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ABSTRACT

Published wavelengths and estimated intensities of lines characterizing 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
fgll;ectiglg and extending the information about the structures of Cbir and Cb1

793).

The Cbir 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 4d, 4d3 5s, and 4d® 5p have been almost completely established, but efforts
to find spectral series for Cb1r were futile. The lowest energy (normal state)
of Cb* ions is represented by (4d*) a%D,, but the strongest emission lines involve
(4d3 53) a®F, a metastable term. The most intense line of the Cb 11 spectrum is
(4d? 5s) a’Fs— (4d? 5p) z5Gs, with a wavelength of 3094.172 A. Zeeman patterns
observed for 646 Cbir lines were most helpful in extending this analysis, which now
includes 87 percent of the recognized lines and 95 percent of their total intensity.

The Cb 1 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 (4d* 5s)’a Dy, and the strongest line of the Cb 1 spectrum
is the transition (4d*5s) a®Dys—(4d* 5p) y %F3y, with a wavelength of
4058.931 A. The Cb1 spectrum is largely accounted for by transitions
between levels arising from 4d*5s or 4d® 5s* and 4d* 5p or 4d® 5s5p electron
configurations. Zeeman patterns measured for 911 Cb1 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* ns) ®D and two each of (4d3 5s np) 4(DFG) have been established. Extra-
polation of these indicates a limit of 54,600 cm~!, 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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I. INTRODUCTION

Structural analyses of columbium spectra began 20 years ago, when
one of the present authors [1] ! succeeded in finding three multiplets
in the arc spectrum of columbium (Cb1). Two years later the first
regularities in the spark spectrum of columbium (Cb 11) 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 1 lines were accounted for as combinations of
sextet and quartet terms, and about 250 Cb 11 lines as combinations of
quintet and triplet terms. Theoretically predicted doublet terms for
Cb 1 and singlet terms for Cb 11 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

1 Figures in brackets indicate the literature references at the end of this paper.
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scientific curiosity and found important industrial application.
Considerable 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 (Cb 1r), associated with four valence electrons, is presented
first because it 1s simpler than the first spectrum (Cb 1) associated
with five electrons, and because the low energy states of Cb 1 are
convergence limits of Cb 1 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 Cb 1t
lines from 2100 to 2000 A, and new observations were undertaken
between 6500 and 8500 A to detect faint lines of Cb 1 masked by
molecular spectra (presumably due to CbO) when the arc-in-air is
employed. For tbe 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 Cb1, Cbi1, and Cbam or Cb1v spectra. That assignment of lines
to Cb1 and Cbir 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 (» or R), hyperfine com-
plexes (¢ 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) ot
the emitter 1s true without exception in columbium spectra.

A large number of Cb 1 and Cb 1x lines exhibit hyperfine structure
(¢ or ¢W) due to nuclear spin, and it was assumed by Meggers and
Scribner [5] that most of the wide lines (¢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
I=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 1 and all Cb 11 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 reported 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 Cb1 and Cb1, 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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Ficure 1.—Zeeman patterns for Cb at 95,000 oersteds.

1=parallel components, 2=perpendicular components, 3=spectrum without magnetic field.
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F1GURE 2.—Zeeman patterns for Cb at 95,000 oersteds.
1=parallel components, 2=perpendicular components, 3=spectrum without magnetic field.
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Ficure 3.—Zeeman patterns for Cb at 95,000 oersteds.

1=parallel components, 2=perpendicular components, 3=spectrum without magnetic field.
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F16URE 4.—Zeeman patterns for Cb at 95,000 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 electrodes in an evacuated chamber 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 feduced to Lorentz units
on the assumption that Cu 3247 A, Ag 3280 A, Ca*™ 3933 A, Na
5889 A, or K 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 or 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 final 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 Landé [14], the second reports the separation
of resolved components, the third and fourth contain values for the
strongest components of parallel 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/4rmc?).
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
i fig. 2, 4152.58 A in fig. 3, and others marked ‘‘us’ following the
Zeeman-type number in tables 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
I. LINES OF THE Cbu SPECTRUM

The available data for 1,723 Cb 11 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 definitely identified as belonging to Cb 111 [15] and Cb 1v[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 Cb 11 and some of them may belong to Cb 1r1.  The total
number of Cb 1r 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 1, and includes 95 percent of the total
intensity. It may benoted 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 Cb 11 lines constitute the strongest
evidence for the correctness of this analysis and interpretation of the
Cb 11 spectrum.

TaBLE 1.—Second spectrum of columbium (Cb 11)

MK Strong-
Intensity NI No. erm combi- |Zeeman| Sepa- et 8 Strongest
spark air vac. nation type | ration n g1 g1
em-! »
| 2 3 4 5 6 7, 8 9 10
10k 7026.15 | 14228.63 | ¢3F3—z3D} 2 0.25 0 0.93 0. 0.43
30h 6940.90 | 14403.39 | ¢3F3;—z3D; 7b,1 0 1.04 (1.08) 1.10
4 6929. 05 14428.02 | d 3P3—z 3P}
2 6920.85 | 14445.11 0 1.32
20h 6629. 11 15080.82 | ¢3F4—2z3Dj 7b,1 0 1.094 | (1.24) 1.29
10 6435.53 | 15534.45 | b*D3—z 3D} 2 0.74 0 1.93 1.19 0.45
1h 6331. 51 15789. 66 0 1.31
5h 6285. 81 15904.46 | c3F4—z SF% 75,1 0 1.20 (1.24) 1.25
2 6249. 68 15996. 40 .14 1.06
8h 6183. 24 16168.29 | ¢ 1G4—2z 1F} 7b,2 0 1.11 (1.09) 1.08
2h 6175.01 16189. 84 0 1.14
2h 6157. 83 16235. 00 0 1.18
5h 6119. 68 16336.21 | d3P2—y SD} 3 o 27 1.43+ | (1.49) 1.35
5h 6091. 80 16410.98 | ¢ ®F3—z 5F}§ 2 . 245 0 2.08 1.10 1.34
5h 6062. 17 16491.19 | b1Fs—z 1G{ 75,2 0 1.24 (1.01) 1.07
15h 6039.95 | 16551.86 | ¢ 3F4—z 5F} 2 0 1.756— | (1.240)| 1.34
2h 6022. 41 16600. 06 0 1.12
6h 6000.25 | 16661.37 | ¢ 1G4—y 3F 75,3 0 1.10 (1.09) 1.11
2h 5979.56 | 16719.02 | ¢3F3—z 5F}
8h 5973.26 | 16736. 65 0 .98
6h 5970. 67 16743.91 | ¢ *F4—z 5D} 1 .22 0 624 1.28 1.50
4h 5828. 85 17151. 30 3 AP
30h 5753. 06 17377.24 | b1D3—23P3 3 .33 .66 | .98,1.31 .98 1.31
20h 5746. 90 17395.87 | b1F3—y 1Gj} 1 0 .86 (1.01) .97
3h 5690.78 | 17567. 42 3 .97
2h 5644.66 | 17710.96 | ¢ 'Gy—y *H{ 3 .55 (1.09) 1.95
20h 5635.48 | 17739. 81
2 5546.35 | 18024.88 | b3D3—2z 5F% ;
100 5545.63 | 18027.22 | ¢3F3—z3G} 2 0 .91 (.670) .75
3h 5510.19 | 18143.17 | b3Dy—2z 8F3
200 5487.60 | 18217.85 | ¢3F3—23G¢ 7b,1 0 1.06 (1.080)| 1.075
30 5455.03 | 18326.63 | ¢ 3Fa—z3F3 7b,3 0 .68 (.670) . 690
150 5365. 89 18631.07 | c3F4—23G} 7b,1 0 1.19 (1.240)| 1.23
20h 5363. 07 18640. 86
25h 5356.84 | 18662.53 | ¢ 3F;—z3F} 75,3 0 1.09 (1.08) 1.10
10h 5331. 19 18752.34 | ¢*P1—218}) 7a 0 1.21 1.21 0/0
5h 5273.486 | 18957.53 | b 1Da—y 3D} 3 .24 .48 (.98) 1.22
5¢ 5237. 34 19088.36 | ¢ 3Fy—z3F§
4h 5165.368 | 19354.33 | a 'P1—2z 18§ 7a 0 1.115 1.115 0/0
4h 5147.94 | 19419.85 | b1F3—y 1D}
2h 5120.492 | 19523.95 | ¢ 1G4—y G
2 5006. 22 19969.60 | b3G;—2z3D3
2 4969.44 | 20117.37 | ¢ 'D3—y 1D}
8h 4957.74 | 20164.87 | b D1 —23F3 2 0 .70 (.68) .69
3h 4949.44 | 20198.68 | ¢ 3P3—21D3
4h 4942.00 | 20229.09 | b3F3—2z5G3
15h 4893.885 | 20427.98 | b 3D3—2z3F3
2 4801. 07 20439.73 | a 3D;—25G3
12¢ 4865.99 | 20545.08 | b3F;—2z3G3 3 . 50 .08 | * .84 (.341)
3h 4854.96 | 20591.75 | b 1D3—2z %P3
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TABLE 1.—Second spectrum of columbium (Cb 11)—Continued
Wave
Intensity | 5 . A No. |Term combi- |Zeeman| Sepa- Stzgzlg- Strongest
spark alr vac. nation type | ration n 01 g3
cm™! P
1 2 3 4 5 6 % 8 9 10
3h 4854.74 | 20592.69 | c3F3;—z 1D}
4 4852.101 | 20603.89 | b3G—z3D3
1 4848.02 | 20621.23 | c®P3—y 3D}
2h 4836.44 | 20670.61 | c3P;—2 1D}
12h 4824.17 | 20723.18 | ¢ 'D3—y 1P} 1 0 0.89 1.01 |(1.13)
2 4822.93 | 20728. 51
2 4800.07 | 20827.22 | a 'F3—2z3Gi
4h 4791.48 | 20864.56 | a 3D3—z 3Gj
100 4789.96 | 20871.19 | b3D3—z3F}§ 1 0 11 (1.312)] 1.262
7 4773.80 | 20941.84 | b3F3—z 5G] 7b 0 1.15 (1.150)] 1.150
3h 4768.23 | 20966.30 | b3Fy—z *G]
3¢ 4757.22 21014.82 | d 3F3—y 3F3
2 4735.04 | 21113.26 | b3F3—z 3G}
2c 4717.52 | 21191.67 | d 3Fy—y 3Pj
2¢ 4700. 91 21266. 5
150 4699. 58 21272. 6 a!P1—2z1D3 2 .20 0 1.43 1511 1.31
100 4670.104 | 21406.83 | a 3D3—z 3D} 2 .58 0 (1. 00) .42
4h 4669.08 | 21411.5 b3G3—z 5F3
6h 4665.60 | 21427.5 b3G—z 5F}
10h 4660.41 | 21451.4 d 3P;—z D3 sl .24 0 (1.49) | 1.25
6h 4655.30 | 21474.9 ¢ 3F;—y D} 1 .70 0 . 69 .69 1.39
105 4652.19 | 21489.3 | ¢ !Dj—y 38§
20h 4637.575 | 21556.98 | ¢3P;—y SDj Ta 0 1.23 1.23 0/0
3 4633.21 | 21577.3 | a*Dy—2z3G{
4 4632.85 | 21579.0 | b3G—z 3F{
4c 4617.655 | 21649.97 | ¢ 1D3—527%
8h 4609.90 | 21686. 4 d 3Po—z D1 Ta 0 .83 0/0 .83
2 4608.04 | 21695.1 a 1P—y SDi
1h 4598. 01 21742. 5 d 3P;—495%
50h 4593.79 | 21762.4 | a1Gy—z 3D} 1 .24 0 .36 1.08 1.32
30k 4589.00 | 21785.2 ¢ 3Pe—y SDi 7a 0 1.38 0/0 1.38
2h 4586.73 | 21795.9 | a 'Hs—z 3H{
6h 4584.10 | 21808.4 b3Fy—z 3G§
5h 4580.50 | 21825.6 | b3G3—z *F3
150h 4579. 446 | 21830.60 | b3F3—z3D3 2 0 1.16 (1.150)| 1.145
3h 4566.26 | 21893.6 d3P;—r 3D}t
3h 4556. 68 21939. 7 b1F3—w 3G§
50h 4550. 10 21971. 4 b3Gs—z 'F§
10h 4548.71 21978.1 d 3P—w D3
8¢ 4535.69 | 22041.2 | a3D3—23D3 3 .14 .28 1. 06 1.00 1.14
2h 4533.28 | 22052.9 a1Fy—2z3F}
50h 4527, 648 | 22080.35 | b 3F3—z 3Dt 2 .43 0 1.28 .85 .42
30h 4522, 21 22106. 9 ¢3P3—y 'D3 3 .127 . 264 1. 404 1,467 |(1.340)
6h 4515. 93 22137.6 ¢ 3P3—y 3Di
8¢ 4495.46 | 22238.4 b3Gs—2z%Di
200h 4492, 962 | 22250.81 | ¢ 3P;—y D2 75,2 0 1.23 (1.218)| 1.224
2 4489. 71 22266. 9 b3G4—2z D3 1 .43 0 1.030 |(1.460)
2h 4481.01 22310.2 | b3H4—z *F3
7h 4474.66 | 22341.8 b3Gy—2z D3 3 45 1. 80 (1.027)| 1.477
20h 4467.92 | 22375.5 ¢ 3P3—y 'D3 1 0 1.42 (1.468) | 1.452
2h 4461.92 | 22405.6 d 2P3—z 3D}
12¢ 4460.17 | 22414.4 ¢ 3Fy—y D3
50h 4449, 912 | 22466.07 | a 3D3;—2z 3D} 2 0 1.49 1.255 |(1.138)
10h 4447.737 | 22477.05 | d 3P2—z D3
2h 4445.17 | 22490.0 d3P;—w3Dj
2h 4444.26 | 22494.6 | a'Hz—z ’H3
5h 4443.00 | 22501.0 ¢3F3—y 'D3
4h 4427, 683 | 22578.86 | ¢ 3P;—y SD3
104 4427, 05 22582, 1 d3P3—w 3D}
2h 4426, 27 | 22586.1 a1Gy—z *F3
30h 4424.66 | 22594.3 1 0 .55
20h 4421. 660 | 22609.61 | ¢3P;—y *Di 3 .24 24 1.22 | (.98)
6h 4413.15 | 22653.2 d3P—z3P3
10h 4408. 729 | 22675.92
5h 4407.78 | 22680.8 d3P,—z 3P{
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TaBLE 1.—8Second spectrum of columbium (Cb 11)—Continued

Wave Strong-
Intensity PG | No. Term combi- | Zeeman| Sepa- est Strongest
spark air vac. nation type | ration n 2 3
cm-! »
1 2 3 4 5 6 7 8 9 10
50h 4401.172 | 22714.86 | b F3—2z3D3 3 0.29 0.58 0.85,1.15 0.85 1.14
7h 4308. 55 22728. 4
3h 4396.77 | 22737.6 | a 1Gy—2z SF]
3h 4390.63 | 22769.4 ¢ 3F3—y D}
3h 4374.60 | 22852.8 a 1P1—y D3
40h 4372.645 | 23863.05 | b3F3—z3D3 3 . 159 . 476 (1.150)| 1.308
100h 4307.966 | 22887.54 | b 3F4—z 3D} 1 154 1 0 .690 | 1.152 | 1,306
20h 4367.387 | 22890.58 | b3D;—z D3 2 .638 | 0 (.681) 1.319
3h 4361.34 | 22922.3 :
6h 4348, 244 | 22991.35 | ¢ 3F:—y D}
3e 4329.47 | 23091.0 | b°H4—z3F}
50h 4321.49 | 23133.7 | b3Gs—2z3G3 76,3 0 . 765 (.767) .763
40h 4317.72 23153.9 ¢1G4—y H} 1 .089 | 0 1.089 {(1.000)
5h 4312.70 | 23180.8 a 1P1—y 'D3
7h 4306.99 | 23211.6 a 1P1—y 3D}
8h 4302.91 | 23233.6 a1G—2z 5F}
10h 4300. 53 | 23246.4 ¢3P1—2 3P}
3h 4299.45 | 23252.3 | a3D3—z 5F%
2h 4296.44 | 23268.6 | b3Hs—z3F%
4 4295.71 | 23272.5 b 3Fs;—z 8F}
2h 4260.35 | 23301.6 ¢ 3Po—y 3D}
12h 4274.87 | 23386.0 b3Gy—2 3G 3 .15 1.03 (1.07)
5h 4269.92 | 23413.1 ¢ 3Py—2z 3P}
20h 4267.65 | 23425.5 | a1G4—2z D3
8h 4266.27 | 23433.1 b3Gs—z 3F%
4h 4257.19 | 23483.1 | a3Dy—z 5F}
30c 4254.392 | 23498.53 | a *D3—z 3D}
5h 4254.05 | 23500.4 | a1Gy—2z D3]
15h 4220. 598 | 23686.68 | b 3F3—z 8F§ 3 .119 . 356 (1.150)| 1.269
30h 4218.53 | 23698.3 b 1Fs—z 1F}
50h 4216.228 | 23711.23 | b3Fs—z 3F§ 1 1131 0 .800 | 1.139 | 1.252
20 4214.81 | 23719.2 ¢ 3Pg—z 3P} 7a 0 1.22 0/0 1.22
2h 4202. 880 | 23786.5 d3Po—y 1P}
8h 4199, 23 23807. 2 ¢ 3F;—2z 3P}
10h 4193.80 | 23838.0 b 3F3—2z 8F¢ 2 S3ebLE O (1.150)| 1.325
1 4189.47 | 23862.7 b3Fi—2z 5F%
2 4189. 312 | 23863.57 | c3P3—y 3P}
50h 4185.54 | 23885.1 ciP1—2 3P§ 2 0 1.28 (1.218)| 1.249
Th 4183.39 | 23897.3 | a3D3—z ¢F3
2 4181.52 | 23908.0 | a’3D3—z K3
6h 4178.40 | 23925.9 b3F3—z °F} 2 0 1. 563 (.849) .135
5¢ 4177,873 | 23928.90 | b *D3—y D3
6h 4172.54 | 23959.5 b1F;—z 1D}
100¢ 4156. 678 | 24050.91 | b3Gs—2z 3G} 3 .20 L21+| (L.19) 1.23
4c 4148, 550 | 24098.03 | b3D3—z tP1
4c 4146.989 | 24107.11 | b3F3;—z D}
6h 4140. 59 24144. 4 ¢ 3Py—y 313
2 4138. 91 241564. 2 b3Gs—2z3G3
105 4138.46 | 24156.8 b 3F3—z 5F3
3h 4136.72 | 24167.0 ¢3P1—y 3P}
20h 4126,180 | 24228,7 | b3G3—z 3F%
2h 4122.03 24253.1 A D3
s e
108 am0.74 | 20266 {80170 D)
100h 4119.284 | 24269.24 | a 1Hs—2z 1H} 75,3 0 1.005 (.992)| 1.018
10h 4115.597 | 24290.98 | c3P2—z 1F3 1 .38 0 (1.468)| 1.088
10k 4114.56 | 24297.1 | b3D;—y 3D} 2 L1981 0 (1.171) .973
8h 4110.81 | 24319.3 d3F;—w 3D}
20h 4110.32 | 24322.2 | a¢3D3—z 5F3 3 .07 1.264| (1.248)| 1.269
4h 4109.00 | 24330.0 ¢3Fy—21F§
2h 4106.99 | 24341.9 | b1Gy—2 3F
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TaBLe 1.—Second spectrum of columbium (Cb 11)—Continued
/4
Wave
Intensity N No. |Term combi- |Zeeman| Sepa- St;'s):lg' Strongest
spark aiz vac. nation type | ration n 71 g1
em-! p
1 2 3 4 5 6 7 8 8 10
500 4104.165 | 24358.64 | b3F4—z!F3 | 2 0.200 | 0 2.160 | 1.162 | 1.362
3h 4101.38 | 24375.2 | ¢1G4—v 3D
2 4097.93 | 24395.70 | ¢1D3—z 1F}
2h 4096.28 | 24405.5 | d 3F:—z 3D}
20h 4095.930 | 24407.62 | ¢3Pa—y3G3 | 1 .46 | 0 (1.468)| 1.008
10h 4080.41 | 24446.5 | c3Fy—y3G3| 2 o (1.240)| 1.010
20h 4085.35 | 24470.8 | b3D;—y D3| 2 54| 0 (.681)| 1.221
5¢ 4082. 65 | 24487.0 | a 1P1—z 3P§
6h 4079.34 | 24506.9 | d 3Fs—w 3D}
10¢ 4079.10 | 24508.3 | b 3G—z 3F§
2 4074.66 | 24535.0 | b3D1—y $D3
1 4074. 110 | 24538.33 | ¢ 3F3—y 3F3
20h 4073.00 | 24544.5 | a'Gui—23G§| 70,3 0 1.075 | (1.083)| 1.067
15 4072.064 | 24550.66 | b3F«—z3D3 | 1 305 | 0 237 | 1.152 | 1.457
5 4068. 712 | 24570.88 | b 3F2—2z 0T
15h 4064. 058 | 24599.02
10h 4063. 734 | 24600.99 | b 3F3—2 5D} 2 +83 -0 (1.150)| 1.470
60h 4061.98 | 24611.6 | b3Gy—z 3F} 3 27| 0 1.03,1.26 | 1.030°| 1.257
10 4059.68 | 24625.6 | b3F4—z 5D}
4h 4054. 513 | 24656.94 | ¢ 'D3—z 1D}
a 5Py—2z3D3
3 4049.90 | 24685.0 { o4
6h 4048. 675 | 24692. 49
3h 4047. 964 | 24696. 82
4h 4045.58 | 24711.4 | d 3F4—5003
1h 4045.06 | 24714.6 | b3Da—z 3P§
40h 4037.67 | 24759.8 | d 3P;—y 38} 3 320 | .328 | 1.498,1.828 | 1.498| 1.828
6h 4031, 317 | 24798.81 | b3Dy1—y 5D5 | 2 667 | 0 (.681)| 1.348
3 4030. 864 | 24801.59 | ¢ 3F3—y 3G}
7h 4026.33 | 24820.5 | 63D~y D7 | 3 200 | .29 (.681)| .980
4 4023, 427 | 24847.44 | ¢3P;—z 38}
5 4020. 233 | 24867.18 | a 3P1—23D3
1 4019.79 | 24869.9 | @ 3Gi—z 5Gs
4h 4018, 995 | 24874.84 | b3Da—z 5P}
3h 401606 | 24893.0
8h 4012.902 | 24912.60 | b 1Ds—z D3
80h 4012.165 | 24917.18 | ¢3Py—y 3F3 | 1 .352| 0 413 | 1.469 | 1117
3h 4010.10 | 24930.0 | @ !So—y Df
5c 4006. 995 | 24949.33 | b 3D3—y 2D}
5 4005. 900 | 24956.15 | ¢ 3F4—y 3K}
80h 4000. 605 | 24989.18 | a 1Gu—2z 3F} 70,1 0 1.052 | (1.083)| 1.093
8 3009.71 | 24994.8 | b3F3—z3G3
2 399947 | 24996.3
2 3997.335 | 25000.62 | b 3Gs—2z 3F}
3h 3994.46 | 25027.6 | c3Po—y 3P
3h 3993.48 | 25033.8 | ¢3P2—y P}
2h 3989.17 | 25060.8 | d 3F:—z 3P}
10 3983.939 | 25093.71 | d 3F3—z 3P}
2h 3981.323 | 25110.20 | a !Fs—y 5D}
200h 3976.52 | 25140.5 | d 3F4—z 3G}
30h 3971.679 | 25171.17 | d3F2—z3G3 | 2 .10 |0 1.00 J7UE B RTY
60 3969. 130 | 25187.34
3h 3967.95 | 25194.8 | d3Fy—z 3F§
40h 3967.36 | 25198.6 | d 3Fs—z 3F§
80, VE 3066. 276 | 25205.46 | a3D2—23G3 | 1 233 | 0 L2097 | .996 | .763
60h 3064.26 | 25218.3 | a1Pi—y3F§ | 1 30| 0 1L115)| 745
4h 3963.58 | 25222.6 | a 'Hs—y 3F§
8h 3062163 | 25231.63 | d 3Fs—2z 3G}
10 3961.62 | 25235.1 | b3D3—z3P3
5h 3956. 656 | 25266. 74
30 3055, 882 | 25271.69 | d 3P3—y St 1 3281 0 1157 | 1.485 | 1.813
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TaBLE 1.—Second spectrum of columbium (Cb 11)—Continued

Wave Strong-
Intensity PR\ No. | Term combi- |Zeeman| Sepa- [©* Strongest
spark ale vac. nation type | ration n g1 g1
cm™! p
1 2 3 4 5 6 7 8 9 10
3 3955.556 | 25273.8 | a3G3—z3Dj}
5h 3963. 524 | 25286.76 | b 3Dy;—y 3D} .
100k 3952. 367 | 25204.16 | b 3F3—2z3F3 2 0.458 | 0 2.065 1.149 | 0.691
1h 3949. 70 25311, 2 ¢ 3F3;—y 3F3
60h 3949, 451 | 25312.84 | a 1G4—2 3G} 2 154 1 0 1.86 1. 090 1.244
5h 3948, 433 | 25319.36 | ¢ 3P;—z 38}
4h 3942, 905 | 25354.86 | b 1D3—z 3D}
100h 3938. 547 | 25382.91 | b !F3—z 1Gi b 0 1.007 (1.010){ 1.009
150¢ 3936.02 | 25399. 2 g :g;— z :gg 3 .24 . 844 (.88) .82
=T
30h 3931.79 | 25426.5 {a ey 301
2 3931, 590 | 25427.83 | c 3F3;—y 3P3
10h 3930. 022 | 25437.97 | ¢ 3P;—z 3F3
2 3925. 622 | 25466.48 | b 3D;—2z 3P}
2h 3924.02 | 25476.9 ¢ 3Fy—z 3F3
10h 3921.34 | 25494.3 d 3F4—z 3G
30h 3920. 754 | 25498.10 | d 3F3—z 3G}
100 3919. 718 | 25604.84 | a 3D;—2z 3F3 3 . 309 .620 | . 691, 1.000 1.000 . 601
1h 3915.64 | 25531.4 | b1D;—w3D}
2h 3911.036 | 25561. 45
6h 3909. 331 | 25572.61 | b 3D;—2z 3P}
4 3909. 739 | 25576.48 | b SH;—z 3H{
5 3900. 547 | 25630.19 | a 3D3—2z 3G}
200 3808.292 | 25645.02 | b3F3—z3Gi 1 076 | 0 .843 1.147 | 1071
5h 3804. 564 | 25669. 5T | b3F—z 3G{
15¢ 3887.32 | 25717.4 a $P3—23D3
200c 3879.350 | 25770.24 | a !G4—2z 3F§
4 3870.936 | 25826.25 | ¢ 1Gy—z 1F3
6h 3870. 60 25828. 5 d3F;—y 1D}
100h 3865.019 | 25865.79 | @ 3D;—2z 3F3 2 .18 0 .87 .51 .69
150, E 3863. 056 | 25878.93 | b 3F3—2 3G} i 0 .615 (.849) svl
4 3856. 704 | 25921.55 | a 1P;—z 38}
50h 3855. 500 | 25929.65 | @ 3D3—z 3F3 2 .560 | 0 2.366 1. 246 . 685
4h 3855.07 | 25932.5 | b3Ds—y 3Gj
6h 3852.63 | 25049.0 | a 3G4—z3Dj3 1 .26 0 (1.062)| 1.312
3h 3850. 056 | 25966.31 | b 3D3—y 3F3
8h 3843.397 | 26011.30 | ¢ 3Po—z 8%
10 3841. 666 | 26022.92 | b 3D;—y 3P} b L6871 0 . 588 1.175 | 1.762
1h 3840.16 | 26033.2 c3P1—2z 583
200, V E 3831.840 | 26089.75 | b 3F3—z 3F3 3 i 1124 | (1.150)| 1.093
3830. 601 | 26098.19 | b *H—z3H3 2 .15 0 (.880)| 1.03
6h 3829, 221 | 26107.59 | a 'P1—y 3P}
40 3828.242 | 26114.27 | b *Fy—z3F} 2 0 1.33 (1.152)| 1.093
5h 3824.17 | 26142.1 | b'D;—z 3P}
4h 3824.00 | 26143.2 | b 3He—z 3H}
2 3821.72 | 26158.8 | b3Gs—z1D3
200, VE 3818.862 | 26178.40 | b 3F;—z 3F3 3 . 156 .312 | .692,.847 .848 . 692
5h 3811.41 | 26220.6 | b3Ds—y 3G}
2h 3809. 27 26244. 3 ¢ *P—w 3F3
4h 3808.10 | 26252.4 | b!'Dy—z3G§
: ¢ 3805. 23 26272.2 | a "Hs—y 3H{

100, V E 3804.733 | 26275.62 | b H;s;—z 3H} 3 .078 1.035%| (1.052)| 1.036
10 3804. 01 26280.6 | @ *D3—z3G{ 1 173 | 0 . 544 1. 236 1.063
80 3801. 146 | 26300.42 | @ 3D3—2z 3F3 2 093] 0 127 .991 1.084

6h 3795. 527 | 26339. 35
30h 3792.79 | 26358. 4
5 3784.88 | 26413.4 a 3F1—2z8G3 2 1951 0 (.712) .907
200 3781.379 | 26437.90 | b 3F(—2z3GS 2 0 1.54 (1.152)| 1.23
20h 3779.57 | 26450.6 | b3D3—z1F3 % 0 .92 (1.171)| 1.087
2 3778.50 | 26458.0 a’P3—z5D3
30h, E 3770.66 | 26513.0 d 3F:—0v 3F3
5h 3764, 641 | 26555.44 | b 3D;—y 3P§
8h 3763.13 | 26566. 1 ¢ SP2—w 3F3
3h 3762.99 | 26567.1 | b3Dy—y 3G}
2h 3762.064 | 26573.63 | d 3F3;—0 3F3
2h 3761.32 | 26578.9 d 3F— 3F3
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TaBLE 1.—Second spectrum of columbium (Cb 11)—Continued
Wave Strong-
Intensity S No. Term combi- |Zeeman| Sepa- it €| Strongest
spark Al vac. nation type | ration | © n g1 g1
em-! P
1 2 3 4 5 6 7 8 9 10
15h 3760.76 | 26582.8 d 3F3;—v3F3
1h 3757. 60 26605. 2 ¢ 3Fy—w 3F§
3h 3757.466 | 26606.14 | b3Ds—y 3F§
1 3752.93 26638. 3 ¢ 3F3—w *Fi
1 3752.08 | 26644.3 a’P3—z 5Di
1c 3752.02 | 26644.8 a’sP1—2z D}
20 3751. 285 | 26649.98 | b 1G¢—z 3H} 3 0.137 | 0.548 (0.950)| 0.814
3 3748.00 26673.3 | @ 3D1—2z1S§
10 3741.292 | 26721.16 | a 1D3—2z 3F3
200, V E 3740.726 | 26725.21 | a@ 8D3—z 3F3 3 . 162 .478 [1.093, 1. 252 1. 252 1. 092
3h 3736.49 | 26755.5
3h 3728.03 26816.2 | b3Gs—z3H{
12¢ 3726. 58 | 26826.7 a $P1—2 *Dj
6 3725. 25 26836.2 | 03D~y 'F3
30h 3723.44 | 26849.3 | b1Dy—y 1D} 7,3 0 .974 (. 980) . 968
40h 3722. 548 | 26855.71 | b 3D3—y 3P3 1 L1951 0 .916 1.306 | 1.501
100 3720. 456 | 26870.81 | b3F3—z 3K 2 .107 0 1. 582 1.154 1. 261
30c 3719. 63 26876. 8 a $P3—z 8D}
300, VE 3717. 06 26895. 4 b3F4—23F1 3 .104 .417 |1.150,1. 258 1.154 1. 258
50h, E 3713.72 | 26919.6 b3Gy—2z3HI
25h 3713.356 | 26922.19 | d3F4—p3F{
100¢c, E 3709. 29 26951. 7 a *P3—2 5D}
60c 3707.96 | 26961.4 atP3—2 D3
3 3701, 713 | 27006.86 | b 3Dg—z 38{
3 3701. 44 27008. 9 ¢3P3—z 1P}
2 3698. 79 27028. 2 ¢ 3F—y 3H}
10h 3696. 68 27043.6 | a *H4—23D3
100 3695.90 | 27049.3 b3P3—2z1D} 3 . 166 .333 [1.312,1.477 1.478 1.312
10 3694. 792 | 27057.45 | a 'Hs—z °13
5 3692. 178 | 27076.60 | b3D3—y 3F}
30 3691. 174 | 27083.97 | b3P;—z 1D} 1 196 | O 1.110 1. 502 1. 306
3 3689. 27 27097.9 c3F;—w 3F}
50h 3688. 187 | 27105.90 | a 3Gs—z 8K}
200c, V E 3687. 968 | 27107.51 | b 3He—2 3Hj 75,3 1.156| (1.154)| 1.158
4 3684. 931 | 27129.86 | a *GQ3—2z SF§
10¢ 3683.02 | 27143.9 a’P1—2 3D} 1 1.000 | O . 465 2. 465 1. 465
6 3681. 690 | 27153.74 | a 3F4—z %G} 2 0 1. 350 (1.230) 1.25¢4
2 3681, 57 27154. 6 ¢ 3Fy—w 3F§
10h 3679. 61 27169. 1 b 3H4—y D} 1 .15 0 (.880)| 1.030
40 3678.063 | 27180.51 | a 'Hs—21Gi 1 .08 0 . 66 .98 1.06
15 3676.335 | 27193.29 | b3Dy—y Pi
20h 3670.05 | 27239.8 | b3H;—z3H}
2 3664. 467 | 27281.36 | a 3G3—z 5K
60h 3663. 751 | 27286. 69
4 3662.73 | 27294.3 a!F3—2z1F}
300, VE 3659. 602 | 27317.62 | b3G3—z3H} 2 0 .935 (.767) . 809
4 3654. 270 | 27357.48 | d 3F4—5273
8h 3652. 25 27372.6 a3Gs—z5Dj
200, VE 3651. 182 | 27380.62 | a3F;—z 3D} 2 .206 | 0 1.010 .714 .418
3h 3648. 760 | 27398.8
6h 3645.94 | 27420.0 | a3G4—zF§ 1 3151 0 (1.052)| 1.367
20 3641.382 | 27454.30 | b%Pi—y SDi 7a 0 1. 386 o/o 1. 386
15 3641.293 | 27454.98 | b !Dy—y P} 1 144 | 0 . 839 . 983 1.127
30 3639.058 | 27471.84 | b3Py—y 5Di 2 .09 0 1. 562 1. 482 1.392
154, B 3637.86 | 27480.9 ¢3P1—z 1P}
a3D3—z3F¢{
40 3634.489 | 27506.37 { BBz D
1h 3634. 03 27509. 8 ¢ 3F3—w 3F§
5h 3633.804 | 27510.88 | ¢1G—z 1G}
100 3633.318 | 27515.24 | b3Gs—z 8HS 3 . 144 . 720 (1.190)| 1.046
4 3633.12 ! 27516.7 | @ 1Dy—z3F}
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TaBLE 1.—Second spectrum of columbium (Cb 11)—Continued

Wave

Strong-
Intensity 4 No. Term combi- |Zeeman| Sepa- Strongest
spark Mair A vac. ation type | ration | S n o g
cm-! P
1 2 3 4 5 6 7 8 9 10
30 3620.47 | 27544.4 | @ 'Hy—z 3§ 2 0 1.280 | (0.992)| 1.040
2 3628.70 | 27550.2 | a3G3—z3D}
40 3628. 180 | 27554.20 | a 'Hs—w 3F{ 1 0.100 | O . 584 .984 | 1.084
3h 3622.90 | 27594.4 | b 1D3—v3F}
3h 3622.49 | 27597.5 | b3D3—z ¥F}
6h 3620.57 | 27612.1 | @ 3G(—23D}
100¢, V E 3619.729 | 27618.53 | b3Gi—2z3H} 2 0 1.06 (1.027)| 1.034
, V 3619, 514 | 27620.17 | @ 3Fy—2z3D3 1 0 .933 | (1.070)| 1.138
4 3618.89 | 27624.9 aP3—2z3Di
3h 3614.88 | 27655.6 | b3¥D3;—y *Hi
4 3613.25 | 27668.1 b1G—y *D}
3 3611.39 | 27682.3 | d¥Fs—y !F§
6 3609. 362 | 27697.86 | a 'Hs—y HE 2 L1331 0 (.992) 1.125
15 3607.01 27715.9 | a *Hs—2z ’F§ 1 L2716 | 0 (1.050)| 1.326
2h 3606.35 | 27721.0 | b3D3—2z 583
8h 3604.66 | 27734.0 b P3—z 3D}
40 3591.197 | 27837.95 | a ¥He—2z 'F§ 1 .19 0 .21 116 1.35
10h 3588.02 | 27862.6 c3F3—z 1P}
50h 3586.75 | 27872.5 biF—zH} 2 L1221 0 1. 506 .896 | 1.018
3h 3584.33 | 27891.3
4h 3580.98 | 27917.4 | b 3Hy—z!'H}
2 3578.38 | 27937.7 | b3G4—y “.gi
10 3574.202 | 27970.32 | b *P1—y *D}
30 3568.50 | 28015.0 | @ 3Fs—zDi 3 .431 .859 | .709,1.142 .710 | 1,141
40h 3568.001 | 28018.93 | a 3H(—2z *F§
40h 3566.10 | 28033.9
3h 3565.68 | 28037.2 | @ !Fi—y P32
1 3565.23 | 28040.7 ¢ 3Fs—y 1Gi
15h 3564.075 | 28049.79 | b 3Hs—2z 'H3
4 3561.88 | 28067.1 | b 3G3—y *Dj
5 3560.47 | 28078.2 | a !Gu—z*HY
6h 3559.893 | 28082.74 | a 'P1—z P}
60 3559. 592 | 28085.12 | a 'Hs—y !Gi 2 0 ivg 4 (.992) .95
6h 3554.14 | 28128.2 ¢ 3Fs—z 3D}
4 3551.102 | 28152.26 | b 3H4—y 3Gl
4h, V E? 3548.08 | 28176.2 ¢ 3P3—z 3D}
3544.346 | 28205.92 | ¢ 3P1—z 3D3
3541.247 | 28230.68 | a 3D3—z !D}
200, V E 3540.961 | 28232.88 | a 3F4—z 3Dj} 1 0 .95 (1.230)| 1.323
6h 3539.11 | 28247.6 ¢ 3Pz D}
40,V E 3537.625 | 28259.50 | a 3P3—z 3D} 3 .312 .621 | 1.145,1.458 | 1.457 | 1.145
50 3534.215 | 28286.77 | ¢ 3F—z 3D}
20 3534.114 | 28287.58 | d 3Fs—w 3G}
10k 3534.05 288. 1
20 3528.890 | 28329.46 | b 3Hs—y 3Gi
30 3528.474 | 28332.79 | b 3H—2z 'F3 1 .23 ( 0 . 266 .875 | 1.078
5 3528.09 | 28335.9 | b3Gs—y D3
8¢ 3527.024 | 28344.44 | d 3F+—w 3G}
50h 3525.986 | 28352.79 | ¢ 3Pr—w D} 1 ~307 1.0 .986 | 1.457 | 1.300
10h 3522.368 | 28381.90 | b1D31—527%
5h 3521. 599 | 28388.10 | b 3Ds—w 3F3
20h 3521.14 | 28391.8 ¢ 3F—w 3D} 1 1.06 (1.240)| 1.30
5h 3519.66 | 28403.7 | b3D3—w 3F3
150 3517.670 | 28419.81 | b1Gy—y 3D} 3 .08 | 0 .70 .949 | 1.032
200c, V E 3515.421 | 28437.99 | @ 3G3—z3G3 7 0 . 765 . 765 . 765
c 3514.02 | 28449.3 | b3H4—y 3G3
400, V E 3510. 262 | 28479.78 | b3Gs—z 3H§ 75,2 0 1.118 (1.19)| 1.18
5c 3505.992 | 28514.47 | a 3H¢—2z *F3
15 3501.32 | 28552.5 | b1Gy—z 5P3 1 .623 . 930 .939 | 1.562
10h 3500.74 | 28557.3 | ¢ 3P3—500%
30¢ 3499.93 | 28563.9 | b¥D3—21Gi )| 228 0 .401 1.313 | 1.085
30c 3496. 027 | 28595.75 | ¢ 3F4—5003 7b 0 124 1.240 | 1.240
20 3491. 806 | 28629.57 | b 3Ps—y 2D} 3 .25 .50 |1.24, 1.49 1.49 1.24
10 3490. 418 | 28641.70 | ¢ 3Fs~ z D3
90, VE 3480. 003 | 28652.57 | a 3Fs;—2 3D} 3 L 240 .722 1 1.068,1.308 | 1.068 | 1.308
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TaBLE 1.—Second spectrum of columbium (Cb 11)—Continued
Wave Strong-
Intensity N No. Term combi- |Zeeman| Sepa- et €| Strongest
spark sir vac. nation type | ration n g1 912
em-! P
1 2 3 4 5 6 7 8 8 10
80 3488.81 | 28654.9 | ¢ 3F3—w D3
10 3484. 625 | 28689.31 | b 3Gs—y 3D}
80,V E 3484.054 | 28694.01 | @ 3P;—23Dj | 3 1.078 | 1.078 0.416,1.495 | 1.495 | 0.416
00 3482.953 | 28703.08 | b1Da—y 1F3 | 2 0 1.15 (-98) | 1.04
5h 3482.52 | 28706.7 | a 3Hi—2z 8D}
80 3480.213 | 28725.68 | b3Ds—w IF3| 1 .12 .842 | 1178 | 1.066
150, V E 3479.567 | 2873101 | a3G4—23Gy | 3 110 1.056| 1.042 | 1.070
100, V E 3478.79 | 28737.4 | a3Gs—23Ff | 2 0 .90 (.765)| .698
6 3476.28 | 28758.2 | d3Fi—v 3D | 2 27 0 70 | (:53)
25¢ 3474.68 | 28771.4 | b3Po—z 8P}
2 3474.004 | 28777.02 | @ 1Gy—2z3H3 | 1 0 919 | (1.083)| 1.050
50 3470.27 | 28%08.0 | @ 'Pi—z3Di| 2 143 | 0 1.404 | 1.118 261
15¢ 3468.127 | 28825.78 | b 3Ha—y IF§
4c 3461, 54 | 28880.6
15 345056 | 28897.2 0 997
10 3458.728 | 28904.11 | b 3Fa—z 1D}
4h 3457.04 | 28918.2 | b 3Hs—y $D§
80 3454, 910 | 28936.06 | c3Ps—z %P} | 3 11 .22 | 1.36,1.47 1.47 | 1.36
60 3454.708 | 28937.74 | b3Ds—w IF} | 1 23| 0 470 | 1.322 | 1.109
5¢ 3453.96 | 28944.0 | @ SP3—z 3F}
40 3452.350 | 28957.51 | b3Pa—ysDi | 3us | .13 .26 | 1.34,1.47 147 | 1.34
3h 3452.19 | 28958.9 | b 3Hi—y IF}
20 3451, 640 | 28963.47 | ¢3Pa—z 3P | 2 2710 | 0 1.746 | 1.476 | 1.206
60 3450.766 | 28970.80 | b3Po—y D} | 7a 0 976 | 0/0 .976
20 3448, 674 | 28988.47 | b3Pa—yiDi | 2 408 | 0 1.982 | 1.434 | .986
40 3448, 221 | 28992.18 | b3Py—y $DF | lus | .17 .18 118 152 | 1.35
5 3446.928 | 29003.06 | b 3Hs—y IF§
60 3444. 281 | 29025.44 | c3F4—z3G3 | 1 0 105 | (1.240)| 1.20
20 3443.737 | 20029.93 | ¢3F3—z3Di | 1 134 | 0 . 540 674 | .808
10¢ 3441.64 | 20047.6 | @3F3—z3D3 | 2 590 | 0 (.712)| 1.302
200, V E 3440, 589 | 29056.50 | @ 3F4—28F3 | 1 0 L14 | (1.230)| 1.260
60, V E 3430025 | 29062.10 | a 3Fs—z iF3 | 2 0 1116 | (1.070)| 1.047
80 3438.41 | 20074.9 {’fi L A
60, E 3436.964 | 20087.14 | 3Gz—y D3 | 3us | .270| .810 (.767)| 1.037
20 3436, 834 | 20088. 24 | @ 3G3—2 3Gi
2h 3435.809 | 20096.15 | @ 1G4—y *D}
2h 3435. 583 | 20008.83 | a 1Py —4053
3 3433.952 | 29112.65 | ¢ 3F4—z 3G3
5h 3433.747 | 29114.39 | ¢3Fs—w 3D}
400,V E 3432708 | 29123.20 | b1Gu—z'H} | 2 0 1.25 (.950)| 1.01
4h 3431.18 | 20136.2 | @ 1ls—z3H}
2h 3430.912 | 29138.45 | a #P1—2 18}
20, VE | 3420562 | 2017544 (030472 E
300¢, V E 3425.432 | 29185.06 | a 3Gs—z3G3 | 3 .19 L2l | 119 | 123
5¢ 3423. 643 | 29200, 31
10 3422.85 | 29207.1 | b3Hs—y 3G}
5 3422.77 | 29207.8 | a 3Fi—z 'F}
3 3421.318 | 29220.15 | b 3Gs—z 5P}
20¢ 3421, 161 | 29221.49 | a SP3—z 3F}
80,VE 3420.633 | 29226.00 | a 3F3—z SF} 2 .59 | 0 1. 302 712 122
2 3417.80 | 20250.2 | @ 1P1—z 3D}
5h 3417.17 | 29255.6 | c3P1—z 3P | Ta 1.20 120 | 0/0
3413.209 | 29289.57 | b3Gs—z 1H}
150, V E 3412.934 | 29291.93 | @ 3P3—z3D3 | 1 43| 0 1.022 | 1.451 | 1.308
h 3412, 480 | 29295.82 | a 'Py—w D}
100, V E 3409.191 | 29324.09 | a3Po—23D} | Ta 0 .423 | 00 .423
100, V E 3408.678 | 20328.50 | a3Py—z3D3 | 1 357 | 0 788 | 1.502 | 1.145
3h 3408.53 | 29329.8 | c3F3—z 3P§
10 3407.32 | 29340.2 | ¢3Po—z 3D} | Ta 0 .817 | 0/0 .817
10h 3406, 947 | 20343, 41 0 .998
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TABLE 1.—Second spectrum of columbium (Cb 11)—Continued

Wave Strong-
Intensity AR No. Term combi- |Zeeman| Sepa- est Strongest
spark air vac nation type | raton P n g1 91
cm-!
1 2 3 4 5 6 7 8 9 10
3h 3403.49 | 29373.2 | b3G:—z 3P}

2h 3402.81 | 20379.1 | ¢ ?F4—z 3G
20 3402.02 | 29385.9 | ¢3Pe—w3Di| Ta 0 0.613 0/0 0.613
10 3401.231 | 29392.72 | b3Gy—21H} | T 0 1.067 | (1.027)| 1.035
30, VE 3399.714 | 29405.83 | b3P3—z 3P} 2 0.244 | 0 1.732 488 | 1.244
5h 3397. 516 | 29424.85 | a 'Hsy—z 3G}
10h 3397.319 | 29426, 56
50h 3396. 365 | 20434.82 | ¢ 3F3—z 3F{

15 3395.72 | 29440.4 | b3P;—z3P} 3 . 281 . 284 (1.224, 1.501 1.503 | 1.222
60 3394.978 | 20446.85 | @ 1D3—21D} 3 .297 | .602 [1.008, 1.302 1.006 | 1.305
10 3393.810 | 29456.98 | a 3F3—2z 5F} 3 314 .628 (.712)| 1.026
4h 3392.475 | 29468.57 | b 3D3—y 1G{

9 3391. 594 | 29476.23 | a 3F;—2z 'F}

30 3389.939 | 20469.32 | @ 3G4—23G} | 2 L1800 | 0 1.960 | 1.060 | 1.240

250, V E 3386. 243 | 29522.81 | a 3H3—z3G{ 1 0 .962 | (1.050)| 1.072
10c 3383.302 | 29548.47
40h 3382.44 | 29556.0 | b3D3—z3D3

150 3380.934 | 29569.17 | b3Gs—y3Gi | 2 0 1.40 (1.19) | 1.14
60 3379.300 | 29583.46 | b 1G4—2 1F} 1 140 0 .515 .935 | 1.075
9c 3377.375 | 29600.32 | & 3P1—z P%

50 3374.252 | 29627.72 | a 3F3—z 0F§ 2 .253 1 0 2.087 | 1.075| 1.328
20h 3374.087 | 29629.17

120, V E 3372.565 | 29642.54 | a 3Gs—z 3F§ 1 0 .86 (1.18) | 1.26
30 3370.609 | 29659.74 | b3P1—z3P§ 7a 0 1.510 | 1.510 | 0/0
50 3370.154 | 20663.74 | d 3Fs—w 3G}

100, V E 3369. 155 | 20672.58 | b3Gs—y 3G 3 .10 .40 107+ | 1.02 112

100 3365.94 | 29700.9 | b3D;—z 1P} 3 L2441 0 (.681)| .925
10 3365.883 | 29701.38 | a 3Py—z 3F}

100, V E "3365. 594 | 29703.93 | a 3Fy—z ’F} 2 126 0 1.864 | 1.234 | 1.360
20h 3362.17 | 20734.2 | c3F3—z3Gi| 2 0 1.43 (1.083)| 1.17
100 3360.904 | 29745.38 | @ 1F3—21G} 2 0 1.203 | (1.007)| 1.078
2 3357.156 | 29778.60 | a 1Hs—z 3G
3h 3355.92 | 29789.6 | c3F2—z 3P
1h 3355.67 | 29791.8 | b1Dy—p3D3
15, VE 3353.509 | 29810.97 | @ 3Da~y D3| 3 L222 | 444 (1.002)| 1.224
5h 3352.828 | 20817.03 | ¢3Fa—z 3P}
3h 3351.87 | 20825.5 | a3H4—z3Gji
3h 3350.41 | 20838.5

100 3349.351 | 20847.98 | a1G4—y D3| 2 0 1.18 (1.083)| 1.05
15 3348.787 | 29853.01 | b 3Gi—2z1F}

20 3348.28 | 20857.5 | a!P1—z 3P} 7a 0 1.120 | 1.120 | 0/0
30 3346, 760 | 29871.09 | a 3F2—z 8F} 2 855 | 0 2.381 .716 | 1271
20¢ 3346. 286 | 29875.32 | b 3H4—y 3Hj
8h 334425 | 29893.5 | b3D32—z3D}

80 3343, 967 | 29896.03 | a 3F4—z 8D} i .285( 0 .53 1.235 | 1.47
6 3343.90 | 20806.6 | a3F3—z3D}

5 3343.28 | 29902.2 | b3F4—z3H}

150, V E 3341.612 | 20917.10 | @ 3He—2 3G} 1 0 .80 (1.157)| 1.23
d 3340.45 | 29927 ¢ 3Fr—z 3G} 2 0 1.05 (.670)| .80
4h 3340.18 | 29929.9
3 3338.38 | 20946.1 | as—z1H}
2h 3337.20 | 29956.7 | a 3G—z 3F§
5c 3335.669 | 29970.40 | @ 3F4+—z sDj
10¢ 3335.244 | 20974.22 | @ 3F2—2z3Di | 1 w18 71 0 0 .78 1.46
8 3334.82 | 29978.0 | b3Py—y 3D}
8¢ 3334.529 | 29980.65 | a 1G4—2z *P}
20h 3329.16 | 30029.0
3h 3327.246 | 30046.28 | d 3F,—z 1F}

7. E 3326.54 | 30052.7 | b3Hs—y *Hi
20h 3325.436 | 30062. 63
4h 3325.21 | 30064.7 | ¢?Fs—y D}

50 3324.661 | 30069.63 | b3D:—z 3D | 3 1.300 | (1.312)] 1.288
30 3324. 555 | 30070.60 | b 3Gs;—y 3Gi 2 .358 | 0 2.201 .769 | 1.127
30 3323.900 | 30076.52 | b 1G—y 3Fi 3 .165 | .622 (.950)| 1.105
3h 3323.22 | 30082.7 | b3D;—w 3D}
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TaBLE 1.—Second spectrum of columbium (Cb 1)—Continued
Wav
Intensity Ll No. Term combi- (Zeeman| Sepa- St;‘s’f‘g‘ Strongest
spark L vac. nation type | ration n 0 i
em-t »
1 2 3 4 5 6 7 8 9 10
80 3320.808 | 30104.52 | b3Gs—y 3F3 | 75,2 0 0.786 | (.767)| 0.757
2 3320.56 | 30106.8 | d 3F3—z 1F§
1 3320.124 | 30110.72 | b3Py—2 5P§
100, V E 3319.590 | 30115.58 | a 3Ps—2z %P3 | 1 0.183 | 0 .805 | 1.444 | 1.261
10¢, VE 3319.22 | 30118.9 | a 1Fs—w iF;
5 3318.29 | 30127.4 | ¢ 3Po—z 3P}
1 3317.04 | 30138.7 | a 3Ds—y *D}
15 3316.61 | 30142.6 | ¢iP—y!Dj| 1 .22 | 0 721 | 1.206 | .964
5 3313.64 | 30169.6 | @ ?Dz—y 3D}
4 3313.41 | 30171.7 | @ 3D;—y 3D}
3h 3313.08 | 30174.7 | b 3Ds—w 3D}
20h 3310.67 | 30196.7 | b 3Fs—y 3D}
5 3309.26 | 30209.6 | b1G—y 3F}
70 3305. 608 | 30242.95 | b3Gs—y 3F; | 2 0 145 | (1.19) | L12
40 3304.71 | 30251.2 | b3Gs—z1Fi | 3 .330 | .990 (.767)| 1.097
50 3303.323 | 30263.86 | b3Ps—z3P3 | 3 .224 | .48 [1.261,1.482 | 1.482 | 1.261
10 3302.619 | 30270.32 | a 3H—23F5 | 1 267 0 (.825)| 1.092
3 3301.96 | 30276.4 | ¢3Ps—y 1P}
40 3301.498 | 30280. 59 blgr—y :gg 2 .216 | 0 2.050 .970 | 1.186
a3Fr—y
6h 3300.33 | 302913 { Y0
50, E 3209.57 | 30208.3 | a3P1—z 3P}
15 3207.673 | 3031571 | a 3Fs—2z 8D}
20 3297.055 | 30321.40 | a SFs—z8G3 | 2 .89 | 0 3.043 | 1.245| .346
20 3205.506 | 30335.65 | b3iD2—z 3D} | 2 34 |0 (1.171)| .83
150 3204.367 | 30346.14 | b3G—y 3F; | 3 .32 1074 | (1.027)| 1.11
10¢ 3202.365 | 30364.58 | a 3F4—23G3 | 2 .46 | 0 2.59 1.21 .75
200, V E 3202.020 | 30367.77 | b3Gs—y 3G | 3 .254 | .770 | .760,1.014 .765 | 1.019
30 3291.055 | 30376.68 | a sF(—z%G§ | 2 433 | 0 2.650 | 1.351| .918
3 3200.55 | 30381.3 | b3Ds—w 3D}
10 3289.551 | 30390.56 | a3F3—zDi | 2 407 0 (1.070)| 1.477
: am7.75 | 3od0r.2 ({8 3Da—1 DA
5 3286.81 | 30415.9 | ¢3P3—p 3F;
40 3286.340 | 30420.25 | b3Ds—w 3D3| 7b 0 1.167 | (1.171)| 1.163
30c 3285.70 | 30426.2 | b3D;—z 3D}
400, V E 3283463 | 30446.91 | b3Gs—y 3G} | 3 1175 | (1.19) | 1.16
2h 3281.62 | 30464.0 | c3F(—v 3F}
80h 3279.979 | 30479.25 | b3G—y 3F}
4 3279.43 | 30484.4 | b3F;—y 3D}
2¢, VE 3279.248 | 30486.04 | a 8Fs—z $Gj
4 3277.77 | 30499.8 | a3D;—y D}
3 3277.30 | 30504.2
6 3276.43 | 30512.3 | b3D;—w3D3| 2 144 | 0 (1.171)| 1.315
30 3274.796 | 30527. 48
15 3273.888 | 30535.95 | a3P;—2z D3 | 70 0 1.46 1.45 | 1.47
20 3273.511 | 30539.47 | a3P;—zFi | 3 1.38 148 | (1.504)| .12
10 3272.350 | 30550.30 | b 3G~y 3G}
100 3272.224 | 30551.48 | a1Gy—z1H; | 1 0 .73 | (1.083)| 1.012
2h 3270.93 | 30563.6 | a 3D;—y 8D
20 3269.125 | 30580.44 | b3P,—y3P§ | 7a 0 1.504 | 1.504 | 0/0
30 3267.684 | 30593.92 | a3H—z3G3 | 2 403 | 0 2.854 830 | 1.242
80c 3266.11 | 30608.7
300, V E 3263.365 | 30634.41 | a 1Hs—z 1Is b, 2 0 1.030 | (.992)| 1.00
6 3262.56 | 30642.0
60 3261.702 | 30650.03 | a1F3—y1Gi | 1 0 .79 | (Loon)| .95
350c V E 3260. 564 | 30660.73 | b 3H,—2z 33 2 0 .86 (.880)| .877
2 3256.75 | 30696.6 | bSP§—yiPt
1h 3255.80 | 30705.6 | bIHs—2I3
5h 3255.27 | 30710.6 | a3F:—25Dj
25 3254.888 | 30714.19 | b0P;—y3P} 1 285 | 0 1.18 1.485 | 1.745
200r, V E 3254.070 | 30721.91 | a $F2—2z3G3 | 3 .655 | 1.306 | 335, .995 .993 | .338
1 3253.16 | 30730.5 | b1G4—z3F}
10 3252.430 | 30737.41 | a1F3—z3D3 | 1 .25 | 0 .50 .00 | 1.25
50 3251.260 | 30748.47 | b 3P;—y 3P}
40 3250.27 | 30757.8 |b3D3—z3P§ | 1 0 .23 | (1.312)| 1.3
80, VE 3248.941 | 30770.41 | a3P—z8F3| 1 .458 1 0 565 | 1.481° | 1.023

644098—45——2
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TaBLe 1.—Second spectrum of columbium (Cb 11)—Continued

Wave |Strong-
Intensity | 5 No. | Term combi- (Zeeman| Sepa- [°“T0 27| Strongest
spark air vac. nation type | ration n g1 91
em-t P
1 2 3 4 5 6 7 8 8 10
150¢, V E 3247.478 | 30784.28 | a3F3—2z3G3
6 3246. 69 30791.7 b3G3—z3F3
5 3245.07 | 30807.1 ¢ 3Fy—03F]
30 3244. 515 | 30812.39 | b3F3—y D} 3 0.494 | 0.996 |0. 850, 1. 338 0.846 | 1.340
6 3243.83 | 30818.9 ¢3F;—v3F3
40 3242. 532 | 30831.23 | a 1G4~y 3G} 3 .16 1.10% 1.08 1.12
8 3242.423 | 30832.27 | a 3D3—y 5D3
40 3241.818 | 30838.02 | b 3Hs—2 313 3 .188 .94 (1.052) . 864
3 3241.29 30843.0 b 3F3;—y 3D}
2h 3239.23 30862.7 | b3D3—z 3F§

80c, V E 3238.020 | 30874.19 | a 5P3—z 1D}

60 3237.690 | 30877.34 | b3Gs—y 3F} 3 .36 1.10 (.767)| 1.13
300r, VE 3236.403 | 30889.62 | @ 'F:—z8G% 3 .328 .984 | .921,1, 246 1.248 . 920

2h 3235.78 30895. 6 b3D3—z 3G}
5h 3232.79 | 30924.1
40 3230.243 | 30948.52 | b 3F3;—y 3D} 3 .107 .34 |1.033, 1.138 1. 140 1.033
100, V E 3229. 567 | 30955.00 | a 3P3—z 8D} 7 0 1. 465 1. 465 1. 465
6 3228.953 | 30960.88 | b 3H;—z G} 1 0 . 956 (1.052)| 1.076
6 3228.47 | 30965.5
6 3227.69 | 30973.0 b 3F4—y D3
500c R, VE | 3225.478.| 30994.24 | a 3F1—z 3G} 2 .36 0 .72 0.000 .36
100, V E 3223.332 | 31014.87 | a 3F4—z 3G} 3 . 156 . 627 1,076, 1. 234 1.233 1.077
50 3222.065 | 31027.07 | a 1D3—y 3D3 3 .220 . 432 |1.002. 1. 226 1.004 1.224
8¢ 3221.655 | 31031.02 | b 3H4—y *HE
4h 3220. 48 31042.3 ¢ 3Py—y 8%
2 3219. 55 31051.3 | a 3Hy—2z 3F{
3h 3218. 98 31056. 8 a’SP1—z 1D}
60c 3217.00 | 31075.9 | b3Hs—y 3H3
2 3216. 47 31081.0 b 3F;—y D3
6 3216.193 | 31083.71 | @ 3F3—z 3F3 2 .38 0 1.84 1.08 .70
300cr, V E 3215.595 | 31089.49 | a 8Fi—z 5G§ 3 . 199 . 792 |1.145, 1.346 1.349 1. 150
5h 3215. 00 31095. 2 b3Dy—z 3P3
3 3213.91 31105. 8 a 3P;—2 *Dj
10 3212. 14 31122.9 b3D3—z 3P} 7b,1 0 1.151 (1.171)] 1.191
20 3211.814 | 31126.09 | b 1G4~y 2HE 7b,3 0 .954 (. 950) . 958
2h 3211.63 | 31127.9 | a!1Gs—y 3G}
3h 3211. 40 31130. 1 ¢ 3F;—y 1P}
4 3210. 20 31141.7 b3P2—z 1F3 1 .383 0 .330 1.479 1. 096

40¢ 3208. 585 | 31157.41 | b 3Hs—w 3F3 3 .23 .91 .87, 1.10 .87 1.10

3 3208. 409 | 31159.12 | a 3Dg—y 3D3
8 3208. 10 31162.1 ¢ 3F3—0 3F§
2 3207.56 | 31167.4 | a®D;—z3P§

20 3207. 341 | 31169. 50 | a 3Po—z F} 7a 0 .135 0/0 . 135
300rs, V E 3206.350 | 31179.14 | a 3F;—z 3G} 2 0 .87 (.712) . 765
100c 3204.973 | 31192.53 | b 3Hs—z 21§ 3 11 .66 1.10x= 1.155 1.045
150 3203.357 | 31208.26 | b sHs—y SH3 3 .06 1.04% 1.05 1.03

10h 3203. 148 | 31210. 30

3 3201. 66 31224.8
i 3200. 78 31233. 4 b ¥Dy—2 3G3
1 3200. 69 31234.3 b3F3—z 3P}
3h 3200.24 | 31238.7
4h 3199. 88 31242.2 ¢ 3F4—5273
20 3198.227 | 31258.32 | b 3P;—y 3G} 1 .459 | 0 . 101 1.478 1.019
20h 3197.28 31267. 6
3 3196.17 | 31278.4 ¢ 3F;—0 3F3
2 3195. 96 31280. 5 b *F3—y 5D}
5 3195.216 | 31287.77 | a 3P1—z 5D}
700R, V E 3194.983 | 31290.06 | a 5F;—z 5G§ d . 083 0 . 742 .991 . 908
30c 3194. 27 31297.0 a 5Pa—y 5D} 2 .435 | O 2. 258 1.823 1.388
3 3193.47 | 31304.9 b 3Fy—y 8D}
2 3192. 39 31315.5 c3Fy—y 1H}
3 3192. 16 31317.7 a 1Sy—2z 1P}
250, VE 3191.427 | 31325.45 | b 3H;s—2 31§ 75, 2 0 1. 057 (1.052)| 1.062
200c V E 3191.096 | 31328.17 | a 5Fs—25G§ 3 .16 .80 1.31% 1.39 1.23
6 3190. 44 31334.6 ' b 3Hy—w 3F}
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TaBLE 1.—Second spectrum of columbium (Cb 11)—Continued

Wave Strong-
Intensity NEke No. Term combi- [Zeeman| Sepa- est g Strongest
spark sir vac. nation type | ration n 91 g3
cm- P
1 2 3 4 5 6 k 8 9 10
180¢c, V E 3189. 288 | 31345.93 | b 3He—y SH§ 3 0.18 1.1464| 1.16 1.13
4 3188.85 31350. 2 a 1P1—y 1P} b 0 11 1.11 181
4 3188.36 | 31355.0 | a 'Dy—y D3 3 0.333 . 666 (1.003)| 1.336
2 3185.23 | 31385.9 | a !D2—y 3Di
2 3184.94 | 31388.7 | b1D2—2z 1D3
150 3184.229 | 31395.72 | b 3Gs—y *Hi 3 .24 .99+ 1.02 . 96
40 3181.403 | 31423.61 | a 3P2—2z G} 1 .69 0 .63 1.44 75
400, VE 3180. 290 | 31434.61 | a 3F3—z3G{ 7b, 2 0 1.085 | (1.070)| 1.074
8 3179.242 | 31444.97 | ¢ 3Ds—z %P} 3 .25 .50 1.01,1.26 1.01 1.26
6 3177.766 | 31459.58 | a 3F4—z 3F§ 2 L140 | O 1.650 1.230 | 1.090
2 3177.41 | 31463.1 | @ 3G3—z 1D}
4 3176.14 | 31475.7 | b ;%x—z :ga
a3 Fy—2z 3F3
150, V E 3175.86 | 31478.5 {o SH:—y SH3
50, VE 3175.76 | 31479.4 a $P1—y D} 3 1.105 1.10 1.37,2.48 2.48 1.37
1 3174.73 | 31489.7 a 1P1—v 3F3
6h 3174. 44 31492. 5 b 3D3—y 1D}
150 3173.205 | 31504.79 | a '\Gy—y 3F§ 3 L110 1.0942-| 1.080 1. 108
1 3167.96 | 31557.0 ¢ 3F2—w 3P{
3h 3167.32 31563. 3 ¢ 3Fs—y 1F3
1 3165.24 | 31584.1 | a3D3;—y 3D}
1000R, V E 3163.403 | 31602.41 | a tF3—z 5Gi 1 + 307510 . 834 1.262 | 1.155
10 3163. 149 | 31604.95 | a 3P1—2z D3 75,1 0 1.46 1.49 1.48
4 3161.56 | 31620.8 | d 3Po—wu 3Di Ta 0 . 645 0/0 . 645
4c 3161, 244 | 31624.00 | @ 'D2—y *Dj
15 3159.855 | 31637.89 | a 1G4—y *F3 1 0 .99 (1.083)| 1.113
10 3158. 104 | 31655.43 | b 3D1—z P} 3 . 525 .526 | .675, 1.198 L6756 | 1.200
3 3156.00 | 31676.5 b 8F4—2z 1H3
30 3155.599 | 31680.56 | b 3Po—2z 3% Ta 0 1. 824 0/0 1. 824
150¢ 3154.820 | 31688.38 | b SH4—y G} 3 .23 .92 4 .89 .95
10 3153.851 | 31698.12 | b ¥P2—2 383 1 .34 0 1.13 1.47 1.81
4h 3153.38 | 31702.9 d 3P1—u 3D}
70 3152.785 | 31708.84 | a 1Gy—y 3G} 2 0 1.51 (1.083) 1.17
200 3152.160 | 31715.12 | a 1H;—y 'H} 3 .16 1.003=| (.992) 1.014
50 3150, 409 | 31732.75 | b3P1—2z 38} 3 .319 . 319 |1.508, 1. 827 1.508 | 1.827
30 3146.92 | 31767.9 b 3P~y *F§ ;- .365 | 0 L4156 1.480 [ 1.125
600rs, V E 3145.405 | 31783.23 | a $F(—23G} 7b 0 1.23 (1.230)| 1.230
60 3144. 353 | 31793.87 | b 3Gs—y 3Hi 2 L1904 | 0 1. 564 .778 972
4 3143.41 | 31803.4 | a1D:—z3P{
3 3143.17 | 31805.8 | a3D;—23P%
100¢ 3142,26 | 31815.0
4 3140.97 | 31828.1 d3Py—u 3D}
100 3140. 506 | 31832.81 | b 3F,—y3D3 2 «18%4..0 1. 400 .857 | 1.038
2h 3137.98 | 31858.4 b1G—wiF}
3 3137.27 | 31865.6 b3Hs—y 1Gi
30 3135.920 | 31879.36 | a3F3—z3F}§ 3 . 055 1.082 1.073 | 1.091
25 3135.409 | 31884.55 | b 3P3—y 3P3 3 . 045 1. 496 1.485 | 1.507
40 3134. 342 | 31895.41 | a 3Ds—y 3P} 1 770 | 0 .239 1.009 | 1.779
60 3132.767 | 31911.44 | b1G4—2z 313 % 0 .53 (. 950) .87
4 3132. 140 | 31917.83 | a3Po—z 3D} 7a 0 1.45 0/0 1.45
10 3132.015 | 31919.11 | b3P;—y 3P3 7, 2 0 1.52 (1.504)| 1.51
1500cR, V E 3130.780 | 31931.70 | a $Fy—25G3 1 0 .86 (1.350)| 1:25
60 3129.65 | 31943.2 e $P1—y SDj 7a 0 2.470 2.470 0/0
10¢ 3128.92 | 31950.7 a 5Py—y 3D}
20 3128.372 | 31956.27 | b3F—y 3Gi 3 . 109 1,134 1.14 1.12
500, V E 3127. 526 | 31964.92 | b3Hs—2z 31F 2 0 1.124 (1.154)| 1.150
10 3125.892 | 31081. 62
6c 3119.48 | 32047.4
10¢ 3116. 67 | 32077.3 a1F3—z3G§
20 3115, 533 | 32087.96 | @ 3D;—y 3P} 7a 0 . 506 . 506 0/0
15 3115.16 | 32091.8
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TaBLE 1.—Second spectrum of columbium (Cb 11)—Continued

i Yave Strong-
Intensity Algkdige No. Term combi- |Zeeman| Sepa- eat 8| Strongest
spark o vac. nation type | ration n g 0
em-1 b4
i 2 3 4 5 6 & 8 9 10
30 3113.17 | 32112.3 b 3F;—2z 1F3 3 0.16 1.120 1.146 | 1.094
5 3111.63 | 32128.2 b3G—w 3F§
20 3110. 800 | 32136.78 | b 3Fy—z1F} 2 0 1.29 (1. 15) 1.10
80 3106. 980 | 32176.29 | a ’Dy—y 3F} 3 0. 268 .540 [.738, 1.003 1. 004 L7356
10 3106. 520 | 32181.05 | b3G—z 3
2 3104. 62 | 32200.7 b3Gs—21G
8 3104.27 | 32204.4 | b3G3—w 3F3 2 0 1.01 (.767) .64
4 3103.26 | 32214.9 d3P3—u 3D}
20 3101.918 | 32228,80 | b3F3—y 3G} 3 .13 .39 (1.150)| 1.02
20 3100.79 | 32240.5 a 3F—z 3F{ 3 .09 1. 246 1.233 | 1.259
3100.25 | 32246.1
100, V E 3099, 180 | 32257.27 | a 5F;—z 3D} 2 579 | 0 1.578 . 999 .420
10 3008.47 | 32264.7 | a3G4—2z3H{ 3 .24 .96 (1. 052) .81
60c 3097.115 | 32278.76 | a sP3—y D3 2 .314 | 0 2.290 1.662 | 1.348
2000cR, V E 3094.172 | 32309.47 | a $Fs—z G} 1 0 .90 (1.39) | (1.31)
6 3092.890 | 32322.9 | a’D3—z!F} 0 1.23 (1.002)| 1.08
3 3089.110 | 32362.42 | bD;—y !D3 2 .20 | O (. 681) .971
90 3087.860 | 32375.52 | @ !D3—y 3D3 75,2 0 1.053 (1.003)| 1.028
20h 3086.09 | 32394.1 d3F3—u 3F3 3 .29 .58 (. 70) .99
2 3084.760 | 32408.05 | b !Gy—w *F§
50 3084.369 | 32412.16 | b 3P;—z 583 3 . 465 .936 (1.480, 1.943 1.480 | 1.945
30¢ 3083.32 ¢ 32423.2 d 3P3—u 3D3
40 3081.77 | 32439.5 | a *Di—y 3G} 2 0 1.034 (1.002)| 1.013
8 3081.09 | 32446.7 b 3P1—2 583
100 3080.345 | 32454.50 | a $P;—y 3D} 2 .687 | 1.176 |1.223, 1.808 1.810 1.223
10 3077.44 | 32485.1 a !'Sp—2z D} Ta 0 .83 0/0 .83
200 3076.864 | 32491.21 | @ 5F3—z D3 1 0 1.478 (1.248)| 1.133
1h 3076.23 | 32497.9 ¢ 3P2—v3D3
10 3075.250 | 32508.27 | @ !D3—2z 5P3 2 .562 | 0 2. 690 1.004 1. 566
5 3074.27 | 32518.6 a 3P3—2z 3F3 i ! .360 | 0 .36 1. 44 1.08
50 3073.232 | 32529.61 | @ 5F;—z 3D} 3 .418 . 418 0.00, .417 0. 000 .418
60 3072.502 | 32537.34 | a 3D;—y °F3 2 .23 0 .96 .50 .73
10 3072.18 | 32540.7
90c 3071.55 | 32547.4 a SP3—y 5Dj
40 3071.18 | 32551"3 | b 3Gu—y *H}
80 3070.893 | 32554.39 | a 1Gy—y 3Hi
100 3069.68 | 32567.2 | a 3D3—y 3Gi 1 L1321 0 . 730 1. 258 1.126
5 3069. 51 | 32569.0 b 3F2—y 3P}
5 3068.93 | 32575.2 | b3D3—v 3F3
20 3068.06 | 32584.4 | b3¥D3—o 3F3 0 .97 (1.171)| 1..10
20 3067. 523 | 32590.15 | b 3D3—v 3F§ 1 0 1.14 (1.312)| 1.28
4 3066.49 | 32601.1 | @ 3D3—y 3F3 -
60 3066.09 | 32605. 4 b 3F3—y 3F§ 1 0 1.04 (1.150)| 1.12
100¢ 3065.26 | 32614.2 a 5Py—2z 5P} 1 .44 0 1.38 1.82 2.26
250r 3064. 530 | 32621.98 | @ 3G3—z 3Hi 2 0 .87 (. 765) .80
120 3063.782 | 32629.94 | b 3F4—y 3F} 3 .19 107+ 1.05 1.10
40 3063.126 | 32636.93 | @ P1—y 3D} 1 1.238| 0 0 2.476 | 1.238
10 3061.95 | 32649.5 | a3Gs—z*H3 3 .136 .744 (1.180)| 1.044
5 3061. 408 | 32655. 25 i D1
¢ 3Py—v 3D}
4 3060. 844 | 32661. 26 {a 1D 1B
20 3059. 294 | 32677.81 | b3G4—w 3F% 3 .26 1.06% | 1.03 1.09
3 3058.62 | 32685.0
12 3057.03 | 32702.0 b3Gs—2z1Gi 2 3250 0 (.767)| 1.092
200 3055. 520 | 32718.17 | b 3Gs—y H} 1 0 .90 (1.19) 1.14
90 3053. 631 | 32738.41 | b 3F3—y 3F§ 3 .08 1.138 1.152 | 1.124
15 3051.34 | 32763.0 b3F4—y 3F3 0 1.22 (1.152)| 1.13
40¢ 3049. 528 | 32782.45 | a SP3—y D3 3 .47 .93 | 1.37,1.84 1.83 1.36
5 3048.63 | 32792.1 a 3P;—z 3F}
80c 3048.21 | 32796.6 a $P—z 8P} 3 .20 .20 | 2.26, 2.46 2.46 2.26
6h 3046.67 | 32813.2 a tP3—y 3D}



Spectra of Columbium 495
TaBLE 1.—Second spectrum of columbium (Cb 11)—Continued
Wav
Intensity N & No. |Term combi- |Zeeman| Sepa- Stzgfg Strongest
spark air vac. nation type | ration n g1 3
cm-! ?

1 2 3 4 5 6 7 8 8 10
150 3044.749 | 32833.90 | b3F,—y3Gi | 2 0 1,103 | (1.152)| 1.160
10 3043.272 | 32849.84 | b3Fa—y3Fi | 3 0.11 | 0.22 .78 .84 .73
15 3042.790 | 32855.04 | b3Fy—y3P§ | 1 .362 | 0 .430 | 1.154 | 1.516
10¢ 3041.98 | 32863.8 | a3D3z—z 3F}

4 3040.54 | 32879.4 | a3D3—z38%
150¢ 3039.818 | 32887.16 | a SPs—z 6P§ | 1 0 1.60 | (1.663)| 1.70
10 3039.398 | 32801.71 | a 8F3—z3D§ | 3 141 | .284 |.992,1.133 .992 | 1.133
200cR 3034.95 | 32039.9 | b1G«—y!1Gi| b 0 . 950 .950 | .950
4 3033.47 | 32956.0 | ¢3F4—w 3G}
400rs 3032.767 | 32063.62 | a3G4—z 3H; | 1 0 1.008 | (1.052)| 1.043
20 3020.86 | 32995.2 | atPy—y3Di| 3 1.490 | 1.490 .983 | 2.473 | .983
60 3029.76 | 32996.3 | b3Fa—z1F} | 2 24 | 0 1.57 .85 | 1.09
10 3028.76 | 33007.2 | c¢3F3—v 3D}
300c 3028.436 | 33010.76 | a *F4~23Dj | 1 0 1.37 | (1.350)| 1.34
2h 3026.80 | 33028.6 | b3H—z 3G}
40 3025.372 | 33044.19 | c3F;—w Q3| 2 205 | 0 1.282 .667 | .872
250 3024.735 | 3305115 | a 8Pa—y D3 | 1 .368 | 0 706 | 1.810 | 1.442
10 3024. 258 | 33056. 36 | a $Hs—2z IH}
200 3022.738 | 33072.99 | b3Hs—z 3H} | 1 0 106 | (1.154)| 1.173
5 3022.48 | 33075.8 | b3G3—w 3F}
8 3021.885 | 33082.31 | b 3H—z IF}
3 3019. 780 | 33105.38 | b3Gs—y G}
8 3019.57 | 33107.7 | b3D;—03F}
3 3019.20 | 33111.7 | @1Ds—y 3P}
6 3010.07 | 33113.2 | b3Fs—y 3G}
100 3018.853 | 33115.54 | b3H—z3G3 | 2 0 1.09 (.880) .810
7 3018.31 | 33121.5
2 3016.19 | 33144.8 | d3F4—u 3F3
20 3015.82 | 33148.8 | d 3F;—u 3F3
30 3015.02 | 33157.6
15 3014.438 | 33164.04 | @ $F,—2z3D3 | 2 1140 | 0 2.276 | 0.000 | 1.136
3 3013.62 | 33173.1
25 3010. 685 | 33205.38 | b3Hs—z 3G} | 3 .14 .70 L124 | 105 | 1.19
20 3010.38 | 33208.7 | 03Gu—y!Gi| 3 .28 .990 1.025 | .955
7 3008.97 | 33224.3 | @ 3Dy—z 3F}
20¢ 3008.39 | 33230.7 | atP;—z3Pi | 2 59 | 0 2.39 1.80 | 121
4 3007.488 | 33240.68 | a 3Dy —z 38}
60 3005.764 | 33269.75 | b 3Hs—z3F§ | 1 0 .40 | (1.052)| 1.215
10 3004.65 | 33272.1 | a180—z3Pi | 7a 0 1.202 0/0 | 1.202
3h 3003.75 | 33282.0
2h 3003.16 | 33288.6 | @ 3D~z 3F}
40 3002.204 | 33200.18 | a tP3—y D3| 3 .630 | 1.886 (1.035,1.666 | 1.666 | 1.035
150 3001.85 | 33303. 1
50 3001.125 | 33311.16 | ¢ 3Fs—w3Gi| 2 0 1.025 | (1.080)| 1.066
4h 2098.87 | 33336.2
1 2998.56 | 33330.6 | a 1G4—z3I§
1 2097.047 | 33346.46 | b SDy—y 1¥3
8 2997.48 | 33351.7 | ciF2—03Di | 2 52 | o (.670)| 1.19
1 2097.14 | 33355.4 | @ tHs—w 3G}
7 2996.79 | 33359.3 | a3Hu—z3Hi | 75,3 0 .818 | (.825)| .811
4 2995.49 | 33373.8 | @ 3Ds—y 3F3
300¢ 2994.725 | 33382.34 | a SFs—25F | 2 0 160 | (1.39) | 1.34
20¢ 2993.97 | 33390.8 | a $P3—z 5P}
2 2993.806 | 33392.59 | @ 1Dy—y 3F3
80 2991.956 | 33413.23 | a tP;—23P; | 3 1.261 | 1.260 | 1.225,2.487 | 2.486 | 1.225
6 2091.43 | 33419.1 | @ 'Fa—v 3F3
200¢ 2990. 33432.0 | a’P;—z%P§ | 3 2 162 | 1.66 | 1.58
40h 2089, 944 | 33435.72
9 2987.55 | 33462.5 | alGu—z1Gi| 7 0 1083 | 1.083 | 1.083
1 2987.16 | 33466.9 | ¢3F3—v3D;3
3 2986.90 | 33469.8 | a 3D;—z F}
5h 2986.40 | 33475.4 | b 1Dy—u 3F3
50 2985.04 | 33490.6 |a3Ds—y3P; | 1 .253 | 0 .731 | 1.237 | 1.490
3 2982.90 | 33514.7 | ¢ iFa—03D}
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TaBLE 1.—Second spectrum of columbium (Cb 11)—Continued

Wave Strong-
Intensity TR & No. Term combi- |Zeeman| Sepa- st g Strongest
spark ale vac. nation type | ration n g1 g1
cm~—! r
1 2 3 4 5 6 % 8 9 10
100 2082.100 | 33523.66 | a $F3s—z3D3 3 0.17 1,284+ 1.25 1.31
150 2980. 717 | 33539.22 | a !D2—2 1F} 2 0 1.23 (1.003)| 1.079
80 2079. 875 | 33548.69 | ¢ 3F4—w 3G} 1 0 1.04 (1.240)| 1.20
1 2979. 50 33552.9 b3F2—z 38§
3 2979.34 | 33554.7
80 2078. 9043 | 33559.19 | b 3Hs—2z 3G} 1 0.125 | 0 .5562 1. 052 1.177
2h 2978.09 | 33568.8 | b3D;—w 3P}
150¢ 2977.67 | 33573.5 a tP;—z 5P} 1 L7321 0 1.015 2.479 1.747
2 2075. 92 33593.3 a3D3—z 538
10 2074.72 | 33606.8 | b3Gs—y 1Gi 2 .19 0 1.53 AT .96
400rs 2974.004 | 33613.90 | @ 3Gs—z *H} 1 0 1.10 (1.180)| 1.167
6 2973. 32 33622. 6 b 3Fy—y 3F3 2 .28 0 (.849)| 1.13
200c 2972. 568 | 33631.15 | a P3—y 5Di : ! . 185 0 .920 1. 660 1.475
10 2970.47 | 33654.9 b 3F3—y 3Hi 3 .19 0 (1. 150) .96
10 2970. 40 330655.7 | a1Dy—y 3G3 7b 0 1.023 (1.003)| 1.010
10 2068.29 | 33679.6 b 3Fy—y 3H} 3 . 196 . 784 1064 | (1.152) . 956
3h 2067.93 | 33683.7 | b3D3—y 1F3
8¢ 2965. 871 | 33707. 09
6 2965. 63 33709. 8 a1Gy—y 3H3 i} 0 .92 (1.083)| 1.05
3 2964. 958 | 33717. 47
15 2061.64 | 33755.2 | a 3Hs—z3H} 75 0 1. 040 1.040 | 1.040
3 2060. 231 | 33771.31 | a 'F3—0v 3F}{
20 2056.89 | 33809.5 a3F3—2z 1D} 1 . 240 . 580 1. 060 1. 300
4h 2054.72 | 33834.3 a 5Fy—z 513
20 2054. 538 | 33836.38 | @ 1G4—w 3F§ 3 .098 1.09+ 1.08 1.10
5 2954.03 | 33842.2 b3P¢—2 1P} 7a 0 .934 0/0 .934
2 2053. 384 | 33849.60 | b 1G4+—500%
800R 2950. 876 | 33878.37 | a F5—2z 5K} 3 w 1.374 | (1.39) 1.35
4 2049. 506 | 33894.10 | b3P—z 1P} 3 . 582 .584 | .935, 1.515 1. 516 .934
80 2946. 890 | 33924.19 | a $F2—z3D3 2 3101 0 1. 930 1.000 | 1.310
60 2946. 110 | 33933.17 | a 5F3—z bF3 2 .25 0 1.76 1. 26 1.21
100¢ 2945.890 | 33935.70 | a SPa—z P} 1 .28 0 (1.82) 1.54
500cR 2941, 536 | 33985.94 | a SFy—z SF} 3 w 1.34+ | (1.35) 1.33
4 2040.88 | 33993.5 a 1Ig—2z 31§
100 2937.707 | 34030. 23
25 2937.327 | 34034.63 | a 3Gy 3D} 75 0 1. 060 (1.052)| 1.049
20 2036.67 | 34042.2 | d 3F(—u 313§
3 2036. 50 34044. 2
20 2035, 282 | 34058.34 | a 3Hs—2 2H} 2 L2061 0 1. 855 .830 | 1.035
% 2033.43 | 34079.8 | a 1Dy—z3F%
2 2033.17 34082.9 | d 3F—u 3Dj
25 2932. 658 | 34088.81 | a SPy—z 3P3 3 . 56 1.12 |1.26, 1.82 1.82 1.26
30 2932.13 34095.0 d 3Fs—v3G3
70 2031. 458 | 34102.77 | a $F3—z iF3 2 L8791 0 1.870 .991 112
3 2030. 853 | 34109.80
7 2030. 648 | 34112.20
60 2930. 267 | 34116. 62
600cR 2027.804 | 34145.33 | a $Fs—2z SDi 1 0 .99 (1.39) 1.49
1 2926.08 | 34165.4 | a 1D2—y 3F§
4 2925.93 | 34167.2 | ¢ 3G4—2z *P3
1h 2022.74 | 34204.5 | ¢ 3F;—z1D3
6 2022.45 | 34207.9 | b3G3—z3D3
3 2019. 32 34244.6
3 2018.92 | 34249.2 | a 8Dy—z G}
10 2018.56 | 34253.5
100 2017.050 | 34271.20 | a 3P;—2z 3P} 1 1.232| 0 2.478 2.478 1.246
3 2916. 40 34278.8 b 15(134—1: :gi
a 5Py—y 3G
8¢ 216,00 | 342825 (¢, F0=v 0
10 2915.412 | 34290.45 | a3D3—y 3H 1 .29 0 (1.246) .96
5h 2914. 41 34302. 2



*Unaffected by magnetic field.

Spectra of Columbiwm X 497
TaBLE 1.—Second spectrum of columbium (Cb 11)—Continued
Wave Strong-
Intensity A No. Term combi- |Zeeman| Sepa- est Strongest
spark 2 vac. nation type | ration n o n
em-! P
1 2 3 4 5 6 7 8 9 10
2 2012.91 | 34319.9 | b3D3—v3D3
200R 2011, 740 | 34333.70 | @ tFa—z 5F% 3 w 101+ | (0.996)| 1.02
400R 2010. 580 | 34347.38 | a ¢F3—z 8F3 3 w 1.264- | (1.25) 1.27
20 2008.98 | 34366.3 | b1G4—z3GS
80 2008.88 | 34366.8 | a1G¢—y1Gi
200r 2908. 236 | 34375.06 | a 8F1—z SF{ 3 0 .12 0. 000 .12
1 2007. 206 | 34387.24 | biF3;—w 3F%
6 2904.87 | 34414.9 | b*Hs—2z 1§ 1 0 .87 (1.052)| 1.02
3 2904.13 | 34423.8 | @ Gs—z 1H}
2 2002. 329 | 34445.02 | b3Gs—23G§
200r 2899. 230 | 34481.83 | a 3F4—z 3F§ 75, 2 0 1.374 (1.350)| 1.855
200R 2897.803 | 34498.82 | a 3F3—z ¢F§ 2 0 1.54 (1.248)( 1.321
5 2895.39 | 345627.6 |.a!Fs—y 1F3 3 .10 1,024+ 1.009 | 1.039
20¢ 2804.43 | 34539.0 a tPy—y 3Pi 0 1.82 (1.81) 1.80
5 2800. 56 | 34582.2 a 18—y 1P} Ta 0 1.13 0/0 1.13
10 2890.350 | 34587.77 | b3F—2z1Gj 3 .25 1124+ 1.15 1.09
160r 2888.824 | 34606.04 | a SF;—z 5F§ 2 1.028 | 0 2.057 0.001 | 1.029
10 2887.70 | 34619.5 b3P;—2 3D} 1 2471 0 1.010 1.504 | 1.257
8 2887.088 | 34626.85 | a3Fy—y 5D} 1 6741 0 0 L674 | 1,348
3 2886.61 | 34632.6 | b1G~z 3Gy
7 2886.34 | 34635.8 | b3Gy—73G3 2 2241 0 (1.027) .803
1 2886.24 | 34637.0 | a®D;—w 3F§
4h 2883.60 | 34668.7
300cR 2883.168 | 34673.92 | a 5Fy—z 5D} 1 0 .92 (1.35) 1.49
10 2882.471 | 34682.31 | ¢3P;—z 1D} 1 .21 0 .78 1.20 .99
3h 2881.84 | 34689.9
100 2880.712 | 34703.49 | aGs—y 3Gi 2 0 1.40 (1.180)| 1.125
15 2879.359 | 34719.79 | a $D3;—2z 3D}
3 2879.21 | 34721.6 asP—y 3P}
9 2878.739 | 34727.27 | a *Dy—2 3D} 3 1.077 | 1.082 | .430,1.502 1. 505 .428
10 2877.85 | 34738.0 | a3Gy—z1H}
10 2877.62 | 34740.8 d3F3—0v 3G}
200cR 2877.026 | 34747.95 | a $F3—z 5F3 2 2741 0 1.825 1.003 | 1.277
150 2876.951 | 34748.85 | a $Fy—z 5Dj
300cR 2875.386 | 34767.76 | a SKF3—z 5D} 1 22501 0 . 780 1.236 | 1.461
1 2874.98 | 34772.7 | b3Dy—v3D3
7 2872.81 | 34798.9 b3Qs—z 8G 7,2 0 1.178 (1.19) 1217
1 2872.51 | 34802.6 ¢ ‘gr—z 1g§
a1Dy—2z 583
1 2871.91 | 34809.8 b 3 —p 3§
2h 2871.06 | 34820.1 aSPy—y ¥F3
3 2869.84 | 34835.0 b 3F—y 3H}
300R 2868. 524 | 34850.93 | a 8F3—z ¢Dj 1 .470 | 0 . 5623 .993 1. 463
10h 2867.28 | 34866.0
2 2866.86 | 34871.2 a 3P~y D
60 2865, 609 | 34886.38 | a $Do—z 3Dj 7a 0 .413 0/0 .413
3 2861.66 | 34934.5
100 2861. 091 | 34941.46 | a 5F1—z ¢Dj * 0 0 0. 000 0/0
2 2859.46 | 34961.4 b 3F—w 3K}
20 2859, 038 | 34966.68 | a *Py—z 13 1 .72 0 .36 1.80 1.08
ik 2857. 363 | 34987.05 | b 3Hs—v 3F§
8 2855.54 | 35009.4 | b3Po—z3Dj 7a 0 . 821 0/0 .821
3 2855. 082 | 35015. 00
3 2853.52 | 35034.2 | b3Gs3—z 3G}
1 2851.82 | 35055.1 b 3Po—w 3D}
5 2851. 295 | 35061.50 | b3P;—z 3D}
4 2850. 385 | 35072.70 | b3P2—w 3D}
100¢ 2849. 557 | 35082.89 | a $D2—z *D}
20 2848. 296 | 35098.42 | b3Py—z 3D}
6 2848.02 | 35101.8 a Ig—z 3G3
15 2847.23 | 35111.6 b3P;—wiDil 3 .32 .63 1.17, 1.49 1. 49 17
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TaBLE 1.—Second spectrum of columbium (Cb 11)—Continued

Wave

. : Strong-
Intensity p No. Term combi- [Zeeman| Sepa- Strongest
spark Aair A vac. nation type | ration | €S n 91 92
cm™! D
5 | 2 3 4 5 6 7 8 8 10
60 2846.280 | 35123.28 | a *F;—z D} 3 1.463 | 1.464 0, 1.462 0.000 | 1.463
20 2845.798 | 35129.23 | a 3H4—y 3D} 1 206 0 . 205 .820 | 1.025
40 2844, 428 | 35146.14 | b3P;—w3D§ 1 .335| 0 . 826 1.496 | 1.161
20 2843.640 | 35155.88 | a 3He—z 'H3
3h 2843.41 | 35158.7
1007 2842.642 | 35168.22 | a $F3—z D3} 3 472 .946 | .994, 1.465 .994 | 1,466
80¢ 2841, 141 | 35186.80 | a SF3—z *Dj} 3 . 209 .630 | 1.247,1.462 | 1.250 | 1.460
1 2840.57 | 35193.9 alF3—w3G§
6 2839.79 | 35203.5 b3P2—w 3D}
7h 2839.62 | 35205.7 | a P3—y 3P}
3h 2836.45 | 35245.0 | b3H,—5273%
4 2836.079 | 35249. 60
50 2835.106 | 35261.70 | a $Fs—z ¢Dj 2 L2301 0 2.170 1.250 | 1.480
8 2833.312 | 35284.03 | a 1P;—z D3
10h 2832.78 | 35290.6
3 2830.85 | 35314.7 | a3G4—y G} 2 0 1.1} (1.052)| 1.03
20 2830.56 | 35318.3 | b3Hy—y!H3
15 2829. 750 | 35328.44 | a sDy—2z3D3 2 L1801 O 2.058 1.502 | 1.322
3 2827.93 | 35351.2 a 18§—y 381
2 2827.79 | 35352.9 | b3D;—v3D1
30 2827.08 | 35361.8 | a $D1—2z3D3 1 .353 | 0 775 1.481 | 1.128
4h 2826.97 | 35363.2 | b3Hs—y !HE
3 2826. 044 | 35374.77 | a 3Gs—y *Gi
8 2825.86 | 35377.1 | a3Gs—y3Fi 2 0 1.42 (1.18) 1512
2 2824. 863 | 35389.55 | a 3F3—y3Di
10 2823.89 | 35401.7 | a3D;—z!Pi 3 .423 .425 | .510,.931 . 510 .933
10 2823.34 | 35408.6 | a3G3—y3F3 70, 2 0 . 780 (. 765) L7567
12 2820. 803 | 35440.49 | a 8F—2z D3 2 1.472 | 0 2.94 0.000 | 1.472
15 2819.893 | 35451.92
1 2818. 617 | 35467.97 | b3Fs—y 1Gi
20¢ 2818.199 | 35473.23
30 2816. 678 | 35492.39 | b3F—y1Gi 3 .20 .82 .95,1.15 L15 <95
20 2815.399 | 35508. 51
15 2811.70 | 35555.2 b 3F3—z3D3 1 0 .97 (1.150)| 1.24
100 2810. 810 | 35566.48 | a 3Fy—2z 3D} lus
4 2809. 666 | 35580.96 | a 3Gs—y 3G} 70 0 1.18 1.18 1.18
8 2809. 172 | 35587.22 | a 8F;—23D3 2 .461 [ 0 2.388 1.005 | 1.466
6 2808.74 | 35592.7 a SP;—y 3Fs
15h 2806. 913 | 35615. 86
8h 2805.98 | 35627.7
3 2805.83 | 35629.6
15 2803.810 | 35655.27 | a *F3—2z3G3 3 .486 | 1.437 | 760, 1.248 1,248 . 760
2 2802.73 | 35669.0 b 3P1—z 3P§
74 2801. 551 | 35684.02
5 2799.180 | 35714.24 | b3Fs—2z 1P}
25 2798.903 | 35717.78 | a 3F;—y *D3 1 .28 0 .51 1.07 1.35
100c 2797.693 | 35733.22 | a P3—2z 583 1 2751 0 1. 11c 1.660 | 1.935
15 2795.14 | 35765.9 | @ 3D3—z3D3 3 .250 .510 1,014, 1.260 1.010 | 1.260
7 2793.885 | 35781.92
3 2793.687 | 35784.46 | a 3F;—y D3
80 2793.044 | 35792.70 | a *Fy—z 3G 3 .270 | 1.080 |1.082, 1.350 1.350 | 1.082
80 2791, 742 | 35809.39 | a 3Hs—y 3Gi x 0 75 (1.050)| 1.125
b 2791.372 | 35814.14 | b 3P3—z 3P 2 .28 0 (1.483)| 1.203
10 2790. 580 | 35824.30 | @ 3G4—y 3F3 3 0 .84 (1.052)| 1.123
8 2789.76 | 35834.8
3 2788.687 | 35848.62 | b3P;—z 3P}
6 2785.071 | 35895.16 | a 3Gy—y 3G}
3 2784.450 | 35903. 16
4 2782.807 | 35924.36 | b 3P2—z 3G
4 2780. 985 | 35947. 90
150¢ 2780. 235 | 35957.59 | a Fs—2z 3G} 3 .80 131+ | 139 1.23
3 2778.018 | 35986.29 | a 3F3;—z3D3
6h 2775.758 | 36015. 58
5 2774.488 | 36032.07 | b 3D3—z 1D} 2 .314| 0 (1.312) . 998
20 2771.65 | 36069.0 b 3Fy—2z 3D} 3 .41 L21+ | 1.14 1.28
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TaBLE 1.—Second spectrum of columbium (Cb 11)—Continued

Wave

Intensity Nk No. |Term combi- |Zeeman| Sepa- Stg(s)fg Strongest
spark aic vac. nation type | ration n v g1
em™! P
1 2 3 4 5 6 4 8 9 10

50 2771, 398 | 36072.24 | a 'Hs—z 1G§ 70,1 0 0. 985 0.992 | 0.994
1 2769.765 | 36093.51 | b3Fs—2z 3D§

10 2769. 561 | 36096.17 | a 3G3—z 3F§ 2 0.336 | 0 1. 447 175 .439
6 2769. 290 | 36099. 70

100rs 2768.124 | 36114.90 | a D2—2z 3D3 3 185 | 0 . 935 1. 490 1.305
2767. 218 | 36126.73 | a 3D;—2z 3D3 2 .75 0 (.512) 1.262
6 2765. 952 | 36143.26 | a 3F—y 3D} 1 .27 0 .44 pv g & .98
9 2765. 271 | 36152.16 | @ $Ds—2z 8F'3 2 .23 0 2.18 1.49 1.26

10 2764. 561 | 36161.45 | a $D3—z iF3 2 L466 | 0 2. 410 1.478 1.012

15 2763.59 | 36174.2 b 3F3—w 8D3§ 3 9 4 .50 (1.15) 1.32
1 2763.025 | 36181.55 | a 3Gs3—y K3
3 2762. 49 36188. 6 a3P3—2z 3P}

8 2762.32 | 36190.8 | a 3D3—z 3D} 76,1 0 1. 240 (1.246)| 1.249
2 2761. 737 | 36198.42 | b 3Fs—w 3D3

3h 2759. 968 | 36221. 62

5 2759. 16 36232. 2 b 3Hs—w 3G}

50¢ 2758.78 | 36237.2 a 3Py—2 553 3us

10 2757. 50 36254, 0 a3Dy—w 3D] 2 . 387 0 1.394 1.007 .620

40 2757.256 | 36257.25 | a 1D3—z 1P} 2 0 1. 062 (1.003) . 944
3¢ 2755.722 | 36277.43
5 2755. 562 | 36279.53 | a 3Dy—x D3}

40 2754. 523 | 36293.22 | a {Dg—2z 5F{

3 2753.74 | 36303.5 | a$D4—z S}
5 2753.56 | 36305.9 a $F3—2 3G}
200¢ 2753.133 | 36311.54 | a Ig—z 11§ 7b, 3 0 1.003 1. 000 1. 006
3 2752. 63 36318. 2 a3F4—y3D3
6 2752. 02 36326. 2 a’3F3—2z5P3 1 68 0 .36 1.04 1.72

15 2750. 58 | 36345.2 a3Gy—z 3F3 2 0 1.22 (1.052)| 1.00
5 2749. 817 | 36355.33 | a 5F3—2z3F3 3 .30 .62 . 69,.99 .99 .69
4 2749.69 | 36357.0 a3P3—y 3D} 3 .20 (1.450)| 1.35
7 2748.077 | 36378.34 | b 3F3—5003 3 .27 (1.150)| 1.24
5 2747. 606 | 36384.58 | a 3D3—w3D3
3 2747.375 | 36387.64 | a 3P3—y 3D} 2 .46 0 (1. 450) .99

40 2745.725 | 36409.51 | a 3SH4—y 3G} 1 L1961 O .229 .818 1.014

20c 2745.303 | 36415.10 | a *F3—2z3F%

30c 2744. 97 36419. 5 aP;—2z 83
4 2744, 448 | 36426.64 | a 3Gs;—y 3HJ
8 2743. 478 | 36439.32 | b 3F;—13D3 3 .413 .824 | . 840, 1. 254 . 840 1. 254
4 2742. 604 | 36450.94 | a 3Fy—2z 5P3 1 .33 0 .24 1.23 1. 56

100 2740. 185 | 36483.11 | a 3H;—y 3F% 1 0 .81 (1.050)| 1.11
5 2739. 239 | 36495.71 | b 1G4+—5275 1 .465| 0 (.950)| 1.415

60 2737.083 | 36524.46 | @ SDy—z 5173 3 . 468 .936 [1.023, 1. 487 1.488 1.020
74! 2736. 521 | 36531. 96
5 2735. 948 | 36539.61 | b 3Hy—0v 3D} 1 .32 0 (.88) 1.20
4 2734.733 | 36555.84 | b3P;—y 1D}

15 2734. 36 36560. 8 a3F—2z3P% 1 .50 0 22 X i ! 1.2

fa®D1—z 3D}

15 2733.74 | 36569.1 \b 1G—y 1HS
8 2733.464 | 36572.79 | a SD1—z SF{ 7a 0 1. 500 1.500 { 0.000

40rs 2733.258 | 36575.57 | a $D3—z2 5F'§ 3 «227 . 690 |1. 266, 1. 483 1.487 1. 260
2 2732.25 36589.1 | a 3Dy—500%

60 2730. 324 | 36614.87 | e 3D1—w 3D} 3 .10 .10 . 564 .51 .61
2 2729. 524 | 36625.60 | a 3Py—y 5D3 1 0 1.39 (1. 45) 1.43
5 2729.372 | 36627.64 | a SF;—2z3F}

8 2727.43 36653.7 | a3Dj—w3D3 2 .652 | 0 1.822 . 518 1.170
6 2724. 95 36687.1 | a 3Hs—y 3G}

40 2723.660 | 36704.45 | a 3D3—1 3D3 3 .13 1,26+ 1.24 1.28

6 2722. 69 36717.5 | a3D3—w 3D}

150rs 2721.987 | 36727.01 | @ $D3—z 5F§ 1 701 0 . 803 1.483 1.313
8 2721.632 | 36731.80 | a sDo—z 5F1
6 2721.162 | 36738.14 | a3F;—y 3D} 3 .09 1. 06 1.08 1.04
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TaBLE 1.—Second spectrum of columbium (Cb 11)—Continued

Wave Strong-
Intensity R el No. Term combi- [Zeeman| Sepa- wt Strongest
spark Six vac. nation type | ration n g 92
cm-! P
3§ 2 3 4 5 6 7 8 9 10
6 2720.95 | 36741.0 | a3G4—y3H} 3 0.36 (1.052)| 0.96
7 2720.259 | 36750.34 | a SF3—z 3F% 3 0.16 .48 (1. 25) 109
8 2717.63 | 36785.9 | a 3H—y 3F} 3 .288 | 1.154 82, 1.11 .82 K11
10 2717.33 | 36790.0 0 1.193
150rs 2716. 630 | 36799.43 | a sDy—z 5F} 1 .14 0 .80 1. 50 1.36
15 2716.309 | 36803.77 | @ 8D1—z F% 1 .47 0 .55 1.49 1.02
40 2715. 882 | 36809. 56 | @ 3D3—w 3D} 3 .18 1.28 1.25 1.31
50 2715.344 | 36816.85 | b 1G4—y 1F} 1 0 .67 (. 95) 1.04
2 2713.74 36838. 6 b3Gs—y 'H3
5 2711.37 36870. 8 a3F3;—2z 5P
3 2709. 595 | 36894.96 | b 3F3—2z 3G}
2 2709.07 | 36902.1 b 3D—z 1D3
20 2707.834 | 36918.96 | ¢ 3Hs—y 3F} 1 2951 0 =507 . 815 111
3 2707.212 | 36927.44 | b 3F3—w 3Dt 2 .23 0 (. 85) .62
20 2706. 395 | 36938.58 | @ $Dy—2z 8K} 1 .22 0 .82 1.48 1.26
4 2705.326 | 36953.18 | b 3F2—z 3D3 2 .45 0 (. 85) 1.30
2 2704. 92 36058. 7 b 3Hs—w 3G3
5 2704. 70 36961. 7
5 2704. 417 | 36965.60 | a 3P3—z 5P}
20 2704. 250 | 36967.88 | a *D3—z 3P} 3 .352 . 714 {1.010, 1. 355 1. 006 1.358
40 2702. 521 | 36991. 53 | a $Ds—z 8D} 2 0 1. 545 (1.495)| 1.478
60rs 2702. 197 | 36995. 97 | a $D3—2z 5D} 2 0 1.519 (1.486)| 1.469
10 2700. 872 | 37014.12 | a 3D3—500% 75,3 0 1. 255 (1. 25) 1.26
7 2700. 555 | 37018.46 | a SFy—z 3F] 3 .30 1.30+ 1.34 1.26
3 2700.312 | 37021.79 | a 3Fs—z 'H}
15 2700. 153 | 37023.97 | a 3F3—z 3P3 3 L1801 O .702 1. 062 1.242
100rs 2698. 866 | 37041. 62 | a SDa—2z 5D} 2 0 1. 508 (1.490)| 1.472
2 2697. 66 37058. 2 b 3F2—w 3D3
200Rs 2697. 067 | 37066. 33 | @ $Ds—2z 5D} 3 .20 1.4754-) 1.50 1.45
3 2695. 601 | 37086.49 | b 33%4—!/ ;]1‘53
a ¥P1—y 3D}
4 2604.753 | 37008. 16 {2 F1 =Y (D
4 2694. 316 | 37104. 18
3 2692. 652 | 37127.10 | b 3P~y IP}
10 2692. 002 | 37136.07 | b 3Hs—w 3G 75,1 0 1. 024 (1.052)| 1.059
60rs 2691.774 | 37139.22 | a SD1—2z 5Dj 7a 0 1. 496 1. 496 0/0
4 2600.930 | 37150.86 | @ 6F2—z 31§ 2 0 1.24 (.996)| 1.08
2 2690. 150 | 37161.63 | b 3P1—y 1P} 3 .38 .38 (1.504)| 1.124
4 2689. 066 | 37176.61 | a 3Dy—z 8P§ Ta . 500 0 . 500 . 500 0/0
100 2686. 388 | 37213.67 | a 1F3—z 1D3 7,2 0 1. 020 (1.007)| 1.000
6 2683.216 | 37257.66 | a 3P1—z 5P} 3 . 756 . 756 |1. 490, 2. 245 1. 490 2.246
1 2682. 849 | 37262.76 | b 3F3—5003
8 2682. 469 | 37268.03
1 2681. 066 | 37287.54 | @ SP3—w 3F}

50 2680. 061 | 37301.52 | a 3Fs—y 3G{ 3 .40 1184 1.23 1.13
15 2678.663 | 37320.98 | a 5D;—z "D} 75,3 0 1. 470 1. 500 1.440
6 2678.102 | 37328.80 | a 3D1—z 3P3 2 .86 0 (.612)| 1.37
15 2677.664 | 37334.91 | a 3Gs—z 1G} 2 0 1. 57 (1.18) 1.08
5 2676.124 | 37356.39 | a 3D;—z 3P§ 3 ol o7k .50,1.21 .50 1.21
80rs 2675.945 | 37358.89 | a $D3—2 SD3 75,3 0 1. 480 (1.490)| 1.470

2h 2675.104 | 37370.63 | a 1P1—u 2F3
3h 2674. 840 | 37374.32
250rs 2673. 566 | 37392.13 | al¢—y 1H} 75,1 0 . 985 (1.000)| 1.003
200rs 2671.933 | 37414.98 | a $D3—2z 5Dj 3 .12 1.4764| 1.496 1. 456
2 2671. 656 | 37418.86 | a3F:—z3P3
12 2671, 255 | 37424.48 | a 1D3—2z 8D} 2 .19 0 119 1.00 .81
3 2670.152 | 37439.94 | a 3H;—2z 3F3
5 2668. 501 | 37463.10
4 2667.996 | 37470.19 | a 1D3—w 3D}
35 2667.765 | 37473.43 | a3Gs—w 3F3 75,1 0 1.017 (1.052)| 1.064
30 2667.300 | 37479.97 | a $Do—z 5D} 7o 0 1. 457 0/0 1.457
6 2667. 146 | 37482.13 | a 3F4~2z 1F}
5 2667.072 | 37483.17 | b 1G4—w 3G}
50 2666. 595 | 37489.87 | a 8D3—z fD} 70,1 0 1. 437 1.486 | 1.474
2 2666. 164 | 37495.94 | a 1D3—2z 3D}
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TaBLeE 1.—Second spectrum of columbium (Cb 11)—Continued
Wave
Intensity | 5 .. a | No. |Termcombi-|Zeeman| Sepa- S"e‘s’fg' Strongest ,,
spark air vac. nation type | ration n g1 2
cm-! P
1 2 3 4 5 6 7 8 8 10
2 2666.056 | 37497.45 | @ 3Ds—z 3F§
80 2665.247 | 37508.83 | a 3Gs—w IF3| 2 0.142 | 0 1.057 | 0.773 | 0.631
3 2664. 010 | 37526.25 | @ 3Gs—2 I
2 2663.705 | 37530.56 | a 3Ds—z 3G}
10 2663.552 | 37532.70 | a *Hs—y *Hj 0 1.3¢ | (1.050)| .98
15 2660.036 | 37582.31 | a*Gs—y H; | 3 .70 L1+ | 118 | 104
15 2659.049 | 37596.26 | b*H6—w3G3| 1 0 110 | (1.154) 1.165
5 2658.875 | 37598.72 | a 3Fi—yG3| 2 2 {0 (1.230)| 1.01
1 2658.711 | 37601.04 | @ 1Ds—w D}
80rs 2656.076 | 37638.34 | a$D;—zDf | 70,1 0 1.458 | (1.500)| 1.479
8 2655.865 | 37641.33 | HIFs—zP§ | 3 .50 .86,1.36 .86 | 1.36
2 2655.314 | 37649.14 | 2G4~z 1G§
10 2651810 | 37698.88 | a3Gs—z 5 | 1 0 .44 | (1.180)| 1.08
80 2651122 | 37708.67 | a3Gs—w IF§| 2 0 146 | (1L180)| 111
3 2649.714 | 37728.70 | b *Hs—w 3G}
3 2648.034 | 37752.64 | b3G—w 3G§
20078 2646.258 | 37777.97 | a $Ds—z $D§ | 75,1 0 1.422 | (1.490)| 1.467
3 2644, 932 | 37796.91 | @ 3Ds—z 3G§
5 2642, 566 | 37830.75 | a 3Gs—w IF}
150rs 2642, 233 | 37835.52 | a Hi—y *Hi | 3 J130 | .53 | .824,.950 | .s22| .952
30 2641.060 | 37852.32 | a3Gs—y 3H3 | 1 0 .03 | (1.180)| 1.14
5 2639, 883 | 3786920 | a 3F;—y P}
2 2639, 420 | 37875.84 | b3Po—y 38}
5 2638.877 | 37883.63 | a $Ds—z 3G}
7 2638.501 | 37887.74 | a3Po—2z 5P | Ta 0 2.256 | 0/0 | 2.256
10 2637.976 | 37896.57 | a3Gu—y SH3 | 75,1 0 1.016 | (1.052)| 1.045
3h 2635.837 | 37927.32 | ¢ 3F4—u IF§
60 2632, 510 | 37975.25 | a 34—y 3F3 | 3 .47 170 1598 | L1
3 2631, 442 | 37990. 67 | b SHy—z 1F§
20 2630, 983 | 37997.29 | @ 1G4—y 1H}
1 2630.354 | 38006.37 | 3Gs—z 1G§
3 2629.200 | 38022. 93 | @ 3Gi—w *F3| 3 .20 (1.052)| 1.10
3 2628, 408 | 38034, 51 | a 3P;—2 5P}
3¢ 2627.055 | 3805410 | b 3P2—5273
4 2626, 636 | 38060.17 | b 3Gs—v 3D§
4 2626, 401 | 38063.58 | a 3D;—y ID§ | 2 45 | 0 1.44 .54 .99
2 2624, 330 | 38093. 61 | a 3Py—z 2P
6 2623, 321 | 38108.26 | a $F4—y 3F3
5 2623.170 | 38110, 46 | @ 8D4—2 3G}
20 2622, 952 | 38113.62 | a 3Ps—y 3PF | 1 .30 | 0 114 L4 | 174
80 2620. 440 | 38150.16 | a 3Fy—y 3F3 | 70,3 0 126 | (712)| 740
3 2618, 444 | 38179, 24 | a 3F4—y 3G}
10 2617, 427 | 38194.07 | ¢ 3Ps—u 3D}
3h 2617, 102 | 38198. 81
15 2616, 219 | 38211.70 | @ 1D;—z %P | 1 A8 Lo .83 Lol | 119
10 2614.759 | 38233.04 | ¢ 3F¢—u 3D}
8 2614.306 | 38239.66 | @ 2Gs—y 1GS | 2 232 0 (1.180)| .948
6 2613927 | 35245.21 | a 1G4— 1T}
a’D3y—23G3
8 2613.854 | 38246, 27 {b L
2 2609. 622 | 38308.30 | a 1D2—y 1P}
1 2609.199 | 38314.51 | a 3Hs—y *H3
10 2608.958 | 38318.04 | ¢ Hs—z33 | 3 A8 ] %0 (1.050)| .87
2 2608.690 | 38321.98 | a 1Dy—z 3G§
5 2605, 064 | 38375.32 | b 3Py—y 1F3
10 2605.013 | 38376.07 | b3Fs—y D3| 3 522 (.849)| 96
10¢ 2604.753 | 38379.90 | @ 2Ga—w 3F§
10 2603. 731 | 3839496 | @ 3Fs—y 3F§ | 2 0 118 | (1.070)| 1.10
4 2602. 485 | 38413.34 | o SF3—y3GE | 2 .305 | 0 (n2)| roir
100 2601. 285 | 38431.06 | a SHe—2%1§ | 3 .62 1104 | 115 | 1.05
2 2600, 615 | 38440.96 | @ *Hy—z 1G§
10 2600. 156 | 38447.75 | a 3Dy—0?F3 | 3 L2 | .40 (1.002)[ .80
3h 2500, 522 | 38457.13 | a $Dy—0 3F}
6 2598.037 | 38479.11 | b3Gu—w 3G3| 3 .13 1.043| (1.027)| 1.059
4c 2594. 964 | 38524.67 | @ $P3—w D}
50 2594.736 | 38528.06 | a 3Fs—y 3F3 | 3 .15 10942 1.069 | 1.119
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TaBLE 1.—Second spectrum of columbium (Cb 11)—Continued

’ Wav Strong-
Intensity ST No. Term combi- |Zeeman| Sepa- it 87| Strongest
spark Alt vac. nation type | ration n g1 72
em-! P
1 2 3 4 5 6 7 8 9 10
10 2594. 337 | 38533.98 | a SD3—23G{
4 2592.035 | 38568.20 | a SHy—w? F§
200R 2590. 940 | 38584.50 | a *He—y 3HE 3 0.18 1. 14+ 1. 155 1.125
8 2588.966 | 38613.92 | b 3F4—v 3F]
4 2587.952 | 38629.04 | a 3Fy—2z 3F%§ 2 0.22 0 (1.230)| 1.01
8 2587.409 | 38637.15 | a 'F3—z 1G{ 7b,1 0 . 995 (1.007)| 1.004
4 2586. 911 | 38644.59 | a 3F;—y 3P3 1 445 | 0 (1.070)| 1.515
250R 2583.982 | 38688.39 | a 3Hs—y *H3 7b, 3 0 1.037 | (1.050)| 1.024
30 2580. 284 | 38743.83 | a *H4—2 1G§ 3 .26 1.04 0. 83,1.08 .83 1.08
6 2575.968 | 38808.74 | a 3D;—v 3F} 2 .30 0 110 .50 . 80
2 2575. 870 | 38814.74 | a 3Hs—w 3F}
40 2574,843 | 38825.70 | @ Dy—2z 3F3
b5 2574.074 | 38837.30 | a 3F;—7z3F3 3 .29 .58 (.712) .42
15 2573.136 | 38851.45 | ¢ 3F3—03G3
5 2573.022 | 38853.18 | a 3F3—z 38}
1h 2571.74 38872.5 | a3D3;—v3F}
60 2571.324 | 38878.83 | a i]aa—z ‘!G(};_% 1 264 0 .176 1.496 1. 232
@ 1G—w
3 2569, 187 | 38911.17 {a Fchmy
2 2568. 677 | 38918.89 | a 1D;—y 1D}
10 2568. 409 | 38922.95 | @ 3F3—y 3F%
5 2566. 075 | 38958.35 | a 3Hs—z *H}
4 2565. 675 | 38964.42 | ¢ 3F3—u 3D}
20 2565. 504 | 38967.02 | ¢3F4—v 3G}
15 2564. 846 | 38977.02 |_c3F3—v3Gi 70,2 0 1.13 (1.08) 1.09
1 2564, 526 | 38981.89 | b 3F3—y 1P}
15 2564. 070 | 38988.81 | b3D;—u 3F3 2 .29 0 (.681) .97
10 2563.913 | 38991.20 | @ 3Hy—y *H3
120 2562.402 | 35014.19 | a 3P;—y 3P§ Ta 0 1. 500 1. 500 0/0
1 2561. 926 | 39021.45 | a 1Hs—v 3G}
6 2561, 708 | 39024.76 | a 3F(—y 3H}
2¢ 2561.465 | 39028.46 | a SP3—w 3D}
3 2560. 741 | 39039. 50 | a3 F3—y 3P}
20 2560. 622 | 39041.31 | b3P3—w *G3 1 592 | 0 . 300 1.484 .892
60 2560. 112 | 39049.09 | a 3F3—z 3F§
3 2558.628 | 39071.74 | b3G4—w 3G}
120 2556.933 | 39097.63 | a3P2—z 38} 1 .368 | O 1.079 1. 447 1.815
60 2555.626 | 39117.63 | a SHy—w 3F% 3 277 1.114 . 828, 1.099 . 825 1.102
8 2555.314 | 39122.40 | b3F—y 1H}
8 2554.793 | 39130.38 | b3F;—v 3F3 2 .24 0 1.57 .85 1.09
15 2553.490 | 39150.35 | b3D3—u 3F3 2 0 1.411 (1.171)| 1.251
120 2551.382 | 39182.69 | a3P;—y 3P} 3 . 264 .266 | 1.498,1.760 | 1.497 1.761
2 2550.037 | 39203.36 | a $He—2z 31}
2h 2549, 435 | 39212.62 | a 5P3—z 3F}
1 2549.039 | 39218.70 | a 1G4—2v 3D}
30 2548. 634 | 39224.94 | @ 3D3—0v 3F§ 75, 2 0 1. 282 (1.246)| 1.254
2 2547. 556 | 39241.53 | b1G4—z 1F3
2 2546.353 | 39260.07 | a 3G4—w D3
2 2545.404 | 39274.71 | ¢3Po—u 3D}
200R 2544.802 | 39284.00 | a 3P3—y 3P} 3 .102 1.4804| 1.454 1. 505
1 2544, 435 | 39289.66 | a 3G3—495%
50 2541.424 | 39336.21 | @ SDy—2z3F§ 3 .235 .94 1.260,1.495 | 1.495 1. 260
2 2541.074 | 39341.63 ab’.IF)‘r—z 3?!!
—y!
3 2540.811 | 39345.70 |{ 2~ [
80 2540.611 | 39348.80 | b3P3—v3Dj X 21831 0 . 66 1.479 1. 206
10 2539.224 | 39370.29 | b3F(—y !F3
10h 2534.445 | 39444.52 | a3F;—y 3Hi
30 2533.188 | 39464.08 | b3P3—v 3D} 3 .30 .60 (1.483)| 1.18
30 2531.252 | 39494.27 | b3P¢—v 3D} Ta 0 . 515 0/0 .515
80 2530.968 | 39498.70 | b3P;—v 3D} 1 .32 0 . 840 1.48 1.16
3 2530.168 | 39511.19 | b3Gy—z 1F§
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TaBLE 1.—Second spectrum of columbium (Cb 11)—Continued

Ware Strong-
Intensity A No. Term combi- |Zeeman| Sepa- A 87| Strongest
spark alr vac. nation type | ration n g1 72
cm-1 p
3 2 3 4 5 6 7 8 8 10
a SP3—z 3G
2 2530.103 | 39512. 21 {a 162 1Dy

30 2527.914 | 39546.42 | b 3P~ 3D} 3 0.984 | 0.982 [0.529, 1.515 1.514 | 0.530

4 2527, 277 | 39556.38 | a 3Da—y 1F3

100 2525.806 | 39579.42 | a 3Gs—z 3G} 75,3 0 1.19 (1.180)| 1.20
5¢ 2523.761 | 39611.49 | a tP2—z P}
3h 2522. 885 | 39625.24 | a Us—w3G3
8h 2522. 341 | 39633.79 | a 3Gs—z 3F]

150 2521. 404 | 39648. 52 | a 3H4—y 1GY 3 .48 .88 .82 .94
2h 2520, 663 | 89660.17 | a 3D3—5273
5 2519, 841 | 39673.11 | @ 1D3—0 3F§

10¢ 2519. 692 | 39675.44 | b 3H—2 1Gi

10h 2517. 487 | 39710.20 | b 3Ds—u 3F§ 7b, 2 0 1.445 (1.312)| 1.345
1 2514, 500 | 39757.37 | a 3F4—w 3F}

6 2514, 352 | 39759.71 | a $D3—z 3Fq 1 .23 0 (1.486)| 1.26
120 2511. 004 | 39812.72 | a3Po—y 3P} 7a 0 L7707 0/0 1.770
5 2505. 911 | 39893.63 | @ 3G4—2 3G}
3 2504. 948 | 39908.97 | b :g:—527é
a3F—2z1Gj
2 2503. 431 | 39933.15 [{&,64—Z

40 2502. 496 | 39948.06 | a 3G4—z 3K} 3 ol . 68 1. 14+ 1.05 1.22

10 2500. 426 | 39981.13 | a 3G4—z 3G}

30 2498. 244 | 40016.05 | b 3D3—u 3D} 7,3 0 1.32 (1.312)| L33
4 2496, 976 | 40036.37 | b3F4—w 3Gi
3 2496. 806 | 40039. 10

30h 2490. 217 | 40145.03 | b 3D3—u 3D} 7,3 0 1.18 L 171 121,39

30h 2490. 111 | 40146. 74
2 2489. 466 | 40157.14 | b3Da—v 3G}

5 2488. 234 | 40177.02 | @ *F3—w 3F}
8 2485, 420 | 40222.51 | a 3D3—w 3G}

30 2484, 931 | 40230.42 | a 1G4—w 3G} 2 0 1. 556 (1.083)| 1.178

50 2483, 878 | 40247.47 | a 3G«—2 3G} 3 .44 (1.052)| 1.16

15 2483. 721 | 40250.02 | @ 3Fy~w 3F}

80 2479. 933 | 40311.49 | a 3He—2 3G} L 0 1. 040 (1.157)| 1.18
2 2479. 454 | 40319.28 | b 3F3—v3D3

60 2478. 283 | 40338.33 | a 3G3—2 3G} 3 w .79 (.765) .815

20 2477.936 | 40343.98 | b3F4—v 3D}

150 2477.379 | 40353.05 | a 3P;—y 3P3 7,2 0 1. 518 (1.495)| 1.506
3h 2474, 187 | 40405.10 | b3Ds—v3Gi

20 2472.376 | 40434.70 | b3F;—0p3D3 7,1 0 1. 140 (1.150) 1.156

20¢ 2471. 318 | 40452.01 | @ 1D3—5273
8 2466. 563 | 40529.98 | @ 3D3—v 3D} 2 .20 1. 60 1.00 1.20
4h 2465, 199 | 40552. 41

15h 2464. 648 | 40561. 47
4c 2462. 500 | 40596.85 | a P3—v3F3

60 2462. 047 | 40604.32 | a 3G3—z3Gi
8¢ 2461. 174 | 40618.72
8h 2459. 563 | 40645.32 | a 3D2—p 3D3
2 2459. 434 | 40647.46 | a 3D3—w 3G}

40 2458.083 | 40669.80 | a !Gy4—z 1F3 7b, 2 0 1. 144 (1.083)| 1.063
6c 2456. 676 | 40693.09 | a $Da—v *Di 2 .466 | 0 1. 468 1. 002 . 536
4h 2454. 376 | 40731. 22

20 2453.945 | 40738.387 | b 3F3—w 3Gj 1 0 .78 (1.150)| 1.06

15 2453. 853 | 40739.90 | a *Hs—2z 3F§

2 2452. 468 | 40762.90 | b 3Fy—w 3Gi

60 2451. 870 | 40772.85 | a 'Ds—y 1F§ 2 0 1.074 (1.003)| 1.027
2 2450. 900 | 40788.98 | a 3Gs—z 1§

10 2450. 433 | 40796.75 | a 3Po—2z 381 7a 0 1.82 0/0 1.82

10 2450. 250 | 40799.79 | b 3P2—z 1F3
5 2450. 069 | 40802.81 | b 3D;—wu D} 7,3 0 .66 (.681)| .64

20c 2448, 258 | 40833. 00

15 2447.966 | 40837.86 | a 3Fy—y 1Gi
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TaBLE 1.—Second spectrum of columbium (Cb 11)—Continued

Wave ; Strong-
Intensity SR Adls No. Term combi- |Zeeman| Sepa- est g Strongest
spark sl vac. nation type | ration S n o (4]
cm-—! P
1 2 3 4 5 6 7 8 9 10
2 2445, 402 | 40880.68 | a3P;—z 58}
3h 2444, 856 | 40889, 81
10 2444.479 | 40896.11 | b 3F;—w 3G} 7,2 0 0.921 (0.849)| 0.873
2 2443.718 | 40908.85 | a *D3—z 1D}
40 2442, 677 | 40926.28 | b 1G—z 1G§ 3 .20 L9754 .950 | 1.000
40 2442, 144 | 40935.21 | @ 3Gi—y D3 1 0.204 | O .353 . 761 . 965
30 2441.856 | 40940.04 | a 3P3—v 3F} 1 .39 0 (1.663) 1.27
8 2440.976 | 40954.80 | a 3D3—v 3D}
50 2437.411 | 41014.70 | a 3F3—z 1P} 1 .24 0 .47 ol .95
50 2435.952 | 41039.26 | a 3Hs—z 3Gj p | 0 .53 (1.050)| 1.18
5¢ 2435.374 | 41049.00 | a SP3;—w 3P3
10h 2435.074 | 41054.05 | @ 3D1—v 3D}
3 2434. 662 | 41061.00 | b 3Py—z 1D}
2 2434.117 | 41070.19 | a 3D3—v 3D}
60 2433.792 | 41075.68 | a SHi—1z 3G 75,2 0 . 850 (.825)| .817
10¢ 2432. 822 | 41092. 05
10¢ 2432.321 | 41100. 52 | a 3P;—v 3F3
30¢ 2431.679 | 41111. 36
4h 2430.310 | 41134.52 | a $P;—y 1P}
Sh 2428. 603 | 41163. 43
5h 2426. 243 | 41203.47 | b*F3—0 3D}
4h 2426. 128 | 41205. 42
5h 2425.112 | 41222. 68
4h 2423. 532 | 41249. 56
2 2422.976 | 41259.02 | a 3P3—y 1P}
2 2421.016 | 41292.42 | a 3F1—y 3D}
10 2419. 467 | 41318.85 | b *F3—v 3D} 3 .32 .63 .84, 1.16 .84 1.16
150 2418. 687 | 41332.18 | a 3G4—0v 3F3 1 0 .97 (1.052)| 1.08
20 2417.323 | 41355.50 | b 3F4—w G} 2 0 1.31 (1.152)] 1.18
150 2416. 994 | 41361.13 | a *Gs—v F} 1 0 .88 (1.180)| 1.26
2 2416. 679 | 41366. 52 | b 3F;—0v 3D}
3 2416. 247 | 41373.92 | a *D3—w 3G}
30 2416. 169 | 41375.25 | a 5P3—5273 3 1.26 W77 1.42, .68 1.68 1.42
10¢ 2415. 955 | 41378.91 | a $Py—w 3P}
150 2412. 460 | 41438.86 | a 3Fy—z *Dj
5h 2412. 283 | 41441. 90
5h 2411. 235 | 41459, 91
20c 2410. 285 | 41476.25 | a SPy—w 3P} 7a 0 2.47 2.47 0/0
6 2410. 080 | 41479.77
20h 2407. 685 | 41521.03 | a SHe—z 11§
60c 2405. 850 | 41552.70 | a P3—w 3P} 3 .375 .75 | 1.44,1.81 1.815 | 1.440
50c 2405. 344 | 41561.44 | a SP1—w 3P} 3 1.045 | 1.041 | 1.43, 2.48 2.475 | 1.430
20 2404. 210 | 41581. 04
8h 2402, 658 | 41607. 90
4 2401.272 | 41631. 91
4 2401.040 | 41635.93 | a 3F3;—4953
2 2398.768 | 41675.36 | @ 3G4—v 3F¢
120 2398. 484 | 41680.30 | @ *Gs—v 3F'3 1 0 .72 (.765) .79
6 2397.967 | 41689.29 | a *G3—v 3F}
2 2397.677 | 41694.33 | a $Da—y ’Dj
de 2397. 558 | 41696.40 | a SP3—y 1F3
2 2396.772 | 41710.07 | a $F1—2z 3P}
3¢ 2396.310 | 41718.11 | a 3Py—y 38§
8h 2395. 824 | 41726. 68
40 2395.329 | 41735.20 | a SP1—w 3P} 1 1.03 0 .41 2.47 1.44
2 2394.697 | 41746.21 | a 'D2—2 3D}
20 2391.912 | 41794.81 | b 3Fy—z 1F3
3h 2390. 718 | 41815. 69
40 2388.269 | 41858.56 | a *F3—z 3D} 3 .22 .67 118+ | 1.07 1.29
80 2387.521 | 41871.67 | a *F3—w3Dj 1 0 .88 (1.070)| 1.165
80 2387.101 | 41879.04 | a *P3—527% 1 .40 0 .61 1.81 1.41
10 2385. 251 | 41911, 52
5h 2384. 852 | 41918, 52
3 2381.717 | 41973.80 | @ *Dy—y D}
2 2381,122 | 41984.19 | a *P2—23D3
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TaBLe 1.—Second spectrum of columbium (Cb 11)—Continued
Wave
Intensity | 5 .. A No. |Term combi- |Zeeman| Sepa- Stz‘;?g' Strongest
spark — vac. nation type | ration n g1 g3
em-! 2
1 2 3 4 5 6 7 8 9 10
108 2380.148 | 42001. 37
5h 2379.122 | 42019. 48
4 9378.476 | 42030.89 | a 3F3—4953
10 2377.989 | 42039.50 | b 3Hi—v 3G}
100 2376.398 | 42067.64 | a $D3—z SH]
8 2374.167 | 42107.16 | b SHs—u 3F§
10¢ 2373.967 | 42110.71 | @ 3Gs—5273
60 2372.730 | 42132.66 | a SDo—y 8D}
8¢ 2372.227 | 42141.60 | a 3G3—w 3P}
100 2369954 | 42182.01 | @ 'Fy—z3Di | 1 0 0.62 | (0.712)| 0.81
8e 2368.941 | 42200.05 | @ $P2—y 1F3
20h 2366. 198 | 42248. 96
10h 2365.745 | 42257.05 | b Gs—u 3F3
20h 2365. 624 | 42259. 21
3h 2365.305 | 42264.91 | @ 3F4—z 3G}
70 2365.215 | 42266.52 | a 3F3—w3D3| 3 0.46 .93 | .70,1.16 .70 | 116
2h 2364, 270 | 42283.41 | b 1G4—u 3F}
g 2363, 587 | 42205.63 | @ iFa—z 3P}
80 2360.302 | 42354.49 | @ 1G4—2z1Gi | 3 .27 1.05x | 109 | 1.01
3 2357.437 | 42405.96 | a *Ds—2 1F5
a $P3—z 3D}
50 2356.200 | 42426. 60 {a T Sy
40 2356.005 | 42431.73 | a 3Gs—y 1F§ | 70,2 0 1.07 | (L052)] 1.04
8 2355.680 | 42437. 59 | a SD1—y 3D}
50 2354.040 | 42467. 15 | a SHz—0 3F§
3 2353.765 | 42472.11 | a 3P3—w 3D}
60 352,837 | 42488. 86 | a $D3—y 3D}
60 2352.338 | 42497.87 | @ 3P2—z 3D}
4 2351.613 | 42510.98 | @ P3—w3D}
208 2350, 488 | 42531.32 | @ 3F¢—z 3G§
5h 2349, 411 | 42550. 81
2 2347. 111 | 42502. 50 | @ $Fs—y 3G}
3 2346, 961 | 42505. 22
50 2346, 532 | 42603.01 | @ 3Ps—w3D3| 1 0 110 | (1.450)| 1.33
15h 345,333 | 42624.79 | b $H—v °G§
10 2343, 271 | 42662. 30 | @ *Ds—y *D}
3h 2343.103 | 42665. 36
4h 2342, 852 | 42669. 93 | @ $P3—p D}
20h 2340, 025 | 42721. 47
30 2335.620 | 42802.04 | b 3Hs—v 3G}
20 2335.322 | 42807. 68 | @ 3P2—5003
100 2334.802 | 42817.03 | @ ¥D3—y 5D}
10 2332, 896 | 42852.01 | @ $Da—y 2D}
3h 2332, 205 | 42863. 05
4 238,028 | 42041.61 | @ 3Fa—z 3P}
3h 2327.521 | 42950.96 | @ 3Fs—z 3G§
10 2327.131 | 42958.16 | @ 3Po—y !P}
20 2326, 221 | 42974.96 | @ *Hs—y H$?
6h 2325, 504 | 42988. 21
3h 2324, 409 | 43008. 46
60 2324, 237 | 43011.75 | @ $D3—2%Pf | 1 (A @ .75 1.5 | 2.25
40 2324,063 | 43014.86 | b {Hs—0 3G3
10h 2393, 512 | 43025. 06
30 2321, 996 | 43053.15 | @ 3P1—z 3D}
3h 2321. 271 | 43066. 60
7h 2320, 659 | 43077. 95
25 2320.238 | 43085.75 | @ $Ds—y 3D
5 2319, 847 | 43093.03
25 2319, 589 | 43097.82 | @ 3G4—w 3G}
3h 2318, 180 | 43124. 01
10 2317.784 | 43131.38 | @ $D1—y 3D3
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TaBLt 1.—Second spectrum of columbium (Cb 11)—Continued

Wave

s : Strong-
Intensity . No. Term combi- |Zeeman| Sepa- Strongest
spark A air & vac. nation | type | ration est n g1 92
em-1 P
1 2 3 4 5 6 74 8 8 10
b $H35—v 3G}
15h 2316.929 | 43147.49 |{p o703
20 2315.173 | 43180.02 | a sD2—y 5D}
50 2314.850 | 43186.04 | a ?P3—z 3P% 3 0.20 1. 414 1. 46 1.36
3 2314. 240 | 43197.43 | a !Dy—2 1F}
15 2313.524 | 43210.79 | a SDg—y 3D}
20h 2311. 456 | 43249.45
2 2310. 570 | 43266.03 | a $¥3—y 3Fi
8 2310. 313 | 43270. 84
3 2309. 742 | 43281.54 | a 3F3—y 1D}
100 2309. 239 | 43290.97 | a SD;—2z 8P} 3 0.76 .76 1.50, 2.26 1. 50 2.26
6 2308. 807 | 43299.07 | a 5F1—y 3F3
3 2307.477 | 43324.02 | a 3P2—2 3G}
4h 2305. 426 | 43362. 56
4 2303. 154 | 43405.33 | a 3G4—v 2D}
40 2302, 695 | 43413.98 | a $D4—y 3D}
200 2302. 086 | 43425.47 | a SD3—z 5P3 1 .25 0 1.00 1.50 1.75
50 2300. 785 | 43450.02 | e :go—z ‘}2 Ta 0 2. 255 0/0 2.255
a3G;—w 3G
5 2300. 519 | 43455. 04 {b B
30 2300. 339 | 43458.44 | a 1D2—2 1D} 7 0 1. 002 1.002 1. 002
20 2299. 226 | 43479.48 | b 3F4—z1G{
5 2208. 662 | 43490.14 | a SDy—y 3D}
10 2298, 385 | 43495.38 | a 1P1—z 3D}
40h 2297. 853 | 43505. 45
50 2297.611 | 43510.04 | @ 5G3—w 3Gi
3 2296. 748 | 43526.38 | a 3Hs—y 1F§
8 2295.972 | 43541.10 | a 3P;—w 3D}
300 2295. 681 | 43546.61 | @ 6D4—2 5P
60 2294. 983 | 43559.85 | b 3Gs—v 3G}
40 2293.926 | 43579.93 | a 3P1—w 3D3
8h 2292, 325 | 43610. 36
20h 2291. 644 | 43623.32
8 2291, 383 | 43628.29 | a 3Dy—z 3P}
6 2290. 289 | 43649.12 | a 3D¢—y 3D{
30 2288.861 | 43676.35 | a 3Fa—y 1D}
7 2286.892 | 43713.95 | a 5Fa—z 3F3
20 2286. 749 | 43716.69
10h 2286.352 | 43724.28
5h 2285.673 | 43737. 26
60 2285.223 | 43745.88 | a SD4—y *Dj 75,3 0 1.490 (1.495)| 1.485
10 2284, 356 | 43762.47 | a 3G3—v 3D}
300 2283.004 | 43788.39 | a $Dy—z 5P3 3 .25 .50 | 1.49,1.74 1.49 1.74
80h 2281. 830 | 43810.92
30 2281.136 | 43824.25 | a 3G4—w 3G}
50 2280. 450 | 43837.43 | a $D3—y 3D}
4h 2278.477 | 43875.38 | b 1Gy—v 3G}
4h 2278.320 | 43878.41
3 2276.361 | 43916.16 | a SF;—y 3P3
6 2276.170 | 43919.85 | a SF3—z 3F3
60 2274.198 | 43957.93 | b3Ga—v3G3
100 2274.128 | 43959.28 | a 3Fs—v 3F§ 75,3 w 1. 246 (1.230)| 1.260
150 2273.566 | 43970.15 | a SD3—z 5P} 3 .25 1.524 | 1.48 1.56
6h 2273.120 | 43978.77
100 2272.730 | 43986.32 | a SF1—z 3F3
2 2270.65 | 44026.6 a 3F3—0 3F§
150 2270.180 | 44035.72 | a 3F3;—0 3F§ 7b 0 1.07 1.07 1.07
100 2269.865 | 44041.83 | b 3Gs—v 3GE
10h 2269. 202 | 44054. 70
150 2268. 527 | 44067.81 | a $D;—z 8P
100 2266.732 | 44102.70 | a 3Gs—w 3G}
100 2265.676 | 44123.26 | @ $D3—2 %P3
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TaBLE 1.—Second specirum of columbium (Cb 11)—Continued

Wave
Intensity SO & No. Term combi- |Zeeman| Sepa-

spark Al vac. nation type | ration )
cm-!

Strong-
est Stroigest 0 g2

150 2264.556 | 44145.07 | b 3G4—03GY
3h 2264.09 | 44154.2 | b3Gs—u 3D}
15 2263.312 | 44169.34 | a $D3—y D}
15 2263.219 | 44171.15 | a *Po—w 3D}
2262.34 | 44188.3 | a ’F1—y 3P}

2
80 2262.132 | 44192.38 | a 3Hs—w 3G}
8 2261.721 | 44200.40 | a SDy—y 3D}
20h 2261.531 | 44204.12
60 2257.537 | 44282.32 | a 3P1—2z 3P
200 2255. 597 | 44320.40 | a SF3—z 3F3
L
4 2255.175 | 44328.69 | @ SDa—u ¥
60 2254.953 | 44333.05 | a SD3—z °P§
20 2252.623 | 44378.90 | @ 3F3—v 3F§
250 2252.210 | 44387.04 | b 2Gs—v3G3 7 0 1.19 119 119
100k 2250.463 | 44421.49 | a 3F;—v 3F}
8h 2250.005 | 44430.54 | a *F3—p *F%
60 2248, 282 | 44464. 60
4 2247.188 | 44486.22 | a $Dy—z 3P3
20h 2246.98 | 44490.35 | b 3Gy—03G3
20h 2246. 500 | 44499.85 | a *Hy—v3D3
2
50
20h
50h
2
2
100

2245.15 | 44526.6 | a 3P;—y 1P}
2242.58 | 44577.6 | a $Dy—z 1F3
2241.011 | 44608.83 | a 1G4—u 3F1
2240.65 | 44616.0 | ¢ 3Hz—w 3Gi
2238.14 | 44666.0 | @ 3P3—v3Fi

2237.69 | 44675.0 | a3P3;—0v3F3
2237.496 | 44678, 90
6h 2236.95 | 44689.8 | a 3Dy—u 3F3
60 2236.724 | 44694.32 | a D4~y 3G3
4h 2236.43 | 44700.2

2 2235.89 | 44711.0 | a *Fy—21Gi
2 2235.66 | 44715.6 | a3F—y1F3
10 2230.85 | 44812.0 | b3F3—u 3F3§
4 2230.74 | 44814.2 | a 3F3—5273
2 2230.44 | 44820.2 | a SD3—y 3G

150k 2229.716 | 44834.78 | a Hs—w 3GE| 70,1 0 1.007 | (1.157)| 1.187
20h 2228.986 | 44849, 46
6h 2225.547 | 44918.76 | @ *Hy—w G
30 2224, 667 | 44936.53 | a *Ds—y 3Pi
5 2221.415 | 45002.30 | b ¢Fa—u 3F3

2219.328 | 45044.62 | b3P3—u 3D§
2219.163 | 45047.97 | a ¢F3—w 3F§
2215.29 | 45126.7 | a *Fa—w 3F}
2214.87 | 45135.3 | a3Fy—y !F§

2211.274 | 45208.66 | @ 3Hz—w 3G3

2210.917 | 45215.97 | a $D1—y 3P§
2210. 534 | 45223.80 | a *F3—z1Gi
2207.182 | 45292.47 | a 3Ps—y S}
2206.639 | 45303.61 | @ 1G—v 3G}
2203.64 | 45365.3

2203.17 | 45374.9 | a *Do—y 3P]
S a3Fy—w 3G§
2202.01 | 45398.8 | a SF;—w 3F3

2199.97 | 45440.9

2199.60 | 45448.6 | a’F2—w 3F}
2196.40 | 45514.8
2192.41 | 45597.6 | a'F3—w 3F§
2188.14 | 45686. 6
2187.66 | 45696.6 | b3F2—u 3F3

2187.03 | 45709.8 | b3Fs—u 3F{
2185.87 | 45734.0 | b3F(—u 3F{
2185.41 | 45743.7 | a’Ds—y P}
2180.67 | 45843.1 | b3F(—v3G}
2176.76 | 45925.4
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TasLeE 1.—Second spectrum of columbium (Cb 1m)—Continued

Wave Strong-
Intensity A No. Term combi- |Zeeman| Sepa- et g Strongest
spark L vae. nation type | ration n 2 g2
cm-! p
1 2 3 4 b 6 7 8 9 10
40 2175.84 | 45944.8
4 2172.41 | 46017.3 | @3D3—u 3D}
5 2170.72 | 46053.2
10 2169.89 | 46070.8
3 2168.18 | 46107.1 | a SD3—y P}
50 2167.24 | 46127.1
3 2163.84 | 46199.6
6 2163.07 | 46216.0 | a 5F3—z3Dj
2 2162.63 | 46225.4 | a1P;—y 1P}
40 2160.34 | 46274.4
100 2160.27 | 46275.9
15 2158.14 | 46321.6 | a SFy—w 3D}
30 2156.74 | 46351.7 | a SFs—z3Gi
40 2155.62 | 46375.7
2 2155.14 | 46386.1 atDy—y 3P
74 2154.47 | 46400.5
10 2154.20 | 46406.3 | a SF5—z 3F§
3 2153.30 | 46425.7
4 2152.06 | 46452.4
40 2149.54 | 46506.9 | a 3F;—495%
5 2149.03 | 46517.9
15 2148.65 | 46526.1 | a 5F;—500%
30 2147.20 | 46557.6
3 2144.79 | 46609.9

2144.49 | 46616.4 | @ 3F;—z 3D}

2

4 2143.20 | 46644.4
5 2142.91 | 46650.8 | a3D3—u 3D}
5 2142.02 | 46670.1

3 2141.06 | 46691.1 b3Fy—u 3D§
2 2140.48 | 46703.7 | b3F;—v 3G}

10 2140.39 | 46705.7 | a 5Fs—z 3G}
10 2138.90 | 46738.2

5 2138.42 | 46748.7 | a3P3—v 3D}
40 2137.55 | 46767.7
30 2137.05 | 46778.7

2134.95 | 46824.7
2134.71 | 46829.9
2134.49 | 46834.8 | aSF3—w 3D}
2133.67 | 46852.8 | asDy—w 3Fj
2133.17 | 46863.7 | a 3P3—0v 3D}

2132.83 | 46871.2
2132.02 | 46889.0 | a 5F;1—z 3D}
2131.18 | 46907.5 | a 5F;—4953

2129.00 | 46955.5 | aF4—2z 3G}
2128.21 | 46972.9 | aSP;—u3’F}

2126.54 | 47009.8 | a 5F4—z 3F§
2125.21 | 47039.2 | a 5F3—5003
212434 | 47058.5 | a SFa—z 3D}
2120.52 | 47143.3 | a SF3—w D}
2119.99 | 47155.1 | @ SP;—u 3F%

2119.63 | 47163.1 | a 5P3—u 3F%
2119.06 | 47175.7
2118.87 | 47180.0 | a 5F1—4953

2116.39 | 47235.3 | a SFa—w 3D}
2114.77 | 47271. 4

2113.08 | 47309.2 | a SF4—z 3G}
2110.04 | 47377.4
2109.43 | 47391.1
2108.34 | 47415.6 | aSF;—w 3D}
2108.23 | 47418.1 | aSF3—z 3P3

2107.27 | 47439.7 | a 5F2—5003
2103.59 | 47522.6 | a'F3—z 3F§
2102.12 | 47565.9 | aSF3—z 3G§
2101, 87 | 47561.5 a’Fs—z 11§
2099.48 | 47615.7

& 3 wro
wwoB8 L3328 wBBow wuod3 wedSo wea8388
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TaBLE 1.—Second spectrum of columbium (Cb 11)—Continued

Wave
Intensity A No. Term combi- | Zeeman| Sepa- Str O?g' Strongest
spark Aly vac. nation type | ration Ll n a1 92
cm™! P
1 2 3 4 5 6 7 8 8 10
15 2098. 05 47648. 1
5 2097. 23 47666. 7 a 8P2—u 3F§
10 2094.95 | 47718.6
20 2090.41 | 47822.2 | a SF3—z3Gj
2 2089.36 | 47846.3 | a 8F3—z 3Pi
1 2085. 56 47933.4 | a *Dy—y 1G{
10 2085.37 | 47937.8 | a 5F1—z3P§
15 2084. 30 47962. 4
1 2083.51 | 47980.6 | a 3P1—0 3D}
3 2082.89 | 47994.9
6 2081.37 | 48029.9
5 2080. 33 48053. 9 a 3P3—u 3F¢
10 2080.05 | 48060. 4
15 2079. 71 48068. 2
30 2076.88 | 48133.7 | a SFs—0v 3F§
4 2074.32 | 48193.1
2 2073. 33 48216. 1 e 3F;—z 1D}
5 2072.07 48245. 5
10 2065. 71 48394.0 a SFy—0 3F}
15 2064. 21 48429.1
2 2061.97 | 48481.7 | a 3Gs—u 3F§
15 2061.45 | 48494.0
20 2057.05 | 48597.7
4 20564. 19 48665. 3
5 2051.16 | 48737.2 | a SFy—0v 3F}
10 2050.93 | 48742.7
10 2049.89 | 48767.4
1 2048.70 48795.7 | a 3Gs—u 3Fi
1 2047.44 | 48825.7 | @ *Fi—y 1D}
1 2044.41 | 48898.1 | a SF3—p 3T
5 2044.22 | 48902.6 |
1 2044.02 | 48907.4 | a "F3—03F3
4 2043. 53 48919. 2
4 2043.18 48927. 5
10 2037. 95 49053. 1
20 2032.99 | 49172.7 | a SF4—527%
30 2029.33 | 49261.4
10 2025.31 | 49359.2 | a SF3—w 3P}
3 2019.79 | 49494.1 | a SF4—y !F§
3 2018.67 | 49521.5 | a 3Gs—p3G}
5 2017.28 | 49555.6
1 2016.67 | 49570.6 | @ SF1—0p3F3
10 2016. 05 49585. 9 a 5F2—w 3P}
3 2015. 69 49594. 7
6 2011.99 | 49685.9 | a SF3—5273
7 2008.99 | 49760. 1
7 2008.46 | 49773.2 | a SFi—w 3P§
5 2005. 02 49858. 6
4 2004.76 | 49865. 1
3 2002.41 | 49923.6

2. TERMS OF THE CB 11 SPECTRUM

The established terms (atomic energy states) of the Cb 11 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 (4d*) @’D,=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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@? sp terms.
are inverted and 14 partially inverted. The remainder are regular,
but many violations of the rule that intervals are proportional to the
Of special interest is the term z ®D°, whose
fourth interval is abnormally small. Attention was called to the same
abnormality in the analogous Vit spectrum [7]. The term y *D° is

also extremely irregular in both cases.

larger j-values occur.

Negative signs in column 4 show that 2 polyfold terms

TaBLE 2.—Terms of the Cb 11 spectrum

Electron

Term Differ- |Observed ey
congg;lra- symbol Level en v Combinations
1 2 3 4 5 6

as Do 0500 {6 ettt 0
@Dy 158, 99 : 1.500 ||z 8P°, z8D°, y 5D°, z 1F°, 2 5G°, 2 3P°, y 3P°, 23D°,
Dy 43838 | 21939 | 1400 (17 y 3Do, 2 0F°, 2 3F°, w IF°, 2 3G°, y 2G°, 2 HC,
D3 801.38 | 36390 | 1l4ss JIHC! 2 1F°, 2 1G°, § 1G°,

a Dy 1224. 87 : 1.495

dass a’Fy 2356. 76 279.31 0. 28D°, 2 5F°, 2 8G°, z 3P°, y 3P°, 2 3P°, w 3P°, 2 3D°
a 'Fs oy 1 s 299 ||% DS 3 dpe, w'iDe, 44D, 7 3k, 1:=F° 7
o | dmn| R L BT I

f 603. 50 ' y1F°% 2z 21 00 27°
a 5F5 4146.00 1.390

a* a 3Py 5562. 26 630.07 0/0 2 88°, 2 5P°, 2 8D°, y SD°, z 5F°, 2 38°, y 38°, 2 3P°,
a 3Py 6192.33 | (88007 1lag5 "y 3be, 2 3P°, 2 3D°, y 4D, 7 ID°, 4w 5D°, 'w D°,
a3P; 7261, 33 i 1. 450 z3F° u 3F°, z3G°, 13(}° zlP° ylP“ 500°.

2 5P°, 2 4D°, y 8D°, z 8F°, 2 8G°, 2 35°, y 38°, 2 3P°,

s 3F; B Ly o .m2 ||” vy sbe, z3pe, 2 3De, y iDe, 2 $D°, v 3D°, 'w 3D,
a 3Fs 7900. 65 : 1.070 { zeFe, y3F° Z3F°, 1 3F°, u3F, 23G°, 3G, 73G°,
3T, 82040 | 41975 | 250 || 1G5 us@e, y iH°, 2 1P, 21DS, §4D°, % D0,

Z1FS, 5%, y 1G°, 4050, 527
25D°, 2 8F°, 2 5G°, 23D°, y 3D°, 93D°, 1,3D°, 2 3F°

@ el | .67 sopse | 828 1]" 3K, 5k, wIK° 09K, 239G, 1 3G, £1G°, w3,
osH. | 1018641 | 387385 T ulslcw 23H?, y3H, 231°, 2 1F9, y 1F°, 21GS, y 1G°,

25P°, 2 8D°, 2 5F°, 28G°, w $P°, 23D°, y 3D°, 7 3D°,

at 3Gy | 10247.04 | o o 765 || w ;(1}): "331();0 zU;‘("}gﬂF‘; éz:w Joix IF°, gf?;o u:}l;:,
a3Gy 10604. 28 ' 1 052 z Y T w u z
a’Gs | 1001852 | 3142|118 23, z;?; §1D°, 210, 170, 21G°, 1G4, 2 1H°,

z1I°, 5
o ° 5 P° spe° 38° 2z 3P°, ¢y 3P°, z 3P°

Bo | et | 06840 | gy g5 | 247 |[FEEN S WD e A der T e

: a Py 5 3 3FO 7 3FC 9p 3RO 53RO 4, 3F°. ¢ 3G° 13(G° »18°
o Pyl ummisn | SBTLL qam () BIEOT gt S e SN ORI AR

5% LIPS g DS £ 3B,y 4P s 1pe g e 7D,
w 1 2 z v z
dt a1D; | 12263.26 1.003 S, YIPS, 21D0,y 1D’ 2 1D, 2 1R, y 1F°, £ 15,
527°
z5D°, vy ED;’, gﬁF‘;, zo-"G“,az ’°S°, §3£’°, y;I’:, 2 :P:.
AL

as bIF; | 12805.98 T | I T R L B D D S
by | anonn 0 | SSAARL o Cypyill W OR B ARG R S £ o2 0
b3Fy | 13665.68 | —2* 1621 S O e e G e L e e

y1D°, z1F°, y1F°, z 1F°, 21G°, y 1G°,z21G°, z1H°,
y1H®, 500°, 520" "7 T et
ra DS S 1100 e £,
4 a3D; 13118. 62 512 z 5D $D2 xR v U z
aiDy | 13470.50 I R algozagﬁowar; vaFI‘:’oqu‘)‘; 23%’,,"3%1 zal%g
a3Ds3 13054. 69 2 1.246 w3 ,218° 21 y! z 2 Y
217, 5005, 527°.

s | 03Py | 14678.40 Y R SR Y L E S b v A8 e s
pip, | 1eob2 | ~ERA4 |7 el ViDOE Rl A T R
b3Py | 14660.77 . 1483 || Yiper Fups, y pe e, sab, ’ ’

25P°, 25D°, y D°, 2 5F°, 23D°, y 3D°, 1 3D°, 2 3F°,

@ | a1G | 1479079 voss || 93Ee w i, u de, 21Ge y/iGe, 10 3G, u iGe,

|

23H®, yﬂH" z‘I" ylF" le" 21G° ﬂ1G° zl(}°
21H° y tH°.



Spectra of Columbium 511

TaBLE 2.—Terms of the Cb 11 spectrum—Continued

Electron

Term

Differ-

Observed

contl;grt]lra- symbol Level elioe v Combinations
1 2 3 4 5 6
at a s 15396. 10 1.000 | 23G°, w3G°, u3G°, 2 3H®, 2 31°, z 1H®, y 'H®, z 1I°.
o o o o
Os | 51Ge | 1505130 | aerg| 707 |[FTent DB e gt 5 S, a e, iR
b3Ge | 15949.40 : 1.027 e Sl R s S LR R
103. 32 sz'GszGuGszH
b3Gs 16052. 72 L190 || Zipe’ /iFe, §1F°, 71F°, 14°, y1GP, z1HS, y 1HO.
s
28P°, y $D°, y 3D°, 2 3F°, y IF°, 2 !F°, w 3F°, u. 3F°,
ds b1Gy 16219. 04 . 950 { 93G°, 23G°, w3G°, u 3G, y SHC, 231°, 2 1FS, y IF°,
2 1R le" le" 21H° ylH° 500" 527°.

s a8, 17202. 7 0/0 y $D°, y 38°, 7 3P°, 2 3D°, 2 1P°, y 1P°.

dss b3H, 17469.77 | _177 08 .880 |1y 3D°, 0 3D°, 23F°, y 3F°, 2 3F°, w 3F°, v 3F°, u 3F°,
biHs | 17292.49 | 139’30 1052 |V y3de, 2 3G°, w 3G°, u 3G°, 2 3HC, 'y IHC, 2 II°,
b3Hs | 17424.88 : 1154 || z1F°) 71F°,’21G®, y1Ge, z IGe, y 1H°, 2118, 527°.

sD°. 'P" 13D° Z'F" w3F° 03F° z23GQ°
dt a1F; | 18508.15 1.007 ” z‘d°ﬂw 3Ge. 7 1DS, g 1F°, 21G°, §1G°, £1Ge.
258°, 2 5P°, y 5D°, 2 ¥F°, 238°, £3P°, yiP°, 7 3P°,
dé s biDy | 18819.57 | a9 4y .681 || w$P°, y 3D°, 23D°, w 2D°, p ID°, u ID°, 2 ¥F°,
biDy | 1935198 | .7 ie 1171 |}y 2F°, 2 3F°, w 3F°, o 3F°, w 3F°, y 3G°, z 3G°,
b3Ds | 19689. 54 3 1.312 || u 3(:(};: Grg 21D°, y 1D, z 1DS, le° y 1F°,

z1 y!

@s ¢ *Po 20347.55 | 600 01 0/0 288°, y 'D°, 2 38°, y 38°, 2 3P°, y 3P°, 2 3P°, y ID°,
¢3P, 21039.56 | 427" g0 1.218 |+ z3D°, w $D°, v'*D°, 4 3D°, 3F° 7 3F°, w 3F°,
¢3Py 21511, 46 * 1.468 || 03F°,y3G°, z18°, 2P, y 1P°, z1he, z1be,

V’D" Z'S" Z‘P" ﬂ’P° 2’P° ‘D" I3D° w'D“,
dds alPy 20437. 58 1.115 { lg: vgﬂg“’ u 3F°, 2 18°, 2z 1P° y 1P°, z 1D°,
z 495
28D°, y $D°, z ’F°, 23P°, ¢ 3P°, 2 3P°, 23D°, y ID?,
ds ¢ 3T 20057.82 | 4e0 £r 670 || z3D°, w ID°, v 3D°, u 3D°, z 3F°, y 3F°, z IF°,
¢3Fs 21117.47 | gzr 05 1,080 [ w 3RS, v 3F°, u 3F°, 2 3G°, Y 3G°, 'z 3G°, 'w 3G°,
¢3Fy 21472, 52 2 1.240 ung: y $HS, z 19, aylP" le° y D8, z 1F°,
y! LB 500" 527
° 3f° k3ol 3(3° 3(3° 310 1G°
ah e e L 902 (¥ Dt e ke, 3 oo gy 10, He £,
Eynld

s b1Ds 24332, 87 .98 {z ;P:é:‘:’,?:’l’j{’?:b%qzoli«‘?g :513;6‘9 3D, 9 ¥F°, u 3F°,

s d3F, 25414.24 | g0 5o .71 3pe, z 3P°, z 3D°, w *D°, v *D°, u 3D°, y IF°,
d 3%y 25353, 66 3 84 W Ufh 7 a9 IF°, w 3F°, v 3F°, u 3FS, z 8G°, w $G°, u 3G°,
d3Fy 25357. 50 g y1F°, £ 1F°, 500°, 527°.

s d3Py 2800137 | _o07 99 0/0 y
d3Py 2779415 | “g10° 07 1.49 |ty 8D°,y38°,23P°,23D°, w 3D°, u 3D, 495°.
d3P; 27282, 18 J 1.49

a4 ¢1Gy | 2063424 1.087 | 03D°, y 3F°, y 3HO, 21F°, 2 1F°, y 1G°, 2 1G°, y 1H®.

d+ ¢1D; | 31064.80 1.01 | y1D®, y1P°, y38°, 527°, z 1F°, 2 1D°,

dse b1F, 31762. 31 1.01 | 93F°, w3G°, y1D° 21D°, z1F°, z1G°, y 1G°, 2 1G°,

@p (F) | 25G3 | $3361.00 .345
23G; | ssar0e0 | 58520 S013
28GY | 84682.00 | g5 17 1.152 |ta 8D, a *F, a 3D, a 3F, b 3F, a 3G.
23GY | 547417 | 9oy 1.250
208G | 8646647 ¥ 1.31
s p (4F) | 23D] | 84886.53 .420
23D 35520, 83 lgggﬁ 1,138 }a P, a“?laﬁ‘ a%P,a?D, a’F,b3F, c3F, a3, b3G,
23D§ | 86553.27 5 1.311 H,
@p (WF) | 2°F% 86781.79 | 990 g7 .122
2¥F | 36962.76 | 41415 | 1028 \lospy gsF, a 3P, cP, D, 53D, aF, b3F, ¢ °F, a’G,
23F3 87876.91 | 15748 1.266 |+ 530 43 01G.
2 5F¢ 37628.39 | 405 03 1.325
2 5F} 388024. 32 5 1.357
d3p (\F) | 25D | 87298.20 0/0
2Dt | svis0.08 | 181831 g
ik 317.26 3 3F, q3G. b3 3
25D} | 87797.29 | 41008 1.469 asP auD a’F, a’P,a’F, b3F,c3F,a’G,b3G, a’H,
25D} | 88216.37 74,83 1. 466
28D | 8829125 ? 1.473
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TABLE 2.—Terms of the Cb 11 spectrum—Continued

Electron

| Term Differ- |Observed i
eontfiig’t]xra symbol Level ence 7 Combinations
1 2 3 4 5 6

TR IS | ot et 7 1% }a’D,aGF,aSP,aiD,a'F,b'F.c'F,aS(},b‘G,a'H,
23G3 | 4oros.61 | T683L|  pg3q|[ @!F,alG.

atp (F) | z'F§ | 88984 40 | © o g5 -89 114sp, 45D, 4 8F, a 3P, a3D, b3D, a3F, b3F, ¢ F, a 3G,
SAEE o o | STRLA | L 088 } b4G, ¢ $H, b*H, ¢\D, ¢ 'F, 4 1G, b 1G.

Sp(@P) | 2185 | 3079190 000 | a®P,c3p,asD,arp.
: @’P,a D, b3P, ¢ 3P, a 3D, b3D, a3F, b iF, ¢ 3F, a 3G

@p(P) | 21D} | 41710.15 L ({78 DD c b s D) cIF, 636,

POP) | yDb | 4200.58 | o0 g5 | OO
FIRR- Vil R TP ——
YDy | jsssr.oo | (20895 | 17 ([ ¢¥F,03G,al8,aP,a'iD,aiF, ¢ 1G, b1G, a1
yoDi | 497078 | 1083.T3 | yi4g)

@p(G) | z3Hi | 42868.97 | oo o6 810
23y | 4s067.98 | S03%8 | 1040 |faiD,b5F, 3G, 03G, a*H, b3H, a!G, b'G, a 1H, L.
23HE | 4453240 - 1,167

@p(P) | vIDL | 43649.19 | g5 | 980 [|51p, 48D, aSF, b5, ¢ 3P, aiD, bID, a3

—358. a3F, b3F, ¢3F,
VDE | 40| 3| L2 4iG,0iG, o H, b%H, ¢ 1P, d 1D, 61D, 3 1G, b G

orebde b h S SR VR }a ‘P, ¥Dy 3P, 3P, b ID, 4 °F, a3G, 3G, a *H,
2Py | 4mrigr| 44661 g gee D, 81G, b

d'p (P) | 2iP8 | 44886.00 | _gyg 55| 0/0 } B, 5D 4T, 43, DI, £3P, 1D, 0D, 0 T, b1,
23Pi | 44066.65 | Tgsr jp i I MR RfoaC ¢
Dby | poenot| wores| LBON iR, 596, alP, 0D, 51D

@pCP) | viPE | 40206.09 | yeg 37| 00 ;5p ¢5D,q5F, aiP, b P, ciP,a D, bD, a3F, bF,
z:g; %ﬁ%:gg u7.32 | L8\ cdF, d3F, a P, 0D, d1F.

Bp(EG) | z1HS | 46%42.25 1.018 | a3F, b3F, a’G,b3G, a3H,b5H, a1G, b1G, ¢ H, a1L.

@D (G) | yIFF | 48656.84 | g 1o 740 || 5B, aSF, B3P, e3P, 43D, DID, a3, bIF, ¢1F, d°F,
v3Fi | deie868 | 1219|1193 |1 a3G, b3G, oH, b3H, 4 1P, 1D, 21G, b1G, ¢ G,
ViR | 16295.61 . L || oH

@p Q) | yIGE | 46919.08 | _gg7 1y | LOW \,5p gsD aSF, bIP,c3P,atD,biD, aiF, biF, coF,
z:g; fg%_{;g; AR } G, %G, a’H, b*H, d 1D, a1G, b1G, a !

: $P, asD, b3P, ¢ 3P, a3D, b3D, a F, b3F, ¢ 3F, a3,

@p Q) | 21FE | 45808.40 1.085 {308 QIR bV, 41D, 4 0F b I, 516, ¢ 16,

@9 (D) | 23F5 | 46348.10 | o537 | -48 } SP,a5F, ¢ 1P, 01D, 0D, 0 F, ¢ F, 4'F, a1, o H,
T3F3 | 46949.47 s 1400 | 1500 s C oG o0 NG
298 | ossese | 900279 | 199 |[ 0¥H,a'D,51G.

@p(EP) | 238 | 46358.94 1.821 | a 3P, b3P, ¢ 3P, a D, b3D, a IF, b 3F, a 1P,

@p(P) | 2585 | 40r2.02 1.940 | a 5P, a3P, b3P, ¢ 3P, a 3D, b 3D, a 1D.

@pCH) | giHI | 47845.18 | 1155 6o +963 114 5D, 0 3D, b 3D, a IF, b 3F, ¢ 3F, a !G, b 3G, a ¥H,
VIE | g0 | 20| 1980 b, 616,018, 16, a 1H.

@p D) | wiF | 4676 | a0 o .63 16 %P, a 3D, a iF, ¢ 3P, d 3P, a *D, b 3D, a F, b °F,
wiFy | 4eor.er | SZLILL - yoes csF 7%, a6, 3G, o 3H, b 3K, 51D, a 1F. 6 1G,
wiF] | 48627.20 - 1.100 || 51G,a1H

@ pGH) | 2313 | 48180.60 .870
23 | 4861749 | 455991 1lost }a'(} G, a*H, b°H, ¢ 1G, b1G, ¢ 'H, a 'I.

230 | 9389.78 - 115
@D (G) | 21GI | 48968.44 43D, a 5F, b3D, a 3F, b 3F, a 3G, b 3G, a *H, b *H,
4 ¥ 1.083 { alF bli",alG e,
@ pEP) | 2IPT | 48620.41 a5 (2B 0 ,biP, ¢3P, a3D, b3D, a3F, b3F, ¢ iF, a 1S, a 1P,

al
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TaBLE 2.—Terms of the Cb 11 spectrum—Continued

Electron i
conttligllllra- S;I,‘ggél Level szcee" Obst:,rved Combinations
1 2 3 4 5 6
@ pEH) | y1G3 | 49168.16 5 {u $D, 63D, a 3F, b 3F, ¢ 3F, a 3G, b b3G, aH, b2,
; aiF,b1F, a1G, 616, ¢ 1G, o 1K
@ sp 495 | 49536.68 aSF, d*P, a*F, a 3G, a IP.
dsp | zIDI | 49681.72 | _ 44 19 <820 114 57, a 3P, b 3P, ¢ 3P, d 3P, @ 3D, b D, a IF, b 3F,
sl | domaas | ~MRY | ra e e iE 0 m e R 40 0D 40
@9 0D) w Bl TR | agiay | 08 } 5P, a °F, a 3P, b 3P, ¢ 3P, d *P, a *D, b 3D, a IF,
w3Di | 49772.80 ; 1. 167d013% ;298 LG & ¢ &
wDi | fosores| 9195 | I3t |l b3, cok, d3F, 3G, a 1B, ¢ 1D.
@ sp 5003 | 50068.70 1.245 | a 5F, a P, ¢ 3P, a 3D, b3F, ¢ 3F, d 3F, b 1G.
d*p (D) | z3P§ | 60295.20 0/0
et | sogrper | 12721 Yo lla :I;Fa;I;‘P a;}’Db iP, ¢ 3P, ¢ 3D, b 3D, a 3F, b 3F,
Z9P§ | 60447.96 . 1. 360
d#p(H) | 23G3 | B0585.81 | pec o .811 |1a %P, a 5F, a *P, b 3P, a 3D, b 3D, a °F, b 3F, ¢ F,
23Gy | 50851.70 | _ 20080 | 10171 |+ d9F, a2@,b3G, a 311, b3H, a 1D, 61D, a IF, b 1G,
z3G3 | 60497, 90 | 3038 1.188 || a'H, a1
d'p (D) | yiD§ | 51182.16 0% {a ll;gb 'PDc sbPDath b3D, a 3F, b 3F, ¢ 3F, d 3F,
5 a al 1
@pEH) | 21y | 61707.49 1.010 | a 5F, a 3G, a H, b °H, ¢ 1H, a 1I.
dp(ED) | y1Pt | 51787.87 i3 {a [P 8 3P, DD, ¢ 3P, d 3P, 4 3D, b T, ¢ IF, a8,
y a!P,a!D, b1D.
@p CF) | o3Fs | 51947.8 9.11 80 Nasp, a tF, a 3P, ¢ 5P, a 3D. b D, a IF, b IF, ¢ IF
pr | G oS el Tt ot et Rt RS
disp | wiPL | 62129.80 | g o 00, | 837, a3F, 53D, ¢ 3F, 3G
wiPt | soerg s | S5051 Tt
w 3P§ 52388. 59 . 1.4
@p (P) | yst | 52663.90 1.820 | a 5P, a 3P, b 3P, ¢ 3P, d 3P, a IF, a 1S.
drsp 5213 | 52714.88 1416 | a$B. a3F,b3P, 43D, 3T, bIF, ¢ IF, d OF, a G,
,alD, £
dp CH) | yiH3 | 62788.10 1.006 | b 3F, ¢ 3F, b3G, b 3H, a1G, b1G, ¢ 1G, a 'H, a 1.
d@p(ED) | y'Fs | 53085.95 1.036 | a P, a5F,b3P, a3D,b3D, a’F, b3F, ¢ 3F, d5F, a 3G,
bBG a3H alD le alF alG b1G.
dpCF) | wiG) | 59702.02 | o s . Tty S el o O S B e
ﬂg; e | s (AN } b7H, ¢"D, ¢ IF, b 'F, 0 1G,’b1G, a 'H, a 1T,
@p CF) | 03Di | 54172.60 | _ 4 g -527 11, 5P, 4 5F, a 3P, b 3P, ¢ 3P, a *D, b 3D, b 3F, ¢ 3F, d °F
08 | S Susso | L1841 646,656, o, §9H, 1D, 51D, 0 G, ¢ 1G.
3p (*F) | z1F} 65460. 54 1.06 b3Pl,(c}z 315), b3F, c3F,d3F, 3G, b3H, a'D, b1F, b 1QG,
c .
@ p (F) | z1D3 | sa781.74 1.000 | b3P, ¢ 3P, b3D, aF, a 1P, a 1D, b 1D, a 1F, b IF.
d'p (OF) | z1GI | 67145.25 1.000 | b3F, b3H, a IF, b 1F, a 1G, b 1G, o 'H.
@sp (F) | wiFs | 67808.95 | o4 (g -9 ||asp, b3p, 43D, b3D, a 3F, b 3, ¢3F, d3F, a3G, b3G,
u 3F3 58608. 43 3y 1.25 } 4
U | ek | swa| 12 biH,6iP,bID,¢1G,b1G.
Pep 0| % DL | Ao 1252 B }b P, ¢3P, d3P,aD, b3D, aiF, b3F, ¢3F, 43T, bG,
% 3Dj 59706. 60 : 1.33 & 4
d?sp (4F) | 93G3 59509. 23 L, LS
0 3G 60094, 50 gzgg% }b"lb)]éﬂf b3F,c3F,d3F,a3@,b3G,e3H,b3H,a!G,
03G | 60489.75 25 1.19
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The observed g-values (magnetic splitting factors) entered in column
5 of table 2 may be compared with Landé 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 °F] 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°D; and z°Djg,
associated with 2z°F;, 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 d* is 33.016, compared with the Landé sum
33.000. The sum for 75 levels ascribed to d® p is 104.23, compared
with the Landé sum 105.00.

The combining properties of the terms are .displayed in the last
column of table 2. All combinations obey the selection rules AL=0,
+1, +2, £3, and AJ=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 1s?2s?2p°3s?3p°®3d"°
48%4p54d*5s (see below). Chemical valence and the first optical
spectrum (Cb 1) are associated with the last five electrons, and if one
of theseis removed by ionization, the ion may emit the second spectrum
(Cb 11) characteristic of four valence electrons. These four may be
distributed in various ways, and each configuration produces a
different family of (even) spectral terms (atomic energy states) as

follows:
4d41(SDG), 3(PEF), Y(SDFGI), 3(PDFGH), (D).
4d®5s, 1¥(D), ¥(PDFGH), °(PF).
44?582, 1(SDQ), *(PF).

In this analysis of the Cb 11 spectrum, all the 4d* terms have been
found except the highest S, all the 4d® 5s terms except the highest
13(D), but no trace of 4d? 5s* terms that yield the ground state of the
Zr 1 spectrum, which Cb 11 should resemble, according to the dis-
placement law. Similar results were reported and explained for the
V11 spectrum [7].

Almost all the observed Cb 11 lines arise from combinations of the
levels from (even) 4d* or 4d® 5s configurations with excited states
associated with (odd) configurations 4d?® 5p or 4d? 5s5p. 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 this purpose,
in particular to find series-forming terms from the configuration
4d® 6s, proved futile, and it appears that the spectroscopic ionization
potential of Cb* cannot be determined without study of the Cb 11
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 11 predicted and observed terms

Electron :
configu- Iéigmlllg Predicted Observed
ration
4a¢ 3(PF) a’D, d3P, ¢ 3F
'(PDFGH) a’P,a’D, b3F, a3G, a’H
(SDFGI) alS,elD,a!'F, a!QG, all
SDG) Lo eiD, ¢t
4d8 5s {F SR, 3F a’F, a3F
‘P SR;IP. atP, c 3P
P P 1P b3P,alP
2D 3D, 1D b3D, b1D
R 3R, 1F d3F, b1F
G @G, 1G b3G, b1G
2H 3H,1H h3H, a'H
(D) 3D, 1D AT
4d8 5p {F (DFQ), ¥DFQ) 25D°, z 8F°, 2 8G°, 23D°, 2 3F°, 23G°
P 5(SPD), 3(SPD) 288°, 25P°, y ﬂD" y 38°, 2 8P°, y 3D°
p 3(SPD), I(SPD) 2 sso -"P° o 3D° z lb° z lP“ z 1D°
2D 3(PDF), (PDF) 2IPE; w’D" I3F° y1]’° le° y1F°
i 3(DFQ), (DFQ) v3D° w3F°, wﬂG" 21D% 21F°, 21G°
G 3(FGH), (FGH) xI<‘° y3:G°, z 3H°, Z1R% 2 ]G°& z1H®
2H 3(GHI), 1(GHI) ISG" 1/3H°, 231°, 1/lG° y tHC, 211°
(D) 3(PDF), 1(PDF) e W e S
44z 58 5p iF 5(DFQ), ¥ DFQG) s auy .., 4 3D°, v 3F°, v 3G°
;IS’ '(SPD) ’(SPD) FOTILE 3 o ROl R D
Aok 0 R R
2P K(SPDY, 1(SPD) EXVIOL ) R g e S
D PDF), (PDF) R R e R r e et
L 3(DFQ), 1(DFG) oty M o Adog ik o e B M G
G (FGH), (FGH) oy iyt ¢ HGeaTE L S Tyt g

IV. TERM ANALYSIS OF Cb1
1. LINES OF THE Cb 1 SPECTRUM

The data for the lines of Cb 1, characteristic of neutral Cb atoms,
are displayed in table 4, which is prepared according to the same
plan as table 1 for Cb 11. 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 intensity 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 respective 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.—First spectrum of columbium (Cb 1)

?=0bserved and calculated wave numbers disagree by 0.2 cm=! or more.
*=Teads to value of observed g showing excessive variation from values 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.
{=Zeeman components show resolved hyperfine structure.
**—TUnaflected by magnetic field.
ur="Unresolved.
L=Landé g assumed.

Wav
Intensity | . A No. Term combi- | Zeeman | Separa- Stzg;lg- St!é(s);ng-
Are sl vac. nation type tion 01 g2
cm™1 P n
1 2 3 4 5 6 7 8 9 10
5¢ 10920. 7 9154.4 | a *Gug—z ‘Diy
5¢ 10907.9 9165. 1
3 10872. 6 9194.9
5 10863. 2 9202.9
3 10706. 8 9337.3 | b2Hys—y ‘Fiy
2 10663. 3 9375.4 | a4Gag—z 4Dy
4 10636. 54 9399. 02
7 10588. 70 9441. 44
10¢ 10563. 7 9463. 8
4 10533. 72 9490.73 | b4Day—2 2Dy
5¢ 10525.50 |  9498.14 | a 2Pgy;—26Disg?
3 10522. 7 9500. 6
5¢ 10496. 22 9524. 64
3 10460. 87 9556. 82
3 10452. 53 9564. 46
3 10448. 37 9568. 26
10c 10419. 54 9594.73
5¢ 10249. 56 9753. 84
2 10229. 04 9773.41 | b 4P1y—y SFG4?
8c 10203. 44 9797. 94
10c 10181. 33 9819. 21 | b2Gay—y 2Giyg
3 10156. 57 9843.15
4 10109. 92 9888. 57
5¢ 10084. 46 9913. 53 | b 2Gay—1y SDiyy
20c 10067. 4 9930.3 | a‘Day—28F3;
10¢ 10042. 54 0954.91 | b 4Fay—24Giyg
2 10019. 40 9977.91 | b 2Gay—22Ghy
30c 10003.85 | 9993.41 | a ‘Day—z Fiy4
4c 9965. 44 10031. 93
15 9957. 29 10040. 14 | b 4F3y— 2 4Gy
25 9912.26 | 10085.75 | @ ‘Diys—2z Ffg
20 9910. 35 10087. 70
5 9896. 6 10101. 7 183535 —1 2Giyg
4c 9890.09 | 10108. 36
2 9815. 56 10185. 11 | @ ?Dy3—2 *Dfg?
4 9677.5 10330.4 | b 4Fay—24Giy
50 9676.75 | 10331.22 | @ ‘Dyy—20Fiy
3 9669. 8 10338. 6
12 9650. 97 10358. 81 | b ¢F1y4—24Gy
50¢ 9631.11 | 10380. 18 | @ 4Doyy—2 6Fyg
100c 9626. 88 10384. 74 | a *Day—28F3y,
10 9620. 96 10391.12 | b 4Fy5—24Giy
2 9614.7 10397. 87 | b 2Gyy—y 2Glyg
6¢ 9508.72 | 10415.20
60c 9595.06 | 10419.17 | a ‘D3y—2z Fdyg
8¢ 0549.13 | 10469.29 | b ‘Doyg—y ‘Fiy
3 9518.30 | 10503.20 | b 2Hy3—2 2Glsg
5 9474. 57 10551. 67 | b 4Fa5—2 {Fiy
4 9472.02 | 10554.52 | b ‘Fay—z 4Gisg
6 9470.93 | 10555. 73
8h 9438.7 10591.8 | b 4F3—2z 4Fiy
8c 9435. 48 10595. 39
4 9412. 39 10621. 38 | b 4Dyys—y ‘Fy;
20 9408.60 | 10625.66 | a 4Doyg—2z SFiyg
4 9393.56 | 10642. 67
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TaBLE 4.—First spectrum of columbium (Cb 1)—Continued
Wave
Intensity | o A No. Term combi- | Zeeman | Separa- St;g?g' St‘:;;?g'
Arc air vac. nation type tion =] 0 o
em-1 P
1 2 3 4 ] 6 7 8 9 10
10 9353.17 | 10688.63 | @ 2Pys—z ‘P
4 9344.4 | 10698.7 |b4Dag—y 4o
3 9341.52 | 10701.96 | b 4F54—2 Py
40c 932354 | 10722.60 | a #Dyyg—2z Fig
10 9299. 2 10750.7
10¢ 9240.9 10818.5
15 9197.60 | 10869.42 | b4Fug—2z 4F5
20 9186.96 | 10882.01 | b 4Fp5—2z 4F5i
50c 9141.31 | 10936.35 | b 2Gag—y 2Gisg
10¢ 9129.44 | 10950.57 | a *Dag—2 0Diyg
10 0125.25 | 10955.60 | b 4F 14—z 4Fisq
3 0123.60 | 10957.58 | b 2Hs—y 2Gisg
7 9117.68 | 10964.70
7 9084.91 | 11004.25 | a 4Gag—2z 4Glsg
4c 9066.54 | 11026.54 | b 2Hpg—y 2Giug
20¢ 0061.43 | 11032.76 | b *Fays—2 4Fiig
5 9042.23 | 11056.19 | b 2Gas5—r ®Disg
2 0041.27 | 11057.36 | b 4Fsg—2 4G
8 9039.18 | 11059.92 | a *Dyj—z $Diyg
7 9011.74 | 11093.59
4 8983.15 | 11128.90
20¢ 8967.76 | 11148.00
20¢ 8959.75 | 11157.96 | b *Dass—y 4Fg
6 8933.43 | 11190.84 | a *Gsys—z 4Gy
3 8930.70 | 11194.26
4c 8915.76 | 11213.02 | a *Doyg—z 6Disg
20 8905. 7 11225.58 | @ 4Gayg—z *Fiig
6 8897.5 11236.0 | b2Gag—2z ‘Hiyg
4 8396, 4 11237. 4 fb:gm—z :Bi,;
a*Dyyg—2z 4Diyg
100c 8815. 56 11340. 47 1a4Dasg—2 4Disg
7 8799.76 11360.83 | b 4Fy4—2z 4Fiyg
3 8798.22 | 11362.82
Jc 8769. 57 11399.94 | @ 4Gag—2 4Glxg
12 8767.97 11402.02 | a 4Dy34—2 4Diyg
20 8740. 96 11437.25 | a 4Gayg—2z 1Fisg
4 8717.09 | 11468.57
40c 8697.55 | 11494.34 | a 4Gs34—2 4Fisg
2 8695.10 | 11497.58 | b 4Diss—y ¢Disg
2h 8681. 94 11515. 00 %’%3%—1/ ’(Gﬁ;‘ 2 N e 109 |(112)
2Hus—v 2Giyg A a .
20c 8614.45 | 11605.22 {u 0y o
30c 8575.86 | 11057.44 | a4Gus—z4Fig | 4 0 120 | 123 [(1.24)
30c 8360.54 | 11678:30 [a4Diys—z*Diss| 6 0 1.22 | (L20) | 124
20c 8547. 25 11696, 46 | a 4*Doyg—2z *Disg & 0 0 0 0
50 8526. 99 11724.25 | a *Hsay—2z ‘Gdyg 5 w 0.90 | (0.69) | 0.61
150¢ 8475.98 11794.81 | a *Dayg—z ¢Diy 6 w 1.38 | (1.36) | 1.40
25¢ 8439.76 11845.43 | a 4Gus—2z 4G3y4 b 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 11880.67 | a 2Poys—z 4Py 6 1.78 0.89 1.55 | 0.66 | 2.44
15¢ 8406. 23 11892.67 | b 4Days—y *Diyg 6 0.15 0.38 1.35 1. 42 127
3h 8389. 36 11916. 59
4h 8387, 88 11918. 69
4h 8371.39 11942.17
20 8350. 03 11972.72 | a 4Doys—2z 4Diy 5 1.20 0. 60 1.87 | 0.07 1.27
60 8346. 07 11978.40 | a 4Hys—z 4Giyg 7 0 0 0.98 | (0.98) | 0.98
500c 8320. 93 12014.59 | a 4D3ys—2z D3y 6 w 1.43 | (1.42) | 1.44
3H 8293. 64 12054.12 | b AF 45—y ¢ Fiig
1h 8277.98 | 12076.93 | b4Dysg—y*Disg?
1h 8277.39 12077.79 | b 4Fa4—y 6F5y
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TaBLE 4.—First spectrum of columbium (Cb 1)—Continued

Wave
Intensity | 5 No. Term combi- | Zeeman | Separa- Stroz)g- St:‘;t“g'
Arc N vac. nation type tion o g1 02
em—t » n
1 2 3 4 b 6 7 8 9 10
3 8275. 25 12080.91 | b4Fa—2 2Dy
4h 8262. 41 12099.69 | a ‘Ha—2z {Gisg
50¢ 8240. 00 12132.59 | @ 4Diyg—2z 4Dl 5 wh 1.55 | (1.20) | 1.34
3h 8236. 80 12137.30 | b 4D3y—y 6Dl
3h 8228. 96 12148.87 | a 4Gy—z *Fixg
3h 8226. 08 12153. 12
3h 8211. 23 12175. 10
5 8205. 38 12183. 78
2H!1 8202. 67 12187.80 | a4Gsy—y SFin?
4 8190. 64 12205.72 | b tDoys—z 4Diyg
3h 8189.33 12207.66 | @ 2P13s—22Diy
5 8176. 22 12227.23 | b 4D13s—7 ‘Diyg
6 8173.03 12232.01 0 0.83
3 8168. 48 12238. 82
3h 8157.00 12256.04 | a 2P13g—2z 4Fiy
2h 8154. 42 12259.92 | @ 4Gays—y SF s
80 8135.20 12288.89 | a ‘Hsys—2 4Gl 4 0 1.06 | (1.12) | 1.14
6h 8118. 67 12313.91
Tw 8118.17 12314. 66 | b 4D3ys—y D34 6 w 1. 41 1.41 ((1.42)
2h 8107.85 12330.34 | b 4Day—2z 2F 514
4 8085.17 12364. 93
2 8084. 27 12366. 30 | @ 2P134—2 4Py
4h 8037.74 12437.89 | b 4Poss—y $Diyg
5 8036. 08 12440. 46
10 8028.74 12451.83 | b 4Dasg—z 2Piig
4h 8024.74 12458.04 | b 4Doys—z 2Pl14
50¢ 8017.67 12469.03 | a 4Dgis—2z 4D3yg 5 0 1.45* (1.36) | 1.40
5h 8017.23 12469. 71
3h 8010. 85 12479.64 | b 4Diys—2 2Pl
3h 8007. 50 12484.86 | b 4F 15—z Diyg
8 8002. 46 12492.73 | a ‘Hys—2 4Giy
3h 7997.81 12499. 99
3h 7993. 74 12506. 35 | b 4P1s—v ‘Disg
4 7979. 99 12527.90 | b 4Pas—2z 0D3yg
10 7954.76 12567.64 | a 2D~z Pl 4 1.53 AT 0.20 { 0.97 2.50
20 7938. 90 12592.74 | a 2P13s—2 2Siy 4 1.00 0. 51 0. 68 .18 | 2.18
3h 7922.78 12618.37 | b ¢Dog—2z ‘Diyg
3 7909. 36 12639.78 | b4Dpgs—z 4 Diy
4h 7902. 14 12651.32 | @ 4Has—2z 4Fiyg
10Hw 7898. 88 12656. 55
1 7892. 56 12666. 68 | a P13s—y SFiyg
60 7885.30 12678.34 |a ‘He—2 4Giyg 4 0 1.04 | (1.22) | 1.25
2h 7881.05 12685. 18 | @ 2Gag—2 4Diyg
50¢c 7873.40 12697.51 | b 4Pag—y *D3y 4 0 1.30 1.52 |(1.42)
10 7862. 66 12714.85 | b 4P2s—2763 6 0.14 0.34 1.36*% 1.51 |(1.37)
15 7856. 05 12725.55 | b 4P1g—v ‘Diy
5 7838.01 12754. 84 Ill ;gn‘—z :]I?EH
a2Dagyg—2z 1Py
8 7829.12 12769. 32 0*4Diss—2 4Sig
10 7787.08 12838. 26 0.26 1.14
5h 7772:11 12862. 98
8 7761.37 12880. 78 | a 2Poys—z 4Piig
8 7758.33 12885. 83
30 7767.29 12887.56 | y 8Ffis—e 6Dayg 4 w 1.09 | (1.45) | 1.53
10 7750.92 12898.15 | b 4Pag—z Fdy
3 7748.53 12902. 13
10w 7746. 92 12904. 81
(i 7735.85 12923.27 | b 4Poyg—2z 6Dy
3 7730. 25 12932. 64
100 7726. 67 12938.63 | a 6Sg4—z 6Py 4 0.38 0.19 1.41 1.98 2.36
3 7724.01 12943. 09
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TaBLE 4.—First spectrum of columbium (Cb 1)—Continued

Wave
Intensity | 5 . No. Term combi- | Zeeman | Separa- St;‘s“t]g' Stggfg'
Are sir vae. nation type tion o g
cm-! p *
1 2 3 4 5 6 7 8 9 10
4h 7716. 83 12055.13 |a ‘Hsy—2z 4G
5 7707.39 | 1297100 |a 4Hy—z {Fiss
50w 7703.20 | 12077.90 | y OFf—e®Dyg| 4 Huw 0.92 | (1.43) | 1.58
3h 0457 | 100204 |
a?Day—2z4Fig
3h 7686.50 | 1300625 |{# ;D ZTEhs
4h 7678.34 | 13020.07 | b4Fuss—y 4Fisg
3h 7660.13 | 13035.71 | z SP5i—e 6Dysg
10Hw 7662.74 | 13046.58
10 7661.62 | 13048.49
5h 7660.32 | 13050.70
12 7650.02 | 1305291
5Hw 7649.60 | 13068.83 | b 2Gas—z {Fisg
3H 7648.46 | 13070.93 | @ 4Pasg—2z SFiig
20w 7647.60 | 13072.40 | y OFy—e Danyg | 4 Hw 0.68 | (1.38) | 1.66
10 7644.15 | 13078.31 | b {Fay—y {Fisg
1h 7641.77 | 13082.38 | b4Dag—z {Dis
5c 7640.72 | 1308417 | b 4Pay—z tDisg
12 7639.82 | 13085.72 0.2 | 0.89
15he 7638.15 | 13088.58 | b4Pasg—y 4Disg
10 7628.16 | 13105.72
4 7625.57 | 13110.17 | b 4Duss—z {Disg
8 7621.14 | 13117.79 | @ 2Poy—z {Fisg
4h 7615. 88 13126.85 | 2 6Pjis—e 6Doyg
5¢ 7603.40 | 13148.40 | b4Pug—y {Disg| 4 0.36| 0.18| 0.56* 1.68 [(1.32)
1h 7505.06 | 13162.83 | b 4Day—y +Pisg
2h 7503.63 | 13165.31
20hi 7585.29 | 13179.79 | b4Pa—z4Dhg| 4 0 1.66 | 1.53 |(144)
3 7584.07 | 1318191 | y 6F3—e ®Dusg
20 7583.92 | 13183.30 | b4Fsy—y Fhs| 6 0.12| 0.43] 1.20% (1L12) | 1.24
500 7574.57 | 13198.44 | a ®Say—zPhs | 6 0.11| o027 | 193| 199 |1.88
10 7551.96 | 13237.96 | b 4Fay—y {Fisg :
12h 7547.71 | 13245.41 | y OFis—e Duyg | 4 210 L05| . | (o6 |3.16
h 7543.38 | 13253.01 | b 4Das—z ?Fig
4 7540.18 | 13258.64 |a 4Hsy—2z 4Firg
10 7535.36 | 13267.12 | b 4Day—z 4Dis
12h 7532.08 | 13272.90 | z¢P3i—eDug| 6 012| o0.41| 161| 1.68 |1.56
6 7523.34 | 13288.31 |a ?Day—z ?Disg
50we 7510.77 | 13294.62 | b4Fus—y4Fhs| 6 0.08| 0.3 | 12| 125 |133
4 7517.51 | 13298.62
8 7517.14 | 13299.98 | z OP3i—e Dasg
100 7515.92 | 13301.43 |a ‘Dig—z4Phs | 4 L25| 0.62| 058| 120 |245
15w 7512.37 | 13307.72 | b 4Poyg—y 4Disg
8w 7402.76 | 13342.55
20 7478.20 | 13368.52 | b4Fay—y iFhg| 6 0.23| 0.57| 1.13¢ (0.85) | 1.08
4h 7460.82 | 13399.67 | a 2Poy—2z 2Dis
10h 7459.08 | 13402.79 | b 4P13s—2763 4 Huw 0.87 | 170 |(1.37)
2h 745829 | 13404.21
12h 7456.31 | 13407.77 | ¥ *Fii—e®Dag| 6 0.18| 0.63| 1.59% (1.38) | 1.56
12h 7462.88 | 1341394 | ¥ iFhy—eDug| 6 0.82| 1.23| 143| 102 | 184
Y SFfys—e 8 Doyg
105 7446.60 | 1342526 ({! s
8h 7445.96 | 13427.67 | a 3F 25—y ODisg
7 7436.99 | 13442.60
7 7436.02 | 13444.36 Huw 0.69
7 7435.37 | 13445.53 | y OFi—e 'Dayg
7 743462 | 13446.89 | @ 2Dayg—z ¢Piyg
b 4P1g—z 4Dy
10 7430.12 | 13455.03 {a’Pm-—z’Diu
12 7428.50 | 13457.97 b:gm-u ;g;x
atPag—2z Ot ag
8 7426.06 | 13462.39 {a‘H.x—z ]
4h 7425.26 | 13463.84
12 7419.83 | 13473.69 | b ¢Fay—y tFisg
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TABLE 4.—First spectrum of columbium (Cb 1)—Continued

Wave
Intensity | , No. Term combi- | Zeeman | Separa- Stz(s)?g- St;gxtlg-
Arc sir vac. nation type tion o g
cm-! P &
1 2 3 4 5 6 7 7 8 10
8 7409. 81 13491.91 | a *F35—2 3G s
7372. 51 13560. 17 | a ®8g3—2z 6P3y4 4 0.31 0.14 | 0.88 1.97 1. 66
6h 7366. 48 13571.27 | b 4Pig—y 4Pix
4 7362. 10 13579. 35
100¢ 7353.17 13595. 84 | a {Doys—z 4Py 16 2.45 .22 | 1.22 0 2.45
4h 7350. 58 13600. 63
2h 7348.86 13603.81 | @ 4Dag—2z 4Gy
4 7340. 26 13619. 75
10 7332.30 13634. 54 | z CP3g—e 8Dyig
3 7331.44 13636. 13 | b {Pag—z 2F3y
30 7328.38 13641.83 | b 4{Fi5—y ‘Fiig
25h 7323.91 13650. 14 | b 4Pag—z 4Dy
20w 7317.03 13662. 99 | z 6P35—e 6Dy
8h 7311. 93 13672. 52 | 183s55—2 4Gisg
3 7300. 69 13693. 57 | @ 2Gys—2z 4Gy
3H 7293. 22 13707. 59 | b 4P1ys—2z 2Pl
10 7276.76 13738.60 | a ‘P1ys—2z 8Fis4
10 7274.78 13742.34 | b 4Day—1z D3y
8h 7268. 92 13753.42 | b {Payg—y Py
2h 7262. 80 13765. 01 | b 2Gayg—x 2G3y?
15 7258. 90 13772.40 | b ‘Fi—y *Fiyg
10 7256. 19 13777.55 | @ 2Dayg—2z 4F3y
12w 7253.19 13783. 24
40 7252. 35 13784.81 | a *Poy—2 2Siy4 6 1.48 0.74 1.39 0.65 2.13
8 7248.12 13792.89 | a {Poyg—2z SFiy4
7 7244. 55 13799.68 | a ;P:K—z "D!}i
7 724181 | 1380490 (iD= 2 D
10h 7240.11 13808. 14 | a ‘Gus—y ‘Fiy
8h 7235. 68 13816. 60 | a 2Fas—z 2Giy
8H 7233.87 13820. 06 | @ 2Gays—2 4Giyg
2 7221.07 13844.55 | a *Fa5—y *Diyg
2 7213. 58 13858.93 | a 2Poy—2z 6Fiyg
15¢ 7208. 95 13867.83 | b ‘P1g—z 4Diig
10¢ 7207.92 13869.80 | b 4Poys—y ‘Piyg
15 7191. 38 13901. 71
a‘Gay—y {Fiy
8 7186.17 | 11179 {2 Y sDes
8h 7185. 57 13912. 95
8h 7184. 89 13914.27 | b 4F3—2 3Gl
10w 7180. 00 13923.74 | a ‘Gsys—y ‘Fiyg
15w 7178.27 13927.10 | h 4Dgyg~z D3y
a?Hag—y 4Fiy
4 7172. 98 13937. 37 {b 3G y3g—0 4Fing
4 7170.75 13941.71 | @ 4Dyys—2z 4Giyg
10w 7165. 84 13951.26 | a 4Pag—2 6F33¢
3 7163.92 13955.00 | @ 2Fa4—y ‘D3
100 7159. 44 13963.73 | @ 4Day—2z ‘Pl 4 0.23 0.12 1.00 1.35 1.59
10w 7151. 45 13979.33 | a $Day—2z 4Gy
8w 7146.19 13989. 62 | b 4Dyyg—2z ‘Hiyg
4 7136.09 14009. 42
12 7130. 06 14021.27 | b 4Fa5—2 8Diyg
40 7126.18 14028.90 | @ 4Gay—y *Fixg
10 7122. 96 14035. 24 0 1.06
10 7121.91 14037.31 | b :go}s—l‘ :?5}5?
a4Poyg—2z OFi3?
10 7121.25 | 14038.62 {4 Fau—2 (Kbl
10 7120. 66 14039. 78
15 7119.32 14042.42 | @ 4Gays—y *Fiyg
3h 7108. 58 14063. 63 | @ 2Hy—y ‘Fiy
30w 7102.02 14076.62 | a 4D3y—z 4F3yg
50¢ 7008. 94 14082.73 | a 4Gy—y *Fiy
3 700130 | 14097.91 | b4F 13—y 6Dis?
4 7090.73 14009. 04 | a 3F35—27683¢
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TasLe 4.—First spectrum of columbium (Cb 1)—Continued
Wave
Intensity | 5 o No. Term combi- | Zeeman | Separa- St;g;ng- Stlég;:g-
Are AL vac. nation type tion 4 7
cm™! P L
i 2 3 4 5 6 7 8 9 10
12 7075.24 | 14120.91 | a 4Pyg—2 Fisg
3 7070.02 | 14140.34 | b {Fa—y SDisg
10 7066.42 | 14147.54 | a 4Gay—y 4Fix
1h 7063.49 | 14153.41 | b 4Pyys—y ‘Pisg
2 7059.17 | 1416208 | b 4Doy—y 2D
12 7051.22 | 14178.04 | b 2Gas—2 *Gisg
300¢ 7046.81 | 14186.92 | 4Dyg—z 4P| 4 ur 138 | (1.42) | 1.45
10 7038.06 | 14204.55 | b 4Fays—2z 2Qig
8 7035.66 | 14200.40 | @ 2Fai5— 2763
20w 7023.48 | 14234.04 | b4Piys—y ‘Pug| 4 ur 134 | 178 | (1.61)
5 7014.91 | 14251.43
3h 013,35 | 1425460 | s
s—y DIy
20w 7003.95 | 14273, 73{ By Py
3h 6099.75 | 14282.20 | a IFsy—2 2Fhis
20 6996.12 | 14289.70 | b4Pog—z 2Pl | 4 0.56 | 0.88 | 2.58 | (1.45)
100 6990.32 | 14301.56 |a4Dig—z Pl | 6 0.398 | 0.606 | 1.405 | 1.206 | 1.604
8 6089.40 | 14303.44 |a 4Gag—y ‘Fixg
15 6986.00 | 14310.22 | b 4Pag—z 4D
sh 6978.40 | 14325.99 | a 4P1g—2 $Disg
6h 6975.05 | 1433287 ur 1.51
10h 6972.48 | 14338.15 | b4Pug—z ‘Dhg| 4 ur LAY Al 71 o (T
8h 6971.62 | 14339.92 | a 2Fa—y Gy
5w 6964.75 | 1435406
5h 6955.67 | 14372.80 | b 4Payg—z {His
5H 6953.54 | 14377.20 | b 4Fas—y 4Disg
10 6046.08 | 14392.65 | a iFag—22Fhg| 6 0.76 . | (0.86)| 1.16
8 694092 | 14403.35
3 6939.40 | 14406.50
3h 6936.60 | 1441231
4 6028.35 | 14420.48 | b {Fyys—y ¢Disg
60, V 6018.33 | 14450.38 | a !Fa—y 2G| 5 ur 0.95 | (0.86) | 0.92
4 6911.15 | 14465.39 | b 3Gas—w 4Gisg
4 6910.23 | 14467.31 | @ 4P1ys—z ODisg
40,V 6008.06 | 14471.85 |a IDysg—2 2Shig 4 1176 | 0.588 | 0.370 | 0.958 | 2.134
8 6906.60 | 14474.92 | a {Gas—ySDis?
50¢ 6902.80 | 14482.70 |a ‘Dgs—z?Dig| 5 0.46 | 0.23 | 200 | (1.36) | 0.90
8 6888.49 | 14512.97 ur | 1.15
15¢ 6886.32 | 14517.55 |a 4Dag—z (T
2h 6884.98 | 14520.37 | b 4Day—7 {Fiig
10w 6879.90 | 14531.09 | @ {Day—z {Fisg
4h 6878.66 | 14533.71
5 6877.79 | 14535.55 | @ *Dass—z 2Dy
60, V 6876.36 | 14538.57 |a 4Dyg—z {Fhg | 6 0.78 117 | 0.79 | 118 | 0.40
sh 6871.68 | 14548.48 ur 1.14
15w 6870.92 | 14550.09
5h 6861.82 | 14569.38 | b 2Gus—0 {Fixg
8 6857.14 | 14579.32 | b {Poy—z 4Siig 4 0.81 | 0.40s | 1.37 | 2.62 | (1.79)
20¢ 6849.33 | 14595.95 |a Doy—z 4Pl | 15 1.581 | 0.790 | 2.387 | 0.015 | 1.596
5w 6346.14 | 14602.75
150, V 6828.11 | 14641.31 [ 4Dgy—z 4Phg| 6 0.12 | 031 | .42 | 1.36 | 1.48
Sw 6824.55 | 14648.95 bb‘}l;m—v g:i;;
4Day—z 4Fiyg
3 6803. 44 14694.40{ b E A reDi
6h 6802.86 | 14695.65 | @ 4Gayg—y SDisg
10h 6795.27 | 14712.07 ur 1.26
3 6781.22 | 1474255 | @ *Pyy—y {Fis
5h 6752.98 | 14804.20 | 183s4—u 4Fiy
8w 6745.44 | 14820.75 | @ 4Dig—23Dhg?| 6 0.31 | 0.16 | 1.32°| (1.20) | 0.89
80, V. 6730.88 | 14832.97 |a ‘Doy—z {Fhg | 15 0.410 | 0.205 | 0.618 | 0.005 | 0.415
5 6738.96 | 14835.00 | b 4Das—y 4Gixg
5 6725.82 | 14857.35 | a 1Gayg—z ‘Phg
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TABLE 4.—Furst spectrum of columbium (Cb 1)—Continued

Wave
Intensity | o No. Term combi- | Zeeman | Separa- Stz(sztng- St;(s);.lg-
Arc Alr vac. nation type tion n (4]
em-! P o,
1 2 3 4 5 6 7 8 9 10
5h 6726.10 | 14863.16 | b2Gus—0 IF3y
150, V 6723.62 | 14868.84 |a4Dps—z4Fhys | 4 0.14 | 0.07 | 0.8 [(1.20) |1.06
8 6721.98 | 14872.47 | a‘Pys—zDii| 6 0.19 | 0.48 (1.60) | 1.41
5 6719.27 | 14878.47 | a4Gus—z 2Gdy
3h 6718.93 | 14879.22 | b *Dag—z ‘Fis
8w 6717.56 | 14882.26 0.25 |0.73
10¢ 6709.89 | 14899.27 | @ {Dsg—y SFis
80, V 6701.20 | 14918.59 | a TFas—y Gy | 4 0 .08 |(L13) |111
4h 6699.82 | 14921.66
5 669645 | 14929.17 ur 1.03
2 6683.75 | 14957.54
2h 6681.36 | 14962.89 |a 4Gsg—zoDi?
5H 6679.21 | 14967.71
200c, V 6677.34 | 14971.90 |a‘Dug—z Fhs | 4 0.06 | 1.00+ [(1.36) | 1.24
4 6666.24 | 14996.83 | b 4Day—z ‘Fis
300¢, V 6660.84 | 15008.98 |a4Dus—z‘Fis| 4 w | L18+ |(L42) |1.33
108 6655.90 | 15020.12 | @ Fa—2 2Fsg
4 6653.40 | 15025.77
10H 6644.68 | 15045.49 | @ 4Dsyg—2z OPi
8 6626.98 | 15085.67 | a‘Pi;—z4Dhg| 6 0.46 | 0.68 172 |12
4h 6620.59 | 15100.23 | b 2Gus—u AFiy
2 6618.35 | 15105.34 | b 4F2s—z 2Fsg
6 661668 | 15109.15 | a‘Pys—z‘Di| 6 262 | 131 |131 |262 |0
20 6614.15 | 15114.93 |a*Dus—z 2Dl | 15 0.860 | 0.431 | 1.336 | 0.045 | 0.905
10 6607.32 | 15130.56 | a 2Fa—22F55 | 5 0.28 | 0.14 [ 177 [(0.86) |1.14
10 6606.15 | 15133.24 ur | 0.91
4h o | 6594.30 | 15160.43 | b 4Pa—z 0S5y
40c 6591.00 | 15168.02
3 6586.79 | 15177.72 | 0 2Gug—2 *Fix
5HId 6580.50 | 15192.23 | @ ¢Hs—y Fis?
10 6574.74 | 15205.54 |a{Dpg—2288s | 4 0.93 | 0.47 |0.74 |12 |213
6 6556.93 | 15246.84 1.08
8 6551.63 | 15250.17 | b 7Hug—w2Fs| 4 0 Lol | 105 |(1.07)
4 6550.22 | 15262.45 | b 4Pgg—z ‘Fis
80c, V 6544.61 | 15275.54 | @ *Dys—z Dy | 5 0.00 | 171 [(1.42) | 1.30
6 6519.70 | 15333.90 | 2Dyg—z D
d it B bg’%_w%}‘? 4 1.36 | 0.68 |0.58 |263 |1.27
a Pog—2 4Dy y 5 K k -
10 6497.85 | 1538546 ({ff JFus 2 1004
4 6494.23 | 15394.04
6h 6491.90 | 1539956 | @ 2Pyys—y 4Dy
2H 6488.66 | 15407.25 | @ ‘Das—z SP3y
2 6482.73 | 15421.35 | @ 4Gass—y2Gisg?
: i S s PR 18 16 2.11 1,055 (1)'327 101 | 212
a*Doy—2 2S84 . . 0 5 A
10 6449.84 | 1549998 {a‘Dxx—zﬂPin
4 6437.76 | 15529.07
30, V 6433.24 | 15530.98 | a ‘Pys—z4Diy| 4 0.31 | 016 093 | 171 [140
80¢, V 6430.47 | 15546.67 | @ 4Pyg—24Diy | 4 0.16 | 0.08 |1.04 | 1.60 | 1.44
2 6427.66 | 15553.47 | a ‘Dyg—z Py
4 642206 | 15567.03 | b 4Fss—z ‘Dis
2 6417.60 | 15577.85
2 6375.95 | 15679.61 | a2Gag—z ‘Fiy
2 635556 | 15729.91 | @ *Dag—zDiy
8 6348.98 | 15746.22 0.00 | 0.91
4 6346.24 | 15753.01 |a 2Hug—y 3G3| 5 0 0.97 | (0.93) | 0.91
3h 6334.10 | 15783.21
4 6325.78 | 15803.97 | aPog—y ‘Fiyg | 4 0.17 | 0.09 | 0.42 | 0.67 |(0.50)
5c 6312.16 | 15838.07 | @ 4Gyg—z SDiig
4c 6300.24 | 15845.40 ur | 113
6¢ 6286.38 | 15903.02 | 183s4—1w *Gix ur | 0.85
4 6275.41 | 15930.82 | @ THyg—y 2Glyg | 4 w1101 | (1.10) | 1.14
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TABLE 4.—First spectrum of columbium (Cb 1)—Continued
Wave
Intensity | 5 . x No. Term combi- | Zeeman | Separa- St;gtng- Stgélg‘
Are air vac. nation type tion 0 0
cm-1 y4 n
1 2 3 4 5 6 7 7 3 10
8c 6260.77 | 15968.07 | b2G4—z 3% 4 ur 0.82 | 1.01 |(0.95)
4h 6257.38 | 15076.72
20¢, V 6251.76 | 15091.08 | 183s5—z MMsq ur 118
5h 6228.25 | 16051.44
20¢, V 6221.95 | 16067.70 |a4Dug—z?Diy| 5 ur 133 | (1.20) | 1.27
5h 6219.59 | 16073.79 ur | 1.32
2h 6218.44 | 16076.06 | @ 4Gug—y 2Giy
8,V 6213.06 | 16090.69 |b4Disg—w 4Fiy| 5 0.47| 0.2¢ | 0.73 | 0.03 |0.50
6204.75 | 16112.24 |b4Dug—w *Fys| 6 0.70 | 105 | 0.88 | 1.20 |(0.50)
12,V 6164.30 | 16217.96 | a 3Fag—y Dl | 5 ur 0.90 | (0.86)| 0.81
10¢, V 6148.11 | 16260.67 | a 2Fs—y 2Ds| 4 020 013 | 0.62 | 1.12 |32
7c 6142.53 | 16275.44 | b4Pgys—y Dig| 4 0.41| 0.20 | 0.93 | 1.55 | 1.96
7c 6128.68 | 1631222 ur 1.04
4c 6118.10 | 16340.43 | b 4Dfsg—0 4Fhsg
6 6110.94 | 16359.58 0.56 | 1.04
9 6107.69 | 16308.28 | b 4Dysg—0 {Fisg 4 0.80 | 1.22 [(1.05)
2 6105.30 | 16374.69 | a 2F54—2 4Fix
4c 6103.49 | 16379.54 | b3G4—z*Hix
6 6083.55 | 16433.23 |a3H4—z2F3y | 4 ur 0.26 | (0.93) | 1.12
4 6067.81 | 16475.86 |a?Df—z D | 4 0 0.81 | (1.21) | 1.47
b4Dag—04Fhs | 4 ur 1.04 | 146 |(1.34)
12¢ 6056.64 | 1650625 ({0 Dm0 Kb
1 6052.59 | 16517.29 | b $Fass—z Disg
10¢ 6048.71 | 16527.88 | b 2Hsy—z L3s 6 0.22 | 097 | 0.99 |0.95
oh 6047.46 | 16531.30 | a 4Gas—z 4D
2, V 6045.49 | 16536.69 | b 4Fyg—z \Hiw | 4 ur 0.60 | (1.12) | 1.00
4 6041.96 | 16546.35 l;) Dy~ 4‘%;’5 3 o R A
13— W 4 0. i .00
10, V 6031.83 | 16574.14 | Al
12,V 6020.74 | 16579.88 | b 4Fag—z Hig| 5 0 0.93 | (0.85) | 0.89
5¢ 6028.73 | 16582.66 | a 2Fay—x 4Fdy
1 6022.50 | 16599.81 | b IHes—w 4Gl
50¢, V 5097.86 | 16668.01 |a4Day—y4Fhs| 6 0.79 | 1.33 | 144 | 121
5 5086.61 | 16699.33 | a%Dag—y4Dhg| 4 ur 112 | ey | 127
30, V 5086.08 | 16700.81 | b 4Fsg—z4Hig| 4 0.215 | 0.76+| (1.22) | 1.14
100, IV? | 5983.21 | 16708.82 | a 4Pyy—z 4Phy 4 0.75| 0.3 | 1.35 | 172 |2.47
5¢ 5971.25 | 1674228 1.35
4¢ 5965.36 | 16758.82 | b 7Hs—w 2Gh| 4 ur 0.70 | 1.03 [(1.10)
1 5964.56 | 1676106 | @ IPyg—z 4Diig
15,V 5957.69 | 16780.39 | b 4Fas—y4Ghs| 6 0.11 | 0.3 | 1o7 | (12 | 101
4 5949.90 | 1680236 |b2Gas—2?Hig| 5 ur 110 | 0.99 [c.01)
2 5938.62 | 16834 28 | q4Gss—z 4His
15¢, V. 5934.15 | 16846.96 | b 3Hsy—2 2Mhy 5 ur 152 | 100 [(1.08)
12¢, V 5028.234 | 16863.77 | a 0Sa5—2z 481y
10 £927.40 | 16866.14 | b4Day—wiFhs| 4 0.2 0.12 | 0.72*| 143 |(L20)
2h 5924. 27 16875.05 | a 4Hays— 2 2F3147|
1h 5920. 16 16886. 76 | a 4Day—y 4Fiis
2 5910.55 | 16914.22 | a4Gus—2z4Hg| 5 0.3¢ | 0.17 | 1.55* | (1.23) | 0.89
5 5004.48 | 1603161 |b4Day—z2Gisg | 4 0.32 | 0.16 | 1.46* | 141" |(1.09)
20¢, V 5903.80 | 16933.56 | a 8Sa—y OPhig
200¢, V 5900.59 | 16942.77 |a‘Da—y4Fhs | 4 w 1.09+| (1.42) | 1.35
3 5894.61 | 16959.96 | a 3P1y—y OPisg?
15¢, V 5893.43 | 16963.36 | b 4P1s—v 4Shg 6 0.26| 0.3 | 1.88 | 170 [(1.96)
4 5885.04 | 1608494 |b4Dag—u ¢Fig| 4 0.27 | 0.13 | 0.29 | 1.38 [(1.115)
5 5878.07 | 17005.08 | b *Fay—z *Fisg
mv | s | wesoa |{3iEwz s | 0 0.18 | 0.00 | 255 | 2.64 [2.46
8¢ 5876.30 | 17012.81 | 183s5—y2H}s| 6 0.30 | 1.22—
7¢ 6875.24 | 17015.88 | b4Fus—z 4Fhs | 6 1.35 | (1.22) | 1.19
40c, V 5874.68 | 17017.50 |a*Dag—y {Fhg| 6 0.27| 0.74 | L21 | 1.35 | 1.08
4d 5872.46 | 17023.93 | aDag—y *Disg
6 5868.80 | 17034.29 | b4Da—w 4Gl 4 0.36 | 0.20 | 0.19 | 1.45 | 1.09
80,IV? | 5866.45 | 17041.37 { @ ‘Pag—z 4Pl | 70,4 0 1.58 | (1.60) | 1.60

644098—45——4
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TaBLE 4.—First spectrum of columbium (Cb 1)—Continued

Wave
Intensity | , ., No. Term combi- | Zeeman | Separa- Stg‘s”gg' Stg«s);lg-
Arc ale vac. nation type tion g1 14
em-! P i
1 2 3 4 5 6 7 8 9 10
6 5864.94 | 17045.76 ur 113
2 5863.21 | 17050.79 | b *Dasyg—w 4Fisg
1 5862.12 | 17053.96
5 5856.70 | 17060.74 ur | 0.90
6 5855.72 | 17072.60 | @ 4Gas—z4Dig| 6 0.15| 054 | 115 | 107 | 1.23
6 5852.70 | 1708114 ur 1.03
1 5851.04 | 17083.63 | b 4Fas—y 2Dis
2 5850.67 | 17087.33 | b *Fasy—z +Fisg
20¢, V 584610 | 1710069 | @ Sus—y ‘Phs| 6 0.38 178 | 197 | 150
30,V 5842.47 | 1711132 | a‘Fug—zFisg | 4 ur 110 | (133) | 139
2 5830.17 | 17120.99 | b 2Guss—v 4G
100c, IV | 5838.61 | 17122.63 | a*Dag—y ‘Fiss | 4 ur 1.00 | (1.36) | 1.26
15¢ 5838.13 | 17124.04 | a 2Pig—z?Pig | 5 0.39| 020 | 1.3 | 116 | 0.76
40,V 554,88 | 17133.57 | bFai—z Fhi | 6 012 | 123 | 124 | 121
a ‘Gay—z *Hiy
2 5834. 40 17134.98{ SR s G
3 5825.41 | 17161.43 | @ ‘Gus—z‘Hix| 6 0.22| 0.98 (1.23) | 1.01
20¢ 5820.61 | 1717558 | b *Hug—z iy 4 w 0.64 | 102 | (0.95)
80, V? 5819.415 | 17179.11 %:g:ﬁ:;?g;;‘ ¢ w L.09+| (1.26) | 1.23
15¢ 5815.316 | 17191.21 | @ ‘Gug—z‘Diy| 5 0.49| 0.25 | 251 | 070 | 1.28
3 5811.89 | 17201.35 | a *Fyg—y 'Fhyg | 5 ur 1.58 | (113) | 0.95
5c 5810.68 | 17204.93
1 5805.91 | 17219.07 | b 2Dasg—w *Gisg
4c 5804.65 | 17222.80 | @ ‘Gss—y ‘Gix
30d, V 5804.02 | 17224.67 |a ‘Di—y ‘Fisg | 6 0.74| 1.08 | 0.83 | 120 | 0.46
1h 5801.78 | 17231.32 | @ 2Pys—z ‘Dix
2 580101 | 17233.61 | @ 2Gag—y *Fis
20, V 5794.24 17253.75 | a ‘Gag—z *Hiyg 5 w 1.18 | (0.74) | 0.87
7e 5780.78 | 17267.04 | @ ‘Gys—z ‘Fisg | 5 ur 140 | (1.26) | 1.20
80,11 | 5787.52 | 17273.78 | a 4Fs—z 0F3g | 4 w 0.96+| (124 | 1.34
5780.31 | 17295.32 | b4Fag—z ‘Fis | 6 0.38 | 1.05* | (0.85) | 1.00
2 5779.78 | 17296.91 | b4Fy—z ‘Fis | 5 wr | 161 | (112) | 1.2
30¢, V 5776.07 | 17308.02 | @ %Sug—y ®Phs | 6 0.81* | 188 | 1.99 | (1L77)
4 5774.83 | 17311.74 | a 'Fag—y ?Fiss | 6 0 0.83* | (0.86) | 0.80
10¢ 5771.06 | 17323.05 | b4Ds—v 4Fisg | 4 0.24| 012 | 047¢| 1.45 | 121
40,V 5764.98 | 1734132 |a4Gag—y 4Ghg| 6 o1l | 073 | 075 | 0.7
80, IV 5760.33 | 17355.31 |a4Duig—y ‘Fhg | 4 w 0.91+| (1.20) | 1.08
2 5759.00 | 17359.32 | @ 2Dag—y ‘Dis
1h 5758.11 | 17362.01 |b2Hms—zHig | 6 ur 101 | 1.00 | (1.01)
4c 5754.44 | 17373.08 | @ Pos—y 4Phist 5 1.23
3 5753.26 | 17376.64 | @ 2Dyg—276%
40,V 5751.43 | 17382.17 | a4Ga—z ‘Hig| 4 w 0.76 | (1.08) | 1.01
3¢ 5743.847 | 17405.12 | a 4Gus—y ‘Gis
3 5743384 | 17406.52 | b2Hys—w 3Glg| 6 0.18 | 102 | 1.00 | 1.04
6 5738.10 | 17422.28 0 1.07
7 5737.35 | 17424.83 012 |
1e 5734.35 | 17433.94 | b 4Pag—w Tt 0.3¢ | 1.24
80, III | 5720.185 | 17449.66 | ¢ 4Fag—z Ffig | 4 w 0.85 | (1.03) | 1.15
9 5725.66 | 17460.40 | b2Gus—y ?Hiss| 6 d 0.9 | 0.97 | 0.95
4 5792.70 | 17469.44 | b4Fng—z Fig | 5 0.32| 0.16 | 2.03*| (0.85) | 1.17
30, V 5716.34 | 17488.87 | @ 4Gug—z {Hyg| 4 w 0.76+| (1.23) | 1.15
6 s715.58 | 1a91.20{] D T2 e ™ 0 R0 0 1089
b2Gas—z2Hix| 4 0 0.68 | 0.86 | (0.82)
5 5713.79 | 17496.68{ ) SR i
2 o7id44 | 14975 |atDne—y Dhs| : B I
a2 55—y 2Fiy . . .
15 5700.33 | 17510.34f| & sy (T J
50,IV? | 5706.47 | 17519.12 |a ‘Doy—y *Fis| 5 0.41| 021 | 0.68 | 0.06 | 0.47
15 5706.16 | 17520.07 | b4Dyg—w ‘G| 4 0311001 S ) Pl tay
4 5698.01 | 17545.13 |a2Das—y 4P | 4 070, 0.35 | 1.63°| 2.68 | 1.08
5 5607.89 | 17545.50 | b 4Po—y 4Shg | 4 0.701 0.35 | 1.63 | 2.68 | 1.98
8 5693.07 | 17560.35 | a‘Pas—z2Dig| 5 0.68| 03¢ | 262 | 1.60 | 0.92
Be 5684.45 | 1758608 |b2FHg—22Hig | 6 0.2 o=l T | 104 | (0,82
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TaBLE 4.—First spectrum of columbium (Cb 1)—Continued
Wave
Intensity | No. Term combi- | Zeeman | Separa- Stgg:xg- Stggz)g-
Are air vac. nation type tion n 92
cm-! P W
1 2 3 4 5 6 7 8 9 10
10 5677.453 | 17608.06 | a ‘Pyg—z 4Fi | 6 0. 132 | 133 | 150 | 106
3 5675.942 | 17613.34 | a 2Gasg—y *Fixg
50, IV 5671.90 | 17625.90 | a‘Ga—y ‘Gl| 6 007 | 024 | 104 | 107 | 1.00
60, V 5671.09 | 17628.41 | a %Sp—y OP3s | 4 0.32 | 0.16 | 1.83* | 202 | (1.70)
9 5666. 86 17641. 57 | b*Dag—w {Fiut 0.14 | 0.42
120, IIT 5665.63 | 17645.40 | a 4Gs—y 4Q3g| 7,6 0 1.26 | (1.26) | 1.26
100, IIT 5664.70 | 17648.30 | a {Fy4—z Fog | 5 0.772 | 0.386 | 0.785 | 0.399 |—0.373
1 5662.04 | 17656.59 | a 2Pos—y ‘P
5 5654.13 | 17681.29 |a?Dyg—z?Phg | 4 0.22 | 012 | 0.76* | (1L21) | 1.44
3¢ 5648.40 | 17699.23 | b4Fy—z4Fd | 5 0.605 | 0.303 | 2.038% (0.402)| 1.007
10 5645.30 | 17708.95 | a {Pis—z ‘Pl | 6 0.00 | 013 | 165 | 170 | 1.61
80, IIT 5642.10 | 17718.99 | a {Pyg—z ‘Pl | 6 0.109 | 0.273 | 1.547 | 1.601 | 1.492
20¢ 5635.42 | 17739.99 ur 1.08+
2 5633.64 | 17745.60
6c 5620.81 | 17757.67 | a ‘Gag—y IDi
40,V 5620.17 | 17759.69 | a 4Gu—y ‘Glg| 6 u 1.24 | 121 | (1.28)
10¢ 5628.25 | 17762.59 | a {Fys—2z0FS | 6 0.15 | 0.5 | 1.63* | (1.24) | 1.39
14 5619.78 | 17789.36 | a ‘Dag—y 6Diyg| 4 1.10h | (1.36) | 1.24
3 5618.69 | 17792.82 | a *Pog—z Pl | 5 0.77 | 038 | 1.8 | 0.70 | 1.47
7 5603.93 | 17839.68 | a {Fs—z 6D
30, V 5603.51 | 17841.02 | a ‘Fa—2zFhg | 6 0.326 | 0.817 | 1.191| 1.028 | 1.354
10¢ 5509.57 | 17853.57 |a‘Dag—z2Gix| 4 0.37 | 020 | .. |36 | 0.9
5h 5506.87 | 1786218 |a ‘Dys—y ‘Dig| 5 ur 152 | (1142) | 1.34
6c 5504.87 | 17868.57 | b 1Hsg—y THig
15¢ 500.95 | 1788110 | W & D o el T 3
atlig—2 121 ; . 0. . 40 .0
30,1V | 5586.99 | 17803.77 {8UTue—2 T
15,V 5578.28 | 17921.71 |a ‘Gug—z4Fis | 6 0.010 | 1.22 | 1.23 | 1.21
4¢ 378.07 | 1792238 | b (Poy—uw {Fig
atlfyg—2z 414
15¢, V 5576.16 | 17928.52 {bq,m_u,m%
2 5572.52 | 17940.23 | @ 4Dag—z *Disg
10¢ 5571.41 | 1794381 | 183y5—7 3His 1,08
2 5566.12 | 17960.86 | z 6D3s—e *Faig
10, V 5562.99 | 17970.97 |a *Dyg—z4Siy | 4 24 0.31 | 120 | (1.79)
4 5553.115 | 18002, 92 | @ 3Gays—2 1Gixg
5 5552.33 18005.47 | a 1Gag—y ¢Diyg
60, V 5551.34 | 18008.08 | a 4Pog—z 4Pl | 4 0.52 | 1.08 | 2.64 | 1.60
2 5550.18 | 18012.44 | a 4Dyg—y 4Dy
8¢ 5549.60 | 18014.33
2 5545.52 | 18027.58 | z $D3i—e SFuxg
9 5541.461 | 18040.78 | a *Dag—y P
3 5538.736 | 18049.66 | a {Pag—z ‘Fis
4 553250 | 18069.71 | a 3Gag—2 2Ghi
30,IV? | 5523.57 | 18099.22 |a‘Dag—yDig| 6 0 L4 | (L42) | 140
3 5521.89 | 18104.72 | b 4Pag—w 4Dy
5 5517.39 | 18119.49 0 L1
15¢, V 5512.81 | 1813454
4c 5511.22 | 18139.78
2h 5510.60 | 18141.52 | a 4Doy—z $Dis
7 5500.13 | 18146.66 | a 2Fa—wiFhs| & o 140 | (0.86) | 0.50
a?Hsy—y 4Gl
1e 5506.74 | 18154.53 {b,m“_ﬂ,%‘
30c, III | 5504.58 | 18161.66 | a 4Fa—2z 6Diy
5 5501.759 | 18170.97 | 1o
1 5500.53 | 18175.03 | @ 2D135—2763
1 5499.87 | 18177.21 | a?Hug—z 4Fiy
7 5499.53 | 18178.33 | a 4Fa—2 *Diy
5h 5494.00 | 18196.33
4 BI9L0G2 | 18206.37 | 2 (Flyi—e $Fng
a‘P1g—2z 2Diy
1 5484.58 | 18227.88 {a‘Hm—z‘H&x
8 5483.48 | 18231.54 | a4Dyg—y Dix| 6 ~ | 1es [ oyl 130
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TABLE 4.—First spectrum of columbium (Cb 1)—Continued

Wave
Intensity | 5 A No. Term combi- | Zeeman | Separa- Stgs’gg' St;g;]g'
Arc &ir vae. nation type tion 2 g
cm=1 P e
1 2 3 4 5 6 7 8 9 10
5e 5483.08 | 18232.87
15, V 5481.002 | 18230.79 | b2Gus—z?Hbs| 5 st 18E=ii1.08 |@1.14)
4c 5470.205 | 18245.77 | @ {Po—z {Fisg
3 5478.74 | 18247.32 | z Dis—e *Foyg
1 5477.96 | 1824991 | b 4Dasg—o 4Disg
28Diy—e OF 14
de 5476.07 | 18256.21 {bﬂ}}ox—v;?i’n
a‘Fays—2 6Fiyg
6c 5469.55 | 18277.97 |{HE%—Z T
9 5468.10 | 18282.82 |z ®Djy—e 6F g
3 5467.41 | 18285.13 | @ 4Fyy—z SFog
2 5466.90 | 18286.83 |a ‘Has—z tDis
@AGuys—y 4Gl
1 5462.98 | 18209.96 {a‘D;%—z’Fix
1 5462.03 | 18303.14 | @ 2Fay—0 ¢Fisg
4 5460.935 | 18306.81 | @ ‘Doy—y ‘Disg
10¢ 5458.043 | 1831651 |a4Dus—y‘Dhs| 6 o | 133h| (.36) | 130
3 5457.66 | 18317.79 | a Pas—z Pl
6 5456.19 | 18322.73 | z SD3s—e OFuy
2 5452.70 | 18334.15 | b ‘Pyss—w *Dis
8 5448.306 | 1834, 24 | @ ‘Hayg—z i
4 5445.15 | 18350.88 | z OFfs—e 6Fyy
le 5443.77 | 18364.53 | b Fa—z 4Gisg
s 5443.08 | 18366.86 | z SDis—e OF s
2 5437.008 | 18384, 02 | @ tDays—1 D3
50, IIL | 5437.265 | 18386.50 | @ ‘Pug—z 4Pl | 4 0.226| 0.113| 1.140 | 1.705 | 1.479
1 5434.46 | 18395.99 | @ 2Fas—z 2Gi
2 5432.478 | 1840270 | @ 2Fas—0 4Fixg
1 5431.77 | 18405.10 | b *Dass—v Dy
12d, V 5431.25 | 18406.86 | a ‘Fas—z®Diss| 6 0.52 i 104 | 1.56
1 5497.82 | 18418.50 | @ 2Fu—w R
2, IV 5422.42 | 18436.84 | a ‘Hayg—y ‘Gisg|  7b,4 0 0.68 | (0.69) | 0.70
6c 5416.202 | 18457.70 | a 2Pug—y2Dhg| b 157 | 1.20 |(1.35)
8,V 5411.235 | 18477.95 | ¢ 4Hug—z‘His| 6 0 1.00 | (0.98) | 1.02
2 5400.43 | 1848111 | @ 4Fis—2 *Disg
2 oile. 427 | 18498.22 | o Eys—u T
314—2 4G5y
2 5403.06 | 1850290 ({0 pw—% G
2 5402.49 | 18504.85 | a 2Gag—2z 2Gisg
1 5400.56 | 1851146 | z®Dfi—e *Fas
7c 5306.33 | 18525.97 | a*Doy—y ‘Doiy| 5 0.507 | 1.9l | 0.04 |(1.29)
5 5395.849 | 18527, 62 | a Posg—2z MDixg
2 5305.483 | 18528.88 | a 2Fas—w IF 3
3 5304.36 | 1853274 | a 2Gag—y ‘Disg
6 5388.300 | 18553.58 | @ 4Dag—y ‘Dig| 5 23 152k | (1.36) | 1.43
1 5383.00 | 18568.44 | @ 2Fag—0 ‘Fisg
3 5082842 | 1857240 | 2Wns—wilhs| R GRS
a4Pys—2z Phy ; ok . 2 4
10, II1? | 5381.326 | 18577.63 {"ﬁ%’“_”:g !
a y—2 14
4 5380.705 | 1857977 ({4 w42 Dbs
3¢ 5377.79 | 18589.84 | b4Dys~v (Dl
2 5376.722 | 18503.54 | z 6Fis—e OF g
3¢ 5375.916 | 18596.32 | a *Has—z ‘Hix
8 5375.262 | 18508.59 | a‘Hys—z‘Hiyg| 6 0 L14 | (1.12) | 116
4 5371.111 | 18612.96 | @ ‘Pig—z 288 | 4 52 | (L72) | 212
4 5368.300 | 18622.39 | @ 4Fy4—z 0Dis
1 5363.28 | 18640.14 | @2Dys—2 ‘Dis
4 968,075 | 18640.85 | 0 2Fyi—2 Tis
5 a®Dayg—2 (Fiyg
6 5362.003 | 18644.58 {z‘Di;g-—e B
7 5350.183 | 18654.39 | a*Dyg—y ‘Disg| 6 0? 1495 | (1.20) | 1.32
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ABLE 4.—First spectrum of columbium 1)—Continue
D 4,—Fqrst spect lumb (Cb 1)—Cont d
Wave
Intensity | , A No. Term combi- | Zeeman | Separa- Stzg;lg- Stzgz.lg-
Are i vac. nation type tion g (4]
. em-! D n
1 2 3 4 5 6 7 8 9 10
9 . 5355. 683 18666. 58 | a :gm—z ;%é% 75, 6 0 1.23 (1.22) | 1.23
a*Ga34—Y 213y
5 5355.300 | 18667.91 {szAM—V THi
3c 5355. 086 18668. 66 | z 6F{ys—e 6F 434
5 5353. 283 18674. 95 | z 6Diys—e 6F514 4 el 1.08 (1.54) | 1.46
6 5351.022 | 18682.84 | a 2Fa—w 2F 314
100¢, III 5350. 723 18683. 88 | a ‘F3y—z 4Ddyg 4 0.16 0.08 0.83 1.23 1.39
2¢ 5345. 556 18701. 96 | b 4Day—v 4D3y
200c, IIT 5344. 160 18706. 83 | a 1Fy4—2 4Diyg 4 0.113 0. 169 0.934 1.330 | 1.443
8¢ 5343. 602 18708. 78
10, V 5340. 793 18718.62 | a ‘Hy—y 4Gl 4 0 0.95 0.98 [(1.00)
1 5339. 89 18721.78 | z 8F315—e 6F 314
4c 5337.872 | 18728.86 | a *Fays—z 6D3yg
6 5336.797 | 18732.63 | a 6Day—z 0F 3y
30, IV 5334. 864 18739. 42 | a 4Day;—y 4Piy4 4 0.26 0.13 0.93 1.32 1.58
1c 5334. 27 18741, 51 | a ?2Py34—2 68315
3¢ 5326. 341 18769.41 | a 2D135—2 48114
2 5323. 354 18779. 94 0h 1.04h
2 5321, 917 18785.01 | 2 6D3ys—e 6F 414
2 5321. 659 18785.92 | b 4Day—u 2Piy
4 5321.323 18787. 11 | @ 2Gays—2765141 0.78h
3 5320. 205 18791. 05 | a 8Doy—2 SFiig
15,V 5319, 485 18793.60 | @ 4D1y—y 4Py
50, IIT 5318.597 | 18796.74 | a {Fns—2z4Diy; 0.230 [ 0.117 | 0.680 | 1.025 | 1.255
5¢ 5317. 804 18799. 54 | b *Hsy—2 2H3i
4 5317. 001 18802. 38 | @ 4Huys—2 4*H3y
10 5315. 543 18807. 54 | a 4Pay—2z 2D 6 1.46? | (1.60) | 1.32
3¢ 5314. 283 18811. 99 | a 4Day—y 2G3ys
3 5306. 606 18839. 21 | @ 2Diy—y Pl
4c 5306. 380 18840. 01 | ¢ 4*Hay—y G
3 5303. 27 18851. 06 | @ 4F135—2z 6Djig
2 5301. 434 18857. 59 | b 2Hsi5—0 2Giyt 0.80h
4 5298. 95 18866. 43 | a 9D435—2 6F3g
4 5298. 108 18869. 43 | a 4Hss—y ¢Gig
8¢ 5296. 34 18875.72 | b AP1y—w D1yl 6 Oh 1.27 1.48? | (1.06)
2 5294. 47 18882.40 | @ 8Di1y—2 SFiyg
5¢ 5293. 292 18886. 59 | b 4D3y—v 4Dfig 6 0 1.41 1.43 (1.39) 1
2 5287.08 18908. 78 | @ 4D134—27634
20¢ 5285. 240 18915. 37 w 1.08
1 5281. 62 18928. 33 | a 2Fay—w ‘Fiy|
8¢ 5279.418 18936. 23 | a 4Dsy—y 2Giy
5 5278. 542 18939. 37 | @ 4P2y—z 6P3y;
3 5277.42 18943. 40 | a *Hsy—2z *Hys
50c. V 5276. 196 18947.79 | a 4D3y—y ‘P34 4 0.18 0.09 1.01 (1.42) | 1.60
b 5272.48 18961. 14 | a #D13s—2 *Disg
60c, IV 5271. 526 18964. 58 | a 4F15—2 Dy 5 0.42 0.21 0.61 0.40 |—0.02
6 5269. 910 18970.39 | a ?Gay—2 2Fy 4 0.28 0.20 0. 88 1.16
2¢ 5260. 849 19003.07 | a 2Di1y—2 2Py 4 1.056 (0.96) | 0.78
3¢ 5260. 13 19005. 66 1. 00w
1c 5255. 52 19022. 23 | b 4F3y—2 4Gl !
15, V 5253. 926 19028. 11 | @ 2Gay—y 2Giig 6 0 0.90 (0.88) | 0.92 ‘
10 5253. 028 19031.36 |a 4°HI;}§—I ‘FBZ‘}“ 4us w 0.98us| (1.12) | 1.18 ‘
a $Dag—2z 0F5y
10 ss1.8L | 1008577 ({2 Dys—zDiss| 4 0 1.30 | (1.36) | 144
15¢, V 5251.62 | 10036.46 | @ SDosg—z 0Fig
10¢ 5247.38 19051.84 | a 4D3y—2 4Dy 4 0 1.34w| 1.41 |[(1.47)
4c 5241. 50 19073.21 | e 4Ha—y 4Gl
5¢ 5240. 39 19077.25 |a 4Dyy—y 4Ply
16¢ 5237.43 19088. 04 |a 4Dog—y 4Py 6 0 1.28 0.09 |(2.47)
4 5236. 837 19090. 20 | @ 2F35—0 4F iy
3¢ 5235. 096 19096. 54 | @ 2Fas5—w 4Gl
1 5234.44 19098.94 | @ 4P13s—y SFiig



528 Journal of Research of the National Bureau of Standards

TABLE 4.—Furst spectrum of columbium (Cb 1)—Continued

Wave
Intensity | 5 ., No. Term combi- |Zeeman | Separa- St;‘s”t’g' St‘;’?g'
Are e vac. nation type tion o va
2 P n
cm-1 .
1 2 3 4 5 6 7 8 9 10
25, V 5232. 813 19104. 88 | a 2Ga5—y *Giyg 6 w 1.11 (L10) | 1.12
2 5229. 94 19115.37 | b 4Fa5—v 4Fyg
3 5229, 37 19117.46 | a *Huog—7 ‘F3
12,V 5225.156 | 19132.87 |a *Hey—~y ‘G 4 w 1L14w| 1.22 [(1.25)
15¢, V 5219. 09 19155.11 | @ 4D3ayg—y Py 4 0.34 0.17 0.56w | 1.41 .
3¢ 5218. 46 19157.42 | b 4F3—mu ‘Fiy
4c 5211.239 | 19183.97 | 2 :Fix—t °‘F424 5 0 1.66 (1.40) | 1.46
2 5210.26 | 19187.57 |{ ,{‘;';;“_';’.g B
8 5205.132 | 19206. 48 | a 2G4—2z 2Fiyg 4 0? 1.03h | (1.10) | 1.14
3¢ 5204. 03 19210. 54 | z 6F35—e 6Fay4
a4Diy—2z Py 6 0.25 0.39 1.33 1.20 | 1.45
10,V 5203. 224 19213. 52 {a 1D 35—y *Pisg
3 5201. 938 19218.27 | a 2Fa4—2 2Diyg
3 5201. 089 19221.41 |a “%K—Z 5}“]%}; ; A % .36 | 1.08
a *Dagyg—y Pl E 5 i
2 5197.37 | 19235.16 { SR i
20, IV 5195. 839 19240.83 | a 4F134—2 ‘Diy 6 1.29 0.84 0.41 1.27
5 5193.454 | 19249.66 | a 2Fax—0 2F 3y
40c, V. 5193. 078 19251.06 | @ 4Fo5—2z 4Diyg 6 0.37 0.94 1.19 1.01 1.38
20, IV 5189.198 | 19265.45 |a SDyg—2z SDiyg 70,5 0 1.57 (1.55) | 1.54
15, IV 5186. 987 | 19273.66 |a 8Dyys—2z SF3g 4 0. 50 0.25 0.60 1% 1.35
1h 5183. 81 19285.47 | b 4Dag—v 2Diyg
50, IV 5180.306 | 19298.52 |a D3~z $Dig 75,5 0 1.61 (1.58) | 1.56
3¢ 5178.209 | 19306.33 | b4Fg—u ‘Fi
2 5174. 569 19319. 91 0 1.15
3 5174, 198 19321.30 | b4Fa—w 4Fiy4
1 5167. 37 19346. 83 | b *Doy—y 2S04
1 5166. 96 19348.37 | @ 4Gay—2 ‘Gl
40c, IV? 5164.368 | 19358.08 | @ 4Fax—z 4Dl 6 0.20 $an 1.33 1.23 | 1.43
1 5161. 63 19368. 34 | b 4Diys—y 2Siyg
50, IV? 5160.335 | 19373.20 | a ¢Day—2z Dig 4 0 1.59 (1.65) | 1.73
2 5158.030 | 19381.86 | @ 6Dyy4—2z 6Fingt & 1.80
3 5157. 486 | 19383.91 | a 2F3—0 2F3y
2 5157.14 | 19385.21 | ?Dayg—y 1D
2 5153. 63 10398. 41 | a 2Pyy—y 2F3yg
6 5153. 028 19400. 68 | b 4Day—z 4Pig
12¢ 5152, 623 | 19402.20 |a 4Day~y 4Py 6 0.24 0.60 ? (1.36) | 1.60
Tc 5150. 636 | 19409.69 |a ‘Hsy—y 4Gy
12¢ 5147.537 | 19421.37 | b 4D3y—z 4P3y 4 w 1.13 1.43 |(1.55)
lc 5146. 03 19427.06 | b 4Fq4—2 4Gy 5 w 1.30 (1.22) .24
1 5145. 65 19428.49 | b 4Dy —2 4Piy
3 5140. 68 19447. 28 | b Hyi4—2 2H3y4
8 5140. 578 | 19447.66 | b {Fais—u 4Fig 6 0.19 0.47 0.94 0.85 1.04
3¢ 5137. 398 19459.70 | b 4Fqs—0 4Fiyg
2¢ 5135. 47 19467.01 | a "%2}4‘1 ‘6(1})35 i3 s s e e
a’Diyg—2z"Doyg . X 5 E o
40, IV? 5134.752 | 19469.73 {b Fayg—u 4Fg
7 5133.338 | 10475.09 | @ 4P134—z 2Dy 4 & 0.70 (1.72) | 1.31
1 5129. 74 19488.75 | a 2Fa—w 4Dy
2 5128.278 | 19494.31 | @ 2Fays—0 2F3y
9 5127. 662 19496. 65 | a 2Poys—y 2D1ig 5 L 0.89 (0.64) | 0.81
4c 5124.694 | 19507.94 | @ ‘Doy—z 2Py
12 5121. 801 19518.96 | b 4Fas—w 4Gy 6 0.18 1.08%| 1.11 1.06
20, V? 5120.298 | 19524.69 | @ *Dayg—z 6F54 4 0.23 2 0.82 1.63 1. 40
3 5118. 065 19533. 21 | a 4Gay—w 4Fiy
5 5116. 741 19538.26 | a 2Dais—y 2Dayg
6c 5110. 910 19560. 55 | @ *Gsys—2 4Gy 7b, 6 0 1.26 (1:27) | 1:25
4c 5102. 38 19593.25 | a 4Gsys—v 4Fiy 5 w 1.37h | 1.27 [(1.22)
30, IV 5100.162 | 19601.78 | @ 6Days—2z 6D3ig 6 0.08 0.19 1.60 1.64 1. 56
3 5098. 87 19606. 74 | a 2Gay—y 2Gig
5¢ 5097. 77 19610. 97 | @ D14~z 6Djig
2 5096. 57 19615.59 | a 4Gy4—0 ¢Fiig
7c 5095. 535 19619. 57 | b {F135—u 4Fiyg
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TABLE 4.—F1rst spectrum of columbium (Cb 1)—Continued
14
Wave
Intenslty | No. Term combi- | Zeeman | Separa- S“(;‘S’?g' Strgsr'x;g-
Are alr vac. nation type tion o g g2
em-t P
1 2 3 4 5 6 7 7 8 10
80c, IV? | 5095.298 | 19620.48 |a®Ds—zDix| 6 011 | 1.58 | 1.59 | 1.57
3 5005.14 | 19621.09 | @ 2Fss—u 4Fiy
9 5004.41 | 19623.90 | a®Doy—2z *Diy
9 5088.82 | 10645.46 | b 4Fug—w?Fhe| b5 0.58 0.25 | 1.86 | 0.41 | 0.99
3h 5086.83 | 19653.14 | a 2Hsy—2 ‘I
2 5085.00 | 19660.22 | a4Guy—2z ‘Idy
3 5084.85 | 19660.80 | b +P1s—v ‘D
2 5082.31 | 19670.62 | @ 4Gug—04Fig
3 5079.314 | 19682.23 | a 2Fa5—w *Diyg
150, IV 5078.959 | 19683.60 |a®Dig—z Dy | b 0 155 | (1.55) | 1.55
7e 5077.301 | 19689.68 | @ *Gag—v 4F iy 4 0.64 | (0.74) | 0.81
5¢ 5075.97 19695, 19 | @ 4F 14—z 4D3yg
3¢ 5072.56 | 1970843 ai](_})m——sz‘)iﬁ
a 336—7T 34
v, so71.66 | 1971193 [{3 00T (D
20, IV? | 5065.256 | 19736.85 | @ ®Dsss—2z Fis 4 w 0.95+| (1.58) | 1.44
3¢ 5064. 45 19739.99 | a‘Dug—y *Phy
1c 5060. 99 19753.49 | b 4Fq4—0v 2F3y
10 5059.353 | 10759.88 | b4Faug—uFis| 5 o 1.80—| (0.85) | 1.12
40,IV? | 5057.999 | 19765.17 | a®Doys—2Diss| 4 0.82 | 0.90 | 3.3¢ | 171
2c 5055. 62 19774.47 | a*Day—z {Hiy
- b4Fus—wiFhy| 6 015 | 1.23+| 121 | 125
8 s054.671 | 19778.18 |{ 0o i it B
2 5049. 91 19796. 83 | a 4Gag—w 2F3y
12¢ 5047.956 | 19804.49 | b 4Pas—2 ‘Pag 7b 0 1.56 | (1.56) | 1.56
3 5046.756 | 19809.20 | b 4Fas—w 4Gixg
5 5043.985 | 19820.08 | b $Fay—w 4Gl
1h 5043. 47 19822. 11 | a 2Day—2 688y
3¢ 5043.030 | 19823.84 $
40, IV 5039.032 | 10839.56 |a®Dus—2 D | 4 0.298 | 0.149 | 1.123 | 1.868 | 1.570
1c 5037.89 | 19844.06 | @ 4Dus—z ‘Diyg
6c 5035. 99 19851. 55 | b 4F14—u 4Fiy
5¢ 5031.884 | 10867.75 a‘z%sk~1‘%5 i :
b @ ?Fay5—w 2Dig X 105 | 114 {@.21)
7 5030.130 | 1987467 [{f DU\,
3 5029.67 | 19876.49 | a 4Gays—w ‘Fig
2 5028.65 | 19880.52 | a 2Gas—2 *Diyg
20, V 5026362 | 10889.57 | a 4Gas—uiFiy| 4 o3 0.72 | (0.74) | 0.77
c 5019.512 | 19916.72 | b 4F33—0 2F3 6 5 116 | (1.12) | 1.20
40, IV? | 5017.743 | 19923.74 |a®Das—z°Di| 4 w 1.32 | (1.65) | 1.55
3¢ 5017.363 | 19925, 25 | @ 4Fas—2z4Diy
9 5013.275 | 19941, 49 b:lﬁ;w—w:lg‘:x 5 & 1.40—| (L12) | 1.22
a 15—V 2%
4 5011.750 | 19947. 56 {,,,Gm_8 Ty
6 5008.039 | 19962.34 | b 4Fay—v 2F5i 6, 0 0.84 | (0.85) | 0.83
12 5002.247 | 19985.46 | @ 2Hysg—w 2Fizg
20¢, V 5000.958 | 19990. 61 | b 4Fas—u ‘Fig| 6 0 124 | 123 |@.25)
4 5000.712 | 19991.59 | a 0D~z ‘Dixg
15,V 4997.880 | 20002.92 | a 4Gays—u Fiis| 5 0 112 | (1.08) | 1.05
12 4994.303 | 20017. 25 1.55—
1 4993.83 | 20019. 14 %“%}a%—z‘}%‘s
34— W 34
3 4993.232 | 20021, 54 ({0 LY b
6c 4992.466 | 20024, 61 | @ $Guzg—2z ‘I3sg
40, IV 4988.972 | 20038.64 | a®Dsy—2°Dig| 4 0 1.45 | (1.58) | 1.53
1 4985.18 | 20053.88 | @ 2Husg—2 4Tis
1 4976.75 | 20087.85 | b 4Poy—0 4Disg
10¢ 4975.135 | 20094.37 | a4Gus—u ‘Fig| 5 w 1.56—| 1.21 |(1.11)
15,V 4973.138 | 20102, 44 | a 2Hyg—0 4Fisg 4 2 1.20* | 1.297 |(1.22)
10¢ 4971.917 | 20107.37 | a Doy—2z 4Disg
30c, IV | 4967.777 | 20124.13 | a4Gsys—u {Fix
25¢, V 4965.375 | 20133.86 |a‘Hay—z4Glg| 5 0 0.81 | (0.69) | 0.64
7 4963.189 | 2014273 | @ ®Dasg—z {Disg
5h 4962.950 | 20143.70 | a 4Gas—w 4Giig
8¢ 4957.393 | 20166. 28 | @ ¢Dayg—2z 4Dijg
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TABLE 4.—First spectrum of columbium (Cb 1)—Continued

Wave

§ ; Strong- | Strong-
Intensity ; No. Term combi- | Zeeman | Separa-
Are Aair A vac. nation type tion est est 9 o
cm-! P s
1 2 3 4 5 6 7 7 8 10
3¢ 4956.60 | 20160.51 | o 2Hssg—z Tiy
7 4953.124 | 20183.66 | a?Dig—yDisg| 6 0.88w | (0.95) | 0.81
1 405154 | 2010012 | @ 2Ggq—2 Hig
12¢ 4045.432 | 20215.05 |{¢, 82 G5 | 8 9 L84 | (1.23) | 1.26
2h 4941.905 | 20229.48 | @ 8Dy3—z Disg
9 4941.513 | 20231.00 | @ 2Hys4—10 {Fisg
1h 4937.45 | 20247.73 | @ 4Guzs—0 ‘Fisg
) 493320 | 20265.18 | @ *Dasg—y 4Gisg
2 4932.140 | 2026953 | b 2Gusg—v *Gisg
1 4920, 556 | 20280.16 | a 2Hypg—z 4T3s;
15, IV | 4998060 | 20282.07 | b Fus—w iGlsl 5 0 132 | (e |12
6¢ f l a *Hsy—w 4Gy
1 4921.07 | 20315.13 | @ 4Gasg—u *Fiss
3h 4920.75 | 20316.45 | a ‘Dasg—y *Gisg
15¢ 4916.392 | 20334, 46
7 4915.842 | 20336.74 | @ 3D134—y 2Disg
30,IV | 4910948 | 20357.00 | a ZFssg—v Disg | 1 w | 110+
7e 4908.716 | 20366.26 | b 4F135—v 25
3 4908.331 | 20367.85 | b 2Gasg—t *Fisg
25, IV | 4904.534 | 20383.62 | a6Doyg—z4Disg| 4 103 [0.2¢4 | 332 |12
1h 4903.02 | 20389.92 {gi%;:’;‘g?x
2, | 4900786 | 20309.21 |a7Hoe—w iGhal 4 w | 0.514 | 0.93) | 1.05
4 . . a Gy —w 14
2 499751 | 20412.86 | b2Guq—w Hisg|
@ {Pag—y D4
10¢ 4805, 574 | 20420, 93 {a o
12¢ 4802.50 | 20433.76 ({2004~ b
BV | 480780 | 0112 o iz Gl | 4 0.96 | (0.98) | 0.99
7c 4880, 551 | 20446.08 | a 0Dasg—z 4Dy w | 1.2+
5 4885.765 | 2046193 | @ 8Dasg—2z ‘Disg
2 4881. 68 20479.05 | a 2Dayg—y 2F3y
8c 4880.714 | 20483.10 | a 4Goyg—w ‘Giig
1 4879.20 | 20480.46 | a 2P13s—0 ‘Fisg
5 488,406 || 0492 41 | b 4Png—z iy
a4Gay— 2F s
5 4872.506 | 2051761 ({3,047 Tok
28Gg5—e 0Fpyg
20, V. 4868.99 | 20532.42 {"’Gﬂ%“”‘ﬁi"?
12¢ 4806.842 | 20541, 49 (B [Evs—0 DDs i) 10033
2 4860. 994 | 20566.20 | @ 4Ga3s—w {Fisg
1h 4857.31 | 2058179 | a P13~y $Dés
1 4853.89 | 20596.30 | b 4P1s—y 250
6 4852.273 | 20603, 16 >
7 4851.881 | 2060483 (30057 TOb4
2 4849.35 | 20615, 58 | @ 2P1yg—w 2Fisg
100¢, V 4848.350 | 20619.79 | a4Dug—y ‘Gisg | 4 w |07+ | (1L42) | 128
3h 4847.39 | 20623.91 | b 4Pesg—y TPing
2 4845.46 | 20632.13 | @ 4Pyss—y {Fiy
2,V 4845.170 | 2063336 | o THye—u ‘Fisg | 4 w045+ | 1.10 (125
2e 8,130 | 20046.28 |a Gu—w Dy 4 w094 | 125 |(134)
¥ 3 a 34— 314
1 4840.28 | 20654.21 | g *Dyss—y 4Gix
20¢, V 4837.98 | 20664.03 | a D~z Fiyg
15 4837.615 | 20665. 59 {Zigﬁﬁifo“%?x
40, ITI? | 4833.362 | 20683.77 |a®Duyg—z 4Dhy| 4 0.46| 023|072 | 1.8 |1.40
3 4832.21 | 20088.70 | 183s35—1w THixg
2 4830.69 | 20695.21 | @ 2Pryg—w Pl
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TaBLE 4.—First specirum of columbium (Cb 1)—Continued
Wave
Intensity | , . No. Term combi- | Zeeman | Separa- Stzg'l;lg- Stl:s)tng-
Are aiz vac. nation type tion = an 0
cm-1 ?
1 2 3 4 5 6 7 8 9 10
30, V 4829.302 | 20701.16 | z °Gis—e *Fasg w 0.894 1.29 [(1.40)
1 4826.97 | 20711.16 | b2Hag—1 4Fisg
&l 4826. 50 20713.18 | b ‘Dagg—uDisg
6c 4824.954 | 20719.81 | a *Fsy—w 2Gix
3 4821.11 | 20736.33 | a 4Dayg—z 4Fisg
1 4820.07 | 20740.81 | b 4Duss—u4Diyg
80c, IV | 4816375 | 207672 ({GHw—2 G| 4 0 IO 26, 13
2 4814.98 | 20762.73 | a 4P13s—y 4Fisg
2 481212 | 20775.07 | b 2Hsy—y i
12¢ 4811.287 | 20778.67 | a4Gus—usFisg| 6 0 123 | 121 |(1.25)
100¢, V 4810.584 | 20781.70 | a 4Dsy—z {Fixg
30, 4800.357 | 20787.01 | a 4Gasg—w 4Fisg
4 4809.12 | 20788.03 | a 2Dayg—y 2Fis
4c 4809.03 | 20788.42 | 2Gas—y 4Gl
10 4807.052 | 20796.98 | @ 2Hy35—0v 2Fisq
3 4805.61 | 20803.22
9 4802.442 | 20816.94 | a ®Dszs— 24Dt 2.56 | 144+
2 4798.818 | 20832.66 | a 2Gasg—a *Fisg
5¢ 4793.07 | 20857.64 | @ *Hoy—2 45
aiPayg—y $Diyg
9 4790.902 | 20867.08 |{atGay—w 4Dis
b4¢Day—u4Diyg
6d 4790.58 | 20868.48 | a 4Fay—z 4Gl
3 4787.73 | 20880.91 | @ 4G4—0 2Fjsg
1 4787.56 | 20881.65 | a 4Posg—y *Disg
7 4785.607 | 20889.78 | b 4F3y4—¢ 4Disg
5c 4784.30 | 20895.88 | b 2Gay—r 2P 5 0 0.91 | 0.89 [(0.88)
¢ 4782.948 | 20901.78 %:HD.;;—w:ls)’in
22— W 34
1 ars2.44 | 2090400 ({0 B Dl
5c 4780.98 | 20910.38 | b 4Dosg—w *Shig
1 4780.07 | 20914.37 | a 2Fay—w 2Gis
6¢ 4777.62 | 20925.09 |a 2Hsy—w 4Gy t w 1.46—
2 4776.224 | 20931.21 | @ 4Pay—2 3Gl
2 4776.07 | 20931.88 {d‘Pou——v 1R
b4D1ys—w *Sixg
20¢ 4773.24 | 20944.20 | a 4Day—z ‘Fig
bc 4772.79 20946. 27 | b 2Gass—u 2Gixg
1 4772.20 | 20948.86 | @ 2Gas—y 2D3sg
7 4771.852 | 20950.38 | @ 2Guy—z $Fix
5 4767.07 | 20971.40 “:g;""”i?‘“ i o T CRA 08
2 }‘—G 234 g . .
30c, V 4766.80 | 20972.59 {bmm_w Hiyl 5 0 112 | 0.99 |(0.93)
6 4766.53 | 20973.78 | z 8Giy—e OFusq
2 4758.12 | 21010.85 | a 4Hay—w 2Fis
4 4756.538 | 21017.84 | a *Pay—2z $Dix
10¢ 4755.318 | 21023.23 | b 4Fay5—2 ¢Dixg
5 4754.957 | 21024.82 | b ¢Fay—0 4Dixg
3d 4753.48 | 21031.36
1 4752.86 | 21034.10 | a 2Ha—u ‘Fix
5h 4752.10 | 21037.46 | b 2H g~z ‘Hix
20 475144 | 21040.39 | z 6G—e Fysg
5 4750.74 | 21043.49 | @ {Hos—w Fis
200¢, V 4740.706 | 21048.07 | a*Hey—z ‘Ghyg | 4 w Lldw| 1.21 |(1.24)
3¢ 4748.84 | 21051.91 | b 4Dag—u ‘Diy
3h 4748.04 | 21055.45
9 4746.987 | 21060. 12 “2}?”‘"':8{"
afPoy—y <]
10¢ 4745.020 | 21068. 85 {a:Gm—w:Dm
30, V. 4raa 622 | 207002 ([GiGes—v Abs 0 L41 | (1.23) [ 126
15,V 4743.839 | 21074.10 | @ 4Dyys—z {Fix
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TaBLE 4.—First spectrum of columbium (Cb 1)—Continued

Wave

: Strong- |Strong-
Intensity R No. Term combi- | Zeeman | Separa-
Arc Aaic A vac. nation type tion est est g g2
cm-! P 3
1 2 3 4 5 6 7 8 9 10
4c 4742.43 | 21080.36
3 4742.072 | 21081.95 | a4 Hyg—z 4Gisg
15¢ 4740.61 | 21088.45 | a*Pus—y *Dig| 4 0 150 [(1.72) | 1.63
2 4740.426 | 21089.27 | b 4Fag—w 2Gisg
20¢ 4736.49 | 21106.80 | b 2Hsss—y Tasg 5 w L55—| .01 | (1.09)
10 4735.339 | 21111.93 | a *Hayg—2 ‘Ii
60c, V. 4733.885 | 21118.41 | a*Dag—z Fisg | 4 0.17 0.09 | 0.77+| 1.37 1.20
30c, V 4733.483 | 21120.20 | a *Dag—2 *Disg
20 4730.312 | 21134.36 | a*Hsg—z I8y 6 0.79—| .. |@12) | o098
10¢ 4727.320 | 21147.74 | a‘Heg—z o
4d 47%.77 | 21150.20
2 4724.48 | 21160.45 | a2Gyg—2z 4Fis
15¢ 4723.795 | 21163.52 | 2 8Gis—e *Fag
3 4793.146 | 21166. 43 0 0.96
2 4720.10 | 21180.08 | b 4Fa—v 4Disg
8 4718.024 | 21189.40
20 4715.819 | 2119931 | 2 8Glis—e OFoi 4 0.34 | 0.34h | 0.00 |—0.68
80, V 4713.495 | 21209.76 | @ 4Fus—2 4F5 5 w 1.635 | (1.330) | 1.243
9% 4713.038 | '21211.82 a:go%—yz‘%gx
a‘Hay—u {Fiyg
6d aniLgrz | ;az.o7 (GEMTU TR
150, IV? | 4708.284 | 21233.24 | a‘Hayg—2z ‘Ify 5 0.146 | 0.216 | 1.273 [(0.690) | 0.836
5d 4707.103 | 21238.57 | b {Poyg—z 4Pisg
100¢, V 4706.132 | 21242.95 0 1.082
4 4705.09 | 21247.65 | @ ?Day—z 4Gl
4 4703.92 | 2125294 | @ 4Gag—w Disg
5 4702.02 | 21261.53 | b 2Gys—t D
4 4697.752 | 21280.84 | b ‘Pag—u 4Dy
30, V 4697.468 | 21282.13 | @ *Dyg—z *Fisg 4 0.19 | 0.09 | 0.724 1.20 1.01
2 4695.93 | 21289.10 | @ Has—w {Fi
20¢, V 4695.46 | 21201.93 |a‘Hys—22Ghg| 5 0.40 (0.690) | 1.09
15¢, V 4694.50 | 21205.58 | z 8GHi5—e OFayg
3 4692.255 | 2130577 | 183515—¢ 2Gis 0 0.96
10 4689.162 | 21319, 82
5e 4688.83 | 21321.33
4 4688.49 | 21322.88
3 4687.790 | 21326.06 | a 2Hys—w ‘G
1h 4687.19 | 21328.79 aggm—v:](}h
280G —e Fay
9 4685.925 | 2133455 {aZGm_z il
9 4685.518 | 21336.41 | a 2Pyg—0 2F 3y
100, V'? 4685.133 | 21338.16 | @ *Has—2 15 7b, 5 0 0.986 | (0.984) | 0.984
1 4683.68 | 21344.78 | b 2G—u 2Gix
7 4682. 984 | 21347. 95 | @ 2Fy5—0 2Diyg
10¢ 4682, 664 | 21349.41 | z 8Giy;—e OF 1
2 4681.997 | 21352, 45
3 4681.66 | 21353.99
1 4681.53 | 21354.58
4c 4680.890 | 21357.50 | @ ‘Hsi—0 4Ty
22d, V 4678.48 | 21368.50 | @ ‘Doy—z 4Fiis 5 0.38 | 0.19 | 0.62 |0.05 0.43
150, V2 4675.371 | 21382.71 | @ ‘Fns—2z 4Gl | 4 w 0.91 [(.24) | 1.17
12 4673.589 | 21390.86 | b 2Gass—t 2Gls4
200c, V? | 4672.097 | 21397.69 a‘gm—z 42%3;4 4 w 0.96 |(1.33) | 1.26
a4Gsy—z *Hiy
3¢ 4670.87 | 21403.32 {b B L
10 4669.868 | 21407.91 | @ ‘Hag—u ‘K5
2 4669.32 | 21410.42 | @ ‘Hy—w Fis
3¢ 4668.966 | 21412, 04
6 4668.232 | 21415.41 | o ¢Puy—z Dy
— 2 5 o
50, V e e {Z:g;ﬁ—:4§fﬁ 5 0.179 | 0.093 | 1.673 [(1.235) | 1.056
6c 4666.630 | 21422.76 | b 2Hysg—y i
100, IV? | 4666.251 | 21424.50 | @ *Hsi—2 4I5sg 4 w 0.92 |(112) | 1.09
10 4665.333 | 21428.72 | b {Fy35—0 4Dy
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TaBLE 4.—First specirum of columbium (Cb 1)—Continued

Wave > 5
Intensity N No. Term combi- | Zeeman | Separa- St;g?g Stz(;rtlg m g2
Arc s vae. nation type tion n
cm! »
1 2 3 4 5 6 7 7 8 10
5 4664.366 | 21433.16 | b 4Fsg—2z fHiyg
4 4663.97 | 21434.08 {g :R;:‘:J,‘gg}’:
100, IV? 4663.831 | 21435.62 | a 4Fg5—2 4Gisg 4 0.862 |(1.029) | 0.981
4c 4662.89 | 21439.94
5h 4660.98 | 21448.73 | a 2Fa5—0 4Gig
3k 4660.70 | 21450.02 |a ?Dag—2z 2Fig
12 4658.186 | 21461.59 | @ 4Pais—2 6Diig
1 4655.953 | 21471.89 | b 4Pays—w 4Siig
1 4654.80 | 21476.79 | b4Fa5—v 4Disg
3 4652.08 | 21489.77
2 4649. 622 | 21501.12 | a 2Hgig—2 23y 4
40, V 4649. 255 | 21502.82
100, IV? 4648, 949 | 21504.24 | @ 4F134—2 4Gig 5 0.175 | 0.087 | 0.841 | 0.403 | 0.578
20¢ 4646.952 | 21513.48 | 18355—0 2Hisg w 0.79+
4c 4645.84 | 21518.63
5¢ 4643.86 | 21527.80 | @ 4Dag—y 2F?
10¢ 4643, 682 | 21528.63 | @ 4Hyg—z 4Giig
10 4643.315 | 21530.33 | a 4F34—z 4Py
3 4642.46 | 21534.29
5 4640. 248 | 21544.56 | b 2Hsig—w 2Hig
4 4638.17 | 21554.21 a‘gox—z e%‘;% 6 da? 2.54:((2.65) | 2.43
a‘Hsyg—w 4Gl
10 4638.105 | 21554, 51 {a PR
5¢ 4633.80 | 21574.54
1 4632.25 | 21581.76 | a 2Poyg—v 4Fisg
3 4631.976 | 21583.03
3h 4630.30 | 21590.85
100, IV? | 4630.115 | 21591.71 |a 4Heg—z 4T3 4 w 0.994 | 1.22 | 1.19
7d 4627.477 | 21604.02
1 4625.335 | 21614.02 | b 4F g~y 2Py
4c 4624.576 | 2161757 | a ?Dyys—1z 4Gl
6 4622.338 | 21628.04 w 1124
2 4620.02 | 21638.89 | a 4Pis—y 4Diy
3 4610.42 | 21641.70 | a 2F35—0 4G
50, V 4616.162 | 2165697 | a {Fa5—2 4Fiyg 5 0.607 0.301 1.941 | 1.030 | 0.416
5¢ 4614.740 | 21663.64 | a 2F3—u 2P
4 4612.465 | 21674.33
8 4612.108 | 21676.01 | @ *Hyg—w 4Fiig
2 4612.02 | 21676.42 | 18354—s *Fiig
7c 4610.698 | 21682.64 | a $Ha—0 4Fiig
4 4610.106 | 21685.43 | a 4Py34—2 *Dig
9c 4608. 567 | 21692.66 | b 4Fag—2 2H3ys
1 4607.28 | 21698,72 | a 4Gays—0 4Diyg
200, IIT 4606.760 | 21701.17 | @ 4Fy4—2z 4Fsg 7,6 9 1.334 [(1.332) | 1.336
4 4605.649 | 21706, 41
5c 4603.797 | 21715.14 | a 4Poy—2 D4
7 4602.864 | 21719.54 | a 4Poy—y ‘Djy
2 4602.48 | 21721.35 | b 4Fy4—2 4Psyg
30, V 4600.22 | 21732.02 | a®Hsg—w Gy 70 0 1.10—{(1.10) | 1.10
10¢ 4509.475 | 21735.54 | @ 2Dyg—y Sii
4 4502.42 | 21768.93 | a 2P1g—w 2Dy
6c 4584.849 | 21804.88 | b 4P1y—utDisg
7c 4583. 49 21811. 34 | a 4Ga4—0 4Diyg
4 4583.132 | 21813.05
20, V 4582.283 | 21817.09 | a 4Pay—y *Piig 4 o 1.521 |(1.596) | 1.646
100, V 4581.623 | 21820.23 | @ 2Hsy—2 g 4 w 1.03 [(1.10) | 1.08
12 4575.372 | 21850.04 | a 2Days—w 2P
25¢, V. 4574.848 | 2185254 | @ 8D1g—z {Pg 4 0.208 | . [(1.863) | 2.459
2 4574.572 | 21853.86 | a 4Gas—0 ‘Dl
7 4574.338 | 21854.98 | a ‘Hays—0 2Fii4
200¢, 11T 4573.077 | 21861.01 | @ 4Fag—z 4Fjyg 75,6 0 1.23 [(1.23) | 1.23
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TABLE 4.—First spectrum of columbium (Cb 1)—Continued

Wave

z s Strong- [Strong-
Intensity I No. Term combi- | Zeeman | Separa-
Are Mair A vac. nation type tion est e o ¢
cm-1 P %
1 2 3 4 5 6 0 8 9 10
6 4570. 960 21871.13 | b 4Fa5—0 4G 6 0.09 0.32 2 (1.12) | 1.03
4 4569. 49 21878.17
6c 4569. 15 21879.80 | @ *Hyys—w 4 Fisg
2h 4567. 34 21888.47 | a ;%l}i—u ;%:}i
a?Gag—y *Fiy
4 as6r.11 | 21880.57 [{Ti30EY JEs
60, V 4564. 530 21901. 94 | @ 2Hy—2 203 70,5 (1] 0.96 0.93 |(0.94)
6¢c 4564. 205 21903. 50 | @ ‘{Heys—w 4Goig
2 4562. 33 21912. 50 | a *Hsy—z 2Hixg
4c 4561.47 21916. 63
5 4559.429 | 21926. 44
15 4556854 | 21038.83 {2 Fws—y Dbe| 4 B giteda e
3 4555. 556 | 21945. 08
30, V 4553. 839 21953.36 | a 4Paug—2 2Piy 5 w 1.79 (1.60) | 1.47
5 4551. 909 21962.67 | b 4Fa5—0 4Gy
3 4551. 52 21964. 54 | a ‘Fy5—y 6Fiy
4d 4551. 03 21966. 91 | b2GQags—0 2H3y
3 4550. 65 21968. 74 D:Plu—u ;D.EK
8 4547.847 | 2108228 {g ,%;ﬁ:g ,g;’;
120, 111 4546.820 | 21987.25 | a 4Fa—z 4Fiyg 6 0.101 1.046 | (1.029)| 1.062
4 4543.72 22002. 25
12¢ 4542.797 | 22006.72 | @ 8Doys—z ‘Pl 6 0.68* | 2.90 (3.32) | 2.48
b AT us—0 4Gl
4 4541.863 | 22011.24 |{a‘Dig—y Fdg
a?Dag—w 4Diy
4c 4540. 10 22019.79
5¢ 4537. 59 22031.97 | @ 4Gay—0 D3y
2 4537.33 22033.24 | b 4Fy5—u 2F3y
3d 4533. 92 22049. 81
3c 4532, 47 22056. 86
1 4530. 43 22066. 79 | @ 2H414—0 4Dy
6 4529.415 | 22071.74 | a ?Pig—w 2D3y 4? 0 1.20 1.22 [(1.21)
2 4529. 250 | 22072.54 | b4Dayg—t 4Fig
20, V 4524.127 | 22097.54 | @ 4Fax—2 4Pl
5 4523.727 | 22099.48 | a ¢Fyg—2z 0Py
200, ITX 4523. 409 22101.04 | @ 4F14—2 4Fiyg 6 0 0.409 | (0.402)| 0.416
6 4522. 545 22105. 26
5 4520. 836 22113.62 | a 4P2yg—2 4Dy
2 4519. 02 22122. 51 | a 2Poyg—w 4Diy
5 4516.914 | 22132.82 | a 2Hug—w?Giyut 0h 1. 20h
3c 4513. 44 22149.86 | 183s5—1 4Gy
2¢ 4512, 65 22153.74 | b 2Hus—u 2Ghg
v 4512, 130 22156. 29 | a 2Gy5—2 4Gy
e,V | 451084 | 221642 ((DHmEIA | 4 b AR g R Bk
15, V 4508.409 | 22174.58 | b 4F3y—v4Giy 4 0 0.939 | (1.120)| 1.080
o 4507. 24 22180. 32 | @ *Hsys—w 4Gy
10 4503.416 | 22199.16 | b 4Fys—y 2Hiy
50, IIX 4503.040 | 22201.01 | a *P1s—y 4Py 4 0.744 0.372 1. 339 1.711 | 2.455
2¢ 4500. 50 22213. 54 | a *Hay—u *Fiy
20, V 4499, 805 22216.97 | a 2Hy—w 2Giy 7b, 52 0 0.94 (0.93) | 0.92
b 4497, 25 22229.59 | a 2Gay—z 4Gy
10 4494, 545 | 22242.97 | a 4Pa—24Siy
4 4491. 041 22260. 34
2 4490. 35 22263.75 | a 2Day—w 4G3y i
2 4489. 33 22268.81 | @ 2D1y—v {Fhyg
3d 4484. 80 22291.30 | b 4Poyg—uiDéy
4 4482, 877 | 22300.87 | a 4Gay—w 2G4
8 4481. 445 22307.99 | @ 2Day—w D3y 6 0.11 0.27—| 1.27w| 1.21 1.33
4 4480.362 | 22313.39 | a?Hyg—2z2Hiy
3c 4478.118 | 22324. 57
3 4477, 585 22327.22 | a ®Day—2 4Gl
4c 4476.498 | 22332.64 | a ¢Gs—y *Hiy
4 4475, 95 22335. 38 | a *Hsys—2 Hiy
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TaBLE 4.—First spectrum of columbium (Cb 1)—Continued
Wave
Intensity | 5 No. Term combi- | Zeeman | Separa- Stéggg- Stgcs)‘?g-
Are ale vac. nation type tion o g8
cm-1 P 1
1 2 3 4 5 6 7 8 9 10
6 4475.278 | 22338,73 0 1.03
2 4472.874 | 22350.74 | b 4Fas—y?His
40c, IV | 4472.536 | 22352.43 | a4Fs—2iFhs | 6 w 1.56—| (1.24) | 1.31
50, V 4471.202 | 22358.65 | a 2Gag—z 2Fhg | 4 w 0.76 | (1.10) | 1.20
40c, IV | 4460.714 | 22366.54 | b4F14—04Ghg| 5 0.228| 0.114| .. | (0.402)| 0.630
a4P1ys—2 *Diyg
10 4460.322 | 2236850 {1 3P0 (b
1 4468.54 | 22372.42 | a 9855~ {Dix
5 4466.421 | 22383.08 | @ 4F134—2 2DJ
2 4466.108 | 22384, 15 | a 4Hlog—w 4G
7 4465.926 | 22385.51 | a ?Dag—z 2Disg
4 4465.232 | 22388.99 a:gax—zzgix : T B ) R :
a4Fa5—y 0Fiyg . 0! A 35| 1.31 .40
20, IV 4464.151 | 22304, 41 {a Ty 1
1 4461.49 | 22407.77 | b 4Fass—u g
20¢, V. 4460.423 | 22413.13 | a 2Fays—u 2Diy| & 0 109 | (1.13) | 1.16
15c, V| 4460.203 | 22414.23
2 4450.671 | 22416.91 |a 2Dayg—0 2Fhig
15, V 4458117 | 2242472 | @ 2Fas5—u 2Disg
50, IV? | 4457.424 | 22428.21 | a4Fas—24Fhg| 6 0 1.776 | (1.029)| 1.242
30, IV 4456.800 | 22431.35 | a 4Fys—z4Fhs | 5 0.718 | 0.363 | .. | (0.402)| 1.120
4c 4456.331 | 2243371 | b 2Gas—q 2Fisg
3¢ 4454.68 | 22442.02 | @ 4Day—7 4Gl
6 4448.769 | 22471.84 | @ 2Gazs—z 2Glig
2 4448.06 | 22475.42
100, IV 4447.184 | 92479.85 | a 4Pag—y 4Phs | 75,6 0 1.597 | 1.596 | 1.598
4 4446, 232 | 22484, 66 | @ 4P15—y *Phg
12,V 4446.181 | 22484.92 b‘ofg;g—v“(}d'm
o |[a ®Dyys—2 4Giy
15¢ 4445.843 | 22486, 63 |{§ (PO 2 Qb
1 4444, 26 22494. 64 | a 2Dys—w 2Fiy|
2 4443.80 | 22496.97 | @ 2Poyg—z 2Disg
2 44431302 | 22499.49 | @ 4P135—2z 2Fhig
1 4443.05 | 922500.77 | @ 4Poy—y 4Phs
10c, V 4441.802 | 22507.09 | @ *Days—z 4Gig
3¢ 444161 | 22508.06 | b 2Gass—t 2Gisg
5 440,435 | 22514.02 | D 4F—y 2Hlig
. 15— 2Stig
1e 4430.38 | 22519.37 {D,G”‘_‘,GSK
7c 4437.918 | 22526.79 | b 2Hs—v 2Hiy
100¢, V 4437.918 | 22530.34 0 1.04
5 4436.712 | 22532.91 | @ 2Fass—0 2Gisg
3 4435.919 | 22536, 94
3 4434.997 | 22541.62 | @ *Fu34—2 ¢Phig
1 4433.895 | 22547.22
3¢ 4433496 | 92549.25 | b 4Dgs—t 4Fhg
2 4432912 | 22552, 23 | b *Hass—u 2Gisg
1 4430020 | 22566.90 | @ 4Gas—2 4Phig
20¢, V 4420446 | 22569.87 | @ 4Payg—2 2Fs | 4 0.48 | 0.23 160 | 112
2 4428.576 | 22574.30 | @ 2Di3s—w $Fs
1 4497.866 | 22577.92 | @ Fas4—y OFisg
20, V 4426.690 | 22583.92 | a *Pug—z 4Dig| 6 0.117 | 0.293 | 1.726%| (1.596)| 1.479
6c 4423868 | 22508.33 | b 2Has—t 2Glsg
4421305 | 2261143 | a 2Fai—u4Disg
30¢, V. 4420.637 | 22614.84 | @ Day—2 4Phg
10,V 4420,455 | 22615.78 | @ AFs5—y OFisg
10, V 4419839 | 22618.91 | @ 4Fag—2 2Disg
40, IV 4419448 | 92620.93 | a 4Pig—22Phg | 6 0.26 | 0.3 | 1.59 | 172 |1.46
4418.166 | 22627, 49
6 4416.406 | 22036.51 | @ 4Gayg—0 4Glsg
2 415,080 | 2204331 | K= 2
a4Day—z 2Fiyg
8 a414.879 | 2264434 ({30047 2l
2 4413.000 | 22653.98 | a JHss—0 4Gl
5 4412184 | 22658.17 | @ 2Gasg—7 4Glsg
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TABLE 4.—First spectrum of columbium (Cb 1)—Continued

Wave

5 3 < Strong- |Strong-
Intensity , No. Term combi- | Zeeman | Separa-
Arc Nair A vac. nation type tion est est o s
cm-! P ty
1 2 3 4 5 6 7 8 9 10
15,V 4411.526 | 22661.55 a:lsz;,mvig_s% 5 0 £11°9041.21). | 1. 16
a‘Dag—0 4Fiig
2 4410.882 | 22004.86 ({4,p24" (T
60, IV 4410.214 | 22668.29 | a 4Pys—z ‘Diyg 6 2.42 1i21%, | - Eigoiieoieg |70, 20
10c 4406. 546 | 22687.16 | a 4Pag—y Pl
1 4404.74 | 22696.46 | a 4Fag—z 6Piyg
2 4403.925 | 22700.66 | @ 2Dig—u 4Fiig
7c 4402.056 | 22710.30
10 4400.832 | 22716.62 | a 4Gag—0 4Gl
10¢ 4400.368 | 22719.01 | b 2Ga—t ?Gisg
10 4397.036 | 22736.23 | @ *Hag—z 2Hiyg 5 w 1.34—| (0.93) | 1.00
1 4395.61 | 22743.60 | b4Dyg—z 2Phy
3 4394.229 | 22750.75 | a *Fas—z 5P
30, V 4392.692 | 22758.71 | @ 2Gag—w *Fiyg 5 0 1.14 | (1.10) | 1.08
4c 4391.59 | 22764.42 | a4Dag—v 4Fiy
7 4391.214 | 22766.37 | @ ?Das—w {Diy
2 4389.496 | 22775.28 | @ *Fayg—u 4Dl
30, V 4388.357 | 22781.19 | @ 4P1—7 *Diyg 6 0.283 | 0.427 | 1.500 | 1.731 | 1.448
15 4387.743 | 22784.38 | a ‘Poyg—y ‘Piyg 4 1.012 | 0.506 | 1.162 | 2.680 | 1.668
4 4386.302 | 22791.87
15¢ 4384.870 | 22799.31 | aGegs—v 4Gy
1 4383.70 | 22805.39 b:gm—u ’35%
atFag—y o
9 4382856 | 22800.79 {0356 Y s
7 4382.496 | 22811.66 b;gm—u:gix
a?Fs5—0 2Glyg
10¢ 4381114 | 22018.86 ({2 R0S 0 3
4c 4380.664 | 22821.20 | @ ‘Gas—u 2Fiig
12 4379.525 | 22827.13 | a?Gg—2z 413y
30c, V. 4377.958 | 22835.30 | @ 4*Gas—v 4G 5 0.264 | 0.135 | 1.659 | 0.734 | 0.998
5 4377.823 | 22836.01
4 4376.707 | 22841.83 azgm—v’%‘sx
a?Days—w 2Diyg
6 4375.246 | 22849.46 {a*(}m—r 1Py
12¢ 4374.789 | 22851.84 | @ Dag—z 4Fix
15 4370.361 | 22875.00 | a *Fug—y SFhig
8 4369.618 | 22878.88 | @ 8Dgs—z 4F5y
50, IV? 4368.434 | 22885.09 | @ 2Gug—2z 2Giyg 6ur 0.079 | 1.096 | 1.105 | 1.087
9 4361.656 | 22020.65 | a ‘Pog—z 2P 4 1.198 | 0.599 | 0.856 | 2.653 | 1.455
5¢ 4360.504 | 22926.71 | b *Gag—v 2Hiyg
40c, V 4359.865 | 22930.07 | @*Das—0v {Fjy 70,4 0 1.330 | (1.860)| 1.347
7 4356.847 | 22945.95 bgm—uz%ix 4 0 .05 | (L12)°| L18
atDag—u 4F3
5 4355.245 | 2205439 (D1 T
4 4354.784 | 22956. 82
6 4354.188 | 22059.96 | @ *Hug—2 23y
3 4354.006 | 22960.92 | @ *Pog—w 2Diyg
20 4353.266 | 22064.83 | a ®Dug—z {Fig 5 0.310 (1. 549)| 1.239
2c 4352.243 | 22970.22 | @ *Dayg—wiFig
40, IV? 4351.573 | 22973.76 | a *Gayg—2z 2Giy 6 0 0.896 | (0.885)| 0.906
9 4350.302 | 22080, 47 {32‘(};‘%:; 4611«;?; 4 0.163 | 0.082| . (0.885)| 1.048
20,V 4349.026 | 22987, 21 {Z:g;ﬁ:z]:;ga 4 0.115 | 0.062 | 0.650 | 1.283 | 1.168
40c, V 4348.652 | 22989.19 | a ®Dsg—z ‘P Sur ow 1.862 | (1.582)| 1.470
8c 4347.312 | 22996.28 | a 2Fs4—t 254
10 4346.120 | 23002.58 | a4Dyg—0 ‘Fiy
6c 4345.518 | 23005.77 | b 2Hsy—t 4Gy
20d 4345.315 | 23006.84 | @ ®Dog—2z ‘Piig 4 1.719 | 0.860 | 0.748 | 3.327 | 1.608
25, V 4342.818 | 23020.07 | @ 4Gss—0 ‘Gl 7,4 0 1.067 | (1.081)| 1.076
7 4342.460 | 23021.97 | @ ‘Fyg—y 6F5y
6 4338.608 | 23041.93 | @ 4Gays—u 2F5y
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TABLE 4.—First spectrum of columbium (Cb 1)-—Continued
Wave
Intensity | No. Term combi- | Zeeman | Separa- Stgi?g' Strgﬁg'
Arc air vac. nation type tion b o g
cm-t P o
1 2 3 4 5 6 7 7 8 10
12¢ 4337.561 | 23047.97 | a‘Dys—w {Dhg| 5 w | 160k | (1.42) | 1.35
6 4336.548 | 23053.36 | @ 2Gag—2 418
2h 4334.23 | 23065.68 b:}ll‘ax—-v :?Sx
a‘Hys—2z 28y
5 4332.428 | 23075.28 {ble—t R
1 433217 | 23076.65 | @ ?Hg—u 2Fiyg
60, V. 4331.371 | 23080.91 | a4Poy—z 4Dg | 4 1212 | 0.607 | 0.831| 2.649 | 1.437
2 4331252 | 2308155 | @ Gas—u TP
20¢, V 4320.732 | 23089, 65 | @ 6Dyys—z 4Fixg
4c 4320.47 | 23091, 04 | b 2Gajg—4003
30c, V 4328428 | 23096.61 | a‘Dag—u ‘Fis| 6 0.323 | 0.797| .. | (1.360)| 1.033
25¢, V 4327.385 | 23102.17 | aDu;—v {Fisg 4 0.150 | 0.076 | 0.820 | 1.195 | 1.045
a2Fag—t 2F34
9 4396.540 | 23106.68 {a’(}sx——w g
100¢, V 4396.320 | 2310786 | @ *Dayg—0 Fiyg 4 0.202 | 0.102| 0.495 | 1.419 | 1.217
8 4323466 | 23123.11 | a9Gus—u ‘Fh| 4 0 1.058 | 1.004 [(1115)
1 4322148 | 23130.16 | b 4Fus—z 2Hiyg
3¢ 4321.88 | 23131.60
6 4320.800 | 23137.38 | b4Fa—uDi| 5 0 0.868 | (0.852)| 0.831
1 431952 | 2314423 | @ 4Pys—2 2Pl
3 4319.147 | 23146.23 | a2Gayg—0 ‘Fisg
10 4318010 | 23152.33 | a?Dyg—w Dl 76,6 0 1.207 | (1.206)| 1.208
a 4Gays—u Wiy
12¢ 4316.476 | 23160.55 {b,Gs%_a es
1 4315144 | 23167.70 | a *Hsjs—2z 2Hiy
3 4314262 | 23172.44 | a 2Gus—w 4Gy
10¢ 4313887 | 23174.45 | b ®Hig—0 2Hiy
25,V 4312454 | 2318215 |a ®Dgg—2z 4F | 6 0.506 | 1.483 | 1.351 | 1.649 | 1.053
4 4312121 | 23183.95 | @ 2Dyg—z *Diyg
15 4311.695 | 23186.23 | a 4Fa—2z 2Dy
20,V 4311.37 | 23187.98 | b4Fgs—v2Gis| 6 w 1.077 | (1.224)| 0.9307
50¢ 4311.27 | 23188.52 | b 4Fss—uiDis
4 4310, 826 | 23190.91 | @ ‘Hag—w *Giig
2,V 4309.564 | 23197.70 | b4Fsg—u ‘Diyg| 4 0.197 | 0.100 | 0.628 | 1.120 | 1.317
20¢ 4308692 | 23202.40 |a*Dyg—u ‘Fi | 6 0.405 | 0.608 | 0.991 | 1.194 | 0.789
15¢ 4308.117 | 23205.49 |a*Dag—w Diyg| 5 0.092 | 1.36* | (1.360)| 1.176
2 4307.233 | 23210.25 | @ {Poy—2z 454
15 4306, 283 | 23215.38 | @ 2Dyy5—0 WPy 4 0.122 | 0.061 | 0.645 | 0.950 | 0.828
4 4304.659 | 23224.13
9c 4303.875 | 23228.36 | a4Dyg—w 2Fiy
3 4302, 435 | 23236.14 | b4Fg—u *Dis
$ bl ai%‘%-”fgz% 4 0.357 | 0.178 | 0.347 | 1.508 | 1.241
a4Pas—1 4Diy 5 . 5 .5 4
100, V 4300.989 | 23243.95 {“DM_Z,F;%
100, V 4299.506 | 23251.48 ang—xuz)Fz‘;; 4 0.245 | 0.122| 1.106 | 1.719 | 1.474
a2Ga—w 2Fiy
6 4297.920 | 23260.55 {O,Gz%_s e
20¢, V 4296.159 | 23270.08 0.06 | 0.98
15,V 4295620 | 23273.00 | a4Gus—04Ghg | 4 0w 0.86 | (1.23) | 1.16
1 4295253 | 23274.99 | a *Hag—w 2Gis
1 4294.33 | 23279.99 | @ 4Pug—y *Piyg
40c, V 4292480 | 23290.03 | @ *Days—w Fhs| 4 0.162 | 0.081| 0.83 | 1.361 | 1.199
20c, 4202035 | 23202.44 | @ ¥Dayg—z Py
1 4291.344 | 23206.19 | b *Darg—w ‘P
2, V 4291.195 | 23297.00 | @ ‘Dosg—0 Fisg 5 119 | (0.06) | 0.81
4 4989.85 | 23304.31
30, V 4980.443 | 23306.52 | a4Pyg—z ‘Hi | 4 0.716 |  0.359 [—0.901 | 1.606 | 0.890
1 4288.429 | 2331204 |a *Hayg—w? Gisg?
6 4988.209 | 23312.73 | 0 2Gurg—u *Fisg
1 4288.12 23313.71 | a ‘Hes—2z 2Hiyg
60, IV 4280.987 | 28310.87 | a 1D~z M| 6 0.342 L17 | 1L 414 1084 1243
o14—u 4Disg 3 . 17: 0. 0.851 | 1.195
15,V 4986.216 | 23324.06 {b,Dm_w e 4
2 4285.842 | 23326.10 | @ 2P135—7 Pisg
1 4285.31 | 23328.99 | @ 2Gasg—2 4T5s
1b 4284.683 | 23332.41 | b ¢Pgyg—r WFisg
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TABLE 4.— First spectrum of columbium (Cb 1)—Continued

Wave
Intensity | » No. Term combi- | Zeeman | Separa- St;(s)gg- Stregzlg- 4
Arc sir vac. nation type tion i o g
cm-1 P

1 2 3 4 5 6 7 8 9 10
n 4984.14 | 23335.36 | b 2Guy—s 4Giy
1 4283.906 | 23336.64 |  2P134—0 4Girg
3 4283.055 | 2334127
3 428,968 | 23341.75
2 4281.120 | 2335182 | b *Fayy—usDisg
30,V 4980.586 | 23354.74 | @ 4Piy—y Phs| 5 0 1.805 | (1.721)| 1.755
1 4280.38 | 23355.86 | b 4Fass—0 2Giss
8 4279.707 | 23350.54 | a4Ga—y ?Hig | 4 0.13t| 0.061| . | (1081) 0.950
8 SRl gl 1 x L 1148 | 0.57| 1770 1.196 | 0.048

@4D1y—w 4D 5 3 ’ A 3 i

2 4270.49 | 23360.72 {MG”‘_D Dy
BV SRS BT {Z:g};:;:g%ﬁ 6 0.967 | 1.452| 1.384 | 1.868 | 0.901
20 4274.692 | 23386.94 | 0 2Cs—22Gls | 5 0.203 | 0.001| 1.794 | 0.881 | 1.084
5 4273.357 | 23304.25 {g,%;ﬁ:g,ggg

8 4272.972 | 23306.35 | @ {Hass—w 2Giss

dc 4272.027 | 2340153 | @ 4Dyyg—0 Tl
50¢, V 4270.601 | 23408.85 | a4Dayg—u iFig| 4 0.244 | 0.122| 0.508 | 1.358 | 1.114
5,V 4268667 | 23419.95 | a®Dyys—z 4Fhg | 4 0.806 | 0.405 | 0.140 | 1.876 | 1070
50, IV | 4206.020 | 23434.48 | a4Disg—u sFiss| 4 0.155 | 0.078 | 0.807 | 1,105 | 1.040
4 4204.612 | 23442.92 | b (Dosg—s 4Fisg
100, IV | 4262056 | 23456.28 | a6Dys—z4Fins | 6 0.216 | 0.977 | 1.444 | 1.552 | 1.336
20¢, V 4261717 | 23458.14 | @ 4Dass—w 4G

5 4260661 | 23463.95 | a 2Fasg—3 ¥y
12¢ 4258.917 | 23473.56 | 0 2Gug—w iGhss| 6 0.50 | Li6w| 1.10 | 121
1 4258.120 | 2347796 | b 4Fasg—y sHiss

5 4257.853 | 2347943 | a?Dayg—0*Diyg | 4 0 1.187 | 1.205 | (1. 230)
4 4256.303 | 23487.98 | b éFasy—u 4D
20¢ 4255.043 | 23480.97
60c, V 4255.439 | 2349275 | a ‘Hay—2Hix | 5 0.134| 0.063| - | (0.690)] 0.824
30,'V 4254.693 | 23496.87 | a4Dos—u 4Fhg| 5 0.714 | 0.357 | 1,156 | 0.085 | 0.799
50¢, V 4253.695 | 2350238 | ¢ 4Dag—w4Dis| 6 0.14* | 1.345 | (1.360)| 1.330
80¢, V 4252977 | 23506.35 | a4Dsss—w D 6 0.31* | 1.385 | (1.420)] 1.351
20, TV | 4249.457 | 23525.82 | a®Doyg—2?Disgs| 4 2,430 | 1.214 |—0.317 | 3.328 | 0.808
3 4218961 | 23528.56 | @ 2Hisg—0:Glss

8 4218.658 | 23530.24 | a 6Dsg—z 4P

dc 4247.689 | 23535.61 | b 2Gisg—s 2Gis
20, V 4246.203 | 2354335 | ¢ 4Dyg—w Dhg| 7,6 0 1.106 | (1.197)| 1.195
1 4245.15 | 23549.60 | @ 2P1sg—z ‘P
20¢, V 4249637 | 93563.63 | 183534—$ 2Giss 0.26 | 1.06
12 4241453 | 23570.21 | 0 2Grg—v °Fayg | 4 ow | 0.8 | (1.10) | 1.16
4 4241.077 | 23572.30 | a?2Disg—0 {Dig
12¢ 4237.814 | 923590.45 | a4Hsg—2?Hyg| 6 0.12 | 0.6 |' 107 | 113 |10t
ic 436,998 | 23595.00 | a 2Gsg—10 iFirg
25, IV | 4231.954 | 23623.14 | a®Dayg—z 4Fhy | 4 0.413 | 0.208| 0.211 | 1.657 | 1244
1 4231.624 | 2362496 | a 2Girg—u iFihg
20, V 4230.320 | 2363224 | b4Fi4—usDis| 5 0.375 | 0.188 | 0.584 | 0.396 | 0.021
25, V 4220.832 | 23634.97 | a 4Fix—y ‘Fus | 70,6 0 1.333 | (1.332)] 1.33¢
1h 4220570 | 23636, 43 | b 2Gss—s Girg
100¢, V 4229154 | 23638.76 | a4Dsss—u iFhs| 4 0.172 | 0.086| .. | 1420 | 1.248
8¢ 4298726 | 23641.15 | b2 Hss—q *Fiss

8 4227.514 | 23647.93 | a?Dys—w?Diyg| 6 0.104 | 0.156| .. | (0.953)] 1057
8¢ 4296.598 | 23653.44 | b *Hypg—t 4Gy
12d 42%6.218 | 23655.18 | asDog—w Diyg| 6 3 0.080 | 0.114 |(0.046)
1 4225.85 | 23657.24 | @ 4Pug—y *Disg

8c 4224.690 | 23663.73 0 0.91

9 4222,676 |  23675.02 | @ 2Guss—w 4Disg
150c, IV | 4217.046 | 2370157 | aSDyg—y SFig| 5 0.279 | 0.140 | 2.28¢ | 1.586 | 1.307
100c, V. | 4214.732 | 23719.64 | a®Dys—y oFisg | 5 0.176 | . | @) 1373
10¢ 4213463 | 2372679 | b 2His—3 4Gisg
10¢ 4213256 | 23727.95 | b4Fisg—uiDix
15,V 4212535 | 23732.01 | a*Huy—0 ‘Glsg | 5 0 0.777 | (0.690)| 0.620
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TaBLE 4.—First spectrum of columbium (Cb 1)—Continued

Wave
Intensity | No. Term combi- | Zeeman | Separa- Stg(s)?g- Stx;g;lg-
Are air vac. nation type tion o o L)
cm-! »

1 2 3 4 5 6 7 8 9 10
12,V 4212.042 | 23734.79 | b4Fa—y Hiy| 4 0.141 | 0.068 | 0.486 | 1.121 | 0.980
30, V 4208.156 | 23756.71 | a ®Dyys—z 285 4 0.268 | 0.134 | 1.721 | 1.855 | 2.123
10 4206.127 | 23768.17 b:gm—y;%ﬁx B Ry

aDag—y OFis | 5 0.596 ; 2, 54 ; .058
120, IV 4205.308 | 23772.80 {a’Hm—z 2Hi
10 4204.322 | 23778.37 | a 2Gasg—0 4Pl
1 4203.825 | 23781.18 | b 4Dag—s 4F5iq
1 4203.732 | 23781.71 | @ 2Pyg—u Wiy
7 4203.415 | 23783.50 | a 2Fa—u4Gii| ¢ 0.045 | 0.853 | 0.862 | 0.844
6 4202.013 | 23791. 44 | @ 4Gars—u 2D
40,V 4201.519 | 23794.24 |a4Hog—z 2Hi| 5 ow 1.132 | (0.984)| 1.011
7 4200.993 | 23797.21 | @ Pag—y 4G
6 4199189 | 23807. 44 | @ 2Gas—u 4Fis
2 4198.90 | 23809.08 | b4Dyg—s 4F5i
10 4198.847 | 23809.38 a:HPm——v 42%;2;4 4 0 0.946 | (0.984)| 1.006
atPas—y 234
1 4198.672 | 23810.37 {D‘Pm—w‘l’?}i
30, IV 4198.510 | 23811.29 | a®Day—2 4F5 | 4 0.249 | 0.125 | 0.465 | 1.586 | 1.337
10¢, V 4198.370 | 23812.08
7c 4197.615 | 23816.36 | b 2Gay—q 2Fhy
9c 4196.948 | 23820.15 | a ‘Heys—y *Hi
15, V 4195.660 | 23827.46 | @ 2Gag—v 2F5ig 5 ow 1.026 | 0.872 [(0.831)
4 4195.515 | 23828.28 a:ga%—u:g3%
aDuis—y SFbys [ 5 2.465 | 1.233 | 3.097 | 1.864 [—0.601
80, IV? | 4195.096 | 23830.66 { a’gm—v 2(}})2;4
atDoyg—w ‘Diy
10¢ 4193.828 | 23837.87 ({350 g o
1 4193.42 | 23840.19 | @ 4Dig—w ‘Diyg
100c, IV | 4192.065 | 23847.90 | a®Dayg—z 6P| 4 0.292 | 0.146 | 0.853 | 1.584 | 1.876
150c, IV | 4190.889 | 23854.59 | a 6Dug—z 6P3y 4 0.155| 0.076 | . 1.550 | 1.705
20¢, V 4190.655 | 23855.92 | @ 4Dag—v 23y
12 4189.997 | 23859.66 | b 2Gasg—s 2Gix
3¢ 4189.59 | 23861.98
3¢ 4180.250 | 23863.92 | b {Pag—wiPs?
3¢ 4188.008 | 23870.48
15,V 4186.104 | 23881.85 | @ 2Fas—t 4Fhi 6 0.094 | 0.241 | 0.914 | 0.865 | 0.961
3 4185.66 | 23884.39 | b4Fsg—s 2F5y
50c, IV | 4184.440 | 23891.35 |a®Dayg—z 6Phs | 4 0.730 | 0.366 | 0.559 | 1.654 | 2.383
2 4183910 | 2389438
6 4181.784 | 23906.52 | a {Fag—y ‘Fdy
15 4181.341 | 23909.06 |a ‘Hsig—04Gig | 5 w 139 | L13 [(1.07)
2 4181.048 | 23910.73 | @ 6Doxg—2 2Sbig
1 4179.826 | 23917.72 | @ Dyg—2 Dy
12 4179.763 | 23018.08 | @ {Gaog—7z *Hiyy | 4 0.116 | 0.056 | 0.621 | 1.261 | 1.145
1c 4177.554 | 23930.73 | @ ‘Hus—0 4Gy
4 4177.435 | 23931.41 |a ?Dag—0 ‘D
1 4176.78 | 23935.17 | b 2Gag—r 4Ry
1 4176.166 | 23938.68 | @ 2Fag—wu ‘G
5 4174.804 | 23945.98 |a 2Hug—v2Ghg | 70 0 0.924 | 0.925 [(0.925)
15 4174.342 | 23949.14 |a ‘Dug—0 2Pl 4 0.372 | 0.182 | 0.276 | 1.206 | 0.834
3 4174.047 | 23950.83 | @ Dig—w D
12¢ 4173.955 | 23951.35 | b 2Guys—p W4
1c 4172.34 | 23960.64 | @ +Dayg—w Dy
3¢ 4170.909 | 23968.86 | b 4Pyg—t 2Dy
30¢, V. 4169.565 | 23976.58 |a 4Gug—u Dy 4 0.148 | __ 0.703 | 1.220 | 1.368
250c, IV | 4168.122 | 23984.88 |a 6Doys—y FGy | 6 3.930 | 1,965 | 1.365 | 3.330 |—0.600
3¢ 4167.44 | 23988.81
6 4166.045 | 23996.84 | b 4{Fsg—s Wy
20 4165.850 | 23997.96 | a 4Gasg—u ‘Disg
4c 4165.330 | 24000.96
300, ITI 4164.661 | 24004.81 |a ®Dasg—y F%; | 6 0.349 | 0.879 | 1.479 | 1.654 | 1.305
250, ITT 4163.658 | 24010.60 |a ®Dyg—y 6Fis | 6 0.802 | 1.203 | 1.462 | 1.863 | 1.061
40,V 4163.474 | 24011.66 | @ 4Fyg—y +F3s | 6 i 1.261 | (1.235)| 1.287
12¢ 4162.817 | 24015.45 | @ 2Dyyg—y Piyg

644098—45——5
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TABLE 4.—First spectrum of columbium (Cb 1)—Continued

Wave

: : Strong- [Strong-
Intensity No. Term combi- | Zeeman | Separa-
Are Naie A vac. nation type tion est est 0 02
em-1 P 2
1 2 3 4 5 6 7 8 9 10
3¢ 4161.884 | 24020.83
20¢ 4161.252 | 24024.48 | a 2Fay—t ¢Fiy 6 0.081 | 1.162 | 1.150 | 1.173
8 4160.806 | 24027.05 | @ ‘Fs—y 8Dy
1 4159.49 | 24034.66 | b 2Ga—384Dig
20, V 4158.007 | 24043.23 | @ 4Gayy—u 4Diy| 4 0.235 | 0.118 | 0.494 | 1.081 | 1.316
5¢ 4155.36 | 24058.54
6 4154.826 | 24061.64 | a ‘P1y—y ‘G
500, ILI 4152.575 | 24074.68 |a 8D3y—y OF3i 6 0.214 | 0.680 | 1.480 | 1.586 | 1.372
20¢, 4152.040 | 24077.78 |a ®Dsy—2 2Dy 5 0.285 2 i (1.582)| 1.297
100, V 4150.124 | 24088, 90 £ 0.97
4 —22
4 a140.721 | 24001, 24 |{§ T2 5004
2 —w 4FS *
15 4148.735 | 2409696 ({¢ 30w Fbel 5 y L
6 4148.321 | 24099.37 | a 2Gag—w 4Gy
25¢, IV? | 4147.184 | 24105.97 |a 4Heg—0 4Gl 5 h 1.571 | 1.223 |(1.160)
4146, 598 | 24109.38 | @ 2Fay;—z 4Hiyg
10 4146.000 | 24112.86 | a tHsy—0 ¢Gix 6 0.352 - | (0.984)| 1.062
3¢ 4145.155 | 24117.77
5¢ 4143.931 | 24124.90
4c 4143.58 | 24126.94 | a 2Poy—y 2Phy
80c, IV 4143.201 | 24129.15 | a 8Dyy4—2 0Py 6 0.519 | 0.779 | 2.123 | 1.863 | 2.382
9 4142.243 | 24134.73 | a 4Hiy—u 2Fiy
4 4141.32 | 24140.11
400¢, IV 4139702 | 24149.54 | a 8Dyy—y 6Fy4 6 0.139 | 0.681 | 1.506 | 1.576 | 1.437
90¢, IV 4139.430 | 24151.13 | @ 6Doy—2 0P8 6 0.221 | 0.862 | - (1.652)| 1.873
6 4139.088 | 24153.12 | b4Day—s 4Fyg
10¢ 4138.300 | 24157.72 | b 2Gay—r 2Giyg
12¢ 4137.590 | 24161.87 | a 4Gay—u4Diy
200, 11T 4137.090 | 24164.79 | a 6Doy—y 6Fisg 4 2.197 | 1.135| 0.073 | 3.368 | 1.171
4 4135.57 | 24173.67 |a ?Hay—z 2Hiy
10 4135.423 | 24174.53 | b 4Fai5—3 2Fyg 6 0 0.846 | (0.852)| 0.840
4134.985 | 24177.09 | a4Hay—u 2Fiy
30, IV 4134.592 | 24179.39 | a 2Py~ 2Diy 4 0 1.144 | 1.171 [(1. 160)
1 4134.33 | 24180.92
5h 4133.40 | 24186.36
3c 4132175 | 24193.53
2 4131.74 | 24196.08 | a 4Pay—z 4F3y
3 4131.60 | 24196.90 | a 4Gsy—0 2Gig
6 4131.53 | 24197.31 | a 4Gayu—u‘Diy
150¢, V. 4129.931 | 24206.67 g 1.08
100¢, V 4129. 430 | 24209. 61 | @ $D3y;—z 6Py 6 0.131 | 0.476 | 1.635 | 1.570 | 1.701
4 4129.000 | 24212.13 | a4Doy—2 2Diyg
2 4128, 654 | 24214.16 | a 2Hs5—y *Hiyg
1 4127.69 | 24219.82 | a 2Fa4—z ‘Hiyg
12¢ 4127458 | 24221.18 | b 2Gay—4115 6 0.06 £ (0.90) | 0.88
8¢ 4126.903 | 24224.44 0 12
12 4125573 | 24232.24 | a 4F3—y 6Dy
20¢, V 4125.243 | 2423418 | a *Hay—v {Giy
400, IIT 4123812 | 24242.59 | a®Dy1s—y F55 4 0.558 | 0.282 | 0.468 | 1.863 | 1.305
15, 4122.804 | 24248.52 | a *Hsy—y 2Hiy 5 0.174 i A 1.129 {(0. 955)
3¢ 4121.060 | 24258.78
2 4117.824 | 24277.85 | a2Dyy—v4Diy;
50, 11T 4116.895 | 24283.32 | a6Doy—2z Py 4 0.943 [ 0.473 | 1.910 | 3.325 | 2.382
5 4116.401 | 24286.24 | a 4Fay—y 4Fiy
2 4116.274 | 24286.99 | b 4Fa;—s *Fiy
6 4114.155 | 24299.50 | a 2Fay—r 2Fiy
25, V 4113.941 | 24300.76 | a *Hays—y *Hiy 5 0.132| 0.066 | 1.717 | 0.990 | 1.122
6 4113.348 | 24304.26 | b 4Fay—t *Fiy
1 4112.49 | 24300.33 | @ 2Gay—u {Fiy
20c, V 4112.130 | 24311.46 | b 2Hs—41154 5 0.09 | 102 | 0.82? |(0.76)
2 4110.12 | 24323.35 | a4Gay—y ‘Hiyg




Spectra of Columbium 541
TAaBLE 4.—First spectrum of columbium (Cb 1)—Continued
Wave - 2
Intensity | , . No. Term combi- | Zeeman | Separa- St;(s)?g Stz&!}lg
Arc nir vac. nation type tion e 2 o g2
cm-!
1 2 3 4 5 6 7 7 8 10
4 4109.88 | 24324.77 | a4Pus—y Dig
3 4108.71 | 34331.70
1h 4107.67 | 24337.86 | b4Dyg—s {Fhg
3¢ 4107.05 | 24341.53
6 4106.778 | 24343.14 | @ 4Fas—y ‘Fix
12 4106.173 | 24346.73 | a‘Dag—w D3| 4 0.149 | 0.382 | 1.287 | 1.362 | 1.213
1 4105.47 | 24350.90 | @ 2Fsg—2 ‘His
1 4104.71 | 24355.41 | b4Dag—t 2Giig
3 4103.74 | 24361.17 b:llg‘a%—u:gix 4 .ot eI T A
a%Dayg—y 0F 514 . 271 § 5 ¢ 1.394
600c, IIT | 4100.918 | 24377.93 {b,m_t R
80, IV 4100.389 | 24381.07 | a®Das—22Dig| 6 0.370 2 | (1.652)] 1.282
3 4100.30 | 24381.60 | a4Dyg—w 2Dy
1 4100.11 | 24382.73 | a*Hus—0 1Ghiy
30, IV 4099.067 | 24388.93 | a0Dyys—z 0P 5 0 1.884 | (1.863)| 1.871
5h 4098.87 | 24390.11
10 4098.220 | 24393.88 | b 4Fug—t 4T 5 w 1.404 | (1.224)| 1.173
10¢ 4097.63 | 24397.49 | b 2Hgs—q {Fi?
5h 4096.314 | 24405, 33
7 4095.553 | 24409.86 | a 2Faig—r 25 6 EX 0.864 | 0.848 |(0.880)
8h 4095.082 | 2441267
3, 4094.31 | 24417.27 | a?Das—04G3
6 4094.005 | 24418.55 l;):l%»rt:gsm A 1.18
25— {F 114
6 4003.926 | 24419, 56 {mHM_S "G
6h 4092.536 | 24427.86
3 4091.67 | 24433.03 | a2Dyg—0 {Djig
3¢ 4090.60 | 24439.42
20, ITL 4090.163 | 24442.03 | a4Gas—y‘Hig| 4 0h 0.580 | (0.742)| 0.696
2 4088.443 | 24452.31 | a4Hyg—y 2Hiyg
6 4087.048 | 24460.66 | @ 2Fa15—t 2Diig 4 0 0.810 | (0.860)| 0.893
9 4086. 630 | 24463.16 | a 2D1s—y 2Poyg 5 0. 509 0.254 | 1.21% | 0.957 | 0.448
4 4084.951 | 24473.21 | a ?Hsis—y ‘Hiy
40,1V 4084. 861 | 24473.75 | a 4Fpg—y AFhyg 6 0.115 | 1,070 | 1.047 | 1.093
10, V 4084.177 | 24477.85 | a4Pus—y 2Dsys| 4 0.371 | 0.189 | 0.792 | 1.719 | 1.348
5 4083.776 | 24480.25 | a 4Fag—y*Disg
1000, IIT | 4079.726 | 24504.56 | a6Dayg—y SFis; 4 0.158 | 0.079 | 0.865 | 1.576 | 1.418
a4 Grys—utGly
7c 4078.60 | 24511.32 {aZPm—uzDi‘yg
6 4078.345 | 24512.85 | a 6Days—z 0P34
4 4077. 405 | 24518, 50
15¢ 4077.09 24520.40 | b4Doy—r *Fiy 5 0 0.67 | (0.04) | 0.46
8 4076.09 | 24526.42 | a 4Fos—22Giy
6 4073.641 | 24541.16 | b 4Fag—utGiy
6 4073.513 | 24541.93 | b4Dus—r 4Fhg
2 4072.13 | 24550.27 | @ 2Fas5—¢ 4Dy
3d 4071.54 | 24553.82 | b4Pus—2z 2Posg
20, V 4070.965 | 24557.29 | b 4Fsg—t 4F3sg 6 0.192 | 1.136 | 1.108 | 1.163
6¢ 4070.040 | 24562.87
40c, V 4068.258 | 24573.63 | a4Hag—y2His| 5 0.267 | 0.134| __ | (0.690)| 0.957
15, V 4067159 | 24580.27 | a4Gas—y4Hhg| 4 0.097 | 0.050 | 0.621 | 1.059 | 0.962
12 4066.120 | 24586.55 | @ *Huse—0 4G A 0176 | 0.088 | __ | (0.984)| 1.160
10 4064.802 | 24594. 52 | b 4Fa5—t 4Fhig 6 0.108| 0.271| . 0.854 | 0.962
2 4062.21 | 24610.22 | @ 2Pig—u Dy
10 4061, 542 | 24614. 26 8 :gm—yigm
. 15— U 4Gl
4 4061.427 | 24614.96 {a . )
9 4061.255 | 24616.00 | @ 2Days—0 4Gsg
40c, IV? | 4060.800 | 24618.76 | @ 8Dysg—z 2D
4 4060.37 | 24621.37 | a4Gug—s 2Fiy
10 4060.32 | 24621.67 | @ 4Fs5—z SDig
5 4059.85 | 24624.52 | a4Poss—y *Disg
40, V 4059.498 | 24626.66 | a 7Pys—0*Diss| 5 0.206 | 0.148 | 1.090 | 0.646 | 0.942
2000, TIT | 4058033 | 24630.08 {a 6Dgg—y OF5| 4 0.113 | 0.055 | 0.942 | 1.563 | 1.450

a2Day—z {Piy




542 Journal of Research of the National Bureau of Standards

TaBLE 4.—First spectrum of columbium (Cb 1)—Continued

Wave
Intensity | 5 ., No. Term combi- | Zeeman | Separa- s"g?g' Strg'y;.]g-
Are Al vac. nation type tion 7 o 2 72
cm-! p (i
il 2 3 4 5 6 7 8 9 10
6c 4057. 267 24640. 20 l;) 4‘1%134—'8 4‘%5%
25— D3y
8 1036.941 | 24042.18 \{} R
4c 4055.854 | 24648.78
2 4055.426 | 24651.38 | b 4Fag—u 4Gy
8¢ 4055. 186 | 24652.84 | b 2Gay—s 2Giyg 6 0.062 0.186 | 0.928 0.897 | 0.959
6 4053. 161 24665.16 | a 2F34—t 2Dy
6c 4052.132 | 24671.42 | a 4D3y—v ‘D3y
256, V 4051. 513 | 24675.19 | a 2Gyy—z 208 4 0.163 0.082 | 0.208 1.103 | 0.940
6 4051. 001 24678.31 | a 4F3—y D3y
20, IV? 4049.759 | 24685.88 | b 4Fgg—t 4Fiy 6 0. 060 1.254 1.246 | 1.262
3 4048. 95 24690. 81
3 4048.01 24696, 54 | b 2Gayx—416334
4h 4046. 27 24707.16
12,5V, 4044.712 | 24716.68 | a 2F3—r 2F3y 6 0.076 1.133 1.120 | 1.146
1, 4044. 58 24717.49 | b ®Hss—r 2G4
26, 'V 4044. 103 24720.40 | b 4Fy4—z 4Hiy 6 0.237 1.076 | 2.225 1.231 | 0.994
10¢ 4043. 169 24726.11 | b 4D3y—s 4Fiy
10 4042. 572 24729.76 | @ 4Gy —s 2F3y 5 0. 229 0.114 Sl (1.081)| 0.852
1 4041. 39 24737.00 | a 4Fy5—y 8Diyg
3 4040.618 | 24741.72 | a *Poy—71 ‘Ply
a4Fa5—2 2Q3y
8 4040468 | 24742.64 ({7 Fei—2 0
60c, V 4039. 530 24748.39 | a 44%5}4—111 ;%3% 6 w 1.256 | (1.260)| 1.252
@ ‘Hes—2z Hiyg
15,V 4039. 094 24751.06 {a Pyg—y 1o 5 0.12 0.062 .t (1.22) | 1.10
8h 4038.172 | 24756.71
4h 4037. 356 24761.72 | a 4P1s—2 8314
\
| 12 4035. 923 24770.51 | b 4Dyys—r 4F314
‘ 10 4035. 095 24775.59 | a Fay5—t 2D3y4 6 0.215 0.540 | 0.967 0.860 | 1.075
6h 4034. 527 | 24779.08
1 4034178 | 24781.22 | @ $Poy—z 4P
40, V 4033.195 | 24787.26 | a ‘F14—y ‘Fiy 6 0.075 0.102 | 0.429 0.392 | 0.467
150, IV 4032. 524 | 24791.39 | a 4F 44—y 4Diy 4 0.092 0.046 1.002 | (1.330)| 1.422
‘ 10h 4030. 348 24804. 77
\ 6 4029. 223 24811. 69
| 4d 4028.865 | 24813.90
15¢, V 4027.972 | 24819.40 | a 4Gsy—t 4Fisg 7b 0 1.261 | (1.260)| 1.259
12, 4027. 311 24823.47 | b 4F 14—t 4Fig 6 0.118 0.183 0. 466 0.408 | 0.526
4 4026. 71 24827.18 | a 2Fay—r 2F3y
5¢ 4026. 41 24829.03 | @ 4Day—v 4Dy
4 4025. 88 24832.30 | b 4F3y—r 2F3y
2 4024. 26 24842.29 | @ 4G3y—s 2F3y4
2 4023. 41 24847.54 | b 4Fau—t 4F3yg
8 4023. 275 24848.38 | @ 4Gay5—s 2F3i4 6 0.227 | 0.792 | (0.742)| 0.843
12, V 4023. 141 24849.20 | b ¢Fa—1 4Fiyg 5 0.134 0.058 1.733 1,143 | 1.277
9c 4022.387 | 24853.86 | a 4Gsy—r ‘Hig
4 4021.016 | 24862.33 | a2Day—u 2F3y
6 4020. 233 24867.18
2 4019.13 | 24874.00 | @ 2Has—y 4His
2 4017.703 | 24882.28 | @ 2Day—z 4Sh;
15, V 4017. 558 24883.73 | b 4F3—1 *Hiy 4 0.114 0.057 | 0.593 1.105 | 0.991
10h 4016. 070 24892. 95
3 4015. 748 24894.95 | b 4Day—r tF3y
6¢ 4014.922 | 24900.07 | b 4F14—u 4Gy 5 0.435 0.218 o (0.402) | 0.837
3 4014. 646 | 24901.78
4 4013.942 | 24906.15 | @ 2G4y—w 2Giy
20, V 4013.268 | 24910.33 | b 2Gay—p 2F3y 5 0 0.906 | (0.88) | 0.86
4c 4013. 101 24911. 37
6 4012.056 | 24917.86 | @ $Fuss—y 4Fis
20, V 4009. 707 24932.45 | b ¢Fais—z 4H3y 4 0.145 0.074 | 0.335 0.843 | 0.698
il 4009. 533 24933.54 ' a 2Fay—w 2Hiy



Spectra of Columbium 5483
TABLE 4.—First spectrum of columbium (Cb 1) —Continued
Wave
Intensity | o . No. Term combi- | Zeeman | Separa- Stgg;]g s“gs’;-‘g
Are Aie vac. nation type tion g 2
cm—1 P &

1 2 3 4 5 6 7 8 9 10
30, V 4008.286 | 24941.29 | a?Day—u Fhg| 4 0.101 | 0.050 | 0.865 | 1.218 | 1.117
4d 4006.05 | 24955.22 | b 2Gag—q 4Fixg
4 4005.915 | 24956. 06
2 4005.13 | 24960.95 | @ *Gag—s 2F5s4
4h 4002.25 | 24978.91
15¢, V 4001.135 | 24985.87 | a*Gus—u Gy
1 4000. 446 | 24990.17 | @ 2Gag—w G
1 3099.868 | 24993.78 | a 2Poy—2 481
40,V 3999.182 | 24998.07 | b4Fas—z4Hig| 4 0.127 | 0.061 | 0.517 [ 1.216 | 1.089
7 3098.447 | 25002.67 | b4Das—q 2Fisg
4 3908.23 | 25004.02 |a4Hus—v 2Glig
2d 3997.780 | 25006.83 | b4Days—s 4Disg
4h 3997.377 | 25009. 36
4 3997.157 | 25010.74
1 3096.95 | 25012.03 | b2Ga—q 4Fs
3 3995, 588 | 25020.55 | @ 2Hsys—u4Gly
6 3994.420 | 25027.87 |a*Has—2 *Hby
1 3093.36 | 25034.52 | b4Dyg—s4Diig
4 3992.165 | 25042.01 | a 2Fa5—2 2Py
40c, V 3991.677 | 25045.07 0.19 0.10
1 3990.926 | 25049.78 | a Fyg—y 2Gis
6 3990.665 | 25051.42 | a4Ga—u 4Ghy
20¢ 3988.158 | 25067.17 | b *Hus—si2Giss 0h 1.188 | (1.04) | 1.34?
¢ 3986.17 | 25079.67 | b ‘Days—r 4Ffig
6c 3085.18 | 25085.90 |a ‘Hayg—0 2Gixg
4 3985.074 | 25086.57 | a:2Gas—2 2Hiyg
6 3084.810 | 25088.23 | b 4Dag—s 4Girg
10¢ 3082.055 | 25105.59 | b4Fug—y sy 4 0.260 | 0.137 | .. | (1.224)| 0.955
60c, IV | 3980.483 | 25115.50 |@ ®Dug—y 4F5g| 5 0.304 | 0.151 | 2.614 | 1.552 | 1.248

BT 3979.370 | 25122.53 | b4Fa5—r 2Faig 6 w 0.864 | (0.854)| 0.874
4 3078.900 | 25125.44 |a ‘Has—0v 2Glig

12,V 3078.753 | 25126.42 | a 4Fa5—2 0Dy

20¢, V 3977.940 | 25131.56 | a 4Gag—2 4Hiy

15¢, V 3076.677 | 25130.54 | b 4Dag—t 4Girg

6h 3975.20 | 25148.88

2d 3973.87 | 25157.30 |a ‘Dag—v 4Gl

20¢ 3073.624 | 25158.85 | b *Hus—p 3Fis

40c, V 3072.512 | 25165.89 | a 4Gug—u 4Gix w 1.51

15, V 3971.932 | 25169.57 | a 4Fug—2 6D

20, 3071.852 | 25170.08 | a Gag—u 4Gix

1 3071.35 | 25173.26 | b4Fas—t 2Dy

12,V 3070.650 | 25177.70 | a 4Fas—2 2Gisg | 4 0.163 | 0.085| . | (1.235)] 1.072
4h 3970.10 | 25181.18

5c 3068.465 | 25191.55 | b 4Dayg—s 4D3ig

7c 3068.32 | 25192.48

1 3067.61 | 25196.99 |a4Dis—y *Pog

1 3067.441 | 25198.06 | b 4Fy—1 2Dfig
150, V. 3966.246 | 25205.65 | @ 4Fsg—y 4Diy 4 - 1.016 | (1.235) 1.322
25,V 3966.094 | 25206.61 | a 4Gag—u 4Gix

40,1V 3065.692 | 25209.17 | @ 4Pag—y 48k 4 0.365 | 0.182 | 1.049 | 1.596 | 1.961
7 3964.665 | 25215.71 |a 1D1y—0 4Gy

3 3063.60 | 25222.48

3h 3063.22 | 25224.90

4 3962.154 | 25231.68 | a ‘His—z 2H3y

10¢, V 3960.994 | 25230.07 |a4Gag—y iy

4 3960.636 | 25241.35 | a 2Hyg—u 4Gix

4 3950.978 | 25245.56 | a 4Fa5—y *Disg

2 3050.54 | 25248.34 | b4Fpg—t 4Dy

15¢, V 3050.356 | 25249.51 | b 4Fsg—r 2Fig 6 0 1.116 | (1.120)] 1.112
3 3050.144 | 25250, 86

7c 3058.129 | 25257.34 | @ *Hag—u 4Diyg

il 3057.724 | 25259.93 | @ *Darg—0 2D

1 3057.25 | 25262.95 | b4Fng—t 4Diig

7 3956.83 | 25265.63 | @ 4Fsg—y (Dix

3¢ 3056.626 | 25266.94 | @ 4Gug—2 4Hiyg
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TaBLE 4.— First spectrum of columbium (Cb 1)—Continued

Wave
Intensity | , No. Term combi- | Zeeman | Separa- St:(;:lgv Stzgz:g-
Are sir vac. nation type tion : 5 [ g2
em-1 p n
1 2 3 4 5 6 7 8 9 10
by a8 i o S B 0.330 | 1.152 | 1.40 | (1.235)| 1.565
o a4F35—1 D3y . 3 2 3 .
20, V 3955.680 | 25272.98 ({1 T % [0
1 3055.38 | 25274.89 | b2Gas—r 2Gix
10 3053.071 | 25280.66 | a‘Hus—02Gis | 6 0.065 | 0.241| 1.054 | 1.021 | 1.086?
4 3053.015 | 25290.02 | @ 4He—u 4Dl
4 3050.966 | 25303.13 | b 4Fug—w MHiy
9 3049.027 | 25300.79 | a 4Fas—2 Gy | 4 0 1.002¢| (1.029)| 1.017
1 3049.81 | 25310.53 | b 4Pag—r 4Fag
8 3049.326 | 25313.64 | a?Dug—02Dhg| 70,6 0k 0.957 | (0.953)| 0.961
4h 3047.022 | 25322.64
20,V 3047.516 | 25325.24 | a4Gas—uiGiy| 5 0.305 | 0.155 | 1.823 | 0.755 | 1.060
1 3046.08 | 25328.67 | a?Hss—t {Fiig
2 3944, 90 25342.04 | a 2Ga5—0 4Djyg
h 3044417 | 25345.14
60, IV 3043.663 | 25349.99 | a4Fng—y‘Dig| 4 0.266 | 0.131 | 0.626 | 1.025 | 1.291
4 3041.611 | 25363.18 | a2Hsys—z Hiy
40¢, V 3041.266 | 25365.41 | a®Dag—y ‘Fhs | 5 0.503 | 0.251 | 2.850 | 1.592 | 1.089
2 3040.790 | 25368.45 | a?Dis—y *Ssg
3¢ 2030.26 | 25378.32 | b 2Gug—p Dl
20, V 3037.061 | 25386.60 | a4Gug—uiGix
150, IV 3037.437 | 25390.07 | a®Dus—y ‘Fis | 6 0.213 | 0.965 | 1.440 | 1.546 | 1.333
IV 8936442 | 28396.47 | a {Fng—3 1D
a 35— 314
20¢, V 3035.441 | 25402.95 {ma—u ‘g
2 3034.64 | 25408.12 | @ 2Ga—w 2Gis
20, V 3034.405 | 25400.64 | a 4Fpg—z 6Dy | 4 2.038 | 1.022 |—0.614 | 0.405 | 2.443
a*Hag—u4D3y
12¢, V 3034.142 | 25411.33 {bq«‘; G
8 3033.392 | 25416.18 | a‘Hiys—y ‘His
6 3033.013 | 25418.63 | @ 4Pyg—y 2 Fhist 0 1.00
1 303250 | 25421.36 | a2Heg—u4Gix
3h 3031.033 | 25425.61
8 25498.67 | a?Diy—z 4Pl | 6 0.632 | 0.958 | 1.265 | 0.949 | 1.581
1 25437. 53 | a *Hayg—t {F5ig
30c, IV 25442.67 | a *Fag—y Dhg| 6 0.186 | 0.648 | 1.328 | 1.235 | 1.421
2 25449.35 | a 2Fag—t 4Disg
9 3026.618 | 25460.03 | @ Fss— 27631 4 0.132 | 0.067 | 0.94* | (1.235)| 1.367
1 3026.203 | 25462.72 | b 4Pag—r 4T
2 3025622 | 25466.49 | b4Fsg—w 25
3 3025.53 | 25467.08 | a 2Fai—u Gl
4 3025.18 | 25469.35 | a‘Hs—y ‘Hii
40¢, V 3024.095 | 25470.55 | aDayg—y 4Fhs | 6 0.336 | 1.172| 1.415 | 1.583 | 1.247
12¢ 3024.474 | 25473.93 | a4Gus—t4F3 | 6 0h 1.250 | (1.23) | 1.27
4 3023.80 | 25478.31
12,V 3022353 | 925487.71 | a4Ga—z4H3 | 6 0.374 | 1.317 | 0.896 | 1.082 | 0.708
1 322,280 | 25488.18 | b 4Fas—t2Disg
6 3021.671 | 25402.14 | @ 2Gag—w 2G| 6 0 0.856 | (0.885)| 0.827
100c, IV | 3920.198 | 25501.72 | a‘Gsy—z4Hs| 4 o 0.880 | (1.26) | 1.20
15¢, V 3019.163 | 25508.45 | a*Gg—z {His
10, V 3919.005 | 25509.48 | @ 2Ga5—2 2Hiy
4 3017.014 | 2559245 | a Ha5—z 4Hiu
1d 3016.40 | 25526.45 | b4Fyg—r 2Fhy
150, IV 3014.692 | 25537.59 | @ ‘Has—y4Hyi| 6 0h 0.688 | (0.690)| 0.686
4 314,362 | 25530.74 | 'b4Fasg—r 2Fhsg
8¢ 3013.15 | 25547.65 | a‘Dyg—y 2Py
15 3013.011 | 25548.56 | @ 2Ppg—s 2F5y; | 4 0.332 | (0.166)| 0.344 | 1.175 | 0.843
4 3910.156 | 25567, 21
a4F15—2 *Diy
4 3000.665 | 25570.42 {b,Pm_q RN
15 3009.600 | 25570.85 | @ 4Gsy—y 2Ldy
3 3009.215 | 25573.37
40, IV 3008.071 | 25574.96 | @ ‘Fug—y4Dys| 4 0.759 | 0.372 | 0.000 | 0.380 | 1.139
8 3008.592 | 25577.44 | @ 3Fa—u Gy
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TABLE 4. —First spectrum of columbium (Cb 1)—Continued

Wave
Intensity | , No. Term combi- | Zeeman | Separa- Stgg;ng— Stgs)?g-
Are sir vac. nation type tion i g g2
cm-1 o
1 2 3 4 5 6 7 8 9 10
12,V 3906.900 | 25588. 52 | a 2Gays—z ‘Hiyg 4 w 0.566 | (0.885)( 0.814
1h 3906.35 | 35592.12 | @ 2Das—u2Diy
2 3904.83 | 25602.08
30c, V 3904.188 | 25606, 29 | @ 4Gays—2 {H3yg 4 w 0.634 | (0.742)| 0.694
4c 3902.829 | 25615.21 | b4Dgy—w Pl
3 3901.88 | 25621.44 | b4Doy—w 2Pl
5 3900.83 | 25628.34 | @ ‘Fug—y Gl
15¢, V 3899.24 | 25638.79 | b4Dasys—s 4G
4 3898.94 | 25640.76 | @ *Hsy—z ‘Hyys
2,V 3808.563 | 25643.24 | @ ¢Fay—2 2R3y
5 3898.01 | 25646.88
2 3806. 621 | 25656.02 | b ‘Pays—s 4Gl
4 3896.00 | 25660. 11 ¢
20,V 3895.805 | 25660.80 | @ 2Dug—wu 2FS4 4 0.094 | 0.047 | 0.727 | 0.962 | 0.868
1 3804.99 | 25666.76 | b 4Fis—¢ ‘Diyg
10 3894.70 | 25668.67 | a®Dag—y {Fiig
1d 3894.33 | 25671.11 | b4Dsis—s 4Dy
50, IV 3894.039 | 25673.03 | @ ‘Has—y ‘Hixg 6 0h 0.977 | (0.984)| 0.970
40, IV 3893.733 | 25675.05 | @ *Days—y ¢Diyg 4 0.164 | 0.080 | 1.413 | 1.660 | 1.824
6 3803.325 | 25677.74 | @ 4Gay—r 2Fiy
4 3802.87 | 25680.74 | a’Dig—2z48h;?
4 3892, 76 25681. 46 | @ 4Dayg—uFi?,
5 3892.33 | 25684.30 s
60, IV 3891.302 | 25691.09 | @ Dayg—y 0Dy 4 w 1.519 | (1.582)| 1.632
6 3890.756 | 25694.69 | @ *Gays—t ‘Fiy A
6 3889.800 | 25701.01 | @ *Fays—y 2Glg
8¢ 3889.64 | 25702.06
1 3889.440 | 25703.39 | @ *Poy—u?Diyg
2 3888.68 | 25708.41 | b 4Fug—¢ {Diy
1 3888.49 | 25709.67 |a ‘Dayg—0v *Dixg
3 3888.29 | 25710.99
6h 3886. 664 | 25721.74
20, V 3886.074 | 25725.65 | @ *Dig—y 8Dfy 4 0.718 1.184 | (1.863)| 3.220
100, IV 3885.686 | 25728.22 |a ‘Hss—y 4H3ig 6 0h 113 1(1.12) | 1.16
150¢c, IV 3885.453 | 25720.76 | a *Hey—y ‘Hig 6 Oh 1.225 | (1.22) | 1.23
3 3884.519 | 25735.95
80, V? 3883.141 | 25745.08 | @ 8Dsy—y {Fqig 4 0. 244 0.123 | 0.480 | 1.580 | 1.335
6 3882.804 | 25746.72
8 3882.660 | 25748.27 | a *Hsys—y 28y
2 3880. 543 | 25762.31
i 3879.644 | 25768.29
20, V. 3878.965 | 25772.79 | @ {Fays—y Dy
40, V? 3878.817 | 25773.78 | @ ®Dayg—y 4F5g 4 0.404 | 0.191 | 0.231 | 1.645 | 1.241
it 3878.082 | 25778.66 | @ 2D2s—u4Diy
60c, V 3877.557 | 25782.15 | @ 8D~y 6Diyg 5 0.292 | 0.150 | - (1.549) | 1.257
20¢, V 3876.964 | 25786.10 | @ 4*Gas—2 {Hiyg
4 3876.810 | 25787.12
20, V 3875.77 | 25794.04 ail«f‘f%——y 44%1%
a 35— 434
5 3875697 | 26704, 52 ({25 B
10d 3875.421 | 25796.36 | @ 4Gay—r 25y
1 3875.10 | 25798.50 | b 4Piy;— 400 51
5 3873.288 | 25810.57 | a *Dayg—0v 3G 4 0. 291 < 0.198 | 1.216 | 0.925
5 3871.76 | 25820.75 | a ‘Fay—2z 6Diy
20¢, V 3871.188 | 25824.57 | a 4Day—aftPiyg 4 0.232 | 0.114 | 1.026w| 1.363 | 1.595
5 3870.665 | 25828.06 | a 2Gas—0,4Giy
1 3869. 586 | 25835.26 a:%ug—x zgay,
a4Fa5—2 D3y
9d 3868.820 | 25840, 32 {MFM_“%;%
a*Pay—v ¢Fiy
8 3868.570 | 25842.05 {a4Dox—v2P?%
50¢, V? 3867.918 | 25846.40 | a 0Daps—z 2Giig 5us 0.532 | 0.267 | 3.409 | 1.549 | 1.017
1 3867.393 | 2584091 | a 2Gag—u 2Ky
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TaBLE 4.—First spectrum of columbium (Cb 1)—Continued

Wave
Intensity | No. Term combi- | Zeeman | Separa- St;o:;:lg- Stroglg-
Arc i vac. nation type tion 5 o o 0
em-! P ok
1 2 3 4 5 6 7 8 9 10
4 3866.24 | 25857.62 | b 4Day—4ll 34
10d 3865.041 | 25865.64 | @ (s —u 2Gis
1 3864.698 | 25867.94 | b {Piy—s ‘G
8 3864.364 | 25870.17 | @ WPiss—u 4G
1 3864.111 | 2587187 | b 4Fug—t {Disg
3¢ 3863.78 | 25874.08 | @ 4Gus—r *Fis
3¢ 3863.61 | 25875.22 | b 4Fu—w 2Hby
50, V? 3863.383 | 25876.74 | @ +Pus—y Shs | 6 0.239 | 0.358 | 1.839 | 1.720 | 1.959
20¢, V 3862.026 | 25879.80 | *Do—y *Disg
2 3861.384 | 25890.14 | @ TPoy—u ‘D
3¢ 3861.081 | 25892.17 | b 4Fys—t 2Disg
12¢ 3860.860 | 25803.65 | @ 4Gass—y Misg
1 3860, 604 | 25894.76 | b 4F13—1 2Ping
4c 3850.237 | 25904, 54
40, V? 3858.953 | 25906.45 | a®Dus—y Fhs | 4 0.784 | 0.392 [—0.099 | 1.861 | 1.077
1 3858.162 | 2591176 | @ 2Fss—t Qs
1 3858.00 | 25912.84 | aDiy—y *Disg
6 3856.683 | 25921.70
15 3855.456 | 25920.94 | @0Duy—y 4Fig | 4 & 0.948 | (3.323)| 0.475
12 3855.146 | 25932.03 | @ 4Hys—y *Hix
9 3854.608 | 25935.04 | @ 4Hlag—s 2F3
6 8854127 | 26038.88 | @ {Duss—z {Phis
a?Day—uDiy
4c 3853.50 | 25942.50 {a,Pm_mm%?
20 3853.388 | 25043.86 | @ ‘Hay—s 2Fiy | 4 0.156 | 0.078 | 0.209 | 0.689 | 0.845
4 3853.006 | 25945.83 | o 2Hsy—w 2Hisg
6c 3840.744 | 2596841 {37?223%’3;
1 3846.00 | 25993.69 | b 4Da—414%
40,V 3845.900 | 2500437 | atDui—y Dhs| 6 0.080 | 1.627 | 1.643 | 1.611
aADyy—7 4P
4c 3845.307 | 25998.38 {b:gm—r i
atDay—v 2D3y;
2 3845.079 | 25009.92 ({3 P 004
12 3844.000 | 26006.61 | @ ‘Hsys—y *Hss
10¢ 3843.027 | 26007.71 | @ *Pag—v {F3g | 4 0.248 | 0.115| .. | (1.506)| 1.348
4 3843.615 | 26009.82 | @ 4Fas—y +Disg
4 3843.453 | 26010.92 | @ 2H 55—z {Hsg
20, V 3842.700 | 26015.96 | @ 2Gus—y Hi| 5 0h 1.200 | (1.103)] 1.133
0F—t3Ghe | 5 0h 1.004 | (0.860)| 0.924
30 341,820 | 2002197 ({B7Fm— IAD
2 3838.072 | 26047.39 | @ 4Diy—v 2Dix
4 3837.005 | 26047.91 | @ APas—w {Fiig
12¢ 3837.077 | 2605414 | b4Pa—s ‘Diyg | 4 0.191 | 0.004 | 0.884 | 1.558 | 1.367
5¢ 3836.738 | 26056, 44 | o 4Has—s 2R3
20,V 3836.452 | 26058.38 |0 2Dug—v D5 | 5 0.108 | 0.098 | 1.456 | 0.952 | 1.160
3¢ 3836.260 | 26059, 69
40,IV? | 3835.176 | 26067.05 |a®Dos—yoDhg| 4 1.508 | 0.754 | 1.061| 3.322 | 1.815
2 3834, 575 | 2607114 | b 4Fz34—w 4P
6 3833.040 | 26075. 46
2 3833.760 | 26076.62 | a*Das—z 4Sis
10¢ 3833.257 | 26080.10 | o *Hsss—y *Tisg b, 42 0 111 | (1.10) | 1.10
1 3839134 | 26087.75 | b ‘Dass—q *Fisg
6d 3831.108 | 26094.12 | b ‘Dos—q *Fisg
2 3831074 | 26094.96 | @ 4Gays—r 7Fing
1 3830.820 | 26096.69 | @ 2Days—uDisg
10 3830.006 | 20102.2¢ | ¢ Du—y 3Shs | 4 0.880 | 0.440 | 0.761 | 1.201 | 2.081
34—D AF5
4 3829.659 | 26104, 61 {b,Dz s
4 3828.045 | 26115.61 | b 4D13s—q *Fisg
6 3827.090 | 26122.13 | a ¢Pag—w Wi
12 3827.015 | 26122.64 | a 2Fay—1 G | 4 0.104 | w 0.648 | (1.130)| 1.044
3 3826, 574 | 26125.65 | @ 2Fas—t 4Gisg
5 3825.410 | 26133.60 | @ 2Dass—w 4Shg
100, IV 3824.882 | 26137.21 |a ®Dag—y Disg| 6 0.333 | 1171 | 1.415| 1.581 | 1.248
3 3823.255 | 26148.33 | b ¢Dayg—416 534
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TaABLE 4.—First spectrum of columbium (Cb 1)—Continued
[ Wave
} Intensity | 5 No. Term combi- | Zeeman | Separa- St‘r;s);lg- Stg(;gg—
Arc air vac. nation type tion gt g2
cm-! p L
1 2 3 4 5 6 7 7 8 10
6 3823.135 | 26149.15 | @ THu—y
4 3822.956 | 26150.38
12¢ 3821.201 | 26162.38 |a4Diy—z4Ph | 6 0.390 | 0.585 | 1.393 | 1.198 | 1.588
190,V 3819.148 | 26176.45 | a ‘Poys—y Siys | 4 0.602 | .. 1.604 | 2.642 | 1.950
6c 3818.100 | 26183.01 | b 4Payg—w 2P
3¢ 3816.645 | 26193.62
15 3816342 | 2619569 | @ 4Fay—y Phig | 4 0.624 | 0.314 | 0.090 | 1.026 | 1.650
. 60c, IV? | 3815.507 | 26201.43 |a6Ds;—z2G34| 6 0.567 | 1.989 | 1.206 | 1.580 | 1.013
4 3814.188 | 2621049 | @ *Fay—2z 2Fisg
5 3813.470 | 26215, 42
5c 3813.01 | 26218.59 | @ 2Pys—t 4Disg
50, III? | 3811.035 | 26232.17 |@®Dug—y ®Dig| 4 0.242 | 0.125 | 1.248 | 1.852 | 1.610
3¢ 3810.88 | 2623324 |a ‘Doyg—z 4Phy
80¢c, V 3810.50 | 26235.85 |a4He—u4Gy| 42 w 118 | (1.22) | 1.23
2 3807.95 | 26253.43 | a iPyg—w ‘Fis
1 3807.485 | 26256.63 | a4Gag—t 4Diy
10 3806.631 | 2626252 | b4Pyg—s Disg | 4 0.376 | 0.19? | 0.725 | 1.665 | 1.289
20, V 3806.196 | 26265.52 |a ‘Hsg—u 4Gig| 4 0.147 | 0.074 | 0.324 | 0.691 | 0.838
40, Cb IT| 3804.733 | 26275.62 |a ‘Hs—u G| 4 w Lol | (L12) | 1.17
10¢ 3804, 204 | 26279.27 | b4Day—g ‘Fis
100, IV? | 3803.879 | 26281.52 |a®Dug—z2Ghg| 6 0.477 | 2.135| 1.313 | 1.551 | 1.074
¢ 3803.65 | 26283.10 | @ 4Pag—w *Diss
400r, IV? | 3802928 | 26288.09 |a6Day—z ¢Ddg | 4 w 1.514 | (1.582)| 1.636
6 3802.636 | 26200.11 | b 4Fag—u 2Gix
5 3802, 555 | 26290, 67
4 3802.480 | 26201.19 | a 4Fsg—y 4Pl
20,V 3801.302 | 2620934 |a ‘Hus—u 4Gl
20,V 3800.941 | 2630184 | @ ?Gusg—v *Gisg
5 3800.197 | 26306.98 | b 4Dyss—q 4F3y
5 3799.486 | 26311.91 | g 4Gays—w *Hiyg
300r, IIL | 3798.127 | 26321.32 | a ¢Day—2z oDy
15¢ 3796.850 | 26330.17 | @ 3Fas—0 *Hisg
12 3796599 | 26331.92 | a 4Fai5—z 7Piyg
20¢, V. 3796, 440 | 26333.02 | b Dag—416 515
30k, V 3795.543 | 2633924
2 3795.182 | 26341.75 | a 4Doy—0 2Disg
15 3794, 476 | 26346.65 | *Hys—w 2Hiys| 6 0.049 | 0.929 | 0.923 | 0.936
5¢ 3793.727 | 2635185 | @ 2Gas—u 2Fis;
7c 3701.999 | 2636386 | a ‘Hay—t ‘Fiy
8 3701, 446 | 26367.70 | @ 4Pag—w ‘Fiy
300r, IIL | 3791.209 | 26369.35 |a 8Dsg—y Djss| 6 0.120 | 0.552 | 1.483 | 1.543 | 1.422
200r, IIL | 3790.138 | 26376.80 |a ®Dyg—z 6Dy | 4 Oh 1,517 | (1.549)| 1567
20 3789.502 | 26381.23 | @ *Fsy—z 3%y
3¢ 3788.69 | 26386.88 0 0.682
4 3788.188 | 26390.38 | a?Dig—u?Diyg
15 3787.480 | 26395.31 | @ 4Fay—z 4Dy
8¢ 3787.280 | 26396.70 | @ 4DO—y 28ty
150, IV? | 3787.064 | 26398.21 |a®Dyy—z Doy | 4 0.577 | 0.288 | 1.572| 1.860 | 2.437
10, V 3786,227 | 26404.05 | @ *Fag—7 Dy
6c 3786.10 | 26404.93
3 3785.384 | 26400.92 | @ 4Pus—v 4Fi
1 378473 | 26414.49 | @ 4Diy—z *Siy
20¢ 3783.844 | 26420.67 | ‘Hay—uiGhs| 6 0.367 | 1.285| 0.872| 1.055 | 0.688
1 378271 | 26428.59 | @ 4Gayy—7 Piyg
5c 3782.40 | 26430.76 | @ 4Dajs—u?Diyg
80, IIT 3781017 | 26440.43 | @ 0D~y ®Dig| 4dus | 0.403 | 0.201 | 0.235 | 1.647 | 1.243
4 3779.22 | 26453.00
1 3779.03 | 2645433 | @4Das;—v 2Diy
5 3778.675 | 26456.82 | @ *Doy—1 4Phy;
15¢ 3777.670 | 26463.85 | b4Days—q 4Fig
8 3777.277 | 26466.61 | @ 4Fuss—z *His
i 3776.605 | 26471.32 | a 4F115—27684
6c 3776, 157 | 26474.46 | b4Fu—s 4Fiy
2,V 3775449 | 26479.42 | a‘Hus—uiGig| 6 0.204 | 0.914 | 1.088| 0.986 | 1.190
2 3775.16 | 26481.45 | @ ?Dys5—u4Disg
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TABLE 4.—First spectrum of columbium (Cb 1)—Continued

Wave
Intensity | , No. Term combi- | Zeeman | Separa- Stg(s)?g Stgg?g
Are air vac. nation type tion o 02
cm-! P 2
1 2 3 4 5 6 7 7 8 10
8 3774. 44 26486. 50 | @ 4Pay—utFiut 0.734 0. 404
4 87430 | 20486.85 | G
6 3773.628 | 26492.20 ({3 F 7, DIk
10 3773.154 | 26495.53 | a *Hg—t 4F5i4 4 0.183 0. 095 0.336 | 0.975 | 1.158
3 3772.721 26498. 57 | a 4Fa5—y 6Pig
40,V 3771.848 | 26504.70 | a ®Day—2z 2Giy 4 0.637 0.321 [—0.569 | 1.645 | 1.009
3 3771.78 26505. 18
2 3771. 14 26509. 68 | @ 4P13s—0 4Fy
20, V 3770. 870 26511. 58
12¢ 3770.71 26512.70 | @ ‘Hsy—u4Gly
4 3770. 332 26515. 36
15 3769. 983 26517. 81 | a 2Hsy—w 2Hjy,g 6 0. 040 1.088 1.092 | 1.083
4 3769. 624 26520. 34 | b 4Day—p 2Fiy
25V 3769. 145 26523.71 | a 4F134—2 4Dy 5 0.178 0.088 0. 491 0.402 | 0.222
5 3767. 421 26535. 85 | a 4Pay—w 4Giy
30c, V 3766. 140 26544. 87 | a Day—y ‘D 5 0. 356 0.179 2.181 1.647 | 1.290
6 3765. 794 26547.31 | a 2P1ys—t ?Diy
40c, V 3765.074 26552. 39 | a 8Doys—z 6Disg 6 0.870 0.435 2.878 3.313 | 2,443
4 3764. 536 26556. 18 | b 4F215—8 4F314
25,V 3764.115 26559. 15 | a 8Dy14—z 6Diyg
4 3763. 730 26561. 87 | b 4Pas—414714
40, I1I 3763. 492 26563. 55 | a 6Dyi4—y ¢Disg 5 0.718 0. 360 2.220 1.861 | 1,143
10h 3762, 445 26570. 94
10 3761.16 26580.02 | @ 4Payg—w ‘Diyg
15 3761. 11 26580.37 | @ *Hyg—2z ‘Hisg
12 3760. 646 26583. 65 | a {Hsyg—t {Fiig
200r, IIT 3759. 556 26591.36 | a ¥Days—2 6D3ig 6 0.090 1.630 | (1.652)| 1.611
2 3757. 62 26605. 06 | a 2F315—400315
4c 3757.02 26609. 31
7 3756. 251 26614.75 | b 4F134—8 1F iy
4c 3755. 940 26616.96 | @ {Hag—t 4Fi4
20,V 3755. 764 26618. 20 | @ ‘Hss—2z ‘Hig 5 0.138 0.070 1.738 1.117 | 0.979
6c 3755. 636 26619. 11 | a 4Hey—z *H3y
10 3755. 289 26621. 57 | @ 4Fa5—2 4Shiyg
1d 3754. 86 26624. 61 | a 4Gas—u2Giy
3 3754. 228 26629.09 | a2Dgis—s 2F31g
1 3753. 47 26634. 47 | b 2G3ys—mn 2F3y4
40, IV 3753. 171 26636. 59 | @ 6Dag—2z 2Giyg 4 0. 507 0.255 (—0.691 1.592 | 1.085
9 3752.723 26639. 77 | a iFpg—y ‘Piyg
5 3752.297 | 26642. 80
10 3750. 637 26654. 59 | a 4Fi4—z 2F3y
5 3750.517 | 26655.44 | b 4Pas—q 4Fiig?
6 3750. 223 26657. 53 | @ 4Pas—2 ?Diyg
1 3749. 415 26663. 28 | a 4Gas—w 2Hiig
1 3749, 248 | 26664.46 | a SD3y—y {D3g
, V 3748. 557 26669. 38 | a 2Gays—y *Hiy 5 0h 1.194 | (0.885)| 0.954
1 3748.41 26670. 42 | a 2G3y—0 ?Diyg
3 3747. 841 26674.47 | a 2F314—8 4Gy
25,V 3746.904 | 26681.14 w 1.08
6 3745.476 | 26691.32 | a 4Fayg—y Py
4 3744, 279 | 26699.85 | b 4Fs4—v 2Hiyg
40c, IV 3744.007 | 26701.79 | a*Hsy—z ‘Hiig 6 0 0.695 | (0.690)| 0.700
200r, IIT 3742. 393 26713.31 | a $Doy—z 6Diig
3 3742.09 26715.47 | a 4Pps—w 4F3y
2 3741. 99 26716. 18 | b 4Pais—4165¢
30c, IV 3741.776 26717.71 | a 8Doy—y *Diyg
1 3741, 553 26719.30 | a 2Gas—0 2Giyg
40, I1I 3740. 845 26724.36 | a 6Dars—y 6Dirg
8¢ 3740. 537 | 26726.56 | a *Heg—y 21515
300r, III 3730.80 | 26731.83 | a®Dyy—z 6Diy 70,6 Oh 1.573 | (1.582)| 1.564
4 3738. 51 26741.05 | a?Dyyy—u4D3y
30,V 3738. 427 26741, 64 | a2Dayg—s 2F3i 4 w 0.948 | (1.206)| 1,132
4h 3736. 32 26756. 72
6 3734.733 26768.09 | a 4P1s—w ‘Diyg
15 3733. 622 26776.06 | a ‘Fus—z 2Piy 6 1,045 1.578 | 0.924 | 0.401 | 1,446
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TABLE 4.— First spectrum of columbium (Cb 1)—Continued

Wave
Intensity | , .. A No. Term combi- | Zeeman | Separa- Stro€g~ Stro;lg-
Are siz vac. nation type tion & o [ [
em-1 D n
1 2 3 4 5 6 7 8 9 10
15d 3733.344 | 26778.05 | 183s3—u Ml w 1.25h
5 3732.702 | 26782.66 | @ ®Diss—y D
15 3732.034 | 26787.45 | 0 ‘Hu—L *Fiss | 6 0.267 | 1105 | 1.116 | 0.983 | 1.249
8¢ 3731.534 | 26791.04
1 3731377 | 26792.17 | @ {Duss—v "D
@D yys—y 2Gig
7d | 3720.613 | 26804.84 {azF,_g%_“FhS
20 3727.220 | 26821.98 |a ‘Hiy—c ‘Hps| 6 w 1.005 | (0.984)| 1.026
250, 1T 3726235 | 26820.14 |a ®Dig—z 5D | 4 0.238 | 0.120 | 1,261 | 1.857 | 1.618
4 3725643 | 26833.36 | @ 4Gys—v 2Hig
20, V 3725.195 | 26836.63 | @ {Das—uiDis
4 3724.96 | 26838.32 | b {Fass—t 4Gy
4 3724.47 | 2684185 | a {Piyg—uFig
3h 3723742 | 26847.10 | b +Pays—q {Fiig
6 3723.10 | 26851.73
20c 3722.042 | 26852, 87
15 3722.328 | 20857.30 | b 4Fuss—0 2l
4 3729170 | 2683844 | a {Fass—y ‘Phg
4 5721.637 | 26862, 98 | @ 1Piss—t 2Diig
10 3721.517 | 26863, 15 | b 4Fa5—0 2His
6 3721.277 | 26864.88 | @ 2Piss—2 2P
1h 3719.52 | 26877.57 | b Diss—s 2D
6 3718.524 | 26884.77 | @ 4Gass—8 {Fiig
30, V. 3717.538 | 26801.90 |a ‘Hay—r 2Fhs | 4 0.185 (0.690)| 0.875
40¢, V 3717.01 | 26805.72 | @ ‘Hag—2 ‘Hivg
30¢, V' 3716.214 | 2690148 | 6D3g—y 4D
6 3715074 | 26003.22 | b {Fas—t 4Gig
4c 3715.196 | 26008.86 | a {Hzss—t 4Fi
5 3714852 | 201135 | b Dus—riGhs | sl 4
@ 5Dy —276 315 : ¥ 2.108 | (1.582)| 1.366
2, V 3713.819 | 26918.83 |{2510° Sk 3
300r, TIT | 3713.018 | 206924.64 |a®Duss—z6Dirg| 75,6 w 1.548 | (1.549)| 1.548
B 3712554 | 20028.00 | b 4Fass—s 4Fisg
12 3711782 | 2603361 | @ {Pas—v 2Fisg
60, V 3711343 | 26936.79 |a ®Do—y*Dig | 4 9.02¢ | 1o012| 0.282 | 3.318 [ 1204
20¢ 3710.448 | 2604329 | Hsg—7z4Hpg| 0.300 | 0152 | - | (0.690)] 0:999
2 3700047 | 26046.92 | @ 2Gax—7 *Hig
3 3700.802 | 26047.98
6 3700.736 | 26948. 46 alll;‘m—zil']‘jﬁ;; : : 5; AR !
: @4 Prsg—w 4Djsg 526 | 0.705 | 1.451| 1714 1188
25, V. 3700.422 | 26050.74 |{35pe " (01
8 3708.900 | 26054.53 | @ 2Fa—q 2Fig
dc 3708.38 | 26958.31
10 3707.803 | 26062.51 | a ‘Fag—7 Disg
7¢ 3707.088 | 26967.70 | @ SDass—y 4Dy
10¢ 3705.602 | 26078.52
3 3704.628 | 26085.61 | @ *Poy—t {Fis
40¢, V. 3704137 | 26080.19 | a ‘Hoi—z ‘Hisg| 70,6 w ot | (22| 122
20¢, V 3703916 | 26000.80 | a ‘Gsi—vHys| 6 0.117 €27 | 1.15
30¢, V 3708167 | 20096.26 | 4Ciss—s { st 0.278 | 1.434
a2Ga—0 Gl
4 370199 | 2700484 {a P
30¢ 3699.928 | 27019.89 0 0.88
5 3600582 | 27022, 42
5 3699.078 | 27026.10 | b 4Fass—s *Fisg
3 3698.803 | 2702745 | b 4Fa5— 40054
200, IIL | 3607.850 | 27035.08 | @tDass—zoDisg| 4 0.088 | 0.044 | 1.354 | 1.662 | 1.574
20, V 3697.307 | 27038.39 | @ ‘Pas—w iDds 4 0.262 | 0.132 | 0.697 | (1.59)| 1334
1 3607.155 | 2704016 | @ *Fas—s 4Gisg
6d 3607.024 | 27041.12 | @ 4Fy—2 Hig
20, V 3604660 | 27058.35 | @ ‘Hass—y “Thig 6us | 0.13 (1.22) | 1.00
5 8093767 | 21064.06 | a 2= 1Fhs
- atF4—2 4814
4 3693.667 | 27065.69 {a,Fm_y P
20, V 3693.365 | 27067.91 | a 4Pog—w Dy 6 2.606 | 1.303 | 1.347 | 2.650 | 0.044
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TABLE 4.—First spectrum of columbium (Cb 1) —Continued

Wave
Intensity | 5 A No. Term combi- | Zeeman | Separa- St€g€g~ St’gs’?g'
Are 3 vac. nation type tion = 0 72
cm™! P
1 2 3 4 5 6 7 8 9 10
1k 3692. 518 27074. 11 | b 2Gyy—u 2Hiy;
3 3691.37 27082. 53
5 3689. 409 27096.93 | b 4Fs35—s ¢Gorg
15 3689. 038 27099. 65 | @ 4Hiys—z *H3y
4 3688. 81 27101. 33 | @ 2Gsy—u 2Dy
08Ds3s—2 Wy
15 3088.008 | 2710215 |{0R%— 2 Ehs
8 3687.440 27111. 40 | a 4Gsys—s {F2y
3 3686.665 | 27117.09
10 3686.557 | 27117.89 | a 4Fs4—2 4H3y
3 3686.068 | 27121.49 | a 4Pas—w ?Diyg
10c 3685.128 | 27128.40 | a :ﬁn%*%‘ ;gi;;"
a2Hsy;—t 2Giyg
5 3684.253 | 27134.85 ({1 E—t i
1 3684.18 27135.39 | a 4F135—y Py
5¢ 3683.973 27136.91 | a 4Day—u 4Dy
1 3682.13 27150. 49 | a 2Fays—s 4Giyg
3 3681.360 | 27156.17
5 3680.857 | 27159.88 | a 8Day—y 2Giyg
10c 3678.70 27175.81 | b 4Day—q D3y
4 3677.905 | 27181.68
15 3677.771 27182.67 | @ 2Gy34—t 2F5y
20 3677.084 | 27187.75 | a 4Hay—r 2F5y 4 0.125 0.065 ) (0.984) | 1.109
20 3676.307 | 27193.50 | b 4Fa14—t 4Gis 5 0. 252 0.377 e (0.852) | 1.106
10 3675.304 | 27200.92 | a ‘Hsis—w 2Hiy;
5 3675.17 27201. 91
40c, V 3674.787 | 27204.74 | a 6Days—y 4D3yg 4 0.232 0.116 | 0.841 1.655 | 1.423
a%D1y—y 4Dy
15 3674.601 | 27205.45 ({4 7Py (Db
4 3674.469 27207.10 | a *Hayg—y 2y
8¢ 3673.227 | 27216.30 | b 4F—r ¢F5y
4 3672.726 27220.01 | a 3Fsy—q *Fiyg
8 3672.580 | 27221.09 | a 2G3y—v 2G4 6 0.065 | 0.914 | 0.903 | 0.925
9 3672.443 | 27222.11 | a 6D214—276314
6 3671.735 | 27227.36 | b 4Fays—r ¢Fiy
12 3671.372 | 27230.05 | a 4Gas—s 4F14 6 0. 251 0.602 | 0.856 | 0.722 | 0.973
20d 3669.736 | 27242.19 | b 4F15—t 4G3y 5 0.218 0.109 0.943 0.398 | 0.616
8h 3669.347 | 27245.08
40, V 3669.009 | 27247.58 | @ ‘Pig—w 4Diy 4 0.402 0.196 | 0.712 1.718 | 1.316
20, V 3668.626 | 27250.43 | a 4Poxs—w ‘Diig 5 1.444 0.722 | 0.457 2.623 | 1.179
3 3668.435 | 27251.85 | b4Dayg—r4D3g?
8 3667. 760 27256, 86
10¢ 3667. 665 27257. 57 | a *Hsay—t D%y
12¢ 3667.001 27262.50 | a 4Ga3s—s ‘F3y
15 3666.534 | 27265.98 | @ {Hsg—2z ‘Heig
10d 3665.157 | 27276.22 | b 4Fas—1 4Girg 7b,6 0 1.229 | (1.224)| 1.234
7 3664.822 | 27278.72 | a 2Hyys—u 2Giyg
80, III 3664. 692 27279. 68 | a D3y —z 6D 4 w 1.437 | (1.582)| 1.528
6 3663.432 | 27289.07 | b 4Fas—r 4Fiyg
2 3663.313 | 27289.95 | a 4Ga—t 2G3y
8¢ 3663.167 | 27291.04 | a4Das—u*Djy
5 3662.927 | 27292.83
15 3662. 051 27299.36 | a 4F135—2 2Py 4 0. 366 0.181 0.223 | 0.406 | 0.772
10c 3661.680 | 27302.12 | a 2Dayg—t ‘Fhg
2 3660. 74 27309.13 | a*Hay—r 2F3y
2 3660.498 | 27310.94 | a4Dig—u¢Diy
100, IV 3660.364 | 27311.94 | a 4Fug—y ‘Gig 6 0.097 0.436 1.325 1.373 | 1.276
7d 3658. 750 27323.98 | b ¢Fuss—q 2Fiy
4 3658. 648 27324.74 | a 2Hays—t 2G4
4 3658.604 | 27325.07 | a 4P13s—2 2Diyg
8 3657.897 27330.36 | @ 2Fag—q 2Fy4 6 0.15 0.69* | (0.86) | 0.92
4 3657. 693 27331.88 | b 4F134—s 4Fig
4 3657.254 | 27335.16 | @ 4Hag—y g



Spectra of Columbium 551
TABLE 4.—F1irst spectrum of columbium (Cb 1)—Continued
Wave 2
Intensity | , A No. Term combi- | Zeeman | Separa- Stggtng- Stxgs)éxg-
Arc air vac. nation type tion ~ 0 9
cm-1 P
1 2 3 4 5 6 7 8 9 10
15 3657.110 | 27336.24 | b4Fyg—14Ghg | 4 0 .02 [(1L22) |1.16
5h 3656.495 | 27340.83 | b 4Duss—p {Ding
1 3656.265 | 27342, 55 | @ 2Hsys—0 2Hiss
20 3655.975 | 27344.72 | 0 ®Duyg—y 4Pl | 4 0.606 | 0.303 | 1.563 | 1.866 | 2.472
10¢ 3654.430 | 27356, 28 | @ 4Fyys—1 4Fhg
4 3083.616 | 27362.38 | b (Duss—p Dis
a4F3s—24Hiy
4 3653.276 | 27364.92 {a et
6 3651.304 | 27379.70 | b 4Fsy5—r 4Fsyg
40,V 3650.803 | 27383.46 | 0 ®Diyg—y 2Gig
5 3650.516 | 27385, 61
2 3650.31 | 27387.16 | b 4Fa—s 4G
1 3650168 | 27388.22 | @ 2Guys—y *Hirg
60, I1I 3649854 | 27390.58 | a%Dayg—y 4Pl | 70,5 0 1.654 |(1.652) | 1.649
3d 3648, 063 | 27404, 03 | b 4Pyyg—4165s¢
7 3647.867 | 27405.50 | @ ®Dayg—z 2Fhg
7 047,724 | 400,57 | @ sz Dhs| g SRl L WO LN
atGry—t 4Gy . 319 |14 s
2c 3647.306 | 27400.71 {”;E"‘_sﬁi"
a’®dSy—w 234
4 3646.118 | 27418.65 {a*Do;;—u D
9 3645.360 | 27424.35 | @ 4Pays—w 2Disg
20, V 3644.935 | 27427.54 | 0 ?Diyg—s 2Fg | 4 0.112 | 0.054 | 0.682 | 0.963 | 0.851
1h 3644.17 | 27433.30 | b 4Doys—p *Fisg
25¢ 3643.725 | 27436.65 | b Dys—r *Diyg| 6 0 1.400 |(1.43) | 1.39
5 3643.526 | 27438.15 | @ *Fag—s 4Disg
15 3643.343 | 27439.53 | b 4Fay—t4Ghs | 5 w 1.625 | (1.120) | 1.232
2 3642.587 | 27445.22 | @ *Pyy—w Piyg
6d 3641.543 | 27453.09 | b 4Posg—w 2Pl
30, V 3640, 638 | 2745092 [a ®Diig—276 51 | 4 0.494 | 0.247| 0.632 | 1.867 | 1.373
40¢, V 3630.335 | 27469.75 | a 4Gsis—t 4Ghg | 6 0.41ur| 1.21 |(L26) | 116
20c, 3638.702 | 27473.85 | @ AFug—1 4Fisg
2¢ 3638.673 | 27474.74 |a ‘Dyg—u 4D3g|
35¢, V 3637.830 | 27481.11 0 1.074
2,V 3637.545 | 2748326 | @ 4Gus—sFhg | 75,6 0 1,084 [(1.081) | 1.087
4 3637.306 | 27485.07 | @ ®Dusg—2 2Fisg
30c, V 3636.950 | 27487.69 | a {Gig—v 2Hipg
2 3636.457 | 27491.49 | b 4Fays—s {Dijg
12¢ 3635.852 | 27496.06 | a *Heyg—w 2H3y
fic 3635.468 | 2740896 |a *Doy—y *Pisg
15 3635.328 | 27500.02 |a *Hsg—02Hps| 6 0.262 | 1.124 | 1.100 | 1.148
5 3634,604 | 27505, 50 | @ 2Elss—s 4Fig
15 3634.452 | 27506.65 | @ 2Gasg—v 2Gisg
14 3634.03 | 27509.85 | a tFug—y OPiy
20,V 3633.717 | 27512.22 {:38;223‘%5’;
15 3633.006 | 27517.60 | b 4Fag—r 4Fhs | 6 S 0.876 (0.852) | 0.901
4 3631.785 | 27526.85 | @ $Dayg—2 2Pisg
4 3631.338 | 27530, 24
5 3630.700 | 27535.08 | b *P1s—g 4Fhg :
15 3630.623 | 27535.66 |a 2Hig—12Gug | 6 0.11 | 048 | 104 [(0.93) | 104
4 3628921 | 27548.58 | @ 3Fa5—s ‘Dis
8 3627.870 | 27556, 56
15,V 3625.717 | 2757292 | b 4Fag—s 4Gisg
15,V 3625.169 | 27577.09 |a 2Dag—r 2Fhg | 6 0.327 | 0.817 | 1.040 | 1.203 | 0.876
7 3624, 357 | 27583.27 | b 4Dyg—p *Fisg
6c 3623.14 | 27592.53
4 3622.621 | 27506, 48
1 3621.92 | 27601.82 | @ 4Ga—s {Fdg
40,V 3621.080 | 27608.61 | @ *Fays—y 4Ghs| 6 0.231 | 0.843 | 1.114|1.230 | 0.999
10 3610.207 | 27622.51 | @ 4Fa5—z 4Disg
atPoy—1z 2Diy
15,V 3618.007 | 27624.80 |{@:F0s % "D
15, V 3618.441 | 27628.36 | @ SDiys—y 4Pis
15, V 3617.714 | 27633.01 | b 2Hsy—u "Hi w 1.04
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TABLE 4.—First spectrum of columbium (Ch 1)—Continued

Wave
Intensity | » , | . No. Term combi- | Zeeman | Separa- St;g?g- Stz(s)'x;lg-
Are air vac. nation type tion 0 92
ecm-! P %
1 2 3 4 5 6 7 8 9 10
6 3616.407 | 27643.22 | a (Dyy—2z 2F3y
10 3616. 216 | 2764536 | @ 4Gus—0 i
4 3615071 | 27647.24 | a 3Gug—y ‘Hiy
30¢, V 3615.500 | 27650.84 | 0 4Gag—s ‘Fixg | 6 0.100 | 0.450 | 1.148 | 1.198 | 1.098
7c 3613.45 | 27666.52 | a $Doy—z {Disg
9 3613.013 | 27669.87 | b {Fa—r {Fiy
9 3612657 | 27672.50 | @ 2Dyys—t ‘Fisg
7c 3611285 | 27683.11 | b 2Gus—p 2Gisg
7 3610.765 | 27687.00 | a ®Dayg—z ‘Diyg
8¢ 3610.002 | 27602.95 | b *Fi—r Fiss | 6 0 0.424 | (0.402)| 0. 446
9 3608.316 | 27705.89 | b 4Dayg—p *F34
10d 3608.013 | 27708.21 | b4iFus—r Fisg | 6 0.090 | 1.231 | 1.217 | 1.244
7 3607.33 | 27713.46 | a ‘P1ys—v ‘Di
8 3606, 806 | 27717.48 | a 2Dass—t ‘Dixg
10d 3606.492 | 27719.90 | b Days—pDisg
8¢ 3606.272 | 27721.50 | b 4F135—40034
7¢ 3604, 643 | 27734.12
8¢ 3604.072 | 27738. 51 | a SDasg—y 2Giyg
8 3603.962 | 27739.36 | @ 2Pys—t 2Dixg
10 3603.435 | 27743.41 | @ 2Hys—0 2Hiy
6 3602.876 | 27747.72 | b4Dys—p Dy
2 3602.74 | 27748.76 | a4Gasi—t ‘G
3 3602.68 | 27749.23 | a?Dyyi—u G
60, IIT | 3602.561 | 27750.14 | a®Dss—y ‘P | 4 0 1.558 | (1.582)| 1.601
2 3602, 210 | 27752.78 | b {Fay—g 2F3
3 3600. 678 | 27764.66 | @ SDiys—2z 2Py ,
20, V 3500635 | 27772.70 | a ‘Fus—y {Gh| 6 0.331 | 0.820 | 1.715| 1.023 | 0.692
20¢, V 3500.270 | 27775.45 | b4Fus—s Gy | 6 0 1.236 | (1.224)| 1.248
12d 3508343 | 27782.67 | 0 Dy (Pl
a‘Days—t *Fiy
8 307514 | 2778907 (4Dt R
16¢ 3507.260 | 2779104 | b 4Fiy—s 4Gy
80, IIT | 3503.066 | 27816.51 |a6Dns—z4Sh; | 4us | 0.144 | 0.068 | 1.434 | 1.650 | 1.794
2 3503543 | 27819.78 | b ‘Pasg—r 4Disg
3 3502.360 | 27828.94 | a 2Pyg—t Diss
9 3501.790 | 27833.36 | a ‘Fays—7 *Fisg
10 3500.904 | 27840.23 | a SDay—2z 2F3y
10¢ 3500.712 | 2784171 | @ ‘Guss—r *Fisg
8 3580.960 | 2784754 | a?Dys—t {Fiyg
100¢, V. 3580356 | 27852.23 | a 4Fus—y iGhyg| 4 w 0.835 | (1.330)| 1.240
100, TV? | 3580.106 | 27854.17 |a®Dus—z ‘Di| 5 B 1.882 | (1.582)| 1.462
2 3587.942 | 27863.21 | b 4Fy—s 4Gl
9d 3587.400 | 27867, 42 | a 4Gai—t ‘G
6 3586.860 | 2787154 | @ {Gas—s ‘Fisg
4 3586, 605 | 27872.89 | a 4Gass— 40035
100, IV? | 3584.972 | 27886.20 | asDayg—y Py | 4 0.325 | 0.163 | 1.162 | 1.651 | 1.976
4 3584.47 | 27890.20 | @ 2Gay—y *His
A il S i 1 0.243 | 0.600 | 1.475 | 1.59 | 1.353
@4Pas—v D3y 5 5 3 s .
25 3582.360 | 27906, 55 {E,HM_8 e
10¢ 3582062 | 21008.94 | 0 Gioi—s 1Gig
a%Doys—2z 2Pl
9 3580.788 | 2791887 {a’st—sz;s
400r, TIT? | 3580.277 | 27922.86 | a®Dy—y P3| 4 0.153 | 0.075 | 1.001 | 1.539 | 1.692
3 3579.186 | 2793137 | a ‘Has—t ‘Disg
dc 3578.586 | 27936.05 | @ 4Ds—s 2Fisg
3 3578.317 | 27938.15 | @ ‘Huss—u 2Gisg
4 3578.23 | 27938.83 | b Fa—s ‘Gisg
40,V 3577.721 | 27942.81 | a2Da—t2Ddg | 6 0.125 | 0.313 | 1.141| 1.204 | 1.078
8¢ 3577.238 | 27946.58 | b 2Gus—p 2Gixg
200, III | 3575.850 | 27957.43 | a®Dag—y Pss | 4 0.181 | 0.092| 1.121 | 1.573 | 1.764
20¢ 3575.139 | 2796299 | @ {Gusg—r *Fisg
3 3574.312 | 27069, 46
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TaBLe 4.—First spectrum of columbium (Cb 1)—Continued

Wave
Intensity | , No. Term combi- | Zeeman | Separa- Stfr;s)?g- Stzgxt:g-
Are Ul vac. nation type tion g g3
em-t P L3
1 2 3 4 5 6 7 7 8 10
5 3573.006 | 27978.98 | a Hsys—t 4Gy
1 3572.10 | 27986.78 | b 2G3s—0 4Dig
6¢ 3571.485 | 27991.60 | a4Gay5—4003x
3 3571.124 | 27994.42 | a?Days—r 2F3y
7c 3560.854 | 28004.39 | a 4Gyg—r Fiy
5 3560.692 | 28005. 66
40,V 3569.464 | 28007.45 | @ ‘Fas—z4F 3 6 0.056 | 0.166 | 1.204 | 1.232 | 1.176
20, V 3568.727 | 28013.23 | a 4Poy—v ‘Dig 6 as 1.564 | (2.650)| 0.477
5¢ 3567.099 | 28026.01 | @ *Days—u 4Gy
6 3565.855 | 28035.79 | a {Fa5—v 2Dy
10¢ 3565.052 | 28042.10 |a4Day—t 4Fji
6c 3564.028 | 28050.16 | b 4Dayg—q *Diyg
80, IV 3563.624 | 28053.34 | @ Dag—y ‘Pl 6 0.11* | 1.618 | (1.652)( 1.585
100, IV 3563.501 | 28054.31 |a®Dig—2 4Shyg 6 0.074 | 0.111 | 1.835 | 1.872 | 1.798
6 3563.232 | 28056.43 | a 2Fa5—s 2Giy
3 3562.846 | 28050, 47 | a ‘Hag—u 2Gfy
6¢ 3562.640 | 28061.02 | a4Gays—8 4Gy
6 3561.607 | 28068.52 | a ‘Dayy—t 4Fiig
12 3561.142 | 28072.89 | @ 4Gas—r 4F3y
7 3560.357 | 28079.08 |a®Doy—2z {Diy
1 3550.470 | 28086.08 | b 4Day—n 2Fag
12,V 3559.128 | 28088.78 | @ ‘Poy—w 2Diy| 4 1.592 | 0.796 | 0.262 | 2.640 | 1.058
9 3558.015 | 28097.56 | a?Dig—t 4Dy
1 3557.684 | 28100.18 | @ 2Fays—4163
2 3557.023 | 28105.40 | b 4P15—82D3?
10 3556.022 | 28113.31 | b *Dag—p 4Fiyg
80, I1T 3554, 666 | 28124.03 | a®Dug—y *Piig (i} 0.120 | 0.180 | 1.919 | 1.861 | 1.981
60, IV? 3554, 524 | 28125,16 | a4Fag—z 4Fiy 4 w 1.144 | (1.235)| 1.202
10¢ 3553.613 | 28132.37 | b {Dag—p*Dii?
6 3552.227 | 28143.34 | a®Day—2z 2Fy
5 3552.000 | 28145.14 | a‘Dayg—uiGly
1 3551.37 | 28150.14 | a ?Fay5—q ‘Fiyg
8 3551.102 | 28152.26 | @ 2Gay—s ?Fiy;
6 3550.624 | 28156.05 | @ ?Dayg—t 4Dy
50, IV? 3550.448 | 28157.45 | a®Dag—z 4Dy 6 0.179 | 0.448 | 1.562 | 1.652 | 1.472
10 3550.237 | 28150.12 | a ®Dag—z 4Dy
1 3549.96 | 28161.31 |a *Dig—s Fy
12 3549.263 | 28166.84 | a 2Fai5—8 2Gig 5 0.21 | 1.10* | (0.86) | 0.94
15, V 3548.130 | 28175.84 | a 4Fa5—y 4Gl d - 0.962 | (1.029)| 0.999
3 3547.426 | 28181.43
2 3546.910 | 28185.53 | b 4Fug—s 1Dy
8 3546.489 | 28188.88 | a {Fas—y D3
5 3546.160 | 28191.49 |a4Gag—r {F5yg
12 3546.031 | 28192.52 | a 4Fa—z 4Fiy
6¢ 3545.381 | 28197.68 | a4Gas—s 4G
50, IV 3544.656 | 28203.45 | @ *Pag—v ¢Diy 4 0.197 | 0.104 | 0.901 | 1.590 | 1.394
50, IV? 3544.031 | 28208.43 | @ *Doy—2z 4Shig 4 1.523 | 0.763 | 1.030 | 3.314 | 1.791
12,V 3543.936 | 28209.18 “2%”“’;@;“
a 44— 14
5 3643.745 | 28210.70 |{%; 50—t s
1 3543.55 | 28212.25 | a 2Pug—t 4Gy
15,V 3542983 | 28216.77 | a *Fus—y {Giy 5 0.292| 0.146 | __ (0.402)| 0.694
10 3542.560 | 28220.14 | a ‘Fag—y 2Fiy 5 0.200 | 0.105 | _. (1.330)| 1.130
20¢ 3541.808 | 2822541 | b4Fus—s 4G
15d, V 3530.650 | 28243.34 |a 4Dag—t Fhi?t 0.685 | ..
2 3538.076 | 28255.90
150, 11T 3537.475 | 28260.70 | a $Days—y 6Py 6 0.122 | 0.306 | 1.739 | 1.678 | 1.800
4c 3536.212 | 28270.80 | b ¢Dayg—u 2Ky
: et | e DL 0.124 | 0.425 | 1.642 | 1.580 | 1.704
a 35— °P3yg 5 5 . A .
400c, IIL | 35358304 | 28278.06 |{GpRe=YiEhs | 3 0,674 | 2.616 | 3.326 | 1.986

1 3534,85 | 28281,60 | b 2Hly5—u THj
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TABLE 4.—F1irst spectrum of columbium (Cb 1)—Continued

Wave
Intensity | 5 No. Term combi- | Zeeman | Separa- St(r;s)gg- Stgg?g'
Arc air vac. nation type tion 0 )
cm-1 P e
1 2 3 4 5 6 7 8 9 10
7 834,428 | 28285.07 | @ Gyt 4Gisg
20¢ 3534.114 | 28287.58 {Z.I;j;‘:;’, 4%;;
40, IV 3533.667 | 28291.16 |a ®Dy—y Phs| 4 0.261 | 0.134 | 1.226 | 1.878 | 1.617
5¢ 3532.521 | 28300.33 | @ ‘Day—1u 4Gy
7 3530.824 | 28313.94 | @ *Fay—p 2Fhy
10 3530.093 | 28319.80 | @ 2Hag—1 4Gis
8c 3529.394 | 28395.41 | a ‘Hy—s 4Fisg
10¢ 3528.315 | 28334.07 |a ‘Day—t 4Fiss | 5 0.201 | 0.102| _. | (1.420)| 1. 219
10 3527.950 | 28336.93 | a 4Gas—s 4Dl
6c 3527280 | 28342.39 | b 2Hay—0 *Disg
10 3527.108 | 28343.77 | @ ‘Gi—r4Fhs | 5 0.385 | 0.193 | _. | (0.742)| 1.127
2 3526.209 | 2835099 | @ ?Hyg—r 4Fis
8 3525.88 | 28353.64 | @ ‘Phg—w 2Giy
30c, V 3525.219 | 28358.95 | a ‘Gag—s 4Ghg | 70,6 0 1.2 | (1.26) | 1.26
8 3524.03 | 2836128 | @ ?Gas—u 4Ghy| 5 0 0.958 | (0.885)| 0.827
12 3523.156 | 28375.56 | @ *Dug—r 2F | 4 0 0.770 | (0.953)| 0.880
6 3522787 | 928378.53 | b 2Gay—m W5y 4 0 0.81 | (0.90) | 0.94
2 3522,630 | 2837980 | @ *Hlay—t 4Gl
12,V 3520.717 | 28395.22 |a ®Diy—z ‘Diss| 4 0.381 | 0.197 | 0.898 | 1.851 | 1.470
10, IV 3520.055 | 28400.56 | @ ‘Fa—z 4Fiss | 6 0 1.017 | (1.229)] 1.005
6 3519.337 | 28406.35 | @ ‘Dusg—t 4Fiyg
8,V 3518.180 | 28415.60 | @ 2Fay-—q *Fisg
5 3517.84 | 28418.44 | @ ‘Gay—s 4Gl
12 3517.77 | 28419.00 | @ ‘P1js—0 4Dig
10 3517.111 | 28424.33 | @ 2Foy—p 2Fisg
15, V 3516.863 | 28426.33 | @ ?Dyy—1 2D | 6 0.055 | _. | (0.953)] 0.916
3 8510.342 | 28430.54 | b *Hos—u 2
a*Gays—u 4Giy
10 8516.198 | 2843171 (et OB
3¢ 3514.911 | 98442.12 | @ SDoy—2z 2Py
3 3513.673 | 28452.14
2 3513.545 | 28453.18 | a "Huss—s 4Gy
1 3513.24 | 28455.65 | a 4Gas—s ‘Dis
6 3512749 | 28459.62 | @ 2Gayg—t 4Fsig
5 3512309 | 28463.19
1 3511.614 | 28468.82 | @ $Dsy—z 4Hiy
0 Day—w 4Phg | 4 o 0.52 | (1.206)| 1.67
20¢, V 3511.189 | 28472.27 {azFa%_p Tl 6 w Liz | L13) | L1
10¢ 351113 | 28472.75 | @ AFz3—2z S5y
1d 351041 | 28478.59
1 3509.872 | 28482.95 | a‘Diy—u 4Gy
8c 3508.520 | 28493.85
| 10 3508.21 | 2849644 (101 R
\ 80, ITT | 3507.960 | 28498.48 | @ SDiys—y P3| 4 0* 1.610 | (1.863)| 1.762
| 10 3506.991 | 28506.35 | b “Hsys—p 2Gisg
7 3506.025 | 28514.20 | @ *Daj5—z 4Dy
12 3505.812 | 28515.04 | @ 21—t ‘Disg
I 304,50 | 2852588 | 0 Dyi—w {Phg 79 4 [ FOWDE S 2,
dr S x| it A {3483:4}5 i 6 0.119 | 0.440 | 1054 | 1. ;
8 3500.109 | 28562.40 | @ ‘Fayi—y 2Fisg
7c 3498.783 | 28578.22 | : e s
60d, IV | 3498.631 | 2857446 (4. Fs—? ‘1335;;; . D:8500 /M ORI |50 HOTR T D0 102
5 3408.441 | 28576.02 | @ Hug—s 4Fisg
3¢ 3408.358 | 28576.69 | @ *Days—z 4Hing
30, IV 3497.815 | 28581.13 | a Day—y P15 5 w 1.832 | (1.652)f 1.732
5 3497.646 | 28582.51 | @ 2Faii—p 2Fig
2d 3496, 284 | 28593.64 | a ‘Hay—t 2Gisg
‘ 20c 3496.027 | 28505.75 | @ 4Gas—s ‘Disg
I 1 3495, 71 28598. 34 | @ 4Gay—q 2F3ig
3d 3495.473 | 28600, 28
1 349518 | 28602.68 | b Doy~ 2Plig
3 3494.57 | 28607.67 | a ‘Hay—t 4Gy
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TABLE 4.—First spectrum of columbium (Cb 1)—Continued

Wave
Intensity | A No. Term combi- | Zeeman | Separa- St;ggg- Stzts)?g-
Arc aix vac. pation type tion g g2
em-1 p o
1 2 3 4 5 6 7 8 9 10
5 3493.476 | 28616.63 | a 2Dag—t 4D
3 8402.56 | 2862413 | b {Duss—v Pl
a4Fg—y *Diyg
15, V 3491.477 | 28633.01 {b Tl o
50d, IV | 3491.024 | 28636.73 | a‘Fus—z 4Fiss | 6 0 0.411 | (0.402)| 0.420
1 3487.814 | 28663.08 | @ 2Pyg—r *Fisg
2 3487.52 | 28665.50 | @ 2Dass—s {Fiy
7c 3486724 | 2867204
12 3485.035 | 28678.53 | @ 2Fs—r 2G| 5 0 1.178 | (1.135) 1.151
1 3485.700 | 28679.72 | @ ‘Fuss—z 4Gl
8 3485.102 | 28685, 38 0.14 | 1.09
3 3483.754 | 28696.48 | @ 2Gass—u {Gisg
1 3483.23 | 28700.80 | @ ‘Dos—t {Fiig
2 BISL82 | 2871242 | a D= (Gbs
aAGayg—r 4Fiy
9 3481.265 | 28717.00 {a‘Gz;;-q e
15, V 3481.054 | 28718.74 | a4Poy—v Diy | 4 1.434 | 0.718| 0.508 | 2.660 | 1.225
40,V 3478.600 | 28738.25 | a ‘Pus—z 4P | 6 0 1.574 | (1.596)| 1.552
4 3478.335 | 28741.19 | a 2Dysg—t 2Ding
8 3478.010 | 28743.88 | a?Dig—z 2P | 5 0.301 | 0.194 | 1.153 | 0.957 | 0.566
1 3477.92 28744.62 | a Das—u 2Gig
1 3477.26 | 28750.07 | b 4Fus—s 2Giy
1 3476.655 | 28755.08 | @ Hssg—0 2Hfyg
10¢ 3475.000 | 28760.58 | @ Hyg—s4Fhg | 5 0 1143 | (L12) | 111
15,V 3475.500 | 28763.89 | b 4Fss—q 4Fhg | 4 0h 0.964 | (1.120)| 1.245
1 3474.99 | 28768.85 | b {Fass—dldisg
5c 3473.362 | 2878234 | a 4Gug—4115
7 3473.125 | 28784.30 | a *Gug—s ‘Gl
30c, V 3473.020 | 28785.17 | b*Fus—q ‘Fiy | 5 0 1.201 | (1.224)| 1.186
5 3472.776 | 28787.19 | @ {Pag—v 2D
9 3471.526 | 28797.56 | a 2Gas—z ‘Hiig
10 3471.108 | 2880028 | b2Gus—p 2Ghi| 6 0.239 | 0.872 | 0.906 | 0.838
@?Fy—8 2Diy
5 3471.036 | 28801, 62 {a‘H.;g-—v s
15,V 3460.442 | 28814.86 | @ 2Gug—2 ‘Hiy | 5 0 1120 | (1.103)| 1.108
3 3469.244 | 28816.50 | @ ‘Gasg—8 4D
7 3469.135 | 28817.41 | @ ®Dass—2 {Diyg
3 3468.942 | 28819.01 | @ 2Hys—s 4Giy
8 3468.549 | 28822.28 | a 4Days—t 2DYy
15,V 8407474 | 2883124 | 0 Dui—t Disg | 5 1.101 | 0.551 | 1.743 | 1.192 | 0.081
a‘Hog—t 1G3y
2 3466.231 | 28841, 55 {b i oAy c)
30, IV 3465.860 | 28844.64 | a ‘Fips—z 4F3sg | 5 0.603 | 0.303 | 1.911 | 0.403 | 1.006
3 3465.610 | 28846.72 | b 4Fas—p 2Fhig
25¢, V 3463.813 | 28861.68 | a 4Gis—q ‘Fix | 5 w 1.55—| (1.26) | 1.20
8,V 3463.685 | 28862.75 | b4Fus—q Fig | 5 0.302 | 0.150 | 1.309 | 0.856 | 0.554
10, V 846303 | 268,18 | 0 *Hng—s Ghg| SR
atFyis—y 2Fig 0.101 | 0.35| 1205 1. ;
15,V 3462.647 | 28871 40 ({0 TR
5 3461.61 | 28880.05 | a $Dag—2z ‘Hssg
5 3460.66 | 28887.98 | a ‘Pyg—v 4G
25, V 3459.702 | 2889598 | a ‘Dys—t ‘Disg | 5 0 1.580 | (1.420)| 1.356
12,V 3458.951 | 2890225 | a ‘Pyg—z 4Pl | 70,5 0 1,601 | (1.596)| 1.589
5 3458.87 | 28902.93 | a 2Gusg—r 2Fis
7 3458.740 | 28904.01 | @ *Poyg—y 2Pisg
20,V 3457.801 | 28911.86 | @ ‘Dag—t4Diyg | 5 0.309 | 0.154 | 1.824 | 1.360 | 1.053
2 3457.205 | 28916.85 | a *Fisg—2 *S3ig
5h 3456, 993 | 28918.62 | b 2Gsg—t 2Hisg?
12,V 3456. 543 | 28022.38 | a 2Gug—y i 4 0.120 | 0.060 | 0.400 | (1.103)] 0.983
2 3453.425 | 28948.50 | b 4Fy5—q T
3¢ 3453.08 | 28951.39 | a 4Dsg—w 2His
15¢ 3452, 652 | 2895498 | @ ‘Pps—y *Piig
20¢, V 3452.373 | 28957.32 | a *Hos—t 4Gl
3¢ 345112 | 28967.83
1 3448.76 | 28987.65 | a 2Gag—r Wiy

644098—45——=6
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TaBLE 4. —First spectrum of columbium (Cb 1)—Continued

Wave
Intensity ATy No. Term combi- | Zeeman | Separa- Stroz)g- Str ogg-
Arc air vac. nation type tion L o 0 9
cem-! P n
1 2 3 4 5 6 % 8 9 10
1 3447. 843 28995.36 | a {Fys—1 2G4
3 3446, 747 29004. 58 | a 2Gas—t 4Fiy4
1 3446.382 | 20007.65 | @ 2D13s—z 2Phig
40¢, V 3445. 67 29013.65 | @ 4Gas—8 4G 5 0 1.293 | (1.23) | 1.25
10 3442.800 | 29037.83 | a 2ZHys—411 514 5 e 1.62—| (0.93) | 0.73
12, V 3442.655 | 29039.06 | @ 2Gas—z ‘His 5 w 1.378 | (0.885)| 0.995
4 3439.702 | 29063.99 | a 4Gas—w 2Pjig
8 3439.342 | 29067.03 | @ ®Dys—y 4Gy
15, V, Cb II| 3436.964 | 29087.14 | a ‘H315—400 214
3h 3435. 04 29103. 43
4 3434.118 20111.24 | a SDyy—2 4F3y4
6 3433.18 29119.20 | b 2Gyg—1t 2H3ug
12,V 3433.099 | 29119.88 | a 2Gyy—w 2Hiy
15¢, V 3432.420 | 29125.64 | @ 4Doyg—t 4Dig
10, V 3431.955 | 29129.59 | a {Fas—y 2Fay
8d 3431.064 | 29137.15 | a *Dag—t 2D3y
20, V 3429.059 | 29154.19 | a ‘Pag—z 4Siig 4 0.214 0.109 1. 267 1.588 | 1.802
15¢, V 3428, 795 29156.44 | a ‘Haz—s 1G3y4
7 3428369 | 29160.06 | @ 4Dis—t 2Disg
50, IV 3427.454 | 29167.84 | a *Fu5—0 4Fig 7b, 4 0 1.325 | (1.330)| 1.333
4c 3426.730 | 29174.00 | a *Heys—t 4Gixg
30c, V. 3425.855 | 20181.46 | a 4Gss—r 2Giy 5 w 1.610 | (1.26) | 1.18
30, IV 3423.765 | 29199.27 | a ‘Fys—14Glyg 6 0.164 0.746 1.248 1.329 | 1.165
2h 3423.23 29203.83 | a 2F35—r D3y
1 3422.35 29211.34 | b 4F3—r 2Giyg
1 3422.119 | 29213.30 | a 4Pays—u 2F314
4 3420287 | 29228.96 | a $Dys—z 4Fisg
7d 3420.11 29230. 47
1 3419.148 | 29238.70 | b 4Fa5—q 4F3yg
15,V 3417.867 | 29249.65 | @ 4Dyyg—t 4Diyg 6 0.145 0.211 1.123 1.195 | 1.050
5 3417.272 | 29254.75 | a ‘Poys—y 2Piy
30c, V 3415.984 | 29265.78 | @ 4Dayg—w 4Py 4 0.158 0.079 1.012 1.407 | 1. 565
4 3415.603 | 29269.04 | a 2Hags—s 4G3ig
15, V 3414.070 | 29282.18 | a ‘Fys—w 2F3y 5 0.249 0.123 | 2.198 1.327 | 1.078
10d 3413. 51 29286.99 | @ ‘Hag—r 4Fiig
15,V 3409.915 | 29317.86 | @ ‘Hags—r 4Fiyg 4 0. 150 2 0.483 | (0.984)( 1.134
50, IV 3408. 380 29331.07 | a 4Fa5—2 4Giyg 6 0. 232 e 1.130 1.246 | 1.014
10 3407.980 | 29334.51 | b 4F35—s 2D3y
10, V 3406. 616 20346. 26 | a 1P1s—2 1Pl 4 0.318 0.159 1. 890 1.731 | 2.049
40,V 3406.140 | 29350.36 | @ ‘Dag—t 4Diig 7h, 6 1.364 | (1.360)| 1.368
60, V 3405.418 | 29356. 58 | @ 1Dayg—t 1 D3y 6 ©0.127 0.375 1. 368 1.432 | 1.305
4 3404.512 | 29364.39 | a 6Day—2 6834
10, V 3403. 755 29370.91 | a 2Hss—q 4F54 4 L.y 0.720 | (1.652)| 0.974
15¢, V 3403.013 29377. 33
1 3402. 40 29382.62 | @ 2Das—s 4Fisg
10, V 3399.967 | 29403.64 | @ ‘Das—z 2Pisg 5 Oh 1.468h| (1.360)| 1.288
25, IV 3399.399 | 29408.56 | a ‘Fys—7 2Giyg 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 | @ ®Days—y 4Gl
1 3397.43 29425.60 | a *Hs—q 2F314
40, IV 3395.928 | 29438.61 | @ {Fags—y 2F3y 5 Ve 1.367 | (1.029)| 1.126
4 3395. 455 20442.71 | a *Gas—4141y4
6 3394.217 | 29453.45
12 3394.090 | 29454.55 | a ‘Do —t 2Diyg
‘ ot Lo i ol o D 7 0.408 | 1.019 | 0.834 | 1.034 | 0.626
a4Fas—1 4Gy i A 3 % B
100, IV 3392.345 | 20469.71 { PH sGi| 4 i b 00 |
4 3391.732 | 29475.03 | @ ‘Dyyg—t 2D3yg
e 3391.429 | 29477.66 | @ 4D1ys—7 2Piy4
10 3391. 332 20478. 51 | @ 4G3s—416314
25¢, V 3390.623 | 29484.67 | a *Days—u 2G3y 4 0.403 0. 609 L (1.420)| 1.017
7c 3390, 413 | 29486, 50
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TaBLE 4.—First spectrum of columbium (Cb 1)—Continued
14
Wave
Intensity No. Term combi- | Zeeman | Separa- | Strong- |Strong-
Aair A est est
Are a1 vac. nation type tion E 0 g2
em-1 P &t
1 2 3 4 5 6 7 8 9 10
1c 3390.08 | 29489.39 | @ 2Fg—p 4T
1 3380.73 | 2949244 | b 2Gug—0 2
15,V 3387.754 | 29509.64 | @ 4Pusg—y *Sisg 4 0.356 | 0.178 | 1.587 | 1.724 | 2.080
10, V 3387.579 | 20511.16 | a Has—s 4Ghs | 4 2 0.646 | (0.984)| 1.080
3386.995 | 29516.25 | @ 4Gas—g 4Fiy
10 3385.815 | 20526, 54
12,V 3385.665 | 20527.85 | @ 4Fug—w *Fiy
4 3385192 | 29531.97 | @ 4Pass—0 2Dis
20, V 3384.662 | 29536.60 | @ {Gas—g ‘Fixg 5 0.200 | 0.098 | 1.058 | 0.758 | 0.558
1h 3384.50 | 20538.01 | @ 4Gus—s 2Gis
15,V 3383.802 | 29544.10 | @ ‘Doyg—t 4Disg
2 3382.91 | 29551.89 | b 2Gag—r 4Gl
20 3380.862 | 29569.80 | @ 4Py3s—2 4Pisg
7 3380.490 | 29573.04 | a 4Gag—g *Fis
40, III 3380.420 | 20573.66 | a 4Fis—y 2Fhg| 5 0.475 | 0.234 | 1.604 | 0.416 | 0.891
20, V 3380.055 | 29576.86 | a {Fug—2z 413 4 0.330 | 0.165| _. | (1.330)| 1.000
6 3377.743 | 29597.10 | @ 4Garg—41651
15, IV 3376.732 | 29605.96 | @ ‘Hag—r 4F5g
1 3376. 59 29607. 20 | @ ®Days—y 4Gy
12, IV 3376.341 | 29609.39 | @ {Gayg—q *Fiyg
ﬁg, v gg;}ggg gg%.gg “ Zgax—wzflgzx 5 w 1.111 | (0.885)| 0.935
374, 2 a*Grag—p “Xa4
1 3373.71 | 29632.48 | @ ‘Hag—8 4Gisg
6 3372.164 | 29646.06 a:gox—z 4‘1;‘8%
a4Faus—u 4F5y
0V ar2.101 | 20646.62 ({3 s Gbs
0,1V o b s e {325’,’;:2‘5&’,‘, 5 0.184 | 0.092 | 1.700 | 1.240 | 1.056
¢l
20d 3369.840 | 29666.51 | @ ‘Days—w Py
4 3369.719 | 2966757 | a ®Dagig—2 0S5i
20¢ 3369.081 | 20673.19 | a 4Hsg—s 4G
10d 3368.426 | 20678.96 | b 2Has—1 *Hing
2§,v 332;.822 20688. 16 a;gm—tlzl()}iq 5 0h 1.602 | (1.197)| 1.359
3367.085 | 29690.78 | @ 2Hss—r 2Gixg
58, v gggg.ggg gggg{.gg aGps—w MHyy| 4 0 1.041 | (1.103)] 1.084
154 3363.750 | 29720.22 | a‘Das—w 4Py 6 0.606 | .. | (1.360) 1.602
10 3362.866 | 29728.03 | a 4Gag—g 4Fsx
2d 3361.86 | 20736.92 | b 4Fas—r ¢Dis
2 3361.35 | 29741.44 | @ 4Dig—2 2Py
7 3350.874 | 20754.50 | @ 4Poyg—0 2Disg
4 3358.77 | 29764.28 | @ 2Pys—w 2Py
20r, LI | 3358.422 | 20767.37 | a4Fug—ziGhs| 4 w 0.826 | (1.330)| 1.238
ad 3357.899 | 20772.00 ({4 o2 (Tb
25, V 3357.043 | 20779.59 | a ‘Fag—w 2F55| 6 0.256 | 0.128 | 1.878 | 1.238 | 0.982
1 3356.76 | 29782.10 | a 2Fa4—p *Disg
8¢ 3356.465 | 20784.72
12,V 3355.423 | 29793.97 | @ 4Gay—q {Fisg 6 0.437 | .. | (1.081)| 1.186
80, IIT 3354.743 | 20800.01 | a 4F g0 ‘Fiyg 6 0.116 | 0.554 | 1.272 | 1.330 | 1.214
6d 3353.675 | 20800, 50 |{@ [Ews—Y TRl
7d 3353.352 | 20812.37 | @ 4Has—q 2F3g
10¢ 3352.863 | 29816, 67
15,V 3352.502 | 29819.13 | a 4Fa—v 4Fisg
1§.V ggs%gsg %SZI.SB @ 4P1s—7 4S54 6 0.003 | 0.140 | 1.79* | (1.721)| 1.814
¢ 51.810 | 29826.00
1 3351.511 | 29828.74 | @ ‘Hag—q 4Ty
2h 3351.33 | 20830.36 | b ‘Days—m 2F5g
7c 3350.689 | 20836.06 | @ 4Gag—r 2Giy
4 3350.048 | 20841.77 | a Dag—s 4Gl
40c, V. | 3349.524 | 20846.44 | a ‘Hoy—s ‘G| 4 Oh 114 | (1.22) | 1.25
200, TIT 3349.068 | 29850.50 | @ 4Fsg—z 4G | 4 w 0.958 | (1.235)| 1.134
4 3348.082 | 20859.29 | a 4Fss—w 4Fhy
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TaBLE 4.—First spectrum of columbium (Cb 1) —Continued

Wave
Intensity | 5 . 4 No. Term combi- | Zeeman | Separa- Stro?g- Sm’?g'
Are sl vac. nation type tion o G 0 14
cm-1! P n
1 2 3 4 5 6 7 8 9 10
6 3347.558 | 29863.97 | @ Pag—u MDisg
2, V 3346.935 | 29869.53 | @ ‘Pos—z 4Pisg | 4 1.053 | 0.526 1.068 | 2.648 | 1.505
1 3346.09 | 29877.07 | a ‘Haug—s 4Gix
5 3345.949 | 20878.33
2 3345.40 | 29883.23 | @ ‘Das—u 2Gix
4 3345.178 | 29885.20 | @ MHuys—p 2Fss
3 3343.90 | 20896.64
150r, IIL | 3343.712 | 29898.32 | a tFa—z4Ghs| 4 oh 0.984 | (1.029)| 1.009
4 3342912 | 29905.47 | a 6Dyy5—z 983
2 3342.48 | 20909.35 | @ ‘Hig—s {Dis
4 3342360 | 20910.33 | 183s35—0 3G
2007, IIL | 3341.982 | 20913.79 | a 4F1—z4Glg| & 0.221 [ 0.111 | 0.964 | 0.410 | 0.631
6 3330.783 | 29933.49 | q 4Fas—1w IFsg
8 3339268 | 29938.10 | @ 2Fass—n 2Fhy
12¢ 3330.158 | 29939.09 | @ 4Day—u?Gls
4 3337.87 | 29950.64 | b4Fag—q 4Dy
15,V 3336.321 | 29964.55 | @ 4Tp—wiFhg| 57 0.523 | 0.270 _. | (029 0. 506
200, V 3335.420 | 29972, 64
10 3333.970 | 29985.68 | @ 4Fa—u 4Fjis
15 3332.704 | 29997.07 | a +Fus—w 4Gisg
25, IV 3332.164 | 30001.93 | @ 4Fag—2 4T5 4 0.400 | 0.197 |—0.594 | (1.235) 0.835
10 3331.805 | 30004.35 | @ 4Diyg—w 4Py
1 3331.67 | 30006.38 | b4Pag—o04Disg
10 3320622 | 30024.83 | @ 4Disg—w 4P
40,V 3320364 | 30027.16 | a?Gag—t ‘Diss | 6 0.405 | 1.421 1.096 | 0.892 | 1.209
1 3328.844 | 30031.85 | a ¢Fug—y 48
6 3328.308 | 30035.88 | @ ‘Doys—2 2Py
6 3328.163 | 30038.00 | @ 2F14—n 2F3g
10 3327.923 | 30040.16 | b 4Fsy—p 4Fhg
4 3326.745 | 3005080 | @ ¢Pag—u4Disg
50, IV 3326621 | 30051.92 | a2Gus—uGls| 75,6 0 1.103 | (1.103)| 1.103
1 3326077 | 30056.83 | a*Gas—r 3Gisg
1 3325.946 | 30058.02 | @ 4Diy—w 4P
6 3325.744 | 30059.84 | @ 4Fsy—z 2Gisg
8 3322.816 | 30086.33
4c 3022.68 | 0087.86 |
a‘Hyg—r 414
6 3322.245 | 30091 50 {27 (O
2 3322.00 | 30093.72 | @ {Fas—0 2F5s5
1 3321.53 | 30097.98 | @ 2Gus—t 2Gis
40,V 3310.265 | 30118.51 | a 4Fss—w4Fiss
50, IV 3318.982 | 30121.08 ggm—;fz‘ggx 5 3 1.328 | (1.029)| 0. 830
44— 414
2 3318.461 | 30125.81 {a,Dm_t D
1 3315.979 | -30148.36 | @ 2Fas—n 2F5
40,V 3315.226 | 30155.21 | @ 2Gas—u?Glss| 6 0.130 | 0.385 | 0.936 | 0.871 | 1.001
120, IV 3312.607 | 30179.05 | @ ‘Fay—wiFsg| 6 0.117 | 1.218| 1.238 | 1.108
1c 3311.95 | 30185.03 | b4Fus—q4Disy
2 3311.75 | 30186.86 | b 4Fas—q4Dis
15,V 3311.341 | 30190.59 | b4Fus—p 4Fhs| 6 0.097 | 0.288 1.168 | (1.120)] 1.217
25, IV 3310.469 | 30198.54 | a 4Fas—w4Dg| 4 0 1.317 | (1.330)| 1.337
3310.37 | 3019944 | g 4Pyg—0 2Dayg
5 3310.097 | 30201.93 | b {Fas—p 4Fiy
6 3300805 | 3020460 | b +Fss—p*Diss
2 3300.617 | 30206.31 | b 2Guss—0 2Gisg
1 3308.78 | 30213.96 | a 4Fas—7 2Gis
2 3308.710 | 30214.59 | @ 4Pgy—u4Dis
40, IV 3308.050 | 30220.62 | a {Fa—04Fhs | 6 0 1.035 | (1.029)| 1.041
3 3306.778 | 30232.25 | @ 2Dasg—q *Fi
1 3306.29 | 30236.71 | @ 1P1g—g 4Fis
20, V 3304.836 | 30250.01 | b4Fu4—p iFag| 6 0.064 | 0.235 | 1.244| 1.212 | 1.276
3¢ 3303.07 | 30266.18
1h 3302.80 30268. 66 | b4 Fas—p4Diyg
3 3302.48 | 3027158 | b 4Pag—0 tDis
15¢ 3302.183 | 30274.31 0it7h= A
30, IV 3299.608 | 30207.94 | a 4{Fa—u tFhg| 6 0.106 | 0.405 | 1.16 | (1.235)| 1.119
3208.977 | 30303.73



Spectra of Columbium 559
TABLE 4.—Furst spectrum of columbium (Cb 1)—Continued
Wave
Intensity | . No. Term combi- | Zeeman | Separa- Stz(;?g- Stz«;?g- ;
Arc % vac. nation type tion <A i 92
cm-1 p
1 2 3 4 5 6 7 8 9 10
12 3298.410 | 30308.94 | a 2Gug—t 2Giig
8¢ 3297.286 | 30319.27 |a 4Doy—w Pl
10 3296.478 | 30326.70 | b 2Has—t 2H 5
80, IV 3296.025 | 30330.87 | @ *Fas—u il | 6 0.096 | 0.355 1.260 | 1.317 | 1.221
3204.250 | 30347.21 | @ 4Fas—w 4Gyl
oh 3292.806 | 30360.52 | b 4Fs—n 2F5g
10,V 3291.921 | 30368.68 | @ Pag—u 4D
1h 3290. 30 30383.64 | @ 41Gsg—p 1Fiyg
15 3200007 | 30386.35 | a {Fa4—0 4F5y;
8 3280.460 | 30391.40 |a4Fag—w 4Dt 0.20 o
3h 3988.19. | 30403.14
40,V 3987.923 | 30405.61 | a 4Pyug—w 4Shy| 4 0.352 | 0.176 1.068 | 1.596 | 1.948
2h 3287.72 | 30407.48 | b 4Fug—n 2R3
50, IV 3287.592 | 30408.67 | a4Fus—w iFi| 6 0.097 | 0.145 0.452 | 0.403 | 0.501
60, IV 3285.668 | 30426,48 | @ {Fg5—w {Fhy 0 1.018 | (1.029)| 1.007
1 3285.488 | 30428.14 | @ 2Pug—q 4F3
3 3285.381 | 30429, 14
1 3284.81 | 30434.42 | b 4Po—0 2Py
5 3282.990 | 30451.20 | @ 4Fa—v 4F5ss
1 3282.608 | 30454.84 | a 4Gag—q ‘Dis
8 3279.826 | 30480.67 | b 4Fas—p 4T
4 3278.599 | 3040208 | @ Duss—s 4T
1 3278.307 | 30494.70 {24£:§:5£§ﬁ
50, IV 3277.676 | 30500.66 | a :l}j«‘m—w&‘l«‘}% 5 Oh 1.174 | (1.029)| 1.070
a 3148 4q
4 3276567 | 80510.09 (P8 thLe
2 3276.304 | 80513.43 | b 4Fu5—p Dy
5 3275.960 | 30516.64 | @ 2Gg—p 2Hirg
2 3274.355 | 30531.60 | @ 4Pys—u Dy
3 3273.139 | 30542.94 | @ Dig—s *F5ig
25, IV 3272.074 | 30552.88 | a iFag—u iFhg| 6 0 1.021 | (1.029)| 1.013
10, V 3271.982 | 30553.74 | @ 2Gasg—u 2Gix
20, IV 3270.761 | 30565.14 | a {Fyg—0 F5yg
25, IV 3270.465 | 30567, 91
3¢ 3269.493 | 30576.99 | @ ‘Dag—s 4
2 3268.946 | 3058211 | @ 4Gayg—r {Djs?
15,V 3267.052 | 30599.84 | @ 2Gass—t 2Ghig 6 0 0.895 | (0.885)| 0.905
9 3266.413 | 30605.83 | b 4Fyg—p {Fisg
6c 3266.008 | 30609.62 | b2Gug—02Gls | 6 0 0.88 | 0.85 [(0.91)
5 3265.313 | 30616, 14
40,1V 3264.507 | 30622.85 | @ {Faq—w 4Gy ow 1.004 | (1.330)| 1.271
2 3264.261 | 30626.01 | @ ‘Hss—q ‘Fig
3 3263.793 | 30630.40 | @ 4P1ys—u 2Dy
20, V 3260.139 | 30664.73 | @ {F1y—0 ‘Fyg 5 0.638 | 0.322 (0.402) | 1.040
6 3259.140 | 30674.13 | a2Gags—0?Hyg | 5 0 1.288 | (1.103)| 1.160
1 3257.17 | 30692.68 | @ ‘Hie—4163
3¢ 3257.004 | 30694.24 |b4Pysy —04Dayg
1 3256.03 | 30703.42 | @ 2Giss—t 4Gig
2 3254.71 | 30715.88 | a?Day—s Dis
2 3254.455 | 30718.28 | @ {Pug—u Dy
1h 3253.45 | 30727.77 |b4Pus —o Disg
4d 3253.339 | 30728.82 | b4Day—r 4G
7c 3262.771 | 3073419 | b 4F1g—p ‘Fing
30, IV 3251.630 | 30744.97 | a ‘Fss—0 2Fhg | 6 0.070 | 0.210 | 1.202 | 1.237 | 1.167
9,V 3251.490 | 30746.29 | g *Fag—w Fing
1 3250.897 | 30751.90 | a Gayg—o0 2Fis
50, IV 3249.517 | 30764.96 | a {Fs—u Fig| 6 0.392 | 0.582 | 0.593 | 0.397 | 0.790
3 3247.645 | 30782.69 | @ $Dag—y *Shs
15,V 3246.782 | 30790.87 | a {Fyys—w 2Fig
2 3244.684 | 30810.78 | a 2Gayg—t 2Girg
1k 3244.20 | 30815.38 | a 4Gug—p tFisg
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TABLE 4.—First spectrum of columbium (Cb 1)—Continued

Wave
Intensity | . x No. Term combi- | Zeeman | Separa- Stgg{lg- S":SI%g'
Arc ais vac. nation type tion o e
cm-1 p i
1 2 3 4 5 6 7 7 8 10
1 3243.795 | 30819.89 | b 4Pay—p 2G5
4 3243.322 | 30823.72 | a ‘Hay—q*Fixg
3 3242.928 | 30827.47
1 324267 | 3082992 |a ‘Haus—q*Fi
1 3241.111 | 30844.75 |a 2Day—w 2P
3 3240.582 | 30849.78 | a 4Fa5—w ‘Disg
2 3238.975 | 30865.09 ujgm—ui]%‘}o%
aiF1s—wiF3y,
3 3238.304 | 3087063 {4, G b
8 3237.187 | 30882.14 | a 4Pug—u4Djy
1 3236.810 | 30885.73 | @ *Gays—p 1R
2 3236.704 | 30886.74 |a ‘Hus—q*Fiy
2 3236.078 | 30892.72 | @ 2Hsys—p *Fixg
2 3235.182 | 30901. 28 a;]l)’z%—sfgiox
@’ D13s—2 *Goyg
1 3235.066 | 30002.38 |{9,R ¢ 1B
1 3234.65 | 30906.36 | a 4Ha—p 25y
3 3232984 | 30922.20 agm—u:%)aﬂ 6 2.502 | 1.206 | 1.296 | 2.592 | 0.000
a8Day—0 {F3g
2 3232.801 | 30923.18 {a‘le—w D
2h 3232.661 | 30925.37 | b4Dpg—n Dy
1 3231.336 | 80938.05 | a 4Dass—r {Fg
2 3230.794 | 30943.24 | a ‘Hag—p Fiy
1 3230.53 | 30945.77 | a 4Hps—r 2Giy
1 3929455 | 30956.07 | a 2Posg—w 2Pt
4 3229.19 | 30958.61 | o 4Fass—w *Disg
4 3927.711 | 3097280 | a4Has—s 2Gizg
2h 3227.49 | 30974.92 | 4Gas—q *Diig
9 3225.194 | 30996.97 | @ 4F13s—u {Fhyg
2 3225.009 | 30998.74 | a 2P135—s D
8 3224.434 | 3100427 | @ *Gays—p 4Fiss
3¢ 3223.751 | 31010.85
1 3223.448 | 31013.76 | a 4Pay—s MWy
3 3223.004 | 31018.03 | @ *Poy;—u*Diy
6 3222.958 | 31018.47 | @ 2G315—0 2Hiy
7 3922.754 | 31020.44 | a6Diys—y ‘Shy
2 3221436 | 31033.13 ai%%—ﬂzFD&% - 2 R
A a4Fas—2 2Diy . - 02 5
15,V 3221126 | 3103611 {a“Gs%—-p e
15,V 3220.927 | 31038.03 | @ 4Gus—p ‘Fhg| 6 0.27 | 120 | (1.28) | .17
6 3219.681 | 31050.04 | @ ¢Gas—p 4Disg
6 3218.797 | 31058.57 | a 2Gass—t 4Ghig
20,V 3217.865 | 31067.57 | a 4Fasg—0 2F5ig 6 0507 [ S (1.029)| 0.829
30, V 3217.283 | 81073.13 | a 4Pyys—w 'Shy| 6 0.42* | 1.832 | (1.721)| 1.943
1 3215.959 | 31085.97 | b 4Piys—m 2Py
10, V 3215.229 | 31093.03 | a 2Guys—t 4Gasg
5 3213.884 | 31106.04 | a ¢Fug—w Diy
1 3213.24 | 31112.28 {gigxgj ;’gi’f :
15,V 3210.29 | 31140.86 | 0 2Gyg—q 2Fiig 4 0.172* 0.851 | (1.103)| 1.174
3 3208.86 | 31154.74 | a4Gay—p ‘Fiy
1h 3207.64 | 31166.59 | a*Dag—r ‘Fh
5 3206.812 | 3117464 | a SDoy—y ‘Shyg
1 3206. 11 31181.47 | a 2G315—s ‘Fing
3 3205.975 | 31182.78 | @ 2Gazs—400315
a4Gay—q*Dhg?
2 3204.66 | 31195.57 {wGM_nst%
4 3204.340 | 31198.69 | @ 4Fss5—2z 25
4 3201.498 | 31226.39 | a 2Gay—s 4Gy 7b,4 0 1.100 | (1.103)| 1.104
15, IV 3200.537 | 31235.76 | a tFys—wDhg 5 0 1.268 | (1.235)| 1.209
3¢ 3200.102 | 31240.01
3 3198.182 | 31258.76 | a 4Gag—p 4Fhy
1h 3197.94 | 3126112 | b4Day—0 *Fis;
5 3196.18 | 31278.34
1 3194.64 | 31293.42 | a ®Hay—p *Fisg
3 3194.367 | 31296.09 | a 2Diy—g 2Fiss
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TaBLE 4.—First spectrum of columbium (Cb 1) —Continued

Wave
Intensity | . 4 No. Term combi- | Zeeman | Separa- Stgggg- Strg?g-
Arc - vac. nation type tion 9 g 0
cm-! 2 s
il 2 3 4 5 6 7 8 9 10
4c 3193.003 | 31309.46 | @ ®Day—2 {Giig
2 3192.73 | 31312.14 | @ 4Fay—v *Fiyg
3 3190.490 | 31334.12 | @ 2Day—s 2Ghxg
4 3189.560 | 31343.26
40, IV 3187.497 | 31363.54 | a {Fa—v 4Diyg 4 w 1.145 | (1.330)| 1.383
15, V 3186.550 | 31372.86 | a ‘Poy—w 4Shy 4 0.700 | 0.355 | 1.603 | 2.653 | 1.953
2 3185.55 | 31382.71 | a2Gay—r 4Fiyg
1 3184.77 | 31390.39 | @ ?Fay—04Diyg
4c 3182.309 | 31413.78 | b *Has—02Giyg
5 3182.063 | 31417.10 | a *Fas—w *Diyg
1h 3181. 11 31426. 51 | a 4Days—q 2Fig
2 3180.79 | 31429.67 | a *Fas—w 2Giy
2 3178.632 | 31451.01 | a ®Day—w Gy
1 3178.17 | 31455, 58 al‘%m—s;gﬁﬁ?
atig—o 134
3 3175.68 | 31480.24 ([ FTFeo
4 3173.677 | 31500.11 | @ *Fayg—w *Diyg
12,V 3172.511 | 3151169 | a4 Fus—v 2Fi 5 0.437 | 0.212 | 1.452 | 0.360 | 0.797
4 3172.304 | 31513.74 a:gax—w’:}q’in
a®Dyy—2r 544
10¢ 3171.425 | 31522.48 {a‘Gm—-quﬁ;;
6 3171.168 | 31525.03 | a 2Gys—r ‘Fiy
4 3170.163 | 31535.03 | @ ?Gay—r {Fiig
8 3168.599 | 31550.60 | @ 2Poys—r 4Dst 0 0.726
2 3168.141 | 31555.15 | a ®Dyg—v 4Fiyg
2h 3166.59 | 31570.60 | @ *Pus—o 2Fiu
1h 3166.49 | 3157160 | b4Pay—r 4Gy
1 3166.230 | 31574.19 | @ Pay—t {Fg
b3 3164.488 | 81591. 57 Ia 2211?2;5—17 ;II;M
a?Fsy—uHiyg
1 3164.148 | B1504.97 100014 G,
1 3161.49 | 31621.53 |a *Day—w {Fiy
8 3161.194 | 31624.49 | a 2Gys—siDiy
3 3160.60 | 31630.44
6 3159.322 | 31643.13 | Dug—w?Ply| 6 0.434 | 0.651 | 1.165 | 0.948 | 1.382
2h 3159.21 | 31644.35 | b4Pas—o0 *Fiy
2 3158.962 | 31646, 84 | a 2Gayg—s “Diig
2 3157.73 | 31659.18 | a ‘Pays—2z *Hiy
2 3154.321 | 31693.40 | @ ?Day—q ‘Fiy
10 3153.98 | 31696.82 0 0.97
30, IV 3151.870 | 31718.04 | a *Fay—v 4Dy 4 Ad 0.998 | (1.235)| 1.330
6 3148.710 | 31749.87 |a *Dayg—p 2Fiyg 4 0 0.976 | (1.206)| 1.140
2 3146.863 | 31768.51 | a 4Dyy—s 4Diyg
5 3145.920 | 31778.03 | @ Has—q Gy
1h 3144.45 | 31792.9 | b4Piy—0 2Py
1 3143. 44 31803.1 | a *Fays—w 2Diy;
1h 3142.926 | 31808.30 | b 4Dayg—n {Dii?
2 3142.644 | 31811.16 | a 2Gag—4113y
2 3142.384 | 31813.79 | a *Piy—t 4Fiy
1 3138.888 | 31849.22 | @ ‘Pas—r 2Fii
15,V 3136.972 | 31868.67 | a ‘F14—0 *Diyg 4 0 0.381 | (0.402)| 0.444
1 3136.49 | 31873.6 |a ®Diy—wiFiy
1 3134.835 | 31800.40 | a ‘Piy—u Gy
2 3134.620 | 31892.58 | a 2Fa—m 2Fiy
i 3133.89 | 31900.00 | a ‘Pgs—t 2Dy
15,V 3133.088 | 31908.18 a:gm—q 42113?” 4 0 0.833 | (0.885)| 0.927
a 34— 44
1 3132.881 | 3191028 |{%P%—0 T
2 3132.589 | 31913.26 | b 4Pys—n 4Dy
2h 3131.61 | 31923.2 | b4Fss—04Dy
4 3129.554 | 31944.21 | a 4Fpg—w 2Disg
2 3125.197 | 31988.74 | @ 4Piyg—t {Fhi
3 3125.12 | 31989.5 | a*Pas—t4Diy
15,V 3122.646 | 32014.87 | a 4{Fs4—0v 4Djig 6 0.157 | 0.548 | 1.307 | 1.229 | 1.386
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TaBLE 4.—First spectrum of columbium (Cb 1)—Continued

Wave
Intensity | 5 . 4 No. Term combi- | Zeeman | Separa- S"‘S)?g' Strogg-
Are e vac. nation type tion o €8 7 92
em-1 P n
1 2 g 4 5 6 7 8 9 10
1h 312213 | 32020.2 | b ‘Pay—4695
5 B121.064 | 32021.30 | 0 Duys—dldhg 6 0.483 | 0.724 | 1.180 | 0.939 | 1.422
a“P134—n 214
2h 312166 | 3202498 ({8 0" S
3h 3121.35 | 32028.2
5 3120.878 | 32033.01 | @ *Fiyg—z 7H3sg
3 3120.276 | 32039.19 | a4Day—w 2Pl
6 3119.402 | 32048.16 | @ 4Fuss—v *Glg
1 3117.65 | 32066.2 |a®Dos—w *Diss
15,V 3116.366 | 32079.38 | a?Dayg—s 2Diss | 4 0 1.104 | (1.206)| 1.214
1 3114.934 | 3200413 | @ 2Gass—s Gl
3114.51 | 32008.5 |b4Dys—47504
2h 3114.38 | 320008 | aHus—p g
4 3113.061 | 32113.44 {g:f‘jﬁ:wfl‘?}‘
3 3112.630 | 32117.89 | @ *Dasg—4163s;
2h 311208 | 32123.6 | b 4Pag—o Fiy
1 311179 | 32126.6 |aGag—s4Dii?
2 3111.558 | 32128.95 | a ‘His—p Fisg
20,V 3111.446 | 32130.11 | a 4Fas—0*Disg| 4 0.201| 0.100 | 0.730 | 1.031 | 1.232
5 3100.735 | 32147.78 | @ ‘Hsss—p Fis
3 3108.07 | 32165.0 | a *Fas—w Gl
1 3105.79 | 32188.61 | b*Fss—04Dis
2 3104.86 | 32198.26 | a *Pus—q*Disg
biDas—o0 4Fisg
1 3103.39 | 32213.5 |{b*Fas—04Dis
a?Poys—r 4Diyg
1h 310160 | 32231.2 |a®Da—2 2D
2 3101.064 | 32237.67 | a*Dug—r ¢Diss
5 3100.97 | 32238.6 | @ Pig—t $Disg
3 8100.163 | 32247.04 ({8 T Thbs
2 3008.98 | 32250.4
2 3008.780 | 32261.43 | @ ‘Fa—z 2Hiig
3h 3008.300 | 32266.43 | @ Pag—r 2R
10,V 3006.490 | 32285.20 | a ‘Fus—0*Dis| 6 0.331 | 0.813 | 1.198 | 1.034 | 1.363
2 3005.22 | 32208.5 | b4Pus—m 4F
8 3094. 37 32307.4 | a?Diy—q 4Fiy
1 3093. 65 32314.9 b:gs;rm‘g:i%
atFays—0 4Gy
2 3000.13 | 323517 {a*H4 )
9 3088.05 | 32373.5 | @ ‘Fugs—u2Fiy
1h 3087.75 | 32376.7 {Z,‘Ejﬁ:’;‘%&
4 3087.625 | 32377.98 | @ *Diss—w 4Girg
2 3086475 | 32390.04 | a2Diyi—p 2Firg
1n 3085.67 | 32398.5 |b4Dssy—04Fig?
4h 3084.94 | 32406.2
2 3083.828 | 32417.85 | @ 4Day—4141y
1 3083607 | 32420.17 | a ‘Hyg—n 2Fig
10 3082.850 | 32428.03 | @ ‘Pays—t4Disg
3 3077.800 | 32481.33 | @ {Pyg—12Pisg
3 3075.816 | 32502.28
3 3074.447 | 32516.76 | @ ‘Puys—r 2Fsg
10 3072.307 | 32538.45 | a ‘Poy—t4Diss
7 3072.206 | 32530.52 | a ‘Fsj—y 2Hirg
1 307177 | 32545.1 |a?Guss—qiFis
1 307134 | 32540.6 | a‘Fsy—z4Phs
10 3060.023 | 32574.42 | @ *Fi4—v4Diyg
3 3066.41 | 32602.0 | @ 2Guy—q Fisg
2 3061.78 | 32651.3 |a?Day—02Fsg
10 3061.232 | 3265712 | a *Puys—t4Dis
8 3061.100 | 32658.53 | @ 2Gus—p?Fsg | 4 0 1.057 | (1.103)] 1.129
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TaBLE 4.—First spectrum of columbium (‘Cb 1) —Continued

Wave
Intensity | , . A No. Term combi- | Zeeman | Separa- Stggilg- St;‘s’gg'
Arc sir vac. nation type tion 14 L
em-1 4 it
1 2 3 4 5 6 7 8 9 10
5 3060.30 | 32666.1 | @4Fas—y2Pug
9 3056.608 | 32706. 52 0.153 | 0.904
1 3054.47 | 32720.4 | a4Fus—04Diy
3 305414 | 32733.0
10 3053.086 | 3274425 | @ {Pag—wiPug| 4 0.133h 1.497 | (1.596)| 1.662
6 3052.988 | 32745.30 | @ 2P1s—0 2Piy 6 0 1.215 | (1.175)| 1.255
5 3052.73 | 32748.1
8 3051.990 | 32756.01 |a ®Hsy—u2H3s| 6 0 .08 | (1.10) | 1.06
6 3051666 | 32750.48 | @ {Fus—y?Phs | 4 0 0.381 | (0.402)| 0.440
20 3048.003 | 32797.88 | a 4Pag—w Phs| 70,6 0 1.508 | (1.596)| 1.600
5 3045.546 | 32825.31 | @ {Fus—0 4Gy
5 3041.89 | 328648 |a 2Gas—r2Giig
5 3041.660 | 32867.25 | @ ‘Poy—t2Dig
5 3041.358 | 32870, 51 0 0.960
1 3040.67 | 32877.9 |a?Dug—s?Diy
3 3040.25 | 32882.5 | a4Pus—t2Diy
20 3030.68 | 32888.7 | @ 4Pay—i 4D
7 3030.19 | 328940
5 3033.396 | 32956.78 | a {Poys—t4Dixg
3 3020.23 | 330021 |a2Gsis—p 2Fig
4 3020.17 | 33002.8 | @4Fay—04Giy
7 3028.69 | 33008.0 |a ?Hgs—u2Hin
7 3027.89 | 33016.7 | @ 4Pa—u2Gisg
1 3027.16 | 33024.7 | a4Fss—u 2Py
2 3023.38 | 33066.0 | a2Fay—r4Gig
20 3020.668 | 33095.65 | a {Pis—t4Disg 4 0.380 | 0.146 | 0.804 | 1.777 | 1.388
3h 3019.780 | 33105.38 | @ 2Dayg—n 2 Fiy
2h 3019.34 | 33110.2 | @ ‘Fus—y2Piy
1 3016.258 | 33144.04 |@a *Doys—q4Fiy
8 3015.24 | 33155.2
a%D3y—04D3y
3h a013.27 | 33176.9 |{SDesh Dk

s12.546 | asisa. gy [Tl | O 0 1.608 | (2.650)| 0. 566
3007.984 | 33242.94 | a 4Fiss—02Gi
3000964 | 33246, d6

3005. 141 33266.64 | a {Fa—0v 4Gl 4 0 0.994 | (1.029)| 1.013

3004.49 33273.8 | a4Day—82Diyg
3000. 72 33315.6 | a 2Day—n 2Fdy
33322.4
2098.312 | 33342.41 | a ‘Fay—y 2Hiy
2098.220 | 33343.43 | a ‘Fay—0v2D3yg

33362.7 |a?Dus—p*Ddy
2092.084 | 33411.80 | a *P1yy—w 4Py
2989. 63 33439.2 | @ 3Fs—t 2Hixg
2088.789 | 33448.64 | a ‘Poys—2 2Pisg
2088.662 | 33449.72 | a 2D1ys—02Fdig

2087.286 | 33465.47 | a 4Pig—w 4P3yg 4 w 1.382 | (1.721)| 1.586
33470.5 | a *Fas—2 2H3yg
2086. 02 33479.6 | a 2Hay—p 2Giy
2084.077 | 33501.47 | a 4F1—7 4Py
2083.13 33512.1 | a4Fus—0v4Giy

2081.636 | 33528.88 | a 4Fuy—utDiy 4 0 1.227 | (1.330)| 1.389
2981. 28 33532.9 | a 4F24—24Sii
2974. 54 33608.9
2973.83 33616.9 | a 2Hu—p 2Giy
2972.47 33632.3

2060.504 | 33664.84 | @ 4Fys~y 28
2965. 48 33711.5 | a 4Poyg—w4Piig
2063682 | 38731.90 | a tPos—w tPisg

a?Diyg—p 4 Diyg
2062.288 | 33747.86 {a“Dxx—ﬂ’PBx
259,973 | 33774,25 | 0 4Fyg—uDiss| 5 0 1.326 | (1.235)] 1,162

=
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—
—
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TaBLE 4.—Firstspectrum of columbium (Cb 1)—Continued

Wave
Intensity | 5 . x No. Term combi- | Zeeman | Separa- St;(sntng- St;ts)?g-
Arc alr vac. nation type tion - 0 g2
cm-! P
1 2 3 4 5 6 7 8 9 10
5 2035.444 | 33826.01 | ?Dys—0Ply | 4 0 1.079 | (1.206)| 1.291
2 2050.70 | 33880.4 |a?Ha—p?Glys
1d 2049.15 | 33898.2 |a4Dug—p*Fag
2 2968.060 | 33910.73 |0 (g~ TDis
a*D1g—q D2y
6 2045.74 | 33937.4 {a’Pox—v‘Pix
a‘Day—p {Fhyg
1 2042.10 | as079.4 ((4 DD ke
15 2938.067 | 34026.06 | a ‘Fsx —ufDiy| 4 ur | 1.084 | (1.235)| 1.296
5 2034.980 | 34061.85 | @ Gss—0 2R3
1h 2032.93 | 34085.6 |a2Gus—p Din
1 2020.662 | 34123.67 | a 2F4—03Gi
a4 Days—p 4Fiy
2h 2020.13 | 34120.9 {b*Fm—MD&%
8 2025.360 | 34173.85 | @ *Fyg—sFh | 5 7 1.958 | (1.330)| 1.151
10 2024.824 | 34180.11 | a 4Fys—u'Dig| 6 i 1.306 | (1.235)| 1.377
8 2023025 | 34201.15 0 1.180
5 2916.500 | 34277, 66
1 2015.18 | 34203.2 | b4Fs—niDiy
2 2015059 | 3420461 | a 6Diys—y 2Hg
2 2913.135 | 34317.26 | @ *Dyg—p Fig
2 2011.08 | 34341.5 | @ 4Fss—u?Diy
2 201069 | 34346.1 |a 2Gas—p*Fisst 1.16
5 2008.88 | 34367.4 w 1.03
3 2006.422 | 34396, 52 | @ Payg—r {F3y g
10 2003.650 | 34429.35 | a ‘Fys—u 4Dyy| 4 0h 0.799 | (1.029)| 1.182
1 2001.692 | 34452.58 | @ 4Gays—r *Gisg
4 287.605 | 34501.18
6 2807.345 | 34504.27 | @ *Pag—q *Fi
6 2806.998 | 34508.40 | @ +Pas—s ‘D
5h 2806.24 | 34517.4
3 2804.90 | 34533.4
1 2804.77 | 34534.9 | b4Fu4—04Fiy
3h 2803.47 | 34550.5
6 2800.174 | 34580.87 | a 4Pag—s 4Gy
10 2889.898 | 34593, 18 | a *Fay—u4Disg
6 2887.294 | 34624.38 | a *Dyys—0 2Piyg
12 2884.068 | 3465229 |a 2Hsy—t 2H3s | 6 0.101 | 0.450 | 1.049 | (1.10) | 1.00
1 2883.80 | 34665.2 | @ 2Gus—0 {F3y
1 2883626 | 34668, 42 | @ 4Gssg—0 4Fhss
1 2879.97 | 34712.4 | a4Fsp—s 2Fhy
8 2879.492 | 34718.19 | @ *Fis—u 4Gisg
3 2878.818 | 34726.32 | @ *Ga—n 2Fsyg
3 2878.16 | 34734.3 | @ 4Fas—t {F3i
15 2874.564 | 34777.70 | @ 4Fu—uiDig| 6 0.379 | 0.183 | 0.588 | 0.398 | 0.019
2h 2873.68 | 34788.4 | a4Gus—n ‘Fis
1h 2872.93 | 34797.5 |a 4Gu—t 2Hsy
3 2871.238 | 34817.99
5 2870.654 | 34825.07 | a 4F35—8 2F3i4
2 268,96 | 34845.6 | b4Fag—475h
» S O St {:4111:3‘5:34%2 6 0.794 | 1.191 | 0.800 | 0.403 | 1.197
20 2864.324 | 34902.03 0.130 | 0.936
1 286249 | 34924.4 | a4Fa—t2F5?
2 2861.76 | 34933.3 |a2Dag—0 {Dis
15 2859.962 | 34955, 26 | @ *Fas—u 4G
10 2858.974 | 34967, 34
10 2857.204 | 34987.89 | a tPas—s 4Disg
12 2854.168 | 35026.21 | @ {Fu—t4Fhs | 6 0.080 | 0.296 | 1.322*| (1.330)| 1.250
3 263264 | 30037.31 | a Pus—uiDhs| 4] iy R
a ‘K— 5}‘ . 0 0
15 2851978 | 35053. 11 {112(}3%—9’(35%
20 2851.446 | 35050.65 | @ 2Dasg—m Wi
2 2845.52 | 35132.6 | a4Fsg—t Fig
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TasLe 4.—First spectrum of columbium (Cb 1)—Continued
Wave
$ : Strong- | Strong-
Intensity No. Term combi- | Zeeman | Separa-
Arc Mair A vac. nation type tion (L GEl g 4]
cm-1 P 2l
1 2 3 4 5 6 7 7 8 10
6 2842.018 | 35175.95 | @ 4P1ys—s ‘Diyg
10 2840.929 | 35189.43 | a ‘Fay—u 4Gy :
30 2836.245 | 35247.54 / 0 1.03
4 2833.648 | 35279.85 | a ¢Fay—s 2Fy;
3 2833. 51 35281. 6
3 2829.367 | 35333.22
3 2828. 950 35338.43 | a ‘Fy—2 ‘H3y
12 2826. 47 35369.4 | @ {Fa—uiGiy
10 2825. 180 35385. 58 | @ 4F35—1t 4F3y 6 0.064 0.190 | 1.170 (1.235)| 1.171
4 2824.785 | 35390. 53
3 2824, 642 35392. 32 {a :gz%_s :gg}i
aiFy4—r 2Fiy
8 2821924 | 35426.41 ({4,570, Gh
3 2820.38 | 35445.8 |a‘Fas—y My
15 2819. 215 35460. 45 w 1.39
3 2818.74 | 35466.4 |a2Dig—0 4D
2 2816.430 | 35495.51 | a 4Pay;—414714
1 2814. 53 35519.5 | a1Gay—47571
6 2811. 625 | 35556.17 |a 4%5%—7 ‘4%3%
aiFas—utGiy
10 2808.050 | 360143 |{¢ 1B s
7 2802.066 | 35677.46 | @ 4Fays—t 4Fiy 5 0 1.288 (1.235)| 1.254
10 2800. 315 35699. 77 | a ‘Fays—t 4F3y 6 0.067 0.145 | 1.006 1.040 | 0.973
7 2799. 354 35712.03 | @ 4F314—2 1Hiyg
6 2798. 428 35723.84 | a 4F15—8 2Fdy
3 2797.215 | 35739.33 | a 2Hs5—0 2Giyg
9 2795.868 | 35756.54 | @ 4F2s—u Gy 5 0 1.100 (1.029)| 1.061
3 2793.973 | 35780.80 | @ 4Pays—q {F3y
3 2793.704 | 35784.24 | @ ‘P1ys—w 2Py
3 2789.200 | 35842.02 | @ 2Gy5—0 4D3ys
6, Sn? 2787.944 | 35858.17 | a ?Dyys—m 2Fiy
4 2786.390 | 35878.17 | a 2Poys—v 2Py
20 2782.356 | 35930.18 | @ 2Gys—u 2H3y 4 0 1.041 (1.103)| 1.084
4 2780. 600 | 35952.87 | a {Fas—t 4Fiyg
10 2779. 71 35964. 4
8 2779. 36 35968.9 | a tFs—t 4Fiy 6 0.126 0.176 2 (0.402)| 0.528
3 2774.935 | 36026.28 | a ‘Fas—t D3y
3 2774.0562 | 36037.73 | a 4Fays—z 4H3y
50 2773.197 | 36048.84 | a {Fys—t4Djig b w 1. 392 (1.330)| 1.295
7 2766.182 | 36140.26 | a 2Hs—o0 2Giyg
5 2765.918 | 36143.71 | @ 4F135—1t 4F3y
15 2763.380 | 36176.90 | a ‘Fys—u2Ghiyg 5 ey 2. 452 (1.330)| 1.011
10 2760. 990 | 36208. 22
2 2760. 441 36215.42 | a 4Fyg—w 2Hiyg
50r 2758.605 | 36239.52 | @ 4F35—t 4 D34 4 <5 1.046+| (1.235)| 1.386
10 2755.632 | 36278.61 | @ {Fas—t 3Diyg
20 2755.288 | 36283.15 [a2G3y—u 2Hiy
3 2754. 40 36294.8 | a 4F3y—w 2Hiy
6 2754.066 | 36299. 24
10 2753.007 | 36313.20 0 1. 145
3 2752.682 | 36317.49 | @ ‘P1y—416%1
30r 2748.848 | 36368.14 | a 4Fa—t ‘Diy 4 0 1.011 (1.029)| 1.053
30r 2746.910 | 36393.80 | atFis—1 ¢Ddy 5 0.287 0.146 | 0.553 0.409 | 0.122
1 2742.79 36448.5 | a 4P1g—q 4F3i
2 2741.71 36462.8 | @ ‘Poy;—414114
10 2741.146 | 36470.33 | @ 2Gay—m 2Fdy
2 2734.027 | 36565.29 |a2D1y—0v 2Piy
6 2729.829 | 36621.51 | a 4Fs—1 2Giy
6 2728.076 | 36645.05 | @ 4Fas—r 2F5yg
6 2726.080 | 36671.86 | @ ¢F1s—r 2F3i4
2 2725. 68 36677.3 | @ 4Pas—q D3y
2 2725. 33 36682.0 | a2Dg—469514
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TABLE 4.—First spectrum of columbium (Cb 1)—Continued

Wave 5 -
Intensity LI No. Term combi- | Zeeman | Separa- Stl;;?g Stz‘;lt]g n o
Arc et vac. nation type tion D 7
cm-!

1 2 3 4 5 6 7 7 8 10
15 2723.986 | 36700.06 | a ¢Fays—1 ‘D 6 w 1.277 | (1.235)| 1.319
6 2722.310 | 36722.65 | @ 4Fps—t 2Diy
5 2720.024 | 36753.51 | @ 4Pays—r ‘Diyg
15 2716.100 | 36806.61 | a 4Fg—t ‘Diyg
8 2715.690 | 36812.16 | a 4Fy—t ¢Dix
6 2715.500 | 36814.74 | @ 4Fys—s 4Fiy
5 2714.198 | 36832.40 | a *Fus—t 2Gix
2 2712.17 | 36859.9 a:II:‘z;g—x;II”jx

o X 134—7T *F o34
4 2698.965 | 37040.27 {a,F%_L_ b
3 2698. 540 | 37046.09 | a *Dys—o0 4Fi
8 2696.052 | 37080.28 | a 4Fus—t 4Gy
30 2695.038 | 37094.24 | a 4Fa5—s {Fsy 5 & 1.857 | (1.235)| 0.986
2 2689.182 | 37175.02 | a *Ps—¢4Disg?
30r 2687.149 | 37203.13 | a ‘Fyg—s {Fisg 6 0.205 |75 5079225 2 (1.330)( 1.125
4 2683.713 | 37250.76 | a 4F135—t 4Diig
1 2682.524 | 37267.27 | a *Fag—t4Dily
10 2682.129 | 37272.76 | @ 4Fus—t 2Gixg
6 2679.880 | 37304.03 | a 4F135—7 2Py
20 2679.015 | 37316.08 | a 4Fag—s ‘Fii 5 0.503 | 0.202 | 1.922 | 1.032 [ 0.439
1 2678.30 | 37326.0 | a*Pos—g*Dix
3 2676.952 | 37344.84 | a ¢P1s—q 4Dsy
4 2674.694 | 37376.36 a:gm—uzc(;}a%
a4Fag—u 2Giy
2 2673.332 | 37305.40 {aﬁGM—r‘GZyg
2 2671.447 | 37421.78 | a *Dais—4698
5 2670.524 | 37434.72 | a *Dayg—n ‘Fiyg
1 2669. 512 | 37448.91 | a *Pas—p+Diy
40r 2668. 283 | 37466.16 | a 4Fys—s *Fiig 6 0.138 | 0.484 | 1.132*| (1.235)| 1.097
8 2661.852 | 37556.67 | a 4Fug—r 4Fiig
3 2661.124 | 37566.95 | a *Frg—w ‘Piy
40r 2657.613 | 37616.57 | a 4Fu5—t 4Giy 6 0.108 [ 0.402| - | (1.330)] 1.222
10 2656.984 | 37625.48 | a 2Gag—t 7His 6 0 1.04 | (1.10)] 0.98
8 2655.695 | 37643.74 | a 2Gag—r 4Gy
60R 2654. 446 | 37661.45 | a 4Fag—s *Fig 6 0 0.996 | (1.029)| 0.964
2 2654.242 | 37664.34 | a ‘Fis—q 2Fig
6 2653.476 | 37675.22
10 2653.372 | 37676.69 | a ‘Fug—t 4Gy
8 2652.944 | 37682.77 | a 2Gag—n ‘Fiyg
2 2652.335 | 37691.42 | @ ‘Fas—0 2Hiyg
3 2650. 568 | 37716.55 | a 2Gag—o0 ‘Fiig
1 2650.001 | 37724.62 | a ‘Png—p *Fiyg
50r 2649.515 | 37731.54 | a *Fag—t ‘Gly 6 0.155 | 0.459 | 1.142 | 1.219 | 1.064
3 2648.223 | 37749.94 | a ‘Fyg—s 4Gy
80R 2647.500 | 37760.25 | a *Fns—s {Fiy 6 0 0.424 | (0.401)| 0.447
2 2644.449 | 37803.81 |a *Dyg—t ‘Dix
1 2642.87 | 37826.4 |a2Gug—t 7Hiy
4 2641.923 | 37839, 96 {‘;ﬂ%gﬁ:{ ,’g;ﬁ
20 2640.918 | 37854.36 | a 4Fas—s 4Fiy ‘- Oh 0.869 | (1.235)| 1.102
2 2640.825 | 37855.69 | a ‘Fs—40034
1 2639.39 | 37876.3 |a 4Dayg—469%
1 2635.985 | 37925.15 | a {Fs5—s 4Giy
1 2635.512 | 37932.00 | @ $Duys—u 2Giig
10 2634.704 | 37943.63 | a ¢Fas—1t 1Gyg 6 o 0.815 | (1.029)| 0.601
1 2634.493 | 37946.67 | a 2Gug—n Diyg
3 2633.981 | 37954.05 | a *Doyg—n4Disg
20 2628.493 | 38033.28 | a ‘Fayg—s {F5lé 5 0 1.182 | (1.029)| 1.097
60 2627.435 | 38048.60 | @ 4Fug—r 4Fix 6 0.073 | 0.269 | 1.203 | 1.330 | 1.257
3 2626.472 | 38062.55
25 2623.507 | 38105.56 | @ 4F14—8 4Fdig
4 2622.804 | 38115.78 | @ 4F5—s *Gasg
7 2622.003 | 38127.42 | a 2Gay—t 2Hiy
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TaBLE 4.—First spectrum of columbium (Cb 1)—Continued
Wave
Intensity | 5 . No. Term combi- | Zeeman | Separa- Stgg?g- Streg?g-
Arc aln vac. nation type tion 4 g2
em-1 74 i
1 2 3 4 5 6 7 8 9 10
8 2620.585 | 38148.05 | @ {Fass—s 4D
1c 2618.178 | 38183.12 | @ 4Ds—0 {Fiss
4 2617.046 | 38199.63 | a 2Ga15—0 2Ging
30 2616.476 | 38207.95 | a {Fay—r 4Fi; | 6 0.100 | 0.322 | 1.182 | 1.236 | 1.127
3 2614.444 | 38237.65
15 2612.377 | 38267.90 | a {Fy—t 4G | 7b,4 0 1.220 | (1.235)| 1.230
1 2612,028 | 38273.01 | a 2Fss—n2Gis
20 2610.268 | 38298.82 | a {Fyi—t ‘Gl 5 0 1.229 | (1.029)| 1.086
1 2609.118 | 38315.70 | a 4Fs15—q 2F51s
6 2608.836 | 38319.84 | a {Fs5—s ‘D
1 2604.225 | 38387.68 | a 4Fus—t 4G
6 2603.306 | 38401, 23 | @ 4Fss—s *Gisg
8 2602.011 | 38420, 34
7 2601.832 | 38422.98 | @ 4Fa5—400:
3 2601.597 | 38426.45
10 2507.138 | 38492.43 | 0 {Fay—siGhs | 6 b 0.979 | (1.029)| 0.929
4 2504, 685 | 38528, 81
4 2592.911 | 38565.17
50 2502.190 | 38565.89 | @ {Fus—s Ghs | 4 0 0.982 | (1.330)| 1.267
5 2580.264 | 38609, 47
1 2588.36 | 38622.9 | a4Fag—r 4Ty
8 2583219 | 38699.82 | a {Fys—r Ky
15 2583.103 | 3870156 | a2Gay—0 2G| 6 53 0.898 | (0.885)| 0.911
5 2581.194 | 38730.18 | a®Doys—w 4Pois
50 2578.734 | 38767.12 | a 4Fs—s 4Gl | 7b,5 0 1.244 | (1.235)| 1.238
8 2578.203 | 38775.10 | @ 4Fasg—r {Fisg
4 2578.086 | 38776, 87
7 2576.592 | 38799.35 | a 4Fs5—s D
1 2572.80 | 38856.5 |aSDa—s ‘Fhs?
15 2572.009 | 38867.12 | a {F14—4003
7 2571.054 | 38882.91 | a {Fas—q 2Fhy
6 2570.782 | 3888703 | a 4Fag—s ‘Dis
20 2569.030 | 38913.55 | a2Gus—0 2G| 7,6 0 1.104 | (1.103)| 1.105
20 2567.510 | 38936.58 | a 4Fus—s 4Ghs | 5 015131 | e 1.689 | 0.407 | 0.920
3 2567.281 | 38940.05 | a 4Pas—o ‘Disg
30 2565.410 | 38068.45 | a4Fa—s4GQhg | 5 0 1.216 | (1.029)| 1.082
8 2564.735 | 38978, 71
4 2564, 265 | 38985.85 | @ 4Fas—4113
1 2550.05 | 39065.29 | a 4Poss—0 2P
20 2558.936 | 39067.03 | a4Fi—r 4Fhg | 5 0.508 | 0.258 | 1.634| 0.364 | 0.872
2 2558.835 | 39068.57 | a 4Fuss—q Fisg
4 2557.41 | 39090.3 | @ 4Fi—s 2Gis
3 2555.107 | 39125.57 | a AFu5—g ‘Fisg
12 2554103 | 39140.95
3 2553.752 | 39146.33
2 2550.878 | 39190.43 | a6Day—t 4Gisg
7 2549.904 | 39205.40 | @ 4P2s5—o0 “Disg
2 2544.793 | 39285.22 | @ 2Hsi4—n 2Gisg
10 2543.980 | 39296.69
3 2543252 | 39307.94
1 2542,925 | 39313.00 | a6Day—s ¢Fisg?
5 2541.972 | 39327.73
2 2541.704 | 3033188 | @ 4Pas—m Wiy
1 2530, 464 | 39366.57 | @ *Fars—s 4Dig
1 2539.128 | 39371.78 | a6Das—t 4Gl
6 2538.055 | 39388.42 | @ 4Fuss—7 2Gisg
1 2535259 | 39431.86 | @ ®Dys—t 4Ghg
4 202,217 | 3955030 | %, p 7ol 3
aiF15—q *Fiyg 54 S b h
10 2524.985 | 3959229 {MFM_Q Rt
7 2524.006 | 39607.65 | @ 4Pig—0 4Dis
3 2521.924 | 39640 34
2 2521.880 | 39641.04 | @ 4Pyg—0 4Disg .
10 2520.507 | 39662.63
2 2519.018 | 39686.07 | a 2Hus—n 2Gisg
1 2516.878 | 39719.81 | @ ¢Fs4—q 4Fiyg
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TaBLE 4.—First spectrum of columbium (Cb 1) —Continued

Wave
Intensity | 5 . A No. Term combi- | Zeeman | Separa- St;g?g' Stg(s)?g
Arc A vac. nation type tion " o 0
cm-! P
1 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 4Pay—p2Giig?
2 2513.273 39776.78 | a 4F3—q4Fig
3 2511. 573 39803.70 | @ 6D yys—r 4Fiy
6 2507.134 30874.17 | a 4Fa15—414714
30 2504. 648 39913.74 | @ 4F45—r D3y 4 w 1.12 (1.33) | 1.39
4 2502. 944 39940. 91 | @ 4Pos—o04Diy
2 2499.282 | 39999.43 | a 4P1s—m 2F3y
2 2497. 464 40028. 55 | @ 4F215—416314
3 2494. 801 40071. 27
2 2489.112 40162. 85 | @ 4F3y5—s2D314
1 2479. 351 40320. 95 | a 0D4gs—s 4Gl
8 2476. 478 40367.73 | @ 4Fa5—p 4F5i4
15 2474. 655 40397.47 | @ {Fy4—r4Ddig 4 0 0.698 | (1.235)| 1.450
2 2473.752 | 40412.21 | a 4F15—q4Fiy
25 2469.072 | 40488.80 | @ 4F35—q4D3i;
1 2468. 064 40505.34 | @ 4P2s—r 4Gy
3 2467, 630 40512. 46
20 2466. 727 40527.29 | a ‘F445—q D3y
10 2466. 318 40534.02 | a 4F14—r4Dfig
2 2465.709 40544.02 | @ 4P2s—n 4Fhg
10 2464. 432 40565.03 | a 4F35—r D3y
5 2463. 631 40578.22 | a 1Pag—04F34
20 2462, 889 40590. 44 | a ‘Fas—p 4Fiy 6 oy 1.259 | (1.330)( 1.188
10 2461.757 | 40609.11 | a ‘Fy5—p D3y
5 2458. 575 40661. 66
1) 2456. 83 40690.5 | @ SDay—w?Piy?
3 2455. 872 40706. 41 | @ 4P1s—0 2Pgy
2 2454. 163 40734.75 | a 4F35—02F3
abDay—411314
20 2453.367 | doraz. o7 |(¢ ey
20 2453. 084 40752 67 | a ‘Fas—r4Diig
4 2447413 40847.09 | @ ‘{Png—u D3y
10 2446, 130 40868.51 | @ {Fa5—p 4F5y
1 2445.913 40872.14 | a ‘P13s—04Fiy
20 2445. 066 40886.30 | a {Fa5—q 4Diy
8 2443. 529 40912. 01
2 2441.021 40954. 04 | a ‘P2 —469514
5 2440. 392 40964.60 | a {Fas—r D3y
3 2439.715 40975. 97
2 2439. 445 40980. 50 | @ ‘Pog—n ‘Djy
3 2437.924 41006. 07 | @ ‘Poys—0 2Pfig
9 2437. 161 41018.90 | @ ‘Fas—p *Fig
10 2436. 329 41032.90 | a ‘F3s—p D3y
6 2434. 962 41055.95 | @ ‘Fa5—q 4D3y
4 2434.878 41057.36 | @ ‘Pas—04F3y
i 2434. 310 41066.94 | @ ‘P1s—n4Diy
10 2433. 680 41077. 59
2 2430, 442 41132.29 | a ‘Fayg—r 4D3y
3 2428, 848 41159. 28
3 2428. 096 41172.03 | a ‘Pos—o0 4Fiy
3 2428. 047 41172. 86
1 2427.714 | 41178.51 | a *Fas—q 4Djyg
9 2427, 536 41181.52 | a ‘F14—q ‘Djy
3 2427.105 41188.84 | a ‘Fa5—n 2F3y
5 2426.957 | 41191.35
6h 2426.637 | 41196.78 | a ‘Fug—r¢Diy
5 2425, 741 41212.00 | @ ‘Pus—n 4Fsy
4 2423.996 | 41241.66 | a ‘Fas—p 4Fiy
3 2422. 900 41260.32 | @ ‘F35—p D3y
& 2420, 461 41301.89 | a ‘Fas—0 2F3y
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TaBLE 4.—First spectrum of columbium (Cb 1)—Continued

Wave 5 g
Intensity | ., No. Term combi- | Zeeman | Separa- | STOPE Stz(s);:lg o o
Arc Al vac. nation type tion A n
cm~1
1 2 3 4 5 6 7 8 9 10

7 2420.144 | 41307.30 | a *Fay—p 4Fhy
5¢ 2419.976 | 41310.16 | a *P2g—7n4Djy
6 2419.804 | 41313.10 | @ ¢Fas—piDiy
4 2418.792 | 41330.38 | a 4F14—¢q 4Dy
3 2418.490 | 41335.55

2c 2414.762 41399. 35 | a 4F35—n 2Fiy

i 2414. 206 41408. 89 | @ 4F135—7 4Dsyg

5 2412. 645 41435. 68 | @ 4Fo—p 4Fiy

3h 2410.792 41467. 53

2 2408. 056 41514.64 | @ 4P1y4—n 4Dy
10 2406.942 | 41533. 85

4 2403.918 | 41586.09 | a 4Fayg—p 4Fig

4 2403. 107 41600. 12 | @ 4Fays—p D3y

8¢ 2402.339 | 41613. 42

2401.873 | 41621, 49 {Z“Eiﬁiiéé’zi;‘

2400.910 | 41638. 19
2399.718 | 41658.87 | a 4F14—p 4Dy
2395.851 | 41726.10 | a ‘F3—q 2Giy
2394.395 | 41751.47 | @ 1F14—p 4Fiy
2394.058 | 41757.35 | a 4Fi14—piDiy

2390.454 | 41820. 30
2382.246 | 41964.38
2373.074 | 42126. 56
2368.860 | 42201.49
2368. 64 42205. 41

2366.715 | 42239.74 | @ 4Pyyg—4750
2365.040 | 42253. 57
2364.325 | 4228243 | @ ®Dyy—q 4Dy
2363.852 | 42290.89 | @ 4Dass—n 2Gisg
2363.716 | 42203.32 | @ 4Fa—q Gl

2363. 062 42305.03 | @ 4Fq4—u " Hiy
2362. 50 42315. 1
2360.794 | 4234567 | a®Dus—p ‘Fiy
2359.679 | 42365.67 | a4Fys—04Diy
2358. 134 42393. 43

2357.910 | 42397.46 | a®Dyy—r4D3y
2354.470 | 42459.39 | a2Gyg—n 2Giy
2353. 80 42471. 5
2353.510 | 42476.71 | a4Fas—0 2Py
2352.131 | 42501. 61

—

SR WROON CWCR DB G- WL DTN TR

—

2352.055 | 42502.99 | @ ®Dyys—n 2F3y
2351. 677 | 42509. 82
2350.034 | 42539.54 | a'Poys—475714

10¢ 2348.756 | 42562. 68
10¢ 2347.171 | 42591.42
10¢ 2346.679 | 42600.34
8¢ 2344. 640 | 42637.39 | a®Dayg—q 4Dy
15¢ 2344. 517 | 42639, 63
3 2341.152 | 42700.92 | aSDasg—piFii?
10 2340, 277 | 42716.87
8 2340.149 | 42719.21 | a8Days—p ‘D
4 2338.730 | 42745.12
2 2338.38 | 42751.5 | atFa;—04Diy
20¢ 2337.744 | 42763.16

2336. 410 | 42787.57

7

0 2333.650 | 42838.16
2 2329543 | 42913.68 | a4Fug—p 2Giy
5 2328.222 | 42938.03
4 2328.077 | 42940.70 | @ Dag—q 4D
3 2326,964 | 42061.24 | a2Gay—n 2Giyg
4

1

3

8

4

2324.600 | 43004.93
2323.059 | 43016.79 | a4Fas—04Dg
2323654 | 43022.43 | @ $Dyyg—p D3y
2322992 | 43034.69
2321.489 | 43062, 54
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TABLE 4.—First spectrum of columbium (Cb 1) —Continued

Wave
Intensity [ . No. Term combi- | Zeeman | Separa- | St¥ ogg- Strong-
Arc Ao vac. nation type | tion es est 0
cm-1 P n
1 2 3 4 5 6 7 8 9

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 | a4Fas—04D3y
4 2305.975 | 43352.24 | a4Fa4—04Diy
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 4Fas—p2Giy
2 2279.414 | 43857.35 | a 4Fas—r 4G3y

15 2277.426 | 43895. 63

2276.223 | 43918.83 | a 4Fugs—r ‘Gly
2274.770 | 43946.88
2269.653 | 44045.95
2269. 535 | 44048.24
2268. 59 44066. 6

4c

9c

4

4

3

2 2265.489 | 44126.89 | a 4Fu5—n 1Fiy
4 2265.217 | 44132.19 | a 4F25—p 2Gig
3 2264.354 | 44149.01 | a *Fa4—t *Hiy
20 2260.854 | 44217.35 | a 4Fy5—0 4F3y
60 2257.886 | 44275.47 | a {Fa5—r 4Gy
6

2256.075 | 44311.01

—

5 2955.701 | 44316.50 | @ 4Fay—7 4Gl
150 2954. 564 | 4434070 | a 4Fus—m 4F3pg
8 2253.802 | 44355.60 | a {Fay—n 4Fig
2 2252.00 | 44389.4 | a 4Fag—0 4Fiy
4c 2052.51 | 44400.8
100¢ 2250. 308 | 44424.56 | @ 4Fa4—r 4Gy
30 2947.007 | 44470.22 | a 4Fups—n 4Diig
8¢ 2246421 | 44501, 42
90c 2246.176 | 44506, 26
20 2242,058 | 44570.11 | @ 4Fass—r 4G
20 2242204 | 4458331 | @ ‘Fag—0 4Fisg
8h 2241.855 | 44592, 04
80¢ 2238 518 | 44658, 51 | @ 4Fays—n 4Dixg
10 2236.22 | 44704, 40
9 28172 | 44765.40 | 0 4Fors—4000g
atFa—n 4Fag
80¢ 2032, 545 | 4477797 {a‘Fm—mDi;g
8 931,498 | 44800.30 | @ 4Fsss—¢ 2Hiig
30 292065 | 44836.11 | a 4F13—n iDig
4 2228.30 | 4486146 | @ 4Fys—0 2Piys
atFiy—r 4Gy
100¢ 2298.032 | 44868, 69 {G,F”‘_O‘Fs%
150¢ 2227.706 | 44875.23 | @ Fiss—o0 4Fisg
10 2227980 | 44883.82 | @ ‘Fasg—r 4Gisg
15 2226, 027 | 44890, 93
50 2225.343 | 44922.88 | @ 4Fag—n *Fiyg
6 2295.235 | 44925.06
60¢ 2223672 | 44956.62 | @ 4Fasg—0 ‘Fiug
70¢ 2220.184 | 45027.25 | @ *F15—0 Fisg
3 2218.357 | 45064. 33
15 2217.872 | 45074.19
30¢ 2215.54 | 451216 | a*Fs—n 4Dy
40¢ 2214.034 | 45152.31
50¢ 2211.46 | 452049
7 2210.622 | 4522200 | a!Fus—n Dis

6 2210.442 | 45225.68 | a‘Fas—niD3y,
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TaBLE 4.—First spectrum of columbium (Cb 1)—Continued

Wave
Intensity | 5 . x No. Term combi- | Zeeman | Separa- Stggéxg- Strosr};g-
Are sir vac. nation type tion e 12 0
em-1 Vg n
1k 2 3 4 5 6 i 7 8 10
2 2905.230 | 45332.56 | a4Fas—469%
12 2204.617 | 45345.16 | a4Fasg—m 4Fisg
3 2203. 555 45367.01 | a4F1g—n 4Fhg
3 2201.916 | 45400.78 | a4F14—04F3y;
4 2200,218 | 45435.81 | atFarg—04Fsyg
3 2195. 83 45526.6 a4F35—04F
10 2193. 805 45568. 61
8 2193.011 45585. 11
7 2188. 944 45669.80 | a4F1s—n 4Dy
4 2178. 225 45894. 51
3 2178.07 45897.8
8 2175. 555 45950. 83 | atFa5—4751y
] 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 1 [7] doublet-sextet combinations appear
in Cb 1, but more abundantly. These latter include the transition
a %D—z 2G°, 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 3753.171 A. See figures 1 and 2.

TABLE 5.—Distribution of classified Cb 1 lines

Percent- Percent-
age of age of
Item Number 42 tal el

number intensity

Percent Percent

Sextet-sextet transitions. . _
Quartet-quartet transitions
Doublet-doublet transitions..
Quartet-sextet transitions____ PR b SR
Doublet-quartet transitions. - = _ls To To o LoL Lo oo cri
Doublet-sextet transitions. . ________________
Transitions involving one unassigned level. .
Lines classified two ways. . ...______________
Lines classified three ways_._
Zeeman patterns measured . -
Zeernan-patternsinterpreted -0l S edet DI B it e L Ly

2. TERMS OF THE Cb 1 SPECTRUM

The established terms of Cb 1, or energy states of neutral columbium,
are described in table 6, which is prepared according to the same plan
astable 2 for Cb1r. Alllevel values are relative to 4d * 5s a *Dy,s=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
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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-values.
Attention is called to a few noteworthy instances of such perturbation.
Levels a Py, and @ 2Dy have g-values 1.175 and 0.953 as compared
with Landé ¢’s, 1.333 and 0.800, respectively. The sums are almost
identical, 2.128 and 2.133. Levels a 2Py and @ ?Dyy have nearly
Landé g-values. The levels of j-values 2%, 3%, and 4% belonging to
a *G and b *F 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 *Fi34 and @ *Gyy being unique values are not so
affected and again show nearly Landé ¢g’s. A very marked perturba-
tion occurs in the levels z ®I)gy and y *Dgy, the g-values being 2.441
and 1.141, respectively instead of 3.333 and 0.000 theoretically
expected. It may be assumed that these levels originate in the same
electron configuration. Hence z°®D is assigned to d*p instead of
d®sp, interchanging the assignment with y°D° as given in the
earlier paper [5]. The term formerly classified z *D° is now designated
z °F°, with an additional level, =4, found, but with the level of
h1ghest 7 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.

TaABLE 6.—Terms of the Cb 1 spectrum

Electron X
Term 4 Differ- | Observed e
cg;xtfiigllll- symbol Level it 4 Combinations
z°S°S§ SPe. S’LOPO’IZ’:DO' f’:D° z GP“, 2z Gg“’, Y ﬂF:,
248°, y18°, z4 4 wiP°, z4D°, yiD
d*s (*D) gzgo% 152- ?g 154. 19 ? ggg 24Do w ‘D° 4D°, t 4D° riD°, 4Do'p DO,z ‘F‘;
aﬂDM 39109 237. 80 1652 ViFS, 2 4FS, wiF°, piF°, giF° riF°, 'piF°,
aﬂD”‘ 695, 25 303. 26 1582 Z4G°, Y4G°, 7 4G°, wiGS, p4GS, 11G°, $4G°,
2Dt | 1050.26 | 38501 1380 zame, z2s°, z3pe, y3p°,'23D°, ¥ 3D, 22D,
Bl y ¥ 321%" GZOF°, r:F", 22G°, y2G°, wu?G° yIH°,
214°, 27 411°,
g B g I8, TR 2 4P°, g 4P%, S APC AP, £1D0,
y‘D" z4D° w 4D°% v 4D° u ‘D° UD° s 4D° 7, 4D°
g ‘D°, p‘D°, o4D° n‘D" z4F° y4F°, z‘F°
o o 4 o il 4o 4J°, 4 G
w:£° ;:%“" 711'41}::’ zt‘GIjO yslgﬂ zrl(%; w 4g°
ass? a‘Fy 1142.79 0. 402 v‘G" u 4G° 4GS 8 4G° z 4H° y4H°®, :l:‘Ho z‘I°
a'Fus | 158690 | oy il | 1020 |] 298° zoPY, yoBe, zoDe, y D, z¢DC, ZeFe,
aiF3y 2154.11 651. 2% 1. 235 “F° 7S° z zP°, YIRS zP° w ?P°, v zP°
a‘Fyy 2805. 36 5 1. 330 z’D" V’D° z3D°, w 2D° vﬂD" u’D° HD"
8 2Do, 2 2F°, y 2F°, w 2F°,v RF" u 2F° s 2F" r3F°,
ﬂF" o’F" n’F" 27G° v’G° :r-'*G w’G
v 1G, u 3G° t2G°, §2G°, r ’G°, P 2GS, z2HC,
y2H° z’H°, w 2H° v7H®, ¢2HC, 2 2I° v ’I"
214°, 276° 400°, 411°, 414° 416° 469°, 475°.
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TABLE 6.—Terms of the Cb 1 spectrum—Continued

Electron
configu-
ration

Term
symbol

Level

Differ-
ence

Observed
g

Combinations

383

dis (D)

ds s?

a3 s?

ds s?

a8

d¢ s (H)

dts 3Q)

a8 81

a‘Poy
a‘Py
a‘Pay

a‘Dog
a‘Dig
a‘Dayg
a‘Dayg

a Gy
a?2Gyg

a?Dug
a ?Dayg

a?Poyg
a P4

a %Sy

a ‘Hag
a‘Hyg
a‘Hsg
a‘Heg

a4Gag
aiGag
aiGog
a{Gsyg

a ?Hyg
a IHsg

4998.17
5297. 92
5965. 45

8410. 90
8705.32
9043. 14
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

299. 75
667. 53

294, 42
337. 82
454.38

501. 88

798. 43

1192. 03

400. 85

2. 650
1.721
1. 596

0.06
1.197

1.420

0. 66
1.175

1.99

0. 690
0.984

1.22

0. 742
1. 081

1.26

1.10

2148°, y 48°, 7 48°, w 48°, 2 4P°, y 4P°, 2 4P°, w 4P°,
z‘D° y4D°, z‘D" w4D°, v‘D° u4D°, t4D°
a‘D°, r4D°, ¢ 4D°, p4D°, 04D°, n4D° m4D°
z24F° y‘I‘° :r‘1‘° w41‘° rHF" u‘F" t4F°
r4F°, q4F°, piF°, 04F°, 'n ik, y1G°, w GO,
04(}:, u‘(%", a4Ct°, £4G°; z4HS, y‘H‘:’, ZAH?S,
L Ds Tihe e Lns 2 0L T
ORI D S D S
e gl e L o
y

48R FAPTIYAPS, 2 4P°, wAPS, 24D, y4D2, 24D°,
w D% 94D°, u4D°, t4D°, 24D° n4D° 24F°,
Y 4F°, z4F°, wiF°, 04F°, u 4F° t {F°, 84F°,
riF°, g4F°, p4F°, o 4F°$ n4F°, z4G°, G°
24@°, w4Q°, v4G°, u4@°, z‘H" z°P° y RS
20D°, y 8Do, z 6D°, z6F°, y 0P°, 2 ='S°, Y ’S° 2 ’P°

2P° z 2P° w 2P° 2 2D° y?D°, z:D°, w?D°,
v 2D° u 2D° t zD" 8 ’D° U 2F° zIF°, w zF"
v 2F° 8 2F° zro 2 2(}0' v zGo, ? 100' m ’Ge'
w ’H", 276°, 414°, 416°, 469°.

Yy 2D°, v2D°, u 2D°, 2 F°, y 2F°, 2 3F°, w ?F°, v 2F°,
u7F° HI“’ s7F° r2F°, ¢ 2F°, p2F°, 0 2F°, m’F"
22Ge, yz(}" zzG° w’(}° v2G°, uTG° tzG° riG°,
q zG". 02G°% n 20", 21, y 2H° z 2H° HS,
02H°,u2H° ¢TH )z 818 v’I°,z|P° z4D° y‘D"
z4D°, w 4D° v 4D° t 4D° 8 4ADS, in'tD° 2 dF?,

yiF°, 'z 4F°, w4F°,v‘F° u4F° t‘F° .941"" riF°,
q 4I‘° P 4F° 0 4F°, n 4F°, 2 4(}" Y 4G° z ‘G°
w 4G° v 4G° u 4G° t 4G° s 4G° r ‘G°, z 4H°,

YRH®, z‘H" z'I° y°D°, z°F° 27(i° 400°, 411°.

228°, y 28°, 2 2P°, y ?P°, z 1P°, w 3P°, v ?P°, 2 :D°,
y :D°, z 2D°, w ?D°, v 2D°, u !D°, ¢t D°, y ’F“
z 2F°, w’F 1F°, 3 4F°, a’F° r’F" 2F° pIF°,
07F° niF°, m’l“; v’G‘{ u20° s’G° z‘S° v48°,
z48°, w 48°, 24P°, y4P°, x‘P" 'w‘P" y‘D" a:4D°
w 4D° v 4D° U 4D° t 4D° s 4D°, . P ‘DO& 0 4D°
21F°, w‘F" 04F° ‘F" t‘I‘° $4I°, g {F°, z‘G"

B

w4G° v‘G° 1L‘G° t‘G° 34G° z‘H° z°S° yP°,
2¢D°, x°D° 276°, 411" 414" 469°.

2489, 23P°, yIP°, 23P% w IP°, 0AP°; 2 ID°, y’D"
z ’D° w ’D° 9 3D°, u 2D°, 't 1D°, 8 ’D°
w 2F°, v?F°, u7F° s7F°, p’F° 02F5 n’F° m’F"
z48°, z‘P° y4P° z‘P° w4P° y4D°, a:‘D° w4D°
u‘D" t‘D°,r4D° 24F° y‘F° w4F°, 04F° u‘F°
CAES, r4I‘° 4F°, 04G°, utG°, t‘(}" z°S° y°P°
z°D° 1/°F° 469

{z 8P°, y 6P°, y 0F°, z48°, y 4P°, w 4P°, 04D°, w {D°,

AR Z PR IO Y TI0 g IR,

% 4D°, 1 4D°, 8 4D°, 2 4F°, y 4F°, 2 4F°, w ¢F°, v 4F°,
wAF°, {4F°, $4FS, 7 4F°, ¢4F°, p 4, z‘G°.V‘G°
714G, wiGS, 4GS, u4G° t4Gb, a‘(}° riGe°,z¢H°,

y4HS, z4HC, z41°, 12D°, 2 2F°, "w 2F°, p 2F°, 1 IF°,
a’I“’ rape gﬂI‘° 'n2F°, w2GS, 02G°, GO, £ 2G°,
a’G" rZG z 1H®, ﬂ’H" z’H° w’H" v’H"
z°, y’I° 400" 416°

z4P°, 24D°, y 4D°, z4D°, w¢D°, v‘D°5u4D° 4D,
g4D°, piD°, z4F°,y4F° I‘F° wAFC, v4F°, uiF°,
t‘F" 8‘F° r4F°, ¢ 4F°, p iF°, olF",n‘F“ zlG°
y4G° z 4G° w 4G°, 0 4G°, ¥ 4G°, t 4@°, & 4(}"
riGe°, z‘H° y4HS, tAH?, z‘I" ﬂ°D° I°D° 1/°F°
Z zP° w 2P" z ’D° ’D°, 2 ’D° w 2D°, v 2D°,
u2D° 22F°, y2F° w’F" v 2F°, u’F° SIS, r’F"
q *F°, p 3F° o ?F°, z ’G" Y iG°, w 1G°, v ’(}"

u z0° t zG°, r 2G°, ¢ 2G°, y *H°, z *H°, w
v?H°, NH° y e, 214" 400° 411° 4!4" 416° 475°

22I°, w 2F°, v 2F°, u ’F°, p ?F°, y 2G°, w *G°, v 2QR°,
'(}" t’G° .t’G" r’G° 2(}" ’G‘; 02G°, n2G°,

G° t‘G° 8‘G° y‘H° z 4H°, z ‘I° alre,
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TaBLE 6.—Terms of the Cb 1 spectrum—Continued

Electron
configu-
ration

dts (BF)

ds s?

dt s (3P)

dts 3D)

dt s (°H)

dts (3Q)

a3 sp (5F)

a3 sp (°F)

@3 sp (*F)

s;gtl)r(l)l Level %‘&‘if Obsgrved Combinations
24P° zP°, wiP°, y4D° z4D° wiD° 0v4D°,
u4D° t4D° SADSS r4D° 4D° nED°; 04D°
n4D°, 2z 4F° y4F°, T 4F° w 4F° v4F°, u 4F°
AR g AP, AR g ARS  pARC LG4RS, 2 4G°
b 4F 134 12288. 25 403. 87 0.402 LIS E ] 4G° w 4G° v 4G° u ‘G° t‘G° 8 4G°
b 4Fag 12692. 12 290' 2% 0. 852 z 4H° 4H° z eHS; 48 D2; 6D°, Y °F° ¥ 28°,
b 4Fa 12982. 38 163. 33 1.120 y 2P°, z 2P°, 22D°, yID°, v2D° u 2D° t 2D°,
b 4Fq4 13145.71 5 1.224 s 2D" 22F°, y ?F°, w 2F° v 2F° u 2F° 8 2F°,
r 2F°, ¢2F°, p 2F°, n 2F°, m 2F°, 22G°% w zG°
v2G°, uZG°HG° r2G°, p2G°, zH°, y 2H°,
ilzll:"[a4ﬁ°21§1;63 25201& 2I:‘[° t H°, y 2I°, 276° 400°
% 3P°, ¥iD°, 23D° w32D° 92D° u%3D° ¢{iD°,
§2D°, z2F°, y?F°, z2F°, w ?F°, p?F°, y 2F°
t2F°, $2F°, r2F°, q2F°, p?2F° qn?F°, sz"
22G9, 4¥2G°, £ 9GS, w 2G°, 9 2GR, U 2GR, ¢ 23Go,
a ?Fay 13404. 77 110. 43 0. 860 82G°, r2G° o 2G° n2G°, w 2H° v2H°, {2H°,
a2F3y 13515. 20 3 1. 130 P2 Y 4D° z ‘D°, w 4D°, 24D°, 4 4D°, t‘D°
8 4D°, r4D° piD°, 04D°, z 4F° w 4F° v 4F°
u4F°, t4F°, piF°, ¢ 4F°, 'w‘G" v4G°, u4G°
Co T sl T bl
248°, 9 48°, w 48°, y 4P°, 2 4P°, w 4P°, y 4D°, z ¢D°,
w 4D° 94D°, w4D?, 84D°, riD°, ¢4D2; 04D°
b 4Poyg 13629. 15 582. 15 2.64 nADS AR, CwisHe ey 4F° U 4F° t 4F° T 4F°,
b 4Py 14211. 30 637. 96 1. 71 giF°, p 4F°, o‘F°, niF°, 84@° riQ°, z4HS®,
b 4Py 14899. 26 3 1.54 " 082,y 8D2 2 8D°, &y 2S" z 2P", v ?P" Z 2P°
4w6?§’°469122f’°, w ?D°, v 2D°, Z A 276° 400"
167 .
248°, W8P, g 4P, 2 4P%, W VP°, 4D, 2 4D%, 9 iD",
u 4D° 8 4D° F 4D° ¢'D°, p4D° n¢D° vy 4F°
b4Doy | 15460.77 —21.52 0.04 AR w 4F° v‘F" u*F" t4F° 84F°, r4F°,
b4Dyg | 15439.25 5783 1.21 4F° 4F°, 04F°, y4G°, w 4G° v4G° 4G9,
b4Dgyg | 15467.08 —184.73 1.42 s 4G° r 1G°, 2z 4H° y 8D°, y28° 2z 2P", 7 2P°
b4Dayg | 15282.35 1.43 ZAP°, W IR, ARSI 2D° 9:31)0,c Z 3[R0,
q2F ° D 2F°, m2F° :ﬂG" tZG" $2G°, r*G°
411 414° 416° 469°, 475°.
w 2F°, r?F°, ¢'F°, p?F°, m?2F°, 2z2G° y:3G°,
z2G°, w 2(}0 v 2(}° u2G° t2G°, 32(}° 12G°
b2Hagg | 16828.52 647.70 1.04 D ?G° 02G°, z2H®, y 2H®, z 2H®, w ’H° v 2H“
b2Hzyg | 17476.22 ' 1.01 U 2H° 1IH 2 3I° y 2I" q 4D° ] 4F° T 4F° t 4F°
r ‘4FI‘I°° q:g‘; ﬁfo(}" 24G°, w4G°, £1G°, 's1Ge,
Yy ' Z
w 2D° Dt 2D2° v°2F°zs 2F° 27' 2?“’, qzzlg" p:F: mzzF:
2
53Go, Jilo; J/asts! 2 1Mo, 1y 418, o 1S, aite)
b 2Gay 16918. 78 0.88 o s1D°, ¢4D° Do o 4DO o’ g iFo
b2G 18035, 97 | 1117.19 0.97 220°, s 4D°,” ¢4D°, p D°, 04D°, z4F°, viF°,
Rl Y g u 4F° t4F° r 4F° ¢4F°, y4G°, 24G°, w 4G°
v :gz ltligzlgo‘(}" r 4G°, z 4H° Y 4H°, Y °D°
z
y 2G°, " 2G°, t2G°, 82G° r?G° 02G° =2G°,
18354 | 18332.04 ZIHO, Y zH z ?2H®, w ?H°, v?H°, z2°, »4F°,
u 4F° S4F°, T1G°, £1G°, r 4G°.
206Gy | 16672.00 0.00
29Gh, | 1698t.01 | 59901
20G% | 17303.96 633, 30 ¢ 6F
20Gh | 17937.96 | 33250 .
20Gh | 1849514 | 40755
z8GHs | 18876. 46
20FG | 18791.09 —0.373
fh sl sl G
2%k 24 . . 4 4 2
Al s i SR LE iy, 1078 €50, M g 3L, 6D, w i, g 8G.
208Fqs | 20432.11 1.44
v BT
26DGy | 19623.96 141,22 3.01
28Dy | 19765. 16 ' 1.72
20D | 19993.78 | 28501 156 |14oD, ¢ F, a 4P, a D, a 4F.
28D3y | 20315.74 118,14 1.55
26Dgyg | 20783.88 1.54
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TABLE 6.—Terms of the Cb 1 spectrum—Continued

Electron

2 Term Differ- | Observed e
c;;;ltfi'ig[v;l symbol Level e P Combinations
@sp OF) | 24Dl | 20107.36 |y oo | —0.02
jfg;}’: .08 Lvsaae) - 130 Ja 4P, 44D, a iF, a G, a *D, a *G.
z4Di | 21510.18 | 07420 | 1y
dip (D) | z4Pyy | 22006.74 2.47
24Pl | 23006.86 | 1099121 Tel }a 1P, ¢ 4D, a *F, a *D, @ ?P, a ?D.
z4P3y | 23684 44 J 1.477
@op OF) | 24Gis | 02647.08 | pp pp | 0.578
iy | gosnan| szl 998 1la4D,a R, b 4R, a4G, aH, 0 9D, 6 1G.
z4G | 24203.05 | 006-28| 195
@sp OF) | 24Fhs | 2324887 | g0 o | 0.416
24T | #07414 | g7 | 1001 |la‘P, 44D, aiF, bF, ¢ 4G, a H, a0, a P, 0 1D,
24T | 200511 | 4909 1203
Z4Fi | 24506.58 . 1.336
#p () | 2D | Srnog| 124223 | 3588 1lasp, 0D, 4P, a4D, 64D, a4F, b4F, 0 4G, a D
dp (OP) | 22845 | 2391090 2.123 | a?P, a?D, a ‘P, a ‘D, a ¢D.
#p (D) | yoFhs | 298487 | o co | —0.601
VOFhs | 2416479 | 505 ol voe
ok | b es | 3| 130 11as8, atD, ¢tD, a D, atF, b4F, a G, a?P, a D.
oFg | 25199. 81 ﬁg- gg 1.427
YOFhs | 25680.36 - 1. 450
dp (D) | zPhs | 24888.84 | o0 00| 2382
2P | 2454818 | P00 | 11874 (1098, 4D, €D, a ‘P, a ‘D, a ‘F.
Z6Ph | 2490486 . 1.703
@spOP) | yiDhs | LS| g g | 322
¥ 0D | 26067.06 - 1.820 5
¥ %D | 26386, 36 2‘;23(7) 1.610 a:zDZGe °D, a‘P, b‘P a‘D, b4D, a‘F, b'F, a’F,
veDs | 2688248 | 44007 1. 248 »b
VDl | 27419.62 1,422
dip (D) | yiFiys | 25930.01 0.467
V4T3 | 26060.65 }ggﬁ 1.085 |la ‘P, a 4D, b4D, a4F, b+, a 4G, a D, a P, a G,
viFhs | 2616579 | 105141 1265 | o fH, b 7H.
y4Fh; | 26440.83 . 1.334
dp (D) | zDiyg | 26552. 40 2,441
79D | 26713.32 ;‘7‘3' gg 1.45
zDhs | 20083.5; | 270.02 1.618 |l D, a 4P, b4P, a ‘D, a F, b ‘T, a 4G, a D, b2G.
zDhs |#jgror | 43T\ 1567
Z6Dhg | 2797487 - 1. 542
dip (D) | y*Dyy | 26717.78 1.141
‘Diy; | 26936.86 | 21913 1.292 |{a 4P, b 4P, a 4D, b4D, a*F, b4F, a ‘G, a D, a P,
viDis | 2350.70 | 422841 1133 |1 64D, afF, 026
yAD3yg | 27596.74 0 1.422
dpCH) | 22Ghs | 20896.68 | oo 0| 1013 }a 'F, a2G, b2G, b?H, a*P, ¢ ‘D, o iF, bF, a 4G,
Z1Gi4 | £7331.80 - 1.078 |/ afD.
dsp (ciP)| yiPhs | £7498.94 2,467
V4Pl | 27782.57 ggg‘;g 1. 660 }am,b4P,a4D,a4F,aos,aoD,azP,uD.
viPhg | 28445.93 - 1. 606
2768 | 27614.10 1.370 | b4P, ¢ ‘D, b4D, a4F, a¢D, a D, a °F, a !G.
d3sp (¢3P) | 24Dy | 27666.46 0.222
i 24Dy | 28070.09 | 41298 1.443 a4P b‘P a4D, 54D, a*F, b4F, a4G, asD, a2P,a?D,
24D | 28549.42 | o703 1. 472
Z4Dh | 29209, 42 - 1. 241
ddsp (F) | z2F%s | 2797 44 116 |\a?F, a0, a *H, a 4P, b ‘P, a 4D, b D, a ‘F, b+,
2%F5 | 2868536 | 392 | 112 } G aeDL( &
@sp CF) | v2Ghs | 21885.18 | poo o1 0.92 }a ;2161 016, ¢ °H, b2H, 183, a P, a ‘D, a4F, a ‘G,
V3G | 28438.74 . 1.12
Lo | e te) —em| 3702 HlatP, 0D, 0P, 04P, ¢ /D, b 4D, a 4F, a 8. a sD.
dtpCP) | 248 | 28208.48 1.794 | @ 4P, b4P, b4D, atF, atS, a 0D, a 2D.
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TABLE 6.—Terms of the Cb 1 spectrum—Continued

Electron

Term Differ- | Observed o N
cx?t;]ttiiogll!l. symbol Level Gt p Combinations
@spCP) | yoPl; | 2897895 | a0 4| Lo8L
yoPs; | 23652.66 | 3041|1768 |(a %S, a D, a 1P, b 4P, a D, a F, aD.
UoPhs | 28975.12 - 1.701
@sp (6Q) | z4Hys | 29271.99 | o4 0o | 0.890
2 s |29519.05 | 230981 101 [la4P, b4P, 04D, 64D, atF, b 4F, a G, « H, a D,
2Hy; |2986.50 | 3202|115 | atq,0iG.
24Hiy | 3019125 : 123
¢p CH) | y4Gig | 29959.58 | 400 | 0.603
viGhs |2omer0 | 33310 0999 |la4P, a 4D, 54D, a4F, 04T, 0 4G, a H, a tD, a2G,
viGhs | Son7.se| 80021 Tote | 5%G, ML
V4G | 30657.60 b 1.25
ddsp (OF) | y2Dhy | 29622.73 153.07 0.81 }a 2P, a ’D, a ?F, a 2QG, a 4P, a ‘D, b ‘D, a ‘F, b *F,
¥ Dig | 29775.80 : 1.348 |/ a‘G,asts.
#pOF) | 24Pt | 2971945 | 905 1 | 0.42
oiFhg | 2998745 | 91| 1006 |la¢P, 5 4P, 04D, b 4D, aF, b4F, 4G, a *H, a D,
ziFys | s061.56 | 1AL 118 |[ afF, a?G,52G, a2, b2
TiF5; | 50279. 98 : 1.20
a3 sp (5P) | 2683y 30059. 60 a®D, a ‘P, b4P, a ‘F,a 2P, a 2D.
d@p (‘D) ,’;3%?;‘ St oy |- s AL }a 2P, a 2D, a °F, 3G, a ‘P, a 4D, a iF, a 4G.
@ sp (OF) | z4G3yg | 31056.60 498. 60 0. 630
4Gy | 31485.20 519, 43 1.012 |le ‘D, a‘F b4F, a 4G, a*H, a %S, a *D, a 2D, a?Q,
©iGYh; | 3200463 | 2308|1160 [ 012G, 183.
T4Ghs | 8267872 ! 1.24
d*sp (c3P) | yiSiy | 8117465 1.957 | @ 4P, b 4P, a 4F, a D, a ™D.
ddsp (1Q) | z2Foy il
ZF5 | 3168753 1.20 }" 'D, a’F, ¢ '@, a ‘D.
@ sp (1G) " :giﬁ o 344 as,»| " 9008 }a °F, a G, b ?H, a ‘P, b ‘D, a *F, ¢ 4H.
#p (G) | wiFig | 81983.68 | 155 0|  0.982 }a *P @D, a T a%G, 4 *H, b °H, o P, a 4D, a F,
wiFl | 52087, 58 ; 1.074 |f b'F, aiB, a4
@ sp OF) | wiF | 91851, 46 0. 501
wiFh | 3201840 | 390931 Lot |latp, b P, aD, 5D, alF,b T, 4G, a H, o 4D,
wiFy; | 3289318 | 39181 1199 |1 %P, a?D, a ?F, a2G, a2
wiFhs | 5292387 1.24 \
d'p @D) | viFig | 81707.94 0.80
oiFh | sisoras | 9081 Tous |latp, 5P, 4D, 64D, a ¥, b4F, a 4G, a 4H, a oD,
o'Fhs | S1or3ieh | 8591 1133 | a?P,a?D,a?F, 28, b2G, a?H, 185,
v4Fiy | 32605.39 : 1.216
dp (GQ) | wiFn | 319077 0.791
wiFiy | 329978 | 20| 1035 latP, b 4P, a D, 54D, a 'F, b 4T, a ‘G, a H, a ?P,
wiFiy (3245199 | 22| 1115 |1 D, aF, 026, 026, o 31, 183,
wiFhg | 83136.90 1.240
dp (OP) | w'Diy | 52066.06 0.046
wiDhs | 3224869 | 298| 1184 |[a 4P, b 4P, ¢ 4D, b 4D, a F, b 1T, a ‘G, a ¢D, a P,
wiDh | 2545.52 | 055 | 130 | a?D,a?F, a6, %M.
w4Diy | $3003. 89 : 1.341
g T
z 4134 3 3 k
24T 39679, 39 ﬁg ég 108 |[® ‘F, a G, a *H, a ’F, ¢ *Q, a 2H.
z4Liy | $3116.36 : 1.19
dp P | wiGh | ...
WiGhs | 380135 | gy qy | 108 |la !By atD,biD, 0 b F, 6 4G, 0 H, 0 0D, o D,
wiGly | 3230244 | LI Lol ([ a¥F, 028,02, a0
w 4GS | 83428, 20 - 127
a3 sp (1P) g;B;z 32623.02 1.00 }a 2P, a’D, a’F, a 4P, a ‘D, a 4F, a 4G, a ¢D.
@ p OG) | vFsg | 89654 48 0.830 |\a 2P, a 1D, a *F, 0!G, b *G, a *H, ¢ ‘P, a 4D, a *F
viFLg | s2899.08 | 460 | 177 } b4F, aiG, a4l 0088, ' :
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TABLE 6.—Terms of the Cb1 spectrum—Continued

Electron

Term Differ- | Observed Py

01?;?5;[11' symbol Level e A Combinations

@ sp OF) | 0Dy | 3301145 | nos o | 0.6
v4Djy | 33717.01 155' 17 1.230 {la 4P, b 4P, a ‘D, biD, aiF, b ‘F, a4Q, a D, a 2D,
04D | Ss22.8 | 2001|1350 |[ afF,a?G,a?H.
04Dl | 34168.9) : 1.390

#ep (D) | wiDLs | Soomg.ar | 20289 |  19% [la1P,a D, a7F,a ‘P, 4P, a D, 0 *F, 0 (G.

3 3 2pg

Bop (€IP) | TR | eonoe | 0.72| %% lasp,a1D,a 4P, P, ¢ 4D, 04D, e ¥, bIF.

@ sp (1H) z;{;&j gﬁg%; &1 (aaal Lo }a 2G, b °G, a *H, b ?H, 183, a F, o H.

@ sp (H) | w2Ghs | 84319.09 | _gy 05| 0.87 }a Fy 07G, a¥H, b2H, 183, a P, 'F, b4F, 0!G,
Gl | 3423504 - 1.10 |/ a‘H,a®

#pCH) | 2H | M ts | 422 | D31° lla2G,01G,a2H,0H, 183, ¢ 4F, 0 4F, 0 4G, 0 4B

@sp OP) | 24Phs | 34644 22 2.0 >
Fiohs | ofeiron | 240 | 35 [latp, beP, 41D, 04D, a!F, 54F, 4G, a’P, 0D,
Z4P3ys | 84703.70 : 1.55

@ p (G) | 0G| 8465479 0.627
04Ghs | 8485550 | I9%TH] 1000 |la 4P, a4D, b4D, a!F, b4F, a 4G, a'H, aP, a 1D,
viGiy | 35156.94 | 395881 1073 |[ a”F,alG,biG,aiH,bH.
v4Giy | 35630.62 g 1. 160

®sp (B3P) | 02D | 8475870 | g0y mo|  0.948 }a’P a?D, a?F, a?G, a ‘P, b 4P, a ‘D, b ‘D, a *F,
01D%g | 35497, 48 - 1. 160

@ sp (c3P) | y 2% | 34807.57 2.080 | 2D, a 4P, b 4P, a‘D,b D, a T, bF.

ddsp (ID) | w?F3y | 35099.86 78.96 0. 868 }a 2P, a ?D, a?F, a®Q, a*H, a¢ ‘P, a ‘D, b ‘D, a‘F,
w3Fy | $5178.82 ' 1117 |f bYF, atG, o H.

d3sp(b3P)| z4Shs | 96119.65 1.806 | a 4P, a*D, a‘F, aD.

@p(G) | v His | 95496.99 | _is o | 0.954 [\a2G, b2G, a?H, b?H, 183, a‘F, b'F, a 4G, a‘H,
v 2Hiyg | 8684486 . 1.125 |f acD.

@p OF) | uiDiy |86829.46 | oo 0| 0.83 }u 7Ds 4T, a1G, bG, a ‘P, a'D, a T, beF,
Dl | 835928.35 : 1.17

4 p OF) | w4Dy | 85920.45 0.019

u'Dhs | se016.36 | %81 | 1195 |la3*P, b 4P, a 4D, b4D, a!F, b4F, 0!G, a'H, a5,
u4D%y4 | 36180.13 154, 08 1.316 aZP a’D a“F
u4D3y | 3633421 ¥ 1.378

@ sp 0G) | v2Gyy | 96048.10 ¥ 0.925 [\ @D, a?F, a?G, a 2H, b ?H, a *P, b*P, a ‘D, b ‘D,
01Ghg | 9638370 | 2960 | 1 086 } a‘F, 04F, ¢ 'G, 0 H.

@p(@) | zmHy | ... }az(} b1G, a*H, b?H, 183, a F, b *F, a 4G, a *H.
7 Hiy | 3627677 114

dsp (OP) | w Sty | 36371.05- 1.948 | ¢ ‘P, b4P, b 4D, aD.

@ p CH) | y4Hbg | 98400.84 | g5 47 |  0.601
g%gg SrrAl| 280 | 0910 la4p, atF, b4F, 0!G, 0 *H, a1G, b G, a H, b H.
yiHb; |sresg4r| T8 128

dasp (BG) | t2Fdg
t2Fhg | 8651149 }“ F,e2G.

dp(OD) | $7Fhs | 96366.60 | 11060 | 0.846 }a 7, 42D, 0 F, 4G, b1G, P, a*D, a F, b T,
s2FSg | 96979.20 : 1.14 G, a ‘H

d'p (c3F) | t4Fiy | 87111.67 0. 526
t4Th; | 8728662 33981 0.964 la*P, a'D, b D, a‘F, b4F, 0!G, a‘H, a P, a’D,
t4F3 | gmaso.er | B3| 1172 |1 aiF, a2G, b2G, a 2, b L
t4Fi | 37831.68 | 1. 260

@ p OF) | uiGhg | 57188.28 0.840
uiGiy | 3734860 | 155221 1058 [latP, a 4D, atF, b4T, 64G, o ‘H, a’P, a’D, a?F,
u'Gig | S7oesis | 1008|1190 ([ a¥G, b7G, o ¥H, b H, 185,
wiGly | 87760.60 1.25
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TaBLE 6.—Terms of the Cb 1 spectrum—Continued

Electron
Term Differ- | Observed Y
cggltfljgg- symbol Level S 7 Combinations
ds (D) | e®Doy | 37410.17 | o0 (o
€Dy | 37578.72 :
etDyg | 3784236 | 26354 26P°, y 6D°, z 0F°,  6F°,
e Dy | 38177.65 | 50050
e tDyyg | 38567.85 :
dp (D) | t'Dhs | 37596.56 | 45 45 0.10
t4Dhys | 87954.99 438, 50 1.051 |la ‘P, a 4D, a *F, b 4F, a 4G, ¢ *H, a D, a 2P, a 2D,
¢4D | 38393.49 | o0 22 1.371 |[ a?F,a?G.
t4D3y | 3885414 o 1. 305
dp Q) | ziHs | 8762468 | o4 s 0.706
T4Hpg | 97866.06 | oo o0 0.992 |{a *P, a 4T, b *F, a 4G, a ‘H, a 2D, a *F, a G, a ?H,
TAHb | 88148.76 | oy 09 1.089 |[ b2H.
7 4HSy; | 98518.85 L 1.21
dpCF) | W% | 181464 | 440 o 0. 876 }a D, a ?F, a 2G, b 2G, b ?H, a ‘P, a ‘F, b *F, a 4G
r2F3y | 98231.85 : 1111 |/ a*H,aD.
@sp (D) | 2D | 8786542 | 414 g0 0.90 }a *P, 2D, a *F, b ?G, a 4P, a ‘D, ¢ *F, b F, a ‘H.
t2D%y; | 38180.32 2 1.077
d? 5.8 e %Foy | 37871.30
cr | B
e Fay . 59 7
¢tFy; | 3863847 | 3058 2D°, 2 0F°, 2 0G®.
eOFy | 30100.73 | 50230
€ OFs | 39408.88 ;
@p (D) | o 2PBy | 38182.96 | goa oo 0. 564 }a P, a =D, a ?F, a 4P, b 4P, a 4D, b 4D, a 'F, b ¢F,
7 2Py | 88446.78 : 1.29 G
dip CH) | y 205 | 38251.28 0.97
Vs | ssaesop| L7| 200 }a °G, a2H, b ?H, a 4F, b 4F, a 4G, o H.
@sp (1G) | w 2Hiy | 38448.77 | pog 04 0.936 }a 7, a zG b 2@, a ?H, b ?H, 183, a D, a ‘F, b F,
w 2Hy | 89020. 81 : 1.084 || a'G,a
d'p (D) | wiPhs | 98730.16 | _o oo 2.55
w 4Phs | 98709.66 A 1.660 [ta4P,b4P,atD,bsD, a'F,bF, ats, atD, a?P, a?D.
w 4Py | 38763.34 b 1. 588
@sp (OQ) | s4Thy | 38903.00 | gy 0 0.448
g.g;g Pt o o718 0-978 |la4D, b4D, a4F, b4F, 4G, a H, a?D, a*G, a*1T, 183.
] 8 4F5 | 40008. 52 5 1.108
@sp CH) | u2Gly | 98982.20 | ao0 oo 1.010 }a D, a ?F, a 2G, b ?G, a 2H, b 2H, a 4P, a 4D, a ‘F,
w2Giy | 89380.77 : 1.10 biF, a2G, a4, a 6D.
#sp (AIF) | 2G5 | 99426.84 | 510 oo 0.91 }a °F, a 2(31 b 2@, ¢ 2H, b ?H, 183, a 4D, b 4D, a *F,
t2Giy | 89637.83 3 1.04 a‘H
@sp CQ) | tiGh | 59580.46 | s o 0.61
t4Gh | 90885.66 | Fa5) 1.085 |[b 4D, a 4F, b 4T, a 4(} a4H, a ®D, a 2P, a ?D, a °F,
t4Giy | 40421.93 gt 1228 |( a?G,a?H, b M, 1
t 4GBy | 40481.96 ; 1.18
dp (D) | 02y | 8984561 | yon 40 }a *F, 2 2(} b G, a 2H, b 2H, 183, a 4T, b *F, a ‘G,
v2H35 | 40003.00 ; 1152 |f a4
dsp (D) | rsFhy | 89981.20 0.45
riFh | 4020972 | 228521 088 |la P, b 4P, 04D, b 4D, a ‘F, b4F, a!G, ¢ 1, D,
iR | 40962.00 | 4ot 20 1129 |[ a?P,a?F,a?G,b2G, biH
r4Fig | 40853.89 : 1.250
40035 | 40009.84 b 4P, a‘F, bF, a 4G, a ‘H, a ?F, a 2G.
disp (IF) | q 2y | 40795.18 | _gee 40 0.91 }a 2D, q *F, a 2G, b 2G, b 2H, 183, a 4P, b 4P, a ‘D,
0 2F3 | 40469.71 : 1.17 b4D, a4F, b4F, a 4G, a ‘H.
dip (c®F) | s4Djy Ay
$ 4Dy a‘P, b4P,a4D b4D a‘F, b ‘F, a 4G, ¢ 4H, a D,
§4D%i | 40473.90 | 470 45 1.29 a’F,a1G, b2G
84D3y | 40953.36 ; 1.367
a3 sp (BH) | s 4GS | 40079.30 0.929
$4Gi | 4055598 | 31095 | 1089 |la P, b 4P, 04D, b 4D, a 4F, b *F, a 4G, a *H, a *D,
4Gl | 40921.15 | 42000 1.243 |( a?D/fa?F, a?G,b G, a?H,bH,
§4G8g | 4187117 2 1.25
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TABLE 6.—Terms of the Cb1 spectrum—Continued

Electron

Term Differ- | Observed s
configu- < Level Combinations
Ttion symbol ence g
d3sp (D) % :ll;?é ORE 84 {58 }a 1P, 42D, a ‘P, b 4P, a ‘D, b ‘D, a 4G.
4113 | 41189.95 0.88 | atP b D, aiF, atG, D, a?F, G, b1, oM,
@ .
4143 | 41460.97 1.42 | a4P,b*P, a D, b*D, a‘F, b*F, a ‘G, a*D, a °F.
4163 | 41615.40 @ 4P b4, 0 4D, b D, 4 4F, b 4T, 0!G o VI, 0 F,
4P | 416486 | 101 4| 0.555
¢'Fh | 468y | 08| 125 |latP, b4P, 04D, b4D, a*F, b4F, a G, a*H, a?P,
q'Fys | 41930.87 | 184381 17186 |[ o 7D, o iF, 0 G, b?G, o 3, b 2H.
qiFig | 41873.91 -
dip CC) | al0 | K on ey | 924.08 JaD, 0¥, b1G, aH, b7H, 183, b 4D, a 4F, a H.
at 17 P 2Fg 41829.11 0.86 a?P, a’D, a’F, a?G, b2G, ¢ ?H, b2H, b*D, b4F,
D DFy | 4198785 | 19824 1135 e {G, o H. Bess
@p@F) | reGhs | .. }a 1F, a?G, b2G, o ?H, b2H, 183, 04D, a‘F, b F,
3Gy | 42193.70 115 |f afG,atH.
@sp (09P) | r*Diy | 41676.81 | gao 15
L2l R e 00|y g5 (0P D4P, DD, a (F, b 4T, a?P, 07D,
r4DYy; | 42719.18 - 1.39
s Dbkl }a *P, 02D, a?F, b2H, b 4P, a D, 04D, ¢ ‘F, b 4F,
sy | 42316.90 121 |f a'D.
d3 sp (5P, q 4Dy | 42324.81
2 CF) ¢'Diy | 4eprsier | 148.90 a ‘P, b*P, b4D, aiF, b *F, a 4G, a oD, a?P, b2G,
q‘Diy | 42642.90 | 39559 b ?H.
¢ ‘Diy | 43332.66 :
@ sp D) | p*Diy | 4280167
% P4Dhs | 42900.07 232 gg a‘P, b4P, b4D, a‘F, b 4F, ¢ ‘G, a 6D, a D, a°F,
piDig | s3187.00 | 2693 3G, b1G.
DD3y | 43414 44 %
d3 8p (4D) 3:??; 42888. 84 }a 1P, 2D, a 2G, a iF, a 4G.
ddsp @3F) | piFhs | 428942
of DiFs | 430%.60 ¥ a*P, b*P, a ‘D, b4D, aiF, b+F, a 4G, a*H, a D,
P 4F3y 173.00 222,80 1.22 a?Q, a?H.
D *Fiy | 49895.80 - 128
Bap (@1F)] n s | LT | 2122 Ja*D, aiF, a2G, b 3G, b 4D, a ‘F, b4F, 0 1G, a tD.
g:ggﬁ 43880. 22 }a 2@, a 2H, a *F, a 4G.
d'sp (D) | oRbs | 4000420 |-1000.80 | | 5 [Je?P,a?D,a 4R, 54P, 04D, a¢F.
0 4D§x .
SiDy | Mas | s 4P, b 4P, a T, b4F, a?D, a?F, a?G, b G, b *H
04Diy | j6170.90 | 26536
d'ep 0G) | ulHbe | 4511005 148.90| o [Ja?F.02G,02G, o ?H, b 7H, 183, 6 F, ¢ \G.
e ety [HELE 0.9 Nl43D, a2F, aG, b2G, b *H, a P, b P, b 4D, b F.
“pEi®)| piGhs | A0 a0 | OB llosa, a7H, bIH, 5P, 0 4F, bR
ds.p (F) | n 4D§;; 46978. 84 385.95
niDl [l
n4Diy | 4797564 | 4630
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TABLE 6.—Terms of the Cb 1 spectrum—Continued

Electron .
Term Differ- |Observed ts e
configu- Level Combinations
TEtor symbol ence g
d3s.p (BF) | r4G3y | 46011.48 459. 23
4G | 46470.71 253, 49 a4P b‘P b4D, a‘F, 4G, a‘H, aF, a2G, b 2Q,
4Gl | 46724. 20, 356. 63
r4Gsy | 47080.83
@s.p(CF)| o :{_“‘ % ﬁgl_zg gé 373. 52
04F34 543. g
04F5 | 47022.78 g’ggf a ‘P, b 4P, a ‘D, b D, a‘F, b 1F, a‘Q, a?G.
04Fiy 47680. 59 o
n4Fhy TR
n4Fhs | 46609. 80 .
n4Fhs | 4693206 g}g{t) ]a iP,b 1P, a ‘D, a ‘F, a ‘@G, a 2G.
n ¥y 47146. 06 ;i
4693, | 46919. 48 aiP,b'P,a D, b'D, a'F, a?P,a’D.

adsp CH) | t2Hiy | 46954 40
{2HSy | 47155, 92 200. 82 1.00 }a ’F, a 2G, b G, a 2H, b ’H, a ‘F, a ‘G.

0Ghs | 47688.49 | 713 95| 0.92 }azF,aZG,bzo,aﬂH,bm, 183.

02Ghs | 48242 44 110
a7t | 47637, 07 4P, b D, aiF, b T, a ‘G.
2 :gg; S Ja?F, a1G, a*H, 183, a D.

The observed g-values are entered in column 5 of table 6. These
may be compared with Landé values by referring to the publication
mentioned earlier [17]. The g-sums for the levels originating in the
various possible electron configurations are compared with the Landé
sums for the same set of levels in table 7. The agreement is very
close. Except in the case of the configuration d®s? 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 Landé ¢’s being accounted
for by sharing in instances similar to those especially noted above.

TABLE 7.—Test of g-sum rule for Cb 1

: Sum Landé
Electron configuration observed g’s sum
39. 811 40. 000
19. 965 20. 000
135. 279 135. 268
136. 598 136. 582
1.99 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 11 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 ‘quartet-
sextet, 31 doublet-sextet, and 78 involving unidentified levels.

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 1, as follows:

4d°: *D, 2(PDFGH), *(PF), *(SDFGI), *(DG), °S.
4d* 5s: *(SDG), 24(PF), 3(SDFGI), 24(PDFGH), (D).
4d? 58 *D, *(PDFGH), *(PF).

Of the 4d° terms only °S has been found in Cb1. 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 °D term from 4d* 5s is the lowest state of Cb1. The
quartets have all been found except the relatively high *P and *F in
the second parentheses above. The doublets from this configuration
are very incomplete. The low terms b *G and b ?H 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?H, and that one of levels now assigned to b *G
or b ?H is part of the missing *F from 4d* 5s. The only other possi-
bility for 18332.04 is 2[5, These terms must of course come from
4d* 5s. No other possibility exists, since all terms from 4d® 5s* have
been found except D listed first in the tabulation above and expected
to be relatively high.

The observed Cb 1 spectrum is almost entirely accounted for by
transitions involving the low terms just discussed and intermediate
sets arising from 4d* 5p and 4d® 5s5p. The predicted and observed
terms from these configurations are displayed in table 8. Although a
considerable number of terms, particularly doublets, is still unknown,
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, (4d® 5s5p) z °G°®,
combines only with a high even term (4d? 5s-6s) ¢ °F, but the com-
binations are intense and unmistakable with some support from
Zeeman effect. Nearly all quartets are known, *S and *P terms being
hardest to find. In some instances more than the expected number
are found, particularly among the *F and ‘G 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.
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TABLE 8.—Cb 1 predicted and observed terms

Electron
configu- Limit Cb 11 Predicted Observed
ration
4d* 58 D ‘D, ‘D a %D, a 4D
3p S P
3D 4D 2D bADT .
IF 4F b {3 Lt
3G iGQ, G eiG, b2G
SH “H, *H a‘H, b2H
1(SDFGI) 2(SDFGI) S by et
3(PF) 4(PF), 2(PF) e
1(SD@) 2(8DQ) AR
4d3 5s? 1P, iF
2(PDFGH)
2D
4ds 3
4DGa), 4(PF)
2(SDFGI)
2(PDFGH)
2D &r
4d4 5p 5D S(PDF), {(PDF) 20P°, 202 1/°F° ZEPY, (YA y41<
3p 4(SPD), 2(SPD) 2480, w DS, 228°) __, 29D°
3D 4(PDF), 2(PDF) w 1P°, {4D°, p 4F°, 1 2P0, g2
3P #DFQG), 2(DFG w4DC, z'4F°, w 4G°, % 2D°, r 10, 721G
3G {(FGH), 2(FGH) U 4F° v 4(}° z 4H°, v 2F°, .9 2@, y ?H®
aISI 4(GHI)2,S2(GHI) V4GS, y tHS, 241°, 212G, 2 2H°, y 1°
1
D 2(PDF) oy AT
17 2(DFQ) . PAF°,
1G 2(FGH) w 2F°, __,z?H°
1T 2(HIK) vIHC, __, __
3p 4(SPD), 2(SPD) P S TR IR
3ls'<‘ 4(DFG)Z,S2(DFG) $4D°, ¢t 4F°, u 4G°,'s 2D°, 'm 2F°, D G°
1
1D 2(PDF) LY L e i
1G 2(FGH) s ML)
4a3 5s 5p 5p $(SPD), 4(SPD) 268°, 3 6P°, y 6D°, w 48°, z 4P°, ¢ 4D°
3p 4(SPD), 2(SPD) v 48°, y 1P, z Do,y 280, y 1p°, __
i 8(DFQ), 4{DFG) 20D°, 2 0F°, z °G° v 4D° w 4F°, 7 1G°
3F 1(DFQ), 2A(DFG) 24D°), 2 4F°, 214G, y IDC, 2 2F°, y 2G°
3p 4(SPD), 2(SPD) 2480, riDe, _, " v2D°
iP 2(SPD 2IDP;
3D 4(PDYF), 2(PDF) S DADR PR 2P" t 2D° 0 2F°
1D 2 F w 2P°, w 2D°, u 2F°
3F «DFaQ), A(DFG) e 0ARRIE Ch ot n 2F°, ¢ 2G°
1B 2(DFG g 2F°,
3G 4(FGH), (FGH) $4F°, £4G°, z4HC, t2F° v'2G°, u THO
1G 2 z 2F°, 2 2G°, w 2H°
SH 4(GHI), 2(GHI) $4G°, _, ., u2G° ¢ 9H°, __
1H 2(GHI) w2G°,__,ZZI°
D 4(PDF), (PDF) S e it
1D 2(PDF) e

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 11.—These terms constitute
the ionization limits for Cb 1, 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 1, 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 of analogous terms in vanadium 1.—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¢*F and ¢*P from 4d®5s® are relatively
sharp.

4. SERIES AND IONIZATION POTENTIAL

Two high even terms have been found in Cb 1, of which the first,
4d* 6s °D) ¢ D, is the second series member associated with
4d* 55 (°D) a °D, the lowest state of the atom. This series converges
to a °D, the lowest state of the ion. The other high term, 4d® 5s-6s ¢ °F,
appears for the first time in this configuration, having no counterpart
in the 4d® 5s* configuration because of the operation of the Pauli
exclusion principle. Attempts to find high even quartets analogous
to those known in V1 proved futile. A few fragmentary terms,
tentatively established, were not considered certamn enough to be
retained.

Three high odd terms, n *D°, o *F°, and r *G°, all attributed to the
configuration 4d® 5s6p, are associated with the lowest odd terms
z"%i’), z*F°, and z2*G° from 4d® 5s5p, and converge to 4d® 5s a’F
in Cb 11.

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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TasBLE 9.—Cb1 series

Electron 3
Term n*forfs | Limit | cbm | Ioni-
58 6s
a 8Dy 1050 38568 1. 3910 57762 1225 56537
a 8D3y; 695 38178 1. 3915 57363 801 56562
a 6Dagy 392 37842 1. 3920 57021 438 56582
a 6Dy 154 37579 1. 3925 56751 159 56592
a Doy 0 37410 1. 3927 56579 0 56579
1T bt el A POl et Bt B 10 5 el It B v 02 56571
Electron g
Term n*forsp | Limit | cbn | IoNiza
5p 6p
z4D3y 21512 47276 1. 6216 63242 8320 54922
z4D3y; 20838 46813 1. 6163 62844 7901 54944
z4D1y 20384 46365 1. 6161 62399 7506 54893
24Dy 20107 45979 1. 6189 61979 7506 54473
AT Y S ERE R L e i s B el e e e B AR R SR 54808
z4Fiy 24057 47681 1. 6924 62819 8320 54498
24F3y 24015 47023 1. 6973 62106 7901 54205
24Fiy 23574 46544 1. 6984 61614 7506 54108
24Fiy 23244 46170 1. 7002 61226 7506 53720
a1 G e SRR SLENERH [0 on 0 6 T R R S T L e beid 54133
24G3y 24203 47081 1.7012 62121 8320 53800
24Giy 23537 46724 1. 6920 61867 7901 53966
z4G3y 23023 46471 1. 6844 61699 7506 54193
24Giy 22647 46011 1. 6868 61212 7506 53707
9% 0N UBNEE R e 1 ool L S0 Sl | SRR EE R E T N M vt ST 53916

The mean ionization limit from 5 levels associated with s-type
electrons is 56,571 ¢m™, whereas the mean from 12 levels involving
p-type electrons is 54,286 cm~!. The difference is probably due to
the departure of one or other type of series from the simple Rydberg
form. For V1 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
5s are 1.47 and 1.36, respectively [21]. The value thus indicated for
Cb 1 is 1.41, corresponding to a term value of

T=(R/n**)=109737/1.412=54,868 cm™!

for @ ®Dyy. This is in close agreement with the ionization value
54,286 cm™' derived from the odd quartet terms. We consider a
rounded mean of 54,600 cm™! will represent the ionization value of
Cb 1 with fair accuracy—it corresponds to a principal ionization
potential of 6.77 volts.
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