g· Strong. Intensity No. Term combi- Zeeman Separa· 

Arc A .itA vac. nation typa tion est es t gl 0' 
cm-1 P 71 

------------------
I 2 3 4 5 6 7 7 8 10 

-----------------
8 7409.81 13491. 91 a 'FJ}i-z 2Gj~ 

500 7372.51 13MO. 17 a e~2Ji-Z &P3Ji 4 0. 31 0.14 0.88 I. 97 1.66 
6h 7366. 48 13571. 27 b 'Pu,-v 'Pi» 
4 7362. 10 13579.35 

100e 7353.17 13595.84 a 'Do»-z 'Pa» t6 2. 45 I. 22 I. 22 0 2.45 

4h 7350.58 13600.63 
2h 7348. 86 13603. 81 a 'D,»-z '01» 
4 7340. 26 13619.75 

10 7332.30 13634.54 z 'PI»-e 'D.» 
3 7331. 44 13636.13 b 'p,»-z 'F;» 

30 7328.38 13641. 83 b 'F,»-V 'Fi» 
25h 7323.91 13650. 14 b 'p,»-x 'DI» 
20w 7317.03 13662.99 z 'P!»-, 'D,» 
8h 7311.93 13672. 52 183,»-x '01» 
3 7300.69 13693.57 a 'O,»-z'G§» 

3H 7293.22 13707.59 b 'P,»-Z 'PI» 
10 7276.76 13738.60 a 'P,»-Z 'Fi» 
10 7274.78 13742.34 b 'D,»-x 'D;» 
8h 7268.92 13753. 42 b 'P'»-U 'PI» 
2h 7262.80 13765. 01 b 'G.»-I 'OJ»? 

15 7258. 90 13772. 40 b 'F,»-V 'F!» 
10 7256.19 13777.55 a 'D,»-z 'F;» 
12w 7253. 19 13783.24 
40 7252. 35 13784.81 a 'Po»-z ' So» 6 1.48 0. 74 I. 39 0.65 2.13 
8 7248.12 13792.89 a 'Po»-z 'Fa» 

7 7244.55 13799.68 a 'P.»-t 'Di» 
7 7241. 81 13804.90 {a'D,»-z 'Fi» 

b'D,»-z 'H!» 
IOh 7240.11 13808. 14 a 'G,»-U 'F;» 
8h 7235. 68 13816.60 a 'F.»-z '01» 
8H 7233.87 13820.06 a 'G.»-z '01» 

2 7221. 07 13844.55 a 'F3»-V 'DI» 
2 7213.58 13858. 93 a 'Po»- z 'Fa» 

15e 7208.95 13867. 83 b 'p,»-x 'Di» 
lOe 7207.92 13869.80 b 'Po»-V 'Po» 
15 7191. 38 13901. 71 

8 7186.17 13911. 79 {a'G,»-v'Fi» 
a 'F.»-x 'D;» 

8h 7185.57 13912. 95 
8h 7184.89 13914. 27 b 'F.»-z 'OJ» 

lOw 7180.00 13923.74 a 4Gs~-V .cF2Ji 
15w 7178.27 13927. 10 h 'D.»-x 'Dl» 

4 7172. 98 13937. 37 {a'H,»-V 'F;» 
b 'O,»-v 'F!» 

4 7170.75 13941. 71 a 4DOi-Z ''OJ}i 
lOw 7165. 84 13951. 26 a 'p,»-z 'F;» 
3 7163.92 13955.00 a 'F.»-V 'DI» 

100 7159.44 13963. 73 a 'D.»-z 'Pi» 4 0.23 0.12 1.00 1. 35 1. 59 

lOw 7151. 45 13979.33 a fD2U-Z ''OJ}i 
8w 7146. 19 13989.62 b 'D.»-z 'H;» 
4 7136.09 14009. 42 

12 7130.06 14021. 27 b 'F,»-x 'Di» 
40 7126.18 14028.90 a 'G.»-V 'F;» 

10 7122.96 14035.24 0 1.06 
10 7121. 91 14037. 31 b 'Po»-x 'Do» 
10 7121. 25 14038.62 {a'po»-z 'Fi»? 

a 'Po»-V 'Fi»? 
10 7120. 66 14039.78 
15 7119.32 14042.42 a 'G,»-U 'FI» 

3h 7108.58 14063.63 a 'H.»-V 'F!» 
30w 7102.02 14076.62 a 'D.»-z 'F;» 
50e 7098.94 14082.73 a 'O,»-V 'F1» 
3 7091. 30 14097. 91 b 'F,»-U 'DI)l? 
4 7090. 73 14099.04 a 2F.»-2761» 
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TABLE 4.--First spectrum of columbium (Cb I)-Continued 

Wave Strong- Strong. 
Intensity No. Term combi· Zeeman Sepsrs· 

Arc >.. .irA vac. nation type tion est est ql q, 

cm-1 
p 11 

-------------
1 2 3 4 5 6 7 8 9 10 

-----------
12 7075.24 14129.91 a 'Pl~-Z 'F;~ 
3 7070.02 14140.34 b 'F,~-V 'D;~ 

10 7066.42 14147.54 a 'O,~-V 'F;~ 
Ih 7063.49 14153.41 b 'Pl~-V 'pr~ 
2h 7059.17 14162.08 b 'Do~-V 'Dr~ 

12 7051. 22 14178.04 b 'O,~-x 'Ol~ 
300e 7046.81 14186.92 a 4Dn,-z tP2J.i 4 ur 1. 38 (1. (2) 1. 45 
10 7038.06 14204.55 b 'F,~-z 'O;~ 
8 7035.66 14209.40 a 'F.~-276;~ 

20w 7023.48 14234.04 b 'Pl~-V 'P,~ 4 ur 1. 34 1. 78 (1. 61) 

5 7014.91 14251. 43 
3h 7013.35 14254.60 

20w 7003.95 14273. 73{ b 'F,~-V 'D:~ 
183,~-v ' F:~ 

3h 6999.75 14282. Z9 a 'FI~-z 'Fj~ 
20 6996.12 14289.70 b 'Po~-z ,pr~ 4 0.56 0.88 2.58 (1. (5) 

100 6990.32 14301. 56 a 4Do.,-z 'Piu 6 0.398 0.606 1. 405 1.206 1. 604 
8 6989.40 14303.44 a 'O,~-V 'F:~ 

15 6986.09 14310.22 b ,p,~-x 'D!~ • 
8h 6978.40 14325.99 a 'Pl~-' 'Do~ 
6h 6975.05 14332.87 ur 1. 51 

10h 6972. 48 14338.15 b 'Pl~-X 'Dl~ 4 ur 1.11 1.71 (1. 47) 
8h 6971. 62 14339.92 a 'FI~-V 10!~ 
5w 6964.75 14354.06 
5h 6955.67 14372.80 b ,p,~- z 'H;~ 
.11-1 6953.54 14377. 20 b 'F.~-V 'D;~ 

10 6946.08 14392.65 a 'F,~-z 'Fl~ 6 0.76 _. (0.86)01 1.16 
8 6940. 92 14403.35 
3 6939.40 14406.50 
3h 6936.60 14412.31 
4 6928.35 14429.48 b 'Fl~-V 'Dol' 

60. V 6918.33 14450.38 a 'F,~-V 'O!~ 5 ur 0.95 (0. 86) 0.92 
4 69n.15 1446S.39 b 'O,~-w 'O;~ 
4 6910.23 14467.31 a 'Pn,-z "Diu 

40, V 6908.06 14471. 85 a 2D 1.J,i -z lSO}-S 4 1.176 0.588 0.370 0.958 2. 134 
8 6906.60 14474.92 a 'O'~-Y'Di~? 

50e 6902.89 14482.70 a 'D,~-z 'Dr~ 5 0.46 0.23 2.00 (1. 36) 0.90 
8 6888.49 14512.97 ur 1. 15 

15e 6886.32 14517.55 a 4Dns-z (F3).i; 
2h 6884.98 14520.37 b 'D,~-x 'F;~ 

lOw 6879.90 14531. 09 a 4D2).1-Z (F2~S 

4h 6878.66 14533.71 
5 6877. 79 14535.55 a 'D,~-z 'D;~ 

50, V 6876.36 14538.57 a 'Dl~- Z 'Frl' 6 0.78 1. 17 0.79 1.18 0.40 
8h 6871. 68 14548. 48 ur 1. 14 

15w 6870.92 14550.09 

5h 6861. 82 14569.38 b 'O,~-v 'F:~ 
8 6857.14 14579.32 b 'Po~-z 'sr~ 4 0.81 0.40, 1. 37 2.62 (1. 79) 
20e 6849.33 14595.05 a 'Do~-z 'pr~ t5 1.581 0.700 2.387 0.015 1. 596 
5w 6846. 14 14602.75 

150, V 6828.11 14641. 31 a 4D2.J.i-Z "P2).i; 6 0.12 0.31 1. 42 1. 36 1. 48 

8w 6824.55 14648.95 b 'Po~-V 'Pi~ 
3 6803.44 14694.40{ b 'D,~-x 'F!~ 

b 'F'~-V'D;~? 
6h 6802.86 14695.65 a 'O,~-V 'DiH 

lOh 6795.27 14712.07 ur 1. 26 
3 6781. 22 14742.55 a 'Pl~-V 'FIH 

5h 6752.98 14804.20 183,~-1L 'F:~ 
8w 674.1.44 14820.75 a 'Dl~-Z'Dr~? 1 6 0.31 0.16 1. 32· (1. 20) 0.89 

80, V 6739.88 14832.97 a 4DoJ,i-z 4Fi).i; t5 0.410 0.205 0.618 0.005 0.415 
5 6738.96 14835.00 b 'D'H-V 'Ol~ 
5 7 .82 14857.35 a'O -ZIP' 628 
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TABLE 4.-First spectrum of columbium (Cb I)-Continued 

r Wave Strong. Strong-Intensity No. Term combi- Zeeman Sopafll- I 
Arc A air A vae. nation type tion est est VI g, 

cm-1 p 71 

------------------
I 2 3 4 5 6 7 8 9 10 

---- ---------------- ----

511 6726.19 14863.16 b 'O,»-v 'F!» 
150, V 6723.62 14868.84 a 'D,»-z 'F;» 4 0. 14 0.07 0.86 (1. 20) 1. 06 

8 6721. 98 14872.47 a 'p,»-z 'D;» 6 0. 19 0.48 (1. 60) 1. 41 
5 6719.27 14878.47 a 'O.»-z '0,» 
311 6718.93 14879.22 b 'D,»-x 'F!» 

8w 6717.56 14882.26 0.25 0.73 
100 6709.89 14899.27 a 'D3»-V 'F;» 
6O,V 6701.20 14918.59 a 'F'»-II'Ol» 4 0 1. 08 (1. 13) 1.11 

411 6699.82 14921. 66 
5 6696.45 14929.17 ur 1. 03 

2 6683.75 14957.54 
211 6681. 36 14962.89 a 'O,»-x'Dh,? 
5H 6679.21 14967.71 

2000, V 6677.34 14971. 90 a 'D,»-z 'F'lj 4 0.06 1.00+ (1. 36) 1. 24 
4 6666.24 14996.83 b 'D3» - X 'Fllj 

3000, V 6660.84 15008.98 a 'D3»- z 'Fllj 4 w 1.18+ (1. 42) 1. 33 
1011 6655.90 15020.12 a 'F3»-Z 'FI» 
4 6653.40 15025. 77 

10H 6644.68 15045.49 a 'D,»-z 'P;lj 
8 6626.98 15085.67 a 'Pu,-z 'Di» 6 0.46 0.68 (1. 72) 1.26 

411 6620.59 15100.23 b 'O,»-u 'Fl» 
2 6618.35 15105.34 b 4F2}S- z 2Fb~ 
6 6616.68 15109.15 a 'Po;,-z 'Dolj 6 2.62 1. 31 1. 31 2.62 0 

20 6614.15 15114.93 a 'Do»-z 'Dilj )5 0.860 0. 431 1. 336 0.045 0.905 
10 6607.32 15130.56 a 'F,»-z 'F.» 5 0.28 0.14 1. 77 (0.86) 1.14 

10 6606. 15 15133.24 ur 0.91 
411 .. 6594.30 15160.43 b 'p,»-z 'S;;, 

400 6591. 00 151G8.02 
3 6586.79 15177.72 a 'Ol»-Z 'Fllj 
5ffld 65SO.50 15192.23 a 4H5H-V 4F;J,i? 

10 6574.74 15205.54 a 'Dl»-Z 'So» 4 0.93 0. 47 0.74 1. 20 2.13 
6 6556.93 15246.84 1. 08 
8 6551. 63 15259.17 b 'H,»-w 'F!» 4 0 1. 01 1. 05 (1. 07) 
4 6550.22 15262.45 b 'P,»-x 'F!lj 

SOo, V 6544.61 15275.54 a 'D3»-Z 'D;lj 5 0.09 1.71 (1. 42) 1. 30 

6 6519.70 15333.90 a 2Dui-Z !Dl~ 
2 6500.83 15378.41 b 4Fui-X4Do~? 

10 6497.85 15385.46 {a 4PO~_Z fDi),2 4 1. 36 0.68 0.58 2.63 1. 27 
b 'H,»-x 'Ol» 

4 6494. 23 15394.04 
6h 6491. 90 15399. 56 a 'P'»-Y 'Dolj 

2H 6488. G6 15407.25 a 'D3»-Z 'PIlj 
2 6482.73 15421. 35 a 'O,»-V'o;»? 
8 6464.32 15465.27 ur 0.98 

10 6449.84 15499.98 {a'Do»-Z'So» )6 2.11 1.055 1 067 1. 01 2.12 
a'D,»-z 'Pi» 

4 6437.76 15529.07 

30, V 6433.24 15539.98 a 'P,»-Z 'D;lj 4 0.31 0.16 0.93 1.71 1. 40 
800. V 6430.47 15546.67 a 'p,»-z 'D!lj 4 0.16 0.08 1. 04 1. 60 1. 44 

20 6427.66 15553.47 a 'D,»-z 'Pilj 
4 6422.06 15567.03 b 'F'ji-x 'D;lj 
2 6417.60 15577.85 

2 6375.95 15679.61 a 2G3~-Z 4F~~ 

~ 2e 6355.56 15729.91 a 'D2»-Z 'D;lj 
6 6348.98 15746. 22 0.00 0.91 
4 6346.24 15753.01 a 'H'ji-II '01» 5 0 0.97 (0.93) 0. 91 
311 6334.10 15783.21 

4 6325.78 15803.97 a 'POji-V 'Filj 4 0.17 0.09 0.42 0.67 (0.50) 
5e 6312.16 15838.07 a 'O.»-x 'D.» 
4e 6309. 24 15845.40 ur 1.13 
6e 6286.38 1.5903.02 183,»-1/1'0;» ur 0.85 
4 6275.41 15930.82 a 'H.»-V lOjlj 4 ur 1. 01 (1.10) 1.14 

. 

-
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TABLE 4.-First spectrum of columbium (Cb I)-Continued 

Wave Strong' Strong-Intensity No. Termcombi- Zeeman Separa-
Arc X.irA vac. nation type tion es t est UI U' 

cm-I p n 

---------------
I 2 3 4 5 6 7 7 8 10 

------------------
8e 6260.77 15968.07 b 'G'}i-Z 'Il}i 4 UT 0.82 l. 01 (0.95) 
4h 6257.38 15976.72 

2Oe, V 625l. 76 15991. 08 183.5J.i-z 2Ih{ UT 1.18 
5h 6228.25 16051. 44 

2Oc, V 6221. 95 16067.70 a 'D'}i-z 'DlJi 5 UT 1. 33 (1. 20) 1. 27 

5h 6219.59 16073.79 UT 1. 32 
2h 6218.44 16076.06 a 'G'Ji-V 'GlJi 
8, V 6213.06 16090.69 b 'DoJi-w 'Fiji 5 0.47 0.24 0.73 0.03 0.50 
6 6204.75 16112.24 b 'D'Ji-w 'Fu! 6 0.70 I. 05 0.88 1.20 (0.50) 

12, V 6164.30 16217.96 a 2F!H-V 2DiH 5 UT 0.90 (0.86) 0.81 

lOe, V 6148.11 16260.67 a 'F'}i-V 'D1Ji 4 0.20 0.13 0.62 1.12 (1. 32) 
7e 6142.53 16275.44 b 'P'Ji-V 'DiJi 4 0.41 0.20 0.93 1. 55 1.96 
7e 6128.68 16312.22 UT 1. 04 
4e 6118.10 16340.43 b tDbi-V (Flu 
6 6110.94 16359.58 0.56 1.04 

9 6107.69 . 16368.28 b ' D'Ji-v 'Fiji 4 0.80 1. 22 (1. 05) 
2 6105.30 16374. 69 a 2F2~-X tFiH 
4e 6103.49 16379.54 b 'G'Ji-Z 'HlJi 
6 6083.55 15433.23 a 'H'Ji-z 'Fiji 4 UT 0.26 (0.93) 1.12 
4 6067.81 16475.86 a 'DlJi-x 'DiJi 4 0 0.81 (1.21) 1.47 

12e 6056.64 16506.25 {b 'D'Ji-v 'Fiji 4 UT 1.04 1. 46 (1.34) 
183'Ji-z 'HlJi 

1 6052.59 16517.29 b 'F'Ji-x D!Ji 
10e 6048.71 16527.88 b 'H'Ji-z 'IlJi 6 0.22 0.97 0.99 0.95 

2h 6047.46 16531. 30 a 'G'}i-X 'D;Ji 
2O,V 6045.49 16536.69 b 4FIJi-Z 4H~.K 4 itT 0.60 (1.12) 1.00 

4 6041. 96 16546.35 b 'D'Ji -w 'Fiji 

10. V 6031. 83 16574. 14 {b 'D'Ji-w ' FI}i 4 0.71 1. 19 (1. 00) 
a IIS2.K-Z :rPiu 

12, V 6029.74 16579.88 b ' F'Ji-z 'H!Ji 5 0 0.93 (0.85) 0.89 
5e 6028.73 16582.66 a 'F'Ji-x 'Fiji 
1 6022.50 16599.81 b 'H'Ji-w 'GlJi 

5Oe, V 5997.86 16668.01 a 'D'Ji-Y 'Fiji 6 0.79 1.33 1. 44 1. 21 
5 5986.61 16699.33 a 'D'Ji-Y 'DiJi 4 itT 1.12 (1.21) 1. 27 

30, V 5986.08 16700.81 b 'F'Ji-z 'HiJi 4 0.210 0.76+ (1. 22) 1.14 
100, IV? 5983.21 16708.82 a 'P'Ji-Z 'POJi 4 0. 75 0.38 1. 35 1. 72 2.47 

5e 5971. 25 16742.28 1.35 

4e 5965.36 16758. 82 b 'H'Ji-w 'GlJi 4 itT 0.70 1. 03 (1.10) 
1 5964.56 16761. 06 a 2PU{-X 4Di~ 

15, V 5957.69 16780.39 b 'F'Ji-Y 'G!Ji 6 0.11 0.34 1.07 (1.12) 1. 01 
4 5949.90 16802.36 b 'G'Ji-Z 'HlJi 5 UT 1.10 0.99 (1. 01) 
2 5938.62 16834.28 a 'G'Ji-Z 'HlJi 

15e, V 5934.15 16846.96 b 'H'Ji-z 2I!Ji 5 itT 1. 52 1.00 (1. 08) 
12e, V 5928.234 16863.77 a 'S'Ji-Z 'SlJi 
10 5927.40 16866. 14 b 'D'Ji-w 'Fiji 4 0.23 0.12 0.72- 1. 43 (1. 20) 
2h 5924.27 16875.05 a 'H'Ji-z 'Fiji? 
1h 5920.16 16886.76 a 'D'Ji-Y 'Fiji 

2h 5910.55 16914.22 a 'G'Ji- Z 'H!Ji 5 0.34 0.17 1. 55- (1. 23) 0.89 
5 5904.48 16931. 61 b 'D'Ji-x 'GlJi 4 0.32 0.16 1.46- 1. 41 (1. 09) 

2Oe, V 5903.80 16933.56 a 'S'Ji-Y 'PiJi 
200e, V 5900.59 16942. 77 a 'D3U-Y (Fh4J 4 w 1.0H (I. (2) 1.35 

3 5894.61 16959.96 a 'P'Ji-Y 'Ph!? 

15e, V 5893.43 16963.36 b 'P'Ji-Y 'STJi 6 0.26 0.39 1.88 I. 70 (1.96) 
4 5885.94 16984. 94 b 'D'Ji-1t 'Fiji 4 0.27 0.13 0.29 I. 38, (I. 11,) 
5 5878.97 17005.08 b 'F'Ji-x 'Fiji 

2O,V 5877. 78 17008.52 {a'Po.'!-Z 'POJi 6 0.18 0.09 2.55 2.64 2.46 
b'P'Ji-u 'Fiji 

8e 5876.30 17012.81 183.Ji-y'HIJi 6 0. 30 1.22-

7e 5875.24 17015.88 b 'F'Ji-x 'Fiji 5 1.35 (1. 22) 1.19 
40e, V 5874.68 17017.50 a 'D'Ji-Y 'FIji 6 0.27 0.74 1.21 I. 35 1.08 
4d 5872.46 17023.93 a 'D'Ji-Y 'DiJi 
6 5868.89 17034.29 b 'D'Ji-w 'Ghs 4 0.36 0.20 0.19 1. 45 1.09 

SO, IV? 5866.45 17041. 37 a 4P~)i-Z tphs 7b,4 0 1.58 (1.60 1.60 

644098-45--4 
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TABLE 4.-First spectrum of columbium (Cb I)- Continued 

W ave Strong- S trong-Inten sity No. Term comb!· Zeeman Separa· 
Arc X air A vac. nation type tion est est VI gl 

cm-1 P " 
--------- --- - --- - ----- ---

I 2 3 4 5 6 7 8 9 10 
------------ ---

6 5864. 94 17045. 76 liT l.l3 
2e 5863.21 17050.79 b 'D3),-w ' Fh~ 
4 5862. 12 17053. 96 
5 5856. 70 17069.74 liT 0. 00 
6 5855. 72 17072.60 a 'G3»-% 'Dl» 6 0.15 0.54 1. 15 1. 07 1.23 

6 5852.79 . 17081.14 liT 1.03 
1 5851. 94 17083. 63 b 'F",-lI 'D!» 
2 5850.67 17087.33 b 'F,»-x 'Fili 

20e, V 5846.10 17100.69 a 'S'»-V ' P!» 6 0.38 1. 78 1. 97 1. 59 
30, V 5842. 47 17111. 32 a 4F4J,i-Z 8F3J.i 4 liT 1.10 (1. 33) 1. 39 

2 5839.17 17120.99 b 'G'll-v 'Gill 
100e, IV 5838.61 17122.63 a 4D2~-tl4F3J.i 4 liT 1.00 (1. 36) 1.26 
15e 5838.13 17124.04 a 'Pn,-z 'Po» 5 0.39 0.20 1. 35 1.16 0.76 
40, V 5834.88 17133. 57 b 4FH~-X "Fhi 6 0. 12 1. 23 1. 24 1. 21 
2 5834. 40 17134. 08{ a 'G.»-z 'Hl» 

b 'F3»-lI '0;» 

3 5825.41 17161. 43 a .(GHi-z 4H4}i 6 0.22 0. 98 -- (I. 23) 1. 01 
20e 5820.61 17175. 58 b 'H,»-z 'Hll 4 W 0.64 1. 02 (0.05) 
80, V? 5819.415 17179. 11{ a 'G,»-. 'H.» 4 w 1.00+ (1. 26) 1. 23 

b 'F,»-% 'Fl» 
15e 5815.316 17191. 21 a 'G,~,-x 'D!» 5 0. 49 0.25 2.51 0.79 1.28 
3 5811. 89 17201. 35 a 'F,»-lI 'F!J> 5 '" 1. 58 (1.13) 0.95 

5e 5810.58 17204.93 
1 5805.91 17219.07 b 'D3,,-W 'Gill 
4e 5804.65 17222. 80 a 'G'''-ll 'Glll 

aOd, V 5804.02 17224.67 a 4Dni- Y tFiJ.i 6 0.74 1. 08 0. 83 1. 20 0.46 
Ih 5801. 78 17231. 32 a 2Pn,-x .Diu 

2e 5801. 01 172.13.61 a 2G3~-V 4Fhi 
2O,V 5794.24 172.53.75 a 4G2}i-Z 4H;u 5 W 1. 18 (0.74) 0.87 
7e 5789.78 17267. 04 a 4G6}"-X 4Flu 5 liT 1. 40 (1. 26) 1.20 

80, III 5787.52 17273.78 a 4FsH-Z &F2J,i 4 w 0.96+ (1.24 1. 34 
8 5780.31 17295. 32 b 4F2}i-X 4F2}i 6 0.38 1. 05' (0.85) 1.00 

2 5779.78 17206.91 b 'F,,,-x 'Flli 5 liT 1. 61 (1.12) 1.23 
30e, V 5776. 07 17308.02 a IIS~H-lI tlPhs 6 0.81' 1.88 1. 99 (1. 77) 

4 5774.83 17311.74 a 'F2}i-1I 2FiH 6 0 0. 83' (0.86) 0.80 
10e 5771. 06 17323.05 b 'D,,,-v 'FIll 4 0.24 0.12 0.47' 1. 45 (1. 21) 
40, V 5764. 98 17341. 32 a 'G'J>-V 'G!J> 6 0.11 0. 73 0.75 0. 71 

80, IV 5760. 33 17355.31 a 'D,»-V 'F!J> 4 w 0. 91+ (1. 20) 1. 08 
2e 5759. 00 17359.32 a 'D,,,-V 'Dill 
4h 57 58. 11 17362. 01 b 'H,»- z 'HlJ> 6 liT 1. 01 1. 00 (1. 01) 
4e 5754. 44 17373. 08 a 'Po,,-y'PoJ>t _. 1. 23 
3 5753. 26 17376.64 a'D'J>-276!" 

40, V 5751. 43 17382.17 a .O sH-Z 4H:J,i 4 W 0.76 (1. 08) 1. 01 
3e 5743.847 17405. 12 a 'G,,,-V 'G;J> 
3 5743. 384 17406.52 b 'H'H-W 'GiH 6 0.18 1. 02 1.00 1. 04 
6 5738.19 17422.28 0 1. 07 
7 5737.35 17424. 83 0.12 . . 

Ie 5734. 35 174.33. 94 b 'P'J>-w'F;J>t 0.34 1. 24 
80, III 5729. 185 17449.06 a 4F2J.)- 2 I!IFi~ 4 w 0.85 (1. 03) 1. 15 

9 5725. 06 17460.40 b 'G'J>- V'HIJ> 6 d 0.96 0.97 0. 95 
4 5722.70 17469.44 b 'F'Ji-x 'FIH 5 0. 32 0.16 2.03' (0.8,5) 1.17 

30, V 5716.34 17488.87 a 'G'J>-z 'H'J> 4 w 0. 76+ (1. 23) 1. 15 

6 5715. 58 17491. 2O{ b ' F,,,-x 'FI" 7b 0 0.39 0.39 0.39 
a "H4~-Z 2F;~ 

5e 5713.79 17496.68{ b 'O'J>-z 'HlJ> 
b 'Pn,-v ' FiJ> 

4 0 0. 68 0.86 (0.82) 

2 5713. 44 17497. 75 a 'D,,,-V 'DiJ> 
15 5709. 33 1751O.34{ 

a 2F3~-Y 2Fj~ 7b, 6 0 1.14 (l.l3) 1. 15 
a "F4~-Z 8D3~ 

50, IV? 5706.47 17519.12 a 'DOH-V ' F1J> 5 0.41 0.21 0.68 0.06 0. 47 

15 5706.16 17520.07 b "D3~-V' 40t}i 4 0.11 
1: 63 ' 

(1. 43) 1. 21 
4 5698.01 17545. 13 a 'D'J>-V ' P T" 4 0. 70 0.35 2.68 1. 98 
5 5697. 89 17545.50 b 'Po,,-y ' SlJ> 4 0.70 0.35 1.63 2.68 1. 98 
8 5693.07 17560.35 a 4P 2H-Z 2D iH 5 0.68 0.34 2. 62 1.60 0. 92 

e 5684. 45 17586.98 b'Hu -z'Hi ~ 9, ~2 l ,Ol- l , O~ (0, 82 
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TABLE 4.-First spectrum of columbium (Cb I)-Cont inued 

Wave Strong· Strong-Intensity No. T erm combi- Zeeman Separa-
Arc ). air A 

VBC. nation type tion est est 01 g, 
em-l P n 

--- --- - - - -----
I 2 3 4 5 6 7 8 9 10 

--- - -------- - -----
10 5677.453 17608.66 a 'p,;,-z 'F;;, 6 0.53 1. 32 1. 33 1. 59 1. 06 
3 5675.942 17013.34 a 2GJ~_V 4Fb, 

50, IV 5671. 90 17625.90 a ' O';,-V 'Ol;, 6 0.07 0. 24 1. 04 1. 07 1. 00 
6O,V 5671. 09 17628.41 a 'S,;,-V !p;;, 4 0.32 0. 16 1. 83' 2.02 (1. 70) 
9 5666.86 17641.57 b 'D.;,-w 'Fl;,t 0.14 0. 42 

120,III 5605.63 17645.40 a 'O,;,-v 'a;;, 7b,6 0 1. 26 (1. 26) 1. 26 
1oo,III 5604. 70 17648. 30 a 4Fl~-Z &FoJ.i 5 0. 772 0. 386 0.785 0.399 -0. 373 

1 5602.04 17656.59 a 'Po;,-V 'Pl" 
5 5654. 13 17681. 29 a 'D,;,-z 'Pi;, 4 0.23 0. 12 0.76' (1. 21) 1. 44 
3e 5648. 40 17699.23 b 'Fl;,-X 'F!;, 5 0.605 0.303 2.038' (0.402) 1. 007 

10 5645.30 17708.95 a ·PI}i-Z 'Piu 6 0.09 0.13 1. 65 1. 70 1. 61 
80, III 5642. 10 17718.99 a 'p,;,-z 'PI;, 6 0.109 0. 273 1.547 1.601 1. 492 
20e 5635.42 17739.99 UT 1.08+ 
2e 5(j33. 64 17745.60 
6e 5629.81 17757.67 a 'O';,-V 'D;;, 

40, V 5629.17 17759. 69 a 'O,;,-V '01;, 6 • U 1.24 1. 21 (1. 28) 
10e 5628. 25 17762. 59 a 'Fau-z "Fh~ 6 0.15 0. 53 1. 63' (1.24) 1. 39 
14 5619.78 17789.36 a 4D2U-V IIDiu 4 1.1Oh (1. 36) 1. 24 
3 5618.611 17792.82 a 'Po,,-z 'Pi;, 5 0.77 0.38 1. 85 0. 70 1. 47 

7 5603. 93 17839.68 a tFJ~-z IID2U 
30, V 5603.51 17841. 02 a 4F,u-z 8Fb, 6 0. 326 0. 817 1. 191 1.028 1. 354 
10e 5599.57 17853.57 a 'D,;,- z 'a!;, 4 0. 37 0. 20 -- (1. 36) 0. 99 
54 5596. 87 17862.18 a 'D.,,-V 'D!;, 5 UT 1. 52 (1. 42) 1. 34 
6e 5594.87 17868.57 b 'H.;,-V 'H!;, 

15e 5590.95 17881. 10 UT 1. 15 
30, IV 5586. 99 17893.77 {a tFlu-z IIFTJi' 6 0.75 1.11 0. 77 0. 40 1.15 

a 'D'~,-l1 4Dh, 
15, V 5578. 28 17921. 71 a ' O,;,-x 'Fl;, 6 0.010 1. 22 I. 23 1. 21 
4e 5578. 07 17922. 38 b 'Po;,-w 'Fi;, 

15e, V 5576.16 17928.52 {a 'F4U-Z IIDh, 
b 'Pn,-u 'Fh, 

2 5572. 52 17940. 23 a ' D,;,-x 'D!;, 
10e 5571. 41 17943. 81 183,;,-x 'H.;, 1.08± 
2 5566.12 17960. 86 z 'Dj;,-e 'F,;, 

10, V 5562.99 17970.97 a 'Du,-z 'Siu 4 -- 0.31 1. 20 (1. 79) 
4 5553.115 18002. 92 a '00.,-2 2Gb, 

5 5552.33 18005.47 a 'O.;,-v 'Dl;, 
60, V 5551. 34 18008.68 a tPCJ.i-Z 'Piu 4 0.52 1. 08 2. 64 1. 60 
2 5550.18 18012.44 a 'Dl;'-V 'Do;, 
8e 5549.60 18014.33 
2e 5545.52 18027. 58 z 'D;;,-e 'Fl;, 

9 5541. 461 18040.78 a 'D,;,-v 'Pi;, 
3 5538.736 18049.66 a 'P2}i-Z (F'iu 
4 5532.59 18069.71 a 'O,,,-z 'OJ;, 

30, IV? 5523.57 18099. 22 a 'D,;,-y 'Dh, 6 0 1. 41 (1. 42) I. 40 
3 5521. 89 18104.72 b 'p,;,-w 'Dl" 

5 5517. 39 18119.49 0 1.11 
15e, V 5512. 81 18134.54 

4e 5511. 22 18139.78 
2h 5510.69 18141. 52 a 'Do;,-x 'Do" 
7 5509.13 18146. 66 a 2F2J.i-W 'FiJ.i 5 -- 1. 40 (0. 86) 0.50 

Ie 5506.74 18154.53 {a'H.;,-v'O;" 
b'H.;,-v'O'H 

30e, III 5504.58 18161. 66 a 'F3;,-z 'D;;, 
5 5501. 759 18170.97 -- I. 094 
1 5500.53 18175.03 a'Dl"-276!,, 
1 5499.87 18177. 21 a 'Hu,-x 'Fl" 

7 5499.53 18178.33 a 'F,;,-z 'Di;, 
Sh 5494.09 18196.33 
4 5491.062 18266.37 z IIF;~-~ IIF1~ 
1 5484. 58 18227.88 {a4PIJ4-Z 2Di~ 

a~H4>i -Z 4H3J.{ 
8 5483.48 18231. 54 a 4Dl - 'Di 6 -- I. 25 1.20 1. 30 



526 Journal 0/ Researoh of the National Bureau of Standards 

TABLE 4.- First spectrum of columbium (Cb I)-Continued 

Wave Strong- Strong-Intensity No. Term combi- Zeeman Separa-
Arc 1\ air A vae. nation type tion est est 0' 1/. 

cm-1 p n 

---------------
I 2 3 4 5 6 7 8 9 10 

------------- - - - ---------
5e 5483. 08 18232.87 

15, V 5481.002 18239.79 b 'G'H-x 'H!H 5 -- 1.65- 1. 03 (1.14) 
4e 5479. 205 18245.77 a 'Po~-z 'Fi~ 
3 5478.74 18247. 32 z 'DoH-e 'FOH 
1 5477. 96 18249.91 b 'D'H-V 'DlH 

4e 5476. 07 18256.21 {Z'DlH-e 'F'H 
b'DoH-V'DlH 

6e 5469.55 18277.97 {a'F3H-Z 'FlH 
a'D'H-x'DIH 

9 5468.10 18282. 82 z 'D1H-e 'F'H 
3 5467. 41 18285. 13 a 'F'H-Z 'F'H 

I 
2 5466. 90 18286. 83 a 'H3~-X 'nbs 

1 5462. 98 18299.96 {a'G'H-U 'G!H 
a'D3~-z IFIH 

1 5462.03 18303. 14 a 2F2J,i-V 'Fi~ 
4e 5460.935 18306. 81 a 'DOH-V 'DOH 

10e 5458. 043 18316.51 a 'DUi-V 'D2~ 6 -- 1.33h (1.36) 1. 30 
3 5457.66 18317.79 a 'P2U-Z IIPiH 

6 5456.19 18322.73 Z oD;H-e 'F3H 
2 5452.79 18334. 15 b 'Pl)i-W 4D2J.i 
8 5448.306 18349.24 a 'H3H-Z 'HaH 
4 5445.15 18359.88 Z 'F;H-e 'F'H 
Ie 5443.77 18364. 53 b 'F,~-x 'GiH 

4.e 5443.08 18366.86 z 6D4U-e 6F'H 
2e 5437. 998 18384.02 a 'D'H-X 'D;H 

50, III 5437.265 18386. 50 a 'P'H-Z 'PIH 4 0.226 0.113 1.140 1. 705 1. 479 
1 5434.46 18395.99 a 'F'H-X 'GIH 
2 5432. 478 18402. iO a 'F'H-V 'FIH 

1 5431. 77 18405.10 b 'D'H-V 'D'H 
12d, V 5431. 25 18406.86 a 'F'H-Z 'DIH 6 0.52 -- 1.30 1.04 1. 56 
1 5427.82 18418.50 a 'F'H-W'F'H 

20, IV 5422.42 18436.84 a 'H'H-V 'GiH 7b,4 0 0.68 (0.69) 0.70 
6e 5416.292 18457. 70 a 'P';j-II 'DIH 5 1.57 l.20 (1.35) 

8, V 5411.235 18477. 95 a 4Hui-z 'H:u 6 0 l.OO (0.98) 1.02 
2 5409. 43 18481. 11 a 'F'H-Z 'DOH 
2 5404. 427 18498.22 a 2FsH-W4F2~ 
2 5403.06 18502.90 {b 'F' H-X 'GlH 

a 'F'H-U 'FiH 
2 5402.49 18504.85 a 2G3H-z !Obi 

1 MOO. 56 18511. 46 Z 6DlH-e ' F'H 
7c 5396.33 18525. 97 a 'DOH-II 'DollS 5 0.59? 1.91 0. 04 (1. 29) 
5 5395. 849 18527.62 a 'PoH-Z 'DiH 
2 5395.483 18528.88 a 'F'H-W 'F'H 
3c 5394. 36 18532.74 a 'O'H-II 'DIH 

6 5388. 300 18553.58 a'D'H-II'DIH 5 -- l. 52h (1.36) l. 43 
1 5383.99 18568. 44 a 'F'H-V 'FIH 
3 5382.842 18572.40 a 'F3H-W 'FIH 

10, III? 5381. 326 18577. 63 e,p'H-Z 'PiH 6 0.28 -- 1. 74 (1. 60) 1. 88 
b'G'H-II'H'H 

4c 5380.705 18579.77 {a'F'H-Z'DlH 
a'G'H-v'Fi;j 

3c 5377. 79 18589.84 b 'D';j-v 'DIH 
2 5376.722 18593. 54 z GF2J,i-e IFni 
3c 5375.916 18596. 32 a 'Hsu-z "Rbi 
8 5375. 262 18598. 59 a'HIl,-z'H'H 6 0 1.14 (1.12) 1.16 
4 5371. 111 18612. 96 a 'P';j-Z 'SOH 4 1. 52 (1. 72) 2.12 

4 5368.390 18622. 39 a 4FHi-Z IIDjJ.i 
1 5363.28 18640.14 a 'D';j-x 'DlH 
4 5363.075 18640.85 a 'F'H-Z 'IllS 
6 5362.003 18644.58 e'D,lS-Z 'Fl;j 

z 'DI~-e 'F,;j 
7 5359.183 18654. 39 a 'D';j-V 'Dl;j 5 O? 1. 49k (1. 20) l. 32 
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TABLE 4.-First spectrum of columbium (Cb I) - Continued 

Wave Strong. Strong· Intensity No. Term combi· Zeeman Se~ara· 
Arc X air A vac. nation type tlOn est est 01 g. . cm-1 p n 

--------------------- - -- - - - ---
I 2 3 4 5 6 7 8 9 10 

------- ------ --- - --
9 . 5355.683 18666. 58 a 'H'ji-z 'Hlji 70,6 0 1. 23 (1. 22) 1. 23 

5 5355.300 18667.91 {a'G,ji-V'Flji 
b 'H'ji-V 'Hlji 

3e 5355.086 18668. 66 Z 'F,ji-e 'F 'ji 
5 5353.283 18674.95 Z 'Djji-e 'F'ji 4 -- 1. 08 (1. 54) 1. 46 
6 5351. 022 18682.84 a 'F,ji-w 'Fb. 

100e, III 5350.723 18683.88 a "F3Ji-Z 4D2Ji 4 0. 16 0.08 0.83 1. 23 1. 39 
2e 5345.55 18701. 96 b 'D'ji-v 'Dlji 

2OOe, III 5344. 160 18706.83 a 'F'ji-z 'Dlji 4 0.113 0.169 0.934 1. 330 1. 443 
8e 5343.602 18708.78 

1O,V 5340. 793 18718.62 a 'H'ji-V 'Glji 4 0 0.95 0.98 (1. 00) 

1 5339.89 18721. 78 z 'Flji-e 'F, ji 
4e 5337.872 18728.86 a 'F'ji-z 'Dsji 
6 5336.797 18732.63 a IID3~-Z IIF2~ 

30, IV 5334. 864 18739.42 a 'D' ji-V 'P!ji 4 0. 26 0.13 0.93 1. 32 1.58 
Ie 5334. 27 18741. 51 a :PIH-Z IISiH 

3e 5326.341 18769.41 a 2DIJ.)-Z 4Si~ 
3 .0323.354 18779.94 Oh 1. 04h 
2 5321, 917 18785.01 z tlDj~-e IIFH~ 
2 5321. 659 18785.92 o 'D'ji-V 'pil. 
4 5321. 323 18787. 11 a 'G'ji-276!)" t 0.78h 

3 5320.205 18791. 05 a 'Doji-z 'Fuji 
15, V 5319.485 18793.60 a 'D'ji-Y 'Plji 
5O,III 5318.597 18796.74 a 'F'ji-z 'Dl" 0.230 0.117 0.680 1. 025 1. 255 
5e 5317.804 18799.54 b 'H' ji-x 'Hl l<! 
4 5317.001 18602.38 a "HH~-Z 4rr5~ 

10 5315.543 18807.54 a 'P'ji- Z 'D;l, 6 1. 467 (1. 60) 1. 32 
3e 5314.283 18811. 99 a ' D,,,-y 'G,,, 
3 5306.606 18839. 21 a 'D' ji-Y ' PIji 
4e 5306.380 18840. 01 a 'H,,,-y 'G,,, 
3 5303.27 18851. 06 a 'F'ji-z 'D;" 

2 5301. 434 18857.59 o 'H,,,-v 'Gljit 0.80h 
4 5298.95 18866.43 a 'D'ji-z ' Flji 
4 5298.108 18869. 43 a 'H,,,-y ' G,ji 
8e 5296.34 18875.72 b 'p, ,,-w 'Dlji 6 Oh 1. 27 1. 487 (1. 06) 
2 5294. 47 18882.40 a IIDt>~-z IIFi~ 

5e 5293. 292 18886.59 o 'D,,,-v 'D ,,, 6 0 1. 41 1. 43 (1. 39) 
2 5287.08 18908.78 a'Dlji-276;ji 

20e 5285.240 18915.37 w 1. 08 
1 5281. 62 18928.33 a 2FzH-W 4F3~ 
8e 5279. 418 18936.23 a 'D,,,-y 'Gjji 

5 5278. 542 18939.37 a 'p,,,-Z 'p,,, 
3 5277. 42 18943.40 a 'H,,,-z 'H,,, 

SOc. V 5276.196 18947.79 a 'D'ji-y 'P;ji 4 0.18 0. 09 1. Ot (1. 42) 1.60 
5 5272.48 18961. 14 a 'D,,,-x 'Do" 

6Oe, IV 5271. 526 18964.58 a 4FH1-Z 4Do~ 5 0.42 0. 21 0.61 0.40 -0.02 

6 5269.910 18970.39 a 'G'ji-Z 'F;" 4 0.28 0. 20 0. 88 1.16 
2e 5260.849 19003.07 a 'DI"-z 'Poji 4 1. 05 (0.96) 0.78 
3e 5260.13 19005.66 1.00w 
Ie 5255.52 19022.23 b 'F,,,-x 'G'ji 

15, V 5253.926 19028.11 a 'G,,,-y 'Glji 6 0 0.90 (0.88) 0.92 

10 5253.028 19031. 36 a 'H,ji-x 'Flji 4U3 w 0. 98uI (1.12) 1.18 

lOe 5251. 81 19035.77 {a 'D.,,-z 'F;ji 
a 'D'ji-x 'D!ji 4 0 1. 30 (1. 36) 1.44 

15e, V 5251. 62 19036.46 a 'Do,,-z 'F!" 
lOe 5247.38 19051. 84 a 4D3>i-X 4D;~ 4 0 1. 34w 1.41 (1. 47) 
4e 5241. 50 19073.21 a 'H.,,-V 'G,,, 

5e 5240.39 19077. 25 a 'Dlji-y 'PIji 
16e 5237.43 19088.04 a 'Doji-V 'PO" 6 0 1.28 0.09 (2.47) 
4 5236. 837 19090.20 a 2F3~-V 4F4~ 
3e 5235.096 19096.54 a 'F'ji-w 'Glji 
1 5234.44 19098.94 a 'Plji-V 'F!}j 
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TABLE 4.-First spectrum of columbium (Cb I)-Continued 

Wsve Strong- Strong-Intensity No. Term combi- Zeeman Sapsrs· 
Arc A air A vac. nation type tion est est g, g, 

cm-1 P n . 
---------------

I 2 3 4 5 6 7 8 9 10 
--------------

25, V 5232.813 19104.88 a 'OH~-V 'Gl;, 6 w 1.11 (L 10) 1.12 
2 5229.94 19115.37 b 'F,»-v 'Fi» 
3 5229.37 19117.46 a "H4),{-X "FiH 

12, V 5225.156 19132. 87 a 'H.»-y 'GI» 4 to 1. 14w 1. 22 (1.25) 
15c, V 5219.09 19155. 11 a 'D,»-y 'P;» 4 0.34 0.17 0.56w 1. 41 1. 75 

3c 5218.46 19157.42 b 'F,»-IL 'F;» 
4e 5211. 239 19183.97 2 'F!»-e 'F,» 5 0 1. 66 (1.40) 1. 46 
2 5210.26 19187.57 {b 'F,»-w 'F!» 

b 'D,»-v 'G;» 
8 5205.132 19206.48 a '0,»-2 'Fl» 4 01 1.03h (1.10) 1.14 
3c 5204.03 19210.54 2 of;)>-e 'F,» 

10, V 5203.224 19213.52 {a 'D,»-z 'Pl» 6 0. 25 0.39 1. 33 1. 20 1. 45 
a ID,»-y 'Ph, 

3 5201. 938 19218.27 a 'F,»-x 'Dl» 
3 5201. 089 19221. 41 a 'D,»-z OF!» 
2e 5197.37 19235. 16 {a 'D,»-y oPl» 4 0 0.43 (1. 36) 1. 98 

a 'H,»-x 'F;» 
20, IV 5195.839 19240.83 a 'F,»-2 'Di){ 6 1.29 0.84 0.41 1. 27 

5 5193.454 19249.66 a 'F,»-v IF;» 
40c, V 5193.078 19251.06 a fF2J.i-Z 'D2~ 6 0.37 0.94 1.19 1. 01 1. 38 
20, IV 5189.198 19265. 45 a 'DH,-Z 'D!){ 7b,5 0 1.57 (1. 55) 1.54 
15. IV 5186.987 19273.66 a 'D,»-2 'F;){ 4 0.50 0.25 0.60 1. 85 1. 35 

Ih 5183.81 19285. 47 b 'D,»-v 'Dl» 

50, IV 5180.306 19298.52 a 'D3»-Z 'DI){ 7b,5 0 1. 61 (1. 58) 1. 56 
3c 5178.209 19306.33 b 'F,){-u 'FI){ 
2 5171.569 19319.91 0 1.15 
3 5174. 198 19321. 30 b 'F,»-w 'F!){ 
1 5167.37 19346. 83 b 'Do»-y 'So» 

1 5166.96 19348.37 a '03»-X 'a!» 
40e, IV? 5164.368 19358.08 a 'F3»-2 'D!){ 6 0.20 .. 1. 33 1. 23 1. 43 

1 5161. 63 19368.34 b 'D'H-Y 'So» 
50, IV? 5160.335 19373.20 a 8D2J.i-Z I5DiJ.i 4 0 1. 59 (1. 65) 1.73 

2 5158.030 19381. 86 a 'D,»-. oFI»! .. 1. 80 

3 5157.486 19383.91 a 'F3){-V 'F;» 
2 5157. 14 19385.21 a 'D,){-U 'Di» 
2 5153.63 19398. 41 a 'p'){-Y 'Fl» 
6 5153.028 19400.63 ~ 'D,»-x 'Pi» 

12e 5152.623 19402.20 a 'D,»-y 'P;» 6 0.24 0.60 ? (1. 36) 1. 60 

7e 5150.636 19409.69 a 'H,»-y 'Ol» 
12c 5147.537 19421. 37 b 'D,»-x 'P;» 4 w 1. 13 1. 43 (1. 55) 

Ie 5146.03 19427.06 b 'F,»-x 'Ol» 5 w 1. 30 (1. 22) 1.24 
1 5145.65 19428.49 b 'D,»-x 'Pi» 
3 5140.68 19447.28 b 'R,»-x 'Rl){ 

8 5140.578 19447.66 b 'F,){-u 'Fi» 6 0.19 0.47 0. 94 0.85 1. 04 
3e 5137.398 19459.70 b"F'J.i-v"F4J.i 
2e 5135.47 19467. 01 a 'O,»-x ' Ol){ 

40, IV'/ 5134.752 19469.73 {Q 'D,»-2 'Do){ 4 1.16 0.58 1. 27 1. 85 3.01 
b 'F.»-II 'F!» 

7 5133.338 19475. 09 a 'PH~-Z 2DiJ.i 4 .. 0.70 (1. 72) 1. 31 

1 5129.74 19488.75 a 'F,»-w 'D,» 
2 5128.278 19494.31 a 'F,»-v IFll{ 
9 5127.662 19496.65 a 'Po»-V 'Dl» 5 .. 0.89 (0.64) 0.81 
4c 5124.694 19507.94 a 4DoJ.i-z 2PiJi 

12 5121. 801 19518.96 b 'F.){-w 'Ol){ 6 0. 18 1.08± 1.11 1. 06 

20, V? 5120.298 19524.69 a 'D,»-2 'Fl» 4 0.23 .. 0.82 1.63 1. 40 
3 5118.065 19533.21 a 4G2}<J-W .Fi~ 
5 5116.741 19538.26 a 'D,»-y 'Dl~ 
6e 5110.910 19560.55 a 4G5~-X 405).2 7b,6 0 1. 26 (1. 27) 1. 25 
4e 5102.38 19593.25 a 4Q,s}i-V 4F4H 5 w l. 37h 1. 27 (1. 22) 

30, IV 5100. 162 19601. 78 a 'D,){-z 'Dl~ 6 0.08 0.19 1.60 1. 64 1. 56 
3 5098.87 19606.74 a 'O,»-y 'Gll{ 
5c 5097.77 19610. 97 a 'D,»-2 'Di» 
2 5096.57 19615.59 a 4G4 7S-v 4F3~ 
7c 5095.535 19619.57 b 'F,»-u 'Fi){ 
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TABLE 4.-First spectrum of columbium (Cb I)-Continued 

Wave Strong- Strong-IntensIty No_ Term oombi- Zeeman Separa-
Arc XairA vac. nation type tiOll est est 01 U, 

em-I p n 

--- - --- - - - - --- - - - ---
I 2 3 4 5 6 7 7 8 10 

---- --- ----- - -----
SOc, IV? 5095.298 19620.48 a 'D'H-Z 'DlH 6 0.11 1.58 1. 59 1. 57 
3 5095.14 19621. 09 a 2Fui'-'lt (F'4r.i 
9c 5094.41 19623.90 a'DoH-z 6DoJol 
9c 5088.82 19645.46 b .Fu,~-w 2Fz~ 5 0.58 0.25 1. 86 0.41 0.99 
3h 5086.83 19653.14 a 'H'H-Z 'IlH 

2 5085.00 19660.22 a 4.0~~-z 4H!1' 
3 5084. 85 19660. SO 6 'PI),-V 'D;Jol 
2 5082.31 19670.62 a 4 03~-V .F2~ 
3 5079.314 19682.23 a 2F2n-W 2DtH 

150, IV 5078.959 19683.60 a 6D,Jol-z 6D,Jol 7b 0 1. 55 (1. 55) 1. 55 

7c 5077. 391 19689.68 a 'O'Jol-V 'FiJol 4 0.64 (0.74) 0. 81 
5c 5075.97 19695.19 a (Fi.J.'~-z 4D2}i 
3e 5072.56 19708.43 a 20 3~-Z 2F3}oi 

4e 5071. 66 19711. 93 {a'D3"-x'DI,, 
a 6S2J,i:-X (G2~ 

20, IV? 5065.256 19736.85 a 6D3~-Z 6Fhi 4 10 0.95+ (1. 58) 1. 44 

3e 5064.45 19739.99 a 'DI"-Y 'P!;; 
lc 5060.99 19753.49 6 'F.,,-v 'Fl" 

10 5059.353 19759.88 b 4F2!1'-'lL 4FiH 5 -- l.SO- (0.85) 1. 12 
40, IV? 5057.999 19765.17 a 'DoJol-z 'DiJol 4 0.82 0.90 3. 34 1.71 
2e 5055. 62 19774.47 a 'D,,,- Z 'H!Jol 

8 5054.671 19778.18 {b 'FUi'-W4F.}i 6 0.15 1. 23± 1. 21 1. 25 
b 'H,Jol-Y 'H!" 

2 5049.91 19796.83 a 4Gn,-w 2F2}i 
12e 5047. 956 19S04.49 6 'p,,,-x 'p,Jol 76 0 1. 56 (1. 56) 1. 56 
3 5046.756 19809.20 6 'F,,,-1O 'Ol" 
5 5043.985 19820.08 b 'F3"-1O 'a,,, 
Ih 5043.47 19822. 11 a 'D,Jol-z 'Sl" 
3c 5043.030 19823.84 

40, IV 5039.032 19839.56 a 'DI"-z 6DlJol 4 0.298 0.149 1. 123 1.868 1. 570 
lc 5037.89 19844.06 a 4DI}i'-x (D2}i; 
6c 5035.99 19851. 55 b 'FlJol-U 'FlJol 

5e 5031. 884 19867.75 a '03~-X 'O' Jol 

7 5030.130 19874.67 {" 'F,,,-1O 'Dl" 4 -- 1. 05 1.14 (1. 21) 
b 'D3Jol-V 'Q,,, 

3 5029. 67 19876.49 a 'O'Jol-1O 'j<-;Jol 
2 5028. 65 19880.52 a 'O,,,-x 'D,Jol 

20, V 5026.362 19889.57 a 'O,,,-u 'FiJol 4 -- 0.72 (0.74) 0.77 

8e 5019.512 19916.72 6 'FH,-V 'F!" 6 -- 1.16 (1. 12) 1. 20 
40, IV? 5017.743 19923.74 a 'D,,,- Z 'D!Jol 4 w 1. 32 (1. 65) 1.55 

3e 5017.363 19925.25 a 'F,,,- z 'DlJol 
9c 5013.275 19941. 4P b 4F:H'~-W (F~~ 5 -- 1. 40 - (1.12) 1. 22 

4 5011.750 19947_ 56 {a'DI"-V'Pl" 
6'0.,,-3 'Fl" 

6 5008.039 19962.34 6 'F,,,-v IFl" 6 . 0 0.84 (0.85) 0. 83 
12 5002.247 19985.46 a 2H47i-W 2F37i 
2Oe, V 5000.958 19990_ 61 b 'j<-,,,-u 'F,,, 6 0 1. 24 1. 23 (1. 25) 

4 5000.712 19991. 59 a 6D2~-Z 4Di}i" 
15, V 4997.8SO 20002.92 a "GsH-u 4F2Ji 5 0 1.12 (1. 08) 1. 05 

12 4994.303 20017.25 1. 55-
1 4993.83 20019. 14 a 'O.,,-z 'll" 
3 4993.232 2OO2l. 51 {6 'F',Jol-W 'D!}i 

a'D,,,-z 'B,,, 
6e 4992.466 20024.61 a 4a.f.~-Z 4ls~ 

40, IV 4988.972 20038.64 a 'D.,,-z 'D,,, 4 0 1. 45 (1. 58) 1. 53 

1 4985.18 20053.88 a2H4H-z4n~ 
1 4976.75 20087.85 6 'Po,,-v 'Di" 

10e 4975.135 20094.37 a 'O,,,-u 'F!" 5 w 1. 56- 1. 21 (1. 11) 
15, V 4973.138 20102.44 a 'H,,,-v 'F,Jol 4 -- 1.20' 1. 227 (1. 22) 
10e 4971.917 20107.37 a 'DoJol-z 'Do" 

30e, IV 4967.777 20124. 13 a 4QsH-u .f.F4H 
25c, V 4965.375 20133.86 a 'B3Jol-X 'Ol" 5 0 0.81 (0.69) 0.64 

7 4963.189 20142. 73 a 8D3H-Z fD2H 
5h 4962.950 20143.70 a '00,-10 '01" 
Be 4957.393 20166.28 a'D -x'D' 
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TABLE 4.-First spectrum of columbium (Cb I) - Continued 

Wave 

1 
Strong. Strong. Intensity No. Term combi· Zeeman Separa· 

Arc A air A vac. nation type tion est es t 01 VI 
cm-1 P n 

- - - - --------------- -- ------------
I 2 3 4 5 6 7 7 8 10 

----------------------------------
3c 4956. 60 20169.51 a2H5~-z 4n~ 
7 4953. 124 20183.66 a 'Dus-y 'Dr;; 6 O.88w (0.95) 0.81 
1 4951. 54 20190.12 a 20 4H-Z 4H1H 

12c 4945.432 20215.05 e'G.;;-x 'G,;; 5 0 1. 34 (1. 23) 1. 26 
b'D,;;-v ID,;; 

2h 4941.905 20229.48 a 'D,;;-z 'Di;; 

9 4941. 513 20231. 09 a 'H,;;-w 'F;;; 
Ih 4937.45 20247. 73 a 4a4~-l) 4F4~ 
2 4933.20 20265.18 a 'D,;;-y 'G,;; 
2 4932.140 20269.53 b 'Ga;s-v 'G,;; 
4 4929.556 20280.16 a 'H,;;- z 'Il)i 

15, IV? 4928. 969 20282.57 b 'F,)!-w 'G,;; 5 0 1. 32 (1.22) 1.25 
6e 4924. 862 20299.49 a 'H')i-w 'm;; 
1 4921. 07 20315.13 a 'G,;;-u 'F!;; 
3h 4920.75 2031G.45 a 'D,;;-y 'G,;; 

15c 4916.392 20334.46 

7 4915.842 20336. 74 a 'D,;;-y 'D;;; 
30, IV 4910.948 20357. 00 a 2F3~-tJ 4D2~ t w 1.10+ 
7c 4908. 716 20366.26 b 'F,;;-v 'F;;; 
3 4908.331 20367. 85 b 'G.;;-t 'Fl" 

25, IV 4904. (;34 20383.62 a 'Do;;-z 'Di;; 4 1. 03 0.24 (3.32) 1. 27 

Ih 4903.02 20389.92 {ft 2~1J.i-V 4, FiJi 
b 'H,;;-x 'Hl;; 

2O,III 4900.786 20399.21 a 2H4J.i-W 4G3~ 4 w 0.51+ (0.93) 1. 05 
4 4898.491 20408.77 a 'G,;;-w 'D!;; 
2 4897.51 20412.86 b 2G,;;-w 'Hl;; . 

10e 4895.574 20420.93 {a 'P,;;-y 'D;;; 
a 2H6}i-W 4Fh, 

12c 4892.50 20433.76 {a 'G,;;-u 'F;;; 
a 'G,;;-y 'G,;; 

25, IV 4890.739 20441. 12 a 'H,;;-x 'Gi;; 4 0 0.96 (0.98) 0.99 
3 4889.809 20445.00 
7e 4889.551 20446.08 a 'D,;;-z 'D;;; w 1. 20' 
5 4885.765 20461. 93 a 'D,;;-z 'D;;; 

2 4881. 68 20479.05 a 'D';;-l1 'F;;; 
8e 4880. 714 20483. 10 a 402~-W 'GiH 
1 4879.20 20489. 46 a 2Pu.-s:-V 4F2~ 
5 4878.496 20192.41 b 'p,;;-x 'P;;; 
5 4872. 505 20517.61 {a'G.;;-V'F;;; 

a'G.;;-z 'H,;; 

20, V 4868.99 20.532.42 {z'G6;;-e 'F,;; 
a'G,;;-y'G,;;? 

12c 4866.842 20541.49 {b 'P,;;-v 'Dr;; w 1. 00+' 
a'G,;;-v'F;;; 

2 4860.994 20566.20 a 'G,;;-w 'Fl;; 
Ih 4857.31 20581. 79 a 'P';;-l1 'Po;; 
1 4853.89 20596.30 b 'P,;;-y 'So;; 

6 4852.273 20603.16 
7c 4851. 881 20604.83 e'G';;-X'Dil> 

b'G.;;-u 'Gl;; 
2 4849.35 20615.58 a 2PIJ.i-W 2F2~ 

1OOc, V 4848.359 20619.79 a 'D,;;-y 'm" 4 w 0. 77+ (1. 42) 1.28 
3h ~847. 39 20623.91 b 'Po;;-y 'Pi;; 

2 4845.46 20632.13 a 'PI;;-y 'Fi;; 
20, V ~845. 170 20633.36 a IH,;;-u 'F;;; 4 w 0.45+ 1.10 (1. 25) 
20c 4842.139 20646.28 a 'G,;;-w 'D!;; 4 w 0.94 1. 25 (1. 34) 
1 ~840. 39 20653.74 a 2FaH-V 4D3)i 
1 4840.28 20654.21 a 'D,;;-p 'G;;; 

20e, V ~837. 98 206!l4.03 a 4DsJ,i-X 4Ft}) 
15 ~837. 615 20665.59 {Z'Gi;;-e 'FHS 

a4Ga~-w 4GfJ.i 
40, III? 4833.362 20683.77 a 'D,;;-z 'Dl" 4 0.46 0.23 0. 72 1. 86 1. 40 
3 4832.2l 20688.70 183,;;-w'HlH 
2 4830. 69 20695.21 a 'PI;;-W 'FiJS 
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TABLE 4.-First spectrum of columbium (Cb I)-Continued 

Wave Strong' Strong· Intensity No. Termcombi- Zeeman Separa· 
Arc X .irA vac. nation type tion est est UI U' 

cm-1 p n 

----- -----------------
I 2 3 4 6 6 7 8 9 10 

------------------------------------
30, V 4829.302 20701.16 Z 'OlJi-t 'F,u 10 0.89+ 1.211 (1. 40) 

1 4826.97 20711.16 b 'H'u-t 'Flu 
1 4826.50 20713.18 b'D.u-u'Dlu 
6e 4824.954 20719.81 a 'F,u-w 'Olii 
3 4821.11 20736.33 a .D2~-.x ·FI~ 

1 4820.07 20740.81 b 'D,U-U 'Diu 
SOc, IV 4816.375 20756.72 {a'H.u-x 'Olu 4 0 1.10 (1.12) 1.12 

a'Hm-.:t 'O!U 
2 ~814. 9S 20762.73 a 'P,U-~ 'Fiu 
2 4812. 12 20775.07 b 'H.u-~ ' !lu 

12e 4811. 287 20778.67 a ·O.u-u 'Fbi 6 0 1.23 1.21 (1. 25) 

100e, V 4810.684 207S1. 70 a fDsu-x 4F;H 
30, V 4809.357 20787.01 a .03U-W 4Fhi 
4 4809.12 207SS.03 a 'D'H-V 'Flu 
4e 4809.03 207SS.42 a 'O,u-V 'Olu 

10 4807.052 20796. 98 a 'Hm-v 'Flu 

3 4805.61 20803.22 
9 4802.442 20816.94 a 'D.U-z 'Diu! 2.56 1.44+ 
2 4798.818 20832.66 a 'O'H-X 'Flu 
5e 4793.07 20857.64 a 'HoH-Z 'llH 

r,p'H-Y 'Diu 
9 4790.902 20867.08 a'03u-w 'Diu 

b'D'U-u'Dlu 

6d ~790. 68 20868.48 a 'Fm- z 'O!U 
3 4787.73 20SS0.91 a 'Om-' 'FiH 
1 4787.56 20881. 65 a 'PoH-Y 'DOH 
7 4785.697 2OSS9.78 b 'F'H-< 'DIH 
6e 4784.30 20895. SS b '03H- r 'FIH 5 0 0.91 0.89 (O.SS) 

4 4782.948 20901. 78 a'Hm-w 'Dlu 
1 4782. 44 20904.00 {b'D'H-W'SiH 

a 'S'H-W 'DIH 
5e 4780.98 20910.38 b 'DOH-W '81H 
1 4780.07 20914.37 a 'F'H-lO 'OIH 
6e 4777.62 20925.09 a 'H'H-W ' Olu ! 10 1.46-

2 4776.224 20931. 21 a 'P'H-Z 'OIH 
2 4776.07 20931. SS {" 'POH-V 'FIH 

b'D'H-W'SiH 
20e 4773.24 20944.29 a 'D'H-X 'Flu 

5e 4772.79 20946.27 b 'O'H-U 'OiH 
1 4772.20 20948.86 a 'O'H-Y 'Dill 

7 4771. 852 20950.38 a 'O'H-X 'FIH 
5 4767.07 20971.40 a 'P'H-V 'DiH 

30e, V 4766.80 20072.59 {Z'OIH-t 'F"i 4 0 0.08 1.13 (LSI) L 
b'H'H-w'Hlu 5 0 1.12 0.119 (0.93) 

6 4766.53 20973.78 z IIG,~-t BFIJ,i 
2c 4768.12 21010.85 a 'H'H-W 'Flu 

4 4756. 638 21017. 84 a 'P'H-X 'Diu 
lOe 4755.318 21023.23 b 'F'H-' 'Diu 
6 4754. 957 21024.82 b'F'H-"DiH 
3d 4753.48 21031. 36 
1 4752.86 21034.10 a 2H.~-u 'Fbi 
5h 4752.10 21037.46 b 'H'H-X 'Hlu 

20 4751. 44 21040.39 z 'OIH-e 'FlU 
5 4750.74 21043. 49 a 'H'H-W 'FIH 

2OOe, V 4749.706 21048.07 a 4HIJi-X .Oiu 4 10 l.14w 1.21 (1. 24) 
3e 4748.84 21051. g) b'D'H-U'Dhi 

311 4748.04 21055. 45 
lie 4746.987 21050.12 a 'F.u-t ' Olu 

lOe 4745.020 21068.86 {a 'P'H-' 'DiH 
a'OJ}i-w tDi", 

30, V 4744. 622 21070. 62 {a'O'H-w'Olu 5 0 1. 41 (1.23) 1.26 a'D,u-y'Dlu 
16, V 4743.83\1 21074.10 a 'D,u-x 'Fill I 
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TABLE 4.-First spectrum of columbium (Cb I)-Continued 

Wave Strong· Strong-Intensity No. Term comb!- Zeeman Separs-
Arc ).. air A vac. nation type tion est est VI V' 

cm-1 p n 

- -------------------
1 2 3 4 5 6 7 8 9 10 

--------------------------------------
4e 4742.43 21080.36 

I 
3 4742.072 21081. 95 a4H3~-x 4G~~ 

15e 4740.61 21088.45 a 'PI}>-Y 'D;}> 4 0 1.50 (1. 72) 1. 63 
2 4740.426 21089.27 b 4Foi-W 20;~ 

20e 4736. 49 21106.80 b 'H,}>-y 'Ii}> 5 w 1. 55- 1. 01 (1. 09) 

10 4735.339 21111.93 a'H,}>-z'Il}> 
6Oe, V 4733.885 21118.41 a 'D')i-x 'Fl)i 4 0. 17 0.09 0. 77+ 1. 37 1.20 
30e, V 4733.483 21120.20 a 'D')i- z 'D!}> 
20 4730.312 21134.36 a4HIi~-z4U~ 6 0. 79- -- (1. 12) 0.98 
lOe 4727.320 21147.74 a'H')i-z'U}> 

4d 4726.77 21150.20 
2 4724.48 21160.45 a 'a')i-X 'Fl}> 

15e 4723.795 211fJ3.52 z 6Gbi-e 6F4J.i 
3 4723. 146 21166.43 0 0.96 
2 4720.10 21180.08 b 'F')i-O 'D;}> 

8 4718. 024 21189.40 
20 4715.819 21199.31 z 6GiJ.{-e 6Fo~ 4 0.34 0.34h 0.00 -0.68 
80, V 4713.495 21209. 76 a 4FHi-Z fFj}i 5 w 1. 635 (1. 330) 1. 243 
ge 4713.038 '21211. 82 a 'Do)i-Y 'Dl}> 
6d 4711.872 21217.07 {a4H3Ji-U4F27S: 

a2H.,., - w'OiH 

150, IV? 4708.284 21233.24 a 4H3~- z 4I;~ 5 0.146 0.216 1. 273 (0.690) 0.836 
5d 4707.103 21238.57 b 'Po)i-X 'P l}> 

~ . 

100e, V 4706.132 21242.95 0 1. 082 
4 4705. 09 21247.65 a 'D,}>-x 'al)i 
4 4703.92 21252.94 a 403~-W 2D2~ 

5 4702.02 21261. 53 b 'a3)i-t 'Dl)i 
4 4697. 752 21280.84 b 'P')i-U 'Dhs 

30, V 4697.468 21282. 13 a 4Dns-x .F~~ 4 0.19 0.09 0.72+ 1.20 1. 01 
2 4695.93 21289.10 a'H,;s-w'Fl;s 

2Oe, V 4695. 46 21291. 23 a 4H3~-X 'Ohf 5 0. 40 (0.690) I. 09 

15c, V 4694.50 21295.58 z 'al;s-e 'F,}> 
3 4692.255 21305.77 183,;s-t 'Gl}> 0 0.96 

10 4689.162 21319.82 
5e 4688.83 21321. 33 
4 4688.49 21322.88 

3 4687.790 21326.06 a 'H,}>-w 'ai}> 
1h 4687.19 21328.79 a 'a.;s-y 'G'H 
9 4685.925 21334.55 {z '0 lH-e 'F3)i 

a'a3H-X 'FlH 
9 4685.518 21336.41 a 'PI)~-V 'F,}> 

100, V? 4685.133 21338. 16 a 'H'H-Z 'nH 7b,5 0 0.986 (0.984) 0.984 

1 4683.68 21344.78 b 'a'H-u'G'H 
7 4682.984 21347.95 a 2F2J.{-V 2Di~ 

JOe 4682.664 21349.'41 z 'ai;s-e 'FlH 
2 4681. 997 21352.45 
3 4681. 66 21353.99 

1 4681. 53 21354.58 
4e 4680. 890 21357.50 a 4H&}1-V 4 F4~ 

22d, V 4678.48 21368. 50 a 'Do;s - x 'F;}> 5 0.38 0.19 0.62 0. 05 0.43 
150, V? 4675.371 21382.7J a 4F3}1-Z 4G;~ 4 w 0.91 (1.24) 1.17 

12e 4673.589 21390.86 b 'a';s-t 'Gl}> 

2OOe, V? 4672.097 21397.69 a "F4J.{-Z 4GXJ.i 4 w 0.96 (I. 33) 1. 26 

3c 4670.87 21403. 32 {a4G5~-Z 2H4~ 
b 'H,}>-r 'Fl;s 

10 4669.868 21407.91 a 4HOS-U 4FjJ.i 
2e 4669.32 21410.42 a .4H3}1-W 4F3J.i 
3e 4668.966 21412.04 

6 4668.232 21415.41 a 'PI;S-X 'D;}> 
5O,V 4667.224 21420.03 {a 4F3H-Z ·PZJ.i 5 0.179 0.093 1. 673 (1. 235) 1. 056 

a4F2}i-Z 4Fi}i 
6e 4666.630 21422.76 b 'H'H-V 'nH 

100, IV? 4666.251 21424.50 a 4H H,-z 4n~ 4 w 0.92 (1.12) 1.09 
10 4.665.333 21428.72 b'FI -v 4Di 
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T AB1.E 4.-First spectrum of columbium CCb I)-Continued 

Wave Strong- Strong-
Inten sity No. Term combi- Zeeman Separa-

Arc A air A Vac. nation type tion est est UI U' 
cm-1 

p n 

--- - - - ------------
I 2 3 4 5 6 7 7 8 10 

---- ------------- ---
5 4664.366 21433.16 b 4F3~-Z IHhs 
4 4663.97 21434.98 {b 'D3~-V 'H;~ 

b 'P,~-" 'D!~ 
100, IV? 4663.831 21435.62 a 4F2J.i-Z 4G3~ 4 0.862 (1. 029) 0.981 

4e 4662.89 21139.94 
5h 4660.98 21448.73 a 2F2~-V 40h, 

3h 4660.70 21450.02 a 'D,~-x 'Fl~ 
12 4658.186 21461. 59 a .P2}i-X eD3~ 
1 4655.953 21471.89 b ,p,~-w 'Sl~ 
1 4654.89 21476.79 b 'F,~-v 'D!~ 
3 4652.08 21489.77 

2 4649. 622 21501.12 a 'H.~-z 'I!~. 
40, V 4649.255 21502.82 

100, IV? 4648. 949 21504. 24 a 4FI~-Z 40;~ 5 0.175 0.087 0.841 0.403 0. 578 
20e 4646.952 21513.48 183,~-v 'HI~ w 0.79+ 
4e 4645.84 21518.63 

5e 4643.86 21 527.80 a 'D3~-Y 'F!~? 
lOe 4643.682 21528.63 a 'H,~-x 'Gl~ 
10 4643.315 21530.33 a 'F.~-z 'Pi~ 
3 4642.46 21534.29 
5 4640.248 21544.56 b 'H.~-w 'Hl}l 

4 4638.17 21554.21 a 'PO}l-X 'Do}l 6 d? 2.54± (2.65) 2.43 

10 4638.105 21554.51 {a4H~J.1-W40;~ 
a 'S,~-v 'Fl}l 

5e 4633.80 21574.54 
1 4632.25 21581. 76 a 'PO}l-V 'Fl}l 
3 4631. 976 21583.03 

3h 4630.30 21590.85 
100, IV? 4630. 115 21591. 71 a 'H'}l-z 'Ii~ 4 w 0.994 1. 22 1.19 

7d 4627.477 21604.02 
1 4625.335 21614.02 b 'FI~-V 'Po~ 
4e 4624.576 21617. 57 a 2DIJ.1-X 4G 2J.i 

6 4622.338 21628.04 w 1.12± 
2 4620.02 21638.89 a 'P I)!-Y 'Dl~ 
3 4619.42 21641. 70 a 2Fus-v 40l~ 

5O,V 4616.162 21656.97 a 4Fui-Z ·Fi~ 5 0.607 0.301 1. 941 1. 030 0.416 
5e 4614.740 21663.64 a 'F37i-U 2F3~ 

4 4612.465 21674.33 
8 4612.108 21676. 01 a 4H5}1-W .Fhi 
2 4612.02 21676. 42 183.~-8 'F'li 
7e 4610.698 21682.64 a 'H' li-V 'FI{! 
4 4610.106 21685.43 a .PH-S-X GD2J.i 

ge 4608. 567 21692.66 b 'F,}!-z 'HIH 
1 4607. 28 21698,72 a 4G2,.,-V 4DiJ.i 

2OO,HI 4606.760 21701.17 a 4FHS-Z .F4~ 7b,6 n 1.334 (1. 332) 1.336 
4 4605.649 21706. 41 
5e 4603.797 21715.14 a 'POli-X 'Dlli 

7 4602.864 21719.54 a 4P0}1-114DoJ.1 
2 4602.48 21721. 35 b 'F.~-x 'P!~ 

30, V 4600.22 21732.02 a 2H5~-W zG1J.1 7b 0 1.10- (1.10) 1.10 
10e 4599.475 21735.54 a 'DI}!-Y 'Sl}l 
4 4592.42 21768.93 a 'PI}!-W 'Dlli 

6e 4584.849 21804.88 b 'PI}!-u'Dl}l 
7e 4583.49 21811. 34 a 'G,}!-v 'D!}! 
4 4583.132 21813.05 

2O,V 4582.283 21817.09 a 'p,}!-y 'Ph. 4 -- I. 521 (1. 596) 1.646 
100, V 4581. 623 21820.23 a 'H.}! - z 'I6}! 4 w 1.03 (1.10) 1.08 

12 4575. 372 21850.04 a 'D,}!-w 'F'}l 
25c, V 4574.848 21852.54 aGDI}i-z·Pou 4 0.298 -- (1.863) 2.459 

2 4574.572 21853. 86 a 'G,}! -V 'D;}! 
7 4574.338 21854.98 a 4HUS-v 2F;~ 

2OOe, III 4573.077 21861. 01 a 'F'}l-z 'F!~ 7b,6 0 1.23 (1.23) 1.23 
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TABLE 4.-First spectrum of columbium (Cb I)-Continued 

Wave Strong. Strong· 
Intensity No. Term combi. Zeeman Separa· 

Arc ). .irA vac. nation type tion est est VI O. 

cm-1 p n 

-----------------
I 2 3 4 5 6 7 8 9 10 

--------------
6 4570. 960 21871. 13 b IF'l{"':o lOll{ 6 0.09 0.32 _. (1.12) 1.03 
4 4569.49 21878.17 
6c 4569.15 21879.80 a IHIl{-w 'Fll{ 
2h 4567.34 21888.47 a'H'l{-u'Fll{ 
4 4567. 11 21889.57 {a'O'l{-V'Fili 

aIP'l{-y'Oili 

6O,V 4564.530 21901. 94 a 'HIl{-z '11/1 7b,5 0 0.96 0.93 (0.94) 
6c 4564.205 21903.50 a IH'li-W 10 'l{ 
2 4562.33 21912. 50 a 'H'li-Z 'Hll{ 
4c 4561. 47 21916.63 
5 4559. 429 21926.44 . 

{aIPOli-Y IDYl{ 4 0 0.67? (2.65) 1.27 
15 4556. 854 21938.83 aIF'li-z'DYl{ 
3 4555.556 21945.08 

30, V 4553.839 21953.36 a 4PU-S-Z 2PT~ 5 W 1. 79 (1. 60) 1.47 
5 4551. 909 21962.67 b IF'l{-o lOll{ 
3 4551. 52 21964.54 a 'FIl{-Y 'Fll{ 

4d 4551. 03 21966.91 b 'Oll{-O 'Hll{ 
3 4550. M 21968.74 b IPlli-UID!l{ 
8 4547.847 21982.28 {a'D'li-V'FIl{ 

a 'F'li-O 'Dil{ 
120, III 4546.820 21987.25 a IF'l{- z IF;l{ 6 0.101 1.046 (1.029) 1.062 

4 4543. 72 22002.25 r 

12c 4542.797 22006.72 a IIDo~-z 4pa).t 6 0.68' 2.90 (3.32) 2.48 
rIFIl{-Olo;l{ 

4 4541. 863 22011. 24 aIDlli-y'F!l{ 
a'D'l{-w IDYli 

4c 4540.10 22019.79 
DC 4537.59 22031. 97 a 10,~-V ID!l{ 
2 4537.33 22033.24 b 'F.~-u %Fbi 

3d 4533.92 22049.81 
3c 4532.47 22056.86 
1 4530.43 22066.79 a 'Hlli-O IDIl{ 
6 4529.415 22071. 74 a 'PIl{-W 'Dll{ 4? 0 1.20 1.22 (1. 21) 
2 4529. 250 22072. 54 b ID'l{-t IFil{ 

2O,V 4524.127 22097.54 a IF'l{-z 'Pll{ 
5 4523.727 22099.48 a IFIl{-z 'Pal{ 

200,111 4523.409 22101. 04 a IFIl{-Z IFili 6 0 0.409 (0.402) 0.416 
6 4522.545 22105.26 
5 4520.836 22113.62 a 'P'l{-xID1)i 

2 4519.02 22122.51 a 'POl{-W 'Di~ 
5 4516. 914 22132.82 a 'HI)i-w'Oll{t Oh l.29h 
3c 4513.44 22149.86 183'l{-t 10!li 
2c 4512.65 22153.74 b 'HIl{-u 'OIl{ 
7 4512.130 22156.29 a 'Olli-X 'Gil{ 

30c, V 4511. 084 22161. 42 {b'H'li-t 'OIl{ 4 w 1.10d' (1.04) 1.06 
b IF'l{-v IGI~ 

15, V 4508.409 22174.58 b 'F3l{-O 'Olli 4 0 0.939 (1.120) 1.080 
1 4507.24 22180.32 a 'H'li-W 'Gil{ 

10 4503.416 22199.16 b 'F'l{-Y 'Hili 
50,111 4503.040 22201. 01 a IPIl{-Y 'Poli 4 0.744 0.372 1. 339 1.711 2.455 

2c 4500.50 22213.54 a4H3~-u·F~J.{ 
2O,V 4499.805 22216.97 a 'Hlli-W 'GIl{ 7b,5? 0 0.94 (0.93) 0.92 
5 4497.25 22229.59 a 'O'li-X 'GIl{ 

10 4494.545 22242.97 a tP2U-Z 4SiJ,i 
4 4491. 041 22260.34 

2 4490.35 22263.75 a 'D'l{-w 'GIl{ . 
2 4489.33 22268.81 a 'Dlli-V 'Fil{ 
3d 4484.80 22291. 30 b IPOli-U'Dol{ 
4 4482. 877 22300.87 a 'O'l{-W 'Glli 
8 4481.445 22307.99 a 2D2J.i-W 'Dj~ 6 0.11 0.27- l.27w 1. 21 1.~3 

4 4480. 362 22313.39 a 2H.~- z JHfJi 
3c 4478.118 22324.57 
3 4477.585 22327. 22 a 'D'l{- Z 'Olli 
4c 4470.498 22332.64 a 'O'li-V 'Hlli 
4 ~475. 95 22335.38 a'H'l{-z'Hlli 
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TABLE 4.--First spectnlm of columbium (Cb I)--Continued 

Wave Strong. S trong· 
Intensity No. Term combi· Zeeman Separa· 

Arc "'''irA vac. nation type tion est est UI g, 

cm-1 
p n 

----- ----------- ----
1 2 3 4 5 6 7 8 9 10 

---- -------- -------- ----- ----- -------- ---- ----
6 4475.278 22338.73 0 1.03 
2 4472.874 22350.74 b 'FHS-Y'HI~ 

40e, IV 4472.536 22352. 43 a 'F3}S-Z 4F4~ 5 W 1.56- (1. 24) 1. 31 
50e, V 4471. 292 22358.65 a 'G,;.;-x 'FI~ 4 W 0.76 (1. 10) 1.20 
40e, IV 4469.714 22366.54 b 'FI~-v 'Ol~ 5 0.228 0.114 .- (0.402) 0.630 

10 4469.322 22368.50 {a 'PI~-X 'Do~ 
a'D'H-v'FIH 

1 4468.54 22372. 42 a 'S,~-v 'DiH 
5 4466.421 22383.03 a 'F,~-z 'Di~ 
2 4166.198 22384.15 a 4H43-i-W 'G6~ r 
7 4465.926 22385.51 a 2D2>i-X 2DiJi 

4 4465.232 22388.99 a 'F3H- Z 'P;H 

20, IV 4464.151 22394.41 {a'F'~-II'FI~ 6 0.09 0.39 1.35± 1.31 1.40 
a 'H4}i-V 2Ht~ 

1 4461. 49 22407.77 b 'F,~-u 'FIH 
2Oe, V 4460.423 22413.13 a 'F3H-U 'D!H 5 0 1. 09 (1.13) 1.16 
15e, V . 4460.203 22414.23 

2 4459.671 22416.91 a 'D'H-V 'FIH 
15, V 4458.117 22424.72 a 'F'H-U 'DiH 
50, IV? 4457.424 22428.21 a 4F2J.i-Z 'Fa"" 5 0 1. 776 (1. 029) 1. 242 
30, IV 4456.800 22431. 35 a 4Fn-s-z 'FiJi 5 0.718 0.363 .- (0.402) 1.120 
4e 4456.331 22433.71 b 'G'H-q 'FIH 

3e 4454.68 22442.02 a 'D'H- X 'GIH 
6 4448.769 22471. 84 a 'G'H-x 'GIH 
2 4448.06 22475.42 

100, IV 4447.184 22479.85 a 'P'H-lI'P;H 7b,6 0 1. 597 1.596 1. 598 
4 4446.232 22484.60 a 'P'H-1I 'PiH 

12, V 4446.181 22484.92 b 'F'H-V 'G!~ 

15e 4445.843 22486.63 {a 'D'H- ' 'GlJi 
b 'F'H-U 'FI~ 

1 4444.26 22494.64 a 2Do.,-w 2F2H 
2 4443.80 22496.97 a 'POH-X 'Di~ 
2 4443.302 22499.49 a 'P'H-Z 'F;~ 

1 4443.05 22500.77 a 'POH-1I 'PoH 
We, V 4441. 802 22507.09 a 'D3H-X 'GIH 
3e 4441. 61 22508.06 b 'G3H-t 'G!~ 
5 4440.435 22514.02 b 'F3H-Y 'HIH 

Ie 4439.38 22519.37 {b 'FlJi-1I2So~ 
b 'G'H-s 'GIH 

7e 4437.918 22526.79 b lli'H-V 'H'H 
l00e, V 4437. 218 22530.34 0 1.04 

5 4436.712 22532.91 a 'F3H-V 'GIH 
3 4135.919 22536.94 
3 4434.997 22541. 62 a 'F,~-z 'P;~ 

1 4433.895 22547.22 
3e 4433.496 22549.25 b 'D3H-t 'F,~ 
2c 4432.912 22552.23 b 'H'H-U 'G'H 
1 4430.029 22566.90 a 'G3H-x 'P!H 

2Oe, V 4429.446 22569.87 a 'P27i-Z 2FaJ.i 4 0.48 0.23 1.60 1. 12 

2 4428.576 22574.30 a 'D'H-W 'FiJi 
1 4427.866 22577. 92 a 4F2}i-1I 6Fi}i 

2O,V 4426.690 22583.92 a 'P'H-X 'D;~ 6 0.117 0.293 1. 726- (1. 596) 1. 479 
6e 4423.868 22598.33 b 'H'H-t 'Gl~ 
2 4421. 305 22611.43 a 'F'H-U'DiH 

30e, V 4420.637 22614.84 a 'D'H-Z 'Pi~ 
10, V 4420. 455 22615.78 a 'F3H-Y 'FlH 
10, V 4419.839 22618.91 a 4F3J,i-Z 2D2J.i 
40, IV 4419.448 22620.93 a "Pn-s-z 2PiH 6 0.26 0.39 1. 59 1.72 1. 46 
4 4418.166 22627.49 

6 4416.406 22636.51 a 4G2J.i-V 'Obi 
2 4415.080 22643.31 a 'F'H-V 'Gl~ 

8e 4414.879 22644.34 {a 4D2J.i-X 2F3~ 
a'G'H-v'FiH 

2 4413. 000 22653.98 a 2HIiH-V 4G;~ 
5 4412.184 22658.17 a 'G3H-x 'GIH 
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TABLE 4.- First spectrum of columbium (Cb r)--Continued 

Wave Strong' Stron g-
Intensity No. Termcombi- Zeeman Separa· 

Arc ). aitA vac. nation type tion est est O. O. 

cm-1 
p n 

-------- ----------
I 2 3 4 5 6 7 8 9 10 

------------- -------- ---
15, V 4411.526 22661. 55 a 'D,» -v 'F;){ 5 0 1.11 (1. 21) 1.16 

2 4410.882 22664. 86 {a'D,»-v'Fi){ 
a ' F,){- u 'D!){ 

50, IV 4410. 214 22668. 29 a 4PO~-X 'Do}i 6 2. 42 1. 21 1.42 2.63 0. 21 
tOe 4406.546 22687. 16 a 'p' ){-V 'P!){ 
1 4404.74 22696.46 a ~F27i- Z epi~ 

2 4403.925 22700.66 a zDUi-U 4 Fhs 
7e 4402.056 22710.30 

10 4400.832 22716.62 a 'G,»-v ' Gl){ 
10e 4400.368 22719. 01 b 'G,){-t 'Gl){ 
10 4397.036 22736.23 a 'H,){ - z 'H i){ 5 w 1.34- (0.93) 1.00 

1 4395. 61 22743. 60 b 'D.){-x 'PO){ 
3 4394.229 22750.75 a 'F.){-z 'pi){ 

30, V 4392.692 22758. 71 a 'G,){-w 'Fl){ 5 0 1.14 (1.10) 1. 08 
4e 4391. 59 22764.42 a 'D,){-v 'F!){ 
7 4391. 214 22766.37 a 'D,){-w 'Dl){ 

2 4389. 496 22775.28 a 'F,»-u 'D!){ 
30, V 4388.357 22781. 19 a 'PH~-X 'Di~ 6 0. 283 0.427 1. 590 1. 731 1. 448 
15 4387.743 22784.38 a 'PO){-'Y 'Ph, 4 1. 012 0.506 1.162 2. 680 1.668 
4 4386. 302 22791. 87 

15e 4384.870 22799. 31 a 'G,){-v 'GI){ 

1 4383.70 22805.39 b 'F,){-v 'D!){ 
ge 4382. 856 22809. 79 {a'F'){-V'F!){ 

a'D.){-w 'Di){ 
7 4382.496 22811. 66 b 'F.){-u 'F!){ 

10e 4381.114 22818.86 {a'F,){-v'Gl){ 
a2F3~-u'D37J 

4e 4380.664 22821. 20 a 'OH-S -U 2F j}i 

12 4379. 525 22827.13 a 2G4}~-Z 'I4~ 
We, V 4377. 958 22835. 30 a 'G,){-V 'Gl){ 5 0.264 0. 135 1. 659 0.734 0. 998 
5 4377.823 22836. 01 
4 4376.707 22841. 83 a 'H,){-V 'H!){ 
6 4375. 246 22849. 46 {a2D 2}i - W 2D i7S 

a'G,){-x 'Pi){ 

12e 4374.789 22851. 84 a 'D,){-z 'Fi){ 
15 4370. 361 22875.00 a 4FH·~-Y IIF6}i 
8 4369. 618 22878. 88 a 6D 3J,-S -Z 4F2}i 

50, IV? 4368.434 22885.09 a 'G.){-x ' GI){ 6ur 0. 079 1. 096 1.105 1. 087 
9 4361. 656 22920. 65 a 'Po»-z 'pi){ 4 1.198 0. 509 0.856 2.653 1. 455 

5e 4360. 504 22926.71 b 'G ,){-v 'Hl){ 
40e, V 4359.865 22930.07 a 4D2~- V ' F j}i' 7b,4 0 1. 330 (1. 360) 1. 347 
7 4356. 847 22945. 95 b 'F,){- u 'D;){ 4 0 1. 05 (1.12) 1.18 

50 4355.245 22954.39 {a4D 3}i-U 'Fa}2 
b'D.){-t ' J') ; ){ 

4 4354. 784 22956.82 

6 4354.188 22959.96 a 4Hu~-z 2H}i 
3 4354.006 22960.92 a 'PO){-W 'Di){ 

20 4353.266 22964.83 a ' D4){-Z 'Fh, 5 0.310 (1. 549) 1. 239 
2e 4352. 243 22970. 22 a 'D,){-w 'Fh, 

40, IV? 4351. 573 22973.76 a 'G ,){-x 'G i){ 6 0 0. 896 (0. 885) 0. 906 

9 4350.302 22980.47 {a203}i-V 4F2li 4 0.163 0.082 -- (0. 885) 1. 048 
a 'Pl){-II 'Pi){ 

30, V 4349.026 22987.21 {a'G'){-Y'H,){ 4 0. 115 0.062 0.650 1. 283 1.168 
a'Hi}i-W 2G47i 

40e, V 4348.652 22989. 19 a 'D,){-z 'p;){ 5ur Ow 1. 862 (1. 582) 1. 470 
8e 4347.312 22996. 28 a 2F3}1-t 2F 3)-S 

10 4346.120 23002.58 a 'D.){-v 'Fl){ 

6e 4345. 518 23005.77 b 'H,){-t 'Gi){ 
20d 4345. 315 23006.84 a IIDo}i-z 'Pi}1 4 1. 719 0. 860 0.748 3. 327 1. 608 
25, V 4342.818 23020.07 a 'G,){-V ' GIl> 7D,4 0 1. 067 (1. 081) 1. 076 
7 4342.460 23021. 97 a 'Fns-Y 6FlYi 
6 4338.698 23041. 93 a 4G3~-U 2F3~ 
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TABLE 4.-First spectrum of columbium (Cb I)- Continued 

Wave St rong. Strong· Intensity No. Term combj· Zeemsn Separs· 
Arc ).. air A vac. nation type tion est est VI g. 

cm-1 P n 

- --- ------ - - --- - -
I 2 3 4 5 6 7 7 8 10 

---- ------------------
12e 4337.561 23047. 97 a fD3~-W 4D2~ 5 w 1.60h (1. 42) 1. 35 
6 4336.548 23053.36 a 20Ui -Z 'Il,. 
2h 4334.23 23065.68 b 'F,,.-v '0;,. 
5 4332.428 23075. 28 {a'H.,.-z 'n,. 

b'P.,.-t 'F',. 
1 4332. 17 23076.65 a 'H.,.-u 'F;,. 

6O,V 4331. 371 23080.91 a 'Po,.-x 'Dr,. 4 l. 212 0.607 0.831 2.649 1. 437 
2 4331. 252 23081. 55 a 'O,,,-u 'Fl" 

20e, V 4329.732 23089.65 a'DI,,-z ·Fl,. 
4e 4329. 47 23091. 04 b 'O,,.-400i,. 

30e, V 4328.428 23096.61 a f D2}i-u4F2J.i 6 0.323 0.797 .. (l. 360) 1. 033 

25e, V 4327.385 23102.17 a 'DI,,-v ·F.,. 4 0.150 0. 076 0.820 l.195 l. 045 
9 4326. 540 23106.68 {a 'F,,.-t 'F;,. 

a'O,,.-w 'Fi,. 
100e, V 4326. 320 23107.86 a 4D3~-V 4F4~ 4 0.202 0. 102 0.495 1. 419 1. 217 

8 4323. 466 23123.11 a '04},-U 'F;,. 4 0 1. 058 1. 094 (1.115) 
1 4322. 148 23130. 16 b ·F.,.-x 'HI,. 

3e 4321. 88 23131. 60 
6 4320. SOO 23137.38 b 'F,,.-u 'Dr,. 5 0 0. 868 (0.852) 0. 831 
1 4319.52 23144. 23 a 'P.,.-z 'Po,. 
3 4319.147 23146. 23 a 'O,,.-v 'F!,. 

10 4318.010 23152.33 a 'D,,.-w 'Dl,. 7b,6 0 1. 207 (1. 206) I. 208 

12e 4316.476 23160.55 {a "02J.,,-U 2F3}i 
b '0,,.-. '01,. 

1 4315.144 23167.70 a 'H.,.-z 'Hi,. 
3 4314.262 23172.44 a 'O.,.-w '0 ,,. 

lOe 4313. 887 23174. 45 b 'H.,,-v 'H;" 
25,V 4312.454 23182.15 a 'D,,.-z 'Fl,. 6 0. 596 1. 483 I. 351 1. 649 1. 053 

4. 4312.121 23183.95 a 'D.,.-x 'Dl,. 
15 4311. 695 23186. 23 a 'F,,.-z 'Di,. 
20, V 4311. 37 23187.98 b 'F.,.-v 'OJ,. 6 w 1. 077 (1. 224) 0. 930? 
50e 4311. 27 23188.52 b 'F.,.-u'D,,. 
4 4310. 826 23190.91 a 'HfJi-W 20h~ 

20, V 4309 . .564 23197.70 b ·F,,.-u 'Dh, 4 0. 197 0.100 0.628 1.120 1. 317 
20e 4308. 692 23202.40 a 4DtJ.,,-u 'FiJi 6 0. 405 0.608 0. 991 1.194 0.789 
15c 4308. 117 23205.49 a 4D2~-W fDhi 5 0.092 1. 36' (1. 360) 1.176 

2e 4307.233 23210.25 a 4PO~-Z 4SiJi 
15 4306.283 23215. 38 a 'D.,.-o 'F;,. 4 0.122 0. 061 0.645 0.950 0.828 

4e 4304.659 23224. 13 
ge 4303.875 23228.36 a 4DIJ..~-w 2I~'2H 
3 4302. 435 23236. 14 b 'F,,.-u 'Di,. 
4 4301. 204 23242.79 a 'H.,.-V 'H',. 

100, V 4300. 989 23243.95 e·p,,.-x'D,,. 4 0.357 0. 178 0.347 1. 598 1. 241 
a 6DO,.-Z 'Fr,. 

100, V 4299. 596 23251. 48 a oiPl.J.~-X 'Di}i 4 0.245 0.122 l.106 1. 719 1. 474 
6 4297.920 23260.55 {a 'O,,.-w 'Fl,. 

b '0,,.-8 'Oi,. 
2Oe, V 4296. 159 23270.08 0.06 0. 98 
15, V 4295.620 23273.00 a '0.,.-0 '0;,. 4 Ow 0.86 (l. 23) 1.16 
1 4295.253 23274.99 a 'H.,.-w '0,,. 
1 4294.33 23279.99 a ·Po,.-lI 'Pl,. 

40e, V 4292.4SO 23290.03 a4D2}i-w4F3~ 4 0.162 0. 081 0.83 1. 361 1.199 
2Oe, V 4292. 035 23292.44 a 6D,,.-z 'Pi,. 
1 4291. 344 23296.19 b ·D,,.-w 'Pi,. 

25, V 4291.195 23297.00 a 4DOJi-V 4FiJ.{ 5 1.19 (0.06) 0.81 

~ 4289.85 23304.31 
30, V 4289.443 23306.52 a 'p,,.-Z 'Hi,. 4 0.716 0.359 -0.901 1. 606 0.890 
1 4288.429 23312.04 a ·H,,.-w' OJ,.? 
6 4288. 299 23312. 73 a 'O,,.-u 'Fl,. 
1 4288.12 23313.71 a 'HeJi-Z 2H6}i 

60, IV 4286.987 23319. 87 a 6D3}i-Z 'Fj}) 6 0.342 1.197 1.414 1. 584 1. 243 
15, V 4286.216 23324.06 {b 'F,,.-u 'Dl,. 4 0.344 0.174 0.335 0.851 1.195 

b·D.,.-w·Phs 
2 4285.842 23326.10 a 2Pl~-X .POH 
1 4285.31 23328.99 a 2G37i-Z .n~ 
1" 4284.683 23332.41 b 'p, -r'F' 
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TABLE 4.-First spectrum oj columbium (Cb I) - Continued 

Wave Strong· Strong-Intensity X .irA No. Term camhi- Zeeman Separa- est est 01 Arc vac. Dation type tion 
em-I P n 

---- --- - - ----- ---
I 2 3 4 5 6 7 8 9 

---------------------
Ih 4284.14 23335.36 b 'GU,-8 'G!~ 
1 4283.906 23336.64 a 'Pl),-V 'Glli 
3 4283.055 23341. 27 
3 4282.968 23341. 75 
2 4281.120 23351. 82 b 'F,~-u'DI~ 

30, V 4280. 586 23354.74 a ·PIU-V &P~H 5 0 1.805 (1. 721) 
1 4280.38 23355.86 b 'F'li-V 'Glli 
8 4279. 707 23359.54 a 'G'li-II 'Hili 4 0.131 0.061 -- (I. 081) 
5 4279.53 23360.50 a 'F'~-Y'FI~ 

20 4279.49 23350.72 {a4DIU-W4DoH" 5 1.148 0.574 1. 770 1.196 
a4Gau-v 2D2~ 

20, V 4277. 500 23371. 59 {a'Dl~-Z'D!~ 6 0.967 1.452 1.384 1.868 
a4H4j.)-z 2H'~ 

20 4274.692 23386.94 a 2GsU-x 2G.~ 5 0. 203 0.091 1. 794 0.881 
5 4273.357 23394.25 { a'H'}i-y'Hlli 

a 'P'~-lI'Glli 
8 4272.972 23396.35 a 'H'li-W 'GlJi 
4e 4272.027 23401.53 a 'D'}i-v 'Flli 

50e, V 4270.691 23408.85 a 'D'li-U 'Flli 4 0. 244 0.122 0.508 1. 358 
15, V 4268.667 23419.95 a 'Dl~-Z 'Flli 4 0.806 0.405 0.140 1. 876 
50, IV 4266.020 23434.48 a 'Dl}i-U 'F;~ 4 ' 0.155 0.078 0.807 1.195 
4 4264.612 23442.22 b 'Doli-8 'Fi!> 

100, IV 4262.056 23456.28 a 'D'}i-z 'Flli 6 0.216 0.977 1.444 1.552 

20e, V 4261. 717 23458.14 a 4D~J.i-w 'G§~ 
5 4260.661 23~63. 95 a 'F'li-8 '1<"Ji 

12e 4258. 917 23473.56 a 'G'}i-W 'Gll. 6 0. 50 L16w 1.10 
1 4258.120 23477. 96 b 'F'}i-lI'HiJi 
5 4257.853 23479.43 a 'D,~-v 'DiJi 4 0 1.187 1. 205 

4 4256. 303 23487.98 b 'F,~-u'D;Ji 
20e 4255.943 23489.97 
6Oe, V 4255. 439 23492.75 a 'H'}i- Z 'HlJi 5 0.134 0. 063 -- (0.690) 
30, V 4254. 693 23496.87 a 'Do}i-u 'FiJi 5 0.714 0.357 1.156 0.085 
5Oe, V 4253.695 23502.38 a 'D'li-W 'Dlli 6 0.14· 1. 345 (1. 360) 

8Oc, V 4252. 977 23506.35 a 'D,~-w 'D'li 6 0.31* 1.385 (1.420) 
20, IV 4249.457 23525.82 a 'Do}i-z 'Di!> 4 2. 430 1. 214 -0.317 3.328 
3 4248.961 23528.56 a 'H'Ji-v'G,!> 
8 4248.658 23580.24 a 'Dl}i-Z 'PlJi 
4c 4247.689 23535.61 b 'G'li-8 'Glli 

20, V 4246.293 23543.35 a 'Dl}i-W 'Di~ 7b,6 0 1.196 (1.197) 
1 4245.15 23549.69 a 'Pu,-x 'PiJi 

2Oe, V 4242.637 23563.63 183,~-8 'GlJi 0.26 1. 06 
12 4241.453 23570.21 a 'G'}i-V 'F,!> 4 Ow 0.89 (1.10) 
4 4241.077 23572.30 a 2Du~-v 'DOM 

12c 4237.814 23590.45 a 'H'}i-z 'H'Ji 6 0.12 0.65 1. 07 1.13 
4e 4236.998 23595.00 a 'G.~-w' Fl!> 

25, IV 4231. 954 23623.14 a 5D2~""':"Z 4F3~ 4 0. 413 0. 208 0.211 1. 657 
1 4231. 624 23624.96 a 2G3~-U 4F3~ 

20, V 4230.320 23632. 24 b 'F1Ji-u'D~~ 5 0.375 0.188 0.584 0.396 

25, V 4229.832 23634. 97 a 'J<'j}i-y 'F'Ji 7b,6 0 1. 333 (1. 332) 
1h 4229.570 23636.43 b 'G3~-8 'G' Ji 

l00e, V 4229.154 23638.76 a 4D3~-U 4.F4~ 4 0.172 0.086 -- 1.420 
8c 4228.726 23641. 15 b 'Hus-q 'F'Ji 
8 4227.514 23647.93 a 'Dl~-W 'Dili 6 0.104 0. 156 -- (0.953) 

8c 4226.528 23653.44 b 'H'}i-t 'G!~ 
12d 4226.218 23655. 18 a 4Do7i-w 4DoJ.i 6 -- 0.080 0.114 
1 4225.85 23657.24 a 'P'}i-lI'DiJi 
5c 4224.690 23663.73 0 0.91 
9 4222.676 23675.02 a 'G'}i-W 'D'}i 

150c, IV 4217.946 23701. 57 a 'D3}i-1I 'F;Ji 5 0.279 0.140 2.284 1.586 
100c, V 4214.732 23719.64 a 'D'}i-y 'FIJi 5 0.176 -- -- (I. 549) 
10c 4213.463 23726.79 b 'H.~-8 'GaJi 
10e 4213.256 23727.95 b 'Fl~-u'DiJi 
15, V 4212.535 23732.01 a 'H3~-V 'GlJi 5 0 0.777 (0.690) 

g, 

10 

1. 755 

0.950 

0.048 

0.901 

1. 084 

1. 114 
1. 070 
1. 040 

1. 336 

1. 21 

(1. 230) 

0.824 
0.799 
1. 330 

1. 351 
0.898 

1.195 

1.16 

1. 01 

1. 244 

0.021 

1. 334 

1.248 

1. 057 

(0.046) 

1.307 
1. 373 

0.620 
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TABLE 4.-First spectrum of columbium (Cb I)-Continued 

Wave Strong- Strong' Intensity No. Term eombi· Zeeman Separa· 
Arc X air A vac. nation type tion est est VI V. 

cm-1 P n 

-------------------
I 2 3 4 5 6 7 8 9 10 

---------------
12, V 4212.042 23734.79 b 'F,x-y 'Hlx 4 0.141 0.068 0.486 1.121 0.980 
30, V 4208.156 23756.71 a 'D lx-z 'Sox 4 0.268 0.134 1. 721 1. 855 2.123 
10 4206.127 23768.17 b 'F,x-V 'Hlx 

120, IV 4205.308 23772.80 {a'D.x-v'Fix 5 0.596 0.300 2. 548 1. 654 1.058 
a'H,x-x 'H,x 

10 4204.322 23778.37 a 'O,x-o ' F'ji 

1 4203.825 23781. 18 b 'D'X-8 'Fix 
I 4203.732 23781. 71 a 'PIX-U 'Fix 
7 4203.415 23783.50 a 2F~H~-U 4Qh~ 6 0.045 0.853 0.862 0.844 
6 4202. 013 23791. 44 a 4G 3~-U 2D2~ 

40, V 4201. 519 23794.24 a 'H'ji-z 'H,x 5 Ow 1. 132 (0.984) 1.011 

7 4200.993 23797.21 a 'P,x-V'O!x 
6 4199.189 23807.44 a 204H-U 4F.~ 
2 4198.90 23809.08 b 'Dlx -s 'Fix 

10 4198.847 23809.38 a 4H~}{-v . Oju 4 0 0.946 (0.984) 1. 006 
1 4198.672 23810.37 {a·P,x-Y'DiX 

b 'P'x-w 'PiJl 

30, IV 4198.510 23811.29 a 'D,x-z 'FlH 4 0. 249 0.125 0.465 1. 586 1. 337 
10c, V 4198.370 23812.08 

7c 4197.615 23816.36 b 'O'JI-q 'Fill 
9c 4196.948 23820.15 a 'H,x-V 'H'll 

15, V 4195.660 23827.46 a 'O'x-o 'FiH 5 Ow 1.026 0.872 (0.831) 

4 4195. 515 23828.28 a 2F3~-U 40ju 
80, IV? 4195. 096 23830.66 {a'Dlll-Y'Fall 

a' H,x-o 'Glx 
5 2.465 1.233 3. 097 1.864 -0.601 

10e 4193.828 23837.87 {u4Dou-w 4DiK 
b'O'll-q 'F'll 

1 4193. 42 23840.19 a 4DOi-W 4D2J.1 
100e, IV 4192.065 23847.90 a ' D3ll-z 'Piji 4 0.292 0. 146 0.853 1. 584 1. 876 

150c, IV 4190.889 23854.59 a &D"j.i-z 6p~J.1 4 0.155 0. 076 .- 1.550 1. 705 
2Oe, V 4190.665 23855.92 a 'D,x-v 'FIx 
12 4189. 997 23859.66 b 'O'X-3 'Glx 
3e 4189.59 23861. 98 
3e 4189.250 23863.92 b 'P,x-w'P;x? 

3e 4188.098 23870.48 
15, V 4186.104 23881. 85 a 'F'll-t 'F!x 6 0.094 0.241 0. 914 0.865 0.961 
3 4185.66 23884.39 b ' F3X-S 'Fill 

5Oe, IV 4184.440 23891. 35 a 'D'll-Z 'PiJl 4 0.730 0.366 0.559 1. 654 2.383 
2 4183.910 23894.38 

6 4181. 784 23906.52 a 'F,x-V'F;ll 
15 4181. 341 23909.06 a 'H,x-v 'Olll 5 W 1. 39 1.13 (1.07) 

2 4181. 048 23910.73 a 'Dox- z 'Sox 
4 4179.826 23917.72 a 'Dlx-x 'Dill 

12 4179.763 23918. 08 a 'O.",-x 2H6U 4 0.116 0. 056 0.621 1. 261 1.145 

Ie 4177.554 23930.73 a 'H3ji-v .O;x 
4 4177.435 23931. 41 a 2Dni-V 'D iH' 
1h 4176.78 23935.17 b '03x-r 'Flll 
1 4176.166 23938.68 a 'F,x-u 'O!ll 
5 4174.894 23945.98 a 'H'ji-v 'O;x 7b 0 0.924 0.925 (0.925) 

15 4174.342 23949.14 a 'Dlx-o 'F;x 4 0.372 0.182 0.276 1.206 0.834 
3 4174.047 23950.83 a 'Dlji-w 'Dill 

12c 4173.955 23951. 35 b 'O'H-P 'F;ll 
lc 4172.34 23960.64 a 'D'H-W 'D;ll 
3c 4170. 909 23968. 86 b 'PIH-t 'D;x 

30c, V 4169.565 23976.58 a 4G4~-U 'D~J.i 4 0.148 
i.-965 

0.703 1. 220 1.368 
250c, IV 41ps.122 23984.88 a 'D'H-V 'FOll 6 3.930 1. 365 3. 330 -0.600 

3e 4167.44 23988.81 
6 4166.045 23996.84 b 'F'H-3 'F;ll 

20 4165.850 23997.96 a 'O'H-U 'Dill 

4c 4165.330 24000.96 
300,111 4164.661 24004.81 a 'D'H-V 'F;ll 6 0.349 0.879 1.479 1.654 1. 305 
250, III 4163.658 24010.60 a 'Dlji-II 'Fill 6 0.802 1. 203 1. 462 1.863 1.061 
4O,V 4163.474 24011.66 a 'F,x-V 'F!x 6 -- 1.261 (1.235) 1.287 
12c 4162. 817 24015.45 a 'D'ji-II 'Pix 

644098-45--5 
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TABLE 4.-First spectrum of columbium ,Cb I) -Continued 

Wave Strong' Strong. Intensity No. Term combi· Zeeman Separa· 
Arc X air A vac. nation type tion est est 01 g, 

cm-1 
p n 

---------------
I 2 3 4 5 G 7 8 9 10 

------------------------------------

3c 4161. 884 24020.83 
20c 4161. 252 24024.48 a 'F3ll-t 'Fill 6 0. 081 1.162 1.150 1.173 
8 4160.806 24027.05 a 4F4~-Y 6D3~ 
1 4159.49 24034.66 b 'G3)j-8 'Dill 

20, V 4158.007 24043.23 a 'G3ll-u 'Diii 4 0. 235 0.118 0.494 I. 081 1. 316 

5c 4155.36 24058.54 
6 4154.826 24061. 64 a 'P'll-Y 'Giii 

500, III 4152.575 24074.68 a 'D3;,-Y 'Fiii 6 0.214 0.680 1. 480 1. 586 I. 372 
20c, V 4152.040 24077. 78 a 6D3}1-Z 2D27S 5 0.285 .- - - (1. 582) I. 297 

100, V 4150.124 24088. 90 -- 0.97 

4 4149.721 24091. 24 {a 4F4}1-Z 2G3~ 
b 'DI)j-t 'Glii 

15 4148.735 24096.96 {a 2a3~-W 4F47S 5 0 1. 06" 
a 'H'll -Y 'Hlx 

6 4148.321 24099.37 a 'G'll-W ' G'll 
25c, IV? 4147.184 24105.97 a 'H'ii-V 'Glx 5 h 1. 571 1. 223 (1.160) 
1 4146.598 24109.38 a 'F3ll-X 'H3ll 

10 4146.000 24112.86 a'H'll-V'mX 6 0.352 _. (0.984) 1. 062 
3c 4145.155 24117.77 
5c 4143.931 24124.90 
4c 4143.58 24126.94 a 'Poll-Y 'Pill 

SOc, IV 4143. 201 24129.15 a 6DH"-Z 6Pi.!-i 6 0.519 0.779 2. 123 1. 863 2.382 

9 . 4142.243 24134.73 a 'Hfll-U 'F'ii 
4 4141. 32 24140.11 

400e, IV 4139.702 24149.54 a 'D'll-Y 'Flll 6 0.139 0.681 1. 506 1. 576 1. 437 
9Oe, IV 4139.430 24151.13 a 'D,x- 2 'Pix 6 0.221 0.552 -- (I. 652) 1.873 
G 4139. 088 24153.12 b 4Dz}1-8 4F37S 

lOe 41 38.300 24157.72 b'G'll-r'mll 
12e 4137. 590 24161. 87 a 4G2}1-'lt 4Dlix 

200, III 4137.090 24164.79 a 6Do~-Y 6Fi7S 4 2.197 1.135 0.073 3.368 1.171 
4 4135.57 24173.67 a 2H'Hi"-x 2HsJ.i 

10 4135.423 24174.53 b 'F,x-8 'Fill 6 0 0.846 (0.852) 0.840 

6 4134.985 24177.09 a (H3M-U 2F2J.i 
30, IV 4134.592 24179.39 a 'P'll-V 'Dix 4 0 1. 144 1.171 (I.IGO) 
1 4134.33 24180.92 
5h 4133.40 24186.36 
3e 4132.175 24193.53 

2 4131. 74 24196.08 a 'PHi" - X 4F3}1 
3 4131. 60 24196.90 a 4GHi"-V 204H 
6 4131. 53 24197.31 a 403.\1-u 4D3J.i 

150e, V 4129. 931 24206.67 
0'.-476 

1.08 
100e, V 4129.430 24209.61 a 'D3ll-z 'Pix 6 0.131 1.635 1. 570 I. 701 

4 4129.000 24212.13 a 4DoH-X 2DiJ.i 
2 4128.654 24214.16 a 'H,x-y 'Hlii 
1 4127. 69 24.219.82 a 'F,x-x 'Hix 

12e 4127. 458 24221. 18 b 'G,x-411ill 6 0.06 -- (0.90) 0.88 
8e 4126.903 24224.44 0 1. 12 

12 4125.573 24232.24 a 'F3X-Y 'Diii 
2Oe, V 4125.2-:13 24234.18 a 'H'll-V 'mx 

400, III 4123.812 24242.59 a 'D'll-Y 'Fix 4 0.558 0.282 0.468 1. 863 1. 305 
15, V 4122. S04 24248.52 a'H'll-y'Hl» 5 0.174 -- .- 1.129 (0.955) 

3e 4121. 060 24258.78 

2 4117.824 24277. 85 a 2D Hi"-v 4Dh~ 
5O,III 4116. 895 24283.32 a 6Do.!-1- z&Pi~ 4 0. 943 0.473 1. 910 3.325 2.382 
5 4116.401 24286.24 a • F3}l-y .. F47S 
2 4116.274 24286.99 b 'F'll-8 'Fi» 
6 4114. 155 24299.50 a 2F3}1 -r 2F2}1 

25, V 4113.941 24300.76 a'H.»-y'H'x 5 0.132 0.066 1. 717 0.990 1.122 
6 4113.348 24304.26 b 'F3X-t 'Fix 
1 4112.49 24309.33 a'G3x- u 'Flx 

2Oc, V 4112.130 24311. 46 b 'H'll-4ll3ll 5 0.09 1.02 0.82? (0.76) 
2 4110.12 24323.35 a 'G3X-y 'Hill 
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TABLE 4.-Fint spectrum of columbium (Cb I) -Continued 

Wave Strong- Strong. 
I ntensity No. Term comb i- Zeeman Separa-

Arc A a ir A vac. nation type tion est est g, g, 
em-I p n 

--------------
I 2 3 4 5 6 7 7 8 10 

----------------------------, 4109.88 24324.77 a 'Pn,-.Y 'DllS 
3 4108. 71 34331. 70 
lh 4107.67 24337.86 b 'D,lS-S 'F;lS 
30 4107.05 24341. 53 
6 4106.778 24343.14 a 4F2~-Y 4Fi~ 

12 4106.173 24346.73 a'D'lS - w'D!lS 4 0.149 0.382 I. 287 1. 362 1. 213 
1 4105.47 24350.90 a 'F.lS-X 'Bhs 
1 4104.71 24.355. 41 b'D3lS-t 'GllS 
3 4103.74 24361.17 b 'F,lS-U 'G ;lS 

6000, III 4100.918 24377. 93 {a'D'lS-V'F;lS 4 0.271 0. 139 0.716 1. 665 1.394 
b 'F'lS-t 'F;lS 

80, IV 4100.389 24381. 07 a 'D,lS- z 'D!lS 6 0.370 -- -- (1. 652) 1. 282 
3 4100.30 24381. 60 a 4D 1!-{-w 2DiH 
1 4100.11 24382.73 a 'II,lS-V 'G,lS 

30, IV 4099.067 24388. 93 a IID1H-Z IIP2~ 5 0 1. 884 (1.863) 1.871 
5h 4098.87 24390.11 

10 4098.220 24393.88 b ' }<"lS-t 'F;lS 5 w 1. 404 (1. 224) 1.173 
100 4097.63 24397.49 b 'B'H-q 'FlH? 
5h 4096.314 24405.33 
7 4095.553 24409.86 a 2F2K-r 2F2~ 6 -- 0.864 0.848 (0. 880) 
8h 4095.082 24412.67 

1 4094.31 24417.27 a 'D,lS-V 'G!lS 
6 4094.095 24418.55 b 'D'H-t 'GllSt -- 1.18 

6 4093.926 24419.56 {b 'F2), -t 'F1H 
b'B'H-8 'GlH 

6h 4092.536 24427.86 
3 4091. 67 24433.03 a 'D')i-v 'D!)i 

30 4090.00 24439.42 
20, III 4090.163 24442.03 a 'G'H-Y 'BlH 4 Oh 0.580 (0.742) 0.696 
2 4088.443 24452.31 a 'B'H-V 'BllS 
6 4087.048 24400.66 a 'F'H-t 'DllS 4 0 0.810 (0.850) 0.893 
9 4086.630 24463. 16 a 'D,lS-Y 'POlS 5 0.509 0.254 1. 21~ 0.957 0.448 

4 4084.951 24473.21 a 2HsH-y4HsH 
40, I V 4084. 861 24473.75 a 4Fni-Y 4F2}i 6 0.115 1. 070 1. 047 1.093 
10, V 4084.177 24477. 85 a ' P,lS-Y 'D!lS 4 0.371 0.189 0.792 1. 719 1. 348 
5 4083.776 24480.25 a 'F,lS-Y 'D1lS 

1000e, III 4079. i26 24504.56 a IID3H-Y GF4H 4 0.158 0.079 0. 865 1. 576 1. 418 

70 4078.00 24511. 32 {a'G'lS-U ' GllS 
a 'P,lS-U 'D1lS 

6 4078. 345 24512.85 a 'D,lS- Z 'PIlS 
4 4077. 405 24518.50 

15e 4077. 09 24520.40 b 'Do)5-r 'F1lS 5 0 0.67 (0.04) 0.46 
8 4076.09 24526.42 a 'F')5-z 'Gl)5 

6 4073.641 24541.16 b 'F')i-u'Gl)5 
6 4073.513 24541. 93 b 'D')5-r 'FilS 
2 4072. 13 24550.27 a 'F')5-t 'D1lS 
3d 4071. 54 24553.82 b 'PO)5-X 'PolS 

2O,V 4070.965 24557.29 b 'F')5-t 'FilS 6 0.192 1. 136 1. 108 1.163 

6e 4070.040 24562.87 
40e, V 4068.258 24573.63 a 'B3lS-V 'B,lS 5 0.267 0.134 -- (0.690) 0.957 
15, V 4067.159 24580.27 a 4GHi-Y 4H1H 4 0.097 0.050 0. 021 1. 059 0.962 
12 4066.120 24586.55 a 4HH·'-V .OX~ ., 0. 17n O.ORR -- (0.984) 1.160 
10 4064.802 24594. 52 b 'F')5-t 'FIlS 6 0.108 0.271 -- 0.854 0.962 

2 4062.21 24610.22 a 2PI.J.i-U 2D2H 
10 4061. 542 24614.26 a 'F,lS-Y 'D,lS 

4 4061. 427 24614.96 {b 'F')i-u 'G,lS 
a 'B4),-Y 'B,lS 

9 4061. 255 24616.00 a 'D')5- v 'G;lS 
40e, IV? 4060.800 24618.76 a 'D')5- z 'DI)5 

4 4060.37 24621. 37 a . OUi-8 2F3H 
10 4060.32 24621. 67 a 'F' )5-x 'D;)5 

5 4059.85 24624.52 a .PoH-Y 2Df~ 
40, V 4059.498 24626.66 a 'PO}!-v 'D1)5 5 0.296 0.148 1.090 0.646 0.942 

2000c, III 4058.933 24630.08 a 'D'H-Y 'F6)5 4 0. 113 0.055 0.942 l. 563 1.450 
a'D, -x'Pi 
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TABLE 4.-First spectrum of columbium (Cb I) - Continued 

'''ave Strong- Str ong-Intensity No. T erm eombi- Zeeman Separa-
Arc X a ir A vac. nation type tion est est 01 O. 

cm-1 P n 

--- --------- - ----
I 2 3 4 5 6 7 8 9 10 

- ------ - - ---------
6e 4057.267 24640.20 b 'DI),-8 ' GIll 

8 4056. 941 24642.18 e ' F'll-U'Dlll 
b 'F'll-X 'Hill 

4e 4055. 854 24648.78 
2 4055.426 24651. 38 b 'F'll-U 'Gill 
8e 4055. 186 24652.84 b 'G'll-8 'Gill 6 0.062 0. 186 0.928 0.897 0.959 

6 4053.161 24665.16 a 'F'll-t 'Dill 
6e 4052.132 24671. 42 a 'D'll-V 'Dill 

25, V 4051. 513 24675.19 a 2G4})-Z 2n~ 4 0.163 0.082 0.208 1. 103 0.940 
6 4051. 001 24678.31 a'F' ll-lI'Dlll 

20, IV? 4049. 759 24685.88 b 'F'll-t 'F'll 6 0.060 1. 254 1. 246 1. 262 

3 4048.95 24690.81 
3 4048.01 24696.54 b 'G'll-U6l}> 
4h 4046.27 24707.16 

12, V 4044.712 24716.68 a 'F'll-r 'Fill 6 0.076 1.133 1.120 1.146 
1 4044.58 24717.49 b 'H'll-r 'G'l> 

25, V 4044.103 24720.40 b 'F'll-X 'H'll 6 0.237 1. 076 2.225 1. 231 0.994 
10e 4043.169 24726. 11 b 'D'll-8 'F'll 
10 4042.572 24729.76 a 'G'll-8 'Fill 5 0.229 0.114 -- (1. 081) 0.852 
1 4041. 39 24737.00 a 'F'll-V 'DOll 
3 4040.618 24741.72 a 'Poll-X 'Pi}> 

8 4040. 468 24742.64 {a'FIll-Z 'Gill 
b 'D'll-r 'F;ll 

6Oe, V 4039.530 24748.39 a 'G.}>-u 'G'll 6 t V 1. 256 (1. 260) 1. 252 

15, V 4039. 094 24751. 06 {a 4HG}i-x 2H6~ 5 0. 12 0. 062 .- (1.22) 1.10 a' P'}>-V 'F!}> 
8h 4038.172 24756.71 
4h 4037.356 24761. 72 a 4Pn,-z tlS2).) 

12 4035. 923 24770.51 b 'D'll-r 'Fl}> 
10 4035. 095 24775.59 a 'F'll-t 'D!}> 6 0.215 0.540 0.967 0. 860 1. 075 
6h 4034. 527 24779.08 
1 4034. 178 24781. 22 a 'POll-X 'Fi}> 

40, V 4033. 195 24787.26 a ' F ' ll-V 'Fill 6 0. 075 0.102 0. 429 0.392 0. 467 

150, IV 4032.524 24791. 39 a 'F'll-Y 'Dill 4 0.092 0.046 1. 002 (1. 330) 1. 422 
lOh 4030. 348 24804.77 
6 4029. 223 24811.69 
4d 4028. 865 24813.90 

15e, V 4027.972 24819. 40 a 'G'll-t 'F.}> 7b 0 1. 261 (1. 260) 1. 259 
12, V 4027. 311 24823. 47 b 'F'll-t 'FiH 6 0. 118 0. 183 0.466 0.408 0. 526 
4 4026. 71 24827. 18 a 'F'H-r 'FI}> 
5e 4026. 41 24829. 03 a 'D'H-V 'Dl}> 
4 4025. 88 24832.30 b 'F3),-r 'Fl}> 

2 4024.26 24842.29 a 'G'H-8 'F!}> 
2 4023.41 24847. 54 b 'F'H-t 'F!}> 
8 4023.275 24848.38 a 'G'H-8 'FIH 6 0.227 0.792 (0. 742) 0.843 

12, V 4023.141 24849.20 b 'F'll-t 'F,}> 5 0. 134 0.058 1. 733 1.143 1.277 
ge 4022. 387 24853.86 a 4Gs~-x 4H47i 

4 4021. 016 24862. 33 a 'D'll-U 'F!ll 
6 4020. 233 24867.18 
2 4019. 13 24874.00 a 'H'll- V 'H'll 
2 4017.793 24882.28 a 'D'll-X '8i}> 

15, V 4017. 558 24883.73 b 'F3ll-X 'H'll 4 0. 114 0.057 0. 593 1.105 0. 991 

lOh 4016. 070 24892.95 
3 4015. 748 24894.95 b 'D'll-r 'F!}> 
6e 4014.922 24900.07 b 'F'll-U'Glll 5 0.435 0.218 -- (0.402) 0.837 
3 4014.646 24901. 78 
4 4013. 942 24906.15 a 2GHi -w 2G4U 

2O, V 4013.268 24910.33 b 'G3ll-P 'Flll 5 0 0.906 (0. 88) 0.86 
4e 4013. 101 24911 . 37 
6 4012.056 24917. 86 a 'F'll-Y 'FIH 

2O,V 4009. 707 24932.45 b 'F'll-X 'H!ll 4 0.145 0.074 0.335 0. 843 0. 698 
1 4009.533 24933. 54 a'F -w'Ho 
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TABLE 4.-First spectrum of columbium (Cb J) -Continued 

Wave Strong- Strong-
Intensity No. Term combi- Zeeman Separa· 

Arc }.. air A vac. nation typo tion est est O. 0' 
em-I p n 

---------------
I 2 3 4 5 6 7 8 9 10 

---------------
30, V 4008.286 24941. 29 a 2D2~-U 2F3~ 4 0. 101 0. 050 0.865 1. 218 1.117 
4d 4006.05 24955.22 b 'O,~-q 'Fl~ 
4 4005.915 24956.06 
2 4005.13 24960.95 a 'O,~-3 2Fi~ 
4h 4002.25 24978.91 

15e, V 4001. 135 24985.87 a'O,~-u'Oj~ 
1 4000.446 24990.17 a 'O,~-w 'OiJi 
1 3099.868 24993.78 a :?Po~-x "Si.K 

40, V 3999.182 24998.07 b'F,~-x 'H!~ 4 0.127 0.061 0.517 1.216 1. 089 
7 3998.447 25002.67 b 'D2~-q 2F;~ 

4 3998. 23 25004.02 a 'H,~-v 20!~ 
2d 3997.780 25006.83 b 'D'~-8 'D;~ 
4h 3997.377 25009. 36 
4 3997.157 25010. 74 
1 3996.95 25012.03 b 'O,~-q 'Fj~ 

3 3995.588 25020.55 a 'H,~-u'G;~ 
6 3994.420 25027.87 a 4H5~-X 2H6~ 
1 3993.36 25034.52 b 'D.~-8 'Di~ 
4 3992.165 25042.01 a 2F2Ji-X 2PI~ 

40e, V 3991. 677 25045.07 0.19 0.10 

1 3990.926 25049.78 a 'F,~-V 20!~ 
6 3990.665 25051. 42 a '03~-U 'G!~ 

20e 3988.158 25067.17 b 2HH~-8t2Ghi Oh 1.188 (1. 04) 1. 341 
4e 3986.17 25079.67 b 'D3~-r 'Fi~ 
6e 3985.18 25085.90 a .HCi~-V 2Ghi 

4 3985. 074 25086.57 a;20,~- ' 2Hl~ 
6 3984.810 25088.23 b 'D,~-8 'Ol~ 

lOe 3982.055 25105.59 b 'F,~-V 'Il~ 4 0.269 0.137 -- (1. 224) 0.955 
6Oe, IV 3980.483 25115.50 a 'D,~-V 'F;~ 5 0.304 0.151 2.614 1. 552 1. 248 
to,V 3979.370 25122.53 b 'F,~-r 2F,~ 6 w 0.864 (0.854) 0.874 

4 3978.909 25125.44 a 'H3~-V 2G;~ 
12, V 3978.753 25126.42 a 'F,~-x 'Dl~ 
2Oe, V 3977.940 25131. 56 a 'O,~-x 'H'H 
15e, V 3976.677 25139.54 b 'D3~-t 'Ol~ 
6h 3975.20 25148.88 

2d 3973.87 25157.30 a (D3~-V "O2).{ 
20e 3973.624 25158.85 b 'H,~-p 'FiH 
40e, V 3972.512 25165.89 a ·OHS-U "Ohs W 1. 51 
15, V 3971. 932 25169.57 a 'F,~-x 'D1H 
2O,V 3971. 852 25170.08 a t02Ji -U 4Gi~ 

1 3971. 35 25173.26 b 'F,~-t 2Dl~ 
12, V 3970.650 25177.70 a 'F.~-' 'OlH 4 0.163 0.085 -- (1. 235) 1. 072 
4h 3970. to 25181.18 
5e 3968.465 25191. 55 b 'D'~-8 'DIH 
7e 3968.32 25192.48 

1 3967.61 25196.99 a 'D.~-y 'POH 
1 3967.441 25198.06 b 'F3~-t 2Di~ 

150,V 3966.246 25205.65 a 'F,~-y 'Dh, 4 -- 1. 016 (1. 235) 1. 322 
25, V 3966.094 25206.61 a 'Ol}'-u ' O!Ji 
40, IV 3965. 692 25209.17 a 'P,~-V 'Si~ 4 0.365 0.182 1. 049 1. 596 1. 961 

7 3964.665 25215.71 a 'D.ji-v 'Ob, 
3 3963.60 25222.48 
3h 3963.22 25224.90 
4 3962.154 25231. 68 a 'H'ji-x 'H'Ji 

10e, V 3960.994 25239.07 a 'O'ji-V 'IOji 

4 3960.636 25241. 35 a 'H'ji-u 'OIJi 
4 3959.978 25245.55 a 'F'ji-V 'Dh, 
2 3959.54 25248.34 b 'F' ji-t 'Doji 

15e, V 3959.356 25249. 51 b 'F.~-r '~'lji 6 0 1.116 (1.120) 1.112 
3 3959.144 25250.86 

7e 3958.129 25257.34 a 'H3~-U 'DiJi 
1 3957.724 25259.93 a 'D'ji-v 'DiH 
1 3957.25 25262.95 b 'F'ji-t 'Di~ 
7 3956.83 25265.63 a 'F'H-V 'Dl~ 
3e aQ56.626 25266.94 a 'O'ji-X 'Hbs 
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TABLE 4.-First spectrum of columbium (Cb I)-Continued 

Wave Stron g· Strong· Intensity No. T ermcombi· Zeeman Separa· 
Arc X air A vac. nation type tion est est QI g, 

em-I P n 

----- ---------- --------
I 2 3 4 5 6 7 8 9 10 

----------------------- -
3e 3956.40 25268.38 a'G,~-t 'Fi~ 

20, V 3955.680 25272. 98 {Q. "F3~-X 6D3~ 6 
b'D 3~-8 'G;~ 

0.330 1. 152 1.40 (1. 235) 1. 565 

1 3955.38 25274.89 b 2GH~-T zG~~ 
10 3953.071 25289.66 a 4HHi-V 2Gh~ 6 0.065 0.241 1.054 1. 021 1.086? 

4 3953.015 25290.02 a4Hui-u4D!~ 

4 3950.9M 25303.13 b 'F,~-w 'Hl~ 
9 3949.927 25309.79 a 4F2~-2 2G3~ 4 0 1. 002e (1. 029) 1. 017 
1 3949.81 25310.53 b ,p,~-r 'F,~ 
8 3949.326 25313.64 a 'DI~-v 'Dl~ 7b,6 Oh 0.957 (0.953) 0.961 
4h 3947.922 25322.64 

2O,V 3947.516 25325. 24 a4G2.J.i'-u4G3~ 5 0.305 0.155 1. 823 0.755 1.060 
1 3946.98 25328.67 a 2H5~-t 'FlK 
2 3944.90 25342.04 a 'G,~-v 'D;~ 
4h 3944.417 25345. 14 

60, IV 3943.663 25349.99 a 4Fn,~-Y 4Di~ 4 0.266 0.131 0.626 1. 025 1. 291 

4 3941. 611 2536.3.18 a 2HsM-X 4Hh-s: 
40c, V 3941. 266 25365.41 a 'D3~-Y 'Fi~ 5 0.503 0.251 2.850 1. 592 1. 089 
2 3940.790 25368.45 a 'DI~-Y 2StK 
3c 3939.26 25378.32 b 'G,~-p'D!~ 

20, V 3937.961 25386.69 a 4G3.J.~-'U4G4.Hi 

150, IV 3937.437 25390. 07 a 6D.g~-y 4F4~ 6 0.213 0.965 1. 440 1. 546 1.333 
10, V 3936. 442 25396.47 a 'F2~-X 6D2~ 
20c, V 3935.441 25402.95 {a'G3~-t 'F;~ 

a"04M-u 4G~J.<J 

, I 

2 3934.64 25408.12 a 2G3M-w 2G4~ 
20, V 3934.405 25409.64 a 'FI~-x 'Dt~ 4 2. 038 1. 022 -0.614 0. 405 2.443 

12e, V 3934.142 25411.33 {a4H3~-U4Dj}i 
b 'F3~-t 'D;~ 

8 3933.392 25416.18 a 'H,~- y 'HlK 
6 3933.013 2541 8.63 a 'PIK-Y 'Fhit 0 1. 00 
1 3932.59 2542l. 36 a2HH~- u4G4J..i' 
3h 3931. 933 25425.61 

8 393l. 450 25428.67 a2D H~- x4PtJ..i' 6 0.632 0.958 1. 265 0.949 l. 581 
1 3930. 09 2.5437.53 a'H,~- t'Fl~ 

30c, IV 3929.296 25442. 67 a 'F3~-Y 'D!~ 6 0. 186 0.648 1. 328 1. 235 1. 421 
2 3928.265 25449.35 a 2F'K-t 'D;~ 
9 3926.618 25460.03 a 'F3~-276;~ 4 0.132 0.067 0.94' (1. 235) 1. 367 

1 3926.203 25462.72 b 'P'K-r 'F;K 
2 3925.622 254M. 49 b 4F3M- W 2R'iJ..i' 
3 3925.53 25467.08 a 2F 3J..i' - U 2G3J..i' 
4c 3925. 18 2541)9.35 a 4H5~-Y 4Hh~ 

40e, V 3924. 995 25470. 55 a 'D'K-Y 'F;~ 6 0. 336 1. 172 1. 415 1. 583 1. 247 

12e 3924. 474 25473.93 a4G.~-t .F~}<J 6 Oh 1. 250 (1. 23) 1. 27 
4 3923.80 25478. 31 

12, V 3922.353 25487. 71 a 'G3~-X 'H;~ 6 0.374 1. 317 0.S96 1. 082 0. 708 
4 3922.280 25488.18 b 'F,~-t'D;~ 
6 3921. 671 25492.14 a 'G3~-W 'G;~ 6 0 0.856 (0. 885) 0.827 

100e, IV 3920.198 25501. 72 a 'G,~-x 'H'~ 4 .- 0.880 (1. 26) 1.20 
15c, V 39 )9.163 25508. 45 a -'OHi-X 4H1~ 
1O,V 3919.005 25509.48 a 'G.~-z 'H;~ 
4 3917.014 25522.45 a'H.~-x'H;~ 
1d 3916.40 25526.45 b 'FI~-r 'Fl~ 

150, IV 3914.692 25537.59 a'H3~-Y'H;~ 6 Oh 0.688 (0.690) 0.686 
4 3914.362 25539.74 b 'F,~-r 'F;~ 
8e 3913.15 25547.65 a 'DI~-Y 'Pl~ 

15 3913.011 25548.56 a 'PIK-S 'Fl~ 4 0.332 (0.166) 0.344 1.175 0.843 
4 3910.156 25567.21 

4 3909.665 25570.42 {a 4FUi"-X 6Di~ 
b 'P'K-q 2F;» 

15 39M. 600 25570.85 a 'G,~-V 'I6~ 
3 3909.215 25573.37 

40, IV 3908.971 25574. 96 a 4Fl}i-y4DoJ.i 4 0.759 0.372 0.000 0.380 1. 139 
8 3908.592 25577. 44 a 'F,~-u 'G3J~ 
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TABLE 4. -First spectrum of columbium (Cb I)-Continued 

Wave Strong- Strong-Intensity No. Term combi- Zeeman Separa-
Arc A air A vac. nation type tion est est 01 0' 

cm-1 
p n 

------ ------- ----
1 2 3 4 5 6 7 8 9 10 

------ -----------
12, V 3906.900 25588.52 a 2G3~-Z 'H4~ 4 w 0.566 (0. 885) 0.814 

Ih 3906.35 35592.12 a 'D,){-u 'DI}j 
2 3904.83 25602.08 

30e, V 3904.188 25606. 29 a 'O,){-x 'Hj}j 4 w 0.634 (0.742) 0. 694 
4e 3902.829 25615.21 b 'D,){-w 'PI){ 

3 3901. 88 25621. 44 b 'Do){-w 'PI){ 
5 3900.83 25628.34 a 'F,){-y 'Ol){ 

15e, V 3899.24 25638.79 b 4D3J.~-8 4G4~ 
4 3898. 94 25640.76 a 'H'}j-x 'H'}j 

2O,V 3898. 563 25643.24 a 'FJ~-z 2F2~ 

5 3898.01 25646.88 
2 3896.621 25656.02 b 'p,){-s 'OJ){ 
4 3896.00 25660. 11 

2O,V 3895.895 25660.80 a 2DJ.!."-u 2F2~ 4 0.094 0.047 0.727 0.962 0.868 
1 3894.99 25666.76 b 'F'}j-t 'DI){ 

10 3894.70 25668.67 a 'D'}j-y 'F,){ 
Id 3894.33 25671. 11 b 'D ,){-s 'Dj){ 

50, IV 3894. 039 25673.03 a 'H,){-y 'Hl}j 6 Oh 0.977 (0.984) 0.970 
40, IV 3893.733 25675.05 a 'D,){-y 'DI){ 4 0.164 0.080 1. 413 1.660 1. 824 
6 3893.325 25677. 74 a 4G3}i-r 2F2~ 

4 3892.87 25680.74 a 'D,){-x ' SI}j? 
4 3892.76 25681. 46 a'D3){-u'Fj}j? 
5 3892.33 25684.30 

50, IV 3891. 302 25691. 09 a 'D,){-y ' Dl}j 4 w 1. 519 (1. 582) 1.632 
6 3890.756 25694.69 a 'O'}j-t 'Fl}j 

6 3889.800 25701. 01 a 'F3){-y 'OJ}j 
8e 3889.64 25702.06 
1 3889.440 25703.39 a 'PO){-U ' DI}j 
2 3888.68 25708.41 b 'F4){-t 'D j){ 
1 3888. 49 25709. 67 a 'D,){-v 'DI){ 

3 3888.29 25710.99 
6h 3886.664 25721. 74 

20, V 3886.074 25725.65 a 'D '}j-Y 'Do){ 4 0.718 1.184 (1.863) 3.220 
100, IV 3885.686 25728.22 a 'H,){-y 'Hs}j 6 Oh 1.13 (1.12) 1.1 5 
150e, IV 3885.453 25729.76 a 'H,){-y 'H,){ 6 Oh 1. 225 (1.22) 1. 23 

3 3884.519 25735.95 
80, V? 3883.141 25745.08 a 'D3}j-y 'Fl){ 4 0.244 0.123 0.480 1.580 1. 335 

6 3882.894 25746.72 
8 3882.600 25748.27 a 'H'l{-Y 'Ill{ 
2 3880.543 25762.31 

7 3879. 644 25768.29 
2O,V 3878. 965 25772.79 a 'F'}j-y 'Dl){ 
40, V? 3878.817 25773.78 a 'D'}j-Y 'Fj}j 4 0.404 0.191 0.231 1.645 1. 241 
1 3878.082 25778.66 a'D'}j-u'DI){ 

6Oc, V 3877. 557 25782.15 a 'D,){-y 'Dj){ 5 0. 292 0.150 -- (1.549) 1. 257 

2Oe, V 3876.964 25786.10 a 4G4~-X 4HsJ.2 
4 3876.810 25787.12 

2O,V 3875.77 25794.04 a 'F,){-y 'DI}j 

5 3875.697 25794.52 {a 'H3}j-Y 'Hl}j 
a 'Po}j-u'Do}j 

lOd 3875. 421 25796.36 a 4G2}S-T 2F!i}S 

1 3875.10 25798.50 b 'PI){- 400 ;}j 
5 38i3.288 25810.57 a 'D'}j-v 'G;}j 4 0.291 -- 0.198 1.216 0.925 
5 3871. 76 25820.75 a 4 F3){-X 'Dl){ 

2Oe, V 3871.188 25824.57 a'D'}j-xj'PI}j 4 0. 232 0.114 1.026w 1. 363 1. 595 
5 3870.665 25828. 06 a 2G4M-v~4G4~ 

1 3869.586 25835.26 a 'P'}j-x 'OJ}j 
9d 3868.829 25840.32 {U 4F'}j-X 'D!}j 

a4Fl}i-x6D2~ 

8 3868. 570 25842.05 {a 4P2~-V4F2>i 
a 'Do}j-Y 'PIli 

5Oe, V? 3867.918 25846. 40 u 'D4){-Z 'Ojli 5us 0.532 0.267 3.409 1.549 1.017 
1 <!S67.393 25849. 91 u 'O,J.j-u 'Fj;j 
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TABLE 4.-First spectrum of columbium (Cb I)-Continued 

Wave Strong- Strong-Intensity 
).,airA 

No. Termcombi- Zeeman Separa-
Arc vac. nation type tion est est fl' !J' 

em-I p n 

--------------
I 2 3 4 5 6 7 8 9 10 

-------------------
4 3866.24 25857.62 b 'D,~-411 !~ 

10d 3865.041 25865.64 a 2F3~-1J, 204~ 
1 3864.698 25867.94 b 'P,~-3 'G!~ 
8 3864.364 25870.17 a 'PI),-U 'G!~ 
1 3864.111 25871. 87 b 'F,~-t 'D!~ 

3e 3863.78 25874.08 a 'G,~-r 'F!~ 
3e 3863.61 25875.22 b 'F,~-w 'H!~ 

50, V? 3863.383 25876.74 a 'P,"-V 'Si~ 6 0.239 0.358 1.839 1. 720 1. 959 
20e, V 3862.926 25879.80 a 'Do~-Y 'Do~ 
2 3861. 384 25890.14 a 'Po~-u 'D!~ 

3e 3861. 081 25892.17 b 'F,~-t 'Dill 
12e 3850.860 25893.65 a 'G,~-V 'Il~ 
1 3860.694 25894.76 b ' F,~-x 'Po~ 
4e 3859. 237 25904.54 

40, V? 3858.953 25906.45 a 'D,~-V 'F!~ 4 0.784 0.392 -0. 099 1.861 1. 077 

1 3858. 162 25911. 76 a 'F,~-t 'Gi~ 
1 3858.00 25912. 84 a 'D,~-V 'Di~ 
6 3856.683 25921. 70 

15 3855.456 25929. 94 a 'DOll-V 'Fi~ 4 .- 0. 948 (3.323) 0.475 
12 3855.146 25932.03 a'H'~-Y'H!~ 

9 3854.698 25935.04 a'H,~-3 'F!~ 
6 3854.127 25938.88 a 'D,~-x 'PO~ 
4e 3853.59 25942.50 {a'D'~-U'D;~ 

a'P,~-u'Fi~? 
20 3853.388 25943.86 a .H3~-8 2F2~ 4 0.156 0.078 0.299 0.689 0.845 
4 3853.096 25945. 83 a 'HSH-W 2Rbi 

6e 3849.744 25968.41 {a,p'~-t 'Fl~ 
a,p,~-w'F;" 

1 3846.00 25993.69 b 'D,~-414i~ 
40, V 3845. 900 25994.37 a 'D,~-y 'D!~ 6 0. 080 1. 627 1. 643 1. 611 

4e 3845.307 25998.38 {a'D'~-x 'P;~ 
b ,p,~-r 'F;~ 

2e 3845.079 25999.92 {a'D'~-V 'D;~ 
b 'F,~-u 'Gi~ 

12 3844. 090 26006.61 a 'H.~-y 'H!~ 
lOe 3843.927 26007. 71 a 'P.~-v 'Fi~ 4 0.248 0.115 .. (1. 596) 1. 348 
4 3843.615 26009.82 a 'F.,,-V 'DI" 
4 3843.453 26010. 92 a 'H.,,-x 'HI" 

2O,V 3842.709 26015.96 a 'G,,,-V 'H!" 5 0" 1.200 (1.103) 1.133 

30 3841. 820 26021. 97 {a 'F,,,-t 'Gi" 5 Ok 1.004 (0.860) 0.924 
b'D,~-414i~ 

2 3838.072 26047.39 a 'D,~-v 'Di~ 
4 3837.995 26047. 91 a 'P,~-w'F!" 

12c 3837.077 26054.14 b 'p,,,-s 'Di~ 4 0. 191 0.094 0.884 1. 558 1.367 
5e 3836. 738 26056.44 a 'H,,,-8 'Fi" 

20, V 3836.452 26058.38 a 'D,,,-v 'D!~ 5 0.198 0.098 1.456 0. 952 1.160 
3c 3836.260 26059.69 

40, IV? 3835.176 26067.05 a 'Do~-II 'Di" 4 1. 508 0.754 1.061 3.322 1. 815 
2 3834.575 26071.14 b 'F.,,-w 'PI" 
6 3833.940 26075.46 

2 3833.769 26076.62 a 'D,,,-x 'Si~ 
lOe 3833. 257 26080.10 a 'H,,,-y 'Ii~ 7b,4? 0 1.11 (1.10) 1.10 
1 3832.134 26087.75 b 'D,~-q 'Fi~ 
6d 3831.198 26094.12 b 'Do,,-q 'Fi~ 
2 3831. 074 26094.96 a 'G3~-r 'Fi~ 

1 3830.820 26096.69 a 'D,~-u'Di" 
10 3830.006 26102. 24 a 'D,"-II 'So~ 4 0.880 0. 440 0.761 1. 201 2.081 

4 3829.659 26104.61 {b'G'''-P'FI~ 
b'D,,,-8 'Gi" 

4 3828.045 26115.61 b 'D,,,-q 'Fi" 
6 3827.090 26122.13 a 'p,,,-w 'Fi" 

12 3827.015 26122. 64 a 'F.,,-t 'Gl~ 4 0. 104 w 0.648 (1.180) 1.044 
3 3826.574 26125.65 a 'F,~-t 'GI~ 
5 3825.410 26133.60 a 'D,~-w 'Si~ 

100, IV 3824. 882 26137.21 a 'D,,,-y 'DI" 6 0.333 1.171 1.415 1. 581 1. 248 
3 3823.255 26148.33 b'D,,,-4161)f 
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TABLE 4.-First spectrum of columbium (Cb I)-Continued 

Wave Strong· Strong· Intensity No. Termeombi· Zeeman Separa-
Arc X air A vac. nation type tion est est gl g, 

cm-1 P n 

----------------
I 2 3 4 5 6 7 7 8 10 

-------------------------------------
6 3823. 135 26149.15 a 'H,» -II 'Il» 
4 3822.956 26150.38 

12e 3821. 201 26162.38 a 'D,»-x 'Pi» 6 0.300 0.585 1. 393 1.198 1. 588 
40, V 3819.148 26176.45 a 'Po»-II 'Si» 4 0.692 -- I. 604 2. 642 1.950 
6e 3818.100 26183.01 b 'P,»-w 'Pi» 

3e 3816.645 26193.62 
15 3816.342 26195.69 a' F'»-II 'Pi» 4 0.624 0.314 0.090 1. 026 1. 650 
6Oe, IV? 3815.507 26201. 43 a 'D.»-z 'Olli 6 0.567 1.989 1. 296 1. 580 1. 013 
4 3814.188 26210. 49 a 'F,»- z 'Fl» 
5 3813.470 26215.42 

5e 3813.01 26218.59 a 'Pnl-t 'Doli 
50, III? 3811. 035 26232.17 a 'Dns-II 'Dlii 4 0.242 0.125 1.248 1. 852 1. 610 
3e 3810.88 26233.24 a 'Doli-x 'Po» 

SOc, V 3810. 50 26235.85 a 'H,»-u '01» 4? w 1.18 (1. 22) 1.23 
2e 3807.95 26253.43 a 'Plli-W 'Fi» 

1 3S07.485 26256.63 a 'O.»-t 'Di» 
10 3806.631 26262.52 b 'P,»-8 'DI» !, 0.376 0. 19? 0. 725 1. 665 1. 289 
2O,V 3S06. 196 26265.52 a 'H'Ii-U '01» 0.147 0.074 0.324 0.691 0.838 
40, Cb II 3S04.733 26275.62 a ~H6~-U 4G4~ 4 w 1. 01 (1.12) 1.17 
JOe 3804.204 26279.27 b 'D,»-q 'F;» 

100, IV? 3803.879 26281. 52 a 5D4~-Z 2G:~ 6 0.477 2.135 1. 313 1. 551 1. 074 
1 3S03.65 26283.10 a 4PlJi-W (D iYi' 

400r, IV? 3S02.928 26288.09 a 6Dui-X 6DzH 4 w 1. 514 (1. 582) 1. 636 
6 3802. 636 26200.11 b 'F,»-u '01» 
5 3802.555 26200.67 

4 3S02. 4SO 26291.19 a 'F'»-II'PI» 
2O,V 3801. 302 26299.34 a 4R4Ji-U 4Q 3H 
2O,V 3800.941 26301. 84 a 'O,»-v 'O l» 
5 3800.197 26306.98 b 'DI»-q 'Fl» 
5 3799.486 26311. 91 a 'O.»-w 'Hl» 

300T, III 3798.127 26321. 32 a 5D2H-X aDi~ 
15e 3796.850 26330.17 a 2F3}i-V 2H4H 
12 3796. 599 26331. 92 a 'F,»- z 'Pi» 
2Oe, V 3796.440 26333. 02 b 'D,»-416 I» 
3Oh, V 3795.543 26339.24 

2 3795.182 26341. 75 a 4Doj1-v 2Di,.., 
15 3794.476 26346. 65 a 'H,»-w 'Hl» 6 0.049 0.929 0.923 0.936 
5e 3793.727 26351. 85 a 20 3Yi-U 2F3~ 
7e 3791. 999 26363.86 a 'H.»-t 'F;» 
8 3791. 446 26367.70 a 'P2Ji-W ( l!""3.l1 

300T, III 3791. 209 26369.35 a 'D,»-y 'Dl» 6 0. 120 0.552 1. 483 1. 543 I. 422 
2007, III 3700.138 26376.80 a aDH~-X 6D3J.i 4 Oh 1. 517 (1. 549) 1. 567 
20 3789.502 26381. 23 a 4F3Yi-Z 2F3Ji 
3e 3788.69 26386.88 0 0.682 
4 3788.188 26300.38 a 2D1J,i-U2DiH 

15 3787. 480 26395.31 a 'F3»-X 'Dl» 
8e 3787. 2SO 26396.70 a 'Do»-y 'So» 

150, IV? 3787.064 26398.21 a 'D,»-x 'Do» 4 0. 577 0.288 1. 572 1. 860 2. 437 
IO,V 3786.227 26404.05 a 'F,»-x 'Dl» 
6e 3786.10 26404. 93 

3 3785.384 26409.92 a 'p,»-v 'Fi» 
1 3784.73 26414.49 a'D,»-x'Si» 

20e 3783.844 26420.67 a 4H3Yi-u 4G 3}i 6 0.367 1. 285 0.872 1. 055 0.688 
1 3782.71 26428.59 a 'O,»-x 'Pi» 
5e 3782.40 26430.76 a 'D3»-U 'Dl» 

80, III 3781. 017 26440.43 a 'D,»-y 'Dl» 4U8 0.403 0.201 0.235 1.647 1. 243 
4 3779.22 26453.00 
1 3779.03 26454.33 a 'D,»-v 'Dl» 
5 3778.675 26456.82 a 4DoJi-x "Pi.K 

15e 3777.670 26463.85 b 'D.»-q 'F,» 

8 3777. 277 26466.61 a 'F,» -z 'Hi» 
7 3776. 605 26471. 32 a 'F,»-2761» 
6c 3776. 157 26474.46 b 'F,»-s 'F!» 

2O,V 3775.449 26479.42 a 'H,»-u 'Ol» 6 0.204 0.914 1.088 0.986 1. 100 
2 3775.16 26481. 45 a 'Dl)s-u 'DolS 
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TABLE 4.-Fil'st spectrum of columbium (Cb I)-Continued 

Wave Strong- Strong-Intensity A a ir A No. Termeombi- Zeeman Separa- est est 01 O. Are vae. nation type tion 
cm-1 P n 

--------------- -
1 2 3 4 5 6 7 7 8 10 

-----------------------------------
8 3774.44 26486.50 a 'P'ji-u'F;jit 0.734 0.404 
4 3774.39 26486.85 
6 3773.628 26492. 20 {a 'F'ji-x 'Dlji 

b 'F'ji-! 'O'ji 
10 3773.154 26495.53 a 'H'ji-! 'F;ji 4 0. 183 0. 095 0.336 0.975 1.158 
3 3772.721 26498.57 a 'F'ji-V 'Plji 

40, V 3771. 848 26504.70 a 6D2~-Z 2G3H 4 0.637 0.321 -0.569 1. 645 1. 009 3 3771. 78 26505.18 
2 3771.14 26509.68 a 'P'ji-V 'FIji 

20, V 3770.870 26511. 58 
12e 3770.71 26512.70 a4H6H-u4GSH 

4 3770.332 26515.36 
15 3769.983 26517.81 a 'H'ji-w ' H 'ji 6 0. 040 1. 088 1. 092 1.083 4 3769.624 26520.34 b 'D'ji-p 'F'ji 
20, V 3769.145 26523.71 a 'F' ji-x 'Doji 5 0.178 0. 088 0.491 0.402 0.222 
5 3767.421 26535.85 a 'P'ji-W 'O'ji 

30e, V 3766.140 26544.87 a 'D'ji-Y 'Diji 5 0.356 0. 179 2. 181 1. 647 1.290 6 3765.794 26547.31 a 2PIH-t 2D!H 
40c, V 3765. 074 26552.39 a ' Doji-x 'Doji 6 0.870 0. 435 2.878 3.313 2.443 4 3764.536 26556.18 b 'F'ji-8 'Flji 
25, V 3764.115 26559.15 a IID1H-X IIDi~ 

4 3763.730 26561.87 b 'P'ji-4141ji 
40, III 3763.492 26563.55 a 'D'ji-Y 'DOli 5 0.718 0.360 2.220 1.861 1.143 10h 3762.445 2'6570.94 
10 3761. 16 26580. 02 a 'P'ji-W 'Diji 
15 3761. 11 26580.37 a 'H'ji-x 'H'ji 

12 3760.646 26583.65 a 'H'ji-t 'Fhs 
200T, lJI 3759.556 26.591. 36 a IID 2~-X IIDz}i 6 0.090 1. 630 (1. 652) 1.611 2 3757.62 26605.06 a 'F,ji-400;ji 

4c 3757.02 26609.31 
7 3756.251 26614.75 b 'F'ji-s 'Flji 

4c 3755.940 26616.96 a 'H'ji-! 'F'ji 
2O,V 3755.764 26618.20 a 4HsH -x 4H~J.i 5 0.138 0.070 1. 738 1.117 0.979 6e 3755. 636 26619.11 a 'H'ji-x 'H'ji 
10 3755.289 26621. 57 a 4F2H-Z 4Sb,. 
Id 3754.86 26624.61 a 'O'ji-U 20,ji 

3 3754.228 26629.09 a 2D2}i-8 2F2H 
1 3753.47 26634.47 b 20'ji-n 'F'ji 

40, IV 3753.171 26636.59 a 6D3}i-Z 2G4}i 4 0.507 0.255 -0.691 1.592 1. 085 9 3752.723 26639.77 a 'F'ji-II 'Piji 
5 3752.297 26642.80 

10 3750.637 26654.59 a 4FH'~-Z 2F;~ 
5 3750.517 26655.44 b 'P'ji-q ' F iji? 
6 3750.223 26657.53 a 'P'ji-X 'Dl~ 
1 3749.415 26663.28 a 'O' ji -W 'H'ji 
1 3749.248 26664.46 a'D'ji-v'D;ji 

20, V 3748.557 26669.38 a '03ji-V 'H'ji 5 Oh 1.194 (0.885) 0.954 1 3748.41 26670.42 a '03ji-V ' D;ji 
3 3747.841 26674.47 a 2F'H-8 4G2}i 

25, V 3746.904 26681.14 W 1. 08 
6 3745.476 26691. 32 a 'F'ji-II 'Piji 

4 3744.279 26699. 85 b 'F 'ji-v 'Hlji 
40c, IV 3744.007 26701. 79 a 4H3H-X "BaH 6 0 0.695 (0.690) 0.700 2ooT, III 3742.393 26713. 31 a ' D oji-x 'Dlji 
3 3742.09 26715.47 a·PH~-w4F2H 
2 3741.99 26716. 18 b 'P'ji-416;~ 

30c, IV 3741. 776 26717.71 a'Doji-v'Doji 
1 3741.553 26719.30 a 'O'ji-V 'O'ji 

4O,III 3740.845 26724.36 a 'D'ji -Y 'D'ji 
8e 3740.537 26726.56 a 'Hlji-Y 'Ilji 

300r, III 3739.80 26731. 83 a 'D3ji-X 'D'ji 7b,6 Oh 1. 573 (1. 582) 1. 564 
4 3738.51 26741. 05 a 'D'ji-u'D;~ 

30, V 3738.427 26741. 64 a 'D'ji-s 'F;~ 4 W 0.948 (1. 206) 1.132 4h 3736.32 26756.72 
6 3734.733 26768. 09 a'p,~-w'Do~ 

15 3733.622 26776.06 a 'F' ji-z 'Plji 6 1. 045 1. 578 0.924 0.401 1.446 
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TABLE 4.-First spectrum of columbium (Cb I) - Continued 

Wave Strong- Strong-
Intensity No. Term combi- Zeeman Separa-

Arc A air A vac. nation type tion est est g, g, 

cm-1 
p n 

- ---------------------------------

1 2 3 4 5 6 7 8 9 10 

------------------------------- ---- ---

1M 3733.344 26778.05 183,);-u 'H;;, w 1. 25h 

5e 3732.702 26782.66 a 'D,);-y 'Di); 
15 3732.034 26787.45 a 'H,);-t 'F1); 6 0.267 1.195 1.116 0.983 1. 249 
8e 3731. 534 26791. 04 
1 3731. 377 26792.17 a 'D,);-V 'D!); 

7d 3729.613 26804.84 {a 'D,);-y 'Gl); 
a 2F2~-T 4Fh, 

20 3727.229 26821. 98 a 4H~x-x 4Hi~ 6 w 1.005 (0.984) 1. 026 
250,III 3726.235 26829.14 a 6Do.~-x IJD2}4 4 0.238 0.120 1. 261 1. 857 1. 618 

4e 3725.648 26833.36 a 4G5~-·V 2Hh~ 
20, V 3725.195 26836.63 a tD3~-U4D3~ 

4 3724.96 26838.32 !) 4F 2J,i -l4Gih-i 
4 3724.47 26841. 85 a 4PU~-U4]'2J.i 
3h 3723.742 26847.10 b 'p,);-q 'F!); 
6 3723.10 2685 1. 73 

20e 3722.942 268,12.87 

15 3722. 328 26857.30 b 4F4J.i-V 2HsM 
4 0722.170 26858.44 a 'F,);-y 'P!); 
4 3721. 637 26862.28 a 'P,);-t 'D!); 

10 3721. 517 26863.15 b 4FH'~-V 2Hh, 
6 3721. 277 26804.88 a 2Pn~-I 2PO}{ 

Ih 3719.52 26877. 57 b 'D,);-8 'Dl); 
6 3718.524 26884.77 a 4Q2}l-S 4FiM 

30, V 3717.538 26891. 90 a 4H3~-T 2FiM 4 0.185 (0.690) 0.875 

4Oe, V 3717.01 26895.72 a 'H,);-x 'H;); 
30e, V 3716.214 2690l.48 a 'D3);-Y 'D;); 
6 3715.974 26903.22 b 'F3);-t 'G;); 

4e 3715.196 26908.86 a 4H3}i-t (F4~ 

5e 3714.852 26911. 35 b .D:H~-T 2G~J.i 

20, V 3713.819 26918.83 {a 'D3);-276 !); 5 0.216 -- 2.108 (1. 582) 1. 366 
a 'H,);-w 'H,); 

300r, III 3713.018 20924.64 a ~D4J.i-X 6D4.~ 7b,6 w 1. 548 (1. 549) 1. 548 

6 3712.554 26928.00 b 4]T2~-8 4F3J.i 

12 3711.782 26933.61 a 'p,);-v '1';); 
6O,V 3711. 343 26936. 79 a 6Do~-Y 4D iJ.-2 4 2.024 1.012 0.282 3.318 1. 294 

20e 3710.448 26943.29 a 'H3);-X 'Hl); 5 0.309 0,152 -- (0.690) 0.999 

2 3709.947 26946.92 a 'G.);-X 'H,); 
3 3709.802 26947.98 -
6 3709.736 26948.46 a '1',);-% 'F,); 

25, V 3709.422 26950.74 {a4Po.~-W.Di~ 6 0.526 0. 795 1.451 1. 714 1. 188 
a2D2).S-u·G2~ 

8 3708.900 26954.53 a 'F3); -q '1"); 
4e 3708.38 26958.31 

10 3707.803 26962.51 a "F2J.)-X "D~~ 

7e 3707.088 26967.70 a ' D,);-y 'D!" 
lOe 3705.602 26978.52 
3 3704.628 26985.61 a 'PD);-t 'F1); 

40e, V 3704.137 26989.19 a "H67S-X "H6~ 7b,6 w 1. 21 (1. 22) 1. 22 

20e, V 3703.916 26990.80 a 4Gs7S-v 2H~72 6 0.117 (1. 27) 1. 15 

30e, V 3703.167 26996.26 a 'G,);-8 'Fl);t 0,278 1.434 

4 3701. 99 27004.84 {a2GHi-V ZG4Y!i 
a 'D,);-v 2G;); 

30e 3699.928 27019. 89 0 0.88 
5 3699.582 27022.42 

5 3699.078 27026.10 b '1'3);-8 'Fi); 
3 3698.893 27027.45 b'F3);-4001); 
0, III 3697.850 27035. 08 a 'D,);-x 'Do); 4 0.088 0.044 1.354 1. 662 1.574 

2O,V 3697.397 27038.39 a 'p,);-w 'D,); , 4 0.262 0.132 0.697 (1. 596) 1. 334 

1 3697.155 27040. 16 a 2F3).S-S 4Qh., 

20 

6d 3697.024 27041.12 a 4F4).S-Z "H5~ 
2O,V 3694.669 27058.35 a 'H,);-y 'IO); 6U8 0.13 (1. 22) 1.09 

5 3693.767 27064.96 a 2F2~-q 2F3.\-S 

4 3693.667 27065.69 {a4Fui-z 4SiJ,i 
a4F2~-Y ftPa.\-S 

20, V 3693.365 27067. 91 a 'PO);-w 'Do); 6 2.606 I. 303 1.347 2.650 0.044 
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TABLE 4.-First spectrum of columbium (Cb r) -Continued 

Wave 
Strong- Strong-Intensity No. Term comb i- Zeeman Separa-

Arc X air A vac. nation type tion est est U, 
cm-1 P n 

------------
I 2 3 4 5 6 7 8 9 

----------------
Ih 3692.518 27074.11 b 'G,J.j-u 'Ell> 
3 3691. 37 27082.53 
5 3689.409 27096.93 b 'F'J.j-8 'Gll> 

15 3689.038 27099.65 a 'HH~-X 4HX~ 
4 3688.81 27101. 33 a 'G,J.j-u 'Dll> 

15 3668.698 27102.15 e'D,J.j-Z 'FIJ.j 
a 'S'J.j-x 'Pil> 

8 3687.440 27111. 40 a 'G,J.j-s 'F!l> 
3 3686.665 27117.09 

10 3686.557 27117.89 a 'Fu,,-z 4H3~ 
3 3686.068 27121. 49 a 4P2~-W 2Di~ 

10e 3685.128 27128.40 a 2Po.~_X 2Pi~? 
5 3684.253 27134.85 {a'E.l>-t 'G;~ 

b'G'J.j-o'DIl> 
1 3684.18 27135.39 a ·Fl~-Y ~Ph~ 
5e 3683.973 27136.91 a 'DHS-u'D~,., 
1 3682.13 27150.49 a 2F2>i-& 'G3~ 

3 3681. 360 27156.17 
5 3680.857 27159.88 a 'D,J.j-Y 'Gll> 

lOe 3078.70 27175.81 b 'D'J.j-q 'D;l> 
4 3677.905 27181. 68 

15 3677.771 27182.67 a 'G'J.j-t 'F!l> 

20 3677.084 27187. 75 a 'Hui'-r 2F~,., 4 0.125 0.065 -- (0.984) 
20 3676.307 27193.50 b 'F'J.j-t 'Gll> 5 0.252 0.377 -- (0.852) 
10 3675.304 27200.92 a 'H.J.j-w 'Hll> 

5 3675.17 27201. 91 
40e, V 3674.787 27204.74 a 'D.J.j-Y ID!l> 4 0.232 0.116 0.841 1. 655 

15 3674.691 27205.45 {a'D'l>-II'Dll> 
a 4F3~-Y 'G2,., 

4 3674. 469 27207.10 a 'HIJ.j-Y 'Ill> 
8e 3673.227 27216.30 b 'FIJ.j-r 'Fll> 
4 3672.726 27220.01 a 2FsJ,l-q :lFi,., 
8 3672.580 27221. 09 a 'G,J.j-o 'G;l> 6 0.065 0.914 0.903 

9 3672.443 27222.11 a'D'J.j-2761l> 
6 3671. 735 27227.36 b 'F'J.j-r IF;l> 

12 3671. 372 27230.05 a 'G,J.j-s IF;l> 6 0.251 0.602 0.856 0.722 
20d 3669.736 27242. 19 b 'F1J.j-t 'G!l> 5 0.218 0.109 0.943 0.398 

8h 3669.347 27245.08 

40, V 3669.009 27247. 58 a 'PIJ.)-W 'Dhs 4 0.402 0.196 0.712 1. 718 
2O,V 3668.626 27250. 43 a 'PoJ.j-w 'DiJ.j 5 1. 444 0.722 0.457 2.623 
3 3668.435 27251. 85 b'D'J.j-rID;J.j? 
8 3667.760 27256.86 

10e 3667.665 27257.57 a 'H'J.j-t 'D!J.j 

120 3667.001 27262.50 a 'OHi'-8 'F3~ 
15 3666.534 27265.98 a 'H5J.i-X 4H6}i 
IOd 3665.157 27276.22 b 'FIJ.j-t 'Gll> 7b,6 0 1.229 (1. 224) 
7 3664.822 27278.72 a 'H,J.j-u 'Gll> 

80, III 3664. 692 27279.68 a IID3J,a-X IID~~ 4 w 1. 437 (1. 582) 

6 3663.432 27289.07 b 'F,J.j-r 'Fil> 
2 3663.313 27289. 95 a 'G'l>-t 'Oll> 
8e 3663.167 27291.04 a 'D.J.j-u IDal> 
5 3662.927 27292.83 

15 3662.051 27299.36 a 'FIJ.j-z ,poJ.j 4 0.366 0.181 0.223 0. 406 

10e 3661. 680 27302.12 a 'D'J.j-t 'Fll> 
2 3660.74 27309.13 a 'H'J.j-r 'Fll> 
2 3660.498 27310. 94 a'D1;,-u'Dil> 

100, IV 3660.364 27311. 94 a 'F';,-II 'Gll> 6 0. 097 0. 436 1. 325 1. 373 
7d 3658.750 27323.98 b 'F';,-q 'F;l> 

4 3658.648 27324.74 a 'H';,-t 'G;;, 
4 3658.604 27325.07 a 'p,;,-x 'Dil> 
8 3657.897 27330.36 a 'F';,-q 'Fll> 6 0.15 0.69' (0. 86) 
4 3657.693 27331. 88 b 'F,J.j-s 'Fl;, 
4 3657.254 27335. 16 a 'H'J.j-1I 'II;, 

g 

1 o 
--

1.1 
1.1 

09 
06 

1.4 

0.9 

0.9 
0. 6 

1.3 
1.1 

23 

25 

73 
16 

16 
79 

1. 

1. 

234 

528 

O. 772 

1. 276 

O. 92 
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TABLE 4.-First spectrum of columbium (Cb I)-Continued 

Wave . 
Intensity No. Termcombi· Zeeman Sel?ara- Strong· Strong-

Arc ). air A vac. nation typo tlOn cst est 01 g, 
cm-1 P n 

------------------
I 2 3 4 5 6 7 8 9 10 

------------- ----
15 3657. 110 27336.24 b 'F,u-t 'Oiu 4 0 1.02 (1. 22) 1.16 

5h 3656.495 27340.83 b' Dou-p'Dou 
1 3656.265 27342.55 a 'H,u-v 'Hlu 

20 3655.975 27344.72 a 'Dlu-Y 'Pou 4 0.606 0.303 1. 563 1. 866 2.472 
10c 3654.430 27356. 28 a .f. F.f,?S-x 4Fj~ 

4 3653.616 27362.38 b'D,u-p'D;u 
4 3653.276 27364. 92 {a4F3~-Z4H;Ji 

a 'S,u-w 'Piu 
6 3651. 304 27379.70 b ' F.u-r 'Flu 

40, V 3650.803 27383.46 a 'D,U-Y '01" 
5 3650.516 27385.61 

2 3650.31 27387.16 b 'F,,,-s 'Olu 
4 3650.168 27388.22 a 'O.u -Y 'Hlu 

6O,III 3649.854 27390.58 a 'D,u-Y 'Piu 7b,5 0 1. 654 (1. 652) 1. 649 
3d 3648.063 27404.03 b 'P,,,-416Iu 
7 3647.867 27405.50 a 'D,u- z 'F;u 

7 3647.724 27406. 57 a tF tJ.{-x 4D2}-2 
20e 3647.306 27409.71 {a'O,u-t ' Olu 5 0 1. 319 1. 255 (1. 227) 

b 'F,,,-s ' Ol" 
4 3646.118 27418.65 {a 's,,,-w 'P;u 

a'Do,,-" 'Di" 
9 3645.360 27424. 35 a 'p,,,-w 'Diu 

2O,V 3644. 935 27427.54 a 'D,u-s 'F;" 4 0.112 0.054 0.632 0.963 0.851 

Ih 3644.17 27433.30 b 'Do»-p 'Fiu 
25e 3643.725 27436.65 b 'D3H-r 'DjH 6 0 1. 409 (1.43) 1.39 

5 3643.526 27438. 15 a 'F3H-S 'Dju 
15 3643.343 27439.53 b 'F3,,- t 'Oils 5 w 1. 625 (1.120) 1. 232 

2 3642.587 27445.22 a 'p,,,-," 'P;H 

6d 3641. 543 27453.09 b 'Pou- w ' Piu 
30, V 3640.638 27459.92 a 'D,»-276 ;" 4 0.494 0.247 0.632 1. 867 1. 373 
40c, V 3639.335 27469.75 a ' O,»-t '0 ;" 6 0. 41"r 1. 21 (1. 26) 1.16 
2Oe, V 3638.792 27473.85 a'F,»-x'Flu 
2c 3638.673 27474.74 a .DH~-U 4D2J.l 

35c,V 3637.830 27481. 11 0 1.074 
2O,V 3637.545 27483.26 a 'G3?S-.! .4F3?S 7b,6 0 1.084 (1. 081) 1.087 
4 3637.306 27485.07 a 'D'H-Z 'Fl" 

30e, V 3636.959 27487.69 a 'O,u-v 'HI" 
2 3636.457 27491. 49 b 'F.u-s 'Diu 

12e 3635.852 27496.06 a 4H&?S-w ~H6~ 
6e 3635. 468 27498.96 a ' Do,,-y 'Pou 

15 3635.328 27500.02 a 'H,u-v 'H;" 6 0.262 1.124 1.100 1.148 
5 3634.604 27505.50 a 2H,u,i'-&tF4}S 

15 3634.452 27506.65 a 2G3J.)-V 2Gh" 

Ih 3634.03 27509.85 a 'FI,,-y 'P;u 

2O,V 3633.717 27512.22 { aGDIH-X 4DoJi 
a '0,,,-" 'Ghs 

15 3633.006 27517.60 b 'F'u-r 'F;" 6 -- 0.876 (0.852) 0. 901 
4 3631. 785 27526.85 a 'D,u-z 'Pi" 
4 3631.338 27530.24 

5 3630.700 27535.08 b 'PI,,-q 'F;" 
15 3630.623 27535.66 a 'H'u-t 'G,u 6 0.11 0.48 1.04 (0.93) 1.04 

4 3628.921 27548. 58 a 'F'Ji-s 'DlJi 
8 3627.870 27556. 56 

15, V 3625.717 27572.92 b 'F'Ji-8 'GiJi 

15, V 3625.169 27577.09 a 2D2J.i-r 2F2J.i 6 0.327 0.817 1. 040 1.203 0.876 
7 3624.357 27583.27 b 'DIJi-p 'Fiji 
6e 3623.14 27592.53 
4 3622.621 27596.48 
1 3621. 92 27601. 82 a 'G,,,-8 'Fils 

40, V 3621. 030 27B08.61 a 'F'Ji-Y 'GlJi 6 0.231 0.843 1.114 1. 230 0.999 
10 3619.207 27622.51 a 'F'H-X 'DlJi 
15, V 3618. 907 27624.80 {a,poJi -X'DiU 

a 'F.»-411 hi 
15, V 3618.441 27628. 36 a ' D'Ji-V 'PiJi 
15, V 3617.714 27633.91 b 2H6 -u 2Hh~ 111 1.04 
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TABLE 4.-First spectrum of columbium (Cb I)-Continued 

Wave Strong- Strong-Intensity No. Term combi- Zeeman Separa-
Arc X air A vac. nation type tion est est 0' 0' 

cm-1 
p n 

--------- -------------------
I 2 3 4 5 6 7 8 9 10 

----- ----------------
6 3616.497 27643.22 a r.Dn~-z 2F2~ 

10 3616.216 27645.36 a '04),-V 'H,,, 
4 3615.971 27647.24 a 'O,,,-y 'H,,, 

30e, V 3615.500 27650.84 a 4043-1-8 4F4~ 6 0.100 0.450 1.148 1.198 1. 098 
7e 3613.45 27666.52 a 'Do,,-x 'Do~ 

9 3613.013 27669.87 b 'F,,,-r 'Fl" 
9 3612.657 27B72.59 a 'DB,-t 'F1" 
7e 3611. 285 27683.11 b 'O,,,-p 'Gl" 
7 3610.765 27687.09 a IID2~-X 4DiJ1 
8e 3610.002 27692.95 b 'F,,,-r ' F1" 6 0 0.424 (0.402) 0.446 

9 3608.316 27705.89 b 'D,,,-p 'Fl" 
10d 3608.013 27708.21 b 'F,,,-r 'F,,, 6 0.099 1.231 1. 217 1. 244 
7 3607.33 27713.46 a 'P,,,-v 'Do" 
8 3606. 806 27717.48 a 'D,,,-t 'D1" 

10d 3606.492 27719.90 b 'D,,,-p 'D!" 

8e 3606.272 27721. 59 b 'F,,,-4oo!,, 
7e 3604.643 27734. 12 
8e 3604.072 27738.51 a 6D3H-1I2G4~ 
8 3603.962 27739.36 a 2Po~_t 2Di~ 

10 3603.435 27743.41 a 'H,,,-v 'H,,, 
6 3602.876 27747.72 b'D,,,-p'D!,, 
2 3602.74 27748. 76 a 'O,,,-t (01» 
3 3602.68 27749.23 a 2Dui"-u 4G2~ 

OO,III 3602.561 27750. 14 a 'D,,,-y 'P!» 4 0 . 1. 558 (1. 582) 1. 601 
2 3602.219 27752.78 b 4F3~-q 2F2~ 

3 3600.678 27764.66 a 'D1,,-z 'P1" 
6' 2O,V 3599.635 27772.70 a 4F2H-Y 402~ 0.331 0.829 1. 715 1. 023 0. 692 

20e, V 3599. 279 27775. 45 b 'F,,,-s 'm" 6 0 1. 236 (1. 224) 1. 248 
12d 3598.343 27782.67 a 'Do,,-y 'P1" 

8 3597.514 27789.07 {a'D,,,-t 'F!~ 
a 'P,,,-w 'D1" 

16e 3597.260 27791. 04 b 'F!~-s 'O;~ 
80, III 3593.966 27816.51 a 'D,,,-z 'Sl» 4us 0.144 0.068 1. 434 1.650 1. 794 

2 3593.543 27819.78 b 'P,,,-r 'Dl" 
3 3592.360 27828.94 a 'Po,,-t 'D1" 
9 3591. 790 27833.36 a 4F3.J.i-X 4F2~ 

10 3590.904 27840.23 a 'D,,,-z 'Fl~ 
lOe 3590.712 27841. 71 a 4G!lH-r 4F~.J.i 
8 3589.960 27847.54 a 'D,~-t 'F,,, 

100e, V 3589.356 27852.23 a 4FH~-Y 4053-<; 4 w 0.835 (1. 330) 1. 240 
100, IV? 3589.106 27854.17 a 6DH'~-X 4DzH 5 -- 1. 882 (1. 582) 1. 462 

2 3587.942 27863.21 b 'F,~-s 'Ol~ 
9d 3587.400 27867.42 a 'O,~-t 'Ol» 
6 3586.869 27871. 54 a 4G3~-8 4F4~ 
4 3586.695 27872.89 a 'O,~-4OO!~ 

100, IV? 3584.972 27886.29 a 'D,,,-y 'P1» 4 0.325 0.163 1.162 1. 651 1. 976 

4 3584.47 27890.20 a 'O,~-y 'H,,, 
2 3583.095 27900.90 a 'H,~-v 'H'~ 

25 3582.369 27906.55 {a4Pni-V4D2~ 6 0.243 0.609 1. 475 1.596 1. 353 
a2HH .. ~-8 4F4}i 

lOe 3582.062 27908.94 a 'O.,,-s 'O,~ 
9 3580. 788 27918.87 {a'Do~-z 2P1~ 

a2H6Yi"-8 4G~H 

400r, III? 3580.277 27922.86 a 'D,~-y 'PI» 4 0.153 0.075 1.001 1. 539 1. 692 
3 3579.186 27931. 37 a 'H,~-t 'Dl~ 
4e 3578.586 27936.05 a 'D2,,-S 2FI~ 
3 3578.317 27938.15 a 'H,,,-It '01" 
4 3578.23 27938.83 b 'F,,,-s '0,,, 

40, V 3577. 721 27942.81 a 'D,,,-t 'D;~ 6 0. 125 0.313 1.141 1. 204 1. 078 
8e 3577.238 27946.58 b 'O,,,-p '0,,, 

200, III 3575.850 27957.43 a 'D,,,-y 'PI" 4 0.181 0.092 1.121 1.573 1. 764 
20e 3575.139 27962. 99 a 'O,,,-r 'Fi" 
3 3574.312 27969.46 
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TABLE 4.-First spectrum of columbium (Cb I) - Continued 

Wave Strong- Strong· Intensity AairA No. Term combi· Zeeman Sepora· 
Arc vac. nation type tion est est UI US 

cm-1 p n 

----------------
I 2 3 4 5 6 7 7 8 10 

------------------------------------
5 3573.096 27978.98 a2H5~-t 4G5~ 
1 3572.10 27986. 78 b '03),-0 'Di;, 
6e 3571. 485 27991. 60 a 'O ';, -400i;, 
3 3571.124 27994.42 a 2D2~-T 2F~~ 
7c 3569.854 28004.39 a 4G4).i- r 4F;~ 

5 3569.692 2S005.66 
40, V 3569.464 28007.45 a 'F.;,-x'F;;, 6 0.056 0.166 1. 204 1. 232 1. 176 
2O,V 3568.727 28013.23 a 'PO}.i:-V 4Do~ 6 0' 1. 564 (2 . 650) 0.477 
5e 3567.099 28026.01 a 'D.;,-u 'Olls 
6 3565.855 28035.79 a 4F2~-Y 2Di~ 

10c 3565.052 28042.10 a 4D3}i- t 'Fju 
6e 3564.028 28050.16 b 'D,;,-q 'D!;, 

80, IV 3563.624 28053.34 a ' D,;,-y 'PI;, 6 0.11' 1. 618 (1. 652) 1.585 
100, IV 3563.501 28054.31 a 'D,;,-z 'S1Is 6 0.074 0.111 1. 835 1.872 1.798 

6 3563.232 28056.43 a 'F,;,-s 'a ;;, 

3 3562.846 28059.47 a 'g.;,-u '01." 
6e 3562.649 28061. 02 a 'GlJ.S-8 ' Oz}oS' 
6 3561. 697 28068.52 a'DzYS'-t'Fi}S 

12 3561. 142 28072. 89 a 4G3~-T 4F2}i 
7 3560.357 28079.08 a IIDo}S-x 'Di}S 

1 3559.470 28086.08 b ' D,;,-n ' F.;, 
12, V 3559.128 28088.78 a 'Po;,-w 'Di;, 4 1. 592 0.796 0.262 2.640 1.068 
9 3568.015 28097.56 a'D,;,-t'Do;, 
1 3557.684 28100.18 a 'F';,-416!;, 
2 3557.023 28105.40 b 'P,;,-a 'Di;,? 

10 3556.022 28113.31 b 'D,;,-p 'Fl;, 
SO, III 3554.666 28124.03 a ' Dlls-v'Pi;, 5 0.120 0.180 1. 919 1.861 1.981 
50, IV? 3554.524 28125.16 a 4F3}~-X 4F4H 4 w 1.144 (1. 235) 1.202 
10c 3553.613 28132.37 b'D';,-p'D;;,? 
6 3552.227 28143.34 a'D,;,-z 'Fj;, 

5 3552.000 28145.14 a'D2)s-u'OI;, 
1 3551. 37 28150.14 a 'F,;,-q 'F i;, 
8 3551. 102 28152.26 a 2G3}S-S 2F3}S 
6 3550.624 28156.05 a'D';,-t'D!;, 

50, IV? 3550.448 28157.45 a ' D,;,-x 'DI;, 6 0.179 0.448 1. 562 1. 652 1. 472 

10 3550.237 28159.12 a ' D,;,-x 'D;;, 
1 3549. 96 281~ 1. 31 a 4J) n~-8 2li'2Ji 

12 3549.263 28166. 84 a 2F2~-8 2G jJi 5 0.21 1. 10' (0.86) 0.94 
15, V 3548.130 28175.84 a 'F,;,-y '01;, 4 -- 0.962 (1. 020) 0.999 
3 3547.426 28181. 43 

2 3546.910 28185.53 tJ 4FHi-S 4D2Ji 
8 3546.489 28188. 88 a 'F,;,-y 'Di;, 
5 3546.160 28191. 49 a .{GlJi-r 4F2Ji 

12 3546.031 28192.52 a 4Fz}-S-x 'FiJi 
6c 3545.381 28197.68 a 'Q'Ji-S 4GaJi 

50, IV 3544.656 28203.45 a 'P,lS-V 'DllS 4 0.197 0.104 0.901 1. 590 1. 394 
50, IV? 3544.031 28208.43 a 'DolS-Z 'SilS 4 1.523 0.763 1.030 3.314 1. 791 
12, V 3543.936 28209.18 a 'D,lS-X 'PilS 
5 3543.745 28210.70 {a'O,;,-t 'F!lS 

a 'F,lS -416 !lS 
1 3543.55 28212.25 a'PIlS-t'QI;, 

15, V 3542.983 28216.77 a 'F,lS-Y 'OilS 5 0.292 0.146 -- (0.402) 0.694 
10 3542.560 28220.14 a 'F'lS-lI 'F!lS 5 0.200 0.105 -- (1. 330) 1.130 
20c 3541.898 28225.41 b 'F,;,-a 'OllS 
15d,V 3539.650 28243.34 a'D,;,-t'F!;,?t 0.685 --
2 3538.076 28255.90 

150, III 3537.475 28260.70 a 'D'H-Y ' P i;, 6 0.122 0.306 1. 739 1. 678 1.800 
4c 3536.212 28270.80 b 'D3lS-U 'F;lS 
1 3535.845 28273.73 b 'P';,-p 'FIlS 

400c, III 3535.304 28278.06 {aft D3Y~-Y epj}i 6 0.124 0.425 1. 642 1. 5SO 1. 704 
a'Do}i-y ' PilS 4 0.674 2.616 3.326 1.986 

111 3(;34.65 28281 .69 b 'H,~-u 'Hi;, 
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TABLE 4.-First spectrum of columbium (Cb I)-Continued 

Wave 
Strong- Strong-Intensity No. Term combi- Zeeman Sepsrs-

Are A air A vse. nation type tion est est fl' fl' 
cm-1 P n 

--------------
I 2 3 4 5 6 7 8 9 10 

----------------
7 3534.428 28285.07 a 'G'll-t 'GIll 

20e 3534.114 28287.58 {a'P'll-V 'Ph, 
b 'P'll-P 'DIll 

40, IV 3533.667 28291.16 a ftDH~-lI 4P2>i 4 0. 261 0.134 1. 226 1. 878 1. 617 
5e 3532.521 28300. 33 a 'D'll-U 'G!ll 
7 3530.824 28313.94 a 'F'll-P 'FIll 

10 3530. 093 28319.80 a 'H'll-t 'GIll 
8e 3529.394 28325.41 a 'H'll-S 'FIll 

10c 3528.315 28334.07 a 'D3ll-t 'FIl, 5 0.201 0.102 -- (I. 420) 1. 219 
10 3527. 959 28336.93 a 'G3ll-s 'Dlll 
6e 3527.280 28342.39 b 'H'll-O 'Dill 

, 
10 3527.108 28343.77 a 'Glll-r 'Fill 5 0.385 0.193 -- (0.742) 1.127 
2 3526.209 28350.99 a 2H5~-r .. Fh~ 
8 3525.88 28353.64 a 'Pill-W 'Gill 

30c, V 3525.219 28358.95 a 'G'll-S 'Gsll 7b,6 0 1.26 (1. 26) 1. 26 
8 3524.93 28361. 28 a 'G3);-U 'Gill 5 0 0.958 (0.885) 0.827 

12 3523.156 28375.56 a 'D'll-r 'FIll 4 0 0.770 (0.953) 0.880 
6 3522.787 28378.53 b 'G,);-m 'FIll 4 0 0.81 (0.90) 0.94 
2 3522.630 28379.80 a 'H'll-t 'Gsll 

12, V 3520.717 28395.22 a IIDl~-X 4D2~ 4 0.381 0.197 0.898 1. 851 1. 470 
40, IV 3520.055 28400.56 a 'F,);-x 'Fill 6 0 1. 017 (1. 229) 1. 005 

6 3519.337 28406.35 a 'Dns-t 'Fill 
8, V 3518.180 28415.69 a 'F,w-q 'Fill 
5 3517.84 28418.44 a 'G'll-3 'Gill 

12 3517.77 28419.00 a 4PO .. ~_V 4Di}i 
10 3517.111 28424.33 a 2F27S-P 2F2~ 

15, V 3516.863 28426.33 a 'D'll-t 'Dill 6 0.055 -- (0.953) 0.916 
3 3516.342 28430.54 b 'H'll-U 'HIll 

10 3516.198 28431. 71 {a2GH~-tL 4G~H 
b 'P,»-q 'D;» 

3e 3514.911 28442.12 a 'Do»-z 'Po» 
3 3513.673 28452. 14 

2 3513.545 28453. 18 a 2H47S-.! 4G jH 
1 3513.24 28455.65 a 'G'll-s 'Dl» 
6 3512. 749 28459.62 a 'G'll-t 'Flll 
5 3512.309 28463.19 
1 3511.614 28468.82 a 'D.»-z 'Hl» 

2Oc, V 3511.189 28472.27 {aID,ll-w'Pill 4 -- 0.52 (1. 206) 1. 67 
a 'F'll-P 'Fill 6 W 1.12 (1. 13) 1.11 

10c 3511.13 28472.75 a 'F2)l-z 'SIll 
Id 3510.41 28478.59 
1 3509.872 28482.95 a 'D'll-U 'Glll I Be 3508.529 28493.85 

Ih 3508.21 28496.44 {a'D'll-t 'Fill 
a4G4~-r 4F4U 

80, III 3507.960 28498.48 a 'D,»-V 'PIll 4 O' 1.610 (1. 863) l. 762 
10 3506.991 28506.35 b 'H.»-p 'GIll 
7 3506. 025 28514.20 a IID3})-X 4D5H 

12 3505.812 28515.94 a 2DI.l~-t "Diu 

1 3504.59 28525.88 a 2D2}-S-W 'P2H 
2O,V 3503.206 28537.15 {a'G,»-x 'HIll 6 0.119 0.440 1. 054 1.113 0.994 

u'G'}l-S 'Gill 
8 3500.109 28562.40 a 'F'll-V 'Fill 
7e 3498.783 28573.22 

6Od, IV 3498.631 28574.46 {a'P'll-V'Dbs 4 0.356 0.183 0.805 I. fin4 I. 338 
u'F,»-x 'Fill . 

5 3498.441 28576.02 a 'H'll-S 'Flll 
3e 3498.358 28576. 69 a 'D,»-z 'Hill 

30. IV 3497.815 28581. 13 u 'D'll-V 'Pill 5 W I. 832 (1. 6.52) 1. 732 
5 3497.646 28582.51 a ' .F'}l-p 'Fill 
2d 3496.284 28593.64 a 'H'll-t 'GIll 

! 20e 3496. 027 28595. 75 a 'G'll-S 'Dhs 
1 3495.71 28598.34 a 'G3ll-q 'FIll 
3d 3495.473 28600.28 

I 
1 3495.18 28602.68 b 'DOll-V 'Pill 
3 3494.57 28607.67 u 'H'll-t 'G;" 
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TABLE 4.- First spectrum of columbium (Cb I)-Continued 

Wave Strong· Strong-
Intensity No. Term combi· Zeeman Sepsrs-

Arc A air A vac. nation type tion est est QI g, 

em-l 
p n 

.----------------------
I 2 3 4 5 6 7 8 9 10 

---- -----------------
5 3493.476 28616.63 a 'D,~-t 'Dl;, 
3 3492.56 28621.13 b 4Dl~-V 2Pj~ 

15, V 3491. 477 28633.01 {a4Fu,~-y 2D2}S 
b 'F,;,- 4161;, 

50d, IV 3491. 024 28636.73 a 4Fi,l .. ~-x 4FiJi 6 0 0. 411 (0.402) 0. 420 
1 3487.814 28663.08 a 2PI).~-r 4Fi~ 

2 3487. 52 28665.50 a 'D,~-s 'Fi;, 
7e 3486.724 28672.04 

12 3485.935 28678.53 a 2F3~-T 20;}i 5 0 1.178 (1. 135) 1.151 
1 3485.790 28679. 72 a 4F4~-X 403J.~ 
8 3485. 102 28685. 38 0.14 1.09 

3 3483.754 28696.48 a 'O' H-U 'a.;, 
1 3483.23 28700.80 a 'Do;,-t 'Fi;, 
2 3481. 82 28712.42 a 'D,;,-Y 'O l;, 

9 3481. 265 28717.00 {a4Q3J.i- r 4FiH 
a'O,;,-q 'F1)l 

15, V 3481. 054 28718.74 a 'Po~-v 'Di;, 4 1. 434 0.718 0.508 2.660 1. 225 

40, V 3478.690 28738.25 a 'P')l-X ' P1;, 6 0 1. 574 (1. 596) 1. .\52 
4 3478.335 28741.19 a 'D';,-t 'Dr;, 
8 3478.010 28743.88 a 'D,;,-x 'Po;, 5 0.391 0.194 1.153 0.957 0.566 
1 3477. 92 28744. 62 a 2DH'; -'l.1.. 2a-h~ 
1 3477. 26 28750.07 b 'F,;,-s 'Ol;, 

1 3476.655 28755.08 a 'H.;,-v 'H;;, 
10e 3475.990 2S760.58 a 'H .;,-s 'F'H 5 0 1.14.3 (1. 12) 1.11 
15, V 3475.590 28763.89 b 'F3;,-q ' Fl;, 4 Oh 0.964 (1. 120) 1. 245 
1 3474.99 28768.85 b 'F';,-414i;, 
5e 3473.362 28782.34 a ' O';,-41l1~ 

7 3473.125 28784.30 a 4Q3H-S 4Gt~ 
30e, V 3473.020 28785. 17 b 'FH,-q '1"1;, 5 0 1. 291 (1. 224) 1.186 

5 3472.776 28787. 19 a 'P2}i"-V 2Di~ 
9 3471.526 28797.56 a 'O,;,-x 'Hl;, 

10 3471.198 28800.28 b 'O,~-p '01;, 6 0.239 0.872 0.906 0.838 

5 3471. 036 28801, 62 {a'F,;,-S'D1;, 
a'H,;,-v'Hl;, 

15, V 3469.442 28814.86 a 2G4J.i-X 4Hs7{ 5 0 1.120 (1. 103) 1. 108 
3 3469.244 28816.50 a 'O';,-s 'Dl;, 
7 3469.135 28817.41 a ~D2J.i"-X 4D3).i" 
3 3468. 942 28819.01 a 'H,~-s ' 0;;, 

8 3468.549 28822.28 a 'D'H-t 'Di;, 
15, V 3467.474 28831. 24 a 'D,;,-t 'Do;, 5 1. 101 0.551 1. 743 1.192 0.081 

2 3466.231 28841. 55 {"'H'H-t ' Ol;, 
b 'Fn,-p '1";;, 

30, IV 3465.860 28844.64 a 4F1 J.i - X 4F2~ 5 0.603 0.303 1.911 0.403 1. 006 
3 3465.610 28846.72 b • F3;,-p 'H); 

25e, V 3463.813 28861. 68 a 'Oii}i-q 4F~~ 5 10 1. 55- (1. 26) 1.20 
8, V 3463.685 28862.75 b 'F,;,-q 'Fi;, 5 0.302 0.150 1. 309 0. 856 0. 554 

10, V 3463.033 28868.18 a 'H.~-8 'a;;, 
15, V 3462.647 28871. 40 {a'F,;,-V'Fl;, 6 0.101 0.354 1. 205 1. 259 1.158 

b 'F,~-r 'F.;, 
5 3461. 61 28880.05 a 'D,~-z 'Hl;, 

5 3460.66 28887. 98 a 'p,;,-v '01;, 
25, V 3459.702 28895. 98 a 'D,~-t 'D1;, 5 0 1. 580 (1. 420) 1. 356 
12, V 3458.951 28902.25 a q:l2~-X fPi~ 7b,5 0 1. 601 (1. 596) 1. 589 
5 3458.87 28902.93 a 2GU1:- r 2F3J.i 
7 3458.740 28904.01 a 'Po;,-y 'Po;, 

2O, V 3457.801 28911. 86 a 'D,;, -t 'Di;, 5 0.309 0.154 1. 824 1.360 1. 053 
2 3457.205 289IG.85 a 4Fl~- Z IiS2H 
5h 3456.993 28918. 62 b 'G'H-t 'Hi;,? 

12, V 3456. 543 28922.38 a 'O';,-Y 'H;, 4 0.120 O.OGO 0.400 (1.103) 0.983 
2 3453.425 289{8.50 b 'F3H-Q ' J?l;, 

3c 3453.08 28951. 39 a 'D3»-W 'Hi;, 
15e 3452.652 28954.98 a 'P,;,-Y 'Pi;, 
2Oe, V 3452.373 28957.32 a 'H.»-t 'a,;, 
3c 3451. 12 28967.83 
1 3448.76 28987.65 a 2GH~-T 2Fz.!-i 

6404098- 45-- 6 
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TABLE 4. - First spectrum of columbium (Cb I) - Continued 

Wave Strong· Strong. Intensity No. Term combi· Zeeman Separa· 
Arc A a:rA vac. nation type tion est est gl g, 

em-I P n 

- ---- ----------------
I 2 3 4 5 6 7 8 9 10 

---- ------------------
I 3447.843 28995.36 a 'F,,,-x '01" 
3 34<16.747 29004.58 a '03,,-t 'Fhi 
1 3446.382 29007.65 a 'D1,,-x 'Pi" 

40c, V 3445.67 29013.65 a '0,,,-8 '0;" 5 0 1. 293 (1. 23) 1. 25 
10 3442.800 29037.83 a 'H,,,-411 lJ,. 5 .. 1.62- (0.93) 0.73 

12, V 3442.655 29039.06 a '03,,-X 'Hi" 5 w 1.378 (0.885) 0.995 
4 3439.702 29063.99 a 'O,,,-w 'Pi" 
8 3439.342 29007.03 a 'D,,,-y 'Gl" 

15, V, Cb II 3436.964 29087.14 a 'H3,,-400 '" 
3h 3435.04 29103.43 

4 3434.118 29111.24 a 6D,,,-x 'Fl" 
6 3433.18 29119.20 b 'O,,,-t 'R;" 

12, V 3433.099 29119.88 a 'O,,,-w 'R,,, 
15e, V 3432.420 29125.64 a 'Do,,-t 'Do" 
lO,V 3431. 955 29129.59 a 'F,,,-y 'F,,, 

8d 3431. 064 29137.15 a 4D2~-t 2DiJ.i 
20, V 3429.059 29154.19 a 4P2~-X 4Si~ 4 0.214 0.109 1. 267 1.5$8 1.802 
15e, V 3428.795 29156.44 a 'R3,,-8 'O i" 
7 3428.369 29160.06 a 'Dl,,-t 'Dl" 

50, IV 3427.454 29167.84 a 'F,,,-v 'Fl" 7b,4 0 1.325 (1. 330) 1. 333 

4e 3426.730 29174. 00 a 'H,,,-t '01" 
30e, V 3425.855 29181. 46 a 4G6~-r 204.\oi 5 w 1. 610 (1.26) 1. 18 
30, IV 3423.765 29199.27 a 'F,,,-x '0;" 6 0.164 0.746 1.248 1.329 1. 165 

2h 3423.23 29203.83 a zF3J,i-r 4D3J.i 
1 3422.35 29211. 34 b 'F,,, -r '01" 

1 3422.119 29213.30 a 'P'lS-U 'F!" 
4 3420.287 29228.96 a 6D4}1-X 4F4:H 
7d 3420.11 29230.47 
1 3419.148 29238.70 b 'F,,,-q 'Fl" 

15, V 3417.867 29249.65 a 'DI,,-t 'Di" 6 0.145 0.211 1.123 1. 195 1.050 
5 3417.272 29254.75 a 'Po,,-y 'PI" 

30c, V 3415.984 29265.78 a 4D 3.\oi -Ul 4P2~ 4 0.158 0.079 1. 012 1.407 1. 565 
4 3415.603 29269.04 a 'H,,,-s '0;" 

15, V 3414. 070 29282. 18 a 4Fu~-w 2F3.\oi 5 0.249 0.123 2.198 1. 327 1. 078 
lOd 3413.51 29286.99 a 4Hu.,-r oiFi>i 
15, V 3409.915 29317.86 a 'H,,,-r 'Fj" 4 0.150 .. 0.483 (0.984) 1. 134 

50, IV 3408.380 29331. 07 a 4F3J.i-X 4G3.!1' 6 0.232 -- 1. 130 1. 246 1. 014 
10 3407.980 29334.51 b 'F3,,-.' 'D;" 
lO,V 3406.616 29346.26 a 'PI,,-X 'POH 4 0. 318 0.159 1. 890 1. 731 2.049 
40, V 3406.140 29350.36 a 'D,,,-t 'Di" 7b,6 0 1. 364 (1. 360) 1. 368 
60, V 3405.418 29356.58 a 'D,,,-t 'Dj" 6 • 0.127 . 0.375 1.368 1. 432 1. 305 

4 3404.512 29364.39 a 6D ,,,-z 6SiH 
1O,V 3403.755 29370.91 a 2HsJ.i-q 4Fh~ 4 -- 0.720 (1. 652) 0.974 
15c, V 3403.013 29377. 33 
1 3402.40 29382.62 a 'D,,,-s 'Fi" 

lO,V 3399.967 29403.64 a 'D,,,-x 'PI" 5 Oh 1.468h (1. 360) 1.288 

25, IV 3399.399 29408.56 a 'F,,,-x 'Gl" 6 0.237 1.064 1.217 1.335 1.099 
15, V 3398.254 29418.46 0 1. 20 
2 3397.836 29422.08 a tlD3~-Y 4G~~ 
1 3397.43 29425. 60 a 'H,,,-q 'Fj" 

40, IV 3395.928 29438.61 a 'F2~-Y 2F3~ 5 -- 1. 367 (1.029) 1.126 

4 3395.455 29442.71 a '0,,,-4141,, 
6 3394.217 29453.45 

12 3394.090 29454.55 a 'DoH-t 'Dl" 
2 3393.679 29458.12 b 'FI,,-q '1';H 

100, IV 3392.345 29469. 71 {a 'F2~-X 402)1 6 0.408 1. 019 0.834 1.034 0.626 
a2HH~-s 2G3~ 4 0 -- (0.93) --

4 3391. 732 29475.03 a 'D,,,-t 'Di" 
7 3391. 429 29477. 66 a 'Dns-x 2PO"", 

10 3391. 332 29478.51 a 'O,,,-416;H 
25e, V 3390.623 29484.67 a 'D,,,-u 'GJH 4 0.403 0.609 .. (1. 420) 1. 017 
7. 33QO.413 ;)9486,50 
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TABLE 4.-First spectrum of columbium (Cb I)- Continued 

Wave Strong- Strong-In tensity No . Term combi- Zeeman Separ.-
Arc A air A vue. nation type tion cst est 01 g, 

cm-1 
p n 

--------------
I 2 3 4 5 6 7 8 9 10 

-----------~------------- ------------
Ie 3390. 08 29489.39 a 2F2}i-P 4Fi~ 
1 3389. 73 29492.44 b 'OU!-O 'a!}! 

15, v 3387. 754 29509.64 a 'PI}!-Y 'SO}! 4 0.356 0.178 1. 587 1. 724 2.080 
IO,V 3387. 579 295l1.16 a .Ho~-s 4G3~ 4 -- 0.646 (0. 984) 1.080 
20 3386. 995 29516.25 a 4G 4}1-q 4F~u 

10 3385.815 29526.54 
12, V 3385. OM 29527.85 a 4F4}.,-w 'F3J.i' 
4 3385. 192 29531. 97 a 'p,}!-V 'D;}! 

20, V 3384.662 29536.60 a 4G2~-q 'll'iu 5 0. 200 0.098 1.058 0. 758 0.558 
Ih 3384.50 29538.01 a 4QU~-s 2a~J1 

15, V 3383.802 29544.10 a'Do}!-t'Dl}! 
2 3382.91 29551. 89 b 'O,}!-r 'OJ}! 

20 3380.862 29569. 80 a 'Po .. ,-x 'PiH 
7 3380.490 29573. 04 a 'O,}!-q 'Fj}! 

40, III 3380.420 29573. 66 a 'FJ}S-V 2Fh, 5 0.475 0.234 1. 004 0. 410 0.891 

20, V 3380.055 29576.86 a 4F.u-z 4l5j.{ 4 0.330 0.165 -- (1. 330) 1. 000 
6 3377. 743 29597.10 a 'O,}!-416~}! 

15, IV 3376.732 29605.96 a 4Hs}i-r 4F47S 
1 3376. 59 29607. 20 a 'D,}!-V 'O!H 

l2, IV 3376.341 29609.39 a 'O,}!-q 'F!H 

50, IV 3374.928 29621. 78 " 203}i-W 2Htw 5 w 1.111 (0. 885) 0. 935 
5 3074.029 29629.68 a 'O'}!-P 'F!}! 
1 3373.71 29632.48 a 'H,}!-8 'OjH 
6 3372.164 29646.06 a 'POH-X 'POH 

IOV 3372.101 29646.62 e 'F,}!-u ' F!H 
a 'F3)~-x 'OjH 

40, IV 3371. 331 29653.39 {a 'Fl}i'-V 'FiJ.i' 5 0.184. 0.092 1. 700 1. 240 1. 056 
a 2G,}i'-U 2Gjy, 

20d 3369. 840 29666.51 a 'Dz}i-w 4Pj}i 
4 3369. 719 29667. 57 a 'D,}!-z 'S;H 

20e 3369.081 29673. 19 a 'H,}!-8 'OtH 
IOd 3368.426 29678.96 b 'H'H-t 'H;)! 

25, V 33r,7.382 29688. 16 a 'D1}!-t 'D;~ 5 Oh 1.602 (1.197) 1. 359 
8 3367.085 29690.78 a 2Hsu-r 2ah~ 

50, IV 3366.956 29691. 92 a 'O'H-W 'Hi}! 4 0 1. 041 (1.103) 1. 084 
6 3365.883 29701. 38 

15d 3363.750 29720.22 a 'D,}! - w 'Pi}! 6 0.606 -- (1. 360) 1. 602 

10 3362.866 29728.03 a 'G2J1-Q 4Fiu 
2d 3361. 86 29736.92 b 'F,}!-r 'D;}! 
2 3361. 35 29741. 44 a 'Dl}i-X 2PiJ.i' 
7 3359. 874 29754.50 a 'PO}!-V 'Dl}! 
4 3358.77 29764.28 a zPH"-W 2Ph~ 

250r, III 3358.422 29767.37 a 4F4~-X 4GZ~ 4 w 0.826 (1.330) 1.238 

4d 3357.899 29772.00 {a 'Do}!-x ' PoH 
a 'H'H-q '}'4H 

25, V 3357.043 29779.59 a tF3H - W 2F2H 5 0.256 0.128 1. 878 1. 238 0.982 
1 3356.76 29782.10 a 'F,}!-p 'D'H 
8e 3356.465 29784.72 

12, V 3355. 423 29793.97 a 'G3H- (J 4F~~ 6 0.437 -- (1. 081) 1.186 
80, III 3354. 743 29800.01 a 4F"H-V 4F4H 6 0.116 0.554 1. 272 1. 330 1.214 

6d 3353.675 29809.50 {a 'PO}! -Y 'SO}! 
a 'H'H-r 4Ft}! 

7d 3353.352 29812.37 a 'H3)! -q 'F;}! 
lOe 3352.868 29816.67 

15, V 3352.592 29819.13 a 4F3.J,i'-V 'li'jJ,<J 
12, V 3352.282 29821. 88 a 4P1 J.<J-X 'SiH 6 0.093 0.140 1. 79" (1.721) 1.814 
3e 3351. 819 29826.00 
1 3351. 511 29828.74 a 'H4H - Q 'Fjj.i 
2h 3351. 33 29830.36 b 'D'H-m. 'F;}! 

7c 3350.689 29836.06 a ' O,}!-r 'OtH 
4 3350.048 29841. 77 a 'D,}!-s 'O'H 

40e, V 3349.524 29846.44 a 4H6H-S 'aSH 4 Oh 1.14 (1. 22) 1.25 
200, III • 3349.068 29850.50 a 4F3H-X '04}i 4 w 0. 958 (1. 235) 1.134 

4 3348. 082 29859. 29 a 4FH~-W 'FiH 
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TABLE 4.-First spectrum of columbium (Cb I) -Continued 

Wave 
. 

Intensity No. Term comhi· Zeeman Separa· Strong· Strong· 
Arc X .lrA vac. nation type tion est est U, g, 

cm-1 P n 

---- ------------
I 2 3 4 5 6 7 8 9 10 

---------- --------------
6 3347.558 29863.97 a .p,~-u 'Dl~ 

25, V 3346.935 29869.53 a .POH-X tpi.K 4 1. 053 0.526 1.068 2.648 1. 595 
1 3346. 09 29877.07 a 'H'~-8 'Gl~ 
5 3345. 949 29878.33 
2c 3345.40 29883.23 a 'D3~-U 'Gl~ 

4 3345.178 29885.20 a 'H'H-P 'Fl~ 
3 3343.90 29896.64 

150r, III 3343. 712 29898.32 a 'F,~-x 'al;s 4 Oh 0.984 (1. 029) 1. 009 
4 3342.912 29905.47 a ~Dl~-Z !6Sz~ 
2 3342.48 29909.35 a 'H'~-8 'Dl~ 

4 3342.369 29910.33 183,~-o ' Gl~ 
2OOr, III 3341. 982 29913. 79 a 4Fni"-X 40 27S 5 0.221 0.111 0.964 0. 410 0.631 

6 3339.783 29933.49 a 4F3.li-W 2F3.li 
8 3339.268 29938.10 a 2F2H-n 2F2.li 

12c 3339.158 29939.09 a4D27S-u2G3~ 

4 3337.87 29950.64 b 'F,~-q 'D,~ 
15, V 3336.321 29964.55 a 4F2~ -w"Fi.J.i 5? 0.523 0.270 -- (I. 029) 0.506 
20c, V 3335. 420 29972.64 
10 3333.970 29985.68 a 'F3~-U 'F!" 
15 3332.704 29997.07 a 4FH~-W (Gl7S 

25, IV 3332.164 30001. 93 a 4.F3H-Z "I47S 4 0.400 0.197 -0.594 (1. 235) 0.835 
10 3331. 895 30004.35 a4DI>~-w4Pi7S 

Ih 3331. 67 30006.38 b .p,~-o 'D!~ 
10 3329.622 30024.83 a 'D,~-w 'P~~ 
40, V 3329.364 30027.16 a 'a3~-t 'Dhs 6 0.405 1. 421 1. 096 0. 892 1. 299 

1 3328.844 30031. 85 a 'F,~-V Isr~ 
6 3328.398 30035. 88 a 'D,,,-x 'PI" 
6 3328.163 30038.00 a 2Fl7S-n 2F37S 

10 3327.923 30040.16 b IFl};-p IF!" 
4 3326.745 30050.80 a 'P,,,-u'DI;s 

50, IV 3326.621 30051. 92 a 20Hi-U 204:)1 7b,6 0 1.103 (1. 103) 1. 103 
1 3326.077 30056.83 a 4G3H-r 2G4H 
1 3325.946 30058.02 a .fDns-w ·P27S 
6 3325.744 30059.84 a 4F3H-X 2GfH 
8 3322. 816 30086.33 

4c 3322.68 30087.56 

6 3322.245 30091. 50 {a'H,~-r 'Gl~ 
a'D, ,,-t 'al~ 

2 3322.00 30093.72 a "F 4}S-V 2F3~ 
4 3321. 53 30097.98 a'a,,,-t'a,,, 

40, V 3319.265 30118.51 a 4FHi -W "F4~ 

50, IV 3318. 982 30121. 08 a 4F27S-V 4FiJ.i 5 ? 1. 328 (1. 029) 0.830 
2 3318.461 30125.81 {b'H.,,-t 'HI" 

a'D,,,-t 'D~" 
1 3315.979 30148.36 a 'F'H-n 'F,~ 

40, V 3315.226 30155.21 a 'a3~-u'al" 6 0.130 0.385 0. 936 0.871 1. 001 
120, IV 3312.607 30179. O~ 11 4F37S-w 4F3H 6 0.117 1. 218 1. 238 1. 198 

lc 3311. 95 30185.03 b 'F,~-q 'Dr" 
2c 3311.75 30186.86 b 'F.,,-q 'Dl~ 

15, V 3311. 341 30190.59 b 'F,,,-p 'Fhs 6 0.097 0.288 1.168 (1. 120) 1. 217 
25, IV 3310.469 30198.54 a 'F.~-w 'Dl" 4 0 1. 317 (1. 330) 1.337 
2 3310.37 30199.44 a IP,~-V 'D." 

5 3310.097 30201. 93 b 'F,~-p 'Fl" 
6 3309.805 30204. 60 b 'F,,,-p'Dl,, 
2 3309.617 30206.31 b 'al~-o '01" 
1 3308.78 30213.96 a 4F2)1-X 2G3Ji 
2 3308.710 30214.59 a 'P,,,-u'Di,, 

40, IV 3308.050 30220.62 a 'F,~-v 'F;~ 6 0 1.035 (1. 029) 1.041 
3 3306.778 30232.25 a 'D,,,-q 'Fbi 
1 3306.29 30236.71 a 'P,~-q 'Fr" 

20, V 3304.836 30250.01 b 'F.~-p 'F.~ 6 0.064 0.235 1. 244 1.212 1. 276 
3c 3303.07 30266.18 

1h 3302.80 30268.66 b'l'm-p'D!~ 
3 3302.48 30271. 58 b 'P,~-o 'D;~ 

15c 3302.183 30274.31 0.117h- --
30, IV 3299.608 30297.94 a 'F3~-U 'F;~ 6 0.106 0.405 1.16 (1. 235) 1.119 

4 3298.977 30303.73 
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TABLE 4.-First spectrum of columbium (Cb I)--Continued 

Wave 
Strong- Strong-Intensity No. Term combi- Zeeman Separa-

Arc A air A vac. nation type tion est est g, g, 
em-l P n 

--------------- -------- ----- ----- ---------- --
I 2 3 4 5 6 7 8 9 10 

----- ------ -------- ------ --- ------
12 3298.410 30308.94 a 'O,~-t 'O;~ 
8e 3297.286 30319.27 a 'Do~-w 'Po~ 

10 3296. 478 30326.70 b 'H,~-t 'Hl~ 
80, IV 3296.025 30330.87 a 'Ft~-U 4F4~ 6 0.096 0.355 1. 269 1.317 1. 221 

1 3294.250 30347.21 a 'F3~-W 'Os}S 

2h 3292.806 30360. 52 b 'F3}-1-n 2F2~ 
1O,V 3291. 921 30368.68 a 'P2),l-u'D 3!4 

Ih 3290.30 30383.64 a 4G6~-P 4Fh~ 
15 3290.007 30386.35 a 'F2~-V 4F3}i' 
8 3289.460 30391. 40 a'F3~-w'D;~t 0.20 --

3h 3288.19 - 30403.14 
40, V 3287.923 30405. 61 a 'P,~-w 'Si~ 4 0.352 0.176 1. 068 1. 596 1. 948 

2h 3287.72 30407.48 b 'F,~-n 'Fj~ 
50, IV 3287.592 30408.67 a 4FHi-W 'FiJi 6 0.097 0.145 0.452 0.403 0. 501 
60, IV 3285.668 30426.48 a 'F272-W 4F2~ 0 1. 018 (1. 029) 1. 007 

1 3285.488 30428.14 a 'P,~-q 'F;~ 
3 3285.381 30429.14 
1 3284.81 30434.42 b 'Po~-v 'PiH 
5 3282.990 30451. 29 a "F3~-V 4Fh~ 
1 3282.608 30454.84 a 'O'H-q 'DiJ-i 

8 3279.826 30480.67 b 'F'H-P 'F3~ 
4 3278.599 30492.08 a 4Do~-s 'Fh., 
1 3278.307 30494.79 {b 'F'H-P'D;~ 

a 'P,~-y 'Hj~ 
50, IV 3277. 676 30500.66 a 'F,~-w 'F;~ 5 011 1.174 (1. 029) 1. 070 
4 3276. 567 30510.99 {a4D3~-8 4Fh~ 

a'P,~-p 'F;~ 

2 3276.304 30513.43 b 'FIH-P'Do~ 
5 3275.960 30516.64 a 2G'!4-V 2H.~ 
2 3274.355 30531. 60 a 'P,~-u 'DiH 
3 3273.139 30542. 94 a 4DI}i-S 4Fi~ 

25, IV 3272. 074 30552.88 a 'F23i-U 4FzJ.S 6 0 1. 021 (1. 029) 1. 013 

10, V 3271. 982 30553.74 a 2G3J.S-U 204}i 
20, IV 3270.761 30565.14 a 4F1.I1-V 4Fi}l 
25, IV 3270. 465 30567.91 

3e 3269.493 30576.99 a 'D'H-S 'Fj~ 
2 3268.946 30582.11 a '03~-r 'D;H? 

15, V 3267.052 30599.84 a 'O'H-t 'OjH 6 0 0. 895 (0.885) 0.905 
0 3266.413 30605.83 b 'Fl~-P 4Fi~ 
de 3266.008 30609.62 b '03»-0 'O;~ 6 0 0. 88 0.85 (0.91) 
5 3265. 313 30616.14 

40, IV 3264.597 30622.85 a 4F4}i-W 4GXM OW 1. 004 (1. 330) 1.271 

2 3264.261 30626.01 a 4H,s}i-q4Fh., 
3 3263.793 30630.40 a 4PHi-U2Di~ 

2O,V 3260.139 30664.73 a 'FI~-v 'F,~ 5 0.638 0.322 (0.402) 1. 040 
6 3259.140 30674.13 a 'O.~-v 'H,~ 5 0 1. 288 (1. 103) 1.160 
1 3257.17 30692.68 a 'H,»-416;~ 

3c 3257.004 30694.24 b 'PH. -0 'D,~ 
1 3256.03 30703.42 a 'O,»-t 'OZH 
2 3254.71 30715.88 a 'D'Jl-S 4D3~ 
2 3254.455 30718.28 a 4PUi-U4DiJ.S 
Ih 3253.45 30727.77 b'Pl» -o'Di~ 

4d 3253. 339 30728.82 b 'D,»-r 'O;H 
7e 3252.771 30734.19 b 'Fl»-P 'F;H 

30, IV 3251. 630 30744. g7 a '}<"H-V 'Fj» 6 0.070 0.210 1. 202 1. 237 1.167 
9, V 3251. 490 30746.29 a'F,»-w'F;~ 
1 3250.897 30751. 90 a 'O,»-o'F;~ 

50, IV 3249.517 30764.96 a 'Fl~-U 'Fi~ 6 0. 392 0.582 0.593 0.397 0.790 
3 3247.645 30782.6g a'D,»-y'Si» 

15, V 3246.782 30790.87 a "FH·~-tV 2F2~ 
2 3244.684 30810.78 a '0,»-1 'O;~ In 3244.20 30815.38 a 'O'»-P 'F;~ 
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TABLE 4. - First spectrum of col1lmbium (Cb I)-Continued 

Wave Strong- Strong· Intensity No. Term combi- Zeeman Separa-
Arc X air A vac. nation type tion est est VI g, 

em-I P n 

--------- ------------------
I 2 3 4 5 6 7 7 8 10 

-----------------------------------
I 3243.725 30819.89 b 'P'li-P 'Oali 
4 3243.322 30823. 72 a 'H'li-q 'F!li 
3 3242.928 30827.47 
1 3242.67 30829.92 a 'H,%-q 'F4li 
1 3241.111 30844.75 a 'D'li-W 'Pili 

3 3240.582 30849.78 a 4F3;"-W 4D3~ 
2 3238. 975 30865.09 a 'F'li -U 'Fali 
3 3238.394 30870.63 {a 'Flli-W 'F!li 

a'O'li-o 'F~li 
8 3237.187 30882.14 a 4PH~-U4D2~ 
1 3236.810 30885.73 a 'O'li-P 'Flli 

2 3236.704 30886.74 a 'H'li-q 'Fali 
2 3236.078 30892.72 a 2H5M-P 4F~~ 
2 3235.182 30901. 28 a 'P'li-S 'Flli 
1 3235. 066 30902. 38 {a6Dlli-x'Olli 

a'D'li-41 I3% 
1 3234.65 30906.36 a 'H'li-P ?lli 

3 3232.984 30922.29 a 'POli-U 'DOli 6 2.592 1. 296 1. 296 2.592 0.000 

2 3232.891 30923. 18 {aaDni-V"Fays 
a4FU-S-w 4Do~ 

2h 3232. 661 30925.37 b 'Dlli-n 'Dili 
1 3231. 336 30938.05 a 'Du,-r 'Fi}i 
2 3230.794 30943.24 a 4HH~-P 2F3;.<J 

1 3230.53 30945.77 a 'H'li-r '04li 
1 3229.455 30956.07 a 'POli-W 'Pili 
4 3229.19 30958.61 a 'F,%- w 'Dl% 
4 3227.711 30972.80 a 'H3li-S '04li 
2h 3227.49 30974.92 a 'G'li-q 'Dali 

9 3225.194 30996. 97 a 4Fo .. ~-u 4F2~ 
2 322.5.009 30998.74 a 2PU,-8 2D2~ 
8 3224.434 31004. 27 a 'O'li-P 'F!li 
3c 3223.751 31010.85 
1 3223.448 31013.76 a 4P2~-8 2Fj;.<J 

3 3223.004 31018.03 a 'Poli-U ' Dili 
6 3222.958 31018.47 a 2G 3;.<J -V 2Hh, 
7 3222.754 31020.44 a 6Du':i -Y 4Si)1 
2 3221. 436 31033.13 a 2G47!j'-r 4F3~ 

15, V 3221. 126 31036.11 {a 4Fzn-x 2Dhi 5 0 1. 055 (1. 029) 0.998 
a4G3)1 -p 4F!hi 

15, V 3220.927 31038. 03 a 'O'li-P ' F4li 6 0.27 1.20 (1. 23) 1.17 
6 3219.681 31050. 04 a '03li -P'D,,, 
6 3218.797 31058.57 a 'O'li-t '0;" 

2O,V 3217. 865 31067.57 a 4Fz)1-v 2F2~ 6 0. 507 -- -- - (1. 029) 0.829 
30, V 3217.288 31073.13 a 'Plli -W 'Sili 6 0. 42' 1. 832 (1. 721) 1. 943 

1 3215.959 31085.97 b 'Plli-m 'Flli 
1O,V 3215.229 31093.03 a 'G.,,-t 'G'li 
5 3213.884 31106.04 a 4}"'1J1 - W 4Dl7S 
1 3213.24 31112. 28 {a6DHi-V 4F2H 

15, V 
b 'PzH-r 4G2J1 

(1. 103) 3210.29 31140.86 a 2GH-S-Q 2F3J1 4 0.172' 0. 851 1. 174 

3 3208.86 31154. 74 a 'G'li-P 'Fa" 
1h 3207.64 31166. 59 a 4D2;.'!i-r 'F2;''!i 
5 3206.812 31174.64 a 6Do~-Y 4Si~ 
1 3206. 11 31181. 47 a 2G3~-S 4Fhs 
3 3205.975 31182.78 a , O'li - 400!li 

2c 3204. 66 31195. 57 {a'03li-q'D,li? 
a'O'li-n 'F'li 

4 3204.340 31198.69 a 'F,»-z 'Iili 
4 3201. 498 31220.39 a 2G4~-S 4G3H 7b,4 0 1.100 (1. 103) 1.104 

15, IV 3200.537 31235.76 a 'F'li-W 'D!li 5 0 1. 268 (1. 235) 1. 209 
3c 3200.102 31240.01 

3 3198.182 31258.76 a 4G3~-p 4F4~ 
1h 3197.94 31261.12 b 'D3,,-O ' Fl" 
5 3196. 18 31278.34 
1 3194.64 31293.42 a 2H4~-P 'F4~ 
3 3194.367 31296.09 a 2Du,-q 2F2H 
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TABLE 4.--First spectrum of columbium (Cb r) --Continued 

I 
Wave Strong· Strong· Inten sity No. Term corn bi· Zeeman Separa· 

Arc A air A vac. nation type tion est est VI g, 
em-I P n 

--------- --- ------
I 2 3 4 5 6 7 8 9 10 

----- -------------------------
4c 3193.003 31309.46 a 'D,»-x 'a:» 
2 3192.73 31312. 14 a 4F2rJ-V 2F3~ 
3 3190.490 31334. 12 a 2D2~-8 2G~}i 
4 3189.560 31343.26 

40, IV 3187.497 31363.54 a "F4rs-V 4D3~ 4 w 1.14.5 (I. 330) 1.383 

15, V 3186.550 31372. 86 a 'Po»-w 'Si» 4 0.700 0.355 1. 603 2.653 I. 953 
2 3185.55 31382.71 u '03»-r 'F!» 
1 3184.77 31390.39 u 'F,»-o 'D!» 
4c 3182.399 314J3.78 b 'H.»-o 'a:» 
5 3182. 063 31417.10 a 4FllU-W 4Dhs 

Ih 3181. 11 31426. 51 a 4D2~-q 2Fa).l 
2 3180.79 31429.67 a 4F.}i-w 2G4"" 
2 3178.632 31451. 01 u 6D.»-w 'Oi» 
1 3178.17 31455. 58 a 4D3}i-S "D3~? 

3 3175.68 31480. 24 {a 4FIJ.i-X 2Di~ 
b<D 1»-469!» 

4 3173.677 31590.11 a 4F2,.,-W 2Dhs 
12, V 3172. 511 31511. 69 a4 FI), -v 2F!!,., 5 0.437 0.212 1. 452 0.360 0.797 
4 3172.304 31513.74 a 4FU,-W 2G3,., 

10c 3171. 425 31522.48 {a' D,»-x'O;» 
u'O,»-q'O i» 

6 3171. 168 31525.03 a 20us-r 4F4}-i 

4 3170. 163 31535. 03 a 203,.,-r "F3~ 
8 3168.599 31550.60 u 'Po»-r 'Do»t 0 0.726 
2 3168. 141 31555. 15 ~ ~~~~=~ ~~~~ 2h 3166.59 31570. 60 
Ih 3166.49 31571. 60 b 'P,),-r 'a;» 

1 3166.230 31574.19 a .pu, -t 4Fj,., 
2 3164.488 31591. 57 u 'D,»-p ' F l» 

1 3164.148 31594.97 {Q,2F37S-u2H4).i 
a'03»-t'm» 

1 3161. 49 31621. 53 a eD2~-W 4F;~ 
8 3161. 194 31624.49 a 2G.,.,-s4D3}, 

3 3160.60 31630.44 
6 3159.322 31643. 13 a 'DI»-w 'Pi» 6 0.434 0.651 1.165 0.948 1. 382 
2h 3159.21 31644.35 b (PHS-O 4F2J.i 
2 3158.962 31646.84 u 'O,»-s 'D!H 
2 3157.73 31659.18 a 'p,»-x 'H!» 

2 3154.321 31693.40 u 'D,»-q 'Fa» 
10 3153.98 31696.82 0 0.97 
30, IV 3151. 870 31718.04 a 4F37S-v 4D27' 4 -- 0. 998 (I. 235) 1. 330 
6 3148.710 31749.87 a 'D,»-p 'F;» 4 0 0.976 (1. 206) 1.140 
2 3146.863 31768. 51 a 4Dl}s-s "'D2}{ 

5 3145.920 31778.03 a 2HH~-q 2G3J.i 
Ih 3144. 45 31792.9 b 'Pl»-V 'Po» 
1 3143.44 31803. 1 a fF2~-W 2D2J.i 
Ih 3142.926 31808.30 b 'D,»-n 'D;»? 
2 3142.644 31811. 16 a '0,;,-411;); 

2 3142.384 31813.79 a 4PI;~-t 4Fi}{ 
1 3138.888 31849.22 u 'p,»-r 2F,» 

15, V 3136.972 31868.67 a 4Fl~-V 4DoJ,i 4 0 0.381 (0. 402) 0.444 
1 3136.49 31873.6 a 6DH1-w4F~J.i 
1 3134.835 31890.40 a 'Pl»-U'O;); 

2 3134.620 31892.58 a 2F2~-rn 2Fi;, 
1 3133.89 31900.00 a 4P27S-t 2Di~ 

15, V 3133.088 31908.18 u 20,»-q 'F;» 4 0 0.833 (0.885) 0.927 

1 3132.881 31910.28 {a6DHi-V 4F4J.i 
u'D2»-s'Da» 

2 3132.589 31913.26 b 'p,»-n 'D,;, 

2,. 3131. 61 31923.2 b 'F'H-O 'D,» 
4 3129.554 31944.21 a 4FIJ.i-W 2Di~ 
2 3125. 197 31988. 74 a 4Pl,li-t fF2;, 
3 3125. 12 31989. 5 u 'P,»-t 'Di» 

15, V 3122.646 32014.87 a 4Fl7S-V 4Ds7S 6 0.167 0. 548 1. 307 1. 229 1. 386 
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TABLE 4.-First spectrum of columbium (Cb I)-Continued 

Wave Strong· Strong-Intensity No. Term combi- Zeeman Separs· 
Arc A air A vac. nation type tion est est UI O. 

cm-1 P n 

--------------
I 2 3 4 5 6 7 8 9 10 

---------- -----------------
1h 3122.13 32020.2 b 'P,»-469!» 
5 3121.964 32021. 86 a'DI»-414l» 6 0.483 0.724 1.180 0.939 1. 422 

2h 3121. 66 32024.98 {a 'PI»-n 'F!» 
b 'F,»-o 'D;» 

3h 3121. 35 32028.2 
5 3120.878 32033.01 a 'F,»-z 'H,» 

3 3120.276 32039.19 a 'D,»-w 'Pi» 
6 3119.402 32048.16 a 'F,»-v 'G;» 
1 3117.65 32066.2 a 'Do»-w 'Do» 

15, V 3116.366 32079.38 a 'D,»-s 'D!ii 4 0 1.194 (1. 206) 1.214 
1 3114.934 32094.13 a 'G,»-8 'G,» 

1 3114.51 32098.5 b'DI»-475i» 
2h 3114.38 32099.8 a 'H'ii -P 'F;ii 
4 3113.061 32113.44 {a'Po»-t 'Fl» 

b 'F,»-u'H,» 
3 3112.630 32117.89 a'D,»-416l» 
2h 3112.08 32123.6 b 'P'Ji-O 'F;» 

1 3111.79 32126.6 a 'G'Ji-s'D;Ji? 
2 3111.558 32128.95 a 'H,»-p 'F;Ji 

2O,V 3111. 446 32130. 11 a 4F2).S-V 4Diys 4 0.201 0.100 0.730 1. 031 1. 232 
5 3109.735 32147.78 a 'H,»-p 'F4» 
3 3108.07 32165.0 a 'F,»-w 'G;» 

1 3105.79 32188.61 b 'F'Ji-o 'D;» 
2h 3104.86 32198.26 a 'Po»-q 'Do» 

t'D,»-O 'F,» 
1 3103.39 32213.5 b 'F,»-o 'Dl» 

a 'PO»-T 'Dl» 
1h 3101. 69 32231. 2 a 'D,»-x 'Dl» 
2 3101. 064 32237.67 a 'DIJi-r 'Do» 
5 3100.97 32238.6 a 'PIJi-t 'DoJi 

3 3100.163 32247.04 {a'FI»-w'Dlji 
b 'F2Ji-o 'Dl» 

2 3098.98 32259.4 
2 3098.780 32261. 43 a 4F3~-Z 2Hhs 
3h 3098.300 32266.43 a 4Pz}i'-r 2F3YS 

1O,V 3096.490 32285.29 a 'F,ji-v 'Dlji 6 0.331 0.813 1.198 1. 034 1. 363 

2 3095.22 32298.5 b 'Plji-n 'F;» 
5 3094.37 32307.4 a 'Dlji-q 'F!ji 
1 3093.65 32314.9 b 'F,»-m 'Flji 

2 3090.13 32351. 7 {a'F.»-v'Glji 
a'H,»-p 'Fh. 

9 3088.05 32373.5 a4FHs-u2F3~ 

lh 3087.75 32376.7 {b 4P2~-n 4D3~ 
a4Dns-w 2Pi~ 

4 3087.625 32377. 98 a 'D'ji-w 'G'ji 
2 3086.475 32390.04 a 'Dlji-p 'Fiji 
lh 3085.67 32398.5 b 'D'ji-o 'F,ji'l 
4h 3084.94 32406.2 

2 3083.828 32417.85 a'D,»-414l» 
1 3083.607 32420.17 a 'H,»-n 'Flji 

10 3082.859 32428.03 a 'P'ji-t'Dl» 
3 3077. SOO 32481. 33 a 4PZ}2-X 2PIH 
3 3075.816 32502.28 

3 3074.447 32516.76 a (Pns-r 2F2}i 
10 3072.397 32538.45 a 'Poji-t'Doji 
7 3072.296 32539.52 a 'F,»-y 'Hoji 
1 3071. 77 32545.1 a 'G'ji-q 'F,ji 
1 3071. 34 32549.6 a 4F3}i-X.P2}i 

10 3069.023 32574.42 a 'Flji-v'Diji 
3 3066.41 32602.0 a 2G4~-q4F3J.i 
2 3061. 78 32651. 3 a 2Dz..\.i-02FZJ.i 

10 3061.232 32657.12 a 'PI»-t'Diji 
8 3061. 100 32658.53 a 'G 'ji-P 'F;» 4 0 1. 057 (1. 103) 1.129 
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TABLE 4.-First spectrum of columbium ~Cb J) -Continued 
" 

Wave Strong- Strong-
Intensity No. Term combi- Zeeman Sepsra-

Arc X aIr A vac. nation type tion est est gl g, 

em-1 P n 

--------- ---
I 2 3 4 5 6 7 8 9 10 

------ ------- - ----------
5 3060.39 32666.1 a 'F,%-y ' PI% 
9 3056.608 32706. 52 0.153 0.904 
1 3054.47 32729.4 a 'FI%-v'D1% 
3 3054.14 32733.0 

10 3053.086 32744.25 a 'p,% - w 'PI% 4 0.133h 1. 497 (1. 596) 1. 662 

6 3052.988 32745. 30 a 2PUi-V 2Pj~ 6 0 1. 215 (1.175) 1. 255 
5 3052.73 32748. 1 
8 3051 . 990 32756.01 a 2H5~-'l£.2HsH 6 0 1. 08 (1.10) 1. 06 
6 3051. 666 32759.48 a 'FI%-y 'PO% 4 0 0.381 (0.402) 0.440 

20 3048. 093 32797.88 a tP2}2-W tP2J1 7b,6 0 1. 598 (1. 596) 1. 600 

5 3045. 546 32825.31 a 4F4~-t' 40;J1 
5 3041. 89 32864.8 a 'G.%-r 'G:% 
5 3041. 660 32867.25 a 'Po%- t 'Di% 
5 3041. 358 32870.51 0 0.960 
1 3010.67 32877. 9 a 'DI%-s 'D;% 

3 3040.25 32882.5 a ' PI%- t'D;% 
20 3039.68 32888. 7 a 'p,%-t 'D3% 

7 3039.19 32894.0 
5 3033. 396 32956. 78 a 'Po%-t 'Di% 
3 3029.23 33602. 1 a 'G3%-P ' F;% 

4 3029.17 33002.8 a 'F3%-V'G:% 
7 3028.69 33008.0 a 'H,%-u 'Hl% 
7 3027.89 33016.7 a 'p,%-u 'G'% 
1 3027.16 33024.7 a 4F3~-U 2FjJ1 
2 3023.38 33066.0 a 'F,%-r '0.% 

20 3020.668 33095. 65 a ' P lJi-t 'D;% 4 0.389 0.146 0.801 1.777 1. 388 
3h 3019.780 33105. 38 a 2D2J1-n 2 }' 2J1 
2h 3019.34 33110.2 a 'FI%-V 'PI% 
1 3016.258 33114.04 a'Do%-q'Fi% 
8 3015.24 33155. 2 

3h 3013.27 33176.9 {a'D'%-V'Dl% 
a' D,%-p·D'% 

5 3012.546 33184.87 {a tPo}i-X2POJ1 6 0 1. 608 (2. 650) 0.566 
a6D'Ji-w'O.% 

1 3007. 284 33242.94 a 4FHi-V20 3).i' 
3 3006.964 33246.46 
9 3005.141 33266. 64 a 'F,%-v'O'% 4 0 0.994 (1. 029) 1. 013 

1 3004.49 33273.8 a 'D,%-s 'Dhi 
4 3000.72 33315.6 a 2D2}S-n 2FsJ.i 
7h 3000.11 33322.4 
1 2998.312 33342. 41 a 4FHi-Y 2Hhi 
5 2998.220 33343.43 a 'F'Ji-v'DlJi 

6h 2996.49 33362.7 a 'DI;,-p 'Do% 
5 2992.084 33411. 80 a 'PI;'-W 'Pi% 
1 2989.63 33439.2 a 'F'H-t 'HI;, 
6 2988.789 33448.64 a 'PoH-X 'Pl;, 
6 2988.692 33449.72 a'DI;,-o'F;H 

15 2987.286 33465.47 a 'PI;'-W 'P1;, 4 10 1. 382 (1. 721) 1. 586 
3h 2986.84 33470.5 a 'F'Ji-x 'Ho;, 
1 2986.02 33479.6 a 'H5;, - P 'Gl;, 
4 2984.077 33501. 47 a 4Fo.,-x .POJ1 
5 2983.13 33512.1 a 'FIH-V'G1;, 

15 2981. 636 33528.88 a 'F'H-U'D'H 4 0 1. 227 (1. 330) 1. 389 
1 2981. 28 33532.9 a 'F'Ji-x 'SIJi 
5 2974.54 33608.9 
1 2973.83 33616.9 a 'H'H-P 'O'H 
3 2972.47 33632.3 

1 2969.594 33664.84 a 'FIH-Y ' SOH 
10 2965.48 33711. 5 a 4POH-W ·Pi}i 4 0.946 0.462 1.186 2. 605 1. 659 
5 2963.682 33731. 99 a 'PoH-W 'POH 6 0 2.601 (2.650) 2.552 

1 2962.288 33747.86 {a'D'H-p'D1H 
a' DIH-V'PO;, 

a 2959. Q73 33774, 25 a ' F')i-u'D;;, 6 Q 1,326 (1. 235 1. 16Z 
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TABLE 4.-First,spectrum of columbium (Cb I)-Continued 

Wave Strong· Stron g-Intensity No. Term combi- Zeeman Separa-
Arc A l!.i rA vac. nation type tion est est g, g, 

cm-1 P n 

---------------
I 2 3 4 5 6 7 8 9 10 

--------- -------------------
5 2955. 444 33826.01 a 'D'Ji-v 'P1Ji 4 0 1.079 (1. 206) 1. 291 
2 2950.70 33880.4 a 'H'Ji-p 'G1Ji 
Id 2949.15 33898.2 a 'D3Ji-P 'F'Ji 
2 2948. 060 33910.73 a 4F2J.i-V 2DiJ.i 
6 2945.74 33937.4 {a'DlJi-q'DlJi 

a 'POJi-V 'P1Ji 

1 2942.10 33979.4 {a'D,Ji-p 'FlJi 
a 2Pl}i-m 2Fiu 

15 2938.067 34026.06 a 4F3:1:: -U"D231 4 UT 1.084 (1. 235) 1. 296 
5 2934. 980 34061. 85 a 2Gs~-o 2F2J.i 
1h 2932.93 34085.6 a 2Q4U-P 4Dj~ 
4 2929.662 34123.67 a 'F'Ji-a 'G!Ji 

2h 2929.13 34129. 9 {a'D,Ji-p 'F!Ji 
b 'F'Ji-n 'D!Ji 

8 2925.360 34173.85 a 'F'Ji-s 'Fiji 5 -- 1. 958 (1. 330) 1. 151 
10 2924.824 34180. 11 a 4F3})-u 4D j}i 6 -- 1.306 (1. 235) 1.377 
8 2923.025 34201. 15 0 1.180 
5 2916.500 34277.66 

1 2915.18 34293.2 b 'F'Ji-n'D'Ji 
2 2915.059 34294.61 a 6D'Ji-Y 'BlJi 
2 2913.135 34317.26 a "DI}.~ -p 4Fiu 
2 2911.08 34341. 5 a 'F'Ji-u'D;Ji 
2 2910.69 34346.1 a 'G'Ji-p'FiJit 0 1.16 

5 2908.88 34367.4 w 1.03 
3 2906.422 34396.52 a .. P~H~-r 4 F3J.i 

10 2903.650 34429.35 a 4F2}.~-u "Di~ 4 Oh 0.799 (1.029) 1.182 
1 2901. 692 34452.58 a 4G2U- r 4Gjys 
4 2897.605 34501.18 

6 2897.345 34504.27 a 'P'Ji-q 'Fhi 
6 2896.998 34508.40 a 'P'Ji-S 'DlJi 
5h 2896.24 34517.4 
3 2894.90 34533.4 
1 2894.77 34534.9 b 4F4U-O 4Flys 

3h 2893.47 34550.5 
6 2890.174 34589.87 a 'P'Ji-S 'GiJi 

10 2889. 898 34593. 18 a 4F2U-u 4Diu 
6 2887.294 34624.38 a 2DI.!'~ -v 2Pi.li 

12 2884.968 34652.29 a 2Hs.li-t llHs}i 6 9. 101 0.450 1.049 (1.10) 1.00 

1 2883.89 34665.2 a 'G'Ji-O 'Fiji 
1 2883.626 34668.42 a 'G'Ji -O 'F4Ji 
1 2879.97 34712.4 a ~F3J..S -8 2F2!AJ 
8 2879.492 34718. 19 a .JFH~-U 4G4}i 
3 2878.818 34726.32 a 2G3>-s-n 2Fj~ 

3 2878.16 34734.3 a 'F'Ji-t 'Fi!» 
15 2874.564 34777.70 a 4Foi-U4D o>i 5 0. 379 0.183 0.588 0.398 0.019 

2h 2873.68 34788.4 a 4G.Ju-n 4F4J,i 
1h 2872.93 34797.5 a 'G'Ji-t 'HlJi 

3 2871. 238 34817.99 
5 2870.654 34825.07 a 4F3J..S -S 2F3,!1 
2 2868.96 34845.6 b 'F'Ji-4751!» 
8 2866.672 34873.44 {a4Fl>-s-U4Di>-s 6 0. 794 1.191 0.800 0.403 1.197 

a'F'Ji-y'Hi", 
20 2864.324 34902.03 0.130 0.936 

1 2862.49 34924.4 a 'F'Ji-t 'F!",? 
2 2861. 76 34933.3 a 2Du~-o 4D3~ 

15 2859.962 34955.26 a 'F'JO-u'GlJO 
10 2858.974 34967.34 
10 2857.294 34987.89 a 'P'JO-s 'DiJi 

12 2854.168 35026.21 a 4F4U-t 4F4H 6 0 .080 0.290 1.322' (1. 330) 1.250 
3 2853.264 35037.31 a 4Fo.~-U4D2J,1 

15 2851.978 35053. 11 {a'B'JO-t 'BlJO 5 Oh 1.28 (0.93) 0.99 
a'G'JO-q'Gi JO 

20 2851. 446 35059.65 a ' D'JO-m 2FlJi 
2 2845.52 35132.6 a 'F3JO-t'F;JO 
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TABLE 4.-First spectrum of col1tmbium (Cb I)-Continued 

Wave Strong- Strong· Intensity No. Term combi- Zeeman Separa-
Arc AairA vac. nation type Lion est est Ul g, 

em-I p n 

----------------------
1 2 3 4 5 6 7 7 8 10 

-----------------------------------
6 2842.018 35175.95 a 'P,,,-8 'D;" 

10 2840.929 35189.43 a 'F,,,-u '0 ;" 
30 2836.245 35247.54 I 0 1. 03 

4 2833.648 35279.85 a 4F2~-S 2F2~ 
3 2833.51 35281. 6 

3 2829.367 35333.22 
3 2828.950 35338.43 a .Fu~-x 4H~~ 

12 2826.47 35369. 4 a 4F3~-U.G4~ 
10 2825.180 35385.58 a'F,,,-t'F;,, 6 0.064 0.100 1.170 (1. 235) 1.171 
4 2824.785 35390.53 

3 2824.642 35392.32 a 4F2~-S 2F!l~ 

8 2821. 924 35426.41 ra'F.,,-r 'F!" 
\a'H,,, -o 'Gl" 

3 2820.38 35445.8 a ·F.,,-V 'Il" 
15 2819.215 35460.45 w 1. 39 
3 2818.74 35466.4 a 2Dl~-O 4D2~ 

2 2816.430 35495.51 a • P,,,-414i,, 
1 2814 . 53 35519.5 a '0,,,-475i)j 
6 2811. 625 35556.17 a 'H,,,-r 'G,,, 

10 2808.050 35601. 43 {a4F2}~-u.G2}i 
a 'P,,,-469;)j 

7 2802.066 35677. 46 a .F3~-t 4F4}i 5 0 1. 288 (1. 235) 1. 254 

10 2800.315 35699.77 a 4F2~-t ~F2H 6 0.067 0.145 1. 006 1.040 0.973 
7 2799.354 35712.03 a .Fl~-X 4H4H 
6 2798.428 35723. 84 a 4Fn~-8 2Fi.J.i 
3 2797.215 35739.33 a 'H')j-o 'Ol" 
9 2795.868 35756.54 a 'F,,,-u'O!,, 5 0 1.100 (1.029) 1. 061 

3 2793.973 35780.80 a 4P2).~-q 4Fi.J.i 
3 2793.704 35784.24 a 4PH'~-W 'PiJi 
3 2789.200 35842.02 a 'G.,,-o 'D;" 
6, Sn? 2787.944 35858.17 a 2Di.l-~-m 2F2.J.i 
4 2786.390 35878.17 a ' Po,,-v 'Po" 

20 2782.356 35930.18 a 20Hi -U 2Hl.J.i 4 0 1. 041 (1.103) 1.084 
4 2780.600 35952.87 a 'F,,,-t 'F;" 

10 2779.71 35964.4 
8 2779.36 35968.9 a 4Fui-t ·FiJi 6 0.126 0.176 -- (0.402) 0. 528 
3 2774.935 36026.28 a'F,,,-t'D;,, 

3 2774.052 36037.73 a 'F,){-x 'H!" 
50 2773.197 36048. 84 a'F,,,-t'D;){ 5 10 1. 392 (1. 330) 1. 295 
7 2766.182 36140.26 a 'H,){-o 'Gl){ 
5 2765.918 36143.71 a'F,){-t'F;){ 

15 2763.380 36176.90 a 'F.){-u'Gl){ 5 -- 2.452 (1.330) 1. 011 

10 2760.990 36208.22 
2 2760.441 36215.42 a 4F4 H-W 2Hl.J.i 

50r 2758.605 36239.52 a'F,){-t'D;){ 4 -- 1.046+ (1. 235) 1. 386 
10 2755.632 36278.61 a'F,){-t'Di" 
20 2755.288 36283.15 a 'G3){-U 'Hl){ 

3 2754.40 36294.8 a 4F3H-W 2H4.J.i 
6 2754.066 36299.24 

10 2753.007 36313.20 0 1.145 
3 Zl52.682 36317.49 a 'P,,,-416;){ 

30r 2748.848 36368.14 a'F,){-t'Dj){ 4 0 1. 011 (1. 029) 1. 053 

30r 2746.910 36393.80 a'F,){-t'D,){ 5 0.287 0.146 0.553 0.409 0.122 
1 2742.79 36448.5 a 'P,,,-q 'F;){ 
2 2741. 71 36462.8 a 'Po){-414i){ 

10 2741.146 36470.33 a 2G3H-m 2Fz.J.i 
2 2734.027 36565.29 a 'D,,,-v 'PO){ 

6 2729.829 36621. 51 a'F,){~'G;" 
6 2728.076 36645.05 a 4F2}i- r 'FaH 
6 2726.080 36671. 86 a .FH·~-r 2FiH 
2 2725.68 36677. 3 a 'p,,,-q 'D!" 
2 2725.33 36682.0 a 'D,,,-469;;i 
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TABLE 4.-First spectrum of columbium (Cb I) -Continued 

Wave Strong- Strong-Intensity No. Termcombi- Zeeman Separa-
Arc A ftirA vae. nation type tion est est VI g, 

cm-1 
p n 

----- ---------- ------
I 2 3 4 5 6 7 7 8 10 

-----------------------
15 2723. 986 36700.06 a 'F3»-t 'Dhi 6 w 1. 277 (1. 235) 1. 319 
6 2722.310 36722.65 a 'F,»-t 'Dl» 
5 2720.024 36753.51 a "Pz}i-T 4Da~ 

15 2716.100 36806.61 a 'F,»-t 'D!» 
8 2715.690 36812.16 a 'F,»-t 'Di» 

6 2715.500 36814.74 a 'F.»-s 'Fl» 
5 2714. 198 36832.40 a 'F,»-t '0,» 
2 2712.17 36859.9 a • F,»-x 'Pi;, 
4 2698.965 37040.27 {a'F,h-x 'Po;, 

a4F4~-~ 2H4.J.i 
3 2698.540 37046.09 a 'D3»-D 'F,;, 

8 2696.052 37080.28 a 'F,;,-t 'Ol» 
30 2695.038 37094.24 a 4F3~-8 4F2~ 5 -- 1. 857 (1. 235) 0. 986 

2 2689.182 37175.02 a 'P,;,-q'Di;,? 
30r 2687. 149 37203.13 a "FH1-S 'F4H 6 0.205 0.922 -- (1. 330) 1.125 

4 2683.713 37250.76 a 'F,;,-t 'D,» 

1 2682.524 37267.27 a 'F';,-t 'Dl;, 
10 2682.129 37272.76 a 4F3~-t 2G3~ 

6 2679.880 37304.03 a "F".i -X zPiH 
20 2679.015 37316.08 a "FZH-S "FiH 5 0.593 0.292 1. 922 1. 032 0. 439 

1 2678.30 37326.0 a 'Po»-q 'Do;, 

3 2676.952 37344.84 a 'P,;,-q 'D,» 
4 2674.694 37376.36 a 'F3»-t 'Oi» 
2 2673.332 37395.40 {a'F,»-u'Ol;, 

a2GHi-r"Gh~ 
2c 2671. 447 37421. 78 a'D3»-469,» 
5 2670.524 37434.72 a 'D3»-n 'Fl» 

1 2669.512 37448.91 a 'P ,»-p 'D,» 
40r 2668.283 37466.16 a 'F3»-S 'F,» 6 0.138 0.484 1.132' (1. 235) 1.097 
8 2661. 852 37556.67 a "F4H-r 4Fhs 
3 2661. 124 37566.95 a .( Fn'i-W "PiH 

40r 2657.613 37616.57 a 'F.»-t '0,» 6 0.108 0.402 -- (1. 330) 1.222 

10 2656.984 37625.48 a 'O';,-t 'Hl;, 6 0 1.04 (1.10) 0.98 
8 2655.695 37643.74 a '03;,-r '0,;, 

60R 2654.446 37661. 45 a 'F,»-s 'F'}i 6 0 0.996 (1. 029) 0.964 
2 2654.242 37664.34 a 'F';,-q 'Fl}i 
6 2653.476 37675.22 

10 2653.372 37676.69 a 'F,;,-t 'O'h 
8 2652.944 37682.77 a '03»-n 'F,;, 
2 2652.335 37691. 42 a 4F3~-V 2HlH 
3 2650.568 37716.55 a 2GuoS-o "F2~ 
1 2650.001 37724.62 a 'P,;,-P 'F'h 

50r 2649.515 37731. 54 a 'F';,-t '0,;, 6 0.155 0.459 1.142 1. 219 1.064 
3 2648.223 37749.94 a 'F'h-8 'O'}i 

80R 2647.500 37760.25 a "FIH-S "FiH 6 0 0.424 (0.401) 0. 447 
2c 2644.449 37803.81 a 6D'}i-t 'Dl}i 
1 2642.87 37826. 4 a 'O'}i-t 'H'h 

4 2641. 923 37839.96 {"6D,;,-r 'F3;, 
a "FzH-t 2G3H 

20 2640.918 37854.36 a "F3H-S "F4H 4 011 0.869 (1. 235) 1. 102 
2 2640.825 37855.69 a 'F'}i-400,;, 
1 2639.39 37876.3 a'D'h-469!» 
1 2635.985 37925.15 a ' F3}i-S '0,» 

1 2635. 512 37932.00 a 6D'h-U '03» 
10 2634.704 37943. 63 a 'F'h-t 'O'h 6 -- 0.815 (1. 029) 0. 601 

1 2634.493 37946.67 a 'O'}i-n'D'h 
2 2633.981 37954. 05 a'Doh-n'Dlh 

20 2628.493 38033.28 a 'F'h-S 'F,~ 5 0 1.182 (1. 029) 1.097 

60 2627.435 38048.60 a "F'J.i-r 4F~)i 6 0.073 0.269 1. 293 1. 330 1. 257 
3 2626. 472 38062.55 

25 2623.507 38105. 56 a 'FUi-S 'F2}i 
4 2622.804 38115.78 a 'F'}i-s '0,» 
7 2622.003 38127.42 a 'O'h-t 'H,» 
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TABLE 4.-First spectrum of columbium (Cb I)-Continued 

Wave Strong- Strong-Intensity No_ T erm combi- Zeeman Separa-
Arc h air A vac. nation type tion est cst UI g, 

cm-1 
p n 

--------------- -
1 2 3 4 5 6 7 8 9 10 

------ ------
8 2620_ 585 38148.05 a 'Fn~-s 'Diu 
Ie 2618.178 38183.12 a 4D3~-O 4.F4Ji 
4 2617.046 38199.63 a 'O,u-o 'Olu 

30 2616.476 38207. 95 a 'F3}S-r 'FaH 6 0.109 0.322 1.182 1.236 1.127 
3 2614.444 38237.65 

15 2612.377 38267.90 a 4F:J3.~-t 40~}i 7b, 4 0 1.220 (1. 235) 1. 230 
1 2612.028 38273.01 a 2F3}i - n 2Ohf 

20 2610_ 268 38298.82 a 'F,u-t 'OiH 5 0 1. 229 (1. 029) 1.086 
1 2609.118 38315.70 a 4F3~-q 2F37S 
6 2608.836 38319.84 a 'FUi -S 4DiH 

1 2604.225 38387.68 a 'Flu-t 'Olu 
6 2603. 306 38401. 23 a 'F3U-8 'Oiu 
8 2602.011 38420.34 
7 2601. 832 38422.98 a 'F,u-4OOiu 
3 2601. 597 38426.45 

10 2597.138 38492.43 a 'F,u-s 'Olu 6 -- 0.979 (1. 029) 0.929 
4 2594.685 38528.81 
4 2592.911 38555. 17 

50 2592.190 38565.89 a 'F'}1-s 'OjH 4 0 0.982 (1. 330) 1.207 
5 2589.264 38609.47 

1 2588.36 38622.9 a 4F2~-r 'Fi}1 
8 2583.219 38699. 82 a 4. F3;.~- T 4FtH 

15 2583.103 38701. 56 a '03H-O 'OiH 6 -- 0.898 (0.885) 0.911 
7 2581. 194 38730. 18 a'Dou-w'Pou 

50 2578_ 734 38767. 12 a 'F3U-S 'Olu 7b,5 0 1. 244 (1. 235) 1. 238 

8 2578. 203 38775. 10 a 'F'ji-r 'Fiu 
4 2578.086 38776.87 
7 2576.592 38799.35 a 'F3ji-S 'Diji 
1 2572. 80 38856.5 a 'D'ji-s 'FIH? 

15 2572. 099 38867. 12 a 'FIH-4001u 

7 2571. 054 38882.91 a 'F'H-q 'FiH 
6 2570.782 38887. 03 a 4F2>i-S 'D2H 

20 2569.030 38913. 55 a 20,,,,,-0 20tH 7b,6 0 1.104 (1.103) 1. 105 
20 2567.510 38936.58 a 'Fni-S 'OiH 5 0. 513 -- 1.689 0. 407 0.920 
3 2567.281 38940.05 a 'P'H-O 'DIH 

30 2565.410 38968.45 a 'F'H-8 'OiH 5 0 1. 216 (1. 029) 1.082 
8 2564.735 38978. 71 
4 2564.265 38985.85 a 'F3U-411i)S 
1 2559.05 39065.29 a ' POH -V 'Plu 

20 2558.936 39067. U3 a 'Fiji-T 'Fiji 5 0.508 0.258 1.634 0.364 0.872 

2 2558.835 39068.57 a 'F'H-q 'FlH 
4 2557.41 39090.3 a 'F4~-8 204}i 

3 2555.107 39125.57 a 'F'H-q 'FiH 
12 2554.103 39140.95 
3 2553.752 39146.33 

2 2550.878 39190.43 a 'D3H-t 'OiH 
7 2549.904 39205.40 a 'P'ji-O 'Di)S 
2 2544. 723 39285.22 a 'H,ji-n-,Olji 

10 2543. 980 39296.69 
3 2543. 252 39307.94 

1 2542.925 39313.00 a 'D3H-8 'FlH? 
5 2541. 972 39327.73 
2 2541. 704 39331. 88 a 'P'H-m 'FiH 
1 2539.464 39366.57 a 'F'H-8 'DiH 
1 2539.128 39371. 78 a'D'H-t'OlH 

6 2538. 055 39388.42 a 'FHi-r 2G~H 
1 2535.259 39431. 86 a 'D'H-t ' OoH 
4 2527.277 39556.39 

10 2524.985 39592.29 {a'FIH-q 'FiH 5 -- 1.296 (0.402) 0_760 
a'F'H-q 'FIH 

7 2524. 006 39607.65 a'PIH-o'DIH 

3 2521. 924 39640.34 
2 2521. 880 39641. 04 a 'Plji -O 'DiH 

10 2520.507 39662.63 
2 2519. 018 39686.07 a 'H4}i-n 2Gh·i 
1 2516.878 39719_81 a'F - 'F· 
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TABLE 4.-First spectrum of columbium (Cb r) -Continued 

Wave Strong· Strong· Intensity No. Term combi· Zeeman Separa· 
Arc A. air A vac. nation type tion est est V, g, 

cm-1 P 11 

---- ---------------
I 2 3 4 5 6 7 8 9 10 

---- ---------------- -
4 2515.775 39737.22 
3 2514.784 39752.88 
1 2514.750 39753.42 a 'P'li-p'Glli? 
2 2513.273 39776.78 a 'F3li-q'Flli 
3 2511. 573 39803.70 a 6D4;,-r 'F'li 

6 2507.134 39874.17 a 'F'li-4141li 
30 2504.648 39913. 74 a 'F'li-r 'Dlli 4 W 1.12 (1. 33) 1. 39 
4 2502.944 39940.91 a 'POli-O 'Dlli 
2 2499.282 39999.43 a 'PI~-m 2F2M 
2 2497.464 40028.55 a 'F'li-416;li 

3 2494.801 4007l. 27 
2 2489.112 40162.85 a 'F3li-S 'DOli 
1 2479.351 40320.95 a 6D'H~-8 4GS7S 
8 2476.478 40367.73 a 'F'li-P 'F'lj 

15 2474.655 40397.47 a 4F4}.i-T4D2~ 4 0 0.698 (1. 235) l. 450 

2 24.73.752 40412.21 a 'F'lj-q 'FlJ., 
25 2469.072 40488.80 a .F3~-q 'Di!1 
1 2468.064 40505.34 a 'P'lj-r'G'li 
3 2467.630 40512.46 

20 2466.727 40527.29 a 'F'lj-q 'D'li 

10 2466.318 40534.02 a 4.Fl}.~ -T "Dos 
2 2465.709 40544.02 a 4P2J.i-n 4Fi4' 

10 2464.432 40565.03 a 'F3lj-r 'D'lj 
5 2463.631 40578.22 a 'PZJ.i-O 4.F2J,i 

20 2462.889 40590.44 a 4F'}1-p 'F4><i 6 -- I. 259 (1. 330) 1.188 

10 2461. 757 40609.11 a 'F'lj-p 'Dllj 
5 2458.575 40661. 66 
1 2456.83 40690.5 a 6D27l1-W2Pi}2? • 3 2455.872 40706.41 a 4Pn~-v 2PO!-i 
2 2454.163 40734.75 a '~'3lj-O 'F'lj 

20 2453.367 40747.97 { a 6D,lj-411,lj 
a 4F4H-n 2F3.% 

20 2453.084 40752 67 a "F2}2-r "DiJri 
4 2447.413 40847.09 a 4P2J.i-u4DiJri 

10 2446.130 40868.51 a .fF3).<J-P 4FiJ.i 
1 2445.913 40872.14 a 'PUi-O 4FiH 

20 2445.066 40886.30 a 'F'lj-q 'Dllj 
8 2443.529 40912.01 
2 2441. 021 40954.04 a 'P'lj-469;lj 
5 2440.392 40964.60 a 4F2J.i-r 4DzJri 
3 2439.715 40975.97 

2 2439.445 40980.50 a 'Polj-n 'Dolj 
3 2437.924 41006.07 a 'POlj-V 'Polj 
9 2437.161 41018.90 a 4F3J.i-P 4F3J.i 

10 2436.329 41032.90 a 'F3lj-p'D'lj 
6 2431.962 41055.95 a 'F'lj-q 'D'lj -
4 2434.878 41057.36 a 4P2J~-o4Fj~ 

1 2434.310 41066.94 a 4PUi-n4Di}2 
10 2433.680 41077.59 
2 2430. 442 41132.29 a 'F'lj-r 'D,lj 
3 2428.848 41159.28 
3 2428.096 41172.03 a 4p[)~-O 4FiJ.i 

3 2428.047 41172.86 
1 2427.714 41178.51 a 4F3}<J-q 4DjJ.i 
9 2427.536 41181. 52 a 'F'li-q 'DOli 
3 2427.105 41188.84 a 4F3J.}-n 2F2.J,2 
5 2426.957 41191. 35 

6h 2426.637 41196.78 a 4Fni-r4DiJri 
5 2425.741 41212.00 a 'P'lj-n 'F'li 
4 2423. 996 41241. 66 a 'F3li-P 'F'lj 
3 2422.900 41260.32 a 'F3li-P'D'li 
2 2420. 461 41301. 89 a 'F'li-O 'F'li 
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T ABLE 4. - First spectrum of columbium (Cb I) - Contin ued 

Wave Strong- Strong-Intensity X alr A No. Term combi- Zeeman Separa- cst est VI g, 
Arc vae. nation type t ion p n cm- 1 

----------------
I 2 3 4 5 6 7 8 9 10 

--- ------------
7 2420.144 41307.30 a 4F2M-P 4Fi~ 
5e 2419.976 41310. 16 a 4P2~-n 4D3~ 
6 2419.804 41313.10 a 'F,» -p'Di» 
4 2418. 792 41330.38 a4FH~-q4DiM 
3 2418. 490 41335.55 

2e 2414.762 41399.35 a 4F3~-n 2F§", 
7 2414.206 41408.89 a 4FJ}~-T 4D2~ 
5 2412.645 41435.68 a 'F,»-p 'F;» 
3A 2410.792 41467.53 
2 2408.056 41514.64 a 4Pl.li-n4D ~,\7 

10 2406.942 41533.85 
4 2403.918 41586. 09 a 'F,»-p 'Fl~ 
4 2403.107 41600.12 a 'F,»-p'D;ji 
8e 2402.339 41613. 42 

3 2401. 873 41621. 49 {a'D'»-8 'D;» 
a'PI»-469;» 

5 2400.910 41638. 19 
5 2399.718 41658.87 a 4FlJi-P 4Do~ 
2 2395. 851 41726. 10 a 'F,»-q 'Glji 
4 2394.395 41751. 47 a 'Fl»-P ' Fiji 
5 2394. 058 41757. 35 a 'FI)<l-p'Diji 

4 2390.454 41820.30 
4 2382.246 41964.38 
3 2373.074 42126.56 

15 2368.860 42201. 49 
3 2368.64 42205.41 

1 2366. 715 42239. 74 a 'PI)<l-475i)<l 
3 2365.940 42253.57 
5A 2364.325 42282.43 a 'D')j-q 'D;~ 
4A 2363.8.52 42290. 89 a'D')<l-n'm~ 
2 2363.716 42293. 32 a 'F')j-q 'G;)<l 

4 2363. 062 42305.03 a 4F4~-U2H:M 
3 2362.50 42315. 1 
2 2360.794 42345.67 atlD4!~-p4F4~ 
3 2359.679 42365.67 a4F4~-o4Dl~ 
5 2358.134 42393. 43 

2 2357.910 42397.46 a tlDU.,, - T 4Dh~ 
9 2354.470 42459.39 a 'G')j-n 'Glji 

10 2353.80 42471. 5 
6 2353.510 42476.71 a4F2~-v2Pi~ 
3 2352. 131 42501. 61 

2 2352.055 42502.99 a 'D')j-n 'F;)<l 
4 2351. 677 42599.82 
6 2350.034 42539. 54 a 'Po)j-475i)j 

lOe 2348.756 42562. 68 
lOe 2347. 171 42591. 42 

10e 2346. 679 42600.34 
8e 2344.640 42637.39 a 'D')j-q 'D;)<l 

15e 2344.517 42639. 63 
3 2341. 152 42700.92 a 6D3~-p4F4}i? 

10 2340. 277 42716.87 

8 2340. 149 42719. 21 a ' D ')<l- p'D;)j 
4 2338.730 42745.12 
2 2338. 38 42751. 5 a 'F')<l-o 'D;)<l 

20e 2337.744 42763.16 
7 2336. 410 42787.57 

10 2333.650 42838.16 
2 2329.543 42913.68 a'F')<l-p'G;)<l 
5 2328.222 42938.03 
4 2328.077 42940.70 a ' D'ji- q'D ;)<l 
3 2326.964 42961. 24 a'G 'ji-n 'Gl)j 

4 2324.600 43004.93 
1 2323. 959 43016.79 a'F')<l -o'D;)j 
3 2323. 654 43022. 43 a 'D')j-p 'D;)j 
8 2322.992 43034.69 

2321. 489 43062. 54 
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TABLE 4.-First spectrum of columbium (Cb I)-Continued 

Wave Strong- Strong-Intensity No. Term combi- Zeeman Separa-
Arc A air A vac. nation type tion est est VI g, 

em-I P n 

--------------
I 2 3 4 5 6 7 8 9 10 

-----------------
5 2318.432 43119.33 
3 2316.271 43159.55 
4 2314.359 43195.21 
7 2311.676 43245.33 
3 2307.759 43318.72 a 'F'Ji-o 'D1Ji 

4 2305.975 43352.24 a 'F'Ji-o 'D1H 
3 2305.29 43365.12 
8 2300.854 43448.72 
6 2300.295 43459.27 
6 2293.274 43592.32 

5h 2289.840 43657.68 
5h 2287.504 43702.26 
4h 2283.377 43781. 24 
1 2280.912 43828.55 a 'F'Ji-p 'G43O 
2 2279.414 43857. 35 a 4F37i-lr 402-'" 

15 2277. 426 43895.63 

4e 2276. 223 43918.83 a 4Fui-r ~G4~ 
ge 2274.770 43946.88 
4 2269.653 44045.95 
4 2269.535 44048.24 
3 2268.59 44066.6 

2 2265.489 44126.89 a 'F'3O-n 'F;3O I 
4 22.5.217 44132.19 a 'F,3O-p 'Gj3O 
3 2264.354 44149.01' a 'F'ji-t 'Hl3O 

20 2260.854 44217.35 a 'F'ji-o 'FjH 
160 2257.886 44275.47 a 'F'ji-r 'G'H 

6 2256.075 44311.01 
5 2255.791 44316.59 a 4Fl~-T 40337 

150 2254.564 44340.70 a 4F4~-n 4F4~ 
8 2253.802 44355.69 a 'F'H-n 'F'H 
2 2252.09 44389.4 a 'FiH-O 'F'ji 

4e 2252.51 44400. 8 
100e 2250.308 44424.56 a 'F'Ji-r 'G1H 

SO 2247.997 44470.22 a 'F'Ji -n 'DlJi 
8e 2246.421 44501. 42 

90e 2246.176 44506.26 

20 2242.958 44570.11 a 'F3Ji-r 'GlH 
20 2242.294 44583.31 a 4F2}i-O 4FiH 
8h 2241. 855 44592.04 

SOc 2238.518 44658.51 a 'F'Ji-n 'Dlji 
10 2236. 22 44704.40 

9 2233.172 44765.40 a 'F'H-4691H 

SOc 2232.545 44777. 97 {a 'F3H-n 'F'Ji a 'F'Ji-n 'D1H 
8 2231. 428 44800.39 a 'F3H-t 'HlH 

30 2229.65 44836. 11 a 4Fl}~-n 4DoJ7 
4 2228.39 44861. 46 a 'FlJi-v 'POH 

l00e 2228.032 44868.69 {a'FIH-r 'G1H 
a4F3~-o 4F337 

150e 2227.706 44875.23 a 4FH1-0 -4F437 
10 2227. 280 44883.82 a 'F'H-r 'GlH 
15 2226.927 44890.93 
50 2225.343 44922.88 a 'F'H-n 'FiH 

6 2225.235 44925.06 
60e 2223.672 44956.62 a 4F:u~-o 4F2J7 
70e 2220. 184 45027.25 a 4Fu .. ~ -o "Fi7!i 
3 2218.357 45064.33 

15 2217.872 45074.19 

30e 2215.54 45121. 6 a 4F3~-n 4D337 
40c 2214.034 45152.31 
50c 2211.46 45204.9 

7 2210.622 45222.00 a 4Fl}i-n 4Dr~ 
6 2210.442 45225.68 a 4F2H-n 4D2J71 
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TABLE 4.-First spectrum of columbium (Cb I)-Continued 

'Wave Strong- Strong-Intensity No. 'ferm combi- Zeeman Separa-
Arc X nirA vac. nation type tion est est VI V, 

cm-1 P n 

-------- -----------
I 2 3 4 5 6 7 7 8 10 

---------------
2 2205.230 45332.56 a 'F')2-469l)2 

12 2204.617 45345.16 a 4F2).i-n 4F3}1' 
3 2203.555 45367.01 a4Fl~-n4F2~ 
3 2201. 916 45400.78 a'FlfS-o'FlfS 
4 2200. 218 45435.81 a'F'fS-o'F,fS 

3 2195.83 45526.-6 a 'F3)2-0'FlfS 
10 2193.805 45568.61 
8 2193.011 45585.11 
7 2188.944 45669.80 a4FH~-n4D2'" 
4 2178.225 45894.51 

3 2178.07 45897.8 
8 2175.555 45950.83 a'F')2-475i)2 
5 2166. 77 46137. 1 
5 2161.54 46248.7 

Of particular interest is the large number of intersystem transitions, 
doublet-quartet combinations being second in abundance only to 
quartet-quartet. As in V I [7] doublet-sextet combinations appear 
in Cb I, but more abundantly. These latter include the transition 
a 6D-z 2GO, a conspicuous five-line multiplet, all lines of which show 
fully resolved Zeeman patterns. The wavelengths are 3867.918, 
3815.507,3803.879,3771.848, and 37.53. 171 A. See figures 1 and 2. 

TABLE 5.-Distribution of classified Cb I lines 

Item 

Lines in table 4 ___ _____________________________________ __ __________ _ 
Classified lines ________ _________________ _____________________ __ _____ _ 
Level transitions _________ ___ _______ ___ ____________________ _____ ___ _ 
Sextet-sextet transitions ___________________________________________ _ 
Quartet-quartet transitions __________ __ ______________ _______ _______ _ 
Doublet-doublet transitions ____ __ __________________________________ _ 
Quartet-sextet transitions ___ __________ ______ ___ ______ ______________ _ 
Doublet-quartet transitions _____________________________ ___________ _ 
Doublet-sextet transitions _____________ _____ _______________________ _ 
Transitions involving oue unassigned leveL _______________________ _ 
Lines classified two ways _______________________________ _______ ____ _ 
Lines classified three ways _________ ______ __________________________ _ 
Zeeman patterns measured ___________________________________ _____ _ 
Zeeman patterns interpreted __ __ ___ __ _____ _______________ __________ _ 

Number 

3,313 
2,836 
3,035 

137 
1,276 

405 
253 
814 
57 
92 

191 
3 

911 
815 

2. TERMS OF THE Cb I SPECTRUM 

P ercent- Percent· 
age of age of 
total total 

nUJr.bcr iutensity 
----

Percent Percent 

85.6 93.4 

4. 5 
42.1 
13.3 
8.3 

26.8 
1. 9 
3.0 

89.5 ___________ _ 

The established terms of Cb I, or energy states of neutral columbium, 
are described in table 6, which is prepared according to the same plan 
as table 2 for Cb II. All level values are relative to 4d 458 a 6Do~=0.00. 
The total number of levels is 364, comprising 103 belonging to 58 
doublets, 197 which make up 55 quartets, 56 which are associated 
with 13 sextets, and 8 unassigned levels. Levels associated -with 
almost all terms come in regular order, that is, those of highest j-value 
are highest. There are five inverted doublets and five partially 
inverted quartets. Fifteen terms are incomplete. Instances of 

644098-45--7 



.. 

572 Journal of Research of the National Bureau of Standards 

good agreement with the interval rule are in the minority. This is to 
be expected in the spectrum of an atom with a moderately heavy 
nucleus with level separations large enough that most terms overlap, 
a situation which leads to mutual perturbation and displacement of 
levels of the same j-value associated with sharing of g-va.lues. 
Attention is called to a few noteworthy instances of such perturbation. 
Levels a 2I\%,and a 2Dl% have g-values 1.175 and 0.953 as compared 
with Lande g's, 1.333 and 0.800, respectively. The sums are almost 
identical, 2.128 and 2.133. Levels a 2PO% and a 2D2)/o have nearly 
Lande g-values. The levels of j-values 2~, 3%, and 4% belonging to 
a 4G and b 4F perturb one another to such an extent that it is difficult 
to distinguish between them on the basis of combinations or g-values 
although there is no doubt that these levels comprise the terms in 
question. The levels b 4Fl% and a 4GS% being unique values are not so 
affected and again show nearly Lande g's. A very marked perturba­
tion occurs in the levels x 6D~J1 and y 4D~J1' the g-values being 2.441 
and 1.141, respect.ively instead of 3.333 and 0.000 theoret.ically 
expected. It may be assumed t.hat t.hese levels originat.e in t.he same 
electron configuration. Hence x 6D is assigned to d4 p instead of 
d 3 sp, interchanging the assignment with y 6Do, as given in the 
earlier paper [5]. The term formerly classified z 4Do is now designated 
z 6Fo, with an additional level, j=4~, found, but with the level of 
highest j missing. The g-values favor the new assignment, and there 
is no other possibility for this sextet, which is expected to show 
strong combinations. These are almost the only instances of changes 
in earlier assignments. In using the scheme of designating inter­
mediate odd terms in ascending order by letters beginning with z, 
the discovery of a large number of new terms has necessitated a 
reassignment of such letters for identification. Relative level values 
as set up in the earlier publication have been retained. Calculations 
based on additional wavelength data indicate negligible corrections. 

Electron 
configu· 
ration 

Term 
symbol 

TABLE 6.-Terms of the Cb I spectrum 

Level Differ- Obseryed 
enre U 

Combinations 

---------' - --------------------------.--

d's COD) 

d's' 

a'DolJ 
a 6Dt).1 

a'D'lJ 
a'D3!-j 
a'Du, 

a 4Ft.!1 
a 4F2J.i 
a 4F3J.S 
a 4FHl 

0. 00 
154.19 
391. 99 
695.25 

1050.26 

1142.79 
1586.90 
2154.11 
2805.36 

154. 19 
237.80 
303.26 
355.01 

444. 11 
567. 21 
651. 25 

3.323 
1. 863 
1. 652 
1. 582 
1. 549 

0.402 
1. 029 
1. 235 
1. 330 
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d' 8 (30) 
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T AB LE 6.-Terms of the Cb I spectrum-Continued 

T erm 
symbol 

a 4D oJ..{ 
a 4DI,Ii 
a 4D2~ 
a 'D3)S 

a 'Q,)S 
a t 0 3", 
a ( O(~ 

atGHi 

L evel 

4998. 17 
5297.92 
5965.45 

8410. 90 
8705. 32 
9043.11 
9497.52 

8827. 00 
9328.88 

9439. 08 
10237. 51 

10126.06 
11318. 09 

11344. 70 

10922.74 
11044.08 
11247.88 
11524.65 

12018.25 
12136.86 
12357.70 
13012.20 

12102. 12 
12502. 97 

Differ- Observed 
ence U 

299.75 
667. 53 

294.42 
337.82 
454.38 

501. 88 

708.43 

1192.03 

121. 34 
203.80 
276.77 

118.61 
220.84 
654.50 

400.85 

2.650 
I. 721 
1. 596 

0.06 
L 197 
1.360 
I. 420 

0.885 
1.103 

0.953 
1. 206 

0.66 
1.175 

1. 99 

0.690 
0.984 
1. 12 
I. 22 

0.742 
1. 081 
I. 23 
I. 26 

0.93 
1.10 

Combinations 

:1: 'So, Z 'po, 11 'pa,x 'po, W 'po, z (DO, 'Y 'Do, x (D O, 
w "D o , v fD o, u "Do, t fD o, s fDo, n fDo, Z of Fe, 
y4FO, rofFo, w lFo, ofFo , u 4Fo, t'FO, 84Fo, 
r 4Fo, q of FO, p4Fo, o4Fo, ntFO, Z400, 'V.oo, 
x fQ o, w4Qo, 040°, utQo, z 4H o, Z&PO, " Spo, 
z liDO, y liDo, x 6Do, Z liFo, 11 liFo, Z 28°, Y 28°, z lPg, 
11 lIpO X Zpo W ,po z 2Do 'V 2Do x'D o w 'Do 
v 2Do: u 2Db, t 2D6, 8 2nd, y 2Fcf, x 2Fo', W 'Fa; 
v 2}""o, s2Fo, q2FO, z200, 'UlOa, v200, u2QO, 
w 'Ho , 2760 , 4140 , 4160 , 1169 0 • 

11 2Do, V 2Do , U 2Do, Z 2Fo, y 2Fo, X 'Fo, w 2Fo, V 2Fo, 
1.£ ZFo, t 2Fo, 3 ZFo , r 'Fo, qZFO,p ZF o, 0 :JFo, m 'Fo, 
z 2QO, Y 2QO,X2QO , w 20°, V2GO, 1.£ ZO° , t 2QO, r 20°, 
q 20°, 020°, n 2GO, z 2Ho, Y ZHo, X ZHo, w 'Ho, 
v2Ho,1£2Ho, t 2R O, z2IO,y2IO, Z' po, zfDo, VfDo, 
X 4D o, w {DO, V fD o, t 'Do, 3 fD o, n 'Do, z 'Fo, 
11 'Fo,x 'Fo, w 'Fo, v' Fo, u 'FO,t 'Fo, 3 'Fo, r'Fo, 
q 'Fo, p 'Fo, 0 'Fo, n 'Fo, Z 'Qo, Y 4GO, X fQO, 
w 'Go, V 'Qo, 1.£ {Go, t '0°, 3 fOO, r 'Go, z 'HO, 
y 'Ho, X 'Ho, z '1°, 11 GDo, z GFo, 276°, 400° , 411°. 

z 2S0, V 2S0, Z 'po, 11 lpO, X 2pO, W 2pO, V 'po, z'D o , 
y ~Do, X 2D o, W 2Do, V 2Do, 1.£ 'Do, t 2D o, 1/ ' F o, 
x2Fo , w2Fo,v 2Fo u 2Fo a 2Fo,r2FO,q2FO, p2Fo, 
o 'FO n 2FO 1n 2F6 V 206 u 'Go 320° z 'So 'V 'So 
x,so'w'So'z ' po y4PO ~ ,po ~(PO V'D O'X4D O' 
w 'rio, V 'Do, u fDo, t'4Do, ; 'DO, p 'Do,' 0 'Do: 
z(FO , w 'Fo, v ' Fo, u 'F O,t'FO,s 'F ,q 'FO,x'Oo, 
w (Go, V 'Qo, u ' Qo, t 'Go, s '0°, X 'Ho, z GSo, V epo, 
z GD o , X GDo, 276° , 411°, 414°, 469°. 

l
z 2S0, z 2PO, 'V 'po, X ,po, W 'po, V lPO , z 2Do, 1) 'Do, 

X 'Do, W 2Do, V 'Do, u 'Do, t 2Do , 3 'Do, 1) 'Fo, 
w 'Fo, v'Fo, u 2Fo, s'Fo, p 'Fo , 0 2Fo, n 'Fo, m 2Fo, 
x '8°, Z 'po, V ,po,x 'po, W 'po, Y'D o, X 'Do, w 'D o, 
1.£ 'D o PD o r 'Do z'Fo z,d Fo w'Fo v'Fo u 'Fo 
t 'Fo 'r 'Fo 'q 'Fo 'V 'Go' u' oC: t 'Go' z IISO' 1/epo' 
z IID 6, V GFb, 469°'. ' , , , , 

{z Gpo, 11 Gpo, 11 liFO, Z 'So, tI 'po, W 'po, v'Do, w 'DO, 
z '0°, Z 2PO, X 2PO, V 'DO, V 2Fo. 

l
'U'D O , t 'DO, 8 'DO, Z (F O, 11 'Fo, z 'Fo, w 'Fo, v ' Fo, 

u 'Fo, t 'Fo, 3 (FO, r 'Fo, q 'Fo, P 'F o, Z '0°, 11 4GO, 
x'Qo, w'Go, v' O° , u'Go, t 'Go, s '0° , r ' 0 0 , z 'Ro, 
V 'Ho, X 'Ho, Z '1° , t 2Do, z ' Fo, W 2Fo, V 'Fo, u 2FO, 
3 2FO, r 2Fo,p 2Fo, n 2Fo, W 20°, V 20° , u 200, t 2G O, 
s 20°, r 20, z 'HO, y 2Ho , X 2Ho, w 2Ho, v'Ho , 
z 210 , y 21°, 400°, 416° . 

x 'po, z'Do, y fD o, x'Do, w 'DO, v{DO , u'DO,t "DO, 
q'DO, p"D o, Z"Fo, 1I'Fo,x'Fo, W "Fo, v'Fo, u'Fo, 
t 'Fo, 8 4Fo, r 4Fo, q 'Fo, P "Fo, 0 'Fo, n 4Fo, Z 'Go, 
'V 4GO, X 'Go, w (Go, V '0°, 'U ' 0°, t 400 , 8 'Go, 
T 400 , Z 4HO, 11 'Ho, X "HOt z '10 , 11 IIDo,x liDO, V GFo, 
X 2PO , w 2PO, z 'Do, y 2Do, X 'DO, w 'DO, V 2Do, 
u 2D o, z'Fo , 1I 2F o , w 'Fo, V 2Fo, u 'FO , 8 :lFO, T 2Fo, 
q :lFO, 1J 2Fo, 0 2Fo, z 20°, y 20°, W 200 , V 2GO, 
u zQo, t 20 0 , r 20 0 , q 200 , 11 2HO, X 2Ho, w 2Ho, 
V 2Ro, t 'Ho , 1/21°, 214°, 400°, 411°, 414°,416°, 475°. 

!Z2FO, w 'Fo, V 'Fo, u 'Fo, p 'Fo, y2G O w 20°, V 2GO, 
tL '0 0 , t 20°, 8 2GO, r 20 0, q 20°, P 20&, 0 200 , n 20°. 
z2HO, 11 2Ro, X 2Ho, w 'Ho, V !lHO, u 2Ho, z 21°. 
y 2IO, w'Do, v4Do,1I'Fo,x'Fo,w'Fo,v4Fo,u'F"', 
t 4FO, 8 'FO, q 'Fo, p 'Fo, 11 'Go, w '0°, v'Go , 
u 40°, t 40 0 ,8'0°, 'IJ'Ho, z'HO, z'Io,411°. 
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TABLE 6.-Terms of the Cb I spectrum-Continued 

Electron Term Differ- Observed conllgn- symbol Level cncr. U 
Com binations 

ration 
---- ---- - ------- ----

z "po X "po w"po y'D O x'D o w'Do v"Do 
u "DO, t "DO, 841)°, T 4D~, q 4D~, P "DO: 0 fDa; 
n'Do, z "Fo, Y 'Fo, x (FO, w"Fo, v 'Fo, u 4Fo, 

d' 8 (3F) t 41i'O, s4Fo, r olFe, q4FO, p4Fo, o'Fo 2'0°, 
b 'Fn, 12288.25 0.402 y4GO, x4.Go, w"Go, v 4GO, u'Qo, t'G", 840°, 
b 4F2~ 12692.12 403.87 0.852 z 4Ho, y "Ho, x 'Ho, y 6Do, x 6Do, 'V 8Fo, 'V 28°, 290.26 
b'F'H 12982.38 163.33 1.120 y2PO, X2PO, z2Do, y2DO, v2Do, u,2Do, t2DO, 
b'F'H 13145. 71 1. 224 s 2Do, z 2Fo, y 2Fo, w 2Fo, v'Fo, U 2Fo, 32Fo, 

r 2F,o , q2FO, p2Fo, n2Fo, maFo, z2QO,w2GO, 
v 2GO, U 20 0, t 20 °, T 20 °, p 2G 0, z zHO, y 2Ho, 
x 2Ho, w 2Ho , v !lHO, u zHo, t zEo, y 21°, 276°, 400 0 , 

411°,414°,416',475°. 

xapo, y2DO, z2Do, w2Do, v2Do, u,2Do, t2DO, 
8 2Do, z 2Fo, Y'Fo, x 2Fo, w %FO, v 2Fo, 11o 2Fo, 
t ZFo, 8 :lFO, r 2Fo, q 2Fo, P 2Fo, n 2Fo, m 2Fo, 
z 20 °, y 20°,x2GO, w 200, V 20°, u200, t2OO, 

d3 8' a 2Fz}.i 13404. 77 110.43 0.860 8 z00, r 20o, 02GO, nZOo, w 2Ho, v 2Ho, t2RO, 
a 2Fs}i 13515.20 1. 130 x 4P O , y-4DO,X4Do, w-4DO, v4Do, u4Do, t4DO, 

s4Do, r-4DO, p4Do, o-4DO, x-4FO, w4Fo, v-4FO, 
u-4FO, t-4FO, p-4FO, q-4FO, w4GO, v4GO, u-4Go, 
t 4GO, s-400, r400, x4Ho, 24Io, yen0, x6Do, 
276°,400°,411°,416°. re", "', · "'" 'P',' 'P',. <pO" 'D',' 'D', w 4Do, v "DO, U 4Do, 8 4Do, r "DO, q 4Do, o4Do, 

d' 8 (' P) b 'PoH 13629.15 582.15 2.64 n4Do, x4Fo, w4Fo, o-4FO, u4Fo, t4FO, r4Fo, 
b'PIH 14211. 30 687.96 1.71 q4FO, p4Fo, oolFo, n4Fo, 8-40°, r40o, z4Ho, 
b 'P2H 14899.26 1. 54 z68°, y6DO, xeDo, y280, Z2pO, yZPO, x2po, 

w 2PO, V 2pO, w:lDO, 02DO, 22Fo, 276°, 4000, 
416°,469°. 

z 4go , W 48°, Y 4PO,X 4PO, w 4PO, y 4Do,x 4Do, 0 4Do, 
u 4Do, 8 4Do, r "Do, q4DO, p4Do, n4Do, y4FO, 

d' 8 (3D) b'DoH 15460.77 -21. 52 0.04 x 4Fo, w4Fo, 04Fo, u4Fo, t4FO, 84Fo, r4Fo, 
b'DIH 15439.25 27. 83 1. 21 q4FO, p()~"'o, o4Fo, y400, w400, 040°, t4GO, 
b'D'H 15467. 08 -184.73 1. 42 840°, r4GO, z4RO, VeDa, y2go, 2'po, V2po, 
b'D'H 15282.35 1. 43 x 'po, W 2PO, V'po, 22Do, y 2Do, v'Do, z 'Fo, 

q2FO, p2Fo, m2Fo, x2GO, t2GO, 82GO, r200, 
411°,414°,416',469°,475°. 

w'Fo, r 2Fo, q 'Fo, p 2Fo, m 2Fo, 220°, V 20°, 
x'Qo, W200, v200, u2GO, t200, 820°, r2OO, 

d' $ ('R) b'R'H 16828.52 647.70 1.04 P 20°, 0 20°, Z 2Ho, y 2Ro, x 2Ro, W 2Ho, v 2Ho, 
b'RsH 17476.22 1. 01 u 2Ro, t 2Bo, 221°, Y 21°, q "DO, 'V 4Fo, x 4Fo, t 4Fo, 

r 4Fo, q4FO, w40°, v4GO, u4GO, t4GO, 840°, 
Y 4Ho,X4Ho, 411°. 

r~~~·~·~·~·~·~·~ 220°, y200, ulGO, t2Qo, s20o, r20o, p2Oo, 

d's ('G) b'G3H 16918.78 0.88 0 20°, Z 2Bo, 1) 2Ro, x 2Bo, W 2Bo, v 2Ho, t 2Ho, 
1117.19 2 2Io, s4Do, q4DO, p4Do, o4Do, x4Fo, v4Fo, 

b'G'H 18035.97 0.97 u-4FO, t4FO, r 4Fo , q4FO, y4GO, x4GO, w4OO, 
v 4GO, u 4GO, 8 4GO, r 40°, z4Ho, y4HO, yeDO, 
x liDO, 411°, 4.16°. t 2GO, w'Go, t 'Go, 8 'Go, r 'Go, 0 'Go, n 'Go, 

183'H 18332.04 z2Ho, V2Ho, x 2Ho , w2Ho, v2Ho, 221°, v4Fo, 
u 4Fo, 8'Fo,x 4Qo, t4GO, r4GO. 

d' 8p ('F) z6Gi~ 16672.00 309.01 0.00 

I. of 
• 'GlH 16981.01 322.95 2 6Ga~ 17303.96 633.30 
• 'GIH 17937.26 497.88 
Z 'GsH 18435.14 441. 32 
z 'G'H 18876.46 

d3 8p ('F) z"Fo~ 18791.09 245.46 -0.373 I. oD, , oD, , 'F, • 'P, • 'D, • 'F, • 'G. 
z'F1H 19036.1i5 391. 35 1.145 
z"F2~ 19427.9() 488.79 1. 35 
z'FlH 19916.69 515.42 1. 39 
z'FIH £0432.11 1.44 
Z'FSH 

d' 8p (IF) Z 'Do~ 19623.96 141. 22 3.01 

fa 'D, e 'F, a 'P, a 'D, a 'F. 
Z 'Dl~ 19765.15 228.60 1.72 
• 'DIH 19998.78 321. 96 1. 56 
z 'Dl~ 20311i.74 418.14 1. 55 
z'DIH 20733.88 1. 54 
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TABLE 6.-Terms of the Cb I spectrum-Continued 

Electron Term Differ- Observed conftgu- symbol Level enre q CombinaLions 
ration 

-------------~----
d3sp (3F) 2 'Do» £0107.36 276.26 -0.02 

2'Di» 20383.6£ 454.36 1. 26 
}a 'P a'D a 'F a 'G a'D a 'G 2'D!» 20837.98 674.20 1. 39 ' , , , , . 

2 'Dl» 21512.18 1. 44 

d'p ('D) z .PO}1 22006.7" 1000. 12 2.47 
z·Pi~ tS006.86 1. 61 }a 'P a 'D a 'F a'D a 'P a 'D 
2 'P!» 23684·44 677. 58 1. 477 

' I , , , • 

d3sp (3F) 2 (01» £20,,7.03 375.53 0.578 

}a 'D,a 'F, b 'F, a 'G, a 'H, a 'D, a 'G. 2 'Gj!> 23022. 56 514.21 0.98 
Z·G4~ 23536. 77 1.15 
2'G;» 24203. 05 666.28 1. 25 

d3sp (3F) z 'FiH 23S43.87 330.27 0.416 
Z'F2}i 23574.14 440.97 1.061 }a 'P, a 'D, a 'F, b 'F, a 'G, a 'H, a 'D, a 'P, a'D, 
z4Ii'a~ 24015.11 1. 243 a'G. 
Z'F4~ £4506.53 491. 42 1.336 

d'p (3P) z2Di~ £3525.80 1247.23 0.898 }a 2P, a 2D, a 'P, a olD, bolD, a 'F, b 4F, a 40, a liD. 2 'D!» 24773.03 1. 30 

d'p (3P) 2 'So» 23910.90 2.123 a 2P, a 2D, atP, a'D,a 6D. 

d'p ('D) V'Fo» 23984.87 179.92 -0.601 
V IIFi}1 24164·79 232.0t 1. 060 
1II1F;~ £4396.80 373. 11 1. 306 a liS , a liD, e liD, a'D, a qi', b 4F, a 4G, a 2P, a 2D. V'F,» £4769.91 1. 380 
Y'F,» 25199. 81 429.90 1. 427 
V'F!» £5680. 36 480.55 1. 450 

d'p (3D) 2 'Pi» 24£83.84 259.79 2.382 
}a oS, a 'D, e 'D, a 'P, a 'D, a 'F. 2 'P!» 24543.13 1. 874 

z IIP3}l 24904.86 361. 73 1. 703 

d3 sp ('P) V'Do~ 25879.81 187.25 3.22 
y'Di» 26067.06 319.30 1. 820 la'D, e 'D, a 'P, b 'P, a'D, b 'D, a 'F, b 'F, a 'F, y'Da» 26386.36 1.610 
v'Dl» 26832.43 446.07 1. 248 a 'G , b 'G, b 'R. 

v'Dl» 27419.62 587. 19 1. 422 

d'p (3D) y4Fi~ £5930.01 130.64 0.467 
y4F2~ £6060.65 l. 085 }a 'P, a 'D, b 'D, a 'F, b 'F, a 'G, a'D, a 'P, a 'G, 
y'F,» 26165.79 105.14 1.245 a'H,b'H. 
V'F ,» 26440.33 274.54 1. 334 

d'p (3D) x 'Do» 26552.40 160.92 2.441 

la 'D, a 'P, b 'P, a'D, a 'F, b 'F, a 'G, a 'D, b 'G. 
x'Di» 26713.32 1. 45 
x'D;» 26983.34 270.02 1. 618 
x'Dl» f74117.07 443.73 1. 567 
x'DI» 27974.87 547. 80 1. 542 

d'p ('D) Y'Do» £6717.73 219. 13 1.141 
V'Di» £6936.86 1.292 }a 'P, b 'P, a 'D, b'D, a 'F, b 'F, a 'G, a 'D, a 'P, 
V'Dl» £7359.70 422.84 1. 32 a 2D,a 2F,a 2G. 
V'D,» £7596.74 237.04 1. 422 

d'p (3H) 2'G;~ t6896.68 435.12 1. 013 }a2FI aZG, b2G, b2H, a4P, a4D, a4F, b4F, a 4G, 
z 'G,» !7331.80 1. 078 a'D. 

d3 sp (c 3P) V 'Po» 27498.94 283.63 2.467 
}a 'P, b 'P, a 'D, a 'F, a'S, a 'D, a 'P, a'D. V 'Pi» !7782.57 1.660 

v 'PI» 1!8445.33 662.76 1. 606 

276!» £7614.10 1. 370 b4P, a4D, b4D, a4F, a 6D, a2D, a 2F, a 20. 

d' 8p (c 3P) x'Do~ 117666.46 412.63 0.222 
x'Di» 28079.09 470.33 1. 443 }a'p, b'P, a 'D, b'D, a'F, b'F, a 'G, a'D, a'P, a'D, 
x'D;~ 28549.42 1.472 a'G. 
x'D,» 29£09.42 660.00 l. 241 

d38p (3F) Z 2F2}i 117797.44 737.92 1.lG }a 2F, a 20, a 2H, a .p, b "P, a (D, b olD, a 4F, b 4F, 
2 'F,» 118535.36 1.12 a 4O,a 6D. 

d38p (3F) Y'G;~ 27855.18 578. 61 0. 92 }a 2F, a 20, b 20, a 2H, b :!H, 183, a "P, a 4D, a4F, a 40, 
V'G,» 284$3.74 1. 12 a'D. 

2 'Po» 284411.16 -523.31 0.772 }a 'P, a 'D, a 'P, b 'P, a 'D, b 'D, a 'F, a'S. a 'D. 2 'Pi~ 27918.85 1.460 

d' p ('P) 2 'Si» 28208·48 1.794 a 4P, b 'P, bolD, a'F, a tiS, a tiD, a 2D. 
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TABLE 6.-Terms of the Cb I spectrum-Continued 

Electron Term Differ· Observed configll· symbol Level ence 0 
Com binations 

ration 

-------------------
d3 sp ('P) V 'PI» 28278.£5 374.41 1. 981 

}a 'S, a 'D, a 'P, b 'P, a 'D, a 'F, a'D. V'P;» £865£.66 320.46 1.768 
y'P,» £8973. 12 1. 701 

d'sp ('G) ,'H,» £9271.99 247.06 0.890 
z4Hj~ 29519.05 327.25 1.01 }a 'P, b 'P, a 'D, b 'D, a 'F, b 'F, a 'G, a 'H, a'D, 
, 'H,» £9846- 50 344.75 1. 15 a'G,b'G. 
, 'H,» 30191. 25 1.23 

d' p ('H) y'G!» 29359.58 403. P 0.693 
y'G,» £976£.70 354.62 0.999 }a 'P, a 'D, b 'D, a 'F, b 'F, a 'G, a 'H, a 'D, a 'G, 
y'm» 30117.32 540.28 1. 276 b'G, a'H. 
y'G,» 30657.60 1.25 

d'sp ('F) v'Di» £9622.73 153.07 0.81 }a2p,a2D,a2F,a20,afp,a4D,b4D,a4F,b4F, 
v'Dl» 29775.80 1. 348 a 40, ailS. 

d'p (3F) x4Fr~ 29779. H 208.01 0.42 
x4F2J.i 29987.45 174. 11 1. 006 }a 'P, b 'P, a 'D, b 'D, a 'F, b 'F, a 'G, a 'H, a'D, 
x 'F,» 30161.56 117.67 1.18 a 2F, a 20, b 20, a 2R, b 2H. 
x 'F,» 30279.23 1.20 

d'sp ('P) z'Slu 30059.60 a 3D, a 'P, b 4P, a 4F, a 2P, a'D. 

d'p (I D) V'Fl» 30716.50 309.02 0.891 }a2p,a2D,a2F,a2G,a4p,afD,a4F,a4G. V'F!u 31025.52 1.139 

d'sp ('F) x'G!» 31056.60 428.60 0.630 
x'Gi» 31485.20 519.43 1. 012 }a 'D, a 'F, b 'F, a 'G, a 'fl, a'S, a'D, a'D, a 'G, 
x'G,u 32004·68 568.09 1.160 b 'G, 183. 
x 'G,}> 32572.72 1.24 

d'sp (c 'P) v'Slu 31174.65 1. 957 a4P,b4P,a4F,aIlD,a2D. 

d'sp (IG) x 'Fl» }a 'D, a 'F, a 'G, a'D. x 'Fl}> 31687.53 1.20 

d'sp (IG) x2G3~ 31800.74 413.20 0.906 }a 'F, a 'G, b 'fl, a 'P, b 'D, a 'F, a 'fl. x2GlJ.i 32213.94 1. 092 

d'p (IG) IV 'FI» 91993.68 153.90 0.982 }a 2P, a 2D, a 2F, a 20, a 2H, b 2H, a 'P, a 4D, a 4F, 
w'Flu 32087.58 1. 074 b 4F, a 40, a fH. 

d'sp ('F) w 4F!.!1 31551.46 461. 94 0.501 
w4F2~ 32013.40 319.78 1. 01 }a 'P, b 'P, a 'D, b 'D, a 'F, b 'F, a 'G, a 'fl, a 'D, 
w'Fi» 32333.18 590.69 1.199 a2P,a2D,a2F,a2G,azH. 
w4F4~ 92923.87 1. 24 

d'p ('D) v4Fi~ 31707.94 99.61 0.80 
v'Fl» 31807.55 165.69 1. 048 }a 'P , b 'P, a 'D, b 'D, a ' F, b 'F, a 'G, a 'fl, a'D, 
v4F3~ 31973. £4 632. 15 1. 343 a 2P, a 2D, a 2F, a 2G, b 2G, a 2H, 183. 
v4F4~ 32605. 39 1. 216 

d'p ('G) u 'Fl» 31907.74 232.04 0.791 
u'Fl» 32139.78 312.21 1. 035 }a 'P, b 'P, a 'D, b 'D, a 'F, b 'F, a 'G, a 'fl, a 'P, 
u'F!» 92451.99 684.31 1.115 a 2D, a 2F, a 2G, b 2G, a 2B, 183. 
u'F,» 33136.30 1.240 

d' p ('P) IV 'Do» 32066.06 182. 63 0.046 
w4Di~ 32£48.69 296.83 1. 184 }a 'P, b 'P, a 'D, b 'D, a IF, b 'F, a 'G, a 'D, a 'P, 
w'Dl» 925.5.52 458.37 1.320 a 2D, a 2F, a 20, a 2H. 
w'Di» 93003.89 1. 341 

d'p ('fl) z4n~ 92156.00 226. 24 0.835 

}a 'F, a 'G, a 'H, a 'F, a 'G, a 'R. 
z4n~ 32382.24 290.15 0.993 
z 'U}> 32672.39 443.97 1. 08 
z'Ii» 33116.36 1.19 

d'p ('F) w'G;» 
}a 'P, a 'D, biD, a 'F, b 'F, a 'G, a 'H, a 'D, a'D, w'G'» 32501.93 301.11 1. 06 

w'G'» 32802.44 625.76 1. 21 a 2F, a 2G, b 20, a 2H. 
W'G6» 33428.20 1. 27 

d'sp (IP) x'D!» 32623.02 1.00 }azP,a2D,a'lF,a4P,a4D,a4F,a4G,a6D. x'Dl» 

d'p ('G) v2F2~ 92654.48 244.60 0.830 }a 'lP, a 'lD, a 2F, a 2G, b 20, a 2H, a 4P, a 4.D, a 4F. 
v'F!}> 82899.08 1.17 b 4F, a 40, a 4H, a 68. 
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TABLE 6.-Terms of the Cb I spectrum-Continued 

Electron Term DifIer- Observed configu- symbol Level ence g Combinations 
ration 

---- ---------- - - ---

d' 8 ('D) t'Doli 374]0.17 168.55 

lz ,po. V 'Do. z 'Fo. Y'Fo. 
e'Dlli 37578.72 263.64 
e'D'li 37842.36 335.29 e'D3li 38177.65 390.20 
e'D'li 38567.85 

d' P (3D) t'Doli 37536.56 418.43 0.10 
t'Dl~ 37954.99 438. 50 L051 }a,p.a'D.a'F.b'F.a'o.a'H.a'D.a,p.a'D. 
t'Dlii 38398. 49 460. 65 L371 a 2F, a 2O. 
t 'D ;~ 38854. 11, 1. 305 

d' P (30) x'H!~ 376t4.53 241. 53 0.706 
X 'H4ii 37866.06 277. 70 0.992 }a,p.a'F.b'F.a,o.a'H.a 2D.a'F.a,o.a'H. 
x'H!~ 38143.76 370.09 L089 b'H. 
X'H!ii 38513.85 L 21 

d'p (3F) r 2Fi~ 37814.84 417. 21 0.876 }a 'D. a 'F. a '0. b '0. b 'H. a 'p. a 'F. b 'F. a '0 
r 'F;~ 38231.85 1. 111 a 4H,a IlD . 

d3 sp (3D) t'D lli 37865. 42 314.90 0. 90 }a 'P, a 2D, a 2F, b 20, a .p, a 4D, a 4F, b 4F, a 4H. 
t'Dl~ 38180. 9£ 1. 077 

d3 s·s e 'Foli 37871. 30 150. 11 e 'Flli 38021. 41 255.18 e 'F,~ 38276.59 361. 38 z liDO, z liFO, Z IIGO, 
e 'F3~ 38638.47 
e 'F'li 39100.73 462.26 

e 'F,~ 39408.88 308.15 

d'p (3D) x 'POli 38182.96 263. 82 0.564 }a 2P, a 2D, a 2F, a 4P, b 4.P, a 4D, b 4D, a 4F, b 4F, 
x 'Pili 381,48.78 1.29 a'O. 

d'p (3R) V 'I!;, 38$51. 28 331. 76 0.97 }a 20, a 2H, b 2H, a 4F, b 4F, a 4.0, a 4H. v'I!)i 38588.04 1. 09 

d3sp (10) w 2H4~ 38448.77 572.04 0.936 }a 'F. a '0. b '0. a 'H. b ' H. 183. a 'D. a 'F. b 'F. 
w 'H!li 39020.81 1.084 a 4O,a 4H. 

d'p (3D) w 'Po~ 38730.16 -20.50 2.55 
}a'p. b 'Po a'D. b'D. a'F. b'F. a'S. a'D. a'P. a 'D. w ·Pi}.<J 38709.86 53.68 1. 660 

w 4PZ}i 38763. 34 1. 588 

d3sp (30) 8 4Fi}<J 38903. 00 345.30 0.448 

}a'D. b'D. a'F, b'F. a'O. a'H. a 'D. a'O. a 'H.183. s 4FiK 39248. 30 371.83 0.973 
s 'F;li 39620.13 388.39 1. 094 
8 'F4~ 40008.5£ 1.108 

d3sp (3R) U'Olli 38982. to 398.57 1.010 }a 'D. a 'F. a '0. b '0. a 'H. b 'R. a 'p. a 'D, a 'F. 
u 2G~K 99980. 77 1.10 b 4F, a 20, a 4H, a liD . 

d3sp (d 'F) t 'O;~ 391,28.84 210.92 0.91 }a 'F. a '0. b '0. a 'H. b 'H. 183. a 'D. b 'D. a 'F. 
t 'O'li 39637.83 1.04 atO, a 4H, 

d3 sp (30) t 'm~ 39530.48 355. 20 0.61 
}b '~. a 'F. b 'F. a '0. a 'H. a 'D. a 'Po a 'D. a 2F. t ' G3~ 39885.68 536.27 1.085 

t·O'~ 1,0421. 93 60.03 1.228 a '0. a 'R. b 'H. 183. 
t'Glii 40481.98 1.18 

d' p (II) v 'R'~ 39845.51 157.49 
}a 2F, a 20, b 20, a 2H, b 2E, 183, a 4F, b 4F, a 40, 

V'R!ii 40003.00 1.152 a'H. 

d' sp (3D) r 'Flii 39981. £0 228.52 0.45 
r ' F;li 40t09.72 152.28 0.886 }a 'p. b 'p. a 'D. b 'D. a 'F. b 'F. a '0. a 'H. a'D. 
r ' F;;> 40362.00 4111.89 1.129 a 2P, a 2F, a 20, b 20, b 2H, 
r 4F4J.i 40853.89 1. 250 

400')i 40009.84 b4P,a4F,b4F,a4G,a4H,a2F,a20. 

d3 sp (IF) q 'F;;> 40735. 18 -265.47 0.91 }a 2D, a 'F, a 20, b 2G, b 2H, 183, a 4P, b .p, a 4D, 
q 'Fl)i 40469.71 1.17 b 4D, a 4F, b 4F, a 40, a 4H, 

d'p (c 'F) s'Do;> 
8 4DiH }a 'p. b 'Po a 'D. b 'D. a 'F. b 'F. a '0. a 'H. a'D. 
s 'D;~ 40478.90 479.46 1.29 a 2F,a JO,b 2G. 
8 'Dl;> 40953.36 1. 367 

d3sp ('R) 3 ' Gl;> 40079. 80 
475. 98 1 

0.929 
"0;;> 40555. 28 355.87 1.089 }a 'P. b 'Po a 'D. b 'D. a 'F. b 'F. a '0. a 'H. a'D, 
s 'G!li 409£1.15 450.02 1.243 a 'D.ra 'F. a '0. b '0. a '!I, b ':g. 
~ 'Oi}j 41871.17 1. ~5 
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TABLE 6.-Terms of the Cb I spectrum- Continued 

E lectron Term Differ- Obscrved 
configll- symbol Level cuce 0 

Com binations 
ration 

- ----------------- ._----
d3sp (ID) W 'P~I> 

w'Pil> 41082.24 1. 38 }a 'P, a 'D, a 'P, b 'P, a 'D, b 'D, a 'G. 

411'1> 41139.95 0.88 a 4Pt b tn, a t]l, a 4.0, a 2D, a 2F, a 20, b 20, a :lH, 
blH, aID. 

41411> 41460.97 1. 42 a .p, b 4P, a fn, b fn, afF, b 4F, a 40, a 2D, a 2F. 

416;1> 41615.40 a 'P b 'P a'D b 'D a 'F b ' F a 'G a 'H a 'F b 2'0.' , , , , , , , 

q 'FII> 41554.86 191. 48 0.556 
q 'F;I> 41746.34 184.53 1. 25 }a 'P, b 'P, a'D, b'D, a 'F, b 'F, a 'G, a 'H, a 'P, 
q 'F'I> 41930.87 -56.96 1.186 a 2D, a 2F, a 20, b 20, a 2H, b 2H. 
q ·Fh~ 41873.91 

d'p (3G) s 'GIl> 41571. 61 324.06 }a 2D, a 2F, b 20, a 2R, b 2H, 183, b tD , a 4F, a fR. 
s 'G'I> 41895.67 

d'p (IF) P 'F;;~ 41829.11 158.24 0.86 }a 2P, a 2D, a 2F, a 2G, b 2G, a 2H, b 'H, b fn , b 4F, 
P 'F'I> 41987.35 1.135 afO, afH. 

d' p (3F) r 2Gj~ }a 'F, a 'G, b 'G. a 'H. b 'H. 183. b'D, a 'F, b 'F. 
T 2G~~ 4£193.70 1. 15 afO, afH. 

d3 sp (b 3P) r 'D~I> 41676. 81 662.75 
}a 'P, b 'P, b 'D, a 'F, b 'F, a 'p, a'D. r fDi}i 42339.56 212.00 r'mJ,2 4£551. 56 167.62 1. 45 

r'D'1> 42719.18 1. 39 

s'Dll> }a 'P a'D a 'F b 'H b 'P a'D b'D a 'F b 'F 
8 'D,» 42SiiJ: 90 1. 21 

alD.' , , , , I , , 

d3 sp ('P) q'DO» 42324.31 148.90 }a 'P, b 'p. b'D, a 'F. b 'F. a 'G, a'D , a 'P, b 'G, q'Di» 42473.21 169.69 q'D,» 4£642.90 689.76 b'H. 
q'm» 43332.66 

d3 sp (3D) p'DO» 42801.67 98.40 }a 'P b 'P b'D a 'F b 'F a 'G a'D a'D a 'F p'Di» 42900.07 
p'D,» 43187.00 

286.93 a {O, b {O. ' , , , , , , 

p'D!» 43414.44 
227.44 

d3 sp (3D) o 'F,» 42888.84 }a2p,a2D,a2G,afF,a4G. 
o 'F!» 

d3 sp (d IF) P 'FI)! 42894.24 128.36 }a 'p. b 'P, a'D. b 'D. a 'F. b 'F. a 'G, a 'H. a'D. p 'F;)! 430B£. 60 150.40 P 'F!)! 43173.00 222.80 1. 22 a 2G,a 2H . 
p 'F,)! 43395. 80 1. 28 

dlsp (d 3F) n2F2~ 43342.88 212.29 }a 2D, a 2F, a 2G, b 2G, b 4D, a 4F, b 4F, a 40, a 6D. n 2F3}i 43553.17 

q 'Gj)! 43880. 22 }a 2G, a 2H, a 4F, a 4G . 
q 'G,» 

d3 sp (3D) V2PO~ 46004. £9 -1940.80 }a2p,a 2D,a4p,b4p,b4D,a4F. 
v 'PI)! 44063.49 1. 27 

o 'D~)! 
44[139:08 }a 'P, b 'P, a 'F. b 'F, a 'D, a 'F, a 'G, b 'G, b 'H o'Di~ - 33.54 

o'D;» 44905.54 265.36 o'D!)! 45170.90 

d3 sp (3G) u'H:~ 45110.13 148. 90 }a 2F, a 2G, b 2G, a 2H, b 2H, 183, a 4F, a 40 . 
u'H,» 45£59.03 1. 09 

d' p (c 'F) m 2F2~ 45£97.30 0.94 }a 'D, a ' F, a 'G, b ' G, b 'H. a 'p. b .p. b 'D. b 'F. m 'Fl» 

d' p (c 'F) p 'Gi» 45719.07 263.49 0.84 }b 'G, a 'H, b 'H. b ' p . a 'F. b 'F. p 'G,» 4598£.56 

d3 s.p (3F) n'D;~ 45978.84 385.95 
}a,p.b ,p.a'D, b 'D.a'F,b'F.a'G. n'DI» 46364·79 447.79 

n'Dll> 4681£.58 463. 06 n4DiJi 47£75. 64 
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TABLE 6.-Tenns of the Cb I spectrum-Continued 

Electron Term Differ· Observed confign- symbol Level el1ce U 
Combinations 

ration 
----------------
d3 s.p (3F) r 4G2~ 46011.48 459.23 r 4G j}i 46470.71 253.49 }a 'P, b 'P, b'D, a 'F, a 'G, a 'H, a 'F, a 'G, b 'G, 

r 4G~~ 46724· 20. 356.63 183. 
r 'GO;, 47080.83 

d3 •• p (3F) o 'Fl;, 46170.04 373.52 
}a 'P, b 'P, a 'D, b 'D, a 'F, b 'F, a '0, a '0. 

o4F2~ 46543. 56 479.22 o 'F,;, 47022.78 657.81 o 'F,;, 47680.59 

n 4Fi}i --.-

}a 'P, b 'P, a 'D, a 'F, a '0, a 'G. n4F2~ 46509.80 422.26 n 4Faj,i 46932.06 214.00 n4Fhi" 47146.06 

469l;, 46919.48 a "'P, b 4P, a 4D, b 4D, a 4F, a zP, a 2D. 

(/3 sp (3H) t 'Hl;, 46954.40 200. 82 }a 21i', a 2G, b 20, a 2H, b 2H, a 4F, a 40 . t 'H,;, 47155.22 1.00 

0'0,;, 47528. 49 713.95 0.92 }a 'F, a '0, b 'G, a 'H, b'R, 183. 0'0.;, 4824£· 44 1.10 

475i~ 47587.67 a'P,b'D,a'F,b'F,a'O. 

n '0;;, ---- }a 2Ft a 2G, a 2H, 183, a 4D. n 'G.;, 51788.80 

The observed g-values are entered in column 5 of table 6. These 
may be compared with Lande values by referring to the publication 
mentioned earlier [17]. The g-sums for the levels originating in the 
various possible clectron configurations are compared with the Lande 
sums for the same set of levels in table 7. The agreement is very 
close. Except in the case of the configuration d3 S2, for which only 
one level is missing, several levels are missing from each configuration. 
The remarkable agreement of the sums supports the conclusion that 
the coupling is closely LS, deviations from Lande g's being accounted 
for by sharing in instances similar to those especially noted above. 

TABLE 7.- Test of !I-sum rule for Cb I 

J? lectron configuration Sum 
observed g's 

Land~ 
sum 

------------1---------
d4 8 _ _ ____ _ ______ ________ _ 

d3 8 2 __ _ ___ _ __ _ _______ ___ _ 
d' p ___________ ____ __ ___ _ 
d3 .1p __ ________ __________ _ 
d·l _ _ _ - - -- __ -- ---- --------

39.811 
19.965 

135.279 
136.598 

1. 99 

40. 000 
20.000 

135.268 
136.582 

2.000 

All observed term combinations are listed in the last column of 
table 6. These conform to the selection rules for transitions between 
energy states, any others that were observed being ruled out as 
fortuitous. As in Cb II and all other complex spectra, a considerable 
number of permitted transitions is not observed, because of low 
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transition probability or superposition. The total number of listed 
term combinations is 1,042, of which 195 are doublet-doublet, 284 
quartet-quartet, 18 sextet-sextet, 375 doublet-quartet, 61 qua.rtet­
sextet, 31 doublet-sextet, and 78 involving unidentified levelt'o 

3. ELECTRON CONFIGURATIONS, THEORETICAL AND OBSERVED 
TERMS 

The five outer electrons responsible for the chemical properties and 
optical spectrum of neutral columbium may be grouped in three 
possible ways to produce the low terms of Cb I, as follows: 

4d5 : 2D, 2(PDFGH), 4(PF), 2(SDFGI), 4(DG), 6S. 
4d4 58: 2(SDG), 2.4(PF), 2(SDFGI), 2.4(PDFGH), 4.6(D). 
4d3 582: 2D, 2(PDFGH), 4(PF). 

Of the 4d5 terms only 6S has been found in Cb 1. According to 
theoretical studies by Laporte [18], reasonably precise calculations 
can be made of the location of the others. The combinations should 
lie in the long wavelength visible or infrared and may be masked by 
bands. The 6D term from 4d4 58 is the lowest state of Cb I. The 
quartets have all been found except the relatively high 4p and 4F in 
the second parentheses above. The doublets from this configuration 
are very incomplete. The low terms b 2G and b 2H have been iden­
tified, but are the only low terms about which some uncertainty is 
felt. The combinations are scattered and all Zeeman patterns unre­
solved. The assigned j's give the largest number of combinations. 
An alternative possibility is that the unassigned level, 18332.04, 
j=5~, belongs to b 2H, and that one of levels now assigned to b 2G 
or b 2H is part of the missing 2F from 4d4 58. The only other possi­
bility for 18332.04 is 215v,. These terms must of course come from 
4d4 58. No other possibility exists, since all terms from 4d3 582 have 
been found except 2D listed first in the tabulation above and expected 
to be relatively high. 

The observed Cb I spectrum is almost entirely accounted for by 
transitions involving the low terms just discussed and intermediate 
sets arising from 4d4 5p and 4d3 585p. The predicted and observed 
terms from these configurations are displayed in table 8. Although a 
considerable number of terms, particularly doublets, is still unlmown, 
the remaining unclassified lines are generally scattered and weak. 
All recent efforts to extend the classification have yielded meager 
results so that further work has not been deemed profitable. All 
intermediate odd sextets are known. One of these, (4d3 585p) Z 6GO, 
combines only with a high even term (4d3 58·68) e 6F, but the com­
binations are intense and unmistakable with some support from 
Zeeman effect. Nearly all quartets are known, 4S and 4p terms being 
hardest to find. In some instances more than the expected number 
are found, particularly among the 4F and 4G terms. This indicates 
the appearance of terms from a 6p electron. Some of these have been 
utilized in series calculations as will be shown in the next section. 

1 
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TABLE 8.-Cb I predicted and observed terms 

Electron 
contlgu- Limit Cb Il Predicted Observed 
ration 

4d' 58 'D 'D,'D a 6D, a 4D 
'P 'P,'P b'P, __ 
'D 'D,'D bID, __ 
'F 4F,2F b 'F, __ 
'G 'G,'G a'G,b'G 
'II 'Il,'Il a'Il,b'Il 

'CSDFGI) 'CSDFGI) --,--, -- ,--, --
'CPF) 'CPF),'CPF) --, -- , --,--

'CSDG) 'CSDG) -- , -- , --

4d' 58' 'P,'F a 4P, atF 
'CPDFGIl) a2P,a2D,a2F,a2G,a2H 

'D --
4d' ·S a 'S 

'CDG),'CPF) - -, - -, -- , --
'CSDFGI) --'--1-- ' -- ' --

'CPDFGIl) -- , -- , -- , -- ,--
'D --

4d' 5p 'D 'CPDF), 'CPDF) z IIP O , x liDo, y ftFO, z 'po, y .fD O, Y 4Fo 
'P 'CSPD), 'CSPD) z 48°, __ , W 4Do, Z 28°, __ , Z 2Do 
'D 'CPD F), 'CPDF) w 'po, t .fDO, v ofFo, x 2pO, __ , s 2Fo 
'F 'CDFG), 'CDFG) 'it .fDO , X <lFO , W 4GO, U 2Do, T 2Fo, r 2GO 
'G 'CFGIl) , 'CFGIl) u 4Fo , v 40°, x tHO, v 2FO, 8 20, Y 2H O 
'II 'CGIlI) , 'CGIlI) y 40°, y.fHO, z 41°, Z 20°, Z 2Ho, y 21 ° 

's 's __ , __ ~-y zFo 'D 'CPDF) 
'F 'CDFG) __ .P 2Fo, __ 
IG 'CFGIl) w 2For __ , X 2Ro 

'I 'CIlIK) v 2Ho, --,--
3p 'CSPD), 'CSPD) -- 1--1 -- ' --' -- ,--
'F 'CDFG), 'CDFG) s .fDO, t tFO, u 4QO, 8 2Do, m 2For P 2GO 
IS 's --
ID 'CPDF) --, -- , --
IG 'CFGIl) -- , --, --

4d' 58 5p 'P 'CSPD), 'CSPD) z 6S0,!J spo, Y liDo, W .8°, x .fPO, Q .fDO 
3p 'CSPD), 'CSPD) y .8°, 11 'po, x .fDO, y 280, Y :apo, __ 
'F 'CDFG), 'CDFG) z 6Do, z fiFo , z 6GO, v .fDO, w 4Fo, x 4QO 
'F 'CDFG), 'CDFG) z tDO, Z 4Fo , z tGo, y 2Do, z 2Fo, y 2GO 
3p 'CSPD), 'CSPD) x 48°, __ , T tDO, --f __ , V 2D o 
Ip 'CSPD) __ , __ ,x 2Do 
'D ' CPDF), 'CPDF) __ , p fDa, T 2Fo, v 2PO, t 2Do, o2Fo 
'D 'CPDF) w 'po, w 2Do, u2Fo 
'F 'CDFG), 'CDFG) __ ,0 'Fo, __ , __ , n 2Fo, t 2GO 
'F 'CDFG) __ , q 2Fo, __ 
3G 'CFGII), 'CFGIl) s tFO, t 4QO, z fHo, t 2Fo, v 2GO, u 2Ho 
IG ' CFGIl) x 2Fo, x 2GO, W 2Ho 
'II 'CGIlI), 'CGIlI) s tGo, __ , __ I U 2GO, t 2Ho, __ 
'II 'CGIlI) w 2QO, __ , z 21° 
3D 'CPDF), 'CPDF) -- I -- , -- , -- I --I --

'D 'CPDF) --, -- ,--

The criteria which have been found useful in assigning the various 
terms to electron configurations and ionization limits are summarized 
as follows: 

1. Order or relative position of terms of Cb II.- These terms constitute 
the ionization limits for Cb I , and terms correlated with the various 
limits are expected to be distributed in an analogous manner. 

2. Intensities of multiplet combinations.-If the ionization limit of 
the low term is known, and it is certain in all instances in Cb I, the 
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high term of the combination yielding the strongest line is expected 
to go to the same limit. In other words, it is in the same family. 

3. The position oj analogous terms in vanadium I.-These spectra 
closely resemble each other, terms of similar origin appearing at about 
the same elevation above the lowest. 

4. Assignment to give the best conformity with the g-sum rule.-This 
is largely a matter of picking out instances of g-sharing, of which 
selected examples have been given. 

5. Hyperfine structure.- The association of the appearance of 
hyperfine structure with the configuration involving a single s-electron 
has been discussed earlier in the paper. It is to be noted that the 
numerous combinations of a 4F and a 4p from 4d3 5s2 are relatively 
sharp. 

4. SERIES AND IONIZATION POTENTIAL 

Two high even terms have been found in Cb I, of which the first, 
4d4 68 (5D) e 6D, is the second series member associated with 
4d4 58 (5D) a 6D, the lowest state of the atom. This series converges 
to a 5D, the lowest state of the ion. The other high term, 4d3 5s·68 e 6F, 
appears for the first time in this configuration, having no counterpart 
in the 4d3 5s2 configuration because of the operation of the Pauli 
exclusion principle. Attempts to find high even quartets analogous 
to those known in V I proved futile. A few fragmentary terms, 
tentatively established, were not considered certain enough to be 
retained. 

Three high odd terms, n 4Do, 0 4Fo, and r 4GO, all attributed to the 
configuration 4d3 5s6p, are associated with the lowest odd terms 
z 4Do, z 4Fo, and z 4GO from 4d3 5s5p, and converge to 4d3 5s a 3F 
in Cb II. 

The ionization potential has been calculated both from the even 
sextet series and from these odd series. In general, four steps are 
required to calculate the ionization limit or elevation of the lowest 
state of the ion from the lowest state of the atom for a given set of 
levels in series when only two members of the series are known. 
First, the separation of the two members is found by subtracting the 
relative values. Second, this difference is located as closely as 
possible in a Rydberg interpolation table [19]. In the column adjoin­
ing on the left in the table is found the absolute value of the lower 
term or distance in wave-number units between this term and its 
ion limit. Third, the value of the lower term measured from the 
normal state is added to the number so found to give the elevation 
of the ion limit above the normal state of the atom. Finally, the 
value of the limiting term in the ion spectrum relative to its normal 
state is subtracted, and the remainder gives the required lowest 
ionization limit. It is converted to electron volts by dividing [20] by 
8067. The results of these calculations for the available data are 
summarized in table 9. 

., 
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TABLE 9.-Cb I series 

Electron 
Term n' for 58 Limit Cbn Ioniza-

t ion 
58 68 

- - - --- - ---- - --- ----
a'D.» 1050 38568 1. 3910 57762 1225 56537 
a'D ,» 695 38178 1. 3915 57363 801 56562 
a'D,» 392 37842 1. 3920 57021 438 56582 
a'DI~ 154 37579 1. 3925 56751 159 56592 
a ' Do» 0 37410 1. 3927 56579 0 56579 

Mean _____ -----1 - - --- ------ - ---- ---- 56571 

Electron 
Term n' for 5p Limit Cbn loniza 

tion 
5p 6p 

- - --- -------------- --------
z·D~J.i 21512 47276 1. 6216 63242 8320 54922 
z4D2H 20838 46813 1. 6163 62844 7901 54944 
z 4Di}i 20384 46365 1. 6161 62399 7506 54893 
z'Do~ 20107 45979 1. 6189 61979 7506 54473 

Mean ___ __ 
----- - - -- - --- -- - ----- - --- 54808 

z(F:J,i 24057 47681 1. 6924 62819 8320 54498 
z'Fl~ 24015 47023 1. 6973 62106 7901 54205 
z'F!~ 23574 46544 1. 6984 61614 7506 54108 
z'Fl~ 23244 46170 1.7002 61226 7506 53720 

I 
Mean _____ -._-- ----- ------ ----- ---- 54133 

z'O!~ 24203 47081 1.7012 62121 8320 53800 
z'Gl~ 23537 46724 1. 6920 61867 7901 53966 
z'Gl~ 23023 46471 1. 6844 61699 7506 54193 

I 
z'G;~ 22647 46011 1.6868 61212 7506 53707 

M ean _____ ---- - - ---- ----- . ----- --- - 53916 

The mean ionization limit from 5 levels associated with s-type 
electrons is 56,571 em-I, whereas the mean from 12 levels involving 
p-type electrons is 54,286 em-I. The difference is probably due to 
the departure of one or other type of series from the simple Rydberg 
form. For V I Meggers and Russell [7] discarded this procedure, 
and calculated the ionization limit from values of the effective quan­
tum number n * estimated from the spectra of flanking elements, Ti 
and Cr. Columbium is flanked by Zr and Mo, for which the effective 
quantum numbers of terms with highest multiplicity associated with 
58 are 1.47 and 1.36, respectively [21]. The value thus indicated for 
Cb I is 1.41, corresponding to a term value of 

T=(R/n*2)=109737/Lh 2=54,868 cm-1 

for a 6DOy,. This is in close agreement with the ionization value 
54,286 cm-1 derived from the odd quartet terms. We consider a 
rounded mean of 54,600 cm-1 will represent the ionization value of 
Cb I with fair accuracy- it corresponds to a principal ionization 
potential of 6.77 volts. 



Speotra of Oolwmbium 

V. REFERENCES 

t1J W. F. Meggers, J. Wash. Acad. Sci. 14,442 (1924). 
[2] W. F. Meggers and C. C. Kiess, J. Opt. Soc. Am. 12, 432 (1926). 
[3] A. S. King, Astrophys. J . 73, 441 (1931). 

585 

[4] W. F. Meggers and A. S. King, NBS J. Research 16, 385 (1936) RP881. 
[5] W. F. Meggers and B. F. Scribner, NBS J. R esearch H, 629 (1935) RP793 
[0] G. R. Harrison and F. Bitter, Phys. Rev. 57, 15 (1940). 
[7] W. F. Meggers and H . N. Russell, NBS J. Research 17, 125 (1936) RP906; 

W. F. Meggers and Charlotte E. Moore, 25, 84 (1940) RP1317. 
[8] W. D. Wilkinson, Jr., Metal Progress 32, 661 (1937). 

R. Franks, Trans. Am. Soc. Metals 27, 78 (1939). 
R. Franks, W. O. Binder, and C. R. Bishop, Trans. Am. Soc. Metals 29, 35 

(1941) . 
W. Peter, Archiv. Eisenhiittenw. 15,364 (1942) . 

[9] A. U. Seybott, Metals Tech. TP1342 (Aug. 1941). 
[10] W. F. Meggers and K. Burns, J. Opt. Soc. Am. 14,453 (1927). 
[11] S. S. Ballard, Phys. Rev. 46,806 (1934) . 
[12] R. Jack, Proc. Roy. Irish Acad. [Sec. A] 30, 42 (1912). 
[13] G. R. HarriRon, J. Opt. Soc. Am. 25, 169 (1935), R ev. Sci . Instr. 9, 15 (1938). 
[14) E. Back and A. Lande, ZeemanefIect und Multi ,Jlettstruktur del' Spektrall-

inien p. 168 -169 (Julius Springer, Berlin, 1925). 
[15] R. C. Gibbs and H . E . White, Phys. Rev. 31,520 (1928). 

A. Y. Eliason, Phys. Rev. 43, 745 (1933). 
[16) R. J. Lang, Zeeman Verhandelingen, p . 44 (1935). 
(17) C. C. Kiess and W. F. Meggers, BS J. Research 1, 641 (1928) RP23. 
118J O. Laporte, Phys. Rev. 61, 302 (1942) . 
[19] Rydberg Interpolation Table, Departments of Physics and Astronomy of 

Princeton University, Princeton, N. J. (H134). 
[20] R. T. Birge, R ev. Modern Phys. 13, 233 (1941). 
[21) R. F. Bacher and S. Goudsmit, Atomic Energy States (McGraw-Hill Book 

Co., Inc., New York, N. Y., 1932) . 

WASHINGTON, June 17,1944. 


	jresv34n6p_477
	jresv34n6p_478
	jresv34n6p_479
	jresv34n6p_480
	jresv34n6p_480a
	jresv34n6p_480b
	jresv34n6p_480c
	jresv34n6p_480d
	jresv34n6p_481
	jresv34n6p_482
	jresv34n6p_483
	jresv34n6p_484
	jresv34n6p_485
	jresv34n6p_486
	jresv34n6p_487
	jresv34n6p_488
	jresv34n6p_489
	jresv34n6p_490
	jresv34n6p_491
	jresv34n6p_492
	jresv34n6p_493
	jresv34n6p_494
	jresv34n6p_495
	jresv34n6p_496
	jresv34n6p_497
	jresv34n6p_498
	jresv34n6p_499
	jresv34n6p_500
	jresv34n6p_501
	jresv34n6p_502
	jresv34n6p_503
	jresv34n6p_504
	jresv34n6p_505
	jresv34n6p_506
	jresv34n6p_507
	jresv34n6p_508
	jresv34n6p_509
	jresv34n6p_510
	jresv34n6p_511
	jresv34n6p_512
	jresv34n6p_513
	jresv34n6p_514
	jresv34n6p_515
	jresv34n6p_516
	jresv34n6p_517
	jresv34n6p_518
	jresv34n6p_519
	jresv34n6p_520
	jresv34n6p_521
	jresv34n6p_522
	jresv34n6p_523
	jresv34n6p_524
	jresv34n6p_525
	jresv34n6p_526
	jresv34n6p_527
	jresv34n6p_528
	jresv34n6p_529
	jresv34n6p_530
	jresv34n6p_531
	jresv34n6p_532
	jresv34n6p_533
	jresv34n6p_534
	jresv34n6p_535
	jresv34n6p_536
	jresv34n6p_537
	jresv34n6p_538
	jresv34n6p_539
	jresv34n6p_540
	jresv34n6p_541
	jresv34n6p_542
	jresv34n6p_543
	jresv34n6p_544
	jresv34n6p_545
	jresv34n6p_546
	jresv34n6p_547
	jresv34n6p_548
	jresv34n6p_549
	jresv34n6p_550
	jresv34n6p_551
	jresv34n6p_552
	jresv34n6p_553
	jresv34n6p_554
	jresv34n6p_555
	jresv34n6p_556
	jresv34n6p_557
	jresv34n6p_558
	jresv34n6p_559
	jresv34n6p_560
	jresv34n6p_561
	jresv34n6p_562
	jresv34n6p_563
	jresv34n6p_564
	jresv34n6p_565
	jresv34n6p_566
	jresv34n6p_567
	jresv34n6p_568
	jresv34n6p_569
	jresv34n6p_570
	jresv34n6p_571
	jresv34n6p_572
	jresv34n6p_573
	jresv34n6p_574
	jresv34n6p_575
	jresv34n6p_576
	jresv34n6p_577
	jresv34n6p_578
	jresv34n6p_579
	jresv34n6p_580
	jresv34n6p_581
	jresv34n6p_582
	jresv34n6p_583
	jresv34n6p_584
	jresv34n6p_585
	jresv34n6p_586

